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Physiologia
USE OF RADIOACTIVE ISOTOPES IN THE 

EXAMINATION OF CEREBRAL BLOOD FLOW
B y

K .  SzALONTAI, Sz. R o CH LITZ  a n d  L. MOLNÁR

TISZA  PO W ER PLA N T E N T E R PR IS E , LEN IN V Á RO S, COM PUTER C EN TR E O F KOSSUTH LAJOS 
U N IV ER SITY , AND D EPA R T M E N T OF N EUROLOGY AND PSY CH IATRY, U N IV ER SITY  M EDICAL SCHOOL,

D EB R EC E N

(R eceived J u ly  17, 1973)

The ra d io a c tiv e  clearance tec h n iq u e  app lied  fo r m easu ring  cereb ral b lood  flow  
h as  been  d escribed . T he procedures fo r th e  m a th e m a tic a l ev a lu a tio n  o f c learance 
cu rv es o b ta in e d  in  th e  course o f in v es tig a tio n s  hav e  also b een  d e a lt w ith . A p ro p o sa l 
h a s  been  m ad e  fo r th e  ap p lica tio n  o f a  new  m a th e m a tic a l m e th o d , b y  m eans of w hich  
ev a lu a tio n  of c learance-cu rves m ay  p ro v id e  d a ta  less am biguous th a n  th o se  av a ilab le  
p rev iously .

l .T h e  growth o f interest in the physiology and pathology of cerebral 
blood flow  is explained b y  the fact th a t disorders o f cerebral blood supply  
are frequent causes o f  death (see D o r n d o r f  and G ä n s h ir t  1972).

Since 1850, various m ethods have been applied to determ ine cerebral 
blood flow  and m etabolism  (see M o l n á r  1967). W ork in this area received  
great im petus w ith  the developm ent of the nitrous oxide m ethod b y  K e t y  
and S c h m id t  (1945, 1948). In recent years, how ever, th is technique has con
siderably been criticized (see H e r r m a n n  1972). K e t y  (1960) h im self outlined  
its lim itations. W hat the procedure m ostly  lacks is th a t it  does not offer more 
than average data and for drawing reliable conclusions, a series of exam ina
tions have to be carried out. Another disadvantage o f the procedure is th at it 
gives inform ation about the circulation of the brain as a whole. H ow ever, 
the m ajority o f pathological processes (softening, haem orrhage, tum our, 
injuries) damage only  circumscribed areas o f the brain (see L a s s e n  and I n g v a r  
1972) and the technique does not perm it the localization o f circulatory changes 
which are of fundam ental significance in clinical practice. Nor does it satisfy  
the needs of those w ho investigate theoretical principles since the procedure 
cannot record rapid circulatory changes (see B e t z  1972).

In order to elim inate these d isadvantages, the application o f radio
active isotopes has been suggested, m ostly  b y  Scandinavian researchers 
(L a s s e n  and I n g v a r  1972; L a s s e n  and H 0 e d t -R a s m u s s e n  1966; L a s s e n  
et al. 1963; I n g v a r  and L a s s e n  1972; H 0 e d t -R a s m u s s e n  et al. 1966). Two 
types o f radioactive isotopes are em ployed: 1) non-diffusible substances, and 
2) diffusible indicators, i.e. inert gases. The latter and widespread method

Acta Physiologica Academiae Scientiarum Hungaricae, Tomus 44 (1 ), pp. 1— 10 (1973)
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is considered suitable for measuring regional blood flow  in the brain (L a s s e n  
and I n g v a r  1972; I n g v a r  and L a s s e n  1972). According to  these authors, 
th e  analysis of clearance curves for 85K r or 133X e injected  in to  the internal 
carotid  perm its the quan tita tive determ ination o f regional blood flow .

Fig. 1. E x p la n a tio n  in  te x t

The m ost w idespread technique is th e  injection o f 1.0 mCi/ml o f 133X e  
in  3— 5 ml physiological saline solution  in to  the internal carotid w ithin  1— 2 
seconds. Im pulses, registered by scin tilla tion  counters, centred round the  
various regions o f th e  brain, are recorded on tape. Changes o f radioactiv ity  
are m easured during 133X e wash out b y  p lotting  a clearance curve. Gamma 
a c t iv ity  of 133X e is registered by scalp detectors. Use o f the beta  em itting 85Kr 
is restricted  to anim al experim ents because its m easurem ent requires cranio
to m y . The data obtained are recorded on tape, registered b y  ratem eters 
and evaluated graphically by the m ethods o f M e ie r  and Z ie r l e r  (1954), 
Z i e r l e r  (1965) or L a s s e n  et al. (1963).

1.1. T h e  m e th o d  o f  M e ie r  a n d  Z ie r l e r  (1954).
Mean transit tim e (t) o f the radioactive substance representing blood  

f lo w  is calculated as follow s.

t” =  J th ( t )  d t
о

t
w here h(t) =  density  function,

t  =  m ean transit tim e,
Y =  blood volum e.

■ d  . . r j . - . - t j
G raphic representation of the registered curve is seen in F ig. 1.

t
Its sum m ation curve  is H (t) =  J h (t)d t (see F ig. 2)

о

(1 .1) t  =  J th (t)d t =  J [1 — H (t)] dt
0 0
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CEREBRAL BLOOD FLOW 3

In a chosen case
h(t) =  ose at (os is related  to  the b iological half-tim e)

= ftoce~at d t — —  
a

F ig . 3. R egistered  cu rv e  fo r calcu la tion  o f t

t  =  the mean can also be calculated on the basis o f

(1.1) H (t) =  J h ( t ) d t  =  1 -  e—*
0

t  =  I [1 -  H (t)] d t  =  j  e _ctfd t  - —  . 

о о

B oth m ethods o f  calculation yield  th e  same result:

_ _  1

X

Technically, registration is carried out b y  m eans of a scaler and line-plotter  
or only a line-plotter.

1.2 . According to  Z ie r l e r  (1965) th e  phenom enon cannot be described  
as a single exponential density function. I f  the results appear on a scaler, 
m ean transit tim e is,

t  =
A(rea)

H (eight)
(F ig . 3 ) ,

A =  to ta l num ber o f decom positions, 
H  =  initial m axim um  of the curve.

I f  the h(t) function  appears only in th e  area recorded b y  the line-plotter, 
evaluation is carried out graphically b y  p lo ttin g  the in itia l tangent (Fig. 4), 
or by measuring half-tim es i f  the ordinate o f  the line-plotter has a logarithm ic
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4 K. SZALONTAI et al.

scale (Fig. 5). H alf-tim e is the period during which the in itia l in tensity  ol 
radiation  decreases to  half. (This b iological half-tim e is not to be confused  
w ith  the physical half-tim e of the isotope applied during m easurem ent. In  
th e  case of 133X e the la tter  am ounts to  5.5 days.)

F ig . 4. T echniques o f p lo tt in g  th e  in itia l 
ta n g e n ts

F ig . 5. M easurem ent o f  biological 
h a lf-tim es

Blood flow  is related  to unit w eight o f the organ studied .

t

w here Я is the so lu b ility  ratio betw een tissue and blood (defined by K e t y  

as partition coefficien t), and F is flow  in ml/100 g tissue/m in.
1.3. According to  L a s s e n  et al. (1963), the m ajority o f  registrations does 

n o t give a straight on a logarithm ic scale. It can, how ever, be divided in to  a 
fa st and a slow com ponent. The fast com ponent represents th e  clearance curve  
o f  the grey, whereas the slow one th a t o f  the white m atter.

C(t) =  Ige x p (— kgt) - f  Iwexp (— k wt ) ,
I g =  in itia l in ten sity  of radiation in  grey m atter,
Iw =  in itia l in ten sity  of radiation in  white m atter,
kg and k w =  to  be determ ined on the basis of th e  recorded diagram . 
fg =  Xg kg (the Я values are taken from a given chart). 
f w =  Âw kw.

R elative w eights:

W,„ =

It  follows that 
f = W gfg 4

I  I•"•g 1 w
f  fIg l w

_l_
f  fg

wf w , w h ile  W g +  W w =  1.
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CEREBRAL BLOOD FLOW 5

The resultant flow  is the w eighted sum  of the in d iv idual com ponents.
According to  L a s s e n  et al. (1963) th is m ethod of curve analysis provides 

reliable inform ation if  the following conditions are met:

A) The curve is made up o f tw o exponential com ponents, theses being  
the clearance curves for the grey and w hite m atter, respectively .

This is possible only if
B) the grey and w hite m atters represent two hom ogeneous kinds o f  

tissue, functioning next to each other and no diffusion o f the radioactive  
substance occurs.

Fulfilm ent o f  these tw o conditions cannot be verified as:

a) The clearance curves of the grey and w hite m atter cannot be regarded 
as m onoexponential even if  forced. On the basis of data obtained by other 
m ethods it  can be verified unam biguously th a t in the various parts of the

«grey m atter (cortex, striatum , thalam us) blood flow  during a u n it o f tim e and  
calculated w ith respect to a mass unit is very diverse. The sam e is valid  for 
the whitq m atter (see R e iv ic h  1972).

During clearance, activ ity  arising from  the w hite and grey m atter is 
recorded sim ultaneously by the detector and in the venous blood the parts 
com ing from the grey and from the w hite m atter cannot be separated. The 
veins contain m ixed blood.

b) The assum ption that inert gases rem ain in one single area of the same 
organ and do n ot diffuse into the other is inconceivable.

D ivision o f the curve into tw o com ponents seems to  be arbitrary even  
i f  the conditions set up by L a s s e n  et al. (1963), H 0 e d t -R a s m u s s e n  et al. 
(1966) are fu lfilled , for at least one more com ponent has to  be taken into  
consideration: th e  effect of radioactiv ity  in venous blood.

D ivision o f th e  clearance curves in to  tw o com ponents, in vo lves the danger 
o f subjectiv ity , for the plotting of tangents depending on their placing yields 
various results.

One of the requirem ents in the evaluation  of clearance curves is the 
continuity  of flow  during m easurem ent. Significant practical difficulties m ay  
arise in b iexponential evaluation, i f  e.g. the flow  changes w ith in  one com part
m ent. In these cases slope and shape m odifications occur in the clearance 
curves. The slope o f  curves can be influenced b y  a change o f flow  just in one 
o f the com partm ents, likewise i f  the a c tiv ity  originates from the other com 
partm ent.

W hen com paring the three m ethods, it  m ust be taken into account 
th a t the m easuring procedures applied do not provide curves o f  the same type. 
The choice o f the appropriate m ethod o f calculation m ust depend on the tech 
nique of m easurem ent.
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6 K. SZALONTAI et al.

The mentioned disadvantages and errors are elim inated by the use o f  the 
evaluation procedure to be described below.

2. Our c o n s id e ra t io n s  a re  b a s e d  o n  P a r s o n s ’ w o rk  (1968), w h ich  r e p r e 
s e n ts  one o f  th e  p o s s ib le  m e th o d s  (G a r d n e r  e t  a l. 1959; M e d g y e s s y  1961; 
P a r s o n s  1970).

To begin w ith , the recorded curve is made up o f p com ponents. These  
com ponents are exponentia l density functions:

(2 .1) r(t) =  A je -3 !* -f- А 2е _а  ̂ -j- . . .  -(- А ре- М .

The values for th is  function are m easured at given  points o f tim e: 
ti (i =  1, • • N ).

Fulfilm ent o f  th e  relation

(2.2) 0 <  ax <  a 2 <  . . . <  ap can be assum ed.

I n d e p e n d e n t  o f  th e  w a y  o f re c o rd in g  ( s c in t il la tio n  c o u n te r s  o r l in e -p lo tte r s ) ,  
th e  fu lf i lm e n t o f

ti =  t! +  ( i - i ) T  > =  N

can be realized. I f

(2.3) Xj =  e _aJT
and

Bj =  Aje-3)*! j =  I , . . . p
then

A je_af ‘ =  BjXji_1 i =  1 ,  . . .  N

j =  1 ,  . . .  p .

Then the so lu tion  of the original problem is equ ivalent to  the determ ina
tion  of such B 15 . . . Bp, Xj, . . . x p constants w ith  respect to  which

(2.4) r(t,) =  B jx q '-1 +  Bjjx^-1 +  . . . +  BpXp1- 1 i =  1 ,  . . . N  .

I t  follows from our earlier assum ption that

(2.5) 1 >  x x >  x 2 >  . . . >  Xp >  0.

x j v a lu e s  a re  d e te rm in a b le ,  n a m e ly  as  ro o ts  o f  th e

(2 .6 ) x p —  CjxP-1  -j- c 2x p -2  —  • • • +  (—  l ) p cp =  0
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CEREBRAL BLOOD FLOW 7

algebraic equation. The . . . cp coefficients occurring in the equation are 
the solutions of the

(2.7) r(ti+p_!) Cj -  r (t i+p_ 2) c2 +  . . . +  ( -  1)p+! r(ti)cp =  r(t1+p)

i =  l ,  . . .  N - p

linear system  o f equations.
Then B j  values can be calculated from  the (2.4) system  of equations,

During calculations, several d ifficulties appear. In th e  case of the (2.4) 
and (2.7) system s of equations, the equations can be greater in number than  
the unknown variables. Considering the fact th a t these contain  values obtanied. 
by means o f m easurem ent, the existence o f an exact solution cannot be expected . 
The system s o f equations can be solved, how ever, b y  applying the m ethod  
of least squares.

The solution of the (2.6) algebraic equation is not sim ple either, further
more, if  p =  3 or p =  4 it  becom es extrem ely  com plicated and if  p 5 there 
is no exact form ula to reach a solution. A t such tim es, how ever, appropriate 
num erical m ethods can be used.

D eterm ination of the value for p, i.e . the number o f the com ponents, 
is a d ifficult task.

The m ethod recom m ended by P a r s o n s  (1968) is extrem ely  com plicated. 
A much more practical solution  can be found instead, i f  th e  analysis o f curves 
is carried out —  p =  1, 2, . . . N —p, in turn. In the case o f every p the

- L ^ [ r ( t | ) - ï ( t , ) P
i> i =1

value can be calculated on the basis o f (2.1).
I f  sp is sm all enough as related to a g iven p value, or i f  sp and sp+1 do 

not differ considerably, the presence of a p com ponent can be stated . I f  in  
the case o f  som e p value the requirem ents (2.2) and (2.5) are no longer m et, 
r(t) can he considered to  have a p —  1 com ponent.

For the calculation o f regional blood flow  (f =  rCBF) the f  =  r (0) =  
A x +  A 2 -f- . . . +  Ap form ula is proposed. In the case o f  tw o com ponents, 
this yields the same results as do the m ethods quoted, hut its  calculation does
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8 K. SZALONTAI e t al.

n ot depend on th e  num ber o f com ponents. The generalization o f relative  
w eights, as described b y  L a s s e n  et al. (1963) in 1 .3 .,is  not regarded as so
luble w ith respect to  more com ponents because the choice o f A values is ar
bitrary.

F ig . 6. Curves p lo tte d  o n  th e  basis o f 1. r t  =  100 e °'s; 2. r t  =  22 e - t  +  78 e -04t; 3. r t  =  
=  30 e +  28 e -°-4t - f  42 e ~°-7t

The suggested evaluation  procedure has been used for the analysis o f  
fictitiou s curves. I t  w as possible to  com plete the analysis of a curve in a 
few  seconds. This procedure was resorted to  because instrum ents for m easuring  
blood flow were n o t available. Curves were made using determ ined param eters 
and com ponent num ber, and the applicability  of the division m ethod recom 
m ended here was controlled by analyses (Figs 6 and 7). The calculated values  
were in each case in  com plete agreem ent w ith  the param eters contained in the  
com puter program. The figures show w ell th a t the graphic evaluation o f curves 
consisting of com ponents varying in num ber is unreliable, especially i f  errors 
are allowed to  rem ain in them . B y m eans o f the m ethod outlined here, the
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CEREBRAL BLOOD FLOW 9

num ber of com ponents can, how ever, be determ ined w ith  com plete certainty. 
The calculations were carried out using an ALGOL 60 program on an Odra- 
1204 type electronic com puter at the K ossuth Lajos U niversity  of Debrecen.

F ig . 7. T he curves o f F ig . 1 in  a sem ilo g arith m ic  co -o rd ina te  system . (C urve 1 con ta ins one, 
C urve 2 tw o, C urve 3 th ree  com ponen ts.)
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O xygen  co n sum ption  ( V 0 2) a n d  colonic te m p e ra tu re  (Tc) o f a d u lt gu inea  p igs 
o f b o th  sexes w ere reco rded  b e fo re , du ring , an d  a fte r  b re a th in g  12%  0 2, 8%  0 2, a n d  
6%  C 0 2 a t  a m b ie n t te m p e ra tu re s  (Ta) o f 20° an d  10°C. I t  h a s  been  confirm ed t h a t  
h e a t  p ro d u c in g  an d  h e a t losing  m echanism s p a r tic ip a te  in  a d iffe re n t ra tio  in  a p p a r 
e n tly  s im ilar th e rm o reg u la to ry  responses to  h y p o x ia  a n d  to  h y p e rcap n ia . A  fa ir ly  
close co rre la tio n  w as estab lish ed  be tw een : a) th e  level o f V 0 2 before  exposure a n d  i ts  
su b seq u en t change  du ring  h y p o x ia  an d  h y p ercap n ia , b ) th e  change  in  V 0 2 ( d 0 2) 
du ring  exposure  a n d  th e  change  su b seq u en t to  th e  re s to ra tio n  o f a ir  b rea th in g , a n d  c) 
th e  level o f oxygen  co n su m p tio n  ( V 0 2) du rin g  exposure  a n d  th e  change (/10 2) su b 
seq u en t to  th e  te rm in a tio n  o f ex posure . No sim ilar re la tio n sh ip  could  be e stab lish ed  
be tw een  th e  co rresponding  d a ta  on  bo d y  te m p e ra tu re  in  th e  case  o f 12%  0 2 a n d  8 %  
0 2 a t  b o th  T a-s, a n d  in  th e  case o f 6%  C 0 2 a t  T a 20°C. A t T a 10°C, sign ifican t co rre 
la tio n  w as, how ever, d e m o n s tra te d  be tw een : a) th e  level o f b o d y  tem p e ra tu re  (Tc) 
before  exposure  to  h y p e rcap n ia  a n d  th e  change (z)Tc) su b seq u e n t to  th e  te rm in a tio n  
of exposure , b ) th e  change in  colonic te m p e ra tu re  (z!Tc) in  resp o n se  to  h y p e rca p n ia  
an d  th e  change a f te r  te rm in a tio n  o f h y p e rcap n ia , an d  c) b e tw een  T c a tta in e d  a t  te rm i
n a tio n  of h y p e rca p n ia  and  th e  ch an g e  (. 1TC) su b seq u en t to  re s to ra tio n  of room  air.

A re la tiv e ly  close c o rre la tio n  w as rev ea led  be tw een  th e  changes in  oxygen co n 
su m p tio n  (zl02) an d  bod y  te m p e ra tu re  (zJTc) durin g  exp o su re  to  h y p o x ia  and  h y p e r 
cap n ia  a t  b o th  Ta-s, w hereas no sim ila r co rre la tio n  could be  d e m o n s tra te d  be tw een  th e  
sam e p a ra m e te rs  su b seq u en t to  th e  te rm in a tio n  of ex posure . A  sign ifican t co rre 
la tio n  w as fo u n d  be tw een  th e  changes in  colonic te m p e ra tu re  (ATC) during  h y p o x ia  
a n d  th e  increase  in  h e a t p ro d u c tio n  su b seq u en t to  th e  te rm in a tio n  of hyp o x ia  an d , 
to  a lesser degree, be tw een  Tc a tta in e d  by  th e  end  o f exposure  a n d  th e  sub seq u en t in 
crease in  oxygen  co n sum ption . No co rre la tio n  could  be  d e m o n s tra te d  a t  e ith e r T a 
be tw een  th e  change in  h e a t  p ro d u c tio n  in  response to  8%  0 2, on  th e  one han d , a n d  to  
6%  C 0 2, on  th e  o th e r  h an d , w hereas a close co rre la tio n  w as rev ea led  be tw een  th e  
co rresponding  changes in  bod y  te m p e ra tu re  a t  b o th  Ta-s. V arious asp ec ts  o f th e  re su lts  
are  d iscussed  an d  th e  role o f co rre la tio n a l analysis in  s tu d y in g  h igh ly  com plica ted  
cy b ern e tic  system s is po in ted  ou t.

H om eostatic regulations o f higher organisms, such as the therm oregula
tory m echanism  of hom eotherm s, are com plex cybernetic system s which perm it 
m anifold responses to identical stim uli. D ifferences in the functioning of therm o
regulatory m echanism s depend on genetic factors, age, adaptation  to different 
environm ents, etc. H ighly com plex afferent and effector m echanism s are 
coupled w ith a com plex central m echanism  located in th e  hypothalam us, 
its function being m odified by other central nervous system s responding  
to  non-therm al stim uli. Considering the com plexity o f such system s, a strict 
correspondence betw een various param eters can hardly be expected, w ith
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th e  exception  of h ighly artificial conditions in which the working of a closed  
loop , isolated from all interference from  stim uli arising elsewhere, could he 
stud ied  provided such a com plete isolation  would be feasib le.

The more com plex a regulatory system , and the more its function is 
m odified  by other system s, closer or looser correlations betw een various 
param eters can be exp ected  only. The results of an analysis o f th is kind of 
th e  therm oregulatory responses to changes in ambient tem perature, to hypoxia  
and hypercapnia in th e  new-born rat and rabbit suggested  th a t, by using 
correlational analysis as a too l, further in sigh t might be gained in to  the cyber
n etics o f  therm oregulatory responses (V á r n a i  and D o n h o f f e r  1970; V á r n a i 
et al. 1970a, h, 1971a, b; V á r n a i 1973). A similar analysis was, therefore, 
undertaken of results obtained  w ith adult guinea pigs exposed to 12% and 
8%  0 2, and to 6% C 0 2, at am bient tem peratures of 20° and 10°C.

Methods

T h irty -e ig h t a d u lt g u in ea  p igs o f b o th  sexes, aged 107 to  399 d ay s , w eighing 525 to  850 g, 
re a re d  in  th e  In s t i tu te ’s co lony , were used . O x y g en  consum ption  a n d  C 0 2 p ro d u c tio n  were 
d e te rm in e d  by  a m odified  N o yons-K ipp  d iafe ro m eter. Colonic te m p e ra tu re  w as m easured  
b y  co p p er-co n stan tan  th e rm o co u p le s  in tro d u ced  to  a  d ep th  of 10 cm . T he w hole ex p erim en ta l 
se tu p  h as  been  described e a r lie r  ( D o n h o f f e r  e t  al. 1957a, b, 1958; V á r n a i  e t al. 1970a, b , с, 
1971а, b; F a r k a s  an d  D o n h o f f e r  1973). A fte r  in tro d u c in g  th e  gu in ea  p igs in to  th e  m e ta 
bo lic  ch am b er, th is  w as su b m erg ed  in to  a  w a te r -b a th  p rov id ing  a n  a m b ie n t tem p e ra tu re  (Ta) 
o f  30 °C. M easurem ents w ere  s ta r te d  30 to  45 m in  la te r  a t  th is  te m p e ra tu re . 30 m in  th e re a fte r  
th e  m etab o lic  cham ber w as tra n s fe rre d  in to  a  w a te r -b a th  o f 20°C, a t  w hich  te m p e ra tu re  th e  
e ffec t o f b rea th in g  a ir, 12%  a n d  8%  0 2 was o b se rv ed  for 30 m in u te s  each , exposures to  hypox ia  
b e in g  follow ed by  30 m in  p e rio d s o f b re a th in g  a ir  a t  th e  sam e T a . S u b seq u en tly , 6%  C 0 2 
in  a ir  w as supplied  fo r 30 m in  to  th e  an im al, fo llow ed by  a n o th e r 30 m in  of b re a th in g  room  air. 
I n  th e  o bservations in  w h ich  th e  effect o f 12%  0 2 w as stud ied  a t  T a 10 °C, exposure  to  h y p e r
c a p n ia  w as om itted . A t T a 10°C, th e  response to  8%  0 2 and  to  6 %  C 0 2 w as reco rded  on sep
a ra te  d ay s, w ith  in te rv a ls  ra n g in g  from  3 to  25 d ay s. In  these  o b se rv a tio n s , oxygen  consum p
tio n  a n d  colonic te m p e ra tu re  w ere  recorded a t  T a 30°, 20°, and 10°C fo r periods of 30 m in  before 
ex p o su re  to  hyp o x ia  o r h y p e rca p n ia . A fter te rm in a tio n  of ex p o su re  th e  ob se rv atio n s were 
c o n tin u e d  a t  T a 10°C fo r a n o th e r  30 m in.

F igu res for oxygen  co n su m p tio n  re p re se n t averages o f read in g s ta k e n  every  m in u te  d u r
in g  th e  la s t  10— 15 m in  o f e ac h  30-m in period . Colonic tem p e ra tu re s  re p re se n t va lues a tta in e d  
a t  th e  end  of each p e rio d , th e  recording g a lv an o m eters  were, ho w ev er, re ad  every  m in u te  
th ro u g h o u t th e  ex p erim en t. B o d y  surface w as ca lcu la ted  accord ing  to  th e  fo rm u la  10 • k g 0-67. 
S tu d e n t’s tw o ta iled  t- te s t  a n d  P earso n ’s p ro d u c t-m o m en t c o rre la tio n  coefficien t r  was used.

R esults

Table I sum m arizes the changes in heat production (Z l02) and in colonic 
tem perature (/JTC) e lic ited  by breathing 12% 0 2, 8%  0 2, and 6% C 0 2 at 
am bient tem peratures (Ta) of 20° and 10°C. The d iscrepancy betw een the  
changes in heat production and the concom itant changes in colonic tem perature 
in  response to hyp oxia  and hypercapnia, pointed out earlier (F a r k a s  1973), 
has been confirmed. For instance, the reduction in heat production in response
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HEAT PRODUCTION AND BODY TEMPERATURE 13

to  exposure to  6% C 0 2 w as, at Ta 10°C, sm aller, and the fa ll in body tem pera
ture, greater, than in response to  breathing 12% 0 2 at th e  sam e Ta. A lthough  
the differences in oxygen  consum ption and in body tem perature both failed  
to  reach statistica l significance, th ey  f it  into the other results. E ssentia lly , 
the sam e emerged from com paring the response to  8% 0 2 at Ta 20°C and 
th at to 6%  C 0 2 at Ta 10°C, or the response to 12% 0 2 at 10°C and to 6%  
CO,, at Ta 20°C. In both  instances the reduction in  heat production was 
sign ificantly  smaller in hypercapnia than  in hypoxia, whereas no significant 
difference was found betw een the concom itant changes in colonic tem perature.

Table I

Changes in  oxygen consum ption (P art A )  and in  colonic temperature (P a rt B )  in  response to 
hypoxia  and hypercapnia at ambient temperatures (T a)  o f  20 and 10°C

A

Ta exposed to n z l0 2, ml/dra2 • min (M + S .E  )

20° 1 2 % 0 „ 15 — 0.02 ± 0 . 0 2

10° 1 2 % 0 , 10 — 0 . 3 2 ± 0 . 0 7
< 0 .0 0 1

20° 18 —  0 .3 8 ± 0 . 0 5
< 0 .0 0 1

10° 8 % 0 , 10 — 1 . 1 0 ± 0 . 0 8 < 0 .0 1 < 0 . 0 2  “

< 0 . 0 1
< 0 .0 2

> 0 . 1

ОО<м 6 % C 0 2 12 — 0 . 1 3 ± 0 . 0 5
> 0 . 2

10° 6%  CO, 13 — 0.21 ± 0 . 0 4 _ _ _
В

°C (M + S .E .)

20° 1 2 % 0 2 15 -  0 .4 8 ± 0 .0 8

< 0 .0 5

10° 1 2 % 0 2 10 — 0 .8 8 ± 0 .1 5

20° 8 % 0 2 22 — l . l o ± 0 .0 8  " I

< 0.001 > 0 .7

10° 10 — 2 .1 8 ± 0 .1 0 < 0 .0 5 _
> 0 .7

> 0 .1

20° 6 % C 0 2 14 — 0.94 ± 0 .0 7 " _ _ < 0 .0 0 1

0.1 > p  > 0 .05

10° 6%  CO 2 13 — 1 .2 0 ± 0 .1 2 — _l
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14 M. FARKAS, SZ. DONHOFFER

Table II contains corresponding data for the changes in  heat production  
and in colonic tem perature after term ination  o f exposure to  hypoxia and 
hypercapnia. Comparison o f Tables I and I I , i.e . o f the changes in heat produc
tio n  and in colonic tem perature during and after term ination  o f the exposure 
to  hypoxia and to  hypercapnia revealed differences o f  som e interest.

Table III  shows th a t at Ta 10°C, body tem perature increased highly  
sign ificantly  steeper after term ination o f exposure to 8% 0 2 than  after exposure 
to  6%  C 0 2. D espite th is  difference practically  the sam e am ount o f heat had  
been  produced during the post-exposure period. E v id en tly , a sign ificantly

T able II

Changes in  oxygen consum ption ( P art A )  and in  colonic temperature ( P art В )  after term ination  
o f  hypoxia and  hypercapnia  at ambient temperatures ( T a)  o f  20 and 10°C

A

Ta П 0 2,m l/dm 2 • m in
(M +S .E .) Р

20° afte r 12%  О g 15 + 0 .1 4 ± 0 .0 б "
0.1 > р > 0 .0 5

10° a fte r  12%  0 2 10 + 0 .3 3  +  0.09 -

О
о afte r 8%  0 , 18 + 0 .4 0  +  0.06

< 0.001
10° afte r 8%  0 2 10 +  1.18 +  0.06 > 0 .3 " > 0 .2

оО<м a fte r 6%  СО 2 12 +  0.32 +  0.06 < 0.001

0.1 > р > 0 .0 5оОгН afte r 6%  СО 2 13 +  0.46 +  0.05 _
в

т + с
(M ± S .E .)

20° afte r 12%  0 2 15 +  0 .4 1 + 0 .0 7
0 .1 > р > 0 .0 5

10° afte r 12%  О 2 10 + 0 .6 9 + 0 .1 4

- 1

20° afte r 8%  О 2 22 + 0 .8 4  +  0.06
< 0 .02

10° afte r 8 %  0 2 10 +  1.28 +  0.15 > 0 .3 " > 0 .4

оО(N a fte r 6 %  СО 2 14 + 0 .7 1 + 0 .1 3 < 0.001

> 0 .3
10° afte r 6%  СО, 13 + 0 .5 5 + 0 .1 1
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HEAT PRODUCTION AND BODY TEMPERATURE 15

greater proportion o f the heat produced had been retained after hypoxia  
than  after hypercapnia. E ssentia lly  the sam e conclusion had to  he drawn  
from  Part В of Table III . The increase in body tem perature subsequent to  the  
term ination o f exposure to 12% 0 2 at Ta 10°C and th at after term ination o f

T able III

Colonic temperature ( T c)  at term ination o f  exposure to hypoxia and hypercapnia, and 30 m in  
after restoration o f  air breathing; and the change in  body temperature (A T C)  after restoration o f  air, 
and oxygen consum ption ( V 0 2)  in th e  post-exposure period ( M  S . E .) .  P art A :  comparison o f  
the effects o f  8%  0 2 and  6%  C 0 2 at T a 10°C. P art B :  comparison between the effects o f  1 2%  0 2 
and 6%  C 0 2 at T a 10°C. Part C: comparison o f  the effects o f  8 %  0 2 and  6 %  C 0 2 at T a 20°C

A (T a 10 °C)

n exposure to
T c a t term ination of 

exposure, °C
T c 30 min after 

te rm ination  o f expo
sure, °C

<dTc after 
exposure, °C

VQa after term ination 
o f exposure, 

m l/dm 2 • min

10 8%  0 2 35.76±0.24 37.04±0.27 ±1.28±0.15 2.44 ±0.09
13 6% co2 36.94±0.26 37.49±0.31 ±0.55±0.11 2.47 ±0.08

8 %  0 2 v s .  6%  CO 2 p <0.01 >0.2 <0.001 >0.7
В (Ta 10 °C)

10 12%  0 2 37 .74±0.34 3 8 .4 3 ± 0 .3 3 + 0 .6 9 ± 0 .1 4 2 .0 8 ± 0 .0 8

14 6%  C 0 2 36 .94±0.26 3 7 .4 9± 0 .31 + 0 .5 5 ± 0 .1 1 2.47 ± 0 .0 8

12%  0 2 vs. 6%  C 0 2 p 0.1 > p > 0 .0 5 < 0 .0 5 > 0 .4 < 0 .0 1

С (Ta 20 °C)

22 8%  0 2 37.61 ± 0 .1 6 3 8 .4 5 ± 0 .1 8 ± 0 .8 4 ± 0 .0 6 1 .6 3 ± 0 .0 5

14 6%  C 0 2 37.49±0.28 3 8 .2 0 ± 0 .3 3 ± 0 .7 1  ± 0 .1 3 1 .8 0 ± 0 .0 5

8%  0 2 vs. 6%  C 0 2 p > 0 .7 > 0 .5 > 0 .3 > 0 .1

hypercapnia were n o t different sta tistica lly , although the increase was som e
w hat greater after hypoxia than after hypercapnia. Oxygen consum ption in  
the post-exposure period was, how ever, h ighly significantly greater after 
term ination of hypercapnia than after term ination of hypoxia . Again, it had  
to be concluded th a t a significantly greater proportion o f the heat produced  
had been retained in the body after term ination of hypoxia than after hyper
capnia. Part C of T able III , comparing the effects o f exposure to  8% 0 2 and  
to  6%  C 0 2 at Ta 20°C, shows no differences o f similar significance, the trend  
of the post-exposure levels of body tem perature and of heat production was, 
how ever, consistent w ith  the results obtained at Ta 10°C.

Table IV contains the correlational analysis betw een the level of heat 
production (V 0 2) prior to exposure, and its subsequent change (z l0 2) during  
hypoxia  and hypercapnia (Part A), on the one hand, and th at o f the relation
ship betw een the leve l o f colonic tem perature (Tc) prior to  exposure and the
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subsequent changes (ZlTc) during hypoxia  and hypercapnia (Part В ), on the  
other hand. A sign ificant correlation was dem onstrated betw een the level o f 
heat production prior to  exposure and the subsequent changes in response 
to  12%  0 2, 8% 0 2 and 6%  C 0 2 at Ta 20°C. A t Ta 10°C, no correlation could

Table IV

The relationship between the level o f  heat production ( V 0 2)  prior to exposure, and its changes ( A 0 2)  
during  exposure to hypoxia  and hypercapnia ( Part A ) ,  and between the level o f  colonic temperature 
( T c)  p rio r to exposure and the changes ( A T c)  during exposure to hypoxia and hypercapnia (P a rt B )

A

n T a
Variables X + S .E .

ml/dm* • min
Y + S .E .

m l/dm2 • min
Г t P

X  1 Y

15 20° V 0 2—/1 0 , 12%  О , 1 .6 2 ± 0 .0 5 — 0 .0 2 ± 0 .0 8 — 0.696 4.602 < 0 .001

10 10° V 0 2— /Ю , 12%  О , 2.07 ± 0 .0 8 — 0 .3 2 ± 0 .0 7 — 0.318 0.944 > 0 .3

18

oО(N V 0 2—d 0 2 8%  0 2 1 .67± 0 .05 —  0 .3 8 ± 0 .0 5 — 0.590 2.922 < 0 .01

10 10° V 0 2— /1 0 , 8%  O , 2 .3 6 ± 0 .1 2 — 1 .10± 0 .08 — 0.505 1.654 > 0 .1

12

оО<м V 0 2— /1 0 , 6%  C O , 1 .6 9 ± 0 .0 3 — 0 .1 3 ± 0 .0 5 -  0.654 2.666 < 0 .0 5

13 10° V O ,— zJO, 6% co2 2 .2 0 ± 0 .0 8 — 0 .2 1 ± 0 .0 8 — 0.514 1.986 0 . 1 > p > 0 . O 5

B

c °C

15 20° T c— d T c 12%  O , 38 .46± 0 .13 — 0 .4 8 ± 0 .0 8 ± 0 .0 1 4 0.050 > 0 .9

10 10° Tc— d T c 12%  0 2 38.62 ± 0 .2 6 — 0 .8 8 ± 0 .1 5 ± 0 .2 6 9 0.790 > 0 .4

22 ьэ о о Tc- d T c 8%  O 2 38 .77± 0 .13 —1 .16± 0 .08 ± 0 .1 5 5 0.703 > 0 .4

10 10° Tc— ziTc 8%  O , 37 .94± 0 .19 — 2 .1 8 ± 0 .1 0 — 0.220 0.637 > 0 .5

14 20° Tc- z l T c 6%  CO, 38.41 ± 0 .2 5 — 0 .9 2 ± 0 .0 7 ± 0 .4 2 7 1.634 > 0 .1

13 10° Tc—/1TC 6%  C O , 38 .14± 0 .15 — 1.2 0 ± 0 .1 2 ± 0 .8 0 0 4.425 < 0 .0 1

be established betw een  the corresponding param eters in  response to breathing  
12%  0 2, and the coefficients of correlation fell short of statistical significance 
in  th e  case of exposure to 8% 0 2 and 6% C 0 2. In the tw o latter instances, 
th e  relatively high coefficients (r =  -  0.505, and — 0.514, respectively) 
su ggest that the relationship is, nevertheless, very probably real.

No correlation w hatsoever could be found betw een the pre-exposure 
lev e l o f body tem perature (Tc) and its subsequent change (ZlTc) during hypoxia . 
In contrast, a h igh ly  significant correlation was apparent between the pre
exposure level o f b ody tem perature and its change during hypercapnia at 
T a 10°C, and the relatively  high coefficient of correlation obtained at Ta 
20°C (r =  4-0 .427), although not significant sta tistica lly , suggests th at the  
relationship m ight ex ist also at Ta 20°C as it  does at Ta 10°C. It should be
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noted th at the coefficient r was n egative  between the lev e l o f oxygen consum p
tion  prior to  exposure and its subsequent change during hypercapnia both  
at Ta 20°C and at Ta 10°C, whereas th e  coefficients betw een the pre-exposure 
lev e l o f body tem perature and its  subsequent changes in hypercapnia were 
positive at both  am bient tem peratures. This, o f course, indicates th at the greater 
was heat production before exposure, the greater th e  reduction in heat pro
duction tended to  be during hypercapnia, whereas th e  higher was body tem 
perature before exposure, the sm aller tended to be its  fall in response to  the  
subsequent exposure to  hypercapnia.

Table Y presents data on the relationship betw een  the changes in heat 
production (z )0 2) in response to h yp oxia  and hypercapnia and the subsequent 
change after restoration of room air (Part A) and, in  P art B , the relationship  
betw een the concom itant changes in  body tem perature (ATC). Fairly high, 
sta tistica lly  significant, coefficients o f  correlation w ere obtained betw een the  
changes in heat production during, and after term ination of, exposure to  12%  
and to 8% 0 2 at Ta 20°C. A t Ta 10°C, however, the corresponding coefficien ts  
failed to  reach sta tistica l significance. The relatively  h igh coefficients (r =  
— 0.596, and — 0.606, respectively) nevertheless suggest th at the relationship  
is real at this Ta also. The correlation betw een the changes in heat production  
during, and after term ination of, hypercapnia w as sta tistica lly  significant 
at Ta 10°C, whereas at Ta 20°C no correlation of the sam e param eters could be 
dem onstrated.

In contrast, no significant correlation was observed between the corre
sponding changes in body tem perature w ith  the exception  o f exposure to  hyper
capnia at Ta 10°C. The positive sign o f  th e  coefficient in d icates th at the sm aller 
the fall in body tem perature in hypercapnia, the more it  tended to  increase  
after the term ination of hypercapnia, whereas the n egative coefficient betw een  
the changes in heat production indicates that the greater the reduction during  
hypercapnia, the greater tended to  be the increase after restoration o f air 
breathing.

Table V I contains an analysis o f the relationship o f the level o f heat 
production (V 0 2) during hypoxia  and hypercapnia and the change in  oxygen  
consum ption (z l0 2) subsequent to restoration of air breathing (Part A ), on 
the one hand, and o f the relationship o f  the level o f  b od y tem perature (Tc) 
at term ination of hypoxia  and hypercapnia and the changes in  colonic tem per
ature (zlTc) subsequent to restoration o f  room air, on th e  other hand, (Part B).

Significant, or alm ost sign ificant, negative coefficien ts were obtained  
betw een the level of heat production during, and its change after term ination  
of, hypoxia  at both am bient tem peratures and w ith both  12% and 8% 0 2, 
whereas no significant correlation could  be dem onstrated betw een the same 
param eters in hypercapnia. The relationship between th e  level o f body tem 
perature attained by the end of exposure and its change during the 30 min
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Table У
oo

The relationship between the changes in  heat production ( A 0 2)  during and after term ination o f  
hypoxia  and hypercapnia ( P art A )  and between the concomitant changes in  colonic temperature

( A T C ; Part В )

A

n Ta
Variables X ± S .E . Y ± S .E .

r t P
X  Y

э.Ё m 2 • min

15 20° z10212%  0 2 — А 0 2 a f te r  12%  0 2 — 0.02 ± 0 .0 8 ± 0 .1 4 ± 0 .0 6 — 0.588 2.623 < 0 .0 5
10 10° А 0 212%  0 2 —  А О г a fte r 12%  0 2 — 0 .3 2 ± 0 .0 7 ± 0 .3 3 ± 0 .0 9 — 0.596 2.099 0 .1 > p > 0 .0 5

18

Осм Л 0 2 8%  0 2 — А 0 2 a fte r 8%  0 2 — 0.38 ± 0 .0 5 ± 0 .4 0  ± 0 .0 6 — 0.562 2.718 < 0 .0 2
10 10° А 0 2 8%  0 2 — АО,, a f te r  8%  0 , — 1.1 0 ± 0 .0 8 ± 1 .1 8 ± 0 .0 6 — 0.606 2.153 0 .1 > p > 0 .0 5

12 ьэ о о АО 2 6%  СО 2— АО 2 a f te r  6%  С 0 2 — 0 .1 3 ± 0 .0 5 ± 0 .3 2 ± 0 .0 6 — 0.117 0.351 > 0 .7
13 10° /Ю 2 6%  СО.,— АО., a f te r  6%  СО, — 0.21 ± 0 .0 8 ± 0 .4 6 ± 0 .0 5 — 0.697 3.228 < 0 .0 1

В

°с

15 20° /1ТС12%  0 2 — А Т С a f te r  12%  0 2 — 0.48 ± 0 .0 8 ± 0 .4 1  ± 0 .0 7 — 0.081 0.317 > 0 .7
10 10° /1ТС12%  0 ,  — А Т С a f te r  12%  0 2 — 0 .8 8 ± 0 .1 5 ± 0 .6 9 ± 0 .1 4 — 0.421 1.313 > 0 .2

22 20° /1ТС 8%  0 2 —  А Т С a fte r 8%  0 2 — 1.1 6 ± 0 .0 8 ± 0 .8 4 ± 0 .0 6 — 0.264 1.224 > 0 .2

10 10° А Т С 8%  0 2 - A T ,  a f te r  8%  0 2 — 2 .1 8 ± 0 .1 0 ± 1 .2 8  ± 0 .1 5 — 0.283 0.833 > 0 .4

14

ООCM А Т С 6 %  СО 2— A T ,  a f te r  6%  С 0 2 — 0.94 ± 0 .0 7 ± 0 .7 1  ± 0 .1 3 — 0.406 1.541 > 0 .1
13 10° А Т С 6%  СО2— A T ,  a f te r  6%  СО, — 1.2 0 ± 0 .1 2 ± 0 .5 5 ± 0 .1 1 ± 0 .6 5 2 2.856 < 0 .0 2
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Table VI*

The relationship o f  the level o f  oxygen consum ption (  V 0 2)  during exposure to hypoxia and hypercapnia  
and its subsequent change ( A 0 2)  after restoration o f  air breathing (P a rt A ) ,  and between the level 
o f  colonic temperature ( T c)  at term ination o f  exposure and its subsequent change (  A T C)  after restoration

o f  air breathing (P a rt B )

A

n T»
"Variables 

X  Y

X  ±  S.E. 
ml/dm* • min

Y ± S .E . 
ml/dm* • min Г t P

15 20° VO 2 12%  0 2 —  /10 2 a fte r  12%  0 , 1 .5 9 ± 0 .0 5 + 0 .1 2 ± 0 .0 5 — 0.692 3.455 < 0 .0 1
10 10° V 0 2 12%  0 „  —  A 0 2 a f te r  12%  0 2 1 .7 5 ± 0 .0 9 ± 0 .3 3 ± 0 .0 9 — 0.585 2.039 0.1 > p > 0 .0 5

18 20° VO 2 8%  0 2 —  /10 2 a fte r  8%  0 2 1.28 ± 0 .0 5 ± 0 .4 0 ± 0 .0 6 — 0.602 3.018 < 0 .0 1
10 10° VO 2 8%  0 2 — /10  2 a fte r  8%  0 2 1 .2 6 ± 0 .1 0 +  1 .1 8 ± 0 .0 6 — 0.567 1.949 0 .1 > p > 0 .0 5

12 20° VO 2 6%  CO 2— /10 2 a fte r 6 %  C 0 2 1.49 ± 0 .0 4 ± 0 .3 2 ± 0 .0 6 — 0.335 1.232 > 0 .2
13 10° VO 2 6%  CO 2— AO  a a fte r 6%  C 0 2 1 .9 9 ± 0 .0 8 ± 0 .4 6 ± 0 .0 5 — 0.392 1.413 > 0 .1

В

°c °c

15 20° Tc 12%  0 2 —  A T C a f te r  12%  0 2 3 7 .9 8± 0 .15 ± 0 .4 1  ± 0 .0 7 ± 0 .4 4 7 1.802 0.1 > p > 0 .0 5
10 10° T c 12%  0 2 - / 1 T C a fte r 12%  0 2 37 .7 4 ± 0 .3 4 ± 0 .6 9 ± 0 .1 4 — 0.305 0.906 > 0 .3

22 20° T c 8%  0 2 A T C a f te r  8%  0 2 37.61 ± 0 .1 6 ± 0 .8 4 ± 0 .0 6 ± 0 .0 7 6 0.340 > 0 .7
10 10° T c 8%  0 2 Z1TC a fte r  8%  0 2 3 5 .7 6 ± 0 .2 4 ± 1 .2 8 ± 0 .1 5 — 0.076 0.215 > 0 .8

14 20° T c 6%  CO 2— /1TC afte r 6%  C 0 2 37 .4 9 ± 0 .2 8 ± 0 .7 1  ± 0 .1 3 ± 0 .2 3 4 0.834 > 0 .4
13 10° T c 6%  C 0 2—A T C a f te r  6 %  COa 36.94 ± 0 .2 6 ± 0 .5 5  ± 0 .1 1 ± 0 .5 7 5 2.348 < 0 .0 5
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20 M. FARKAS, SZ. DONHOFFER

subsequent to the term ination  of exposure, approached sta tistica l significance  
in  th e  case of exposure to  12% 0 2 at T a 20°C, and reached statistica l signif
ican ce in the case o f exposure to  hypercapnia at Ta 10°C. The positive sign  
o f  th e  coefficient r ind icates th at the higher body tem perature was at the ter
m ination  of exposure, th e  greater tended to  be the increase after restoration  
o f  room  air.

Table V II dem onstrates the relationship between the changes in heat 
production during h yp oxia  and hypercapnia and the concom itant changes 
in  b od y  tem perature (Part A), and the relationship between the corresponding  
param eters after term ination  of hypoxia and hypercapnia (Part B). The m ost 
strik ing result o f th is analysis was the contrast betw een the very  close correla
tio n  o f the change in heat production and th e  concom itant change in body  
tem perature during hypercapnia (r =  +  0 .914, and + 0 .8 1 7 ) , on the one hand, 
and  the lack o f a sign ificant correlation betw een the sam e param eters after 
term ination  of hypercapnia (r =  + 0 .2 7 3 , and — 0.208), on the other hand. 
E ssen tia lly  the sam e w as observed at both  T a 20°C and Ta 10°C in the case 
o f  exposure to 8%  0 2. The relatively high coefficients (Ta 20°C: г =  + 0 .4 2 4 ;  
T a I0°C: r =  + 0 .5 2 6 ) , although not sign ificant sta tistica lly , appeared to  
in d icate that the relationship was real. S im ilarly as after the term ination o f  
hypercapnia, no correlation could be dem onstrated  betw een the corresponding 
param eters after the term ination of exposure to 8% 0 2 (r =  + 0 .1 4 3 , and 
— 0.014). No correlation could be dem onstrated between the same param eters 
b o th  during and after term ination of exposure to  12% 0 2 T a 20 °C, whereas 
at T a 10°C a re la tively  high coefficient (r =  + 0 .5 9 2 ) , approaching sta tistica l 
significance, w as obtained during exposure to  12% 0 2.

Table V III  P art A  summarizes the relationship of the level o f body  
tem perature (Tc) atta ined  b y  the end o f exposure and the changes in heat 
production (z l0 2) subsequent to the term ination  of exposure; in Part В the  
changes in colonic tem perature (zlTc) were taken as param eter instead  o f the  
le v e l o f colonic tem perature (Tc). The relationship o f the leve l o f body tem pera
tu re  at the term ination  of exposure and the post-exposure change in heat 
production was sta tistica lly  significant on ly  in the case o f exposure to 12%  
О 2 at Ta 10°C, and approached significance in  the case o f exposure to  8%  0 2 
a t T a 20°C. In contrast, the relationship betw een the changes in body tem 
perature during exposure and the changes in heat production subsequent to  
th e  term ination o f exposure was sta tistica lly  significant at both am bient 
tem peratures in  the case o f exposure to  either 12% or 8%  0 2. The re latively  
high  negative coeffic ien t obtained in th e  case of hypercapnia at Ta 10°C 
suggests that a sim ilar relationship m ight ex ist between both  the end-exposure  
lev e l of body tem perature and the change in colonic tem perature during 
exposure, on the one hand, and the change in heat production subsequent to  
th e  term ination o f exposure, on the other hand.

Acta Physiologica Academiae Scientiarum Hungaricae 44, 1973



A
cta Physiologica Academ

iae Scientiarum
 H

ungaricae 44, 1973

Table VII

The relationship between the changes in  heat production ( A 0 2)  and in  colonic temperature ( A T C)  
in  response to hypoxia and hypercapnia (P art A ) ,  and between the corresponding changes after

restoration o f  room air (P art В )

A

n Та
V ariables X+S.E.

ml/dm2 • min
Y+S.E.

°С Г t Р
X Y

15 20° А О , 12%  0 2 —  А Т С 12%  0 2 — 0 .0 2 ± 0 .0 8 — 0 .4 8 ± 0 .0 8 ± 0 .2 6 1 0.973 > 0 .3

10 10° zlO„ 12%  0 2 — А Т С 12%  0 2 — 0.32 ± 0 .0 7 — 0 .8 8 ± 0 .1 5 ± 0 .5 9 2 2.079 0.1 > р  > 0 .0 5

18

ОО<м /10 2 8%  0 2 —  А Т С 8%  0 2 — 0 .3 8 ± 0 .0 5 — 1.15 ± 0 .0 8 ± 0 .4 2 4 1.872 0 .1 > р > 0 .0 5

10 10° А О , 8%  0 2 .— А Т С 8%  0 2 — 1 .1 0 ± 0 .0 8 — 2 .1 8 ± 0 .1 0 ± 0 .5 2 6 1.749 > 0 .1

12

оО<м А О , 6%  СО,— А Т С 6 % С 0 2 — 0 .1 3 ± 0 .0 5 — 0.88 ± 0 .0 8 ± 0 .9 1 4 7.102 < 0 .001

13 10° А О , 6%  СО2— А Т С 6%  С 0 2 — 0.21 ± 0 .0 8 — 1 .2 0 ± 0 .1 2 ± 0 .8 1 7 4.698 < 0.001

В

15 20° АО  2 afte r 12%  0 2 — /1ТС a fte r 12%  0 2 +  0 .1 3 ± 0 .0 5 ± 0 .4 1  ± 0 .0 7 ± 0 .3 2 1 1.223 > 0 .2

10 10° А О , a fte r 12%  0 2 —  А Т С a fte r 12%  0,_ +  0 .3 3 ± 0 .0 9 ± 0 .6 9 ± 0 .1 4 ± 0 .3 6 4 1.107 > 0 .3

18

ОО<м А О , afte r 8%  0 2 — А Т С a fte r 8%  0 2 + 0 .4 0 ± 0 .0 6 ± 0 .8 5 ± 0 .0 7 ± 0 .1 4 3 0.576 > 0 .5

10 10° А О 2  afte r 8%  0 2 — /1ТС a fte r  8%  0 2 +  1 .1 8 ± 0 .0 6 -±1.28 ± 0 .1 5 — 0.014 0.039 > 0 .9

12 20° АО , afte r 6%  С 0 2— А Т С a f te r  6%  С 0 2 +  0 .3 2 ± 0 .0 6 ± 0 .7 2 ± 0 .1 4 ± 0 .2 7 3 0.896 > 0 .3

13 10° АО 2  afte r 6 %  СО,— А Т с a fte r 6 %  С 0 2 +  0 .4 6 ± 0 .0 5 -f-0.55 ± 0 .1 1 — 0.208 0.704 > 0 .4
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Table VIII

toto

R ela tionsh ip  between colonic temperature ( T c)  at term ination o f  hypoxia and hypercapnia and  
the changes in  heat production ( A 0 2)  after resum ption o f  breathing room air ( Part A ) ,  and between 
the change in  body temperature ( ЛT c)  during hypoxia and hypercapnia , and the change in  heat 

production after restoration o f  air breathing (P art B )

A

n Ta
Variables X±S.E.

°C
Y+S.E. 

ml/dm2* min r t P
X  Y

15

оОc\l T c 12%  0 ,  —  z l0 2 a fte r 12%  0 2 3 7 .98+ 0 .15 + 0 .1 2 ± 0 .0 5 — 0.118 0.647 > 0 .5
10 10° T c 12%  0 2 —  J O ,  a fte r 12%  0 2 37.74 +  0.34 + 0 .3 3 ± 0 .0 9 — 0.656 2.454 < 0 .0 5

18 20° T c 8%  0 ,  - z ) 0 2 a fte r 8 %  0 2 3 7 .64+ 0 .16 ± 0 .4 0 ± 0 .0 6 — 0.457 2.457 0 .1 > p > 0 .0 5
10 10° T c 8%  0 2 — /Ю 2 a fte r  8%  0 , 35.76 ± 0 .2 4 +  1 .1 8 ± 0 .0 6 — 0.091 0.259 > 0 .8

12 20° T c 6%  С О ,- ,1 0 2 a fte r  6%  C 0 2 3 7 .54± 0 .33 + 0 .3 2  ± 0 .0 6 — 0.357 1.208 > 0 .2

13 10° T c 6%  CO 2— /1 0 2 a fte r  6%  C 0 2 3 6 .94± 0 .26 + 0 .4 6 ± 0 .0 5 — 0.472 1.776 > 0 .1

В

15 20° /JTC 12%  0 , .  -  /1 0 , a fte r  12%  0 2 — 0 .4 8 ± 0 .1 2 +  0 .1 2 ± 0 .0 5 — 0.521 2.203 < 0 .0 5
10 10° + f c 12%  0 2 — /Ю 2 a fte r  12%  0 2 — 0 .8 8 ± 0 .1 5 + 0 .3 3 ± 0 .0 9 — 0.714 2.882 < 0 .0 5

18 20° . ITC 8%  0 2 — z l0 2 a fte r  8%  0 2 — 1.1 5 ± 0 .0 8 +  0 .4 0 ± 0 .0 6 — 0.595 2.964 < 0 .0 1
10 10° z1Tc 8%  О , — /1 0 2 a fte r 8%  0 2 — 2 .1 8 ± 0 .1 0 +  1 .18+ 0 .06 — 0.663 2.566 < 0 .0 5

12 20° /1TC 6%  CO 2— /10 2 a fte r 6%  C 0 2 — 0 .8 8 ± 0 .0 8 + 0 .3 2 + 0 .0 6 — 0.165 0.528 > 0 .6
13 10° z1Tc 6 %  C 0 2— z102 a fte r  6%  C 0 2 — 1.2 0 ± 0 .1 2 + 0 .4 6 + 0 .0 5 — 0.420 1.535 > 0 .1
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Table IX

The relationship between the change in  heat production ( A 0 2)  in  response to 8%  0 2 and to 6 %  C 0 2 
at T a 20 °C and 10 °C (P art A ) ,  and between the concomitant changes in  body temperature (A T C;

Part В )

A

V ariables X+S.E. Y+S.E.
Ta X Y ml/dm* • min ml/dm*. min Г t P

8

ООCM AO „ 8%  0  2—AO 2 6%  CO 2 — 0.35 ± 0 .0 5 — 0 .1 4 + 0 .0 5 — 0.180 0.488 > 0 .6
10 10° A 0 2 8%  0 2 - / 1 0 2 6%  CO2 — 1 .1 0 ± 0 .0 8 — 0 .1 2 ± 0 .0 5 + 0 .2 6 6 0.764 > 0 .4

В

°C °c

12 20° J T C 8%  0 2— A T C 6 %  СО о — 0 .8 9 + 0 .0 6 — 0.93 +  0.08 + 0 .6 8 1 2.941 < 0 .0 2
10 10° A T C 8%  0 , — A T C 6%  CO 2 — 2 .1 8 + 0 .1 0 — 1.05+ 0 .11 + 0 .7 8 3 3.557 < 0 .0 1

Table X

The relationship between changes in  body temperature in  response to exposure to T a 20° and T a 10 °C 
(A T C 30— 20°C and A T C 30— 10 °C, respectively), on the one hand, and to exposure to S%  0 2 and 

6%  C 0 2 at these T a-s, on the other hand

n
Variables

X + S .E . Y + S .E . Г t PX  Y

21 A T C 30— 20°— A T C 8%  0 2 20° — 0.3 1 + 0 .1 1 — 1.12 +  0.07 + 0 .0 1 6 0.068 > 0 .9
14 A T C 30— 20°— A T C 6%  C 0 2 20° — 0 .5 6 + 0 .2 4 — 0 .9 1 + 0 .0 7 + 0 .2 2 7 0.806 > 0 .4
10 zlTc 30— 10°— A T C 8%  0 2 10° — 1.3 8 + 0 .2 6 — 2.1 8 + 0 .1 0 + 0 .3 4 3 1.031 > 0 .3
14 A T C 30— 10°— /1TC 6%  CO 2 10° — 1 .2 1 + 0 .1 6 — 1.19 +  0.11 + 0 .5 7 9 2.460 < 0 .0 5
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24 M. FARKAS, SZ. DONHOFFER

In view  o f the differences betw een the effects o f hyp oxia  and hyper
capnia  summarized in  Tables I , I I , and I I I , it  was deem ed interesting to study  
w h eth er the responses to  hypoxia and to  hypercapnia w ere, nevertheless, 
correlated . Table IX  is based on observations at Ta 20°C, in w hich the guinea  
pigs had been exposed to  hypoxia  and hypercapnia in the sam e experim ental 
session , and on experim ents performed at Ta 10°C, in which th ey  were exposed  
to  h yp oxia  and to  hypercapnia on different days at in tervals from 3 to 25 
d ays. Part A of Table I X  contains no indication of a relationship betw een the  
responses of heat production to  hypoxia  and to hypercapnia at either am bient 
tem perature, whereas th e  data in Part В dem onstrate a defin ite relationship  
b etw een  the changes in  body tem perature in response to  exposure to 8% 0 2 
an d  to  6% C 0 2 at b oth  am bient tem peratures.

Table X  shows th a t a similar relationship could not be dem onstrated  
b etw een  the changes in deep body tem perature in response to  changes in am bi
en t tem perature and those elicited  b y  hypoxia at both  T a 20 ° and 10 °C, 
w hereas at Ta 10°C a significant correlation was found betw een the fall in  
b o d y  tem perature in  response to  cold, and its further decline during hyper
cap n ia .

D iscussion

E valuating the results, it  has to  be recalled th at whereas oxygen con
sum ption  is a straightforward representation of heat production, deep body  
tem perature and its changes depend on the heat exchange betw een the anim al 
and its environm ent, on the one hand, and on heat production, on the other  
h an d . Knowing, how ever, the concom itant level or change in heat production, 
lev e ls  and changes in  body tem perature m ay serve as indicators of changes in  
p h ysica l therm oregulation.

The results sum m arized in Table I confirmed and extended  the evidence 
w h ich  led to the conclusion th at in the adult guinea pig ( F a r k a s  1973), as 
in  th e  new-born rat and rabbit ( V á r n a i  et al. 1970b, 1971b; V á r n a i  1973) 
th e  actions of hypoxia and o f hypercapnia on the therm oregulatory m echanism s 
are not identical, and th at the ratio in which m echanism s o f heat production  
and of heat loss participate in the responses differs sign ificantly .

As has been pointed  out earlier ( F a r k a s  and D o n h o f f e r  1973), the fact  
th a t  body tem perature m ay fall m arkedly, whereas concom itant heat produc
tio n  m ay decline insign ificantly , or n ot at all, or m ay even increase, does n o t  
perm it to conclude th a t therm oregulatory heat production had not been  
affected , since even considerably sm aller reductions in body tem perature, 
e .g . in response to  cold, w ould have elicited a very m arked rise in heat produc
tio n .
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The m ost striking result o f the correlational analyses was th at whereas 
a fairly close relationship has been observed betw een

a) the level o f heat production prior to exposure and its subsequent 
change during hypoxia and hypercapnia (Table IY, Part A);

b) the change in heat production during exposure and the change su b 
sequent to  restoration o f air breathing (Table Y , Part A); and

c) the level o f heat production during exposure and the change subsequent 
to the restoration  of air breathing (Table V I, Part A);

no similar relationship could be established betw een the corresponding data  
on body tem perature, w ith  the exception  of hypercapnia at Ta 10°C.

A t Ta 10°C a significant correlation could be established betw een

a) the level o f  colonic tem perature before exposure, and the subsequent 
change during hypercapnia (Table IV, Part B);

b) the change in  colonic tem perature in response to  hypercapnia, and  
the change subsequent to the term ination o f hypercapnia (Table Y , 
Part B); and

c) the level o f colonic tem perature at the term ination  of hypercapnia, 
and the change subsequent to  restoration o f room air (Table V I, 
Part B).

In all of th e  three latter instances positive coefficients were obtained , 
indicating th a t, a t Ta 10°C, a) the higher colonic tem perature w as before  
hypercapnia, the sm aller tended to  be the decrease in  hypercapnia; b) th e  
sm aller the decrease in body tem perature in hypercajm ia, the more it  tended  
to  increase after th e  term ination o f hypercapnia; and c) the higher colonic  
tem perature was at the term ination of hypercapnia, the more it  tended to  in 
crease after restoration o f room air.

In interpreting these and sim ilar results o f correlational analyses, a tten 
tion  has to be paid to  the fact th at som e o f the param eters are closely related . 
For instance, the lev e l o f oxygen consum ption during exposure and the change  
in oxygen consum ption in response to  exposure, as w ell as the corresponding  
param eters of body tem perature are, ev idently , not independent. N evertheless, 
som e differences em erged when using such closely related  parameters (Tables 
V , V I and V III).

The rather close relationship o f the change in heat production and th a t  
in  body tem perature during exposure to  hypoxia or hypercapnia (Table V II , 
Part A), m ight appear to confirm only  w hat was to  be expected. The absence 
of a similar relationship between the corresponding parameters subsequent 
to  the term ination o f exposure (Table V II, Part B) indicates, however, th a t  
the relationship o f changes in heat production and in body tem perature m ay  
differ even under closely  related conditions. In terestingly , the correlation o f  
the changes in heat production and those in body tem perature proved to  be
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m uch closer in hypercapnia (Ta 20°C: r == + 0 -9 1 4 ; Ta 10°C: r =  + 0 .8 1 7 )  
than  in  hypoxia. D esp ite  the close correlation in hypercapnia, no correlation 
could be established betw een  the corresponding parameters after the term ina
tion  o f hypercapnia.

Another point o f  interest emerged from  the analysis presented in Table 
V III . A significant correlation was revealed  betw een the level o f  colonic tem 
perature attained a t th e  term ination o f exposure to hypoxia and the change 
in  h ea t production subsequent to restoration o f room air in the case o f exposure 
to  12%  0 2 at Ta 10°C, and statistical significance was approached in the case 
o f exposure to 8%  0 2 a t Ta 20°C. T aking, how ever, as param eter the change 
during exposure in stead  of the level o f  colonic tem perature atta ined  at ter
m ination  of exposure (Table V I I I ,  Part B ) ,th e  correlation proved to  be signif
ica n t in the case o f  exposure to  12% and 8%  0 2 at Ta 10° as w ell as at Ta 
20 °C , indicating th a t  the change in b ody tem perature during exposure to 
h y p o x ia  serves as a m ore im portant determ inant of the increase in  heat pro
duction  after restoration  of room air th an  the level of body tem perature at 
th e  term ination o f hyp oxia .

Another aspect o f  these results deserves attention , although no satisfac
tory  interpretation can be offered at present. Although Table V II showed a 
fa irly  close relationship betw een the changes in heat production during exposure 
and th e  concom itant changes in body tem perature, and Table V III  dem on
strated  that the change in body tem perature during exposure was an im por
ta n t  determ inant o f  th e  change in h eat production subsequent to  the restora
tion  o f  air, no correlation was found after the term ination o f exposure between  
th e  changes in heat production and the concom itant changes in body tem pera
ture (Table V II, P art B).

A ttention should be paid also to  the im portant role p layed  b y  the thermal 
environm ent in th e  determ ination o f correlation between som e o f  the param 
eters. In general, although not w ith ou t exceptions, correlations tended to  
be more pronounced a t Ta 10°C than at Ta 20°C, despite the fact that both  
tem peratures provided an environm ent w ell below  therm oneutrality . Corre
la tion  was more pronounced at Ta 10°C than  at Ta 20°C, for instance, between  
th e  changes in oxygen  consum ption during, and after term ination  of hyper
capnia: at Ta 20°C r =  — 0.117, p >  0.7; at T a 10°C r =  — 0.697, p ■+ 0.001 
(Table V), betw een th e  level of body tem perature at term ination  of hyper
capnia and its change subsequent to  restoration  of room air: at Ta 20 °C r =  
+  0.234, p + 0 .4 ;  a t Ta 10°C r == + 0 .5 7 5 , p +  0.05 (Table V I), betw een  
th e  level of body tem perature at term ination  o f exposure to  12%  0 2 and the  
subsequent change in heat production: at Ta 20°C r =  — 0.118, P > 0 .5 ;  
at T a 10°C r =  — 0.656 , p +  0.05 (Table V III), and betw een the change in 
b o d y  tem perature in  response to transfer from  therm oneutrality  to  the colder 
environm ent, and th e  change in colonic tem perature subsequent to exposure
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to hypercapnia: at T a 20°C r =  -j-0.227, p j> 0.4; at T a 10°C r =  + 0 .5 7 9  
p <  0.05 (Table X ).

Considering the differences betw een  the therm oregulatory responses 
to hypoxia  and to  hypercapnia, a correlation between th ese  responses could  
hardly he expected . According to exp ectation , no correlation was found betw een  
the changes in heat production in response to hypoxia and to hypercapnia  
either at Ta 20°C or at Ta 10°C, w hereas, rather unexpected ly , a d efin ite  
correlation was established between th e  concom itant changes in colonic  
tem perature (Table IX ). The greater the fall in body tem perature in h yp ox ia , 
the more it  tended to  decrease in hypercapnia.

The rather close correlation o f th e  responses of b od y  tem perature to  
h yp oxia , on the one hand, and to hypercapnia, on the other hand (r =  + 0 .6 8 1  
and + 0 .7 8 3 ) , m ight suggest that an anim al tends to respond with a decrease  
in b ody tem perature o f  similar relative m agnitude, independently o f th e  
nature o f the causative stim ulus. The observation presented in Table X  
dem onstrates, how ever, th a t this is not th e  case, since no correlation of sim ilar  
significance could be found between th e  changes in b o d y  tem perature in  
response to transfer from  a therm oneutral environm ent to  a colder one, on  
the one hand, and its  reduction in h yp oxia , on the other hand.

Taken as a w hole, the results are com pletely  consistent w ith  the con clu 
sion arrived at earlier ( F a r k a s  and D o n h o f f e r  1973) th a t in , as well as after  
the term ination of, hyp ox ia  and hypercapnia, differences in  the participation  
of the tw o effector m echanism s of therm oregulation, i.e . o f  heat production  
and o f heat loss, are th e  consequence of alterations in the function of higher  
in tegrative control m echanism s of tem perature regulation.
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EFFECTS OF ACTH AND HCG ON OVARIAN 
OESTROGEN AND PROGESTERONE SECRETION 

IN DOGS PRETREATED WITH HCG
By

B .  V a r g a , E dit H o r v á t h  a n d  E. S t a r k

D EPARTM ENT OF PATHO PHY SIOLOG Y , IN ST ITU TE OF EX PER IM EN TA L M ED IC IN E , H UNGARIAN 
ACADEMY OF SCIENCES, BU DA PEST

(R eceived  J u ly  12, 1973)

T he effects o f A C T H  a n d  HCG on  eo stro g en  (oestrone, 17/3-oestradiol) a n d  p ro 
gesterone o u tp u t  in  o v a ria n  e fflu en t b lo o d  w ere m easu red  in  dogs a fte r  H C G  p re 
tre a tm e n t fo r 5 days.

O n th e  s ix th  d a y  th e  in fusion  o f 0.5 jMg/kg/min of 2  1 A C TH  for 10 a n d  60 
m in u te s  in creased  o v a ria n  b lood  flow  a n d  o estro g en  secre tion . A C TH  s tim u la te d  oes
tro g en  sec re tio n  even  a f te r  a d ren a lec to m y , b u t  th e re  w as no considerab le  change  in  
p ro g esterone  secre tion . O v a rian  b lood flow  a n d  oestrogen  sec re tio n  norm alized  one 
h o u r a f te r  th e  te rm in a tio n  o f A C TH  infusion .

A  10 m in u te  in fu sio n  of 1.0 IU /k g /m in  o f HCG w as fo u n d  to  s tim u la te  p ro g es
te ro n e  secre tion , b u t  o v a ria n  blood flow  a n d  oesterogen  sec re tio n  w ere increased  o n ly  
one h o u r a f te r  te rm in a tin g  th e  in fusion , w h en  p ro g esterone  sec re tio n  h ad  re tu rn e d  to  
th e  co n tro l level.

A C TH  ad m in is te re d  im m ed ia te ly  a f te r  25.0 m g/kg o f cyclohexim ide in creased  
oestrogen  secretion , - w hile  p ro g esterone  sec re tio n  decreased . A fte r  cyclohexim ide, 
HCG w as ineffective.

Acta Physiologica Academiae Scienliarum Hungaricae, Tomus 44 (1 ), pp. 29—37 (1973)

It has been dem onstrated recently th a t in dogs and cats ACTH increases 
blood flow  not only in the adrenal, hut also in  the ovary ( S t a r k  et al. 1967; 
S t a r k  and V a r g a  1968). In  the ham ster, ovarian blood flow  is sign ificantly  
stim ulated by ACTH w hile adrenal blood flow  shows a slight or no change  
( V a r g a  et al. 1969).

In the anoestrous dog, ACTH infusion does not affect oestrogen secretion  
and only traces or no progesterone can be detected  in the ovarian vein  ( H o r 

v á t h  et al. 1969). HCG possesses some properties of the p itu itary  gonadotropic  
hormones ( T e l e g d y  and H u s z á r  1962; Y o g o  1969) but in the anoestrous 
dog a single injection  o f HCG does not in fluence ovarian secretion only after  
som e days pretreatm ent w ith  HCG ( T e l e g d y  and H u s z á r  1962; R o m a n o f f  

et al. 1962; N i s h i z a w a  and E i k - N e s  1964).
The present experim ents have been aim ed at clarifying whether after  

HCG pretreatm ent ovarian oestrogen and progesterone secretion were increased  
by ACTH.

Methods

T h irty -n in e  fem ale dogs w eigh ing  10— 15 k g  each  were tre a te d  w ith  100 IU /k g  o f H C G  
(C horiogonin, R ich te r)  daily  fo r 5 days. On th e  s ix th y  d ay  th e  an im a ls  w ere an ae sth e tize d  
w ith  ch lo ra lose-u re thane  a n d  a  p o ly e th y len e  c a th e te r  was in se rted  in to  th e  r ig h t o v a ria n  
ve in . In  some an im als  th e  a d ren a l g lan d s  h ad  b een  rem o v ed  before o v a ria n  vein  can n u la tio n .
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T h en  0.5 jitg/kg/m in o f sy n th e tic  ß i—ц  A C T H  (S y n a c th e n , Ciha) w as in fu sed  in to  th e  fem ora] 
v e in  fo r 10 or 60 m in u te s  a n d  ou tflow  fro m  th e  v e in  w as m easured . T w o ho u rs  a f te r  th e  t e r 
m in a tio n  of ACTH in fu sio n , 1.0 IU /k g /m in  o f H C G  w as infused fo r 10 m in u te s . In  a g ro u p  of 
an im als  ACTH a n d  H C G  infusion  was g iven  im m e d ia te ly  a f te r  an  in tra v e n o u s  in je c tio n  of 
25.0 m g/kg of cy c lo h ex im id e  (Sigm a). F u r th e r  d e ta ils  o f th e  e x p e rim e n ta l a rra n g e m e n t a re  
show n  on th e  d iag ram s. B e tw een  tw o blood  sam p lin g s th e  o v a rian  b lood  w a s  led b ack  in to  th e  
sy s tem ic  c ircu la tion . B lood  p ressure  in  th e  fem o ra l a r te ry  was m easu red  by  a S ta th a m  t r a n s 
d u cer. To p re v en t a fa ll in  blood pressure , b lo o d  fro m  in ta c t  an im als w as in fused  d u rin g  th e  
ex p erim en t. B lood c lo tt in g  was p rev en ted  b y  3.0 m g/kg  h ep arin  (R ich te r) . A t th e  end  o f  th e  
e x p erim en t, th e  o v a rie s  a n d  ad renals w ere re m o v e d  a n d  w eighed.

O estrogen (o estro n e , 17/3-oestradiol) in  th e  o v a ria n  blood sam ples w as d e te rm in ed  by  
I t t r i c h ’s m eth o d  (1960) as m odified  by  u s ( H o r v á t h  e t al. 1969). F o r  th e  e x tra c tio n  o f p r o 
gestero n e , T e l e g d y  a n d  E n d r o c z i ’s m eth o d  (1961) was used  w h ich  w as follow ed b y  e lu tio n  
o f  p rogestero n e  s e p a ra te d  by  p a p e r c h ro m a to g ra p h y  a n d  m easu red  f lu o rim e tr ica lly  b y  the 
m e th o d  of S h o r t  a n d  L e v e t t  (1962).

O varian  b lo o d  flo w  w as expressed  in  m l/m in  a n d  th e  ra te  o f o v a ria n  secre tion  in  n g /m in  . 
F o r  s ta tis tic a l e v a lu a tio n , analysis o f v a ria n ce  a n d  th e  t- te s t w ere u sed .

R esults

Effect o f HCG pretreatm ent

HCG pretreatm ent increased the w eight of the ovaries nearly tw o-fo ld . 
There was no difference in weight betw een  the right and le ft ovary, showing  
th a t the cannulation did not cause a considerable blood stagnation or oedem a  
in  the right ovary.

HCG treatm ent left the w eight o f adrenals unaffected (Table I.).

Table I

W eight o f  ovaries and adrenals in  dogs given 100 IU /k g  HCG intram uscularly every day fo r  5 
consecutive days and operated on day 6 

(m ean  ±  S. E .)

Ovary, g A drenal, g

left r igh t left righ t

C ontrol 0.70 0.54 0.83 0.90

±0 .11 ± 0 .0 7  (6)* ± 0 .1 0 ± 0 .1 5 (6)

HCG 1.35** 1.26** 0.89 0.88

± 0 .1 7 ± 0 .1 3  (29) ± 0 .0 8 ± 0 .0 8 (25)

* num ber o f o b se rv atio n s
** p <  0.05

Effect o f A C T H  infusion

During a 10-m inute infusion o f ACTH , ovarian blood flow  and oestrogen  
secretion increased. One hour after the end o f infusion blood flow  and oestrogen  
secretion returned to  the initial level. There was no change in progesterone 
secretion (Fig. 1).
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BLOOD FLOW SECRETION □  0 9% NqCI 
Щ  HCG

F ig. 1. O v a rian  b lood  flow , oestrogen an d  p ro g estero n e  secre tion  d u rin g  a 10-m inute  in fu sio n
o f ACTH a n d  60 m in u te s  la te r

BLOOD PRESSURE
T * S.E.
* p<0.05
i t  p<0.01 
n = 11

BLOOD FLOW

ng/min

25-

2 0 -

.15 -I . ng/min 
1000- 

800:
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n

F ig . 2. O v a rian  b lood  flow , oestrogen an d  p ro g estero n e  secre tion  du rin g  an d  a f te r  a 6 0 -m in u te
infusion  o f ACTH

During a 60-m inute infusion o f ACTH, ovarian blood flow  increased and  
rem ained high u n til 60 m inutes after term ination o f the infusion. The one- 
hour ACTH infusion increased oestrogen secretion and kept it  at a high level. 
Thirty m inutes after the end o f infusion, oestrogen secretion decreased to  
its in itia l value. Progesterone secretion was increased as w ell, but the increase 
was tem porary and passed off just before the end o f the infusion (F ig. 2).
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To clarify th e  question whether ACTH influenced ovarian oestrogen  
secretion directly or through the adrenal gland, experim ents were performed  
on adrenalectom ized dogs. Two hours after adrenalectom y, ACTH w as found  
to  increase oestrogen secretion, while progesterone secretion was not affected  
(F ig . 3).

Effect o f  HCG in fusion

During a 10-m inute infusion o f HCG there was no change in  ovarian  
blood flow  and oestrogen  secretion, w hile progesterone secretion showed a 
considerable increase. One hour after th e  term ination o f HCG infusion, pro
gesterone secretion returned to its in itia l va lue, while oestrogen secretion and 
ovarian blood flow  increased (Fig. 4).

SECRETION
□  0.9 V. NqC(
®  ACTH (Synacthen)
n= 9
T . S . E .

«  pcO.01

F ig . 3. E ffect o f A C T H  o n  o v a rian  oestrogen  a n d  p rog estero n e  secre tion  a f te r  ad ren a lec to m y

BLOOD. FLOW SECRETION
□  0.9% NaCl 
Ü  Synacthen
* p<0.05 

H p < 0.01 
n = 5 
T+S.E.

-10-0 0-10 60-70 min -10-00-10 60-70 min -10-0 0-10 60-70 min

Fig. 4. O varian  b lo o d  flow , oestrogen an d  p ro g este ro n e  secre tion  du rin g  a 10-m inute  in fusion
o f HCG an d  60 m in u te s  la te r
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Effect o f  A C T H  and HCG infusion after cycloheximide adm inistration

ACTH infusion increased ovarian oestrogen secretion in spite o f cyclo 
hexim ide adm inistration . Progesterone secretion was decreased. S ix ty  m inutes 
after the injection o f cyclohexim ide, on ly  traces o f progesterone were detected  
in  ovarian venous blood, when oestrogen secretion returned to  its in itia l level.

EXPERIMENT
В

25 mg/kg cycloheximide i.v. 

Synacthen HCG
n  n

25 mg/kg 

HCG
П

BLOOD PRESSURE

cycloheximide i.v. 

Synacthen
n

T+ S.E. 
n= 5-6 

t  p <0.05
«  p<0-01

□  = ( Oe) Oestrogen 
= ( P ) Progesterone

-10-0 5-15 75-85 -10-0 5-15 75-85 min
65-75 135-145 65-75

Fig. 5. E ffec t of A C TH  a n d  H CG  on o v a rian  b lood  flow , oestrogen  and  p rog estero n e  secretion , 
follow ing cyclohexim ide a d m in is tra tio n

Seven ty  m inutes after the injection  o f cyclohexim ide, HCG w as ineffective  
on ovarian blood flow  as well as on oestrogen and progesterone secretion
(Fig. 5A).

W hen HCG w as adm inistered im m ediately  after cyclohexim ide treat
m ent, progesterone secretion decreased to  an unm easurable level, hut there 
was no change in b lood flow  and oestrogen secretion. Seventy  m inutes after 
cyclohexim ide in jection , ACTH failed to affect ovarian blood flow  or oestrogen  
and progesterone secretion (Fig. 5B).
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D iscussion

The aim of the above experim ents w as to establish  w hether the stim u la t
ing effect of ACTH on ovarian blood flo w  w as connected  w ith a change of 
ovarian secretion since steroidogeneses in the adrenal gland and th e  ovary  
coincide in  m any respects. LH in v itro  increases the conversion of cholesterol 
in to  pregnanolone in  th e  corpus lu teum  ( H a l l  and K o r i t z  1964). Cholesterol 
m etabolism  in the adrenal cortex is affected  by ACTH in the same w ay ( S t o n e  

and H e c h t e r  1954; K a r a b o y a s  and K o r i t z  1965). Cyclic AMP p lays an 
im portant role in b oth  th e  steroidogenic effect o f LH  ( S a v a r d  et al. 1965) 
and in th a t of ACTH ( H a y n e s  et al. 1960). I t  seem s, how ever, that stim ulation  
o f adenyl cyclase a c tiv ity  in  the target organs is horm one specific. C onsequently, 
ACTH increases adenyl cyclase a ctiv ity  in  the adrenal cortex of the rat ( G r a - 

h a m e - S m i t h  et al. 1967), hut it  is n o t effective on the adenyl cyclase a ctiv ity  
in  th e  ovary o f the rabbit in contrast to  the stim ulating effect o f LH  ( D o r - 

r i n g t o n  and K i l p a t r i c k  1966).
In  dogs treated  w ith  HCG for 5 days the higher leve l of progesterone íd 

ovarian venous blood and the stim ulating effect o f HCG on progesterone se
cretion are attributed to  luteinization ( T e l e g d y  and H u s z á r  1962; N i s h i z a w a  

and E i k - N e s  1964; S t r o t t  et al. 1969). In  these dogs on the sixth  day, ACTH  
increases ovarian b lood  flow  and oestrogen secretion. The effect o f a single 
in travenous in jection  o f ACTH was d ifferent from th a t o f HCG; HCG im m ed i
a te ly  increased progesterone secretion and this was followed ore hour later  
b y  a rise of oestrogen secretion. Since th e  effects o f ACTH and HCG on ovarian  
blood flow  and horm one secretion are different, ACTH presum ably elicits  
its  effect differently from  gonadotrop horm ones.

In the hum an, ACTH stim ulates oestrogen secretion ( S a n d b e r g  et al. 
1958; B r o w n  et al. 1959; B a i r d  é ta l. 1969) andketosteroidsecretion  ( K e c s k é s  

e t al. 1963) in the adrenal gland. I t  w as supposed th a t the déhydroépiandro
stérone (D H E A ) produced in the hum an adrenal gland m ight be a m ediator  
ovarian oestrogen prpduction ( B a r l o w  1964). This opinion was not supported  
b y  the findings o f A a k v a a g  and F y l l i n g  (1968), because in women the ovarian  
venous level of D H E A  is higher than  in  peripheral blood. The D H E A  level 
in the peripheral b lood  of dogs being lower than in  m an ( O e r t e l  and E i k - 

N e s  1959), the im portance of this substance is questionable. On the other hand, 
testosterone production is considerably elevated in the dog testis perfused  
w ith  adrenal venous blood ( W a s s e r m a n n  and E i k - N e s  1969), but ATCH leaves  
it  unaffected ( E i k - N e s  1962).

ACTH increases ovarian blood flow  even after adrenalectom y ( S t a r k  

et al. 1967; S t a r k  and V a r g a  1968), and, as it  has been shown in the present 
experim ents, oestrogen secretion b y  th e  ovary in  HCG pretreated anim als 
as w ell. I t seems th a t ACTH exerts its  effect d irectly on the ovary, independ
en tly  o f the adrenal gland.
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HCG im m ediately  elevated  progesterone secretion but HCG did not 
influence ovarian blood flow . Ovarian blood flow  increased only  one hour 
after HCG adm inistration, and at th e  same tim e a considerable increase in 
oestrogen secretion could be noticed . This shows th a t th e  increase o f ovarian  
blood flow  and th a t o f oestrogen secretion go parallel even after HCG stim ulus. 
N o close correlation could be found betw een the stim ulating  effect o f ACTH  
on the ovarian blood flow  and on th e  rate of progesterone secretion. In v itro, 
in the bovine corpus luteum  ( S a v a r d  et al. 1965) and in v ivo , in pre-oestrous 
rats ( I c h i k a w a  et al. 1972) ACTH does not stim ulate progesterone secre
tion .

In dogs, cyclohexim ide inhibited  the effect o f ACTH on corticoid secre
tion  in 5 m inutes w hile it  took 30 to  60 m inutes before it  dim inished the effect 
of ACTH on adrenal and ovarian blood flow  ( S t a r k  and V a r g a  1968). The 
synthesis of new  proteins is im portant not only for the steroidogenic effect 
of ACTH but for the LH  as well. In  hum an corpus lu teum  slices, purom ycin  
and actinom ycin-D  abolish the effect o f LH  on progesterone secretion ( S a - 

V A R D  et al. 1965). Under similar experim ental conditions, cyclohexim ide in 
hibits the stim ulating effect of LH  on progestin secretion by the rabbit ovary  
( G o r s k i  and P a d n o s  1966). The site o f  oestrogen secretion is the theca  interna  
and the in terstitium  ( S m i t h  and R y a n  1961), w hile practically all o f the  
progesterone is produced in  the corpus luteum  ( T e l e g d y  and H u s z á r  1962; 
H a m m e r s t e i n  et al. 1964). These steroids differ from  each other not only  
in  the site o f production hut also in respect of the inhibition  by cyclohexim ide  
of their steroidogenic action, as cyclohexim ide is im m ediately  blocking proges
terone secretion while it  leaves oestrogen secretion unaffected . In m am m alian  
ovarian tissue there are tw o b iosynthetic  pathw ays for oestrogen secretion, 
viz . (1) from pregnenalone to adrostenedion and oestrogen ( R y a n  and S m i t h  

1961a) and (2) conversion o f progesterone into estrone and oestradiol ( R y a n  

and S m i t h  1961b). The first w ay seem s to  have an im portant role in th e  dog, 
as it  is able to  m aintain a control oestrogen level in ovarian venous blood  
during the abolished progesterone secretion. ACTH increases ovarian blood  
flow  ( S t a r k  and V a r g a  1968) and oestrogen secretion after cyclohexim ide  
as w ell, but progesterone secretion decreases even i f  HCG is adm inistered. 
The stim ulating effect of ACTH on ovarian blood flow  m ight be connected  
w ith  an increase in  ovarian oestrogen secretion.

On the other hand, ACTH increases ovarian blood flow  in different 
periods o f the ovarian cycle ( S t a r k  et al. 1967; V a r g a  et al 1969), while 
oestrogen secretion only after HCG pretreatm ent. A n increase in  oestrogen  
secretion m ight perhaps be achieved w ithout HCG pretreatm ent, but the  
change then  is too slight for our m ethods to  show it . Presum ably, a consider
able effect o f ACTH on ovarian oestrogen secretion could be brought about 
only in the lu teal phase, in connection w ith  effect o f gonadotrophic horm ones.
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The fact th a t ACTH increases not only ovarian blood flow  but under 
certain  circum stances also ovarian oestrogen secretion, m ight suggest that 
in  th is  way ACTH togeth er  w ith  gonadotrophic horm ones is able to  influence  
fem ale gonadal fu n ction  under physiological and pathological conditions. 
Som e authors have assum ed th a t ACTH affected gonadal function  through  
th e  corticoids ( H a g i n o  et al. 1969; L i p t h a p  1970) or through th e  adrenal sex  
steroids ( R e s k o  1969; C h a t t e r j e e  and H a r p e r  1970; F e d e r  et al. 1971). 
In  contrast, our data  show  th a t ACTH has a direct effect on fem ale gonadal 
function .
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In  91 p re g n a n t  ra ts ,  th e  effect o f  h y p o p h y se c to m y  h a d  been  ex am in ed  on th e  
o v ariec to m y -in d u ced  p lac en ta l an d  fe ta l h y p e r tro p h y . In  th e  con tro ls, h y p o p h y se c to m y  
d id  n o t  affect p la c e n ta l  w eigh t, b u t  red u ced  fe ta l w eigh t. I n  o v ariectom ized  ra ts , h y p o 
p h y sec to m y  d id  n o t  a ffec t th e  h y p e rtro p h ic  resp o n se  of th e  p lac en ta e , b u t  p re v en ted  
w e ig h t increase o f th e  fe tuses. I t  is concluded  t h a t  th e  effect o f o v a rie c to m y  on  p la 
c en ta l g row th  is n o t  m ed ia ted  b y  th e  p i tu i ta ry ,  b u t  th a t  th e  p i tu i ta ry  con tro ls fe ta l 
g ro w th  d irec tly , b y  a  m echan ism  in d ep e n d en t o f  p lacen ta l fu n c tio n .

As in humans ( C s a p ó  et al. 1972, 1973), in  rats the consequences o f  
ovariectom y on pregnancy m aintenance were determ ined b y  th e  gestational 
tim ing o f surgery ( C s a p ó  1970; C s a p ó  and W i e s t  1969; C s a p ó  and C s a p ó  

1973). W hen performed before the 16th day o f pregnancy (the day  o f “ sperm  
p o sitiv ity ” being designated day 0 ) ,  ovariectom y in rats invariably provoked  
abortion, while a delay  o f 24 to 48 hours in surgery prom oted pregnancy  
m aintenance till term  and the great m ajority o f  the litter  survived.

These results suggested  that the consequences of ovariectom y on preg
nancy m aintenance w ere determ ined b y  the degree of the “ luteo-p lacental 
sh ift” in steroidogenesis at the tim e of surgery ( C s a p ó  et al. 1972, 1973; C s a p ó  

1970; C s a p ó  and W i e s t  1969; C s a p ó  and C s a p ó  1973; Y o s i i i m i  et al. 1969). 
W henever functioning corpora lutea had been rem oved, progesterone (P) 
and estradiol 17/3 (E 2) levels decreased, regardless of gestational age and  
species. H owever, th e  degree o f P and E 2-withdrawals provoked depended  
upon the species and th e  gestational tim ing o f ovariectom y, since the relative  
contributions of the ovaries and placentae are different at various tim es o f  
gestation  in the different species.

These findings and the additional observations ( C s a p ó  1969; C s a p ó  

and W i e s t  1972) th a t pregnancy m aintenance is controlled b y  th e  p lacenta  
even in  the rabbit (a species in which lu teal P-genesis is indispensable through
out pregnancy), because of the ind ispensab ility  o f placental luteotrophic

* T his s tu d y  w as su p p o rte d  by  P o p u la tio n  C ouncil S u b c o n trac t 006, A ID /csd  2491, 
an d  th e  U n ite d  S ta tes  P u b lic  H e a lth  Service (N . I. H . C areer A w ard  5K 6-H d-20169).
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support, fully exposed  the significance o f the p lacenta to  pregnancy m ainte
nance and fetal survival.

It was o f considerable in terest, therefore, th a t ovariectom y (at around  
the 12th day o f pregnancy) provoked excessive p lacental hypertrophy in rats, 
provided that pregnancy was sustained through a prevention o f ovariectom y- 
induced P and E 2 deficiencies, b y  treatm ent w ith  P and E ( C s a p ó  1970; 
C s a p ó  and W i e s t  1969; C s a p ó  and C s a p ó  1973). P lacental hypertrophy had  
been observed b y  several investigators ( B u t t e r s t e i n  and L e a t h e m  1970, 
1972; C a l l a r d  and L e a t h e m  1971) w ho, how ever, explained its  underlying  
m echanism  d ifferently . The finding w as significant, therefore, th at p lacental 
hypertrophy can be provoked in ovariectom ized rats i f  their P and E 2 levels  
are sustained exogenously  near physiological values ( C s a p ó  and W i e s t  1969, 
1973). This find ing  substantiated  the prem ise ( C s a p ó  1969, 1970; C s a p ó  and  
W i e s t  1969, 1973; C s a p ó  and C s a p ó  1973; C s a p ó  et al. 1972) th at the growth  
potentia l of the p lacen ta  is greater than  w hat is norm ally observed and th at 
it  is this growth “ reserve” of the p lacenta which is released when an endogenous 
placental growth inhibitor (PGI) is rem oved by ovariectom y.

Since excessive placental hypertrophy only occurred in ovariectom ized  
rats (excepting th e  in tact “ low ” litter  anim als), it  w as concluded th a t PG I 
is o f ovarian origin ( C s a p ó  1970; C s a p ó  and W i e s t  1969, 1973; C s a p ó  and  
C s a p ó  1973). It could be expected , therefore, th a t the replacem ent of th is  
rem oved factor suppresses p lacental growth either directly or ind irectly . I f  
the effect of PG I is indirect, then th e  release o f a horm one which stim ulates  
placental growth m ust be suppressed in one o f th e  endocrine glands other 
than  the ovaries.

A drenalectom y ( B u t t e r s t e i n  and L e a t h e m  1972) and hypophysectom y  
( C a l l a r d  and L e a t h e m  1971) did not affect the ovariectom y-induced placental 
hypertrophy in  horm one-supported rats. These findings suggested th a t the  
effect o f PGI on th e  placenta is a direct one. H ow ever, since only 6 anim als 
were exposed to the com bined procedures o f ovariectom y and hypophysectom y, 
the effect of horm one treatm ent on th e  P and E 2 levels of the control and  
experim ental anim als had not been determ ined; feta l survival and fetal 
w eight were low  and unexplained; it  was of interest to repeat these studies  
under im proved experim ental conditions ( C s a p ó  and W i e s t  1973; C s a p ó  and 
C s a p ó  1973).

M ethods

A to ta l  o f  91 H o ltzm an  b red , S p rag u e-D aw ly  r a ts  w ere s tud ied . P re g n a n cy  w as 
d e te rm in ed  b y  “ sp e rm  p o s itiv ity ”  a n d  th is  d ay  w as d esig n a ted  day  0 o f g e s ta tio n . 
T h ro u g h o u t tb e  e x p e rim e n ts  th e  an im als  w ere  k e p t a t  a  c o n s ta n t te m p e ra tu re , cyclically  
chan g in g  lig h t a n d  d a rk n ess  an d  w ere fed  a p u rin e  d ie t  as described p rev io u sly  (Csapó  
a n d  W ie s t  1973; Csapó  an d  Csapó 1973).

S ta tistica l significance: P lacen tae: be tw een  G roups 1 a n d  6, 7 or 8, p  <  0.001. Fetuses: 
be tw een  Groups 1 a n d  4; 1 and 5; 1 an d  6 +  7; or 8 an d  6 +  7, p  <  0.001. 1 +  3 an d  4 +  5,
p  <  0.001
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T able  I

Effect on placental and  fe ta l weight o f  hypophysectom y in  intact, ovariectomized and hormone-treated
pregnant rats

Groups Surgery and  trea tm en t
N um ber

of
anim als

L itte r size
F eta l

survival,
%

Placental weight,
g

F e ta l w eight, 

g

l Sham  only 21 1 0 .3 ± 0 .3 100 0 .59± 0 .01 5 .6 ± 0 .1

2 Sham  -f- P4E 1 10 1 0 .1 ± 0 .6 98 0 .59± 0 .01 5 .3 ± 0 .1

3 Sham  -f- H y p o x  Op 6 7 .2 ± 1 .3 97 0 .5 9 ± 0 .0 4 5 .5 ± 0 .2

4 Sham  ±  H y p o x 11 9 .9 ± 0 .7 100 0.62 ± 0 .0 4 5 .0 ± 0 .1
5 Sham  - f  H y p o x  +  P4E1 7 9 .7 ± 0 .9 100 0 .5 6 ± 0 .0 2 5.1 ± 0 .1

6 Ox +  P4E1 11 9 .8 ± 0 .6 94 0 .8 9 ± 0 .0 3 6.5 ± 0 .1

7 Ox ±  H y p o x  Op ±  P4E1 13 10.7 ± 0 .4 97 0 .8 9 ± 0 .0 4 6 .1 ± 0 .1

8 Ox +  H y p o x  +  P4E1 12 9 .8 ± 0 .7 95 0 .9 9 ± 0 .0 4 5 .5 ± 0 .2

A bbrev iations: P4E 1: 4 m g P  +  1 /tg  E /d ay ; H y pox  Op: th e  operative  p rocedure  of 
hypophysectom y w ith o u t rem oval of th e  p i tu i ta ry  gland; H ypox : hypophysectom y; Ox: o v a ri
ectom y

On th e  13 th  d a y  o f g esta tion , all an im als  w ere su b je c ted  to  a  sham  o p e ra tio n  a n d  th e  
d is tr ib u tio n  of th e  co n cep tu s sacs in  th e  2 u te r in e  ho rn s w as reco rded . S u b seq u en tly  th e y  
w ere d iv id ed  in to  8 g ro u p s depending  on  fu r th e r  su rgery  a n d  tre a tm e n t (Table I).

G roup 1, 21 an im a ls  were exp o sed  to  no fu r th e r  su rg ery  o th e r  th a n  sham  an d  rece ived  
no ho rm o n e  tre a tm e n t.

G roup 2, 10 a n im a ls  h ad  no f u r th e r  su rgery  b u t  rece iv ed  a  da ily  dose o f 4 m g p ro g es
te ro n e  (P4) and  1 p g  e s trad io l d ip ro p io n a te  ( E l )  in  oil, i.m ., in  2 d iv ided  doses a t  9 a .m . an d  
9 p .m . (labelled  in  T ab le  I  as P4E 1).

G roup 3, 6 a n im a ls  were exposed  to  all th e  surg ical p rocedures o f h y p o p h y sec to m y , 
e x cep t to  th e  rem o v a l b y  suction  of th e  p i tu i ta ry  g land  itself. T h ey  received no ho rm one t r e a t 
m en t.

G roup  4, 11 an im a ls  were h y p o p h y sec to m ized  (v e rified  a t  au to p sy  by  th e  com p le te  
absence  o f th e  p i tu i ta ry  g land) and  rece iv ed  no horm one tre a tm e n t.

G roup 5, 7 a n im a ls  were h y p o p h y sec to m ized  an d  rece ived  P4E 1 horm one tre a tm e n t.
G roup  6, 11 a n im a ls  were o v ariec to m ized  an d  received  P 4 E 1  horm one tre a tm e n t.
G roup 7, 13 a n im a ls  were su b je c te d  to  h y p o p h y sec to m y  w ith o u t rem oval o f th e  p i

tu i ta r y  g land. In  a d d itio n , th ey  were o v ariec to m ized  an d  rece iv ed  P 4E 1  horm one tre a tm e n t.
G roup  8, 12 an im a ls  were h y p o p h y sec to m ized  (v e rified  a t  au to p sy  by  th e  com p le te  

absence  o f th e  p i tu i ta ry  gland). In  a d d itio n , th e y  w ere o v ariectom ized  and  received  P 4 E 1  
ho rm o n e  tre a tm e n t.

T h u s th e  e ffec ts o n  fe ta l and p la c e n ta l  w eights o f each  of th e  surgical p ro ced u res a n d  
h o rm o n e  tre a tm e n t h a d  been sep a ra te ly  exam in ed  in  th e  e x p erim en ta l an im als (G roups 
2— 8). T he resu lts  o b ta in e d  in th e  d iffe re n t g roups w ere co m p ared  w ith  one a n o th e r a n d  w ith  
th e  co n tro l va lues (G ro u p  1). All s tu d ies  b e g an  a t  9— 11 a .m . on  th e  13 th  day  o f p re g n an c y  
an d  w ere concluded b y  a u to p sy  a t  3 p .m . on  d a y  21. Surgery  w as co n d u cted  in  e th e r an es th es ia  
an d  u n d e r  s tr ic tly  a se p tic  conditions. E x tre m e  care w as ta k e n  to  avo id  u nnecessarily  deep  
an es th e s ia  an d  tis su e  dam age. O v a riec to m y  w as p e rfo rm ed  th ro u g h  lap a ro to m y  a n d  h y p o 
p h y sec to m y , using  th e  tran sp h a ry n g e a l ap p ro ac h . S u b seq u en tly , th e  anim als w ere o b se rv ed  
daily  a t  9 a.m . an d  9 p .m .

O n day  21 a ll an im a ls  were h y ste rec to m ize d  in  e th e r an es th es ia  an d  th e ir  u te r in e  con
te n ts  w ere  rem oved  a n d  exam ined . T h e  fe tu ses  an d  p lac en ta s  w ere sep a ra ted  from  th e  fe ta l  
m em b ran es an d  fro m  one  a n o th e r an d  w e ighed  in d iv id u a lly . T h e  p lacen ta l im p la n ta tio n  s ites 
a n d  th e  d ead  and  re so rb in g  fetuses w ere co u n te d . In  those  an im a ls  w hich  were exposed  to  th e  
surg ical s tep s o f h y p o p h y sec to m y , w ith  o r  w ith o u t th e  rem o v a l o f th e  p i tu i ta ry  g lan d , th e  
sella tu rc ic a  was exp o sed  an d  th e  p resence , o r  absence, o f th e  p i tu i ta ry  g land  was d e te rm in ed . 
T he d a ta  were p laced  o n  id iv id u a l s tu d y  sh ee ts , ana ly zed  s ta tis t ic a lly  an d  tab u la te d .
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Results

A s illustrated b y  Table I all surgical treatm ents were successful, as 
in d icated  by the h igh survival rate o f th e  litter  in all anim als. A s compared  
to  th e  controls (Group 1), all the non-ovariectom ized rats (Groups 1— 5) 
had a norm al p lacenta l w eight regardless o f  the surgical procedure including  
h ypophysectom y and horm one treatm ent. The differences in p lacental weight 
betw een  non-ovariectom ized (Groups 1— 5) and ovariectom ized (Groups 7— 8) 
anim als were sta tistica lly  highly significant (p <  0.001), however.

These results provide defin itive evidence th at the ovariectom y-induced  
p lacen ta l hypertrophy is independent o f p itu itary  function, under such experi
m en ta l conditions w hen fetal survival is norm al and the P and E 2 levels are 
exogenously  sustained at near physiological values.

H ow ever, h ypophysectom y reduced feta l w eight below the control value. 
The fe ta l weights in  Groups 4 and 5 were significantly lower than  in  Group 
1 (p 0.001). Surgery alone, w ithout th e  rem oval of the p itu itary  gland, 
had no effect on fe ta l w eight, as dem onstrated by the sim ilarity  of fetal 
w eigh ts in Groups 1 and 3, and the difference in fetal w eights in  Groups 
1 +  3 and 4 +  5 (p <  0.001).

As in earlier stud ies ( C s a p ó  and C s a p ó  1 9 7 3 ) ,  ovariectom y increased  
fe ta l w eights, as dem onstrated by the difference in fetal w eight between  
Groups 1 and 6 +  7 (p <  0 .001). H ypophysectom y (by reducing feta l weight) 
balanced this effect o f  ovariectom y, as illustrated  by the sim ilarity in fetal 
w eigh t between Groups 1 and 8, or the difference between Groups 6 —j— 7 and 
8 (p <  0 .001). A pparently , both the p itu itary  and the hypertrophied placentae  
prom ote the increase in  fetal w eight. Therefore, hypophysectom y cancels 
th is effect of the hypertrophied placenta on fetal weight.

D iscussion

The present s tu d y  confirmed the earlier dem onstrations ( C s a p ó  1969, 
1970; C s a p ó  and W i e s t  1969, 1973; C s a p ó  and C s a p ó  1973) th a t ovariectom y  
in  pregnant rats provokes placental hypertrophy even if  by horm one substi
tu tio n  therapy the progesterone (P) and estradiol 17ß  (E 2) levels are sustained  
a t near physiological values. It docum ented th at this effect o f ovariectom y  
on placental growth is not m ediated through the pituitary, for hypophysectom y  
did n ot interfere w ith  ovariectom y-induced com pensatory process.

H owever, hypophysectom y (but n o t the surgical procedure alone w ithout 
th e  rem oval of the p itu itary  gland) reduced fetal weight in the controls and 
i t  balanced the ovariectom y-induced w eight increase of the fetuses.

These results suggest that the ovaries contain a p lacental growth in 
h ib itor, the effect o f  w hich on placental growth is probably direct, since it  is 
n o t m ediated by th e  adrenals ( B u t t e r s t e i n  and L e a t h e m  1 9 7 2 )  or the p itu i
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tary  (C a l l a r d  and L e a t h e m  1971). In  contrast, the p itu itary  does affect feta l 
w eigh t, for when it  is rem oved fetal w eight decreases, unless th is deficiency  
syndrom e is prevented b y  ovariectom y-induced placental hypertrophy which  
increases fetal w eight beyond norm al va lues.

W hether or n o t th e  presently exposed regulatory m echanism s, controlling  
p lacen ta l and feta l growths, operate in the human is y e t  to  be determ ined. 
U nfortunately , in th ose rare instances when the ovaries were rem oved in  
p atien ts a t  advanced stages of gestation  (when ovariectom y no longer term i
nates pregnancy; C s a p ó  et al. 1972,1972) the placental w eights were n ot m eas
ured after delivery. H ow ever, fetal w eights had been reported occasionally. 
These m easurem ents suggest th at th e  effects of ovariectom y described in this 
report also occur in th e  hum an. I f  so, exten sive clinical studies, focused upon  
the m echanism  w hich  controls p lacen ta l and fetal grow th, are m andatory.
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DISORDERS INDUCED BY PARAFORNICAL 
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B y
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SECOND D EPA R T M E N T O F GYNAECOLOGY AND O BSTETRICS, AND E X P E R IM E N T A L  RESEARCH 
LABORATORY, SEM M ELW EIS U N IV ER SITY  M ED ICAL SCHOOL, NATIONAL IN ST IT U T E  OF PU BLIC 

H EA LTH , AND R E S E A R C H  IN ST ITU TE OF E X P E R IM E N T A L  M ED ICINE OF T H E  H UNGARIAN 
ACADEMY OF SCIEN CES, BU DA PEST

(R eceived  N o v em b er 24, 1972)

E le c tro c o ag u la tio n  o f 50%  o f th e  p a ra fo rn ica l a rea  h a s  b een  found  to  cau se  
a co n sid erab le  d is tu rb a n c e  of m a te rn a l b e h av io u r  and  fo e ta l v i ta l ity . Food an d  w a te r  
u p ta k e  of th e  d a m a g ed  an im als reach ed  th e  in it ia l  level a t  th e  tim e  of p a r tu r it io n . T h e  
decrease in  b o d y  w e ig h t w as n o t co m p e n sa te d  due to  fo e ta l developm en t. B o d y  te m 
p e ra tu re  w as e ssen tia lly  norm al. M a te rn a l b eh av io u r d u rin g  d e livery  was n o rm al, 
re triev in g  an d  n est-b u ild in g  a c tiv itie s  a p p ea red  only in  one th ird  of th e  an im als a n d  
n u rsin g  w as also o f a  red u ced  degree. A d en o h y p o p h y sea l L T H  c o n te n t w as sign ifi
can tly  h ig h er th a n  in  th e  co n tro l g ro u p , b u t  in  STH c o n te n t th e re  w as no d ifference  
b e tw een  th e  tw o  groups. T he low er b i r th  w e ig h ts an d  live b i r th  ra tio  p o in te d  to  
in tra -u te r in e  fo e ta l lesions.

It has been found earlier th a t electrocoagulation o f the parafornical 
hypothalam ic structures in  the projection o f the ventrom edial nucleus leads to  
severe foetal disorders in the last third o f  pregnancy in th e  rat. None o f th e  
com ponents o f m aternal behaviour appeared, the offspring died either in utero  
or on the first tw o days after birth. Disorders of m otility , food uptake and  
lactation  could n ot have played a decisive role in the perinatal lesion ( A v a r  

and M o n o s  1964, 1966, 1967, 1969a, b). Prelim inary experim ents indicated  
th at even i f  th e  parafornical lesion was reduced in exten t, m aternal behaviour 
and foetal v ita lity  m ay still be dam aged. In  a new series o f experim ents we  
have studied the effect o f parafornical lesions o f a smaller, roughly 50% exten t 
on the follow ing param eters.

I. In pregnant anim als,
—  changes in food and water up tak e, body w eight and tem perature;
—  m aternal behaviour;
— LTH (prolactin) and STH content o f the hypophysis;
—  w eight, and ligh t and electron m icroscopic picture o f the endocrine 

organs.
II. In the offspring,

—  birth w eight;
—  ratio o f live births;
—  lactation  readiness;
—  light and electron m icroscopic picture o f the endocrine organs.
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M ethods

Selection  of th e  p re g n a n t  anim als, d e te rm in a tio n  of food an d  w a te r  u p ta k e , m ea su re m e n t 
o f  b o d y  w e igh t an d  te m p e ra tu re ,  o p era tio n  a n d  p o s t- tre a tm e n t w ere p e rfo rm ed  an d  m a te r 
n a l b e h av io u r was te s te d  as described  earlier. P i tu i ta r y  L T H  an d  S T H  c o n te n t w as e s tim a te d  
b y  p o ly acry lam id e  gel e lec tro p h o resis  (K urcz e t  a l. 1969; N agy  e t al. 1970). L o ca tio n  o f th e  
h y p o th a la m ic  lesion w as ch eck ed  h isto log ically  o n  serial sections. S ev en teen  r a ts  w ere su b 
je c te d  to  op eratio n , 17 a n im a ls  served as c o n tro ls : o f th e  la t te r ,  8 w ere in ta c t  an d  9 sham - 
o p e ra te d . A t ev a lu a tio n , th e  tw o  con tro l g ro u p s w ere occasional poo led , as th ey  d isp lay ed  
no  d ifferences in  th e  in v e s tig a te d  aspects. T h e  a n im a ls  were d e c a p ita te d  24 hours fo llow ing 
b ir th .  R esu lts  were a n a ly z e d  s ta tis tica lly  b y  m ea n s  o f th e  t-te st.

R esults

Food uptake on th e  first two p ostop erative  days o f the dam aged anim als 
(F ig. 1/B) was sign ifican tly  less than th a t o f the controls (p =  0.001), b u t was 
again normalized b y  th e  tim e of parturition and higher than  prior to operation. 
There was a similar change in water uptake. Body w eight (F ig . 1A) decreased  
sign ificantly  betw een th e  operation and parturition as com pared to the control

p t 8.31
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F ig . 1. A: B ody w e ig h t in  con tro l (C) a n d  o p e ra te d  (O) group  b e tw een  Iesioning a n d  p a r tu r i 
tio n . B: F ood  in ta k e  o f  co n tro l (C) and  o p e ra te d  (O) an im als in  th e  p e rio d  be tw een  o p e ra tio n

a n d  p a r tu r i t io n
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group (p =  0.001). Tem perature Avas not significantly affected  by the h y p o 
thalam ic lesion. Labour was normal in both  groups, the offsprings were cleansed  
of the amnion and the placenta was eaten as usual. Only one third of the oper
ated animals displayed retrieving and nest-building activ ities and nursing  
was also of a reduced degree. After birth there was no sign ificant difference

□  L T H  

Щ  S T H

F ig. 2. L T H  an d  S T H  c o n te n t o f ad en o h y p o p h y sis  (A H ) in con tro l (C) a n d  o p e ra ted  (O) group
(m ean  ±  S .D .)

betw een the groups in body and w eight of the p itu itary, thyroid , suprarenal 
gland and ovaries, neither was there a difference in w eight betw een the tw o  
sides w ith respect to  the adeno- and neurohypophysis and the paired endocrine 
organs. LTH content o f the adenohypophysis (Fig. 2) was sign ificantly  higher 
in the dam aged group (p =  0.03), while there was no change in STH content.

N ext, the operated group was diA'ided on the basis o f the histological 
localization in to  a typ ica l and a nontypical group. In the latter group (six  
animals) the lesions affected only a sm all part of the m iddle parafornical 
structures. W hen divided in  th is w ay in  none of the cases Avas the increase 
in prolactin content significant, a fact in Avhich the reduced num ber of anim als 
m ust have p layed  an essential role. In the operated group, the m aternal supra
renal gland showed a histological change indicating an augm ented, th at o f  
the neonatal suprarenal gland a reduced, ACTH action.

The lower birth w eight, an average o f 4.5 g compared to 5.6 g in the  
control group (p =  0.004) and the lower ratio o f live births (95.4%  vs. 99.3%  
in the control group, p == 0.05) indicated an intra-utcrine lesion of the off
springs of dam aged rats. In the m ajority of the new-born anim als, milk could  
be detected in th e  stom ach.

Discussion

The above data show that even if  the parafornical lesion  is reduced in  
extension, there w ill occur a significant dam age to m aternal behaviour and  
foetal v ita lity , though these w ill be less serious than in the case o f such extensive
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lesions as those in vestigated  earlier. The body weight of the damaged m others 
was less and did n o t reach the pre-operative level, owing to  the lagging w eight 
developm ent or intra-uterine death o f their foetuses. B ehaviour during labour, 
an attitude linked to  p itu itary function  was normal in th e  operated group.

No endocrine disturbance could be detected on the basis of the w eight 
o f the endocrine organs, neither did h isto logical studies reveal anything beyond  
a stress effect. There w as no LTH or STH  deficiency in the adenohypophysis, 
and a higher am ount o f prolactin was found in the operated anim als than  
in  the controls. This couldn’t have been the result o f a com plete blockade of 
release since m ilk excretion  was noted  in  the operated anim als and the m ilk  
found in the stom ach o f the new-borns ind icated  that despite deficient m aternal 
behaviour some o f th e  offspring were able to  reach the m am m ae. It rem ains 
questionable w hether there was a partial blocking o f prolactin release in the  
dam aged anim als and, i f  so, whether th is  can be brought in to  connection w ith  
th e  defect in m aternal behaviour. There are data according to  which prolactin  
m ight have a role in inducing the m echanism  of m aternal behaviour ( R i d d l e  

et al. 1942), th is, how ever, is decisively  a function o f neural structures. This 
view  is supported b y  tests performed on hypophysectom ized rats and mice 
( C o l l i p  et al. 1933; L e b l o n d  and N e l s o n  1937; O b i a s  1957). The higher 
pitu itary prolactin content of the lesioned m other m ight be related to  a less 
in tensive lactation  stim ulus exerted b y  new-borns o f a v ita lity  lower than  
th a t of the controls. W e have not been able to  judge quantitatively  either 
lactation  or the v ita lity  o f the new -borns, since we had only a single day  
after birth to  m ake observations.
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CHEMICAL SENSITIVITY AT DIFFERENT 
TEMPERATURES OF THE BR-TYPE, BIMODAL 

PACE-MAKER NEURONE IN THE CNS OF THE SNAIL 
H E L I X  P O M  A T  I A  L.

By

J .  S a l á n k i  and  I .  V a d á s z

BIOLOGICAL R ESEA R C H  IN ST ITU TE O F T H E  HUN G ARIA N  ACADEMY O F SCIEN CES, T IH A N Y  

(R ece iv ed  Ju n e  6, 1973)

T he e ffec t o f ACh, 5-H T, N A  a n d  D A *, ad ded  in to  th e  b a th in g  f lu id  was in v e s ti
g a te d  on  th e  B r- ty p e  neurone  (R P a l-ce ll)  of th e  snail, H elix  p o m a tia  a t  22°C, 7°C a n d  
above 30°C.

A cety lcho line  caused a n  in crease  o f a c tiv ity  a t  all th e  te m p e ra tu re s . T he e ffec t 
a p p ea red  in s ta n ta n e o u s ly  b u t  la s te d  fo r a sh o rt tim e .

A fte r  se ro to n in  ap p lica tio n , sy n ap tic  p o te n tia ls  (E P S P -s)  ap p eared  a t  e ac h  
te m p e ra tu re , ev o k in g  e x tra  sp ikes. T h e  ch arac te ris tic  b im o d a l a c tiv ity  p a t te rn  o f  
th e  cell rem a in ed  p ra c tic a lly  in ta c t.

N o ra d ren a lin e  b locked  p o te n tia l  g enera tion  a t  each  te m p e ra tu re .
D o p am in e  h a d  a  b ip h as ic  e ffect: i t  in h ib ited  sp ike a c tiv ity  fo r 2-—2.5 m in, th e n  

ac tio n  p o te n tia l  g en era tio n  re a p p e a re d . In  th e  la te r  phase , d ep o la riza tio n  and  th e  
p resence of E P S P -s  w ere ch a ra c te ris tic .

I t  is sup p o sed  th a t  ACh, N A  an d  DA  are  d irec tly  in fluencing  th e  p e rm eab ility  
o f th e  som a m em b ran e , while th e  e ffec t o f 5-H T an d  th e  la te  e ffec t o f D A  is th e  re su lt  
o f sy n ap tic  a c tiv a tio n  caused e ith e r  b y  s tim u la tio n  o f th e  n eu ro n es connected  sy n a p ti-  
cally  to  th e  B r- ty p e  cell, or b y  a  d ire c t effect on  th e  sy n a p tic  reg io n  of th e  in v es tig a te d  
cell.

Acta Physiologien Academiae Scièntiarum Hungaricae, Tomus 44 (1), pp. 51— 59 (1973)

One o f the basic conditions for differentiated neuronal machinery is  
th e  heterogenous chem ical sen sitiv ity  o f neurones. The specifically  determ ined  
response of som a and synapses to  endogenous substances influencing th e  
perm eability  of th e  membrane is o f  basic im portance n ot on ly  for im pulse  
transm ission but also in  the determ ination of the excitab ility  o f  spontaneously  
active neurones and probably in  th e  generation o f potentia ls in  these cells. 
Starting from these considerations, a study o f the chem ical sen sitiv ity  and  
the effect o f special chem ical substances on neurones characterized w ith bim odal 
pace-m aker a ctiv ity  seem ed of som e interest. In these la tter  cells different 
m echanism s m ay be responsible for spike generation and for burst generation. 
Such a typ e o f neurone was described in  the CNS o f A p ly s ia (A r v a n i t a k i  and  
C h a l a z o n i t i s  1955), H elix pom atia  ( S a k h a r o v  and S a l á n k i  1969) and  
H eliosom a  ( K a t e r  and K a n e k o  1972). E xam ining the chem ical sensitiv ity  
o f th is ty p e  of neurones, the excita tory  effect o f acetylcholine and serotonin  
( F r a z i e r  et al. 1967; K o r o b t z o v  and S a k h a r o v  1971) and the inhibitory  
effect of noradrenaline ( B o i s s o n  and C h a l a z o n i t i s  1972) were reported.

* A b b rev a tio n s: ACh: ace ty lch o lin e ; 5-H T : sero tonin; NA: n o rad ren a lin e ; DA: dopam ine .
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In earlier in vestigation s we found th a t the bim odal pace-m aker, Br-type 
neurone of H elix p o m atia  receives syn ap tic  inputs in som e cases ( S a l á n k i  

e t al. 1972) and, further, th at this neurone displays different typ es o f activ ity  
at different tem peratures, as its b im od ality  disappears both  at low  and at 
high  tem peratures ( S a l á n k i  et al. 1973). In the present investigations the  
chem ical sensitiv ity  o f  th e  Br-type cell has been studied at various tem peratures 
w here the activ ity  pattern  was characteristically different. The aim was to  
clarify (1) the typ e o f  reaction of th is neurone to various b ioactive substances, 
(2) eventual the tem perature dependence of the reaction. The residts were 
expected  to allow conclusion concerning the m echanism s o f spike and burst 
generation, and the specificities o f th e  synaptic inputs.

M ethods

E x p erim en ts  w ere  ca rried  ou t on th e  B r- ty p e  cell o f th e  sna il H elix  pom atia  L. This 
g ia n t  neurone te rm ed  in  earlie r in v es tig a tio n s  as R P a l  neurone (Sakh a rov  an d  Salá nk i 
1969) can  be m ade v is ib le  to g e th e r w ith  i ts  a x o n  in  th e  r ig h t p a r ie ta l  ganglion , by  in trace l
lu la r  CoCl2 sta in ing  ( P it m a n  e t al. 1972; F ig . 1).

T he iso lated  g ang lion ic  rin g  was p laced  in  a  perfusion  ch am b er o f 3 m l. T he tem p e ra tu re  
o f  th e  b a th in g  flu id  cou ld  b e  reg u la ted  b e tw ee n  5 and  40°C. E x p e rim en ts  w ere carried  o u t 
a t  5— 7°C, and  a t  30— 34°C. R ecordings w ere  m ad e  10 m in  a f te r  th e  req u ired  tem p e ra tu re  
h a d  been  reached.

F o r recording m em b ran e  and  ac tio n  p o te n tia ls , glass m ic ro p ip e tte s  filled w ith  2.5 m ol 
KC1 w ere used. T he re s is ta n c e  of m ic roelectrodes v a ried  betw een  8— 15 M O hm . F o r am plifi
c a t io n  and  recording a n e g a tiv e  cap ac itan ce , h ig h  in p u t im p ed an ce  am plifie r (VÉRÓ 1 9 7 1 ), 
a n  EM G  1552 ty p e  d u a l b e am  oscilloscope a n d  film  recorder w ere used .

F ig . 1. L ocalization  o f th e  B r-ty p e  cell in  th e  r ig h t  p a rie ta l ganglion . S ta in in g  by  in trace llu la r
CoC l2 in je c tio n

Acta Physiologica Academiae Scientiarum Hungaricae 44, 1973



CHEMICAL SENSITIVITY OF THE Br-TYPE NEURONE 53

T he su b stan ces exam ined  w ere d issolved in  physio log ical saline a n d  ad d ed  to  th e  b a th in g  
flu id . T he su b stan ces app lied  w ere, ace ty lch o lin e  ch loride  (ACh, S igm a), 10 “4— 1 0 - 3 m ol; 
5 -h y d ro x y try p ta m in e  (5-H T, R ean a l), 10 ~5— 10 4 m ol; n o rad ren a lin e  b i ta r ta ra te  (NA; Sigm a), 
10 3 m ol; dopam ine  (D A ), 10 ~4 m ol.

C om position o f th e  physio log ica l so lu tion  w as N aC l, 3.0 g; KC1, 0.35 g; M gCl, • 6 H „0  
2.4 g; CaCl2 • 2 H ,0 ,  1.5 g; N aH C Q 3, 0.2 g, pe r litre .

Results

The effect o f  ACh

a) A t 22°C, when burst a ctiv ity  was characteristic, ACh caused in every  
case a slight depolarization follow ed by an increase in the frequency o f activ ity . 
This occurred im m ediately after application, hut after about 10 min the  
original activ ity  was retorted. A fter ACh, the first burst was longer than the

22°C

k . _. Í sec
Fig. 2. E ffec t o f A C h o n  spon tan eo u s a c t iv ity  o f th e  B r- ty p e  n eu ro n  a t  d iffe ren t tem p era tu res ;

a: co n tro l; b: 10 ~4 m ol ACh
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control, but the num ber of spikes w ith in  the following bursts was sim ilar to  
th a t in the control. In  th is way the duration of the bursts did not change sign if
ican tly  except in  th e  case of the first one, while the duration of the interburst 
in tervals decreased to  about one third o f  the control. Im pulse duration increased  
b y  about 20—25% , b u t no change w as observed in  spike am plitude (Fig. 
2 upper).

b) A t 7 °C a c tiv ity  of the B r-typ e cell was irregular. On decreasing the  
tem perature, spike frequency gradually decreases and p otentia l generation

100 mV 

sec

100 mV 

se c

F ig. 3. E ffec t of 5-H T ; a : contro l; b — d: 10 _5 m ol 5-H T; arrow : E P S P ; d oub led  arrow : sy n ap ti-
cally  ev o k ed  spike
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even stops. On ACh application, depolarization and an increase in spike fre
quency occurred. I f  the neurone had becam e silent, to  ACh spiking reappeared. 
The a ctiv ity  type did not resemble th e  bursting pattern , although groups 
consisting of 2— 3 spikes regularly occurred (Fig. 2 m iddle). The prolonged  
hyperpolarizing phase characteristic o f  the bursting pattern of th is neurone 
was absent in the control and after ACh application. Spike duration in 
creased b y  about 20%  after ACh application, hut the am plitude o f th e  
potentia ls remained unchanged. After ACh application some mem brane oscil
lation  occurred betw een groups o f spikes.

c) A bove 30°C, continuous, regular high frequency a ctiv ity  was recorded  
from the cell. On ACh application the activ ity  becam e even  more frequent, 
but its  character did not change. Nor was a change detected  in spike duration  
or spike am plitude (F ig. 2 lower).

The effect o f  5 -H T

a) A t 22°C, 5-H T caused no im m ediate alteration in bursting a c tiv ity . 
H ow ever, after 30— 60 sec the regularity o f bursts underw ent a change in  th a t  
at th e  beginning o f afterburst hyperpolarization, a short train of spikes in ter
rupted the interburst period. This interruption was follow ed by the hyper
polarizing phase characteristic of the B r-type neurone. A t the same tim e, 
E P S P -s occurred in the interburst hyperpolarizing period, and the spikes 
appearing as a prolongation of the standard burst seem ed to  be elicited b y  
E P S P -s (Fig. 3 upper). The other param eters of neuronal activ ity , th e  in 
terspike interval, im pulse duration, burst and interburst period, num ber o f  
spikes w ithin a burst and the am plitude of the spikes did not change sign ifi
can tly  under the effect o f  5-HT.

22°C

Fig. 4. E ffec t o f NA  a t  22°C; a: co n tro l; b — c: 10 3 m ol N A
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22°C

♦ da

1 sec

33 "С

4  1.5 min

100 mV 

1 sec

F ig . 5. E ffect o f  D A ; a : con tro l; b — c: 10 ~3 m ol D A ; d: a f te r  2.5 an d  1.5 m in; a rrow : E P S P ; 
d oub led  arrow : sy n a p tic a lly  evoked  spike

Acta Physiologica Academiae Scientiarum Hungaricae 44, 1973



CHEMICAL SENSITIVITY OF THE Br-TYPE NEURONE 57

b) A t 7°C, th e  control frequency of the a ctiv ity  increased by 100%  
and im pulse duration w as doubled. T he com paratively regular a ctiv ity  pattern  
was som etim es interrupted by “ arrhythm ical” spikes evoked in every case 
b y  synaptic potentials (Fig. 3 lower).

c) Above 30°C, after 5-HT application  control a ctiv ity  increased tem 
porarily, the regular rhythm  of a c tiv ity  becam e som ew hat irregular and some 
of the spikes were evoked  by E PSP-s w hile others were generated autoactively  
as before.

The effect o f  N A

N A  had a sim ilar effect at 22, 7 and above 30°C: im m ediately  after 
application there w as no change in  th e  control a ctiv ity , then in 30— 60 sec 
the membrane poten tia l suddenly increased by about 10 mV, and spike genera
tion  disappeared (F ig. 4).

The effect o f  DA

a) A t 22°C, D A  caused a progressive increase o f the interburst intervals. 
This was followed b y  an elim ination o f  spike activ ity . The silent period lasted  
2— 2.5 m in, then action potentials reappeared but the typ ica l bursting activ ity  
was m asked by spikes evoked by E P S P -s. The spike series was som etim es 
interrupted by short silent periods corresponding to  the interburst intervals 
characteristic of the B r-type activ ity . D uring the interburst periods, strong  
synaptic activ ity  could be observed (F ig . 5a). The duration o f spikes decreases 
by about 30% after D A  application.

b) A t 7°C, D A  caused a com plete elim ination o f spiking, and action  
p otentia l generation failed to return.

c) Above 30°C, D A  had a sim ilar effect as at 22°C: continuous activ ity  
was abolished, then after about 1.5 m in spikes were again present and later  
even an increase in th e  frequency w as observed. Synaptic potentials were 
also recorded. Am ong the parameters o f  a ctiv ity , only the duration o f the spikes 
changed significantly: i t  decreased b y  about 30%  (Fig. 5b).

D iscussion

The effect o f the investigated  substances was characteristically different, 
due probably not on ly  to  chemical differences but also to their different sites 
o f action. The results obtained at various tem peratures allow som e conclusions 
in th is respect.

In  case of ACh, th e  depolarizing effect and, as its  consequence, the increase 
o f spike activ ity  was w ell visible at all the three tem peratures. The increase
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in th e  frequency o f a ctiv ity  lasted  for a short period, in  agreem ent w ith  the  
observations of K o r o b t z o v  and S a k h a r o v  (1971), hut th is stim ulating effect 
started  im m ediately after the application o f ACh, referring to  its direct neuronal 
effect. The shortening o f the hyperpolarizing phase at 22°C, th e  mem brane 
p oten tia l oscillation at 7°C, and th e  absence of synaptic p otentia ls showed  
th a t th e  depolarization and the increase in frequency were caused probably  
b y  th e  effect of ACh on the som a m em brane. Therefore th is R PA 1 neurone 
belongs among the D  cells ( T a t j c  and G e r s c h e n f e l d  1960). The in itia l effect 
o f ACh m anifested its e lf  also w ith  an inhibition  o f the hyperpolarizing phase. 
The neurone was fast desensitized to  ACh and it  soon neutralized the ACh 
effect. This also shows th a t ACh is changing the perm eability  o f the soma m em 
brane being under th e  control of intraneuronal m etabolic processes.

A fter serotonin application, th e  characteristic bursting pattern did n ot  
change at 22°C, and a com paratively fa st effect m anifesting itse lf  in an increase 
in a c tiv ity  was observed only above 30% . H ow ever, in 30— 60 sec synaptic  
p oten tia ls appeared at all the tem peratures tested . A t 22°C, the increased  
a c tiv ity  evoked b y  synaptic potentia ls (EPSP-s) form ed groups o f 2— 4 spikes 
and th ey  appeared at the beginning o f the hyperpolarizing phase, while at 
7°C 5-H T  sim ply increased the frequency of a c tiv ity . B oth  the delayed effect 
and th e  appearance o f  synaptic poten tia ls and also the fact th at the character
istic  basic rhythm  rem ained in ta ct suggest th at 5-H T at the concentrations 
applied does not influence the som a mem brane o f the B r-type neurone but 
in fluences cell a c tiv ity  synaptically , through other neurones. N evertheless, 
the conclusion seem s to  be acceptable th a t the a ctiv ity  pattern o f the B r-type  
cell can he influenced synaptically  on ly  to  a slight degree.

The inhibitory effect of NA began w ith  a hyperpolarization of the m em 
brane, w ithout IP S P -s, similarly to  th a t described b y  B o i s s o n  and C h a l a z o - 

n i t i s  (1972) for th e  Br-cell o f A p ly s ia .  This suggests a direct som a effect, 
and probably NA blocks the m echanism  responsible for the depolarizing phase  
o f th e  slow oscillation. The elim ination o f spike a ctiv ity  is the result of hyper
polarization.

The initial effect of DA is identica l w ith  th at of N A , and also the s ite  
o f action  seems to  be the soma m em brane. In a few m inutes after application , 
how ever, DA evokes an increase o f a ctiv ity  caused partly b y  a decrease o f th e  
m em brane potentia l and partly b y  the appearance o f E P SP -s. This secondary, 
stim ulatory effect o f D A  m ay be th e  result of the synaptic effect o f other  
neurones excited b y  D A . Considering the delayed depolarizing effect, DA m igh t  
in fluence also the synaptic regions o f the B r-type cell when causing the increased  
a c tiv ity . This w ould mean th a t there are dopam inergic synapses on th e  
B r-type neurone.

Our results thus show th at ACh, N A  and D A  are exerting their effect  
on th e  soma m em brane, while 5-HT influences the a ctiv ity  o f the R P a l neurone
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only synaptically . In  addition to  5-H T, D A  also evokes E P SP -s, w hile ACh 
does not cause synaptic potentia ls on this cell. In  th e  case of N A  w e did not 
record any effect beside hyperpolarization, although it  cannot be excluded  
th at together w ith  its som a effect NA influences the synaptic m em branes 
when causing strong inhibition . The unequivocal results obtained at various 
tem peratures refer to  the specificity  o f the drugs in vestigated , and show s that 
w ithin  the tem perature range tested , the chem ical sen sitiv ity  of th e  Br-type  
neuron o f Helix  is not tem perature dependent.
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ORGANIZATION OF VISUAL CORTEX 
PRIMARY RESPONSE

B y

A .  S .  B a t u e v

U K H TO M SK I IN ST ITU TE OF PHYSIOLOGY, L E N IN G R A D  STATE U N IV ER SITY , LE N IN G R A D , USSR

(R eceived  A pril 21, 1971)

A d e ta iled  analysis o f th e  v isu a l p r im a ry  response  (P R ) w as pe rfo rm ed  b y  m eans 
of neurochem ical analysis, local la m in a ry  and  e x tra ce llu la r  n eu ro n al a c tiv ity  record ings. 
U n ila te ra l effect o f  adrenergetics u p o n  th e  P R  p ositive  ph ase  on ly  a n d  its  g re a t sensi
tiveness to  chloralose, a tro p in e  an d  e serine  (ju d g in g  b y  th e  speed o f th e  m ax im um  effect 
increase) w as observed . Local P R  a n a ly s is  from  d iffe ren t co rtica l lay e rs  has show n t h a t  
th e  low  level e x c ita tio n  was 1 .6 —2.9 m sec la te  re la tiv e  to  th e  u p p e r  ones. P R  com po
n en ts  n o t rev ersin g  accross th e  c o rte x  d iam ete r w ere fo und  u n d e r  general chloralose 
an aesthesia . In a d e q u a te  im pulse d isch arg e  co rre la tio n  w ith  th e  co rtica l lay e r P R  w as 
show n. The re su lts  ob ta in ed  show  th e  genesis o f all th e  P R  phases in  th e  co rtex  u p p e r  
layers an d  th e  chem ical h e te ro g en ity  o f all th e  P R  co m p onen ts. A su p p o sitio n  is m ad e  
th a t  th e  dipole co m p o n en t m ech an ism  is e ssen tia l w ith in  th e  lim its  o f a  single u n it  o n ly  
a n d  is n o t d o m in a n t in  th e  v isu a l P R  fo rm  reco rded  fro m  th e  c o rtica l surface .

The origin o f  the prim ary cortical response (PR ) phases presents one 
of the m ost intriguing and up-to-date problems in neurophysiological science. 
The m ajority of investigators proceeds from the conjecture th a t the surface 
PR  consists of a n egative and a p ositive  phase, which are interrelated as cause 
and effect and a realization o f the sam e afferent volley .

The hypothesis about the presence o f physical dipoles in the cortex, 
which are responsible for the in itia l positive P R  phase form ation, has long  
been considered as the m ost trustw orthy one and has been shared by m any  
researchers ( A d r i a n  1941; E c c l e s  1951; R o i t b a k  1955; Li et al. 1956; B r e m e r  

1958; C h a n g  1959). H ow ever, some new  experim ental data gained in a number 
o f laboratories ( D u r i n y a n  and P o l y a k o v a  1967; G u s e l n i k o v  and S u p i n  

1968; M a r k e l  and Á d á m  1969; S t o r o z h u k  1970) are d ifficu lt to  explain  
along the lines of th e  dipole relation theory.

It should be noted that the m ajor PR  studies have been carried out 
under deep barbiturate anaesthesia, whereas the application o f other anaes
thetics and the experim ents on non-anaesthetized preparations have led to m any  
contradictory facts. I t  is the typ e o f  anaesthetics which determ ines both the  
degree o f the tem poral dispersity of th e  afferent vo lleys and their spatial distri
bution in the cortical elem ents ( A n o k h i n  1964, 1968).

Alongside w ith the classical positive-negative responses, the “ 
responses are recorded under chloralose anaesthesia. The latter are top ically
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bound to certain cortical areas and differ from  the “ classical” P R  b y  a number 
o f properties. The responses o f both typ es are supposed to  be conducted to  
th e  cortex along independent afferent pathw ays ( B a t u e v  and C h i v i l e v a

1969). The initial n eg a tiv e  deflection allows to  suppose th at there is an initial 
excita tory  axon-dendrite vo lley  ( S t e r i a d e  1964; G m i r y a - N o v i  1964; D e m b n o - 

v e t z k i i  1967), w hich, in  contrast to  the dipole theory, im plies the presence of 
contacts between th e  th alam ic afferents and the surface cortical layer struc
tures.

A peculiar group o f  responses, term ed early n egative reactions (EN R ; 
K u l l a n d a  1964; B a t u e v  1968) is revealed  w ithin the lim its o f the primary 
cortical projection b y  m eans of the sam e chloralose anaesthesia. E lectro
genesis allows to d istingu ish  pre- and postsynaptic  E N R s and to  connect their 
origin w ith  the activ a tio n  o f the associative thalam o-cortical system  which  
is  facilitated  by chloralose and has contacts in the surface cortical layers.

Correlation analysis, em ployed during the stu d y  o f the positive and 
n egative  PR  phase in terrelation  ( B a t u e v  1968), has revealed inversely  pro
portional relations (the correlation coefficien t w ith  a n egative sign) between  
n egative and positive phases in the dynam ics o f the P R  param eter changes 
to  various intensities o f  adequate stim uli, b u t is has failed  to  reveal any directly  
proportional relations, as it  should be the case according to  the dipole theory  
o f  th e  PR  phase origin.

As the PR  is w id e ly  used in the investigations in to  the in tegrative and 
condition reflex elaborating m echanism s (A d a m  and K u k o r e l l i  1964), it 
seem s justified  to su b ject this electrocortical phenom enon to  further detailed  
analysis. W ith th is in m ind we have stud ied  the functional organization o f the 
v isu a l PR s by neurochem ical analysis, focal layer-to-layer recording and extra
cellular recording o f single neurone discharges ( B a t u e v  and P i r o g o v  1970a, b).

Methods and results

P R  neurochemical analysis

The primary responses registered in  the visual projection zone (field  17) 
under pentobarbital anaesthesia (60 m g/kg) are of the p ositive-n egative  wave 
ty p e  w ith a la tency  o f  18—21 msec. The P R  am plitude is re latively  stable  
for 30 min after th e  dura mater has been opened and therefore the in vesti
gations o f the drug effects have been carried out w ith in  th is tim e lim it. A  true 
change in the P R  phase am plitude (at th e  significance level o f 0.01) has served 
as a criterion of the in fluence of the drug.

As seen in F ig . 1, the m axim um  effect was observed in 5 m inutes after 
th e  adm inistration o f 25%  sodium chloride solution, i.e . the positive phase
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decreased by 6 9 ^ 3 .0 %  and the negative phase b y  6 8 ^ 0 .0 %  of the in itia l 
value. The absence o f changes in  P R  tim e param eters is typ ica l. A lthough  
som e authors hold the opinion that the effect o f KC1 is exerted m ainly in the  
surface cortical layers ( N e v e r l e e  and d e  L ä g e t  1966; R o s e n b l u t h  and  
G a r c i a  R a m o s  1966), there are some data pointing to the vertical pattern

CHLORALOSE PENTOBARBITAL

GABA KCl

time (min) time (min)

F ig . 1. A m p litu d e  o f P R  ph ases on  th e  a p p lica tio n  of d rugs to  th e  reco rd ing  p o in t. O rd ina te : 
P R  a m p litu d e  change p e r  c e n t (no rm al =  100% ). A bscissa: tim e  in  m in. E v e ry  d iag ram  p re 

sen ts th e  re su lts  o f 8 experim en ts
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of the slow negative potentia l distribution  ( M o n a k o v  et al. 1962). These obser
vation s testify  to the cortical nature o f  both PR  phases.

The application o f 2% pentobarbital always resulted in a single sign 
effect and caused a P R  phase reduction (F ig. 1). The positive phase decreased 
to  6 9 =!=2 0 % 0f  its in itia l value in 30 m inutes. The m axim um  decrease of the  
n egative phase (to 6 9 ^ 2 0 % ) was observed at the 10th m inute. Reliable 
la tency  changes have not been observed before the onset of the P R  phases 
and before their m axim um  values.

ADRENALINE CHLORPROMAZINE

time (min) time (min )

F ig . 1. (co n tin u a tio n )
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The application o f 2%  chloralose solution  brought about a different 
effect. The am plitudes o f  both  the n egative and positive com ponents showed  
a mean increase of 37%  and 49%  correspondingly during th e  whole experi
m ental series (Fig. 1). The m axim um  effect w as observed at the 15th—20th  
m inute o f the drug influence. The am plitude correlation approached the  
in itia l value by the 30th  m inute. These facts bear testim on y  to  the presence 
o f some cortical elem ents w hich are a ctiva ted  b y  chloralose and are depressed  
b y  pentobarbital. I t  seem es likely that th e y  participate in the genesis o f both  
P R  phases.

There was no single sign effect during the experim ents w ith  the applica
tion  of 0.5%  strychnine. An increase in b oth  P R  phases was observed during 
the m ajority of experim ents. However, in  som e cases only th e  negative P R  
phase showed a progressive increase, whereas th e  positive P R  phase decreased. 
B oth  effects m ight be considered the resu lt o f  an in tensification  o f the cell 
discharge. Alongside w ith  th is, strychnine facilitates E P SP  w hile it  reduces 
IP S P  ( E c c l e s  1957; P o l l e n  and L u x  1966; S t o r o z h u k  and P e r f i l i e v a  

1967). The property o f strychnine selectively  to  block the inh ib itory synapses,
i.e . to  elim inate p ostsynaptic  inhibition and sim ultaneously to  reveal a weak  
background afferent im pulsation  in the form  o f convulsive discharges, has 
lead to  the supposition th a t the elem ents o f P R  generation are different in 
their sensitiv ity  to  strychnine ( T c h u p p i n a  1966). Some o f th e  above data  
m ay point to a predom inance of hyperpolarizing PSP m echanism s in the  
positive PR  phase and o f depolarizing P S P  m echanism s in the negative PR  
phase. H owever, this concept has not been fu lly  confirm ed as th e  strychnine 
effects are o f a great variety .

Gamma am inobutryic acid (GABA) is considered an inhibitor of a x o n -  
dendrite excitatory synapses ( P u r p u r a  1963), the inhibitory hypopolarizing  
system  effect being stressed. A dm inistration o f a 10% G A BA  solution into  
the v isual projection area revealed a P R  phase change specific o f  this agent 
(F ig. 1). The negative phase am plitude show ed a m axim um  decrease (38^ 3 .2% )  
at the 5th  m inute after the application. A  reliable positive phase increase 
(by 1 7 i7 % )  has been observed only a t the 10th m inute. Moreover, the  
changes affected also the negative phase la ten cy  period w hich increased by  
2 0 —25 m sec, and consequently its peak tim e showed an increase of 30 - 4 0  
m sec. This is connected w ith  an increase in the duration o f the PR  positive 
phase which directly passes over to the secondary negative elem ent ( A t a - 

M u r a d o v a  1969).
Thus the experim ental results have supported A n o k h i n ’s theory (1968) 

of the heterochem ical organization of th e  P R  genesis system s. However, 
the correlation o f the above drug effects m akes us to  favour the concept 
of the surface dendrite genesis o f both P R  com ponents. The follow ii g observa
tions m ay serve to support th is opinion.
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The problem  o f th e  presence o f  cortical synapses in the adrenergic or 
cholinergic m ediator system s stays open for further detailed in vestigation . 
The participation o f adrenergic con tacts in the P R  organization rem ains 
especially vague. A d istinct PR reaction to  the adm inistration of 0.1%  adren
aline solution was observed in our experim ents (F ig. 1). It should be noted  
th a t the am plitude changes took place only during th e  positive phase w hich  
increased by 45% 10%  while the n egative phase am plitude remained practica lly  
unchanged. A pplication  o f adrenolytic (5%  chlorpromazine solution) caused  
a reversed reaction (F ig. 1); in this case the positive phase am plitude decreased  
b y  2 1 ^ 8 %  and in som e trials by 60% .

There is evidence in the literature indicating th a t a direct adrenaline  
influence on the central nervous system  produces an inhib itory effect, w hereas 
it  has an excitatory effect when in jected  into the general blood stream . Such  
a high positive P R  phase reactivity to  adrenaline and chlorprom azine allow s 
to  suppose the surface location o f th e  corresponding neuronal com plexes. 
The positive phase increase under adrenaline influence m ight be regarded as 
a consequence o f the change in th e  va lue and the correlation of E P S P  and  
IP S P , generated in  the given neuronal population b y  an afferent vo lley . 
I t  m ight be assum ed th at the hyperpolarizing synapses are activated  b y  
adrenaline influence and blocked by chlorpromazine w hich leads to the p ositive  
P R  phase reduction.

Eserine, w hich blocks cholinesterase, thus preventing fast acetylcholine  
destruction, has been chosen for th e  investigation o f the cholinoreceptive  
system s. A dm inistration of 2% eserine resulted in an increase in both  th e  
positive and the n egative phases; the former showed a m ean increase o f 46% , 
th e  latter one o f 38%  (Fig. 1). A P R  am plitude rise w as alw ays recorded w hen  
a cholinolytic (2%  atropine solution) w as applied to  the cortex. This is w ell 
in accordance w ith  the findings o f other authors ( C h a t f i e l d  and P u r p u r a  

1954; K u r p y a k o v a  and S u p i n  1968; A b u l a d z e  et al. 1970; and others). 
The positive and n egative phases increased by 6 2 ^ 3 8 %  and 3 7 ^ 9 % , respec
tiv e ly  (Fig. l) .T h is  effect might be explained along the lines of the hyp oth esis  
which m aintains th a t the block of cholinoreceptive synapses in the interneurone  
(the reverse inh ib ition  block) appears under the influence o f adrenaline w hich  
leads to  an increase in the general syn ap tic  activation in  response to an afferent 
vo lley  ( C h a t f i e l d  and P u r p u r a  1954; D u d a r  and S z e r b  1969). I t  m ight be  
assum ed that th e  cholinoreactive system s have a w ider representation in  
the cortex than the adrenoreactive ones, and are reponsible for the generation  
of both P R  phases. The PR phase changes caused b y  chloralose, atropine  
and eserine are presented graphically in  Fig. 2. A com m on feature o f th e  
curves is the developm ent of the p ositive  phase m axim um  effect w ith in  5 to  
15 m inutes after th e  drug adm inistration. The intervals for the n egative phase  
are between 13 and 22 m inutes. T hus, the positive phase is more sensitive to
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these drugs and it  is recorded, probably as w ell as the n egative one, in the  
surface cortical layers which possess the highest chem ical reactiv ity . It thus 
seem s ju stified  to  suppose th at both  P R  com ponents represent physiological 
processes different in  sign.

time (min) lime (min)

Fig. 2. T em p o ra l re g u la tio n  of P R  p o sitiv e  an d  neg ativ e  sh ifts  on  th e  a p p lic a tio n  of d iffe ren t 
d rugs to  th e  co rtex . A : dynam ics o f a p o sitiv e  p h ase ; B: d y n am ics o f  a  n e g a tiv e  phase . A bscissa: 
tim e  in  m in . O rd ina te : am p litu d e  changes in  p e r cen ts; a , b: m ean  d u ra tio n  o f m ax im u m  effect. 

C ontinuous line: a tro p in e ; b ro k en  line: ch loralose; b ro k en  d o tte d  lin e : eserine

P R  laminar analysis

The above assum ption is in accordance w ith  the data gained in our 
experim ents w ith  PR  recording from various cortical layers. The study w as 
perform ed, in general, pentobarbital (75 m g/kg) and pure chloralose (75 mg/kg) 
anaesthesia.

As m entioned above, the P R  latency  before the onset o f th e  first positive  
phase varies from 18 to 21 m sec in trials under pentobarbital anaesthesia  
and from 24 to  26.4 msec before the positive phase reaches its m axim um . 
As the electrode gradually penetrates deeper, the positive phase am plitude 
decreases, although its latency rem ains relatively  stable. The so-called inversion  
o f phases occurred at the level o f 1300— 1500 p from the v isual cortex surface,
i.e. at th is level the PR  began writh  a negative deflection w hich was followed  
by a positive phase. As a rule, the electrode recorded a n egative—positive com 
plex at th a t position. There was either practically no P R  or else it  assum ed  
the form  o f a m onophasic slow deviation at 2000 fi. The dynam ics and the  
param eters o f the response phases corresponded to  those described above  
when the electrode was pulled up from the deep cortical layers to  the surface 
ones (Fig. 3).

The “ inversion” of the P R  phases was subjected to  a detailed  in vesti
gation. The same m icroelectrode was em ployed for the repetitive PR  registra
tion  on the screen o f a high speed beam  oscillograph. The P R s were recorded 
from the surface and from th at level at which the P R s had a contorted configu
ration, and the highest am plitude o f the first n egative phase. The calculations
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Fig. 3. P R  focal re co rd in g  o f c a t v isua l c o r te x  u n d e r  p e n to b a rb ita l  an aesthesia . A: P R  a t 
d iffe re n t levels o f e lec tro d e  p e n e tra tio n . C a lib ra tio n : 10 m sec, 10 ц \ . В : to p  —  P R  fro m  cortica l 
surface; b o tto m  —  a t  d e p th  of 1600 fi. F ig u res: la tencies before  in itia l P R  phase  o n se t an d  
before its  m ax im u m . T h e  v a lues for p e rm iss ib le  in te rv a ls  a re  g iven. C a lib ra tion : 20 m sec, 

50 /tV . C: p o sitio n  of d e p th  e lectro d e  in  th e  c o rtica l 5 th  lay e r

showed that the la ten cy  of the first depth  n egativ ity  ranged from 18 to 24 
msec but it reliably differed from th a t o f the surface p ositiv ity  in each indi
vidual trial. This difference, corresponding to  1 .6—2.9 m sec, was quite firm . 
I t  was calculated at th e  significance leve l o f 0.01 and n  20. The values for 
the Student—Fisher criterion exceeded th e  theoretical value b y  m any tim es  
during the checking o f the difference reliab ility  of the surface p ositiv ity  latencies 
and those of the depth  n egativ ity  (F ig . 3).

The difference in latencies w as calculated up to  the m axim um  values 
of both phases in  question. For exam ple, the la ten cy  o f the surface positive  
phase am ounted to  a m ean of 25.6 m sec and th at o f  th e  depth n egative phase 
to  28.1 msec during one of our tria ls. The difference o f 2.5 msec turned out 
to  be statistica lly  real. This value w as still higher and som etim es approached  
10 msec during other trials.

Pure chloralose anaesthesia considerably w idened the P R  recording 
zone and caused th e  appearance o f  the late evoked response com ponents.
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PR  latency ranged from  15.3 to 20.7 m sec in field  17. A nalysis of the P R  layer- 
to-layer recording revealed some regularities o f the phase “ inversion” w hich  
differed from those observed under pentobarbital anaesthesia. The in itia l 
positive phase decreased when the electrode had penetrated  deeper and it  
disappeared at 1500 ц (F ig . 4). In th is case the first negative phase was recorded
1.5— 3.4 msec later as compared to the surface positive one. This difference 
in latencies was sta tistica lly  real as it  exceeded, as a rule, its own error b y  
more than three tim es at the chosen leve l of significance and value (F ig. 4). 
The in itia l negative phase am plitude w as increasing toward 2000 /t and am ount
ed to 540 mV during som e trials but it  was reduced on introducing the electrode  
lower.

I t  should be noted  th a t no inversion w as observed in the later com ponents 
of the response. Thus th e  negative phase w ith  a m axim um  latency o f 73.8  
m sec at the cortical surface was still recorded at 2000 ц w ith  a slight am plitude  
decrease (by 1.4 tim es) and an increase in its developm ent tim e up to  93.0

Fig. 4. P R  focal reco rd ing  on  c a t  v isu a l co rtex  u n d e r  chloralose an aesth es ia . A: to p  —  surface  
reco rd ing ; b o tto m  — a t  d e p th  o f 1500 //. C alib ra tion : 20 m sec, 50 /Л  . B : P R  a t  d ifferen t levels

of electrode p e n e tra tio n
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m sec. The late w ave com plex, which was com paratively stab le down to  2000  
w as followed by a slow  negative deflection  below  that level, i.e . in the w hite  
m atter.

A number o f indispensable conditions should be observed to  prove  
th e  concept o f th e  exceptionally  dipolar origin of the positive P R  phase. F irst, 
th e  surface p o sitiv ity  m ust be a mirror reflection o f the depth n egativ ity  
and their latencies m ust practically coincide. Second, th e  phenom enon of 
th e  P R  phase inversion m ust have a universal nature during lam inar recording, 
b ein g  determ ined b y  the neuronal geom etry. Third, there m ust be no contacts  
b etw een  the thalam ic afferents and the surface layer neurones.

The observations described above have shown th at the depth n eg a tiv ity  
appears 1.6—2.5 m sec later than does th e  surface p o sitiv ity  and there has 
been no mirror coincidence o f them  in any of the trials. K u l l a n d a  (1968) 
and other authors ( P o l y a n s k i i  1965; H o l u b a r  1964; S u p i n  1969; S e r i c o v

1970) have described the same phenom enon in the som ato-sensory P R s.
Bearing in m ind the im portance o f the potential param eter characteriz

in g  the tim e necessary for the developm ent o f  the m axim um  phase am plitude, 
th e  observations revealed  a considerable difference in such values for the depth  
n egativ ity  and th e  surface p ositiv ity  (2.4— 10 msec).

The la ten cy  difference before th e  onset and before th e  peak o f each  
phase (“phase tim e con stan t” ) is an indicator of the realization speed o f the  
intracortical local potentia ls, the degree o f synchronization and the rate o f  
sum m ation. It has been found that the frontal parts o f the first surface and 
depth phase recordings have failed to coincide. Consequently, no pure inversion  
occurs, i.e. there is no passive inversion o f the potential sign and, therefore, 
th e  above facts cannot satisfactorily be explained along the lines o f the P R  
dipole theory.

Analysis o f  th e  PR  dynam ics under chloralose anaesthesia revealed  
s till longer depth  n eg a tiv ity  delays (up to 3 msec), PR  la te  com ponents show 
ing  an inversion. I t  seem s likely th a t chloralose creates other conditions than  
pentobarbital does for the realization o f a disperse afferent volley  across the  
cortex, and reveals a finer differentiation in the specific cortical projection  
areas.

There are facts proving the penetration  of afferents into the 1st upper  
cortical layer at th e  early stages of ontogenesis ( A t a - M u r a d o v a  and C h e r n i - 

s h e v s k a y a  1966). Their participation in PR  com ponent form ation in adult 
anim als is also know n ( A n o k h i n  1968). According to  recent m orphological 
studies, it  is the third layer, located  at the depth of 300 to  800 (j, in the cat 
( V l a d i m i r o v a  et al. 1968) that serves as a substrate, w ith  which the fibres 
from  the thalam ic nuclei contact, and then the im pulsation  em braces the  
m ass of the pyram idal neurones in the deep layers through a num ber o f syn 
aptic connections. S z e n t a g o t h a i  (1967) does not exclude the p ossib ility  o f
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m ultiple contacts o f  one thalam ic afferent w ith  various pyram idal cell parts, 
and other authors ( S c h e i b e l  and S c h e i b e l  1966; G l o b u s  and S c h e i b e l  

1967; C r e u t z f i e l d t  1968) confirm the presence of synaptic connections w ith  
thalam opetal fibres in the 2nd cortical layer of the v isual cortex. Therefore, 
the assum ption th at no thalam ic afferent fibres have endings higher than in 
the 4th  layer, cannot be considered fu lly  acceptable in th e  ligh t of these new  
findings.

Bearing in m ind the independence o f  local and spreading excitations 
( G o l i k o v  1970), we have analyzed the correlation betw een the surface P R s  
and the individual neuronal discharge a c tiv ity  across the cortex  under chlora- 
lose anaesthesia.

A nalysis  o f  P R  extracellular recording

Background active neurones were observed under doses o f  30—40 m g/kg  
o f chloralose. As a rule, under large doses (60— 70 mg/kg) the neurones respond
ed w ith  a spike only to a flash. A i  seen in F ig. 5, such neurones are found in  
deep layers, the num ber o f active cells predom inating at 1400— 1500 /л. W e 
have failed to locate any neurones responding to  flash in th e  superficial visual 
cortical layers under our experim ental conditions.

The post-stim ulus histogram  (Fig. 5) show ed that the m ajority  o f neurones 
discharge during th e  occurrence of the surface positive P R  phase, more pre
cisely during its passing over to the negative phase. A neglig ib le number o f  
neurones is activated  before the onset o f the P R  and during the second slow

20 -

10 -

0  -  

0
□ q

100 150
msec

Fig. 5. A: co rre la tio n  of neu ro n al a c tiv ity  p o st-s tim u lu s  h istogram  w ith  th e  P R  phases in  
th e  v isua l co rtex  (reco n stru c tio n ). Abscissa: la ten cy  in  m sec. O rd inate : n u m b e r o f neurones 
in  pe r cen ts. B: active  neu rone  d is tr ib u tio n  in th e  cereb ra l cortex . A bscissa: n u m b er in  pe r

cen ts. O rd ina te : d e p th  in  /и
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F ig . 6. E lectro g ram s o f th e  p rim a ry  response  a n d  ex trace llu la r n e u ro n a l ac tiv ity  in  response  
to  a  flash . C hloralose. C a lib ra tio n  ag a in s t u p p e r  beam : 50 /Л  . 20 m sec; against low er b eam :

250

positive phase. The prevalence o f the neurones responding during the first 
positive phase was also confirmed by the high level o f th e  depth focal p o ten 
tia l, at the peak o f w hich the spike discharges were usually  recorded (F igs 6 
and 7). This m ight be regarded as an evidence o f the electrode’s penetration  
in to  the zone w ith  the highest density  o f active neurones. The focal potentia l 
corresponds to  a considerably lower value or it is com pletely  absent in  cases 
when the spike la ten cy  coincides w ith  the late P R  phases (Fig. 6.) These data  
m ight point to a considerably even and diffuse distribution  of such ty p e  o f  
neurones along th e  cortex. F inally , there was singled out a group o f cells 
whose discharges occurred both at th e  peak of the focal potential and w ith  
a longer laten cy , coinciding w ith  the la te  PR  phases b u t w ithout a m arked  
focal potential (F ig. 6 ) .  S e r k o v  (1970) obtained sim ilar data for the auditory
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F ig. 7. D ependence on  fla sh  in ten sity  o f th e  to ta l  p r im a ry  response a n d  n eu ro n a l a c tiv ity  in  
d e p th  o f th e  co rtex . F ro m  a up  to  e, flash  in te n s i ty  increases in co n d itio n ed  device u n its

c o r te x  n e u ro n e s , a n d  th e  s ig n ific an c e  o f  p h a s e  tr a n s i t io n  fo r  sp ik e  a c t iv i ty  
m o d u la tio n  h a s  b e e n  p o in te d  o u t b y  D il l  e t  a l . (1968).

An analysis o f  th e  dynamics o f th e  local surface PR  and o f the neuronal 
discharges under the conditions of a gradual stim ulus in tensification  has shown  
th a t the threshold flash  in tensity  evokes a more pronounced response at the  
cortical surface, whereas the deep focal poten tia l has a considerably longer 
la ten cy  and a lower am plitude (Fig. 7). As the stimulus in ten sity  increases, 
both  local processes gain more power, their latencies becom e shorter and  
a high am plitude spike, whose la ten cy  progressively decreases, appears at 
the focal potential peak (Fig. 7). E ven the m axim um  stim ulus in ten sity  brings 
about the focal poten tia l with a steep frontal part considerably later than  
the surface positive P R  phase and the spike appears when it  reaches the highest 
degree o f  developm ent.

Acta Physiologica Academiae Scientiarum Hungaricae 44, 1973



74 A. BATUEV

Discussion

Under chloralose anaesthesia, local processes resulting from the first 
afferent volley arise fir st in  the superficial cortical layers and then they  occur 
in  the depth at the cell som a and, probably, at the basal dendrites in case o f  
an additional ascending vo lley  ( S h k o l n i k - Y a r r o s  1963; S z e n t á g o t h a i  1969). 
The role of the surface local potentials, w hich probably appear at the apical 
dendrites ( P u r p u r a  1963; R o i t b a k  1965) m ay be lim ited  to the electronic  
control of the som atic  membrane excita tory  level according to the physical 
dipole law ( K u l l a n d a  1968).

I f  this assum ption is true, the frontal part o f the surface positive P R  
phase must be a reflection  of the postsyn ap tic  hyperpolarization processes 
in the apical dendrites, which m ay be o f  a thalam ic genesis ( C r e u t z f i e l d t  

and S a k m a n n  1969) and cause an increase in  cell som a excitab ility . The com 
bination of the electron ic influences, o f  th e  superficial dendrite cortical layers 
and the local som a dendrite processes in  the depth leads to  spike poten tia l 
form ation. C onsequently, as it is really th e  case, the m ajority of active neuronal 
discharges m ust coincide with the onset o f the positive P R  phase. The la te  
P R  com ponents seem  to  reflect a cortical neuronal in tegrative activ ity  ( K o n d 

r a t y e v a  1967) concerning the processing o f  the inform ation contained in the  
heterogeneous and disperse afferent v o lley .
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T he q u a lita tiv e  changes in  p la s m a  p ro te in  com position  h a v e  b een  in v es tig a te d  
in  th e  course o f im m u n iza tio n  w ith  r ic in .

As a re su lt o f i ts  h epato tox ic  e ffe c t, ric in  f irs t caused  a decrease  in  th e  a lb u m in  
level, th e n  w ith  th e  progression o f im m u n iz a tio n  th e  a lb u m in  level rose slow ly, due  
p ro b a b ly  to  th e  g ra d u a l regeneration  o f  th e  liver.

T he gam m a g lobu lin  frac tio n  in c re a sed  b o th  in m o n k ey s an d  in  ca ts , a n d  th e  
increase  co rresponded  to  the  a p p ea ran c e  o f  a specific a n tib o d y , th e  “ a n tir ic in ” .

T he b e ta  f ra c t io n  showed a  s ig n if ic a n t decrease b o th  in  m onkeys a n d  in  ca ts . 
T h is  is assum ed to  re p re se n t a specific r ic in  effec t closely a sso c ia ted  w ith  th e  d is tu rb an c e  
in  p ro te in  syn thesis.

In  th e  course o f  im m uniza tion , r ic in  loses its  pyrogenic  e ffec t, in  all p ro b a b ili ty  
as a re su lt of an  a n tig e n -a n tib o d y  in te ra c t io n .

In ricin poisoning, the plasma p rote in  level is known to  dim inish (T h o m 
so n  1950). It has been shown earlier (B á l in t  et al. 1971 ; B á l in t  and H a l á sz  
1972; B á l in t  1973) th a t the dim inution was due to the h epatotoxic  effect o f  
ricin, and it  is com m on knowledge th a t  the bulk o f the plasm a proteins is 
synthetized  in the liver ( E vans and E v a n s  1968, etc.).

W e h a v e  fa iled  in  f in d in g  d a t a  c o n c e rn in g  th e  q u a l i ta t iv e  c o m p o s itio n  
o f  p la s m a  p ro te in s  b e y o n d  a re fe ren c e  c la im in g  t h a t  r ic in  as  a n  a n t ig e n  g ives 
rise  to  th e  p ro d u c tio n  o f  a n tir ic in , a n  a n t ib o d y  w hose p re se n c e  a m o n g  th e  
p la s m a  p ro te in s  can  b e  d e m o n s tr a te d  ( E h r l ic h  1891).

In  the present paper we shall d iscuss studies of the qualitative changes 
in plasm a proteins during im m unization w ith  ricin.

M ethods

A frican  v e rv e t m o n k ey s  ( Cercopithecus aethiops)  and  ca ts  w ere im m u n ized  w ith  in 
creasing  doses o f  ricin  a n d  th e  q ualita tive  a n d  q u a n ti ta t iv e  changes in  p lasm a  p ro te in s  w ere 
observed.

A to ta l  o f 15 m onkeys a n d  15 cats w ere  t r e a te d  as follows.

a) T h e  con tro l group consisted  of 5 m o n k e y s  (3 m ales, 2 fem ales) o f  2800 to  4000 g bo d y  
w eigh t each  a n d  of 5 cats (2 m ales, 3 fem ales) o f  3000 to  3850 g b o d y  w eigh t. T hese  an im als 
were t r e a te d  su b cu tan eo u sly  w ith  0.8 ml o f s te r ile , pyrogen-free  p hysio log ica l saline.
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b ) T he m onkeys (6 m ales , 4 fem ales) o f  2850 to  3900 g b o d y  w e ig h t each, and  10 c a ts  
(5 m ale s , 5 fem ales) o f 2900 to  4000 g bo d y  w e ig h t each , w ere tre a te d  w ith  ricin .

R ic in  was a d m in is te re d  in  increasing  doses d isso lved  in  s te rile  p y ro g en -free  saline every  
8 th  d a y  as follows.

a) M onkeys; 20, 40, 80, 150, 300 an d  1000 fig  p e r  kg  o f b o d y  w e ig h t, su b cu taneously .
b ) C ats; 15, 30,50, 80, 150, 300 an d  1000 fig  p e r  kg  b o d y  w e ig h t, in tra p erito n ea lly . (The 

D L 50 of th e  applied  r ic in  p re p a ra tio n  w as, d ep en d in g  on th e  species, b e tw een  35 an d  40 fig  
p e r  k g  bod y  weight).

B efore each dose o f  r ic in  an d  e igh t d ay s a n d  one m o n th  a f te r  th e  la s t  dose th e  q u a n ti
ta t iv e  a n d  q u a lita tiv e  co m p o s itio n  of th e  p lasm a  p ro te in s  w ere d e te rm in e d  e lec trophore tica lly .

E lectrophoresis w as pe rfo rm ed  on O x o id -ty p e  cellulose a c e ta te  s tr ip s , in  5’-5-d iethy l- 
b a r b itu r a te  buffer o f 0.05 io n ic  s tre n g th  a t  p H  8.6, 10 m A , fo r 2 h o u rs . T h e  strip s w ere d e 
v e lo p e d  w ith  Ponceau-S , a n d  ev a lu a te d  by  m ean s o f th e  a u to m a tic  e x tin c tio n  e v a lu a to r (E x 
t in c t io n  of Schreiber ty p e  I I  o f  Z E ISS , W est G erm any).

B ody  te m p e ra tu re  o f th e  an im als  w as m ea su re d  w ith  a th e rm o co u p le  in tro d u ced  rec- 
ta l ly  a t  a  d ep th  of a b o u t  8 cm  every  d ay  d u rin g  th e  en tire  p e rio d  of th e  experim en t, a t  a n  
a m b ie n t  tem p e ra tu re  o f  26.0 dr 3.0°C.

Results

Results were evaluated  sta tistica lly  by means of S tud en t’s t-test; th ey  
are shown in Table I and in Figs 1 to 5.

The follow ing conclusions have been drawn.

A )  Monkey experiments
1. In full agreem ent w ith our earlier results ( E p e r j e s s y  et al. 1965; 

B á l i n t  et al. 1966) it  was found th at ricin has a pyrogenic effect also in th e  
African vervet m onkey (Fig. 1). As regards the nature and duration o f th e  
p yretic  reaction, no essential difference was observed from those found in th e  
ca t, rabbit, guinea-pig and rat.

T a b le  I

Effect o f  ricin  on p lasm a proteins during

Ricin dose 

i.p.

Albumin % а г Globulin % a 2 Globulin %

cats monkeys cats monkeys cats monkeys

C ontrol 3 4 ± 2 .0 0 2 8 ± 2 .0 0 1 ± 0 .0 0 1 ± 0 .0 0 1 5 ± 3 .0 0 7 ± 1 .0 0

/ig /kg 3 2 ± 2 .0 0 — 3 ± 0 .5 0 — 21 ± 2 .5 0 —

20 f i g/kg — 3 2 ± 4 .0 0 — 2 ± 0 .2 5 — 8 ± 0 .7 5

30 //.g/kg 3 7 ± 1 .5 0 — 2 ± 0 .5 0 — 10± 0 .2 5 —

40 /(g/kg — 3 3 ± 2 .7 5 — 1 ± 0 .0 0 — 8 .5 ± 1 .0 0

50 //g/kg 3 6 .5 ± 1 .7 5 — 2 ± 0 .5 0 — 2 0 ± 3 .0 0 —

80 //g/kg 39 ± 4 .0 0 27.5 ± 5 .0 0 2 ± 0 .2 5 1 ± 0 .0 0 18 ± 1 .2 5 9 ± 1 .0 0

150 //g/kg 3 9 ± 1 .5 0 2 8 ± 4 .2 5 2 ± 0 .2 5 3 ± 1 .0 0 16.5 ±  1.75 11 ± 1 .2 5

300 //g/kg 45 ± 0 .5 0 2 9 ± 2 .5 0 2 ± 0 .0 0 2 ± 0 .0 0 15 ± 0 .5 0 1 0 ± 1 .0 0

1000 //g/kg 40 ± 7 .7 5 3 0 ± 3 .5 0 2 ± 0 .0 0 1 ± 0 .0 0 17 ± 2 .0 0 1 2 ± 0 .7 5

1 m o n th  later 4 3 ± 3 .0 0 32 ± 2 .5 0 3 ± 0 .2 5 2 ± 0 .5 0 15 ± 0 .75 1 4 ± 1 .2 5
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2. In the course o f im m unization w ith  ricin, in the qualitative com posi
tion o f plasm a proteins the changes illustrated  in F ig. 2 were observed. These  
were as follows.

After a slight in itia l rise in the album in level th is decreased m oderately  
and then returned to norm al. None of these changes were significant s ta tis 
tica lly .

The in itia l slight rise in alpha globulin fraction was not significant 
statistica lly , in contrast to  the slow rise o f  the alpha-2-globulin fraction w hich  
at the end o f im m unization and one m onth after the last dose showed a value  
sign ificantly  higher than the initial one (p <  0.05).

The beta globulin fraction after an in itia l decrease rose sign ificantly  
but th is rise was non-significant statistica lly  (p <  0.10). The decrease follow 
ing th is rise which persisted till the end o f the experim ent was significant at 
tw o points o f tissue, v iz . after the 150 ftg/kg dose p =  0.05) and one m onth  
after the last one (p <( 0.05).

The gamma globulin level first decreased then rose steeply, but the  
changes were not sign ificant statistically .

3. The quantitative changes observed in tota l protein and in the a l
bum in globulin ratio were not significant either (Figs 4 and 5).

4. The control anim als showed no deviations from the in itial values.

В )  Cat experiments

1. After a slight non-significant in itia l decrease the albumin level began  
to increase slow ly and b y  the end of the experim ent the increase had becom e  
significant sta tistica lly  (p <  0.05).

im m unization  ( cats and m onkeys)

ß Globulin % у Globulin % T otal protein g% А/G Ratio (m ean v.)

cats monkeys cats monkeys cats monkeys cats monkeys

3 3 ± 8 .0 0 31 ± 2 .0 0 1 7 ± 3 .0 0 33 ± 1 .5 0 4 .2 3 ± 1 .0 7 6 .0 4 ± 0 .2 3 1 : 1.95 1 : 2.54

28 ± 9 .0 0 — 1 8 ± 5 .0 0 —  . 2.91 ± 0 .4 5 —  ■ 1 : 2.09 —

— 2 8 ± 5 .0 0 — 30 ± 1 .0 0 — 7 .0 6 ± 0 .5 9 — 1 : 2.17
2 5 ± 3 .0 0 — 2 5 ± 1 .5 0 — 7 .2 8 ± 0 .6 2 — 1 : 1.70 —

— 2 9 ± 6 .2 5 — 28 ± 4 .75 — 6 .6 9 ± 0 .9 7 — 1 : 2.17
1 6 ± 2 .7 5 — 25 ± 4 .0 0 — 8 .0 6 ± 0 .3 9 — 1 : 1.70 —

14.5 ± 1 .2 5 3 9 ± 5 .0 0 2 7 ± 4 .2 5 24± 3 .0 0 8 .1 0 ± 0 .7 3 6 .4 2 ± 1 .0 6 1 : 1.56 1 : 2.13
1 6 ± 0 .2 5 2 1 ± 5 .5 0 26.5 ± 2 .7 5 37 ±3 .25 7 .8 2 ± 0 .9 6 .8 4 ± 1 .3 4 1 : 1.56 1 : 2.22

1 3 ± 1 .0 0 28 ± 4 .0 0 2 5 ± 0 .5 0 31 ± 2 .7 5 8 .0 0 ± 1 .2 5 8 .2 4 ± 1 .3 7 1 : 1.23 1 : 2.35
1 9 ± 8 .2 5 26 ± 4 .0 0 2 2 ± 1 .2 5 31±3.C 0 7 .1 8 ± 1 .2 4 6.05 ± 1 .5 2 1 : 1.50 1 : 2.33

18±3-00 2 2 ± 3 .2 5 21 ± 'o 5 0 30± 2 .0 0 8 .7 6 ± 0 .4 1 5.25 ±  1.16 1 : 1.35 1 : 2.17
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F ig . 1. T yp ical m o n k ey  fev er curve: av erag e  re su lts  fo r 5 con tro l an d  5 tre a te d  an im als . T : 
20 /ug p e r  kg body  w e ig h t o f  ric in  su b cu tan eo u sly ; C: co n tro l; R : fever cu rv e  of r ic in -tre a te d

an im als

F ig . 2. E ffect o f r ic in  on  p lasm a p ro te in  co m p o sitio n  of m onkeys (m ean  values). C: co n tro l
values p rio r to  im m u n iza tio n

F ig . 3. E ffect o f ric in  on  p lasm a  p ro te in  com p o sitio n  of ca ts  (m ean  v a lues). C: co n tro l v a lu e
p rio r to  im m u n iza tio n
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Fig. 4. T o ta l p lasm a  p ro te in s  du rin g  im m u n iza tio n  w ith  ric in  (m ean  ± S .E .) .  C’: co n tro l values 
p rio r to  im m u n iza tio n ; M: m onkeys; C: ca ts

X

Fig. 5. P la sm a  a lb u m in ; g lobulin  ra tio  d u rin g  im m u n iza tio n  w ith  ricin . C’: co n tro l va lues p rio r
to  im m u n iza tio n ; M: m onkeys; C: ca ts

As compared to  the control va lue, the alpha-l-g lobulin  fraction was 
sign ificantly  increased during the entire period o f the experim ent (p =  0.05 
and p <  0.05).

The changes in the alpha-2-globulin fraction were not significant sta tis
tica lly  (p ]> 0.10).

The b eta  globulin fraction decreased sign ificantly  during the whole 
period o f im m unization (p =  0.05 and p <  0.02).

In the gamma globulin fraction there was an im m ediate increase and 
after the 300 /ig/kg dose the increase was sign ificant (p =  0.05). Later the  
fraction decreased, but persisted at higher than the control level.

6 Acta Physiologica Academiae Scientiarum Hungaricae 44, 1973



8 2 G. BÁLINT et al.

2. The q u an tity  o f to ta l plasm a proteins first decreased significantly  
and then underwent a steep rise; the difference versus the controls was signif
ican t (p <  0.05, see F ig . 4).

3. Changes in  th e  albumin globulin ratio were not significant (Fig. 5).
4. The control anim als showed no change w hatever.
5. Ricin had a pyrogenic effect in these experim ents, too . W ith the pro

gress o f im m unization, the pyrogenic effect gradually dim inished. The decrease 
w as observed in  th e  m onkeys too , but was particularly marked in  the cats
(F ig . 6).

ricin, pg/Ug'

Fig. 6. W eak en in g  of pyrogenic  e ffec t o f ric in  d u rin g  im m u n iza tio n  w ith  ric in

After the first dose of ricin, the cats’ body tem perature rose by about 
3 °C, while this increase was less than  1 °C in  m onkeys. After the fifth  dose 
(300 ,ug per kg b od y  weight) the pyrogenic effect practically disappeared.

Discussion

1. These experim ents proved the pyrogenic effect of ricin on a further  
species, the m onkey. This suggests the occurrence o f a pyretic reaction in  
hum an ricin (castor oil seed) poisoning.

2. The slight in itia l decrease o f the album in leve l in cats m ight have been  
due to the h cp atotox ic  effect of ricin (B Á L IN T  1973), since it is well-know n th at  
th e  liver alone is responsible for the production o f albumin (M i l l e r  and B a l e  

1954; E v a n s  and E v a n s  1968, etc.) No explanation can be suggested for the  
fact that this in itia l decrease o f the albumin level has not been observed in  the  
m onkeys. After regeneration o f the liver ( B á l i n t  et al. 1971; B á l i n t  1974) 
albumin production is restored, a fact early dem onstrated in the cat experi
m ents.
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3. T h e  in c re a se  in  th e  a lp h a - l- g lo b u lin  f ra c tio n  is n o t  a  sp ec ific  r e a c t io n  
s in ce  i t  occu rs  in  e v e ry  p y r e t ic  r e a c t io n  (B á l in t  1968, e tc .)

4. There was a close parallelity in  the quantity o f alpha-2-globulin and th a t  
of album in in both m onkeys and cats. Since the hulk o f  alpha- (and beta-) 
globulins is produced b y  the liver, th e  change might have been connected w ith  
the hepatotoxic effect of ricin. (In cats a decrease was follow ed by a slow  
increase; in m onkeys a slow increase occurred, similar to  the change in the  
album in level.)

5. I t  is difficult to  find  an explanation  for the changes observed in the b eta  
globulin fraction. This decreased sign ificantly  in both species, so that in th is  
case a specific ricin effect appears to  be probable.

It has been shown (E v a n s  and E v a n s  1968) that the m ajor parts of the  
(alpha- and) beta  globulins are produced in the liver, b u t it  is also know n  
(Miller et al. 1954) th a t these fractions, m ainly the beta  globulin , are form ed  
also extrahepatically , for instance in the lym phoid tissues ( K e n n in g  and v a n  
d e r  S l ik k e  1950).

D ir h e im ER et al. (1966) have already pointed at the p ossib ility  of an in ter
ference b y  ricin w ith  the protein synthesis in the liver. This w as supported b y  
our experim ents (B á l in t  1973), and unequivocally  proven b y  J u n g -Y a w  L in  
and his co-workers ( J u n g -Y a w  L in  et al. 1971; J u n g -Y a w  L in  and T a -Ch e n g  
T u n g  1972).

The highly to c ix  effect o f ricin on the lym phoid tissues has also been  
m entioned in the literature (H a r a n g h y  1934, 1966, etc .).

From  the results of the above experim ents, the follow ing conclusions have  
been drawn.

In ricin poisoning both the hepatic and the extrahepatic sites of beta  
globulin production are dam aged. I t  seem s that in the liver ricin interferes 
m ainly w ith  the production of beta globulins. This im paired hepatic synthesis 
is not corrected b y  the extrahepatic production of beta globulin , since these  
production sites also becom e affected. For clarifying the details, further tests  
are needed.

6 . The rise in gam m a globulin lev e l is related to the antigenic property  
of ricin ( E h r l ic h  1891). Antiricin production corresponds to  a general im m une 
reaction and the quantity  o f the im m une substance form ed increases the  
gam m a globulin fraction.

7. The changes observed by us as in the quantity o f to ta l plasm a protein  
and the albumin globulin ratio agree w ell w ith  data in the literature (T h o m so n  
1950, etc.).

8 . The decrease in the pyrogenic effect o f ricin during im m unization w ith  
the sam e substance is probably the result o f  a common im m une reaction. The 
antiricin synthetized  under the effect o f  ricin behaves as a com plete antibody  
( E h r l ic h  1897), and consequently th e  pyrogenic effect decreases propor-
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tio n a lly  to  the q u a n tity  o f synthetized  antiricin. Further investigations are 
needed to determ ine th e  period required for the return o f the pyrogenic effect 
after the end of im m unization . One m onth after im m unization  this was not 
y e t  detectable.
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T he an tin o c icep tiv e  a c tiv ity  o f  n ico tin e  h as been d e m o n s tra te d  in  m ice b y  m ean s 
o f th e  h o t-p la te  tech n iq u e . R e p ea te d  in je c tio n s  o f n icotine  g iv en  a t  in te rv a ls  o f  60 m in  
p ro d u ced  and  increase  in  th e  response . P ro lo n g a tio n  o f re a c tio n  tim e seem ed to  be  
in d ep e n d en t o f th e  n eu ro tox ic  e ffec t o f n ico tin e , since a g a in s t th e  la t te r  to le ran ce  
en sued  ra p id ly  as assessed by  th e  r o ta t in g  ro d  m ethod . M ecam ylam ine  did n o t  p ro lo n g  
th e  re ac tio n  tim e  b u t  inh ib ited  th e  an tin o c icep tiv e  a c t iv ity  o f n icotine  a n d  so d id  
50 /ig /k g  of p h y sostigm ine  given s im u lta n eo u s ly , and 20 m g /k g  of trem o rin e  a d m in 
is te re d  p rev iously , w hile th e  said a c t iv ity  w as increased  by  th e  s im ultaneous a d m in is tra 
tio n  of sm all am o u n ts  o f o x o trem orine . T h e  an tin ocicep tive  a c t iv ity  o f n ico tine  in  m ice 
cou ld  be show n also b y  th e  ace tic  ac id  m eth o d .

N ico tine  w as found  to  h av e  a n  an tin o c icep tiv e  a c t iv ity  also in  th e  r a t .  I n  th is  
an im al, n ico tine  a n d  D M PP given in tra v e n tr ic u la r ly  e x e rted  a n  an tin o c icep tiv e  e ffec t 
w hich  w as an tag o n ized  by  m ecam y lam in e  g iven  in tra p e rito n ea lly .

T he an tin o c icep tiv e  a c tiv ity  is m o s t like ly  due to  th e  s tim u la tin g  effect o f n ico 
tin e .

Cholinom im etic agents w ith a peripheral muscarinergic (M) stim ulating  
effect such as oxotrem orine and arecoline have been show n to possess anal
getic properties (H e r z  and Y a c o u b  1964; L é v y  and M ic h e l -B e r , 1967; 
M e t y s  et al. 1969; L e s l ie  1969; H o w e s  e t al. 1969). According to O e l s s n e r  
and A n d r e a s  (1969) nicotine in doses as h igh as 320 /tg/m ouse does not in ter
fere w ith  the pain reaction elicited b y  electrical stim ulation  of the anim al’s 
tail; these authors suggested that on ly  th e  M -cholinergic stim ulants had a n ti
nociceptive properties. M a t t il a  et al. (1968) then succeeded in dem onstrating  
the analgetic potency o f  nicotine in th e  m ouse, rabbit and ham ster. T hey pre
sum ed th a t the analgesia induced b y  n icotine was due to  a blocking effect 
on the reticular form ation rather than  to  a stim ulating property but neglected  
to  discuss their observation of a decrease in  the analgetic activ ity  o f n icotine  
after treatm ent for one w eek and w hether tolerance developed to the b locking

In a prelim inary study we have also observed the antinociceptive a c tiv 
ity  o f n icotine. In the present work a ttem p ts were made to  assess the specific
ity  o f th is effect, and to  clarify w hether i t  was not a result o f  neurotoxicity , 
or o f a central blockade or stim ulation.
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M ethods

T h e  experim en ts w ere  perfo rm ed  on m ice w eigh ing  17 to  20 g a n d  ra ts  w eighing 160 
to  200 g. The anim als w ere  ran d o m ized , an d  th e  p a in  re ac tio n  was s tu d ie d  b y  th e  h o t-p la te  
m e th o d  (W olfe and  M cD o n a ld  1944: P órszász a n d  H e r r  1950), a t  a  te m p e ra tu re  of 52 a n d  
56 °C, fo r mice and r a ts ,  re sp ec tiv e ly . In  th is  te s t  th e  lick ing  response se rv ed  as th e  specific  
re sp o n se .

A cetic acid p a in  s t im u la tio n  was also a p p lied  (K o ster  e t al. 1959). A t zero tim e  we 
g av e  subcu taneously  5, 10 o r  15 m g/kg  of n ico tine  o r  sa line  and  in  th e  f i f th  m in u te  1% ace tic  
a c id  in  a q u a n tity  o f 0 . 1  m l / 1 0  g m ouse in tra p e r ito n e a lly  an d  th e  n u m b e r  o f w rithes in  th e  
su b se q u e n t 20 m in p e rio d  w as co u n ted  a t  fiv e -m in u te  in te rv a ls . E v e ry  dosage  was g iven  to  a  
g ro u p  of 12 mice. In  th e  r a t s ,  th e  effect o f n ico tin e  g iv en  in tra p e rito n e a lly  and  in tra v e n -  
tr ic u la r ly  by  the  m eth o d  o f  Y e r s t e r  e t al. (1971), w as ex am ined  u sin g  th e  tail-flick  te s t.

T h e  neuro tox ic  p ro p e r ty  o f n ico tine  w as s tu d ie d  in  mice w ith  th e  ro ta ro d  tec h n iq u e  
(O e l s s n e r  1961): th e  e x p e r im e n ts  w ere pe rfo rm ed  on  tra in e d  m ice a n d  th e  contro l an im a ls  
w e re  clinging for 3 m in  to  th e  ro d  ro ta tin g  a t  7 r .p .m .

T he doses in d ic a te d  re fe r  to  m ecam ylam ine  HC1, n ico tine  h y d ro g e n  ta r t ra te ,  oxo- 
tre m o rin e  oxala te, p h y so s tig m in e  sa licy late, trem o rin e  H B r an d  D M P P  (l,l-d im e th y l-4 -p h e n y l-  
p ip e raz in e ) iodide.

S ta tistica l c o m p ariso n s  w ere m ade  b y  a n a ly s is  o f va rian ce  (A n o v a) and  S tu d e n t’s
t- te s t .

R esu lts

Effect in mice

In agreement w ith  M a t t i l a  et al. (1968), the antinociceptive a ctiv ity  
o f n icotine subsides rapid ly  in the m ouse. Ten to  15 min after an intraperi
to n ea l dose of 7.5 to  10 m g/kg a marked effect on the hot p late could be dem on
strated  while 30 m in  after single doses o f 5, 10, 15 or 20 m g/kg there w as 
no measurable response. Rem arkably, 10 m g/kg killed none o f the 120 m ice, 
b u t caused tremor in  82%  and clonic seizures on 36% of the animals. T w enty  
m g/kg killed 9% , 7 o f  a tota l of 77; and caused tremor in  94% and clonic  
seizures in 88% o f th e  animals. Thirty m g/kg killed 30% , caused tremor in  
100%  and clonic seizures in 90% of the m ice. Tremor and seizures lasted 5— 6 
m in  after treatm ent.

I f  nicotine is g iven  repeatedly a tolerance (“ autoprotection” ) develops  
against its lethal and convulsive effects ( H a z a r d  and Sa v in i  1953). This was 
n o t the case w ith its  antinociceptive a c tiv ity  which, as estim ated  10 min after  
adm inistration, w as n o t diminished by th e  second and th ird  dose given at 
in tervals of 60 m in (Table I).

Following pretreatm ent w ith n icotine for 4 days, th e  antinociceptive  
a c tiv ity  of a single dose given on the 5th  day was m arkedly reduced as com 
pared with results obtained  in  mice pretreated  with so lvent (Table II).

The neurotoxic effect of nicotine could be readily dem onstrated: after  
an intraperitoneal dose o f 10 mg/kg, b u t som etim es only after 15 or 20 m g/kg, 
th e  mice failed to  cling  to the rotarod for more than 5 to  30 sec. We also e x 
am ined whether th is  neurotoxic activ ity  o f nicotine played a part in the pro
longation  of reaction  tim e on the hot p la te . Sixteen m ice were given each 10 
m g/kg of nicotine intraperitoneally  at 0, 60 and 120 min, and they  were p u t on
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Table I

A n tin o c ic e p t iv e  a c t iv i ty  a s s e s se d  o n  th e  h o t p la te  o f  th ree  in tr a p e r i to n e a l ly  a d m in is te r e d  1 0  m g /k g  
doses o f  n ic o tin e . R e a c tio n  t im e ,  m e a n s  ±  S .E .  T h e  a g e n t w a s  g iv e n  a t  0 , 6 0  a n d  1 2 0  m in  a n d  i ts  
e ffe c t  w a s  e s tim a te d  10  m i n  la te r . T h e r e  w a s  a s ig n i f i c a n t  d iffe re n c e  b e tw e en  th e  u n d e r lin e d  v a lu e s

( p  <  0 .0 5 )

In itia l reaction tim e
Reaction tim e after dose

n I I I I I I

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

10.5 ± 0 .7 5 2 0 — 40.1 ± 4 .2 3 9 .8 ± 4 .7

9 .4 ± 0 .4 5 2 0

Table II

42.7 ± 4 .0

E ffe c t  o f  su b a c u te  n ic o tin e  p r e tr e a tm e n t  o n  th e  a n tin o c ic e p tiv e  a c t iv i ty  o f  n ic o t in e . E a c h  m o u s e  w a s  
g iv e n  7 t im e s  2 0  m g /k g  o f  n ic o t in e  in tr a p e r i to n e a l ly ,  over a  p e r io d  o f  4  d a y s .  R e a c t io n  t im e  a n d  i ts

p r o lo n g a tio n  i n  se co n d s, m e a n  ±  S .E .

Treatm ent
Increase o f reaction time

n time, 5 th  day 10 m in after 20 mg/kg of 
nicotine

NaCl 16 8.7 ± 0 .9 3 8 .4 ± 4 .9  p < 0 .0 0 1

2 0  m g/kg of n icotine 2 1 7 .7 ± 0 .7 12.6 ± 3 .5

the rotarod in the 10th, 20th  and 50th min after every dose. The number o f  
mice fa lling from the rod progressively dim inished with subsequent doses, i.e . 
12 o f 16 after the first dose, 5 o f 16 after the second, and 1 o f  16 after the third  
dose. Thus, tolerance had developed to the neurotoxic effect o f nicotine hut 
not to  its  antinociceptive a c tiv ity , m aking a causal relationship between the  
two effects highly im probably.

R elying on the suggestion  o f M a t t il a  et al. (1968) th a t the analgetic  
effect o f  n icotine was due to  central blocking activ ity , we tested  w hether  
m ecam ylam ine, this central nicotinergic blocking agent, possessed an an
algetic property. As show n in Table III , m ecam ylam ine in doses o f 2, 5 and 10 
m g/kg proved ineffective in the 30th min; in another series it  had no appre
ciable antinociceptive a c tiv ity  15 min after adm inistration, and it was also 
ineffective when given in  doses o f 2 X 5 m g/kg. On the other hand, 5 m g/kg  
of m ecam ylam ine prevented the antinociceptive activ ity  of n icotine (Table IV), 
which w as not affected b y  5 to  10 m g/kg of atropine su lphate, while scopol
am ine in the same dosage caused prolongation o f the reaction tim e to  an exten t  
not allow ing the antin icotin ic a ctiv ity  to be assessed. Smaller doses of scopol
amine had no effect and even th is high dosage did not prevent the antino
ciceptive activ ity  of n icotine. The compound 2-dim ethylam ino-9-benzilyloxy-
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Table III

I n f l u e n c e  o f  m e c a m y la m in e  o n  th e  re a c tio n  t im e  o f  m ic e  a s  m e a su re d  b y  th e  h o t-p la te  m e th o d . R e a c tio n  
t im e  a n d  i ts  p r o lo n g a t io n  i n  se co n d s , m e a n  ±  S .  E .  E a c h  g r o u p  c o n ta in e d  1 5  m ice

In itia l reac tion  tim e, 
0 m in

Dose of in traperitoneal 
m ecamylamine, 30th 

min

Increase o f reaction  
time, 60th m in

9 .5 ± 1 .2 2  m g/kg 2 .3 ± 1 .2 8

1 1 .9 ± 1 .4 5 m g/kg 1 .9 ± 1 .1

13.2 ± 0 .9 1 0  m g/kg — 2 .6 ± 1 . 1

Table IV

I n f lu e n c e  o f  m e c a m y la m in e  o n  th e  a n tin o c ic e p tiv e  a c t iv i t y  o f  10  m g /k g  o f  n ic o t in e , as m e a s u r e d  o n  
th e  h o t p la te . R e a c tio n  t im e  a n d  i t s  p r o lo n g a tio n  i n  se c o n d s , m e a n  ±  S . E .  E a c h  g ro u p  c o n s is te d  o f

2 0  m ic e

T reatm ent subcutaneously 
a t 0 min

Reaction tim e 
a t 30 min

Treatm ent intraperitoneally  
a t 90 min

Increase in reaction 
tim e a t  100 min

N aC l 8.1 ± 0 .5 3 1 0  m g/kg of n icotine 1 8 .9 ± 3 .1

M ecam ylam ine, 5 m g/kg 9 .3 ± 0 .6 2 1 0  m g/kg of n ico tine 6 .4 ± 1 .7 4

(pco.oi)

b icyclo(3 ,3 ,l)nonane (N -1199; Gy ö r g y  et al. 1970b; B a r t h é l é m y  et al. 1972) 
w hich  has a more specific  central anti-M  activ ity , also proved ineffective in 
preventing the antinociceptive activ ity  o f nicotine.

M a ttila  et al. (1968) found th at physostigm ine did not influence the  
antinociceptive a c tiv ity  o f nicotine. In  our experim ents (Table Y), however, 
20 (Ug/kg of physostigm ine did not affect, while 50 ,ug/kg inhibited, th at activ 
ity .  When applying doses o f 100 fig/kg, the reaction tim e was so prolonged  
th a t the interference w ith  antinociceptive activ ity  could not be studied. This 
effect of large doses o f  physostigm ine w as observed earlier b y  P l e u v r y  and 
T o b ia s  (1971).

It has been show n in a previous paper (G y ö r g y  et al. 1970a) th a t the  
le th a l dose of n icotine was considerably reduced in the sta te  of tolerance in 
duced by repeated doses o f oxotrem orine, and a sim ilar tolerance could be 
achieved by a single dose o f trem orine (G y ö r g y  et al. 1971). I t  should be 
noted  that 18 hours after tremorine treatm ent, oxotrem orine failed to  ex
h ib it any antinociceptive activ ity . In  th e  present experim ents, the antino
ciceptive activ ity  o f nicotine was considerably dim inished 18 hours after 
trem orine treatm ent (Table VI). W hile tremorine pretreatm ent inhibited  the  
antinociceptive a c tiv ity  o f nicotine, sm all doses of oxotrem orine, a m etabolite  
o f  tremorine w ith  a short lasting effect, did not do so and there was an addi
t iv e  effect (Table V II).
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Table V

I n f lu e n c e  o f  p h y s o s t ig m in e  o n  the  a n tin o c ic e p t iv e  a c t iv i ty  o f  n ic o t in e , m e a s u r e d  o n  th e  h o t p la te .  
R e a c t io n  t im e  a n d  i t s  p r o lo n g a tio n  i n  se c o n d s , m e a n  ±  S .E .  T w o  se r ie s  o f  e x p e r im e n ts

In itia l reaction 
tim e, 0 min

n T reatm ent, 30th min Increase of reaction time, 
40th  min

1 0 .5 ± 0 .6 8 24 2 0  /Wg/kg physostigm ine  subcutaneously  f -
NaCl — 0 . 1 ± 0 . 2 1

1 1 .7 ± 0 .9 5 24 NaCl +  10 m g/kg  nicotine 
in trap erito n ea lly 2 5 .3 ± 4 .3 0

P  >  0.4
1 1 .5 ± 1 .0 4 23 2 0  yWg/kg physostigm ine +  1 0  m g/kg 

n icotine 29.8 ± 4 .1 3

1 1 .6 ± 0 .8 1 28 50 ytig/kg physostigm ine  -f- NaCl 2.7 ± 1 .5

12.7 ± 0 .9 3 27 NaCl +  10 m g/kg  n icotine 3 6 .3 ± 3 .4 1
p <  0 . 0 2

1 1 .9 ± 0 .7 6 26 5 0 ^ g /k g  physostigm ine  +  10 m g/kg 
n icotine 2 3 .3 ± 3 .9 6

Table VI

I n f lu e n c e  o f  tr e m o r in e  p r e tr e a tm e n t o n  the  a n t in o c ic e p t iv e  a c t iv i ty  o f  n ic o t in e , a s  d e te r m in e d  o n  th e  
h o t p la te .  R e a c t io n  t im e  a n d  i t s  p r o lo n g a tio n  in  se co n d s , m e a n  i  S .E .

P retrea tm en t (18 hours) 
intraperitoneally n

Reaction time 
prior to  nicotine

Increase o f rection  time 
15 m in afte r  10 mg/kg 
nicotine in traperitoneally

NaCl 55 1 3 .3± 0 .59 29.1 ± 2 .4

p < 0 . 0 0 1

2 0  m g/kg  of trem orine 58 12 .4±0 .51 11.6 ±  1.9

Table VII

I n f lu e n c e  o f  s m a ll  su b c u ta n e o u s  doses o f  o x o tr e m o r in e  o n  the  a n tin o c ic e p t iv e  a c t iv i ty  o f  n ic o t in e  
a s d e te r m in e d  o n  the  h o t p la te . R e a c t io n  t im e  a n d  i ts  p r o lo n g a tio n  in  se c o n d s , m e a n  ±  S .E .  

O x o tre m o rin e  — n ic o t in e  in te r a c tio n :  p  >  0 .1 ( A n o v a )

In itia l reaction 
tim e, 0 min n T reatm ent, 30th m in T reatm ent in traperitone

ally, 45th min
Increase of reac
tion  tim e, 55th 

min

9.1 ± 1 .5 14 20 /ig/kg ОТ NaCl 1.5 ± 1 .3
8 .5 ± 1 .0 14 50 |Mg/kg ОТ NaCl 4 .3 ± 2 .4
6 .9 ± 0 .9 14 100 ,«g/kg ОТ NaCl 18.1 ± 6 .5
5 .3 ± 0 .3 3 1 0 NaCl 1 0  m g/kg n icotine 20.7 ± 5 .9
6 .2 ± 0 .8 1 1 0 20 ,«g/kg ОТ 1 0  m g/kg nicotine 2 3 .9 ± 5 .8
5.7 ± 0 .6 3 1 0 50 jU g /k g  ОТ 1 0  m g/kg n icotine 3 8 .0 ± 6 .8
6.1 ± 0 .6 5 1 0 100 /ig/kg ОТ 1 0  m g/kg nicotine 4 8 .9 ± 3 .5

ОТ: oxotrem orine
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The antinociceptive activ ity  o f n icotine was then  tested  on the pain 
reaction  induced b y  acetic acid in m ice. Figure 1 shows th e  inhibitory effect 
o f 5, 10 and 15 m g/kg nicotine given subcutaneously.

total number 
of writhes

I I saline
ГП 5 mg/kg nicotine 
ЕЭ 10 mg/kg nicotine 
E J 15 mg/kg nicotine

F ig . 1. In flu en ce  o f n ico tin e  on  w rithes in d u ce d  b y  ace tic  a c id  in  m ice. S u b cu tan eo u s 
a d m in is tra tio n  of sa line  o r n ico tin e  5 m in  before  in tra p e rito n ea l t r e a tm e n t  w ith  1%  ace tic  
acid . A bscissa: in te rv a ls  in  m in u te s  a f te r  ace tic  acid  tre a tm e n t;  o rd in a te : to ta l  n u m b er of 

w rith es  in  1 2  m ice in  each  group

Effect in rats

In several experim ents we have succeeded in proving th at nicotine has 
an antinociceptive a c tiv ity  on the hot p late also in th e  rat. In th is species, 
doses as low  as 5 m g/kg had a m arked effect, and the response was prevented  
b y  m ecam ylam ine sim ilarly as in m ice (Table V III).

The antinociceptive activ ity  o f n icotine was exam ined also w ith  the tail- 
flick  test. There was a slight prolongation of the reaction tim e in 30 min after 
5 and 7.5 m g/kg o f n icotine given intraperitoneally.

150 /./.g per anim al o f nicotine given  intraventricularly and tested  in the  
5th  min exerted an antinociceptive a c tiv ity ; 2.5 m g/kg o f m ecam ylam ine given  
intraperitoneally and 30 min before n icotine, antagonized th is effect. DM PP, 
a com pound not passing across the b lood-brain  barrier, w as given intraven
tricularly; 150 jUg per anim al had an antinociceptive a c tiv ity  in the 5th min and

Table VIII

Antinociceptive activity  o f  nicotine in  the rat, as assessed on the hot p la te , and the antagonistic effect 
o f  mecamylamine. Reaction tim e and its prolongation in  seconds, mean  i  S .E . Each group consisted

o f  8  rats

P retrea tm en t subcutane
ously, 0 min

Initia l reaction tim e, 
15th min

T reatm ent, 
30th m in

Increase o f reaction 
tim e, 45th min

N aC l 6 .8 ± 1 .5 5 m g/kg n icotine 
intra*peritoneally 2 4 .9 ± 7 .5

2  m g/kg  m ecam ylam ine 1 0 .5 ± 3 .4 5 m g/kg n icotine 
in trap erito n ea lly

0 .3 ± 2 .9
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the effect decreased till the 30th min. The antinociceptive activ ity  of DM PP  
was antagonized b y  2.5 m g/kg m ecam ylam ine given intraperitoneally 30 m in  
before DM PP (ТаЫ , IX ).

Table IX

Antinociceptive activity o f  nicotine and D M P P  in  the ta il-flick  test in  rats and the effect o f  mecam yl
am ine pretreatment N icotine: 150 fig per anim al given intraventricularly ; D M P P : 150 fig per  
anim al given intraventricularly; M ecam ylam ine: 2.5 mg/kg given intraperitoneally 30 m in  before 
adm inistration o f  nicotine and D M P P . Reaction tim e and its prolongation in  seconds, mean ±  S .E .

T reatm ent
N um ber

of
animals

R eaction  tim e

30 m in before 
trea tm en t

after
m ecam yl

amine

after treatm en t

[5 min 10 min 30 min

N icotine 8 2 .2 ± 0 . 1 * 4 .5 ± 0 .7 * 2.7 ± 0 .7 2 .0 ± 0 .7
M ecam ylam ine -f* n icotine 6 2 .6 ± 0 .3 2 .2 ± 0 .4 2 .4 ± 0 .5 2 . 1  ± 0 . 6 2 .4 ± 0 .3
D M PP 1 0 2 .4± 0 .04** 5 .4 ± 1 .0 * * 3.9 ± 0 .5 3.5 ± 0 .4
M ecam ylam ine -1- D M PP 8 2 .3 ± 0 .2 2 .6 ± 0 .3 2 .6 ± 0 .5 2.1 ± 0 .4 2 .3 ± 0 .4

betw een * * p <  0 . 0 1  

** ** p  <  0.005
evalu a ted  w ith  one-sam ple i- te s t

Discussion

Our experim ents confirm ed the results o f  M a t t il a  et al. (1968) ind icat
ing that n icotine has an antinociceptive activ ity . The negative results o f  
O e l s s n e r  and A n d r e a s  (1969) are difficult to  reconcile w ith  these findings; 
m ost likely th ey  m easured the reaction tim e when 10 to  15 min after adm inis
tration  the peak activ ity  had subsided.

The results obtained showed the antinociceptive a ctiv ity  of nicotine  
is not the result o f the agent’s neurotoxic activ ity: the antinociceptive effect 
of 3 subsequent injections of 10 m g/kg o f n icotine g iven at intervals o f 60 
min was not dim inished while the neurotoxic activ ity  w as abolished with the  
dosage schedule applied.

The increase in  the response to  nicotine after in jections repeated every  
hour is apparently consistent w ith  the v iew  o f M a t t il a  et al. (1968) a t
tributing the antinociceptive effect o f nicotine to  a central block, as the depo
larization block was usually  augm ented b y  successive treatm ents. H owever, 
the activ ity  was reduced after pretreatm ent for 4 days in  th e  present experi
m ents and 2 weeks in the study o f M a t t il a  et al. (1968), indicating that the  
antinociceptive effect was due rather to  a stim ulating effect exerted by n i
cotine on certain central nervous structures. It seems th a t a tolerance develops 
to the antinociceptive effect although it  is not brought about as readily as the  
tolerance to the neurotoxic, the convulsive or the lethal effect o f nicotine.
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D M PP is the m ost specific ganglionic stim ulant, practically  w ithout  
an y  blocking effect. This agent i f  g iven intraventricularly, exerts an anti
n ocicep tive effect and inhibits the ta il-flick  reflex in the rat. M ecam ylam ine, 
a drug w ith  m erely ganglionic blocking effects, has no antinociceptive activ ity .

I f  nicotine had exerted its antinociceptive a c tiv ity  b y  blocking N- 
cholinergic receptors o f  the CNS, a sim ilar activ ity  would have been observed  
w ith  other central nicotinergic b locking agents. As shown in the present ex 
perim ents, m ecam ylam ine exerted such an activ ity  neither in  rats nor in m ice.

Physostigm ine inhibits the antinociceptive a ctiv ity  o f n icotine, sim i
larly  as it  blocks other stim ulating effects such as the convulsive and lethal 
activ ities, as shown b y  our unpublished studies. This antagonism  is readily  
explained  by assum ing that the antinociceptive effect o f n icotine is the result 
o f a stim ulating effect, in other words a depolarization blockade is established  
w hich develops more rapidly in the presence of high acetylcholine levels. Inter
pretation  of th is phenom enon becom es more difficult i f  one presum es th at the  
antinociceptive effect o f nicotine is due to  the blocking o f certain synapses, 
it  being known th a t the decam ethonium -induced inhibition is not antagonized  
b y  th e  cholinesterase blockers in sk eleta l muscle.

Cholinergic stim ulation , w hether induced by m uscarinergic (oxotrem - 
orine) or nicotinergic m echnism s, brings about an antinociceptive effect. The 
independence of th e  tw o cholinergic system s is clearly dem onstrated b y  the  
fact th a t specific antagonists o f oxotrem orine (atropine, N -1199) fail to  in ter
fere w ith  the antinociceptive a ctiv ity  o f  nicotine, while m ecam ylam ine has no 
effect on the antinociceptive effect o f  oxotrem orine. Oxotrem orine is active  
only  on the M -receptors, and there is reason to believe th a t specific blockade  
(tolerance, G y ö r g y  et al. 1970a, 1971) established by repeated oxotrem orine 
doses or a single trem orine dose has a sim ilar site of action. The fact th a t the  
antinociceptive a c tiv ity  of both oxotrem orine and nicotine is reduced in the  
sta te  of tolerance points to the interrelationship of the tw o system s. I t  is 
possib le that stim ulus propagation in  th e  N — M direction occurs also in the  
CNS, and the absence of an an tin icotin ic  activ ity  of the antim uscarine com 
pounds might be due to a d ifficidt b locking of the endogenous transm itter.
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Recensiones

D. S. F a r n e r , R . K in g  (E ds)

A vian Biology

V olum es I  an d  I I .  A cadem ic  P ress , N ew  Y o rk  an d  L ondon  1971 a n d  1972. Vol. I .: X I X  +  
586 pages, w ith  108 fig u res an d  29 tab le s . P rice: $ 34.00; Vol. I I .:  X X I I I + 6 1 2 ,  pages, w ith  

116 figu res a n d  22 tab le s . P rice: $ 32.00

T hese are th e  f i r s t  tw o volum es o f A v ian  B iology, a m u ltiv o lu m e  trea tise  o f p re se n t 
know ledge  of ab o u t 8600 liv ing  species o f b ird s. In te rn a tio n a l a u th o ritie s  o f m an y  biological 
d isc ip lines p re sen t a com prehensive  su rv e y  in c lud ing  e tho logy , ecology, p o p u la tio n  b io logy, 
e v o lu tio n  biology a n d  physio logical ecology. I n  a d d itio n , K . C. P a r k e s  gives a sh o rt n o te  on  
tax o n o m y .

V olum e I is con cern ed  p rim arily  w ith  sy s tem atics , p o p u la tio n  b io logy and ecology. 
W ith  th e  preface  of th e  E d ito rs , C h ap te r 1 discusses C lassifica tion  o f B ird s; C hap ter 2: O rig in  
a n d  E v o lu tio n  of B irds; C h ap te r 3: S y s tem atics  an d  S p écia tion  in  B ird s; C h ap te r 4: A d ap tiv e  
R a d ia t io n  of B irds; C h ap te r  5: P a t te rn s  o f T erre s tr ia l B ird  C om m unities; C hap ter 6 : Sea 
B ird  E cology  and  th e  M arine  E n v iro n m e n t; C h ap te r 7: B iology o f D ese rt B irds; C h ap te r 8 : 
E co log ical A spects o f P e rio d ic  R ep ro d u c tio n ; C h ap te r 9: P o p u la tio n  D y n am ics; C h ap te r 10: 
E co lo g ica l A spects o f R ep ro d u c tio n ; C h ap te r  11: E cological A spects o f  B eh av io u r. T he vo lum e 
concludes w ith  a co m prehensive  a u th o r  su b je c t a n d  b ird  n am e index .

V olum e I I  is con cern ed  w ith  th e  a n a to m y  a n d  c o m p ara tiv e  physio logy  of b irds. C h ap te r  
1 d iscusses T he In te g u m e n t o f B irds; C h a p te r  2: P a tte rn s  o f M olting ; C h ap te r  3: M echanism  
a n d  C o n tro l o f M olt; C h a p te r  4: The B lood V ascu lar S y stem  o f B ird s; C h ap te r  5: R e sp ira to ry  
F u n c tio n  in  B irds; C h a p te r  6 : D igestion  a n d  th e  D igestive  S y stem ; C h ap te r  7: T he N u tr itio n  
o f B ird s ; C h ap te r 8 : T he In te rm ed ia ry  M etab o lism  of B ird s; C h ap te r  9: O sm oregu lation  a n d  
E x c re tio n  in  B irds. T h e  vo lu m e ends w ith  a n  a u th o r  in d ex , in d ex  to  b ird  nam es and  su b jec t 
index .

T h e  volum es of “ A v ian  B iology”  w ill be a  re liab le  source o f in fo rm a tio n  for b o th  r e 
sea rch  w orkers and  tea ch e rs  o f a v ian  b io logy  a n d  should  f in d  th e ir  p lace  in  th e  lib ra iries o f  
zoo log ists, ecologists, co m p ara tiv e  p h y sio lo g is ts  an d  o rn itho log ists.

K . L issá k

H . L. Ga b e l n ic k , M. L itt  (E d s)

Rheology o f B iological Systems

C harles C. T hom as P u b lish e r, Springfield , Illino is 1973. X I I  -f- 319 pages, w ith  117 figu res
an d  23 tab le s . P rice  $ 16.95

T h e  vo lum e p re se n ts  th e  p roceed ings o f  a n  in te rd isc ip lin a ry  sy m p o siu m  on b iorheology 
he ld  on  N ovem ber 30, 1971, in  San F ran c isco , a t  th e  64 th  A n n u a l M eeting  of th e  A m erican  
In s t i tu te  o f Chem ical E ng ineers . In  th is  in te rd isc ip lin a ry  sym posium , 31 o u ts tan d in g  c o n tr ib 
u to rs  to  th e ir  fields, m o stly  A m ericans, a n d  7 d iscussan ts h a v e  p a r tic ip a te d . B iorheology, 
a new  b ra n c h  of b io logical sciences, m ean s th e  s tu d y  o f d e fo rm a tio n  a n d  flow  of b iological 
m a te ria ls . T h e  trem en d o u s progress in  in d u s tr ia l  ch em istry  a n d  eng ineering  re su lted  in  th e  
e x tra p o la tio n  of re su lts  to  b iological sy s tem s in  re ce n t y ears . B iom ed ica l sciences u tiliz in g  
th ese  re su lts , c o n trib u ted  to  th e  u n d e rs ta n d in g  som e of th e  a sp ec ts  o f physio logy , b iophysics 
a n d  m edic ine . In  th e  tw o -p a rt  sym posium , p a r t  I  considers th e  rheo log ica l p ro p e rtie s  o f blood, 
viz. 1. R h eo logy  of th e  R ed  Cell an d  C apillary  B lood  Flow; 2. R heolog ical C orre la tion  of B lood 
flow  in  th e  M acro- an d  M icro-C irculation; 3. E ffec t o f R ed  Cell D e fo rm ab ility  on  B lood Viscos-
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i ty :  4. V iscosim etric  In s tru m e n ta t io n  fo r S tu d ies  o f R ed  Cell D am ag e ; 5. C rite ria  fo r R ed  
Cell H aem olysis. P a r t  I I  considers th e  rheo log ica l p ro p erties  o f o th e r  b io m a te ria ls , includ ing : 
1. P hysico-C hem ical F a c to rs  in  M ucus R h eo logy ; 2. E ffec t o f D rugs on  R heology of S p u tu m  
a n d  S a liv a ; 3. N ovel M eth o d s fo r F lu id s; 4. E v a lu a tio n  of R heolog ical P ro p e rtie s  o f O rth o 
p a e d ic  Im p la n ts ; 5. R h eo lo g y  of Synovial F lu id .

T he book will be  a  u se fu l in fo rm a tio n  con cern in g  b iom edical sciences f i r s t  o f a ll in  p h y 
sio logy , b iophysics, a n d  m edicine.

K . L issá k

N. E m m e lin , Y . Z o tterm a n  (E ds)

Oral Physiology

P ro ceed in g s o f th e  In te rn a tio n a l  S ym posium  h e ld  in  W enner-G ren  C enter, S tockho lm , A u g u st 
1971. P ergam on  P ress , O x fo rd , New Y o rk , T o ro n to , Sydney, B rau n sch w eig  1972. IX  -|- 302 

p ag es , w ith - 215 figu res a n d  12 tab les. P rice: £  10.00

T he book is th e  2 0 th  volum e of th e  W enner-G ren  C enter In te rn a tio n a l Sym posium  
Series. T he aim  of th is  v o lu m e  is to  sp read  in fo rm a tio n  ab o u t w h a t is done in  o ra l physio logy, 
a  b a s ic  know ledge fo r d e n ta l  and  m edical su rgeons an d  guide fo r c lin ical a c tiv ity . T he p ro m i
n e n t  in te rn a tio n a l g ro u p  o f sc ien tists  d iscusses th e  physio logy o f sa liv a ry  secre tion , m as tic a 
t io n  a n d  sensory fu n c tio n s  o f th e  organs in  th e  o ra l cav ity .

A fter th e  op en in g  add ress  by  Y . Z o tte r m a n , th e  doyen of o ra l physio log ists , tw e n ty - 
e ig h t p ap ers  were p re se n te d  and  d iscussed. T h e  co n ten ts  of th e  boo k  re flec ts  th e  w ide fie ld  
o f  th is  im p o rta n t b ra n c h  o f physiology: 1 ) co n tro l o f sa liv a ry  g lands; 2 ) on  th e  nerves o f th e  
p a ro tid  gland; 3) e le c tro ly te  tran sp o rts  in v o lv ed  in  th e  fo rm atio n  o f sa liva; 4) n e u ra l m ech a 
n ism s contro lling  th e  sa liv a ry  secretion; 5) sa l iv a ry  secretion  in d isorders o f th e  7 th  and  9 th  
c ra n ia l  nerves; 6 ) on  th e  v a r ia b ili ty  o f th e  p a ro tid  flow  ra te  in  h e a lth y  su b jec ts  on  s tim u la tio n  
w ith  c itric  acid; 7) resp o n ses of perfused  m ain  d u c t o f r a t  su b m ax illa ry  g land  to  pharm aco lo g 
ica l agen ts; 8 ) sec re tio n  o f sa livary  g lyco p ro te in s ; 9) neuro -effecto r sites in  sa liv a ry  g lands; 
10) e lec tro ly te  t r a n s p o r t  in  th e  e x cu rren t d u c t  sy s tem  of th e  su b m ax illa ry  g land , I. S tud ies 
o n  th e  in ta c t  g land ; 11) I I .  M icroperfusion s tu d ie s  on  th e  ex cre to ry  d u c ts  in  v ivo  an d  in  v itro ; 
12) c ircu la tio n  of th e  to n g u e ; 13) nervous co n tro l o f blood c ircu la tio n  in  th e  d e n ta l p u lp  a n d  
th e  po rio d en ta l tissues; 14) o th e r tech n iq u es fo r m on ito ring  of o ra l c ircu la tion ; 15) effect o f 
loca l anaesth e tics  on  o ra l b lood  flow in h u m a n  su b jects; 16) ad ren erg ic  v a so d ila ta tio n  in th e  
c a t  su b m an d ib u la r sa liv a ry  g land ; 17) re ce n t ad v an ces in  th e  physio logy  of m as tica tio n ; 18) 
p o s t- te ta n ic  p o te n tia tio n  in  m asse ter m o to n eu ro n e; 19) th e  effec t o f re p ea te d  s tim u la tio n  
o n  th e  response fro m  slow ly  a d ap tin g  p e r io d o n ta l m echanorecep to rs; 2 0 ) m as tic a to ry  fu n c tio n  
in  cases w ith  d en tu re , in  cases w ith  n a tu ra l te e th ,  an d  th e  im p o rtan ce  to  d igestion ; 2 1 ) cross
a d a p ta t io n  be tw een  s a lts  in  th e  r a t ’s ch o rd a  ty m p a n i response; 2 2 ) th e  m orphological an d  
fu n c tio n a l dev elo p m en t o f fo e ta l g u sta to ry  recep to rs ; 23) th e  p ro b lem  of sen sa tio n  from  tee th ; 
24) site  o f nerve f ib res  fro m  th e  d en ta l p u lp ; 25) th e  analysis an d  in te rp re ta tio n  of phasic  
p o te n tia ls  from  th e  to o th ;  26) u l tra s tru c tu ra l  localization  of cho linesterase  a c tiv ity  in  th e  
d e n ta l  pu lp ; 27) n e u ra l responses evoked b y  s tim u la tio n  of d e n tin ; 28) ev idence th a t  ne rv e  
im p u lses can  be re co rd e d  fro m  dentin .

T he book p re sen ts  im p o r ta n t basic  in fo rm a tio n  for d e n tis try  an d  oral su rgery , an d  will 
g re a tly  su p p o rt te a ch in g  a n d  research  in  o ra l physiology.

K . L is sá k

A. Co sto ff

Ultrastrueture o f Rat Adenohypophysis. Correlation with Function

A cadem ic P ress , N ew  Y o rk  and  L o n d o n  1973. X IV  -j- 220 pages. P rice: U S $ 14.50

T his book is a  m o d ern  and  b rie f su rv ey  of our p re sen t know ledge a b o u t th e  h isto - 
physio logy  of th e  ad en o h y p o p h y sis . T he w o rk  is d iv ided  in to  12 ch ap ters . A fter a  general 
in tro d u c tio n  an d  m ethodo log ical su rvey , a  specia l ch ap ter is d ev o ted  to  each  cell ty p e  of
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th e  a n te r io r  p i tu i ta ry ,  as w ell as to  th e  p a rs  tu b e ra lis  and  p a rs  in te rm ed ia . T he la s t  tw o c h a p 
te r s  deal w ith  th e  h o rm o n al a c tiv itie s  a n d  b iochem ical p ro p e rtie s  o f iso la ted  granu le  frac tio n s  
o f th e  d iffe ren t p i tu i ta ry  cells, a n d  w ith  th e  questions o f sy n th es is , sto rage a n d  re lease  o f 
a n te r io r  p i tu i ta ry  horm ones. T he d o c u m e n ta tio n  of th e  whole boo k  consists o f excellen t e lec tro n  
m icrographs o f th e  d iffe ren t p i tu i ta ry  cells.

T he book  deals n o t on ly  w ith  th e  u l tra s tru c tu re  o f th e  a n te r io r  p itu ita ry  in  th e  n o rm a l 
in ta c t  r a t  b u t  also a f te r  v a rio u s  tre a tm e n ts  a n d  changes in  th e  an im a l’s physiology. In  a d d itio n  
to  u l tra s tru c tu ra l  d a ta , a m e th o d  is given fo r th e  iso lation  of v a rio u s popu lations o f p i tu i ta ry  
secre to ry  granu les t h a t  c an  be  used  in  e x p e rim e n ta l endocrino log ical research .

A com prehensive  w ork  a b o u t th e  m o d e rn  aspects o f ad en o h y p o p h y s ia l s tru c tu re  a n d  
fu n c tio n  w as m u ch  n eed ed  in  th e  fie ld  o f ex p erim en ta l m orpho log ical re sea rch  o f th e  e n d o 
crine system . T his book  sho u ld  th e re fo re  be  o f v a lu e  no t on ly  to  th e  s tu d e n t and  th e  e x p e r i
m en ta l in v es tig a to r in  endocrino logy , a n a to m y , a n d  p a th o lo g y , b u t  also to  those  in  phy sio lo g y , 
b io ch em istry , a n d  re la te d  discip lines.

B . M ess

Y. K . L e v in e

X-ray D iffraction Studies of Membrane

Progress in  Surface Science. Yol. 3. P a r t  4. P e rg am o n  P ress , O x fo rd  1973. Pages 279— 352, 
w ith  17 f ig u res  a n d  2 tab les . P rice: £  2.50

T his book  is p a r t  o f a series o f  in te rd isc ip lin a ry  s tu d ies  in  surface science. T he I n t r o 
d u c tio n  sum m arizes th e  possib ilities a n d  lim its  o f X -ray  d iffrac tio n  analysis. T he m e th o d  
offers am ple in fo rm a tio n  a b o u t an y  p e rio d ic  s tru c tu re  th e  d is tan c e  be tw een  th e  e lem en ts o f 
w hich  is com m en su ra te  w ith  th e  w a v e len g th  o f th e  X -ray s, b u t  gives no in d ica tio n  e.g. t h a t  th e  
lip id  b ilay er in  th e  m em b ran e  is co n tin u o u s. I f  th e  periods o f s tru c tu re  are longer th a n  300 Â , 
th e ir  d iffrac tio n  will h a rd ly  be observed.

T he 2nd c h a p te r  p re sen ts  th e  b asic  th e o ry  o f d iffrac tio n  a n d  its  in te rre la tio n  w ith  th e  
F o u rie r  tran s fo rm a tio n . F o u rie r  ana ly sis  w ith  th e  r ig h t co rrec tio n s m akes i t  possible to  av o id  
an y  d is to rtio n s of th e  re co n s tru c te d  e lec tro n  d en sity  profiles. T h e  F o u rie r syn thesis tech n iq u e  
d esc rib e d  in  th is  c h ap te r  seem s to  p re sen t m u ch  m ore in fo rm a tio n  th a n  th a t  ach ieved  b y  th e  
ra th e r  a rb itra ry  “ best f i r ”  m odels. In  th e  n e x t  ch ap te rs  th e  s tru c tu re s  of p h o sp h o lip id -w ate r  
m ix tu re s , co n fo rm atio n  o f h y d ro c a rb o n  ch a in s in  lip id  b ilay ers , a n d  b ilayer p a ram ete rs  are  
sum m arized .

E lec tro n  d en sity  p ro files o f lam e lla r  s tru c tu re s  can  be o b ta in e d  by  d e te rm in in g  th e  
phases o f B ragg  reflec tio n s a n d  co m p u tin g  th e  co rresponding  F o u rie r  syn thesis. T he p ro te in  
o rg an iza tio n  on  m em b ran e  surface  can  be d e te rm in ed  in  th e  sam e w ay.

In  th e  la s t  c h a p te r  o f  th e  book, a  sh o r t  ap p ra isa l is g iven  concerning th e  sq u are-w av e  
m odels; in  th e  a u th o r’s o p in io n  th e ir  usefu lness has been o v e res tim a ted .

T he lit t le  book is a  good in tro d u c tio n  to  th e  X -ra y  d iffrac tio n  m eth o d  and  a c lever guide 
in  th e  u p -to -d a te  re su lts  o b ta in e d  by  X -ra y  d iffrac tio n  s tu d ies o f m em branes. S even ty -sev en  
references m ake  th e  book  com plete .

T. L akatos

U . L ü t t g e  (E d .)

M icroautoradiography and Electron Probe Analysis. Their Application to
Plant Physiology

Springer-V erlag , B erlin , H eidelberg , N ew  Y o rk  1972. I l l  +  242 pages, w ith  78 figures. P rice-
DM  4 6 . - ;  US $ 14.60

O w ing to  a  n u m b er o f tech n ica l p ro b lem s, th e  a p p lica tio n  o f m ic ro au to rad io g rap h y  in  
p la n t  sciences w as re ta rd e d . C onsequen tly , earlie r w orks co n ta in ed  b u t  a lim ited  n u m b er o f 
references concern ing  m ic ro au to rad io g rap h ic  w o rk  w ith  p la n t  m a te ria l. T he p re sen t vo lum e 
fills th is  gap. I t  is a  specia lized  trea tise  o f th e  p rob lem ; i t  does n o t  co n ta in  a desc rip tio n  o f 
th e  b asic  p rincip les of a u to ra d io g ra p h y  a n d  th e  p h o to g rap h ic  p rocess, problem s well covered
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e lsew here . A fter tw o  in tro d u c to ry  ch ap ters  on  q u a n ti ta t iv e  au to rad io g rap h y , h igh ly  specialized  
sec tio n s, w ith  specia l em p h asis  on th e  b o ta n ic a l asp ec ts , a re  included. T hese  (m ic ro au to ra 
d io g rap h y  of h igh ly  in so lu b le  organic co m p o u n d s, au to ra d io g ra p h y  w ith  th e  e lectron  m icro 
scope, m ic ro au to ra d io g ra p h y  of w a ter soluble in o rg an ic  ions an d  o rgan ic  com p o u n d s) h av e  been 
w r it te n  b y  o u ts ta n d in g  a u th o rit ie s  h av in g  f i r s t  h a n d  experience in  w ork  w ith  p la n t  m ate ria l. 
A n  im p o r ta n t  fea tu re  o f  th e  book  is th e  c r itic a l a t t i tu d e  of th e  au th o rs , w ho do n o t m inim ize 
th e  d ifficu lties o f th e  te c h n iq u e  if  app lied  to  p la n t  tissu es o r cells w ith  h ig h  w a te r  c o n ten t. 
I n  fa c t,  th ey  reco m m en d  o th e r  m ethods w here  th e y  are  m ore prom ising . E x ce llen t i llu s tra 
tio n s  a n d  w ell-selected  l i te r a ry  references a d d  to  th e  v a lu e  of th e  te x t. T h e  book , th e  f ir s t  o f 
i ts  k in d , will be in d isp en sab le  in  all b o tan ica l lab o ra to rie s  using  iso tope tech n iq u es.

G. L. F a rka s

У. B e c k e r

Bauchspeicheldrüse (Inselapparat ausgenom m en)

Spezielle  patho log ische  A n a to m ie . B and  IV . E d . b y  W . D o er r , G. Se if e r t , E . U e h l in g e r . 
Springer-V erlag , B e rlin , H eidelberg , N ew  Y o rk  1973. X  +  586 pages, w ith  296 figures. P rice:

DM 238.— ; U S  $ 75.50

In  th is  vo lu m e P ro fe sso r V. B e c k e r , D ire c to r o f th e  P a th o lo g ical I n s t i tu te  o f E r la n 
g en -N ü rn b erg  U n iv e rs ity  p re sen ts  a co m p reh en siv e  trea tise  o f th e  m orpholog ical, fu n c tio n al 
a n d  clinical p a th o lo g y  o f  th e  pancreas, w ith  a l is t  o f  references on 64 pages. In c lu d e d  are  em b ry o n 
ic  dev elo p m en t a n d  d e v e lo p m en ta l d iso rd ers , co m p a ra tiv e  an a to m y  o f th e  pan creas w ith  
p a r tic u la r  re sp ec t to  th e  d u c t system  a n d  i ts  re la tio n  to  d isposition  to  t ry p tic  p an crea titis ; 
th e  u l tra s tru c tu ra l  m o rp h o lo g y , chem istry  a n d  physio logy  of p an crea tic  sec re tio n , its  fu n c tio n al 
v a r ia tio n s  such as h y d ro c h y lia  and  p ro teo ch y lia  a n d  its  reg u la tiv e  co rre la tio n s; th e  p a th o lo g 
ica l changes o f th e  p a n c re a s  associated  w ith  e x tra p a n c re a tic  diseases, a n d  th o se  o f p an crea tic  
d iseases as nosological e n titie s .

T h ro u g h o u t th e  w hole  book special em p h asis  is la id  on fu n c tio n al a n d  clin ico-patho log- 
ica l aspects. T his re su lts  in  a h ighly in te g ra te d  p re se n ta tio n  of th e  p a th o lo g y  o f th e  o rg an  as 
a  w hole, a good e x am p le  fo r p a th o m o rp h o lo g y , w orth-w hile  to  be follow ed.

T here  is a d e ta i le d  c h a p te r  on th e  p a th o lo g y  o f cystic  fibrosis o f  th e  p an creas (dys- 
p o ria  b ro n c h o p an c rea tic a )  follow ed by  c h a p te rs  describ ing  th e  fu n c tio n a l d isorders o f p a n 
c rea s secretion , th e  d iffe re n t form s of d y sc h y lia  a n d  acu te  p an crea tic  oedem a w ith  re flu x  
o f  p an crea tic  sec re tio n  fro m  th e  d u c t sy s tem  in to  th e  in te rs ti tiu m  re su ltin g  from  o b stru c tio n  
o f th e  d u c t. T his in  i ts e l f  is still no e q u iv a le n t to  t ry p tic  necro tic  p a n c re a titie s  b u t  m ay  p lay  
a  s ig n ifican t role as a n  in itia tin g  stage o f p a n c re a titie s .

An excellen t c h a p te r  (150 pages) d eals w ith  acu te  try p tic  p a n c re a titis ,  p resen tin g  a 
d e ta ile d  analysis o f  th e  com plex  b iochem ical m ech an ism  o f try p tic  necrosis. A c ritica l e v a lu 
a tio n  o f th e  d iffe ren t p a th o g e n ic  fac to rs , p o ss ib ly  in vo lved  in th is  e v e n t is g iven, p o in tin g  
o u t  t h a t  d u c t o b lite ra t io n , increased  se c re to ry  s tim u la tio n , local a c tiv a tio n  o f th e  enzym es 
a n d  dam age of cell m e ta b o lism  are th e  b asic  p a th o g en ic  facto rs in  th e  d ev elo p m en t o f th is  
fe a rfu l au to d ig estiv e  n e c ro tic  in flam m atio n  o f th e  pancreas.

T he th o ro u g h n ess  in  tre a tm e n t o f th e  su b je c t an d  th e  d e p th  in  analy sis  o f th e  p rob lem s 
in  th is  ch ap te r  are  re m a rk a b le . C hapters d icussing  th e  pa th o lo g y  of ch ron ic  try p tic  re lapsing  
p a n c re a titis  and  th e  n eo p la s tic  diseases o f th e  p an creas follow. A sh o rt closing c h ap te r  on 
co n d itio n s a fte r to ta l  p a n c re a te c to m y  a n d  th e  p ro b lem  of life w ith o u t p an creas  is a tta c h e d .

The book c o n ta in s  a  w ealth  o f in fo rm a tio n  n o t read ily  availab le  elsew here in  such  an  
in te g ra te d  form  a n d  w ill be  essential an d  o f la s tin g  v a lu e  as a reference boo k  n o t only fo r th e  
p a th o lo g is t b u t  also fo r  a n a to m is ts , physio lo g is ts  an d  e x p erim en ta to rs  as well as fo r clin icians 
in te rs te d  in  th e  m a n y  fa c e ts  of p an crea tic  p h y sio logy  an d  p a tho logy . T h ere  is a good su b jec t 
in d ex . The volum e m a in ta in s  in every  re sp e c t th e  h igh  level o f th e  p reced in g  volum es o f th e  
series.

G. R o m h á n y i

Acta Physiologica Academiae Scientiarum Hungaricae 44, 1973



RECENSIONES 99

N . S. A ssa li (E d .)

Pathophysiology o f Gestation

A cadem ic P ress , N ew  Y o rk  1972. Yol. 1. M a te rn a l D isorders. X Y II  +  617 pages. P rice: $ 29.00. 
Vol. 2. F e ta l-P la c e n ta l  D isorders. X V I +  357 pages. P rice: $ 25.00. Yol. 3. F e ta l  an d  N e o n a ta l 

D isorders. X V I +  556 pages. P rice: $ 29.50

T he w o rk  is an  in te rd isc ip lin a ry  tre a tis e  g iv ing  a n  in te g ra te d  a cc o u n t o f th e  p a th o 
physio logy o f g e s ta tio n  and  of th e  ra tio n a l  m an a g em e n t o f th e  d iffe ren t d isorders. E ach  v o lu m e 
is d iv ided  in to  c h a p te rs  w ritten  b y  k n o w n  ex p erts . T h e  a u th o rs  o f each  c h a p te r  are g iv ing  a 
desc rip tio n  o f th e  physio logical b a ck g ro u n d  of th e  su b je c t, its  p a th o p h y s io lo g y , d iagnosis 
a n d  tre a tm e n t. A t th e  end of each  c h a p te r  a b ib lio g rap h y  is given.

Vol. 1 deals w ith  th e  d isorders o f  th e  m a te rn a l o rgan ism . T he f i r s t  tw o c h ap te rs  a re  
d ev o ted  to  th e  p a th o p h y sio lo g y  o f o v u la tio n , g am ete  tra n s p o r t  a n d  im p la n ta tio n . C h ap te r
3 describes th e  d iso rd ers  o f  u te rin e  fu n c tio n  du rin g  p reg n an cy , lab o u r a n d  puerp eriu m . C h a p te r
4 deals w ith  th e  d iso rders o f th e  c irc u la to ry  an d  re sp ira to ry  sy s tem  d u rin g  p reg n an cy . I n  
C h ap te r 5 th e  p a th o p h y s io lo g y  a n d  p a th o lo g y  o f w a te r  a n d  e lec tro ly te  m etab o lism  an d  re n a l  
fu n c tio n  are  d iscussed . C hapter 6  deals w ith  h e p a tic  d isorders d u rin g  n o rm al and  a b n o rm a l 
p reg nancy . In  C h a p te r  7 th e  d iso rders o f la c ta tio n  a n d  m am m ary  g land  are  sum m arized .

Vol. 2 is d e v o te d  to  the  fo e ta l-p la c e n ta l  d isorders. C h ap ter I d eals w ith  d iso rders o f  
p lac en ta l tra n s fe r  o f  gases, e lec tro ly te s , c a rb o h y d ra te s , am ino acids, v ita m in s  an d  w a te r . 
C h ap te r 2 describes th e  p a th o p h y sio lo g y  of p lac en ta l endocrine  fu n c tio n . In  C hap ter 3 th e  
d isorders o f a m n io tic  fu n c tio n  th e  use  o f  am n io tic  f lu id  fo r th e  d iagnosis o f foe ta l d iso rders is 
described . C h ap te r  4 deals w ith  th e  p a th o p h y s io lo g y  o f fo e ta l g row th  a n d  developm en t, g e n e t
ic fac to rs  an d  in b o rn  errors o f m e tab o lism  asso c ia ted  w ith  d isorders o f fo e ta l d ev elopm en t. 
C h ap te r 5 deals w ith  tera to log ic  im p a c ts  on  o f fo e ta l d ev elo p m en t, en v iro n m en ta l and  m a te r 
n a l facto rs a sso c ia ted  w ith  te ra to lo g ic  ab n o rm a litie s  a n d  th e ir  c lin ical m an ifesta tions.

Vol. 3 is d e v o te d  to  th e  d iso rd ers o f th e  fo e ta l a n d  n eo n a ta l o rgan ism s. C h ap ter 1 d eals 
w ith  th e  d iso rders o f th e  card io v ascu la r system : p a th o p h y s io lo g y  o f i ts  m al a d ju s tm e n t to  
p o s tn a ta l  life, in b o rn  card iac  m alfo rm atio n s , e tc . C h ap te r 2 describes se lec ted  d isorders o f 
re sp ira tio n . C h a p te r  3 deals w ith  th e  d iso rders o f th e  endocrine  sy s tem  accord ing  to  o rg an s. 
I n  C h ap te r 4, a  d e ta ile d  d esc rip tion  is g iven  of th e  w a te r , e lec tro ly te  a n d  ac id -b ase  b a la n ce  
in  physio logical con d itio n s and  th e  d iso rd ers  con n ec ted  to  th e  changes o f th e  n o rm al p h y s io 
logical p a ram e te rs . C h ap te r 5 describes th e  d iso rd ers o f  th e  ne rv o u s sy s tem  of genetic, e n 
v iro n m e n ta l a n d  ia tro g en ic  origin. C h a p te r  5 deals w ith  th e  d isorders o f th e  im m unolog ical 
m echanism s. C h a p te r  7 is d evo ted  to  th e  d isorders o f  h aem otopo iesis, sep a ra te ly  an a ly z in g  
th e  fac to rs  a sso c ia ted  w ith  th e  d iso rd ers  o f e ry th ro p o ies is , leukopoiesis a n d  coagulation . T h e  
la s t  c h ap te r  is d e v o te d  to  th e  d iso rd ers o f b iliru b in  m etabo lism .

T he te x tb o o k  is recom m ended  to  s tu d e n ts , re sea rch  w orkers a n d  clin icians dealing  w ith  
gesta tio n .

G. T e l e g d y
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РЕЗЮ М Е

ПРИМЕНЕНИЕ РАДИОАКТИВНЫ Х ИЗОТОПОВ В ИЗУЧЕНИИ МОЗГОВОГО
КРОВОТОКА

К . САЛОНТАИ, С. РО Х Л И Ц  и Л . МОЛНАР

Авторы описали радиоактивный «клиренс» метод для измерения мозгового крово
тока. Они обсуждали распространенные математические методы для оценки кривых 
клиренса и предлагали использовать новый математический метод, с помощью которого 
оценка кривых клиренса более однозначна, чем с ранее использованными методами

СРАВНЕНИЕ И КОРРЕЛЯЦИОННЫ Й АНАЛИЗ ЭФФЕКТОВ ГИПОКСИИ И 
ГИПЕРКАПНИИ НА ТЕПЛОПРОДУКЦИЮ И ТЕМПЕРАТУРУ ТЕЛА У 

ВЗРОСЛЫХ МОРСКИХ СВИНОК

М. ФАРКАШ и С. ДОНХОФ ФЕР

Потребление кислорода (V 02) и температура ободочной кишки (Т с) взрослых 
морских свинок обоих полов записывались перед, в течение и после вдыхания 12% 0 2, 
8% 0 2 и 6% С02 при окружающей температуре (Т а) 20° и 10° С. Подтвердилось, что меха
низмы продукции и потери тепла участвуют в различной степени в терморегуляторных 
ответах при гипоксии и гиперкапнии. Давольно тесная корреляция наблюдалась между:
а) уровнем V 0 2 перед и его последующим изменением в течение гипоксии и гиперкапнии;
б) изменением в V 0 2 (/102) в течение гипоксии и его изменением после гипоксии; в) уров
нем V 0 2 в течение гипоксии и его изменением (/Ю ,) после гипоксии. Не было установлено 
подобной связи между эффектами вдыхания 12% 0 2 или 8% 0 2 при обоих Т„, и вдыхания 
6% С02 при 20° С на температуру тела. При температуре 10° С, однако, значительная 
корреляция демонстрировалась между: а) температурой ободочной кишки (Гс) перед 
гиперкапнией и ее изменением (ЛТС) в течение гиперкапнии; б) изменением температуры 
ободочной кишки (ЗТ С) при гиперкапнии и ее изменением после гиперкапнии; в) тем
пературой ободочной кишки (Т с) при окончании гиперкапнии и ее изменением (/1Т'С) 
при вдыхании комнатного воздуха после гиперкапнии. Сравнительно тесное соответствие 
было обнаружено между изменениями в потреблении кислорода ( 3 0 2) и температурой тела 
(АТС) в течение гипоксии и гиперкапнии при обоих Та, тогда как между этими ж е парамет
рами после гипоксии и гиперкапнии не могли демонстрировать подобных корреляций. 
Значительное соответствие было найдено м еж ду изменением температуры ободочной кишки 
(АТС) в течение гипоксии и увеличением теплопродукции после гипоксии, и, в меньшей 
степени, между Тс при окончании гипоксии и последующим увеличением в потреблении 
кислорода. Не могли найти никакого соответствия при каждой температуре (Та) между  
изменением теплопродукции в ответ на 8% 0 2, с одной стороны, и 6% С02, с другой сто
роны, тогда как тесная связь была обнаружена между соответствующими изменениями 
в температуре тела при обоих Та. Обсуждались различные аспекты результатов и роль 
корреляционного анализа в изучении сложных кибернетических систем.



ЭФФЕКТЫ АДРЕНОКОРТИКОТРОФНОГО ГОРМОНА (АКТГ) И 
ЧЕЛОВЕЧЕСКОГО ХОРИАЛЬНОГО ГОНАДОТРОПИНА (ЧХГ) НА 

СЕКРЕЦИЮ ЯИЧНИКАМИ ЭСТРОГЕНА И ПРОГЕСТЕРОНА У  СОБАК, 
ПРЕДВАРИТЕЛЬНОГО ОБРАБОТАННЫХ ЧХГ

Б . ВАРГА, Е. ХОРВАТ и  Е. ШТАРК

После предварительной пятидневной обработки собак с ЧХГ, измеряли количество 
эстрогена (эстрона, 17/3-эстрадиола) и прогестерона в крови, вытекающей из яичников, 
при действии АКТГ и ЧХГ, введенных на шестой день.

^ i - 2 4  АКТГ, введенный 10- или 60-минутной инфузией, увеличивал как кровоток 
яичника, так и секрецию эстрогена. АКТГ стимулировал секрецию эстрогена даже после 
адреналэктомии, тогда как в секреции прогестерона не было значительного изменения. 
Кровоток яичника и секреция эстрогена нормализовывались через час после окончания 
инфузии АКТГ.

10-минутная инфузия 1,0 И. Е./кг/мин ЧХГ стимулировала секрецию прогесте
рона, а кровоток яичника и секреция эстрогена увеличивались только через час после 
окончания инфузии, когда секреция прогестерона возвращалась к контрольному уровню.

АКТГ, введенный непосредственно после 25,0 мг/кг циклогексимида, увеличивал 
секрецию эстрогена, тогда как секреция прогестерона уменьшалась. После циклогекси
мида ЧХГ был неэффективным.

ЭФФЕКТ ГИПОФИЗЭКТОМИИ НА ПЛАЦЕНТАРНУЮ  
ГИПЕРТРОФИЮ, ВЫЗВАННУЮ  ОВАРИЭКТОМИЕЙ

А. И. ЧАПО и Е. ФАЙ

Исследовался эффект гипофизэктомии на плацентарную и зародышевую гипер
трофию, вызванную овариэктомией у 91 беременной крысы. У контрольных крыс гипофиз- 
эктомия не оказывала влияния на вес плаценты, но уменьшала вес зародышей. У  овари- 
эктомированных крыс гипофизэктомия не оказывала влияния на гипертрофический ответ 
плаценты, но предотвращала увеличение веса зародышей. Было установлено, что эффект 
овариэктомии на гипертрофию плаценты не зависит от функции гипофиза, а рост зароды
шей частично контролируется гипофизом, через механизм, не зависящий от плацентарной 
функции.

МЕХАНИЗМ ПЕРИНАТАЛЬНЫ Х РЕПРОДУКТИВНЫ Х НАРУШЕНИЙ, 
ВЫ ЗВАННЫ Х ПАРАФОРНИКАЛЬНЫМ ГИПОТАЛАМИЧЕСКИМ 

ПОВРЕЖДЕНИЕМ У  КРЫС

3. АВАР, Е. МОНОШ, М. КУ РЦ, И. Н А ДЬ и Б . БУКУЙА

Было найдено, что электрокоагуляция 50% парафорникального поля вызывала 
значительные нарушения материнского поведения и жизнеспособности зародышей. По
требление пищи и воды в начале значительно уменьшалось у нарушенных животных, а 
в предродовой период достигало уровня контрольных, но уменьшение веса тела не ком
пенсировалось, отчасти, из-за понижения прибавления веса плодов и вследствие их смерти. 
Температура тела оставалась нормальной. Материнское поведение в течение родов было 
нормальным, а постройка гнезда и поисковая активность появлялись только у каждого  
третьего животного и кормление также уменьшалось. Аденогипофизарный LTH был 
значительно выше, чем у контрольной группы, но в STH не было различия между двумя 
группами. Уменьшение веса тела новорожденных и пропорции живорожденных по от
ношению к контрольным, указывают на внутриутробное нарушение развития плодов.



ХИМИЧЕСКАЯ ЧУВСТВИТЕЛЬНОСТЬ ПРИ РА ЗЛ И Ч Н Ы Х  ТЕМПЕРАТУРАХ  
БИМОДАЛЬНОГО ПЕЙСМЕКЕРНОГО НЕЙРОНА ТИП А Вг В ЦЕНТРАЛЬНОЙ  

НЕРВНОЙ СИСТЕМЕ УЛИТКИ H e lix  p o m a t ia  L .

Й. Ш А ЛА Н К И  и И. ВАДАС

Исследовались эффекты ацетилхолина (АХ), 5-гидрокситриптамина (5—ГТ ), но
радреналина (НА) и допамина (ДА), добавленных к раствору, где находился нейрон типа  
Вг (RPa 1-клетка) улитки H e lix  P o m a tia  L .  при температурах 22° С, 7° С и выше 30° С.

АХ повышал активность нейрона при каждой температуре. Эффект его выявлялся  
мгновенно, но был не длительным.

При добавлении 5—ГТ синаптические потенциалы (ВПСП) появлялись при к а ж 
дой температуре, вызывая отдельные разряды, тогда как характерная бимодальная  
картина активности клетки оставалась практически интактной.

НА блокировал генерацию потенциалов при всех исследованных температурах.
ДА  имел бифазньш эффект: вначале он тормозил спайковую активность, а через 

2 —2,5 мин генерация потенциалов действия снова появлялась. В последней фазе деполя
ризация и присутствие ВПСП были характерными.

Предполагается, что АХ, НА и Д А  оказывают влияние прямо на проницаемость 
клеточной мембраны. Эффект 5 —ГТ и поздний эффект ДА являются результатом синап
тической активации, вызванной или стимуляцией нейронов, связанных синаптически с 
клеткой типа Вг, или прямым эффектом вышеупомянутых веществ на синаптическую 
область данной клетки.

ОРГАНИЗАЦИЯ ПЕРВИЧНОГО ОТВЕТА ЗРИ ТЕЛ ЬН О Й  КОРЫ

А. С. БАТУЕВ

Предпринят детальный анализ зрительного первичного ответа (ПО] с помощью ме
тодов нейрохимического анализа, фокального послойного отведения и экстраклеточной 
регистрации активности нейронов. Выявлено одностороннее влияние адренэргетиков толь
ко на положительную фазу ПО и ее большая чувствительность (по скорости нарастания  
максимального эффекта аппликации) к хлоралозе, атропину, эзерину. Фокальный анализ  
ПО от различных слоев коры показывает запаздывание на 1 ,6—2,9 мсек возбуждения  
нижних слоев коры относительно верхних. Использование общего хлоралозового наркоза  
выявляет компоненты не реверсирующие по поперечнику коры. Показана нечеткая кор
реляция импульсных разрядов с отдельными фазами ПО, регистрируемого от повевхнос- 
ти коры. Получанные результаты показывают активный генез всех фаз ПО в поверхност
ных слоях коры, химическую гетерогенность его компонентов. Роль дипольных компонен
тов, по-видимому, существенная только в пределах единичного нейрона и не является до
минирующей в конфигурации регистрируемых от поверхности коры зрительных ПО. •

ЭФФЕКТ РИЦИНОВОЙ ИММУНИЗАЦИИ НА КАЧЕСТВЕННЫ Й СОСТАВ
ПРОТЕИНОВ ПЛАЗМЫ

Г. А. БАЛИ НТ, Е. М. Б . КА Ш И РИ Е и А. Ш. Л . КА К ЕМ БО

Исследовались качественные изменения в составе протеинов плазмы при иммуниза
ции рицином.

Как результат своего гепатотоксического эффекта, вначале рицин вызывал умень
шение уровня альбумина, затем одновременно с прогрессивной иммунизацией, уровень  
альбумина медленно повышался, вероятно обусловливаясь градуальной регенерацией 
печени.

Фракция гамма-глобулина увеличивалась как у обезьян, так и у кошек, и это  
увеличение соответствовало появлению специфических антител, «антирицин».

Бета фракция показала уменьшение как у обезьян, так и у  кошек. Прадполагается, 
что это специфический эффект рицина тесно связанный с нарушением в синтезе протеина.

При иммунизации рицин терял свой пирогенный эффект, по всей вероятности, в 
результате взаимодействия между антигеном и антителом.



АНТИНОЦИЦЕПТИВНАЯ АКТИВНОСТЬ НИКОТИНА

Д . В . Ф А Н , М. ДОДА, А. Б И Т Е  и  Л . ДЬЁРДЬ

Антиноцицептивная активность никотина демонстрировалась на мышах с помощью 
техники «hot-plate». Повторные инъекции никотина, с интерваллами 60  мин, вызывали 
повышение ответа. Продление времени реакции, определяемое методом «вращающегося 
стержня», казалось, не зависело от нейротоксического эффекта никотина, вследствие 
привыкания к нему. Мекамиламин не продлевал время реакции, но тормозил антиноцицеп- 
тивную активность никотина. Такое же действие оказывали 50 мкг/кг физостигмина, 
введенного одновременно с никотином, и 20 мг/кг треморина, введенного предварительно, 
тогда как вышеупомянутая активность увеличивалась одновременным введением неболь
шого количества оксотреморина. Антиноцицептивная активность никотина у мышей была 
показана и методом «уксусной кислоты».

Было найдено, что никотин имеет антиноцицептивную активность также у  крыс. 
У  этих животных никотин и DMPP, введенные внутрь желудочков, оказывали анти- 
ноцицептивный эффект, который антагонизировался мекамиламином, введенным внутри- 
брюшинно. Антиноцицептивная активность вероятнее всего была обусловлена стимули
рующим эффектом никотина.
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STUDIES ON HUMAN TONSILUAR CELL DNA. 
PREPARATION AND CHARACTERIZATION 
OF NUCLEAR AND NON-NUCLEAR DNA 

FROM ISOLATED TONSILLAR CELLS

B y

J. M. B a l ó -B a n g a , F . A n t o n i  and H. A l t m a n n

IN ST IT U T E  OF MEDICAL CHEM ISTRY, SEM M ELW EIS UNIV ERSITY  M EDICAL SCHOOL, BUDAPEST

(R eceived J u n e  27, 1973)

T he p re p a ra tio n  from  h u m an  to n silla r  cells of 570 pg  of cy to p lasm ic  D N A  as 
com p ared  to  800 m g of nuclear D N A , b o th  de term ined  by  th e  d ip h en y lam in e  reac tio n , 
is described.

The f irs t  s tep  in  th e  fra c tio n a tio n  of cells was a t r e a tm e n t  w ith  th e  d e te rg en t 
N o n id e t P-40. D N A  e x tra c tio n  was c a rried  o u t from  th e  n u c lea r an d  th e  cy top lasm ic  
frac tio n s  sep ara te ly . T he bu lk  (9 0 % ) of cy top lasm ic D N A  h a d  a b u o y a n t d en sity  in 
n e u tra l  CsCl g ra d ie n ts  of 1.715 g /m l. N u c lea r DN A  co n sisted  of tw o com ponen ts, 
b a n d in g  a t 1.715 a n d  1.696 g/m l, resp ec tiv e ly . Com parison o f nu c lear an d  cy top lasm ic  
D N A  on C sC l-e th id ium -brom ide  g ra d ie n ts  excluded th e  p resence  of cov alen tly  closed 
c ircu la r in ta c t m ito ch o n d ria l DN A  in  s ign ifican t am oun ts. A lkaline  sucrose ve loc ity  
sed im en ta tio n  rev ea led  th ree  m ain  p e ak s  in th e  nuclear D N A , while on ly  tw o were 
fo u n d  in th e  cy to p lasm ic  m ate ria l, positio n ed  iden tica lly  w ith  tw o  o f th ree  nuclear 
p eak s . As our cy to p lasm ic  D N A  co n ta in in g  frac tio n  consists as ev idenced  by  frac 
t io n a tio n  on d iscon tinuous sucrose g ra d ie n ts , o f m ito ch o n d ria  a n d  m ostly  o f p lasm a 
m em branes, th e  m ito ch o n d ria l orig in  o f  cy top lasm ic D N A  rem ain s a  d is tin c t p os
s ib ility . The s trik in g  sim ila rity  w ith  n u c le a r D N A , how ever, suggested  th a t  th e  DN A  
fo u n d  in th e  cy to p lasm  of h u m an  to n s illa r  cells, rep re sen ts  a  specific p o rtio n  of 
n u c lea r DN A.

The discovery th a t deoxyribonucleic acid (DNA) and ribonucleic acid 
(R N A ) are distinct com ponents o f cytoplasm ic organelles, in particular of 
m itochondria and chloroplasts, has prom pted efforts to  exam ine other cy to 
plasm ic fractions for nucleic acid content (N ass 1969). B e l l  (1969) was the  
first in dem onstrating “ inform ational D N A ” in the m icrosom es of em bryonic 
cells o f eucaryotes.

L e r n e r  et al. (1971) and H a l l  et al. (1971) dem onstrated the presence 
of D N A  in a certain cytoplasm ic fraction of cultured, synchronized lym pho
cytes and discussed it as “ plasm a m em brane D N A ” . The paucity  of evidence, 
how ever, supporting the plasm a m em brane bound nature o f the D N A  con
tain ing cytoplasm ic fraction led to debates and stim ulated  further research 
in th is field  ( R o g e r s  et al. 1972).
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Plasma mem brane preparations from liver cells, tested  for purity by  
biochem ical criteria, w ere shown to  contain very little  D N A  ( B e r m a n  et al. 
1969; T o u s t e r  et al. 1970). Preparations obtained from other eucaryotic cells, 
id en tified  as m em branes, by m easuring marker enzym es are alm ost free of  
D N A  ( H e n n  et al. 1972).

The existence o f plasm a membrane associated D N A  in lym phocytes, as 
contrasted  with other cells, would be therefore of extrem e interest not only  
from  the point of v iew  o f genetic transm ission in general, but also from that 
o f th e  regulation o f th e  im m une functions.

Tonsils represent a readily available lym phoid organ ( P if f k o  et al. 
1970, 1972; M i t r o u  et al. 1969). The aim of our experim ents was to prepare 
D N A  containing fractions from  this natural source of hum an lym phocytes 
w ith ou t culturing or stim ulating  tonsillar cells in vitro. W e paid special a tten 
tio n  to  the hom ogeneity  o f the D N A  containing nuclear and cytoplasm ic 
fractions, which were prepared by procedures similar to the m ethod of L e r n e r  
e t al. (1971).

Methods

P reparation  o f  nuclear and  cytoplasm ic D N A  fro m  hum a n  tonsils (T able I)

Six ty  h u m an  to n sils , rem o v ed  surgically  from  4— 7-year-o ld  ch ild ren  (w et w eigh t: 
167 g), k ep t a t 4°C fo r 2— 10 h rs  w ere c u t in to  1 — 3 cu. m m  pieces a n d  suspended  in  H a n k ’s 
b a la n ce d  salt so lu tion  (H B S S ). T he m ix tu re  was g en tly  s tirred  w ith  a  m agnetic  s tirre r  a t  
0°C for 15 m in an d  a cell suspension  w as p rep ared  as described  earlie r (P iffk ó  e t al. 1970, 
1972). The suspension w as f ilte re d  th ro u g h  a double lay e r o f gauze a n d  cen trifuged  a t  300 g* 
a t  4°C for 10 m in. T he cell co u n t w as 1.64 X 108  p e r  m l in  a vo lum e o f 650 m l. The cells w ere 
w ash ed  twice w ith  cold H B S S  an d  resu sp en d ed  in  300 m l of th e  sam e so lu tion . A fter c en tr i
fu g a tio n  a t  600 g fo r 20 m in , th e  p e lle t o b ta in ed  was resuspended  in  250 m l RSB  buffer (0.01 
M Tris-H C l, p H  7.4; 0.01 M N aC l; 0.0015 M MgCl2) an d  lysed  b y  th e  a d d itio n  of 27 m l 5%  
N P-40** a t 0°C fo r 5 m in . N uclei w ere se p a ra ted  by  cen trifug ing  th e  ly sa te  a t  2000 g fo r  
5 m in  and w ashed ag a in  w ith  cold  R SB  buffer (pellet N). T he su p e rn a ta n ts  were carefu lly  
d ecan ted , pooled an d  cen trifu g ed  a t  13,000 g, 0°C fo r 60 m in  (pe lle t C,). N ex t th e  su p e r
n a ta n t  (340 ml) o f th e  la t t e r  cen trifu g a tio n  w as sp u n  again  a t  100,000 g for 60 m in  in  a  
B eck m an  u ltracen trifu g e , M odel L 265B (pellet C2). T he su p e rn a ta n t o f th is  fa st c en trifu g a 
t io n  was discarded. D N A  w as e x tra c te d  from  th e  pelle ts N , Cj an d  C 2 b y  th e  m ethod  of H ir t  
(1967). A fter 1%  so d iu m d o d ecy lsu lp h ate  (SD S) tre a tm e n t u n d e r g en tle  s tirring  a t  ro o m  
te m p e ra tu re  for 15 m in  p re c ip ita tio n  b y  1.0 M fin a l c o n cen tra tio n  N aC l was follow ed a n d  
sam ples were k e p t a t  0°C o v e rn ig h t. T he p re c ip ita te  w as th e n  rem oved  b y  cen trifu g a tio n  
a t  17,000 g for 60 m in  in  a M odel J21  B eckm an cen trifuge  an d  th e  su p e rn a ta n ts  w ere re 
covered . DNA w as p re c ip ita te d  from  th e  su p e rn a ta n ts  b y  add in g  tw o  volum es ab so lu te  
e th a n o l according to  Za m e n h o f  (1958). B y a ro ta tin g  glass stick , D N A  could be rem o v ed  
fro m  m ateria l N  in  fo rm  of fib res an d  filam en ts  an d  w as d issolved in  150 m l of buffer ST E  
( 1 -OXlO - 1  M N aC l; l .Ox 10~ 3  M E D T A ; 5 . 0 x l 0 " 2  M T ris-H C l, p H  7.4). Ct and C2  d id  n o t  
show  any filam en to u s D N A , a n d  a w h ite  pe lle t was o b ta in ed  a f te r  cen trifug ing  a t  3500 g 
fo r  25 min. Pe lle t Cj w as d issolved in  50 m l, C2  in  70 m l o f STE b u ffer an d  H ir t ’s e x tra c tio n  
p rocedure  (1967) w as re p e a te d  w ith  th e  e th an o l-p rec ip ita ted  m ate ria l. T ab le  I I  d em o n s tra tes  
th e  chem ical com position  o f frac tio n s N an d  C, a f te r  th e  second SD S d ep ro te in ization  (N  
dissolved com pletely  in  450 m l, C, in  10 m l of SE  b u ffer ( l .O x lO - 1  M NaCl; l .O x lO - 3  M 
E D T A ). F rac tio n  C 2  co n ta in ed  no  m easu rab le  D N A  an d  w as n o t ana ly zed  fu rth er.

* All g iven  g v a lu es re p re se n t averages.
** N onidet P-40.
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As seen from  th e  above descrip tion  th e  h eav y  n u c lea r D N A  com ponents, fo rm ing  
th e  pe lle t a fte r p re c ip ita tio n  b y  1.0 M N aC l, w ere rem oved  b y  cen trifu g a tio n  a t  17,000 g 
an d  w ere n o t su b jec ted  to  fu r th e r  analysis.

Table I

Fractionation o f  surgically removed tonsils 
(p rep ara tio n s w ere carried  o u t a t  0 —4°C)

60 tonsils

cell suspension 
(washed twice with 

H. B. S. S )

I
pellet

( made with hypotonic buffer RSB and 0.5 7o 
final concentration of detergent NP-40)

Nuclei (N) Cytoplasmic fraction containing
membrane fragments (C)

DNA extraction pellet at 13f000xg (ave)
( C, )

Supernatant

DNA extraction pellet at 100,000xg (ave)
(C2 )

supernatant 
(discarded )

DNA extraction

N eutra l caesium  chloride (C sC l) and CsCl-ethidium -brom ide ( E th -B r)  isopycnic gradient cen trif
ugation

In  experim en ts an a ly sin g  th e  isopycnic  sed im en ta tio n  of D N A s, p rep ared  from  fra c 
tions N an d  Cl 5  h igh ly  p u rif ied  CsCl was used  (R iedel de H aen  A g., Seelze-H annover, W est 
G erm an y , b a tc h  no 14718). 3 m l g rad ien ts w ere used . 1.326 m l o f CsCl stock  so lu tion  (p 2 0  =  
=  1.80 g/m l) form ed th e  b o tto m  lay er an d  an  a p p ro p ria te  vo lum e of “ lig h t”  so lu tion  (p 2 0  =  
=  1.50 g/m l), carry ing  th e  D N A  sam ple for an alysis, was ov erlay ered . 100 pg  o f DN A, d ilu ted  
on  th e  basis o f e s tim a tio n s  b y  B u rto n ’s d ip h en y lam in e  re ac tio n  (1956) were analyzed  in 
each  tu b e . In  paralle l ru n s , 50 pg  of E th -B r  (B grade, C albiochem , L uzern , S w itzerlan d ) 
was m ix ed  w ith  th e  D N A  co n ta in ing  “ lig h t”  CsCl so lu tion  to  p rov ide  fluorescence label. 
P re fo rm ed  grad ien ts w ere ru n  a t  20°C, 33,000 — 44,700 r .p .m ., 15 h rs , ro to r ty p e  SW  50*1, 
in  a  B eckm an  p re p a ra tiv e  u ltra ce n trifu g e , M odel L 265B. Tw o d rop  frac tions from  th e  b o t
to m  w ere collected an d  an a ly zed  for re frac tive  indices an d  a f te r  d ilu tio n  by  0.5 m l o f d istilled  
w a te r , fo r abso rbancy  a t  260 nm  in m ic rocuvettes. F o r sp ec tra l read ings, a  sp ec tro p h o to m 
e te r  M odel SP 500, U n icam , was used.

A lka lin e  sucrose rate zonal ( velocity)  sedim entation

100 pg  of DN A, d ilu te d  from  s ta n d a rd  so lu tions N an d  Ct (for com position , see T ab le  I I )  
were m ad e  1.0 N  by  a d d in g  4.0 N  N aO H  a n d  overlayered  u p o n  10.5 m l 5—20%  a lka line  
sucrose g rad ien ts  (Ca b ela  e t al. 1972). C en trifu g atio n  was carried  o u t a t  0°C, 65,000 r .p .m ., 
for 180 m in  in an  angle ro to r  No 65 B eckm an  p re p a ra tiv e  u ltra ce n trifu g e , M odel L 265B. 
E ig h t d rop  fractions co llected  from  th e  b o tto m  w ere analyzed  fo r re frac tiv e  indices an d  a f te r  
d ilu tin g  ten fo ld  by  d is tilled  w a te r, for ab so rb an cy  a t  260 n m  in  1 cm  Q cu vettes.

1* Acta Physiologica Academiae Scientiarum Hungaricae 44, 1973



1 0 4 J .  M. BALÓ-BANGA e t al.

Results

Chem ical composition o f  fractions N  and  Cx

A s D N A  could not be detected  in  fraction C2 either b y  B u r t o n ’s  re
action  (1956) or by m eans o f CsCl isopycnic gradient centrifugation (see below) 
on ly  fractions N and Cx were studied.

Table II shows th a t the differences betw een N and in D N A /protein  
ratios were far more striking than those in D N A /lipid ratios. It has to be 
n oted  th at B r a g d o n ’ s  procedure (1951), described originally for determ i
n ation  of blood lip ides, m ight provide som ew hat higher values for lipides than  
an y  more detailed determ ination of these com pounds.

Table II

Chemical com position o f  D N A  containing standard solutions obtained 
fr o m  nuclear and Cl cytoplasm ic fractions

Fraction
Components in /./g/ml Ratios

DNA protein lipid DNA/prot. DNA/lipid

N 279.00 100.00 500.00 2.79 0.558

Ci 71.25 230.00 350.00 0.31 0.203

T he to ta l  a m o u n t o f  D N A  iso lated  b y  H i r t ’s procedure  (1967) — fro m  su p e rn a ta n ts , 
a f t e r  rem oving th e  1.0 M NaCl p re c ip ita te  — , w as fo r N , 800 m g; fo r C1( 570 pg. A double- 
s t r a n d e d  chicken e ry th ro c y te  D N A  h y d ro ly za te  (R ean a l, H u n g ary ) w as used  as s ta n d a rd . 
D N A  w as d e term ined  b y  th e  d ip heny lam ine  re ac tio n  ( B u r t o n  1956). T h u s, C , /N x l0 0  =  
=  0 .071% . P ro te in  w as e s tim a te d  b y  th e  m eth o d  of L o w r y  et al. (1951), using  bovine  
a lb u m in  as s ta n d a rd . L ip id es were e s tim a te d  a f te r  rep ea ted  e x trac tio n  by  chloroform  : m e th 
a n o l 25 : 1, by  B r a g d o n ’s procedure  (1951). T he e x te n t to  w hich nucle ic  acids in te rfered  
w ith  p ro te in  e stim a tio n s h as  n o t been  calcu la ted .

A n alysis  of fractions N  and C1 by isopycnic neutral CsCl and CsCl—E th -B r  
sedimentation

Different banding patterns o f fractions N and Cx are dem onstrated in 
F ig . 1A and B. The presence of tw o peaks is indicated in Fig. 1A for N at the  
densities 1.696 and 1.715 g/m l, respectively . The bulk o f cytoplasm ic D N A  
had its  buoyant d en sity  at 1.715 g/m l. Two small shoulders are distinguishable 
in C15 at the densities o f  1.696 and 1.740 g/m l, but none of them  is representing  
m ore than 2— 5% of D N A , recovered from the peak at 1.715 g/m l (Fig. IB ). 
T h ey  cannot be visualized  in Fig. 2, for the fluorescent band o f Cx seem s to be 
hom ogeneous.
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g /ml

ft260 O 9 /ml

Fig. 1. CsCl equ ilib rium  g ra d ie n t sed im en ta tio n  o f iso la ted  D N A  co n ta in in g  frac tio n s . 
100 fig  D N A  from  N  an d  Ct (see T ab le  I) as d e te rm in e d  b y  B u rto n ’s re a c tio n  (1956), d is
solved in 1.674 m l o f SE b u ffe r  (0.1 M N aC l; 0.001 M sodium  E D T A , p H  7.0) was m ixed  
w ith  solid CsCl to  form  th e  “ lig h t”  so lu tion  (p =  1.50 g /m l; iq 2 0  =  1.3840). T his w as over
lay ered  on 1.326 m l “ dense”  CsCl stock  so lu tio n  (p =  1.80 g/m l; n { 2 0  =  1.3960) to  fo rm  a 
3 m l p re fo rm ed  grad ien t. G rad ien ts  were covered  w ith  2 m l of p a ra ff in  oil an d  cen trifuged
44,700 r .p .m . a t  20°C for 15 h rs  as described in  “ M ethods” . •  — • :  d e n sity ; о ----------О :
A 260. A : frac tio n  N  (a to ta l  o f 1.7 O .D. u n its  reco v e red  from  th e  g ra d ie n t); B : frac tio n  Ct  

(a to ta l  of 2.87 O .D . u n its  recovered  fro m  th e  p e ak  a t  1.715 g /m l)
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B u r t o n ’s estim ation (1956), using as standard chicken erythrocyte  
double stranded D N A  hydrolyzate yielded 1.7 to  2 tim es less D N A  in Cx than  
th e  real am ount on the basis o f UY absorbancy m easurem ents at 260 ntn. In  
contrast, nuclear D N A  showed good correlation betw een diphenylam ine re
action  and UY absorbancy; 2 O ptical D en sity  units (O .D .) corresponded to  
about 100 figs. As the legend to  Fig. 1A and В points out the recovery o f UV  
absorbing material from the peak fractions was 1.7 tim es higher in Cx then  in

F ig . 2. F luorescence lab e l o f  d iffe ren t D N A s e x tra c te d  from  to n s illa r  cells. P re fo rm ed  g ra 
d ien ts  were p rep ared  as described  in  “ M ethods”  an d  Fig. 1. 50 fig  o f e th id iu m -b ro m id e  w ere 
m ix ed  w ith  th e  “ lig h t”  co m p o n en t o f th e  p refo rm ed  CsCl g ra d ie n t. A fte r c en trifu g a tio n  a t  
44,700 r.p .m ., a t  20°C fo r 15 h rs th e  tu b es  w ere ir rad ia te d  w ith  an  U Y  lam p  (M inuvis, D esag a , 
H eidelberg ; W est G erm an y ); s ta n d a rd  w av elen g th  366 nm , an d  p h o to g rap h e d  using  a n  U V  

filte r  a t  a d istan ce  of 500 m m . M agnification , a b o u t  X 4

N , although we loaded the gradients w ith the same am ounts of D N A  according  
to  diphenylam ine estim ations. M easurements of m olecular extinction  E (P ) 
were not carried out considering the narrow reproducibility of such exp eri
m ents even in the sam e sam ple.

Fig. 2 indicates the presence o f tw o separated fluorescent bands in  N  
and only one in Cx. (For technical details see “ M ethods” .) We could n ot 
d etect any D N A  specim en banding at an interm ediate position  or binding less  
dye. In prelim inary experim ents we have dem onstrated th at if  the g va lue  
w as lowered b y  centrifuging gradients at 33,000 r.p .m ., while other con 
ditions rem ained unaltered, one single peak was obtained in N.
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Analysis  o f  fractions N  and C1 by rate zonal alkaline sucrose gradient 
sedimentation

Alkaline sucrose “ velocity” sedim entation  revealed the existence of 
three different peaks in N at the densities 1.10— 1.08 and 1.055 and 1.037  
g/m l, respectively , while only two were found w ith Cx (Fig. ЗА and B). F urther
more, in the bottom  fractions of both the nuclear and cytoplasm ic so lu tions, 
additional peaks of rapidly sedim enting m aterials are evident. This m aterial 
has passed through the gradient. It has, however, to  be noted that th e  peak  
at the “ dense region” of the gradients (density />  1.13 g/ml) did not form  
any com pact pellet.

The use o f alkaline rate zonal gradients for N  and especially for C1 had  
the purpose conclusively to elim inate the possib ility  o f R N A  contam ination , 
considering the high susceptib ility  of R N A  to  alkali degradation.

It was reported th at angle rotors provide a ten  tim es higher resolving  
capacity than  swinging bucket rotors ( F l a m m  et al. 1966b). This allow ed a 
better separation of the com plem entary strands o f alkaline-denaturated  
linear D N A  m olecules and linear D N A  from  covalently  closed circular-duplex  
D N A  ( B o r s t  1972). It should rem em bered th at covalently  closed circular 
D N A  structures, present in all animal m itochondria, do not permit separation  
under mild alkaline conditions.

A 260 A g I ml
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Fig. 3. A nalysis o f  D N A  co n ta in in g  specim ens b y  r a te  zonal a lkaline  sucrose v e lo c ity  sed i
m en ta tio n . 1 to  2 O .D . u n its  o f frac tions N  (A) a n d  С, (B), in  form  o f th e  s ta n d a rd  so lu tio n  
(see Table I I )  d isso lved  in  SE  b u ffer (0.1 M N aC l; 0.001 M sodium  E D T A ) w ere m ad e  to  
1.0 N  b y  th e  a d d itio n  o f 4 .0  N  N aO H  an d  o v e rla y e re d  on 11 cm  lin ea r, p re fo rm ed  5— 20%  
alka line  sucrose g rad ien ts  (p H  11.8). T he sucrose s to ck  solu tions co n ta in ed : N aC l, 40.9 g/1; 
N aO H , 12.0 g/1; so d iu m  E D T A , 0.37 g/1; T ris (so lid ), 1.21 g/1. C en trifu g atio n  w as carried  
o u t in  a  B eckm an  p re p a ra tiv e  u ltracen trifu g e  M odel L 265B, a t  65,000 r .p .m ., a t  0°C fo r
180 m in. 8  d rop  frac tio n s  o f 0.35 m l each w ere co llected  from  th e  b o tto m . • --------- • :  d e n sity ;

о --------- о :  Aggó

D iscussion

R ecently, tonsils have been reported to  consist o f a heterogeneous 
population of cell w ith  a 6% incidence o f  rosette-form ing lym phoid elem ents 
( Z u c k e r - F r a n k l i n  and B e r n e y  1972).

Their location  in the oral cav ity  raised the question o f contam inating  
microorganism s. W ashed cell-suspensions o f  108 tonsillar cells cultured on 
nutrient plates at 37°C for 24 hrs y ielded  not more than 103— 104 bacteria  
per ml cell-suspension, m ostly  m onocultures o f streptococci or staphylococci.

D N A  containing nuclear and cytoplasm ic fractions were prepared from  
isolated  tonsillar cells including slight m odifications such as ethanol precip
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ita tion  o f extracted D N A  after deproteinization, as described earlier ( L e r n e r  

et al. 1971; H a l l  et al. 1971). The applied nonionic detergent N P -40 was rec
om m ended for the disruption of lym phocytes ( B o r u n  et al. 1967) by acting  
prim arily on plasm a-m em branes w hich th ey  can solubilize, while the nuclear 
m em branes are left in tact. The isolated fractions seem ed, how ever, inhom o
geneous if  tested  b y  further fractionation on discontinuous neutral sucrose 
gradients ( B e r m a n  et al. 1969; T o u s t e r  et al. 1970; H e n n  et al. 1972). The 
presence of m itochondria was evident in fractions N and Ct, only their pro
portion is different. Most m itochondria were found in the nuclear fraction  
hut som e could have contam inated fraction Cr  Thus there is good reason to  
expect th at the cytoplasm ic D N A  is inhom ogeneous, contam inated by m ito
chondrial D N A , or even identical w ith  m itochondrial D N A .

The latter m ay ex ist in two forms ( N a s s  1969). Predom inating is the  
covalently  closed, circular “ com ponent I ” . This is greatly resistant to  dé
naturation and strand separation b y  heat and alkali. W ith the use o f CsCl— 
E th —Br gradients it  is possible to separate “ com ponent I” from  the linear 
D N A  of the nucleus and from the open or loosely tw isted  linear m itochondrial 
D N A  (“ com ponent I I ” ; i.e. denatured and nicked D N A ). “ Com ponent I ” 
hinds less dye and bands therefore at higher densities than linear D N A  
( R a d l o f f  et al. 1967). A lkaline sucrose velocity  sedim entation also separates 
linear and circular D N A  forms from each other. Up to  now, no single-stranded  
m itochondrial D N A  has been observed ( B o r s t  1972).

Figs 1 and 2 show no evidence o f the presence o f circular D N A  in our 
CsCl—E th -B r  gradients. Thus, any contam ination by m itochondrial D N A  
m ust be lim ited to D N A  molecules in “ com ponent I I ” form. This m ight 
happen if  the m ajority o f circular D N A  m olecules were converted by dénatu
ration to  linear D N A . This, however, does not seem likely.

The applied m ethod of D N A  extraction  ( H i r t  1967) selectively  extracts  
the lower sedim enting com ponents, w hile 80— 90%  of the fast sedim enting  
cellular D N A  is precipitated. We have applied gentle stirring in the course o f  
D N A  extraction  during SDS treatm ent, allowing an about 70— 80% yield  o f  
all celhdar D N A  in supernatants of fraction N , in a form of identically  shaped  
pieces like Сг DNA.

Figure 1A and В show that the buoyant density of cytoplasm ic D N A ,
1.715 g/m l, was exactly  the same as th at of the “ denser” band o f nuclear D N A . 
The band separated at 1.696 g/m l in N  (see also F ig. 2) indicates the position  
of satellite D N A  ( F l a m m  et al. 1966a, b) w hich am ounts to  about 10% of all 
nuclear D N A  and is specific only for nuclei or whole cells. A random contam i
nation w ith  nuclear fragm ents in the cytoplasm  m ust have led to the appear
ance of the satellite band in CX-DNA.

Alkaline sucrose ve loc ity  sedim entation revealed a striking sim ilarity o f  
Cx and N . As seen in  F ig. ЗА and B , the peaks at 1.055 and 1.037 g/m l are
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identica l. Material sedim enting at “ dense regions” of the gradients is also 
dem onstrable in b oth  fractions. I t  should be noted  th at 1.055 g/m l represents 
under our conditions 16 S sedim entation, a figure in good agreem ent w ith  
earlier data on D N A  secreted b y  lym phocytes ( R o g e r s  et al. 1972). W e there
fore assume that th e  alkaline sucrose sedim entation  of fractions N  and Cx has 
separated the bulk o f  linear m olecules from any contam inating D N A  th at  
sedim ented sign ificantly  faster. The portion of fast sedim enting D N A  did not 
exceed  17% of the to ta l D N A  contents (Fig. ЗА and B). This could be the  
m itochondrial D N A  contam inating fractions N  and Cx to about the sam e 
ex ten t. The peaks appearing in F ig. ЗА m ight therefore represent the com 
plem entary strands o f alkali-denatured nuclear D N A . The peaks at 1.10— 1.08 
and 1.055 g/ml could indicate the position o f com plem entary strands. The 
peak at 1.037 g/m l m ay be the position  of sm aller D N A  fragm ents.

The presented data do not elim inate conclusively the possib ility  th at  
th e  isolated cytoplasm ic D N A  consists of degraded m itochondrial D N A . On 
th e  other hand, on th e  basis of experim ents in  which we determ ined the  
m elting  profiles o f nuclear and cytoplasm ic D N A  (B a l ó -B a n g a  and A n t o n i  
1973), we should suggest th at the cytoplasm  o f tonsillar cells m ay contain a 
single-stranded fraction  of nuclear D N A . This w ould also explain the striking  
difference betw een th e  diphenylam ine-reaction determ ined am ount of D N A  
and UV absorbing m aterial. I f  the used standard is prepared from double- 
stranded DNA, irrationally  low  values are obtained w ith single-stranded D N A , 
considering that on ly  deoxyribose bound to puriness will give a colour reaction. 
This fits  well w ith  th e  prediction based on the similar buoyant density to  
nuclear DNA (i.e. sim ilar GC contents), that m ust have less purines and 
m ore pyrim idines, especially  cytosine. This la tter fact m ight correct also the  
D N A /protein ratio for presented in  Table II.

The plasm a-m em brane association of th is unique D N A  species and 
detailed  characterization of nuclear and non-nuclear D N A  are open to further 
research.
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OXYGEN UPTAKE CAPACITY OF GILLS IN RELATION 
TO BODY SIZE OF THE AIR-BREATHING FISH, 

A n a b a s  te s tu d in eu s  (Bloch)
B y

J. S .  D. M u n s h i  a n d  S .  C .  D u b e

POSTGRADUATE DEPARTM ENT OF ZOOLOGY, BHAGALPUR U N IV ER SITY ,
BHAGALPUR-7 (B IH A R ), IN D IA

(R eceived A u g u st 27, 1973)

O xygen co n su m p tio n  th ro u g h  th e  gills in  re la tio n  to  b o d y  w eigh t was e sti
m a te d  in  th e  a ir-b re a th in g  fish, A n a b a s  t e s tu d in e u s  u n d e r tw o  ex p erim en ta l conditions, 
v iz., (i) w hen  a ir-b re a th in g  was allow ed a n d  (ii) w hen i t  w as p rev en ted . T he low er 
va lue  of th e  slope (b =  0.67) of th e  line fo r oxygen co n su m p tio n  to  bo d y  w eigh t 
(w hen a ir-b rea th in g  w as allowed) in  com p ariso n  to  w a te r-b re a th in g  te leosts (b =  0.85) 
was re la te d  to  th e  a ir-b rea th in g  h a b it o f th e  fish  and  th e  increase  in  th e  re la tiv e  p ro 
p o rtio n  of a ir-b re a th in g  surface  w ith  th e  increase  in  body  w e igh t o f th e  fish. A fu r th e r  
low ering  of th e  slope (b =  0.5259) on  p re v en tin g  a ir-b re a th in g  has been  re la te d  to 
th e  decrease in  th e  efficiency of th e  re sp ira to ry  m em b ran e  of gills u n d e r stressed  
conditions. T he observed  cap ac ity  of sm alle r fishes to  surv ive fo r longer periods d ep en d 
ing upo n  g ill-b rea th in g  slope th a n  those  of large  fishes has b een  re la te d  to  th e  decrease 
in  th e  oxygen  u p ta k e  cap ac ity  of gills as fishes grow  in  size. T h e  h igher ra te  o f oxygen 
consum ption  p e r u n it  b o d y  w eight in  sm all fishes th a n  in  la rg e r ones has been re la te d  
to  th e ir  h igher m etab o lic  ra te  and  th e  la rg e r surface  a rea  o f gills pe r u n it  bo d y  w eigh t 
availab le  for gaseous exchange.

In recent years, several investigations have dealt w ith  the function of 
teleostean gills and the respiratory surface has been studied in relation to  
body w eight in several species of teleosts ( P r i c e  1931; G r a y  1954; H u g h e s  

1966, 1970, 1972; M u i r  and H u g h e s  1969) to  understand the nature o f growth  
of the gill-sieve. Sim ilarly, the rate of oxygen  consum ption as a function of 
body w eight has been studied in m any teleost species ( S m i t h  1935; S c h o - 

L A N D E R  et al. 1953; J o b  1955; W i n b e r g  1956; P a r v a t h e s w a r a r a o  1960; 
S a u n d e r s  1963; P a l o h e i m o  and D i c k i e  1965; B r e t t  1965). These results 
indicated th at the relationship of oxygen  consum ption to w eight hears the  
same relationship as gill area to body w eight. Thus, it  has been suggested that 
some relationship m ight ex ist between the size of the respiratory surface and 
the rate o f oxygen consum ption among fishes ( W i n b e r g  1956). As m ost of 
these growth studies were restricted to  w ater-breathing fishes (having only  
gills for gaseous exchange), nothing is known about this relationship in air- 
breathing fishes, where gaseous exchange takes place both  from air and 
water through the accessory respiratory organs and gills. R ecently , H u g h e s  et 
al. (1973, 1974) studied the size of the respiratory surface o f gills and air- 
breathing organs in relation to body w eight in Anabas testudineus and Sacco- 
branchus (  =  Heteropneustes)  fossilis. In  the present study an analysis has
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been made of the oxygen  uptake capacity  of the gills in relation to body  
w eight of the air-breathing clim bing perch, Anabas testudineus , when it  is free 
to  breath both air and w ater and w hen air-breathing has been prevented. 
These results w ill be discussed as related to body w eight, the extent of gill 
area and the asphyxiation  of Anabas  when not allowed to breath air.

M ethods

L iving specim ens of d iffe ren t sizes o f A nabas testudineus (B loch) w ere collected fro m  
P u rn e a  and  n e a rb y  p laces in  B ih ar, In d ia  a n d  m ain ta in ed  in  large  glass aq u aria , w ith  con
tin u o u s  flow of w a te r. T he fishes w ere fed  on  g o a t liver pieces on  a lte rn a te  days du rin g  a 
m in im u m  acc lim ation  p e rio d  of one m o n th  in  th e  lab o ra to ry .

T he ra te  o f oxy g en  co n su m p tio n  th ro u g h  th e  gills w as m easu red  in  A nabas  o f d iffe ren t 
b o d y  w eights u n d e r  tw o  ex p erim en ta l co n d itio n s, viz. ( 1 ) w hen  access to  a ir was allow ed 
a n d  (2) w hen i t  w as p re v e n te d . Two ty p es  o f self-designed sp irom eters w ere used. In  th e  f ir s t  
series o f ex p erim en ts , a re c tan g u la r  acrop lex  b o x  of ap p ro x im a te ly  th re e  litre  cap ac ity , 
h av in g  a sm all a ir  c h am b er a t  th e  to p  (F ig . 1A) w as used ; here  th e  f ish  was free to  b re a th

В
water reservoir 
air chamber

F ig. 1. E x p e rim en ta l se tu p  fo r m easu ring  oxygen  co n su m p tio n  th ro u g h  gills w ith  (A) an d
w ith o u t (B ) a ir-b rea th in g
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a ir  in  ad d itio n  to  g ill-b reath in g . T he a ir ch am b er a t  th e  to p  of th e  sp iro m ete r w as c o n s tru c ted  
to  m inim ize gaseous exchange  a t  th e  a ir-w a te r  in te rface . T he f ish  becom es a d a p te d  to  th is  
sp iro m ete r in a few  ho u rs  an d  th e n  goes free ly  up  to  th e  a ir-c h am b e r to  inhale  a ir. F o r  th e  
second  series of ex p erim en ts , a  b ig  cy lind rica l glass sp irom eter w as co n stru c ted  w ith  a rra n g e 
m e n ts  fo r con tinuous w a te r  flow  th ro u g h  i t  a n d  th e  rem oval o f enclosed a ir (F ig. IB ).

T he fish  was in tro d u c ed  in  th e  sp iro m ete r w hich was c o n n ec ted  to  a  larg e  c o n s tan t 
lev e l w a te r  ta n k  to  m a in ta in  th e  flow  of w a te r  u n d e r  c o n s ta n t h y d ro s ta tic  p ressu re . T he 
w a te r  en te red  th e  sp iro m ete r a t  one side an d  th e  ra te  of its flow  p e r  u n it  tim e w as m easu red  
as i t  le f t th e  o th er side. T he flow  of w a te r  th ro u g h  th e  sp iro m ete r w as a d ju s te d  acco rd in g  to  
th e  size o f th e  fish , so t h a t  its  m etabo lism  d id  n o t reduce th e  o x y g en  c o n ten t o f th e  a m b ien t 
w a te r  to  below  80%  o f th e  a ir s a tu ra tio n  level. T he fish  was acc lim ate d  to  th e  sp iro m ete r a t  
le a s t o v ern ig h t before th e  o b se rv atio n s has b egun . Two b o ttle s  w ere  connected  a t  th e  tw o 
ends o f th e  sp irom eter to  collect th e  w a te r  su p p lied  and  th e  a m b ie n t w ater.

C o ncen tra tion  of th e  d issolved oxygen  in  th e  sam ples co llected  was e s tim a te d  by  
W in k le r’s vo lum etric  m eth o d  (W elc h  1948). T he difference in  th e  oxygen levels be tw een  
th e  am b ie n t w a ter a n d  th a t  supplied  to  th e  sp iro m ete r, to g e th e r w ith  th e  ra te  o f w a te r  flow  
a n d  th e  w eigh t o f th e  fish  w ere used  to  ca lcu la te  th e  ra te  o f o x y g en  co n sum ption  p e r  u n it  
b o d y  w eigh t of th e  fish . S u b seq u en t read in g s w ere tak e n  a t  one h o u r  in te rv a ls . O p ercu la r 
frequencies were co u n ted  fo r a period  of one m in u te  a t  in te rv a ls  o f  one h o u r  and  th e  a m p litu d e  
o f th e ir  m ovem ents w as e s tim a te d  b y  v isu a l o b servation . T he obse rv a tio n s w ere reco rded  
a t  27.5 1°C. R egression  analysis using  lo g arith m ic  tran s fo rm a tio n s  was m ad e  in  o rder
to  f in d  o u t th e  re la tio n sh ip  of bod y  w eigh t w ith  oxygen c o n su m p tio n  th ro u g h  th e  gills of 
A nabas.

R esu lts

Anabas testudineus is a habitual air-breathing fish  and has well developed  
organs for respiration ( M u n s h i  1968). W hen kept in w ater it com es to  the  
surface at irregular intervals to inhale air in addition to normal gill-breathing.

The interval betw een the air-breaths vary from tw o m inutes to  fifteen  
m inutes depending on the concentration of oxygen dissolved in the w ater. In 
w ater containing 4.2 to  5.6 m l/lit. dissolved oxygen and w ith  free access to  air, 
Anabas  shows 30— 45 opercular m ovem ents per m inute. W hen access to  air is 
prevented, the fish  becom es restless in  search of air, but the restlessness 
slow ly decreases and the fish  settles down at the bottom  of the spirom eter. 
H ow ever, the am plitude and frequency of opercular m ovem ents increase to  
60— 65 per m inute.

Mean oxygen consum ption per unit tim e of different weight groups of 
fishes under the tw o experim ental conditions are sum m arized in Table I. 
R esults indicated a marked effect o f body size on th e  rate of oxygen con
sum ption. W hen oxygen  consum ption has been p lo tted  against body w eight 
on log/log co-ordinates and the scores were fitted  b y  the least square re
gression m ethod, it gave a straight line. Thus the relationship betw een the 
rate o f oxygen consum ption and the b od y weight obeyed the equation,

X  =  aW 1’

or log X  =  log  a -f- b log W ,
(1)
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w here X  =  rate of oxygen  consum ption (ml/hr)
a =  rate of oxygen  consum ption for 1 g fish (ml/hr) 
b =  regression coefficien t (slope)

W =  body w eight (g).

I .  Oxygen consumption from  water when the f ish  has free access to air

When Anabas  w as kept in the spirom eter w ith free access to air, its  
oxygen  consum ption from  w ater ranged from 0.71 to 2.83 m l/hr with an in 
crease in the body w eight from  8.0 to 68.0 g. The log/log p lot o f the rate of

surfacing allowed 
o—o at 27.5±1°C

slope =0.6661

I I I  I I III 
3 U 5 6789 , 

10'

I I I I 1111

3 U 56789 , 
102

J__ I
2 3

body weight, g

F ig . 2. Log/log p lo t o f o x y g en  con su m p tio n  ra te  (m l/h r) a n d  bo d y  w e ig h t w hen  a ir-b rea th in g
was allowed

oxygen  consumption to  w eight gave a straight line w ith  a slope of 0.6661 
(F ig . 2) and the estim ated  value of oxygen consum ption for one gram fish  was 
found to be 0.1764 m l/hr (Table I). Thus, equation (1) after substitution  
becom es

log X  =  log 0.1764 +  0.6661 • log W . (2)

Equation (2) ind icates th at with a unit increase in the body weight of 
A n abas , the rate of oxygen  consum ption w ill increase by a fractional power of
0.6661 and thus oxygen  consum ption per g body weight rem ains higher in 
sm aller fishes (88.99 m l/kg/hr) than in large ones (41.74 m l/kg/hr; Table I; 
F ig . 3). There was a good correlation betw een body w eight and oxygen con
sum ption  rate, the correlation coefficient being 0.9947 (Table II).
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Table I

Rate o f  oxygen consum ption v ia  g ills o f  A nabas te s tu d in e u s  different 
in  size under two experim ental conditions

Mean oxygen consum ption rate  w ith access 
to  air

Mean oxygen consumption ra te  
to  air

with no access

body weight V O , VO, body weight VO, VO,
(g) (ml/hr) (ml/kg/hr) (g) (ml/hr) (ml/kg/hr)

8.0 0 .7 1 88 .9 9 8 .0 1 .48 185 .34

17.0 1 .0 8 63 .47 17.0 2 .8 9 169 .94

24 .0 1 .51 6 2 .8 2 2 9 .0 3 .5 2 119 .25

34 .0 2 .01 5 9 .1 2 3 3 .0 3 .0 2 91 .3 8

4 4 .0 2 .2 0 4 0 .9 6 4 2 .0 3 .8 2 90 .9 3

55 .0 2 .5 3 4 5 .9 2 5 4 .0 4 .0 2 74 .45

6 8 .0 2 .8 3 4 1 .7 4 6 5 .0 5 .2 6 80 .93

Table II

Regression and correlation coefficients to show the relation  
o f  0 2  consum ption v ia  g ills and body weight

Experim ental
condition

Regression
coefficient

Correlation
coefficient In te rcep t a

In  flow ing w a te r  w ith
access to  a ir 0.6661 0.9947 0.1764

In  flowing w a te r  w ith
no access to  a ir 0.5259 0.9569 0.5453

0 10 20 30 40 50 60 70 80 90 100
body weight, g

Fig. 3. O xygen  consum ption  (m l/g /hr) and  b o d y  w eigh t p lo t, w hen fish  h a d  free access to  a ir
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F ig . 4. Log/log p lo t o f o x y g en  co n su m p tio n  (m l/h r) a n d  body  w e igh t w hen  a ir-b rea th in g
w as p re v en ted

I I .  Oxygen consumption fro m  water with surfacing prevented

Under such conditions, the fish  could obtain oxygen only from water. 
T he m arked increase in  th e  ventila tory  m ovem ents of the fish  resulted in an 
increased oxygen consum ption. Mean oxygen  consum ption under this partic
u lar experim ental condition  ranged from 1.48 to 5.26 ml/hr for the different 
w eig h t groups of Anabas  (Table I). This w as m uch more than  the oxygen con
sum ed  by Anabas  o f practica lly  the sam e body w eights under the first ex 
perim ental conditions. The log/log p lot o f the rate o f oxygen  consum ption  
aga in st body w eight gave a straight line on fittin g  the scores by the least 
square regression m ethod (F ig. 4). The slope of the line was 0.5259, much less 
th a n  the value obtained w hen air-breathing was allowed (Table II). The 
estim ated  value o f a, i.e . o f  the rate o f oxygen  consum ption for one g fish  was 
0.5453 ml/hr. Thus, after substitution , the equation is

leg  X  «= leg  0.5453 +  0.5259 • leg  W (3)

ind icating that the rate o f oxygen consum ption of Anabas  under such condi
tio n s increases by a fractional power o f  0.5259 w ith  every unit increase in  
b o d y  weight. Thus, the rate o f increase in  oxygen consum ption from w ater  
alone w ith the increase in the size of A nabas  was com paratively less when air- 
breathing was not allow ed than when the fish  was breathing both air and 
w ater. However, the rate o f oxygen consum ption per unit body w eight re-
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body weight, g

F ig . 5 . O x y g e n  c o n s u m p t i o n  p e r  u n i t  w e ig h t  a g a in s t  b o d y  w e ig h t  w h e n  a i r - b r e a t h i n g  w a s
p r e v e n t e d

m ained high (80.93 to 185.34 ml/kg/hr) when air-breathing was prevented  
than w hen it  was allowed (Table I). O xygen consum ption per unit b ody  
w eight w as higher in small fishes than  in large ones (Fig. 5).

The correlation coefficient (r =  0.9569) again indicated  that the rate o f  
oxygen  consum ption was closely related to  the w eight o f the fish.

Discussion

The rate o f oxygen consum ption through the gills o f Anabas  g ives a 
straight line when the logarithm  of the rate is p lotted  against the logarithm  o f  
body w eight. Thus, the relationship of the m etabolic rate to  body w eight in  
th is air-breathing fish was similar to  th a t found in other w ater-breathing  
teleosts. The slope of the logarithm ic line for standard m etabolism  against 
body w eight varied slightly am ong different species o f teleosts. J o b  (1955) 
found 0.85 for Salvelinus fontinalis  ; W i n b e r g  (1956) obtained 0.81 as an 
average value for a number o f species; and P a l o h e i m o  and D i c k i e  (1965) 
suggested 0.80 to  be the value characteristic for m ost species of teleosts. In  
com parison to  these values, the obtained value of the slope (0.67) for oxygen  
consum ption through the gills to  body w eight (log/log) w as m uch less w hen  
the fish  w as allowed to breath both air and water than  under normal con
ditions. This was obviously due to  the air-breathing habit of the fish  which  
supplem ents the to ta l oxygen consum ption o f the species. M easurements o f  
the surface o f gills and of the accessory respiratory organs o f Anabas  ( H u g h e s
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et al. 1973) indicated th a t the rate of increase in the area of accessory respira
tory  organs (b =  0.713) w as higher than th at for the gills (b =  0.615) during 
their growth. Therefore, it  is expected th a t in large fishes the proportion of 
oxygen  uptake through th e  air-breathing organs will dom inate over th at of 
the gills. Secondly, the thickness of the b lood—water barrier in the secondary  
gill lam ellae increases in large fishes (b =  0.2272; D u b e  and M u n s h i  1973a). 
Such an increase in the thickness of the barrier in secondary gill lam ellae of 
tench  has been suggested to  decrease their diffusing capacity as the body size 
increases ( H u g h e s , 1972). It is, therefore, suggested that in larger fishes there 
w ill be an increasing dependence on the air-breathing organs for extracting  
oxygen  from the environm ent which results in a lowering of the slope of 
oxygen  consum ption through the gills to  the body weight line.

W hen Anabas  is not allowed to breath air, its ventilatory m ovem ents 
increase in both frequency and am plitude which seems to be a hom eostatic  
attem p t ( H u g h e s , 1964) to  com pensate the functioning o f the accessory respi
ratory organs in m eeting the total oxygen dem and of the fish . Under normal 
conditions of water and air-breathing, the rate of oxygen consum ption via the  
gills o f Anabas  ranges from  41.74 to 88.99 m l/kg/hr, which increases to 80.93 
to  185.34 ml/kg/hr w hen air-breathing is prevented (Table I). This increase is 
up to  a certain ex ten t due to the increased activ ity  of the fish . Such an in 
crease in the rate of oxygen  consum ption associated w ith an increase in the 
ven tila tory  m ovem ents was observed also by S a u n d e r s  (1962) in carps, 
w hite suckers and brown bullheads and b y  H u g h e s  and S i n g h  (1970) in 
Anabas,  which th ey  related to the increase in the effectiveness of gaseous 
exchange through the gills due to the increased volum e o f water irrigating  
the gills per unit tim e.

The slope o f log oxygen  consum ption to log body w eight line was 0.5259  
w hen air-breathing w as not allowed. This was less than the value of 0.6661 
found when air-breathing was allowed. This reduction in the slope of the  
logarithm ic line ind icates that under stressed conditions the capacity of the  
gills to  take up oxygen  decreases as the fish  grow in size. As a result, the rate 
o f oxygen consum ption did not increase satisfactorily w ith  the increase in 
body weight and the logarithm ic line was depressed towards the upper end 
o f  body size (Fig. 4).

The respiratory surface area o f the gills ( H u g h e s  et al. 1974), when ex 
pressed as the area across which each ml o f oxygen is transferred per m inute 
(surfacing prevented), the ratio of the surface area to oxygen consum ed per 
unit tim e was less in  sm all fishes, and increased w ith the increase in body  
w eight (Table III). This means that more gill surface is required for the uptake  
of each ml of oxygen per unit tim e in large fishes, and perhaps the respiratory 
membrane of the gills o f small fishes is more efficient in oxygen uptake than  
th a t of large ones.
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The drowning experim ents conducted on Anabas  by  B o a k e  (1865— 66), 
D o b s o n  (1874), D a s  (1927) and G h o s h  (1934) indicated th at fishes belonging  
to this species becom e asphyxiated  w ithin  12 m inutes to 3 hours and 30 
m inutes, when not allowed to breath air. H o r a  (1935), on the other hand, ob
served th at while some o f the specim ens o f Anabas  were asphyxiated w ithin  
15 m inutes, others survived indefin itely under similar conditions. Thus, his

Table III

R e s p ir a to r y  a rea  f o r  u n i t  v o lu m e  o f  o x y g e n  c o n s u m e d  ( m l  0 2/ m i n )  A n a b a s  
o f  d i f f e r e n t  s iz e s  ( c o m p u te d  by  e x tr a p o la tio n  o f  reg re ss io n  l in e s  f o r  g i l l  a rea  

a n d  o x y g e n  c o n s u m p t io n  ra te  a g a in s t  b o d y  w e ig h t)

Body weight 
(g)

Gill area/m l oxygen 
consumed/min 

(mm2)

1 0 . 0 382.0

2 0 . 0 398.6

30.0 416.8

40.0 426.3

50.0 433.9

60.0 437.6

70.0 445.6

80.0 451.8

90.0 456.7

1 0 0 . 0 460.7

observations were in agreement w ith the results o f B o a k e  (1865— 66) in th a t  
the period of drowning varies w ith different individuals. The cause o f th is  
intraspecific variation in asphyxiation  tim e during drowning experim ents was 
not clear in the above m entioned studies. In the present study it has been  
observed th at the asphyxiation tim e for Anabas,  when not allowed to breath  
air, varies w ith the size of the fish , and as the body size increases the asp h yx
iation tim e decreases. This again supports the previously discussed v iew  
that the capacity  of gills to  take up oxygen decreases as the fish  grows in size 
and, as a result, gill-breathing by itse lf  can sustain a larger fish  for a shorter 
period than a small one. This was further supported by the m orphom etric 
determ inations o f the diffusing capacity of gills o f Anabas  ( D u b e  and M u n s h i  

1973b).
H u g h e s  and S i n g h  (1970) found oxygen  consum ption (from water) o f  

Anabas  at 25 +  1°C to vary from 45.44 to 61.88 m l/kg/hr, w hen the fish  w as  
allowed to breath both air and water, and from 70.7 to 85.0 m l/kg/hr when  
air-breathing was prevented. W hen these values have been compared w ith
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th e  present observations (Table I), the la tter  seem  to  be slightly higher, 
w hich was related to  th e  higher tem perature (27.5 +  1°C) o f the am bient 
w ater during the present observations.

Oxygen consum ption per unit body w eight was higher in smaller fishes  
h u t as their weight increases, the rate of oxygen  consum ption decreases sharply  
in  the beginning up to  about fifty  g b ody w eight and thereafter very  
sligh tly  (Figs 3 and 5). In  water-breathing fishes this phenom enon has been  
related  to the higher m etabolic rate of sm aller fishes ( F r y  1957). It m ay also 
be related to the larger surface area of gills per unit body weight of Anabas  
( H u g h e s  et al. 1973) available for gaseous exchange in sm aller fishes than  the  
large ones.

H u g h e s  and S i n g h  (1970) reported th a t specim ens of Anabas  weighing  
about 29 to 51 g consum e about 53.6%  o f their to ta l oxygen requirem ent 
through the air-breathing organs. D u b e  (1972) found th a t the air-breathing  
surface in fishes o f th is  size comprises about 42 to  43%  o f the tota l respiratory  
area. Thus it is suggested  that larger fishes having a larger respiratory surface 
w ill naturally depend m uch more on air than  on gill breathing because o f the  
higher diffusing cap acity  of air-breathing organs than o f gills ( H u g h e s  et al. 
1973). It will be in teresting  to  investigate the relative rates of oxygen  con
sum ption through gills and air-breathing organs in different weight groups 
o f  Anabas.
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DIURNAL CHANGES
IN HYPOTHALAMIC SEROTONIN CONTENT 

AND ITS CORRELATION WITH ADRENAL FUNCTION 
IN THE RAT DURING THE OESTRUS CYCLE

B y

G. R ó z s a h e g y i , G. T e l e g d y  and K .  L is s á k

IN ST ITU TE OF PHYSIOLOGY, U N IV ER SITY  MEDICAL SCHOOL, PÉCS 

(R eceived  A u g u st 16, 1973)

H y p o th a la m ic  se ro to n in  c o n te n t a n d  p lasm a co rtico s tero n e  level h av e  b een  
m easu red  da ily  a t  8  a .m ., 4 p .m ., an d  11 p .m ., during  d iffe re n t phases o f th e  o e s tru s  
cycle in  ra ts .

T he h y p o th a lam ic  se ro to n in  level show ed a d iu rn a l v a r ia tio n  w ith  a p e a k  a t  
8  a.m . an d  th e  low est level a t  11 p .m . T he m orning lev e l du rin g  p roo estru s a n d  
oestru s w as s ign ifican tly  low er th a n  in  m eto estru s and d io es tru s . The decrease in  th e  
h y p o th a la m ic  sero ton in  level observed  a t  1 1  p .m . was s ig n ifican t in  each phase  o f th e  
cycle b u t  i t  was th e  m o st m ark ed  d u rin g  prooestrus.

T he p lasm a  corticosterone  level show ed an  opposite  tr e n d . I t  was low in th e  m o rn 
ing an d  h igh  a t  1 1  p .m . in  each  ph ase  o f th e  oestrus cycle e x ce p t during  o estrus w h en  
th e re  was no s ign ifican t d ifference be tw een  th e  m orning a n d  th e  la te  evening v a lue . 
T he m orn ing  values in p ro o estru s an d  oestru s w ere tw ice as h ig h  as those in th e  m e t
o estrus and  d ioestrus phases.

O v ariec tom y did n o t abolish  th e  da ily  sero ton in  rh y th m  in th e  h y p o th a la m u s , 
b u t  th e  m o rn in g  va lue  was sig n ifican tly  low er th a n  in th e  p ro o estru s, m eto estru s a n d  
d ioestrus phases. O estrone and  p rogestero n e  tre a tm e n t in creased  th e  m orning h y p o 
th a la m ic  se ro to n in  level o f c a s tra te d  fem ale  ra ts .

In the last years increasing num ber of data pointed to  the participation  
of m onoam ines in the release of gonadotropic hormones.

H istochem ical studies showed th at dopaminergic cells in the h yp oth ala
mus undergo marked changes during the oestrus cycle ( F u x e  and H ö k f e l t  
1966). Castration was followed by a reduced dopamine fluorescence in the  
hypothalam us, which was reversed on the adm inistration of oestrogen or 
androgen (L i c h t e n s t e i g e r  1969).

Dopam ine in vitro increases the FSH  releasing a ctiv ity  of the h y p o 
thalam us ( K a m b e r i  et al. 1970b), and, if  injected into the 3rd ventricle, it  
increases the LH releasing activ ity  of p itu itary stalk plasm a ( K a m b e r i  et al. 
1969, 1970a). Norepinephrine and epinephrine given intracerebrally facilitate  
ovulation in barbiturate-blocked anim als ( R u b i n s t e i n  and Sa w y e r  1970). 
The hypothalam ic norepinephrine content changes with the cycle; it is highest 
during prooestrus (St e f a n o  and D o n o s o  1967). Drugs inhibiting catechol
amine synthesis, such as эс-m ethyl-p-tyrosine are inhibiting ovulation ( B r o w n  
1967; K o r d o n  and G l o w i n s k i  1969).
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Serotonin in jected  intraventricularly decreases lu tein izing hormone 
secretion  (S c h n e i d e r  and M cCa n n  1970; K a m b e r i  et al. 1970a) while on  
system ic  adm inistration or when injected  in to  the hypothalam us, it  inhibits  
th e  gonadotropin-induced ovulation in im m ature animals (O ’St e e n  1964, 1965; 
K o r d o n  et al. 1968).

M onoamine oxydase inhibitors are also inhibiting ovulation  ( K o r d o n  
and G l o w i n s k i  1972; L a b s e t w a r  1972). Injection of serotonin into the 3rd 
ven tricle  stim ulates prolactin  secretion b u t blocks F SH  and LH  release 
( K a m b e r i  et al. 1971; S c h n e i d e r  and M c Ca n n  1970).

In previous experim ent it  has been shown that the hypothalam ic sero- 
ton inergic system  exerts an inhibitory in fluence on the hypothalam o-pitu itary- 
adrenal system  (Ve r m e s  and T e l e g d y  1972; V e r m e s  et al. 1972; T e l e g d y  
and V e r m e s  1973).

In the present stu d y , the correlation between the diurnal rhythm  o f the  
hypothalam ic serotonin content and adrenal function during different stages  
o f  th e  oestrus cycle and the role of sexual steroids in the regulation of h yp o
thalam ic serotonin content has been studied  in  rats.

Methods

Fem ale  a d u lt  C FY  r a ts  w eighing 150—200 g w ere used. T he an im a ls  were k e p t u n d e r  
a  s ta n d a rd  d ie t and  lig h t schedu le , w ith  1 2  h o u rs  lig h t and  1 2  hours d a rk  periods. T he lig h t 
p e r io d  s ta r te d  a t  6  a .m . T h e  oestrous cycle w as con tro lled  b y  v a g in a l sm ears a t  le a s t tw o  
w eeks p rio r to  sacrifice a n d  on ly  regu lar 4 -day-cycle-an im als were u sed . T he o estrus cycle 
w as d iv ided  in to  fo u r s tag es : p roo estru s, o e s tru s , m eto estru s a n d  d ioestrus. In  each  s tage  
th e  an im als  were k illed  b y  d e ca p ita tio n  a t  8  a .m ., 4 p .m ., and  11 p .m .

In  o rder to  s tu d y  th e  effect o f c a s tra tio n  o n  th e  h y p o th a lam ic  se ro to n in  co n te n t, th e  
a n im a ls  were o veriectom ized  th ree  weeks p rio r to  tes tin g . The h y p o th a la m ic  se ro to n in  con
t e n t  w as m easured  a t  8  a .m ., 4 p .m ., an d  11 p .m .

To te s t  th e  ac tio n  o f oestrogen  an d  p ro g estero n e , th e  c a s tra te d  an im als w ere tre a te d  
w ith  20 //g an im al o f o e s tro n e-a ce ta te  (H og iva l, R ich te r , B u d ap est) a n d  w ith  1 m g /an im al 
o f  p rogesterone  (G lan d u co rp in , R ich te r , B u d a p es t)  fo r six days. T h e  an im als were sacrificed  
24 h o u rs  a fte r  th e  la s t  in jec tio n .

H y p o th a lam ic  se ro to n in  c o n te n t was e s tim a te d  b y  th e  m e th o d  of Sn y d e r  e t al. 
(1967), th e  p lasm a c o rtico s te ro n  according to  P u r v e s  and  Sir e t t  (1965).

S ta tis tic a l ana ly sis  w as done b y  S tu d e n t’s i-te st.

Results

The hypothalam ic serotonin content showed a rem arkable fluctuation  
during the oestrus cycle (Table I, Fig. 1). It was sign ificantly  higher in the  
early morning hours than  in the evening in  each stage. H ow ever, in prooestrus 
and oestrus the m orning values were sign ificantly lower than  in m etoestrus 
and dioestrus. The m ost pronounced diurnal changes occurred during pro
oestrus, when in the hypothalam us the evening serotonin leve l was low est.
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Table I

D iurna l changes in  hypothalam ic serotonin content (pg lg ) during oestrus cycle
and after castration

Cycle 8 a.m .a 4 p.m .k 11 p .m .c Significance

1. P roo estru s 1.90 ±  0.04* 
( 2 1 )**

2.13 ±  0.07 
( 2 2 )

0.65 ±  0.04 
(29)

l a  vs. 3a p c  0.01 
l a  vs. l c  p  <  0 . 0 0 1  

l a  vs. 4a  p c  0.05

2. O estrus 1 . 8 6  ±  0.08 
(17)

1.00 ±  0.05 
(15)

1.39 ±  0.10 
(15)

2 a vs. 2 c p  c  0 . 0 0 1  

2a vs. 3a p  <  0.01 
2a vs. 4a p c  0.05

3. M etoestrus 2.17 ±  0.08 
(17)

1.36 ±  0.06 
(15)

1.22 ±  0.14 
(15)

3a vs. 3c p c  0.001

4. D ioestrus 2.05 ±  0.05 
(27)

1.02 ±  0.09 
(15)

1.11 ±  0.07 
(31)

4a vs. 4c p  <  0.001 

5a vs. 5c p  <  0.001
5. C astra ted 1.73 ±  0.04 

( 2 2 )
1.42 ±  0.03 

(16)
1.30 ±  0.05 

(16)
5a vs. l a  p  c  0.01 
5a vs. 3a p c  0.001 
5a vs. 4a p  c  0.001

* M ean ±  S .E .
** In  b rack e ts , n u m b er o f ra ts

Follow ing castration the hypothalam ic serotonin content was sign ificant 
ly  lower in the m orning than in  an y  other stage o f  the oestrus cycle except 
oestrus (Table I). Oestrone and progesterone treatm ent significantly increased

Fig. 1. D iu rn a l changes in  h y p o th a lam ic  se ro to n in  co n ten t a n d  p lasm a  corticosterone  d u rin g  
oestrus cycle. Solid line, se ro to n in ; d o tted  line , corticosterone
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Table II

D iurna l changes in  p la sm e  corticosterone content (fig/lOO m l) during  oestrus cycle
and after castration

Cycle 8 a m .a 4 p.m .b 11 p .m .c Significance

1. P ro o estru s 30.2 ±  2.8* 33.8 ±  2.8 41.3 ±  2.6 la  vs. lc  0  <  0 . 0 0 1

(41)** (2 2 ) (29) l a  vs. 3a p <  0.01 
l a  vs. 4a p <  0.01

2. O estru s 32.6 ±  3.8 38.2 ±  3.2 25.6 ±  3.4 2 a vs. 2 c p <  0 . 0 1

(34) (15) (15) 2a vs. 3a p <  0.01 
2a vs. 4a p <  0.001

3. M etoestrus 13.4 ±  1.7 
(17)

29.3 ±  3.9 
(15)

33.8 ±  2.6 
(15)

3a vs. 3c p <  0.001

4. D io estru s 16.5 ±  4.6 
(27)

42.5 ±  4.3 
(15)

38.0 ±  2.7 
(31)

4a vs. 4c p <  0.001

5. C astra ted 10.4 ±  1.0 
( 2 2 )

28.0 ±  1.9 
(16)

23.3 ±  1.4 
(16)

5a vs. 5c p <  0.001

* M ean ±  S.E .
** In  brackets , n u m b e r  o f ra ts

th e  morning serotonin leve l in  the hypothalam us as compared to  the castrated  
controls (p <  0.05 and p <  0.01, respectively; Fig. 2).

The plasma corticosterone level showed an opposite trend (Fig. 1). The 
m orning level was higher than  the evening level (11 p.m .) in each stage of the  
cycle  (Table II). In prooestrus and oestrus, the plasma corticosterone level was 
tw ice  that observed during m etoestrus and dioestrus.

oestrone progesterone

F ig . 2. E ffect of oestrone a n d  progesterone  tre a tm e n t on  th e  h y p o th a lam ic  sero ton in  c o n ten t 
in  c a s tra te d  female ra ts . N u m b e r in  th e  bars re p re se n ts  th e  n u m b er o f  an im als used, th e  

h e igh t o f th e  b a r  th e  m ean v a lu es a n d  th e  s ta n d a rd  e rro r
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Discussion

The presented data show a diurnal fluctuation  of the hypothalam ic  
serotonin level in fem ale rats, w ith a high value in the morning and a low  one 
in the evening. Similar results have been reported for the whole mouse 
(A l b r e c h t  et al. 1956) and the rat brain (D i x i t  and B u c k l e y  1967; S c h e v in g  
et al. 1968; A sano  1971; O k a d a  1971) for the telencephalon, diencephalon, 
m esencephalon and rhom bencephalon ( B o bil l ier  and Mo uret  1971), for 
different cortical (Q u a y  1965) and subcortical areas (Q u a y  1968) and for the  
hypothalam us ( H é r y  et al. 1972). There are, however, authors who found no 
differences (S ca p a g n in i  and P reziosi 1972).

The evening drop of the hypothalam ic serotonin content was m ost 
significant during prooestrus, the tim e when LH is released from the h yp o
physis ( F e d e r  et al. 1969; B r o w n -Grant  1972). This is in agreement w ith  the  
inhibition of LH secretion by serotonin (K am be r i  et al. 1970a). Our finding  
would indicate that in the “ critical period” o f prooestrus the serotonin is re
leased from the hypothalam us and this w ay the hypothalam us is deliberated  
from the inhibition of serotonin which is associated w ith  an increase in LH  
secretion. It seems that the event of ovulation is controlled by a reciprocal in 
nervation in which catecholam ines and serotonin are involved. Catecholamines 
are stim ulating LH secretion (K am beri  et al. 1970a, b; R u b i n s t e i n  and 
S a w y e r  1970) while serotonin is inhibiting it  (S c h n e i d e r  and McCa n n  1970; 
K a m b e r i  et al. 1970a). D uring the critical period in prooestrus, catechol
amines are increased (St e f a n o  and D onoso  1967) while serotonin according  
to  our data is decreased in  the hypothalam us. The proper balance of these tw o  
factors would result in ovulation . O vulation is blocked if  there is a lack of 
catecholam ines after the inhibition  of catecholam ine synthesis by a-m ethyl-p- 
tyrosine ( B ro w n  1967; K o r d o n  and G l o w in sk i  1969) if  serotonin content is 
increased by the local application of monoam ine oxidase inhibitors ( K o r d o n  
et al. 1968; K o r d o n  1969). Drugs which increase the level o f serotonin in the  
hypothalam us are blocking LH  release and consequent ovulation.

The diurnal fluctuation  of serotonin is characteristic phenom enon. It 
has been shown previously (Ve rm e s  and T e l e g d y  1972) that serotonin is in 
hibiting the stress m echanism  on the hypothalam ic level. The reciprocal cor
relation w ith  the hypothalam ic serotonin level and plasm a corticosterone 
would also indicate that a low  hypothalam ic serotonin level is associated with  
a high plasm a corticosterone level.

The fluctuation  of plasm a corticosterone during the oestrus cycle has 
been w ell docum ented (Cr itch low  et al. 1963; H iro sh ig e  1973). Oestrogen  
in physiological am ounts is stim ulating the pituitary-adrenal axis ( K it a y

1963) while in large doses it inhibits it (Te l e g d y  et al. 1964, 1967). Oestrogen  
m ay act also at the hypothalam ic level (Te l e g d y  et al. 1962).
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The morning plasm a corticosterone level is highest and the hypothalam ic  
serotonin level is low est during prooestrus and oestrus. This w ould indicate  
th a t the ovarian horm ones m ay m odify th e  hypothalam ic serotonin level and 
in  return change the reactiv ity  of the h yp othalam o-p itu itary-adrenal axis. 
This is further supported b y  the fact th at the hypothalam ic serotonin content 
decreases after castration and increases follow ing oestrogen and progesterone  
treatm ent. Similar results have been obtained in mice b y  G r e e n g r a s s  and 
T o n g e  (1972).
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E x p erim en ts  w ere carried  o u t on  g ian t neurones o f  Lym nea  stagnalis a n d  it  
w as estab lished  th a t ,  (1) th e  depolariz ing  effect o f ace ty lch o lin e  on D ty p e  cells was 
en h anced  by  ox idiz ing  agen ts (m ethy lene  b lue, th io n in e ) an d  a t  th e  sam e tim e , H 
ty p e  cells becam e D ty p e  ones a f te r  th e  ap p lica tio n  o f th e  sa id  agen ts; (2) redox 
ca ta ly s ts  of th e  red u cin g  ty p e  such as ascorbic  acid, h y d ro q u in o n e , p -m eth y l-am in o - 
ph en o lsu lp h a te , caused  an  expressed  in h ib itio n  of ACh d ep o la riza tio n  on D ty p e  cells. 
In  som e cases, th e  D ty p e  c h arac te r  o f cells was co n v erted  in to  H  ty p e  one. E x p eri
m en ts  w ith  n ico tin ic  acid  gave v a riab le  resu lts . ACh d ep o la riza tio n  w as in h ib ited  in  
som e cases an d  a u g m en ted  in o thers p re su m ab ly  owing to  th e  b im odal an tag o n istic  
s ite  o f effect o f n ico tin ic  acid.

The depolariz ing  effect o f 5-TH  w as in h ib ited  b y  b o th  th e  oxid izing  an d  th e  
reducing  agen ts, a lth o u g h  less m ark ed ly  th a n  in  th e  case o f  ACh.

On th e  basis o f th e  resu lts  i t  seem s t h a t  th e  a c tu a l red o x  s ta te  o f  cells p lays 
a decisive role in th e  de fin itio n  of th e  D or H  ty p e  o f m ed ia to r effect.

T he sites o f th e  red o x  effect m ay  be exp lained  a t  th e  levels o f a) changes in  
th e  a c tiv ity  of tra n s p o r t  enzym es; b ) changes in th e  m olecu lar con fo rm atio n  a n d  charges 
o f p lasm am em b ran e ; an d  c) q u a n tu m  biological changes o f som e charge tra n s fe r  p roc
esses betw een th e  re ce p to r an d  th e  m ed ia to r.

In previous studies a close correlation was shown to  exist betw een the  
redox state of the tissues and the type o f the effect of acetylcholine ( P u p p i  et 
al. 1971a), adrenaline ( P u p p i  et al. 1971b) and 5-hydroxytryptam ine ( P u p p i  
et al. 1973).

I t  has been observed th at a shift towards the oxidizing direction results 
in a strengthening or m anifestation of the cholinergic depolarizing and the  
adrenergic hyperpolarizing tendencies, while the tryptam inergic effects do 
not change following such a drift in the Ep. At the sam e tim e, follow ing a 
shift in the reducing direction, cholinergic hyperpolarizing and adrenergic 
and tryptam inergic depolarizing effects occur.

Considering that a similar correlation can be observed between the  
original redox potential o f various tissues and the characteristic typ e of 
m ediator effect on these tissues, it  was concluded th at the different typ es of 
effects of mediators on different tissues were due to differences in the Ep of 
the latter.
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To dem onstrate the com m on character of the aforem entioned phenom 
enon, experim ents were done to  elucidate w hether the correlations referred 
to  above are true for bioelectrical parameters of the some of neuronal cells.

The experim ents were carried out on giant neurones of Lym nea stagnalis, 
for its  w ell identifiable H  and/or D type cells, offering the possib ility  that de
polarizing and/or hyperpolarizing type ACh and/or 5-HT effects can be ex 
am ined on the same ganglion (Z e im a l  and V u l f iu s  1968; K iss  and Sa l a n k i

1971).

Methods

E x am in a tio n s  w ere co n d u cted  on  th e  abdom inal a n d  r ig h t p a r ie ta l  ganglia  of CNS 
of L y m n e a  stagnalis. T he iso la ted  gang lion  ring  was p laced  in  a ch am b er co n ta in in g  3 ml 
sa line  ( J u l l i e n  and  R i p p l i n g e r  1948). T he th ic k  con n ec tiv e  tissue  was rem o v ed  from  th e  
d o rsa l surface  of th e  ganglia , th u s  th e  cells were visible.

M em brane a n d  ac tio n  p o te n tia ls  were reco rded  b y  m eans of glass m icroelectrodes 
filled  w ith  2.5 M KC1. T he e lectrode  resistan ce  ran g ed  be tw een  5 —10 M ohm . T he electrodes 
w ere connected  w ith  a n  am p lifie r w ith  F E T  in p u t a n d  n eg ative  cap ac itan ce  (VÉRÓ 1971).

In  th e  course o f th e  ex p erim e n ts , th e  electric  signs were reco rded  on  ta p e  an d  th e  
d esired  p a r ts  were la te r  p h o to g rap h e d  by  m eans of an  EM G  in d ica to r a n d  a D ISA  p h o to 
reco rd e r. In  experim en ts w here  th e  m em b ran e  p o ten tia ls  w ere sh ifted  a rtif ic ia l a m easuring  
b rid g e  was connected  before th e  am p lifie r (Kiss e t al. 1972). The chem icals u sed  were g iven  
n e a r  to  th e  ganglia in to  th e  ch am b er b y  p ip e ttes . A fter th e  reac tio n  had  su b sid ed , th e  ch am ber 
w as w ashed  u n til th e  s ta r tin g  a c t iv ity  level h ad  been  resto red .

T he following chem icals w ere u sed : A cety lcholine hydroch lo ride  (F lu k a ) 30 gg /m l;  
5 -h y d ro x y try p ta m in e  c rea tin in e  su lp h a te  (F lu k a) 30 ^g /m l; m eth y len e  b lue  (R eanal) 30 
|Ug/ml; th ion ine  (F lu k a) 30 /zg/ml; n ico tin ic  acid  (K G Y T) 30 fig/m l; p -m ethy l-am ino-pheno l- 
su lp h a te  (R eanal) 30 f ig /m l; ascorb ic  acid  (R eanal) 30 f ig /m l; hydro q u in o n e  (R ean a l)  30 /zg/m 1

Results

I . Acetylcholine (A C h )
1. Oxidizing agentsj

a) M ethylene blue. This electron acceptor agent increased the depolarizing  
effect of ACh on D typ e cells (Fig. 1) while on H cells it suspended the hyper
polarizing ACh effect or in some cases transform ed it into a depolarizing typ e

Fig. 1. Influence of methylene blue on the depolarizing effect of ACh (D cell), a: Control
ACh action; b: ACh action on the same cell after washing and 3 minutes methylene blue

pretreatment. A: Administration of ACh. Calibration: 50 mV, 0.33 sec
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Fig. 2. In fluence  of m e th y len e  b lue  on th e  hy p erp o la riz in g  effect o f ACh (H  cell), a : C on tro l 
ACh ac tio n ; b : ACh ac tio n  on th e  sam e cell a f te r  w ashing a n d  3 m inu tes m eth y len e  b lue  

p re tre a tm e n t. A: A d m in is tra tio n  of ACh. C alib ra tion : 50 m V, 0.33 sec

one (Fig. 2). This feature was characteristic in  90% o f the experim ents. In  the  
rest, m ethylene blue w as w ithout effect but a m ethylene blue inhibiting effect 
was never observed.

In the D cells the A cps%  values o f control ACh actions were equal to  
+  67% , while on the sam e cells th is A cps%  value increased to + 1 0 2  (p <7 
<7 0.002) following m ethylene blue treatm ent. (Zl cps%  =  per cent difference 
betw een basis frequency and the frequency after ACh treatm ent).

b) Thionine. After pretreatm ent w ith  th is typ ica l electron acceptor, the  
type o f the ACh effect changed sim ilarly as in the case o f  m ethylene blue. On 
D typ e cells the Zl cps%  values for control ACh oscillogram s were equal to  
+  87, but after thionine pretreatm ent th is value rose to  + 1 1 4  (p <7 0.01). In  
88% of our experim ents, thionine increased the depolarizing action o f ACh, 
while in 12% this effect was absent. A typ ica l thionine effect is dem onstrated  
in Fig. 3.

c) N icotin ic acid. The effect of this com pound was not so definite as th a t  
of m ethylene blue and th ionine. In 40% it enhanced, w hile in 50% it inh ib ited  
the depolarization, in 10% it had no effect. In  the experim ents where n icotin ic  
acid increased ACh depolarization, the control A cps%  values were elevated  
from + 2 9  to  + 1 5 5  (p <7 0.001) while in the experim ents in which n icotin ic

Fig. 3. In fluence  of th io n in e  on  th e  depolarizing  effec t o f ACh (D cell), a; C ontrol ACh a c tio n ; 
b :  ACh ac tio n  on  th e  sam e cell a f te r  w ashing an d  3 m in u te s  th io n in e  p re tre a tm en t. A: A d 

m in is tra tio n  o f ACh. C a lib ra tion : 50 mV, 0.33 sec
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F ig . 4. Increasing  effect o f n ico tin ic  acid  on th e  d ep o la riz in g  action  of A C h (D  cell), a : C ontro  
A C h ac tio n ; b : ACh effec t o n  th e  sam e cell a f te r  w ash in g  and  3 m in u te s  n ico tin ic  acid  pre- 

t re a tm e n t. Д: A d m in is tra tio n  of ACh. C alib ra tion : 50 m V, 0.33 sec

W ig. 5. In h ib ito ry  effect o f  n ico tin ic  acid  on th e  depolariz ing  action  o f ACh (D  cell), a: C on
tro l  ACh action ; b: ACh effec t on  th e  sam e cell a f te r  w ashing and 3 m in u te s  n ico tin ic  acid  

p re tre a tm en t. A \ A d m in is tra tio n  of ACh. C alibra tion: 50 m V, 0.33 sec

acid was inhibitory, these values changed from -(-201 to  + 4 2  (p <[ 0.001). 
The enhancing typ e is dem onstrated in F ig. 4, the inhibiting one in Fig. 5; in 
b oth  cases, significant changes occurred in  spike frequency as w ell as in  
mem brane polarization.

.2. Reducing agents

a) Ascorbic acid. This characteristic electron donor defin itely inhibited  
th e  depolarizing and frequency enhancing effect of ACh; som etim es even  a 
•com plete elim ination o f spike generation occurred. The corresponding A cps%  
va lu es were, control ACh =  + 2 1 ;  ascorbic acid +  ACh =  — 38 (p <  0.001).

Fig. 6 shows th a t the original spike generating depolarizing action of 
ACh was elim inated b y  previous treatm ent w ith ascorbic acid. I f  such a cell 
w ith  stopped spike generation is depolarized exogenously (Fig. 6c), spike 
generation could still be elicited, but after return to the starting mem brane 
polarization level the cell is again silent. A t the same tim e, if  the return was

Acta Physiclogica Academiae Scientiarum Hungaricae 44, 1973



M ICROELECTROPHYSIOLOGICAL ANALYSIS 1 3 7

Fig. 6. In fluence of ascorb ic  acid on th e  d epo lariz ing  effect o f ACh (D cell), a: C ontro l A C h 
ac tio n ; b : ACh effect on  th e  sam e cell a f te r  w ash ing  a n d  3 m in u tes  ascorbic acid  p r e t r e a t 
m en t; c: a rtific ia lly  ev o k ed  depo lariza tion  a n d  h y p e rp o la riz a tio n  du rin g  th e  effect o f asco rb ic  

acid +  ACh. zl: A d m in is tra tio n  o f ACh. C a lib ra tio n : 50 mV, 0.33 sec

preceded by exogenous hyperpolarization, spike generation started spontane
ously.

Considering th at the ascorbic acid dim inished the pH  of the m edium by
0.3— 0.3 units, experim ents were perform ed to  elucidate whether the effect 
was due to a sh ift o f the pH or an increase o f the electron donor character o f  
the medium. In these experim ents th e  pH  o f the m edium  was decreased b y  0.3  
units by acetic acid, which has no redox capacity. As it  is seen in  F ig . 7, 
changes could not be observed either in the qualitative character of the de
polarizing w ave evoked  by ACh, or in  spike frequency (control A cps%  =  +  32; 
after ACh +  acetic acid treatm ent =  + 3 7  [p <C 0.10]).

b) H ydroquinone. Similarly to  ascorbic acid, this reducing agent also 
inhibited the depolarizing effect o f ACh. This typ e of action was significant in

Fig. 7. Influence of acetic acid on the depolarizing effect of ACh (D cell), a: Control ACh
action; b: ACh effect on the same cell after washing and 3 minutes acetic acid pretreatment.

A: Administration of ACh. Calibration: 50 mV, 0.33 sec
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83%  of the experim ents, failed to appear in 7% and depolarization was en
hanced in 10%. Thus, th e  increased reductive character of the medium  caused 
b y  hydroquinone decreased the ACh effect less than it  was done b y  ascorbic 
acid. The fact th at follow ing hydroquinone adm inistration negative A cps%  
values were never obtained, also corroborates the said assum ption. The mean 
A cps%  values were, ACh control =  + 5 1 ;  hydroquinone +  ACh =  + 1 4  
(p <  0.02).

The two types o f  hydroquinone effect are dem onstrated in Figs 8 and 9. 
As regards the bioelectric activ ity  of the cell shown in Fig. 8, spike frequency, 
as th e  measure of m em brane depolarization, changed significantly after hydro
quinone treatm ent. A t the same tim e, in  th e  case of the cell dem onstrated in 
Fig. 9, the decrease o f  membrane depolarization seems to  dom inate over the  
dim inution of spike frequency. In the former case there is a pacem aker, and 
in th e  second a synaptica lly  driven cell, therefore the cause of the difference 
m ust be in  that the postsynaptic m em brane and/or the cholinergic receptors 
of th e  som a of the pacem aker cell react in  a different w ay to  the reduction of 
th e  redox state of the biophase.

c) p-M ethyl-am ino-phenolsulphate (M AP). This potent reducing agent 
exerted  an inhibitory effect on the depolarizing action of ACh in 92%  but in 
8% of th e  cases this effect was not sign ificant. W e have not succeeded in dem-

Fig. 8 . Influence of h y d ro q u in o n e  on th e  dep o la riz in g  effect o f ACh (D cell), a: C ontro l ACh 
a c tio n ; b : ACh effect on th e  sam e cell a f te r  w ash in g  and  3 m in u tes  h y d ro q u in o n e  p re tr e a t

m en t. A: A d m in is tra tio n  of ACh. C alib ra tion : 50 mV, 0.33 sec

F ig. 9. Influence of hydroquinone on the depolarizing effect of ACh (D cell), a: Control
ACh action; b: ACh effect on the same cell after washing and 3 minutes hydroquinone

pretreatment. A: Administration of ACh. Calibration: 50 mV, 0.33 sec
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F ig. 10. In fluence of m eto l on th e  d epo lariz ing  effect of ACh (silen t D cell), a: C ontro l A C h 
ac tio n ; b: ACh effect on  th e  sam e cell a f te r  w ash ing  and  3 m in u te s  m eto l p re tre a tm e n t. A: 

A d m in is tra tio n  of th e  A C h. C a lib ra tion : 50 mV, 0.33 sec

onstrating an enhancing action in  any o f the cases. The A cps%  values were, 
ACh control =  + 2 0 ;  ACh +  M AP =  — 30 (p <  0.002).

In Fig. 10 the activ ity  of a silent neurone is dem onstrated before and 
after the adm inistration of p-m ethyl-am ino-phenolsulphate.

I I .  5-hydroxytryptam ine ( 5 -H T )

In our experim ents, a shift in to  the oxidative and/or the reducing side  
o f the redox state o f the biophase did not influence the depolarizing action of 
serotonin so clearly than after the application  of ACh. (Serotonin is a reducing  
agent in itse lf !)

a) M ethylene blue. An augm entation  of the electron acceptor capacity  
resulted in an inhibition of the depolarizing action evoked b y  5-HT in 70%  of  
the experim ents, while in 30% the m ethylene blue had no effect. The inhibition  
was not so considerable that the depolarization should have transformed to  a 
hyperpolarization. The A cps% va lu es were, serotonin control =  + 2 6 ;  sero
ton in  +  m ethylene blue =  + 3  (p < / 0.01).

In Fig. 11, activation  of a silen t neurone by serotonin and a partial in 
hibition of this activation  by m ethylene blue is dem onstrated.

F ig. 11. Influence of methylene blue on the depolarizing effect of 5-HT (silent D cell), a:
Control ACh action; b: 5-HT effect on the same cell after washing and 3 minutes methylene

blue pretreatment. A: Administration of 5-HT. Calibration: 50 mV, 0.33 sec
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a

b

F ig . 12. Increasing  effect o f ascorb ic  acid  on  th e  depolarizing  a c tio n  o f 5-H T (D cell), a: 
C o n tro l 5-H T action ; b : 5 -H T  effect on th e  sam e cell a fte r w ashing a n d  3 m in u tes  ascorbic  

acid  p re tre a tm e n t. A: A d m in is tra tio n  of 5-H T . C alibra tion: 50 mV, 0.33 sec

F ig . 13. In h ib itin g  effect o f asco rb ic  acid  on  th e  depolariz ing  ac tio n  o f 5 -H T  (D cell), a : C on
tro l  5 -H T  action ; b: 5-H T  e ffec t on th e  sam e cell a f te r  w ashing a n d  3 m in u te s  ascorbic acid  

p re tre a tm en t. A: 5 -H T  a d m in is tra tio n . C alibration: 50 m V, 0.33 sec

b) Ascorbic acid. A ugm entation  b y  this agent o f the electron donor 
cap acity  did not change the original serotonin action. Ascorbic acid caused in  
60%  of the cases an inhib ition  of the depolarization evoked b y  serotonin. In  
20%  it had no effect and in another 20%  it increased the action of serotonin  
(F ig . 12).

F ig. 13 dem onstrates an inhibition  evoked by ascorbic acid. Ascorbic 
acid  diminished not on ly  m ean spike frequency, but also inhibited  the spon
taneous frequency of th e  trains evoked by the E P SP -s, perhaps by inhibiting  
th e  effect of the endogenous transm itter (ACh?).

In some experim ents we have exam ined the changes o f the mem brane 
p oten tia l after m ethylene blue and ascorbic acid adm inistration. It was found  
th a t  after m ethylene blue treatm ent (sh ift towards th e  oxidative side) the  
m em brane potential gradually dim inished by — 3.2 +  0.7 mV, but th is level 
returned to normal after 4— 5 m inutes. A t the same tim e a shift towards the  
reducing side of the biophase caused b y  ascorbic acid resulted in  an increase 
in  the membrane p otentia l by + 1 1  +  3.5 mV. This increm ent failed to return  
to  norm al in 4— 5 m inutes. Since the ACh was adm inistered less than 4 — 5 
m inutes after the redox catalysator pretreatm ent these changed m em brane 
potentia ls have to be tak en  into consideration when discussing the role o f the  
Е ДСь phenomenon.

Acta Physiologica Academiae Scientiarum Hungaricae 44, 1973



M ICROELECTROPHYSIOLOGICAL ANALYSIS 141

Discussion

The va lid ity  o f the redox phenom enon for the activities evoked by ACh 
could be proved also w ith  respect to the bioelectric parameters of the soma of 
the nerve cells. A t the sam e tim e, in the case o f  activ ities evoked by 5-HT after 
both  a reducing and/or oxidizing shift in th e  redox state, they  resulted in  a 
decrease of the depolarizing tendency in  contradiction  to our earlier findings  
( P u p p i  et al. 1973) th a t in various structures (isolated  mussel heart, Lum bricus 
m uscles, Anodonta  m uscles) the depolarization evoked by 5-H T was aug
m ented by ascorbic acid while m ethylene blue had no effect.

In  the m entioned organs there is an ACh—5-H T antagonism  while on 
Lym nea  neurones there is m ostly an A C h-5-H T  synergism , the only exp la 
nation of these observations is to  assum e th a t  the m echanism s m anifesting  
w ith depolarization or hyperpolarization is sim ilar on these cells, and so the  
redox changes resulted in a similar chem o-pharm acodynam ic effect.

In general, the redox state of the b iophase p lays an im portant role in the  
definition o f the depolarizing and/or hyperpolarizing type of effect, both w ith  
acetylcholine and w ith  serotonin. The defin ition  o f the site o f action presents 
more of a problem; changes in the value o f the electron donor/acceptor quotient 
m ay result in actions at the following sites.

1) Changes in  th e  activ ity  of transport enzym es. ACh is well-know n to  
inhibit adenyl cyclase (M ó z sik  1969; M u r a d  et al. 1962) and following changes 
in the redox state of the milieu the activ ity  o f  (N a + -f- K +) transport A TPase  
is also considerably affected (H e g y v á r i  1966; D i k s t e i n  1971) so the influence  
on the activ ity  o f the transport processes has to  be taken into consideration.

2) Conformational changes in the m em branes. Differences in the charges 
and the hydrated ion radius of the chloride, potassium  and sodium  ions m ay  
play a role in the phenom enon because the diam eter and the charge of the  
ionic channels depends on the secundary ( U r r y  1972) and/or tertiary ( D e l  
Ca s t il l o  et. al. 1972) structure of the proteins, which are influenced b y  
electron donor/acceptor quotient of the biophase.

3) An influence on the interrelations betw een the m ediator and th e  
receptor.

The connection betw een the cationic head  o f the ACh and the carboxyl 
group of the anionic site of the ACh receptor are deeply influenced by the level 
of electron delocalizability (DrN). More exactly , the higher the value of (D rN), 
the stronger the inhibitory effect o f the ACh on th e  isolated frog heart ( I n o u y e  
et al. 1963). O xidizing agents as potent electrophilic substances, m ay influence  
the charge transfer reactions by m asking the anionic site of the receptor and so 
the typ e of action o f the mediator. As to  the esteric receptor site, S h e f t e r  
and M a u t n e r  (1969) showed that the depolarizing activ ity  o f ACh was in an 
inverse proportion to th e  ability of the side chain heteroatom s to form hydrogen
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bridges. M ethylene blue, as a hydrogen acceptor, m ay diminish the possib ility  
o f hydrogen bridge form ation, and at th e  sam e tim e ascorbic acid, as a p otent 
hydrogen donor, m ay promote th is ty p e  of interaction.

Here the question arises w hether the redox phenom enon m anifests  
itse lf  w ith  changes in  the E Ach? E AC]l is equal to  th a t equilibrium p oten tia l of 
the ion, through the fluxes of which the effect o f ACh is realized (C h i a r a n d i n i  
and G e r s c h e n f e l d  1967). The problem  becom es more com plicated i f  we 
consider th at we do not know w hich is the ion in  question. Some data  in  the 
literature refer to  the fact that on a defin ite part o f giant neurones o f in 
vertebrates, the ACh actions correlate w ith  Cl-  flu xes through m em branes, 
but in another group of neurones the enhancem ent depends on the in flu x  o f  
sodium  ions (Ch i a r a n d i n i  and G e r s c h e n f e l d  1967). The existence o f  sim ilar 
m echanism s is supported by the E Ach m easurem ents performed on the central 
nervous system  o f Lym nea stagnalis (K iss  and S a l á n k i  1971). The changes 
in  the membrane potentials evoked b y  oxidizing and/or reducing agents refer 
to  an influence on the EACh value.

The possib ility , too , has to be tak en  into consideration, th at if  a defin ite  
ion m echanism  is bound to a definite m olecular conform ation of the m em brane 
proteins, the conform ational change follow ed by a redox action favours the  
flu xes o f N a + ions instead of Cl~ flu x es, and conversely, so th at th e  E ACh 
value w ill be determ ined by the equilibrium  potentia l o f the other ion .

Since all the sites of action m entioned above seem to be p lausib le, the  
enzym e activ ity , the changes in the conform ation o f membrane proteins, and 
also the level o f the charge transfer processes m ay from part o f a com plex  
regulatory system .

It  has been m entioned earlier th a t the effect of nicotinic acid w as not 
significant sta tistica lly . Since, how ever, the mean nicotinic acid effect is m ade 
up o f characteristic enhancing and inh ib itory actions, in other words th e  effect 
is the resultant o f tw o antagonistic actions, one m ay assume th at the n icotin ic  
acid effect shows individual deviations depending on whether the agent exerts 
predom inantly an oxidizing action on the redox receptor or, as a m olecule  
possessing a N + group, forms a com plex w ith the carboxyl group o f the  
glutam inic acid of the ACh receptor. In  the former case, like the other oxid izing  
agents, it increases th e  depolarizing action  of ACh, while in the second case it  
causes a nicotinergic inhibition.
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EFFECT OF BLEEDING, COOLING AND ASPHYXIA 
ON THE ACTIVITY OF VERTEBRAL 

AND CARDIAC SYMPATHETIC NERVES
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(R eceived S e p tem b e r 17, 1973)

T he effect o f d ifferen t fac to rs  in flu en cin g  sy m p a th e tic  e fferen t a c tiv ity  has 
b een  s tu d ied  in  o rd er to  fin d  differences in  reg ional sy m p a th e tic  outflow . T he e x p e ri
m en ts  w ere p e rfo rm ed  on a n ae s th e tize d  c a ts ; in teg ra ted  v e r te b ra l nerve  a c t iv ity  
(Y N A ), card iac  nerve a c tiv ity  (CNA ), sy s te m ic  blood p ressu re  a n d  re sp ira tio n  w ere 
reco rd ed . D uring  g rad u a l, step-w ise b lee d in g  th e  increase o f  Y N A  exceeded t h a t  o f 
CNA in  all phases of b leeding. As a  r e s u l t  o f  cooling th e  su rro u n d in g  a ir fro m  30 to  
15°C, b o th  V N A  an d  CNA d isp layed  a  s lig h t increase, on  fu r th e r  cooling to  10°C a  
s teep  rise o f th e  a c tiv ity  level occu rred  in  V N A . In  th e  course o f 1 m in  asp h y x ia  V N A  
in creased  s te ad ily  an d  considerab ly  w h ile  th e  increase in  CNA b egan  la te r  a n d  w as 
s lig h te r  th a n  th a t  of V N A . T he re su lts  re v ea le d  th a t  th e  card iac  a n d  v e r te b ra l sy m 
p a th e tic  nerves give q u a n tita tiv e ly  d iffe re n t responses to  th e  stim u li applied.

Acta Physiologica Academiae Scientiarum Hungaricae, Tomus 44 (2 ), pp. 145— 155 (1973)

T h e  s y m p a th e t ic  e f fe re n t sy s te m  h a d  fo r  lo n g  h ee n  r e g a rd e d  as a  u n ifo rm  
s y s te m : th e  sp o n ta n e o u s  a c tiv itie s  r e c o rd e d  on  th e  ce rv ic a l, th o ra c ic  a n d  a b 
d o m in a l s y m p a th e t ic  e f fe re n t n e rv e s  sh o w e d  s im ila r  c a rd ia c  a n d  r e s p ir a to ry  
r h y th m  a n d  th e  d if fe re n t s t im u la tio n s  e v o k e d  m ore  o r less u n ifo rm  re sp o n se s  
(A d r ia n  e t  al. 1932; B r o n k  e t  a l. 1936; A l e x a n d e r  1946, W e i d in g e r  e t  
al. 1961).

G r e e n  and H e f f r o n  (1966) w ere th e  first to note differences in the  
activ ity  of vertebral and cardiac sym p ath etic  nerves; a comparison of the  
activities revealed that bursts occasionally  occurred in the former when none  
were seen in the latter and vice versa. W a l t h e r  et al. (1970) and I r ik i  et al. 
(1971) cooled the spinal cord and the hypothalam us of rabbits and found th at 
the sym pathetic activ ity  supplying th e  skin of the ear increased, while the  
activ ity  recorded in the splanchnic nerve decreased. B i e d e l  et al. (1972) found  
similar responses to natural therm al stim uli, i.e. heating and cooling o f the  
rabbit’s skin. In rabbits the ear is a special organ which takes part in therm o
regulation, in cats the above-m entioned authors could rarely evoke sim ilar 
sym pathetic reactions. H a g b a r t h  et al. (1972) and D e l iu s  et al. (1972a, b , c) 
found qualitative differences in the a c tiv ity  of sym pathetic fibres supplying  
the m uscles and skin in human subjects. Stim uli like Y alsava’s m anoeuvre 
and tiltin g  of the body which evoke baroreflexes influenced only the a ctiv ity  
which supplies the m uscles, while a c tiv ity  running to the skin remained un 
changed. During cooling and heating o f  the body, a reverse phenom enon was
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observed. These resu lts raise the question o f a regional specificity  in sym pa
th etic  outflow.

In the present experim ents, b y  m eans of quantitative m easurem ents 
and comparison o f sym pathetic activ ities supplying the forelimb and the  
heart, we have a ttem pted  to differentiate between the reactions during  
bleeding, cooling and asphyxia.

M ethods

The ex p erim en ts  w ere  perform ed on 13 c a ts  o f b o th  sexes, w eigh ing  2.0—3.5 kg. A f te r  
e th y l  chloride in d u c tio n , an aesth es ia  w as m a in ta in e d  w ith  a m ix tu re  o f  50 m g/kg ch loralose  
a n d  200 m g/kg u re th a n  in je c te d  in trav en o u sly . F o r  m u scu la r p a ra ly sis , 4 m g/kg of ga llam in e  
w as ad m in istered  a n d , i f  necessary , th e  dose w as re p ea te d . The tra c h e a  w as c an n u la ted  a n d  
a r tif ic a l v e n tila tio n  w as p e rfo rm ed  b y  m eans of a  S ta rlin g  pum p. B lood pressure  was m easu red  
in  th e  left fem oral a r te ry  th ro u g h  a  po ly e th y len e  c a th e te r . F o r d rug  in jec tio n s th e  le ft fem o ra l 
v e in  was used. B o d y  te m p e ra tu re  o f th e  an im als w as k e p t a t  38— 39°C b y  ex te rn a l h e a tin g . 
T h e  sy m p a th e tic  n e rv es  w ere p rep ared  on th e  le f t  side.

A fter p re p a ra tio n , th e  an im als were fix ed  in  th e  u p rig h t p o sitio n  in  a fram e a n d  h e ad  
ho ld er. I t  is to  be  n o te d  th a t  th e  blood p ressu re  v a lu es given below  re fe r to  h e a r t  level; in  
consequence of th e  u p r ig h t  position , blood p ressu re  in  th e  head  w as 5 m m  Hg less. T h e  e x 
p o sed  tissues w ere p ro te c te d  by  w arm  p a ra ffin  oil.

D ischarges o f th e  v e r te b ra l and  card iac  n e rv es w ere reco rded  w ith  fine b ip o la r s ta in 
less steel electrodes a n d  w ere fed in to  d iffe ren tia l am p lifie rs w ith  a  freq u en cy  range o f 8  cp s— 
2 К  cps. The am p lified  d ischarges were reco rd ed  a) d irec tly  on a n  oscilloscope, b ) a f te r  fu ll- 
w av e  rec tifica tion  a n d  in te g ra tio n  on a co m p ensograph . The tim e  in te g ra l was used as b asis 
fo r th e  analysis o f v a r ia tio n  in  full nerve a c tiv ity . W h en  th e  in te g ra l reach ed  a c e rta in  v a lu e  
th e  in teg ra tin g  c a p a c ito r  w as a u to m a tica lly  sh o rt-c irc u ite d  th u s  fo rm in g  saw too th like  im 
pulses. There was a  d ire c t a n d  q u a n tita tiv e  co rre la tio n  betw een  th e  in te g ra te d  a c tiv ity  a n d  
th e  frequency  of th e se  im pu lses. T he saw to o th  freq u en cy  was co m p u ted  and  recorded  w ith  
a  ra te -m e te r  an d  co m p en so g rap h . W hen  e v a lu a tin g  th e  changes in  th e  activ ities, d e flec tio n  
o f th e  d irect w rite r  w as m easu red  in  m m . T he in te g ra to r  was n o t ca lib ra ted  in  (iVsec as d u rin g  
ev a lu a tio n  th e  re la tiv e  changes w ere alw ays considered . W e dism issed  th e  idea to  d e te rm in e  
a c t iv ity  in ,«Vsec, s ta n d a rd iz e d  b y  th e  n u m b er o f fib res  located  in  th e  nerve, because  th e  
a c t iv ity  recorded b y  th is  tech n iq u e  is g re a tly  d e p en d e n t on  such  fa c to rs  as th e  po sitio n  of 
th e  nerve on th e  e lec tro d es o r th e  th ickness o f th e  connective  tissu e  sh e a th  th a t  rem ain ed  on 
th e  nerve. The n e rv e -e le c tro d e  position  was k e p t u n ch an g ed  th ro u g h o u t th e  recording p e rio d . 
O n th e  d iagram s, th e  s ta r t in g  level o f a c tiv ity  m ea su re d  in  m m  d eflectio n  of th e  d irec t w rite r  
w as ta k e n  as 1 0 0 %  a n d  th e  a c tiv ity  changes w ere ex pressed  in  re la tiv e  percentage.

The effect o f b leed in g  was exam ined  in  8  an im als . F o r b leed ing , th e  abdom inal a o r ta  
u n d e r  th e  origin o f  th e  re n a l a rte ries was c an n u la te d  b y  a  m eta l T  can n u la  so th a t  th e  b lood  
su p p ly  of th e  h in d  lim b  rem a in ed  u n d is tu rb ed . In tra v e n o u s  h e p arin  w as used as a n tic o ag u 
la n t .  T he T  can n u la  w as th e n  connected  to  a  re se rv o ir  in  w hich  a  b u ffe r  system  k e p t th e  
p ressu re  a t  th e  desired  leve l. B y  m eans of th is  sy s te m , blood p ressure  w as k e p t w ith  a  f lu c tu a 
t io n  o f 1—2 m m  H g  a ro u n d  th e  se t level. B leed ing  w as produced  b y  a  g rad u al re d u c tio n  of 
th e  pressure  in th e  re se rv o ir. E ac h  bleeding s tep s la s te d  5— 10 m in . T he anim als w ere b led  
in  5 — 6  steps to  40— 5 0 %  o f  th e  in itia l blood p re ssu re  level, th e n  th e  w hole w ithd raw n  a m o u n t 
o f b lood  was re tra n sfu se d .

The effect o f cooling  of am b ien t a ir w as in v es tig a te d  in  5 an im als ; th ey  w ere p laced  
in  th e  u p rig h t p o s itio n  to g e th e r  w ith  th e  fram e  in to  a n  in su la ted  box . Cooled air c ircu la ted  
in  th e  box and  red u ced  th e  tem p e ra tu re  in  15 m in  from  30°C to  10°C. D uring  th e  f irs t  m in , 
te m p e ra tu re  fell fro m  30°C to  25°C, w ith  a fu r th e r  decrease o f 1°C p e r  m in . R ew arm ing  w as  
p e rfo rm ed  by  o pen ing  th e  side o f th e  box: th e  cold  a ir  w as driw en o u t  in  some sec. T he e ffec t 
o f asphyx ia  was in v e s tig a te d  in 8  an im als. A sp h y x ia  was induced  b y  sw itching off th e  res-- 
p ira to r  for 1 m in . I n  consequence  of m uscle p a ra ly s is , spon tan eo u s re sp ira tio n  ceased.
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Results

1. Effect o f  bleeding. On gradual, step-w ise bleeding, sym pathetic efferent 
a ctiv ity  running to  the tw o investigated  regions increased in  different degrees. 
The increase o f vertebral nerve activ ity  (YNA) exceeded the increase o f  
cardiac nerve a c tiv ity  (CNA) in all phases of bleeding. T he initial respiratory  
and cardiac rhythm  disappeared in both  nerves. Fig. 1 illustrates a typ ica l 
experim ent. In  the first step, when the animals were bled from a pressure o f  
140 to  one of 125 m m  H g, an increase took  place in the activ ities running to  
both regions; at 85 and 50 mm H g blood pressure levels Y N A  displayed a 
further increase w hile CNA did not change considerably. A t 40 mm H g th e

Fig. 1. E ffec t o f b leed ing  on  sy m p a th e tic  e fferen t a c tiv ity  ru n n in g  to  th e  forelim b (V N A : 
v e rte b ra l nerve a c tiv ity )  an d  to  th e  h e a r t  (CNA : card iac  nerve a c tiv ity ) . F rom  to p  d o w n 
w ards: V N A , CNA, in te g ra te d  V N A  an d  CNA, a r te r ia l  blood p ressu re . B lood pressure  leve ls 

se t b y  th e  b u ffer system : 140, 125, 85, 50 an d  40 m m  H g
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a c tiv ity  took a different appearance, m ainly in YNA: the am plitude of action  
p oten tia ls decreased and their frequency increased as did also the tota l am ount 
o f  activ ity . After each pressure fall, V N A  rose steeply in 30 sec, and after 
another 30 sec it  settled  at a som ewhat lower level; during evaluation, this  
lev e l was always considered and the records o f Fig. 1 were taken  in this state . 
W ith  CNA no such phenom ena were observed.

In Fig. 2 a ctiv ity  changes are graphically plotted in  the percentage of 
th e  in itial activ ity  using the data of 8 experim ents. In all experim ents the  
startin g  level of a ctiv ity  in both nerves was about 3—5 “ short-circuit im pulses” 
per sec at the output o f  the integrator. D uring the bleeding period, the increase

* 9

F ig . 2. E ffec t o f b leed ing  on  in te g ra te d  Y N A  a n d  CNA. O rd in a te : in te g ra te d  a c tiv ity  in  
p e rce n ta g e  of con tro l v a lu e . A bscissa: blood p ressu re  levels in  p e rce n ta g e  of con tro l v a lu e  
se t  b y  th e  b u ffer system . C ontro l blood p ressu re  values range b e tw een  100 — 140 m m  Hg. 
U p p e r  d iagram : p lo ts  o f  8  experim en ts; low er d iag ram : m ean va lues a n d  s ta n d a rd  erro r o f 

m ean s calcu la ted  on  th e  basis o f 8  ex p erim en ts
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in  Y N A  surpassed th a t of CNA at all blood pressure levels, b oth  in the in ' 
dividual experim ents and in the calcu lated  mean values. A t 50%  of the initia^ 
pressure level, V N A  reached 270% , and under 50% a further characteristically  
steep  rise occurred. A fall o f blood pressure induced a much sm aller increase 
in  CNA. A t 50% of the in itia l pressure level, activ ity  w as on ly  135% and 
under 50%  a steep activ ity  increase occurred in a single case only.

2. Effect o f  cooling. Since th e  skin o f the forelimb is supplied b y  the  
vertebral nerve we exam ined its  a c tiv ity  as compared to  CNA on cooling  
am bient air. It is well-known th a t anaesthetized animals start shivering at 
10— 15°C am bient tem perature. H ere the question arises as to  the changes in  
sym pathetic efferent activ ity  w hen am bient tem perature hits the threshold  
o f shivering. Thus, am bient air was cooled to serve as a cold stim ulus. In the  
first m in, the tem perature fell from 30°C to  25°C, then it  dropped 1°C per m in. 
R ecta l tem perature decreased b y  1— 1.5°C during the 15-min cooling period. 
In  F ig. 3, initial am bient air tem perature was 30°C. On cooling to 15°C, the

F ig . 3. E ffec t o f cooling on YNA a n d  CNA. F ro m  to p  dow nw ards: V N A , CNA, in te g ra te d  
VNA an d  CNA, a rte ria l blood p ressu re , v e n tila tio n . T em p era tu re  levels fro m  to p  dow nw ards:

30, 15, 13, 11°C
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a c tiv ity  o f both nerves was found to  increase slightly . A  significant change 
occurred only on further cooling. A t 11°C the increase was much higher in  
V N A  than in CNA. The pattern of Y N A  changed: m ost o f the activ ity  increase 
on th e  vertebral nerve w as com posed o f fast potentia ls, the number of high  
am plitude slower w aves did not change significantly. Owing to the activ ity  
increase, respiratory group form ation disappeared. The characteristics of CNA  
did n ot change during cooling, its quantitative increase was smaller than th at 
of Y N A . During cooling, blood pressure displayed no significant change.

The activity changes are graphically p lotted  against am bient air tem 
perature in Fig. 4. Y N A  increased slow ly hut steadily  during cooling from  
30°C to  15°C; at 15°C th e  activ ity  was 125% . On further cooling a steep rise 
o f V N A  occurred and a t 10°C it  reached 178% . The increase in CNA on cooling

Fig. 4. E ffect of cooling o n  in te g ra te d  Y N A  an d  CNA. O rd in a te : in te g ra te d  a c tiv ity  in  p e r
cen tag e  of control v a lues. A bscissa: tem p e ra tu re  (°C). U p p er d iag ram : d a ta  of 5 experim en ts; 
low er d iagram : m ean v a lu e s  an d  s tan d ard  e rro r o f m eans c a lcu la ted  on  th e  basis o f 5 ex 

p erim en ts
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was m uch less; from  30°C to 10°C it was steady, at 10°C it  am ounted to  117% . 
R ewarm ing of am bient air to 30°C resulted in a decrease o f activ ity  and in a 
return to  the precooling level.

3. Effect o f  asphyxia.  A sphyxia is w idely used for inducing an increase 
a ctiv ity  o f the sym pathetic structures. F ig. 5 shows the influence of asphyxia  
on Y N A  and CNA. A  few  sec after artificial ventilation  had been sw itched off, 
Y N A  began to increase, while CNA rem ained uninfluenced. In the course of 
prolonged asphyxia, V N A  steadily increased while the increase in CNA was 
considerably delayed. CNA showed an increase only after 50 sec, but th is 
increase was lagging behind the activ ity  level o f the vertebral nerve.

F ig. 6 shows the effect of asphyxia in an arrangem ent similar to those  
given in Figs 2 and 4. The quantitatively  different behaviour o f the vertebral 
and cardiac nerves is conspicuous in  both  figures. V N A  increased steadily

Fig 5. E ffec t of a sp h y x ia  on  V N A  and  CNA. F ro m  to p  dow nw ards: V N A , CNA in te g ra te d  
V N A  a n d  CNA, a rte ria l b lood  p ressu re , v e n tila tio n
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sec

F ig . 6. E ffect o f  a sp h y x ia  on in te g ra te d  V N A  a n d  CNA. O rd in a te : in te g ra te d  a c tiv ity  in  
p e rcen tag e  of co n tro l v a lue . A bscissa: tim e  in  sec. U p p e r d iag ram : d a ta  o f 8  ex p erim en ts , 
low er d iagram : m ean  va lues an d  s ta n d a rd  e rro r o f m eans calcu la ted  on  th e  basis o f 8  ex p eri

m ents

during asphyxia and reached 300% in the 60th sec. CNA displayed a m uch  
sm aller increase; it  rose to only 133% in the 60th sec o f  asphyxia. Blood  
pressure increased b y  125% on the average.

Discussion

Beside the selective sen sitiv ity  o f vascular sm ooth m uscle and the role 
o f local vasoactive m etabolites, the specific sym pathetic control o f various 
organs m ight be the underlying m echanism  for the developm ent of differ
entiated  cardiovascular reactions. H owever, such specific, sym pathetic control 
could not be revealed by com paring the activ ities of cervical, thoracic and

Acta Physiologica Academiae Scientiarum Hungaricae 44, 1973



ACTIVITY OP SYMPATHETIC NERVES 153

abdom inal sym pathetic efferent nerves (K o iz u m i et al. 1971). The contra
diction betw een circulatory and electrophysiological results tends to  dis
appear w ith recently applied m ethods. One w ay is to choose natural stim uli 
which have a selective influence on the sym pathetic activ ity  innervating certain  
regions. Therm al stim uli m ay selectively  influence the sym pathetic activ ity  
supplying the cutaneous vascular bed (W a l t h e r  et al. 1970, 1971; R i e d e l  et 
al. 1972). The other way is to investigate sym pathetic fibres of different 
functions by the m icroelectrode technique. B y  means of th is m ethod H a g - 
b a r t h  et al. (1972), D e l iu s  et al. (1972a, b, c) found qualitative differences in 
activ ity  betw een the sym pathetic fibres supplying the skin and m uscle. The 
m ethod applied in our experim ents determ ines sym pathetic a ctiv ity  differences 
by a quantitative m easurem ent o f full nerve action potentials. This m ethod  
has the advantage of surveying the whole sym pathetic outflow  of a certain  
region. I t  has, however, the disadvantage that it  is hard to decide w hether in 
the case of increasing activ ity  the sam e neurons fire more in tensely  or new  
ones are recruited.

In cats subjected to blood loss the activ ity  of the vertebral nerve, which  
supplies the forelim b, increases more m arkedly than the a ctiv ity  of the cardiac 
nerve which innervates the heart. The vertebral nerve carries sym pathetic  
control to the cutaneous and m uscular vascular beds and to the pilom otor and 
sudom otor apparatuses. D e l i u s  et al. (1972c) found th at the sym pathetic  
activ ity  supplying the skin was not influenced by baroreceptors. W e presume 
th at during slight decreases in blood pressure the enhanced Y N A  consists  
m ainly of vasoconstrictor im pulses affecting the muscular bed as a result of 
baroreceptor activ ity  w ithdrawal. In a moderate hypotonic sta te  the difference 
betw een vertebral and cardiac nerve activ ities is due to various baroreceptor 
influences on the centres regulating the tw o regions. In another series o f ex 
perim ents we found that occlusion o f the common carotid arteries evoked a 
stronger and more prolonged increase in YNA than in CNA ( F e d i n a  et al. in 
preparation). A t pressure levels low  enough to ignore the influence of baro
receptor a ctiv ity  (40—50 mm Hg) the further increase in sym pathetic nerve 
activ ity  can be ascribed partly to elevated  chemoreceptor a ctiv ity  and partly  
to the low 0 2 tension in brain tissue due to the reduced flow . During severe 
haem orrhage, a steep rise occurs in V N A  while such a marked increase in CNA  
was detected  in a single case only. This finding m ay be explained by a dif
ference either in the sen sitiv ity  to  0 2 lack or in the chem oreceptor afferen- 
tation  o f central structures controlling VNA and CNA. In the case of CNA, the  
central and peripheral effects o f hypoxia  m ay work against each other resulting  
in a less marked increase in CNA: the activ ity  increase due to  CNS hypoxia  
m ight partly be counteracted by the stim ulation of carotid chem oreceptors 
which exert a dim inishing effect upon CNA (D o w n in g  and S ie g e l  1963; 
A l a n is  et al. 1968; S t e r n  and R a p a p o r t  1967; D o w n in g  1972). The role of
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aortic chemoreceptors does not, however, f it  into th is theory as their stim u
la tion  enhances CNA ( S t e r n  and R a p a p o r t  1967).

N in o m y a  et al. (1971) made com parative investigations of the sym 
p ath etic  activities su p p ly in g  the heart, k idneys and spleen. During haemorr
hage they  found th e  greatest increase in splenic sym pathetic activ ity . This 
resu lts in a contraction o f  the spleen w hich in turn leads to  a redistribution of 
cardiac output to  th e  v ita l organs. In our experim ents, the extrem e rise of 
V N A  could produce a sim ilar shift in cardiac output.

R ie d e l  et al. (1972) found that on direct cooling of the body surface 
sym pathetic a ctiv ity  running to  the skin o f the rabbit’s ear increased, while 
th e  activ ity  recorded on  the splanchnic nerve decreased. In our experim ents, 
cooling of the am bient air resulted in an increase in Y N A , but at the same tim e  
CNA showed no s ign ifican t change. As the m uscle vascular bed is not involved  
in  therm oregulation, w e suppose that am ong the fibres of the vertebral nerve 
those which control th e  vessels of the skin and piloerection were responsible 
for the increase in Y N A . This increased a ctiv ity  was accom panied b y  a slight 
increase in blood pressure. Our results together w ith  those of R i e d e l  et al. 
(1972) allow to assum e th a t the increased V N A  m ay have been com pensated  
b y  the decreased a c t iv ity  of some other nerve (e.g. splanchnic nerve), and in  
th is w ay the blood pressure remains unchanged.

When gradually cooling the am bient air, 15°C is a critical point for VNA. 
B elow  15°C, VNA increases at a m uch higher rate than  it  did before and its  
characteristics are also markedly changed. As shivering is known to start 
around 15°C we suppose that below this tem perature a different regulation  
related to shivering is released. Another question to be clarified is whether it  
is the therm oreceptors o f the skin or the 1— 1.5°C lower core tem perature 
w hich induce the increase in activities. In v iew  of th e  fact that on reheating  
th e  ambient air all th e  activ ities return to  their in itia l level even though core 
tem perature rem ains lo w , we m ay be certain th at the therm oreceptors localized  
in  skin are responsible for the increased sym pathetic activ ity .

According to  th e  literature, asphyxia elicits a general activation of the  
sym pathetic efferent system . Our experim ents have corroborated these  
findings and in ad d ition  th ey  revealed th a t the increase in activ ity  in  different 
regions varied in ex te n t. During the whole period of asphyxia the increase o f  
V N A  exceeded the increase of CNA. In th is respect the effect of asphyxia and 
th a t of severe blood loss w ith an im paired 0 2 supply, our results showed a 
good agreement.
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ACID-BASE BALANCE AND REGIONAL C02 CONTENT 
OF THE BRAIN IN HYPOYOLAEMIC SHOCK*

B y

Erzsébet M a k l á r i , A. G. В . K o v á c h  and I . N y á r y

E X P E R IM E N T A L  R ESEA RCH  IN ST ITU TE, AND IV . MEDICAL D EPA RTM EN T, SEM M ELW EIS U N IV ER SITY
M EDICAL SCHOOL, BUDAPEST

(R eceived  S ep tem b er 17, 1973)

T he a c id -b ase  p a ram e te rs  o f  a rte ria l, r ig h t a tr ia l  a n d  sa g itta l blood as well 
as th e  tissue C 0 2  c o n te n t o f  v a rio u s b ra in  regions were s tu d ie d  in  conditions o f hy p o - 
vo laem ia  in  a n ae sth e tize d  dogs. W ith in  30 m in a fte r  b leed ing  to  a 55 m m  Hg m ean  
a rte ria l p ressure , in  a r te r ia l  blood B E  a n d  pC O , decreased  w hile th e  p H  was un affec ted . 
In  r ig h t a tria l b lo o d , w ith  th e  decrease o f B E , a rise in  p C 0 2  to o k  place and  th e  p H  
w as in  th e  acido tic  range. In  th e  f irs t  30 m in  of bleeding I ,  in  sa g itta l  blood no essen tia l 
change was d e tec tab le . A t 35 m m  H g  m ean  a rte ria l p re ssu re , severe acidosis was 
fo u n d  in  all th re e  b lood  sam ples. A —V 0 „  and  p C 0 2 d ifferences increased  s ign ifican tly  
in  th e  f irs t 30 m in  b o th  in m ixed  v enous an d  in sa g itta l sin u s blood. Tissue C 0 2  con 
te n t  in  th e  v a rio u s b ra in  regions show ed sign ifican t d ifferences. T h ir ty  m in  a fte r  th e  
f ir s t  bleeding, tis su e  C 0 2  c o n te n t in  th e  h y p o th a lam u s ro se  fro m  14.5 — 1.5 m M /kg 
to  31.7 ±  3.7 m M /kg and  follow ing th e  second bleeding i t  re ach ed  38.5 ±  6-1 m M /kg. 
T h e  fro n ta l co rtex  d isp layed  a  s im ilar b u t  sligh ter e lev a tio n . C 0 2 c o n ten t in th e  pons 
increased  on ly  a t  th e  end o f th e  second phase  of b leed ing , w hile  th e  occip ita l co rtex , 
th a la m u s  and m ed u lla  o b lo n g a ta  d id  n o t show  essen tia l changes.

A fter th e  co rrec tio n  of acidosis b y  b ica rb o n ate  in fu sio n  hy p ercap n ia  occurred  
in  th e  h y p o th a la m u s , w hile in  th e  o th e r  b ra in  regions n o rm a l or only sligh tly  d if
fe re n t values w ere  o b ta in ed .

Numerous papers have discussed acid-base disturbances developing in  
haemorrhagic shock. Opinions vary as to the correlation between the degree 
of acidosis measured in arterial blood and the severity  o f shock (L il l e h e i  et 
al. 1964; M e h m e l  et al. 1966; Ch ic k  et al. 1968). Sim ilarly, data are not 
uniform concerning the therapeutic effect o f the correction of acidosis w ith  
buffer solutions (D a r b y  and W a t t s  1964; S c h o e p p n e r  1965; Co r a n  et al. 
1971; I r v in g  1971), while H a l m á g y i  et al. (1970) found a correlation to ex ist 
betw een venous p C 0 2 and the prognosis o f shock.

Previous experim ents have revealed changes in central nervous function, 
blood flow  and oxygen m etabolism  in dogs w ith haem orrhagic shock (K o v á c h  
1970). In order to stu d y  the developm ent of this dam age, we investigated the  
acid-base balance in  arterial and sagitta l blood sam ples along with the C 0 2

* A ided by g ra n ts  from  th e  H u n g a rian  M edical R esearch  C ouncil an d  from  th e  Jo h n  
A. H a rtfo rd  F o u n d a tio n , In c .
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co n ten t of brain tissu e  in haem orrhagic shock. In irreversible haemorrhagic 
sh ock , at the end o f th e  hypovolaem ic period and in the norm ovolaem ic stage  
fo llow in g  retransfusion, p C 0 2 in  sagitta l sinus blood rose sign ificantly  w ith  
th e  simultaneous occurrence o f a considerable hypercapnia in  certain brain 
region s (M a k l a r i  and K o v Xc h  1968).

In  view of the fa c t  th at the changes which render th e  process o f shock  
irreversible develop progressively during bleeding, we were in terested  to  know  
th e  tim e when the rise in  tissue C 0 2 content occurs and furtherm ore the tim e  
correlation of these changes to  the acid—base parameters o f  th e  blood. In the  
p resen t experiments th e  acidosis due to  haemorrhage was corrected by infusing  
a buffer solution in th e  la st third of blood loss, and the effect o f  th e  intervention  
h a s been studied upon th e  C 0 2 level o f brain tissues.

Methods

T he experim ents w e re  carried  o u t  on  36 m ongrel dogs of b o th  sexes u n d e r  100 m g/kg 
a-D (-f-)-g lucochloralose  (M erck , D a rm sta d t)  an aesth es ia . B lood c o ag u la tio n  w as in h ib ited  b y  
th e  a d m in is tra tio n  of 5 m g /k g  h e p arin  (R ich te r, B u d ap est). Irrev e rsib le  shock  was b ro u g h t 
a b o u t  using  a m o d ifica tio n  o f W i g g e r ’s m eth o d  (1950). A p ressurized  re se rv o ir  system  was 
e m p lo y e d  and a rte ria l b lo o d  p ressu re  o f th e  an im als  was stabilized  a t  50— 60 m m  H g  (bleed
in g  I )  fo r 90 m in, th e n  a t  30 — 40 m m  H g (b leed ing  I I )  for 90 m in. T h e  p ro ced u re  in v ariab ly  
re s u l te d  in irreversible sh o ck  in  th e  dog (K ovach  1970).

T he acid-base  v a lu e s  in  th e  b lood sam ples a n d  th e  tissue C 0 2  c o n te n t  o f various b ra in  
re g io n s  were de term ined  p r io r  to  b leeding, th e n  in  th e  30 th  and  9 0 th  m in  o f th e  bleeding I 
a n d  b leed ing  I I  periods. B lo o d  sam ples w ere o b ta in e d  from  th e  c a ro tid  a r te ry  an d  th e  sa g itta l 
s in u s  as described p re v io u s ly  (Ma k l á r i a n d  K ovach  1968). M ixed v en o u s b lo o d  was ob ta in ed  
v ia  a  ca th e te r  in serted  th ro u g h  th e  e x te rn a l ju g u la r  vein  in  th e  r ig h t  a tr iu m . The p H  was 
d e te rm in e d  w ith a B e ck m an  160 ty p e  gas an a ly se r using  P N P  s ta n d a rd  b u ffer (M etrohm

F ig . 1. Correlation b e tw ee n  d irec tly  m easu red  p C 0 2  va lues an d  th o se  d e riv ed  from  nom o
g ra m . O rdinate  (Y): v a lu e s  m easu red  d irec tly  w ith  Severinghaus ty p e  e lectrode. A bscissa 
(X ) :  v a lu es derived fro m  S iggaard -A ndersen  n o m o g ram  on th e  basis o f  p H  an d  to ta l  C 0 2. 

T h e  solid  line rep re sen ts  th e  45 degree axis
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A .G ., H erisau). T o ta l C 0 2  and  s ta n d a rd  b ic a rb o n a te  were e s tim a te d  b y  th e  m eth o d  o f P e t e r s  
an d  V an  Sl y k e  (1932). p C 0 2  a c tu a l b ica rb o n a te  and  base excess (B E ) w ere d e te rm in ed  
from  S ig g a rd -An d e r s e n ’s n om ogram  (1963). In  some e x p erim en ts , p C 0 2  w as m easu red  
d irec tly  w ith  a  S everinghaus ty p e  e lec tro d e  connected  to  th e  B eck m an  160 gas an aly se r. 
p C 0 2  derived  fro m  th e  nom ogram  a n d  th e  d irec tly  m easu red  C 0 2  ten s io n s w ere com p ared  
in 79 p a ra lle l d e te rm in a tio n s  an d  c o n s is te n t resu lts  w ere o b ta in e d  (Fig- 1). T he e q u a tio n  
of regression  w as y  =  0.9913x 0.9244 (r  =  0.9963, p  <  0.005). O xygen  sa tu ra t io n  w as
e s tim a te d  by  m eans of a n  E lem a-S ch ö n an d er ox y m ete r an d  H b  b y  th e  cy an  m eth aem o g lo b in  
m eth o d  (B akos 1963). T issue C 0 2  c o n te n t w as de term ined  in th e  f ro n ta l  a n d  o ccip ita l co rtex , 
th a la m u s , h y p o th a la m u s , pons a n d  m ed u lla  ob longata  w ith  th e  m od ified  m eth o d  of An r e p  
e t al. (1936) as d escribed  prev iously  (M a k l á r i and  K ovách 1968). F o r m easu rin g  tis su e  
C 0 2, 6  dogs each  w ere d e cap ita ted  a t  th e  p o in ts  of tim e m en tio n ed  above.

I n  6  an im als in fu sio n  of 0.3 M so d iu m  b ica rb o n ate  w as s ta r te d  in  th e  4 0 th  m in  of th e  
second  ph ase  of b leed ing , to  correc t th e  acidosis during  th e  re m a in in g  p e rio d  of h y p o ten sio n . 
B lood b ica rb o n a te  d e te rm in a tio n s w ere m ad e  a t  th e  30 th  m in  o f b leed ing  I I  an d  a t  15 m in  
in te rv a ls  th e re a f te r ;  a d ju s tm e n t o f th e  b ic a rb o n a te  infusion  ra te  w as m ad e  acco rd in g ly  (Z im 
m er m a n n  1965). T he C 0 2  c o n ten t o f th e  b ra in  tissue of these  an im a ls  w as d e te rm in ed  in  th e  
9 0 th  m in  of b leed ing  I I .  B lood sam ples w ere ta k e n  s im u ltan eo u sly  from  th e  t r e a te d  a n d  
co n tro l dogs.

D uring  th e  ex p erim en ts, a r te r ia l  b lo o d  pressure  and re sp ira to ry  ra te  w ere reg is te red  
co n tin u o u sly  a n d  th e  a m o u n t o f  d ra in e d  b lood  was m easured .

E v a lu a tio n  o f re su lts  was done b y  S tu d e n t’s t-test.

Results
A cid—base balance

Table I shows the data y ielded  b y  analysis of acid—base values in carotid  
artery, right atrium  and sagittal sinus blood.

In arterial blood, both bleedings were followed by rapid changes in  
acid-base values. A ctual bicarbonate and p C 0 2 dropped b y  about 25% in the  
first 30 min, B E  fell from — 6 mEq/1 to — 11 mEq/1. The values rem ained at 
these levels in the later part o f th e  first period. The pH  changed little , the  
difference was not significant even  at the end of bleeding I (p >  0.05).

After th e  second haem orrhage, sim ultaneously w ith  the repeated drop 
in actual bicarbonate and B E , p C 0 2 diminished, pH  fall considerably (p <[ 
<  0.0005) and an incom pensated acidosis developed.

In right atrial m ixed venous blood, BE showed a decrease identical w ith  
th a t of arterial blood, but p C 0 2 began to rise and until at the end of the 30th  
min o f bleeding I, it  became sign ificantly  higher than  prior to haemorrhage 
(p 0.05). This was well reflected  in  the pH changes, as pH  values dropped  
sign ificantly  during the first stage o f bleeding (p -< 0.05). During bleeding II, 
acidosis was further aggravated in  consequence of the repeated decrease of 
the bicarbonate level and of the rise in  p C 0 2.

In sagitta l sinus blood prior to  haemorrhage, B E  was the sam e as in  
m ixed venous blood, while p C 0 2 was som ewhat elevated  and pH  slightly  
decreased. In sagitta l blood the first phase of bleeding did not produce such  
rapid changes as in the m ixed venous blood. BE and pH  did not dim inish  
m uch in the first 30 min; lower values were observed only  at the end of the  
period. p C 0 2 was practically unchanged. In the first 30 min of the second  
bleeding period, the drop in B E  and pH  in sagittal sinus blood was similar to
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Results o f  blood sam ple analyses in  hypovolaem ia

Table I

Blood sample
pH

pCO, 
(mm Hg)

Actual
bicarbonate

(mEq/l)

BE
(mEq/l)

o s
saturation 
(per cent)

0 2 content 
(vol. per cent)site time

C arotid u n trea te d before bleeding 7.32 ±  0.01 38 ±  1 18.4 ±  0.5 -  6 ± i 8 8  ±  1 19.3 ±  0.5
a rte ry bleeding 30 ' 7.31 ±  0.02 28 ±  2  + + 13.4 ±  0.5 + + — и  ±  1  + + 8 8  ±  2 17.5 ±  0.9 +

90 ' 7.26 ± 0 .0 2 28 ±  2  + + 13.6 ±  1.1 + + — 1 4 ±  1 + + 8 8  ±  2 17.7 ±  1.0 +
bleeding 1 1  30 ' 7.01 ± 0 .0 4  + + 23 ±  2 + + 7.5 ±  0.5 + + — 2 1  ±  1  + + 83 ± 4 16.1 ±  1 . 1  + +

90 ' 7.08 ± 0 .0 6  + + 23 ±  4 + + 6.7 ±  0.9 + + — 23 ±  2 + + 89 ±  2 18.9 ±  1.0

b icarbonate- bleeding I I  30 ' 7.03 ±  0.05 + + 26 ±  4 + + 7.5 ± 0 . 8  + + — 2 2  ±  1  + + 81 ± 5 15.0 ± 2 . 0  + +
trea te d 90 ' 7.32 ^  0 .04q q 36 ±  6 q 17.8 ±  1.9a a — 2  ±  3 n a 91 ±  5 1 1 . 0  ±  I.Oq q

R ig h t u n trea te d before bleeding 7.30 ±  0.01 47 ±  2 20.4 ±  0.5 -  5 ±  1 61 ±  2 13.1 ±  0.6
a tr iu m bleeding I 30' 7.19 ±  0.03 + 54 ±  4 + 18.5 ± 0 . 4  + + — 1 0  ±  1  + + 41 ±  3 + + 8.0 ±  0.7 + +

90 ' 7.13 ±  0.02 + + 56 ±  3 + 17.6 ±  0.7 + + — 1 2  ±  1  + + 36 ±  3 + + 6.9 ± 0 . 7  + +
bleeding 11 30' 7.00 ±  0.04 + + 60 ±  6  + 13.3 ± 0 . 8  + + — 2 0  ±  2  + + 32 ±  3 + + 5.8 ±  0.6 + +

90 ' 6.98 ± 0 .0 4  + + 62 ±  4 + + 13.4 ±  1.2 + + — 2 0  ±  2  + + 31 ±  2 + + 6.5 ± 0 . 5  + +

bicarbonate- bleeding I I  30 ' 6.95 ± 0 .0 6  + + 64 ±  10 + + 12.8 ±  1.3 + + — 2 2  ±  2  + + 35 ±  5 + + 6 . 0  ±  1 . 0  + +
trea te d 90 ' 7.15 ±  0 .0 4 a a 67 ±  6  + + 20.9 ±  1.3a — 6  ±  2 n a 35 ±  4 + + 5.0 ±  1.0 + +

S ag itta l u n trea te d before bleeding 7.24 ±  0.01 56 ±  2 22.2 ± 0 . 5 -  5 ± 1 47 ±  3 10.5 ±  0.6
sinus bleeding I 30 ' 7.20 ±  0.02 53 ±  2 19.2 ± 0 . 6  + + -  7 ±  1 35 ±  2 + + 7.2 ±  0.7 + +

90 ' 7.16 ± 0 .0 2  + + 56 ±  3 18.3 ±  0.5 + + — 1 0  ±  1  + + 34 ±  2 + + 6.7 ±  0.8 + +
bleeding 11 30 ' 7.00 ± 0 .0 4  + + 54 ±  4 12.6 ± 0 . 7  + + — 18 ±  2  + + 26 ±  3 + + 5.2 ±  0.6 + +

90 ' 6.92 ± 0 .0 6  + + 62 ±  5 1 2 . 0  ±  1 . 0  + + — 23 ±  3 + + 35 ±  3 + + 7.8 ±  0.8 +

b icarbonate- bleeding I I  30 ' 6.94 ±  0.05+ + 58 ±  7 11.9 ±  1.1 + + — 2 0  ±  2  + + 25 ±  4 + + 5.0 ±  1.0 + +
trea te d 90 ' 7.24 i  0 .0 5 n n 49 ±  5 n 19.1 ±  1.6ЙЙ — 2  ±  3 q q 37 ±  4 5.0 ±  0.4 + +

+ p  <  0.05; ++ p c  0.01 as co m p ared  w ith  p reb leed ing  va lues 
p  p <  0.05; □ □  p  <  0.01 as com pared  w ith  s im ultaneous con tro l values
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th at found in  arterial and m ixed venous blood. p C 0 2 rose at the end o f the 
haem orrhage but the difference was not significant statistica lly  (p ]> 0.05).

In keeping w ith the above described changes, the У-A  p C 0 2 difference 
rose steadily  in the course of the experim ent (Fig. 2); it  becam e prom inent as 
early as the 30th min of bleeding I, both  in m ixed venous—arterial (p <[ 0.01) 
and sagitta l—arterial blood (p <  0.025).

У—A actual bicarbonate difference in the right atrial-arterial blood also 
increased gradually during the hypotensive period, w hile, the sagitta l-arteria l 
bicarbonate difference increased m arkedly only by the end of the haem orrhage 
(p <  0.01).

R espiration is an im portant factor influencing acid—base balance. After  
the first stage of bleeding its rate increased (Table II) and by the end o f the 
first phase it  exceeded the in itia l value by 100% . In the second period of 
haem orrhage, hyperventilation increased further.

Table I I

Blood pressure, respiratory rate, am ount o f  blood loss and H b during haemorrhage

Time
Mean arterial 

pressure 
(mm Hg)

Respiratory-
rate

(N/min)

D rained blood 
(m l/kg b.w.)

Haem oglobin 
(g/100 ml)

Before bleeding 
B leeding I 30 '

129 ±  3 и  ± i 16.0 ±  0.4
58 ±  1 17 ±  1  + + 27 ±  2 14.6 ±  0.7 + +

90 ' 54 ±  1 2 1  ±  1  + + 30 ±  3 14.6 ±  0.7 + +
B leeding I I  30 ' 35 ±  1 23 ±  2 + + 34 ±  3 14.1 ±  0.8 + +

90 ' 36 ±  1 25 ±  2 + + 27 ±  3 15.7 ±  0.7

Before b ica rb o n a te  infusion
B leeding I I  30 '

A fter b ica rb o n a te  infusion
35 ±  1 26 ±  4 + + 44 j -  4 13.8 ±  1.4+ +

Bleeding I I  90 ' 34 ±  1 28 ±  3 + + 40 ±  6 1 0 . 6  ±  1 . 2  + +

+ p  <  0.05; + + p <  0 . 0 1  as com p ared  w ith  p reb leed ing  va lues

The blood Hb content dim inished in  the first third of the hypovolaem ic  
period then, in agreem ent w ith  data in the literature ( B a u b k u s  and K i r c h - 

h e i m  1 9 6 6 ;  H o l l e n b e r g  et al. 1 9 7 0 )  it  rose in the last hour. 0 2 saturation of 
arterial blood was unaffected by b leeding, but the 0„  content changed due to  
the change in  Hb content (Table I). On the other hand, 0 2 saturation o f right 
atrial and sagitta l blood were reduced after bleeding, and the fall in 0 2 con ten t  
was even more pronounced. These low  values did not change in spite o f the  
haem oconcentration, even at the end o f bleeding II.

The A—V О 2 difference increased in the first 30 m in of haemorrhage in  
both m ixed venous and sagitta l blood (Fig. 2) and rem ained at an elevated  
level during the hypotensive period.
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vol. %

before B B. I B. II.

F ig . 2. A -V  0 2  d ifference , p C 0 2  an d  ac tu a l b ic a rb o n a te  during  h aem o rrh ag e . C ontinuous 
lin e : m ixed  v e n o u s -a r te r ia l  d ifference. B roken  line : sa g itta l s in u s -a r te r ia l  difference. 
M ixed  v e n o u s-a rte ria l d iffe ren ce  a fte r  b ic a rb o n a te  infusion; Д  : s a g itta l  s in u s-a rte ria l

d iffe ren ce  a f te r  b ica rb o n ate  in fusion . B : b leed ing

C 0 2 content of brain tissues

In the 6 brain regions studied, a significant difference in tissue C 0 2 
con ten t was observed (Table III). The m ost pronounced change tvas seen in 
th e  hypothalam us, w here C 0 2 rose from  14.5 +  1.6 m M /kg to 31.7 +  3.7 
m M /kg in the first 30 m in  o f haemorrhage, to  remain sign ificantly higher than  
th e  in itial level th rou gh ou t the hypovolaem ic period. A t the end o f bleeding I, 
there was a tendency tow ard recovery.

In the frontal co r tex  there was a sim ilar though sm aller change in the  
CO2 content. In th e  pons the C 0 2 content was significantly elevated  only at 
th e  end of bleeding I I . In  the medulla, th e  C 0 2 level dim inished in the first 
phase of bleeding, w h ile  in the second phase it  increased transiently, and at 
th e  end of haem orrhage it  again approached the normal level.

In the occipital cortex  and the thalam us there was no significant change 
during hypovolaem ia.
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Tissue C 0 2 content o f  brain regions during  haemorrhage 
( m M /kg  wet weight)

Table III

Time F rontal cortex Occipital cortex Thalam us H ypothalam us Pons Medulla oblongata

Before bleeding 18.2 ±  1 . 0 18.0 ±  1 . 0 16.8 ±  1.3 14.5 ±  1.6 15.6 ±  1.6 13.4 ±  1.5
B leeding I  30' 25.7 ±  3.4 + + 19.3 ±  3.4 18.9 ±  1.8 31.7 ±  3.7 + + 16.8 ±  1.7 8.0 ±  1.4 + +

90' 12.4 ±  1.4+ + 14.5 ±  2.3 18.1 ±  2.9 19.9 ± 2 . 5  + 15.7 ±  2.7 11.5 ±  2.4
B leeding I I  30 ' 24.1 ± 5 . 0 19.7 ±  3.5 20.5 ±  3.4 38.5 ± 6 . 1  + + 19.8 ±  5.6 20.1 ±  3.9 +

90 ' 28.5 ±  3.9 + + 2 1 . 1  ±  2 . 6 17.6 ±  2.4 39.9 ± 4 . 2  + + 22.5 ±  3.0 + + 16.2 ±  1.4
B icarbonate  trea te d  
B leeding I I  90 ' 17.3 ±  2 .9o 12.8 ±  1.7Й+ 25.4 ±  3 .8 J  + 35.1 ±  3.9 + + 11.8 ±  3.2n 13.7 ±  2.3

+ p  <  0.05; ++ p c  0.01 as com p ared  w ith  p reb leed ing  va lues 
□ p  <  0.05; □ □  p  <  0.01 as com pared  w ith  s im ultaneous con tro l va lues
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E ffect o f  the correction o f  acidosis

In this group o f anim als the blood acid—base values were identical w ith  
th o se  for the control group before the bicarbonate infusion had been started. 
Therefore a separate registration of these data did not seem  necessary, and 
o n ly  th e  values m easured during bleeding II , i.e. prior to  infusion (30th min) 
and at the end of the in fusion  (90th min) have been listed  in  Table I.

In these treated anim als at the end o f the hypovolaem ic period not even  
a com pensated acidosis could be dem onstrated, BE and pH  were identical 
w ith  prebleeding va lu es.

In arterial and sag itta l blood, p C 0 2 was within norm al lim its but as it 
rem ained elevated in  th e  m ixed venous blood therefore the pH was lower, 
th ou gh  the difference w as not sign ificant (p >■ 0.05) as compared to  the  
prebleed ing state.

Y —A p C 02 difference returned to  norm al, while th e  actual bicarbonate 
difference dropped below  the initial va lue (Fig. 2).

Respiratory rate w as not affected b y  the intervention (Table II). Values 
before and after the in fusion  did not differ from the parallel controls (p >  0.15). 
A s a consequence o f th e  infusion, the blood Hb content diminished. A t the  
end  o f haemorrhage, 0 2 saturation w as the same as in  the control group; 
o n ly  the 0 2 content o f  arterial blood was found to be low er than the controls. 
T h e decrease in A—Y  0 2 difference was caused by the decrease of 0 2 content 
in  arterial blood as a consequence of haem odilution.

In this group th e  am ount of drained blood was 50 m l/kg on the average 
at th e  end of the second phase of bleeding. The loss w as substituted by the  
in fusion  (10 ml/kg on th e  average) as show n in Table II  where these corrected  
d ata  are shown in order to facilitate comparison w ith  the untreated dogs. 
T here was no sign ificant difference betw een  the two groups (p >  0.15).

Correction o f th e  acidosis by bicarbonate infusions was found to  in 
flu en ce the C 0 2 con ten t o f brain tissues in a different degree in the different 
cerebral regions. In  th e  hypothalam us, a considerable hypercapnia was in 
variab ly  found at th e  end of the second stage of bleeding. In the thalam us the  
C 0 2 content rose sign ifican tly , while values for the cerebral cortex and m edulla  
ob longata remained considerably lower in  the bicarbonate treated group at the  
en d  o f the haem orrhagic period.

D iscussion

In our experim ents, after the first bleeding, respiratory rate increased, 
arterial bicarbonate and p C 0 2 dim inished; but the pH  did not considerably  
d ev ia te  from the prebleeding value even  at the end o f th e  first haemorrhagic 
period. A considerable fall in pH took place after the second stage of bleeding,
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together with a further drop in  the bicarbonate level. This was in agreem ent 
w ith  the results o f B a u b k u s  and K i r c h h e i m  (1966), according to whom  the  
reduction in bicarbonate is com pensated by hyperventilation  in the first phase 
of bleeding and a shift in pH  occurs only after a prolonged hypovolaem ic  
condition , at the tim e when retransfusion is started.

However, study of the venous blood samples revealed that the com 
pensated condition observed in arterial blood in the first period of bleeding  
was only  apparent. In m ixed venous blood, the drop in pH  w as obvious in  the  
first 30 min. The different behaviour of th e  acid-base com ponents in arterial

A. CAROTIS RIGHT ATRIAL S. SAGITTALIS

ApC02 
mm Hg

ДВЕ
mEq/l

ДрС02 
mm Hg

ABE
mEq/l

ДрС02 
mm Hg

ABE
mEq/l

Fig. 3. D iag ram m atic  re p re se n ta tio n  of d B E  a n d  /IpC O , changes in  c a ro tid , r ig h t a tr ia l  
a n d  s a g itta l  sinus blood, according t o  K i n t n e r . C ontinuous line: before  bleeding. B roken  

line: 90 m in , b leeding I. D o tted  line: 90 m in , b leed ing  I I

and venous blood is w ell illustrated b y  K in t n e r ’s scheme (1967) dem onstrat
ing the plus or minus deviation  of the basic (ABE) and acid (zlpC 02) factors 
from the normal values. The divergence o f the straight line connecting the  
tw o points from the horizontal line indicates the exten t o f the pH  shift; and 
the deviation  of zJBE and ZlpC02 from  0  point indicates the role o f m etabolic 
and respiratory factors in the pH  changes (F ig. 3).

The considerable drop of /1ВЕ in arterial blood refers to  th e  decisive role 
played b y  the m etabolic com ponents in th e  developm ent o f acidosis. The 
decrease in zlpC 02 is at first nearly the sam e as the fall in  zlB E , while in the  
second phase of bleeding it  becom es relatively  smaller and acidosis develops.

In m ixed venous and sagitta l sinus blood the zlBE decreased nearly  
identica lly , but the /JpC 02 increased, suggesting th at both com ponents had  
an active role in the pH  shift.

The increase У-A  p C 0 2 difference indicated  an increase in  tissue C 0 2 
content shortly after the first stage o f  bleeding. This m ay have been the con
sequence o f an elevated tissue m etabolism . H a l m á g y i et al. (1970) analyzing
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pulm onary artery blood have also observed the rise in p C 0 2 during h yp o
ten sion . In their view , th e  high venous p C 0 2 was the result o f an increased  
m etabolism  in the cells, elicited  by the elevated  cathecholam ine level. The 
com position  of m ixed venous blood is obviously  influenced b y  changes o f the  
entire organism. From  th e  results obtained only general conclusions can be 
drawn. On the other hand, analysis o f sagitta l blood yielded inform ation  
so le ly  of the changes occurring in the central nervous system . M etabolism  
being relatively high in brain tissue, the brain A—V 0 2 and p C 0 2 differences 
w ere more pronounced prior to  bleeding than in m ixed venous blood.

In sagittal sinus b lood, the change follow ing the first stage of bleeding  
did n ot reach the exten t o f those found in right atrial blood. It would appear 
th a t due to  a circulatory autoregulation the com pensating m echanism s are 
m ore effective in brain tissu e (G o t t s t e in  1965; D r o st  et al. 1971). Num erous 
data  in  the literature support the v iew  o f the relatively  w ide buffer capacity  
o f brain tissue (S ie s j ö  and P o n t é n  1966; W e y n e  et al. 1968). The in vesti
gations of S ie s j ö  and Z w e t n o w  (1970) into the tissue m etabolism  o f the  
w hole brain indicated considerable changes in the bicarbonate content o f the  
tissu es a mean arterial pressure of less than  50 mm H g. Increase in sagitta l 
sinus—arterial p C 0 2 difference in the first period of bleeding indicated, how 
ever, the involvem ent o f  brain tissues in th is early stage o f shock. Brain A —У  
О 2 difference also increased in  this period. After the second bleeding the dif
ferences between the m ixed  venous and sagittal sinus blood disappear, the  
acid—base parameters show  identical values. S ie s j ö  and Z w e t n o w  (1970) 
found in  rat experim ents th a t the CSF—arterial p C 0 2 difference increased  
parallel w ith bleeding. On the contrary, according to  their calculations, in tra
cellular pH  in the brain tissue rem ained unchanged. To explain this contra
diction  they  assumed th a t in certain brain regions there m ay occur alterations 
w hich are not revealed b y  studies concerned w ith the w hole brain. In our pre
v iou s experim ents carried out in dogs, a blood less was followed b y  essential 
differences in the tissue C 0 2 content o f various brain regions (M a k l Ár i and 
KovÁCH 1968). The present results have corroborated these observations in 
th a t in the thalam us and occipital cortex the C 0 2 content rem ained un
changed throughout th e  entire hypotensive period. A t the same tim e in the  
hypothalam us and frontal cortex the C 0 2 level rose in  the first 30 min of 
bleeding. These brain regions displayed the m ost considerable changes during 
th e  experim ents. In the pons and m edulla oblongata, the differences observed  
were slight. The m etabolic changes due to  haemorrhage did not have an effect 
uniform  either in ex ten t or in tim e upon the studied brain regions. The local 
tissue hypercapnia found in certain brain regions explains the increase observed  
in  the sagittal sinus—arterial p C 0 2 difference.

In the elevation  o f the tissue C 0 2 content, the reduction of blood flow  by  
th e  blood loss m ay p lay  a role. According to studies on cerebral circulation in
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haem orrhagic shock, regional variations occur w ith in  th e  brain; the m ost 
conspicuous drop w as recorded in the hypothalam us and frontal cortex  
(K o v a c h  et al. 1973). Num erous experim ental data seem  to indicate th at  
these haem odynam ic variations are not sufficient to explain  the tissue changes 
(H a l m á g y i  et al. 1970; K o v á c h  et al. 1965; K o v á c h  et al. 1959; H a l m á g y i  
et al. 1971; B y n u m  et al. 1971). The tissue C 0 2 content seem s to have under
gone changes independent of the acidosis involving th e  entire organism, 
because, according to  our findings, correction of acidosis in  the last third o f  
the hypovolaem ic period did not influence identically  th e  C 0 2 level in the  
different regions of the brain. For th is, intracellular b iochem ical changes m ust 
be held primarily responsible. N a n a  et al. (1965) stu d y in g  the changes in  
gam m a-am inobutyric acid concentration of brain tissues in shock, also noted  
differences in the various brain regions and found the highest values ju st in 
the hypothalam us and frontal cortex. The m etabolic changes, as well as the  
change in C 0 2 content itse lf m ay affect the function o f the involved areas. 
K r n j e v ic  et al. (1965) studying the irritability  of the cerebral cortex, observed  
th a t even slight variations in p C 0 2 lead to  changes in cell activ ity . D o w n in g  
et al. (1963) showed th a t cerebral hypercapnia enhanced sym pathetic activ ity . 
The role of the hypothalam us in the activation  of the adrenocortical system  is 
w ell-know n. K o v á c h  and F o n y ó  (1960) found a correlation between the  
developm ent of irreversible shock and the EEG changes and considered the  
latter to  be the m ost sensitive indicator of the shock condition. F in k  et al. 
(1970) have corroborated this observation.

Our experim ents seem  to indicate th at within the central nervous system  
the hypothalam us and frontal cortex are the sites m ost affected in haem or
rhagic shock. P athological changes, which presum ably p lay  a role in the  
evolution  of the process, occur even at the beginning o f the hypovolaem ic  
period.
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EFFECT ON CENTRAL NERVOUS TISSUE C02 CONTENT 
OF THE CORRECTION OF ACIDOSIS DUE 

TO HAEMORRHAGE*
B y

Erzsébet M a k l á r i , A. G. В. K o v a c h  and I. N y á r y

E X P ER IM EN TA L R ESEA R C H  IN STITU TE, AND IV . M EDICAL D EPA RTM EN T, SEM M ELW EIS U N IV ER SITY
M EDICAL SCHOOL, BUDAPEST

(R eceived S ep tem b er 17, 1973)

T he effect o f  b ica rb o n a te  in fusion  u p o n  th e  a c id -b ase  b a lan ce  and  C 0 2 c o n te n t 
o f b ra in  tissu e  w as stu d ied  in h aem o rrh ag ic  shock in  dogs. W h en  physiological sa line  
in fusion  is g iven  in  h aem orrhage  a  sim ilar b u t  m ore m o d e ra te  acidosis develops as 
com pared  to  u n tre a te d  dogs. A m ong th e  b ra in  regions s tu d ied  o n ly  th e  h y p o th a la m u s 
d isp layed  a considerab le  rise in  C 0 2  a t  th e  end of th e  bleeding. T w o hours a fte r r e tr a n s 
fusion , beside a  m ark ed  h y p e rca p n ia  o f th e  h y p o th a la m u s , a  s ign ifican t increase  in  
C 0 2  level w as o bserved  in  th e  f ro n ta l  and  occip ita l cortex .

D uring  h aem orrhage , th e  d ev elo p m en t o f acidosis can  b e  p rev en ted  b y  a p 
p ro p ria te  b ica rb o n a te  infusion. A t th e  end of th e  bleeding no tis su e  hy p ercap n ia  w as 
fo u n d  in an y  of th e  b ra in  regions, a n d  2  hours a f te r  re tran sfu s io n  a slig h t C0 2 a ccu m u la 
tio n  could be d e m o n s tra ted  o n ly  in  th e  h y p o th a lam u s . P hysio log ica l saline in fu sio n  
seem s to  red u ce  b y  an  a lte ra tio n  o f  blood v iscosity , th e  p a th o lo g ica l changes a ris ing  
in  th e  cells.

In  v iew  of th e  fav o u rab le  effec t o f b ica rb o n a te  in fu sio n , acidosis is a ssum ed  
to  rep re sen t an  a g g rav a tin g  fa c to r  in  th e  d e te rio ra tio n  o f cell m etabolism .

The relationship between the acidosis which develops in  the course o f  
hypovolaem ia and the irreversibility o f shock is not fu lly  clarified. S c h m id t  
and S c h m ie r  (1968) presume th a t local acidaem ia m ay be an im portant factor  
in  the deterioration o f cardiac function  in shock. S ie g e l  and D o w n in g  (1970) 
dem onstrated th at the decrease in the 0 2 tension of arterial blood w ith  a 
norm al pH  reduces on ly  m inim ally, while in acidosis considerably, the contrac
tility  of the m yocardium . Thus, in haemorrhagic shock acidosis has a p o ten 
tia tin g  effect upon the deterioration of cardiac function.

In previous experim ents we have studied the C 0 2 content of various 
central nervous areas and have com e to the conclusion th a t among the brain  
regions studied, the hypothalam us and the frontal cortex showed the m ost 
significant change in  C 0 2 content (M a k l á r i  and K o v a c h  1968). Tissue hyper
capnia in these brain regions developed shortly after b leeding, at a tim e w hen  
in arterial blood a decrease in bicarbonate level was found while the pH  w as 
still normal. After prolonged hypotension, when the already existing arterial 
acidosis was corrected w ith sodium -bicarbonate infusion, the high C 0 2 con-

* A ided by  g ra n ts  from  th e  H u n g a ria n  M edical R esearch  C ouncil a n d  from  th e  J o h n  
A. H a r t f o r d  F o u n d a tio n , Inc.
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centration  of the hypothalam us did not decrease while in the frontal cortex  
and in  the pons a norm al C 0 2 level was measured (M a k l á r i  et al. in prep
aration).

The aim of the present experim ents was to find  an answer as to  the 
changes in the C 0 2 con ten t of brain tissu e if  the developm ent of acidosis was 
prevented  throughout th e  bleeding period. For this reason, blood pH and bi
carbonate content w ere kept at a norm al level in the hypotensive stage by  
appropriate sodium -bicarbonate infusion; the C 0 2 content of various brain 
regions was studied at th e  end of the bleeding period and 2 hours after retrans
fusion. The same param eters were also exam ined in control dogs which received  
a sim ilar volum e o f physiological saline infused during the entire bleeding  
period.

Methods

T he experim ents w ere  carried  ou t on  43 dogs of b o th  sexes u n d e r  100 m g/kg a-D (-f-)- 
g lucochloralose  (M erck, D a rm s ta d t)  an aesth es ia . F o r  th e  p rev en tio n  o f b lood  c lo ttin g , 5 m g/kg 
h e p a r in  (G edeon R ich te r , B u d a p e s t)  was a d m in is te re d  before s ta r tin g  th e  ex p erim en t. H aein- 
in o rrh ag ic  shock was b ro u g h t a b o u t by  th e  m o d ified  m ethod  of W ig g e r s  (1950). B y  collect- 
g th e  d ra in ed  b lood in to  a reservo ir, b lood p re ssu re  o f th e  an im als w as m ain ta in ed  betw een  
50— 60 m m  H g  in  th e  f i r s t  90 m in  period , a n d  b e tw een  30—40 m m  H g  in  th e  second period , 
th e n  th e  shed blood w as re tra n sfu se d .

B lood sam pling  w as done  from  th e  c a ro tid  a rte ry , s a g itta l  s in u s, and  r ig h t a tr iu m  
b efo re  bleeding, th e n  in  th e  3 0 th  and  9 0 th  m in  o f  bleeding I ,  in  th e  3 0 th  an d  9 0 th  m in  of 
b leed in g  I I ,  and  finally  60 a n d  120 m in a f te r  re tran sfu s io n . A B e ck m an  160-type gas an aly se r 
w as u sed  to  m easure  b lo o d  p H  and  p C 0 2. A c tu a l b ica rb o n ate  a n d  b ase  excess (B E ) were 
e s tim a te d  from  th e  Sig g a a r d -An d e r s e n  n o m o g ram  (1963). O , sa tu ra t io n  was d e te rm in ed  
b y  m ean s of an  E lem a-S ch ö n an d er o x y m ete r a n d  H b  was e s tim a te d  w ith  th e  cyan-m ethaem o- 
g lo b in  m eth o d  (B akos 1963). D uring  b leeding, s ta n d a rd  b ica rb o n a te  d e te rm in a tio n  w as p e r
fo rm ed  a t  15 m in  in te rv a ls  u sin g  th e  m eth o d  o f V an  Sly k e  (P e t e r s  a n d  V an  Sl y k e  1932).

T issue C 0 2 c o n te n t o f  th e  b ra in  tis su es  w as d e term ined  in  dogs d e ca p ita te d  a t  th e  
te rm in a tio n  of h aem o rrh ag e  o r 1 2 0  m in  a f te r  re tran sfu s io n  as done  in  o u r p rev ious experi
m e n ts  w ith  th e  m odified  m e th o d  of An r e p  (M a k l á r i and K ovách  1968).

T h irty -o n e  dogs rece iv ed  an  in fusion  of 0.3 M b ica rb o n a te  d isso lved  in  physio logical 
sa lin e  th ro u g h o u t th e  b leed in g  period , b y  ca re fu lly  contro lling  th e  d ro p  co u n t in  h a rm o n y  
w ith  th e  s ta n d a rd  b ic a rb o n a te  v a lu es accord ing  to  th e  schem e mM  b ase  =  mM B E  X 0.3 X bod y  
w e ig h t. Tw elve dogs, se rv in g  as contro ls, re ce iv ed  th e  sam e a m o u n t o f physio logical saline 
in fu s io n  as did th e  t r e a te d  g ro u p s, a t id en tica l in te rv a ls . B lood p re ssu re , re sp ira tio n  an d  th e  
a m o u n t o f blood loss w ere  reg is te red . F ro m  th e  la t te r  value  we d e d u c ted  a t  every  read in g  
th e  a m o u n t o f th e  a lre ad y  ad m in iste red  in fu sio n  an d  added  th e  vo lu m e of b lood sam ples. 
T hese  co rrected  va lues a re  g iv en  in Table I in  o rd e r to  render ou r d a ta  com parab le  w ith  those  
o f  u n tre a te d  dogs of p re v io u s  experim en ts. O n  re tran sfu sio n , th e  b lood  in  th e  reservo ir was 
re p la ce d  w ith  donor b lood  in  an  am o u n t u sed  fo r th e  tests .

S tu d e n t’s i- te s t w as ap p lied  for s ta tis t ic a l  ev aluation  o f th e  resu lts .

R esults

A cid-base  balance

Table I com prises the acid-base values for the physiological saline- 
treated  control group. The tendency o f the parameters studied during bleeding 
and after retransfusion agreed essentia lly  w ith the changes observed in pre
v ious experim ents on untreated  dogs (M a k l á r i  and K o v á c h  1968).
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A c id - b a s e  v a lu e s  f o r  d ogs  tre a te d  w ith  p h y s io lo g ic a l  s a l in e  i n fu s io n

Table I

Blood sample
pH

Actual BE 0 2 saturation 
(per cent)

0 2 content 
(vol per cent)site time (mm Hg) bicarbonate

(mM/1) (mEq/l) (mm Hg)

C arotid before bleeding 7.37 ±  0.02 32 ±  2 17.8 ±  0.7 -  6 ± 1 89 ±  2 20.3 ±  0.8 82 ±  4
a rte ry bleeding I 30 ' 7.36 ±  0.02 24 ±  2 + + 13.2 ±  1.0 + + — 1 1  ±  2  + + 90 ±  2 17.8 ±  1.4 + 91 ±  3 + +

90 ' 7.33 ±  0.02 + 25 ±  2 + + 1 2 . 6  ±  0 . 8  + + — 1 2  ±  1  + + 90 ±  1 19.2 ± 0 . 8  + 93 ±  4+  +
bleeding 11 30 ' 7.28 ±  0.02 + + 24 ±  2 + + 1 1 . 2  ±  0 . 8  + + — 14 ±  1 + + 90 ±  1 18.6 ±  0 . 8  + + 95 ±  3 + +

90 '
a f te r  re transfusion

7.24 ± 0 .0 3  + + 23 ±  2 + + 9.8 ±  0.5 + + — 17 ±  1 + + 90 ±  1 18.4 ±  0.9 + + 95 ±  3 + +

60 ' 7.27 ±  0.02 + + 27 ±  2 + 13.0 ±  1.1 + + — 13 ±  2 + + 8 8  ±  1 20.7 ±  1.2 82 ±  9
1 2 0 ' 7.27 ±  0.02 + + 29 ±  3 + 12.7 ±  1.1 + + — 14 ±  1 + + 8 8  ±  2 20.5 ±  1.2 84 ±  2

R ig h t before bleeding 7.32 ±  0.01 42 ±  2 19.9 ±  0.6 -  5 ±  1 52 ± 4 1 1 . 8  ±  1 . 1 39 ± 3
a triu m bleeding I 30 ' 7.22 ±  0.02 + + 47 ±  3 + + 18.1 ±  1 . 0  + — 8  ±  1  + 25 ±  3 + + 5.2 ±  0.5 + + 26 ±  4 + +

90 ' 7.19 ±  0.02 + + 47 ±  2 + + 17.0 ±  0.7 + + — 11 ±  1  + + 31 ±  5 + + 6.7 ±  1.0 + + 25 ±  3 + +
bleeding 11 30 ' 7.15 ±  0.02 + + 50 ±  3 + + 16.1 ±  1 . 0  + + — 13 ±  1 + + 25 ±  3 + + 4.8 ± 0 . 6  + + 26 ±  4 + +

90 '
a fte r  re transfusion

7.09 ±  0.03 + + 53 ±  3 + + 15.3 ±  1.2 + + — 15 ±  2 + + 24 ±  3 + + 4.7 ±  0.4 ++ 30 ±  4 +

60' 7.20 ± 0 .0 1  + + 45 ±  3 16.5 ±  0.9 + + — 11 ±  1  + + 39 ± 4  + 9.2 ±  1.0 + 40 ±  8

1 2 0 ' 7.20 ±  0.02 + + 44 ± 2 16.2 ±  0 . 8  + + — 1 2  ±  1  + + 42 ±  4 + 9.8 ±  1.1 + 33 ±  9

S ag itta l before bleeding 7.28 ±  0.01 52 ±  2 22.5 ± 0 . 5 — 4 ±  1 37 ±  5 8.5 ±  1.2 29 ± 2
sinus bleeding I 30 ' 7.22 ±  0.03 47 ±  2 + 18.3 ±  1.3 + + — 9 ±  2 21 ±  3 + + 3.9 ± 0 . 5  + + 25 ±  2

90 ' 7.20 ± 0 .0 1  + + 49 ±  2 17.9 ± 0 . 8  + + — 1 0  ±  1  + + 26 ±  2  + + 5.4 ± 0 . 5  + + 25 ±  2
bleeding I I  30 ' 7.16 ± 0 .0 2  + + 51 ±  2 16.6 ± 0 . 7  + + - 1 2  ±  1  + + 23 ±  2 + + 4.8 ± 0 . 5  + + 25 ±  2

90 '
a f te r  re tran sfu sio n

7.12 ± 0 .0 2  + + 49 ±  2 15.2 ±  0.6 + + — 1 4 ± 1 + + 24 ±  2 + + 4.9 ± 0 .4 +  + 27 ±  2

60 ' 7.17 ± 0 .0 2  + + 53 ±  3 17.5 ± 0 . 8  + + — 11 ±  2 + + 27 ±  2 + 6.4 ± 0 . 5  + 28 ±  6

1 2 0 ' 7.14 ±  0.03 + + 57 ±  5 17.6 ± 0 . 8  + + — 1 2  ±  1 + + 26 ±  2  + 6 . 2  ± 0 . 6  + 26 ±  3

p  <  0.05; ++ p  <  0.01 as co m p ared  w ith  p reb leed ing  values
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The first haem orrhage was im m ediately  followed b y  a decrease in the 
bicarbonate level and B E . During this period pH in arterial blood did not 
dim inish  considerably, b u t in  the right atrial and sagitta l blood the pH  was 
sign ificantly  lower even at th e  end of the first 30 min. The A—Y  p C 0 2 difference 
increased in the first 30 m in in both the m ixed venous and sagitta l blood  
(F ig . 1).

RIGHT ATRIAL
V-A pC02 diff.

F ig . 1. У-A  pC O , d ifference  d u rin g  h aem orrhag ic  shock in physio log ica l sa lin e -trea ted  and 
in  b ica rb o n a te -tre a te d  dogs. C ontinuous line: physio logical saline tre a tm e n t.  B roken  line: 

b ic a rb o n a te  tre a tm e n t. B : b leed ing ; R : re tran sfu s io n

The second b leeding period was follow ed by a further increase of acidosis 
w ith  a sim ultaneous further drop of the bicarbonate level and pH . This fall, 
how ever, was not so apparent in this group as it  was in the untreated dogs. The 
p H  values at the end o f the second bleeding period as com pared to  the cor
responding data o f u ntreated  dogs were as follows (w ith the previous values in 
parenthesis), in arterial blood, 7.24 (7.08) (Mak lári et al. in  preparation); in 
th e  sagittal sinus, 7.12 (6.92); in m ixed venous blood, 7.09 (6.98). p C 0 2 also 
rose soinetwhat in b oth  m ixed venous and sagittal blood; th is was reflected  
also in the more m oderate increase in the Y—A p C 0 2 difference.

The same was true for the acid—base values found 60 min after retrans
fusion. Acidosis was less grave in the physiological saline-treated group than
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in untreated dogs. N o difference was demonstrable 2 hours after retrans
fusion, B E , p C 0 2 and pH  values agree fu lly  in the untreated  and physiological 
saline-treated anim als.

O , saturation o f arterial b lood did not change during bleeding. I t  di
m inished considerably, however, in  all types of venous blood. There w as a 
significant increase in A—Y 0 2 difference (Fig. 3). 0 2 content of the m ixed

RIGHT ATRIAL
V-A act. bic. diff.

F ig . 2. V -A  a c tu a l b ic a rb o n a te  d ifference d u rin g  haem orrhag ic  shock  in  physiological sa line  
t r e a te d  and  in  b ic a rb o n a te - tre a te d  dogs. C ontinuous line: physio log ica l saline tre a tm e n t 

B roken  line : b ica rb o n a te  t r e a tm e n t.  B : b leeding; R : re tran sfu sio n

venous blood was higher after retransfusion, the reduction in A—Y  0 2 was 
sim ilar to  that found in the untreated animals. R etransfusion did not produce 
changes in the 0 2 content of the sag itta l sinus, thus, the A -V  0 2 difference 
rem ained invariably high.

Blood values for the animals receiving bicarbonate infusion are sum m a
rized in  Table II . D evelopm ent o f  acidosis was prevented by appropriate 
infusion throughout th e  bleeding period. BE and actual bicarbonate did not 
decrease either in the arterial or the venous blood sam ples. In  arterial blood a 
sligh t rise in pH took  place, but in venous blood the pH  rem ained unchanged,
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no acidosis could be dem onstrated. One and 2 hours after retransfusion the  
resu lts obtained were identical with the pre-experim ental ones. In  m ixed venous 
b lood , the rise in p C 0 2 could be detected also in this experim ental group, con
sequently  the Y—A  p C 0 2 difference also increased during bicarbonate infusion, 
b u t at the end o f th e  haemorrhage it  did not reach such a high value as in 
control shock (Fig. 1). After retransfusion, the reduction in p C 0 2 difference 
w as the same as in th e  anim als receiving physiological saline.

RIGHT ATRIAL
A - V  0 ,  d i f f .  
vol.%

F ig . 3. A -V  oxygen d ifference  du ring  h aem o rrh ag ic  shock in  physio log ica l sa lin e -trea ted  
a n d  in  b ic a rb o n a te - tre a te d  dogs. C ontinuous line : physiological sa line  tre a tm e n t. B roken  

line: b ic a rb o n a te  tre a tm e n t. B : b leed ing ; R : re tran sfu s io n

During haem orrhage, p C 0 2 does n ot change m uch in the sagittal sinus. 
V —A  p C 0 2 difference increased som ew hat in the first phase o f bleeding, but in  
th e  second phase no further rise took place. Even retransfusion failed to affect 
th e  values.

The m ixed Y—A  actual bicarbonate difference did not increase to such an 
ex ten t in the b icarbonate-treated group as in the physiolg ical saline-treated  
shock group, and after retransfusion the difference tended  to  diminish grad
u a lly  (Fig. 2). The sag itta l sinus-arterial actual bicarbonate difference changed  
during the first b leeding period sim ilarly as in the physiological saline- 
treated  group, and dim inished during the second bleeding period to produce
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A cid-base  values fo r  dogs treated w ith  bicarbonate in fusion

Table II

site

Blood sample

time
— pH

p C 0 2 
(mm Hg)

A ctual bicarbonate 
(mM/1)

BE
(mEq/1)

O j, saturation 
(per cent)

0 2 content 
(vol per cent)

pO ,
(m m  Hg)

C aro tid before bleeding 7.33 ±  0.02 3 7 ± 2 n 18.7 ±  0.6 - 5 ± 1 85 ±  2 19.0 ±  0.8 86 ±  3
a r te ry bleeding I 30' 7.41 ±  0.03 + + 31 ±  3D 18.9 ±  1.2a a — 4 ± 91 ±  1 + + 17.5 ± 0 .7  + 86 ±  4

90' 7.39 ±  0.02Ù 28 ±  2 + + 16.9 ±  0.8Й — 6 ±  I o n 89 ±  2 + + 17.3 ±  0.9 + 92 ± 4
bleeding 11 30' 7.42 ±  0.02ЙЙ 3 0 ± 3 g 18.4 ±  1.2q G — 5 ±  2q g 90 ±  2 + + 16.8 ±  1.2 + 86 ±  4

90' 7.41 ±  0.02Щ 2 9 ± 2 Й  + 17.9 ±  0 .8 a o — 5 ±  2q q 91 ±  2 + + 17.0 ±  1.1 + 89 ± 4 D
a fte r  re transfusion 60' 7.36 ±  0.02q g 32 ±  3 + 1 7 .2 ± 0 .9 Й п — 7 ± 93 ±  1 Í 19.9 ±  0.8 89 ±  5

120' 7 .3 7 ± 0 .0 2 q q 30 ±  3 + 16.3 ±  1.5g — 7 ±  2qq 93 ±  l g 19.9 ±  0.9 85 ±  4

R ig h t before bleeding 7.27 ±  0.02 44 ±  2 19.5 ±  0.5 — 5 ±  4 49 ±  4 10.8 ±  1.1 43 ±  4
a tr iu m bleeding 1 30' 7 .3 0 ± 0 .0 2 n 50 ±  3 + + 22.0 ±  0.7ЙЙ — 3 ±  1йй 40 ±  ЗЙЙ 7.6 ±  0.8Й + 30 ±  3 + +

90' 7.25 ± 0 .0 3 G 49 ±  3 + 20.3 ±  0.7gÈ —6 ±  l a a 39 ±  3 + + 7.3 ±  0.7g + 29 ±  3 + +
bleeding 11 30' 7.26 ±  0.02DG 53 ±  3 + + 21.6 ±  I.Oq q — 5 ±  I q g 36 ±  2йй 6.3 ±  0.65 + 24 ±  2 + +

90' 7.23 ±  0.02q q 52 ±  4 + + 20.5 ±  1.5q o — 6 ±  2q g 36 ±  2g g 6.2 ±  0.5Й + 25 ±  2 + +
a f te r  re transfusion 60' 7.27 ±  0.02d d 45 ±  3 19.2 ±  0.9q 7 i  1 □ 46 ±  4 + 9.6 ±  1.0 35 ±  2 +

120' 7.29 ±  0.02d d 45 ±  3 19.7 ±  1.0n — 5 ±  1g 43 ±  4 + 9.6 ±  1.1 35 ±  3 +

S ag itta l before bleeding 7.24 ±  0.02q+ 54 ±  2 21.8 ±  0.6 — 4 ±  1 34 ±  3 7.3 ±  1.0 27 ±  3
sinus bleeding I 30' 7.30 ±  0.02q D 55 ±  3 24.1 ± 0 .6 й а — 1 ±  I q g 30 2q 5.6 ±  0.6g 22 ±  2

90' 7.28 ±  0.02 n 50 ±  3 2 1 .7 ± 0 .9 Dp — 4 ±  I q g 30 ±  2 5.6 ± 0 .5  + 22 ±  2
bleeding I I 30' 7.29 ±  0.02n n 51 ± 4 22.4 i  1.3q g — 3 ±  2G q 35 ±  2g G 5.9 ±  0.5 23 ±  2

90' 7.27 zL 0.02q q 49 ± 4  + 21.5 ±  1.4o g — 5 ±  2Gd 35 ±  2q g 5.9 ± 0 .4 22 ±  2
a fte r  re transfusion 60' 7 .2 3 ± 0 .0 2 d 54 ±  3 20.7 ±  l.Op — 6 ±  1g 33 ±  3q 7.4 ±  0.9 28 ±  5

120' 7.25 i  0.02q q 54 ±  3 21.6 ±  l . l n — 5 ±  2o g 31 ±  3 6.7 ±  0.4 26 ±  4

+ p  <  0.05; ++ p ^  0.01 as com pared  w ith  p reb leed ing  values 
□ p  <  0.05; □ □  p  <  0.01 as com pared  w ith  physio logical saline tre a te d  values
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a strongly significant difference. Two hours after retransfusion there was no 
difference in the tw o experim ental groups.

An essential difference in 0 2 content could be dem onstrated in favour  
o f th e  bicarbonate-treated group. In these dogs the 0 2 content o f  mixed venous 
blood did not fall during haemorrhage to  such an exten t as in  the physiological 
saline-treated anim als and changed even less in the sagitta l sinus. This is w ell 
illustrated  in Fig. 3 w hich shows the difference in A-У  0 2 content . The  
arterial-m ixed venous 0 2 difference during haem orrhage increased only  
slig h tly  in the physiological saline-treated group and the arteria l-sagitta l sinus 
O , difference rem ained practically unchanged throughout the experim ent. 
T he difference betw een  th e  tw o groups was significant sta tistica lly  both during 
bleeding and after retransfusion.

Evaluating the data  characteristic o f the general condition  (Table III), 
th e  respiratory rate w as accelerated in the sam e degree both in  th e  physiological 
saline-treated and in  th e  bicarbonate-treated dogs during bleeding, and retrans
fusion  did not result in  a difference either. The same am ount of blood was 
drained in both experim ental groups.

Table III

Blood pressure, respiratory rate, re in fu s io n  o f  lost blood and Hb level 
in  physio logical saline-treated and in  bicarbonate treated dogs

Group Tim e
Mean

arterial
pressure

Respiratory
rate/m in

Cor
rected
blood
loss

A m ount 
of infusion 

adm inistered
Haemoglobin

Physio logical before b leed ing 115 ± 4 21  ±  3 16.3 ± 0 .5
saline bleeding I 30 ' 61 ±  2 + + 27 ±  3 + + 27 ±  3 4 ±  0.4 15.3 ± 0 . 7  + +
tre a te d 90' 58 ±  2 + + 31 ± 4 +  + 19 ±  4 8  ±  0 . 6 15.6 ± 0 .5  + +

bleeding I I  30 ' 38 ±  2 + + 30 ±  3 + + 20 +  4 14 ±  0.8 15.1 ± 0 . 6  + +
90' 36 ±  2 + + 33 ±  4 + + 15 ±  4 20 ±  0.7 15.0 ±  0.6 + +

afte r re tra n s f . 60 ' 55 ±  6  + + 32 ± 6  + 17.1 ±  0.9
1 2 0 ' 60 ±  6 + + 32 ±  6  + 17.1 ±  0.9

B ica rb o n ate before b leed ing 106 ± 5 1 2 ± 2 q d 16.3 ± 0 .5
tre a te d bleeding I 30 ' 59 ±  1 + + 17 ±  2ЙЙ 2 2  ±  2 4 ±  0.4 14.2 ± 0 . 4  + +

90 ' 55 ±  1 + + 24 +  3 + + 19 ± 2 9 ± 0 . 6 13.9 ±  0 .5 q  +
bleeding I I  30 ' 36 ±  1 + + 25 ±  3 + + 22 ±  3 14 ± 0 . 8 13.3 ±  0.7p  +

90' 35 ±  1 + + 24 ±  3 + + 18 ±  3 2 0  ±  1 . 0 1 3 .3 ± 0 .7 A + -
afte r re tra n s f . 60 ' 6 9 ± 5 i + 28 ±  6 + + 15.5 ±  0.6

1 2 0 ' 72 ±  5 + + 24 ±  2 + + 15.7 ±  0.8

+ p  <  0.05; + + p  <  0.01 as com pared  w ith  p reb leed ing  va lues 
□ p  <  0.05; p u  p  <  0.01 as com pared  w ith  physio logical sa line  tre a te d  values

Changes in the C 0 2 content o f  brain tissues

In the physiological saline-treated control group a higher C 0 2 content 
w as found in the hypothalam us and m edulla oblongata at the end of the  
haemorrhage (Table IV ). In  the hypothalam us, the increase in C 0 2 level was
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not so considerable as in the previous, untreated experim ental group (39.9  
mM/kg). A lso, an increase in C 0 2, as found in the untreated group, failed to  
occur during the infusion of physiological saline both in the frontal cortex  
and in the pons.

Table IV

CO2 content o f  brain  tissues (m M /kg  wet w eight) in  physiological saline treated 
and bicarbonate treated dogs

Group T. ime F ron tal cortex Occipital cortex Thalam us

Physiological bleeding I I  90 ' 17.4 ±  1.9 16.0 ±  2.5 15.9 ±  1.5
saline trea te d a fte r  re transfusion 21.9 ±  2.2 + 24.5 ±  3.8 + 22.9 ±  4.5

B icarbonate bleeding I I  90 ' 14.9 ±  1.9 16.6 ±  1.9 14.7 ±  2.2
trea ted a fte r  re transfusion 18.2 ±  3.2 14.4 ±  2.7 15.2 ±  1.8

Group Time H ypothalam us Pons
Medulla

oblongata

Physiological b leeding I I  90 ' 25.1 ±  2.3 + + 17.5 ±  3.0 2 1 . 0  ±  2 . 2  + +
saline trea ted a fte r  re transfusion 42.8 ±  3.4 + + 16.8 ±  1.7 18.2 ±  4.2

B icarbonate bleeding I I  90 ' 18.4 ±  2.2a 1 2 . 1  ±  2 . 1 12.8 ±  2 .7 p
trea ted a fte r  re transfusion 21.3 ±  2 .7 3 q 16.4 ± 3 .1 1 1 . 8  ±  2 . 8

+ p  <  0.05; + + p  <  0.01 as com pared  w ith  p reb leed ing  values
P p  <  0.05; p p  p  <  0.01 as com pared  w ith  physio log ical sa line  tre a te d  value

Two hours after retransfusion, a marked hypercapnia, similar as in th e  
untreated group, w as found in the hypothalam us. Of the other brain regions  
studied, the frontal and occipital cortex displayed a m oderate rise in C 0 2, 
while in contrast to the untreated anim als, in the thalam us and medulla ob 
longata there was no hypercapnia.

In the brain tissues of the bicarbonate infusion-treated dogs, at the end  
of the bleeding, a norm al C 0 2 content was found in every case.

Two hours after retransfusion, tissue C 0 2 was significantly higher on ly  
in the hypothalam us, while in the other brain regions there was no change as 
compared to  the pre-experim ental data.

Discussion

A nalysis o f the acid—base values of blood samples obtained from anim als 
treated w ith  physiological saline infusion indicated that the infusion reduced  
the extent o f acidosis due to haemorrhage in the later stages of hypotension. 
The differences were still observable one hour after retransfusion, but tw o
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hours later they already corresponded to  th e  acid—base values o f untreated  
dogs. Less marked were also the differences in  the C 0 2 content of brain tissues 
in  th e  physiological saline-treated anim als than in the untreated ones. O f the  
brain areas exam ined th e  hypothalam us displayed the m ost extensive altera
tion s and at the end o f the haemorrhage a moderate rise in C 0 2 occurred and 
tw o  hours after retransfusion a marked hypercapnia was found. The picture  
w as more favourable in  th e  saline group in  th e  other brain regiones exam ined. 
In  th e  frontal and occip ita l cortex, as w ell as in the thalam us, the C 0 2 content 
w as elevated  at tw o hours after retransfusion but it  failed  to  approach the  
v ery  high values found in  the untreated group. Even then  the pons and the  
m edulla oblongata show ed a normal C 0 2 level.

I t  is well-known th a t  in haem orrhagic shock in the later period o f b leed
in g , parallel with the retransfusion o f b lood  the plasm a protein content in 
creases and so do the haem atocrit and b lood  viscosity  ( R o t h e  and S e l k u r t  
1964; S h o e m a k e r  1965; L u t z  1971). T his enhances cell aggregation in the 
blood and contributes to  the reduction o f  cardiac output and to  the deterio
ration  o f circulation. B lood  viscosity has an im portant role also in cerebral 
circulation (G o t t s t e in  1965). D eterioration o f local blood flow  o f tissues m ay  
h a v e  a role in the pathological alterations o f  cell m etabolism . In view  o f these  
fin d in gs, the question arises that in th e  treatm ent of shock, beside volum e  
substitu tion , haem odilution  m ay also be an im portant factor in the am elio
ration  of circulation and tissue m icrocirculation (E h r l y  1971; M e s s m e r  and  
B r e n d e l  1971; B a v e  e t  al. 1967). H o l l e n b e r g  et al. (1970) attributed an 
im portance to haem odilution in the m echanism  of action o f dibenzyline pre
treatm ent. The in h ib itory  effect o f physiological saline infusion on the de
velopm ent of hypovolaem ic acidosis m igh t be explained in  th is w ay.

Our observation th a t in the brain regions the tissue C 0 2 content did not 
change so much as in untreated dogs m a y  indicate a slighter derangem ent of 
tissu e  m etabolism .

The present results thus supported th e  earlier observations that it  is in  
th e  hypothalam us th a t haemorrhage causes the earliest and m ost extensive  
changes.

W hen m aintaining the blood bicarbonate and pH  values at a norm al 
lev e l b y  bicarbonate infusion throughout the entire bleeding period, we did 
not find  C 0 2 accum ulation in any brain region at the end o f the 3-hour h yp o
ton ic  period. Two hours after retransfusion, a slight rise in C 0 2 could be 
dem onstrated only in th e  hypothalam us. Correction of arterial acidosis reduced  
th is  or at least delayed the developm ent o f those m etabolic changes in  the  
brain cells which m anifest them selves w ith  an increase in tissue C 0 2 content. 
T hus, an aggravating role must be attributed  to acidosis in the cerebral 
alterations elicited b y  bleeding. D ata in  th e  literature are not uniform  con
cerning the addition o f  bicarbonate in fusion  to the preventive or therapeutic
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measures in haemorrhagic shock (S c h w e iz e r  and H o w l a n d  1964; N o r t h f ie l d  
et al., 1971; I r v in g  1971; J o n e s  1971). Our experim ental results, how ever, 
strongly support the favourable effect o f bicarbonate infusion.
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ADIPOSE TISSUE AND ENDOTOXIN SHOCK1

B y

J u d y  A. S p it z e r , A. G. B. K o v á c h ,2 P . Sá n d o r ,3 J . J .  S p it z e r  and R. S t o r c k .

D EPARTM ENT O F PHYSIOLOGY AND BIO PH Y SICS, HAHNEM ANN M EDICAL COLLEGE 
AND HOSPITAL P H IL A D E L P H IA , PENNSYLVANIA, USA

(R eceived S e p tem b e r 17, 1973)

A dipose tis su e  m etabolism  w as s tu d ied  in th e  iso la ted  sub cu tan eo u s (SC) a n d  
o m en ta l (O) reg ions in  fem ale m o n g re l dogs before a n d  a f te r  E . coli e n d o to x in  a d 
m in istra tio n . O f th e  h aem odynam ic  p a ram e te rs  m o n ito red , M A B P, CO an d  B F  d e
creased  s ig n ifican tly , while H R  re m a in e d  unch an g ed  a f te r  en d o to x in  in jec tion . A rte ria l 
co n cen tra tio n  o f  F F A  rem ained  u n c h an g e d , GLY an d  L  increased  p rogressively , a n d  
GLU  decreased  o n ly  > 6 0  m in  a f te r  e n d o to x in  a d m in is tra tio n . GLY o u tp u t  a n d  G L U  
u p tak e  b y  SC ad ipose  tissue decreased  sign ifican tly  > 6 0  m in  a f te r  end o to x in  in jec tio n .

B o th  b a sa l a n d  N E  s tim u la te d  lipolysis b y  iso la ted  f a t  cells w ere s tu d ied  in  
th e  presence a n d  absence  of GLU. A d ip o cy tes  o f О ad ipose  tissu e  co n sisten tly  re leased  
m ore F F A  a n d  G L Y  upo n  N E  s tim u la tio n , th a n  ad ip o cy tes  from  SC adipose tis su e , 
b o th  before a n d  a f te r  endotox in  a d m in is tra tio n . M ad ip o cy tes  beh av ed  like th o se  of
0  origin in  3 o u t  o f  4 instances u n d e r  co n tro l cond itions, an d  in  each  in s tan ce  a f te r  
en d o to x in . E n d o to x in  shock in creased  th e  N E  in d u ced  lip o ly tic  response in  SC, О 
a n d  M fa t  cells, as illu s tra te d  b y  in c reased  F F A  an d  G LY  release.

SC a n d  О f a t  cells showed g re a te r  N E  stim u la te d  F F A  release in  th e  absence  
th a n  in  th e  p re sen ce  o f GLU, in d ic a tin g  decreased reeste rifica tio n  u n d e r th ese  co n d i
tio n s . E n d o to x in  te n d e d  to  reduce th is  difference. T he N E  dose-response cu rve  w as 
n o t sh ifted  a f te r  en d o to x in  a d m in is tra tio n . H ow ever, th e  lip o ly tic  response w as in 
creased b y  a ll (includ ing  m ax im u m ) doses o f  N E  applied .

Adipose tissue holds by far th e  largest reserve o f m etabolic energy in the  
body. On the average, a normal m an m ay store about 10,000 g of fa t (M o r s e  
and S o e l d n e r  1965), b u t only 500 g o f  glycogen (D a v s o n  and E g g l e t o n  1962). 
Thus the lipids in adipose tissue represent a nearly inexhaustible supply o f energy. 
In  life processes th e  demand for energy takes precedence over all other re
quirem ents. It is therefore of crucial im portance to  gain detailed knowledge  
of the regulation o f energy supply in  face o f an inim ical internal environm ent. 
W ith  these considerations in mind w e have studied the m etabolic changes 
occurring in the subcutaneous and om ental adipose tissue regions follow ing  
endotoxin  adm inistration in dogs.

1  A ided b y  g ra n ts  fro m  th e  Jo h n  A. H a r tfo rd  F o u n d a tio n , In c .,  an d  from  th e  N a tio n a l 
In s t i tu te s  o f H e a lth  (H E  03130).

2  Senior Foreign  S c ien tis t, N a tio n a l Science F o u n d a tio n . P e rm an e n t ad d ress : E x 
p e rim en ta l R esearch  D e p a r tm e n t, Sem m elw eis U n iv e rsity  M edical School, B u d ap est.

3  R esearch  Fellow  o f th e  H e a rt A sso c ia tio n  o f S o u th -eas te rn  P en n sy lv an ia . P e rm a n e n t 
address : E x p e rim en ta l R esearch  D e p a rtm e n t, Sem melweis U n iv e rs ity  M edical School, 
B u d a p es t.

A b b rev ia tio n s u sed : M A B P: m ean  a r te r ia l  blood p ressu re ; CO: card iac  o u tp u t;  H R : 
h e a r t  r a te ;  B F : b lood  flo w ; N E : n o rep in ep h rin e ; F F A : free f a t ty  acids; GLY: g lycero l; L : 
la c ta te ;  G L U : glucose; SC: su b cu tan eo u s; O: om en ta l; M: m esen teric ; TG : tr ig ly ce rid e ; 
cA M P: cyclic 3’,5’-ad en o sin e  m onophosphate .
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Methods

Fem ale  m ongrel dogs w eighing 16 to  23 kg  w ere used  a fte r  an  18-hour fa st. T hey  were 
a n ae s th e tize d  w ith  so d iu m  p e n to b a rb ita l  g iven in tra v en o u s ly  in itia lly  in a  dose of 30 m g/kg 
a n d  th ro u g h o u t th e  e x p e rim e n t a t  a co n stan t in fusion  r a te  o f 4 m g/kg/hr. Follow ing sp len
ec to m y , each  anim al re ce iv e d  700 U .S .P . u n its  p e r  kg  b o d y  w eigh t of h ep arin . B lood pressure 
w as m easu red  in th e  le f t  co m m o n  caro tid  a r te ry , sy s tem ic  a r te r ia l  blood sam ples were tak e n  
fro m  th e  left fem oral a r te ry .  C ardiac o u tp u t w as d e te rm in ed  b y  th e  dye d ilu tio n  techn ique  
(K in sm a n  et al. 1929).

T he su bcu taneous f a t  p a d  in th e  su p rap u b ic  reg ion  was com ple te ly  iso la ted  from  th e  
ab d o m in a l m uscles. I t  re m a in e d  in connection  w ith  th e  dog’s c ircu la tion  an d  nervous system  
on ly  b y  one supplying a r te ry ,  one vein  and  a  sy m p a th e tic  nerve (R o sell  1966). T he vein was 
c an n u la te d  and  th e  o u tflo w in g  blood collected in  o rd e r to  de term ine  th e  su b cu tan eo u s tissue  
b lo o d  flow . Venous b lood  w as con tinuously  re tu rn e d  to  th e  an im al b y  tran sfu sio n  th ro u g h  
th e  r ig h t  fem oral o r sa p h e n o u s  vein. T issue sam ples fo r iso lated  fa t  cell s tu d ies  were tak e n  
fro m  th e  co n tra la te ra l su b c u tan e o u s  fa t p ad .

T he om ental ad ip o se  tis su e  was p rep ared  acco rd in g  to  B a lla rd ’s tech n iq u e  (B allard  
a n d  R osell  1969). T h e  m esen teric  adipose tis su e  w as p rep ared  in th e  follow ing m anner. 
A n  ap p ro x im ate ly  25 cm  long  segm ent o f th e  sm all in te s tin e , 30—40 cm  below  th e  d uode
n u m , w as isolated w ith  a  n u m b er of fine lig a tu res  from  th e  m esen teric  adipose tissue. This 
seg m en t was rem oved w hile  th e  tw o la te ra l p a r ts  o f th e  bowel w ith  in ta c t  c ircu la tion  were 
co n n ec ted  to  each o th e r  b y  end-to-end  an asto m o ses. T he m ain  m esen teric  adipose tissue 
v e in  w as th en  c an n u la ted .

B lood and ad ipose  tis su e  were sam pled  b efo re , <  60 m inu tes a fte r , a n d  > 6 0  m inu tes 
a f te r  th e  injection of E scherichia  coli endo tox in  (D ifco) in  a dose th a t  corresponded  to  ap p ro x 
im a te ly  L D 90. E ach  b lood  sam ple  for F F A , glucose (G L U ), glycerol (G LY ) and  lac ta te  (L) 
a n a ly s is  was a n tico ag u la ted  in  v itro  w ith  h e p arin  a n d  k e p t in  an  ice b a th . B lood GLY an d  
L  con cen tra tio n s w ere d e te rm in e d  en zym atica lly  (W ie l a n d  1963; H oho rst  1963). P lasm a 
F F A  w as m easured  b y  th e  D ole—M einertz m eth o d  (D o le  an d  Me in e r t z  1960), p lasm a 
G L U  b y  au toanalyzer. F a t  cells were o b ta in ed  b y  en zy m atic  digestion  of su b cu tan eo u s an d  
o m e n ta l adipose tissue , fo llow ing th e  p rocedure  o f R o d b e ll  (1964) w ith  m in o r m odifications. 
T h e  c u t pieces of ad ipose  tis su e  were b lo tte d  a n d  p laced  in  30 m l p las tic  b o ttle s . E ach  b o ttle  
c o n ta in ed  3 ml of 4 %  a lb u m in  (F rac tio n  V, P e n te x  Co., K an k ak ee , 111.) in K reb s-R in g er 
b ic a rb o n a te  buffer, p H  7 .4 , p rep ared  fresh  each  tim e , an d  1 m g of crude collagenase pe r m l 
(C lostrid ium  h isto ly ticu m , fro m  W o rth in g to n ). A t th e  end of th e  1 h r  d igestion  period in  a 
m e ta b o lic  shaker a t  37°C, u n d ig es ted  pieces (if an y ) w ere rem oved  w ith  a forceps, and  th e  
iso la te d  cells were w ash ed  3 tim es w ith  K re b s-R in g e r  b ica rb o n a te  buffer. T he w ashed cells 
w ere in cu b a ted  in  p la s tic  cap p ed  cu ltu re  tu b es , in  K re b s-R in g e r b ica rb o n a te  buffer con
ta in in g  4%  bovine se ru m  a lb u m in  in  th e  p resence  of G L U  (5.5 ^m oles/m l), and  no rep i
n e p h rin e  (N E , 0.2 fig /m l). T h e  gas phase  for in c u b a tio n  w as 95%  0 2  — 5%  C 0 2. In c u b a tio n  
w as carried  ou t in a m e ta b o lic  shaker a t  37°C fo r 2 hours. A t th e  end of th e  in cu b a tio n  period  
a liq u o ts  of th e  m ed iu m  w ere  ta k e n  for su b seq u en t F F A  and  GLY analy sis , th e  la t te r  b y  
a n  en zy m atic  f lu o ro m e tric  m icrom ethod  (L a u r e l l  an d  T ib b l in g  1966).

R elease of F F A  a n d  G LY  was expressed  in u n its  pe r trig lyceride  (TG ) co n ten t of th e  
cells (F a in  and R e e d  1970), ca lcu la ted  on th e  basis o f to ta l  f a t ty  acid c o n te n t a fte r  saponifica
tio n . P ro te in  was also m ea su re d  in  a liquo ts o f w ash ed , suspended  cells (L o w ry  et al. 1951).

F a t  cell size d is tr ib u tio n  was e s tim a te d  b y  m easu ring  th e  d iam e te r o f 100 w ashed 
cells using  a ligh t m icroscope  equ ipped  w ith  a  c a lib ra ted  ocular. F ro m  th e  m ean  d iam eter 
a n d  s ta n d a rd  d ev ia tio n , m ea n  volum e was c a lcu la te d  on  th e  assum ption  th a t  th e  cells were 
sp h e rica l and using th e  eq u a tio n :

V olum e =  (З а 2  -j- x 2 )x ,

w h ere  a 2 is th e  v a rian ce  o f  th e  d iam eter, an d  x  th e  m ean  d iam ete r (H ir sc h  an d  Ga llia n  
1968).
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Results and discussion

Table I shows the haem odynam ic changes after E . coli endotoxin in 
jection . Mean arterial blood pressure (M ABP), cardiac output (CO) and blood  
flow  (BF) decreased significantly, heart rate (H R ) remained unchanged. The 
percentage decrease in CO was quite similar to  decrem ents o f B F  at the tw o  
adipose tissue sites.

Table I

H aem odynam ic changes fo llow ing endotoxic shock ( n  =  13) 
(m ean  di S .E .)

A fter endotoxin
Control <  60 min >  60 min

M A B P (m m  H g) 126 ±  7 67 ±  7 ( - 4 7 % ) 36 ± 3  ( - 7 1 % )
H R  (per m in) 154 ±  8 146 ±  12 141 ±  15
C ardiac o u tp u t (m l/m in) 
B lood flow (m l/m in /100 g)

1592 ±  141 754 ±  104 (— 53% ) 531 ± 7 9  ( - 6 7 % )

in  subcutaneous adipose 
tissue 3.74 ±  0.66 1.98 ± 0 .7 6  ( - 4 7 % ) 1.49 ±  0.56 (— 60% )
in  om enta l adipose tissue 3.27 ±  0.33 1.73 ±  0.40 (— 47% ) 1.27 ± 0 .3 5  (— 61% )

In earlier studies ( K ova ch  et al. 1970) it  was dem onstrated that during  
haemorrhage blood flow  in subcutaneous adipose tissue was severely dim inished  
due to  the pronounced rise in peripheral resistance, and as a consequence, 
tissue m etabolism  was im paired as indicated b y  the marked decrease in oxygen  
uptake. Blood flow  dim inution was much less pronounced in phenoxybenz- 
am ine-treated anim als during haemorrhage. Infusion of isoprénaline counter
acted the pronounced suppression of blood flow  in subcutaneous adipose tissue  
during bleeding to  55 mm H g (K o v a ch  et al. 1971).

Mean values for the arterial and venous levels of the m etabolites studied  
are presented in Table II. FFA  levels rem ained unchanged throughout the  
experim ents, GLY levels increased sign ificantly  60 min following endotoxin  
injection. L levels rose progressively and sign ificantly  at both  sampling tim es, 
GLU levels rem ained unchanged at < 6 0  m in, and decreased at 60 min  
after endotoxin adm inistration.

In earlier experim ents the arterial plasm a FF A  and release rate of F F A  
from the subcutaneous adipose tissue did not increase during bleeding, despite  
a presum ably high sym pathico-adrenal a ctiv ity  (K o v a c h  et al. 1970), w ith  
significantly elevated  blood GLY levels (R o s e l l  et al. 1973).

The observed elevated  blood lactate level is an accepted hallmark in th e  
various forms o f shock. Lactate m ay also serve as a feedback regulator of F F A  
m obilization (W e il  et al. 1965), bringing about an inverse relationship betw een  
blood lactate and plasm a FFA  levels (M il l e r  et al. 1964). The progressively  
increasing plasm a GLY levels after endotoxin  adm inistration were con-
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Table II

A rteria l a n d  venous levels o f  various metabolites before 
and  after endotoxin adm inistra tion  

(m ean  ±  S .E .)

Control
A fter ei

<  60 min
ldotoxin

>  60 min

F F A

A 0.608 ±  .039 (14) 0.587 ±  .042 (15) 0.687 ±  .093 (12)

У 0.708 ±  .082 (13) 0.644 ±  .083 (13) 0.839 ±  .122 (12)

0 0.646 ±  .077 (12) 0.556 ±  .062 (12) 0.684 ±  .087 (10)

G lycerol

A 0.063 ±  .010 (13) 0.087 ±  .014 (13) 0.195 ±  .065 (11)

V 0.164 ±  .031 (12) 0.261 ±  .071 (11) 0.314 ±  .089 (11)

0 0.117 ± .0 1 7  (11) 0.225 ±  .068 (13) 0.425 ±  .129 (12)

L a c ta te

A 1.105 ±  .196 (14) 2.874 ±  .421 (15) 3.365 ±  .455 (11)

V 1.194 ± .1 6 3  (13) 2.270 ±  .286 (13) 3.224 ±  .403 (11)

0 1.213 ±  .183 (12) 2.167 ±  .237 (13) 2.731 ±  .603 (9)

G lucose

A 7.795 ±  .831 (14) 8.582 ±  .961 (15) 5.838 ±  1.344 (13)

V 6.523 ±  .730 (13) 5.675 ±  .725 (13) 4.938 ±  1.375 (10)

0 6.566 ±  .828 (12) 5.952 ±  1.034 (12) 4.517 ± 1 .1 2 3  (10)

All co n cen tra tions a re  expressed  in  /tm olcs/m l. N um bers in  p a ren th eses  re fe r  to  th e  
n u m b e r  o f experim ents

A : b lood from  fe m o ra l a rte ry
У : venous b lood com ing  from  su b c u tan e o u s  adipose tissue
O: venous b lood com ing  from  o m en ta l ad ipose  tissue

current w ith high circulating catecholam ine levels. This finding corroborates 
th e  report by B a l l a r d  and R o s e l l  (1971) that the outflow  o f GLY from  
canine О adipose tissu e was increased during sym pathetic nerve stim ulation  
or N E  infusion.

E nzym atic breakdow n of adipose tissu e TG is the source of blood GLY  
and FFA . The sim ultaneous occurrence o f  increased GLY and unchanged FF A  
levels m ay he ascribed to  the fact th a t GLY can diffuse freely from the fa t cell 
and becom e distributed in  the body’s w ater com partm ent, while F F A  has to  
be transported bound to  albumin. The significantly reduced blood flow  after 
endotoxin  adm inistration im poses serious lim itations on the availab ility  of 
album in and possibly other protein fractions for the transport of F FA .

Table III  presents inform ation on the effect o f endotoxin on glycrol 
ou tp u t and glucose uptake by the tw o  adipose tissue sites studied in  v ivo . 
T he subcutaneous site  released sign ificantly  less glycerol (p <  0.025) and took

Acta Physiologica Academiae Scientiarum Hungaricae 44, 1973



A D IPO SE T IS S U E  AND ENDOTOXIN SH O CK 187

Table П1

E ffect o f  endotoxin on glycerol ou tpu t and glucose u p ta ke  by adipose tissue
(m ea n  ±  S .E .)

Control

SC 0

G lycerol o u tp u t 0.383 ±  0.096 0.198 ±  0.051
( n =  1 1 ) ( n =  1 2 )

Glucose u p tak e 6.46 ±  1.91 5.58 ± 1 .3 6
( n =  13) (n  =  1 2 )

<  60 min after endotoxin

SC 0

G lycerol o u tp u t 0.199 ±  0.074 0.140 ±  0.039
( n =  1 1 ) (n  =  13)

Glucose u p tak e 4.16 ± 0 .9 1 5.53 ±  1.44
(n =  13) ( n =  1 2 )

A fter endotoxin >  60 m in

SC 0

Glycerol o u tp u t 0.159* ±  0.067 0.124 ±  0.029
(n =  1 1 ) (n  =  1 0 )

Glucose u p tak e 2.36** ± 1 .0 7 3.16 ±  1.21
( n = 1 0 ) (n  =  1 0 )

A ll values a re  expressed  in  /nnoles/rnin/lOO g tissue
SC: su b cu tan eo u s ad ipose  tissue 

O: o m en ta l ad ipose  tissue  
* p  <  .025 

** p  <  .05

up significantly less glucose (p <  0.05) at >  60 m in after endotoxin ad
m inistration , than  under control conditions.

The isolated fat cell preparation w as used for in  v itro  metabolic in v e s t i
gations. R elative hom ogeneity of th e  cell population as w ell as unim paired  
access o f hormones to  the cells are th e  two greatest advantages of th is prep
aration.

From  Table IV  it  can be observed th a t the NE stim u lated  release o f F F A  
and GLY was higher in О and M, than  in  SC fat cells b oth  under control con d i
tions and after endotoxin  adm inistration. Following endotoxin  adm inistra
tion , the N E  evoked lipolytic response was increased at all three sites stud ied .

Under control conditions the N E  stim ulated release o f FFA  was sign if
ican tly  higher (p 0.05) by 0  cells th an  b y  SC cells. In  3 out of 4 experim ents 
performed w ith M cells, th ey  also released more F F A  th an  did SC fat cells.
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Table IV

N E  stim ulated F  F A  a n d  glycerol release by dog f a t  cells o f  subcutaneous (S C ),  
om ental ( 0 ) ,  and mesenteric ( M )  adipose tis su e , fimoles/mmole triglyceride/2 hr

(m ean i  S .E .)

SC О M

before en d o to x in

F F A 7.17 ±  1.83 ( n =  11) 14.40 ±  2.64 ( n =  11) 32.71 ±  14.20 ( n =  4)

G lycerol 4.96 ±  0.69 ( n =  11) 7.57 ±  1.52 ( n =  11) 13.58 ±  2.89 ( n =  4)

after end o to x in

F F A 11.76 ±  2.20 ( n =  13) 28.40 ±  4.34 ( n =  13) 53.78 ±  23.50 ( n =  4)

G lycerol 5.77 ±  1.02 ( n =  13) 11.68 ±  1.53 ( n =  13) 18.24 ±  4.00 ( n =  4)

I n  re fers to  th e  n u m b e r o f  experim ents. E ac h  e x p erim en ta l value re p re se n ts  th e  average 
of d u p lic a te  incubations

G LY release under the sam e experim ental conditions was sign ifican tly  higher 
b y  M cells (p <  0 .05) th an  by SC cells. A fter endotoxin adm inistration, the NE  
evok ed  release of both  F F A  and GLY was sign ificantly higher b y  0  (p <[ 0.01) 
and M adipocytes (p •< 0.05 for FFA and p <  0.01 for GLY) than by SC fat 
cells. The differences in lip o ly tic  activ ity  did n o t reflect differences in cell diam 
eter, cell volum e, or protein  content, as can be seen from T able Y.

Table V

Size , vo lum e and protein content o f  canine fa t  cells 
(m ean ±  S .E .)

Size (ju)
V olume

(picoliters)
P ro te in  content 
(m g/m m  TG)

SC 64.73 ±  2.03 (14) 161.98 ±  15.02 (14) 5.67 ±  1.66 (13)

0 66.02 ±  2.29 (14) 176.53 ±  17.26 (14) 5.26 ±  1.28 (13)

N um bers in p a re n th e se s  refer to  th e  n u m b e r  o f experim ents 
SC: sub cu tan eo u s ad ipose  tissue 

O: om en ta l ad ip o se  tissue

Although properly prepared fa t cells always responded in the sam e 
fash ion  qualitatively , th ey  showed a considerable q u an tita tive  variability. 
Therefore, a truer m easure of relative rates o f FFA and GLY release by 0  and
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Table VI

Comparative rates o f  N E  stim ulated F  F A  and glycerol release 
by omental (O ) and subcutaneous (S C ) f a t  cells before 

and after endotoxin adm inistra tion

R atio  o f 0 : SC activity

before after

FFA glycerol FFA glycerol

2 .75  ±  0 .6 9 1.87 ±  0 .4 9 2 .97  ±  0 .71 2 .5 4  ± 0 . 6 2
( a  = 1 1 ) (n =  l l ) ( n =  13) ( n =  13)

In  p a ren th eses , n u m b er o f ex p erim en ts

SC fa t cells can be obtained by com paring the two lip o ly tic  activities w ith in  
the sam e animal and expressing them  as ratios. These data are shown in Table 
V I. The same holds true for a com parison of NE stim ulated  lipolysis after and  
before endotoxin adm inistration (Table VII).

Table VII

Effect o f  endotoxin adm in istra tion  on N E  stim ula ted  lipo lysis  
by isolated canine fa t  cells

Adipose tissue site
Ratio of after endotoxin: 
before endotoxin ac tiv ity

FFA glycerol

Subcutaneous 2.29 ±  0.56 1.48 ±  0.38
(n =  12) (n  =  12)

O m ental 2.60 ±  0.42 2.16 ±  0.39
(n =  13) ( n =  13)

M esenteric 1.65 ±  0.12 1.43 ±  0.22
( n =  4) ( n =  4)

I n  p a ren th eses , n u m b er o f experim en ts

It has been reported previously th at the response to epinephrine and N E  
varies w ith adipose tissue location in the rat (W e r t h e im e r  et al. 1960) a n d in  
the hum an (Ca r l s o n  and H a l l b e r g  1968). R egional differences ex ist in  
enzym e patterns and flavoprotein content in canine adipose tissue (S p it z e r  
1967).

The effect o f endotoxin on N E  stim ulated lipolysis b y  isolated fat cells 
was also studied in the absence o f GLU. It is known th at reesterification  
cannot proceed in the absence of GLU, since glycerophosphate made available 
during the glycolytic breakdown of GLU is not present, and white adipose 
tissue —  lacking appreciable am ounts of glycerokinase —  cannot reutilize free 
GLY. Indeed, in th e  absence of GLU there is increased FF A  release by adi
pocytes from all 3 locations under investigation  as seen in Table V III. There is
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a som ew hat increased GLY release also under these conditions, although not 
as consistent as F F A  release. Out o f 11 experim ents w ith  SC cells incubated  
in  th e  absence of G LU, GLY release increased in  6, decreased in  2, and remained 
essen tia lly  unchanged in  3. Out o f 12 experim ents w ith  0  cells under the same 
conditions, GLY release rose in  9, decreased in 2, and was practically  unchanged  
in  1. E xam ination o f th e  ratio o f FFA /G L Y  output by fa t cells o f SC and 0  
adipose tissue (Table IX ) suggests m ore reesterification (lower ratio) at the SC 
th a n  at the О site  before endotoxin  adm inistration. A fter endotoxin , the  
ratios suggest nearly com plete lipo lysis w ith very little  reesterification at 
b oth  regions.

Table VIII

E ffect o f  glucose in  the incubation m ed iu m  upon N E  stim ulated  lipo ly tic  activity

Ratio of F F A  and glycerol release in  th e  absence of glucose: presence of glucose

subcutaneous om ental m esenteric

F FA  j glycerol FFA  J glycerol F FA  J glycerol

before  endo tox in

1.99 ± 0 .2 7 1.31 ±  0.21 1.79 ±  0.34 1.45 ±  0.19 1.64 ±  0.26 1.31 ± 0 .1 2
( n = l l ) ( n = l l ) ( n =  12) ( n =  12) ( n =  4) ( n =  4)

a f te r  end o to x in

1.55 ± 0 .2 1 1.47 ±  0.33 1.40 ±  0.31 1.33 ±  0.28 1.32 ± 0 .3 1 1.05 ±  0.21
(n  =  12) ( n =  12) ( n =  13) ( n =  13) ( n =  4) (n =  4)

In  pa ren th eses , n u m b er  o f e x p erim en ts

Table IX

R a tio  o f  F F A  : glycerol output by isolated fa t  cells 
o f  subcutaneous (S C ) and omental ( 0 )  adipose tissue

Subcutaneous Omental

( + glucose) ( — glucose) ( + glucose) J ( — glucose)

before  endotox in

1.55 ± 0 .1 8  
( n =  11)

1.99 ± 0 .3 2  
(n  — 12)

2.18 ± 0 .2 8  
(n =  12)

2.45 ± 0 .1 9  
( n =  12)

a f te r  endotox in

2.56 ±  0.36 2.67 ±  0.26
I

2.57 ±  0.24 2.56 ±  0.17
(n  =  13) (n  =  13) (n =  13) ( n =  13)

In  p a ren th eses , n u m b er o f ex p erim e n ts
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We have also investigated  th e  effect o f various concentrations o f N E  
upon the lipolytic  response o f iso lated  fat cells. These N E  dose-response  
studies revealed th a t the dose custom arily used for stim ulation , 0.2 /ig/m l, w as 
far from saturating in our system . Furthermore, at each concentration o f N E , 
including saturation levels, the lip o ly tic  response was greater after endotoxin  
adm inistration than  before. F ig. 1 illustrates this point, show ing the results of 
one of six  experim ents performed for this purpose.

Fig. 1. N E  dose-response  cu rves. S ubcutaneous ad ipose  tissue

Cyclic S’^ ’-adenosine m onophosphate (cAMP) has repeatedly been im 
plicated  in  the activation  o f horm one-sensitive lipolytic a ctiv ity  of adipose 
tissue (B u t c h e r  et al. 1968). I t  is reasonable to assume th a t the accentuated  
lip o ly tic  response to  N E  brought about b y  endotoxin is m ediated —  in part —  
b y  changes in cAMP m etabolism . Since in endotoxin shock regional blood flow  
in  adipose tissue is severely reduced, tissue hypoxia in  som e w ay m ay be a 
contributing factor in  rendering th e  cells more responsive to  lipolysis. In th is  
con tex t it  is of interest th at anoxia results in striking increase in  the levels o f  
cAM P in mouse brain in  situ (G o l d b e r g  et al. 1970). Previously  reported in 
stances of increased m etabolic a c tiv ity  in  anoxia include an augm ented uptake  
o f GLU b y  the rat diaphragm, w hich is independent of th e  increased per
m eab ility  of m uscle cells (R a n d l e  and S m it h  1958) and a greater than normal 
G LU uptake and L production b y  diaphragm  of the rat subjected  to  haem or
rhagic shock (D r u c k e r  and D e K i e w i e t  1964).
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H ypersensitivity o f  adipose tissue to the lipolytic action  o f NE has been 
observed in patients w ith  idiopathic orthostatic hypotension (E n g e l m a n  et 
al. 1964). The NE h yp ersen sitiv ity  was caused presum ably b y  sym pathetic  
denervation of the adipose tissue. Fat cells o f the denervated interscapular fat 
pad o f guinea pigs exh ib ited  an increased m axim um  lip o ly tic  response to NE  
in comparison w ith cells o f  the in tact innervated fat pad ( F o r n  et al. 1970). 
The developm ent of h ypersensitiv ity  to N E  in adipose tissue o f hyperthyroid  
rats has been described ( K r is h n a  et al. 1968). Adipose tissue o f rats pretreated  
w ith  agents blocking F F A  m obilization (e.g. 5-carboxy-3-m ethyl pyrazole, or 
nicotin ic acid) was m ore sensitive than norm al tissue to  the lipolytic action o f  
N E  or theophylline ( B iz z i et al. 1969). A lthough the sym pathetic neuro- 
hum oral system  is know n to have an im portant influence on the vascular and 
m etabolic regulation o f adipose tissue, the m echanism s w hich bring about 
hypersensitiv ity  to N E  under such diverse conditions are still incom pletely  
understood.
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Recensiones

A. C. G ie s e  (E d .)

Photophysiology, Current Topics in  Photobiology and Photochemistry

V olum e V II . A cadem ic P ress , New Y o rk  a n d  L ondon  1972. X V II  -f- 353 pages, w ith  78 
figu res an d  22 tab le s . P rice: U S $ 22.50

In  o u r era, m a n ’s in te rference  w ith  h is en v iro n m en t is com ing  m ore and  m ore in to  
p rom inence . T he b io log ical equ ilib rium  of life on  e a r th  is e n d an g e red  b y  th e  in te rferen ce  
w ith  th e  p h o tic  en v iro n m en t. So th e  significance o f new  f in d in g s  in  fu n d am en ta l re sea rc h  
on  th e  p rob lem s of p h o to ch e m is try  a n d  p h o tophysio logy  o b ta in s  a  p rac tica l im p o rta n ce .

T he p re sen t v o lu m e  o f th e  P ho to p h y sio lo g y  series h a s  b een  w ritte n  b y  15 e m in e n t 
re p ré se n ta n ts  o f v a rio u s  asp ec ts  o f p h o tophysio logy . The te n  c h a p te rs  o f th e  vo lum e a re : 
1. E le c tro n  R esonance S tu d ies  o f P h o to sy n th e tic  System s; 2. P h o to c h ro m e , a  P h o to ch ro m ie  
Sensor; 3. P h o to sy n th e tic  N itro g en  F ix a tio n  b y  B lue-G reen A lgae; 4. T he Role o f L ig h t in  
N itra te  M etabolism  in  H ig h e r P la n ts ; 5. M ode of P ho to sen sitiz in g  A c tio n  of F u ro co u m arin s ; 
6. P h o to se n sitiv ity  in  P o rp h y ria ;  7. U ltrav io le t A ction  an d  P h o to re a c tiv e  A ction in  A lgae; 
8. C hrom osom e A b e rra tio n s In d u ced  b y  U ltrav io le t R a d ia tio n ; 9. P h o to ch em istry  o f N ucleic  
A cids a n d  th e ir  C o n stitu e n ts ; 10. E n zy m a tic  a n d  N on E n z y m a tic  B iolum inescence.

R esearch  w o rk ers  in  p la n t  c h em istry , b iochem istry  a n d  physio logy  will f in d  th is  
vo lum e a  usefu l source o f in fo rm a tio n  on  th e  c u rre n t resu lts  o f  re sea rc h  w ork  in  th e ir  fie ld .

K . L is s á k

W . C. D e  Mello  (E d.)

Electrical Phenom ena in  the Heart

A cadem ic Press, N ew  Y o rk  an d  L o n d o n  1972. XV  -(- 415 p ag es , w ith  130 figures 
a n d  12 tab les . P rice: US $ 26.—

T h is b ook  w as p u b lish ed  in  th e  C lin ical E n gin eerin g  S eries , e d ite d  b y  C. A. Ca c e b e s . 
T h e 16 con trib utors o f  th e  v o lu m e  are d iscu ssin g  a w ide ran ge o f  su b jec ts , from  th e  u ltr a 
stru ctu re  o f  heart ce lls an d  th e  m olecu lar o rgan iza tion  o f  th e  h e a r t  cell m em brane to  th e  
m ech a n ism s o f  sea lin g  an d  e x c ita tio n —co n tra c tio n  coupling.

T he th ir te e n  c h a p te rs  o f th e  book re fle c t th e  a b u n d a n t c o n te n t. C hapter 1 d iscusses 
E le c tr ica l P ro p e rtie s  o f  E m b ry o n ic  H e a r t  Cells b y  N . Sp e r e l a k is ; C h ap ter 2: C o rre la tion  
be tw een  th e  U ltra s tru c tu re  a n d  F u n c tio n  o f In terce llu la r C o n tac ts  b y  W . K . B e r g e r ; 
C h ap te r 3: M em brane L ip ids an d  C ardiac E lec tro g en esis  b y  C. D e  Me l l o ; C hap ter 4: E x 
c ita tio n  P rocess in  H e a r t  Cells b y  J .  D u d e l ; C h ap ter 5: D ep o la riza tio n  Process o f H e a r t  
Cells b y  D. N o ble  a n d  R . W . T s ie n ; C h ap te r 6: A ctive Io n  T ra n s p o rt  in  H e a rt M uscle b y  
G. H a a s ; C h ap ter 7: E lec tro p h y sio lo g y  of th e  S inoatria l N ode b y  T . C. W e s t ; C h ap te r  8: 
M em brane  C apacitance  o f  H e a r t  Cells b y  H . A. F o n a rd ; C h a p te r  9: C ardiac In n e rv a tio n  
a n d  S y n a p tic  T ran sm iss io n  in  th e  H e a rt b y  M. An d e r so n  a n d  J .  d e l  Ca stillo ; C h ap te r 10: 
A tr io v en tr icu la r  T ran sm iss io n  b y  C. Me n d e z  an d  G. К . М о е ; C h ap te r  I I :  C o m p ara tiv e  
A spects o f  E lectrogenesis in  M yocardial Cells b y  F . V. McCa n n ; C h ap te r  12: The H e a lin g -  
O ver P rocess in  C ardiac a n d  O th e r M uscle F ib e rs  b y  W . C. D e  M e l l o ; C hapter 13: C alcium  
M ovem ents an d  E x c ita tio n -C o n tra c tio n  C oupling in  C ardiac Cells b y  J .  B . B a ssin g t h w a ig h te  
a n d  H . R e u t e r . E ac h  c h a p te r  gives a b u n d a n t  references, a n d  th e  bo o k  is com pleted  w ith  
a n  a u th o r  an d  su b jec t in d ex .

T his hook  m ark s  a n  im p o rta n t m ilestone  in  th e  p h y sio lo g y  a n d  b iophysics o f  th e  
h e a r t ,  a n d  will be a  u se fu l reference w o rk  fo r sc ien tists in te re s te d  in  cardiac  p h y sio logy .

K . L is s á k
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H . L a n g e r  (E d .)

Biochem istry and Physiology of Visual Pigm ents

Springer-V erlag, B e rlin , H eidelberg , N ew  Y o rk  1973. X I I I  366 pages, 
w ith  202 figures. P rice: DM  31.80; US $ 11.80

T h e  volum e co n ta in s th e  P roceed ings o f a  Sym posium  held  a t  th e  I n s t i tu t  fü r  T ier
p h y sio lo g ie , R u h r-U n iv e rs itä t, B ochum , W . G erm an y , A ugust 27— 30, 1972. T he 52 p a rtic i
p a n ts  o f th is  sym posium  d ealin g  w ith  va rio u s a sp ec ts  o f th e  v isua l p ro cess discussed th e  
fu n c tio n  of visual cells o f  b o th  v e r te b ra te s  a n d  in v e rteb ra te s , offering  a  good o rien ta tio n  
in  th e  re ce n t progress o f b io ch e m is try  an d  phy sio lo g y  o f v isual p ig m en ts . T h e  papers p re 
s e n te d  a t  th e  sym posium  w ere  d iv id ed  in to  six  m a in  to p ics: 1. P ig m en t S tru c tu re  an d  Chem 
ica l P ro p e rtie s ; 2. P h o to ly sis  a n d  In te rm ed ia te s  o f  th e  P igm en ts; 3. R e g en e ra tio n  o f th e  
P ig m e n ts ;  4. E x c ita tio n  a n d  A d a p ta tio n  o f P h o to re c e p to r  Cells; 5. Io n ic  A spects of E x c ita 
t io n  a n d  R egeneration ; 6. E n zy m o lo g y  a n d  M olecu lar A rch itectu re  o f  th e  L ig h t Sensitive 
M em b ran e .

A  g reat ad v an tag e  o f  th e  vo lum e is th e  re g is tra tio n  of th e  live ly  a n d  p ro d u c tiv e  d is
cu ss io n s  w hich followed e ach  p a p e r , and  f in a lly  th e  general discussion m o d e ra te d  by  S. L. 
B o n t in g , in w hich an  a t te m p t  was m ade a t  in te g ra tin g  th e  various new  fin d in g s , an d  to  
reco n c ile  certa in  p o in ts o f d isp u tab le  deta ils .

T h e  book p resen ts  th e  u p - to -d a t s ta te  o f th e  b iochem istry  an d  phy sio lo g y  of v isua l 
p ig m e n ts , and will be a  u se fu l source of in fo rm a tio n  f ir s t  o f all fo r sc ien tis ts  w ork ing  in  th is 
f ie ld , a n d  also for teach ers  a n d  p o s tg ra d u a te  s tu d e n ts  o f b iochem istry  a n d  physiology.

K . L issá k

R. W e h n e r  (E d .)

Information Processing in the V isual Systems of Arthropodes

S y m p o siu m  held a t  th e  D e p a r tm e n t o f Zoology, U n iv e rsity  o f Z urich , M arch  6—9, 1972. 
S p ringer-V erlag , B erlin , H e id e lb erg , N ew  Y o rk  1972. X I  -(- 334 pages, w ith  263 figures.

P rice: DM 36 .— ; U S $ 11.50

T his sym posium  d iscussed  th e  a n a to m ica l, neurophysio logical a n d  b eh av io u ra l know l
e d g e  on  th e  com pound eye  a n d  th e  v isua l p a th w a y  o f a rth ropods. I n  th e  m orphological 
as w ell as th e  physiological a sp e c t, th e  v isua l sy s te m  o f a rth ropodes p ro v id es  a  m odel su itab le  
fo r  th e  s tu d y  of in fo rm a tio n  processing  in  n e u ro n a l ne tw orks an d  so m ean s a  g rea t help  in 
s tu d ie s  o f v e rteb ra te  n eu rophysio logy .

T he papers p re sen te d  b y  th e  77 p a r tic ip a n ts  o f th e  sym posium  d e a lt  w ith  specialized 
to p ic s  in  optics, e lec trophysio logy  and  n e u ro an a to m y , an d  th e  discussions m ad e  it  c lear th a t  
th e  v isu a l system  of a r th ro p o d e s  rea lly  hav e  m u ch  to  co n tribu te  to  neu rophysio logy . T he 
9 m a in  chap ters  of th e  v o lu m e  a re : 1. A n a to m y  o f th e  V isual System ; 2. O p tics  o f th e  Com
p o u n d  E y e ; 3. B io ch em istry  o f  V isual P ig m en ts; 4. In ten s ity -D e p en d e n t R e ac tio n s ; 5. W av e
le n g th -D e p en d e n t R e ac tio n s ; 6. P a t te rn  R eco g n itio n ; 7. V isual C ontro l o f O rien ta tio n  P a t 
te rn s ;  8. Storage of V isual In fo rm a tio n ; 9. M ethods o f Q uantify ing  B e h av io u ra l D ata .

F o r  investiga to rs o f  senso ry  system s, th e  proceedings o f th e  sy m p o siu m  will offer 
v a lu a b le  help in  in te rp re tin g  on  v e r te b ra te s  th e  u p ta k e , transm ission  a n d  processing  of op 
t ic a l  d a ta .

K . L issá k
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R . J u n g  (E d .)

Visual Centres in the Brain

H an d b o o k  of Sensory  Physio logy. V olum e V II/3 . C en tra l P rocessing  o f V isual In fo rm atio n . 
P a r t  B. Springer-V erlag , B erlin , H eidelberg , N ew  Y o rk  1973. V I I I  -f- 738 pages, w ith  216 

figures. P rice: DM  248.— ; US $ 70.—

T he volum e V I I  o f th e  new  H a n d b o o k  of Sensory  P h y sio lo g y  p re sen ts  a  su rv ey  of 
re ce n t know ledge of th e  physio logy o f v ision . V olum e V II  consists o f fo u r p a rts : P a r t  1. 
P h o to ch em istry  o f V ision; P a r t  2. Physio logy  o f P h o to recep to r O rg an s; P a r t  3. C en tra l 
P rocessing  of V isual In fo rm atio n ; P a r t  4. V isual P sychophysics. V olum e V II ,  P a r t  3 consists 
o f P a r ts  A and  B , w h ich  deal w ith  c en tra l v isu a l function . P a r t  A deals w ith  th e  in te g ra tio n  
o f  th e  functions o f v ision  an d  th e ir  m echan ism s in  th e  b ra in . P a r t  В deals w ith  th e  fu n c tio n  
a n d  th e  s tru c tu re  o f th e  v isua l cen tres in  th e  b ra in . T his P a r t  В is th e  vo lum e a t  issue; its  
16 ch ap ters  on th e  “ M orphology an d  F u n c tio n  of V isual C entres in  th e  B ra in ”  deal w ith  th e  
v isu a l co rtex  and  o th e r  h ig h er v isu a l cen tres  in  th e  tem p o ra l lobe. T h e  16 ch ap ters  are:

13. A n a to m y  a n d  S ynap to lo g y  o f th e  O p tic  T ec tu m  b y  G. Sz é k e l y ; 14. T he R ole 
o f  th e  Superior C olliculus an d  P re tec tu m  in  V ision an d  V isually  G u ided  B ehav io r by  J .  M. 
Sp r a g u e , G. B erlucchx  an d  G. R iz z o l e t t i; 15. N europhysio logy  o f th e  Accessory O p tic  
S y stem  b y  E . M o rg ; 16. T he P a rie ta l  E y e  (P in ea l an d  P a rie ta l  O rgans) o f Lower V e rte 
b ra te s  b y  E . D o d t ; 17. N eu ro n al an d  S y n ap tic  A rch itec tu re  o f th e  L a te ra l  G eniculate  N ucleus 
b y  J .  Szen t á g o th a i; 18. N eu ro n al M echanism s of th e  L a te ra l  G en icu la te  B ody b y  H . J .  
F r e u n d ; 19. P ro jec tio n  o f O ptic  P a th w a y s  to  th e  V isual C ortex  b y  D . W h it t e r id g e ; 20. 
S y n ap to lo g y  of th e  V isua l C ortex by  J .  Sz e n t á g o th a i; 21. N euronal P h y sio lo g y  of th e  V isua l 
C ortex  b y  B. B rooks an d  R . J u n g ; 22. R ecord ing  from  Single Cells in  th e  H u m an  V isua l 
C ortex  b y  E . Ma r g ; 23. V isual F u n c tio n s  o f In fe ro tem p o ra l C ortex  b y  C. G. Gro ss ; 24. A b
la tio n s  o f V isual A reas in th e  C entral N ervous S ystem  b y  R . W . D o t y ; 25. F oreb ra in  Com 
m issures and  V ision b y  R . W . D oty  a n d  N . N e g r á o ; 26. Sensory E ffec ts  o f E lec trica l S tim u la 
t io n  of th e  V isual an d  P a ra v isu a l C ortex  in  M an by  G. S. B r in d l e y ; 27. E lectrophysio logy  
a n d  T opographical D is tr ib u tio n  of V isual E v o k ed  P o te n tia ls  in  A n im als b y  O. D. Cr e u t z 
f e l d t  an d  Ü .  KtlHNT; 28. V isually  E v o k ed  P o te n tia ls  an d  V isual P e rc ep tio n  in  M an b y  
D . M. MacK ay an d  D . A. J e f f r e y s . T he vo lum e ends w ith  a  com prehensive  A u th o r an d  
S u b je c t Index .

T he ed ito ria l a n d  aestheric  q u a lity  o f th is  vo lum e, w hich  is as excellen t as th e  o th e r  
vo lum es o f th e  H a n d b o o k  of Sensory  Physio logy , is a c red it to  th e  old trad itio n s  o f th e  
Springer-V erlag. T his vo lum e and  th e  o th ers  o f  th is  series o u g h t to  b e  fo u n d  in  every  lib ra ry . 
T h ey  will rem ain  fo r long an  ind ispensab le  source o f in fo rm a tio n  in  n eu ro an a to m y , n e u ro 
physio logy  and  neurob io logy .

K . L issá k

M. K r u g , R . W in t e r  (E ds)

Biochem ical, Physiological and Pharm acological Aspects 
of Learning Processes

V olum e 10 o f th e  series “ E rgebnisse  d e r ex p erim en tellen  M edizin” . V E B  V erlag Volk u n d  
G esundheit, B erlin  1972. 280 pages, w ith  P  154 figures an d  10 tab le s . P rice: M 31.40

T he volum e p re sen ts  th e  P roceed ings o f th e  I I I .  N eurobio log ical Sym posion o rgan ized  
b y  P rof. H . Ma t t h ie s  in  M agdeburg , 5— 7 M ay, 1971.

T he 32 p ro m in e n t p a r tic ip a n ts  o f d iffe ren t disciplines p re sen te d  26 papers to  o ffer a 
b e t te r  u n d e rs tan d in g  o f th e  b ra in . T he 26 p ap ers  are  as follows. 1. G. D . Sm ir n o v : F u n c tio n a l 
a n d  S tru c tu ra l A spects o f P la s tic ity ; 2. E . Glassm an  an d  J .  E . W il s o n : M acrom olecules an d  
th e  N ervous System ; 3. H . Ma t t h ie s : T he In trac e llu la r  R e g u la tio n  o f  th e  In te rn e u ro n a l 
C on n ectiv ity , th e  M olecular F o u n d a tio n  o f L earn in g  Processes; 4. T . О тт: T he Significance 
o f H ippocam pus fo r th e  E x tin c tio n  D elay  a f te r  A pplica tion  o f U rid in em o n o p h o sp h a te ; 
5. B . L ö ssn er , S. Sc h m id t  an d  N . P o po v : T he In co rp o ra tio n  o f L -leu c in e -l-14C in to  th e  
B ra in  P ro te in  of D ifferen t R egions o f th e  R a t  B ra in  du ring  L earn in g ; 6. W . P h o l e : M icro- 
au to rad io g rap h ic  In v e s tig a tio n  of th e  N ucleic A cid M etabolism  in  th e  B ra in  o f R a ts  u n d e r  
T ra in in g  C ondition^; 7. H . L ieb m a n n  an d  Ch r . R a u ca : Changes in  th e  Cholinergic System
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d u rin g  a L earn ing  E x p e r im e n t in  th e  R a t;  8. J .  S c h m id t , E . K ä m m e r e r  an d  H . R ü t h r ic k : 
T h e  Change of N eu ro n al A c tiv ity  in  th e  N eo co rtex  by  C ondition ing ; 9. H . B a u m a n n , K . 
H e c h t  an d  J .  L ä u t h e r : C hanges of th e  N eu ro elec trica l F u n c tio n a l S ta te  D epending  on 
C onditioned  R eflecto ry  L e a rn in g  E x p erim en ts ; 10. M. Cu é n o d , R . E  M e ie r , J  Mih a il o v ic  
a n d  M. P e r is ic : In te rh e m isp h e ric  T ransfer o f V isu a l In fo rm atio n  in  th e  P ig eo n ; 11. K . H e c h t  
a n d  K . T r e pto v : T he U n ity  o f P la s tic ity  a n d  S te reo ty p e  A ction  as W o rk in g  A lgorithm s of 
th e  CNS in th e  R ep ro d u c tio n  of S tored  In fo rm a tio n ; 12. K . T r e p t o w  a n d  K . H e c h t : M echa
n ism s of C onditioning a n d  A d a p ta tio n  in In d iv id u a l Clock System s; 13. R . Y . I l y u t c h e n o k : 
In v o lv em en t of Cholinergic S tru c tu re s  o f th e  L im bic  an d  R e ticu la r  S y stem s in  th e  M echanism s 
o f M em ory: P harm aco lo g ica l A spects; 14. F . K l in g b e r g : Stage of V ig ilance, G eneral S ta te  
o f B eh av io u ral A c tiv ity  a n d  L earn ing ; 15. Z. V otava and  M. V o jt e c h o v s k y : T he E ffec t 
o f C holinergic D rugs on  S to rag e  an d  In fo rm a tio n ; 16. H . Zip p e l  a n d  G. F . D om agk : V er
suche  zur In fo rm a tio n sv e ra rb e itu n g  u n d  zu r Ü b e rtra g u n g  e rw o rb en er In fo rm atio n en  beim  
G oldfisch  (C rassius a u rea tus) ; 17. B. Cs il l ik : F u n c tio n -D ep e n d en t S tru c tu ra l A lte ra tio n s 
in  th e  N eurom uscu lar J u n c t io n ;  18. R . H a s c h k e , W . H a sc h k e , K . H . Sc h m eid u ch  and 
P . U l l s p e r g e r : A M o d u la tin g  A ction  o f th e  H ip p o cam p al F o rm a tio n  on P h o tic  E v o k ed  
P o te n tia ls  as a M odel o f In fo rm a tio n  Processing ; 19. W . H a r tm a n n , H . K l u g e , W . Za h l ten  
a n d  V. W iec z o r e k : T h e  In flu en ce  o f C hlo rp rom azine  on th e  B ra in  5’-N ucleo tidase  in  v ivo 
a n d  in  v itro ; 20. K . K a n ig  a n d  W . Oe s t e r l e : T h e  Influence of E n ce p h a lo tro p ic  S ubstances 
on  th e  N ucleic Acid M etabo lism  of th e  B ra in ; 21. St . N ie m ie r k o : B iochem ical M arkers o f 
A x o p lasm atic  Flow ; 22. W . O e l s z n e r : P h arm aco lo g ica l M odels o f C en tra l Cholinergic F u n c 
tio n s ; 23. S. S. Oj a : O n th e  M easurem ent o f  M etabolic  R a te s  o f B ra in  P ro te in s ; 24. A. H . 
St a ib , K . An dreas  u n d  S c h e r b e r : Die W irk u n g  von  G lyzin u n d  G ab a  au f den C holinerg 
ausgelösten  T rem or u n d  d ie  A zety lcho lin fre ise tzung  in  die H irn v e n tr ik e l der R a tte ;  25. S. 
T h e il , D. Ge l b r ic h  a n d  F . K l in g b e r g : M ath em atica l M odelling o f N eu ro n al N e tw o rk s; 
26. P . T e ic h g r ä b e r : In flu en ce  of V isual S tim u la tio n  on th e  In c o rp o ra tio n  of Leucine in to  
P ro te in s  o f th e  O p tic  P a th w a y  of th e  R a t.

The con ten ts show  th e  really  in te rd isc ip lin a ry  aspect o f th e  sy m p o siu m , w hich resu lted  
in  live  discussions o f th e  p re sen te d  new  fac ts  in  b ra in  research . T he vo lu m e will be in te res tin g  
fo r s tu d e n ts  o f all fields o f  neurobiology.

K . L issá k

L. L e v i (E d .)

Stress and Distress in Response to Psychosocial Stimuli

L a b o ra to ry  and R eal-L ife  S tud ies on S y m p a th o -A d ren o m ed u lla ry  a n d  R e la ted  R eactions. 
In te rn a tio n a l Series o f  M onographs in E x p e rim e n ta l P sychology. Vol. 17. E d . b y  H . J .  
E y s e n c k . Pergam on P ress , O xford , N ew  Y o rk , T o ro n to , Sydney , B raunschw eig  1972. V I -f- 

166 p a g es , w ith  44 figu res a n d  24 tab les. P rice: £  3.50

The volum e is in tro d u c e d  by  H an s Se l y e . T he lite ra tu re  concern ing  th e  em ergency 
fu n c tio n  of th e  sy m p a th o -a d ren a l system  h as  g re a tly  increased  since th e  tim e  of W a lte r  
B. Ca n n o n . O ut of th is  im m ense field  th is  sm all volum e deals on ly  w ith  th e  psychosocial 
a sp ec ts  o f stress in th e  h u m a n  and  reflects th e  fo u r-y ear w ork  o f th e  ed ito r  an d  his group.

T he im p o rta n t a n d  in te res tin g  re su lts  a re  sum m arized  in e ig h t ch ap te rs : 1. In tro d u c 
tio n : Psychosocial S tim u li, Psychophysio log ica l R eactions, an d  D isease; 2. M ethodological 
C onsiderations in P sy ch o en d o crin e  R esearch ; 3. S y m p ath o -A d ren o m ed u lla ry  R esponses to 
“ P le a sa n t”  and “ U n p le a s a n t”  Psychosocia l S tim u li; 4. S y m p a th o -A d ren o m ed u lla ry  A c tiv ity , 
D iuresis and  E m o tio n al R eac tio n s  du ring  V isua l Sexual S tim u la tio n  in  Fem ales an d  M ales; 
5. S tresso r-Induced  C hanges in  P lasm a  L ip ides a n d  U rin a ry  E x c re tio n  of C atecholam ines, 
a n d  th e ir  M odification b y  N ico tin ic  A cid; 6. C onditions o f W o rk  a n d  S ym p ath o -A d ren o 
m ed u lla ry  A c tiv ity ; E x p e rim e n ta l M an ip u la tio n s in a  R eal L ife S e ttin g ; 7. P sychological 
a n d  Physiological R eac tio n s  to  and  P sy ch o m o to r Perfo rm ance  d u rin g  P ro longed  and  C om plex 
S tresso r E x posure ; 8. G en era l D iscussion. T he vo lum e ends w ith  sum m aries in  E ng lish , 
G erm an , F rench  a n d  R u ss ia n , an d  w ith  a  S u b je c t Index .

T he volum e sh o u ld  f in d  his p lace in  ev ery  m edical lib ra ry , a n d  in  p a r ticu la r  on  th e  
d esk  o f in v estig a to rs  a n d  p h ysic ians in te re s te d  in  th e  p rob lem  of psychophysio log ical stress.

K . L issá k
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J .  Sa l á n k i (E d .)

Neurobiology o f Invertebrates

M echanism  of R h y th m  R egu la tion . P ro ceed ings o f a  Sym posium  he ld  a t  T ih an y , 2— 5 A u g u s t 
1971. A kadém iai K iad ó , B u d ap est 1973. 494 pages

O rganiza tion  o f  th is  Sym posium  w as based on th e  co n cep t t h a t  rh y th m ic ity , be ing  
one of th e  basic p ro p e rtie s  o f life processes h as to  be in v es tig a ted  also in  in v erteb ra tes . S tu d ies  
on  th e  reg u la to ry  m echan ism s of basic processes in  lower p h y la  o ften  resu lted  in  discoveries 
im p o r ta n t  from  a g en era l biological a n d  p ra c tic a l aspect.

In  th e  p reface  b y  J .  Sa lá n k i i t  is em phasized  th a t  “ T he endogenous rh y th m s an d  th e  
m echanism s of th e ir  b asic  reg u la to ry  processes were selected as th e  b asic  sub ject m a te ria l” .

A fter th e  o p en in g  address given b y  K . L issá k  we can  re a d  som e in tro d u c to ry  rem ark s  
b y  J .  Sa lá n k i w ho em phasized  th a t  “ W h en  w atch ing  th e  b e h av io u r o f an  an im al o r o b se rv 
ing th e  living processes e ith e r of an  o rg an  or on th e  cellular level, one of th e  m ost s tr ik in g  
p h en o m en a  is th e ir  re p ea te d  ch arac te r, th e ir  rh y th m ic ity ” .

T he volum e c o n ta in s  33 papers a n d  discussions on recen t re sea rch  in  th e  field o f  rh y th m  
reg u la tio n . The su b je c ts  cover p rim a rily  rh y th m ic  phen o m en a, in d ep e n d en t o f e x te rn a l 
fa c to rs  b u t  based on  s tru c tu ra l and  fu n c tio n a l ch aracteris tics o f cells, organs or th e  w hole 
o rgan ism , i.e. endogenous rh y th m s.

T he book is d iv id ed  in to  four m ain  p a r ts . The f irs t co n ta in s p a p e rs  dealing w ith  rh y th m s  
o n  th e  cellu lar level, ana ly sin g  m ain ly  th e  m echanism s of rh y th m ic  f irin g  in  neurones. T he 
second  an d  th ird  p a r ts  d eal w ith  rh y th m s  app earin g  a t  th e  o rg an  level. H ere  th e  p ap ers  a re  
focussed  on th e  rh y th m ic  function ing  of th e  h e a rt. The fo u rth  p a r t  co n ta in s  resu lts  on  b e h a 
v io u ra l rh y th m s a n d  th e ir  neu ronal re g u la tio n  in  th e  whole o rgan ism .

T he m ate ria l is p a r tic u la r ly  in te re s tin g  from  a co m p ara tiv e  physio log ical p o in t o f v iew , 
as a n u m b er of d iffe re n t species — V erm es, G astropoda, P e lecy p o d a , C rustacae an d  In se c ta  
— w ere in v es tig a ted  b y  specialists o f 14 coun tries a tte n d in g  th e  Sym posium .

In  th e  conclud ing  rem ark s C. L. P r o sser  em phasized  t h a t  “ T h e  gap betw een  m olecu lar 
a n d  organism ic b io logy  is real, and  th is  conference helped to  b rid g e  th is  g ap ” .

A. P u p p i

M. G. R ossm ann  (E d.)

The Molecular Replacement Method

A Collection of P a p e rs  on  th e  Use of N on-C rysta llog raph ic  S y m m etry . In te rn a tio n a l Science 
R ev iew  Series 13. G ord o n  an d  B reach Science P ublishers, N ew  Y o rk , L ondon, P a ris 1972.

V I I I  -f- 267 pages. Price: £ 6.25

T his book is m ore  th a n  a sim ple collection  of a few dozen  w ell-selected  papers w hich  
d eal w ith  th e  th eo re tic a l a n d  techn ica l p ro b lem s of s tru c tu re  d e te rm in a tio n  of large and  m ac ro 
m olecules o f b io logical im po rtan ce . I t  is a  review  of th e  p ro m isin g  so lu tions of th e  p h ase  
p ro b lem  in p ro te in  c ry sta llo g rap h y .

I t  w as show n b y  th e  1960’s t h a t  th e  isom orphous re p la ce m en t m eth o d  applied  w ith  
success f irs t  by  M. P e r u t z  (1953) in  so lv ing  th e  haem oglobin  s tru c tu re  was prom ising  on ly  
if  a t  least tw o p ro p e r su b s titu tio n s  o f one am ino acid residue in  th e  asy m m etric  u n it  o f a 
p ro te in  c ry sta l w ith  tw o  re la te d  h eav y -a to m -co n ta in in g  o rgan ic  g ro u p s could be perfo rm ed . 
G enera lly , these  ch em ica l p rocedures w ere tim e-consum ing  o r s im p ly  im possible. Success 
w as n ev er certa in  w h en  on ly  one heav y  a to m  deriv a tiv e  could be  o b ta in e d . In  order to  av o id  
th e  large  n u m b er o f im passes, in v en tion  of som e new  so lu tion  w as im p e ra tiv e . The new  id ea  
w as com ing from  M. G. R ossm ann  (1960) w ho suggested t h a t  th e  p h ase  problem  could p re 
su m ab ly  be  solved b y  u sin g  th e  p h en om enon  of id en tica l m o lecu la r su b -u n its , observed f ir s t  
b y  Crick  an d  W a tso n  (1956) and  Ca spar  (1956), and p roved  b y  H a r r iso n  (1959) by  c ry s ta l
lo g rap h ic  evidence, th e  di- (or poly-) m o rp h ism  and  th e  n o n -c ry s ta llo g rap h ic  sym m etries of 
th e  p ro te in  crysta ls. T h is  fu n d a m e n ta l id ea  led  to  th e  m a th e m a tic a l e q u a tio n s  o f th e  m olecu lar 
re p la ce m en t m eth o d  developed  by  d is tin g u ish ed  cry sta llo g rap h ers , as e.g. D. M. B l o w , 
R . A. Cr o w th er , P . Ma in , M. G. R o ssm a n n , P . T ollin  an d  o th e rs . T h eir works p u b lished  
d u rin g  th e  las t te n  y e a rs  (m ain ly  in A c ta  C ryst. J .  molec. Biol, a n d  th e  J .  Am er, chem ical 
Soc.) hav e  now  been  ed ite d  in a  sep a ra te  vo lu m e w hich is in tro d u c ed  b y  M. G. R ossm ann
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g iv in g  a sum m ary  of th e  so-called  th ree -s tag e  “ R o c k e t”  m ethod . A n y  id en tica l m olecular 
su b -u n it  can  be re la ted  to  a n o th e r  one b y  th e  sim ple  fo rm ula  x ’ =  (C )x  -f- d , w here (C) is 
th e  ro ta t io n  m atrix  d e te rm in e d  in  th e  f ir s t  s ta g e , and  d th e  tra n s la tio n  v e c to r  de term ined  
in  th e  second stage. In  th e  th ird  stage th e  m o lecu la r rep lacem en t e q u a tio n s  are  to  be set 
u p  o n  th e  basis o f th e  p re v io u s  steps. E x am p les  o f  th e  successful a p p lic a tio n  o f th e  m ethods 
a re  also  given. The use o f  th e se  m eth o d s needs a  good know ledge of th e  th e o ry  of X -ray  crys
ta llo g ra p h y  to g eth e r w ith  p ro p e r  m ath em a tic s .

T h u s, th is book c an  be  recom m ended  to  c rysta llo g rap h ers , b io ch em ists a n d  bio
p h y s ic is ts  who seek to  e n te r  th e  rea lm  o f s t ru c tu ra l  m olecular biology.

A. KÁLMÁN

E . J .  H e n l e y , R . A. W illiam s

Graph Theory in  Modern Engineering

C o m p u te r Aided Design, C o n tro l, O p tim iza tio n , R e liab ility  A nalysis. M a th em atics  in  Science 
a n d  E ngineering , Yol. 98. A cadem ic  P ress , N ew  Y o rk , L ondon 1973. X V I -f- 303 pages.

P rice: U S $ 16.—

T his book covers th e  th e o ry  an d  a p p lica tio n s  o f d irected  an d  n o n d irec te d  graphs w ith  
e m p h a s is  on th e  co m b in a to ria l ap p ro ach  to  flo w -g rap h  analysis. I t  t r e a ts  signal flow graphs, 
th e i r  co n stru ctio n , m a n ip u la tio n , an d  ap p lic a tio n  to  th e  so lu tion  o f a lg eb ra ic  an d  d ifferential 
e q u a tio n s , develops a  m e th o d  fo r th e  sy s te m a tic  analysis of large  flow  g ra p h s , and  ex tends 
th e  g ra p h  th eo ry  to  en co m p ass p rac tica l eng ineering  problem s in  c o m p u te r  aided design, 
c o n tro l, an d  op tim iza tion .

T he ve rsa tility  a n d  p o w er o f th e  signal-flow -graph  tech n iq u es a re  d em o n s tra ted  by  
a p p ly in g  th em  to  s ta tic  a n d  d y n am ic  eng ineering  p rob lem s in  co n tro l, h e a t  exch an g er design, 
d is til la tio n  colum n design , a n d  flow -sheet a n d  n e tw o rk  analysis.

A  new  linear p ro g ram m in g  m eth o d  b ased  on  flow -graph m an ip u la tio n s  is constru c ted  
a n d  te s te d .

N ond irected  g rap h s, th e ir  m a trix  re p re se n ta tio n  and  ap p lica tio n  to  op tim iza tio n  and  
sy s te m  analysis are d iscussed .

T he book includes a  generalized  tr e a tm e n t  o f b ran ch  an d  b o u n d , t re e  search  m ethods.
T h e  au th o rs  give ap p en d ix es  on m a tr ix  th e o ry , linearization , B oolean  an d  Modulo 2 

a lg e b ra , linear p ro g ram m in g , th e  Coates g ra p h , an d  Fibonacci re sea rc h  m ethods. A tw o 
h u n d re d -p a g e  app en d ix  o f co m p u te r p ro g ram s is availab le  from  th e  a u th o rs .

T his book will be  o f  v a lu e  to  chem ical a n d  e lectrica l engineers, ap p lied  m ath em atic ian s, 
c o m p u te r  scientists, o p tim iza tio n  and  co n tro l specia lists .

J .  Czopf

Acta Physiologica Academiae Scientiarum Hungaricae 44, 1973



X ACTA ENDOCRINOLOGICA CONGRESS

The ten th  A cta Endocrinologica Congress w ill be held  in  
A m sterdam  at the Free U n iversity , from A ugust 56-29, 1975.

The program includes nine sym posia on current im portant topics w ith in  
the scope o f  endocrinology. The congress should be o f  interest for all 
scientists in the field o f  clinical and experim ental endocrinology.
For further inform ation and registration write to  th e  Secretary-General, 
Dr. P . G. Sm elik, D ept, o f  Pharm acology,
Free U niversity , Medical F acu lty , Am sterdam  - 1011,
The N etherlands.



” E rra tum ”  : В. V a rg a , E d it  H orvá th  a n d  E . Sta rk  : E ffec ts  o f A C T H  a n d  HCG 
o n  o v arian  oestrogen a n d  p ro g esterone  sec re tio n  in  dogs p re tre a te d  w ith  HCG.

A cta  phys. A cad . sei. hu n g . 44, (1) 29—37 (1973). In  th e  c ited  p a p e r legend  to  
Fig. 1. is accordance w ith  F ig . 4., legend  to  F ig . 4. in  accordance w ith  F ig . 1.
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ACTA PH YSIO LO G ICA

TOM 4 4 -  ВЫ П. 2 

РЕЗЮМЕ

ИЗУЧЕНИЕ ДН К  ТОНЗИЛЛЯРНОЙ КЛЕТКИ ЧЕЛОВЕКА. ПРЕПАРАЦИЯ И 
ХАРАКТЕРИЗАЦИЯ Я ДЕРН Ы Х  И НЕ Я ДЕРН Ы Х  ДН К ИЗ ИЗОЛИРОВАННЫ Х

ТОН ЗИ ЛЛЯРН Ы Х КЛЕТОК

Й. М. БА ЛО -БА Н ГА , Ф. АНТОНИ и X. АЛТМАНН

Описывалась препарация 570 мкг цитоплазматической Д Н К  и 800 мкг ядерной 
ДН К из тонзиллярных клеток человека (оба определялись дифениламиновой реакцией).

Первым этапом в фракционировании клеток была обработка детергентом Nonidet 
Р-40. Экстракция ДНК из ядерных и цитоплазматических фракций проводилась отдельно. 
У 90% цитоплазматической Д Н К  плавучая плотность в нейтральных градиентах CsCl была 
1,715 г/мл. Ядерная ДНК состояла из двух компонентов с плотностью 1,715 г/мл и 1,696 
г/мл соответственно. Сравнение ядерной и цитоплазматической Д Н К  при градиентах 
CsCl-этидиум-бромида исключило наличие значительного количества ковалентно связан
ных циркулярных интактных митохондриальных ДНК. Щелочное сахарозное скорость- 
осаждение показало три главных пика в ядерной ДНК, тогда как в цитоплазматическом 
материале было найдено два пика, идентичных с двумя из трех ядерных пиков. Так как 
фракция, содержащая цитоплазматическую Д Н К , состоит из митохондрий и, главным об
разом, из плазматических мембран (как было доказано фракционированием в прерывис
тых сахарозных градиентах), можно предположить вероятность митохондриального про
исхождения цитоплазматической ДН К. Однако, его удивительное сходство с ядерной ДН К  
указывало, что ДНК, найденная в цитоплазме тонзиллярных клеток человека, пред
ставляет собой специфическую часть ядерной ДН К.

СПОСОБНОСТЬ ПРИЕМА КИСЛОРОДА ЖАБРАМИ ПО ОТНОШЕНИЮ К РАЗМЕРУ  
ТЕЛА У РЫБ A n a b a s testudineus (B lo c h ),  ВДЫХАЮЩИХ ВОЗДУХ

Й. Ш. ДАТТА МУНШИ и Ш. Ц. Д У Б Е

Потребление кислорода через жабры по отношению к размеру тела у рыб A nabas  
testudineus, вдыхающих воздух, исследовалось при двух экспериментальных усло
виях: 1) при вдыхании воздуха, и 2) когда вдыхание прерывалось. Более низкая величина 
наклона (Ь — 0,67) кривой для потребления кислорода относительно к весу тела (при 
первом условии) по сравнению с телеостами, вдыхающими воду (Ь =  0,85), была связана 
со свойством рыб вдыхать воздух и со сравнительным увеличением поверхности, вдыхаю
щей воздух, параллельно с повышением веса тела рыбы. Дальнейшее понижение наклона 
(Ь =  0,5259) при втором условии было связано с уменьшением эффективности респиратор
ной мембраны жабр под стрессовыми условиями. Наблюдаемая способность маленьких 
рыб выживать более длительный период (зависящий от дыхания только жабрами), чем 
способность больших рыб, была связана с уменьшением способности приема кислорода 
жабрами, которое происходило параллельно с ростом размера рыб. Более высокая пропор
ция потребления кислорода по отношению к весу тела у маленьких рыб, чем у больших, 
была связана с их более высокой метаболической пропорцией и с большей газообменной 
поверхностью жабр по отношению к весу тела.



ДН ЕВН Ы Е ИЗМ ЕНЕНИЯ В СОДЕРЖАНИИ СЕРОТОНИНА В ГИПОТАЛАМУСЕ
И ЕГО КОРРЕЛЯЦИЯ С НАДПОЧЕЧНИКОВОЙ ФУНКЦИЕЙ У КРЫС В 

ТЕЧЕНИЕ ЭСТРАЛЬНОГО ЦИКЛА  

Г. РО Ж А Х ЕДЬИ , Г. Т ЕЛ Е ГД И  и К. ЛИШ Ш АК

Содержание серотонина в гипоталамусе и уровень кортикостерона в плазме измеря
лись в 8 часов утра, в 16 и 23 часа вечера, в течение различных фаз эстрального цикла 
крыс.

Уровень гипоталамического серотонина показал дневное изменение с пиком в 8 
часов утра, и самым низким уровнем в 23 часа вечера. Утренний уровень в течение про- 
эструса и эструса был значительно ниже, чем при метэструсе и диэструсе. Уменьшение 
уровня гипоталамического серотонина, наблюдаемое в 23 часа, было значительным при 
каждой фазе цикла, но наиболее выраженным было в течение проэструса.

Изменение уровня сывороточного кортикостерона показало противоположную тен
денцию. Оно было низким утром и высоким в 23 часа при каждой фазе эстрального цикла, 
исключая эструс, когда не было значительного различия между утренней и вечерней вели
чинами. Утренние величины были в два раза выше в течение проэструса и эструса, чем 
в течение метэструса и диэструса.

Овариэктомия не уничтожала дневной ритм серотонина в гипоталамусе, но утренние 
величины были значительно ниже, чем при проэструсе, метэструсе и диэструсе. Введение 
эстрона и прогестерона повышало утренний уровень серотонина в гипоталамусе у кастри
рованных крыс-самок.

МИКРОФИЗИОЛОГИЧЕСКИЙ АНАЛИЗ КОРРЕЛЯЦИИ МЕЖДУ ОКИСЛИТЕЛЬНО
ВОССТАНОВИТЕЛЬНЫМ СОСТОЯНИЕМ И ТИПОМ ЭФФЕКТА АЦЕТИЛХОЛИНА  

И/ИЛИ 5-ГИДРОКСИТРИПТАМИНА
А. ПУРРИ и И. КИШШ

Эксперименты были выполнены на гигантских нейронах L y m n e a  s tagna lis . 
Было установлено, что деполяризующий эффект ацетилхолина на клетки типа D был 
увеличен окислительными агентами (метиленсиний, тионин), и в то ж е время клетки типа 
Н становились клетками типа D после применения вышеуказанных агентов. Окислитель
но-восстановительные катализаторы, восстанавливающего типа, такие, как аскорбино
вая кислота, гидрохинон и р-метил-аминофенолсульфат, оказывали выраженное тормо
жение на ацетилхолиновую деполяризацию на клетках типа D. В некоторых случаях 
характер типа D клеток превращался в тип Н. Эксперименты с никотиновой кислотой дали 
различные результаты; ацетилхолиновая деполяризация в некоторых случаях тормози
лась, а в других увеличивалась. Это, по-видимому, обуславливалось бимодальным анта
гонистическим местом эффекта никотиновой кислоты.

Деполяризующий эффект 5-гидрокситриптамина тормозился как окислительными, 
так и восстановительными агентами. Это торможение было менее выраженным, чем в 
случае ацетилхолина.

На основании результатов можно предположить, что действительное окислительно
восстановительное состояние клеток играет решающую роль в определении характера 
типа D или Н эффекта медиаторов.

Места окислительно-восстановительных эффектов можно искать на трех уровнях. 
На уровне а) изменений активности энзимов, играющих роль в транспортных процессах 
ионов; б) изменений в молекулярной конфигурации плазматических мембран; в) кванто
биологических изменений в некоторых процессах переноса между рецептором и медиа
тором.

ЭФФЕКТ ВЫПУСКА КРОВИ, ОХЛАЖ ДЕНИЯ И АСФИКСИИ НА АКТИВНОСТЬ 
ВЕРТЕБРАЛЬН Ы Х И СЕРДЕЧНЫ Х СИМПАТИЧЕСКИХ НЕРВОВ

М. КОЛЛАИ , Л . Ф ЕД И Н А  и А. Г. Б . КОВАЧ

Эффекты некоторых факторов, влияющих на симпатическую эфферентную актив
ность, изучали для того, чтобы найти различия в региональной симпатической отдаче. 
Эксперименты были выполнены на анестезированных кошках. Записывались интегри



рованная активность вертебральных нервов (АВН), активность сердечных нервов (АСН), 
системное кровяное давление и дыхание. В течение градуального, ступенчатого выпуска 
крови увеличение АВН превышало АСН во всех фазах. При понижения температуры 
окружающего воздуха от 30° до 15°С АВН и АСН показывали слабое увеличение; при 
дальнейшем охлаждении до 10°С наблюдалось крутое повышение уровня в АВН. В тече
ние 1-минутной асфиксии АВН увеличивалась устойчиво и значительно, тогда как уве
личение АСН начиналось позднее и было слабее, чем АВН. Результаты обнаружили, что 
сердечные и вертебральные симпатические нервы дают количественно разные ответы на 
примененный стимул.

КИСЛОТНО-ЩЕЛОЧНОЕ РАВНОВЕСИЕ И СОДЕРЖАНИЕ С02 В МОЗГОВОЙ 
ТКАНИ ПРИ ГИПОВОЛЕМИЧЕСКОМ ШОКЕ

Е. М АКЛАРИ, А. Г. Б . КОВАЧ и И. Н Я РИ

У  анестезированных собак при условиях гиповолемии исследовались килотно- 
щелочные параметры артериальной, правой предсердной и саггитальной крови, а также 
содержание С 02 в тканях различных областей мозга. В течение 30 мин после выпуска кро
ви, когда среднее артериальное давление устанавливалось на уровне 55 мм рт. ст., BE (из
быток основания) и рС02 в артериальной крови уменьшались, тогда как pH не менялся. 
В правой предсердной крови с уменьшением BE имело место повышение рС02, а pH был в 
кислотном ряду. В первые 30 мин после первого выпуска крови не было отмечено сущест
венных изменений в саггитальной крови. При среднем кровяном давлении 35 мм рт. ст. 
обнаружили сильный ацидоз во всех трех пробах крови. Различия между артерио-ве
нозными Ог и рС02 значительно увеличивались в первые 30 мин как в смешанной венозной 
крови, так и в крови саггитального синуса. Тканевое содержание С02 в различных мозго
вых областях показало значительные различия. В течение 30 мин после первого выпуска 
крови тканевое содержание С 02 в гипоталамусе повышалось от 14,5 ± 1 , 5  мМ/кг до
31,7 ±  37 мМ/кг и после второго выпуска достигало 38,5 ± 6 ,1  мМ/кг. Во фронтальной 
коре повышение было подобное, но слабое. Содержание С02 в мосту повышалось только к 
концу второй фазы выпуска крови, тогда как в окципитальной коре, таламусе и продолго
ватом мозге не было существенных изменений.

После коррекции ацидоза введением бикарбоната, в гипоталамусе наблюдалась 
гиперкапния, тогда как в других областях мозга наблюдались нормальные или различаю
щиеся только незначительно от нормы величины.

ЭФФЕКТ КОРРЕКЦИИ АЦИДОЗА, ВЫЗВАННОГО ГЕМОРРАГИЕЙ НА  
СОДЕРЖАНИЕ С 02 В ЦЕНТРАЛЬНЫ Х Н Е РВ Н Ы Х ТК А Н Я Х

Е. М А КЛАРИ, А. Г. Б . КОВАЧ и И. Н Я РИ

Изучался эффект введения бикарбоната на кислотно-щелочное равновесие и содер
жание С02 в мозговой ткани при геморрагическом шоке у собак. При введении физиологи
ческого раствора в геморрагическом состоянии можно было наблюдать подобный, но более 
умеренный ацидоз по сравнению с необработанными собаками. Только в гипоталамусе, из 
исследованных областей, наблюдалось значительное повышение С02 в конце выпуска 
крови. Через 2 часа после ретрансфузии, помимо выраженной гиперкапнии гипоталамуса, 
уровень С02 значительно повышался и во фронтальной и окципитальной коре.

В течение геморрагии развитие ацидоза можно было предотвратить введением бикар
боната. К концу выпуска крови ни в одном из областей мозга не была обнаружена тканевая 
гиперкапния. Через 2 часа после ретрансфузии только в гипоталамусе можно было наблю
дать слабое накопление СО,. Предполагалось, что физиологический раствор уменьшал па
тологические изменения, возникающие в клетках, путем изменения вязкости крови.

Ввиду благоприятного эффекта введения бикарбоната, авторы считают, что ацидоз мо
жет быть представлен как усугубляющий фактор в ухудшении метаболизма клеток.



ЖИРОВАЯ ТКАН Ь И ШОК, ВЫ ЗВАННЫ Й эндотоксином
Й. А. Ш ПИТЗЕР, А. Г . Б . КОВАЧ, П. Ш АНДОР, Й. Й. Ш П И ТЗЕР и Р . ШТОРК

Исследовался метаболизм жировой ткани в изолированных подкожных и сальни
ковых областях у нечистокровных самок собак, перед и после обработки эндотоксином
Е . co li. Среднее артериальное давление, минутный объем и кровоток в жировой ткани 
значительно уммньшались из изученных гемодинамических параметров, тогда как частота 
сердца оставалась неизмененной после введения эндотоксина. После введения эндотоксина 
концентрация свободных жировых кислот в артериальной крови не изменялась, кон
центрации глицерина и лактата прогрессивно повышались, а концентрация глюкозы пони
жалась, но только после 60 мин. Введение эндотоксина вызывало значительное уменьше
ние отдачи глицерина и приема глюкозы через 60 мин.

Исследовались основной и стимулированный норэпинефрином липолиз изолирован
ных жировых клеток при наличии или отсутствии глюкозы. Как перед, так и после введе
ния эндотоксина адипоциты сальниковой жировой ткани последовательно освобождали 
больше свободных жировых кислот и глицерина при стимуляции норэпинефрином, чем 
адипоциты подкожной жировой ткани. Адипоциты жировой ткани брыжейки вели себя 
так, как сальниковые подоциты, в 3 из 4 случаев при контрольных условиях, и в каждом 
случае после введения эндотоксина. При эндотоксиновом шоке повышался липолиз, вы
званный норэпинефрином, как в подкожных, так и в сальниковых и брыжеечных жировых 
клетках. Это было показано повышением освобождения свободной жировой кислоты и 
глицерина.

Подкожные и сальниковые жировые клетки, стимулированные норэпинефрином, 
показали большее освобождение свободной жировой кислоты при отсутствии глюкозы, 
чем при ее наличии. Этот факт указывал на понижение реэстрификации при описанных 
условиях. Эндотоксин уменьшал это различие. Кривая дозы-действия норэпинефрина не 
изменялась после введения эндотоксина. Однако, липолитическое действие увеличивалось 
после каждой примененной дозы порэпинефрина (включая и максимальную дозу).
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LIPID CONTENT OF HUMAN EMBRYONIC TISSUES

B y

Y. N ik o l á s e v , B . A. R e s c h , J . M é s z á r o s , F. E. S z o n t á g h  and I . K a r á d y

IN ST IT U T E  OF PATHO PHY SIOLOG Y , AND D EPA RTM EN T OF GYNAECOLOGY AND OBSTETRICS, 
U N IV ERSITY  M ED ICAL SCHOOL, SZEGED

(Received N o v em b er 1, 1972)

The lip id  c o n te n t  o f b ra in , liv e r, h e a r t ,  lung  a n d  k id n ey  o f 12-week-old h u m an  
em b ry o s and o f th e  p lac en ta  o b ta in ed  a t  induced  ab o rtio n  w as te s te d . The q u a n tity  
o f cholesterol, ch o leste ro l ester, free f a t t y  acid, m onoglyceride , 1 ,2-diglyceride, 1,3-di
g lyceride  and  tr ig ly c e rid e  in the  tissu es w as d e term ined  a n d  th e  f a t ty  acid  com position 
o f th e  lip id  f ra c tio n s  s tu d ied , to  fu rn ish  d a ta  to  th e  lack in g  s ta n d a rd  values for early  
p regnancy .

The lipid con ten t and the ratio o f  the lipid fraction in em bryonic tissues 
have scarcely been investigated . There are some data for the rat, lamb, rabbit 
and guinea pig (B a r c r o f t  and P o p j á k  1945; V a n  D u y n e  and H a v e l  1959; 
P o p j á k  1954; O k u d a  and Т оноки 1960), and for the brain o f the human 
foetus (S c h n e k  et al. 1971) but none for the tissues o f the hum an embryo. We 
have therefore studied  the brain, liver, heart, lung, k idney and the placenta  
of 12-week-old em bryos for their cholesterol, cholesterol ester, free fa tty  acid, 
triglyceride, 1,2-diglyceride, 1,3-diglyceride and m onoglyceride content and 
the fa tty  acid com position of the lipid fractions.

M ethods

T h e  in v estig a ted  tis su es  of em bryos o b ta in e d  a t  in d u ced  a b o rtio n  in  th e  12th week 
of p reg n an cy  were s tu d ied . G esta tional age w as tak e n  as th e  p e rio d  be tw een  th e  f irs t  day  
of th e  la s t  m en s tru a tio n  a n d  th e  day  of a b o r tio n  by  m eans of c u re tte  a n d  w as d e term ined  
also b y  b im an u a l p a lp a tio n  a n d  from  th e  w e ig h t and  po sitio n  o f th e  em bryo . The u terine  
c o n te n ts  were placed on  a  gauze sheet s tre tc h ed  in  a m eta l fram e , so th a t  th e  em bryo and  its 
o rgans (liver, k idney , lu n g , h e a r t ,  bra in ) th e  d ec id u a  or th e  p lac en ta  could  easily  be iden tified  
an d  ra p id ly  sep ara ted . T h e  organs were w eighed , frozen in  liq u id  a ir  a n d  s to red  a t  — 30°C 
u n til  processing . F o r e ac h  d e te rm in a tio n  th e  co rresponding  tissu es o f 8  to  10 em bryos were 
used.

L ip ids were e x tra c te d  an d  purified  b y  th e  m eth o d  of F o l c h  e t al. (1951). N eu tra l 
lip ids w ere sep ara ted  in  one dim ension on  S ilicagel G lay er. T he th in  lay e r w as previously  
a c t iv a te d  a t  100°C fo r 1 h o u r  an d  as so lvent p e tro l e th e r : d ie th y le th e r  : ace tic  acid : m ethano l 
90 : 5 : 2 : 2 was used . P hospholipo ids s ta y ed  a t  th e  s ta r tin g  p o in t, while n e u tra l  lip ids ra n  
in  th e  follow ing o rder: m onoglyceride , 1 ,2 -dig lyceride, 1 ,3-dig lyceride, cholestero l, free f a t ty  
acid , trig lyceride  and  ch o lestero l ester.

Q u a n tita tiv e  e s tim a tio n  of the  lip id  frac tio n s  w as done acco rd ing  to  K r e m e r  e t al. 
(1969), e x tin c tio n  m ea su re d  a t  350 nm  a g a in s t cholestero l (R ean a l) tr ip a lm ita te  (B D H ) and

1 Acta Physiologica Academiae Scientiarum Hungaricae 44, 1973
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p a lm itic  acid as th e  s ta n d a rd s . A fte r m é th y la tio n  th e  lip ids se p a ra ted  on  th e  th in  lay er w ere 
su b je c te d  to  gas ch ro m a to g ra p h y  fo r th e  sep a ra tio n  of f a t ty  acids. T hese  w ere m eth y l-es te ri-  
f ie d  on  Silicagel w ith  5 %  m eth an o l in  hyd ro ch lo ric  acid. S ep a ra tio n  w as pe rfo rm ed  in  a  Je o l 
810 ty p e  gas c h ro m a to g rap h , using  a  2 m  long  colum n w hich  co n ta in ed  10%  of 1 ,4 -bu tane- 
d io l succ in a te  on a C hrom osorb  GL su p p o rt.

T he tem p e ra tu re  o f th e  co lum n w as 175°C, th a t  o f th e  in je c tin g  b lock  210°C, and  o f 
th e  f lam e  ionization  d e te c to r  240°C. N itro g en  was used  as ca rrie r gas. T he ch ro m ato g ram s 
w ere  ca lib ra ted  by  m ean s of th e  m e th y l f a t ty  acids FA M E K-101 a n d  FA M E  K-108.

Results

Table I contains the concentration values for m onoglyceride, 1,2-di
glyceride, 1,3-diglyceride, triglyceride, cholesterol, cholesterol ester and free 
fa tty  acid in the em bryonic heart, k idney, brain, liver, lung and in the placenta. 
For w et weight, the em bryonic heart contained the highest and the placenta  
th e  low est amount o f lipid; considerable amounts were present in  the kidneys 
and brain. Of the neutral lipid com ponents, the heart and the kidneys contained  
th e  highest proportions of triglyceride. M onoglyceride content was highest 
in th e  brain; 1,2-diglyceride content in the heart, brain and in the kidneys; 
w hile 1,3-diglyceride in the kidneys. Free fa tty  acids and cholesterol occurred 
in th e  highest percentage in the heart, while the liver and the heart contained  
m ost o f the cholesterol ester.

The fatty  acids o f  the various lipid com ponents were separated by gas 
chrom atography. Tables II  to V I show the am ounts o f fa tty  acids in th e  
various lipid fractions.

Table II contains values for the fa tty  acids in the m onoglycerides of the  
investigated  em bryonic tissues. Large amounts of palm itic acid (C16 : 0), and  
in  th e  placenta a considerable am ount o f stearic acid (C18 : 0) was found. In th e  
liver alm ost identical quantities o f C16 : 0, C16 :15 Cle ; 2, C18 . 0, C18 ; 2lo6 and

Table I

M ean neutral l ip id  content o f  organs o f  the 12-week-old h u m a n  embryos 
(//g g w e t w eigh t : S.D .)

(u  =  1 0 )

H eart K idney Brain Liver Lung Placenta

M onoglyceride 6 5 5 +  45 7 2 4 +  65 8 5 9 +  94 1 9 0 +  25 538 +  42 157 +  22

1,2-D iglyceride 1223 +  109 1 0 7 6 +  98 1334+145 7 1 9 +  84 567 +  39 2 7 4 + 3 2

1,3-D iglyceride 3 0 9 +  25 4 9 2 +  39 3 1 5 +  43 1 9 4 +  31 264 +  38 1 5 6 + 1 9

Cholesterol 6 6 0 +  54 2 8 3 +  39 4 0 8 +  52 3 8 9 +  49 2 3 3 + 2 9 287 +  31

F ree  f a t ty  acid 5 3 9 +  48 2 5 0 +  41 1 9 9 +  28 2 9 4 +  37 246 +  32 130 +  18

Trig lyceride 1577 +  164 1629 +  172 968 +  107 806 +  104 5 7 0 + 4 8 330 +  42

C holesterol ester 6 6 5 +  59 3 9 6 +  42 4 1 9 +  37 6 9 3 +  52 406 +  51 2 9 6 + 3 1
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^“18 : зшЗ’ ^Ье lung, Cla : 2i : 0; in the brain, C14 : 0, C16 ; 0, C16. 2 and C18 ; 0; 
in  the k idney C16 ; 0; in the placenta Cle . 0, C18 : 0; in the heart C14. 4, C16. 0 
and C16 ; 4; were present.

In Table III the results for 1,2- and 1,3-diglycerides are given. In the  
diglycerides, C16: 0 and C18: 0 were present in largest quantities, while the  
other fa tty  acids at lower concentrations.

The fa tty  acids in the triglycerides and cholesterol esters o f the various 
organs are presented in Table У and У I , respectively, the ratio of free fa tty  
acids is shown in Table IV. Of the free fa tty  acids Cle:o was present in th e  
largest quantity  in the investigated  organs. O f the triglycerides, C18 :4 occurred 
in considerable quantities in the heart, the liver and the placenta; C16. 0, 
C16 : 4 and C18 : 3tu3 in the lung; C16 . 0 and C18 ; 4 in the brain and kidney; while  
of the cholesterol esters Cle . 3 was found in significant am ounts in the heart; 
C18 ; 4 in the liver, the lungs and the p lacenta; C16 : 4 in the brain; Cle ; 0 and  
C16 ; 2 in  the kidney.

Table I I

Percentage distribution  ( +  S .D .;  n =  10) o f  f a t t y  acids in  the monoglycerides in  the organs
o f  the 12-week-old h u m a n  embryo

F a tty  acids H eart Liver Lung Brain K idney Placenta

c 1 4 :„ 5.13+0.7 8.49+0.7 1.0 ±0.05 15.8 ±0.8 5.2+0.6 —

1 *14 :1 16.8 ±1.1 11.8 +  0.9

*-*1 5 :0 3.05 +  0.2 1.78 +  0.9 11.21 +  0.9 1.05+0.07 5.9 +  1.0 2.2+0.1

C 1 5 : i 0.5 ±0.04 12.6 +  1 . 1 2.0 +  0 . 2

f * i 6 : o 23.11 +  1.7 14.6 ±0.6 15.62 +  1.1 24.62+0.5 17.7 +  0.9 27.6 +  0.9
1*16:1 20.26 +  2 . 1 11.3 ±1.1 3.82 +  0.2 2.34+0.1 2.3 +  0.4 6.0 +  0.3

C 16 ;2 4.79 +  0.5 11.05 +  0.9 19.28 +  0.9 21.9 ±0.8 13.3 +  0.8 7.7 +  0.2
г̂

1 б : з 6.84 +  0.7 3.55 +  0.2 1.17 +  0.1 2.1 ±0.1 4.5 +  0.3 5.3 +  0.1

^ 1 7 :  о 5.8 +  0.4
^ 1 8 : о 6.15 +  0.5 11.2 ±0.6 14.1 ± 0 .4 14.8 ±0.4 3.7 +  0.2 38.5 +  2.4

* -* i8 :i 5.47 +  0.6 0.56+0.3 0.32* 4.7 ±0.2 2.6+0.1
*-*18:20)6 10.41 +  1.2 9.57 +  0.7 7.7 ±0.3
г
v'T 8 :3 co 6 9.58 +  0.8 2.53 +  0.4 6.38 +  0.4 4.1 +  0.2
г̂

1 8 : 3 íü3 11.3 ±0.8 9.81 +  0.7 5.6 ±0.4 0.54+0.2
Г̂

2 o : i 7.3 +0.6 0.32* 3.8 +  0.4
Г
^ 2 0 :2 0 ) 6 2.11 +  0.1 3.4+0.5 2.7+0.1
г̂

2 о :з с о б 1.13 +  0.2 8.38 +  0.6 2.4+0.2
г̂

2 0 :4 о > 6 3.26 +  0.2 3.27 +  0.2

f*22 :4o )3 1.49 +  0.1
г̂

2 2 :5 с и З 0.42*

* S.D . w as no t ca lcu la ted  for d is tr ib u tio n s  low er th a n  0.5%
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Table III

Percentage distribution ( : S .D .)  o f  fa tty  acids in  the diglycerides o f  the organs o f  the 12-week
old h u m a n  embryo

F a tty  acids

£■14:1

£-15:1

£■16:0

£■16:1

£■18:0 

£■18:1 

0 1 о

£■20:1

^2о:зшб

V ü K I i d I

О . . . . . . , ,  ,|-

H eart
( i = 8 )

Liver
( i = 8 )

Lung
( i = 8 )

0.6 +  0 . 1 5.9+0.3 0.5 +  0.08
1.9+0.1 8.8 +  0 . 2 2 .7 +  0 . 1

0.8 +  0 . 2 1.2 +  0.008 0 .9 +  0 . 1

1.6+0.09 5.5 +  0.4 3.6 +  0.2
36.5 +  1.4 32.6 +  2.1 34.5 +  1.5
4.9+0.2 5.2+0.7 5.4+0.2
5.3+0.3 2 .7 +  0.1 2.4+0.1
4.2 +  0.2 6.2 +  0 . 2 3.6 +  0.3

21.4+2.1 8.8 +  0 . 2 18.9 +  1.0
2.5+4.1 2.5+0.1 16.4+0.7
1.5+0.1 1.1 +  0.07
2.5 +  0.3
2.7 +  0.1 3.1 +  0.1 2.8+0.09

0.5 +  0.06
3.2 +  0.1 2 .9 +  0.3 1.9 +  0.09

1.8+0.2 1.0+0.02
2.1 +  0 . 2 5.8 +  0.2
4.5 +  0.1 3.7+0.3 0.4*

3.2 +  0.2 7.9+0.2

Brain
( i = 9 )

K idney
( n = 9 )

P lacen ta
( i = 9 )

5.5 +  0.2 8 .4 + 0 .2 5.7 +  0.2

7 .9 + 0 .3 3 .9 + 0 .1 5 . 8  +  0.4

3.7 +  0.1 4.6 +  0.2

3.9 +  0.1 3.4 +  0.1

32.2 +  2.1 18 .8 + 0 .9 2 0 .4 + 1 .2

5 .9 + 0 .2 4 .9 + 0 .3

16.3 +  0.7 2 .7 +  0 .4

4 . 8  +  0.1 2 .9 +  0 . 1 7 . 8  +  0.2

25.1 +  1.0 12.6 +  0.5 11.2 +  0.3

7 . 6  +  0.4 5 .3 + 0 . 6 4 . 6  +  0.1

9.9 +  0.4

1 . 2  +  0 . 1

5.9 +  0.3 7 .3 + 0 .2 6 . 2  +  0 . 2

0 .9 +  0 . 2 0.4*

7.9 +  0.3 2 . 8  +  0 . 1

1 . 2  +  0 . 1

0.3*

3 . 8  +  0.1 2.5 +  0.3

0.9 +  0.05

0 .6 + 0 . 0 2

6.8 +  0.5

* F o r ra tio s  low er th a n  0.5%  S.D. w as n o t calcu la ted

D isc u ss io n

A typical occurrence in the course of the m etabolic changes during preg
nancy is an about 50%  increase in the lipid content o f  m aternal blood ( P e t e r s  
and M a n  1951; R u ss  et al. 1954; S t u d n i t z  1955; A l v a r e z  et al. 1959). This 
increase involves practically  all the lipid fractions ( F r i e d b e r g  1969).

The hyperlipaem ia during norm al pregnancy is, however, characteristic  
for the mother on ly , the lipid content of foetal blood remains low ( P o p j á k  
1954). The placenta is im permeable to  lipids ( P o p j á k  1953; St e r n b e r g  1962), 
and, according to rat and rabbit experim ents, it  is only partly perm eable for 
cholesterol and free fa tty  acids (G o l d w a t e r  and St e t t e n  1947; P o p j á k  and  
B e e c k m a n s  1950; B i e z e n s k i  et al. 1971), thus the em bryo must provide its
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Table IV

Percentage d istribution  ( ±  deviation) o f  free  fa t t y  acids in  the organs o f  the 12-week-old h u m a n
embryos

Fatty  acids
Heart

( n = 8 )
Liver

( i = 8 )
Lung

( п = 8 )
Brain

( i = 8 )
Kidney

(1 = 1 0 )
Placenta 
(n =  10)

c a4:0 2 .7 +  0 . 1 2 .2 + 0 .0 9 2 .8 + 0 .3 2 .8 + 0 .4 3 .6 + 0 .2 7.6 ± 1 .1

£•14:1 4 .6 + 0 .2 1 .5 + 0 .0 8 1 .7 + 0 .4 1.1 +  0.4 2 .5 + 0 .1

^15: o 1 .7 +  0 . 1 0 .7 + 0 .0 7 1 . 0  +  0 . 2 0.4* 0.9 +  0.2 0.9 ± 0 . 2

£•15:1 7.7 +  0.2 0 .9 + 0 .0 5 2 .7 + 0 .1 0.3* 0 .2 * 1.5 ± 0 . 2

^ ie :o 20.5 +  1.2 38.8 +  1.8 34.1 +  2.5 5 2 .4 + 3 .8 2 0 .4 + 1 .9 2 1 . 6 ± 1 . 8

Gi6 :i 14.2 +  1.3 7.3 +  0 . 8 5.9 +  0 . 8 4.8 +  0.7 3.1 ± 0 .7

£•16:2 1.2 +  0.05 0 .5 +  0 . 1 1 .4 + 0 .3 2 .7 +  0 .4 5.2 +  0.4 2 . 6 ± 0 .5

^1б:з 9 .9 + 0 .5 0 .1 * 4 .2 + 0 .7 0 .9 + 0 .3 2 .5 +  0 . 2

^ 18:0 12.1 +  0.7 11 .4+ 0 .9 19.5 +  1.7 34.6 +  4.1 19.5 +  1.2 17.6 ± 0 .9

^ 18:1 6 .9 +  0 . 2 29 .3+ 2 .1 17.3 +  2.8 9.8 +  0 . 8 6 . 2 ± 0 . 2

^ 18120,6 1 0 . 6  +  0 . 6 0 .8 + 0 .5 0 .6 + 0 .3 4.2 +  0.5 0.5 ± 0 . 2

^ 18.'3ío6 0.4* 3.2 +  0.4 1 . 2 ± 0 .3

бш зш з 0.2* 0 . 2 * 2 . 8  +  0.3 2 . 1  +  0.3 2 . 1 ± 0 . 1

£•18:40)3 8 . 0  +  0.3 0 .5 +  0 . 1 2.4 ± 0 .4

£•20:1 0 .2 * 1 . 6 ± 0 . 2

^2o:2a>6 4.2 +  0.2 4.2 +  0.3 0 .2 *
г̂2о:Зшб 3 .9 + 0 .7 0 .2 * 2 . 2  +  0 .4
Г̂20:4ш6 1 .4 + 0 .1 0 .8 + 0 . 2 6 . 8  +  0.4 18.8 ± 2 .1

£•20:40)3 4 .5 + 0 .5 1 . 6 ± 0 .3
Г̂20:5соЗ 2 .9 +  0 . 2 1.03 +  0.3

^ 22:4ш6 0 .6 + 0 . 1 2.4 +  0.3 0 .5 +  0 . 2

Г' “‘22:4соЗ 2.9 +  0.5 3.2 +  0.4

£•22:50)3 0 . 6  +  0 . 2

^ 22;6ö>3 6 . 8 ± 0 .3

* F o r ra tio s  low er th a n  0.5%  S.D. w as n o t  calcu la ted

necessary quantity o f lipids. Synthesis in  the embryo takes probably p lace  
starting from low m olecular weight com ponents (e.g. from  acetate) w hich  
easily perm eate through the placenta ( K r a n t z  and K ü b l i  1967). During later  
developm ent a considerable accum ulation o f lipids takes place (Van  D u y n e  
and H a v e l  1959).

It has been considered necessary to  investigate the standard values for  
the lipoid content o f em bryonic organs, since disorders in lipoid m etabolism  
have a teratogenic effect (Tu c h m a n n - D u P lessis  and M e rcie r-P a r o t

1964). H ypocholesterolaem ia as w ell as the com pounds inducing hyper- 
cholesterolaem ia lead to  congenital abnorm alities (Tu c h m a n n - D u P lessis  and  
Me r c ie r -P arot 1964).
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Table V

Percentage d istribution  o f  fa t ty  acids in thetriglycerides o f  the organs o f  the 12-week-old h u m a n
embryo ( +  S .D . n  — 10)

F a tty  acids H eart Liver Lung Brain K idney P lacenta

f » : o 0 . 6  + 0 . 1 1 .9 + 0 .2 1 .9 + 0 .3 2 . 6  +  0.3 3 .2 + 0 .4 1 .4 + 0 .4

f-ici 7.7 ± 0 .3 2 .5 + 0 .1 0.4* 6 .4 + 0 . 8 4 .8 + 0 .3 0.7 +  0.3

Ci5:o 0.3* 0 . 1 * 0.4* 0.3* 0 .7 + 0 . 2 0 .2 *

Ci5:i 8.7 ± 0 .2 3 .4 + 0 .4 4.9 +  0.2 8 . 2  +  0 .7 2.3 +  0.3 0 .9 + 0 .4

^ 1 б:о 7 .2 6 + 0 .3 12.3 +  1.7 12.3 +  0.8 24.5 +  2.1 36.9 +  2.8 10.2 +  1.5

^ ig:i 5.41 +  0.4 4 .4 + 0 .5 18.6 +  0.9 9.5 +  0 . 8 6 .3 +  0.7 2 .9 + 0 .5

c 16:2 0.4* 0.4* 0.4* 2.0 +  0.4 0.4*

^ 1 б:з 18.5 ± 1 .1 4.2 +  0.2 2 . 2  +  0 . 1 9.5 +  0.9 3.0 +  0.5 1.5 +  0.7

^ i 8 :o 3.3 ± 0 .1 3.3 +  0.1 5 .4 + 0 . 6 6 .0 + 0 .3 7 . 8  +  0.4 2 0 . 2  +  1 . 8

^ i 8 :i 23.5 ± 1 .9 5 8 .6 + 4 .9 4.2 +  0.5 15.8+2.1 18.3 +  1.7 33.5 +  2.9

1̂8:2co6 2.5 ± 0 .2 1.4 +  0.4 5.4 +  0.7 О * 1 .2 + 0 .3 9.3 +  1.0

1̂8:3co6 2.4 ± 0 .3 0 .9 + 0 .3 0 . 6  +  0 .4
r'■',i8:3co3 9.4 ± 0 .7 12.7 +  1.7 6 .9 +  0 .9 1 .4 + 0 .4
г̂18:4соЗ 1.2 +  0.5

C2 o:i 5.5 ± 0 .8 0 . 8  +  0 .4 3 . 6  +  0.5 3.7 +  0.7 1 . 1  +  0 . 2 1.1 +  0.5

^20:2co6 0 .2 *
r̂ 2o:3w6 2 .7 +  0.3
гv‘20:4w6 3.9 ± 0 .4 0 .2 * 9.7 +  0 . 8 0.3* 4.4 +  0.7 12.4 +  0.9

Огомсоз 2 .7 +  0 . 1 2.5 +  0.4 0.7 +  0.4
г'“‘гогбшз 1.7 ± 0 .2 0 .2 * 11.7 +  2.4 0 .7 +  0 . 1

г' ”'22:4ш6 0 . 8  ± 0 . 1 0.4* 3.7 +  0.7

f̂ 22:4íu3 5.2 +  0.7 3.5 +  0.4

f “22:5ro3 0.3*

^ 22:6íü3 0 .2 * 0 .2 * 1.7 +  0.5 0.3*

* F o r ra tio s  low er th a n  0 .5%  S.D. w as n o t  calcu la ted

The foetal heart contains the h ighest quantity of lip id per w et w eight  
and the placenta contains the low est q u an tity , but the brain and the k idneys  
have also a considerable lipid content. Free fa tty  acid concentration is h ighest 
in the heart, the triglyceride content in the kidneys and in the heart. The k idney  
heart and brain contain in addition high quantities of diglycerides. The high  
diglyceride and free fa tty  acid content o f certain em bryonic organs can  
probably be explained with the high energy requirem ents of these tissues. 
A comparison o f the ratio of fa tty  acid com ponents in the lipid fractions show s 
that m ostly the saturated fa tty  acids occur in larger quantities, but the ratio  
o f fa tty  acids varies in the different fractions and organs.
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Table VI

Percentage d istribution  ( ±  S .D . ; n  =  9) o f  fa t ty  acids in  the cholesterol esters o f  the organs
o f  the 12-week-old h u m a n  embryo

Fatty acids Heart Liver Lung Brain Kidney Placenta

^ 14:0 2.1 +  0.1 0.3* 3.8 +  0.2 8.5 +  0.7 8.3 +  0.5 3.4 +  0.2

■̂14:1 8.3 +  0.7 0.2* 7.7 +  0.8 3.9+0.6 1.5 +  0.3

^ i 5:o 1.9+0.4 0.4* 1.8 +  0.2 4.9 +  0.8 4.6 +  0.5

c 15:1 8.3+0.9 0.6 +  0.1 6.9 +  0.5 8.5 +  0.5
r̂■16:0 4.8+0.6 10.7 +  0.9 20.0 +  1.5 18.4+1.2 18.8 +  1.5 19.1 +  1.3

^ 16:1 10.7 +  1.8 13.6 +  2.2 9.7 +  0.5 23.2 +  1.9 11.5 +  0.9

^ 16:2 4.5 +  0.2 3.9 +  0.6 16.3 +  1.2 1.6 +  0.2

^ 16:3 17.8 +  1.2 1.2 +  0.4 4.5 +  0.2 7.4+1.0 0.8 +  0.1 4.6 +  0.5

^i8 :o 1.5 +  0.3 3.4 +  0.4 13.4+0.9 12.7 +  1.6 6.0 +  0.2

^ I8 :i 63.2 +  5.7 25.0 +  2.1 7.9 +  0.6 5.3+0.7 21.7 +  1.5
r̂ 18:2шб 7.8 +  0.5 3.9 +  0.5 9.9 +  0.5 4.5 +  0.6

^ 18:3шб 7.5 +  0.8 8.0 +  0.5 1.2 +  0.4 4.5 +  0.3
r
v '18:3co3 9.3+0.5 5.5 +  0.4 7.2 +  0.8
r
'-J18:4(u3 5.7 +  0.2 0.8 +  0.2 1.0 +  0.2

C20:1 7.9+0.5 4.7 +  0.3
r̂
20:2ш6 2.6 +  0.3

ĉ 20:3со6 5.1 +  0.7 0.3* 5.9+0.6
r̂
20:4(oG 3.8+0.4

r̂
20:5соЗ 1.5 +  0.5 0.6+0.2 1.1 +  0.3

^ 22:4to6 0.4* 1.9 +  0.3
cVj22:4co3 1.2 +  0.9
г̂ 22:5co3 0.6 +  0.1 2.8 +  0.4

* F o r ra tio s  lower th a n  0 .5%  S.D. w as n o t calcu la ted
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AND POTASSIUM EXCRETION 
AND ON THEIR RENAL TISSUE CONTENT 
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D EPARTM ENT O F SPORTS M ED ICINE AND PHYSICAL CU LTU RE, M EDICAL ACADEMY, SOFIA,

BULGARIA

(R eceived  O ctober 3, 1973)

I n ta c t  fem ale ra ts  rece ived  b y  su b cu tan eo u s in jec tio n s 2.0 fig  o f oestrio l an d  
0.002 g of p ro g esterone  daily  fo r 10 days. D uring  th e  w hole period  u r in a ry  o u tp u t, 
th e  u r in a ry  levels o f  sodium , p o tass iu m  and  o th e r o sm otica lly  ac tiv e  su b stan ces and  
endogenous c rea tin in e  c o n cen tra tio n  in  th e  la s t u rin e  p o rtio n  w ere m easu red  daily . 
A t th e  end  o f th e  e x p erim en ta l period  we d e te rm in ed  th e  sodium , p o tassiu m  and  
w a te r  c o n te n t in  th e  ren a l co rtex , m edulla  and  p a p illa  a n d  th e  c learance of sodium , 
p o tassiu m , o sm o tica lly  ac tiv e  su b stan ces and  endogenous crea tin ine . T he sim u ltan eo u s 
a d m in is tra tio n  of th e  tw o horm ones increased  g lo m eru lar f i ltra tio n  r a te  and  sodium  
an d  p o tass iu m  reab so rp tio n . T he re n a l cortical a n d  m ed u lla ry  sod ium  a n d  po tassiu m  
c o n te n t in creased , b u t  th a t  o f th e  p ap illa ry  a rea  rem a in ed  unchanged .

Oestriol has been shown to  increase sodium  reabsorption, m ost likely  
through the m edium  o f m ineralocorticoid hormones whose production is en
hanced by oestriol ( K atz  and K a p p a s  1967). It  has also been found that in 
renal tissue the oestriol level is higher than th a t o f oestradiol and oestrone 
( B r o w n  et al. 1964; B a l i k i a n  et al. 1968), and its am ount increases during 
the lutein phase o f the ovarian cycle ( B a r l o w  and L o g a n  1966).

The studies o f L a n d a u  et al. (1955), L a n d a u  and L u g i b i h l  (1961), have  
dem onstrated a natriuretic effect during the first few  days o f progesterone 
adm inistration, due to its ability to elim inate aldosterone at the distal tubular  
level on the principle o f concurrent antagonism . However, after prolonged  
adm inistration o f progesterone which is known to be the precursor of aldo
sterone (A y r e s  et al. 1960) the am ount of aldosterone is increased to such an 
exten t as to suppress the natriuretic effect and to  enhance sodium  excretion  
( P e c h o r s k a y a  1965).

We have studied the effect o f the sim ultaneous adm inistration of oestriol 
and progesterone on sodium  and potassium  excretion and the changes induced  
by the horm ones in the electrolyte level in the renal cortex, medulla and 
papilla. In the available literature we found no report o f similar investigations. 
This study is part o f an investigation  into the effect of ovarian hormones on 
renal function.
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Methods

T he ex p erim en ts w ere carried  o u t  o n  45 in ta c t  fem ale W ista r ra ts ,  2 .5— 3.5 m on ths 
o f  age, w eighing from  100 to  170 g. T h ey  w ere d iv ided  in  tw o groups: a) co n tro l, 30 ra ts ; 
a n d  b ) experim en ta l, 15 ra ts .  The an im als  w ere k e p t on  a  c o n s tan t lib e ra l food  and  flu id  
in ta k e .  M ean po tassiu m  c o n te n t o f th e  d ie t w as 0.95 m E q  a n d  its  sodium  c o n te n t, 2.32 m E q , 
d a ily . T h e  room  te m p e ra tu re  w as 20° +  4°C. A fte r several d ay s o f a d ju s tm e n t to  th e  experi
m e n ta l conditions, each  co n tro l an im al rece iv ed  b y  su b cu tan eo u s in jec tio n  0 . 2  m l o f su n 
f lo w er oil fo r 1 0  d ays; e x p e rim e n ta l an im als  received  in s tead  2 . 0  fig  of oestrio l a n d  0 . 0 0 2  g 
o f p rog estero n e  each  d isso lved  in  0.2 m l o f sunflow er oil. T he horm one doses w ere w ith in  
th e  physio logical ran g e  ( Z a r r o w  e t al. 1964). T h irteen  co n tro l an d  8  ex p e rim e n ta l an im als’ 
u rin e  w as collected fro m  18.30 p .m . to  6.30 a .m . on  th e  1st, 4 th , 7 th  a n d  10 th  days. 
W e m easu red  diuresis, so d iu m  an d  p o tass iu m  ex cre tio n , o sm o larity , an d  in  th e  la s t  sam ple, 
th e  co n cen tra tio n  of endogenous c rea tin in e . Sodium  and  p o tassiu m  were e s tim a te d  b y  flam e 
p h o to m e try  w ith  in te rn a l lith iu m  s ta n d a rd ; endogenous c rea tin in e  w as exam in ed  b y  V a r l e y ’s 
m o d ific a tio n  (1966), o sm o la rity  w ith  an  osm om eter.

T w en ty -fo u r h o u rs  a f te r  th e  la s t  in je c tio n  th e  an im als w ere d e c a p ita te d , th e ir  blood 
w as co llected  and th e  k id n ey s  were rem o v ed  rap id ly . P a r ts  o f e ith e r k id n ey  w ere trea te d  
b y  th e  m eth o d  of H a w k in s  a n d  N ix o n  (1958) an d  served fo r de te rm in in g  p o tass iu m , sodium  
a n d  w a te r  levels in  th e  p a p illa  and  m ed u lla , in  th e  co rtica l zone ly ing  o p p o site  th e  pap illa  
a n d  in  th e  whole k id n ey  (T ables I  an d  II) .

S ta tis tic a l analysis w as m ade w ith  S tu d e n t’s t-te st. O estrio l was su p p lied  b y  O rganon 
Co., T he N eth erlan d s , p ro g estero n e  b y  Schering  Co., G F R .

Results

In control anim als natriuresis was decreasing on the first four days, 
probably due to adjustm ent; thereafter it  stayed  at a fairly constant level 
(F ig . 1). Sodium excretion  in horm one-treated rats was unaffected during the 
first few  days, but later dropped from 246.907 m E q/100 g/10 hrs on the fourth  
day down to 143.642 m E q/100 g/10 hrs (p <  0.025) on the seventh  day (Fig. 1) 
and rem ained at th is level until the end of observation. At the end of the 
observation  period natriuresis in rats receiving oestriol and progesterone was 
practically  the sam e as in the control anim als, in spite of the higher diuresis 
and filtration  in the la tter  (Table I). In the experim ental animals the percentage 
o f reabsorbed sodium  increased (p <[ 0.001, Table I).

T he hormonal com bination preserved corticom edullary concentration  
gradient for sodium —sodium  per 100 g of dry tissue and 100 g of tissue water 
(cortex—medulla p 0.01, p <7 0.001; m edulla—papilla p > 0 .1 0 )  and against
th is background leads to an increase in the sodium  content o f the cortex  
(P <  o .01) and m edulla (p <  0 .001) w ith  no detectable changes in whole 
kidney and papillar sodium  levels (Table II).

Sim ultaneous adm inistration o f oestriol and progesterone increased  
potassium  reabsorption (Fig. 1). A t the end of the experim ental period, the 
reabsorbed part o f filtered  potassium  was increased (p <  0.001, Table I), 
w hile potassium  excretion  was m aintained at a level similar to that in the 
control group, regardless of the higher filtration  (p <  0.01) and greater urinary 
ou tput (Table I).
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Table I

R ena l function  in  control and experimental rats receiving oestriol 
and progesterone sim ultaneously

N o . P a r a m e t e r s
C o n t r o l  g r o u p 1

( x  ± S ï ) *

E x p e r i m e n t a l  g r o u p 2 

( x  ±  S 7 ) P 3

l . Cj^, m l/ 1 0 0  g/ 1 0  h 5 5.88 + 0.29 5.33 ± 0.55 >  0 . 1 0

2 . V f k  • 1 0 0 6
93.51 + 0.29 97.89 + 0.44 <  0 . 0 0 1

3. U K/F K • 1007 6.48 + 0.29 2 . 1 0  + 0.52 <  0 . 0 0 1

4. PK, m E q / 1 8 8.82 + 0.26 10.49 + 0.64 <  0.025

5. U K , juEq/100 g/10 h 9 52.81 + 2.63 54.90 + 4.81 >  0 . 1 0

6 . CNa, m l/100 g/10 h '" 1 . 2 1  ± 0 . 1 1 1.29 ± 0.17 » 0 . 1 0

7. T N a/F N a ' 1 0 0 ‘1 98.66 + 0 . 1 1 99.52 ± 0.07 <  0 . 0 0 1

8 . U Na/FN a • 1 0 0 1 2
1.33 + 0 . 1 1 0.47 + 0.07 <  0 . 0 0 1

9. P Na, m E q /1 43 131.73 ± 3.64 131.93 + 2.67 >  0 . 1 0

1 0 . U Na, /Æ q /ЮО g/10 h ‘ 4 163.76 + 16.73 169.92 ± 21.47 >  0 . 1 0

1 1 . Ccr, m l/100 g/10 h 1 5 94.13 + 5.29 306.26 ± 47.37 <  0 . 0 1

1 2 . P  Trio-0/  16 r cr’ m ë / 0
0.82 + 0.03 0.25 ± 0.03 <  0 . 0 0 1

13. TT m a0/  17 u cr’ m e /о 1 2 0 . 0 0  ± 5.34 71.25 ± 7.12 <  0 . 0 0 1

14. ТЯ n  =  <1 -  U A 8H2u  csm V 5.17 + 0.27 4.31 + 0.41 >  0.05

15. U v, m l/100 g/10 h 19 0.65 + 0.05 1.04 + 0.16 >  0.05

16. Cosm, m l/100 g/10 h 2» 5.83 + 0.30 5.35 ± 0.44 >  0 . 1 0

17. P osm’ m osm /1 21 251.07 + 2.42 259.75 ± 2.14 <  0.025

18. U osm’ m osm /1 2 2 2293.76 + 107.70 1516.37 ±  199.29 <  0 . 0 0 2

1 No. o f cases, n  =  13; 2 n  =  8 ; 3  o n  com parison  of th e  tw o  groups; 4  x  rh S*: a r ith m e t
ical m ean  +  s ta n d a rd  erro r; 5  Cj^: p o ta s s iu m  clearance, m l; 6 T j^ /F ^  • 1 0 0 : a m o u n t o f  re a b 
sorbed  p o tassiu m  in  pe r cents of f i lte re d  a m o u n t; 7  U ^ /F ^  ■ 1 0 0 : a m o u n t o f e x cre ted  p o ta s 
siu m  in  pe r cen ts o f filte red  am o u n t; 8  P ^ :  p lasm a  po tassium , m Eq/1; 9  I > :  u r in a ry  ex cre tio n  
o f  p o tassiu m , /<Eq; N os 10, u , 12, 1 3  a n d  1 4  co rrespond  to  5, 6, 7, 8, 9, b u t  refer to  so d iu m ; 1 5  Ccr: 
endogenous c rea tin in e  clearance, m l; 1 6  P cr: p lasm a endogenous c rea tin ine , m g p e r 100 m l; 
17 U cr: u rin a ry  endogenous crea tin ine , m g p e r 100 m l; 48 T c ] j o  : a m o u n t of reab so rb ed  osm oti- 
cally  free  w a te r, m l; 1 9  U v: u rin a ry  vo lu m e, m l; 2 0  Cosm: o sm otic  c learance, m l; 2 1  P 0 sm: m illi- 
osm ols of o sm o tica lly  active  su b stan ces pe r litre  of p lasm a; 2 2  U osm: m illiosm ols o f osm oti- 
cally  ac tive  su b s tan ces pe r litre  of u rin e ; N os 5, 9, 10, 14, 15, 1 9  a n d  2 0  hav e  been  e s tim a te d  per 
1 0 0  g o f body  w e igh t for 1 0  hours

The horm ones appeared to  increase the potassium  content o f all renal 
structures; only in  the papillar area failed this increase to search statistica l 
significance (Table II). A potassium  corticom edullary concentration gradient 
appeared to  ex ist when calculating potassium  per 100 g o f dry tissue and 100 g 
o f tissue w ater (cortex—m edulla p <  0.05, p <  0.001; m edulla—papilla
p > 0 .1 0 ) .

Plasm a potassium  content was increased in the experim ental anim als 
but not in the control animals (p <C 0.025, Table I).
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Table II

P otassium , sodium  and water in  renal tissue o f  fem ale  rats receiving oestriol and progesterone sim ultaneously and in  the control group

T is s u e  t y p e s
N o .  o f  

ca s e s  

(n)

K ,  m E q / 1 0 0  g 
d r y  t i s s u e  

( x  ±  S x ) 1

K ,  m E q / 1 0 0  g  
t is s u e  w a t e r  

( x  + S ü )

N a ,  m E q / 1 0 0  g  
d r y  t is s u e  

( x  ±  S x )

N a ,  m E q / 1 0 0  g  
t is s u e  w a t e r

( Ï  ±  S x )

H 20 ,  g / 1 0 0  g 
d r y  t is s u e  

( x  + S i )

H 20 ,  %  i n  
f r e s h  t is s u e

±  s -x )

W hole kidney

a) controls 1 0 23.49 +  0.67 5.30 +  0.24 21.42 +  0.33 4.83 +  0.13 446.53 +  10.58 81.77 +  0.40

b) oestriol -j- progesterone 5 26.55 +  0.58 5.21 ±  0.33 19.11 +  2.96 3.64 +  0.48 527.79 +  39.52 83.67 +  0.40

p <  0.0252 p >  0 . 1 0 p >  0 . 1 0 p >  0 . 1 0 p <  0.025 p <  0.05

E xam ined  cortical area

a) controls 2 0 22.59 +  0.47 5.72 +  0.13 29.95 +  0.90 7.57 +  0.22 395.62 +  4.24 79.79 ±  0.17

b) oestriol +  progesterone 1 0 26.09 +  0.56 6.36 ±  0.22 34.65 +  0.79 8.43 +  0.36 412.55 +  9.48 80.33 +  0.33
p <  0 . 0 0 1 p <  0.025 p <  0 . 0 1 p <  0.05 p >  0.05 p >  0.05

M edulla

a) controls 2 0 35.73 +  1.40 5.65 ±  0.18 62.17 ±  2.30 9.84 +  0.36 634.39 +  14.07 86.28 +  0.26

b) oestriol -f- progesterone 9 47.21 +  2.28 7.54 ±  0.52 105.74 ±  4.82 16.73 +  0.95 630.10 +  20.03 86.21 +  0.38

p <  0 . 0 0 1 p <  0 . 0 0 1 p <  0 . 0 0 1 p <  0 . 0 0 1 p >  0 . 1 0 p >  0 . 1 0

Papilla

a) controls 1 2 40.86 +  1.08 5.92 +  0.30 94.49 +  7.21 14.92 +  1.08 672.48 +  45.15 86.64 0.64

b) oestriol -f  progesterone 9 48.17 +  3.66 6.54 +  0.60 102.64 ±  8.93 13.99 +  1.41 788.25 +  41.97 87.43 ±  1.91

p >  0.05 p >  0 . 1 0 p >  0 . 1 0 p >  0 . 1 0 p >  0 . 1 0 p >  0 . 1 0

1 a r ith m e tic a l m ean  i  s ta n d a rd  erro r; 2  significance level on  com paring  a) w ith  b)

212 
A

. 
I. 

R
A

D
E

V



EFFECT OF OESTRIOL AND PROGESTERONE 213

Endogenous creatinine clearance ( H a r v e y  and M a l v i n  1965) was 
elevated by the tw o hormones (p <  0.01, Table I).

Diuresis was greater in the treated animals than  in the control group 
(Fig. 1, Table I). Urine osm olarity in  the experim ental group was lower than  
in the control group (F ig. 1). Plasm a osm olarity was increased by horm onal 
treatm ent (p <  0.025, Table I).

days

F ig . 1. C h arac teristics o f d iuresis, g lo m eru lar f i ltra tio n , ex cre tio n  an d  f i ltra tio n  of sod ium ,
po tassiu m  a n d  osm otica lly  a c tiv e  substan ces . ■ ,  — , co n tro l; □ , ------ , oestrio l +  p ro g esterone
sim ultaneously . U v u r in a ry  vo lum e, m l; G F: g lom eru lar f iltra tio n , m l; 14.a : am o u n t o f e x cre ted  
sod ium ; F Na: a m o u n t o f f ilte red  sod ium ; U ^ : a m o u n t of e x cre ted  p o tassiu m ; F ^ :  a m o u n t 
o f filte red  p o tassiu m ; U osm: o sm otica lly  ac tiv e  su bstances in u rin e ; F osm: filte red  o sm o tica lly  
ac tive  su bstances. E ac h  v a lu e  w ith o u t U osm h as  been  ca lcu la ted  p e r  100 g of b o d y  w e igh t

for 1 0  hours

Cestriol and progesterone produced no changes in the water content of 
the renal structures studied (Table II).
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Discussion

The results show ed th a t the com bination oestriol and progesterone 
enhanced sodium reabsorption, obviously as it stim ulated m ineralocorticoid  
production (L a n d a u  et al. 1955; L a n d a u  and L u g i b i h l  1961; K atz  and 
K a p p a s  1967). The tw o horm ones must have induced such a rise in the aldo
sterone level as to suppress the natriuretic effect o f progesterone ( P e c h o r - 
S K A Y A  1965) and so to enhance the sodium -retaining effect o f oestriol.

Our observations on the increasing am ount of sodium  and potassium  
in  the corticopapillary direction agree w ith  those o f W ir z  et al. (1951) who 
dem onstrated that cortical osm olarity was lower than m edullary osm olarity. 
The fact that tissue w ater (sodium and potassium  referred to 100 g o f tissue 
w ater) failed to inhibit th e  renal tissue sodium  and potassium  corticom edullary  
concentration gradient show ed that both sodium  and potassium  were involved  
in  the formation o f an effective corticom edullary concentration gradient. 
T ogether with the increase o f  the intracellular potassium  (M o o r e  et al. 1963), 
its  extracellular fraction also increased as a result of the enhanced reabsorption. 
W e are not able to give a satisfactory explanation  of this increased potassium  
reabsorption observed in  our study. H owever, divergences from  the well-known  
aldosterone effect m anifested  b y  increased sodium  reabsorption and potassium  
excretion  have been described in the literature. For exam ple, A u g u s t  et al. 
(1958) observed increased sodium  and potassium  excretion in  spite of the ad
m inistration  of high doses o f aldosterone. F i n n  and W e l t  (1963) dem onstrated  
th a t aldosterone m ay increase sodium reabsorption w ithout affecting potas
sium  excretion. The higher plasm a potassium  level m ay be associated w ith  the  
enhanced reabsorption o f th is electrolyte, w ith  the ab ility  o f  progesterone to 
a ctiv a te  protein m etabolism  resulting in potassium  release (L a n d a u  and 
L u g i b i h l  1961; K e r p e l - F r o n iu s  1964) and with the ab ility  o f oestrogen  
horm ones to extract potassium  from the body cells via  glucocorticoids whose 
production they stim ulate (M u l r o w  1967).

The increased sodium  content of the exam ined parts o f  the cortex and 
m edulla (Table II) seem ed to be due to the enhanced sodium  reabsorption 
(Table I, Fig. 1) induced by aldosterone w hose production increased under 
th e  effect of progesterone and oestriol (L a n d a u  et al. 1955; L a n d a u  and 
L u g i b i h l  1961; K atz  and K a p p a s  1967).

The different sodium  content in the w hole kidneys end in the exam ined  
part o f the cortex m ay have been due to the uneven distribution of sodium  
in the renal cortex, ow ing to  the functional heterogeneity o f  the nephrons 
( J a m is o n  1970). W ith its  large mass (T h u r a u  1964) the cortex is the part 
determ ining the individual fractions in the whole kidney.

The increased glom erular filtration rate is believed to  be due to an 
enlargem ent of the extracellular com partm ent (M u l r o w  1967; G u y t o n  1971) 
secondary to the increased sodium reabsorption (Table I).
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Diuresis varies in conform ity m ainly w ith sodium  ion dynam ics (F ig. 1). 
Urine osm olarity is reduced parallel w ith the increased diuresis. The lower 
urine osm olarity in the experim ental group, as compared to the control group, 
m ay have been associated w ith the enhanced sodium  and potassium  reab
sorption (Fig. 1). The same m echanism  seemed to  be responsible for the in 
crease in plasm a osm olarity (Table I).

The greater water content in the medulla than in the cortex (p <[ 0.001) 
which has been observed by other authors as well ( L e v i t i n  et al. 1962) m ay  
have been due to  the higher m edullary sodium  and potassium  content (Table II)  
w ith  a secondary osm otic retention o f a major am ount o f water.
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К ЭЛЕКТРОФИЗИОЛОГИЧЕСКОМУ АНАЛИЗУ ВЛИЯНИЯ 
АТРОПИНА НА РЕАКЦИЮ САМОРАЗДРАЖЕНИЯ

У КОШЕК

О. БАКЛАВАДЖЯН, Г. БУЖАКИ и Л. АНДЬЯН
ИНСТИТУТ ФИЗИОЛОГИИ МЕДИЦИНСКОГО У НИВЕРСИ ТЕТА, ПЕЧ

(Статья поступила в редакцию 5 июня 1973 г.)

Опыты проведены на кошках с хронически вживленными электродами 
в области заднего гипоталамуса. Реакция самораздражения вырабатывалась на 
электрическое раздражение мозга биполярными электродами, локализованными 
в задне-латеральной области гипоталамуса. Соматосенсорные вызванные потенциалы 
гипоталамуса регистрировались биполярно как электродами «самораздражения», 
так и соседней парой электродов. Регистрация ЭЭГ осуществлялась эпидурально 
при помощи шариковых серебряных электродов. Установлено, что атропин, введен
ный внутримышечно, наряду с двигательными расстройствами вызывает и умень
шение частоты или повышение порога реакции самораздражения. При изучении 
влияния атропина на соматосенсорные вызванные потенциалы гипоталамуса, усред
ненные на анализаторе НТА—512, установлено, что атропин вызывает увеличение 
амплитуды сенсорных вызванных потенциалов как под электродами «самораздра
жения», так и в других зонах гипоталамуса.

Данные о роли М-холинергических структур задне-латерального гипо
таламуса в формировании эмоциональных реакций весьма разноречивы. 
По данным ВАЛЬДМАНА и КОЗЛОВСКОЙ (1969), АЛЛИКМЕТСА (1972), 
ИЛЬЮЧЕНКА (1972), БУРОВА и КУРОЧКИНА (1972) и др., ряд эмоцио
нальных реакций, вызываемых раздражением гипоталамуса, блокируются 
антихолинергическими веществами. Вероятно описанная ВИКЛЕРОМ (1952) 
и БРЭДЛИ (1958) фармакологическая диссоциация между поведением и био
электрической активностью касается только поведенческих проявлений, свя
занных с локомоторной активностью, которые сравнительно устойчивы 
к антихолинергическим веществам, в частности к атропину. Очевидно 
интеграция более сложных форм мотивационного проявления связана с холи
нергическими структурами гипоталамуса.

В данной работе изучено возможное участие М-холинергических струк
тур гипоталамуса в осуществлении реакции самораздражения. Действие 
атропина на феномен самораздражения сопоставлено с действием норадре
налина. С целью выяснения механизма действия нейротропных средств на 
эмоционально-мотивационные реакции, изучено также влияние атропина на 
сомато-сенсорные вызванные потенциалы (ВП) в участке самораздражения.

Методика

Опыты проведены на семи кошках, из них три с хронически вживленными электро
дами в области заднего гипоталамуса. Реакцию самораздражения вырабатывали в видоиз
мененной камере Скиннера. Животное приучалось нажатием лапкой на педаль замыкать
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электрическую цепь стимулятора и запускать пачку стимулов частотой 100 гц длитель
ностью 0,1 мсек в течение 0,25 сек. Счет частоты самораздражения проводился 15-и секунд
ными интервалами. Определялась частота самораздражения при различных интенсив
ностях раздражающего стимула. Для раздражения и регистрации биопотенциалов гипо
таламуса использовались биполярные игольчатые электроды, изолированные на всем 
протяжении кроме кончика острия с диаметром 50—80 микрон, расстояние между электро
дами — 1 мм. Стереотаксическая ориентация электродов осуществлялась по координатам 
атласа ДЖАСПЕРА и АЖМОН-МАРСАНА (1954). Обычно вживлялись восемь электро
дов, по четыре в каждом полушарии, ориентированных в медио-лагеральном направле
нии. Регистрация ЭЭГ осуществлялась на восьмиканальном энцефалографе фирмы Меди- 
кор. ВП регистрировали биполярно как электродами, которые использовались для само
раздражения, так и соседней парой электродов. 20—40 ВП усреднялись на анализаторе 
НТА—512 и результирующая кривая усредненного ВП записывалась на бумаге при 
помощи самописца, связанного с аналоговым выходом анализатора. При изучении влияния 
атропина и норадреналина на реакцию самораздражения препараты вводили внутримы
шечно. В исследованиях с регистрацией ВП после завершения опытов с самораздраже- 
нием те же животные под легким наркозом подвергались трахеотомии и после вскрытия 
седалищного нерва и прохождения действия эфира обездвиживались флакседилом и пере
водились на искусственное дыхание. Влияние атропина на соматосенсорные ВП гипотала
муса изучено и на четырех кошках, у  которых предварительно не вырабатывалась реакция 
самораздражения. После завершения опытов локализация электродов проверялась гисто
логически.

Результаты

При выработке реакции самораздражения на 8—10-й день после опе
рации животные брались в видоизмененной камере Скиннера и проверялся 
характер двигательной реакции при стимуляции латеральной и медиальной 
областей гипоталамуса обоих полушарий при последовательном подключе
нии к стимулятору четырех пар вживленных электродов. При выборе электро
дов для самораздражения исходили из данных ГРАШТЬЯНА и соавт. (1968) 
показавших, что у кошек реакция самораздражения вырабатывается легко, 
если раздражение гипоталамуса вызывает контраверсивное моторное после
действие, контраверсивный «рибаунд» (отдача), независимо от направления 
движения первичного эффекта раздражения — ипсиверсивное или контра
версивное по отношению к раздражаемой стороне. Выбрав пару раздражаю
щих электродов на основании вышеуказанных критерий, в течение двух-трех 
дней приучали животных нажатием лапкой на педаль вызывать «самораздра- 
жение». На этом этапе проверялось еще раз поведение животного к педали 
при последовательном попарном сочетании различных электродов. Реакция 
самораздражения считалась выработанной, если животное спонтанно начи
нало нажимать на педаль, по крайней мере в течение 15 минут. На Рис. 1 
показана видоизмененная камера Скиннера и реакция самораздражения одной 
из подопытных кошек. При последующем гистологическом контроле оказа
лось, что у 3-х кошек электроды« самораздражения» локализовались в области 
гипоталамуса соответствующей координатам атласа ДЖАСПЕРА и АЖМОН- 
МАРСАНА: F 9 10,5, L 2,5 -3,3 и V 4 5, т. е. в области медиального пучка
переднего мозга.

На втором этапе экспериментов проверялась зависимость частоты само
раздражения от интенсивности раздражающего стимула. После получения
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стабильной фоновой частоты самораздражения приступали к изучению влия
ния атропина и норадреналина на феномен «самораздражения». Было уста
новлено, что введение атропина в дозе 0,75—1,0 мг/кг внутримышечно вызы
вает облегчение общей моторной активности с рядом двигательных расст
ройств, характерных для «делириозного» синдрома, возникающего у человека 
при введении атропина: двигательное возбуждение, расстройство ориента-

Р и с. 1. Кошка с хронически вживленными электродами во время сеанса «самораздражения*

ции, животные натыкаются на препятствия и т. д. Как показано на Рис. 2 
частота самораздражения уменьшается после введения атропина. Так, 
у кошки БЗ, если частота самораздражения составляла в среднем 14 в 15 
секунд, на 40-ой минуте после введения атропина снизилась до 3 в 15 секунд. 
Из графика, представленного на Рис. 2, видно, что усиление раздражения 
гипоталамуса не восстанавливает реакцию самораздражения до исходного 
уровня. У кошки Б2 эффект той же дозы атропина выражался только в повы
шении порога реакции самораздражения. При повышении интенсивности 
раздражающих стимулов частота самостимуляции соответствовала фоновой 
частоте самораздражения (Рис. 4С). У данной кошки атропин в указанной 
дозе не вызывал и столь выраженных нарушений общей двигательной актив
ности, как у остальных двух кошек. Следовательно имеется некоторое инди
видуальное различие в характере влияния атропина на реакцию самораздра-
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жения, однако, общим для всех животных являлось повышение порогов 
«самораздражения».

Введение норадреналина в дозе 0,5 мг/кг внутримышечно по нашим 
предварительным данным не вызывало заметных изменений поведенческих 
реакций животного и как показано на графике Рис. 2 не менялась заметным 
образом и частота самораздражения. Возможно отсутствие четкого эффекта

----- 1----- 1----- 1----- 1--------
3 и  5 6 V

Рис.. 2 . Влияние норадреналина и атропина на реакцию самораздражения. На оси абсцисс 
— сила раздражающих стимулов в вольтах. На оси ординат — число нажатий на педаль 
за 15 секунд. Каждая кривая представляет усредненные данные трех опытов (30-и 15 
секундных периодов) у кошки БЗ. Черные кружки — до введения, светлые — после 
введения препаратов. А: эффект внутримышечного введения норадреналина в дозе 0,5 

мг/кг. В: эффект атропина в дозе 1 мг/кг внутримышечно

норадреналина связано с плохой проницаемостью гемато-энцефалического 
барьера для катехоламинов. По данным ОЛДСА и НТО (1971), ВАЙЗА 
и ШТЕЙН (1969), АРБУТНОТА и соавт. (1971) и др., реакция самораздраже
ния связана с активностью норадренергических структур ствола мозга 
и гипоталамуса. Гистохимическими исследованиями ГЕЛЛЕРА и соавт. 
(1966) показано, что субстрат самораздражения, медиальный пучок перед
него мозга (МИЛХАУЗ 1969) представляет главный диэнцефальный путь 
восходящих норадренергических волокон. Однако, по данным ряда авторов 
(ВАХИНГ и АЛЛИКМЕТС 1970; ФРАНКЕНХАУЗЕР 1971; БАКЛАВАД
ЖЯН и ДАРБИНЯН 1971, и др.) внутригипоталамическая инъекция нор
адреналина не вызывает выраженных изменений эмоционального поведения
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животных. Данные о действии норадреналина на поведение животных при 
внутригипоталамическом и внутрижелудочковом введении препарата довольно 
противоречивы. Подробный обзор этих данных приводится в монографии 
ИЛЬЮЧЕНКА (1972). Очевидно этот вопрос нуждается в дальнейшем изу
чении, такие исследования проводятся нами в настоящее время.

Итак, по нашим данным психотропный эффект атропина проявляется 
и в отношении феномена «самораздражения». Каков механизм депримирую- 
щего эффекта атропина на реакцию самораздражения? Связан ли эффект 
атропина с блокадой афферентного звена или эфферентных механизмов 
центральной интеграции эмоционально-мотивационных реакции? Для выяс
нения этого вопроса в серии эксперментов изучено влияние атропина на 
сомато-сенсорные ВП, зарегистрированные в задне-латеральной области 
гипоталамуса теми же электродами, которые использовались для самораздра
жения. Влияние внутримышечного введения атропина на сомато-сенсорные 
ВП изучено в семи опытах. В четырех из них ВП гипоталамуса на раздраже
ние седалищного нерва регистрировались у кошек, которые брались на ост
рый эксперимент без предварительного изучения реакции самораздражения. 
Остальные три опыта проведены на трех хронических кошках после завер
шения опытов с самораздражением. Опыты проводились на ненаркотизиро- 
ванных кошках, обездвиженных флакседилом. О функциональном состоянии 
центральной нервной системы до введения атропина судили по реакции 
десинхронизации на ЭЭГ при высокочастотном раздражении центрального 
конца перерезанного седалищного нерва. Сомато-сенсорные ВП гипоталамуса, 
вызванные одиночным раздражением седалищного нерва, регистрировались 
до и в разные сроки после введения атропина. Контролем эффекта атропина

Р и с . 3. Влияние атропина на вызванные потенциалы (ВП) и на ЭЭГ гипоталамуса. 1,3: 
Биполярное отведение от задне-медиального гипоталамуса ипсилатерально раздражае
мому седалищному нерву до (1) и после (3) внутривенного введения 0,05% раствора атро
пина в дозе 1,3 мл/кг. 2,4: Биполярное отведение от задне-латерального гипоталамуса 
(электроды «самораздражения»), контралатерально раздражаемому нерву до (2) и на 26 
минуте после (4) атропина. А: усредненный ВП 20-и ответов гипоталамуса. В: ЭЭГ отводи
мые теми ж е электродами до (1,2) и после (3,4) атропина. Острый опыт от 17 мая 1972 г. 
после завершения серии хронических опытов по самораздражению. Кошка БЗ. На осцил
лограммах А2, 4 калидровка: 20 мкв, 10 мсек. На кривых В калибровка 100 мкв, 1 сек

д Б
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на центральную нервную систему являлось изменение ЭЭГ, выражающееся 
в появлении типичной атропиновой медленной гиперсинхронной активности 
в ЭЭГ. Как показано на Рис. ЗА и 4А, введение атропина вызывает увеличе
ние амплитуды ВП гипоталамуса. «Облегчение» наблюдается как под электро
дами «самораздражения» (Рис. 3 и4А 2,4), так и в других зонах гипоталамуса 
(Рис. ЗА 1,3 и Рис. 4А 1,3). Результаты являются достоверными, так как при 
помощи анализатора HTА—512 регистрировались усредненные ответы 20—40 
ВП, что сводило к минимуму флюктуацию фона. Здесь следует отметить, что 
учитывая большую вариабельность параметров ВП гипоталамуса у ненар- 
котозированных животных (БАКЛАВАДЖЯН и АСТВАЦАТРЯН 1973)

Р и с .  4. Влияние атропина на ВП (А), на ЭЭГ (В) и на реакцию самораздражения (С). 
Кошка Б2. А, В: острый опыт от 18 мая 1972 г. после завершения серии опытов с само- 
раздражением. А: усредненный ВП 20-и ответов гипоталамуса; В: ЭЭГ отводимая теми 
ж е электродами до (1,2) и после (3,4) атропина. 1,3: Биполярное отведение от задне-лате
рального гипоталамуса ипсилатерально раздражаемому седалищному нерву до (1) и на 
30-й минуте после (3) введения 0,05% атропина в дозе 1 мл/кг внутривенно. 2,4: Биполяр
ное отведение от задне-латерального гипоталамуса (электроды «самораздражения»), контра- 
латерально раздражаемому седалищному нерву до (2) и после (4) атропина. Калибровки: 
как на рис. 3. С: усредненные данные трех опытов с самораздражением у кошки Б2. 
На оси абсцисс — сила раздражающих стимулов в вольтах. На оси ординат — число 
нажатий на педаль за 15 секунд (среднее 30-и 15 секундных периодов). Светлые столбики 
— до введения атропина; заштрихованные — на 40-й минуте после введения 0,05% раст

вора атропина в дозе 2 мл/кг внутримышечно. Вертикальные метки на столбиках — квад
ратическая ошибка

применение метода усреднения десятков ответов является желательным и 
пожалуй, необходимым при изучении влияния фармакологических веществ 
на сенсорные ВП гипоталамуса. Увеличение амплитуды ВП гипоталамуса 
при действии атропина наблюдалось и у кошек, которые брались на экспери
мент и без предварительной выработки реакции самораздражения.

Обсуждение

Депримирующее влияние атропина на реакцию самораздражения сви
детельствует о возможном участии М-холинореактивных структур гипо
таламуса в осуществлении реакции самораздражения. Связан ли подавляю
щий эффект атропина с нарушением координации двигательных актов,
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гиперреактивности животных или с психотропными галлюциногенным эффек
том препарата? В ряде работ показано изменение высшей нервной деятель
ности под влиянием атропина. При этом установлено избирательное влияние 
атропина на пищевые условные рефлексы, которые угнетаются меньшими 
дозами атропина, чем оборонительные (ВАНЕЦЕК и ВОТАВА 1956; ВРИ- 
ГОРЯН 1961 и др.). Возможно положительные эмоциональные реакции 
более чувствительны к антихолинергическим веществам, чем отрицательные. 
Такое допущение согласуется с представлениями БОВАРДА (1962), который 
считает, что система, связанная с положительными эмоциями, осуществляет 
парасимпатические функции, отрицательная же система, при раздражении 
которой вызывается страх, гнев, агрессия — симпатическую функцию. 
По данным автора, положительная система локализована в переднем гипо
таламусе, отрицательная — в заднем. Эти данные Боварда не согласуются 
с данными о локализации электродов «самораздражения» в наших экспери
ментах в задне-латеральной области гипоталамуса, при электрическом раз
дражении которой, как известно, вызываются выраженные симпатические 
реакции.

По данным ряда авторов, одна из причин нарушения сложных форм 
поведения при введении антихолинергических веществ состоит в ослаблении 
внутреннего торможения в результате блокады возвратного и ретикулярного 
торможения, имеющих холинергическую природу (ИЛЬЮЧЕНОК и соавт. 
1970, и др.). При этом неизбежно меняется и функциональное состояние кор
ково-гипоталамической системы интеграции. Так или иначе, изменение реак
ции самораздражения, вызываемое антихолинергическими веществами, свя
зано, без сомнения, с блокадой центральных холинорецепторов. Имеются 
данные, что скополамин снижает у кроликов на 86% реакцию самораздра
жения переднего и заднего гипоталамуса и облегчает реакции избегания при 
стимуляции тех же точек (ЕОРОЯН и КАЛЮЖНЫЙ 1969). По данным 
КРАУЗ и ЛАПИНОЙ (1972), в осуществлении положительных реакций, 
наблюдаемых при самостимуляции у собак, принимает участие холинерги
ческая система, так как при угнетении М-холинореактивных структур мета- 
мизилом реакция исчезает полностью и появляются отрицательные эффекты. 
В исследованиях СТАРКА и БОЙДА (1963) установлено, что у собак внутри
венное введение атропина в дозе 0,2 мг/кг не влияет заметным образом на 
феномен самораздражения, вызванный стимуляцией мамиллярной области 
гипоталамуса.

Наши исследования показывают, что атропин увеличивает амплитуду 
сомато-сенсорных ВП в области самораздражения гипоталамуса. Вероятно 
изменение реакции самораздражения связано с уровнем активности аффе
рентных систем гипоталамуса. Увеличение амплитуды ВП гипоталамуса при 
действии атропина отражает, по всей вероятности, состояние гиперполяри
зации сенсорных нейронов гипоталамуса в результате уменьшения притока
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афферентных импульсов и снятия фоновой деполяризации этих нейронов 
(дефасцилитация). О том, что уровень возбудимости заднего гипоталамуса 
отражается в амплитуде сенсорных ВП гипоталамуса, свидетельствуют дан
ные одного опыта, в котором ВП на электрокожное раздражение задней 
лапки регистрировались электродами «самораздражения» заднего гипотала-

Р и с . 5. Влияние реакции самораздражения на соматосенсорные ВП гипоталамуса. Кошка 
Б2. 1: ВП задне-латерального гипоталамуса на электрокожное раздражение контра
латеральной задней конечности до самораздражения. 2: То ж е сразу после сеанса само
раздражения. Усредненный ВП 20-и ответов гипоталамуса. Калибровка как на Рис. 3

муса до и сразу же после 20-минутного самораздражения. На рис. 5 показано, 
что сразу после сеанса самораздражения наблюдается заметное уменьшение 
амплитуды ВП в той же точке гипоталамуса. Учитывая данные ряда авторов 
о повышении возбудимости гипоталамуса при реакции самораздражения 
(САБО 1973 и др.), нужно полагать, что наблюдаемое в нашем опыте умень
шение амплитуды ВП гипоталамуса аналогично феномену маскировки сен
сорных ВП коры во время реакции десинхронизации (БРЕМЕР 1958), 
результатом окклюзивного взаимодействия «неспецифических» и «специфи
ческих» импульсов, конвергирующих на одни и те же нейроны гипоталамуса. 
В свете этой концепции «подавление» ВП центральной нервной системы при 
возбуждении активирующей системы мозга есть результат не истинного тор
можения, а интерференции гетерогенных стимулов. Если редукция ВП гипо
таламуса отражает состояние повышенной возбудимости этой области, то 
«облегчение» их вероятно соответствует состоянию торможения холинерги
ческих структур гипоталамуса. Об этом свидетельствуют и наши данные 
о повышении порога реакции самораздражения под влиянием мускаринового 
антихолинергического препарата. Эффект атропина на сенсорные ВП гипо
таламуса аналогичен эффекту атропина на первичные ответы коры. И в этом 
случае наблюдается рост амплитуды первичных положительно-отрицатель
ных корковых ответов на раздражение сенсорных афферентов (ЧАТФИЛЬД 
и ПУРПУРА 1954; БАКЛАВАДЖЯН 1964 и др.). В исследованиях послед
них лет при использовании метода микроионтофоретической аппликации 
фармакологических препаратов в область отдельных нейронов гипоталамуса 
и регистрации его импульсной активности установлена чувствительность
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нейронов заднего гипоталамуса не только к норадреналину, но и к ацетил- 
холину (САЛМОЙРАГИ и СТЕФАНИС 1965 и др.). ШУТЕ и соавт. (1966) 
считают, что у кошек и у крыс по всему гипоталамусу проходит холинерги
ческий путь, по гистохимическим данным авторов ход холинергических 
волокон сходен с ходом моноаминергических.

Вопрос об изменении реакции самораздражения в результате измене
ния уровня активности афферентных систем гипоталамуса под влиянием 
психотропных фармакологических веществ нуждается в дальнейшем изуче
нии с применением методики внутригипоталамической микроинъекции пре
паратов симпато- и парасимпатотропного действия при параллельной регист
рации реакции самораздражения и сенсорных ВП гипоталамуса.
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Ph armacologia
INHIBITION OF MICROSOMAL DRUG METABOLISM 

BY 2-{[2-(4-PYRIDYL)-METHYL]-THIO}- 
BENZIMIDAZOLE (H-718)

T h e  in tra p e rito n ea l L D 5 0  value  of H -718 am o u n ted  to  314 m g/kg in  ra ts .  A t 
dose leve ls fro m  10 to 15 m g/kg  in tra p e rito n ea lly , H-718 caused  a 4 —5-fold p ro lo n g a 
tio n  in  h e x o b a rb ita l  sleeping tim e  an d  in creased  th e  half-life o f p lasm a  h e x o b a rb ita l 
co n ce n tra tio n . T he com pound p rev en ted  th e  trem o rin e-in d u ced  trem o r b u t  fa iled  to  
in h ib it o x o trem o rin e  trem o r. I t  p ro longed th e  su rv iv a l o f ra ts  t r e a te d  w ith  le th a l doses 
o f p a ra th io n , b u t  did n o t affec t th e  to x ic ity  o f p a rao x o n . T he h e p a tic  m icrosom al o x id a 
tio n  of h e x o b a rb ita l ,  h y d ro x y la tio n  of an iline  a n d  N -d em eth y la tio n  of am inophenazone  
were m a rk e d ly  in h ib ited  b y  H -718 a t  a c o n ce n tra tio n  of 10 “ ' M, b u t  procaine e ste ra se  
a c tiv ity  w as depressed  on ly  m od era te ly . C o n ju g atio n  of b ro m su lp h o p h th a le in  w ith  
g lu ta th io n e  w as n o t affec ted  even  by  an  in tra p e rito n ea l dose of 50 m g/kg. T he d a ta  
suggest t h a t  H -718 in h ib its  th e  m icrosom al N A D P H  and  cy to ch ro m e P450-d e p en d e n t 
d rug  m etab o liz in g  enzym e system  of th e  liver.

Prelim inary pharm acological screening of 2 -(th ioa lk y lp yrid y l)-[l,3 ]- 
diazolc derivatives synthetized  by H a n k o v s z k y  and H i d e g  (1969) indicated  
that several o f  these com pounds considerably prolonged hexobarbital sleeping  
tim e in the rat but failed to prolong the anaesthesia induced by ether or bar
bital. The duration of action o f hexobarbital is determ ined by the rate o f  its  
biotransform ation ( B r o d ie  1956), while barbital (G o l d s c h m id t  and W e h r  
1957) and ether (Van  D y k e  et al. 1964) are m etabolized to a sm all extent only. 
It was therefore assumed that the prolongation of hexobarbital sleep b y  these  
drugs was a result o f the inhibition o f the hepatic microsom al drug m et
abolizing enzym e system . This assum ption was supported also by the find ing  
that hexobarbital sleeping tim e was prolonged by doses so low which did not 
show any other significant pharm acological effect.

Of the in vestigated  com pounds, H -718 was the m ost potent inhibitor  
of m icrosom al drug biotransform ation. The present paper reports on studies  
of that com pound.

B y

F .  V a r g a , E. F is c h e r  and Terézia S z il y
IN ST IT U T E  OF PHARMACOLOGY, U N IV E R SIT Y  MEDICAL SCHOOL, PÉCS

(R eceived  S ep tem b er 26, 1973)
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Methods

Male W ista r ra ts  o f 140 to  180 g b .w . a n d  a lb ino  mice of b o th  sexes (20 to  30 g b .w .) 
w ere used . H-718 w as d isso lved  in  d istilled  w a te r  o r in  0 .9%  N aCl so lu tion  an d  w arm ed  to  
30°C p rio r to a d m in is tra tio n .

I n  vivo methods

Determ ination o f  hexobarbital and barbital sleeping tim e. B o th  m ice and  ra ts  w ere in 
je c te d  in tra p e rito n ea lly  w ith  75 m g/kg o f h e x o b a rb ita l  (E v ip a n ® ), an d  th e  tim e fro m  loss 
to  re tu rn  of th e  r ig h tin g  re flex  w as reco rded . H -718 was given in tra p e rito n ea lly  30 m in u te s  
p rio r  to  th e  in jec tio n  of h e x o b arb ita l. S leeping tim e  being p ro longed  b y  h y p o th e rm ia , th e  
an im als  were k e p t u n d e r  a  b u lb  to  p re v en t th e ir  b o d y  tem p e ra tu re  fro m  falling below  37°C. 
T h e  effec t of H-718 on b a rb ita l  (250 m g/kg i.p .)  sleep w as te s ted  as described  above. H -718 w as 
g iv en  in tra p erito n ea lly  30 m in u te s  p rio r to  th e  a d m in is tra tio n  of b a rb ita l.

D eterm ination o f  p la sm a  and tissue hexobarbital concentrations. R a ts  were in jec ted  in t r a 
p e rito n ea lly  w ith  75 m g/kg  h ex o b a rb ita l an d  o n  r e tu rn  of th e  r ig h tin g  re flex  th ey  w ere bled  
to  d e a th  th ro u g h  th e  c a ro tid  a rte ry . P la sm a  a n d  tissue  h ex o b a rb ita l co n cen tra tio n s w ere 
d e te rm in ed  by th e  m eth o d  of B r o d ie  e t al. (1953).

The antitremor activ ity  o f  H -718  was d e te rm in e d  in  mice b y  th e  m eth o d  of A h m ed  and  
T a y l o r  (1959). H -718 w as given one h a lf  h o u r  p r io r  to  th e  in jec tio n  of th e  trem o r-in d u c in g  
a g en t. Following th e  in tra p e rito n e a l a d m in is tra tio n  o f trem orine  (25 m g/kg) or o x o trem o rin e  
(0.2 m g/kg) th e  in te n s ity  o f tre m o r w as reco rd ed  th re e  tim es for 2 m in u te s  each, a t  10, 15 and  
20 m in u tes . The tre m o r in d ex  w as expressed  as th e  ra tio  o f th e  len g th  o f th e  lig h t tr a c k  reco rd ed  
a f te r  ad m in is tra tio n  o f th e  trem o r-in d u c in g  ag en t, a n d  th e  len g th  of th e  lig h t trac k  in  0.9 N aCl 
co n tro l ex p erim en ts p e rfo rm ed  on th e  p reced in g  d ay .

Effect o f  H -718 on para th ion  and paraoxon  toxicity. E ig h ty  r a ts  w ere d iv ided  in to  te n  
g ro u p s. T he f irs t  g ro u p  rece ived  4 m g/kg p a ra th io n  an d  each consecu tive  group a  dose 50%  
h ig h e r  th a n  th e  p reced ing  one. One h a lf  h o u r befo re  th e  a d m in is tra tio n  o f p a ra th io n , 50 m g/kg  
o f H -718 was given a n d  th is  dose w as re p ea te d  tw e lv e  hours la te r. In  th e  n e x t days t r e a tm e n t  
w ith  50 m g/kg of H -718 tw ice  daily  w as co n tin u e d  u n til  th e  an im als  died. P a ra o x o n  w as 
ad m in iste red  in doses o f  2, 3, 4.5, 6.7 an d  10 m g /k g  to  groups consisting  of ten  ra ts  each . 
H -718 w as given as d escribed  above.

D eterm ination o f  brom sulphophthalein-glutathione conjugate. R a ts  were an ae sth e tize d  
in tra p e rito n ea lly  w ith  u re ta n  (1.2 g/kg) an d  th e ir  com m on bile d u c t c an n u la ted  w ith  P E -5 0  
tu b in g . B ro m su lp h o p h th a le in  (50 m g/kg) w as g iv en  in to  th e  fem ora l ve in  and  th e  b ile  w as 
co llected  for one h o u r. F ive  to  ten  /Л of bile w ere app lied  on W h a tm a n ’s No. 1 f i lte r  p ap er, 
a n d  th e  ch ro m ato g ram s w ere developed in a n  ascending  system  consisting  of n -b u ta n o l, 
a ce tic  acid and  w a te r  ( 4 : 2 : 1 ,  v /v ). T he p a p e r  w as exposed to  am m o n ia  v ap o u r, th e  sp o ts  
o f free and  con ju g a ted  b ro m su lp h o p h th a le in  w ere c u t o u t and th e  dye  w as e lu ted  w ith  0.5 N 
N aO H . O ptical d en sity  w as m easu red  a t  580 m p .  H -718 was g iven  30 m inu tes p rio r to  th e  
a d m in is tra tio n  of b ro m su lp h o p h th a le in .

Acute toxicity  o f  H -718. A  3-day  to x ic ity  te s t  w as perfo rm ed  in  ra ts  and  m ice a f te r  
in tra p e rito n ea l and  o ra l ad m in is tra tio n . T he L D 5 0  v a lu es were e s tim a te d  according to  L it c h 
f ie l d  and  W ilc o x o n  (1949).

I n  vitro methods

M icrosomal metabolism  o f  hexobarbital, a n iline  and am inophenazone. The livers o f th ree  
o r four ra ts  were fo rced  th ro u g h  a tissue  p ress to  rem ove fib ro u s tissue . T he liver p u lp  w as 
hom ogenized  in a P o tte r -E lv e h je m  hom ogenizer w ith  tw o volum es of cold 1.15%  KC1 solu
tio n , con ta in ing  0.03 M tris -H C l buffer, p H  7.4. T he hom ogenate  w as cen trifuged  a t  9000 X g 
a t  a tem p e ra tu re  o f 4°C fo r 20 m inu tes. T he s u p e rn a ta n t  was d ecan ted  an d  cen trifuged  again  
a t  100,000 X g for 60 m in u te s . The m icrosom al f ra c tio n  was rehom ogenized w ith  1 .15%  KC1 
so lu tio n  and  sto red  a t  — 20°C till use, b u t  n o t longer th a n  24 hours. T he p ro te in  c o n cen tra tio n  
of th e  m icrosom al f ra c tio n  w as de te rm in ed  b y  th e  m eth o d  of L o w ry  e t al. (1951). B ovine 
a lb u m in  (Cohn frac tio n  V , K och-L igh t) w as u se d  fo r s tan d ard . E n zy m e assay: to  th e  m icro 
som al frac tio n  co rrespond ing  to  0.6 g liver w ere ad d ed  500 /(Mol o f tris-H C l b u ffer, p H  7.4, 
1 /<Mol o f N A D P (B oehringer), 25 /iM ol o f n ico tin am id e  (R eanal), 25 /iM ol o f MgCL, 50 /tMol 
o f glucose-6 -p h o sp h a te  (R ean a l), 0.5 u n its  o f g lucose-6 -p h o sphate  dehydrogenase  (B o ehringer) 
a n d  1 .15%  KC1 so lu tio n  in  a fin a l volum e of 4 m l. T he a m o u n t o f h e x o b arb ita l, an iline  or 
am inophenazone in  th e  re ac tio n  m ix tu re  w as 5 juMol. T he reac tio n  m ix tu re  was in cu b a ted
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in th e  presence of oxygen  a t  37°C in a sh ak in g  in cu b a to r fo r 45 m inu tes. H -718 w as ad d ed  
tw o m in u te s  p rio r to  th e  p ip e ttin g  of s u b s tra te s  to  the  m ed ium . A t th e  end of in cu b a tio n , 
h e x o b a rb ita l ( B r o d i e  e t al. 1953), p -am in o p h en o l ( K a t o  a n d  G i l l e t t e  1965) a n d  4-am ino- 
a n tip y rin e  (L a  D u  e t a l. 1955) were d e te rm in e d  in  reac tion  m ix tu re s . The m ean  v a lu es for 
six co n tro l ex p erim en ts  w ere,

h e x o b arb ita l, 3.13 +  0.27 nM ol/m in  • m g p ro te in ;
an iline , 0.73 +  0.12;
am inophenazone, 0.62 +  0.08.

Procaine esterase activ ity  of th e  m icrosom al frac tio n  w as m easu red  by  th e  m eth o d  of 
H e i n r i c h  a n d  K l i n g e r  (1968). T he co n tro l va lue  was 1.55 +  0.17 nM ol/m in • m g p ro te in  
in th e  av erage  of six  ex p erim en ts .

Statistica l analysis. S tu d e n t’s t- te s t w as used  for s ta tis t ic a l  analysis.

Results

Prolongation by H-718 of hexobarbital and barbital sleeping time. H exo
barbital sleeping tim e was prolonged b y  H-718 in proportion to the dose in 
both mice and rats (Table I). H -718 was absorbed well from the gastroin
testinal tract and at a dose level o f 50 m g/kg the prolongation of hexobarbital 
sleep was marked even  8 to 10 hours following the adm inistration (Table II). 
W hen the same dose w as adm inistered im m ediately after the righting reflex  
had returned, the rats did not fall asleep again, only the sedation lasted  longer 
than in the control anim als. In th is respect, H-718 w as different from  chlor
prom azine. W hen 20 m g/kg of chlorprom azine was given after restoration of 
the righting reflex, the animals fell asleep (21 +  4 m in, n =  10).

Follow ing an intraperitoneal dose of 250 m g/kg o f barbital, sleep lasted  
for 162 ;+ 24 min in th e  average of ten  rats. 100 m g/kf og H-718 did not prolong  
this sleeping tim e (141 +; 35 min, n  =  10, p >  0.05).

Plasm a and tissue hexobarbital concentration in rats pretreated with H-718. 
Tw elve rats were in jected  with 75 m g/kg of hexobarbital and another tw elve

Table I

Effect o f  H -718  on hexobarbital sleeping time in  mice and rats

Dose,
m g/kg

i-P-

Sleeping tim e, min

mice ra ts

— 21 ±  4* 1 5 + 3

6 4 1 + 7 3 1 + 6

1 2 57 ±  10 5 6 + 9

25 102 ±  17 138 ±  25

50 145 ±  22 196 ±  34

* M ean ±  S.D. o f te n  to  fifteen  an im als  
Dose of h e x o b a rb ita l: 75 m g/kg in tra p e rito n ea lly  for b o th  mice and  ra ts
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Table II

Hexobarbital sleeping tim e at various in tervals after intraperitoneal 
or oral adm in istra tion  o f  H -718

T i m e  
i n  h o u r s

H - 7 1 8  ( 5 0  m g / k g )

in t r a p e r i t o n e a l ,  m i n o r a l ,  m in

l 202 ±  32* (15) —

2 215 ±  41 ( 1 0 ) 152 ±  34 (15)

4 128 +  28 ( 1 2 ) 135 ±  37 (12)

6 83 ±  19 ( 1 0 ) 1 2 2  ±  2 2  (6 )

8 54 ±  13 (6 ) 78 ±  14 (10)

1 0 33 ±  10 (6 )
1 2 1 7 + 7 (6 ) 3 1 + 8  (6 )

* M ean +  S.D . N u m b e r o f ra ts  in  b ra ck e ts  
Sleeping tim e  o f co n tro l ra ts : 16.4 +  3.5 m in  (n =  44)

Table III

Tissue a n d  p lasm a hexobarbital concentrations in  control rats 
a n d  in  rats pretreated w ith 50 m g/kg o f  H -718

T is s u e

H e x o b a r b i t a l  c o n c e n t r a t i o n ,  jU g /g

c o n t r o l s H - 7 1 8

B ra in 33.4 ±  4.8* 3 5 .3 +  3.7

L iver 35.1 +  4.2 38.1 ±  5.2

K id n ey 2 6 .4 +  3.9 24.3 ±  4.1

F a t 85.1 ±  15 76.4 ±  12

P lasm a 28.3 ±  5.1 3 0 .9 +  4.2

* M ean ±  S.D . o f tw e lv e  ra ts . H -718 w as g iv en  30 m inu tes p rio r to  th e  in jec tion  of 
75 m g/kg  of h e x o b a rb ita l. T issue and  p lasm a  h e x o b a rb ita l  co n cen tra tio n s w ere m easured  
a f te r  re tu rn  of r ig h tin g  re flex . Control an im als s lep t fo r 1 7 + 3  m in , an im als  p re tre a te d  
w ith  H-718 slept fo r 126 +  12 m in

w ith  50 mg/kg o f H -718 half an hour prior to the adm inistration of hexo
barbital. On return o f the righting reflex th ey  were bled to  death and the  
plasm a and tissue hexobarbital concentration was measured. There was no 
significant difference betw een the plasm a and tissue hexobarbital levels of the 
tw o groups, in sp ite o f  the fact that the H -718-treated rats slept 7.4 tim es 
longer than the controls (Table III). This ind icated  that the half-life of plasma 
hexobarbital concentration  was longer in H -718-treated than in control rats. 
M easurement of plasm a hexobarbital levels verified  this assum ption (Fig. 1).

P r e v e n t i o n  b y  H - 7 1 8  o f  t r e m o r i n e  t r e m o r .  Trem orine-induced tremor was 
m arkedly inhibited b y  H-718, while oxotrem orine tremor was not affected
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sign ificantly (Table IV). It was therefore assum ed th at H-718 itse lf  did not 
possess any antitrem or a c tiv ity , it  only inhibited the biotransform ation o f  
tremorine to oxotrem orine.

Fig. 1. D ecrease o f  p lasm a  h e x o b a rb ita l  co n cen tra tio n  in  co n tro l ra ts  ( • —ф) and  in  ra ts  
p re tre a te d  w ith  15 m g/kg  o f H -718 (O — O ) in trap erito n ea lly . E a c h  p o in t rep re sen ts  th e  m ean  

+  S.D . o f tw elve  an im als . D ose o f h e x o b arb ita l 75 m /kg  in trav en o u s ly

E f f e c t  o f  H - 7 1 8  o n  th e  a c u te  t o x i c i t y  o f  p a r a t h i o n .  The oral LDSo o f para- 
thion am ounted to  8.6 m g/kg. M ost deaths occurred w ithin 3 hours following  
the adm inistration o f parathion. A lthough the L D 50 o f parathion was hardly  
increased by H -718, survival of the rats was sign ificantly  prolonged (Table V). 
A gainst paraoxon, H -718 failed to  show a protective effect.

Table IV

In ten sity  o f  tremor induced by tremorine or oxotremorine 
in  mice after H -718 pretreatm ent

D o s e ,
m g / k g

i . p .

T r e m o r  i n d e x

t r e m o r in e o x o t r e m o r in e

Controls - 2.65 +  0.24* 2.81 +  0.32

1 0 2 . 1 1  +  0.26 2.50 +  0.23

H-718 30 1.23 +  0.15 2.96 +  0.42

1 0 0 0.92 +  0.08 2.48 +  0.35

* M ean ±  S.D . o f te n  m ice. H -718 w as given 30 m in u te s  p rio r to  th e  in tra p e rito n ea l 
ad m in is tra tio n  of trem o rin e  (25 m g/kg) o r oxotrem orine  (0.2 m g/kg)

Acta Physiologica Academiae Scientiarum Hnngaricae 44, 1973



232 F. VARGA et al.

Inhibition o f  microsomal drug biotransformation. H-718 inhibited  the 
oxid ation  of hexobarbital, the hydroxylation  o f aniline and the N -dem ethyla- 
tion  o f am inophenazone (Table V I). Microsomal procaine esterase activ ity  
w as depressed only m oderately by H -718, even at a concentration of 10~3 
M ol/litre. A prelim inary investigation  into the distribution o f H -718 in rat 
tissu es showed th at 10“ 3 Mol/kg liver was the m axim um  concentration of 
H -718 achieved by the adm inistration o f doses which were already toxic  
(250 — 300 mg/kg intraperitoneally).

Conjugation o f  bromsulphophthalein with glutathione. In the bile o f  
control rats, conjugated brom sulphophthalein am ounted to 75 ±  7 % (n =  5 ) 
o f the tota l am ount adm inistered, w hile in the bile of H -718-treated  (50 
m g/kg) rats, to 73 ±  6 % (n =  5).

Acute toxicity o f  H-718.  The L D S0 for the rat was 314 m g/kg (confidence 
lim its, 266— 370) b y  th e  intraperitoneal route and 940 m g/kg (confidence  
lim its, 617— 1416) by th e  oral route. Mean survival tim e was 26 hours, w hat
ever the route o f adm inistration. D eath  was preceded by sedation , but no 
sleep . LD50 values for the mouse were, 420 m g/kg (confidence lim its, 323— 546) 
b y  the intraperitoneal route, and over 800 m g/kg by the oral route.

Table V

Effect o f  H -718  on para th ion  and paraoxon toxicity in  rats

LD 50 (m g/kg)

C o n t r o l s
P r e t r e a t e d  w i t h  H - 7 1 8

2 4  h r s
2 4  h r s 4 8  h r s 7 2  h r s 9 6  h r s 1 2 0  h r s

P ara th io n 8.6 49 27 17 13 13

P araoxon 5.6 5.4 5.4 — — —

F o r deta ils , see M ethods

Table VI

Inh ib ition  by H -718  o f  the metabolism o f  various drugs in  rat liver microsomes

I n h i b i t i o n  i n  p e r  c e n ts

H - 7 1 8 ,
Mol/litre Hexobarbital

oxidation
Aniline

hydroxylation
Aminopyrine 

N- déméthylation
Procaine

hydrolysis

l x i o - 3 ___ 80 — 25

3 x l 0 " 4 82 75 68 13

l x  i o - 4 77 51 57 —

3 x i o - 5 48 45 41 —

1 X  1 0 ~ 5 22 15 28 —

3 x i o - 6 20 — — —

F o r deta ils , see M ethods
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Discussion

H-718 in itse lf  had no hypnotic effect, but it increased the duration of 
action of hexobarbital. This effect m ay be brought about by one o f tw o dis
tinct m echanism s: by increasing the sen sitiv ity  to hexobarbital o f the central 
nervous system , or by decreasing the rate of hexobarbital m etabolism . H -718  
did not p otentiate  the effect o f  subhypnotic plasm a hexobarbital concentrations  
nor did it  prolong barbital sleep. H owever, the half-life o f plasm a hexobarbital 
concentration was increased by H -718, and the m icrosom al oxidation  o f h exo
barbital in vitro was also inhibited.

Trem orine-trem or is caused by oxotrem orine, a m etabolite of the parent 
compound (Cho  et al. 1965). Parathion is also a “ pro-drug” which is b iotrans
formed by desulphuration into paraoxon, a more active inhibitor of cholin
esterase (D a v i s o n  1955). H -718 inhibited the effect o f these tw o “ pro-drugs” , 
but did not antagonize the effect o f oxotrem orine or the to x ic ity  o f paraoxon. 
The oxidation o f hexobarbital, hydroxylation  of aniline, N -dem ethylation  of 
am inophenazone, oxidation o f tremorine and desulphuration o f parathion to  
paraoxon are catalyzed b y  hepatic microsom al N A D P H - and cytochrom e  
P450-dependent drug m etabolizing enzym e system . All these reactions were 
inhibited by H -718. M icrosomal procaine esterase a c tiv ity  and cytoplasm ic  
glutathione S-aryltransferase (Co mbes  and St a k e l u m  1961) which are not 
cytochrom e P45o-dependent reactions, were not affected by H-718.

H-718 contains a benzim idazole m oiety. B enzim idazole cannot be 
regarded as a xenobiotic, since it  is present in m any biological substances, for 
instance in v itam in  B 12. In experim ents performed on beaf-spleen slices 
(A livisatos  et al. 1962) and on w heat-germ  extract (K apo o r  and W a y g o o d

1965) benzim idazole could be substituted  for the nicotinam ide m oiety  o f N A D  
in the reaction catalyzed b y  N A D  nucleosidase. It seem ed therefore ju stified  
to assume th at H-718 inhibited the generation of N A D P H . Still, our pre
lim inary experim ents failed to  support th is hypothesis. In addition, it  was 
shown that the benzim idazole in H -718 could be replaced by other ring system s  
w ithout any significant loss o f the inhibitory effect on microsom al drug 
m etabolism . H ow ever, substitu tion  of the pyridine ring w ith  a benzene ring 
abolished the inhibitory effect (unpublished observations). It was show n  
th at 4-acetylpyridine (Co p e r  et al. 1968), isoniazide (Co p e r  et al. 1968), 
m etyrapone ( N e t t e r  and K a j u s c h k e  1967) and some other pyridine deriv
atives inhibited m icrosom al drug m etabolism  by binding to cytochrom e  
P450. H-718 seem s to be a more potent inhibitor o f microsom al drug m etabolism  
than the other pyridine derivatives. Though in rats SK F-525-A  is 1.6 tim es 
more effective in prolonging hexobarbital sleeping tim e, it  is about tw ice as 
tox ic  as H-718.
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INHIBITION OF HEXOBARBITAL METABOLISM 
BY PYR1DYL DERIVATIVES

By

F .  V a rg a , Olga H . H a n k o v s z k y , K. H i d e g , E. F isc h er  and Terézia S z ily
I N S T I T U T E  O F  P H A R M A C O L O G Y ,  U N I V E R S I T Y  M E D I C A L  S C H O O L ,  P É C S  

(R eceived  S ep tem ber 26, 1973)

T he pro longing  effect o f 34 p y rid y l d e riv a tiv e s on  h ex o b a rb ita l sleeping tim e  
was co m p ared  in ra ts . I t  w as fo u n d  th a t  th e  com pounds in creased  th e  d u ra tio n  of 
h ex o b a rb ita l ac tio n  b y  in h ib itin g  th e  m icrosom al o x id a tio n  of th e  drug. The c a rrie r  
o f th e  e ffe c t is  th e  p y rid in e  ring . N -m e th y la tio n  of th e  p y rid in e  ring  abolished th e  
in h ib ito ry  ac tio n . T he 4 -p y rid y l d e riv a tiv es p ro v ed  a lw ays m ore effective th a n  th e  
3 -pyridy l analogues an d  these  th a n  th e  2 -pyridy l analogues. T he h ap to p h o re  m olecu lar 
m oie ty  is, b y  itse lf, ineffective, an d  m ay  w idely  d iffer in  chem ical s tru c tu re . T he ro le  
o f th e  h a p to p h o re  group  is to  am plify  1 0 — 1 0 0 -fold th e  slig h t in h ib ito ry  ac tio n  of 
pyrid ine .

Several com pounds containing pyridine ring are known to exert an 
inhibitory effect on drug m etabolism . For instance, 4-acetylpyridine (Co pe r  
et al. 1968), isonicotin ic acid hydrazide (Co pe r  et al. 1968) or m etyrapone 
( N e tt e r  and K a ju s c h k e  1967). To these belongs the compound H-718  
(2-{ [2-(4-pyridyl)-m ethyl]-th io}benzim idazole) described in  a previous paper 
(Varga  et al. 1973). This com pound has been shown considerably to prolong 
the duration o f action of certain drugs by inhibiting their m etabolism  and to  
retard developm ent of the action o f “ pro-drug” type com pounds. H-718  
proved much more effective than the com pounds m entioned above. There
fore, we have investigated  a series o f further com pounds in order to elucidate  
the relationship betw een chem ical structure and pharm acological action.

The m ost sim ple, m ost reliable and m ost often used m ethod for the  
estim ation of the in v ivo  activ ity  of the N A D PH -dependent drug m etabolizing  
enzym e system  o f the liver endoplasm ic reticulum  is the hexobarbital sleeping  
tim e test. The decisive part in the elim ination o f hexobarbital is played by  
biotransform ation; correspondingly, the duration of hexobarbital action  
depends m ainly on the activ ity  of the drug m etabolizing enzym e system . 
H ow ever, when evaluating the inhibition of hexobarbital oxidation in v ivo  
other pharm acological effects o f the inhibitor have also to be taken into  
account, thus the central depressant action, muscle relaxant effect, etc. The 
alteration of hexobarbital sleeping tim e can be regarded as an indicator o f  
the activ ity  o f the drug m etabolizing enzym es only in the case when the pro
longation of sleeping tim e is exclusively  due to the decreased activ ity  of the  
enzym es. According to a prelim inary screening, the m ajority o f the pyridyl
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derivatives to be described in this paper failed to show any significant muscle 
relaxant, sedative and ethyl ether anaesthesia  prolonging effect even when  
applied in am ounts corresponding to h a lf their LD5o value.

M ethods

General. Male a lb ino  r a ts  of our ow n b re e d  w eighing 100— 120 g were used  in th e  e x p eri
m en ts . T he com pounds b ea rin g  th e  c o d e-le tte r  H  were sy n th e tized  b y  H ank o vszk y  and 
H id e g  (1966, 1969). Som e of th e  d e riv a tiv e s  w ere in v es tig a ted  b y  V aczi e t al. (1968) for 
a n tiv ira l  effect. The le t te r  H  in  th e  tab les  a n d  th e  te x t  alw ays refers to  4 -p y rid y l d e riv a tiv e s 
th e  3- an d  2-pyridy l an alo g u es o f w hich b e a r  no specia l num ber. Som e com pounds were com 
m erc ia l p re p a ra tio n s  o f a n a ly tic a l g rade. N e a rly  all of th e  d rugs in v es tig a te d  w ere easily 
so luble  in  d istilled  w a te r  o r in  0 .9%  sodium  ch lo ride . All the  d rugs w ere adm in iste red  b y  the  
in tra p e r ito n e a l ro u te .

D eterm ination o f  hexobarbital sleeping tim e. T he ra ts  were in jec ted  w ith  75 m g/kg of 
h e x o b a rb ita l  (E v ip a n ® ) in tra p e rito n ea lly , a n d  th e  tim e from  loss to  re tu rn  of th e  rig h tin g  
re fle x  w as recorded . T h e  d ru g s  to  be in v es tig a te d  w ere given 30 m in u te s  p rio r to  th e  in jec tion  
o f h e x o b a rb ita l. Since th e  sleeping tim e is p ro lo n g ed  by  h y p o th erm ia , th e  an im als were k e p t 
u n d e r  a b u lb  to  p re v e n t th e ir  body  te m p e ra tu re  from  falling below  37°C. T he d rugs were 
ad m in is te re d  in in creas in g  doses to  a t  le a s t  5 an im a ls  each, and  th e  P D 3 0 0  v a lues w ere d e te r 
m ined . P D 3 0 0  =  e s tim a te d  dose of a c o m p o u n d  th a t  prolongs sleeping tim e  to fourfo ld  of 
th e  co n tro l value . A m in im u m  of 3 doses th e  e ffec t o f w hich am o u n ted  to  be tw een  100%  and 
500%  w ere used  fo r th e  calcu la tion .

D eterm ination  o f  ethyl ether sleeping tim e. Tw o ra ts  were p laced  in a 4.8 1 w ide-necked 
b o ttle  s tan d in g  in  a w a te r  b a th  of 40°C, 5 m l e th e r  was p ip e tted  in to  i t  an d  it  w as s toppered  
im m ed ia te ly . F ive  m in u te s  la te r  the  an im als  w ere  ta k e n  ou t, and  th e  tim e till re tu rn  of th e  
r ig h tin g  re flex  w as m easu red . The a n ae s th es ia  prolonging effec t w as com pared  w ith  the  
av erag e  sleeping tim e o f 8 — 12 contro l ra ts  te s te d  on  th e  same w ay. T he h e x o b arb ita l an ae s th e 
sia  p ro longing  effect w as e s tim a te d  in th e  sam e w ay . M ean sleeping tim e  of th e  co n tro l groups 
w as 212 +  42 sec (n =  56). U nder th e  g iven  ex p erim en ta l conditions, 5 m g/kg  of ch lo rp ro m a
zine ad m in iste red  30 m in  p rio r to e th e r a n ae s th es ia  caused a 8 2% , 10 m g/kg  a 206% , and 
20 m g/kg  a 450%  p ro lo n g a tio n  of the  sleep ing  tim e  (10 ra ts  in each  group).

Hexobarbital concentration in  p lasm a  w as m easu red  accord ing  to  B r o d ie  e t  al. (1953); 
th e  an im als received  75 m g/kg  of h e x o b a rb ita l  in to  th e  ta il vein .

E stim a tio n  o f  the microsomal oxida tion  o f  hexobarbital. P re p a ra tio n  of m icrosom al frac 
tio n  fro m  r a t  liv e r a n d  d e te rm in a tio n  o f h e x o b a rb ita l  ox id a tio n  w ere p e rfo rm ed  according 
to  th e  m eth o d  described  prev iously  (Varga  e t  al. 1973). The in h ib ito ry  effect of a g iven com 
p o u n d  was ca lcu la ted  fro m  4 p a ralle l m ea su re m e n ts  for each  co n cen tra tio n  and  expressed  
in p e r cen ts of th e  co n tro l value.

D eterm ination o f  L D 50. The com p o u n d s w ere ad m in istered  by  th e  in tra p e rito n ea l ro u te , 
each  dose to  a t  lea s t 6  an im als . The ra ts  w ere observed  for th ree  days. T he LD 5 0  va lue  was 
c o m p u ted  according to  th e  m eth o d  o f L it c h f ie l d  and W ilc o x o n  (1949). C onfiden tial lim its 
(9 5 % ) were calcu la ted  e x ce p t for cases w hen  o n ly  tw o doses fell be tw een  th e  16%  an d  84%  
lim its , o r w hen on ly  a p p ro x im ativ e  v a lu e s  w ere  needed.

Statistical analysis. Significance w as c a lcu la ted  according to  th e  t m eth o d . The tab les 
a n d  th e  te x t  give m ean  va lues +  S.D .

Results

Relationship between chemical structure and prolongation o f hexobarbital 
sleeping time

In our previous investigations (Varga  et al. 1973) H-718 was shown  
considerably to prolong hexobarbital sleeping tim e. Substitution  of the 
benzim idazole ring in H-718 by benzoxazole (H-717) or benzthiazole (H-716)
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did not affect the hexobarbital anaesthesia prolonging effect (Table I). Thus, 
these three ring system s m ay be considered bioisosteric as far as the prolonging  
effect on hexobarbital sleeping tim e is concerned. Lengthening (H -1256) or 
om ission  (H-227) of the alkyl chain connecting the benzim idazole and pyridine 
ring decreases, though does not abolish, the activ ity  o f the com pound.

The presence of the pyridine ring is necessary for the action, as proved  
by the data o f Table II. Even very  high doses of benzim idazole or m ethyl- 
m ercaptobenzim idazole fail, by them selves, to prolong hexobarbital sleeping  
tim e. A lso ineffective are H-775 and H -941. However, the 4-pyridyl analogues 
of th ese tw o com pounds (H-792 and H-950) are m arkedly prolonging hexo-

ТаЫе I

P D 300 and toxicity  o f  H -718 a n d  some related com pounds in  the rat

Com pound
r =  43 Pf>300,

m g/kg 
i. p.

LI)jo (mg/kg) 
(95%  c. 1.) 

i.p .

H -7 1 8 0C38“ch'“e 10.5
314

(2 6 6 — 3 70)

H - 2 2 7 0C3* 44 230

H -1 2 5 0 CX38—--* 15.2
154

(1 3 3 -1 7 7 )

H —717 10
293

(244 -  351)

H —710 C O --- 9.3
304

(2 9 8 -4 4 4 )

H —827 0CVch-e 9.1

н_ш CO-8 38
280

(215 -  304)

T h e  com pounds w ere ad m in istered  30 m in u tes  p rio r to  h ex o b a rb ita l (75 m g/kg  i.p .) . 
D u ra tio n  o f ac tio n  of h e x o b arb ita l in  co n tro l ra ts :  17 ±  4 m in  (n  =  82). P D 3 0 0  =  e s tim a te d  
dose o f a co m p o u n d  th a t  prolongs h ex o b arb ita l sleeping tim e to  fou rfo ld  o f th e  co n tro l v a lu e
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Table II

P rolongation o f  hexoborbital sleeping tim e ( H S T )  in  rats after pretreatm ent w ith  benzimidazole. 
2-methyl-mercaptobenzthiazole, H -775 and H -941 , and  the toxicity o f  the compounds

Compound S tru c tu re
Dose,
m g/kg

i.p .

H S T
p ro lo n g a tio n  
vs. con tro ls , 

p e r c en t

LD 50,
m g/kg

i.p .

CO 300 18 > 700

300 - 2 5 > 6 0 0

H -7 7 5
„ . o X X C 8“ ™'

75 128 275

H -9 4 1 ch2- ^ 3
C J C n ^ L c h 2- c h 3 о

50 -1 5 180

T he com pounds w ere adm in iste red  30 m in u te s  p rio r to  h e x o b arb ita l (75 m g/kg i.p.). 
S leep ing  tim e of co n tro l ra ts :  18 ±  3 m in  (n =  12)

Table III

Effect o f  N -m ethyl-pyrid ine  analogues o f  H -716 , H -827 and H -223  
on hexobarbital sleeping tim e ( H S T )  in  the rat

C om pound X II P V

Dose,
m g/kg

i.p .

HST
pro longation  
vs. con tro ls , 

per cen t

I.Dso, 
m g/kg 

i. p.

H — 716 — Q
/  \  и-i

R — S — C H 2— N — C H 3 40 10 120

H — 827 — Q R - С Н з — СНз 10 - 18 35

H - 2 2 3 - Q R— C —  CHi 30 25 80

The com pounds w ere adm in iste red  30 m in u te s  p rio r to  h e x o b a rb ita l (75 m g/kg i.p .). 
S leeping tim e of co n tro l ra ts :  14 ±  3 m in (n  =  24)
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barbital sleep (Table IY), due to the inhibition o f  the m etabolic transform ation  
o f hexobarbital (Table V II).

Quaternization o f the nitrogen atom  o f the pyridine ring abolishes the  
hexobarbital anaesthesia-prolonging effect; no such action can be dem onstrated  
even  in subtoxic doses (Table III).

The position o f the pyridine ring can also m odify the strength  o f the  
action . All the seven com pounds shown in Table Y II prolonged hexobarbital

Table IV

Prolongation o f  hexobarbital sleeping tim e ( H S T )  in  rats after pretreatm ent 
w ith some 2-, 3- and  4-substituted p y r id in e  derivatives

Com pound
- н й :N

Position of 
pyrid ine 

bond

Dose,
m g/kg

i.p .

H ST
prolongation  
vs. contro ls, 

per cen t

LHso.
m g/kg

i.p .

C l— c h 2- r

2

4

2 0 0

2 0 0

77

186

500

500

О Н —C H 2—C H 2- C H 2—R

2

3
4

20 0

2 0 0

2 0 0

- 2 0

128
155

900
940
920

H —552 COO— C H 3- C H 2—C H 2—R

2

3
4

150
150
150

06
138
165

430
425
475

H -  595

C H 30 -

C H 30 ^ {  \ — C H 2— N H —C H -— R

2

3
4

100

100

100

42
147
283

235
270
250

H -  950
C ^ °

X N - C H 2 — R

<iJ— CH2—CH3
N

2

3
4

50
50
50

33
174
320

325
285
310

H — 792

2

4

30

30

85

550

H — 718
O C > “

2

3
4

25
25
25

58
240
721

380
345
314

T h e  com pounds w ere adm in iste red  30 m in u te s  p rio r to  h ex o b arb ita l (75 m g/kg  i.p .) . 
S leeping tim e  of con tro l ra ts :  15.8 ±  3.1 m in  (n  =  68). F o r d e te rm in a tio n  of H ST a n d  L D .„ . 
see M ethods 60
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sleeping tim e sign ificantly  longer (p <  0.05) than  their 2-pyridyl analogues. 
The activ ity  of the 3-pyridyl analogues was betw een the two former ones. An  
intraperitoneal dose o f 25 m g/kg of the 2-pyridyl analogue of H -718 prolonged  
sleeping tim e by 58% . The P D 300 value o f th is com pound is 165 m g/kg, w hile  
th a t o f the 4-pyridyl congener (H-718) 10.5 m g/kg. W ith the m ajority o f the  
com pounds shown in Table IV, the dose effect curves of the 2-pyridyl and the  
4-pyridyl derivatives were not parallel, these o f the latter running steeper. 
The P D 300 of som e 2-pyridyl derivatives could n ot be determ ined. For in 
stance, the 2-pyridyl analogue of H-595 prolonged sleeping tim e b y  230%  
even  in a dose o f 250 m g/kg. Great differences in efficiency were revealed on 
com paring the seven groups o f com pounds. For instance, the P D 300 o f 4- 
picolylchloride was more than 300 m g/kg w hile th a t o f H-716, 9.3 m g/kg.

It is obvious from  the data presented th a t the presence o f the pyridine  
ring is necessary for the prolonging effect on hexobarbital sleeping tim e. 
Pyridine by itse lf prolongs hexobarbital sleeping tim e, its P D 300 is more than  
350 mg/kg. Its exact P D 300 value could not be determ ined since the substance  
exert a marked central depressant effect in  doses from 200 to  500 m g/kg. 
M oreover, pyridine pretreatm ent caused anaesthesia even in anim als given a 
subhypnotic dose o f hexobarbital (30 m g/kg intraperitoneally). The sleeping  
tim e was 43 ^  6 m in after 200 m g/kg (n =  5), and 77 ^  9 m in after 400 
m g/kg (n =  5). The efficiency of the com pound is determined by the m oiety  
of the molecule attached  to the pyridine ring. As seen from Tables I, IV and 
V , the structure o f the carrier molecular part m ay be widely different, w ithout 
any common structural—chemical resem blance.

In the case o f the m ost active com pounds, the sleep-prolonging effect 
was evident after doses as low as 1/60— 1/30 o f the LD50. In th is dose range 
the compounds exerted  no other pharm acological effect.

Prolongation o f  ethyl ether sleeping time

W hen com pared w ith the controls on ly  tw o compounds out o f the sub
stances shown in Tables I, IV and V prolonged ethyl ether sleeping tim e. 
These were H -729 (85%  prolongation after 50 m g/kg), and H -1484 (175%  
prolongation after 50 m g/kg). Lower doses (25 mg/kg) did not potentiate  
eth y l ether anaesthesia; on the other hand, th ey  prolonged hexobarbital 
sleeping time.

The duration o f ethyl ether anaesthesia was prolonged by 93%  after 
200 mg/kg of pyridine and by 217% after 400 m g/kg of it.

Changes in the p lasm a hexobarbital level

In Fig. l , t h e  plasm a hexobarbital concentrations of control and treated  
anim als are p lotted  against tim e. Of the com pounds seen in Fig. 1, it  was the
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preparation H-716 which m ost m arkedly increased the plasma half-life of 
hexobarbital, while H-1212 was the least effective. The order of efficiency  
showed a good agreement w ith the prolonging action on hexobarbital sleeping  
tim e (cf. Tables I, IV and У).

Table V

P D 300 o f  some 4-substituted p yr id in e  derivatives

C om pound II Ö PD300,
m g/kg

i.p .

LDso (mg/kg) 
(95%  c. 1.) 

i.p .

H -1 2 1 2
h 2n

. C - S — C H 2— R
H.V

135 165

H —1239 CH2— В 40
145

(120-174)

H -  1484

0

H o C i - f V C H - E

T / J
15.5

96
(7 4 -1 2 5 )

H —1482 O t/ h/t" 28
203

(155-264)

H -  1461
— CO—C H = C H — R

19
224

(174-280)

H — 75G

N  N

16

T h e  com pounds w ere ad m in iste red  30 m in u te s  p rio r to  h ex o b arb ita l (75 m g /k g  i.p .) . 
D u ra tio n  of a c tio n  of h ex o b arb ita l in  con tro l ra ts :  16.5 ±  3 m in  (n  =  52). P D 300 =  es
tim a te d  dose of a com pound th a t]  p ro longs h e x o b a rb ita l sleeping tim e  to  fo u rfo ld  o f th e  
co n tro l v a lue

As seen in Table IV, H-718 prolonged sleeping tim e longer than did the  
3-pyridyl or 2-pyridyl analogue o f the com pound. This difference was also  
m anifest in the effect on the plasm a hexobarbital level (Table VI).

Pyridine, in an intraperitoneal dose of 400 m g/kg, also retarded the  
decrease o f the plasma hexobarbital level. T hirty m inutes after the intra-

Acta Physiologica Academiae Scientiarum Hungaricae 44, 1973



242 F. VARGA et al.

venous adm inistration o f 75 mg/kg o f hexobarbital, its plasm a level was 
23 =j:; 5 pg/ml in control animals (n =  7) and 41 +  5 /tg/ml in pyridine- 
treated  rats (n == 10). The difference was significant statistically  (p <[ 0.05).

Tim°, min

F ig . 1. Decrease o f p la sm a  h ex o b arb ita l co n ce n tra tio n  in  ra ts  p re tre a te d  w ith  various com 
p o u n d s. H-716 (20 m g /k g ), H-1461 (30 m g/kg), H -1482 (50 m g/kg), H-595 (100 m g/kg) and  
H -1212 (100 m g/kg) w ere in jec ted  in tra p e rito n ea lly  30 m inu tes p rio r to  th e  in trav en o u s  
ad m in is tra tio n  of h e x o b a rb ita l  (75 m g/kg). E ac h  p o in t represen ts th e  m ean  va lue  + S .D .,

for e ig h t r a ts

Table VI

P lasm a hexobarbital concentrations in  rats pretreated w ith H -718  
or its 3 -pyridyl and 2 -p yrid y l analogues

H exobarbital concentration, ju.g/ml

30 m in 60 min 90 min

Control 18 ±  4* 10.6 ±  3 6.4 ±  2.1

H-718 54 +  6 47 ± 5 38 ± 4

3-pyridyl analogue o f  H-718 35 +  5 29 ± 4 20 ± 3

2-pyridyl analogue o f H-718 24 +  4 15 ± 4 10.2 ±  3

* M ean ±  S .D . fo r  seven ra ts . The com p o u n d s (40 m g/kg i.p .) w ere ad m in iste red  
30 m inu tes p rio r to  h e x o b a rb ita l  (75 m g/kg i.v .) . V alues for p lasm a h ex o b a rb ita l c o n ce n tra 
tio n  m easured one a n d  h a lf  hour a fte r th e  a d m in is tra tio n  of h ex o b arb ita l d iffered  sign if
ic a n tly  (p <  0.05)

Inhibition of hexobarbital oxidation in the microsomal fraction o f  the liver

Biotransform ation of hexobarbital w as inhibited by all 4-pyridyl deriv
atives. Some pertaining data are shown in Table V II. Pyridine in itse lf  was 
also inhibitory w hen used at high concentrations. Thus, pyridine retards the

Acta Physiologica Academiae Scientiarum Hungaricae 44, 1973



INHIBITION OF HEXOBARBITAL METABOLISM 243

Table VII

Inhib itor effect o f  some compounds on hexobarbital metabolism in  rat liver microsomes

Compounds
PD300,
mg/kg

i-P-

Inhibition of hexobarbital oxidation in per cent

mol/litre

l x l O - 8 3 X IO-4 1 X IO- 4 3x IO-5 1 X 10_s

pyrid ine >  350 4 7 25 — — _
4-picolylchloride >  300 6 i 22 — — —
H-552 280 5 5 37 22 — —

H-1212 135 68 41 30 — —

H-950 48 82 54 33 — —

H-1482 28 — 73 45 29 —

H-1461 19 — 80 44 33 —

H-792 19 — 76 57 22 —

H-716 9.3 — — 78 45 31

F o r de ta ils , see M ethods

decrease of the plasm a hexobarbital level and increases the duration of sleeping 
tim e b y  inhib iting the oxidation o f hexobarbital. The P D 300 value o f pyridine 
cannot be determ ined exactly  as the com pound not only prolongs but also 
potentiates the effect of hexobarbital. No close parallelism  can be expected  
betw een the inh ib itory effect m easured in vitro and the sleep prolonging 
potency in v iv o , in view  of the presum ably different distribution, protein 
binding, elim ination velocity, etc ., o f  the com pounds. Taking this into account, 
the parallelism  observed in the order of efficiency in v ivo and in vitro m ay be 
regarded as satisfactory.

Discussion

The pyridine ring plays a decisive part in the inhibitory effect o f the 
com pounds investigated  on the m etabolism  of hexobarbital. Substitution of 
the pyridine ring in  some com pounds by a benzene or furán ring practically  
abolishes the a c tiv ity  (Table II). Q uaternarization of the nitrogen atom  in the 
pyridine ring has th e  same consequence (Table III).

K o s t  et al. (1967) dem onstrated considerable differences in the central 
nervous and autonom ic actions o f 2-pyridylethylam ine and 4-pyridylethyl- 
amine. In the experim ents of C o p e r  et al. (1968) 250 m g/kg o f 2-acetylpyridine  
prolonged hexobarbital sleeping tim e by 34% , and 50 m g/kg of 4-acetylpyridine  
by 100% . In the present experim ents, the hexobarbital anaesthesia-prolonging  
effect o f 4-, 3- and 2-pyridyl analogues was com pared in seven groups of 
com pounds. In all the cases, the 4-pyridyl derivatives proved to be more
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potent prolonging agents than their 2-pyridyl analogues (Table IY). Thus, the  
peak effect is achieved if  the carrier pyridine ring is attached to the hapto- 
phore molecular m oiety  in para position .

The haptophore m oiety in itse lf  is ineffective (e.g. benzim idazole or 
m ethylm ercaptobenzim idazole), and its chem ical structure m ay differ w idely  
(Tables I, IV and V). H ow ever, it  p lays an im portant part in the inhibitory  
potency. Certain haptophore groups such as 1-propanol increase only slightly  
the inhibitory action o f pyridine on drug m etabolism  while other groups, e.g. 
benzim idazole, augm ent it considerably. On a molecular w eight basis the  
prolonging effect o f H -716 on hexobarbital sleeping tim e is about 100 tim es as 
strong as that of pyridine. Pyridine, nicotinic acid amide and m etyrapone were 
show n to be bound to  the m icrosom al cytochrom e P-450, the assum ed type  
II , or aniline-type, binding site [the pertaining literature has been review ed by  
M a n n e r i n g  (1972)]. The com pounds presented in this paper probably also 
exert their effect by being bound to the type II binding site. Still, the function  
of the haptophore group in the m anifestation  of the inhibitory action remains 
unclear.

The potency o f the fiv e  m ost active com pounds (H -716, H -717, H -718, 
H -827 and H-1461) was compared in mice, rabbits and dogs. As regards the  
prolongation of hexobarbital sleeping tim e, the duration of action, and the  
to x ic ity , in these anim al species com pounds H-718 proved to be som ewhat 
more advantageous and more effective than did the other com pounds (un
published investigations).
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EFFECT OF BETA ADRENERGIC BLOCKING 
ON THE ARRHYTHMIAS FOLLOWING 

CORONARY LIGATION IN RAT

By

I. K e n e d i  and A . L o so n c i

HUNGARIAN ARMY M EDICAL CORPS 

(R eceived F e b ru a ry  12, 1973)

L ig a tio n  o f th e  le ft coronary  a r te ry  accord ing  to  S e l y e  e t al. (1960) p ro d u ced  
in 19 o u t o f 20 ex p erim en ts  a rrh y th m ia  d iffe ren t in sev erity  an d  d u ra tio n .

In  15 o u t  o f  20 ex p erim en ts, p re tre a tm e n t w ith  200 /rg o f  p ro p ran o lo l pe r 100 g 
of b o d y  w eigh t no rm alized  h e a r t fu n c tio n  w ith in  15 sec. In  11 cases th e  Q R S d im inished 
g rad u ally . E x tra sy s to le  was observed  in  n o t m ore th a n  tw o cases. V en tricu la r f lu tte r  
an d /o r f ib rilla tio n  occurred  in  six an im als , in  th re e  w ith  fa ta l  ou tcom e. In  12 ex p eri
m en ts  f req u en cy  g rad u a lly  decreased  an d  th e  h e a r t  s to pped . In  these  cases th e  h e a r t  
w as d ila ted  w ith  a n  aneurysm -like  bu lg ing  o f th e  ak in e tic  ischaem ic le ft ven tric le .

A fter p re tre a tm e n t w ith  20 //g o f p indolo l co ro n ary  lig a tio n  w as perfo rm ed  in 
24 cases. In  th re e  ex p erim en ts no a rrh y th m ia  occurred . W ith  th e  excep tion  of th ree  
an im als w hich  d ied , h e a r t  func tion  w as no rm al u n til  th e  7 th  o r 8 th  m in u te  w hen te m 
p o ra ry , sp o n tan eo u s ly  d isappearing  ectop ic  c en te r  becam e m an ifest. No d ila ta tio n  
of th e  h e a r t  w as obse rv ed  e ither in  th e  th ree  an im als w hich  died  or in  those  ex am ined  
a fte r  10 m in u te s  a n d  24 hours, and  th e  ischaem ic le ft v en tric le  ap p ea red  to  c o n tra c t 
norm ally .

T w en ty  co ro n ary  ligations w ere p e rfo rm ed  a f te r  p re tre a tm e n t w ith  300 /ig  o f 
p rac to lo l pe r 100 g of body  w eight. In  th e  m a jo rity  o f cases th e  lig a tio n  was soon 
follow ed by  re g u la r  sinus rb y th m . In  seven cases th e  ECG in d ica ted  conduction  d is
o rders (in fiv e  cases second degree a tr io v e n tr ic u la r  block an d  in  tw o  cases bundle  
b ran ch  block). In  fo u r cases irreversib le  v e n tr icu la r  f lu t te r  an d /o r fib rilla tio n  occurred . 
T hree  ex p erim e n ts  en ded  also fa ta lly  in  less th a n  10 m in u tes . A t th e  end  of th e  ex p eri
m en t in  five cases m ark ed  bulging and  akinesis o f th e  le ft ven tric le  w as fo u n d  an d  
in  a n o th e r th re e  cases only the  left v en tric le  d isp lay ed  a poor m o tility .

In a previous stu d y  on the ligation o f the left coronary artery by means 
of S e l y e ’s m ethod we have described the types and incidence o f arrhythm ias 
occurring in the acute phase (K e n e d i  and L o s o n c i  1973). Pretreatm ent w ith  
small (1 f i g  per 100 g o f  body weight) and large (10 f i g  per 100 g o f body weight) 
doses o f isoproterenol enhanced the tendency to arrhythmia w ithout raising  
lethality . In the present experim ents, we have studied the effect o f the be- 
ta ly tic  agents propranolol, pindolol and practolol.

Method

W hite  ra ts  o f b o th  sexes and  of 200 g average b o d y  w eigh t were su b jec ted  u n d e r su p er
ficial e th e r  a n aesth es ia  to  th o raco to m y  an d  left co ro n ary  lig a tio n  accord ing  to  S e l y e  et 
al. (1960). P rio r to th e  o p en in g  of th e  th o ra x  in  20 ex p erim en ts  200 /гg per 100 g of b od y  w eigh t 
o f p ro p ran o lo l (In d e ra l, IC I), in  24 experim en ts  20 fig  o f p indolo l (V isken, Ë G Y T — Sandoz) 
and  in  20 experim en ts  300 //g  p e r 100 g of b o d y  w eigh t o f p ra c to lo l w ere in jec ted  in to  th e  fem ora l 
vein. T he effect of th e  d ru g s  w as observed on th e  ECG ta k e n  tw o m in u tes  a fte r  a d m in is tra tio n .
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A fte r th o raco to m y  th e  E C G  w as co n tin u o u sly  reco rded  in  th e  f ir s t  lead  for 10 m in u te s  OI 
till d e a th  o f th e  an im al. A t th e  end  of th e  e x p e rim e n t th e  h e a r t  w as in sp ected  a n d  th e n  sub
je c te d  to  h isto logical ex am in a tio n . R esu lts  o f ea rlie r experim en ts  an d  sham  o p e ra tio n s  served 
as con tro ls ( K e n e d i  a n d  L o s o n c i  1973).

R esu lts

In 20 experim ents two m inutes after propranolol adm inistration, slight 
bradycardia appeared on the ECG w ith  unchanged w aves and a clocklike 
regularity.

In the first phase following coronary ligation irregular ventricular  
tachycardia and com plete AY block appeared just as in the control experi
m ents, w ith the sole difference that in the m ajority o f cases the w aves o f the  
autom atous rhythm  were low.

After coronary ligation, closing o f  the thorax and draining of the pneum o
thorax, com pletely regular sinus rhythm  appeared in 15 animals in less than  
15 sec. Tn 11 experim ents, a gradual lowering of the QRS occurred (Fig. 1). 
E xtrasystole was observed in not more than two experim ents. In one case 
ventricular prem ature beat was follow ed by ventricular tachycardia and 
later by ventricular flu tter  (Fig. 2); th is animal survived for 24 hours. In five  
experim ents, ventricular flu tter appeared, in one animal it changed into  
fibrillation. In addition , in one anim al ventricular fibrillation appeared 8 
seconds after ligation. Out of the six  grave arrhythm ias three were lethal. In 
12 experim ents breathing became superficial then stopped. In the ECG the 
R —R interval gradually lengthened w ithout a change in QRS size. In the 
deceased animals, a dilatation o f the heart by alm ost 50% was found. The 
pale left ventricle was bulging and akinetic.

base
ECG

III aVk aVi dVF

2 min after 
propranolol

exposure of 
the heart

after
ligation

continued

continued

2 min 
later

I

25 mm/sec
I

* fi *■ I* I \  A A 1  ̂ N л A *i * A  ̂ *
25 mm/sec
I

25 mm/sec 
I________
50 mm/sec

Fig. 1. R egu lar ECG  a fte r  200 /лg per 100 g o f bod y  w eigh t o f p ropranolo l. I rreg u la r  v e n tr ic 
u lar ta ch y ca rd ia ] a f te r  exposure  of th e  h e a r t .  A fter coronary  lig a tio n  th e  sinus rh y th m  is 

ra p id ly jre -e s tab lish e d . G radual d im in u tio n  of Q R S th en  slowing of h e a r t  fu n c tio n
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Three o f the five  surviving animals were sacrificed in the acute stage  
when the same bulging of the left heart was found as in the anim als w hich died 
during the experim ent. In two experim ents the animals were left alive for 24 
hours after coronary ligation and when one day later their thorax was opened  
the anterior surface of the left ventricle was pale in a circumscribed m anner, 
did not bulge forward and the size o f the heart was the sam e as in the controls.

bast
ECG
propranolol, I 
200ug/100g

I II 
50mm/sec

aVp aV,

body weight so  mm/sec
afttr I
ligation (L)

continued

25 mm/sec 
I

25mm/sec
9min after I
ligation u m

_________  25mm/sec

continued *
_________  25mm/sec

Fig.*, 2. A fte r p re tre a tm e n t w ith  200 fig  o f p ro p ran o lo l and  co ro n ary  lig a tio n  sinus rh y th m  
is ra p id ly  re -estab lished . 9 m inu tes la te r  e x tra sy s to le , v e n tricu la r  f lu tte r ,  th e n  (6 th  row ) 
v en tricu la r p a ro x y sm al ta c h y ca rd ia  a n d  fin a lly  (10 m inu tes) single a n d  serial e x tra sy s to le . 
O n jth e  ECG  ta k e n  15 m inu tes a n d  24 h o u rs  a f te r  co ro n ary  lig a tio n , th e  EC G  signs o f an  

in farc tio n  of th e  a n te rio r  w all ap p ear

In 24 experim ents pindolol, a drug which has no depressing action on 
heart contractions was adm inistered intravenously as pretreatm ent. Two 
m inutes later the ECG becam e conspicuously rhythm ic w ith  slight brady
cardia. No decrease in QRS was visible after coronary ligation , neither was the  
ventricular autom atism  characterized by sm all waves (Fig. 3). In m ost cases, 
one m inute after ligation the sinus rhythm  was reestablished, in 16 cases w ith  
high, in 8 cases w ith  low  QRS.

The continuously recorded ECG rem ained in three anim als regular up to 
the end. In 18 cases it  was regular only for 7 to  8 m inutes when the follow ing  
disturbances were observed: in 13 cases single or short series of extrasysto le , 
in 11 cases paroxysm al ventricular tachycardia (Fig. 4) w hich changed in  7 
cases into extrasystole; in 6 experim ents ventricular flu tter (changing into  
fibrillation in tw o cases); and in three cases, independent ventricular fibril
lation. In th is arrhythm ic period a spontaneously disappearing 2 : 1 AY block
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occurred in 4 cases. O f the 21 animals surviving the acute phase 10 m inutes 
after ligation, fiv e  show ed a Q wave in the first lead and eight a dom elike ST 
elevation. In 24 experim ents the animals were allowed to  live for 24 hours. In  
each of these anim als a deep Q w ith an elevated  ST appeared in the first, 
aVL and V2_4 leads. The heart was not dilated  in the three animals which

base 
EC G

I

50 mm/sec
LB A6 
20 pg/lOOg 
body weight 
exposure of 
the heart 
stitching of the 
left coronary
artery______
immediately 
after ligation
1/2, min slow 
idio-ventricular 
rhythm

I

25 mm/sec
1 —r~L_-----———

25 mm/sec
1 - A_____A____ A_____1 * 1 1 » _____ A

25 mm/sçc

2 min

10 min

AAAAAJUAAAJlAAAAAAAAJUUU -AJVA-N-A- 25 mm/sec 50 mm/sec
11 II V. v6

------- ^ - w w v w V __  __

F ig . 3. A fter a d m in is tra tio n  of 20 /ig per 100 g o f b o d y  w eigh t o f p indolo l, ECG  sy m p to m s 
o f th e  p re p ara to ry  ph ase  (row s 3 and  4) ap p ear. T h ir ty  seconds a f te r  lig a tio n  slow id io -v en tric 
u la r  rh y th m  w ith  h ig h  R  w ave. F rom  th e  second  m in u te  onw ard , reg u la r sinus rh y th m

base
ECG

II

50 'mm/sec

LB 46 
20 /ug/lOOg 
body weight 
exposure ot 
the heart 
stitching the 
left coronary 
artery_______

I

5 0 mm/sec

25 mm/iee

25 mm/sec
i r m t r-

normalisation j 
of the -Ч М -
rhythm 25m m /t
6 min I
after ligation -*25 mm/sec

10 min
after ligation

24 hours 
after ligation

50mm/sec 
I II

50mm/sec

Fig. 4. A fter th e  a d m in is tra tio n  of 20 /(g o f p indo lo l EC G  sy m p to m s re la te d  to  th e  exposure  
o f th e  h e a rt and  co ro n ary  lig a tio n  appear. A fter lig a tio n , sinus rh y th m  is ra p id ly  resto red . 
E ig h t m inutes la te r  v e n tr ic u la r  p a ro x y sm al ta c h y c a rd ia  sets in. On th e  EC G  ta k e n  10 m in u te s  

an d  24 h o u rs  a f te r  ligation , signs o f  a n  an te rio r  w all in farc tio n
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died during the experim ent, nor in those surviving 10 m inutes and 24 hours, 
nor was the left ventricle bulging.

In 20 experim ents the intravenous adm inistration of practolol was 
found to abolish spontaneous arrhythm ia. Two m inutes later the QRS w as 
m ostly  conspicuously low  (Fig. 5). In  12 cases sinus rhythm  was restored soon  
after draining of the pneum othorax. In 13 experim ents the QRS was rem ark
ably high after ligation , while in f iv e  cases it rem ained low . Practolol had a 
m arked blocking effect on conduction; in five experim ents a second degree AY  
block w ith rhythm ical P waves (F igs 6 and 7) and in  tw o experim ents a re
versible bundle branch block (Fig. 5) was observed. Fleterotopic stim ulation  
was frequent. In eight experim ents single extrasystole and in four, ventricular  
flu tter, viz. ventricular fibrillation occurred. The la tter  was always o f fatal 
outcom e. Thirteen anim als pretreated w ith practolol survived the ligation , 
but 10 m inutes later they  displayed signs of a fresh anterior infarction w ith

base 2 min
ECG —*— *-------- -'— *—  --------------- after

50mm/sec practolol

JLiJULAJLAJVJuAJjUUUUULLA
ligation

after _ ^ ^ ^ ^  
ligation

10 min
after
ligation

F ig. 5. C oronary  lig a tio n  a f te r  p re tre a tm e n t w ith  300 /ug pe r 100 g of bod y  w eigh t o f p ra c  
tolol. A te m p o ra ry  b u n d le  b ra n ch  b lock  w as produced  (2nd ro w ) fo llow ed b y  sinus b ra d y  
card ia  w ith  regu lar Q R S . A t th e  end of th e  acu te  phase, signs o f a n  a n te rio r  wall in fa rc tio n  

ap p ear (deep Q in  aVL, dom elike ST elevation  in lead s I ,  I I  and  V4,5)

base
ECG —̂ ^ ---1'-l l- A t---1---1---Qft0["

50 mm/sec practolol

after1 J-—l—!--L_L________lv_L_L_h_L_i_Í--1_Ш ч.
ligation

9 min 
after 
ligation

P P P P  P P P P  P P P

F ig . 6. A fte r the  a d m in is tra tio n  of 300 /ug pe r 100 g of bod y  w e ig h t o f p racto lo l th e  Q R S  
is consp icuously  low. A fte r  co ronary  lig a tio n  th e  sinus rh y th m  w as re -estab lished  w ith  h igh  
R  w ave (2nd  row ) fo llow ed in  th e  9 th  m in u te  b y  a 2 : 1 AV b lock . A fte r  ex trasy sto le , le th a l 

v e n tr icu la r  f ib rilla tio n  developed . P ap er speed, 50 m m /sec
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deep  Q in the aVL lead and dom e-like ST elevation in the first, second and 
le ft  thoracic leads (F ig. 5).

After the experim ent w ith  practolol pretreatm ent, the anterior wall o f 
th e  le ft ventricle was con sisten tly  paler in a circumscribed area, in five cases 
it  bu lged  forward and failed to contract. As a m anifestation o f a milder negative

5 min 
after 
ligation

P P P P P P  P P  P 

continued '------------ s N -----------*— "-------N 

P P P P P P P P

F ig .  7. T he coronary  w as lig a ted  a f te r  p re tre a tm e n t w ith  p racto lo l. R e g u la r  sinus rh y th m  
w ith  e le v a te d  ST in te rv a l. F iv e  m in u te s  la te r  som e P  w aves were b lo ck ed  to w ard s the  v en 
tr ic le .  B eside  th e  co n d u ctio n  d is tu rb an ce  in  th e  3 rd  row , tran s ito ry  v e n tr ic u la r  tach y ca rd ia

w ith  e ig h t w aves

in otrop ic  effect in another three cases the left ventricle was akinetic w ithout 
b u lg in g  forward.

The influence o f the three beta receptor blocking agents on the arrhyth
m ias following coronary ligation  and on survival o f the acute phase is sum 
m arized in Table I.

It appears from Table I that the incidence o f ex trasysto le  following 
coronary ligation is sign ificantly  reduced b y  pretreatm ent w ith  some beta  
b lock in g  agent. According to the x 2 test this reduction is h igh ly  significant 
(p <  0.01) for propranolol and practolol, while in the case o f  pindolol the 
v a lu e  o f p was 0.03, thus th is too was an assessible difference against the  
control.

As regards the death rate of ventricular arrhythm ia, there was no dif
feren ce between the control group and the group pretreated w ith  pindolol, but

Table I

E ffect o f  beta blocking agents after coronary ligation

P retreatm ent N um ber 
of cases

Extra-
systole

Ventricular
flu tte r
and/or

fibrillation

V entricular 
arrhythm ia, 

death

Death 
in acute 

phase

C o n tro l 2 0 17 8 2 3

P ro p ran o lo l, 200 ^g/100 g 2 0 2 6 3 15

P ra c to lo l, 300 ,ug/100 g 2 0 8 4 4 7

P in d o lo l, 20 /ig/100 g 24 13 9 1 3
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the difference was strongly significant (p =  0.001) in  the case of propranolol 
or pindolol pretreatm ents.

As to to ta l death rate, there was no difference betw een the control and  
the pindolol pretreated groups, while the increase in le th a lity  o f propranolol- 
pretreated anim als was h ighly significant (p =  0.001).

It appears further from Table I th at, though ventricular flu tter and/or 
fibrillation had a lower incidence after practolol pretreatm ent than in any  
other group, this arrhythm ia was always fatal.

H istological tests provided the explanation for the different effects o f  
propranolol and pindolol pretreatm ent.

The gross and microscopic effects of propranolol pretreatm ent are show n  
in Fig. 8A and B. In the section perpendicular to the longitudinal axis at th e  
centre of the ventricles, the contracted left ventricle is thickened, has a large  
volum e and the ventricular septum  bulges towards the splitlike right v en 
tricle. The vessels are congested and around the coronary, some areas are 
defin itely oedem atous. Very marked, m ainly venous dilatations are v isib le  
subepicardially w ith haemorrhages among the m uscle fibres. Some m uscle 
nuclei hardly take the stain. There is a diffuse slight leucocytic infiltration. 
The m ost pronounced signs o f  infarction appear along the right ventricular  
septum , in the subepicardial layer of the anterior w all and in a som ew hat 
slighter form in the subepicardial layer of the w all o f the left ventricle.

/

Fig. 8. A :  A fter p roprano lo l p re tre a tm e n t th e  d ila ted  le ft v en tric le  is seen on th e  cross-
section  of th e  h e a r t
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F ig . 8. В : S tasis in th e  a rte rie s  an d  v e ins, oedem atous a reas a ro u n d  th e  coronary

The picture o f the heart after coronary ligation under the effect of 
pindolol is shown in Fig. 9A and B.

In the section perpendicular to the longitudinal axis at the boundary of 
the middle and lower thirds, both ventricles are dilated. In the histological 
picture the vessels are bloodless. The weak staining or its lack, especially in

Fig. 9. A :  C oronary  lig a tio n  a f te r  p indo lo l p re tre a tm e n t. No d ila ta tio n  of le ft v en tric le
ap p ea rs  on  th e  h e a r t ’s cross-section
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F ig . 9. В : W eak  or m issing nu c lear s ta in in g  in d ica tes su b ep ica rd ia l in farc tio n

the subepicardial layer, indicates an infarction. Small haemorrhages and leuco
cytic infiltration are visible.

D isc u ss io n

According to our experim ents, arrhythm ias follow ing ligation o f the left 
coronary and due to enhanced ectopic beats are reduced by beta receptor 
blocking drugs. Of the three investigated  beta blocking agents, propranolol 
had the strongest antiarrhythm ic effect. This drug is, however, unsuited for 
suppressing the ectopic beats after infarction, because it greatly reduces 
contractility  and causes a paradoxical m ovem ent o f the left ventricle whose 
tone has been w eakened by ischaem ia, so that finally  its contracting ability  
is lost (akinesis) and the ventricular wall bulges passively forward. This 
process causes first a reduction in systo lic  output and later heart arrest. The 
hearts o f the three rats which survived the acute stage also d isplayed an 
aneurysm like bulging o f the left ventricle. The hearts o f the two rats which  
survived for 24 hours showed only ischaem ia, the conspicuous sym ptom s of  
the negative inotropic effect o f propranolol (bulge, akinesis) had disappeared.

An intracellular electrolyte change might contribute to the heart arrest. 
According to H ie j im a  et al. (1968), propranolol causes a decrease to alm ost
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one third of the norm al value o f the myocardial potassium  content while the 
other antiarrhythm ic agents have a negligible effect on potassium  diffusion. 
The marked bulging o f  the ventricular septum  towards the right indicates 
dilatation  of the heart. The disturbed electrolyte equilibrium  m anifesting with  
an increased sodium con ten t o f the cells is supported by the observed oedema.

After pindolol adm inistration , no decrease in the QRS was observed. 
Sinus rhythm  norm alized w ithin one m inute som ew hat slower than in the  
case o f  propranolol. The cause o f the arrhythm ia appearing in 18 experim ents 
in the 7th to 8th m inute and w hich, even in the case o f ventricular fibrillation, 
w as spontaneously abolished, is nuclear. In contrast to  propranolol, the  
favourable survival rate found after the adm inistration of pindolol might be 
explained  with the drug’s haem odynam ic effect. I t  has been shown in dog 
experim ents (L a d d u  and S o m a n i  1972) that at constant coronary flow , 0 2 
ten sion  in the coronary sinus rose, hence m yocardial oxygen consum ption  
decreased. The same w as found in man (D o l d e r  et al. 1971). The other decisive 
difference is the com plete lack o f any depressive effect o f pindolol on the m yo
cardium  (G iu d i c e l l i  et al. 1969; F e n y v e s i  1972).

Practolol is a cardioselective beta-blocking agent w hich causes no 
bronchospasm  and m ay therefore be applied in pulm onary diseases such as 
bronchial asthma or chronic bronchitis. In the ischaem ic area produced by  
coronary ligation its n egative inotropic effect is som ew hat slighter than that 
o f propranolol, but, as shown by our experim ents, this unfavourable side- 
effect must be reckoned w ith. In human therapy practolol is w idely used for 
correcting arrhythm ias after cardiac infarction ( R y m a s e w s k i  et al. 1972). Our 
experim ents have confirm ed the findings of F it z g e r a l d  and W a l e  (1972) 
who demonstrated in the dog that practolol prolonged conduction tim e pro
portionally  to its dose. Consequently, even the m ildest conduction disorder 
contraindicates the adm inistration  of practolol w hich m ight cause a com plete 
block.

On the basis o f  th e  favourable survival rate after coronary ligation, the  
rapid normalization o f rhythm , and for the lack o f a cardiodepressive effect, 
pindolol promises to  becom e a valuable drug against the disturbances o f  
rh yth m  arising in the acute stage o f cardiac infarction. Clinicians too apply  
pindolol without fear to overcom e arrhythm ias, since due to its negligible 
inotropic effect it does not threaten with circulatory failure (S t o r s t e i n  1972).

Despite the antiarrhythm ic effect, after pretreatm ent w ith  betalytic  
agents survival o f coronary ligation was higher only in the pindolol-pre- 
treated  group than in the controls. The explanation the higher lethality  in the  
groups pretreated w ith  practolol and propranolol m ight be found in the negative  
inotropic effect. Though propranolol was the m ost efficacious drug, death rate 
was nevertheless the highest in this group, due to the m arked weakening  
of m yocardial contraction by the drug.
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TEMPERATURE REDUCING EFFECT 
OF OXOTREMORINE IN THE RAT 

AND THE MOUSE

B y

D . Y .  P h a n , L. G y ö r g y , В. Y a r g a  an d  Z .  S z e l é n y i
I N S T I T U T E  F O R  E X P E R I M E N T A L  M E D I C I N E ,  H U N G A R I A N  A C A D E M Y  O F  S C I E N C E S ,  B U D A P E S T ,  

A N D  I N S T I T U T E  O F  P A T H O P H Y S I O L O G Y ,  U N I V E R S I T Y  M E D I C A L  S C H O O L ,  P É C S

(R eceived D ecem ber 22, 1972)

T he e ffec t o f  oxotrem orine  on  core tem p e ra tu re  o f m ice and on core a n d  skin 
te m p e ra tu re  a n d  oxygen co n su m p tio n  of ra ts  h as been  s tud ied .

A t room temperature, oxo trem o rin e  caused a  m ark e d  decrease o f th e  core te m 
p e ra tu re  o f m ice, while i t  ra ised  th e  tem p e ra tu re  o f th e  sk in  on  th e  ta il  a n d  red u ced  
th e  core te m p e ra tu re  of ra ts  and  b ro u g h t ab o u t a  tw o -phase  increase in  oxy g en  con
su m p tio n . T he h y p o th erm ia  w as p re su m ab ly  due to  a h igher h e a t loss.

A t an  am bient temperature o f  16°C, th e  o x o trem orine-induced  rise o f th e  sk in  
tem p e ra tu re  o f ra ts  w as less m ark e d  an d  of sh o rte r d u ra tio n  th a n  a t  room  te m p e ra tu re . 
A t th is  te m p e ra tu re  oxotrem orine  g re a tly  reduced  core tem p e ra tu re  an d  tem p o ra r ily  
reduced , th e n  ra ised , oxygen co n sum ption . R educed  h e a t  p ro d u c tio n  c o n tr ib u te d  to  
h y p o th erm ia .

A t an am bient temperature o f  30°C, o x o trem orine  fa iled  to  raise sk in  te m p e ra 
tu re , h a d  no in flu en ce  on core te m p e ra tu re , or, if  so, ra ised  core te m p e ra tu re  an d  
oxygen  co n su m p tio n .

A tro p in e  su lp h a te  b locked th ese  effects o f oxo trem o rin e , while m e th y la tro p in e  
h a d  no in flu en ce  on  them . O x o trem orine  h y p o th e rm ia  h as i ts  origin in  th e  c en tra l 
ne rv o u s sys tem .

Sm all doses o f u re th a n  b locked  th e  trem o r in d u ced  b y  oxotrem orine  a n d  also 
b o th  phases in  th e  rise of m etab o lism  in  th e  ra t.

D u rin g  re p ea te d  o x o trem orine  tre a tm e n t o f  ra ts , th e  core tem p e ra tu re  red u cin g  
a c tiv ity  o f th e  com pound  decreased , while p re tre a tm e n t w ith  trem orine  b locked  o x o 
trem o rin e  h y p o th e rm ia  in mice.

O x o trem o rin e  caused s im u ltan eo u sly  v a so d ila ta tio n  in th e  skin an d  a rise o f 
b lood  pressu re  in  an aesth e tized  ra ts .  T ach y p h y lax is  to  th e  fo rm er developed  ra p id ly , 
to  th e  la t te r ,  slow ly.

T he su p erfic ia l v a so d ila to ry  effec t of oxo trem o rin e  was superio r to  t h a t  of 
ca techo lam ines , acety lcho line , carb ach o l, ch lo rp rom azine, e thano l, v asopressin , an d  
am y ln itr ite .

The tem perature reducing effect o f tremorine and of its active m etabolite  
oxotrem orine, was studied by a num ber of authors in mice ( B l o c k u s  and 
E v e r e t t  1957; K e r a n e n  et al. 1961; E v e r e t t  1964; Sp e n c e r  1965; L é v y  
and M i c h e l - B e r  1967; H a m m e r  et al. 1968; F r i e d m a n  and J a f f e  1969; 
A n k i e r  et al. 1971; St a i b  and S c h r ö d e r  1971; L e s z k o v s z k y  and T a r d o s  
1971; G e r a l d  et al. 1972; Ma l a t r a y  and S im o n  1972) and also in rats ( E v 
e r e t t  1964; F e r r a r i  and G e s s a I  964; Ma i c k e l  et al. 1964; L o m a x  and J e n d e n  
1966; C ox and P o t k o n j a k  1967; K i r p a t r i c k  et al. 1967).

As regards the m echanism  o f action, there is a certain contradiction in 
the literature. Several findings suggested a central point of attack, since the
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tem perature reduction caused by trem orine and oxotrem orine is prevented by  
atropine and other cholinolytics reaching the central nervous system  ( B lo c k u s  
and E v e r e t t  1957; L o m a x  and J e n d e n  1966; H a m m e r  et al. 1968; H e r - 
m a n s o n  1968; L e s l i e  et al. 1972; G e r a l d  et al. 1972), but is not influenced  
b y  parasym pathetic b lock ing  agents containing quaternary nitrogen ( E v e r e t t  
1964; F e r r a r i  and G e s s a  1964; Sp e n c e r  1965; L é v y  and M i c h e l - B e r  1967; 
F r i e d m a n  and J a f f e  1969; St a ib  and S c h r ö d e r  1971). According to other 
data , the peripheral effects of tremorine and oxotrem orine, if  only partly, but 
nevertheless contribute to the tem perature reducing activ ity , since they  are 
also blocked by quaternary parasym pathetic blocking agents (Ma i c k e l  et al. 
1964; L e s z k o v s z k y  and T a r d o s  1971; M a l a t r a y  and S im o n  1972).

The influence on b od y  tem perature o f oxotrem orine and o f other cholin
ergic stim ulants adm inistered to certain regions o f the nervous system  was the  
subject of several investigations. M e e t e r  (1971) showed that intraventric- 
ularly  administered carbachol reduces h eat production in the rat. L o m a x  
and J e n d e n  (1966) claim ed that when adm inistered into the anterior hypo
thalam us of the rat b oth  oxotrem orine and carbachol increased heat loss and 
th e  sam e effect was observed by A n k i e r  et al. (1971) after intraventricular  
in jection  in mice. A v e r y  (1970, 1972) on the other hand, found th a t carbachol 
adm inistered into the anterior hypothalam us o f rats caused hypertherm ia. 
According to Ma i c k e l  et al. (1964), F r i e d m a n  and J a f f e  (1969), cholino- 
m im etics acting on th e  posterior hypothalam us will reduce heat production. 
R u d y  and W o lf  (1972) studied the effect o f carbachol in cats and found 
th a t when the com pound was injected into the hypothalam us, it caused either 
a rise or a decrease in tem perature, depending on the site of injection. Hence, 
the central influence o f  cholinom im etics on body tem perature is a com plex  
effect depending on the site of injections and the dose, as well as on am bient 
tem perature. At low  am bient tem peratures the cholino- m im etics induce 
hypotherm ia ( F e r r a r i  and G e s s a  1964; M a i c k e l  et al. 1964; H a m m e r  et 
al. 1968; A v e r y  1972), while at tem peratures above 32°C th ey  have no 
in fluence or cause a rise in body tem perature (C ox and P o t k o n j a k  1967; 
B l o c k u s  and E v e r e t t  1957; St a ib  and S c h r ö d e r  1971; H a m m e r  et al. 
1968; A v e r y  1972).

Earlier evidence o f  the tem perature reducing effect of trem orine and 
oxotrem orine was indirect and only rarely was their influence on skin tem 
perature tested and their  effect on oxygen consum ption was never measured.

In our experim ents we intended to in vestigate whether the decrease of 
tem perature caused by oxotrem orine was a result o f reduced heat production  
or o f  enhanced heat loss and, provided th is effect w as connected w ith  a higher 
heat loss, whether it  was o f central nervous or peripheral origin.

In order to find  an answer to these questions we investigated  at various 
am bient tem peratures 1. whether oxotrem orine caused vasodilatation  in the
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skin; 2. how oxotrem orine affected core tem perature and 3. the rat’s oxygen  
consum ption.

We choose  t h e  fo llow ing th r e e  a m b i e n t  t e m p e r a t u r e s :  ro o m  t e m p e r a t u r e ,
i .e. 23°C; a n  in d i f f e r e n t  t e m p e r a t u r e  o f  30°C ( a t  w h ic h  h e a t  p r o d u c t i o n  is t h e  
low es t ,  see D o n h o f f e r  1961) a n d  16°C a t  w h ich  m e ta b o l i s m  is m a r k e d ly  
e n h a n c e d ,  a n d  a t  w h ic h  t h e  d e p re s s in g  a c t iv i t y  of  a c o m p o u n d  on  t h e  m e t a 
bolic  c e n tre s  is d e f in i te ly  m a n ife s t .

In view  of the contradictory data in the literature, we also investigated  
the eventual blocking by m ethylatropine o f the oxotrem orine-induced h yp o
thermia in mice and rats.

Since acute tolerance, i.e. tach yp h ylax is, to several o f the central effects 
of oxotrem orine (tremor, analgesia, m idriasis, hypertension) m ight develop  
(G y ö r g y  et al. 1970; 1971; P h a n  et al. 1972; P h a n  and G y ö r g y  1973), but 
there is no such tolerance w ith respect to  the peripheral effects (m iosis, h yp o
tension), we investigated  any eventual blocking of oxotrem orine hypotherm ia  
by tremorine or oxotremorine pretreatm ent. So far our experim ents seem  to  
indicate that the developm ent of tolerance is an indirect proof of the central 
origin of the oxotrem orine effect.

M ethods

In  th e  ex p erim en ts , Swiss mice o f b o th  sexes and  of 17 to  21 g b o d y  w eight a n d  C FE  
ra ts ,  also o f b o th  sexes an d  of 200 to  300 g b o d y  w eigh t, were used . P r io r  to  th e  e x p erim en ts  
th e  an im als w ere k e p t  a t  22 to  23°C te m p e ra tu re  a n d  were fed a s ta n d a rd  sem i-sy n th e tic  d ie t.

Core te m p e ra tu re  was m easured  b y  m ean s o f a th erm isto r led  h ig h  up  in to  th e  re c tu m  
an d  connected  to  an  electric  in s tru m e n t. T em p era tu re  m easu rem en ts  were p e rfo rm ed  on 
random ized  groups o f ra ts  an d  mice k e p t  in  in d iv id u a l cages. A fte r iso la tio n  (in 8 x 8 x 8  cm  
p las tic  cages) th e  core tem p e ra tu re  o f m ice d ro p p ed  by  1.5 to 1.7°C in  60 m in u tes  a n d  a t  
a  som ew hat low er ra te  (0.3 to  0.6°C) in th e  n e x t  2 to  3 hours. Core tem p e ra tu re  o f tr e a te d  
m ice was a lw ays com pared  w ith  th e  te m p e ra tu re  of physio logical sa lin e -trea ted  co n tro l 
an im als a t  th e  sam e p o in ts  o f tim e a f te r  t r e a tm e n t,  even if  in  th e  ta b le s  th e  d ev ia tio n  from  
th e  orig inal va lues h as been  given ( Д  values). S ta tis t ic a l  analysis w as pe rfo rm ed  w ith  S tu d e n t’s 
t-te st. Skin te m p e ra tu re  on th e  ta il was m easu red  in  th e  case of a n ae sth e tize d  ra ts  p a r tly  w ith  
a  therm ocoup le , b u t  alw ays so if  th e  a n im a l w as aw ake and th e  te m p e ra tu re  v a lu es were 
reco rded  w ith  a F lu v o g ra p h  or a m irro r-g a lv an o m ete r. In  a few in d iv id u a l cases sk in  te m p e ra 
tu re  w as m easu red  b y  m eans of a  th e rm is to r  p laced  on  th e  ta il  o f th e  a n aesth e tized  r a t  and  
re la tiv e  changes w ere reco rded  b y  a H e llig e -ty p e  M u ltiscrip to r a p p a ra tu s .

O xygen co n su m p tio n  of ra ts  was m easu red  in  tw o d ifferen t w ays. A ccording to  th e  
m eth o d  of I ssek u tz  a n d  I sseku tz  (1942) th e  r a ts  w ere placed in a m e ta l ta n k  im m ersed  in to  
a  stab le  te m p e ra tu re  w a te r-b a th  o f 2300 cu .cm  connected  to  a w a te r  m an o m ete r. T h ir ty  
m in u tes  were allow ed fo r a d a p ta tio n  in  th e  ta n k  filled  w ith  pu re  oxy g en  a fte r w hich  basic  
oxygen co n sum ption  w as m easured  for 30 m in u te s  an d  th e  pressure  d ro p  re ad  every  5 m in u te s  
on th e  m an o m ete r a tta c h e d  to  th e  ta n k . In  th ese  experim en ts th e  v a lu e  fo r oxygen co n su m p 
tio n  w as ca lcu la ted  in  cu .cm /hour:

P  273 1
Y X ------------ --------------------

760 2 7 3 + 1 T

where V was th e  vo lum e of th e  ta n k ;  P , th e  p ressu re  drop in m m  H g in  th e  system ; t ,  th e  
a m b ien t tem p e ra tu re  in  °C; T , th e  d u ra tio n  o f th e  te s t  in hours. T he v a lu e  fo r 0 2 co n su m p tio n  
was converted  in to  cu .cm /sq .dm /hour. (Som e an im a ls  were given p rio r  to  th e  e x p erim e n t
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600 m g/kg of u re th a n , in tra p e rito n e a lly , a dose w h ich  d id  n o t induce  sleep .) In  these e x p eri
m en ts  core te m p e ra tu re  w as n o t  reco rded , b u t  th e  a n im a l was ta k e n  o u t  o f the  ta n k  in th e  
4 0 th  and  90 th  m in u te  o f th e  e x p erim en t and  its  te m p e ra tu re  w as m easu red  rectally .

In  o th er ex p erim e n ts  oxy g en  consum ption  w as m easu red  b y  th e  m eth o d  of D o n h o f f e r  
e t  al. (1958) by  m eans o f th e  N oyons-K ipp  d iafe ro m eter. The r a ts  w ere sta rv ed  for 10 to  
12 ho u rs  im m obilized in  a  w ire  n e ttin g  cylinder a n d  so p laced  in to  a  ch am b er o f 1250 cu .cm  
vo lum e. Stable te m p e ra tu re  in  th e  cham ber w as en su red  b y  a c o n s ta n t tem p era tu re  w ater- 
b a th .  Core and sk in  te m p e ra tu re s  w ere m easu red  w ith  a copper const an  t an therm ocouple  
a n d  recorded b y  a K ip p -ty p e  M icrograph.

In  some ex p erim e n ts , r a ts  anaesth e tized  w ith  1 g /kg  u re th a n  in trap erito n ea lly  w ere 
u se d  whose ta il te m p e ra tu re  w as reco rded  and  in  ad d itio n  th e ir  b lood  pressu re  was m easu red  
b y  a S ta th am  P  23 D b  ty p e  pressu re  tran sd u ce r in  th e  fem oral a r te ry  a n d  an  e lectrom anom 
e te r , and  recorded w ith  a  H e llige-type  M u ltiscrip to r. In  these  ex p erim e n ts  th e  com pounds 
w ere in jec ted  in to  th e  fem o ra l vein . In  th e  case o f 5 ra ts , 48 h o u rs  before  th e  ex p erim en t 
a  po lyethy lene can n u la  w as in se rte d  in to  th e  ju g u la r  ve in  u n d e r p e n to b a rb ita l  an aesthesia . 
T h e  end  of the  can n u la  w as led  o u t dorsa lly  u n d e r th e  sk in  o f th e  neck  a n d  th ro u g h  th is 0.1 ml 
o f 5 %  heparin  w as in je c te d  d a ily . D uring  th e  e x p e rim e n t th e  w ake an im a ls  were given oxo- 
trem o rin e  in trav en o u sly .

The following co m p o u n d s w ere used  in  th e  ex p erim en ts: ace ty lcho line  chloride, iso
p ro teren o l (Izolevin-C ilag), m e th y la tro p in e  b ro m id e , adrenaline  b ase , a tro p in e  su lp h a te , 
dopam ine  HC1, n o rad ren a lin e  h y d ro g en  ta r t r a te ,  o x o trem orine  o x a la te . The doses g iven  in 
th e  T ables refer to  th e  sa lts  o f th e  com pounds. I f  n o t  s ta te d  o therw ise , th e  com pounds w ere 
adm in iste red  in tra p e rito n ea lly .

Results

1. Effect o f oxotremorine on core temperature o f  mice and rats at room temperature

Oxotremorine in doses of 0.05 m g/kg caused no tem perature decrease 
in mice, while 0.1 and 0.5 m g/kg decreased body tem perature in proportion  
to  the dose. In rats, 0.1 to  1.0 mg/kg o f oxotrem orine caused well measurable, 
but lesser hypotherm ia than  in mice (see par. 3). In both species, the effect 
reached its m axim um  in the 30th m inute after adm inistration. In mice the  
effect of 0.2 m g/kg o f oxotrem orine lasted  one to  two hours, th a t of 0.5 m g/kg  
doses 7 to 8 hours, w hile in rats the hypotherm ia was o f  som ewhat shorter 
duration.

2. Effect of ambient temperature on oxotremorine-induced hypothermia and on
oxygen consum ption in the rat

At room tem perature (23°C) 0.5 m g/kg doses o f oxotrem orine caused a 
marked increase in skin tem perature (from 26°C to 34— 35°C; Fig. 1).

The m axim um  o f  the effect developed in the 10th to  12th m inute of 
treatm ent and rem ained unchanged for another 20 m inutes. Sim ultaneously  
w ith  the rise in skin tem perature, or a few  m inutes later, core tem perature 
began to drop and rose only from the 35th  m inute o f treatm ent onward. 
O xygen consum ption o f the animals rose im m ediately after oxotremorine 
treatm ent, even before rectal tem perature had begun to  decrease, and this 
was followed 35 m inutes later by a second rise. (Core tem perature began to
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increase at the sam e tim e as the secondary rise of oxygen  consum ption had  
set in.)

Figure 2 shows the mean values for experim ents in the Issekutz tank. 
After adm inistration of 1.0 mg/kg o f oxotrem orine, oxygen consum ption rose 
from 81 cu.cm /sq.dm /hour to 125 cu.cm /sq.dm /hour.

At an am bient tem perature o f 16°C, skin tem perature was 18 to 19°C, 
thus considerably lower than at room tem perature. Doses of 0.5 mg/kg of 
oxotremorine caused a far less marked increase in skin tem perature; th is  
increase did not exceed 5 to 6°C (Fig. 3).

After the peak had been reached, tem perature began to drop im m ediately  
and reached its  in itia l level in the 30th m inute. A t th is am bient tem perature, 
core tem perature decreased by alm ost 3°C, while after a significant initial 
decrease, oxygen  consum ption rose and later surpassed the initial value.

Fig. 1. Male r a t ,  b o d y  w eigh t 220 g. E ffec t o f o x o trem orine  (О Т) on oxygen co n sum ption , 
core tem p e ra tu re  a n d  sk in  te m p e ra tu re  o f th e  ta il  a t  23°C a m b ie n t tem p e ra tu re . K ipp  d ia-

ferom eter

Fig. 2. E ffec t o f o x o trem o rin e  (ОТ) on  oxygen  co n su m p tio n  a t  23°C a m b ien t tem p e ra tu re . 
F u ll line: oxygen co n su m p tio n ; dashed  line: core tem p e ra tu re . F u ll circles: 1 m g/kg of oxo
trem o rin e ; e m p ty  circles: 600 m g of u re th a n  +  1 m g/kg of o xo trem o rin e . A verage of 10 ex p eri

m en ts  +  S. E . Issek u tz  ta n k

Acta Physiologica Academixe Scientiarum Hungaricae 44, 1973



264 D. V. PHAN et al.

T ests carried out in the Issekutz-tank  yielded similar results (Fig. 4). 
A fter 1 mg/kg of oxotrem orine oxygen  consum ption dropped from 107 to 80 
cu.cm /sq.dm /hour and later rose to 150 cu.cm /sq.dm /hour.

Under the effect o f 600 m g/kg urethan, oxotrem orine caused a more 
m arked decrease in oxygen  consum ption which, however, did not surpass the 
in itia l value and there was a more m arked decrease in core tem perature, too
(F ig. 5).

A t the indifferent am bient tem perature of 30°C, skin tem perature was 
30 to  37°C. This was n o t raised, but in  som e cases even slightly  reduced by 0.5

F ig . 3. Male ra te , b o d y  w e igh t 210 g. E ffec t o f oxotrem orine  (ОТ) on oxygen  consum ption , 
core tem p e ra tu re  and  sk in  tem p e ra tu re  a t  16°C am b ien t tem p e ra tu re . 3 rd  line: cham ber

tem p era tu re . K ip p  d iaferom eter

0 20 Д0 60 80 100 120 min

Fig. 4. E ffec t of oxo trem o rin e  (ОТ) on  o x y g en  consum ption  a t  16°C a m b ie n t tem p era tu re . 
F u ll line: oxygen co n su m p tio n ; dashed  line : core tem p era tu re . Full circles: 1 m g/kg  of oxo
trem o rin e  (m ean of 7 ex p erim en ts  +  S .E .); e m p ty  circles: con tro l an im als t re a te d  w ith  NaCl 

(m ean  of 7 e x p erim en ts  +  S .E .). Issek u tz  ta n k
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m g/kg of oxotrem orine (Fig. 6), while at the sam e tim e core tem perature 
remained unchanged or rose. Follow ing the adm inistration of oxotrem orine, 
oxygen consum ption im m ediately rose considerably and in the 20th m inute  
approached the in itial value, b u t returned to it  only in th e  60th m inute.

Figure 7 shows the results o f similar experim ents performed in the  
Issekutz tank. Under the effect o f  600 mg/kg urethan, oxotrem orine had no 
influence either on oxygen consum ption or on the core tem perature.

F ig . 5. E ffec t of oxo trem orine  (ОТ) o n  oxy g en  consum ption  o f r a ts  tre a te d  w ith  600 m g/kg 
o f  u re th a n  a t  16°C am b ie n t te m p e ra tu re . F u ll line: oxygen c o n su m p tio n ; dashed  line: core 
tem p e ra tu re . Fu ll circles: u re th a n  +  1 m g /k g  oxotrem orine (m ean  o f 7 ex p erim en ts +  S .E .); 

e m p ty  circles: u re th a n  +  NaCl t r e a tm e n t  (m ean of 4 e x p e rim e n ts  +  S .E .). Issek u tz
ta n k

ОТ, 500 pg

l i t . . . . . . . . . . . . . . . . . . . .
10 20 30 Л0 50 60 70 80

F ig . 6. Male r a t  o f 200 g body  w eight. E ffec t of oxotrem orine (ОТ) on  oxygen co n sum ption , 
core an d  skin  te m p e ra tu re  a t  30°C a m b ie n t tem p era tu re . 4 th  line: ch am ber tem p e ra tu re .

K ip p  d iaferom eter
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F ig . 7. E ffec t of o x o trem o rin e  (ОТ) on oxygen  con su m p tio n  a t  30°C a m b ie n t tem p era tu re . 
F u ll  circles: lm g /kg  of o x o trem o rin e  (m ean  o f 9 ex p erim en ts +  S .E .); e m p ty  circles: ure- 

th a n  -f  1 m g/kg o x o trem o rin e  (m ean  o f 8 ex p erim en ts  +  S .E .). Is s e k u tz  ta n k

3. Influence o f atropine and methylatropine on the oxotremorine effect

Atropine sulphate in a 5 m g/kg intraperitoneal dose b locked the oxo- 
trem orine-induced rise in skin tem perature, as well as the drop in  core tem 
perature and rise of m etabolism  at an am bient tem perature o f 23°C (Fig. 8), 
ju st as it blocked the oxotrem orine effect at am bient tem peratures of 16° 
and 30°C.

°cи---- ------------
28

L ______________
fAtr, 5 mg
1 1 1

♦ OT, 500 pg

___ L______ 1
0 50 60 70 80

F ig . 8. Fem ale r a t  o f 200 g bod y  w eight. In flu en ce  of oxotrem orine  (О Т) on  oxygen  consum p
tio n , core and skin te m p e ra tu re  o f a tro p in e -p re tre a te d  (A tr) ra t.  3 rd  line : ch am b er tem p era 

tu re . K ip p  d iafe ro m eter
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M ethylatropine in a dose of 5 m g/kg intraperitoneally had no influence  
on the vasodilatory effect o f oxotrem orine in the skin (Fig. 9), neither did it  
block the decrease of core tem perature o f rats (Table I) and mice (Table II) 
induced by oxotrem orine.

•c

min

Fig. 9. M ale r a t  o f 210 g bod y  w eigh t. E ffect o f  oxo trem orine  on  core a n d  ta i l  tem p e ra tu re . 
3rd line: ch am b er tem p era tu re . 30 m inutes a f te r  ad m in is tra tio n  o f 5 m g/kg  a tro p in e

Table I

In fluence o f  m ethylatropine on the temperature reducing effect o f  oxotremorine in  the rat 
Rectal temperature, °C . ±  S .E . E ig h t anim als in  each group

Core tem perature, 
20 min prior 
to  trea tm en t

Treatm ent, 
subcutaneously 

0 min

Core tem perature 
20th min

Treatm ent,
intra-

peritoneallly 
30th min, 
ОТ, mg/kg

Core tem perature 
60th min

Tem perature 
decrease 
between 

20th  and 
60th min

37.6 ±  0.17 NaCl 37.4 ±  0.17 0.1 36.7 ±  0.35 0.9

37.0 ±  0.14 5 m g/kg MA 36.4 ±  0.17 0.1 35.7 ±  0.35 1.3

37.0 ±  0.17 NaCl 36.9 ±  0.17 0.2 35.5 ±  0.41 1.5

37.1 ±  0.10 5 m g/kg MA 36.8 ±  0.10 0.2 35.8 ±  0.17 1.3

37.0 ±  0.2 NaCl 36.9 +  0.20 0.5 35.3 ±  0.36 1.7

37.4 +  0.14 5 m g/kg MA 37.0 ±  0.14 0.5 35.3 ±  0.21 2.1

MA: m eth y la tro p in e  
ОТ : oxo trem o rin e

4. The role o f  tremor in certain oxotremorine effects

Urethan in a dose of 600 mg/kg was found to inhibit the tremor induced  
by 1 mg/kg o f oxotremorine in the rat. T his dose of urethan inhibited also the 
increase in m etabolism  caused by oxotrem orine which reached its m axim um  
in the 80th m inute, but enhanced oxotrem orine hypotherm ia (Fig. 5, 16°€) 
and blocked the initial rise in m etabolism  at 30°C (Fig. 7).
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Table II

In fluence  o f  m ethylatropine on the temperature reducing effect o f  oxotremorine in mice. 
Rectal tem perature, °C : S .E . S ixteen  anim als in  each group

Core
tem perature, 

—60th m inute,
°C

1st treatm ent, 
subcutaneous 

—30th minute

2nd trea tm en t, 
intraperitoneal 

zero m inute

Core tem perature 
30th min,

°C

37.4 ±  0.63 NaCl NaCl 36.6 +  0.24

37.6 ±  0.15 NaCl 0.2 m g/kg ОТ 33.2 ±  0.15*

37.2 +  0.25 5 m g/kg MA NaCl 36.4 +  0.31

37.2 +  0.18 5 m g/kg MA 0.2 m g/kg ОТ 33.7 +  0.18*

* The d ifference b e tw ee n  th e  values m ark ed  w ith  an  aste risk  fa iled  to  reach  significance

MA: m eth y la tro p in e  
ОТ: o xo trem orine

5. Acute tolerance to oxotremorine hypothermia

Rats were given  1 mg/kg of oxotrem orine three tim es daily for three  
days. This resulted in a tolerance to the tem perature reducing effect. A fter  
discontinuation o f treatm ent the com pound gradually regained its a c tiv ity  
(F ig . 10).

Ш Ш Ш 1 1
1. 2. 3. U. 5. 6. 7. 8 9 10. 11

Fig. 10. T em p era tu re  red u cin g  effect o f o x o trem orine  du ring  con tin u o u s a d m in is tra tio n  to  
r a t .  A rrow s: 1 m g/kg  o f oxotrem orine . The u p p e r p a r ts  o f the  dow nw ard  po in ting  th ic k  a rro w s 
re p re sen t the  in itia l te m p e ra tu re , th e ir  tip s  th e  m in im um  core te m p e ra tu re  a fte r o x o trem o rin e  

tre a tm e n t (m ean va lues fo r 10 ra ts  +  S .E .)
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W hen 1 m g/kg doses of oxotrem orine were adm inistered three tim es at 
60 to 90 m inutes intervals, the skin tem perature raising effect disappeared  
after the third or fourth dose and th e  sam e dose failed also to reduce core 
tem perature (Fig. 11).

Earlier experim ents have show n th at tremorine pretreatm ent inh ib ited  
several o f the central nervous effects o f oxotrem orine (György  et al. 1 9 7 0 ,  

1 9 7 1 ;  P h a n  et al. 1 9 7 2 ) .  Tw enty-four hours after a pretreatm ent w ith  2 0  

mg/kg of tremorine th e  tem perature decreasing a ctiv ity  o f 0.1 mg/kg o f o x o 
tremorine was practically  abolished and even 0.2 m g/kg had a considerably  
weaker effect than in the control m ice (Table III).

°c

a) 0 10 20 30 40 50 60 70 min

C

°C
39 r
37 -
35 L

°C

37
35 -

30 , 
291

27 1
c) L

|0T;1 mg

10 20 30 min

Fig. 11. Fem ale  r a t  o f 240 g b o d y  weight. In flu en ce  of rep ea ted  doses o f oxotrem orine  (a , b , c) 
on  core (c) and tail (T ) tem p e ra tu re . F lu v o g rap h
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Table III
In fluence  o f  trem orine on the tem perature reducing effect o f  oxotremorine in  mice. 

Rectal tem perature, °C ±  S .E . T en  an im als in  each group

P retreatm en t, 
intraperitoneal 

— 24 hours

Core
tem perature 
— 30th  min, 

°C

T reatm ent, 
intraperitoneal 

zero m in

Core tem perature Tem perature 
drop between 

the —30th and 
30th m in,

°C

30th min,
°C

60th m in,
°c

NaCl 37.4 +  0.17 0.1 m g/kg OT 34.2 +  0.36 34.7 +  0.6 3.2

20 m g/kg TRM 37.2 +  0.23 o . i  „ 36.4 +  0.36 36.9 +  0.25 0.8

NaCl 37.6 +  0.23 0.2 „ 32.0 +  0.28 31.8 +  0.52 5.6

20 m g/kg TRM 37.0 +  0.32 0.2 „ 35.5 +  0.37 36.6 +  0.32 1.5

T R M : trem o rin e  
ОТ: oxo trem o rin e

6. Influence o f vasoactive compounds on skin temperature and blood pressure of 
anaesthetized rats

After an initial hypotension 10 to 50 /ig/kg of intravenously administered  
oxotrem orine caused lasting hypertension. The value and duration o f the 
response was proportional to the dose. D oses of 10 to 20 /ig/kg had, as a rule, 
no influence on skin tem perature, w hile 30 to  50 /ig/kg caused significant, 
practically m axim um  tem perature rises: the dose—effect curve was of the “ all 
or nothing” typ e (F ig. 12).

The effect o f oxotrem orine on skin tem perature was found far superior 
to  intravenously adm inistered 5 to  10 /ig/kg o f adrenaline, 5 to  10 /ig/kg of

OT, 20 pg ОТ, 50 pg

F ig . 12. Male r a t  o f  300 g bod y  w eight. 1.5 m g/kg  u re th a n  ad m in iste red  in tra p erito n ea lly . 
In flu en ce  of in tra v en o u s  oxotrem orine  on  sk in  te m p e ra tu re  (rela tive  v a lu es), pulse ra te  a n d  

fem ora l b lood  pressure. T im e in  m in u te s . Heilige M u ltiscrip to r
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noradrenaline, 10 to  20 /xg/kg of dopam ine, 2 /xg/kg o f isoproterenol, 5 /xg/kg 
of acetylcholine, 2 to  5 /xg/kg of carbachol, 2 mg/kg chlorpromazine, 10 mg/kg  
of ethanol or 1 IU /kg o f vasopressin, as well as inhaled am ylnitrite.

D iscussion

The results have unequivocally proved the heat loss enhancing effect of 
oxotrem orine. Rats do not sweat ( A d o l p h  1 9 4 7 ) ,  hence oxotrem orine cannot 
increase heat loss in th is w ay. Increased salive secretion has neither an im por
ta n t role, since this is com pletely b locked  by m ethylatropine w ithout any  
in fluence on oxotrem orine hypotherm ia. H eat loss could be enhanced by  
tachypnoea but this was not observed after oxotrem orine adm inistration in 
any o f the animals.

D uring the experim ents, tem perature of the ta il skin was recorded con
tinuously , this being the site where ra ts lose 20% of their overall heat pro
duction ( R a n d  et al. 1965). At room tem perature, oxygen consum ption did 
not decrease after oxotrem orine adm inistration and vasodilatation  in th e  skin  
was so m arked (m anifesting with a tem perature rise o f 8 to 9°C) th a t this 
explained the considerable decrease o f  core tem perature. A t an am bient 
tem perature of 16°C, skin tem perature w as only 18 to 19°C. It was assum ed  
that under such conditions vasoconstriction  was so marked that it  could not 
or could on ly  with d ifficu lty  be overcom e by oxotrem orine, since the drug 
causes on ly  a slight and tem porary vasod ilatation . In cold am bient tem perature 
this m ight contribute to  the decrease in  core tem perature, but at 16°C oxo
trem orine already interferes w ith oxygen  consum ption (see below), too. Our 
data, according to which th e  tem perature decreasing a ctiv ity  of oxotrem orine 
is higher in a cold environm ent than a t room tem perature, agree w ith  the  
findings o f  F e r r a r i  and G e s s a  (1964), M a i c k e l  et al. (1964), and H a m m e r  et 
al. (1968). A t an ambient tem perature o f  30°C, tail skin tem perature is so high, 
the vessels so dilated th a t oxotrem orine is unable to cause a further d ilatation , 
hence it  w ill not reduce core tem perature either.

A t 3°C, oxotremorine causes hypotherm ia not by reducing heat production  
since there is no decrease in oxygen consum ption. The depressing a ctiv ity  of 
oxotrem orine on the centres o f m etabolism  is slight and noticeable only at an 
am bient tem perature o f 16°C at which in itia l oxygen consum ption is high. 
This fact is in  agreement w ith  the law o f  in itia l value; neostigm ine or chloral 
hydrate are reducing oxygen  consum ption the more the higher the in itial 
value ( W i l d e r  1967).

H ence, oxotrem orine hypotherm ia is the result not o f reduced heat 
production, but of enhanced heat loss. T he effect of the com pound resem bles 
th at o f chlorpromazine w hich neither reduces chemical heat regulation ( S z e g 
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v á r i  et al. 1958), and at neutral tem peratures has no influence on oxygen  
consum ption ( G i a j a  and M a r k o v i c - G i a j a  1954), but differs from th at o f  
procaine which at an am bient tem perature o f 30°C still reduces core tem 
perature ( I s s e k u t z  and K ő v á r i  1942— 1943). The effect o f oxotrem orine  
differs from that of carbachol injected into the hypothalam us ( M e e t e r  1971), 
or o f  intravenously adm inistered physostigm ine ( V a r a g i c  et al. 1971) w hich  
reduce oxygen consum ption even at an am bient tem perature o f 20°C.

V asodilatation in  the tail contributes beyond doubt to the heat loss 
enhancing effect o f oxotrem orine. Our a tten tion  was drawn to this phenom 
enon also by the fact th a t a similar effect was m issing in quite a number o f  
vasoactive drugs (catecholam ines, vasopressin, chlorprom azine, ethanol, am yl- 
n itrite , acetylcholine, carbachol). The vasodilatation  is certain ly of central 
origin since it is inh ib ited  by atropine, and the parasym pathetic stim ulation b y  
oxotrem orine does not p lay  a role in it, since it  is not blocked by m ethylatro- 
pine. Oxotremorine hypertension (vasoconstriction in the splanchnic area), 
as w ell as central sym pathetic  inhibition have a role in its developm ent (A n - 
k i e r  et al. 1971). Peripheral vasodilatation  is regulated b y  the central 
nervous system  ( T h o m p s o n  and S t e v e n s o n  1965), lowering of the v a so 
constrictor tone causing a vasodilatation  in the ta il and legs ( F o l k o w  1955; 
G r a n t  1963). It is not com pletely understood w hy tachyphylaxis to the pres
sor activ ity  of oxotrem orine develops slow ly, while to vasodilatation  in th e  
ta il it  develops rapidly; in these cases oxotrem orine doses o f pressor effect do  
n ot bring about vasod ilatation  in the ta il o f the anaesthetized rat. Hence, th e  
hypertension cannot alone be responsible for vasodilatation.

In the course o f the experim ents it  has been suggested th at the cause o f  
tachyphylaxis m ight be the gradually developing vasoconstriction in the sk in , 
b u t this hypothesis has not been confirm ed. There is no doubt that both th e  
decrease of core tem perature and vasodilatation  in the ta il caused by o x o 
tremorine are resistent to m ethylatropine, which supports the earlier m entioned  
fact, namely that oxotrem orine hypotherm ia is the result o f an enhanced h eat  
loss.

W hy does oxotrem orine raise oxygen consum ption? An increase in  
oxygen consum ption sets in rapidly at 20° or 30°C am bient tem perature (a t  
23°C even before core tem perature begins to decrease) and is inhibited b y  
sm all doses o f urethan. Since urethan does not influence the central am 
phetam ine effect m anifesting itse lf w ith  an enhancem ent of m etabolism  
( I s s e k u t z  and G y e r m e k  1949), but blocks the tremor provoked by o x o 
tremorine, a certain role m ust be attributed to tremor in the initial increase in  
oxygen consum ption. Tremor developed in rats five m inutes after the a d 
m inistration of oxotrem orine, lasted for about 20 m inutes and disappeared in  
30 minutes (C ox and P o t k o n j a k  1969). The possibility o f oxotrem orine p o s
sessing perhaps a certain central stim ulating, oxygen consum ption enhancing
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activ ity , must n o t completely be rejected. [Carbachol has such an a ctiv ity  
( R u d y  and W o l f  1972)].

The tim e o f the first phase in  the increase o f m etabolism  caused b y  oxo- 
tremorine sets in coincides with th e  appearance o f  the tremorogenic and other  
effects of the com pounds. O xotrem orine, how ever, causes a secondary rise in 
oxygen consum ption which is n oticeab le in the 60th  to 70th m inute o f  the  
experim ent. This effect appears on ly  at a tem peratures o f 16° and 23°C when  
oxotrem orine reduces core tem perature too and is, in our opinion, o f a com 
pensatory nature. This is supported b y  the observation that in the 60th  to 
70th m inute o f treatm ent, w ith th e  exception  o f hypotherm ia, the other  
effects of oxotrem orine are already over. Urethan m ight block the com pen
satory m echanism s so that after its  adm inistration this secondary effect is 
missing.

O xotrem orine hypothermia is undoubtedly o f central origin, since it  is 
blocked by atropine and uninfluenced by m ethylatropine pretreatm ent. The 
central origin is indirectly  supported by the developm ent of tolerance after 
repeated doses, w hile as a rule no tolerance develops to the peripheral effects 
of the com pound.
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Récén sión es

W . H a n k e

Vergleichende W irkstoffphysiologie der Tiere

R eihe: B auste in e  d e r m odernen Physio log ie. V E B  G u stav  F ischer V erlag, Je n a  1973. 179 pag es , 
w ith  50 figu res a n d  13 tab les . P rice: M 19.50

T his m o n o g rap h  on the  co m p ara tiv e  physio logy  of active  substances o f an im a ls  h a s  
been p u b lished  in  th e  series B uild ing  S tones o f M odern Physio logy. S ubstances w h ich  are  
reg u la tin g  and  c o rre la tin g  reactions o f  th e  o rgan ism  are now  c o n stitu tin g  an  im p o r ta n t  p a r t  
o f co m p ara tiv e  physio logy , study ing  th e  response  of d iffe ren t species, or o f d ifferen t in d iv id 
ua ls in  a colony.

D uring  th e  la s t  decade, progress h a s  been sign ifican t in th is  field  an d  beside zoophysio l- 
ogy o th e r d iscip lines like b iochem istry , p h a rm aco lo g y  an d  m edicine have  been in vo lved  in  it. 
T he book deals m a in ly  w ith  horm ones, less w ith  v itam in s , and  only superficially  w ith  th e  
fu r th e r  ac tive  su b s tan ces  and describes th e  connections be tw een  horm ones, v itam in s , n e rv o u s 
system , in te rio r a n d  ex te rio r milieu.

The book w ill be in te resting  fo r b iochem ists , physio logists an d  th e  readers o f e v e ry  
field  o f m edicine.

K . L issá k

M. B Éssis, R. I . W e e d , P. F . L eblo n d  (E ds)

Red Cell Shape Physiology, Pathology, Ultrastructure

Springer-V erlag, B erlin , H eidelberg, N ew  Y o rk  1973. V I I I  -f- 180 pages, w ith  147 fig u res .
P rice: DM 32.40

T his volum e co n ta in s the  p roceed ings o f a sym posium  held  Ju n e  20 and  21, 1972, a t  
th e  In s t i tu te  o f Cell P a th o lo g y , H ô p ita l de B icê tre , as p a r t  o f th e  scientific  exchange p ro g ram  
betw een  N .I .H ., U SA , and  I .N .S .E .R .M ., F ra n c e , and  p ub lished  as a special issue of N o u 
velle F rançaise  d ’H ém ato log ie , Vol. 12, N o. 6, D ecem ber, 1972.

T he book co n ta in s  14 fu ll-leng th  co n trib u tio n s  b y  20 au th o rs , an d  4 sh o rt p a p e rs ; 
each  concludes w ith  a discussion. T he c o n te n ts  are d iv ided  in to  four sections. Section I deals 
w ith  red  cell shape , includ ing  a ra tio n a l d esc rip tive  n o m en c latu re . Section I I  discusses th e  
biochem ical fac to rs  connected  w ith  th e  d iffe ren t tran sfo rm a tio n s  o f cells, and  th e  p lasm a  
facto rs, th e  b iochem ical dynam ics of e ry th ro c y te  lip ids an d  cellu lar A TP, calcium  aging, a n d  
th e  chem ical ag en ts  as d e te rm in an ts  o f th e  shape  of th e  red  cell. Section I I I  d iscusses b io 
physical m easu rem en ts  an d  studies o f d e fo rm ab ility  o f cells o f d ifferen t shapes. Section  IV  
deals w ith  u l tra s tru c tu ra l  studies o f n o rm al, sickled, and  H einz body -co n ta in in g  red  cells, 
an d  discusses th e  cells in ju red  by  a n tib o d y  an d  com plem ent. T he d iffe ren t shaped  red  cells 
te rm ed  poikilocytes “ becom e the f irs t  liv in g  cell p e rm ittin g  u s to  assess its  in te rn a l m o lecu la r 
s tru c tu re  on th e  basis o f its  ex te rn a l co n fig u ra tio n ”  as M. B essis  explains in th e  in tro d u c to ry  
chap ter.

The book gives im p o rta n t in fo rm a tio n  fo r h aem ato lo g is ts  and  useful read in g  fo r e v e ry  
s tu d e n t of m edical sciences from  physio logy  to  p a tho logy .

K . L issá k
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J .  E . J o rpes , У . P . М и тт  (E ds)

Secretin, Cholecystokinin, Pancreozym in and Gastrin

H an d b o o k  of E x p e rim en ta l Pharm aco logy . H e ff te r-H e u b n e r , New Series X X X IV . Springer- 
V erlag , B erlin , H eidelberg , N ew  Y o rk  1973. X I I  +  376 p a g es , w ith  135 figures. P rice: DM 165.-

A t th e  beginning o f th e  2 0 th  cen tu ry , th e  d iscoveries o f P avlov , B a yliss  an d  Sta rlin g  
a n d  o th e rs  resu lted  in  re v o lu tio n a ry  changes in  th e  know ledge of d igestion . A new  concept, 
th e  h o rm o n al reg u la tio n  o f  th e  w ork of th e  d ig es tiv e  o rgans, cam e in to  p rom inence. T his 
vo lu m e of th e  classical H a n d b o o k  of E x p e rim en ta l P h a rm aco lo g y  offers a  com plete  p ic tu re  
fro m  th e  h isto rical b eg in n in g s  u p  to  th e  p re sen t p o in ts  o f view , p resen tin g  a com plete  reference 
w o rk  fo r everybody  in te re s te d  in  th e  horm onal re g u la tio n  of th e  w ork  of th e  digestive organs.

C hap ter I  d iscusses S ec re tin  and  C holecystok in in  b y  J .  E . J o rpes  and  V. Mu t t . C hap ter 
I I  p re sen ts  The S y n th esis  o f  (P orcine) Secretin  b y  M. B o d a n szk y . C h ap ter I I I  d iscusses The 
S ecre to ry  Process in  th e  P a n c re a tic  E xocrine Cell: M orphologic a n d  B iochem ical A spects b y  
J .  D . J a m ieso n . C h ap te r IV  rev iew s The S ecretin  T e s t b y  M. J .  Zim m erm a n , D . A. D r e il in g  
a n d  H . D . J a no w itz . C h a p te r  V discusses T he U se o f  C ho lecystok in in  in  th e  R oentgenolog ical 
E x a m in a tio n  of th e  E x tra h e p a t ic  B iliary T ra c t a n d  In te s tin e s  b y  A. T orsall , M. L . R omo- 
RINO a n d  R . Ca r r a t u . C h a p te r  V I p resen ts th e  G a s tro in te s tin a l H orm ones an d  I s le t  F u n c 
tio n  b y  E . F. P f e if f e r , S. R a pt is  and R . F u ss g ä n g e r . C h ap te r V II  discusses T he Use of 
C holecystokin in  in th e  R oen tgeno log ical E x a m in a tio n s  an d  th e  Clinical A spects b y  J .  P l e s - 
SIER. E a c h  chap ter en d s w ith  a  com prehensive l is t  o f  references. T he volum e ends w ith  a su b 
je c t  a n d  au th o r index .

The volum e p re se n ts  fu n d a m e n ta l know ledge in  physio logy , p h arm aco logy  a n d  clinical 
m edicine . I t  is a re fe ren ce  w o rk  w hich m u st be  possessed  b y  ev ery  m edical lib ra ry .

K . L issá k

H . E . V oss, G. O e r t e l  (E ds)

Androgene I

H an d b o o k  of E x p e r im e n ta l Pharm acology . H e ff te r-H e u b n e r , New Series X X X V /1 . Springer- 
V erlag , B erlin, H e id e lb erg , N ew  Y ork 1973. X I I  +  686 pages, w ith  117 figures. Price: DM

298.—

T his new v o lu m e o f th e  classical series o f H a n d b o o k  of E x p erim en ta l P harm aco lo g y , 
a f te r  a  general in tro d u c tio n  deals w ith  th e  h is to ry  o f an d ro g en  research , an d  th e  physio logical 
a n d  experim en ta l p h a rm aco lo g ica l regu la tion  o f a n d ro g en  fo rm atio n  in  th e  bo d y , th e  ch em istry  
o f androgens, th e  c o rre la tio n s  w ith  the  o th e r  en d o crin e  g lands in  w hich  th e  and ro g en s p lay  
a  decisive role.

The e ight m a in  c h a p te rs  offer a  th ro u g h  su rv e y  of th e  general significance of androgen  
horm ones. C hapter I :  T h e  R eg u la tio n  of th e  F u n c tio n s  o f T estis by  H . E . V o ss. C h ap te r I I :  
T h e  D isconnection  o f T e s tis  F u n c tio n  b y  H . E . V o ss . C h ap te r I I I :  C hem istry  o f A ndrogen 
b y  G. Oe r t e l . C h ap te r  IV : T he O ccurrence of A n d ro g en  P o ten cy  b y  H . E . V o ss. C h ap te r V : 
T h e  Connection of A n d ro g en s  of Testis to  O th e r  E n d o crin e  G lands b y  H . E . V o ss. C hap ter 
V I: T he Biology of A n d ro g e n  b y  H. E . V o ss. C h a p te r  V II :  T he Influence  of A ndrogen  on 
O th e r  Organs, e x ce p t th e  G enital O rgans a n d  E n d o c rin e  G lands by  H . E . V o ss. C h ap te r 
V I I I :  D ifferen t E ffec ts  o f  th e  A ndrogens b y  H . E . V o ss. E ac h  c h ap te r  ends w ith  a l is t  o f 
p e rta in in g  references a n d  th e  volum e w ith  a  s u b je c t an d  a u th o r  index.

The volum e m e rits  m u ch  in te res t; in  a d d itio n  to  endocrinologists, i t  will o ffer im p o rta n t 
references for p h y sio lo g is ts , pharm acolog ists a n d  fo r th o se  stu d y in g  clinical m edicine.

K . L issá k
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H . C. H o d g e , J .  N . Sa n n a r d , J .  B. H u rsh  (E ds)

Uranium , Plutonium , Transplutonic Elements

H an d b o o k  of E x p e rim en ta l Pharm acology . H e ffte r-H e u b n e r, New Series X X X V I. S p ringer- 
V erlag , B erlin , H eidelberg , N ew  Y ork 1973. 995 pages, w ith  243 figures a n d  22 T ables. P rice :

DM 299 .—

T his new  vo lum e o f th e  classical H a n d b o o k  o f E x p erim en ta l P h a rm aco lo g y  is d e c ica ted  
to  th e  m em o ry  of W rig h t H askell La ng h am , w ho e x e rted  a m ost s ig n ifican t in fluence on  
th e  fie ld  encom passed b y  th is  book. In  th e  P re face , J .  B . H u r sh  em phasizes th a t  th e  a p p ro ac h  
th ro u g h o u t th is  h an d b o o k  is focussed on th e  c o n tro l o f these  hazard o u s e lem en ts in  in d u s tr ia l  
s itu a tio n s  an d  in  o u r en v iro n m en t.

C h ap te r 1 discusses th e  H isto ry  of U ra n iu m  P o ison ing  (1824— 1942). C h ap te r 2 p re 
sen ts  th e  Physica l and  C hem ical P roperties o f  U ra n iu m  b y  J . E . G in d l e r ; C h ap te r 3 th e  
A nim al E x p erim en ts  b y  C. L. Y il e ; C hap ter 4 th e  D a ta  on Man by  J .  B. H u rsh  an d  N . L. 
Sp o o r ; C h ap te r 5 th e  P ro te c tio n  C riteria  b y  N . L . Spo o r  an d  J .  B. H u r s h ; C h ap te r 6 E n v iro n 
m en ta l M onitoring  a n d  P ersonal P ro tec tio n  in  U ra n iu m  Processing b y  L. M. Sco tt ; w hile  
C h ap te r  7, U ran iu m  M ining H azard s b y  D . A. H a la d a y .

T he second p a r t  o f th e  book p resen ts  th e  p ro b lem s of p lu to n iu m . C h ap te r 8 d iscusses 
th e  B iom edical A spects o f  P lu to n iu m  (D iscovery , D ev elo p m en t, P ro jec tio n s) by  J .  N . Sto n - 
n a r d ; C h ap te r 9, th e  C hem ical and P h y sica l P ro p e rtie s  o f P lu to n iu m  b y  D. M. T a y l o r ; 
C h ap te r 10, th e  D is tr ib u tio n , E xcre tio n  an d  E ffec ts  o f P lu to n iu m  as a B one-Seeker b y  J .  
Va ug h o n  in co llab o ra tio n  w ith  B. B l e e n e y  a n d  D. M. T a y l o r ; C h ap te r 11, P lu to n iu m  in  
Soft T issues w ith  E m p h asis  on th e  R e sp ira to ry  T ra c t  b y  W . J .  B a ir , J .  E . B a llo u , J .  F . 
P a rk  a n d  S. L. Sa n d e r s . C hap ter 12 review s th e  M ax im um  Perm issib le B ody  B u rd en s  an d  
C on cen tra tio n s o f P lu to n iu m : Biological B asis a n d  H is to ry  o f D evelopm en t b y  W . H . L a n g 
ham  a n d  J .  W . H e a l y ; C h ap te r 13 p resen ts th e  B io assay  o f P lu to n iu m  b y  A. G. De L o w - 
B e e r . C h ap te r 14 discusses th e  P rob lem  of P lu to n iu m : In d u s tr ia l H yg iene, H e a lth  P h y s ic s  
a n d  R e la ted  A spects b y  H . M. P a r k e r . C h ap te r  15 d iscusses P lu to n iu m  in  th e  E n v iro n m e n t 
b y  J .  N . Sta n n a rd  •

T he th ird  p a r t  o f th e  book review s The T ran sp lu to n ic  E lem en ts b y  A. Gh io r so . C h a p te r  
16 discusses th e  H is to ry  of th e  T ran sp lu to n ic  E le m en ts  an d  C hap ter 17, th e  C hem ical a n d  
P h y sica l P ro p ertie s  o f th e  T ran sp lu to n iu m  E le m en ts  b y  D. M. T a y l o r . C h ap te r 18 rev iew s 
th e  M etabolism  and  B iological E ffects of th e  T ra n sp lu to n iu m  E lem en ts b y  P . W . D u r b in ; 
C h ap te r 19, th e  q u estio n  of M axim um  Perm issib le  C o n cen tra tio n s an d  M axim um  P erm issib le  
B ody  B u rd en s for T ran sp lu to n ic  E lem en ts b y  G. W . D o l p h in . C hap ter 20 p resen ts  th e  B io 
assay  o f T ran sp lu to n ic  E lem en ts  b y  A. G. De L o w -B e e r ; C h ap ter 21, th e  M edical U ses: 
A m ericium -241, C alifornium -252 b y  G. T . Se a b o r g . E ac h  c h ap te r  ends w ith  a  v e ry  com 
p rehensive  lis t of re ferences an d  th e  volum e is co m p le te  w ith  an  a u th o r  an d  su b jec t in d ex .

T his volum e of th e  H an d b o o k  of E x p e r im e n ta l P h arm aco lo g y  is o f an  ex cep tio n a l 
use fo r those  in te res ted  in  th e  defence of th e  en v iro n m en t. I t  is ind ispensab le  n o t on ly  fo r 
p h arm aco log ists b u t  fo r a ll those  stu d y in g  m ed ica l sciences, hygiene a n d  m odern  in d u s try .

K . L issá k

A. I g g o  (E d .)

Somatosensory System

H an d b o o k  of Sensory  P hysio logy . V olum e I I .  Springer-V erlag , B erlin , H eidelberg , New Y o rk  
1973. X I  +  851 pages, w ith  240 figu res. P rice: DM 262 .—

T he volum e is in tro d u c ed  by  Y. Zo tte r m a n  who cites very  in te re s tin g  an d  co lou rfu l 
h is to rica l d a ta  and  fu n d a m e n ta l co n tem p o ra ry  fa c ts  concern ing  th e  dev elo p m en t o f sen so ry  
physiology. T he volum e h as  been w ritte n  b y  tw e n ty -f iv e  p ro m in en t re sea rch  w orkers fro m  
all over th e  w orld  who give a  system atic  a cc o u n t o f th e  n eu ro an a to m ica l an d  n eu ro p h y sio 
logical asp ec ts  o f th e  som atosenso ry  functions.

T he n in e teen  c h a p te rs  a re  as follows. C h a p te r  1 : M orphology of C utaneous R ecep to rs  
by  K . H . A n d r e s  and  M. v . D ü r in g . C h ap ter 2: C u tan eo u s M echanorecep tors an d  N o c icep to rs 
by  P. R . B u rg ess  an d  E . R . P e r l . C hap ter 3: C u tan eo u s T herm o recep to rs  b y  H . H e n s e l
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C h ap te r  4: Jo in t R e ce p to rs  an d  K inaesthesis b y  S. Sk o g lu n d . C h ap te r 5: T he C oncept o f 
R e la y  Nuclei by  G. Go r d o n . C hap ter 6: C ontro l o f th e  Access of A ffe ren t A c tiv ity  to  S o m a to 
senso ry  P a th w ay s b y  R . F . Sch m id t . C h ap te r 7: D is tr ib u tio n  an d  C onnections o f A ffe ren t 
F ib re s  in th e  Spinal C ord b y  M. R é t h e l y i a n d  J .  Szen t á g o th a i. C h ap te r 8: D orsal H o rn  
E lectrophysio logy  b y  P . D . W a ll . C hap ter 9: T h e  T rigem inal S y stem  b y  I. D a r ia n -Sm it h . 
C h ap te r  10: A scending a n d  Long Spinal P a th w a y s : D orsal C olum ns, Sp inocervical T ra c t a n d  
S p in o th a lam ic  T rac t b y  A. G. B ro w n . C h ap te r 11: F u n c tio n a l O rgan iza tio n  of Sp inocerebellar 
P a th s  b y  0 . Oscarsso n . C h ap te r 12: R e tic u la r  F o rm a tio n  b y  O. P o m peia n o . C h ap te r 13: 
C onvergen t T halam ic  a n d  C ortical P ro jec tio n s — th e  N on-Specific  S ystem  by  D. A l b e - 
F essa rd  and J . M. B e s s o n . C hap ter 14: E le c tr ica l R ecord ing  fro m  th e  T h alam u s in  H u m a n  
S u b jec ts  by  J . А. У . B a t e s . C hapter 15: A n a to m ica l O rgan iza tio n  of th e  S om ato sen so ry  
C ortex  by  E . G. J o n es  a n d  T. P . S. P o w e l l . C h a p te r  16: F u n c tio n a l O rgan iza tion  of th e  
S om atosensory  C ortex  b y  G. W e r n e r  and B. I. W h it s e l . C hap ter 17: S om atosensory  C ortex : 
D escending Influences on  A scending System s b y  A. L. T o w e . C h ap te r 18: Som aesthe tic  E ffec ts  
o f  D am age to th e  C en tra l N ervous System  b y  J .  Sem m e s . C h ap te r 19: E lec trica l S tim u la tio n  
o f C ortex  in H u m an  S u b je c ts , and  Conscious S en so ry  A spects b y  B. L ib e t .

E ach  c h ap te r  is com p le te  w ith  re ferences a n d  th e  volum e ends w ith  an  a u th o r  a n d  
su b je c t index.

T he book is a  v e ry  im p o rta n t re ference w o rk  for n eu ro an a to m y , neu ro p h y sio lo g y , 
neurob io logy  and c lin ical neuro logy . The com ple te  series o f th e  H an d b o o k  of Sensory  P h y s i
ology should fin d  its  p lace  in  every  lib ra ry  of m ed ical and  biological sciences.

K . L i s s á k

К . V. F r i s c h

Erinnerungen eines Biologen

D rit te , e rw eiterte  A uflage. Springer-V erlag, B erlin , H eidelberg , New Y ork 1973. X  -f- 196 
pages, w ith  41 figures. P rice: DM 32.—

T his th ird  ed itio n  o f th e  au to b io g rap h y  b y  K a rl von F r i s c h  f irs t  pub lished  in 1957 h a s  
been  com pleted  w ith  a c h a p te r  on  th e  y ears  o f re tire m e n t from  ac tive  professorship  (1958) 
a n d  some poem s of th e  a u th o r  from  the  y ears 1914— 1968. T he book describes th e  long, co lo u r
fu l, and  in scientific  re su lts  so sick life o f th e  a u th o r  who in  1973 w as aw arded  th e  h ig h es t 
sc ien tific  honour, th e  N obel Price fo r M edicine. H is o u ts tan d in g  w orks are: T an zsp rach e  u n d  
O rien tie ru n g  der B ienen  (Springer-V erlag , 1965); A us dem  L eben der B ienen (8 th  ed itio n , 
Springer-V erlag, 1969); D u ftg e len k te  B ienen im  D ienste  der L an d w irtsch aft u n d  Im k ere i 
(Springer-V erlag, 1947); A n im al A rch itecton ic  (H e len  and  K u r t  W olff Books, N ew  Y ork) a n d  
T iere als B aum eister (U lls te in , B erlin) w hich is in  p re p a ra tio n  besides 136 p u b lica tio n s  in 
d iffe ren t periodicals.

This au to b io g rap h y  is a v e ry  in te re s tin g  an d  de ligh tfu l read in g  for ev ery  sc ien tis ts  
w h e th e r old or y oung , v iv id ly  recoun ting  th e  u sefu l experience of a long scientific  life.

K . L i s s á k

Ada Physiologica Academiae Scientiarum Hungaricae 44, 1973
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Effect of muscular work and hypoxia on the lymphatic 
and venous transport of lactic acid dehydrogenase

E R Z S É B E T  AN D A , E . V Á N D O R  and  G. SZABÓ
NATIONAL IN ST ITU TE OF TRAUMATOLOGY, BU D A PEST

Limb ischaem ia for 3% hours significantly increased LDH  activ ity  in 
the serum and in the limb lym ph of dogs w ith thoracic duct fistu la. Sim ilarly, 
m uscular work increased the enzym e activ ity  o f serum and lym ph. Since in 
these anim als the connection betw een the lym phatic system  and the venous 
vessels was interrupted, the observations were indicative o f a direct entry of 
the enzym e protein into the blood capillaries. The assum ption is corroborated 
by the fact that a sign ificant arterio-venous LDH  a ctiv ity  difference develops 
in the ischaem ic lim b.

Electron microscopic study 
of the regeneration process (150 days) of mast cells

A. A N T A L , F. K Á R P Á T I and  I. P E T R I
F IR S T  D EPARTM ENT OF SU RG ERY , AND IN ST ITU TE OF PHARMACODYNAMICS,

U N IV E R S IT Y  MEDICAL SCHOOL, SZEGED

A t the 1971 Congress of the H ungarian P hysiological Society the  
authors reported on a so far undiscovered histam ine liberating effect of 
ichtham m ol, a drug known since more than a hundred years. In addition, 
they dem onstrated this drug to possess an H -substance depleting effect when  
applied repeatedly. In the present stu d y  the biological and light microscopic 
investigations have been com pleted b y  electron m icroscopic m ethods. The 
authors observed the m ast cells in the visceral peritoneum  o f untreated rats 
to blow up upon the effect o f ichtham m ol and to release their H -substance 
containing granules. It was found th at, in the course of a m odel experim ent 
similar to  a 10-day clinical treatm ent, the m ast cells will be exhausted and  
disintegrate. M orphological regeneration o f the decayed m ast cells took about 
150 days in the rat under experim ental conditions.

In the present experim ents it has been attem pted to  obtain further 
evidence that ichtham m ol was a m ast cell specific substance and that its  
em pirically discovered antiphlogistic action was due to a depletion o f the  
H -substance content o f the m ast cells. The lasting clinical sym ptom  and 
com palint-free period ensured by ichtham m ol, similarly based on empirical 
observations, m ight be ensured by the long regeneration tim e o f the mast cells, 
and presum ably, by the decreased reactiv ity  of the regenerating mast cells.
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Some characteristics of the circulating primary cell
SÁ R A  A N TA L, JÚ L IA  G ID Á L I and  I. F E H É R

NATIONAL IN ST ITU TE OF RA DIA TIO N  BIOLOGY, BU DA PEST

The haem atopoietic primary cell occurs in the circulation also under 
physiological conditions.

The effect o f some agents capable o f inducing leukocytosis (phyto- 
haem agglutinin, bacterial endotoxin) has been investigated  on the number of 
circulating primary cells. B oth agents were found sign ificantly  to elevate the  
prim ary cell count. The phenom enon was dose-dependent. M aximum outflow  
occurred 3 to 4 days after the treatm ent.

The kinetics o f primary cell and leukocyte outflow  was different, a 
find ing suggesting that the primary cell count is regulated separately from  
the regulation o f the leukocyte level.

Relationship between the indices 
of aerobic capacity of sportsmen

P. A P O R , M Á RTA M IK L Ó S an d  S IG R ID  W A H L ST A B
RESEA RCH  SECTION, NATIONAL IN ST ITU TE OF SPORTS M ED IC IN E , BUDAPEST

Aerobic capacity was measured as the m axim um  oxygen  uptake during 
v ita  maxim a load on the m oving band. The lactacid com ponent of anaerobic 
energy was measured by the m axim um  performance (mkp) of running up 
stairs 35° in steepness. For the m easurem ent of the lactacid  com ponent, the  
tim e of the standard work leading to exhaustion in about 30 to 60 seconds 
was used on the one hand and the base deficiency m easured during this pro
cedure on the other.

The three physiological energy com ponents were independent in the 
groups of various training degree, i.e. th ey  did not change in the same direction  
during the training period, a fact pointing to the high specificity  of training  
adaptation.

Perinatal reproduction disturbances evoked 
by parafornical hypothalamic lesions in the rat

Z. AV A R, E. M ONOS, M. K U R C Z  an d  I. N A G Y
SECOND DEPARTM ENT OF GYNAECOLOGY, SEM M ELW EIS U N IV ER SITY  MEDICAL SCHOOL,

AND NATIONAL IN ST ITU TE OF PU BLIC H EA LTH , A ND IN STITU TE OF E X P ER IM EN TA L M ED ICINE 
OF T H E  H UNGARIAN ACADEMY OF SCIENCES, BU DA PEST

It has been shown earlier that an experim ental lesion of the parafornical 
region of the lateral hypothalam us caused severe disturbances in m aternal 
behaviour and in foetal v iab ility  during the last third o f pregnancy in the rat.
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In the present experim ents three questions have been investigated , a) 
How does a reduction by 40 to 50%  of the area of the previously effective  
electrolytic lesions influence the food and water consum ption of pregnant 
rats, the developm ent o f m aternal behaviour as well as the still-birth ratio 
and v ita lity  of the newborns ? b) How does the prolactin and STH content of 
the m aternal pituitary change? c) How does the light and electron microscopic 
picture change in the m aternal and foetal endocrine organs ? The 34 rats in 
vestigated  were divided in three groups (intact, sham -operated and lesioned  
in the lateral hypothalam us).

It was found that the previously observed decrease in food and water 
consum ption as well as the disturbance o f m aternal behaviour m anifested  
them selves also after parafornical lesions of lesser ex ten t. V ita lity  o f the 
newborns showed a less dam age than in the earlier experim ents. Lesions in 
the lateral hypothalam us sign ificantly  increased the prolactin  content of the 
maternal adenohypophysis while the STH content was left unchanged. In the 
lesioned group the histological picture of the m aternal adrenals showed an 
increased, while that of the newborns a decreased, ACTH effect.

Conditioned evoked potential 
in neuronally isolated cerebral cortical slab

G. ÁDÁM , IL O N A  B. P E L Y H E  and  J .  P U S Z T A I
IN ST ITU TE OF COMPARATIVE PHY SIOLOG Y , EÖTVÖS LORÁND U N IV E R SIT Y  O F SCIENCES, BUDAPEST

The possibilities o f  the building-up of a learnt electric sign, a delayed  
conditioned evoked potential, have been investigated  in cortical slabs isolated  
from the sigm oid and suprasylvian gyri of the cat.

D elayed successive double stim ulation was carried out by means of 
paired intracortical bipolar electrodes. Records were taken through ball 
electrodes placed on the cortical surface. It was observed th at 1. the stim ulus 
threshold of the isolated cortex slab decreased as com pared to th at of the  
in tact one, and the am plitude o f the evoked potential increased considerably.
2. The conditioned evoked potentia l developed after 200 pairings in the isolated  
cortical slab just as it did in the in tact cortex. The conditioned evoked potential 
built up in the intact cortex persisted after isolation . 3. The conditioned  
evoked potential o f the isolated  cortical slab could be extinguished and built 
up again.
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Investigation of the immobility reflex in the frog

L. Á N G Y Á N , B R IG IT T A  T Ó T H  an d  J .  C Z O PF
IN ST ITU TE O F PHY SIOLOG Y , U N IV ER SITY  MEDICAL SCHOOL, PÉCS

In previous experim ents the authors analyzed the m echanism  of tonic 
im m obility  evoked b y  electrical stim ulation of the brain and by conflict 
situation . The present paper deals w ith the first results o f investigations into  
the mechanism o f im m obility  reflex (“ anim al hypnosis” ) evoked by other 
procedures. E lic itab ility  and m aintenance of the reflex were influenced by 
several factors. After painting the skin w ith  0.5%  acetic acid it  was more 
difficult to evoke the reflex  and the tim e of im m obility  was shorter than in 
the controls. Procaine facilitated  the elicitab ility  o f the reflex , and the animals 
rem ained still for a longer period o f tim e. Upon the effect o f adrenaline it  was 
more difficult to elicit the reflex and the im m obility was shorter. Acetylcholine  
had the opposite effect. The im m obility  period was shortened by atropine and 
lengthened by prostigm ine. D ata in the literature contrasting the present 
findings are explained on the basis o f the observation th at all the investigated  
drugs cause, at a tox ic  dose level, a prolonged but flaccid  im m obility.

Effect of the colostral trypsin inhibitor 
on digestion in the newborn pig

K . B A IN T N E R
SECTION OF PH Y SIO LO G Y , ZOOTECHNICAL R E S E A R C H  IN ST IT U T E , BU DA PEST

The age-dependent changes in the colostral trypsin inhibitor, the di
gestive enzym es and the histological picture o f the in testinal epithelium  were 
investigated  in the sm all intestine of piglets up to the 8th  day of life. The 
a ctiv ity  of the follow ing enzym es was determined: trypsin , the trypsinlike 
enzym e insensitive to  soya trypsin inhibitor, the soya trypsin inhibitor- 
sensitive and insensitive Chymotrypsins, the enzym e m etabolizing caproyl 
salicylate, am ylase and lipase. It was found that during the first two days of 
life , the amount of colostral trypsin inhibitor rapidly decreased in the in
testin es and, after tw o days, it could not be dem onstrated any more (period 
of nil proteolysis). The proteolytic enzym es appear successively  in a definite 
order beginning w ith  those enzym es which are not inhibited  by the colostral 
trypsin inhibitor. A t the tim e when the trypsin inhibitor content of the  
colostrum  decreases to traces, the spectrum  o f proteolytic enzym es is com pleted  
to  the set characteristic o f suckling anim als. A t the same tim e the eosinophilic 
drops indicative o f the adsorption o f non-digested protein disappear from the 
epithelial cells o f the in testine. The investigations support the assum ption
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th at the colostral trypsin inhibitor exerts a protective effect on the colostra] 
antibodies to be absorbed. This protective effect is, how ever, a partial one; 
certain proteolytic enzym es are able to function in the presence of the colostral 
trypsin inhibitor.

The pulmonary surfactant

J .  B A LÓ
FIR ST IN STITU TE OF PATHOLOGY, SEM M ELW EIS U N IV ERSITY  M EDICAL SCHOOL, BU D A PEST

Electron microscopic investigations revealed the alveoli o f the lungs to  
have a continuous epithelial lining. In th is are located  the type I fla tten ed  
pneum ocytes interm ingled w ith cubic cells displaying osm iophilic granules in  
their cytoplasm  (type II pneum ocytes). The connection betw een type I and 
typ e II pneum ocytes m anifests itse lf through desm osom es. The product o f the 
type II pneum ocytes forms a layer lining the alveoly; th is is the pulm onary  
surfactant. T h a n n h a u s e r  et al. (J . Biol. Chem. 1946, 166: 669 — 675) were 
the first to dem onstrate the surfactant to consist of d ip lam ityl lecithin.

The surfactant has an im portant role in the m aintenance o f the stab ility  
and patency of the alveoli. The layer inhibits fluid flow  from the capillaries 
onto the alveoli, protects against infections and has a significance in the binding  
and degradation of vasoactive substances.

The tri-com plex flocculation procedure has been used for the electron  
m icroscopic dem onstration o f the surfactant. The main principle of the m ethod  
is th a t the phospholipid forms an insoluble com plex upon the effect o f lead  
nitrate and potassium  ferricyanide. B y means of this technique the presence 
of surfactant layer in the lung o f young rats has been dem onstrated.

Characteristic concentration m em branes could be produced in the lum en  
o f the tubular lung adenoma caused by urethan in white m ice. This observation  
shows that surfactant production m ay not only diminish but also increase.

Accumulation in human aortic plaques 
of a fluorescent pigment resembling lipofuscin

IL O N A  B A N G A  a n d  M A G D O LN A  B IH A R Y -V A R G A
RESEARCH IN STITU TE OF GERONTOLOGY AND T H IR D  DEPARTM ENT OF M ED ICINE, 

SEM MELW EIS U N IV ER SITY [M ED IC A L SCHOOL, BU DA PEST

In accordance w ith data in the literature, it was found previously th at 
the am ount of fluorescent substances in the vascular wall increases in the old  
age as well as in the course o f atherosclerosis. The authors succeeded in iso 
lating from atherosclerotic aortas a lipoproteinlike substance called athero- 
fluorescent com ponent (AFC; B a n g a , A cta morph. Acad. Sei. hung. 1968 ,
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16: 23; B a n g a , Intern. Sym p.: B iochem istry of the vascular wall. Fribourg. 
Part II. 1969, 18.). Identification  of th is substance was rendered difficult 
b y  tw o features. First, the fluorescence o f the age pigm ent lies at A /F 290/340 
(L a B e l l a , J .  Geront. 1962, 17: 8.; L a B e l l a  and L i n d s a y , J .  Geront. 1963, 
18: 111.) though this fluorescence is characteristic o f tyrosine. Second, the  
yellow  fluorophloric substance in the elastin  is an am pholyte which exchanges 
a reversible w ay on dextran cation and anion resin betw een pH  2.5 and 9.5 
(T h o r n h i l l , Connect. T iss. Res. 1972, 1: 21.). The present paper reports on 
the successful isolation b y  repeated lipid extraction a yellow , strongly fluor
escent substance from the elastolysates o f hum an aortic plaques. This sub
stance is not am pholytic and resembles lipofuscin. W hen dissolved in a m ixture  
of chloroform—m ethanol (2 : 1) it exhibits m axim um  fluorescence at 450 nm  
just as do lipofuscin and it is sudanophilic. A further characteristic of the 
substance is its strong absorption at 275 nm , similar to th a t o f desm osines. The 
purified substance is poorly soluble in water.

Effect of adrenergic receptor stimulants 
and inhibitors on the oxygen tension of the lymph

T. B A R A N K A Y , S. N A G Y , A. P E T R I, G Y Ö N G Y I Ú JH Á Z I an d  G. H O R PÁ C SY
IN STITU TE OF EX PE R IM E N T A L  SURG ERY , U N IV ER SITY  M EDICAL SCHOOL, SZEGED

In previous experim ents it  was shown that inform ation could be ob
tained as to the average pO,, o f the splanchnic region b y  continuous m easure
m ent of the pO., o f thoracic duct lym ph. It was show n further that vaso
constrictor drugs of different site of action are influencing the p 0 2 of lym ph in 
different directions. The present experim ents deal w ith the question of how  
adrenergic receptor stim ulating and blocking drugs influenced the p 0 2 o f the 
lym ph. It was found th a t a noradrenaline infusion (0 .5 —1.0 /ig/kg/m in) in 
creased the p 0 2 of the lym ph while phenylephrine was practically ineffective. 
Infusion of isoprénaline augm ented the p 0 2 o f the lym ph. W hen noradrenaline 
was given after an alpha blocking drug, it retained its  p 0 2 elevating effect 
while this effect was considerably decreased after pretreatm ent with a beta  
blocking drug. The observation seems to indicate that the increasing effect o f 
noradrenaline on the p 0 2 of lym ph m ight be the result, at least in part, o f the 
slight beta-m im etic effect of the drug.
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Some immunological problems 
of the rat’s Yoshida sarcoma

Á. B A R D Ó C Z I and  B. K A R V A L Y
D EPA RTM EN T OF GYNAECOLOGY, U N IV ER SITY  MEDICAL SCHOOL, AND IN STITU TE OF BIO PH Y SICS, 

BIOLOGICAL C EN TRE OF TH E  H UN G ARIA N  ACADEMY O F SCIENCES, SZEGED

Several authors have m ade human chorionic gonadotrophin (HCG) 
responsible for the im m unological changes during pregnancy. There are also 
observations that HCG given to an animal w ith m alignant tum our will cause 
a rapid proliferation o f the tum our and an increase in the m etastatic rate.

In the present experim ents HCG (2 X 600 L U .) was given intram uscularly  
to rats w ith Yoshida sarcoma. S ixteen  days after the inoculation the tum our 
was significantly smaller in the treated  than in the control group (mean tum our  
w eight of 20 treated rat was 0.815 g, against the control 5.1 g). In contrast, 15 
I.U . o f FSH  applied under identical conditions caused a significant increase in 
tum our weight (mean, 9.99 g).

N o significant difference w as found between the individual groups in 
the enzym e system  (N A D +, M DH, GOT, LDH ), in the electrolyte ( N a +, К +, 
Cl” ) content of serum and of blood corpuscles, in the tota l protein level, in 
the blood counts, in  the blood sugar level, in pH and in oxygen saturation. 
H ow ever, significant differences occurred in these parameters as compared 
w ith normal values.

Effect of acute and chronic sodium load 
on the intrarenal distribution of blood flow

J .  B A R T H A
IN ST ITU TE OF PHYSIOLOGY, SEM M ELW EIS U N IV ERSITY  M EDICAL SCHOOL, BUDAPEST

A cute sodium loading was performed in rats b y  infusing 20 m l/kg or 
50 m l/kg of physiological saline. In the case of a chronic salt load the anim als 
were m ade to drink physiological saline for three w eeks, or they were kept on 
a diet containing 3.5%  NaCl w ith w ater ad libitum . Renal-, cortical- and 
m edullary blood flow  was estim ated b y  means of the isotope fractionation  
m ethod.

Renal medullary blood flow  increased during acute and chronic loads in 
absolute value as well as in com paring with the cortical flow . The increase 
in  the m edullary circulation is considered as a volum e regulatory reaction. 
It can be elicited b y  m inute changes in extracellular (inulin) and sodium  
space even if  it is not to be dem onstrated m ethodically (chronic sodium  load).
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The role of haemodynamic factors in the pathogenesis 
of post-ischaemic renal failure

P . B Á L IN T  and  É V A  SZŐCS
IN ST ITU TE OF PH Y SIO LO G Y , SEM M ELW EISS U N IV E R SIT Y  M EDICAL SCHOOL, BU DA PEST

“ A cute oliguric renal failure” was evoked by tem porary compression 
o f th e  renal artery in the dog. The resistance o f  series-connected vessel segm ents 
w as measured and calculated  on the basis o f determ ining intrarenal pressures 
and blood flow , while th a t o f parallel connected vessel segm ents by means of 
th e  rubidium  fractionation  technique. According to the data obtained, the 
fu n ction al organization o f the “ postischaem ic” kidney displays the following  
characteristics.

1. Total vascular resistance does not change in mild and m edium  severe 
cases, it  slightly increases in severe cases.

2. The ratio o f series-connected vascular segm ents undergoes a decisive 
change; the afferent resistance increases and the efferent resistance decreases.

3. In the case o f  such a change of the afferent—efferent resistance with  
unaltered or slightly e levated  tota l resistance, the glomerular capillary pressure 
decreases in the steady sta te . The extrem e dim inution of the glomerular filtra
tion  rate is a consequence o f the effective filtration  pressure approaching zero.

4. On the basis o f the gross necrotic areas, the diminished TmpAHvalues, 
as w ell as the rubidium  and oxygen extraction , the conclusion has been drawn 
th a t a considerable percentage of the blood flow s through non-functioning  
inert renal tissue.

Effect of caffeine on glucose metabolism 
in different rat strains

M A GDO LN A В. B E D Ő
IN STITU TE OF N U T R ITIO N , BUDAPEST

The effect of glucose, caffeine, and glucose plus caffeine loads has been 
studied  in male and fem ale rats of different strains between the age of 6 to 12 
m onths. On the basis o f  the blood sugar curves obtained in N1 (own bred) and 
R-Am sterdam  (R-A) strains, the 6 m onths old R-A fem ales proved to be the  
m ost sensitive to caffeine. The worst glucose tolerance was exhibited  by 1 year 
old R-A fem ales. A com bined caffeine and glucose load led to a diabetoic  
blood sugar curve in all R-A females. No pathological value was found in any  
o f the members o f the own bred strain.

The problem is discussed from the point o f view  of nutritional physiology  
as w ell as in respect o f the relationship betw een the m anifestation of diabetes 
and caffeine consum ption.
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Sodium excretion and renin production 
of the denervated kidney during furosemide diuresis

P . B E N C SÁ TH , L. SZA LA Y , L. V A JD A  a n d  L. TAKÁ CS
SECOND D EPA RTM EN T OF M ED ICINE, SEM M ELW EIS U N IV ER SITY  M EDICAL SCHOOL, B U D A PEST

Unilateral splanchnicotom y (“ kidney denervation” ) is followed b y  con
siderable natriuresis and decreased renin production w ithout changes in  th e  
filtration  rate or blood flow  both  in control and in isotonic volum e expanded  
dogs ( B e n c s á t h  et al., Europ. J . clin. Invest. 1972, 2: 422—425). In order 
to investigate the relationship betw een sodium transport and renin release, 
dogs subjected to  unilateral splanchnicotom y, were anaesthetized w ith  pento
barbital and the renin secretion o f  both kidneys w as estim ated by B oucher’s 
m ethod during diuresis elicited by 5m g/kg of furosem ide injected in travenously.

F iltration rate and blood flow  were not different in the in tact and the  
denervated kidney even during furosem ide saluresis. The 130—180% increase  
of sodium  excretion seen in the denervated kidney in the control state or in  
volum e expansion, disappeared upon the effect o f furosem ide, but renin pro
duction rem ained lower than th a t o f the intact k idney. Thus, sodium  ex 
cretion and renin production o f the denervated kidney are not necessarily  
interrelated.

Body temperature in experimental cerebral oedema induced 
by triethyl tin sulphate (TET)

G. B E N E D E K , К . T Ú R Á I, A N N A M Á R IA  OZSVÁR, F . JO Ó , T . ZOLTÁN Ö R S a n d
F . OBÁL

IN ST ITU TE OF PHY SIOLOG Y , U N IV ERSITY  M EDICAL SCHOOL, AND BIOLOGICAL RESEA R C H  C E N T R E  
OF TH E  HUNGARIAN ACADEMY OF SCIENCES, SZEGED

The organic tin  compounds used in the syn th etic  industry m ay cause  
severe poisoning accompanied by cerebral oedema, and they  not infrequently  
lead to death. P ractically  no data are at disposal as to  the mode o f action o f  
TET; its effect is explained by the developm ent o f selective cerebral oedem a. 
The present experim ents aimed at obtaining data concerning the m ode o f  
action o f TET. The body tem perature of the experim ental animals was ob
served through 24 hours after the adm inistration o f TET. Other param eters 
(m etabolic rate, blood pressure, E E G , etc.) were also recorded during the ex 
perim ents.

TET considerably decreased the core tem perature of the experim ental 
animals in an environm ent of 20°C, a feature accom panied by changes o f  
other autonom ic functions. A close relationship was found between the dose  
of TET and the ex ten t of the autonom ic changes. The effect of TET m anifests
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itse lf  in  two easily distinguishable phases. After intraperitoneal injection (6 
to  8 hours), an im m ediate tox ic  phase sets in. This is followed b y  a transient 
norm alization of the autonom ic functions betw een 24 and 72 hours. Thereafter 
new  disturbances appear in the autonom ic functions, in addition to the de
velopm ent of cerebral oedem a. Im pairm ent o f the heat regulation is accom
panied by disturbances o f  other autonom ic functions.

Investigation of metabolic products in toxaemia of pregnancy

A. B E R N A R D , B. Z S O L N A I, J .  SO M OG YI, J .  M E N Y H Á R T  an d  C. IK R É N Y I
SECOND D EPARTM ENT O F GYNAECOLOGY, AND EX PE R IM E N T A L  RESEA RCH  LABORATORY, 
SEM MELW EIS U N IV E R S IT Y  M EDICAL SCHOOL, AND D EPARTM ENT OF UROLOGY, RESEARCH 

LABORATORY O F T H E  H UNGARIAN ACADEMY OF SCIENCES, BU DA PEST

Metabolic disturbances in toxaem ia of pregnancy can be investigated  in 
hum ans only, and these investigations should be based on the analysis of body 
flu ids.

Serum lactic acid, pyruvic acid, citric acid, uric acid and carbamide 
levels were determ ined in  healthy, non-pregnant subjects as well as in healthy  
and toxaem ic subjects w ith  39 to 47-week pregnancy.

The most characteristic changes during toxaem ia of pregnancy were 
found in the serum uric acid and carbam ide level, the uric acid level being 
100%  and the carbam ide level 20 to 30% higher than in norm al pregnants. 
Since the elevated serum  uric acid level is a sign of increased nucleic acid 
destruction, and the e levated  carbamide level is m ainly the consequence of a 
beginning renal failure, determ ination o f the ratio uric acid : carbamide 
allow s conclusions as to  the pathom echanism  of the toxaem ia o f pregnancy.

It seems from th e results that severe disturbances of the m ost different 
processes of the interm ediary m etabolism  occur in toxaem ia o f  pregnancy and 
especially  in its severe forms.

Effect of denervation
on transcapillary fluid flow in haemorrhagic shock

Z SU Z SA N N A  B IR Ó  a n d  A. G. B. KOVÁCH
EX PER IM EN TA L RESEA R C H  LABORATORY, SEM M ELW EIS U N IV ER SITY  MEDICAL SCHOOL, BUDAPEST

Capillary flu id  transport during haemorrhagic shock has been investi
gated  by means o f m easuring the capillary filtration  coefficient (CFC) in the  
lim b musculature o f  cats anaesthetized w ith chloralose—urethan.

CFC was found to  decrease to  57% of its initial value in the second 
bleeding period of standardized haemorrhagic shock, at a blood pressure value 
o f  35 mm Hg. In order to elucidate the mechanism of th is decrease, ex-
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perim ents were performed on denervated muscle preparations in w hich a 
polyethylene tubing was inserted betw een the femoral and popliteal arteries. 
Under such conditions the CFC did not decrease below the initial value even  
in the second period of haemorrhagic shock; it averaged 118% during the 90 
m inutes (0.05 p >  0.02).

Since denervation counteracts the marked and irreversible dim inution  
of CFC in the second period of haem orrhagic shock, it  is assum ed th a t the 
severe alterations o f capillary fluid transport are probably the consequences 
of changes in the functioning of the sym pathetic nervous system .

Influence of tetrabenazine on the analgesic action 
of tremorine and oxotremorine

ÁG NES B IT E  an d  L. GYÖRGY
IN ST IT U T E  OF EX PER IM EN TA L M ED ICIN E, H U N G ARIA N  ACADEMY OF SCIENCES, BU DA PEST

The characteristics of the interaction between amine depletors and 
trem orine and oxotrem orine, respectively , has been the subject of m uch dis
cussions in the literature. Tremorine and its m etabolite, oxotrem orine, have a 
strong analgesic action. This effect in  the mouse as measured w ith the hot 
plate m ethod, was differently influenced by a 1-hour intraperitoneal pre
treatm ent w ith 10 m g/kg of tetrabenazine; the tremorine effect (5 m g/kg intra- 
peritoneally) was inhibited  and the oxotrem orine effect (50 pg/kg intraperi- 
toneally) was enhanced. The antagonistic effect o f tetrabenazine against 
trem orine is probably of peripheral origin and due to an inhibition o f the  
m etabolic transform ation in the liver. This is supported b y  the finding th a t  
proadifen, a drug sim ilarly having liver dam aging properties, also antagonizes  
the effect o f tremorine. The am ine-depleting effect of tetrabenazine has a part 
in the synergism  betw een tetrabenazine and oxotrem orine. This is proved by  
the finding that 2 m g/kg of am phetam ine, given together with 50 /tg/kg o f  
oxotrem orine, inhibited the potentiating effect of tetrabenazine.

Effect of cyclophosphamide 
on the insulin-induced sensitization 

of anaphylactoid inflammation

G. BLA ZSÓ , M. K O L T A I, A N N A  O TTLEC Z and E . M IN K E R
IN STITU TE OF PHARMACOLOGY, AND IN ST IT U T E  OF PATHOPHYSIOLOGY,

U N IV ERSITY  M EDICAL SCHOOL, SZEGED

It has been shown previously th a t the insulin-induced sensitization o f  
anaphylactoid inflam m ation is counteracted by drugs inhibiting protein  
synthesis. In  the present experiments cyclophospham ide was used, since th is
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drug, unlike the agents studied earlier (actinom ycin D , cyclohexim ide), did 
n ot sign ificantly  inhibit dextran oedema even 24 hours after the adm inistration, 
w hile it  prevented the insulin-induced sensitization  of anaphylactoid inflam 
m ation . It was found th a t a single injection o f 100 mg/kg o f cyclophospham ide  
caused a long-lasting inhibition  of the insulin response. The inhibition ran 
parallel w ith the lym phopenia induced by th e  drug. Adm inistration of cell 
suspensions prepared from  lym ph nodes, spleen and thym us of normal rats 
restored the sensitizing effect o f the horm one. Furtherm ore, it  was studied  
how  different doses o f insulin influenced the inflam m atory response induced  
b y  dextran in young and aged rats. It was found that in young rats insulin  
considerably increased the dextran-induced inflam m atory response, while 
aged animals failed to  respond to the horm one. It  is concluded that lym phoid  
organs play an im portant role in the insulin-induced sensitization of ana
phylactoid  inflam m ation.

Effect of lipid metabolites 
on the electrophysiological parameters of the heart

J .  B O R B O L A , G. P A P P  a n d  L. S Z E K E R E S
IN ST ITU TE O F PHARMACOLOGY, U N IV E R SIT Y  MEDICAL SCHOOL, SZEGED

It has been show n recently that the free fa tty  acids and glycerol released 
during the increased lipolysis accom panying adrenergic stim ulation have a 
direct arrhythm ogenic effect and enhance the developm ent of cardiac ar
rhythm ia after coronary occlusion ( K u r i e n  et al., Lancet 1969, 2 :  1 8 5 . ;  

C a r l s t r ö m  and C h r i s t e n s e n , Brit. H eart. J .  1971, 3 3 :  8 8 4 . ) .  On this basis 
i t  seem ed interesting to study the electrophysiological effects on the heart of 
som e fa tty  acids and o f glycerol. According to  the results obtained by the  
application of short carbon-chain fa tty  acids in the isolated right and left  
atria of the rabbit, caprylate (octanoate) decreased conduction velocity , 
cardiac excitab ility  as w ell as the spontaneous and m axim al driving frequency. 
T he duration o f extracellularly recorded action potentials was prolonged and  
their  am plitude decreased. Among the long carbon-chain unsaturated fa tty  
acids, oleate sim ilarly decreased the excitab ility  o f the heart muscle and the  
m axim um  driving frequency. Both caprylate and oleate markedly decreased  
the contractility  o f the heart m uscle. G lycerol only decreased contractility  
and failed to in fluence the electrical a c tiv ity  o f the heart muscle. The effective  
concentration of all three m etabolites was about three tim es higher than the  
physiological free fa tty  acid and glycerol level o f the serum. It seems that the  
augm entation of free fa tty  acids m ay contribute to the developm ent of cardiac 
arrhythm ia prim arily by causing disturbances in conductiv ity , local blocks 
and, perhaps, by decreasing sinus dom inance.
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Serotonin level in resting 
and functioning salivary glands of the rat

IL D IK Ó  B O R O S, T . Z E L L E S , P . K E S Z L E R  an d  T . GÁTI
IN ST IT U T E  O F PATHO PHY SIOLOG Y , SEM M ELW EIS U N IV ER SITY  MEDICAL SCHOOL, BU DA PEST

Serotonin is known to  occur in the tissues of several species. As to its 
role in the flu id  secretion o f the salivary glands, only assum ptions are at 
disposal. Serotonin probably increases secretion by stim ulating adenylcyclase, 
the enzym e synthetizing cyclic  AMP from ATP.

In the lack of pertaining data, the first aim was to determ ine the 5-HT  
content o f the parotid and subm andibular glands, and to observe the 5-H T  
level under the effect of various stim uli inducing secretion. 5-HT was estim ated  
fluorom etrically according to  a m odification o f the m ethod o f S n y d e r , A x e l 
r o d  and Z w e i g .

The 5-H T level of the parotid and subm andibular glands was found to  
vary betw een 2 and 4 pg/g tissu e in the resting state. After a 72-hour star
vation  period a 30-min feeding decreased the 5-HT level in both glands ju st as 
did the intraperitoneal in jection  of 2.5 m g/100 g o f pilocarpine 30 m inutes 
following its adm inistration. Isoprénaline was used as sym pathetic stim ulant 
(2 m g/100 g o f body w eight); 45 m inutes after its intravenous in jection  no 
significant change was found in the 5-HT content o f the glands.

It is concluded that serotonin m ay play an active part in the secretory  
activ ity  o f the glands.

Induction of ovulation by LH-FSH releasing hormone 
in androgenized female rats 

(treated with testosterone propionate at newborn age)

J .  B O R V E N D É G , H E L É N  H E R M A N N  and  S. B A JU SZ
RESEA R C H  IN STITU TE F O R  PHARM ACEUTICAL CHEM ISTRY, BUDAPEST

Newborn fem ale rats were treated  w ith  testosterone propionate (10 pg, 
50 pg, 100 pg/anim al) on the second day of life. After the opening of the vaginal 
orifice vaginal smears were taken  daily in  order to control the developm ent o f  
constant oestrus. After a 2-w eek observation period the anim als were treated  
with synthetic L H -FSH -R H  [(pyro) Glu-His-Trp-Ser-Tyr-Leu-Arg-Pro-Gly- 
N H 2] by the subcutaneous route. The doses used were 1.14 nM /kg, 11.4 nM/kg 
and 111.4 nM/kg.

The num ber of fresh corpora lutea o f ova in the tuba were counted 24 
hours after the treatm ent. The ovarium  was in 4% formol for histological in 
vestigation.
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W hile the ratio o f ovulating rats increased w ith  increasing dose o f the  
decapeptide, the ovulation  ratio of animals androgenized w ith  100 pg and 
1000 /xg o f testosterone propionate decreased.

The observation th a t ovulation can be induced in the polycystic ovaria 
in the androgenization syndrom e by the subcutaneous adm inistration o f  
synthetic  L H -FSH  releasing hormone, prom ises new possibilities in the  
treatm ent of the anovulation  sterility.

Physiological significance
of the intermediary form of muscle phosphorylase

G. В О Т , E D IT  F . KOVÁCS a n d  P . G E R G E L Y
IN STITU TE OF M EDICAL CHEM ISTRY, U N IV ER SITY  MEDICAL SCHOOL, D EBRECEN

A t previous M eetings o f the H ungarian Physiological Society the pro
duction and purification by crystallization of the so-called interm ediary 
phosphorylase-a, an enzym e between the inactive b form and the active a 
form  o f phosphorylase has been shown.

According to recent investigations, caffeine m arkedly inhibits both  
forms of phosphorylase. H ow ever, in the presence of AMP and in the case o f  
an appropriate caffeine—AMP ratio only phosphorylase-b is inhibited while 
phosphorylase-a and the interm ediary enzym e are left unaffected. The m ethod  
allows to study the production of interm ediary-a w ithout isolation.

It is shown th a t the production in v itro o f interm ediary-a depends on 
the ratio of phosphorylase-b and phosphorylase-a; its activ ity  is increased by  
AM P, and inhibited b y  glucose-6-phosphate and glucose. The m ost im portant 
feature is that its a c tiv ity  is increased b y  AMP but, unlike phosphorylase-b, 
it  is not inhibited by ATP.

Interm ediary-a is produced from phosphorylase-b in the skeletal m us
culature of the rat under the effect o f intraperitoneal adrenaline. Sim ilarly, 
interm ediary-a production was observed in the femoral muscle of the frog 
upon the effect o f electrical stim ulation. It seem s that, under in v ivo conditions, 
exclusively  interm ediary-a is produced independently o f the extent of stim 
ulation. This interm ediary-a too shows a high degree o f sensitiv ity  to allo
steric affectors.

The physiological significance o f interm ediary phosphorylase-a is dis
cussed.
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Movement of isolated limb pairs in the axolotl

К . В R Ä N D L E  a n d  G. S Z É K E L Y
ZOOLOGISCHES IN STITU T D E R  U N IV ERSITÄ T FR A N K FU R T A. M .,

AND IN ST ITU TE OF ANATOMY, U N IV E R S IT Y  MEDICAL SCHOOL, PÉCS

On the basis o f previous experim ental data, the brachial segm ent o f the  
spinal cord has been assumed to h ave a peculiar structure w hich is capable of  
m oving one limb in a co-ordinate m anner also w ithout afferent inform ation  
from  supraspinal centres and the lim b . Control of the bilaterally  alternating  
m ovem ent co-ordination characteristic o f the limb pair seem s to be more in 
tricate. The m ovem ent co-ordination o f six-legged axolotls developed from  
longitudinally interlaced embryos suggests that the characteristic diagonal 
co-ordination of the forelimbs and hindiim be during w alking is controlled by  
the lumbosacral segm ents or the supraspinal centres.

To decide this question, axolotl em bryos am putated in  various degrees 
were brought into parabiosis w ith  in tact embryos so th at the parabiotic 
pair consisted of 1. the brachial segm ents o f the spinal cord and the forelimb 
pair; 2. medulla, brachial spinal segm ents and forelimb pair; 3. lum bosacral 
spinal segm ents and hindlimb pair; 4. whole spinal cord and forelimb plus 
hindlim b pair. The results suggest th a t the lum bosacral spinal segm ents are 
by them selves capable of controlling th e  alternating m ovem ent o f the hindlimb  
pair while the brachial spinal segm ents are capable of governing this limb 
m ovem ent only when they  are in connection  w ith the m edulla.

Effect of clofibrate on the diuresis 
and A B H-sensitivity of rats with pituitary stalk lesion

L. CZAKÓ, ÉV A  N A G Y  a n d  F . LÁSZLÓ
FIRST D EPA RTM EN T OF M ED ICIN E, U N IV E R S IT Y  MEDICAL SCHOOL, SZEGED

The therapy o f diabetes insipidus is not com pletely solved. Most recently  
the oral antidiabetic chlorpropamide has been applied successfully in the  
treatm ent of A D H -sensitive diabetes insipidus. However, in v iew  of its hypo- 
glycaem ic side effect th is treatm ent has not w idely been accepted. N ow  French  
authors have reported that the antilipaem ic agent clofibrate had antidiuretic  
properties.

The investigations were performed on ten A D H -sensitive patients pos
sessing A D H  reserve. Clofibrate sign ificantly  decreased spontaneous diuresis, 
increased the osm olality  o f urine and m arkedly dim inished the free w ater  
clearance. Endogenous creatinine clearance, serum osm olality and the osmolar
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clearance remained unchanged. In one case, clofibrate failed to affect the  
w ater household; in th is pateint no A D H  reserve could be dem onstrated.

In rats w ith p itu itary  stalk lesion, clofibrate failed to  decrease diuresis 
in  the continuous polyurie phase. In contrast, the oliguric interphase which can 
be explained by an A D H  excess, becam e more marked and prolonged under 
the effect of the drug.

Tw o-day pretreatm ent w ith clofibrate considerably increased A D H  
a c tiv ity  together w ith  diuresis in fem ale rats anaesthetized  w ith ethanol.

The results suggest that clofibrate exerts its antidiuretic action by  
p otentiating  the A D H  effect.

Some characteristics of the action potential 
of the motor neurone in the frog

G. C Z ÉH
IN ST IT U T E  OF ANATOMY, U N IV ER SITY  MEDICAL SCHOOL, PÉCS

On the basis o f previous results obtained w ith  intracellular recording 
it  has been assumed th a t several trigger zones were in itia ting  the m echanism  
o f  after-discharge on the dendrites of the motor neurone in the frog. In the  
present experim ents th e  mechanism of spreading of the locally  in itiated  dis
charge process has been analyzed. It seem s that, under certain conditions 
decreasing cellular excitab ility  in a reversible manner, spreading of the dis
charge is slowed down and its fractionated character is unm asked. The super
num erary deflections appearing at unusual places on the oscillograms seem  
to  prove that the partial asynchronous activation  o f electrically excitab le  
sites on the cell surface are even if  som ew hat slow ly capable of evoking, 
through mutual support and addition, the generalized cell discharge.

Since these sites seem  to be identical w ith the trigger zones, the spreading  
m echanism  described supports the earlier assum ption th at discharge can be 
in itiated  on the mem brane o f these cells not only from  one but from several 
places. According to the data obtained, the m otor neurone of the frog m ight 
be ranged with those few  neurones to which similar abilities have been ascribed  
b y  recent data in the literature.
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Development of anaphylactoid hypersensitivity 
after adrenocortical failure due to B orde te lla  p e r tu s s is  vaccine

B. CSABA, L. M U S Z B E K , M. SZO K O L an d  L. F É S Ű S
IN ST IT U T E  OF PATHO PHY SIOLOG Y , AND IN STITU TE OF PATHOLOGY,

U N IV ER SITY  M EDICAL SCHOOL, D EB R EC EN

B o r d e te l l a  p e r t u s s i s  vaccine (ВРУ) considerably augm ents the sen sitiv ity  
of rats against anaphylactoid shock and the shock m ediators (histam ine, 5- 
hydroxytryptam ine). Previous studies on histam ine m etabolism  raised the  
possibility th a t a reversible failure of the adrenal cortex m ight develop after 
BPY treatm ent.

The present experim ents revealed th at on the 4th  and 8th day follow ing  
BPY adm inistration, i.e. at the tim e o f m axim um  augm entation of sen sitiv ity , 
the plasma corticosterone level decreases significantly an alteration ceasing  
on the 18th day. Pretreatm ent w ith dexam ethazone decreases the plasm a  
corticosterone level to a very low  value both in the control and the B PV - 
treated anim als. In rats pretreated with dexam ethazone, ACTH elevated the  
corticosterone level in BPV -treated animals just like in control rats.

Effect of Ca and La ions on some characteristics 
of the sarcoplasmic reticular fraction

A. CSABAI, M. SZABOLCS and  A. K Ö V É R
IN ST IT U T E  OF PHY SIOLOG Y , AND CENTRAL RESEA RCH  LABORATORY,

U N IV ER SITY  M EDICAL SCHOOL, D EBRECEN

The experim ents were performed w ith sarcoplasm ic reticular fraction  
(SRF) prepared from fish ( A e m i u r u s  n e b u l o s u s )  muscle. The effect o f Ca and 
La ions has been investigated on native SR F preparations as well as on prep
arations first treated with desoxycholate (DOC) and filtered on gel.

La ions at concentrations from 10 4 to 10"3 M considerably decreased  
the Ca uptake and the cholinesterase activ ity  of the native suspension as well 
as the C a-reactivity of ATPase. There was a several-fold increase in the ex 
tinction at 280 p m .  10” 6 to 10“ 5 M of La + + + was practically ineffective in  
all the above tests . Ca ions, even  at a concentration o f 10” 4 M, caused only  a 
minimum decrease in cholinesterase activ ity  and a m inim um  increase in ex 
tinction.

In DOC-treated and gel-filtered preparations La + + + at concentrations  
of 10” 6 to 10“ 4 M increased b u t at higher concentrations decreased, cholin
esterase activ ity . The maxim um  increase in extinction  under effect of La + + + 
occurred at concentrations from 10 ” 3 to 10” 2 M, where cholinesterase a ctiv ity  
decreased to the minimum. 10” 4 to 10 1 M of Ca slightly  increased cholin
esterase activ ity . The m axim um  occurred at 10 ” 4 M. An increase in extin ction  
in the presence o f Ca was observed only above 10” 2 M.
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Effect of chronic ACTH treatment on lipid metabolism

L. CSA LA Y, G. C SÁ K V Á R Y  an d  R . F R E N K L
IN STITU TE OF PATHO PHY SIOLOG Y , SEM M ELW EIS U N IV ER SITY  M EDICAL SCHOOL,

AND SECTION OF M ED IC IN E , SCHOOL OF PH Y SIC A L EDUCATION, BU DA PEST

It has been show n previously th at the serum corticosterone level of 
ACTII-pretreated anim als undergoes a change under the effect o f acute ACTH 
and stress, respectively. The phenom enon was assum ed to be caused by an 
inhibition of endogenous ACTH m obilization from the p itu itary, the increased  
elim ination of steroids and an altered reactiv ity  o f the tissues.

In the present experim ents the m echanism  of the above question has 
further been analyzed b y  investigating the lipid m etabolism  of rats pretreated  
w ith  ACTH.

Rats pretreated 24 hours earlier w ith  a low  dose of ACTH have been 
exposed to ACTH treatm ent and stress, respectively. The blood fa tty  acid level 
was found to exhibit a greater increase in the treated than in normal animals. 
After pretreatm ent w ith  a high dose o f ACTH neither ACTH nor the stress 
em ployed (formalin, h istam ine, swim m ing) was increased the serum fa tty  
acid level.

Investigations in progress will have to decide whether or not peripheral 
changes in lipid m etabolism  are also figuring in the developm ent o f the phenom 
enon.

Endotoxin and catecholamines

G. CSÁKÓ, H E D V IG  C S E R N Y Á N S Z K Y , S. T Ó T H  an d  T . SZ IL Á G Y I
INSTITUTE OF PATHO PHY SIOLOG Y , U N IV E R S IT Y  M EDICAL SCHOOL, D EBRECEN

The vasopressor effect of catecholam ines injected rapidly by the intra
venous route was in vestigated  in rabbits pretreated w ith E. coli endotoxin. 
Low doses of the endotoxin  potentiate the response to catecholam ines within  
one hour. Upon the effect o f high endotoxin  doses one can observe a hyper
reactiv ity  to catecholam ines, in addition to hypotension. In general hypo
thermia the blood pressure elevating effect of noradrenaline decreases, while 
th a t of adrenaline increases. H ypotherm ia counteracts both  the secondary  
hypotonic phase w hich follows the adm inistration of higher doses of adrenaline 
and the post-endotoxin  hypotension. Also cooling counteracts the catechol
am ine-potentiating effect o f the endotoxin.

Proteases are know n to play an essential part in endotoxin shock. As it 
is possible to elicit a cardiovascular shock o f the protease type by trypsin, 
the authors in vestigated  the effect o f trypsin  on the sen sitiv ity  to catechol
amines. It was found th at the vasopressor effect of both  noradrenaline and 
adrenaline was augm ented after trypsin pretreatm ent.
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Effect of nucleotide and orotic acid treatment 
on the incorporation of ,4C-stearinic acid 

in animals kept on Hartroft diet

G. C SÁ K V Á R Y  an d  L. CSALAY
IN STITU TE OF PATHOPHYSIOLOGY, SEM M ELW EIS U N IV ER SITY  MEDICAL SCHOOL, BU DA PEST

I t  has been shown previously that the adm inistration of nucleotides and 
orotic acid, the precursor of nucleic acid, was able to normalize the high serum  
and liver lipid levels induced by a d ietetic lipid load.

The present investigations aimed at elucidating the mode of action. 
14C-stearinic acid was given intravenously to non-starving anim als. F ive  
m inutes later significantly less 14C-stearinic acid was found in the liver o f the 
groups treated w ith nucleotide. The incorporation o f activ ity  decreased in the 
neutral lipid fractions (TG, ChE). A DN S increase proportional to the enlarge
m ent o f the liver was found.

The phenom enon is explained by active cell proliferation and by in 
creased lipid catabolism .

The effect of 75Se-methionine on thrombocytopoiesis 
in actinomycin-D-treated mice

L. C SE R G Á T I an d  S. T Ó T H
FIR ST D EPARTM ENT OF M ED IC IN E , U N IV ER SITY  M EDICAL SCHOOL, SZEGED

The platelet count of mice undergoes a m arked dim inution upon the  
effect o f 15 pg actinom ycin-D  given subcutaneously. The throm bocytopenia  
reaches its deep point on the 5th day after the injection, being 80 to 90%  
lower than the in itial value. When serum taken from the animals at this point 
of tim e is injected into normal mice, this intervention results in a considerable 
increase of the p latelet count w ith a m axim um  sim ilarly appearing on the 5th  
day following the injection.

In the present experim ents the incorporation o f 75Se-labelled m ethionine 
into the platelets o f the mouse has been investigated  by the original m ethod  
of P e n n i n g t o n , described in 1969— 1970. The 75Se-m ethionine uptake o f the 
platelets o f animals treated with actinom ycin-D  increased considerably after  
an in itial dim inution, and was sign ificantly  higher than that of the control 
anim als. A similarly increased a ctiv ity  was found under the effect of th e  serum  
of actinom ycin-D -treated mice as com pared with the incorporation found in 
anim als treated w ith normal mouse serum. It is essential to choose the right 
interval between the intervention aim ing at changing the blood count (actino
m ycin-D  or the serum o f mice treated  w ith this drug), the labelling w ith  75Se-
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m ethionine and the m easurem ent of the activ ity . In general, the m ost suitable  
tim e for measuring the incorporation rate o f the radioisotope seem ed to  be the  
48th  and 72nd hour as w ell as the 5th day after the injection.

Veratrine-induced rhythmic changes of the muscle membrane

M. D A N K Ó , I. G E S Z T E L Y I a n d  E . V A R G A
IN STITU TE O F PHY SIOLOG Y , U N IV ER SITY  M ED ICA L SCHOOL, D EBRECEN

In the course o f  experim ents studying the depolarizing effect o f  veratrine 
it  has been observed th a t under the effect o f  the drug, the membrane potential 
of the muscle shows distinct rhythm ic changes, the peak-to-peak value of 
w hich is about 20 to  30 mV. In the present experim ents the m echanism  of the 
rhythm ic potential changes has been investigated . T etrodotoxin, at a con
centration of 1 0 ~ 7 g/m l, causes a nearly com plete repolarization o f the already 
depolarized mem brane exhibiting rhythm ic oscillations. A t the same tim e, it 
also abolishes the oscillations in a reversible manner. Lowering the sodium  
concentration of the R inger’s solution leads to decreased oscillation frequency. 
W hen the total sodium  content is replaced by choline, the membrane will be 
repolarized and the oscillation will cease even in spite of the presence of 
veratrine. All these findings unequivocally point to  the sodium -dependence  
o f the phenomenon.

The veratrine-induced rhythm ic oscillation o f the membrane potential 
is abolished by treatm en t w ith m onoiodoacetic acid (1 mM), sodium  fluoride 
(10 mM) and am m onium  chloride (10 to 20 mM), as well as by cooling the in 
cubating Ringer’s so lution  below 10°C. It is assum ed that the oscillation of 
th e  membrane poten tia l m ight bear som e connection w ith the m etabolic 
processes active in the inside of the fibre.

Analysis of the vasopressor effect 
of oxotremorine and arecoline in the rat

DAO VAN P H A N  an d  L. G Y Ö RG Y
IN STITU TE OF E X PE R IM E N T A L  M ED ICIN E, H U N G ARIA N  ACADEMY OF SCIENCES, BUDAPEST

The parasym pathicom im etic drugs arecoline and oxotrem orine lower the 
blood pressure o f rats anaesthetized w ith  urethan. After pretreatm ent w ith the 
peripheral parasym pathicolytic atropine m ethylbrom ide, they  cause a rise 
of blood pressure.

The pressor effect o f both com pounds is o f central origin. It can be pre
vented by lesioning the spinal cord or by cervical transection, but not by  
previous rem oval o f  the adrenals. Atropine sulphate inhibits the pressor
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effect o f both com pounds, th a t of oxotrem orine in lower doses than th a t o f  
arecoline.

The pressor reflex is m ediated via the sym pathetic nervous system ; it  is 
inhibited by the ganglionic blocking agent m ecam ylam ine and by the alpha 
receptor blocking drug phentolam ine.

The mode o f action of the tw o com pounds in the central nervous system  
is not identical. Morphine, given intravenously, inhibits on ly  the oxotrem orine- 
induced vasopressor response but not that evoked by arecoline. H exam éth o
nium and atropine m ethylbrom ide injected into the lateral ventricle inhibit 
the oxotrem orine effect more strongly than the arecoline effect. It is assumed  
that central nicotinic and m uscarinic receptors are also figuring in the develop
ment o f the pressor response.

Some effects of catecholamines after microinjection 
into various subcortical regions of freely-moving cats

L. D E C S I, M Á R IA  K A R M O S-V Á R SZ E G I and  JÚ L IA  NAGY
IN ST IT U T E  OF PHARM ACOLOGY, U N IV ER SITY  MEDICAL SCHOOL, PÉCS

An adrenergic m odulatory system  was dem onstrated to be present in 
certain subcortical brain areas o f the cat. M icroinjection o f noradrenaline, 
dopam ine, isoprénaline, m ethoxam ine, phenylephrine as well as of various 
adrenolytics in various parts o f the brain revealed this system  to exert a pro
found m odulatory influence on the characteristic em otional-behavioural (rage) 
reaction which can be evoked by direct cholinergic stim ulation  of certain sub
cortical brain areas. This m odulatory influence m eans, in all cases, an inh ib ition  
either locally or from some more rem ote, but functionally  involved, region. 
Also, the autonom ic and EEG  effects of cholinergic stim ulation  are partially  
or fully abolished by sim ultaneous adrenergic stim ulation . The m odulatory  
system  consists of beta-type adrenergic receptors and involves, in addition  
to certain parts o f the lim bic system , the intralam inary cell group o f th e  
thalam us, the red nucleus and probably also the caudate nucleus.

The role of adrenergic receptors 
in the anaphylactoid hypersensitivity of the smooth muscle 

of the upper respiratory tract

G A R R IE L L A  D É V A I, M A R G IT  S Z É L E S  and  M. SZ E N T IV Á N Y I
T H IR D  D EPA RTM EN T OF MEDICBVE, SEM M ELW EIS U N IV E R SIT Y  M EDICAL SCHOOL, BU DA PEST

It has been dem onstrated in previous experim ents th a t the responsive
ness to adrenergic and cholinergic stim ulants o f the sm ooth muscle of the upper 
respiratory tract is altered during anaphylactoid hypersensitiv ity . N am ely ,

Acta Physiologica Academiae Scientiarum Hungaricae 44, 1973



3 1 2 ABSTRACTS

alpha-receptor excitation  appears in addition to the beta-adrenergic response, 
and the sensitiv ity  to  acetylcholine (ACh) also increases. It was shown that 
ACh inhibited the effect o f  beta stim ulants. In the present experim ents the 
histam ine—beta-adrenergic interaction has been compared w ith  the ACh—beta- 
adrenergic interaction.

Dose—effect curves were drawn sim ultaneously from tw o tracheal rings 
o f the same animal (guinea pig) with isoprénaline (Iso) during ACh contraction  
and during histam ine contraction which was roughly identical in m agnitude  
w ith  the ACh contraction. The investigations were repeated after the ad
m inistration of 0.1 pg/m l, 0.2 /tg/ml and 0.5 pg/m l of propranolol. Propranolol 
w as found to inhibit th e  Iso effect sign ificantly  stronger during ACh than  
during histam ine contraction . These changes were more marked in anim als 
w ith  anaphylaxis than in  normal ones.

A specific connection  can be assum ed to exist betw een the cholinergic 
and beta-adrenergic system s (receptors). This interaction m ay figure in the  
developm ent of the anaphylactoid reaction typ e. W ith the decrease in number 
of the beta receptors in anaphylaxis the predom inance o f the cholinergic 
system  becomes even more conspicuous.

Subcellular distribution of phospholipids in tonic 
and tetanic muscle

J .  D O M O N K O S, M. V A R G H A , j r . ,  an d  L. H E IN E R
DEPARTM ENT OF N EU RO LO G Y  AND PSYCHIATRY, AND IN STITU TE FO R  B R A IN  RESEA RCH , 

U N IV E R S IT Y  MEDICAL SCHOOL, SZEGED

There is no m arked difference in the percentage distribution of the phos
pholipids in the m uscle “ strom a” , m yofibrillar protein or m itochondria, and 
the sarcoplasm a-m itochondrial subcellular fractions of tonic and tetan ic  
m uscle in spite of the find ing  that the P-lipid content is different in the various 
fractions. In the united sarcoplasm a-m icrosom al fraction both  the choline- 
containing and the non-choline-containing phosphatide contents are higher 
in tonic than in tetan ic  muscle. H ow ever, in the three other subcellular 
fractions, only the non-choline phosphatide level is higher in the tonic than  in 
the tetanic m uscle, ju st as is the case w ith  the whole m uscle.

The fa tty  aldehyde content of the choline-phosphatides is roughly 
identical in all subcellular fractions of both  muscles except the m itochondrial 
fraction. W ithin the m uscle the fatty  acid content o f the non-choline phos- 
phatides is the sam e in all subcellular fractions. There is, however, an essen
tia l difference betw een the two kinds o f m uscle: the fa tty  aldehyde content 
is higher in the subcellular fractions o f the tetanic m uscle whereas the 
noncholine phosphatide level is considerably lower.
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Spontaneous and evoked electrical activity 
of the cerebral cortex, hypothalamus, amygdala 

and thalamus in haemorrhagic shock

E . D Ó R A , T . TU LA SSA Y , J .  STR A U SZ an d  A. G. В. K O  VÁC H
EX PER IM EN TA L R ESEA R C H  LABORATORY, SEM M ELW EIS U N IV ER SITY  M EDICAL SCHO OL, BU D A PEST

The follow ing questions have been studied.
1. Is it  due to the injury o f the ventral posterolateral thalam ic nucleus 

th at the cortical potentials evoked by sciatic stim ulation disappear in the  
early stage of irreversible haemorrhagic shock?

2. How does the spontaneous and evoked electrical a ctiv ity  change in the  
primary sensory cortex, in the VPL thalam i, in the nucl. ventrom edialis  
hypothalam i and in the nucl. basom edialis am ygdalae, respectively, during  
irreversible haemorrhagic shock?

The experim ents were performed on 15 cats anaesthetized w ith 60 m g/kg  
o f chloralose and im m obilized w ith gallam ine. Haemorrhagic shock was 
induced according to  the m odified technique of L a m s o n .

On the basis o f the results it  is the first third of the second phase of 
bleeding (blood pressure, 30 to 40 mm Hg) which seems to be the critical 
period. A t this tim e the am plitude o f all evoked potentials is lower than their  
initial am plitude and also their forms differ from the in itia l w ave form. In the  
middle third o f the second phase there is no response to sciatic stim ulation in  
either structure. A t this stage, however, the sensory cortex y e t responds to  
stim ulation o f the V PL thalam i, and the hypothalam us to th at o f the am ygdala. 
A t the end of the bleeding all responses disappear and are not restored b y  
reinfusion.

Neurophysiological investigations with an organic phosphate
compound

G. D U R A , I. IL L É S , MAGDA M A JO R  and  C. GÖ NCZI
NATIONAL IN ST ITU TE OF PU BLIC H EA LTH , BU DA PEST

EEG  and EMG investigations were performed w ith  the w idely used  
potent pesticide, m alathione.

A cute m alathione poisoning (300 m g/kg) causes a strong desynchroni
zation of the EEG  w ithin the first 24 hours hut high am plitude spike potentials 
also appear. These spike discharges becom e more marked upon the effect o f  
photostim ulation. The results were evaluated w ith  a bioanalysator integrator; 
this revealed the integrated value of the am plitude o f the EEG  records to  
diminish under in  m alathione poisoning.
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Electrom yographic studies revealed the motor unit potentials o f the  
gastrocnem ius m uscle to  augm ent in duration w ithout any significant change 
in  discharge frequency. B iointegrator evaluation  of the electrogram  showed an 
increased electric a c tiv ity  of the m uscle.

The degree o f inh ib ition  of cholinesterase activ ity  in various parts o f  the 
brain and in blood w as determined.

Summing up, poisoning w ith the cholinesterase inhibitor m alathione 
causes an increased excitation  o f the central nervous system  and lengthens 
the duration of the m otor unit potential.

Blood flow and salivary secretion of the submandibular gland
in haemorrhagic shock

A. E K E , L . G Y U L A I, A. S U L Y O K  an d  A. G. B. KO YÁCH
EX PER IM EN TA L RESEA R C H  LABORATORY, SEM M ELW EIS U N IV ER SITY  M EDICAL SCHOOL, BU DA PEST

It was shown previously that during haemorrhagic shock the blood flow  
of the subm andibular gland decreased parallel with the decreasing blood  
pressure down to 60 m m  Hg, with no further change during further bleeding. 
In the present experim ents the relationship between blood flow  and salivary  
secretion o f the subm andibular gland has been investigated  in control anim als, 
during gradual bleeding as well as in haem orrhagic shock.

The resting b lood flow  of the gland as w ell as the changes caused in  flow  
and secretion by stim ulation  of the chorda tym pani (2 У , 16 Hz, 2 msec) were 
studied in dogs under chloralose anaesthesia. Venous outflow  was m easured  
w ith a drop counter and tissular circulation with a heated thermistor.

In the control period, venous ou tflow  (20 ^  3 m l/m in/100 g) exhibited  
an 8-fold and the tissular circulation a 4-fo ld  increase. There was not m easur
able salivary secretion w ithout stim ulation; on stim ulation, saliva production  
averaged 28 m l/m in/100 g. During bleeding the circulatory responses to  
stim ulation, as m easured by both m ethods, decreased more m arkedly than  
did salivary secretion. After retransfusion, blood flow o f the salivary gland  
returned to the control level and arterial blood pressure to  67%  of the control. 
The flow  change caused by stim ulation o f the chorda tym pani reached 50%  
and salivary secretion 65%  of the control, as measured by both m ethods.
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Effect of phénobarbital, ethyl-p-chlorophenoxy-isobutyrate 
(clofibrate) and bis-p-chlorophenoxy-acetylurea (M-451) 

in experimental liver injury of the rat

S. E L E K , J .  B O R SY , A N D R E A  M A D E R SP A C H , I .  P O L G Á R I 
and  Z SU ZSA  OSVÁTH

R ESEA R C H  IN ST ITU TE FOR PHARM ACEUTICAL CHEM ISTRY, BUDAPEST

It was investigated  how experim ental liver injuries are influenced b y  
phénobarbital (a drug inducing m icrosom al enzym e synthesis in the liver) as 
well as by drugs influencing lipid m etabolism  m ainly through an effect on the  
liver.

Liver damage was induced by carbon tetrachloride, ethionine and alfa- 
naphthylisoth iocyanate (ANIT), a drug causing intrahepatic cholestasis. For 
ten  days before the liver damaging agent, the animals received phénobarbital 
(10 and 30 m g/kg intraperitoneally) or compounds decreasing the cholesterol 
level. These were Clofibrate ®  (100 and 300 mg/kg, orally) and M-451 (10 and 
30 m g/kg, orally). The exten t of liver injury was judged by laboratory and 
m orphological m ethods. In addition, the triglyceride and cholesterol content 
o f the liver as w ell as the free fa tty  acid (FFA) and cholesterol level o f the  
serum were determ ined.

The results showed phénobarbital to increase, while Clofibrate ®  and 
M-451 to  decrease the exten t of liver injury. The effects obtained depended  
on the doses applied and the character of the injury.

The results are discussed in connection with the effect on lipid m etab
olism  o f the com pounds investigated . Further investigations of the liver- 
protective effect o f lipid-decreasing agents seem to be indicated.

Ultrastructural changes in the heart of H elix  p o m a tia  L. 
caused by calcium deficiency

K . E L E K E S , T . K IS S  a n d  K A T A L IN  S. R Ó ZSA
BIOLOGICAL RESEA R C H  IN STITU TE, H UN G A RIA N  ACADEMY OF SCIENCES, TIH A NY

An im portant role in the m echanism  o f contraction is ascribed to the Ca- 
storing sarcotubular system  of various m uscles. This system  has been in v esti
gated in the heart m uscle of H e l i x  p o m a t i a .  It was studied w hat physiological 
and ultrastructural alterations would appear under the effect of a Ca-free 
m edium . Both electrical and contractile a ctiv ity  were found to cease in a Ca- 
free m ilieu. In addition, essential alterations appeared in the ultrastructure  
o f the H e l i x  heart m uscle cells after perfusion with Ca-free solution for 30 
m inutes and two or four hours. The elem ents of the sarcotubular system  (and  
the subsarcolem m al cistern in particular) are swollen, the m atrix of the m ito-
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chondria is loosened, and the membrane structure undergoes desctruction. On 
the basis of the data obtained the above cell constituents are assumed to p lay  
a decisive part in intracellular calcium m etabolism , and also in  the connection  
o f excitation-contraction  processes in H e l i x  heart muscle.

Effect of atropine infusion on histamine- 
and pentagastrin-induced gastric acid secretion 

in anaesthetized cats

F. E N D R É N Y I and  L. T A R D O S
PHARMACOLOGICAL LABORATORY, CH lN O IN  PHARM ACEUTICAL W O RK S, BUDAPEST

D ata are contradictory concerning the effect o f atropine on gastric acid 
secretion elicited b y  histam ine (H) and pentagastrin (Pe). The reason for the 
discrepancy m ight be in the different manners o f adm inistration of the anta
gonists and the agonists, the secretion-stim ulating com pound being generally  
applied by infusion w hile the antagonist in the form o f a single intravenous 
injection.

In the course o f the experim ents the effect of atropine has been in vestigat
ed on gastric acid secretion stim ulated by pilocarpine, H and Pe, respectively, 
in  cats anaesthetized w ith  pentobarbital. Increasing doses o f the agonists were 
infused sim ultaneously w ith an atropine solution  o f standard concentration.

The dose—effect curve o f all three agonists showed an inhibition under 
the effect of atropine infusion, although the course of the curves was different 
M uch higher doses o f  atropine were necessary to  inhibit the H and Pe than the  
pilocarpine effect.

The results ind icate that vagal regulation plays a part in the effect o f H 
and Pe, agents d irectly  influencing the parietal cells, for its  abolition alters 
hydrochloric acid secretion.

Effect of light on the metabolism of soluble cerebral proteins
in the rat

J .  FA ISZ T  and  J .  IZ SÁ K
IN STITU TE OF COM PARATIVE PHYSIOLOGY, EÖTVÖS LO RÁ ND  U N IV ERSITY  OF SCIENCES, BUDAPEST

It has been reported at the 1971 Congress of the Hungarian Physiological 
Society that, w ith  certain quantitative differences, the acid soluble proteins 
take up the com position characteristic o f the adult rat on the 20th day o f life. 
In the present experim ents the influence o f enucleation performed on the 4th  
day and that o f photic stim ulation from the tim e of the opening of the eyes 
were investigated  on the cerebral protein map constructed on the basis o f  
tw o-step protein fractionation (D EA E cellulose anion exchange, gel electro-
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phoresis). According to the observations, the quantitative com position o f  
proteins in the occipital region o f the brain was m arkedly influenced by  
enucleation as compared w ith  either 20-day-old or adult controls; the am ount 
of certain m ore acid com ponents was considerably decreased. No similar 
changes were observed in the frontal brain region. Photic stim ulation at the  
tim e of eye opening m arkedly increased the am ount o f som e acid proteins in  
the occipital region as compared w ith 20-day-old controls. Photic stim ulation  
of adult anim als failed to cause any changes of similar character.

Lysozyme activity of the human tonsil 
and its role in local protection

G Y Ö N G Y I F A R K A S ,  M Á R IA  P U SK Á S,  F. A N T O N I and  P. P I F F K Ó
IN ST IT U T E  OF MEDICAL CH EM ISTRY, SEM MELW EIS U N IV ER SITY  MEDICAL SCHOOL,

AND NATIONAL IN ST ITU TE OF N EU R O SU R G E R Y , BU DA PEST

In previous investigations the authors have described the ab ility  of 
tonsillar lym phocytes to synthetize nucleic acid and protein and, in this con
nection, the inhibitory effect o f em etine on protein synthesis.

The present investigations deal w ith the lysozym e activ ity  o f hum an  
tonsils and tonsillar lym phocytes. Lysozym e and tonsillar lym phocytes were 
isolated and purified from hum an tonsils according to the procedure o f J o l l e s .

The authors succeeded in a 15,700-fold purification of the enzym e on 
Bio-Gel 10 colum n. The purity of the preparations was checked by polyacryl
amide gel electrophoresis.

In the course of the investigations lysozym e synthesis was studied in 
cell cultures.

On the basis of the results it  is assum ed th at the lysozym e activ ity  of 
tonsillar lym phocytes plays a part in local protection under conditions in situ .

Effect of p-chlorophenylalanine on the spontaneous activity of rats

I L D I K Ó  F A R K A S  a n d  J .  SÓS
IN STITU TE O F PATHOPHYSIOLOGY, SEM MELW EIS U N IV ER SITY  MEDICAL SCHOOL, BU DA PEST

The drug p-chlorophynlalanine inhibits the biosynthesis o f serotonin. 
According to data in the literature a dose o f 100 m g/kg given for three con
secutive days considerably decreases the serotonin level o f the central nervous 
system  w ith  a return to normal on the 10th day. This point of tim e and the  
following periods were chosen to observe the behaviour o f the animals.

Spontaneous motor activ ity  was m easured each morning for h a lf an 
hour; no sign ificant difference was found betw een the treated and the control 
groups.
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The maze running tim e o f the anim als decreased and the num ber of 
errors increased. W hen the results obtained in animals in the active and passive  
group were evaluated separately, the active animals were found hardly to  
change during and after the treatm ent, while passive anim als exhibited  a 
sign ificantly  worse perform ance under the effect o f the drug.

Effect of kidney denervation on the renin activity 
of renal venous blood of dogs with renovascular hypertension

Á. F A Z E K A S,  Á G N E S  F E K E T E ,  I.  FO R G Á C S and  K A T A L IN  GAÁL
IN STITU TE OF PH Y SIO LO G Y , SEM M ELW EIS U N IV ER SITY  MEDICAL SCHOOL, BU DA PEST

Ligation of the right renal artery in the dog led to the developm ent and 
persistence of hypertension irrespective o f the fact whether the contralateral 
kidney was innervated or denervated. According to previous investigations the 
renin production o f the in tact kidney plays an im portant part in the m ain
tenance of hypertension after rem oval o f the ischaem ic kidney, the renin 
a c tiv ity  of the venous blood being constantly  elevated during a 360-day  
observation period.

In the present experim ents the splanchnic nerve running to the contra
lateral kidney was transected sim ultaneously w ith the hypertension inducing  
intervention and the renin production o f the denervated kidney was contin
uously  followed. Renin content in the venous blood of the denervated kidney  
was significantly lower in the early phase o f the hypertension than the value  
found in the venous blood o f the innervated kidney. In more advanced phases 
of hypertension, the renin activ ity  increased in a manner sim ilar to th at seen 
in the innervated group. The authors are o f the opinion that both intra- and 
extrarenal m echanism s influencing renin production are figuring in the m ain
tenance of chronic hypertension.

Derivatographic analysis of myosin and myofibrils

S. F A Z E K A S  a n d  I.  KÁ SA
IN STITU TE OF BIO CHEM ISTRY , SEM M ELW EIS U N IV ER SITY  MEDICAL SCHOOL,

AND D EPARTM ENT OF A PP L IE D  CH EM ISTRY, BUDAPEST

The derivatograph allows to perform therm oanalytic investigations on 
various com pounds. Under the effect o f gradually increasing tem peratures, 
organic compounds undergo therm al disintegration at definite tem perature 
points depending on the strength o f their chem ical bonds. Various groups of 
com pounds, such as carbohydrates, lipids and proteins, undergo therm al dis
in tegration  corresponding to the character o f their chem ical bonds. Therefore,
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the maxim a of therm al disintegration are characteristic of a large group of 
com pounds. The apparatus is capable o f  measuring and recording w eight loss, 
the speed of therm al disintegration as well as the direction (endotherm ic, exo
therm ic) and exten t o f the reaction in the course o f therm al change. M yosin  
prepared from striated  muscle as w ell as its chrom atographically separated  
fractions were subjected  to therm oanalytic investigations. The m yosin fraction  
was found to have an endothermic m axim um  indicative of w ater loss at 70 to  
75°C, and other ones at 185 and 215°C introducing the therm al disintegration  
where the protein so to say m elts (lyotropic mesomeric state); thereafter, the  
disintegration becom es exotherm ic w ith  great exotherm ic m axim a at 280 to  
285 and 310 to 320°C. In addition, m axim a appear in the 2nd chrom atographic 
fraction  at490°C and in the 3rd and 4 th  fractions at 505 to 510°C. The therm al 
data for the separate myosin fractions differ considerably from those o f  non
separate control m yosin. The therm oanalytic m axim a of the m yofibril cor
respond to the tem perature points characteristic o f protein; however, owing 
to their com plex structure, the course and form o f the curves greatly differ 
from those of purified protein preparations.

Activity of the efferent sympathetic nerves of the heart 
and forelimb. II. Effect of bleeding, cooling, asphyxia 

and stimulation of the efferent nerves

L. F E D I N A ,  M. K O L L A I  and  A. G. B. KO V Á C H
EX PER IM EN TA L RESEA R C H  LABORATORY, SEM M ELW EIS U N IV ER SITY  M EDICAL SCHOOL, B U D A PEST

In previous experim ents a difference has been dem onstrated to ex ist in  
the central regulation of the a c tiv ity  o f  vertebral and cardiac nerves. In the  
present experim ents the effect o f  various factors influencing efferent sym 
p athetic  activ ity  has been in vestigated . The m ethods have already been  
reported.

During step-w ise bleeding th e  a ctiv ity  o f the vertebral nerve increases 
more markedly than  that of the cardiac nerve. After retransfusion, the a ctiv ity  
o f both  nerves returns to normal.

Cooling the am bient air from 30°C to 15°C increased vertebral nerve 
a c tiv ity  to 125% and cardiac nerve a ctiv ity  to 118% . Further cooling caused  
the activ ity  of the vertebral nerve to  increase considerably more than  did 
that o f the cardiac nerve (178 and 117% , respectively). Rewarm ing the  
am bient air (30°C) restored the a c tiv ity  to the control level in both nerves.

In asphyxia, the activity o f the vertebral nerve gradually increased and 
reached the m axim um  (300%) at th e  60th  second. A ctiv ity  of the cardiac nerve 
began to increase later and reached 160%  at the 60th second.
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On sciatic stim ulation , an increase or decrease in activ ity , depending on  
the parameters used, were observed more frequently in the vertebral than in  
the cardiac nerve.

The results show  the activ ity  of the sym pathetic nerves innervating the  
tw о regions to change in a different extent under the effect of various factors.

Effect of beta-receptor blocking drugs 
on the regulation of systolic volume

T. F E N Y V E S I  and  P. H A D H Á Z Y
SECOND D E PA R T M E N T  OF M ED ICINE, AND IN ST IT U T E  OF PHARM ACOLOGY, 

SEM M ELW EIS U N IV ERSITY  M EDICAL SCHOOL, BUDAPEST

Cardiac output rem ains constant w hen the pulse rate is altered b y  
pacem aker between 100 and 200 in the dog and betw een 60 and 120 in hum an; 
th u s, the systolic ou tp u t decreases. The augm entation of diastolic filling in  
load-induced tachycardia and the increase o f contractility  in the resting state  
by them selves do not lead to an increase o f the volum e.

In experim ents o f  heart-lung preparation of 22 dogs, isoprénaline slightly  
increased stroke volu m e in the control sta te , but the exten t of this increase 
did not depend on th e  dose applied. The effect of three beta-receptor blocking  
drugs (propranolol, practolol and pindolol) was investigated  in three series 
of experim ents. The increasing effect o f isoprénaline on stroke volum e becam e 
more and more dependent upon the effect o f increasing doses o f the antagonists. 
Q uantitative analysis o f  the inhibition o f inotropic and chronotropic effects 
revealed the beta-b locking drugs applied to inhibit the positive inotropic effect 
of isoprénaline in a sign ificantly  lesser degree than the positive chronotropic 
effect. As a consequence, the cardiac output increasing effect o f isoprénaline 
depends, under in tact conditions, m ainly on the heart rate and becom es, after 
beta inhibition, dependent on the stroke volum e.

Effect of catecholamines and shock mediators (histamine,
5-hydroxytryptamine) on the blood sugar level 

in rats treated with Bordetel la  p e r tu ss i s  vaccine

L. F É S Ű S ,  L. M U S Z B E K  a n d  B. CSABA
IN STITU TE OF PATHOPHYSIOLOGY, U N IV E R SIT Y  MEDICAL SCHOOL, D EBRECEN

In previous experim ents, Bordetella pertussis  vaccine (BPY) evoked  
considerable alterations in the regulation o f glycogenolysis in the rat, an effect 
presum ably connected w ith  the appearance o f an increased sensitiv ity  to  
anaphylaxis.
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In the present experim ents this m echanism  was further investigated  
w ith  the result th a t neither adrenaline nor isoprénaline caused hyperglycaem ia  
in rats pretreated with BPV. Noradrenaline failed to affect the blood sugar  
level in B P V -treated  animals ju st as it  did in control rats. Ten mg/kg o f 5- 
hydroxytryptam ine given intravenously  markedly increased the blood sugar 
level in the control animals, but decreased it on the 4th  day of BPV pre
treatm ent. B PV  also altered th e  blood sugar effect o f h istam ine. These effect 
o f BPV are assum ed to play an im portant part in the developm ent o f the  
increased sen sitiv ity  to shock m ediators and to anaphylactoid shock.

Role of the adrenals in endotoxin hypersensitivity

G A B R IE L L A  F Ó R I S ,  GY. F Ü S T  and  K. Ú J H E L Y I
NATIONAL IN ST IT U T E  OF PHARMACY, A N D  NATIONAL IN STITU TE OF PU B L IC  H EA LTH , BU DA PE ST

According to previous results, the tox ic ity  of Serratia marescens endo
tox in  increases in the adrenalectom ized rat after a few m inutes incubation  
w ith  normal rat serum.

H owever, no post-incubation increase o f the tox ic ity  was seen in normal 
or hypophysectom ized rats, or in animals sensitized w ith A ctinom ycin-D .

The ex ten t o f the increase in to x ic ity  depends on the C’3 com plem ent 
level of the serum  used for incubation. No increase in to x ic ity  was observed  
in the case of sera inactivated at 56°C or exhausted by zym osan.

Thus, adrenalectom ized rats exhibit special sen sitiv ity  against the to x ic  
substances (anaphylatoxin, chem otaxic agents) produced during activation  
o f the C’3 com plem ent com ponent.

The serum level of the C’3 com plem ent com ponent is high in adrenal
ectom ized rats. In  addition, th e  C’3 content of the serum o f such animals is  
more rapidly and more perfectly activated  under in vitro conditions than th at 
o f the serum o f normal animals. These findings m ay offer one o f the possible 
explanations o f the endotoxin h ypersensitiv ity  of adrenalectom ized anim als.

Enzyme induction in trained and non-trained animals

R. F R E N K L  and  SZ. S Z E B E R É N Y I
SECTIO N  OF M EDICINE, H UN G A RIA N  SCHOOL OF PHYSICAL EDUCATION,

AND CHEMICAL W O RK S GEDEON R IC H T E R  LTD., BU DA PEST

Previous investigations have shown th at steroids are connected w ith  
m uscular work and enzyme induction  at several points. In the trained organ
ism , both the p itu itary-adrenocortical system  and steroid m etabolism  undergo 
alterations. The steroid horm ones are substrates of the microsom al enzym e  
system (s) of the liver playing a k ey  role in the elim ination o f xenobiotic sub-
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stances. This connection called the authors attention  to the question of whether  
the hexobarbital oxidase activ ity  o f the liver changed in  animals trained by  
swim m ing. A further question was w hether the experim ental training affected  
th e  effect o f cata tox ic  steroids.

Hexobarbital oxidase activ ity  determ ined in v ivo b y  measuring h exo
barbital sleeping tim e considerably increased in the initial phase (first week) 
o f swimming, and gradually dim inished at the 4th to 6th week. (According  
to  previous experim ents this is the tim e o f the developm ent of the trained  
condition.) The inducing effect o f m etandienone and spironolactone was 
weaker in the trained than in the non-trained animals.

Effect of surgical stress on the glycogen content of liver 
and skeletal muscle in the rat

J.  GAÁL, G. PO G Á T SA  and  L. NAGY
TH IRD  D EPA R T M E N T OF SURGERY, AND FO U R TH  D EPARTM ENT O F M EDICINE, 

SEM M ELW EIS U N IV ER SITY  M EDICAL SCHOOL, BU DA PEST

Surgical stress is a consequence o f the sim ultaneous effect of several 
factors. Of these factors the effect o f anaesthesia, laparotom y and m anip
ulation  of the in testin es has been investigated  on the glycogen content o f the 
liver and skeletal m usculature of rats. The experim ents were performed on a 
to ta l o f 36 rats; each anim al served as its own control. Laparotom y was made 
under pentobarbital (40 mg/kg) or superficial ether anaesthesia. Glycogen was 
determ ined in sam ples excised from the liver and from the quadriceps femoris 
m uscle. The abdom en o f six animals anaesthetized w ith pentobarbital and six  
anim als anaesthetized w ith ether was closed. Of the rem aining rats, in six  the  
abdom en was kept open for one hour and in another six  for two hours. In  8 
anim als the abdom en was kept open for one hour during which a piece of 
gauze soaked in physiological saline was placed on the mobilized in testinal 
loops for 5 seconds at ten  m inutes in tervals. After 1 and 2 hours, a new sam ple 
w as excised from the liver as well as from the contralateral quadriceps fem oris. 
The abdomen of the first two groups o f  rats anaesthetized with pentobarbital 
and ether was opened again and new liver samples were excised. Glycogen was 
determ ined according to G o o d , K r e m a r  and S o m o g y i .

The glycogen content of the liver underwent a considerable dim inution  
upon the effect o f laparotom y.

M anipulation o f the intestines accentuated this dim inution even more. 
N o significant difference was found betw een the anim als anaesthetized with  
pentobarbital and those with ether. The glycogen content o f the liver at the  
end of the surgical intervention depended on the initial level; it was directly  
proportional to the la tter. D im inution o f the glycogen content of the skeletal 
m uscle was considerably less marked.

Acta Physiologica Academiae Scientiarum Hungaricae 44, 1973



ABSTRACTS 323

Effect on renal function and renin liberation of beta-mimetic 
and beta blocking drugs infused in the renal artery

K A T A L IN  GAÁL, I .  FO R G Á C S and  P. SALLAY
INSTITUTE O F PHYSIOLOGY, SEM M ELW EIS U N IV ER SITY  M EDICAL SCHOOL, BUDAPEST

The effect o f  beta-m im etic and beta blocking drugs on renal function  
and renin liberation has been in vestiga ted  in dogs anaesthetized w ith p en to 
barbital.

1. Infusion o f  1 jUg/kg/min o f  isoprénaline decreased blood pressure and 
R ren; renin a c tiv ity  in the peripheral arterial and in the renal venous blood  
was increased. 2. Intrarenal infusion o f 10 pg/kg/m in o f oxprenolol decreased  
blood pressure and left R ren unchanged. Renin activ ity  o f renal venous blood  
was increased. 3. W hen the beta-m im etics were applied under alpha inhibition, 
no elevation was seen in the renin a c tiv ity  o f the peripheral arterial and renal 
venous blood in sp ite  of the dim inution of blood pressure and of R ren. A beta  
blocking drug applied during alpha inhibition  failed to cause any change in 
either the haem odynam ic param eters or renin secretion.

It is concluded that no sp ecific  role can be ascribed to the intrarenal 
beta-receptors in th e  regulation o f renin secretion. The augm entation of plasm a  
renin activ ity  after selective stim ulation  or inhibition of the beta-receptors is 
considered consequence of the haem odynam ic alterations, the m anifestation  
of which is bound to  the alpha-receptors.

Bronchodilator effect of sympatho-mimetics 
and parasympatholytics in the human bronchial system

G. GALGÓCZY, T .  JA N C SÓ  a n d  A. M Á NDI
NATION A L INSTITUTE O F  LA BO UR H Y G IEN E, BUDAPEST

The broncholytic effect o f inhaled  atropine, isoprénaline and orcipren- 
aline as well as o f  atropine in jected  intravenously has been investigated  in 
ten patients with chronic obstructive bronchitis. In the applied doses all drugs 
decreased total respiratory airflow  resistance (Rj) and intrathoracic gas volum e  
(ITGY) to an equal extent, while sp ecific  conductance was considerably aug
m ented. In the case o f all the drugs investigated , the exten t o f the broncho
ly tic  action depended, in an equal degree, on the initial predrug value. Thus 
the authors regard the “ law of in itia l value” confirmed for the circulatory  
system  also valid for the bronchial system . The conclusion is drawn th at the  
dysfunction of the autonom ic nervous system  m anifesting itse lf  w ith increased  
cholinergic activ ity  p lays an im portant part in the pathom echanism  of chronic 
obstructive bronchitis.
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Effect of phytohaemagglutinin on thymus cells

A L F R É D A  GALLYAS a n d  I .  F E H É R
NATION A L IN ST ITU TE OF R A D IA TIO N  BIOLOGY, BU DA PEST

Two functionally different kinds o f lym phocyte occur in adult animals, 
the long-life and the short-life subpopulations. No long-life lym phocyte occurs 
in newborns, this cell ty p e  appears w ith age, parallel to growth. The develop
m ent and amount o f th is fraction are regulated by the thym us and by a humor
al factor of thym ic origin. Long-life and short-life lym phocyte subpopulations 
are known to respond in a different m anner to  a given stim ulus; their behaviour 
is different after the adm inistration of corticoids or phytohaem agglutinin and 
their sensitivity to radiation is also different.

In the present experim ents the post-irradiation regeneration o f the long
life and short-life fractions was investigated  in animals o f both sexes and 
different ages, treated  w ith  phytohaem agglutinin.

Structure of quick and slow fibres in human muscle

M. G A RAM VÖ L G Y I
SECTION O F PATHOLOGY, POSTGRADUATE M EDICAL SCHOOL, BUDAPEST

Two types of fibres have been distinguished in normal human abdominal 
m uscle. When com pared w ith data obtained in other mammals these fibres 
correspond, w ith great probability, to  quick and slow fibres. Differences can be 
dem onstrated in them  in the number of m itochondria as well as in the am ount 
o f the triads. The m yofibrils o f the tw o fibre types are also different. The Z- 
lines o f the slow fibres are more than tw ice as th ick  as those o f the quick 
ones. However, the classical “ Fibrillenstruktur-Feldstruktur” classification  
does not seem a reliable criterion in hum an m uscle, owing to the regular 
position  of the m itochondria. It is im portant to distinguish betw een the two  
fibre types in clinical exam inations.

Effect of butylsympathon on the transcapillary fluid transport 
of the cat limb musculature in haemorrhagic shock

E R Z S É B E T  GA TTYÁ N, ZSUZSA NNA B IR Ó  and  A. G. В. KOVÁCH
EX PERIM EN TA L R ESEA R C H  LABORATORY, SEM M ELW EIS U N IV ER SITY  MEDICAL SCHOOL, BUDAPEST

The influence o f  B utylsym pathon, an anti-shock drug, has been in 
vestigated on the capillary filtration coefficient (CFC) in the limb musculature 
o f cats under chloralose—urethan anaesthesia.
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1. In non-anaesthetized cats, 15 m g/kg o f B utylsym pathon increased the 
CFC from 0.015 to 0.0205 ^  0.0031 m l/m in/m m  H g/100 g (p <C 0.05); the 
effect persisted for 80 to 90 m inutes. 2. According to previous experim ents, 
the CFC decreases to 57% of its in itia l value in standardized haemorrhagic 
shock at a blood pressure level o f 35 mm H g. In animals treated w ith B u ty l
sym pathon, CFC increased to 142%  of the original (0.028 m l/m in/m m  H g/100 g;
p <  0.02).

The marked and irreversible dim inution of the capillary filtration  
coefficient in the second phase o f standardized haemorrhagic shock was 
counteracted b y  B utylsym pathon. On the basis of this finding it  can be 
assumed that the effect on flu id  transport plays a part in the anti-shock  
activ ity  of the com pound, probably by decreasing the tone o f the precapillary 
sphincters.

Effect of vibration on the chloral hydrate 
and pentobarbital sleeping time of the rat

T. GÁTI, I L D I K Ó  F A R K A S ,  T. Z E L L E S ,  T. K R A U S Z  a n d  I R É N  R ALLYA
IN STITU TE OF PATHOPHYSIOLOGY, SEM M ELW EIS U N IV ER SITY  MEDICAL SCHOOL, BUDAPEST

Vibration exerts a general effect by influencing the functional state of the 
central nervous system . In higher animals it  is the psychogenic effect which  
dom inates, though a som atosensory mode o f action is also probable. Previous 
investigations revealed the deafferentation o f the hypothalam us to prevent 
the vibration-induced elevation o f the 17-hydroxycorticosterone and adrenaline 
content. The im pulses evoked b y  vibration in the whole body affect the  
central nervous system  m ostly v ia  the reticular form ation. This initial activa
tion is followed by exhaustion.

H orizontal vibration of 3 and 5 Hz and 20 mm am plitude did not in 
fluence the pentobarbital sleeping tim e while increased the chloral hydrate  
sleeping tim e when compared w ith  the controls.

W hen the animals were subjected  to horizontal vibration for two hours 
tw ice daily for a period of 6 w eeks, the chloral hydrate sleeping tim e was 
considerably prolonged as com pared to the control; thus, in this respect, no 
adaptation to vibration developed.

The results suggest the anaesthesia-prolonging effect o f vibration to  
have a cortical site o f action.
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“ Skin reacting factor” as activator of the bradykinin system
Á. G EC SE, L E N K E  S Z E K E R E S ,  A. LÓZSA, J .  LO N O V IC S 

a n d  E L E O N Ó R A  Z S IL IN S Z K Y
IN STITU TE OF PATHO PHY SIOLOG Y , U N IV E R SIT Y  MEDICAL SCHOOL, SZEGED

Lym phocytes from  M antoux hyperergic subjects were incubated in 
Parker’s 199 medium in the presence o f hom ologous antigen (PPD ) at 37°C 
for 24 hours. The supernatant of the cell culture was filtered  on Sephadex  
G-200 and further purified on D E A E  colum n. The sam ples obtained in this 
m anner were separated by polyacrylam ide gel electrophoresis. The vascular  
perm eability-increasing effect o f the sam ples obtained was determ ined in R 
Am sterdam  rats after each step of the purification.

Materials causing haemorrhage and inflam m ation were found in two  
m olecular weight ranges, one w ith a m olecular w eight o f 60,000 to  70,000  
and another w ith a m olecular weight o f 30,000. The increase in vascular per
m eability  can be observed as soon as 15 m inutes following the adm inistration  
o f the substance, w ith  a m axim um  at the 60th m inute. The am ount o f the 
constituents of the bradykinin system  was determ ined in the inflam m atory  
oedem a fluid. The enzym e-producing bradykininogen and kinin reaches the  
m axim um  30 m inutes after the appearance of the inflam m atory reaction. 
T o ta l coûtent and bradykininase activ ity  were highest at the 60th and 120th 
m inutes, respectively, after the inflam m ation. The effect o f the tw o in flam 
m ation-inducing substances could not be inhibited by either SBTI or in 
cubation at 56°C for 15 m inutes.

On the basis o f the results the sensitized lym phocytes seem to produce, 
in the presence of hom ologous antigen, substances causing inflam m ation of 
early type and to induce an extravascular activation  of the bradykinin system .

Incorporation of 15N-labelled amino acids 
into the liver of starved rats

G. G E F F E R T H
NATION A L IN STITU TE OF N U T R ITIO N , BU DA PEST

Amino acids were labelled w ith 15N , the stable isotope o f nitrogen which  
occurs also in nature. The presence o f the labelled isotope in the sam ples in 
vestigated  was dem onstrated after liberation o f the nitrogen. For this purpose 
the nitrogen was kept in vacuum  in the presence of a m ixture of CaO and CuO 
at 500°C for three tours. The nitrogen gas developed was then excited  in a 
high-frequency power field . The occurrence ratio of the nitrogen isotopes was 
determ ined by spectrophotom etric analysis o f the em ission spectrum . The 
determ ination requires about 10 ,ug o f nitrogen.

W ith the m ethod described the m atabolism  o f the amino acids applied  
was investigated in control and starved rats.
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Role of adrenergic receptors in the regulation 
of gastric motility in the rat

F. G E L E N C S É R , T. G Á TI and J .  H I D E G
H U N G A RIA N  ARM Y MEDICAL CORPS, A ND IN STITU TE OF PATHOPHYSIOLOGY,

SEM M ELW EIS U N IV ER SITY  M EDICAL SCHOOL, BU DA PEST

The effect o f adrenergic receptor agonists and antagonists on gastric 
m o tility  has been investigated  in m ale albino rats weighing 150 to  200 g. 
Gastric em ptying was studied by X -rays taken after the oral adm inistration  
of 2 ml/100 g o f Novobarium  ® .

Adrenaline was found to inhibit gastric m otility . Phenylephrine, a drug 
w ith  a predom inant alpliam im etic action , was ineffective, while the alphalytic  
phenoxybenzam ine slightly  inhibited gastric em ptying.

Isoprénaline was strongly inhibitory while propranolol slightly enhanced  
gastric em ptying. From these data it  has been concluded to a small ex ten t o f  
beta-receptor tone as far as gastric m otility  is concerned.

Adrenaline was fu lly  effective also in animals pretreated with p h en oxy
benzam ine, while propranolol pretreatm ent abolished the m otility-inhibiting  
effect.

It is concluded th at the inhibitory effect of adrenaline on gastric m otility  
is brought about through beta-receptors.

Individual variability in the manifestation of frontal signs
M. G E R B N E R ,  HO DU C  D U C  and  J U D I T  K E L E T I

IN ST ITU TE OF PSYCHOLOGY, H UN G A RIA N  ACADEMY OF SCIEN CES, BUDAPEST

Rem em brance o f instrum ental discrim ination changes in the dog after 
dorsal prefrontal (D P F ) and lateral prem otor (LPM) lesion. The num ber o f  
reactions increases after D P F  lesion, for the animals react more often to  non- 
awarded stim uli and during intersignal periods. The laten cy , which had been  
decreased during learning the reaction, usually  undergoes a further dim inution. 
All these point to an increased reactiv ity . The number o f reactions decreases 
after LPM lesion, for the animals do not react to part o f the awarded stim uli, 
and the latency of the responses is prolonged. There are individual differences 
in the exten t o f these alterations. In anim als in w hich the D P F  lesion had  
caused great changes, the LPM lesion usually  had a slight effect. I f  the effect 
of the D P F  lesion was medium , also the alteration after LPM lesion was o f a 
m edium  degree. I f  the consequence o f  the D P F  lesion is sm all, after LPM  
lesion one generally sees a great change. In in tact anim als changes o f analogous 
direction and exten t as after D P F  lesion were seen when the dogs had starved, 
while in satiated  anim als changes not unlike those seen after LPM lesion were 
observed.
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The data are interpreted in such a w ay th at it is the site  o f the lesion  
w hich  determines w hether the reactiv ity  w ill increase or decrease. The in 
dividual variations in  the quantitative changes can be brought into con
nection  with the individual extent o f the “ drive level” . The characteristic 
variab ility  of the frontal syndrome m ight be accounted for b y  the site of the  
lesion  and by the in teraction  of the individual reactiv ity  levels.

Presence and ratio of isophosphorylases in the heart 
and other organs of mammals

P ’ G E R G E L Y ,  M A GDO LN A V A R S Á N Y I,  G. V E R E B  a n d  G. BOT

Blood serum o f cocks im m unized w ith  crystalline phosphorylase prepared 
from  the skeletal m uscle of rabbits com pletely  inhibits the skeletal muscle 
ty p e  phosphorylases.

I t  has been reported at the 1968 Congress o f the Hungarian Physiological 
S ociety  that a heart-specific isophosphorylase im m unologically different 
from  the phosphorylase of skeletal m uscle could be dem onstrated in the heart 
of som e mammals. The activ ity  of th is isophosphorylase was sligh tly  inhibited  
b y  skeletal muscle antiphosphorylase. On the basis o f the im m unological 
differences of cardiac isophosphorylases, a m ethod has been developed for the  
parallel determ ination o f heart and skeletal m uscle-specific phosphorylases. 
The m ethod is based on the observation th at the heart extracts containing the  
tw o isophosphorylases exhibit, upon titration  w ith antiphosphorylase, a bi- 
phasic inhibitory curve. From this, the am ount of isophosphorylases can be 
determ ined. The m ethod was controlled w ith  mixtures containing chroma- 
tographically separated cardiac isophosphorylases in different ratios.

The ratio o f isophosphorylases present in the heart o f various mammals 
(hum an, rabbit, pig, ox , sheep, etc.) was investigated  with the above m ethod.

The developm ent o f cardiac isophosphorylases and their ratio have  
been studied. The individual and sexual phosphorylase types o f various organs 
(sm ooth muscle, brain, kidney, spleen) have also been investigated  w ith  
skeletal muscle antiphosphorylase.

Depolarizing effect of veratrine on skeletal muscles

I. G E S Z T E L Y I,  M. D A N K Ó  a n d  E. VARGA
IN STITU TE OF PATHOPHYSIOLOGY, U N IV E R SIT Y  M EDICAL SCHOOL, D EBRECEN

According to previous investigations the depolarizing effect of veratrine 
on skeletal m uscles is due to increased sodium  perm eability and increased  
sodium  influx (A cta physiol. Acad. Sei. hung. 1967, 32, 60 and 69). The
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authors’ recent results concerning the m echanism  of veratrine depolarization  
are as follows.

1. Cl-  ions are not indispensable in the m echanism  of depolarization  
since the depolarizing effect o f veratrine is m anifest also in Cl~-free (sulphate) 
R inger’s solution.

2. Veratrine does not depolarize in К -free Ringer’s solution.
3. Veratrine does not depolarize in hypertonic R inger’s solutions of 

various com position, even though an action potential can be generated in the  
m uscle m em brane, in accordance w ith  data in the literature. It is concluded  
that tw o different Na-channels are figuring in the depolarizing action and in  
the action potential-evoking effect o f veratrine.

4. As described previously, veratrine depolarization of the aneural 
m uscle membrane occurs w ith a la ten cy  o f 20 m inutes on the average. A ccord
ing to the present results this long la ten cy  is shortened to a quarter i f  the  
m uscle incubated in veratrine is stim ulated  electrically at appropriate tim es.

Regulation of the level 
of circulating haemopoietic primary cells

J Ú L I A  G ID Á L I,  SÁ R A  A N T A L  and I. F E H É R
NATIONAL IN STITU TE OF RA D IA TIO N  BIOLOGY, BU DA PEST

The physiological function o f the circulating prim ary cells (colony  
form ing cells, CFU) and their role in haem opoietic regeneration are unelucidat
ed. Nor is known the regulation o f the level o f the circulating primary cells.

The role o f the spleen in the regulation o f the peripheral CFU level has 
been investigated  in B A L B /cX  C BA /F1 hybrid mice. Previous findings showed  
th at the CFU released from the bone marrow into the blood stream are taken  
up b y  the spleen. The elevation o f the peripheral CFU level upon appropriate 
stim uli is sign ificantly higher in sp lenectom ized than in control m ice. The 
disappearance rate o f transplanted CFU from the blood stream  also changes 
after splenectom y. The spleen m ay be assum ed to p lay an im portant part in  
the rem oval of the primary cells from the circulation.

The turnover rate o f the bone marrow primary cells and that o f the  
peripheral primary cells were found to  be different. The disappearance from  
the circulation is more rapid in the case o f peripheral CFU than in the case of 
CFU o f bone marrow origin. It is concluded that the tw o populations are not 
com pletely identical.
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Tolerance and cross-tolerance between clonidine (ST-155) 
and indirect sympathicomimetics

K A T A L IN  P. G IB I S Z E R  a n d  J .  PÓ R SZ Á SZ
IN ST IT U T E  O F PHARMACOLOGY, U N IV E R S IT Y  M EDICAL SCHOOL, PÉCS

Clonidine is know n to possess a long-lasting hypotensive effect ( H o e f k e  
and K o b in g e h , A rzneim ittelforsch. 1966, 16: 1038— 1050.); a depression o f  
th e  vasom otor centre has been assumed to  figure in th is action (Sc h m it t  et  
al., Europ. J. Pharm acol. 1967, 2: 147— 148.). E xperim ents have been m ade 
on cats to elucidate more precisely the site o f  action of the com pound.

1. An acute tolerance develops against the vasodepressor effect o f Cloni
dine; in this tach yp h ylactic  state the com pound does not lower hut elevates  
blood pressure.

2. The hyp oten sive action can be counteracted by the previous ad
m inistration of am phetam ine, ephedrine, tyram ine and cocaine; in fact, the  
effect will be reversed. This blood pressure elevation  can be inhibited b y  
alpha blocking drugs.

3. Clonidine fails to decrease blood pressure in anim als pretreated w ith  
reserpine.

4. Clonidine inhib its efferent sym pathetic activ ity . An acute tolerance  
can be dem onstrated in the case o f this effect, too.

5. In experim ents in vitro the drug depletes the catecholam ine content 
o f the sym pathetic fibres of the rat iris.

6. It is assum ed th at an in tact catecholam ine m etabolism  is necessary  
for the vasodepressor effect o f Clonidine.

Role of the urea cycle in the development 
of uraemic toxaemia

J .  G R Ó F ,  J .  M E N Y H Á R T  a n d  J .  SOMOGYI
RESEA RCH  LABORATORY OF TH E  H UNGARIAN ACADEMY O F SCIENCES, D EPA RTM EN T OF UROLOGY, 

AND EX PER IM EN TA L RESEA RCH  LABORATORY, SEM M ELW EIS U N IV E R SIT Y  MEDICAL SCHOOL,
BU DA PEST

Both clinical and experim ental observations have revealed the blood  
urea level to change asym ptotically  and n ot linearly in renal failure. The 
causal role of urea in the developm ent o f the phenom enon is evidenced by the  
observation, according to which the concentration o f urea and its synthesis  
rate are inversely proportional. This finding also points to  the dependence o f  
the velocity  o f th e  urea cycle on the concentration o f urea.

Serum concentration  o f the guanidino derivatives undergoes a con
siderable augm entation in chronic renal failure. Of these derivatives, guanidino-
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succinic acid (GSA) and m ethylguanidine (MG) m ay be responsible for certain  
sym ptom s of uraem ic toxaem ia.

In  the present experim ents, the blood urea level o f bilaterally neph- 
rectom ized rats w as elevated to 30 to 150 mM by the intravenous adm inis
tration  o f urea. T w enty-four hours later the animals were bled and after sepa
ration b y  column chrom atography the blood GSA and MG levels were deter
m ined.

According to  the results, th e  serum urea level plays a key role in the  
alterations of guanidino derivatives o f tox ic  character; the changes in urea 
concentration are accompanied b y  characteristic changes o f the GSA and 
MG concentrations.

Alpha- and beta-mimetic interactions on the rabbit aorta

G. GULYÁS a n d  M. SZ E N T IV Á N Y I
T H IR D  D EPARTM ENT O F M ED ICINE, SEM M ELW EIS U N IV ER SITY  M EDICAL SCHOOL, BUDAPEST

I t  has been show n previously th a t only one com m on adrenergic receptor 
system  existed w hich behaved either as alpha or as beta receptor, depending  
on the circum stances. In the present experim ent it  was investigated  how th e  
alpha- and beta-m im etic drugs influenced  each other effect.

The contractions of strips o f the rabbit aorta in Krebs-bicarbonate organ  
bath were recorded isotonically and isom etrically. Separate dose—effect curves 
were taken up for noradrenaline and isoprénaline. Under such conditions on ly  
the w eak alpha effect of isoprénaline was m anifest; the drug caused con
tractions in doses 2— 3 orders of m agnitude higher than did noradrenaline. 
These concentrations were inhibited  by phentolam ine.

E xperim ents in  which the dose—effect curve was taken up in such a w ay  
that increasing doses of noraderenaline and isoprénaline were applied alter
natively , yielded the following results. 1. Low doses o f isoprénaline exh ib ited  
a b eta ly tic  effect after the adm inistration o f small am ounts o f noradrenaline.
2. The d ose-effect curve of noradrenaline taken up in com bined experim ents 
revealed an increase in  noradrenaline sensitiv ity . 3. On combined application, 
both alpha- and beta-blocking drugs inhibited the effect of both noradrenaline 
and isoprénaline. The receptor behaved as if  it were o f alpha and beta nature 
at the sam e tim e. 4 . All these effects were specific catecholam ine effects; KC1, 
through eliciting strong contractions, induced the b eta ly tic  effect o f isoprén
aline to  a considerably lesser ex ten t. The m utual induction of alpha and beta  
properties speaks for a uniform receptor system .
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“Anticholinergic” action of prostaglandin Ej (PGE^ 
on isolated guinea pig atrium

P. H A D H Á Z Y
IN STITU TE OF PHARM ACOLOGY, SEM M ELW EIS U N IV E R S IT Y  MEDICAL SCHOOL, BUDAPEST

Some effects o f  PG Ej have been studied  on guinea pig atrium prep
arations isolated together w ith the right vagal nerve. Part o f the preparations 
functioned spontaneously  and part was driven by constant frequency stim 
u lation  (210/min). Krebs solution o f 31°C oxygenized w ith a gas m ixture of 
95%  oxygen and 5%  C 02 was used as organ bath. Contractile force was re
corded isom etrically, and heart rate by m eans of a tachym eter. The vagal 
n erve was stim ulated  through a platinum  electrode pair at supram axim um  
vo lta g e , 0.5 msec im pulse w idth and 4 H z, at 30 and 60 sec intervals.

PG E15 in concentration  ranges from 0.1 to 1 0 х Ю ~ 9 g/m l, increased  
heart rate in a dose-dependent way in the m ajority of the preparations. A t a 
concentration o f 2.5 X lO ^ 9 g/ml, P G E X decreased the negative chronotropic 
effect of vagal stim ulation  to about 1/5 o f its original value. In doses of 5 to  
10 X 10 9 g/ml the drug m arkedly inhibited the negative chronotropic effect of 
exogenous acetylcholine (5 to  75 X 10-8  g/m l). A t a concentration of 20 x i o - 9 
g/m l, PG EX failed to  influence either the contractile force of preparations 
driven  at constant frequency or the n egative inotropic effect o f exogenous 
acetylcholine.

It is concluded th a t PGEj inhibits the cholinergic responses investigated  
b y  a direct effect on th e  pacem aker cells. This effect is inasm uch “ specific” 
th a t  it  is not m anifest on the working m uscle cells of the atrium.

Investigation with 133Xe of the blood supply 
of the small intestine in normal and hypotensive dogs

J .  H A M A R  and  A. G. B. KOVÁCH
EX PER IM EN TA L R ESEA RCH  LABORATORY, SEM M ELW EIS U N IV ER SITY  MEDICAL SCHOOL, BUDAPEST

Blood flow in the jejunum  and ileum  o f dogs anaesthetized with pento
barbital has been studied  m y means o f 133X e  w ith sim ultaneous recording of 
the venous outflow  o f an intestinal loop.

A small in testin a l loop w eighing about 10 to 15 g was isolated . 133X e was 
in jected  in one of the supplying arteries and the decrease of the beta and gamma 
a c tiv ity  of the isotope was measured over the given intestinal area. Scintil
la tion  detectors, ratem eter and com pensograph were used for the m easure
m en t. The m ulticom ponent curves obtained were resolved into vectors, and 
th e  flow  values characteristic of the individual com ponents were com puted.
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In the course of the evaluation it  was checked how the flow  values calculated  
and those measured by direct outflow  agreed. The beta curves consisted o f 2 
or 3 while the gam m a curves of 3 com ponents. Only those curve pairs were 
taken into account in which the corresponding com ponents were in agreement.

Various flow  levels were produced by hypotension or by the infusion of 
isopropylnoradrenaline. In addition to measuring the flow  in the intestinal 
wall layers, the lim its of the applicability of the m ethods used were checked. 
T otal blood flow o f the two intestinal segm ents was different. It was m ainly  
the blood flow  o f the mucosa which changed at various flow  levels.

Analysis of the dynamic parameters evoked 
by pressure impulses in resting heart muscle

Á. H A R G IT A  and  M. S Z E N T IV Á N Y I
T H IR D  DEPARTM ENT OF M ED ICINE, SEM M ELW EIS U N IV ER SITY  M EDICAL SCHOOL, BUDAPEST

The alterations in cardiac volum e elicited b y  im pulselike pressure 
changes were investigated  in frog hearts stopped b y  Stannius II ligature. The 
pressure and volum e curves were fed into an analogous com puter and the first 
dérivâtes of the curves were continuously recorded on an oscilloscope. Con
clusions as to the inner dynam ic resistance of the heart m uscle were drawn 
from the difference in the velocity  constants o f the two curves during the  
duration of the pressure im pulse delivered to the cav ity  of the heart.

The resistance o f  the heart m uscle to im pulselike pressure changes was 
decreased by 0.5 to  1 /tg of adrenaline (the V /P increased). H igher doses (5 to  
10 fig) caused changes of opposite direction. The changes of both directions 
increased proportionally when the initial inner pressure (preload) increased. 
Since it  is the length  of the sarcolemma which changes upon the effect of 
preload, one m ay assum e the changes o f both directions to m anifest them selves 
on the sarcomers.

Under static conditions the V /P  curve either rem ained unaltered or was 
shifted to  the right upon the effect o f adrenaline. Since the increase of the  
V /P curve can be observed only in m oving heart m uscles, sm all doses o f  
adrenaline can be assum ed to  increase the disruption velocity  of the acto- 
m yosin cross bridges. Higher doses of the drug increase the interaction betw een  
cross bridges and reactive parts.
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Self-stimulation and adrenocortical activity in young rats

G. H A R T M A N N , M. F E K E T E ,  I.  V E R M E S  a n d  K . L IS S Á K
IN ST ITU TE OF PHY SIOLOG Y , U N IV ER SITY  MEDICAL SCHOOL, PÉCS

Bipolar electrodes were im planted into the region o f the m edial forebrain 
bundle in 12 to  17-day-old rats. Under appropriate conditions the animals 
perform ed active self-stim ulation  from the 14th day o f life on. No similar 
behaviour was observed in the 12 to 13-day-old group; therefore, these animals 
w ere stim ulated externally  w ith  stim ulus parameters corresponding to those 
o f  self-stim ulation. The plasm a corticosterone level was sign ificantly  increased  
after 20-min stim ulation  in both  self-stim ulating and passively  stim ulated  
anim als. H istam ine or surgical stress failed to increase the plasm a cortico
sterone level in 12 to  14-day-old anim als. The appearance o f active self
stim ulation  and the m anifestation  o f the stress effect occurred at the sam e  
p ostn ata l age. This raises the possib ility  that identical central nervous 
m echanism s are figuring in both  functions.

Effect of adrenaline on cation release 
from the frog myocardium

T. H A R Z A  and  J .  SZÁNTÓ
IN STITU TE OF PHY SIOLOG Y , SEM M ELW EIS U N IV ER SITY  MEDICAL SCHOOL, BUDAPEST

Sixteen to tw en ty  hours after the intraperitoneal injection  o f 80 to 100 
juCi o f 42K, 24Na or 86Rb, a 30 to 50 mg strip was excised from the basis o f the 
frog heart ventricle and perfused w ith  Ringer’s solution. The a ctiv ity  of the  
preparation was m easured for 180 m inutes, and the К  and N a content was 
determ ined at the end o f the perfusion.

The amount o f cations released from various fractions into the perfusion 
flu id  was calculated on the basis o f the washout curves. Perfusion w ith  Ringer’s 
so lu tion  containing 0.1 p,g/ml o f adrenaline failed to cause any change in Na 
release as compared with the control; the release of К and Rb decreased to an 
identical extent. The coefficient o f К  release was, on the average, 0.0052 m in '1 
in  the control groups and 0.0042 m in '1 in the presence o f adrenaline. The same 
va lu es for Rb were 0.0025 m in“ 1 and 0.0021 m in '1 respectively.

The tissular К  concentration was 20%  higher after adrenaline perfusion 
than  in the control group.

It has been concluded that adrenaline, though decreasing К release, 
does not influence the K —Na exchange in the ventricular m usculature.
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Mechanism of carotid polyuria
L. H Á R S IN G ,  jr .  a n d  J .  B A R T H A

IN ST IT U T E  OF PHY SIOLOG Y , SEM MELW EIS U N IV ER SITY  M EDICAL SCHOOL, BU D A PEST

The observations o f T h u r a u  and D e e t j e n  concerning the pressure- 
dependency of the renal m edullary circulation have been extended to explain  
the m echanism  of carotid polyuria. Since other authors failed to confirm  the  
original observations, in the present experim ents the problem was rein
vestigated  by using the Rb isotope fractionation technique.

It was stated th at in the intact innervated kidney not only the cortical 
circulation but also the m edullary circulation is relatively  independent of 
arterial blood pressure. During vasopressor response of carotic sinus origin, 
the m edullary circulation does not increase as it  had been assum ed, but 
decreases to  an even greater extent than does the cortical blood flow . That 
means th a t m edullary resistance increases more rapidly than does the cortical 
one. The results did not support the above-outlined explanation of the m echa
nism of carotid polyuria.

Investigation  of the intrarenal distribution of resistance changes re
vealed  the cortical resistance to increase in the preglomerular segm ent and to  
rem ain unchanged in the postglom erular one. In contrast, resistance in the  
postglom erular segm ents considerably increases in the m edulla, in addition to  
a slight increase in the resistance o f the preglomerular vessels. Therefore, 
filtration  does not change or slightly decreases in the cortical glom eruli in 
spite of the blood pressure elevation during the pressor response, while it  in 
creases in the juxtam edullary glomeruli corresponding to the increase in 
pressure. The intrarenal redistribution o f glomerular filtration  m ay explain  
the increased diuresis and sodium excretion.

Induction of ovulation by synthetic LH-FSH-RH  
in mature rabbits

J .  H E R M A N N , J .  B O R V E N D É G  a n d  S. B A JU SZ
RESEARCH IN ST IT U T E  FOR PHARM ACEUTICAL CHEM ISTRY, BU DA PEST

In the present years, S c h a l l y  and his team  described the amino acid 
sequence o f the LH -FSH  releasing hormone o f the pig: (pyro) G ly-H is-Prp- 
Ser-Tyr-G ly-Leu-Arg-Pro-G ly-NH 2.

The decapeptide was synthetized  in the authors’ laboratory by m eans of 
the fragm ent condensation m ethod. P urity o f the preparation was controlled  
by layer chrom atography and its com position b y  amino acid analysis.

The ovulation-inducing effect o f the decapeptide was investigated  in 
adult, virginal New-Zealand rabbits anaesthetized  w ith pentobarbital (35 
mg/kg) and pretreated w ith  oestradiol (150 /ig/anim al).
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Increasing doses of the preparation were infused into the carotic artery 
of the animals by m eans of a Braun syringe. Fourty-eight hours later the  
ovulation points in the ovaria were counted and the presence o f ova in the  
tubae checked.

The ovulation index was 6/1 after the adm inistration o f 1.14 nM ol/kg 
o f the decapeptide, 4/3 after 5.7 nM ol/kg, 6/3 after 28.5 nM ol/kg and 4/4, i.e. 
100% , after 142.5 nM ol/kg or more.

Subcellular localization of biogenic amines 
in the central nervous system of A n odon ta  cygn ea  L.

L. H I R I P I ,  J .  SA L Á N K I,  I.  ZS. N A G Y  a n d  IL O N A  B. M U SK Ó
BIOLOGICAL R ESEA R C H  IN ST ITU TE OF T H E  H U N G A RIA N  ACADEMY OF SCIENCES, TIH A N Y

Of the ganglia o f  lake shell-fish, a 10% hom ogenate in isotonic sucrose 
was separated into four primary fractions by means of differential centri
fugation. The fractions were analyzed for 5-hydroxytryptam ine, dopam ine, 
noradrenaline and protein.

According to  the results, 90%  of all three amines are particle-bound and 
10% can be found in the supernatant. 65 to 70%  of all three m onoam ines is 
located  in the m itochondrial and 15 to 20%  in the m icrosom al fraction. The 
relative specific a ctiv ity  (RSA) calculated for protein content o f the amines 
investigated  did not exhibit any significant difference in the tw o fractions.

The m itochondrial fraction containing the bulk of the amines is hetero
geneous m orphologically. Separation w ith sucrose gradient of this fraction  
in to  seven subfractions revealed no strikingly high RSA for any amine. S ix ty  
per cent of the three amines were m ainly located in the three subfractions 
rich in  synaptic elem ents and containing considerable am ounts of various 
membrane profiles.

Treatm ent of the m itochondrial fraction w ith  distilled w ater (osm otic 
shock) brought about significant changes only in the distribution o f serotonin  
in the subfractions.

Enzyme and metabolite content of the perfusion fluid 
of the kidney preserved according to Collins

G. H O R PÁ C S Y , G. F A R K A S ,  T. B A R A N K A Y , S. NAGY and  G. P E T R I
IN STITU TE OF E X P ER IM EN TA L SURG ERY , AND F IR S T  DEPARTM ENT OF SURG ERY , 

U N IV ER SITY  M EDICAL SCHOOL, SZEGED

Unilateral nephrectom y was performed in dogs under pentobarbital 
anaesthesia. The k idney was preserved according to  C o l l i n s , and the animals 
were bled into an open reservoir till an arterial blood pressure o f 40 mm Hg.
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After a 60-min hypotensive period the other kidney was rem oved too and 
preserved in the above manner.

The enzym e and m etabolite content o f the perfusion fluid was determined  
1, 2, 4, 6, 8, 24 and 72 hours after nephrectom y. Spectrofluorom etric m ethods 
were used to determ ine the activ ity  o f acid phosphatase, beta-glucuronidase, 
leucinam inopeptidase, arylsulphatase A, and LD H , as well as the level of 
lactic acid and pyruvic acid.

1. The activ ity  in the perfusion flu id  of the enzym es investigated  in
creased parallel w ith the duration o f preservation. The increase was especially  
m arked after 48 and 72 hours.

2. The activ ity  of arylsulphatase A and LDH  differed sign ificantly in the 
tw o groups even at the beginning of preservation.

3. In  the case of the lysosom al enzym es (acid phosphatase, beta-glucuro- 
nidase, arylsulphatase A) a gradually increasing difference was observed 
between the two groups.

4. The values for LD H  and lactic acid exhibited considerable differences 
betw een the tw o groups at the beginning o f preservation. At the end of the  
experim ent no difference could be dem onstrated even though the absolute 
values were high in both groups.

Influence of sympathetic beta effects on acid secretion

B. H O R V Á T H  and  A. K É K E S -S Z A B Ó
IN STITU TE OF PATHO PHY SIOLOG Y , U N IV ER SITY  MEDICAL SCHOOL, SZEGED

The influence of the sym pathetic nervous system  on gastric acid secretion  
has been the subject of m any investigations. H owever, owing to the contra
dictory data, no unequivocal answer has been obtained. Sim ilarly, the effect 
of sym pathetic excitation  is also contradictory. It seems on the basis o f recent 
investigations that sym pathetic excitation  decreases the volum e of secretion  
and tota l acidity. In G a t i ’s opinion, adrenergic beta-receptors are responsible 
for this effect.

The present experim ents aimed at studying how the beta effect influenced  
the secretion of acid in the rat. As beta blocking agents, propranolol, pindolol 
and practolol, and as beta-m im etics, isoprénaline, salbutanol and hexopren- 
aline were tested.

B eta blocking agents were found to influence gastric acid secretion  
(volum e and to ta l acidity) o f the rat to  a very small ex ten t. B eta-m im etics, 
on the other hand, considerably m odified it and unequivocally decreased the 
volum e and total acid ity o f gastric secretion. It is concluded that the beta  
action is the decisive one am ong the beta m im etic effects.
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Influence of ACTH on increase in uterine weight evoked 
by HCG in infantile mice

Á G N E S  H R A S C H E K ,  G. F O L L Y  a n d  B. V A R G A
SECTION O F PATHOLOGY, IN ST ITU TE OF EX PER IM EN TA L M ED IC IN E ,

H U N G A RIA N  ACADEMY OF SCIENCES, BUDAPEST

It was investigated  in CFLP w hite mice w eighing 10 to  12 g whether the 
uterine weight increasing effect of HCG would be influenced by ACTH (Syn- 
acthen depot, Ciba) adm inistered sim ultaneously.

The treatm ent consisted  of adm inistering a single dose daily of either 
HCG (Richter) or HCG -f- ACTH intram uscularly for three days. The animals 
w ere killed on the fourth day, and the w et and dry w eight o f the uterus was 
m easured.

Analysis o f the dose—effect curves revealed low doses of ACTH (1.25 
/ig/day) to potentiate the effect o f low doses of HCG (0.05 to 0.2 I.U .). On in 
creasing the dose o f  the tw o hormones either separately or together, the  
potentiating effect disappeared, in fact, an inhibition of the HCG action was 
observed.

ACTH given alone, or dexam ethasone (Oradexon, Organon) given to 
gether with HCG did not alter uterine weight.

Histone déméthylation in lymphocyte cultures
J .  H U N Y A D I ,  A. DO BOZY a n d  M. S IM ON

D EPARTM ENT OF DERM ATOLOGY, U N IV ER SITY  MEDICAL SCHOOL, SZEGED

The kinetics of histone m éthylation  have been studied in human lym pho
cy te  cultures stim ulated  by phytohaem agglutinin and specific antigens. L abel
ling of the histones b y  14CH3 was found to undergo a m arked increase 15 
m inutes after the stim ulation .

Further in vestigation s revealed the presence in hum an peripheral 
lym phocytes of an enzym e w hich liberates a m ethyl group from 14CH3-histone. 
T he activ ity  of this enzym e does not change during the first three hours of 
phytohaem agglutinin stim ulation . The kinetics, pH optim um  and heat in 
activation  of the enzym e have been investigated .

Oxidative ability of brain mitochondria isolated 
from animals in experimental shock

K. I K R É N Y I ,  A. G. B. KO VÁCH an d  J .  SOMOGYI
EX PER IM EN TA L RESEA R C H  LABORATORY, SEM MELW EIS U N IV ER SITY  M EDICAL SCHOOL, BU DA PEST

The oxygen consum ption o f isolated brain m itochondria was measured  
polarographically at 37°C. Their basal respiration as well as the respiration
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stim ulated  by A D P or D N P  were estim ated in the presence of various su b 
strate pairs, and the value for the respiratory control was calculated.

Shock was induced in rats by freezing the hindlim bs. The basal respira
tion o f the m itochondria isolated from the brain of these animals was sligh tly  
decreased, and their respiration stim ulated  by either A D P  or D N P  dim inished  
sign ificantly  as compared to the control. The values for the respiratory control 
were also considerably lower. The m ost marked dim inution was observed w ith  
beta-hydroxybutyric acid -(- m alic acid as substrate while the slightest one 
in the course o f succinic acid oxidation.

W hen the brain of the control animals was kept in the hom ogenizing  
medium  at 0°C one hour prior to the preparation of the m itochondrial fraction, 
the param eters changed in a w ay sim ilar to those o f the shocked group. The 
A D P -stim ulated  respiration of the brain m itochondria o f shocked anim als or 
th at o f the brains kept standing for one hour considerably increased in the  
presence o f 2.5 m g/m l of serum album in. H owever, the increase in the oxidation  
of various substrates was of a different extent.

The dim inution of the oxygen consum ption of brain m itochondria can 
be assum ed to be due to the fa tty  acids liberated under the effect o f hypoxia .

Effect of detergents on experimental inflammation models

0 .  I N D I ,  I. B U D A V Á R I,  E. PÓ SC H , J .  H O R V Á T H  and  0 .  K O L L E R
IN ST IT U T E  OF PATHOPHYSIOLOGY, SEM M ELW EIS U N IV ERSITY  M EDICAL SCHOOL, BU DA PEST

It has been shown previously th a t local cell injury plays an im portant 
role in the developm ent of the “ acute phase reaction” accom panying acute  
inflam m ation. The membrane labilizing effect of surface-active detergents is 
well-know n. Starting from this consideration the effect o f Triton W R  1339 
and Tween 80 on some local and general m anifestations of turpentine in fla m 
m ation has been investigated.

The experim ental animals were divided into 6 groups: 1. Control; 2. 
Turpentine abscess w ith S e l y e ’s granuloma pouch m ethod; 3. Turpentine  
abscess -j- intravenous Triton treatm ent w ith 1 ml o f a 2.5%  solution every  
second day; 4. Turpentine abscess -(- local Triton treatm ent w ith 1 m l o f  a 
2.5%  solution  into the granuloma pouch once daily; 5. Turpentine abscess -f- 
intravenous Tween treatm ent w ith 1 m l of a 2.5%  solution  every second day;
6 . Turpentine abscess -f- local Tween treatm ent w ith 1 ml of a 2.5%  solution  
into the granulom a pouch once daily.

A t the end of the 10 day experim ental period, w hite blood cell count, 
phagocytosis index and the acute phase glycoproteids (coeruloplasm in, h a p to 
globin and alpha2-macroglobin) were determ ined in the blood serum and in the  
exudate.
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The investigated  param eters were not significantly influenced by intra
venous Triton or T w een treatm ent in either the blood serum or the exudate. 
Local detergent treatm en t increased the leucocyte content of the exudate and 
also the phagocytosis and the level o f th e  acute phase glycoproteids in both  
th e  blood serum and the exudate.

Cholinergic-adrenergic interactions on smooth muscle organs

T. JÁ N O S S Y , E. M I N K E R  a n d  M. K O LT A I
IN ST ITU TE O F PHARMACOLOGY, U N IV E R S IT Y  MEDICAL SCHOOL, SZEGED

It has been observed previously th a t in sm ooth m uscle organs respond
ing  with contraction to  both  adrenergic and cholinergic agonists (nictitating  
mem brane of the ca t, isolated aortic strip o f  the rabbit) one single acetyl
choline (ACh) exposition  applied betw een serially evoked noradrenaline reac
tions inhibited the forthcom ing adrenergic response. This inhibition persisted  
in  the isolated rabbit aortic strip after w ashing out the ACh from the organ 
bath . In the present experim ents the effect o f ACh on the phenylephrine 
(PhE)-induced contractions of the iso lated  term inal ileum of guinea pigs was 
investigated . ACh w as found to inhibit the PhE response also on this prep
aration. The inhib ition  persisted after w ashing out the ACh, it  was reversible 
and depended on the dose of the drug. It could not be brought into connection  
w ith  the mere fact o f  the contraction since it  cannot be evoked by either 
histam ine or KC1 b oth  causing m axim um  contraction. The possibility of 
counteracting the inh ib itory effect exh ib its seasonal variations. Under m ild  
w eather conditions it  can be antagonized w ith  propranolol and, in the winter, 
w ith  m ethylhom atropine. Similar phenom ena have been observed also on the  
iso lated  uterus of rats pretreated w ith stilboestrol. Since ACh inhibits adren
ergic reaction after having  been washed out from the organ bath , the inhibi
tion  is assumed to be accounted for by a conform ation change o f the adrenergic 
m otor receptor.

EEG-synchronizing effect of small intestinal 
and splanchnic nerve stimulation

G. JU H Á S Z  and  T. K U K O R E L L I
INSTITUTE OF PSYCHOLOGY, HUNGARIAN ACADEM Y OF SCIENCES, AND IN STITU TE

OF COMPARATIVE PH Y SIO LO G Y , EÖTVÖS LORÁND U N IV E R S IT Y  OF SCIENCES, BUDAPEST

Experim ents w ere performed on cats bearing Thyri-Vella loop w ith  
chronic splanchnic electrodes. The in testin a l epithelium  was stim ulated by  
m echanical as well as electrical stim uli o f various parameters, and the changes
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in the EEG  pattern were followed. The stim ulation was performed in various 
phases of the sleep-w akefulness cycle.

Low frequency (1 to 8 cps) stim ulation  of the sm all intestine and sp lanch
nic nerve at intensities below the threshold o f the viscerosom atic reflex , 
or the application of habituated stim uli, resulted in synchronization and  
desynchronization, respectively, o f the EEG  when the stim ulation was per
formed during drowsiness or slow w ave sleep. In contrast stim ulation over 
the threshold of the viscerosom atic reflex caused arousal when applied  
during sleep.

Adrenergic responses of the coronary circulation 
after cardiac infarction

S. JU H Á S Z -N A G Y  a n d  M. SZ E N T IV Á N Y I
FO U RTH  DEPARTM ENT OF SURG ERY , A ND T H IR D  D EPARTM ENT OF M ED ICINE, 

SEM M ELW EIS U N IV ERSITY  M EDICAL SCHOOL, BU DA PEST

M yocardial infarction was produced by ligation at various levels o f the  
descending branch of the left coronary artery in the dog. Adrenergic reactiv ity  
of the collateral coronary flow  supplying the area of the infarction was studied  
after the operation under acute experim ental conditions and compared w ith  
the behaviour of the vessels supplying the in tact m yocardial region. Local 
tissular blood flow  was measured by m eans of a flexib le therm ocouple.

A quantitative alteration was dem onstrated in the vascular response 
of the m yocardium  belonging to the occlused coronary trunk for 10 to 15 or 
even more days. Adrenergic excitation  elicited by either nervous stim ulation  
or pharm acological means resulted in  strong and unequivocal local v a so 
constriction, while the physiologically dom inant beta-adrenergic dilatory  
effect disappeared fully, or nearly fu lly . A t the same tim e the circulatory  
response o f the “ in tact” m yocardial segm ent exhibited the usual pattern. 
From the third week on following coronary ligation the adrenergic responses 
of the collateral flow gradually approached the reactions of the intact region.

A so-far unknown inhibitory effect of a plasma component 
on the activity of inflammatory mediators
I .  K A R Á D Y , Á. GECSE, A N N A  OTTLECZ, J .  LONOVICS 

a n d  E L E O N Ó R A  Z S IL IN S Z K Y
IN ST ITU TE OF PATHOPHYSIOLOGY, U N IV ER SITY  MEDICAL SCHOOL, SZEGED

It has been dem onstrated previously that the histam ine spray tim e o f  
guinea pig was considerably prolonged six  hours after the intraperitoneal 
injection o f serum obtained from rats in the state o f  non-specific stress 
resistance.
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In the present experim ents the plasm a o f normal rats and that of rats 
in the state of non-specific  stress resistance was adm inistered in the form o f  
aerosol to guinea p igs. I f  the plasma spray was applied prior to  the adm inistra
tion  of histam ine the bronchial spasm developed later in the case of normal 
rat plasma than in  untreated  control anim als. The plasm a of the resistant 
anim als exhibited an even stronger protective effect. To determ ine w hat 
plasm a com ponent m ight be responsible for the effect, the plasm a of both  
norm al and resistant rats was separated on Sephadex G-200. In the case o f  
norm al rat plasm a a protein fraction w ith  a molecular w eight betw een 100,000  
and 200,000 was found to inhibit the histam ine-induced bronchial spasm in 
th e  guinea pig. In  th e  case of the plasm a of resistant rats the protective  
protein com ponent had  a molecular w eight under 100,000. The plasma protein  
com ponent of low m olecular weight obtained from resistant rats was con
siderably more effective.

It seems th at th e  plasma protein fraction of normal rats inhibits the  
developm ent of histam ine-induced bronchial spasm and th at the protective  
effect can be augm ented by subjecting the rats to stress.

Some effects of intrahypothalamically injected cholinolytics
in waking cats

M Á R IA  K A R M O S -V Á R S Z E G I,  L. D E C SI  and  G. K A R M O S
IN ST IT U T E  OF PHARMACOLOGY, AND IN ST ITU TE OF PHY SIOLOG Y ,

U N IV ERSITY  M EDICAL SCHOOL, PÉCS

Injection of carbachol into the anterior hypothalam us o f freely m oving  
w aking cats has previously  been shown to  evoke a characteristic rage reaction.

The present paper deals with the possib ility  of inhibiting this em otional 
reaction and w ith th e  EEG  background o f the inhibitory effects. Since the  
rage reaction was evoked  by a cholinergic stim ulatory drug, the effect of 
atropine and scopolam ine applied intraperitoneally or intrahypothalam ically  
was investigated on th e  spontaneous behaviour of the anim als, the inhibition  
o f the rage reaction and the EEG a ctiv ity .

The rage reaction  was m arkedly inhibited after the intraperitoneal 
adm inistration of b oth  anticholinergic substances, scopolam ine being about 
tw ice  as effective th an  atropine in th is respect. Upon intrahypothalam ic  
adm inistration, scopolam ine exerted b y  itse lf  a sedative action  while atropine 
produced a slight excitation . In spite o f the opposite influence on general 
behaviour, the E EG  effects were identical in  both cases and also the carbachol- 
induced rage reaction was partially or fu lly  inhibited by both  drugs.

Since both atropine and scopolam ine have a postsynaptic site o f action, 
a compound w ith a presynaptic site o f action was also investigated  as to its
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effect on the carbachol-induced rage reaction. H em icholine-3 injected in to  
the hypothalam us failed to influence the spontaneous behaviour o f the cats 
and did not inhibit the rage reaction even in doses 50-tim es higher than th e  
effective dose of atropine.

The tim e-relations as well as the dose—effect relations o f the behavioural 
and electric alterations have been analyzed in detail.

Modelling of the primary photoelectric process arising 
in the visual organ

on an artificial bimolecular lipid membrane

B. K A R V A L Y  and  Á. B A R D Ó C Z I
IN STITU TE OF BIOPHYSICS, BIOLOGICAL CENTRE OF T H E  HUNGARIAN ACADEMY OF SCIENCES,

AND DEPARTM ENT O F OBSTETRICS, U N IV ER SITY  MEDICAL SCHOOL, SZEGED

An artificial bim olecular lipid m em brane (BLM) was prepared on a  
1.5 cm hole of a teflon cup from cholesterol (Zl5-cholesten-3-ol) oxidized in  
octane:

calomel aqueous F e € l3 BLM aqueous iodine calomel
electrode solution solution electrode

Illum ination through the aqueous iodine phase resulted in the appear
ance o f a biphasic reversible photovoltage o f  10 mV order o f m agnitude con
sisting o f a quick and a relatively  slow com ponent. The condition for th e  
reversible, biphasic photo response was the sim ultaneous presence of the tw o  
redox system s F e3+/F e 2 + and I 2/I~ . The photo effect observed can be ascribed  
to the photochem ical reaction

hv
2 F e 2 + +  I 2 2 F e3 + +  2 I~

taking place on the mem brane phase, as w ell as to the electrochem ical electrode  
reaction on the intersurfaces o f the mem brane—aqueous phase. It is assum ed  
that the prim ary process o f vision is the in jection  o f electric charge (electrone 
or hole) produced by the absorbed photon and the accom panying electro
chem ical reaction. This la tter is o f low energy demand and also ensures the  
reversibility. Under conditions in vivo this electrode reaction is probably  
governed enzym atically . The m odel suggested assumes both  electronic and 
ionic conduction process through the mem brane and em phasizes the electronic  
character o f the primary effect of light.

A da Physiologica Academiae Scientiarum Hungaricae 44, 1973



344 ABSTRACTS

Investigation on the excitability of peripheral 
cholinergic synaptic structures in diabetes mellitus

G. K Á K O N Y I ,  M. К О  LT A I  a n d  E. M I N K E R
IN ST ITU TE OF PHARMACOLOGY, U N IV E R S IT Y  MEDICAL SCHOOL, SZEGED

It has been shown previously th at com petitive inhibitors (hexam étho
nium , d-tubocurarine) exhibited  a dim inished paralyzing effect in v ivo on the  
peripheral cholinergic synaptic structures (ganglion, m otor end plate) in cats 
w ith  pancreatic diabetes or in rats w ith  alloxan diabetes. Since no difference 
in pharm acological sen sitiv ity  was found between the normal and diabetic  
end plates, the phenom enon was assum ed to  be due to the presence of humoral 
factors. In the present experim ents the serum of d iabetic cats was found  
to  increase the asynchronous electrical activ ity  of the renal sym pathetic in 
normal cats, as well as the spontaneous electrical activ ity  of the denervated  
m . tibialis anterior in healthy rats. The activating effect was abolished by heat 
treatm ent o f the serum , or by pretreating the diabetic donor anim al w ith  
cyclohexem ide. Gel filtration  revealed the activity-increasing factors to be 
present in the high m olecular w eight fraction of the d iabetic serum. It was 
further observed th at chronaxie in the in vivo nerve-m uscle preparation  
dim inished in diabetic rats. Thus an increased excitab ility  develops on the  
structures in question during d iabetes, in addition to the altered pharm aco
logical sensitiv ity , a feature presum ably due to the accum ulation of factors 
o f protein nature.

Metabolic effect of guanethidine

A. K Á L D O R  an d  G. POGÁTSA
SECOND D EPA RTM EN T OF M ED ICIN E, AND FO U RTH  DEPARTM ENT OF M ED ICINE, 

SEM M ELW EIS U N IV ER SITY  M EDICAL SCHOOL, BUDAPEST

The effect of adrenergic neurone blocking drugs on carbohydrate m eta b 
olism is not clear. According to som e authors guanethidine m ay cause hypo- 
glycaem ia, and, a beneficial effect in  diabetes o f the drug was also described. 
Others observed hyperglycaem ia after the acute adm inistration o f guanethi
dine.

In the present experim ents the effect o f the drug on the carbohydrate  
m etabolism  o f the liver has been studied . Perfusion of isolated rat livers w ith  
guanethidine resulted in a considerable increase of the glucose release at the 
beginning o f the perfusion, which was then followed by a glucose release 
lower than that o f the controls. A dm inistration of guanethidine in com bina
tion  w ith the hypoglycaem ic agent chlorpropam ide, left the glucose release- 
increasing effect unaltered, a fact pointing to different sites of action o f the
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tw o com pounds. The hyperglycaem ia-inducing acute effect o f guanethidine is 
presum ably the consequence o f an effect on the liver, while the “ antidiabeto- 
genic” action seem s to m anifest itse lf  by some other way.

Significance of mast cells in chronic nephritis
F. K Á R P Á T I ,  A. A N T A L ,  G. GÁL a n d  K L Á R A  H É Z S A I

F IR S T  D EPARTM ENT OF SU R G ER Y , AND IN STITU TE OF PHARMACODYNAMICS,
U N IV ERSITY  MEDICAL SCHOOL, SZEGED

The kidneys belong to the parenchym al organs poor in m ast cells under 
norm al conditions. However, S u c h  (1956), P e l l e g r i n i  (1958) as w ell as 
P a v o n e - M a c a l u s o  (1960) observed that in chronic nephritis and chronic 
pyelonephritis the number o f m ast cells in the kidney was pathologically  
augm ented.

The present authors have show n that, in addition to an increase in 
num ber o f the m ast cells, different variants occurred in the histological sec
tions, such as cells w ith vacuolized , or hom ogeneous or “ exploding” cy to 
plasm . These cell changes are interpreted functionally, and in a w ay adaptable  
to  E h r l i c h ’s concept (1877):

1. “The m ast cells are characteristic cells o f chronic inflam m ation. They  
accum ulate especially in cases w ith  lym phatic obstruction and disappear once 
the definite sta te , the scar tissue, has developed.”

2 .  I t is considered a part-phenom enon of E h r l i c h ’s concept th at the  
m ast cells, by means of their know n H -substances, participate in the m ain
tenance of inflam m atory processes w ith  an im m unological basis w hich always 
has a part in the diseases m entioned; and

3. by m eans o f their liberated histam ine and heparin content th ey  induce 
fibroplasis which leads to a destruction of the functioning parenchym a through  
proliferation and shrinking of the connective tissue.

Enzyme activities in guinea pig macrophages 
under the effect of antigen-antibody reaction

M Á R IA  KÁVAI, A. Z S IN D E L Y  a n d  В. CSABA
IN ST ITU TE OF PATHOPHYSIOLOGY, AND IN ST ITU TE OF BIOCHEM ISTRY,

U NIV ERSITY  M ED ICAL SCHOOL, D EB R EC EN

Phagocytosis o f the rheum atoid factor and IgG com plex in polym orpho
nuclear leukocytes and m acrophages has been investigated  by W e i s s m a n n  

et al. They stated  that the uptake o f  the com plex w ent together w ith  a selec
tive liberation o f lysosom al enzym es.

In the present experim ents, m acrophage changes due to ovalbum in—rab
b it-antiovalbum in—IgG complex were observed after a 30 min incubation
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period. The changes m ain ly  comprised an outflow  o f cytoplasm ic elem ents, 
and were not influenced  by the presence o f com plem ent.

Various cytop lasm ic and lysosom al enzym es were studied in the super
natan t of the solution containing the cells. The cytoplasm ic lactic acid dehy
drogenase level did n o t change in the supernatant as compared to the control. 
A m ong the lysosom al enzym es in vestigated , acid phosphatase remained 
unchanged, beta-glucuronidase activ ity  exhibited  a slight augm entation and 
ribonucléase a m arked augm entation.

The cellular a lteration  accom panying the in itia l phagocytosis of the  
im m une-com plex m igh t be connected w ith  the liberation of the lysosom al 
enzym es of the m acrophages.

Effects of prostaglandin Ej on the transmembrane potential 
of mammalian heart preparations

V A L É R I A  K E C S K E M É T I ,  К .  K E L E M E N  a n d  J .  K N O L L
IN STITU TE OF PHARM ACOLOGY, SEM MELW EIS U N IV E R S IT Y  M EDICAL SCHOOL, BU DA PEST

The effect o f prostaglandin E x (P G E X) (Chinoin, Budapest) was investi
gated  on the transm em brane potential o f m am m alian heart preparations (rab
b it, cat, guinea pig le ft auricle and rat ventricle). Two concentration levels 
were used: 5 ng/m l (1 .4 х Ю -8  M) and 20 ng (5 .6 X 10-8  M).

F ive ng of prostaglandin did not cause any change in the m agnitude  
o f the resting p oten tia l in any of the preparations. It increased (10 to 54%) 
th e  depolarization v e lo c ity  of the action potentia l, in addition to  a slight 
augm entation of th e  reverse potential (overshoot).

A t higher P G E X concentration (20 ng/m l) there appeared effects of 
opposite direction. This dose did not influence the m agnitude of the resting  
potentia l but decreased that of the reverse potential. At the sam e tim e, it 
caused a significant (19 to 34%) dim inution o f the depolarization velocity  
in  all species.

The repolarization phase was differently influenced by PG E X in various 
species; however, th e  dose-dependent biphasic effect observed in connection  
w ith  depolarization ve loc ity  and reverse potentia l was not m anifest in con
nection w ith the repolarization.

Application of heart rate analyser in behavioural experiments

L. K E L L É N Y I  an d  L. Á N G Y Á N
IN ST IT U T E  OF PHYSIOLOGY, U N IV E R SIT Y  M EDICAL SCHOOL, PÉCS

During behavioural-physiological experim ents there is a need of the  
sim ultaneous recording of visceral changes and o f cardiac function. For a reli-
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able evaluation o f the heart rate changes accom panying rapid behavioural 
alterations (e.g. self-stim ulation, m otor rebounds) a special analyser has been  
developed. A fter pre-am plification the ECG sign is fed in to  the input o f the  
analyser which transm its it  through a form -recognizing system  to a m easuring  
circuit. On th e  output o f the m easuring circuit the actual sign appears in  
relation to the present heart rate value and is continuously recorded. In addi
tion  to anim al experim ents the apparatus seem s suitable for clinical purposes.

Effect of beta-receptor stimulation 
and inhibition on the survival and arrhythmia 
after ligation of the left coronary in the rat

I. K E N E D I  a n d  A. LOSONCI
H U N G ARIA N  ARMY M EDICAL CORPS, BUDAPEST

The descending branch of the le ft coronary was ligated  at its origin  
according to S e l l y e  (1960).

In the 26 basic experim ents, 9 anim als survived th e  first ten m inutes  
after ligation. The type and duration o f the arrhythmia appearing during th e  
first phase o f the in tervention, as well as the alteration after the ligation were 
followed by m eans o f continuous ECG recording.

All of the 20 sham -operated anim als survived th e  intervention w ith  
transitory ECG changes seen during the first phase.

Tw enty animals were pretreated w ith  isoprénaline (10 ^tg/lOO g b ody  
w eight); 16 o f them  survived the coronary ligature, w ith frequent heterotopic  
m anifestations (ventricular tachycardia, extrasystole, transient ventricular  
flu tter and fibrillation).

Ten anim als were pretreated w ith  propranolol (200 pg/100 g b od y  
weight); only tw o o f them  survived the ligation. In all cases, the ECG pattern  
was characterized b y  a depression of the QRS com plex and low vo ltage . 
Cardiac activ ity  was rem arkably rhythm ic till death.

Activation of rat brain tyrosine hydroxylase 
by ascorbic acid in vitro

Á G N E S  K E N E S S E Y  a n d  ZSUZSA NNA H U S Z T I
R ESEA RCH  IN ST IT U T E  FOR PHARM ACEUTICAL CHEM ISTRY, BU DA PEST

Since the discovery o f tyrosine hydroxylase ( N a g a t s u  et al., J. B io l. 
Chem. 1964, 239: 2910), a number of authors studied th e  inhibition o f  its 
activ ity  ( M c G e e r , Can. J. Biochem . 1967, 45: 115—131; T a y l o r  et al., B io- 
chem . Pharm. 1968, 17: 1779—1788; L e v i t t  et al., B iochem . Pharm. 1967,
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16: 1313— 1321); the problem of the activation  of the enzym e only arose 
during the last years. P e t r a c k  et al. (J. Biol. Chem. 19687 243: 743) were 
th e  first to observe th a t the tyrosine hydroxylase of the ox adrenal is activated  
b y  ascorbic acid in  v itro . The present authors have observed the ascorbic acid- 
induced activation o f th e  rat brain tyrosine hydroxylase. The optimum con
centration of ascorbic acid in the case o f partially purified rat brain tyrosine  
hydroxylase is 3 to 5 /im ol/m g protein. A lpha-m ethyl-p-tyrosine fails to inhibit 
th e  activ ity  of the enzym e in the presence of high concentration of ascorbic 
acid . In experim ents in  v ivo , oral treatm ent w ith ascorbic acid did not alter 
th e  enzym e activ ity  in control- and in cc-m ethyl-p-tyrosine-treated rats.

Role of the sympathetic adrenergic system 
and glucagon in endotoxin-induced hyperglycaemia

P. K E R T A I
NATIONAL IN STITU TE OF H EA L T H , BUDAPEST

Injection of the endotoxin of G ram -negative bacteria is followed by  
hyperglycaem ia. Som e authors ascribed th is phenom enon to adrenaline 
m obilization, while som e others to a glucagon effect. Experim ents were per
form ed on dogs divided into four groups. Endotoxin injected  into sham - 
operated animals produced marked hyperglycaem ia. This hyperglycaem ia was 
m uch slighter in dogs subjected to bilateral transection o f the splanchnic 
nerves one week prior to  the endotoxin adm inistration. Sim ilarly, the hyper
glycaem ia decreased in  animals in which the pancreas had been removed one 
w eek earlier; the diabetes o f these dogs was treated w ith  insulin. No hyper
glycaem ia developed under the effect o f  endotoxin one w eek after sim ulta
neous splanchnic transection  and extirpation  o f the pancreas; on the contrary, 
a transient dim inution o f the blood sugar level was observed in these anim als. 
I t  is concluded that catecholam ine m obilization and glucagon liberation are 
equally responsible for the endotoxin hyperglycaem ia.

Role of the parasympathetic system in the regulation 
of salivary carboanhydrase activity in the rat

P. K E S Z L E R ,  T. Z E L L E S ,  I L D I K Ó  BORO S an d  T. GÁTI
IN STITU TE OF PATHO PHY SIOLOG Y , SEM MELW EIS U N IV ER SITY  MEDICAL SCHOOL, BUDAPEST

It was reported at the 1971 Congress o f the Hungarian Physiological 
Society  that alpha- and beta-receptors participated in the regulation of salivary  
carboanhydrase a c tiv ity  in the rat.

In the present experim ents the role in this process o f the parasym 
pathetic system  has been investigated . For parasym pathetic stim ulation,
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various doses o f pilocarpine and carbachol were infused intravenously. The  
am ount o f the saliva secreted by th e  subm andibular gland was m easured  
by the colorim etric m ethod of W i l b u r  and A n d e r s o n . Enzym e a ctiv ity  in  
the secreted saliva was in no relationship with either the dose applied or the  
velocity  o f secretion. Sim ilarly, no difference was found in the effect on carbo- 
anhydrase activ ity  o f pilocarpine, a drug possessing a slight sym pathom im etic  
side-effect and th at o f the purely cholinom im etic carbachol. Enzym e activ ity  
in the saliva produced under the effect o f parasym pathetic stim ulation was 
considerably lower than that of saliva obtained after sym pathetic stim ulation . 
In self-control experim ents, parasym pathetic stim ulation for 1 to 2 hours 
failed to decrease enzym e activ ity  in the subm andibular gland, in contrast 
w ith  e.g. the beta-m im etic isoprénaline.

Enzym e a ctiv ity  in the saliva produced by the subm andibular gland  
seem s to be regulated by the sym pathetic system . Also, the alterations m eas
ured after parasym pathetic stim ulation can be explained by a slight activation  
of the sym pathetic system .

New data on the pathomechanism of the immobilization
and reserpine ulcer

A. K É K E S -S Z A B Ó  a n d  B. H O R V Á T H
IN ST ITU TE OF PATHOPHYSIOLOGY, U N IV E R S IT Y  MEDICAL SCHOOL, SZEGED

The role o f the autonom ic nervous system  in the pathom echanism  o f  
experim ental gastric ulcers is not clear. W hile the deteriorating effect o f para
sym pathetic excitation  and the beneficial effect of parasym pathetic blockade  
are unequivocally accepted, opinions differ concerning the role of the sy m 
pathetic nervous system  and its m ediator substances.

In view  o f this the effect of beta-m im etic and blocking drugs has been  
studied on the experim ental gastric ulcer produced by im m obilization and  
reserpine in the rat.

B eta blocking agents did not sign ificantly  influence the ulcers, w hile  
beta-m im etics decreased the extent o f ulceration in both m odels. It is probably  
the b eta 2 effect which is responsible for the m oderation o f the pathological 
changes.

It is concluded th at sym pathetic effects play a non-negligible part in  
the pathom echanism  o f im m obilization and reserpine ulcer.
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Mechanism of hippocampal cobalt epilepsy in the rat

I L D I K Ó  K IR Á L Y ,  T. NAGY, J .  B O R S Y , S. M A R O SFA L V I an d  J .  I. S Z É K E L Y
RESEARCH IN ST IT U T E  FOR PHARM ACEUTICAL CH EM ISTRY, AND SECOND D EPARTM ENT 

OF NEUROLOGY AND PSY CH IA TRY , SEM M ELW EIS U N IV ER SITY  MEDICAL SCHOOL, BUDAPEST

In previous experim ents the characteristics of experim ental epilepsy  
elicited  by the intrahippocam pal application o f cobalt powder in the rat have  
been studied. In the present experim ents, the changes in electrical a ctiv ity  
o f the bilateral hippocam pus and m esencephalic reticular form ation have been  
observed on the sam e m odel. Spike potentia ls were found to appear around 
th e  cobalt focus and then in the contralateral, intact hippocam pus, i.e. in the  
mirror focus.

Motor fits  on ly  develop when spike potentials o f high voltage and 
frequency appear in  th e  lesioned region or in the mirror focus, and high fre
quency spike p oten tia ls in the reticular form ation and cortex. In the case 
o f low frequency spike activ ity  of the reticular form ation and cortex, no seizure 
develops. C onsequently, the electroclinical seizures m anifest them selves in  
the model described when the convulsive potential spread from the h ippo
cam pus over the ipsilateral reticular form ation and then to the cortex.

The role of ionic milieu in the generation 
of spontaneous electrical activity 

of the identified giant neurones of Lym naea  s tagnalis

I. K ISS  and  J .  S A L Á N K I
BIOLOGICAL R E S E A R C H  IN STITU TE OF T H E  H UN G A RIA N  ACADEMY OF SCIENCES, TIH A N Y

The effect o f  changes in extracellular Na and C a + + concentration  
w ere investigated on the identified giant neurones of Lymnaea stagnalis. In  
N a + -free solution, spontaneous a ctiv ity  creased in 5 to 10 m inutes. During  
th is period there was a transient hyperpolarization of the membrane. A t the  
sam e tim e, excitab ility  of the m em brane persisted for a long period, and the  
neurone could be activated  by depolarization.

In Ca + +-free m edium  the frequency in itia lly  increased. This was fo l
low ed by a gradual deterioration o f action  potential generation, and the m em 
brane lost its excitab ility . In the m eantim e, a transient change could be  
observed in the m em brane potential.

The different neurones showed m arked individual variations. The sen 
sitiv ity  of various identified  neurones to deprival o f the ions investigated  
was compared.

On the basis o f  the results, conclusions have been drawn as to the ionic 
m echanism s o f action  potential generation.
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Effect of aminoglutéthimide treatment 
on corticosteroid biosynthesis in the rat adrenal

R . K IS S ,  E D I T  GLÁZ, ÉVA F O D O R ,  A N D R E A  H E R I N G ,  V E R A  M O R V Á I,
M. P É T E R I ,  R O Z Á L IA  GALAVICS, M Á R IA  SZABÓ, P. SOMLÓ and  D. SZABÓ

SECOND D EPA RTM EN T OF M ED IC IN E , SEM M ELW EIS U N IV E R S IT Y  MEDICAL SCHOOL,
AND SECTIO N  OF M ORPHOLOGY, IN ST ITU TE OF EX PER IM EN TA L M EDICINE 

O F T H E  HUNGARIAN ACADEMY OF SCIENCES, BUDAPEST

A m inoglutéthim ide (А-G, E lipten , CIBA) is known to inhibit steroid  
biosynthesis, i.e. th e  transform ation of cholesterol into delta-5-pregnenolone. 
In addition, the data in the literature speak for a striking inhib itory effect 
o f the drug on aldosterone secretion ( K ü c h e l  et al. 1967-71; G lá z  et al. 
1970-71). The m echanism  of the inhibition of aldosterone biosynthesis is not 
clear as it is not known whether the effect was produced by influencing ju st  
one, or several, steps of corticosteroid biosynthesis. To study this question, 
the effect o f А -G treatm ent on corticosteroid b iosynthesis in the rat adrenal 
has been investigated  in the presence of 3H-pregnenolone.

А -G treatm ent significantly decreased both  the absolute am ount of 
18-O H -corticosterone and aldosterone synthetized  from the endogenous pre
cursor, and the percentage incorporation o f 3H-pregnenolone from the exogen
ous precursor. In contrast, these param eters were unequivocally augm ented  
in  the case of 18-OH-DOC and corticosterone. This latter observation points 
to the inab ility  o f  А -G to counteract the corticosterone—ACTH feed-back  
effect. Since in sp ite  o f the augm ented corticosterone values the synthesis of 
both aldosterone and 18-OH-corticosterone was sign ificantly decreased it m ay  
be assum ed th at am inoglutéthim ide inhibits the a ctiv ity  of 18-hydroxylase. 
A generalized inhibition  of corticosteroid synthesis by А -G could also be 
achieved in the case of sim ultaneous dexam ethasone adm inistration to elim 
inate the corticosterone-A C TH  feed-back effect. The studies have been com 
pleted  b y  m orphological m ethods.

Role of monovalent and bivalent ions 
in action potential generation in the myocardial cells 

of H elix p o m a tia

T. K ISS a n d  K A T A L IN  S. RÓ ZSA
BIOLOGICAL RESEA R C H  IN STITU TE OF T H E  HUN G ARIA N  ACADEMY OF SCIENCES, T IH A N Y

E xperim ents w ith  m icroelectrodes revealed the resting potentia l (R P) 
to be m ainly potassium -dependent in  the edible snails. However, N a, Ca and 
presum ably also Cl ions are participating in the determ ination of R P.

Low N a and high Ca concentrations caused a hyperpolarization o f the  
m em brane. A ction potential generation ceased in both  Na-free and Ca-free
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m edium . If the Na ions were replaced by Li ions the velocity  o f the ascending  
branch of the action potentia l increased. This was followed in some cases by an 
inhibition  of the generation of spontaneous a c tiv ity , but the excitab ility  o f  
the membrane persisted. A similar effect was observed in solutions w ith  a high 
extracellular Ca content.

The generation o f action potential was inhibited by tetradotoxin , 
ouabain and MnCl.,.

Renal circulation of hypophysectomized rats 
in hormone-induced renal cortical necrosis

J U L I A N N A  KO CSIS, L. C S E R N A Y  a n d  F. LÁSZLÓ
D EPA R T M E N T OF RADIOLOGY, AND D EPA R T M E N T OF M EDICINE,

U N IV ER SITY  M EDICAL SCHOOL, SZEGED

It has been show n earlier th at in rats hypophysectom ized a few weeks 
earlier vasopressin adm inistration after oestrogen pretreatm ent failed to 
induce renal cortical necrosis or, i f  so, in a slight degree only, in  contrast to  
non-operated control animals.

In the present experim ents, H a m i l t o n ’s dye dilution m ethod was com 
bined with Sa p i r s t e i n ’s 86Rb technique. It  was shown by m eans of this 
com bined m ethod th a t renal blood flow  decreased in untreated rats subjected  
to  hypophysectom y a few weeks earlier. Renal blood flow dim inished to an 
even  greater ex ten t one hour after the adm inistration of vasopressin to oestro- 
gen-pretreated hypophysectom ized anim als. In accordance w ith  th is, angio- 
renography revealed a high degree o f vasoconstriction to develop one hour 
after the injection o f vasopressin in oestrogen-treated hypophysectom ized rats 
as compared to non-operated control anim als.

It seems th a t the oxygen dem and o f the kidney is dim inished after 
hypophysectom y. O estrogen and vasopressin treatm ent does not lead to renal 
cortical necrosis because the oxygen deficiency due to the renal vascular spasm  
is better tolerated under such conditions.

Activity of the sympathetic afferent nerves 
of the heart and forelimbs. I.

Spontaneous activity and baroreceptor effects

M. K O L L A I ,  L. F E D I N A  a n d  A. G. B. KOVÁCH
EX PER IM EN TA L R ESEA R C H  LABORATORY, SEM M ELW EIS U N IV ER SITY  MEDICAL SCHOOL, BUDAPEST

Only few investigations have been performed into the regional differences 
in efferent sym pathetic  activ ity  even though the question is o f  im portance 
from the point o f  v iew  of the regulation of circulation.
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A ctiv ity  o f the sym pathetic postganglionic nerves running to the heart, 
(cardiac nerve) and forelimbs (vertebral nerve), the integram  of the activ ities, 
arterial blood pressure as well as respiration were recorded in im m obilized  
and artificially breathed cats under chloralose-urethan anaesthesia.

Spontaneous activ ity: pulse and respiration synchronous groups appeared  
on both nerves. The active and inhibited  periods were more sharply separated  
in the cardiac nerve.

Baroreceptor effects: upon bilateral compression o f the common carotid  
arteries an abrupt augm entation was observed in the a ctiv ity  of both nerves 
during the first 5 seconds (176%  in the case of the vertebral nerve and 157%  in 
the case o f the cardiac nerve). The activ ity  of the vertebral nerve rem ained  
elevated (196% ) for the duration o f the compression, w hile that of the cardiac 
nerve rapidly decreased and returned to normal around the 20th second. 
The changes in blood pressure during compression ran parallel with the changes 
of the activ ity  o f the vertebral nerve. When blood pressure was kept at a 
constant level by m eans of a buffer system , the a c tiv ity  o f  the cardiac nerve  
remained elevated  for the duration o f compression.

The results point to a different central regulation o f sym pathetic a c tiv 
ities running to the tw o regions.

Effect of hindlimb ischaemia on the uC-tyrosine 
and 14C-noradrenaline content of the hypothalamus 

and brain stem of the rat
E D I T  K O LT A Y , H. B. S T O N E R  and P A T R IC IA  M. E LSŐ N

EX PERIM EN TA L RESEA R C H  LABORATORY, SEM M ELW EIS U N IV ERSITY  M ED ICAL SCHOOL, BU D A PEST, 
AND M EDICAL RESEA RCH  COUNCIL TOXICOLOGY U NIT, CARSHALTON, ENGLAND

According to  previous experim ents (St o n e r  and E l s ő n , J. Neuro- 
chem. 1971, 81: 1837.), noradrenaline concentration in  the hypothalam us 
decreases under the effect of hindlim b ischaemia, a feature to be ascribed  
to an increased noradrenaline utilization . Similar changes were found in the  
brain stem  after treatm ent w ith alpha-m ethyl-p-tyrosine, a drug inhib iting  
noradrenaline synthesis.

In the present experim ents, noradrenaline turnover in the hypothalam us 
and brain stem  was investigated  after hindlimb ischaem ia. 14C-tyrosine was 
used as precursor. The control anim als were investigated  1, 2 and 5 hours 
after the adm inistration of tyrosine, and the shocked anim als 1 and 4 hours 
after injection o f th e  precursor. The level of new ly synthetized  14C-norad- 
renaline and that o f  14C-tyrosine and unlabelled tyrosine were determined in the  
tissues m entioned above and in blood. The incorporation rate of 14C in both  
hypothalam us and brain stem was higher after limb ischaem ia than in control 
animals.
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Multiple unit activity in brain stem and limbic system 
during habituation to acoustic stimulus in the cat

L. K O R Á N Y I ,  V E R A  TAM Á SY a n d  K. L IS S Á K
IN ST IT U T E  O F PHYSIOLOGY, U N IV E R SIT Y  MEDICAL SCHOOL, PÉCS

Sem i-m icroelectrodes were chronically im planted in to  the brain stem  
and forebrain structures o f freely m oving cats by the standard stereotactic  
technique. The changes in m ultiple unit a c tiv ity  (MUA) were studied  according 
to  the m odified m ethod of G uzm an  and A l c a r a z . The m ethod allows the 
sim ultaneous and continuous recording o f E EG  and MUA o f several cerebral 
regions. Electrical a c tiv ity  was sim ultaneously recorded in a minim um  of four 
subcortical regions. In  addition, a programmed switching o f the EEG appara
tu s and of the M UA analyser allowed the alternate analysis o f  6 or 8 brain 
regions in the sam e anim al.

Prior to the experim ents the anim als were habituated to  the experi
m ental environm ent for several hours a day, always at the sam e tim e, for 
w eeks. This was follow ed by habituation to the acoustic stim ulus. The cats 
habituated  to the environm ent showed an attentive reaction at the beginning 
o f  the serial presentation  o f the acoustic stim ulus. Later, th is changed to  
a slow  wave and paradoxical sleep phase.

The results o f  EEG  and MUA analyses unequivocally showed that the 
dim inution in reactiv ity  to the acoustic stim ulus of the central nervous system  
developed sign ificantly later than did the disappearance o f  the EEG arousal 
reaction. The paradoxical sleep phase was followed, w ith great regularity, by  
a transient augm entation  o f the reactiv ity  o f  all the brain regions investigated.

Injuries of the skeletal musculature caused 
by immunoglobulins in the rat

A. K O R É N Y I - B O T H  and  G A B R I E L L A  K E L E M E N
FIRST IN ST IT U T E  OF PATHOLOGY, SEM M ELW EIS U N IV ERSITY  M EDICAL SCHOOL,

AND BIOCHEMICAL G RO U P OF T H E  EÖTVÖS LORÂND U N IV ERSITY  OF SCIEN CES, BUDAPEST

An experim ental m odel was developed to test the effect o f immune sera 
produced against various muscular elem ents (m yofibril, m yosin  and actin).

The fine structure of the m uscle fibre was dam aged at an early stage  
o f the intervention, i.e . in specim ens obtained on the 15th day; the sarco- 
m etric arrangement and the fibrillar organization of the filam ents disappeared.

In specim ens obtained on the 30th  day of the experim ent the damage 
to  the fine structure was more extensive and autophagous vacuoles appeared. 
The synaptic cleft in  the neurom uscular junction was w idened and basal 
m em branelike m aterial had accum ulated in it. The postsynaptic  apparatus 
was distorted.
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In specim ens obtained on the 60th day the interfibrillary substance was 
increased and m any fibroblasts rich in collagen fibres appeared. Lym phocytes 
and plasm ocytes could be observed in the blood vessels.

The injuries involved all organelles of the m uscle fibre and becam e 
increasingly more severe w ith the duration o f the experim ents.

Investigation by surface fluorometry 
of oxidative metabolism, gluconeogenesis and redox state 

of the perfused rat liver during haemorrhagic shock

A. B. G. KOVÁCH, P. S Á N D O R ,  S. F R I N A K  a n d  EMMA KOVÁCH
EX PER IM EN TA L RESEA R C H  LABORATORY, SEM M ELW EIS U N IV ER SITY  MEDICAL SCHOOL, BUDAPEST 

AND JO H N SO N  RESEA RCH  FOU N DA TIO N , U N IV ER SITY  OF PEN NSY LV AN IA , P H IL A D EL PH IA

Previous investigations and data in the literature led to the conclusion  
that the ox idative system  of isolated  m itochondria is dam aged in the term inal 
phase of haem orrhagic shock. The problem arose w hether the damage was 
a consequence o f preparation inasm uch as shocked m itochondria would  
tolerate the traum a caused by their isolation to a lesser degree than do normal 
m itochondria. To decide this question as well as to clarify the essence o f the  
hepatic injury, the liver was rem oved at various stages o f the haemorrhagic 
shock and perfused with K rebs-Ringer solution -j- 4%  album in. The pH  of 
the perfusion flu id  was brought to  7.4 by a gas phase o f 95% 0 2 5% C 02.

Glucose production and oxygen  consum ption by the liver were deter
m ined and the redox state of the flavoprotein and pyridine nucleotides, the  
kinetics of the post-hypoxic restitution  as well as the effect of activators and 
inhibitors were m easured by m eans o f surface fluorom etry. A special advantage  
o f th is new optic m ethod is its allowing a continuous study of the cellular 
energy level and the kinetics o f the cells w ithout disrupting them.

Gluconeogenesis in the perfused liver o f rats in haemorrhagic shock  
decreased sign ificantly  in the phase when oxygen  consum ption was still 
normal. Thereafter, the flavoproteins and pyridine nucleotides of the liver 
cells underwent a reduction w ith  the oxygen consum ption, unchanged. The 
changes were counteracted by phenoxybenzam ine.

According to  the results, it  is the extram itochondrial system  which is 
first dam aged in shock. This is follow ed by uncoupled respiration and, finally , 
by an inhibition o f m itochondrial oxidation.
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Pharmacological investigations 
on the genital smooth musculature of H elix p o m a tia

A N IK Ó  KOVÁCS
IN STITU TE OF PHARM ACOLOGY, SEM M ELW EIS U N IV ER SITY  MEDICAL SCHOOL, BU DA PEST

The pharm acological sensitiv ity  o f the longitudinal m usculature o f the 
m ale genital tract o f H elix  pomatia  has been studied. Spontaneous contrac
tions were recorded b y  m eans of an auxotonic lever. Spontaneous contractions 
w ere augmented by serotonin  (10-8  M, increase in am plitude, frequency and 
tone) and left unaltered by histam ine and tyram ine.

The preparation exhibited  a remarkable sen sitiv ity  to cellulin-A . The 
lyophilized  powder o f  0.5 to 1 U/m l cellulin-A  activ ity  prepared from frog 
skin considerably increased the activ ity  in both normal and low-Ca medium.

It was characteristics o f the investigated  organ that cellulin preparations 
from frog liver and urinary bladder, acting like cellulin-A on the frog heart, 
were ineffective.

Prostaglandins (PG E j and PGE2) at concentrations from 5 to 10 ng/ml 
exerted  a cellulin-A-like enhancing effect.

According to the results, the genital sm ooth m uscle o f Helix pomatia  
represents a preparation o f special pharm acological sensitiv ity , suitable for 
te stin g  substances o f  biological origin.

Effect of corticosteroids 
on passive avoidance behaviour of the rat

G. KOVÁCS a n d  K. L ISSÁ K
IN ST ITU TE OF PHYSIOLOGY, U N IV ER SITY  MEDICAL SCHOOL, PÉCS

The effect o f corticosterone, 11-desoxycorticosterone (DOC) and of 
syn th etic  6-dehydro-16-m ethyl-hydrocortisone (6dh-16m -hydrocortisone) has 
been studied on the thirst-driven passive avoidance behaviour o f the rat.

The latency o f  passive avoidance behaviour elicited by electric shock  
decreased on the system ic  adm inistration of corticosterone and 6dh-16m  
hydrocortisone im m ediately  after the shock and 24 hours later. A sim ilar effect 
w as observed after th e  im plantation o f corticosterone in the anterior hypo
thalam us, rostral sep tum , dorsal hippocam pus or m idline thalam ic nuclei. 
Im plantation into m ost o f these structures of 6dh-16m -hydrocortisone and 
DOC proved to be ineffective.

According to the results, the direct central action of the hormones is 
m ore important in th e  developm ent of their behavioural effects than  are the 
effects due to the decreased ACTH secretion. In addition to the forebrain 
structures, the m idline thalam ic nuclei are responsible for the action.
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Antithrombin effect of acetylsalicylic acid

I R É N  KOVÁCS, L. CSALAY a n d  G. C SÁKVÁRY
K O RV IN  OTTÓ H O SPITA L, AND IN ST ITU TE O F PATHOPHYSIOLOGY,

SEM M ELW EIS U N IV ER SITY  M EDICAL SCHOOL, BUDAPEST

A cetylsalicylic  acid is known to exert a marked and long-lasting in 
hibitory effect on the aggregation and adhesion of blood platelets. On this 
basis, the possib ility  arose o f a clinical application of the compound in the  
prevention o f throm bosis.

The data on the inhibitory effect of acetylsalicylic  acid on experim ental 
throm bosis are contradictory. According to  som e authors, the compound  
exerts an antithrom botic action in v ivo, w hile others failed to confirm these  
results (laser-throm bosis test, A r f o r s  et al. 1971).

Am ong the in v ivo  m ethods it is the throm bosis induced by laser which  
is today the m ost precise experim ental m ethod, and the m ost similar to human  
throm bosis in its m echanism . The experim ental equipm ent using gas-laser, 
and the technique em ployed is basically different from the laser-throm bosis 
m ethod described earlier for the investigation  of drug effects. The experi
m ental param eters are dem onstrated on the exam ple of acetylsalicylic acid, 
and the effectiveness o f the com pound is evaluated .

Subcellular distribution of thyroid hormones 
in the central nervous system. II.

Effect of thyroid hormone treatment at newborn age

S. KOVÁCS, J .  VASS a n d  P. F E R E N C
IN ST ITU TE OF PHYSIOLOGY, U N IV ER SITY  M EDICAL SCHOOL, PÉCS

The effect o f unlabelled triiodothyronine (25 /xg subcutaneously) given  
to fem ale albino rats on the day o f birth has been investigated  on the 125I- 
triiodothyronine uptake of the brain (cerebrum , cerebellum, hypothalam us), 
and on the subcellular distribution of the horm one during postnatal develop
m ent.

The uptake o f the labelled hormone was considerably higher in all three 
brain regions investigated  when the animals had been treated with triiodo
thyronine at newborn age. Significant differences were found in the subcel
lular distribution o f the labelled hormone betw een the treated and control 
anim als. Upon the effect of thyroid hormone treatm ent, activ ity  decreased 
in the cell nuclei but m arkedly increased in the m itochondrial fraction. The 
difference was slighter in the microsomal fraction, while the radioactivity  
found in cellular fluid (supernatant of 105,000 g) was considerably diminished  
in the treated animals.

Acta Physiologica Academiae Scientiarum Hungaricae 44, 1973



358 ABSTRACTS

As to the effect o f thyroid horm one on the subcellular distribution of 
labelled thyroid horm one, there were differences between the individual brain 
regions.

The differences observed betw een treated and control animals were m ost 
m arked in the young age group.

Kinetic analysis of the sodium transport in striated muscle. II. 
Effect of veratrine on sodium uptake

T. KOVÁCS, M Á R IA  N A GY, В. SZABÓ and  L. SZ IR M A I
IN STITU TE OF PHYSIOLOGY, U N IV E R S IT Y  MEDICAL SCHOOL, D EBRECEN

I t  has been show n at the 37th Congress of the Hungarian Physiological 
S ociety  that the 24N a uptake of iso lated  frog sartorius muscle consisted  of 
a quick and a slow com ponent. In the present experim ents two questions have  
been investigated . 1) How does the alteration o f external Na concentration  
in fluence the param eters of Na uptake? 2) How does veratrine influence the 
quick and slow com ponents of Na u p take?  (Veratrine was dem onstrated to  
increase Na in flux at an external N a concentration as low  as 2 mM.)

The quick and slow  com ponents o f  N a uptake are based on tw o different 
m echanism s. Influx o f  the quick phase followed M ichaelis-M enten’s k inetics 
and proved to he a carrier-m ediated process (Vmax =  5.6 pM • cm - 2  • sec- 1 ; 
K m =  10 mM).

Veratrine only accelerated the quick com ponent o f Na in flux at an 
external Na concentration higher than  10 mM. In contrast, it augm ented  
the N a in flux  of the slow  com ponent b y  more than 100% in the case o f N a° =  
—- 2 mM. (Vmax =  9.2 pM • cm -2  • se c -1 ) and decreased the K m (K m =  
=  75 mM).

Veratrine is assum ed to increase either the concentration o f carrier 
m olecules, the binding affin ity  of N a ions, or the rotation ve loc ity  o f the 
carrier molecules.

Effect of La+++ on 43Ca uptake and release 
of frog skeletal muscle

L. K Ó NYA , A. K Ö V É R ,  J Ú L I A  C S E R I  and E R Z S É B E T  ZSA D Á N Y I
IN STITU TE O F PHYSIOLOGY, U N IV E R S IT Y  MEDICAL SCHOOL, DEBRECEN

According to data in the literature, 1 mM of La + + +, when given to 
R inger’s solution, decreases 45Ca uptake of the m uscle and uncouples its 
electrical and m echanical processes. Thus, the effect of La ions on the m agni
tude o f Ca fractions and on their exchange rate has been investigated . Fibre 
preparations of frog sem itendinosus m uscle were incubated in La + + +-free
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and La + + +-containing (1 mM) R inger’s solution for various periods o f tim e. 
Thereafter, the 45Ca fractions were analyzed by means o f desaturation curves.

In the control muscle the Ca fraction (which fraction am ounts to 17 ^  
i  3 /tM/g fresh w eight, has a half-life o f 5.8 ^  1.2 min and is presum ably  
loosely bound to  the surface m embrane) could not be dem onstrated in the  
presence o f La + + +. Parallel w ith this there was a sign ificant augm entation  
in the intracellular 45Ca space, while the exchange of intracellular Ca decreased  
during the w ash-out period. Incubation for less than tw o hours decreased the  
La + + + effect, while longer incubation increased the to ta l Ca content o f  
the m uscle.

The regulating role of membrane-bound Ca 
in the functioning of the sarcoplasmic reticulum

A. K Ö V É R ,  M. SZABOLCS, A. CSABAI and  Z. NA GY
IN ST IT U T E  OF PHYSIOLOGY, AND CEN TRA L RESEARCH LABORATORY,

U N IV ER SITY  M EDICAL SCHOOL, D EBRECEN

The sarcoplasm ic reticular fraction (SR F) was prepared from the w hite  
skeletal m uscles o f  Ameiurus nebulosus, suspended in 0.1 M KC1 and, after 
the addition o f EGTA solution in a final concentration from 0.1 to 1.0 mM, 
the pH of the suspension was adjusted to 6, 7 or 8, by means of 50 mM K O H  
solution. Thereafter, the SR F sam ples were diluted w ith  an appropriate 
am ount o f 0.1 M KC1 solution containing 5 mM of histid ine, and their Ca 
uptake, ATPase and cholinesterase activ ities were determ ined. Ca uptake was 
m easured by m eans of 45Ca and the M i l l i p o e  technique. In some instances, 
the Ca content o f the fractions was checked by spectrographic analysis. I t  was 
found that adjusting the pH in itself, (i.e. w ithout EGTA treatm ent) did not  
influence the characteristics of the fractions. EGTA treatm ent (final concentra
tion from 0.2 to 1.0 mM, pH  7 and 8) rem oved m ost of the bound Ca, as show n  
by spectrographic analysis.

Ca uptake was decreased to 1 to  2%  of the control value and, at the  
same tim e, a 2 to 3-fold increase occurred in the activ ity  o f ATPase and cholin
esterase. A partial or com plete restitution  could be achieved by applying an 
equimolar am ount o f Ca together w ith  EGTA.

Reabsorption processes 
in the proximal tubule during “stop-flow”

G. K Ö V É R
IN ST ITU TE OF PHYSIOLOGY, SEM M ELW EIS U N IV E R SIT Y  MEDICAL SCHOOL, BUDAPEST

The reabsorption processes in the proxim al tubule closed for 5 and  
10 m inutes were studied in anaesthetized rats during m ild diuresis produced  
b y  physiological saline or m annitol.
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1) Osm olarity, N a and K concentration of the tubular fluid did not 
change during stop flow  under saline or m annitol diuresis. F /P 0Smi F/Pxa and 
F /P K values were the sam e as during free urine flow .

2) Inulin concentration (F/P;n) in the tubular fluid increased as a fu n c
tion  of time in the closed tubule, a find ing indicative o f a continuous filtra 
tion  during stop flow .

3) The data obtained during m annitol diuresis indicated that m annitol 
w as easily rediffusing in the closed proxim al tubule.

4) Due to the developed pressure gradient, the tubular fluid in the  
proxim al tubule also rediffused passively  while the reabsorption process 
involved  an active cell function.

Effect of quinaldic acid on mitochondrial respiration

T. K Ö N I G
IN STITU TE OF BIO CH EM ISTRY , SEM M ELW EIS U N IV E R S IT Y  MEDICAL SCHOOL, BUDAPEST

According to H a n s o n  et al. (J. biol. Chem. 1969, 244: 4351.), quinaldic 
acid inhibits gluconeogenesis by blocking pyruvate oxidation in liver m ito 
chondria. The present work performed w ith  oxygen electrodes showed quinal
dic acid instantaneously  to inhibit the oxidation  of a num ber of substrates 
in the rat kidney and liver m itochondria. In the liver m itochondria, a 50%  
inhibition of oxygen  consum ption activated  by A D P was induced quinaldic 
acid at the following concentrations, 1 mM w ith  pyruvate, 2-oxoglutarate (in 
th e  presence of m alonate) or 3-hydroxybutyric acid; 2 mM w ith glutam ate  
-)- m alate; 5 mM w ith  succinate (in the presence of m alate and arsenite). 
The corresponding values in the kidney m itochondria were as follows: 2 mM 
w ith  glutam ate -)- m alate as substrate; 4 mM with 2-oxoglutarate or iso 
citrate, and 8 mM w ith  succinate. P ractically  identical K; values were obtained  
in the presence o f uncoupling agents (instead of ADP) or after previous freez
ing-thaw ing of the m itochondria. Quinaldic acid also inhibited the resting and 
A D P -activated  endogenous respiration o f liver m itochondria, at the con
centration levels investigated  the com pound did not uncouple nor inhibit 
either the oxidative phosphorylation or the respiratory chain. It is concluded  
th a t quinaldic acid inhibits m itochondrial respiration at the dehydrogenase 
level in dependence on the sensitiv ity  to  quinaldic acid o f the various de
hydrogenases.
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Control of cortical potentials evoked by stimulation 
of small intestine and splanchnic nerve during sleep

T. K U K O R E L L I  an d  G. JU H Á S Z
IN ST ITU TE OF COMPARATIVE PH Y SIO LO G Y , EÖTVÖS LORÁND U N IV E R SIT Y  OF SCIENCES,

AND IN ST ITU TE OF PSYCHOLOGY OF T H E  HUN G ARIA N  ACADEMY OF SCIENCES, BUDAPEST

The changes in evoked cortical potentials during sleep have been studied  
in the cat w ith  small in testine fistu la  and chronically im planted splanchnic  
electrodes. B y  means of the latter the epithelium  of the sm all in testine and 
the splanchnic nerve were stim ulated  at varying in tensities. The potentia l 
evoked in the cortex during slow w ave sleep spindles and spindle-free periods 
as well as those observed during the phasic (REM) and tonic periods o f para
doxical sleep were compared.

The control patterns of the viscerally evoked potentials during the  
periods m entioned above depended on the condition w hether weak stim uli 
under the threshold of som ato-visceral reflexes or strong ones activating the  
above reflexes were applied in order to  evoke the cortical responses.

Studies of histidine decarboxylase inhibitors 
in inflammatory models

M A R IA N N E  K Ü R T I ,  ZSUZSA H U S Z T I ,  M. F E K E T E  a n d  E. K A S Z T R E I N E R
RESEA RCH  IN STITU TE FOR PHARM ACEUTICAL CHEM ISTRY, BU DA PEST

The effect of two specific histidine decarboxylase inhibitors, 2-hydroxy- 
5-carbom ethoxy-benzyloxyam ine and 0 -3 ,-pyridyl-m ethyl(-hydroxylam ine), 
and th at of the enzym e inhibitors brocrezine and tritoqualine were compared. 
The enzym e inhibitory action as w ell as the histam ine level decreasing effect 
of the com pounds were analyzed. In addition, the types of inflam m ation  
inhibited b y  the above com pounds were studied.

Carragenan oedema, cotton-w ool granuloma, adjuvant arthritis as well 
as system ic and cutaneous anaphylaxis served as experim ental m odels.

The com pounds, when used in  oral doses from 150 to 450 m g/kg in form  
of a subacute treatm ent, m ainly inhibited the processes accom panied by pro
liferation. In the guinea pig th ey  also inhibited the allergic m anifestations.

The results support the assum ption th at histam ine does not always p lay  
a primary role in inflam m atory processes.
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Neuronal connections in the suboesophageal ganglion 
of H elix p o m a tia

E .  LÁBOS and  E S Z T E R  LÁ N G
FIRST IN STITU TE O F ANATOM Y, SEM MELW EIS U N IV E R SIT Y  M EDICAL SCHOOL, BUDAPEST

Action potentia ls were sim ultaneously recorded in 20 instances from  
three suboesophageal neurons of Helix pomatia.  The synchronous frequency- 
distributions obtained from the activ ity  of the individual neurons were ana
lyzed . The following type-characteristics could he distinguished.

1) Monomodal tr ip let: two or three frequency m axim a at the same site.
2) Monomodal or bim odal neurons differing in m ain frequency.
3) A neuron o f trim odal frequency distribution w ith  tw o other neurons, 

th e  main frequency o f w hich coincides w ith  the rarest frequency of the first 
neuron (i.e. w ith the m inim um  points of the distribution).

4) At least one o f  the m axim a o f the bim odal activ ities is identical in  
all three neurons.

5) Mixed, and in trica lly  connected types. E .g. the second neuron is 
active  at the m inim um  place of the first neuron, or, the m inim um  place of the  
first neuron is found at the main frequency o f the first neuron.

It is concluded th a t the investigated  neurons of the ganglion represent 
activ ities of certain favoured frequencies. The m axim um  and minimum places 
o f the frequency distributions are interconnected.

Applications of Hill’s subthreshold stimulus theory 
in the experimental approximation of the relationship 

between stimulus intensity and stimulus duration
E S Z T E R  L Á N G  a n d  E .  LÁBOS

FIRST IN STITU TE OF ANATOMY, SEM MELW EIS U N IV E R SIT Y  MEDICAL SCHOOL, BUDAPEST

Investigation o f th e  valid ity  of H l i l ’s theory (1936) o f subthreshold  
stim uli meets w ith num erical difficulties. The theory has not lost its actuality  
since it interprets the tim e duration curves o f stim ulus in ten sity  (SDR) and 
the accom m odation in a sim ple way only its accuracy is not satisfactory (LÁBOS 
and F a z e k a s , 1969). The consequences o f the theory have been analyzed  
as follows.

1) The theoretical SD R  curves were tabulated according to three vari
ants: the time constant (, the accom m odation constant Я, and duration d. A bout 
10,000 threshold values were obtained w ith the aid o f a computer.

2) The authors’ experim ental data cannot be reconstructed either by  
closing or opening SD R  curves.

3) Marked differences occur in large and small d  stim ulus durations. 
In addition, H i l l ’s theory  is not correctly interpreting the closing threshold
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of prolonged stim uli. The theoretical opening curve was found better for the  
approxim ation o f the closing stim ulus.

4) W ith the sufficiently detailed H i l l ’s table the accom m odation constant 
can already be estim ated on the basis o f the SDR curves. H ow ever, the  
accuracy of this estim ation is lim ited by the accuracy of H i l l ’s theory.

The role of haemodynamic factors 
in renal failure in dehydration

K A T A L IN  LÁSZLÓ an d  P. B Á L IN T
IN STITU TE O F PHYSIOLOGY, SEM M ELW EIS U N IV E R S IT Y  MEDICAL SCHOOL, BUDAPEST

The param eters of renal function have been studied in dogs during  
dehydration azotaem ia induced by pyloric ligation . On the basis o f the resist
ance of parallel-connected and series-connected intrarenal vascular sections, 
the functional organization of the dehydrated animals changes as follow s.

1) Arterial pressure and renal blood flow  change sligh tly  and nearly  
proportionally. V ascular resistance o f the k idney is som ew hat increased.

2) A sign ificant elevation o f pressure occurs in the afferent vascular  
sections; as a consequence, glom erulocapillary pressure is considerably de
creased.

3) Glomerular filtration  rate decreases in proportion to  the effective  
filtration  pressure. The result is a dim inution o f glom erulocapillary pressure 
and a haem oconcentration due to the increased colloid-osm otic pressure.

4) The extraction  of PA H , oxygen and Rb allows to conclude to a pref
erential dim inution o f blood flow  in  the m edulla during dehydration azotae
mia. The decrease in cortical circulation is less pronounced.

5) The above changes point to an adjustm ent of renal function. The 
increase in afferent resistance caused by the stim ulus of dehydration as well 
as the decreased m edullary circulation create the conditions necessary for the  
production of a sm all am ount o f m axim ally concentrated urine.

EEG and evoked potentials 
in experimental organic mercury poisoning

K O R N É L I A  L E H O C Z K Y , I.  M É SZ Á R O S and  J .  S E B Ő K
SECTION OF A PPL IE D  TOXICOLOGY, NATIONAL IN ST ITU TE OF LABOUR H Y G IEN E, AND IN STITU TE 

OF COMPARATIVE PHYSIOLOGY, EÖTVÖS LORÁND U N IV ERSITY  OF SCIENCES,
AND SECTION OF PATHOLOGY, POSTGRADUATE M EDICAL SCHOOL, BU DA PEST

It was shown previously that m ethoxy-ethylm ercuri chloride (MEMC) 
dim inished the conduction velocity  in the sciatic nerve of the rabbit (35th  
Congress of the H ungarian Physiological Society , 1969). This could be ex 
plained by a dem yelinization of the nerve.
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In the present experim ents, EEG  and cortical evoked potentials have  
been studied in the course of subacute MEMC poisoning. EEG frequency  
changed considerably, revealing a sign ificant increase in alpha, beta^  ̂ and 
beta2 frequency, in addition to a sligh tly  increased to ta l energy level.

Am plitude of the evoked potentials recorded from the som atom otor  
cortex after sciatic stim ulation  decreased during the poisoning. The duration  
of the first positive w ave increased considerably to about double the original. 
In contrast with expectations, all this indicated  that MEMC induces a grave 
nervous system  injury sim ilar to those caused by m ethyl-m ercuric com pounds.

Effect of intracerebrally administered 
diphenylpropylamine derivatives

G. L E S Z K O V S Z K Y , L. T A R D O S  and  V IL M A  SZ Á N TH Ó
PHARMACOLOGICAL LABORATORY, PHARM ACEUTICAL W O RK S CH IN O IN , BUDAPEST

In the authors’ previous experim ents the com pound 174. TK [1,1-bis- 
(4-am i-nophenyl)-propylam ine-(3)] exhib ited  a cocainelike noradrenaline 
potentiating effect. The compound devoids, how ever, o f a central nervous 
action since it does not penetrate across the b lood-brain  barrier.

In the present experim ents the drug was adm inistered intracerebrally  
to  m ice. A dose o f 120 p,g/animal evoked an excitation  sta te  accom panied w ith  
signs o f sym pathetic excitation  (exophthalm us, m ydriasis, piloerection). This 
lasted  for hours and could be inhibited by chlorprom azine, tetrabenazine and 
urethane. Higher doses caused convulsions and death; D L So =  294 ^ig/animal.

174. TK applied intracerebrally in a dose of 120 pg/m ouse caused a 2°C 
fall in body tem perature lasting 2 to 3 hours. This could be inhibited b y  chlor
promazine and phenoxybenzam ine.

The concentration o f intracerebrally applied 174. TK in the brain was 
as follows: in the first m inutes after the injection o f 48 pg it was 5.2 /ig/g; 
while after the injection  o f 120 fj,g it  was 20.1 /xg/g. The two doses disappeared  
from the brain in 180 and 300 m inutes, respectively . Thus, 174. TK  exerts 
its sym pathom im etic, noradrenaline-potentiating effect also after in tra
cerebral injection.

Location of the subcellular kininases of the skin
L. LONOVICS, L E N K E  S Z E K E R E S ,  E L E O N Ó R A  Z S IL IN S Z K Y  and  Á. G E C SE

IN STITU TE O F PATHOPHYSIOLOGY, AND D EPARTM ENT OF DERMATOLOGY,
U NIV ERSITY  M EDICAL SCHOOL, SZEGED

Human skin as w ell as the skin o f R-Am sterdam  and CFY rats were used  
in the experim ents. From the blood-free cutis and subcutis, a 10% per cent 
hom ogenate in 0.25 M sucrose was prepared w ith a high-speed hom ogenizer
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and centrifuged at 700 g. Total kininase a c tiv ity  was estim ated in the super
natant. M itochondrial, m icrosomal and lysosom al fractions were separated. 
The kinin-splitting enzym es were set free from  the subcellular fractions by  
repeated freezing, ultrasonic treatm ent and P otter homogenizer.

The m itochondrial fraction contained insignificant am ounts o f kininase. 
Of the subcellular elem ents, the microsomal and lysosom al fractions contained  
nearly all o f the bradykinin-splitting enzym es. The kininase obtained from  
the subcellular elem ents (m icrosomes, lyosom es) was separated on Sephadex  
G-200 colum n. Three bradykinin-splitting enzym es different in m olecular 
weight were separated.

The free bradykininase level of the skin was high, irrespective o f the  
species.

It seem s from the results that a considerable am ount of active kininase  
is present in hum an and rat skin, in addition to subcellular particles.

Effect of anaemia on the circulation 
of coronary-ligated rats

A. LOSONCI
SECOND D EPARTM ENT OF M ED ICIN E, SEM M ELW EIS U N IV E R S IT Y  MEDICAL SCHOOL, BUDAPEST

The effect o f anaemia on system ic and regional circulation was in vesti
gated in coronary-ligated rats tw enty-four hours after ligation o f the left  
descending coronary artery, under pentobarbital anaesthesia. Anaemia was 
induced b y  a stepw ise w ithdrawal o f arterial blood for 20 to 25 m inutes and  
by replacing o f an equal am ount o f rat plasm a w ith  intravenous injection. 
Mean haem atocrit was 29% . This was followed by determ ining cardiac output 
by the dye dilution m ethod and the organ fractions of cardiac output b y  
Sa p i r s t e i n ’s 86Rb and 125J-antipyrine isotope indicator fractionation tech 
nique.

In the coronary-ligated and anaemic rats was found to increase cardiac 
output and to ta l vascular conductance (Q/P) as compared to the control 
coronary-ligated rats, and organ blood flow  and vascular conductance were 
elevated. The shifting of cardiac output, such as found in the control coronary- 
ligated rats failed to  occur in the coronary-ligated and anaemic ones.

As compared w ith  anaemic (w ithout coronary ligation) controls to the  
coronary-ligated and anaemic rats, the circulatory changes were qualitatively  
similar, but qu an titatively  less. Thus the sam e com pensatory m echanism s 
will be activated in the coronary-ligated rats under the effect o f anaemia as 
in anaemia alone, and the circulatory effect of anaem ia is m anifested in spite  
of the coronary ligation , even though to a lesser degree.
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Sex differences in the lipoprotein subfractions of rabbits

A. LÓZSA
IN ST ITU TE O F H Y G IE N E , U N IV ER SITY  M EDICAL SCHOOL, SZEGED

In  previous investigations it  has been shown that the serum lipoprotein  
spectrum  of normal rabbits was characterized by sex  differences. B eta-lip o
protein, forming an intense band in the case o f fem ales, was practically lacking  
in  m ale animals. Agar electrophoresis revealed a relatively high pre-beta-lipo- 
protein and a very low  beta-lipoprotein level in the serum of m ale rabbits 
w hile the opposite ratio was observed in fem ales. In further experim ents the  
fine structure of the serum lipoprotein spectrum  of normal rabbits was studied  
b y  acrylam ide electrophoresis. Gradual and continuous, linear and exponential 
pore gradients as w ell as various buffer system s were checked. As a result, 
a m ethod was developed which distinguished 3— 5 subfractions in the alpha- 
lipoprotein and 5 —7 subfractions in the beta-lipoprotein group. Some 12 sub
fractions different in  m obility  were obtained in one run. Some bands were 
present only in the m ale, others only in  the fem ale serum. In addition, quanti
ta tiv e  differences were found betw een subfractions of identical m obility  
occurring in both sexes. The results indicate that sexual horm ones are im 
plicated  in the regulation of the whole lipoprotein system  of the rabbit.

Some membrane components 
of cerebrocortical synaptosome fractions

E M IL IA  M A D A R Á SZ , A. OROSZ, A. F A L U S  an d  G A B R IE L L A  S Z E N T P É T E R I
IN STITU TE OF COMPARATIVE PHYSIOLOGY, EÖTVÖS LORÁND U N IV ERSITY  OF SCIENCES,

AND IN ST ITU TE O F PSYCHIATRY, H UN G ARIA N  ACADEMY OF SCIENCES, BU D A PEST

A t the 37th Congress of the H ungarian Physiological Society it  has been 
reported that antibodies could be produced in the rabbit against antigens iso
lated  from the cerebral cortex hom ogenate of cats. The im m unoglobulins 
separated from rabbit serum reacted w ith  the soluble membrane subfractions, 
as w ell as w ith the membrane subfraction prepared from the synaptosom e  
fraction. In the present experim ents purified membrane subfractions were 
used  for im m unization, and antibody a ctiv ity  could be dem onstrated in the 
im m une sera by m eans of im m unodiffusion. Intracellular location  of the 
m em brane antigen was studied electron m icroscopically. Com parative disc- 
electrophoresis o f cerebrocortical subcellular preparations as w ell as other 
chem ical analytical m ethods yielded data concerning the chem ical charac
teristics o f the antigen.
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Dynamics of human working capacity as evaluated 
on the basis of regulatory functions

I.  M A D A R Á S Z  a n d  P. H U N Y A
IN STITU TE OF PHYSIOLOGY, U N IV E R S IT Y  M EDICAL SCHOOL, AND CY BERN ETICS LABORATORY, 

JÓZSEF A TTIL A  U N IV E R SIT Y  OF SCIENCES, SZEGED

For hum an work perform ance a co-ordinated functioning of interrelated  
physiological regulatory system s is necessary. The com plex system s cannot 
be investigated  at the level o f present knowledge hut it  is always possible to 
study som e partial system s as “ elem entary” regulatory system s. W ith a su f
ficient num ber of well-chosen “ elem entary system s” a com paratively true  
picture can be obtained b y  m eans o f com bined m athem atical analysis of 
elem entary functions. In the present experim ents on volunteers, the effect 
of a known work load was stud ied  b y  estim ating static , in tentional and au to 
nomic trem or, simple optom otor reaction tim e, d isjunctive activ ity  and error 
tim es as w ell as blood pressure. The data o f individual tests  were evaluated  
according to  identical points o f  v iew  furnished by the regulation theory. The 
results could be therefore represented by hom ogeneous co-ordinates (general
ized distance) in a m ulti-dim ensional space. In this w ay, a number of charac
teristics o f the dynamics of com plex regulation could be investigated  in spaces 
of reasonable dimension num ber through conjunction o f the various subspaces. 
The dynam ics o f complex regulation  was found considerably to depend on the  
nervous reaction-type of the ind ividual as well as on the starting situation  
of the regulatory system . Therefore, an approxim ate know ledge o f the am ount 
o f work-load is necessary for m easuring and evaluating the consequences of  
a given load.

Effect on lipid metabolism 
of N(bis)-p-chlorophenoxy(acetyl)-urea

A N D R E A  M A D E R SP A C H , J .  B O R S Y , I. E L E K E S ,  J .  F I S C H E R ,  G. M IK IT E
a n d  J .  R Á K Ó C Z I

RESEARCH IN ST IT U T E  FO R  PHARM ACEUTICAL CH EM ISTRY, AND PHARMACOLOGICAL LABORATORY, 
U N IT E D  W O RK S OF PHARM ACEUTICAL AND D IETE TIC  PRODUCTS, BUDAPEST

The effect o f several bis-p-chlorophenoxyacetic acid derivatives was 
investigated  on the cholesterol, triglyceride and free fa tty  acid level in normo- 
lipaem ic rats.

The m ost active com pound was N (bis)-p-chlorophenoxy(acetyl)-urea  
(M-451). Its lipid-decreasing effect surpassed that o f clofibrate. Subacute  
treatm ent w ith  3, 10 and 30 ng/kg  doses o f the com pound considerably de
creased the level o f serum lipid com ponents and inhibited the incorporation  
o f 14C-acetate in to  the free cholesterol fraction o f the serum and liver of the
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anim als. In  the sam e anim al species the drug dim inished th e  hyperlipaem ia  
caused by ty loxapol and fructose pretreatm ent.

The drug increased the liver parenchym a to a greater ex ten t than did 
clofibrate w ithout causing any change in th e  cholesterol content o f the liver.

Experimental defibrination evoked by subtilysin

K A T A L IN  M A GDA , J .  SZEG I,  О. S Z E N T J Ó B I  and  J .  S Z E N T M IK L Ó S I
IN STITU TE O F PHARMACOLOGY, U N IV E R S IT Y  MEDICAL SCHOOL, D EB R EC E N

Subtilysin, produced by B. subtilis var. proteolytic given to rats in tra
ven ou sly  in doses of 5 to  10 m g/kg causes defibrination in one hour and lasting  
10 to  24 hours. The changes due to subtilysin  in the blood clotting  and fibrino
ly tic  system  were characterized by an extrem e lengthening o f clotting tim e, 
the disappearance o f fibrinogen, and by throm boelastographic alterations 
characteristic o f a fibrinogaem ia.

The blood o f rats treated with subtilysin  failed to show  fibrinolysis on 
the Astrup fibrin-agar p late in vitro. From  this it has been concluded that the  
lack  o f clotting is n ot due to an increased fibrinolysis b u t to  the proteolytic  
effect o f the drug on fibrinogen and other clotting factors. This was cor
roborated by the find ing  that subtilysin decom poses 100-tim es more fibrinogen  
than  throm bin, and th a t its effect is not inhibited by EACA in vivo.

Ultramicrochemical determination of glucose-6-phosphatase 
and glucokinase in the rat nephron

I. M A R O SV Á R I,  U. S C H M ID T  and  U. C. D U B A C H
SECOND D EPARTM ENT OF PED IA T R IC S, SEM M ELW EIS U N IV ERSITY  M EDICAL SCHOOL, BUDAPEST

Q uantitative histochem ical m ethods were applied to  determ ine the  
activ ity  of the gluconeogenetic key-enzym e (glucose-6-phosphatase, G-6-Pase) 
and that of the g lycolytic  key-enzym e (glucokinase, GK) in various parts of 
the rat nephron. The following G-6-Pase/GK ratios were found in various part
o f the nephron:

Glomerulus 1.50
C onvulated part o f proxim al tubule 2.80  
Straight part of proxim al tubule 1.75
A scending limb of H enle 0.28
C onvulated part o f d istal tubule 0.46

According to  th ese results, the decrease of the ratio o f the two enzym es 
in the distal nephron is indicative o f a relative predom inance o f glycolysis.
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The various parts of the nephron (proximal and distal convulated tubules) 
m ay exhibit different enzym atic and m etabolic characteristics w ithin the  
renal cortex.

Investigation on the habituation of acoustic stimulus 
by means of evoked potential audiometry

J .  M A R T IN ,  I.  P I N T É R  and  L. K E L L É N Y I
NATIONAL IN ST ITU TE OF LABOUR H Y G IE N E , BU DA PEST,

AND IN ST ITU TE OF PHY SIOLOG Y , U NIV ERSITY  M EDICAL SCHOOL, PÉCS

Application of the audiom etric method based on vertex potential detec
tion has been reported at the 37th Congress of the Hungarian Physiological 
Society. H abituation to acoustic stim uli has, how ever, made it difficult to  
determ ine the acoustic threshold.

In the present experim ents the effect o f acoustic stim uli o f different 
frequency applied in a random or periodic m anner was investigated  w ith  
special regard to habituation. The amplitude o f the vertex  potential was found  
to increase in proportion to the dim inution of repetition  frequency. There was 
no significant increase in the am plitude of responses to random stim uli. A lso, 
the exten t of habituation depended m ainly on the frequency of repetition, 
the acoustic stim uli applied at random having been habituated in the sam e  
w ay as the stim uli applied periodically.

Role of bulbar cholinergic processes 
in vasomotor reflex activities

E R Z S É B E T  M Á TR A I,  J .  D E R V A D E R IC S  a n d  G. SUCH
IN STITU TE OF PHYSIOLOGY, U N IV ERSITY  MEDICAL SCHOOL, SZEGED

It has been shown at the 37th Congress o f th e  Hungarian Physiological 
Society th at the bulbar application of curare inhibits or reverses the depressor 
reflexes elicited by stim ulation o f the central stum p o f the vagal and tibia  
nerves, while it facilitates the originally pressor-type reflexes. Curare is known  
to abolish monoam inergic inhibitions, in addition to the abolition o f cholinergic 
ones. In the present study it  was investigated to w hat exten t the described  
phenom ena could be brought into connection w ith  the effect o f curare on  
cholinergic processes.

Various drugs, selectively  influencing cholinergic m echanism s (eserine, 
carbam oylcholine, hem icholine), were m icroinjected into the medial regions 
of the oblong m edulla, and the changes in vasom otor reflex activ ity  were 
followed. From the results, conclusions have been drawn as to the role o f  
cholinergic processes in central vasom otor activ ity .
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Relationship of tissular metabolic processes 
and cell division in regenerating liver tissue

J .  M E N Y H Á R T ,  J .  G R Ó F  a n d  J .  SOMOGYI
RESEA RCH  LABORATORY OF T H E  H UN G A RIA N  ACADEMY OF SCIENCES,

D EPARTM ENT OF UROLOGY, AND E X P E R IM E N T A L  RESEA RCH  LABORATORY,
SEM M ELW EIS U N IV E R SIT Y  M EDICAL SCHOOL, BUDAPEST

According to previous experim ents, the energy household o f regenerating  
liver tissue considerably differs from th a t o f the control tissue at th e  tim e of 
high-am plitude m ito tic  activ ity  after partial hcpatectom y. It was charac
teristic  of these alterations th at both  the anaerobic and aerobic glycolytic  
capacities of the tissue were elevated  in the early, h igh-m itotic a c tiv ity  period 
o f liver regeneration. A relationship was found to exist betw een  m itotic  
a c tiv ity  and the increase of glycolysis in the tissue.

Glycolysis consists of a gluconeolytic and a g lycolytic com ponent. The 
ratio o f the participation of the tw o com ponents in tota l glycolysis is a function  
o f and expresses the actual m etabolic state  o f the tissue. Through selective  
inh ib ition  of the g lycolytic com ponent by 2-D-glucose the glycolysis o f mitot- 
ica lly  resting tissue was shown to  occur m ainly at the expense of the 
gluconeolytic com ponent, while the g lycolytic com ponent becam e dominant 
in  th e  glycolysis o f m itotica lly  activated  tissue, depending on th e  extent of 
m itotic  activation.

Measurement of maximum oxygen uptake 
during treadmill exercise

M Á R TA  M IK L Ó S,  P. A P O R  a n d  S. W A H L ST A B -SZA B Ó
SECTION OF PHY SIOLOG Y  OF T H E  H U N G ARIA N  SCHOOL OF PHYSICAL EDUCATION, BUDAPEST

There are several load-patterns o f the v ita  maxim a run on the treadmill 
and the aim of the present investigations was to find the m ost appropriate 
one.

V entillation, V 0 2, V C 02, RQ, heart rate, and gas exchange values were 
m easured during four kinds of load different in running v e loc ity , degree of 
elevation  and duration. A Jaeger spiroergom eter equipm ent was used and 
data were evaluated by means o f an on line computer and d igital printer.

The values for m axim um  oxygen  uptake measured during the four types 
o f load were practically the same.

R eproducibility o f the param eters m easured during 2 m inutes running 
at a speed of 12 km /hour and increasing the elevation by 5 or 2.5%  every two  
m inutes are presented. D ata are shown for sportsm en o f varying endurance 
fitness.
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Behavioural and EEG signs of instrumental escape 
from frustration situation

P. M O L N Á R ,  L. L É N Á R D ,  CSIL L A  T R I N N  a n d  E. G R A ST Y Á N
IN ST IT U T E  OF PHYSIOLOGY, U N IV ER SITY  MEDICAL SCHOOL,

AND ACADEMIC RESEA RCH  GROUP FOR NEU ROPH YSIO LO GY , PÉCS

Cats im planted w ith hippocam pal electrodes were placed into a restrain
ing cage after a 2 4 —36-hour starving period. A p iece  of m eat was put at a well- 
visible place 1.5 m apart from the plexiglass door of the cage. The door was 
opened, and the m eat became accessible to the animals w henever the cat had 
touched an object o f m atchbox size placed in the cage. The animals exhibited  
a chaotic, excited  behaviour in the cage (frustration phase accom panied by  
hippocam pal desynchronization). After escape, perseverative motor m ani
festations, long-lasting orientation activ ity  accom panied by continuous th eta  
activ ity  in the hippocam pus as well as a transient suppression of the condi
tioned approach reactions were observed. These transient phenom ena dis
appeared after a few  repetitions but, after changing the place of the anim al, 
th ey  transiently reappeared.

The frustration arrangement is considered to represent a suitable m ethod  
for elucidating the relationship betw een orientation and reinforcement m echa
nisms and the reproduction under natural environm ental conditions o f the  
crucial neuronal m echanism  of reinforcem ent. This conclusion has been drawn 
from the present experim ents as well as from the sim ilarity o f m otor and b io
electric phenom ena previously observed after electrical stim ulation of sub
cortical regions (see: G r a s t y á n , S za b ó , M o l n á r  and K o l t a i , 1968).

Dynamics of first-order and third-order blood pressure 
and pulse waves in gradual hypotension

E. MONOS a n d  B. SZÜCS
EX PER IM EN TA L RESEA R C H  LABORATORY, SEM M ELW EIS U N IV E R SIT Y  MEDICAL SCHOOL, BUDAPEST

In dogs anaesthetized  with chloralose a stu d y  was m ade o f the pressure 
and flow  in the iliac artery, central venous pressure, and pressure in the ascend
ing aorta. Under artificial respiration and im m obilization w ith  gallam ine, m ean  
arterial pressure was stabilized by m eans o f a buffer system  betw een 150 and 
170 mm Hg at 20 m m  Hg steps in 30 min periods.

The stationary character of the processes investigated  was checked by  
continuous recording and com puting of the square mean value in the pulsative  
range and by th a t o f the mean value in the third-order range. The periodic 
and stochastic com ponents of circulatory characteristics were determ ined on 
the basis of autocorrective functions. Interactions of the signals were in 
vestigated  by cross-correlation functions and frequency spectra.
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The square m ean value for the four pulsative characteristics o f system ic  
circulation changed in  a different w ay as a function o f mean pressure. The 
relative value o f the stochastic com ponent showed a more uniform change, 
being the sm allest at norm otensive (110— 130 mm Hg) and 70 mm H g levels. 
Resonance phenom ena could be observed in the supersonic dom ain o f the 
pulse waves.

Effect of Vitamin D on the bone 
of parathyroidectomized rats

E .  MORAVA, M. W I N T E R  and  R. T A R J Á N
NATIONAL IN ST IT U T E  OF N U TR ITIO N , AND IN STITU TE OF PATHOPHYSIOLOGY, 

SEM M ELW EIS U N IV ERSITY  M EDICAL SCHOOL, BUDAPEST

The effect o f V itam in D on bone m etabolism  has been investigated  in 
parathyroidectom ized and sham -operated rats.

Vitam in D was adm inistered by the intravenous route 24 hours before 
sacrifice.

The m etaphyses o f the tibia and femur were rem oved, and in their 
fragm ents glucose and hydroxyproline m etabolism  was studied.

Parathyroidectom y decreased glucose uptake and hydroxyproline lib 
eration of rachitic bone, but did not inh ib it the effect o f Vitam in D on bone 
m etabolism . V itam in D increased glucose uptake and hydroxyproline produc
tion  in the bones of parathyroidectom ized rats just as it  did in sham -operated  
rachitic rats.

Spinal afferent activity elicited by potassium chloride injected 
into the muscle’s nutrient artery

IZ A B E L L A  M O R A V A  a n d  M E I N O E L
SECTION OF EX PE R IM E N T A L  PHYSIOLOGY, NATIONAL IN STITU TE OF LABOUR H Y G IEN E, BU DA PEST, 

AND LABORATOIRE D E  N EU RO PH Y SIO LO G IE V ÉG ÉTA TIV E, I .N .P ., C .N .R .S., M ARSEILLE

Previous studies allowed indirect conclusions as to the afferent structures 
im plicated in the blood pressure reactions evoked by the injection o f potassium  
ions into the popliteal artery.

In the present experim ents, the afferentation o f the said reflexes have  
been investigated  by electrophysiological m ethods.

Afferent a c tiv ity  was recorded by means of extracellular m icroelectrodes 
in the spinal ganglion of im m obilized cats anaesthetized with chloralose—ure- 
than. The changes o f the afferent a ctiv ity  were studied after injecting various 
am ounts of potassium  chloride in the ipsilateral popliteal artery. The type  
of fibre investigated  was determined by electric stim ulation and b y  measuring 
threshold conductance velocity.
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Fibres of slow conductiv ity  could be activated  by sm all am ounts of KC1, 
while the activ ity  o f fibres of the highest velocity  changed only  after the 
highest doses of potassium . The results are indicative of a physiological role 
of slow -conductiv ity  fibres of m uscular origin.

Effect of drugs influencing transport ATPase 
and adenylcyclase system on the parietal 

and non-parietal components of human gastric secretion

G. M Ó ZSIK , J .  KUTAS, L. N A GY, F. T Á R N O K  and  Á. P E T Z
F IR S T  D EPARTM ENT OF M ED ICIN E, AND F IR ST  D EPARTM ENT OF SURG ERY ,

U N IV ERSITY  M EDICAL SCHOOL, PÉCS

The effect o f histam ine (0.5 m g, subcutaneously), pentagastrin (6 ^g/kg, 
subcutaneously), atropine (1.0 mg, subcutaneously), theophylline (480.0 mg, 
intravenously) and o f the beta blocking drug oxprenolol (2 m g, subcuta
neously) has been studied on the parietal and non-parietal com ponents of human  
gastric secretion. These com ponents were determ ined on the basis o f the  
am ount, acid ity , further the sodium , potassium , calcium  and chloride content 
of the gastric juice.

1) The absolute am ount of the parietal com ponent (m Eq/h) increased  
under the effect of histam ine (p <  0 .01), pentagastrin (p <( 0.01) and theo
phylline (0.05 >  p >  0.01), and decreased after the adm inistration of o x 
prenolol (p >  0.05) and atropine (p 0.01). 2) The am ount of the non-parietal 
com ponent decreased under the effect o f histam ine (0.05 p >  0.001), 
atropine (p <  0.01) and oxprenolol (p >  0.05), and rem ained unaltered after 
theophylline and pentagastrin. 3) Concentration of the parietal com ponent 
(m Eq/litre) increased after the adm inistration of histam ine (p <( 0.01), theo
phylline (p <  0.02) and pentagastrin (p <  0.01), and decreased after oxpren
olol (p 0.05). Atropine had no effect. 4) Concentration of the non-parietal 
com ponent decreased after histam ine (p <  0 .01) and pentagastrin (p >  0.05), 
remained unaltered after oxprenolol and theophylline, and increased after 
the adm inistration o f atropine (p >  0.05).

Conclusions. 1) The hormonal and pharm acological regulations o f the 
parietal and non-parietal com ponents o f hum an gastric secretion are different.
2) Hormones and drugs increasing the activ ity  o f the adenylcyclase system  
(histam ine, pentagastrin, theophylline) cause a selective increase in the parietal 
com ponent. 3) B eta blockade causes a m oderate dim inution o f basal secretion. 
4) Atropine, a drug inhibiting transport ATPase, preferentially decreases the 
non-parietal com ponent o f gastric secretion.
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Disturbance of insulin secretion in rats treated 
with Borde te l la  p e r tu s s i s  vaccine

L. M U S Z B E K ,  Z. C S IZ É R ,  J .  CSO NGO R an d  B. CSABA
INSTITUTE OF PATHO PHY SIOLOG Y , U N IV E R SIT Y  M EDICAL SCHOOL, D EB R EC EN

The effect o f adrenaline and noradrenaline on insulin secretion is reversed 
after pretreatm ent w ith  B o r d e t a l l a  p e r t u s s i s  vaccine (B PV ), i.e. the two  
catecholam ines decrease the plasm a insulin level in control animals but con
siderably increase it  after В РУ  treatm ent. Isoprénaline, theophylline and 
phentolam ine augm ent insulin secretion in control rats, but considerably more 
in  BPV-treated anim als. The effect o f glucose on insulin secretion is also 
enhanced by BPV treatm ent, but m uch less than in the case o f the said sub
stances. The disturbance in insulin  secretion caused by B PV  m ay play an 
im portant part in the pathologic regulation of carbohydrate m etabolism  as 
w ell as in the increased anaphylactoid sensitiv ity  subsequent upon ВРУ treat
m ent.

Expectancy wave in organic cerebral processes

A. NAGY, Á. S A R K A D I  and I. T O M K A
IN ST ITU TE OF N EU RO SU RG ERY , BU DA PEST

Expectancy w aves have been recorded partly as a com pletion of the  
routine EEG of neurosurgical patients.

1) The expectancy  w aves can be ranged in characteristic m orphological 
groups according to  the points o f view  known from literature. There is no 
relationship betw een the shape o f  the expectancy w ave and the physiological 
or pathological nature of background activ ity .

2) Appearance o f  the expectancy  wave depends primarily of psychic 
factors.

3) E xpectancy w ave m ay develop after in the case o f a severe cerebral 
dam age, if  otherwise the patien t is capable of performing the paradigm.

4) The expectancy  w ave is considered an electrophysiological m ani
festation  of a special psychic sta te  (“ conation” ) connected w ith  a group o f  
stim uli. The slow electronegative change is probably independently the frontal 
cortex.
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Effect of retrograde degeneration 
on the ADH reserve capacity of hypophysectomized rats

É V A  N A G Y  a n d  F. LÁSZLÓ
F IR S T  DEPARTM ENT OF M ED IC IN E , U N IV ER SITY  M EDICAL SCHOOL, SZEGED

In previous experim ents syn th etic  ACTH was shown to increase diuresis 
and to  norm alize the diuretic reaction induced by a water load in the h yp o
physectom ized rat. This was assum ed to  be due to the fact that hypophysec- 
tom y is not follow ed by retrograde degeneration of the magnocellular portion  
of the hypothalam us.

In the present experim ents prior to hypophysectom y electrolytic lesions 
were placed in  the pituitary stalk  b y  means o f a Horsley-Clarke apparatus 
in order to  elicit retrograde degeneration. In addition, the animals were treated  
w ith highly purified pig STH, and w ith a synthetic ACTH preparation o f  
prolonged action containing 24 am ino acids.

STH failed to influence urine excretion in the stalk-lesioned, h ypo
physectom ized rats. On the other hand, a m oderately increased diuretic  
response was observed after the adm inistration o f ACTH. In order to  deter
mine how the sta lk  lesion influenced the disturbances in water m etabolism  
of hypophysectom ized animals, the A D H  content of the hypothalam us as well 
as the A D H  reserve capacity were determ ined by the hyperosm osis m ethod. 
The A D H  content of the hypothalam us decreased m oderately after th e  tw o  
surgical in terventions but showed no further depletion after dehydration. 
Correspondingly, the amount o f A D H  in urine failed to  increase to any sign if
icant exten t upon the effect of hyperosm osis.

The results indicate that the sta lk  lesion prevented the regeneration of 
the sta lk  stum p and inhibited b y  the retrograde degeneration the A D H  ou t
flow  elicited by physiological stim uli. This m echanism  m ay have a part in th e  
phenom enon th a t ACTH adm inistration causes polyuria in rats subjected  to  
hypophysectom y after stalk lesion.

Citrulline synthesis of isolated mitochondria in uraemia

É V A  NAGY, J .  M E N Y H Á R T ,  J .  G R Ó F  an d  J .  SOMOGYI
R ESEA RCH  LABORATORY OF T H E  H U N G ARIA N  ACADEMY OF SCIENCES,

D EPA RTM EN T OF UROLOGY, AND EX PER IM EN TA L RESEA RCH  LABORATORY,
SEM M ELW EIS U N IV ER SITY  M EDICAL SCHOOL, BU DA PEST

Two of the five  enzym es of the urea cycle, i.e.:
1) carbam ylphosphate synthetase (CPS) and
2) ornithine-carbam yl transferase (OCT) are located  intram itochondri- 

ally. In the intram itochondrial phase o f urea synthesis, perm eability factors
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are involved in addition  to the enzym atic step s. The substrate of OCT, i.e. 
th e  ornithine produced extram itochondrially, has to enter into the m ito 
chondria the substrate o f arginosuccinate syn th etase  (ASS), i.e. the citrulline 
produced intram itochondrially, m ust leave the m itochondria.

In addition, there is a high energy dem and in the first intram itochondrial 
step  o f urea synthesis; it  requires 2 mol of ATP. Owing to the m etabolic dis
turbances characteristic o f uraemic toxaem ia (acidosis, disturbances in ion 
distribution, appearance o f tox ic  products, e tc .), m any m itochondrial func
tion s including citrulline synthesis, will be disturbed. This is shown, among 
others, by the find ing th a t the citrulline-form ing capacity of the m itochondria  
iso lated  from the liver o f  healthy animals decreases in the presence of uraemic 
serum  as compared w ith  the control.

Factors of energy production, perm eability  and enzym ic functioning  
can equally be m ade responsible for the disturbances of intram itochondrial 
citrulline synthesis under uraemic conditions.

Energy production through anoxid endogenous oxidation 
in M ytillu s  y a llo p ro v in c ia lis  (Mollusca, Pelecypoda)

I .  ZS. NAGY and  M. E R M I N I
BIOLOGICAL R ESEA R C H  IN ST ITU TE OF TH E H U N G A RIA N  ACADEMY OF SCIENCES, TIH A NY ,

AND C EN TRE O F EX PER IM EN TA L GERONTOLOGY, I.N .R .C .A ., ANCONA, ITALY

It has been found th at an ethanol or propanol extract prepared from  
th e  whole body o f M .  g a l l o p r o v i n c i a l i s , and containing the lipochrom ic pigm ent, 
is capable of oxid izing N A D H 2 in vitro in a reversible w ay. This oxidative  
capacity  gradually decreases after the anim als had been in a state of per
m anent anoxia. As calculated  on the basis o f  th e  pigm ent’s redox potential, 
a mechanism in w hich the electron-acceptor role o f the oxygen has been taken  
over by the lipochrom ic pigm ent, is capable o f  liberating about 57% of the 
energy produced during normal respiration. In  animals under normal and 
perm anently anoxic conditions, ATP production under anoxic conditions 
am ounted to at m ost 5 7 —60%  of the control value. This suggests the existence  
in m ollusc of such an energy producing m echanism  which can supply energy 
w ithout oxygen, at th e  expense of the ox id ative  capacity o f the lipochromic 
pigm ent, the anim al’s environm ent has been gradually depleted of oxygen. 
This mechanism is term ed anoxic endogenous oxidation.
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Effect of direct cholinergic and adrenergic stimulation 
of the hypothalamus, thalamus and hippocampus 
on the alimentary conditioned reflex of the cat

J Ú L I A  N A G Y  a n d  L. D EC SI
IN ST ITU TE OF PHARMACOLOGY, U N IV E R SIT Y  MEDICAL SCHOOL, PÉCS

In connection w ith the study o f the receptor structures of the brain  
regions m entioned in the title  the effect o f direct intracerebral application o f  
carbachol, n icotine and noradrenaline were investigated  on the conditioned  
alim entary reflex performance o f the cat. Noradrenaline, up to a dose of 
50 f i g ,  was ineffective in all the in vestigated  areas. Carbachol, in doses from  
0.2 to 10 f i g ,  reversibly blocked the conditioned reflex when injected in to  
the anterior hypothalam ic region, the dorsal and ventral hippocam pal form a
tions as well as into the intralam inary cell groups of the thalam us. N icotine  
was ineffective in all these regions.

The deconditioning effect o f carbachol was counteracted by sm all doses 
of atropine applied topically . These observations, together with the ineffec
tiveness o f nicotine, indicate that the stim ulation of m uscarinic receptors was 
responsible for the effects observed. In all probability, stim ulation  by carbachol 
releases an increased functional a c tiv ity . This m ay explain the ineffectiveness 
of noradrenaline, a drug playing on ly  a m odulatory role and being m ain ly  
depressor in character.

Effect of sympatholytics on liver associated 
with injury accompanying hyperthyroidism

L. N A GY, J .  M E N Y H Á R T  and  J .  SOMOGYI
RESEA RCH  LABORATORY OF T H E  H UN G A RIA N  ACADEMY OF SCIENCES,

D EPA RTM EN T OF UROLOGY, AND EX PER IM EN TA L RESEARCH LABORATORY,
SEM M ELW EIS U N IV ER SITY  M EDICAL SCHOOL, BU DA PEST

Intraperitoneal pretreatm ent of adult male rats w ith  0.5 m g/kg o f tr i
iodothyronine daily  for ten  days sign ifican tly  decreased glucuronide conjuga
tion and excretion both  in the resting sta te  and after a bilirubin load, as com 
pared with the control group. Bilirubin excretion and conjugation in the treated  
group were higher before loading, and sign ificantly  lower after loading.

W ithout loading, the distrubance o f glucuronide conjugation and excre
tion due to  thyroid  hormone treatm ent was not influenced by dibenzyline, 
propranolol or reserpine given sim ultaneously  w ith the hormone. D uring  
bilirubin load, dibenzyline and reserpine treatm ent im proved, while propranol
ol did not influence the extent o f injury caused by triiodothyronine.

W ithout load, the degree o f  augm entation of bilirubin excretion and  
conjugation due to  thyroid treatm ent was further increased by additional
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reserpine adm inistration. Dibenzyline had no effect, and propranolol in 
fluenced the augm entation  only insign ificantly . After bilirubin load, excretion  
and conjugation im proved  in the reserpine group, rem ained unaltered in the  
dibenzyline group, and dim inished further upon the effect o f propranolol.

Thus, the sym p ath ico—adrenergic system  is very lik ely  involved in the  
developm ent o f hepatic injury associated w ith hyperthyroidism .

Mechanical and electrical activity of the muscle 
during rapidly changing dynamic effort

M. N E M E S S U R I  a n d  K. B R E T Z
H U N G A R IA N  SCHOOL OF PH Y SICA L EDUCATION, BU DA PEST

Electrical a c tiv ity  o f muscle was recorded in 30 junior sportsm en. I t  was 
possible to derive from the transformed EMG the force—tim e diagram w ith  
good approxim ation during both isom etric and dynam ic m uscular works.

The record can be used to describe the m echanical a ctiv ity  of the m uscle, 
provided the strict requirem ents connected  with electrode positioning and  
calibration are com piled with. The results were evaluated by computer anal
ysis; it was dem onstrated  that, w ith individual calibration, the m ethod is 
highly  reliable in a telem etric system , too.

The histogram s determ ined from the discrete values belonging to the  
tim e-scaling gave correlations of r =  0.93 — 0.98.

The delay values for the electrom yogram -dynam ogram  were determ ined  
b y  simultaneous m ultichannel equipm ent.

In vitro activation of the proteolytic proenzymes of pancreas

G. N É M E T H ,  F .  W I L L I G ,  J .  SO M OG YI,  J .  M E N Y H Á R T  a n d  В. T Ó T H
TH IR D  D EPA R T M E N T OF SURGERY, EX PE R IM E N T A L  RESEA RCH  LABORATORY,

AND RESEARCH LABO RATORY  OF T H E  HUNGARIAN ACADEMY OF SCIENCES AT TH E  DEPARTM ENT 
OF UROLOGY, SEM M ELW EIS U NIV ERSITY  M EDICAL SCHOOL, BU DA PEST, AND DEPARTM ENT 

OF M ED ICIN E, CLIN ICA L CENTRE OF H E ID E L B E R G  U NIV ERSITY , M ANNHEIM , G FR

Both normal and inflam ed pancreases contain various proteinases in  
active and inactive form ; these proenzym es are activated  under different 
conditions.

In the normal pancreas hom ogenate active trypsin could not be dem on
strated after 6-hour incubation at pH 6.0 or higher. In contrast, 3-hour pre
incubation at pH  4.2 resulted in the appearance of a considerable trypsin  
activ ity . Preincubation o f normal pancreas hom ogenate w ith  enterokinase at 
neutral pH induced th e  production o f chim otrypsin with a maxim um  activ ity  
at the 50th m inute. Trypsin activ ity  began to augm ent considerably after 
the activity o f chim otrypsin  has declined.
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The activ ity  of trypsin, chim otrypsin, elastase as w ell as the azocasein  
splitting a ctiv ity  of the normal pancreas hom ogenate decreases b y  about 
78%  after 10-min incubation at 60°C. A similar degree o f inactivation  occurred 
when heat-treatm ent of the hom ogenate was performed in the presence of 
chim otrypsin or elastase. On the other hand, incubation o f the hom ogenate  
in the presence o f trypsin at 60°C for 10 m inutes caused an about 25%  increase 
in activ ity  as compared w ith  the control. Accordingly, therm ostable proteinases 
are produced from proenzym es upon the effect of trypsin. Similar processes 
can be observed in the inflam ed pancreas w ithout trypsin; here, proteolytic  
activ ity  rapidly decreased in the first m inutes of incubation at 60°C, followed  
by an augm entation in a ctiv ity  to above the control value.

Blood flow of spleen and mesenteric lymph nodes 
during lymphocyte mobilization caused 

by polymetacrylic acid

S. O R M A I a n d  L. CSÁKI
IN ST IT U T E  OF EX PERIM EN TA L M ED IC IN E , H UN G A RIA N  ACADEMY OF SCIENCES, BU DA PEST

Increased invasion into blood by reserve lym phocytes was produced  
by means o f polym etacrylic acid (40 m g/kg, intravenously). Blood flow  in  
spleen and mesenteric lym ph nodes was measured w ith  the 86Rb technique  
and arterial blood pressure was recorded. It was investigated  w hether the  
m obilization o f reserve lym phocytes was brought about by the haem odynam ic  
changes (blood pressure elevation , increased blood flow  in lym phatic organs) 
caused by polym etacrylic acid.

It was found that neither spleen or mesenteric lym ph node flow  nor 
arterial pressure had changed upon the effect of the m obilizing agent.

It has been concluded th at the reserve lym phocytes in lym phoid organs 
enter the lym ph circulation and system ic circulation by their active m ove
m ents.

Apolar interactions in extraction haemolysis

G. ORM O S, S. MÁ NYA I,  J .  OROSZ, E R Z S É B E T  P U T T Ó N , M. S Ü V E G E S
an d  A. V É G H

BIOCHEM ICAL SECTION, NATIONAL IN ST ITU TE OF IN DU STRIA L H Y G IE N E , BU DA PEST

The relationship betw een the lipophilia of bencyclane and analogous 
com pounds and the in tensity  o f haem olysis occurring during the extraction  
o f these drugs from red cell suspensions has been investigated . The degree of 
lipophilia was estim ated on the basis o f the distribution o f the drugs betw een  
n-octanol and the water phase. A tota l o f 19 com pounds was investigated;
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their distribution coefficien ts (K) ranged over more than  three orders o f  
m agnitude. H aem olytic a c tiv ity  was characterized by th a t concentration (C) 
o f  the analogue w hich caused 50% haem olysis in a 25% red cell suspension  
in  K rebs-P 04 buffer pH  7.4, incubated at 37°€ and than  extracted w ith  
paraffin oil. A close relationship was found between the tw o parameters in  
th e  case of analogues containing a dialkylam ino group. These analogues also 
caused haem olysis in the case of cooled red cells or their dilution w ith the 
m edium . The degree o f lipophilia was related to  the concentrations causing 
50%  haem olysis also in  th is case.

Regression lines were com puted from the m easurem ents according to  
th e  relation, lg 1/C =  a +  b lg K. The param eters of the equations in the order 
o f extraction, cooling and dilution haem olysis were, a =  — 0.25; + 0 .6 4 ;  
+  0.35; b =  10.8; 0.80; 0.86 and the correlation coefficients r =  0.93; 0.91; 
0.93. On the basis o f th e  H ansch model the results point to an apolar character 
o f the interaction betw een  red cell mem brane and drugs.

Immunofluorescent investigations in myasthenia gravis; 
antineuronal activity of the sera

A. ORO SZ, A. F A Z E K A S  and G A B R I E L L A  S Z E N T P É T E R I
F IR S T  D EPA R T M E N T OF NEUROLOGY AND PSYCHIATRY,
SEM M ELW EIS U N IV ERSITY  MEDICAL SCHOOL, BU DA PEST

Im m unoglobulins w ere isolated from the serum o f healthy persons and 
o f patients suffering from  m yasthenia gravis. The im m unoglobulins were 
labelled with fluorescein-isothiocyanate. B inding of the labelled antibodies 
was investigated in tissue sections of various mam m als by direct and indirect 
im m unofluorescence. The serum of m yasthenic patients reacted with certain  
neurones of the cerebral cortex, brain stem , cerebellar Purkinje cells and the  
nuclei o f the spinal m otoneurones. The im m unoglobulins o f the m yasthenic  
patients were bound to  the nuclei of sperm atogonia, and som e sera also reacted  
w ith  the nuclei o f the epithelial cells o f the thyroid acini. Antibodies from  
healthy  and sick persons were not bound to the nuclei of m uscle liver, spleen, 
ovarium  and kidney tissue. On the central nervous factors are assumed to  
have a role in the pathogenesis of m yasthenia gravis.
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Effect of hyperlipaemia on the changes 
of vascular permeability caused by vasoactive substances

A N N A  OTTLECZ, ÁG OTA JÁ N O S SY  an d  M. K O L T A I
IN ST ITU TE OF PATHO PHY SIOLOG Y , AND IN ST ITU TE OF PHARMACOLOGY,

U N IV E R S IT Y  M EDICAL SCHOOL, SZEGED

It was shown earlier th a t artificially evoked hyperlipaem ia inhibited  
the early vascular phase o f  acute inflam m ation in various inflam m atory  
m odels. In the present experim ents, the changes in vascular perm eability  
evoked b y  various vasoactive substances (dextran, 48/80, histam ine, sero
tonin) have been studied in hyperlipaem ia induced by sunflow er oil or In tra
lipid pretreatm ent, as well as in triglyceridaem ia caused by tyloxapol pre
treatm ent. A dm inistration o f sunflow er oil or Intralipid dim inished consider
ably the perm eability increasing effect of dextran, histam ine and serotonin, 
and m oderately that o f 48/80. Intravenous Intralipid exhibited  a typ ica l 
d ose-effect relationship. Serum lipid determ inations showed the inhibition  
to increase parallel w ith the increase of the triglyceride level. In hyperlipaem ia  
induced by ty loxap ol a m oderate decrease was only seen in the effect o f th e  
vasoactive substances which did not bear any relation to the marked elevation  
of the triglyceride level.

I t  has been concluded th a t developm ent of the antiinflam m atory action  
depended greatly on the mode o f induction o f the hyperlipaem ic state. E x o g 
enous triglycerides produce a well-m arked effect, while endogenous tr i
glycerides only a moderate one. The phenom enon suggests th at m etabolic  
processes have a significant role in the effect o f hyperlipaem ia on inflam m ation.

Electrical activity and drug sensitivity 
of early human embryonic hearts

G. P A P P ,  L. S Z E K E R E S  a n d  B. R E S C H
IN ST ITU TE OF PHARMACOLOGY, AND DEPARTM ENT OF OBSTETRICS AND GYNECOLOGY, 

U N IV ER SITY  M EDICAL SCHOOL, SZEGED

The electrophysiological characteristics o f the human embryonic heart 
have not been investigated  before the 8th week o f pregnancy. Similarly, few  
data are available as to the electrical activ ity  of the heart o f older em bryos. 
Therefore, the heart o f 5 — 20-w eek-old human foetuses obtained from in ter
ruption, has been studied by the intracellular m icroelectrode technique.

It was found that the duration o f the ventricular action potential in 
creases m arkedly w ith age. On hearts driven artificially the change was inde
pendent of the heart rate. The action potentials become typ ica lly  human in  
shape at an early age and can easily  be distinguished from those of other  
species, especially in certain atrial fibres. Sensitiv ity  to beta-m im etic drugs
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(isoprénaline, adrenaline, noradrenaline) increases w ith age. These drugs were 
already effective in th e  early stage w hen in the hearts no adrenergic nerve 
could be revealed histochem ically  and in which tyram ine failed to cause an 
increase in frequency or contractility. O f the alpha-m im etic drugs, phenyl
ephrine had to be given  at high concentrations to cause a slight tachycardia, 
and this effect was practically  similar on hearts of various sizes. Sensitiv ity  
to  cholinom im etics (acetylcholine, carbachol) increased w ith age. On 5 to 
8-w eek-old hearts low  concentrations o f  acetylcholine som etim es evoked an 
in itia l tachycardia. The results showed th at electrical a ctiv ity  and drug sen
s it iv ity  of the hum an heart are the results of a developm ental process.

Regulation of pancreatic blood flow: relationship 
between dose and effect of intraarterially injected secretin, 

pancreozymin and histamine
M. P A P P ,  B. V A R G A  an d  G. FO LL Y

SECTION OF PATHO PHY SIOLOG Y , IN ST IT U T E  OF EX PER IM EN TA L M ED ICINE,
H UN G A RIA N  ACADEMY OF SCIENCES, BUDAPEST

Secretin, pancreozym in and h istam ine were injected  into the duodenal 
side branch of the superior pancreaticoduodenal artery in dogs under chlo- 
ralose anaesthesia, and the relationship between the dose of the drugs and 
their effects on b lood flow  was investigated .

1) It was show n by means o f an electrom agnetic flow m eter that both  
secretion (B o o t s , N o t t in g h a m ) and histam ine increased blood flow  in the 
superior pancreaticoduodenal artery. A linear relationship was found between  
th e  doses of the drugs and the effects obtained (secretin: 0.05, 0.5, 1.0 U/kg; 
histam ine: 0.5, 1.0, 2 .0 , 4.0 ^ig/kg).

2) It w as d e m o n s tr a te d  b y  m e a n s  o f  a  th e rm o c o u p le  in s e r te d  in to  th e  
p a n c re a s  th a t  b o th  s e c re tin  a n d  p a n c re o z y m in  (B o o t s , N o t t in g h a m ) in c re a se d  
th e  b lood  flow  o f th e  p a n c re a s . A l in e a r  re la tio n sh ip  w as fo u n d  b e tw e e n  th e  
lo g a r i th m  o f th e  d o se s  a n d  th e  e ffec ts  o b ta in e d  (d o ses, 0.125, 0.25, 0.5, 1.0
U/kg).

Effect on somato-autonomic reflexes 
of carotid sinus pressure stabilized at various levels

G. P A V L IK ,  V. M. H A JU T Y IN ,  A. M IT SÁ N Y I,  E L E N A  V. L U K O SK O V A
and A. E R D É L Y I

SECTION OF PATHO PHY SIOLOG Y , IN STITU TE OF EX PER IM EN TA L M ED IC IN E , HUNGARIAN ACADEMY 
O F SCIENCES, BU D A PEST, AND CARDIOVASCULAR BIOPHYSICAL SECTION, IN STITU TE FOR NORMAL 

AND PATHOLOGICAL PHYSIOLOGY OF T H E  SO V IET ACADEMY OF M ED IC IN E , MOSCOW, USSR

The effect of the pressure of the perfused carotid sinus was investigated  
on the com ponents o f the autonom ic reflex responses evoked by electrical 
stim ulation of the sciatic nerve (blood pressure, pulse rate, contractions of
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the n ictitating m em brane, and sym pathetic efferent activ ity ). Cats under 
urethan and urethan -)- chloralose anaesthesia were used; the anim als were 
im m obilized and subjected to bilateral vagotom y.

Low carotid sinus pressure facilitated  the som ato-autonom ic reflexes. 
D irection and exten t o f the effects were, however, determ ined by the actual 
equilibrium of the excitatory and inhibitory processes o f  the central nervous 
system . In the case o f a high carotid sinus pressure, inh ibition  was character
istic  not only o f the background a ctiv ity  but also of the reflex responses.

Haemoglobin of avian reticulocytes

S. P E L L E T  a n d  I. F E H É R
NATIONAL IN STITU TE FOR R A D IA TIO N  BIOLOGY, BU DA PEST

Erythropoietin  plays an im portant part in the regulation o f erythroid  
m aturation. In the present experim ents, haem oglobin synthesis has been 
studied  in red cells and erythropoietin-containing serum o f anaem ic ducks. 
H aem oglobin synthesis was estim ated on the basis o f 59Fe incorporation; its 
increase w ent parallel w ith an increase in RNA synthesis. The increase of 
R N A  synthesis m easured on the basis o f 3H-uridine incorporation was inhibited  
by actinom ycin-D .

The presum ably haem oglobin m -R N A  was separated by m eans of 
acrylam ide electrophoresis.

Effect of Ca-deficient diet on thyroid function of chicken

G. P E T H E S  a n d  M. W I N T E R
IN ST ITU TE OF PHY SIOLOG Y , V ETERIN A RY  U N IV E R SIT Y , AND IN STITU TE OF PATHO PHY SIOLOG Y , 

SEM M ELW EIS U N IV ER SITY  M EDICAL SCHOOL, BU DA PEST

The effect o f norm al and C a-deficient diet was investigated  in  chicken  
b y  means o f thyroid  function tests. The animals were kept on a sem i-syn
th etic  diet up to the 21st day of life. D a ily  food intake was identical in  the 
control animals and in chicken kept on a Ca-deficient diet.

The animals received 3 [ i d  o f 131I on the 21st day by the intram uscular 
route and were investigated  8, 24 and 48 hours later.

Iodine uptake and storage and plasm a protein-bound rad ioactivity  
indicated that thyroid  function was increased in the animals kept on the 
Ca-deficient diet.

Experim ents are in progress to decide whether an increased peripheral 
consum ption or a decrease in hypothalam ic inhibition was responsible for the 
phenom ena observed.
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Dependence of the elementary phenomena 
of the sympathetic reflex response of the functional state 

of the central nervous system
J .  PÓ R S Z Á S Z  an d  K A T A L IN  P. G I B I S Z E R

IN ST ITU TE O F PHARM ACOLOGY, U N IV ER SITY  M EDICAL SCHOOL, PÉCS

The elicitab ility  of the tw o elem entary phenom ena o f the sym pathetic  
reflex  response, i.e. the late response and the silent period, has been in vesti
gated  by single and serial stim uli applied to the autonom ic and som atic afferents 
in  cats under chloralose, urethan, or chloralose -f- urethan, anaesthesia.

The results revealed th at the anaesthesia were profoundly m odifying or 
even  qualitatively altering, the reflex responses evoked b y  both single and 
serial stim ulation. Under urethan anaesthesia, the excitatory process will be 
dom inant; in this case there is a considerable excitatory after-discharge. 
H ow ever, under chloralose urethan anaesthesia, the inhibitory processes w ill 
dom inate; this m anifests itse lf  in the sum m ation o f the silent periods and in  
prolonged inhibitory after-discharge.

It is concluded that the elem entary processes o f the sym pathetic reflexes 
m anifest them selves as the resultants of com plex interactions o f the m edullary  
or higher central nervous structures. The late response and the silent period 
can only be dem onstrated under well-defined conditions.

Fatty acid composition of hyperlipaemic lipid fractions
J .  P U C S O K , L. SZ O L L Á R  a n d  M. J Á K Y

INSTITUTE OF PATHO PHY SIOLOG Y , SEM M ELW EIS U N IV E R S IT Y  M EDICAL SCHOOL, BUDAPEST

The changes in  lipids and fa tty  acids have been investigated  in hyper
lipaem ic patients o f Frederickson’s type II/A , II /B , III , IV and V. The lipo
proteins were separated by gel electrophoresis. Thereafter, the am ount o f  
serum lipids was determ ined according to F o l c h , and the lipid fractions were 
separated qualitatively  by thin-layer chrom atography. The fa tty  acid com 
position of the serum  lipid com ponents was determ ined b y  gas chrom ato
graphy. In hyperlipaem ias accompanied b y  accum ulation of cholesterol 
(II /A -II/B ), an increase was observed in the ratio o f unsaturated fatty  acids, 
in  addition to an increase in am ount of cholesterol ester.

A decrease o f the unsaturated fa tty  acids was observed in the com 
position of the triglyceride fraction in the so-called endogenous and exogenous 
hyperlipaemias accom panied by triglyceride accum ulation. The above m ethods 
allowed to d istinguish betw een the various types o f hyperlipaem ia: for this 
purpose, the com position o f phosphatides and free fa tty  acids, as well as the  
qualitative and q u antitative changes of triglycerides and cholesterol ester have  
to  be taken into account.
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Pulmonary pressure and cholinesterase inhibition 
(mevinphos treatment)

G. RA B L O C Z K Y , T. JA N C S Ó  a n d  M Á R IA  R. M A D E R
SECTIO N  O F TOXICOLOGY, NATIONAL IN ST IT U T E  OF IN D U STRIA L H Y G IEN E, BU DA PEST

As known from D e  B u r g h  D a l y ’s investigations, some cholinesterase  
inhibitors are eliciting vasoconstriction  in the pulm onary circulation. This 
effect could be evoked also by eserine and mevinphos and effect o f th e  la tter  
drug has been studied in detail.

1) Considerable differences were found in the influence of drugs on the  
system ic and pulm onary circulatory effects.

2) M evinphos evoked a pulm onary pressor response in intravenous doses 
as low  as 10— 50 ,ug/kg which were devoid of any other action.

3) W ith increasing doses th is pressor effect show ed a linear log-dose  
relationship while in the case of andrenaline, no dose—effect relationship could  
be dem onstrated in the pulm onary arterial pressure.

4) The effect o f mevinphos on pulm onary circulation was not in fluenced  
by vagotom y, adrenalectom y, atropine, or by hexam éthonium  or propranolol 
pretreatm ent.

5) O nly phentolam ine (3 m g/kg) exhibited an inhibitory effect.
Thus, the pulmonary pressor effect of m evinphos is considered to  rep

resent a direct vascular action independent of the enzym e inhibitory effect. 
The phenom enon is discussed from the point of v iew  of poisonings and 
therapeutic possibilities.

Effect of single and repeated acute thrombocytopenia 
on thrombocytopiesis in the mouse

K. R Á K
F IR S T  DEPARTM ENT OF M ED IC IN E , U N IV ER SITY  MEDICAL SCHOOL, SZEGED

The effect o f acute throm bocytopenia has been investigated  on the  
reappearance o f platelets in peripheral blood and on the incorporation of  
75Se-m ethionine into throm bocyte precursors in C57 B1 mice. Mouse an ti
platelet rabbit serum (APS) was adm inistered to group A on one occasion, 
to group В on tw o occasions at seven-day intervals, and to group C on three  
occasions at seven-day intervals. The platelet count as well as the a c tiv ity  
in circulating platelets o f 75Se-m ethionine given 24, 48 and 72 hours after the 
last APS dose were determined.

1) D uration of the A PS-induced throm bocytopenia was different in  the  
three groups; it  was longest in group A (72 hours) and shortest in group C 
(42 hours). 2) The degree of reactive throm bocytosis increased with th e  in 
creasing num ber o f APS doses: it averaged 1.1 M after a single A SP  dose,
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1.7 M after two, and 1.86 M after three doses (in untreated m ice, mean platelet 
cou n t was 0.67 M). 3) Incorporation rate o f  75Se-m ethionine into precursors 
and, thus, the activ ity  appearing in the circulating platelets was also influenced  
by the interval betw een  the injection of A SP and that of the isotope. Incorpo
ration  was highest w ith  an interval of 72 hours in group A, 48 hours in group 
B , and 24 hours in group C. The results allow ed conclusions as to  the kinetics 
o f throm bocytopoiesis

Regional cerebral blood flow
and metabolism during haemorrhagic shock in the baboon

M. R E IV IC H ,  A. G. B . KO V Á C H , K. H A R B IG ,  P. SÁ N D O R  an d  J .  J .  S P IT Z E R
CEREBROVASCULAR R E S E A R C H  LABORATORY AND JO H N SO N  RESEARCH FOUNDATION, 

U N IV E R S IT Y  OF PENNSYLVANIA, P H IL A D E L P H IA , USA,
AND EX PER IM EN TA L R E S E A R C H  LABORATORY, SEM M ELW EIS U N IV ER SITY  M EDICAL SCHOOL, BUDAPEST

The aim of the investigations was to elucidate the significance of central 
nervous alterations due to  haemorrhagic shock in primates.

The experim ents w ere performed on baboons weighing 12— 14 kg, under 
sarnylan anaesthesia (1 m g/kg). The anim als were im m obilized with gall- 
am ine and kept under artificial respiration, the depth o f w hich was con
tro lled  by continuously recording the C 02 pressure of the expired air.

Regional cerebral blood flow was determ ined in 8 brain areas on the 
basis o f 133Xe clearance, by means o f N a l crysta l 5 mm in diam eter. Blood  
flo w  o f smaller areas w as estim ated autoradiographically, b y  means of 14C- 
antipyrine adm inistered at the end of each experim ent.

Blood flow in th e  diencephalic region already decreased at bleeding to  
55 mm Hg. In shock, CO., sensitiv ity  of the cerebral vessels decreased and the 
gas failed to increase b lood  flow . Oxygen consum ption sign ificantly decreased 
at a blood pressure o f  35 mm Hg with no change in cerebral glucose utiliza
tion . This was related probably to the dim inution of brain m aterial participat
ing in  oxidation, as in d icated  by studies w ith  14C-antipyrine which revealed  
spotlike flow defects in  the frontal cortex and the hypothalam us.

Functioning of early human embryonic hearts

B. R E S C H ,  G. P A P P  a n d  L. S Z E K E R E S
DEPARTM ENT OF O B ST ETR IC S AND GYNAECOLOGY, A N D  IN STITU TE OF PHARMACOLOGY, 

U N IV ER SITY  MEDICAL SCHO O L, SZEGED

The earliest ind irect ECG recordings o f  human embryos were made in 
the 1 2 —14th weeks o f  pregnancy. W ith ultrasonic procedures, embryonic 
heart frequency could be recorded 5 —6 w eeks earlier. This m ethod now  
allow ed to determ ine th e  frequency of the heart (weighing about 3 mg) o f a
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52-day-old em bryo. The success o f ultrasonic recording depends on the age 
of the em bryo and increases from 5% to  practically 100% from the 7th to  
the 12th week o f pregnancy. H eart rate was often as high as 190/min in the  
7-week em bryo. Subsequently by the 130th day it gradually decreases to  
140/min, the rate characteristic o f the hum an foetus. D evelopm ent of vagal 
and sym pathetic tone could also be followed on the basis o f the heart rate, 
after treatm ent of the m other w ith  atropine and beta blocking drugs. Since 
procedures in v ivo  yield  inform ation only on heart rate in vitro m icrom ethods 
had been developed to analyze the function of embryonic hearts. W ith special 
extracellular electrodes, even the electric threshold and m axim um  driving  
frequency of a heart w eighing 2.7 mg could be determined. In addition, an 
intracellular m icroelectrode technique was applied for recording electrical 
activ ity  in various parts o f the heart. In hearts weighing 10 m g or m ore, 
conduction velocity  and contractility  were measured regularly. The m ethod  
yielded com prehensive inform ation on the increased tolerance to hypoxia  
and the sen sitiv ity  to drugs of the em bryonic heart.

Effect of vegetable amino acid concentrates 
on the development of rats kept on protein-deficient diet

J .  R IG Ó , I. T U L O K ,  E .  PÓ SC H  and  J .  SÓS
IN ST ITU TE OF PATHOPHYSIOLOGY, SEM M ELW EIS U N IV ER SITY  MEDICAL SCHOOL, BUDAPEST

E nzym atic digestion o f  yellow  lupin yields a concentrate containing  
25% free amino acids. One kg of the concentrate contains 5.2 g lysine, 12.8 g 
histidine, 22.8 g arginine, 4.0  g proline, 2.8 g glycine, 8.8 g alanine, 24.8 g 
valine, 8.4 g isoleucine, 9.6 g leucine, 25 g glutam ic acid and 7.0 g tyrosine. 
In addition, it  is rich in free aspartic acid.

The effect o f such concentrates was investigated  in rats on weight gain, 
serum protein and individual protein fractions as w êll as on the blood counts.

D evelopm ent of the animals was accelerated, and the hypoproteinaem ia  
elicited by a 9% casein diet were counteracted by the concentrate.

In certain circum stances, use of the concentrate m ight favourably  
influence hypoproteinaem ic conditions in hum ans.

Feedback phenomena in the H elix p o m a tia  
heart showing diffuse myogenic rhythm

K A T A L IN  S. RÓZSA
BIOLOGICAL RESEA RCH  IN ST ITU TE OF T H E  HUNG ARIA N  ACADEMY OF SCIENCES, T IH A N Y

The nature of afferent signals has been investigated in the heart-extra- 
cardial nerve preparation of Helix pomatia.  Under control conditions, afferent
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signals of three different am plitudes go to  the central nervous system  through  
the cardiac branch o f th e  intestinal nerve. Two of these signals are o f cardiac 
origin. When the heart is exposed to tactile , pressure, osm otic or chem ical 
stim uli, series of potentia ls of all or none character start towards the brain. 
The greatest increase in  frequency to about 500%  was observed in the case 
o f tactile receptors. The response am ounted to about 400%  w ith chemo- 
receptors, about 300%  w ith  osm oreceptors and to  about 200%  w ith pressure 
receptors. The tactile , chemo- and osm oreceptors belong to the group of 
slow ly adapting receptors while the pressure receptors to that o f quickly  
adapting ones. A t least tw o different responsive apparatuses are assum ed to 
be present in the heart o f  Helix pom atia .  The reflexogenic zones of this heart 
are to  be considered analogous with sim ilar structures o f higher animals and 
to  participate in the feedback system  o f the central regulation of cardiac 
function.

The role of intrarenal alpha-receptors 
in the regulation of renin secretion

P. SA LL A Y , I.  FORGÁCS, K A T A L IN  GAÁL a n d  L. B A K O S
IN STITU TE OF PH Y SIO LO G Y , SEM MELW EIS U N IV E R S IT Y  M EDICAL SCHOOL, BUDAPEST

The effect o f sym pathetic stim uli transm itted to the intrarenal alpha- 
receptors was investigated  on the haem odynam ics and renin secretion o f the  
kidney of anaesthetized  dogs.

Phenoxybenzam ine infused in a dose of 0.15 m g/m in into the renal 
artery evoked a sign ificant fall in blood pressure and resistance. H ow ever, 
instead of the expected  increase of renin secretion, its significant dim inution  
was observed. From th is it has been concluded th at the intactness of intra
renal alpha-receptors is necessary for the m anifestation  of stim uli prom oting  
renin secretion.

A norm otensive hypervolaem ia was produced in the upper part o f the  
body by partial com pression (80 mm Hg) of the aorta above the origin of the 
renal arteries. As a consequence, inhibitory stim uli reached the juxtaglom erular  
apparatus and a sign ificant dim inution of renin secretion followed. This 
dim inution of renin secretion was not observed after infusion of phenoxy
benzam ine under the above conditions, since the intrarenal alpha-receptors 
had been blocked.
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Computer approach to the relationship between cortical 
and subcortical EEG signs during internal inhibition

Á. S A R K A D I ,  T. N A G Y P Á L , M Á R IA  V Ö R Ö S a n d  L. VÉGSŐ
NATIONAL RESEA RCH  IN ST ITU TE FOR N EU RO SU RG ERY ,

AND IN STITU TE FO R CALCULATION TECH N IQ U E, BU DA PEST

The characteristics o f activities appearing in acoustic and “ association” 
cortex, corpus geniculatum  m ediale, nucleus ventralis lateralis th alam i, 
putam en and nucleus caudatus of the cat were com pared b y  means of stoch astic  
integrals during various phases o f delay inhibition and discrim inative in h ib i
tion as well as during sleep. The patterns characteristic o f  identical behavioural 
states are discussed.

Effect of endotoxin shock on the blood flow of adipose tissue 
and on the metabolism of isolated adipose cells

P. S Á N D O R , A. G. B. KO VÁCH , S U N E  R O S E L L ,  J .  J .  S P IT Z E R  
and  J U D Y  S P IT Z E R

EX PERIM EN TA L RESEA RCH  LABORATORY, SEM M ELW EIS U N IV ER SITY  M EDICAL SCHOOL, BU D A PEST 
HAHNEMANN M EDICAL COLLEGE AND H OSPITA LS, DEPARTM ENT OF PHY SIOLOG Y , P H IL A D E L PH IA , 

USA, AND K A RO LIN SK A  IN ST ITU TE, D EPA RTM EN T OF PHARM ACOLOGY, STOCKHOLM, SW ED EN

It has been shown earlier that during haem orrhagic shock blood flow  
decreased to a greater exten t in fat tissue than in any other organ, and th a t  
the arterial free fa tty  acid level rem ained low in sp ite o f an increase in the  
blood glycerol level. All these changes were counteracted byphenoxybenzam ine, 
an alpha-receptor blocking drug. Isoprénaline, a beta-receptor stim ulatory  
agent, counteracted the dim inution of blood flow  in haemorrhagic shock and  
augm ented the release of free fa tty  acid.

Injection o f endotoxin evoked extensive circulatory and sym pathico- 
m im etic changes. Since the am ount o f adipose tissue comprises 20% of the  
whole organism , and about 15% of the cardiac ou tput flow s through it , its  
circulatory alterations m ust have general haem odynam ic consequences.

Fat cells isolated  w ith collagenase were prepared from the subcutaneous, 
om ental and m esenteric adipose tissue before and after endotoxin adm in
istration.

It was found that blood flow  in adipose tissue decreased less in en d o
toxin  than in haem orrhagic shock. The isolated fat cells prepared from the  
om ental and m esenteric regions responded to noradrenaline with a greater 
fa tty  acid and glycerol release than did the cells iso la ted  from subcutaneous 
adipose tissue. It  was further established that endotoxin  increased the nor
adrenaline-induced lipolysis of fat cells in all three regions. W hen measured in  
glucose-containing m edium , the endotoxin defin itely decreased re-esterification.

Acta Physiologica Academiae Scientiarum Hungaricae 44, 1973



390 ABSTRACTS

Alveolar ventilation and chronic dust inhalation

F. S Á R D I  a n d  I .  A N D I K
IN STITU TE OF PATHOPHYSIOLOGY, U N IV E R S IT Y  MEDICAL SCHOOL, PÉCS

E valuation o f  spirom etric results o f  subjects exposed to  chronic dust 
inhalation  revealed th a t those param eters w ill first become pathologic which 
are indicative of an uneven alveolar ven tila tion .

The unevenness o f  alveolar v en tila tion  has been investigated  in patients 
exposed to chronic dust inhalation. The helium -dilution m ethod used for 
m easuring FRC was applied, and the changes in C 02 concentration measured 
during one expiration were analyzed. A close relationship was found between  
the unevenness of alveolar ventilation m easured by change o f C 0 2 concentration  
during one expiration and the spirom etric data.

The unevenness o f  C 02 concentration during expiration was related more 
closely to the spirom etric result than to  th a t of the helium -dilution m ethod. 
The former procedure is more simple to perform and yields more exact data.

The investigations showed unequivocally  that chronic dust inhalation  
considerably increases the unevenness o f alveolar ventilation and m ay lead to 
respiratory insufficiency.

Investigation of diuretics by sequential analysis in rats

IN G E  S C H Ä F E R  a n d  J .  BORSY
RESEA RCH  IN ST ITU TE OF PHA RM ACEUTICAL CHEMISTRY, B U D A PEST

I n  o rd e r  to  r a t io n a l iz e  th e  sc re e n in g  p ro g ra m , W a l d ’s s e q u e n tia l  a n a ly s is  
h a s  b e e n  a p p lie d  to  a n a ly z e  th e  d iu re t ic  e f fe c t  o f  som e n ew  c o m p o u n d s .

The criteria o f  sequential analysis were computed on the basis of 56 in 
vestigations corresponding to the given experim ental conditions. The reliabil
ity  o f the established schemes was checked by the use o f chlorothiazide, 
hydrochlorothiazide, furosem ide, clopam ide and acetazolam ide. D ose—effect 
curves were prepared w ith  these com pounds concerning their diuretic as well 
as the natriuretic, kaliuretic and chloruretic effects. On the basis of the curves, 
tw o doses were applied one o f which w as sligh tly  and the other one considerably  
saluretic in action. A reliable evaluation  was obtained in both  cases, and 
placebo experim ents m ade for control purposes were recognized as ineffective.

The use of sequential analysis is recommended in routine screening, 
especially  in view  o f its unequ ivocality , rapidity, narrow lim its of error 
and sim plicity of the calculations in vo lved .
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Regulation of water intake in parabiosis

P. SC H M ID T a n d  I.  A N D IK
IN STITU TE OF PATHOPHYSIOLOGY, U N IV E R S IT Y  MEDICAL SCHOOL, PÉCS

Total water intake of the parabiotic pair decreases by 2 0 —30% if  w ater  
is allowed only for 1— 2 hours daily. The sam e is the case w ith normal rats. 
W hile kept on a dry diet for 20 hours a day, one member o f the parabiotic  
pair was allowed to drink water one hour earlier than its partner in the m orning  
and afternoon for one hour during th e  10-week experim ental period. W ater  
intake o f the animal allowed to drink later was significantly below that o f  the  
partner.

W hen one m em ber of the parabiotic pair was kept thirsting for 6 days, 
w ater uptake of the other animal sign ificantly  increased. Subsequently, w ater  
consum ption of the th irsting animal was sign ificantly higher than the original 
for 1— 2 weeks, while water uptake o f the partner returned to the control 
level during this period. W hen to one m em ber o f the pair a hypertonic sodium  
chloride solution was given by a gastric tube ( 2 x 5  ml of 5% sodium chloride 
daily for tw o weeks), w ater uptake sign ifican tly  increased in this anim al 
w ithout any change in that of the partner.

The connection betw een the m em bers of the parabiotic pair was in 
vestigated  by means o f m I-album in. A ctiv ity  was roughly identical in  the  
parabiotic pair 1.5— 2 hours after intravenous application o f the labelled  
material.

The results indicated that, unlike food uptake (S c h m id t  and A n d i k , 
1969), w ater uptake o f one parabiotic rat has a certain influence on the w ater  
uptake o f  the partner.

Changes of skin reflexes after cross-union 
of sensory nerves in frogs

JO A N  E .  S C H R A M EC K  a n d  G. S Z É K E L Y
D EPARTM ENT OF BIOLOGY, STANFORD U N IV E R S IT Y , CALIFORNIA, USA,

AND IN ST ITU TE O F ANATOMY, U N IV E R S IT Y  M EDICAL SCHOOL, PÉCS

W hen the skin o f tadpoles is excised at the level of the trunk and re
transplanted after 180° rotation, an inverse w iping reflex develops. In the  
present experim ents the dorsomedial skin area was innervated by cross-union  
of the nerves of the ventrolateral skin area and vice versa. After regeneration  
the anim al responded to  stim ulation o f the dorsomedial skin area w ith  a 
wiping reflex directed to the site of stim ulation . W ipings directed to the  
ventrolateral skin area could also be elicited  from certain points. From the  
region o f the sensory nerves left at the original site of the ventrolateral skin
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area, wipings d irected to  the abdomen could be evoked. Such stim ulation in 
th e  in tact frog causes w iping of the side o f th e  body. The results are in contrast 
to  those obtained after inverse transplantation  o f the given skin areas and do 
n o t support the assum ption th at the em bryonic developm ent of certain reflex  
arches would be governed by a biochem ical specific ity  o f the nerve cells.

Circulatory reflex effects in myocardial infarction

M. SE B E S Z T A  and  S. J U H Á S Z  NAGY
FOURTH D EPA R T M E N T OF SURG ERY , SEM M ELW EIS U N IV ER SITY  MEDICAL SCHOOL, BUDAPEST

It has been show n previously th at a decisive role is played by the selec
t iv e  inhibition o f m yocardial adrenergic tone in  the effect o f circulatory reflexes  
elicited  from the coronary veins, while the reflectory changes in the v a so 
m otor tone of the vessels o f system ic circulation are usually insignificant. The 
role o f the above com ponents is exactly  the opposite in the carotid sinus de
pressor reflex.

In the present experim ents the changes occurring in these circulatory  
reflex actions have been studied in ventricular infarction produced by coronary  
ligation in anaesthetized  dogs. The ex ten t o f the infarction was chosen so th a t  
neither blood pressure nor cardiac output should considerably he affected.

The characteristic circulatory effects o f the venous coronary reflexes 
were found to increase after m yocardial infarction. A t the same tim e, the  
character o f the effect o f the carotid sinus reflex  approached that of the venous 
coronary reflex. In  the latter reflex response, a previously latent negative  
ventricular inotropic effect appeared.

Lactic acid dehydrogenase and malic acid dehydrogenase activity 
in rat platelets after splenectomy

L. S E L M E C I ,  E. PÓSCH, T. F A R K A S  and  K A R O L A  G O R E C Z K Y
IN STITU TE O F PATHOPHYSIOLOGY, SEM M ELW EIS U N IV ER SITY  MEDICAL SCHOOL, BU DA PEST

Six days after splenectom y p latelets were obtained by differential cen tri
fugation and their lactic acid dehydrogenase (LDH ) and malic acid dehydro
genase (M DH) activ ities were determ ined by u ltraviolet spectrophotom etry. 
The LDH  isoenzym es and protein fractions of the platelets were separated on 
agar and polyacrylam ide gel, respectively . P latelets of sham -operated rats 
served as control.

LDH and M DH  activities calculated per unit number of isolated p latelets, 
were sign ifican tly  lower in the splenectom ized group. It has been concluded  
that the p la te lets, increased in num ber after splenectom y, differ in com position  
from normal ones.
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The role of RES in the regulation 
of serum pseudocholinesterase activity

G. SIM ON, P. F Ö L D V Á R I a n d  M. W I N T E R
IN S T IT U T E  OF PATHOPHYSIOLOGY, SEM MELW EIS U N IV E R SIT Y  MEDICAL SCHOOL, BU DA PEST,

Though serum cholinesterase is produced by the parenchym al cells of 
the liver, L a b o r it  suggested th a t the R ES cells too m ight p lay a part in the 
synthesis o f pChE.

In order to elucidate this question, R ES activ ity  was inhibited by Indian  
ink in m ale m ice. RES clearance as well as the activ ity  of pChE in serum and 
liver were determ ined. One day after Indian ink adm inistration, at the tim e of 
the strongest inhibition of R E S, pChE a ctiv ity  was increased. Three days 
later when the inhibition o f  R ES was slight, pChE activ ity  hardly differed 
from the norm al. After 4 days when no R ES inhibition was present, pChE 
activ ity  decreased. After 7 days when RES function increased, a considerable 
dim inution o f pChE activ ity  was found in both serum and liver.

The results are in accordance with the view  that pChE is elim inated in 
the RES and that it was the inhibition  of R ES which affected pChE activ ity . 
In view  o f the rapid changes, the possibility cannot, however, be excluded  
th at the R E S had some part in the synthesis or liberation of the enzym e.

Effect of hyperlipaemia
on the inflammation-increasing effect of insulin

M. SIMON, j r „  A N N A  OTTLECZ an d  M. K O L T A I
IN ST IT U T E  OF PATHOPHYSIOLOGY, AND IN ST ITU TE OF PHARMACOLOGY,

U N IV ER SITY  MEDICAL SCHOOL, SZEGED

The influence on the anaphylactoid inflam m ation-increasing effect o f 
insulin o f hyperlipaem ia elicited by oral sunflow er oil or intravenous soybean  
oil plus lecith in , or of triglyceridaem ia elicited by tyloxapol bean oil ad
m inistration have been investigated . Both sunflower oil and soy in doses not 
sign ificantly influencing dextran oedema were inhibiting the sensitizing effect 
o f insulin on the anaphylactoid reaction. The serum lipid level revealed a 
definite elevation  o f FFA after low  doses o f sunflower oil and various doses of 
soybean oil, in  addition to a slight augm entation o f the serum triglyceride  
level. T yloxapol pretreatm ent induced a m arked triglyceridaem ia and hyper- 
cholesterinaem ia w ith a slight increase in the F F A  level, but failed to influence  
the inflam m ation-increasing effect o f insulin. It is concluded that the in 
hibition of the anaphylactoid inflam m ation-enhancing effect o f insulin under 
hyperlipaem ic conditions was in close connection w ith the elevated  serum  
F F A  level.
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Effect of aurothioglucose on various types of skin reactions

S. S I P K A ,  S. T Ó T H , T. SZ IL Á G Y I a n d  J .  LACZKÓ
IN STITU TE O F PATHOPHYSIOLOGY, AND IN ST IT U T E  OF ANATOMY,

U N IV E R SIT Y  MEDICAL SCHOOL, D EBRECEN

I t  has been show n previously that in filtration  of the site of preparation  
w ith  aurothioglucose inhibited  the local Shwartzm an phenom enon.

In the present experim ents the effect o f aurothioglucose was investigated  
on various types o f in flam m atory reactions. The acute inflam m ation induced  
b y  xylene on the rabbit ear was not influenced b y  aurothioglucose w hich also 
failed to decrease the carrageenan inflam m ation o f the rat paw in the early  
phase. In a later phase, w hen leucocytes were already present, the adm inistration  
of aurothioglucose decreased the inflam m ation as compared w ith the contra
lateral paw. Aurothioglucose inhibited or dim inished also the late type in flam 
m ation  induced by an inverse Arthus reaction or b y  repeated adm inistration  
of ovalbum in into the skin of the guinea pig.

Thus, topically applied aurothioglucose seem s to diminish only those  
typ es of inflam m atory skin reactions in which leucocytes appear early and  
play a decisive part.

Regulation of blood circulation in polycythaemia

F. S O L T I,  I. K R A S Z N A I and  G. G Y E R T Y Á N F F I
FOURTH D EPA RTM EN T OF SURG ERY , AND FIR ST  D EPARTM ENT OF M ED ICINE, 

SEM M ELW EIS U N IV ER SITY  MEDICAL SCHOOL, BUDAPEST

The effect o f polycythaem ia on blood circulation was investigated  in 
eighteen dogs o f both  sexes. Polycythaem ia was induced by repeated ad
m inistration of dog erythrocyte suspensions o f a m ean haem atocrit o f 55% . 
F orty  healthy dogs served as control. Cardiac output, circulating blood volum e  
and circulatory tim e were estim ated by the Evans blue dilution m ethod. 
N utritive blood flow  o f brain, liver, kidneys, m uscle and skin was determ ined  
by the 86Rb and 131I -antipyrine fractionation technique.

In artificial polycythaem ia circulating blood volum e increased, flow  
veloc ity  decreased and to ta l vascular resistance increased. Organ blood flow  
decreased; its decrease was significant in the kidneys, liver, muscle and skin. 
Cardiac output fraction o f the organs investigated  did not sign ificantly  change 
under the effect o f polycythaem ia.

The effect o f polycythaem ia on blood circulation is discussed on the basis 
of the present findings and of investigations into the cerebral and lim b cir
culation of polycythaem ic patients.
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Effect of in vivo sodium deprivation 
and load on the steroid production in vitro 

of the adrenal capsule and the decapsulated gland

J .  SÓLYOM
IN STITU TE OF PHYSIOLOGY, SEM M ELW EIS U N IV ER SITY  M EDICAL SCHOOL, BUDAPEST

Rats were kept on a low sodium  diet for tw o weeks. The adrenals were 
rem oved, cut into four, and their hormone production was investigated  in  
vitro. Corticosterone production was sign ificantly lower than the control, but 
it  was considerably increased in the adrenals of anim als loaded w ith sodium . 
The phenom enon is probably to he accounted for by an altered activ ity  o f the 
zona glomerulosa, since (i) changes o f  opposite direction occur in the aldosterone 
production o f adrenals cut into four; (ii) corticosterone production o f the de
capsulated adrenal containing the zone glomerulosa is not influenced b y  the  
sodium  supply in v ivo; (iii) the adrenal capsule containing the zona glom erulosa  
exhib its an increased aldosterone production and a decreased corticosterone 
production in sodium  depletion, while opposite changes occur after a sodium  
load.

Interpretation of the cerebral activation phenomenon

I. SOMOGYI and  S. H E R P A I
DEPARTM ENT OF NEUROLOGY AND PSY CH IATRY, AND IN ST ITU TE FOR BRAIN RESEA RCH , 

U N IV ERSITY  M EDICAL SCHOOL, SZEGED

The effects o f visual, acoustic and electric stim uli, and in particular the  
phenom enon of desynchronization were studied in human and anim al ex 
perim ents by means of frequency analyser and biointegrator.

In human experim ents the 10-sec tota l territory o f the various bands o f  
the resolved w ave spectrum , the to ta l w ave number in 10 sec of the individual 
w ave forms, their frequency distribution as well as the one-wave-area average 
were investigated  before and during the alpha blocking which follows the 
opening of eyes. In cats, the values obtained before and during acoustic  
stim uli as well as those recorded before and after electrical stim ulation of the  
reticular form ation were studied in a similar way.

It is concluded that the above stim uli are altering the am plitude and not 
the frequency. The frequency was neither increased nor decreased; it  was the  
one-wave-area and the tota l area which changed. There was no sign ificant 
alteration in the delta, theta and alpha frequency values, but the am plitudes 
were m arkedly reduced. Similarly, no essential alteration occurred in the gam 
ma range.
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Activation of transport adenosine triphosphatase 
through binding carboxy groups

J .  SO M OG YI
EX PER IM EN TA L RESEA R C H  LABORATORY, SEM M ELW EIS U N IV ERSITY  MEDICAL SCHOOL, BUDAPEST

The Na + -f- К  + activated A TPase isolated from the rat is inhibited by  
N ,N -dicyclohexylcarbodiim ide (DCCD), an agent, blocking carboxy groups. 
T he extent of inh ib ition  depends on the concentration of DCCD, the tim e of 
preincubation and on tem perature. Inhibition  is weakened by preincubation  
in  the presence o f  N a 1 or К  +. ATP has no protective effect, and not even the  
protective action dem onstrable w ith  N a + or К  + is m anifest in  the presence 
o f  ATP.

W hen the enzym e preparation was treated w ith m ersalyl prior to prein
cubation with DCCD, the loss of ATPase activ ity  after reactivation of SH  
groups was greater than  the sum of the separately caused inactivations. ATP 
did not show any protective effect under these conditions either. I f  the DCCD- 
treated  enzym e preparation was incubated w ith trinitrobenzene sulphonic 
acid (TNBS) the decrease in activ ity  was identical with the sum o f the separate
ly  measured inhib itions, yet the p rotective effect o f ATP against T N B S, was 
not m anifest under these conditions.

The results described can be interpreted  in two ways. 1. DCCD has a 
considerably greater affin ity  to the corresponding carboxy group o f the active 
centre o f ATPase th an  has ATP. 2. The inhibition by DCCD is not brought 
about through the free carboxy group o f the glutam ic acid producing the  
phosphorylated interm ediate, but through the carboxy groups binding m ono
va len t cations.

Pathologic ageing induced by dietary means

J .  SÓS
IN STITU TE OF PATHOPHYSIOLOGY, SEM M ELW EIS U N IV ER SITY  MEDICAL SCHOOL, BUDAPEST

Rapid changes in the diet, from exaggerated richness to deficiency are 
know n to elicit pathological alterations. To study the problem in detail, one- 
year-old rats were fed  diets of different com position on certain days of the week, 
b u t in such a m anner that the average w eekly consum ption rem ained within  
norm al lim its.

On such a d iet, the weight o f the rats surpassed the normal average. 
M oderate hypertension developed in 8 —10 weeks. After the 12th week, slight 
liver and kidney injury could be dem onstrated in every animal. The wall of 
th e  mesenteric and cerebral sm all arteries was thickened. M yelopathy de
veloped  in some cases. The creatine phosphate content of the skeletal muscu-
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lature decreased from 1.05 mg/g to 0.38 m g/g, a value characteristic o f aged  
(3-year-old) rats. There was a dim inution in the activ ity  o f liver succinic de
hydrogenase and acid phosphatase. The to ta l serum lipid content was doubled. 
W ithin this the am ount of triglyceride, fa tty  acid m ethylester and cholesterol, 
as well as the ratio o f saturated fa tty  acids were elevated. All these changes 
are signs of an early pathologic ageing.

Cardiorespiratory adaptation

E. S T A D L E R
OTTÓ KORVIN H O SPITA L, BUDAPEST

The effect o f respiratory rhythm  and volum e on heart function has been  
investigated  to  clarify how voluntary alterations of breathing are in fluencing  
the heart revolutions in rest and after loading.

The effects o f spontaneously on voluntarily  altered breathing were con- 
tinously  recorded on the ECG. The records revealed that 1. respiratory ar
rhythm ia increased in the resting sta te , and gave rise to variable heart cycles.
2. After loading, heart function returned to  normal earlier upon the effect o f  
voluntary respiration that after spontaneous respiration.

Under the effect o f hyperventilation , restitution set in earlier in trained  
persons, due to their increased ab ility  to  adaptation.

Cardiorespiratory adaptation m ay be enhanced b y  trained ven tila tion .

Microelectrophoretic investigations on medullary neurones

G. SU C H a n d  O. F E H É R
IN ST ITU TE OF PHYSIOLOGY, U N IV E R SIT Y  MEDICAL SCHOOL,

AND IN STITU TE OF ANIMAL PHYSIOLOGY, A TTILA  JÓ ZSEF U N IV ERSITY  OF SCIENCES, SZEGED

The reactiv ity  o f caudal m edullary neurones o f the cat to  b iologically  
active substances and drugs has been studied  b y  use o f five barrel iontophoresis. 
The substances exam ined were: acetylcholine, glutam ic acid, gam m a-am ino
butyric acid, glycine, d-tubocurarine and strychnine.

T ypifying o f the neurones studied  on the basis of their reactiv ity  was a 
priori handicapped b y  the fact th at the actions o f the substances em ployed  
seem ed to depend on the polarity o f  the iontophoretic current. Y et, m aking  
use o f appropriate control injections o f sodium  chloride, it  could be stated  
that the actions o f glycine and gam m a-am inobutyric acid largely depend on  
the ionic form in which they are present in the buffer solution.
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Effect of dibenzyline on blood flow of the thyroid 
and salivary glands during haemorrhagic shock

A. SU L Y O K  a n d  A. G. B. KO V Á C H
EX PERIM EN TA L R E S E A R C H  LABORATORY, SEM M ELW EIS U N IV ER SITY  M EDICAL SCHOOL, BUDAPEST

During gradual bleeding, blood supply to  the thyroid decreases con
siderably in the case o f  a fall in arterial blood pressure as sm all as 20 mm Hg. 
The decrease in venous outflow  then am ounts to 70% , that of tissular cir
culation to 55% . Further blood loss causes no further decrease. Blood flow  in  
the salivary glands changes parallel w ith the fall o f blood pressure up to 60 
m m  Hg. W hen arterial blood pressure is kept at 55 and 35 m m  Hg for 1.5 
and 2 hours, resp ectively , a m oderate shifting cardiac output occurs.

In the present experim ents the influence o f the adrenergic m echanism  
was studied on th yro id  and salivary gland flow  during haemorrhagic shock in 
dogs under chloralose anaesthesia. Venous outflow  o f the glands was m easured  
b y  direct cannulation and a drop counter, and tissular circulation by m eans of 
therm ocouples. U nder the effect o f 3 m g/kg of dibenzyline adm inistered tw o  
hours prior to b leed ing, venous outflow  o f the thyroid which in the controls 
was 207 i  64 m l/m in/100 g decreased by 40% , parallel w ith the dim inution  
o f arterial blood pressure. The decrease in tissular circulation was 6% . After 
retransfusion, venous outflow7 increased to 70% and tissular circulation to  
90%  of the control value. Venous outflow  o f the salivary gland (24 ^  5 
m l/m in/100 g in controls) increased to 110% and tissular circulation to 130%  
upon the effect o f  dibenzyline. W hen arterial pressure was lowered to 35 
m m  Hg, venous o u tflow  decreased to 65%  and tissular circulation to 80%  of 
th e  control. No alteration  was observed in the circulatory parameters. After 
retransfusion, b lood flow  o f the salivary gland increased to the original value.

Sodium exchange in striated muscle

B. SZ A B Ó , T. KOVÁCS, G. Z A K A R  an d  M Ó N IK A  P A P P
D EPA R T M E N T OF PHYSIOLOGY, U N IV ER SITY  M EDICAL SCHOOL, D EBRECEN

The exchangeability  of Na was studied in isolated  frog’s sartorii. The 
m uscles were exp osed  to 24-Na-Ringer for different period of tim e and then  
transferred to N a-free choline-Ringer for 10 m inutes. The tota l Na content of 
m uscles was on average 14.5 mmoles N a/kg ww and during exposure to radio
active Na-Ringer, for 1— 5 hours, only about 6 m moles N a/kg ww was found 
to  be exchanged. T he remaining Na in m uscle had a very slow exchange rate 
and therefore it  was treated as a “ non-exchangeable” fraction under the ex 
perim ental conditions. There was a significant decrease in the am ount o f “ non-
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exchangeable” N a if  m uscle was exposed to 10~4 M ouabain, while th e  to ta l 
N a content was increased by the drug.

Soaking muscles in a hypotonic Ringer’s solution (50 mM Na) resulted  
in a considerable decrease in i.c. N a concentration as a consequence o f  net 
Na-loss and w ater gain under unbalanced osmotic conditions. A several-fold  
increase in the external К  +-dependent Na-pum p activ ity  was found in m uscles 
w ith  low  i.c . Na +, kept in hypotonic media. It seem s to contradict earlier 
observations o f m any authors, th at the Na-pum p a ctiv ity  increases w ith  i.c. 
N a concentration. However, we have found that the decrease in in ternal Na 
content, during hypotonic treatm ent, was m ainly due to  the decrease o f  the 
“ non-exchangeable” fraction o f i.c. N a. It is suggested that the Na-pum p  
activ ity  is not directly governed by the total intrafibral Na but rather by the 
“ exchangeable fraction” , while it  m ay be supposed that the “ non-exchangeable” 
N a plays an im portant role in m aintenance of internal osm otic pressure.

Comparative investigation of the proteins 
of blood plasma and lymph

G. SZABÓ
NATIONAL IN ST ITU TE FO R  TRAUMATOLOGY, BU DA PEST

R ecent morphological findings have cast doubt on the concept th a t the 
capillary w all is a sem iperm eable m em brane having pores o f definite size. In  
addition, considerable differences in th e  structure o f  the vascular w all have  
been found in different regions. The lym ph, being a product o f capillary  
filtration , m ay supply inform ation concerning perm eability conditions in  in 
dividual capillary regions and also on the mechanism o f perm eability.

Various m ethods (zone, disk and im m une electrophoresis, enzym e de
term inations, etc.) were used to study th e  com position and specific com ponents  
of the protein in lym ph obtained from the thoracic duct, heart, liver, in testines, 
kidney and lim b. Perm eability o f the capillaries o f individual regions was 
found to be different even though the functional results did not com pletely  
agree w ith  the morphological findings. The observations were consistent w ith  
the concept th a t the transport o f m acrom olecules through the capillary w all 
is determ ined by physicochem ical forces.

Identification of the hypothalamic structure responsible
for reinforcement

I. SZABÓ
IN ST ITU TE OF PHYSIOLOGY, U N IV E R SIT Y  MEDICAL SCHOOL, PÉCS

M il l h o u s e  (1969) has shown th a t the dendrites o f the “ pathw ay- 
neurones” o f  the medial forebrain bundle were m ainly directed laterally in  the
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la tera l hypothalam us and preoptic area, th a t their medial axon is divided into  
descending and ascending branches and, after giving collaterals to the neigh
bouring pathw ay-neurons, it  forms reverberation circuits. The results of self
stim ulation  experim ents proved that it  is the excitation  o f  the pathw ay- 
neurones which is responsible for the reinforcing effect evoked from the  
la tera l hypothalam us.

1. It has been show n w ith  conditioning—test stim ulation technique th at 
th o se  cells will be ex c ited  by self-stim ulation which activate each other b y  
axon-collaterals, w ith  a la tency  of 0.6 m sec. Correspondingly, a change in  
excitab ility  occurs the pattern of which resem bles the am plitude and tim e  
relationships of the exc ita tory  postsynaptic potentials (E P SP s). The poststim 
u la tory  increase in ex c ita b ility  following m ore intense conditioning pulses, 
as w ell as the rebound-excitation  responsible for the reinforcing effect, are 
in d icative  of repeated syn ap tic  activations and reverberations.

2. The elem ents o f  th e  reverberating system  responsible for self-stim ula
tio n , just like the reverberating circuits consisting of pathw ay-neurones, are 
oriented sagittally, since stim ulation with electrodes of antero-posterior pole 
alignm ent is less su itab le  for eliciting self-stim ulation , owing to an anodal 
block.

Biosynthetic activity of cells labelled with 51Cr

M Á R IA  T. SZABÓ, F. A N T O N I a n d  A. H R A B Á K
IN STITU TE OF M EDICAL CH EM ISTRY, SEM MELW EIS U N IV E R S IT Y  MEDICAL SCHOOL, BUDAPEST

Lym phocytes iso la ted  from human tonsils were labelled with 51Cr, and 
th e  tim e and tem perature dependence o f  radioactivity was studied. 51Cr 
released from the surface o f the cells was studied. 51Chromium was firm ly  
attached  also to proteins which were synthetized  within a short period during 
th e  in vitro incubation o f 51Cr-labelled cells in the presence of 14C-labelled 
am ino acids.

Citrate content of rat liver cells

T. SZAM OSI, F. PÁCZ a n d  P. PÁ N C Z ÉL
INSTITUTE OF B IO C H E M ISTR Y , SEMMELWEIS U N IV E R S IT Y  MEDICAL SCHOOL, BUDAPEST

Citrate content and intracellular citrate distribution were investigated  
in th e  liver cells o f old and hyperlipaem ic adult rats. Adult, non-hyperlipaem ic  
rats served as control. H yperlipaem ia was induced by neurotization or in tra
ven ou s alloxan adm inistration. After the developm ent of hyperlipaem ia, the  
anim als were bled to death  and the serum-free fa tty  acid and to ta l lipid levels 
w ere determined. The citrate content in the liver cells as well as in their
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m itochondrial and supernatant fractions were estim ated. In addition, the  
perm eability of liver m itochondria was determined in  the isoosm otic solution  
o f certain ions, by means of recording the extent o f sw elling. Significant dif
ferences were found in the intracellular distribution o f citrate betw een adult 
and old anim als. These differences were ascribed to differences observed in 
perm eability.

Temperature-decreasing effect of fenitrothion in the rat

J U D I T  M. S Z E B E R É N Y I ,  A N IK Ó  V A R G A , F. P O N G R Á C Z  a n d  J .  M O L N Á R
SECTION OF A PPL IE D  TOXICOLOGY, NATIONAL IN STITU TE FOR LA BO UR H Y G IEN E, BUDAPEST

In poisonings w ith  insecticides o f the phosphoric acid type it is im portant 
to measure the efficacy of the antidote. Estim ation o f the influence o f various 
drugs on the hypotherm ia caused b y  cholinesterase inhibitors is a m ethod  
suitable for the purpose (M e e t e r , 1971). The tem perature-decreasing effect o f  
fenitrothion adm inistered by the oral route has been studied in male and 
female rats.

D epending on the dose applied, fenitrothion transien tly  decreased body  
tem perature; the m axim um  of the decrease was reached in the second hour. 
Male animals reacted with greater sen sitiv ity  than did fem ale ones. The hypo
thermia was accom panied by a definite and prolonged decrease of blood cholin
esterase activ ity . The fall in body tem perature was inhibited  by atropine 
sulphate but was not influenced by atropine m ethylbrom ide. S ixty  m g/kg of 
obidoxim e given subcutaneously one hour after the adm inistration o f feni
trothion prevented the hypotherm ia. The fall in body tem perature was aug
m ented by 120 m g/kg and hardly influenced by 30 m g/kg o f obidoxim e. H ow
ever, body tem perature returned to  normal earlier after the adm inistration  
than w ithout obidoxim e.

Mechanism and drug-sensitivity 
of arrhythmia following coronary ligation

L. S Z E K E R E S ,  É V A  U D V A R Y ,  J .  SZ U R G E N T  a n d  J .  P A P P
IN STITU TE OF PHARMACOLOGY, U N IV ER SITY  MEDICAL SCHOOL, SZEGED

In in tact, anaesthetized dogs, ligation  of the descending branch o f the  
left coronary near its origin induces ventricular arrhythm ia and even ventric
ular fibrillation, parallel with a deterioration of heart functioning. Coronary 
occlusion of a sim ilar extent on the iso lated  heart perfused w ith donor blood 
sim ilarly caused a marked deterioration o f heart function  but arrhythm ia  
developed rarely, if  at all. In order to  elim inate the influence of the autonom ic 
nervous system , 0.4 m g/kg o f atropine and 4 mg/kg o f practolol, a drug selec-
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t iv e ly  blocking the beta-receptors, were adm inistered to anaesthetized dogs. In  
untreated animals, ligation  for Б m inutes (allowing for full restitution after 
relieving the ligature) elicited marked ventricular arrhythm ia and som etim es 
ventricular fibrillation. In  contrast, in the treated animals extrasystole due to  
ligation  was unfrequent and no ventricular fibrillation developed in any case.

When the effect o f  chem ical denervation wears off, arrhythm ia and 
fibrillation reappear in  their original severe form. Abolition o f  the cholinergic 
ton e by itself or o f adrenergic tone by itse lf failed to ensure satisfactory pro
tection . In two cases ventricular fibrillation appeared even after atropinization  
in  a heart responding to  previous coronary occlusion w ith slight arrhythmia only.

Stability of the evoked potentials of human visual cortex

L. S Z E K E R E S ,  G. B E N E D E K ,  I. G Y Ő R I and  I. M A D A R Á SZ
IN ST ITU TE OF PHY SIOLOG Y , AND CENTRAL LABORATORY, U N IV ERSITY  M EDICAL SCHOOL, SZEGED

In 20-year-old m ales (n =  20) averaged responses were recorded from  
th e  visual cortex under standard stim ulation and recording conditions w ith  
2 0 0 — 200 flashes applied every other day for 20 days. The data were analyzed  
w ith  computer and evaluated  from the point of view  o f stab ility . From the  
roughly 150,000 data , the com puter performed a sm oothing and calibration  
of the curves and recognized the positive and negative com ponents. In such a 
w a y  data were obtained concerning 1. the tim e and am plitude stab ility  o f  
individual com ponents, and 2. the stab ility  of the whole curve in the case o f  
each individual subject and the whole group. S tab ility  relationships were 
expressed in objective term s, by using deviation square, confidence interval, 
tim e row analysis and regression calculatory processes. F ive to eight com 
ponents of different stab ility  could be distinguished in the evoked responses 
o f the human visual cortex. The individuals could be grouped on the basis o f  
th e  stability  data o f  the com plete evoked responses. Individual differences 
were greater than the oscillations of the same person w ithin one month, y et  
th e  lim its were not sharp. Physiological standard values could be established  
for at least 3 main com ponents of the whole population.

Metabolic changes in the white skeletal muscles of aged rats

I.  S Z E L É N Y I ,  M. E R M I N I  and  F. V E R Z Á R
IN STITU TE OF PA TH O PH Y SIO LO G Y , SEM M ELW EIS U N IV ER SITY  MEDICAL SCHOOL, BUDAPEST,

AND IN ST ITU TE FOR EX PER IM EN TA L GERONTOLOGY, BASEL, SW ITZERLA N D

The white skeletal m usculature (quadriceps femoris m uscle and the periph
era l part of the gluteus) of albino rats older than 20 m onths, was investigated  
and compared w ith th a t o f 6 —8-m onth-old animals.
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1. Like in previous experim ents ( E r m in i , M., G erontologia, 1970, 16: 65.) 
the creatine phosphate content was decreased.

2. There was no change in the to ta l adenosine nucleotide content, yet  
the ATP level decreased w ith a parallel increase of the A D P  content.

3. The acid-soluble glycogen content decreased w ith  increasing age.
4. The succinic acid dehydrogenase activity dim inished.
5. Aldolase a c tiv ity  did not change.
In agreement w ith  previous findings, the decrease in creatine phosphate 

content o f the w hite m usculature is ascribed to the dim inution of aerobic 
m etabolic processes, and to the consecutive dim inution o f ATP generation.

Thermoregulation in the rabbit under the effect of E. coli pyrogen
Z. S Z E L É N Y I  a n d  M. S Z É K E L Y  

IN STITU TE O F PATHOPHYSIOLOGY, U N IV ER SITY  MEDICAL SCHOOL, PÉCS

H eat production (oxygen consum ption) and the individual m echanisms 
of heat loss (ear tem perature respiratory rate) were investigated  after the  
intravenous adm inistration of E. coli pyrogen at various am bient tem peratures.

In an environm ent warmer than neutral (30°C) h eat loss m anly decreases 
through the inhibition o f therm al hyperpnoea at the developm ent of fever, 
w ith hardly any vasom otor change. In a neutral environm ent (1 5 —20°C) it  is 
the vasoconstriction  (decrease of ear temperature) w hich dominates in  the  
dim inution of heat loss, while the respiratory rate decreases but slightly . 
E levation  of colonic tem perature is usually accom panied b y  an increase of the 
energy household.

The physiological role of the epicardium
M. S Z E N T IV Á N Y I,  ZSUZSA M A G Y A R  and  S. JU H Á S Z -N A G Y
TH IRD  D EPA RTM EN T OF M ED ICIN E, FOU RTH  DEPARTM ENT O F SURGERY,

SEM M ELW EIS U N IV ER SITY  MEDICAL SCHOOL,
AND NATIONAL IN STITU TE FO R TRAUMATOLOGY, BU D A PEST

Starting from the assum ption th at the behaviour o f the cardiac con
nective tissue can be studied on the epicardium, perm eability  of the epi
cardium to various substances has been studied.

1. 125I-polyvinylpyrrolidone (PV P) molecular w eight 35,000 injected  
into the inner layers o f the m yocardium  in a volum e o f 0.1 ml appears in 
cardiac lym ph and blood and also in the pericardial flu id . PV P applied on a 
filter paper placed at the surface o f the epicardium soon appears in the deeper 
layers o f the m yocardium  and in blood.

2. A pplication on the surface of the epicardium o f as little  as 0.1 pg of 
noradrenaline or isoprénaline causes a significant increase in coronary flow .
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3. Propranolol applied on the epicardium  by m eans o f filter paper 
m arkedly  decreased the coronary effect of intravenously adm inistered nor
adrenaline or isoprénaline in doses as low  as 0 .005—0.01 m g/kg, w ithout 
affectin g  the heart rate or blood pressure. Higher doses (0 .0 5 —0.1 mg/kg) 
in h ib ited  the effects on blood pressure and heart rate. This m eans that the 
effect of agents absorbed from the pericardium is more m arked on the coro
naries than on the m yocardium , in contrast with the case after intravasal 
application. It is assum ed th at the intracardiac distribution of substances 
absorbed through the epicardium  differs from that of substances injected into 
th e  system ic circulation. M olecules in the extracellular space can be excreted  
through the epicardium and, at the sam e tim e, substances can enter the heart 
through the epicardium.

Changes in thermoregulation under the effect 
of E. coli  pyrogen in the rat

M. S Z É K E L Y  an d  Z. S Z E L É N Y I
IN STITU TE OF PATHOPHYSIOLOGY, U N IV ER SITY  MEDICAL SCHOOL, PÉCS

The changes in the energy household and in the tem perature of the colon 
brow n adipose tissue and ta il were recorded continuously at various ambient 
tem peratures, after the intravenous adm inistration of 1 /ig/100 g of E. coli 
pyrogen.

Oxygen consum ption as well as the tem perature o f the colon and brown 
adipose tissue began to  increase about 3 0 —35 m inutes after adm inistration  
o f  the pyrogen, in both  neutral and cool environm ent. D uring the quick 
(10— 15 min) augm entation o f energy household the brown adipose tissue was 
warm ed up more rapidly than  the colon, a fact indicative o f a local increase 
o f heat production. In experim ents performed at neutral am bient temperature 
th e  ta il temperature decreased in parallel. The oxygen consum ption in the 
new  equilibrium, produced b y  a higher core tem perature, decreased to the pre
pyrogen level, the original relationship betw een the tem perature of brown 
adipose tissue and colon was restored and tail tem perature increased again.

In neutral environm ent a new pyrogen dose given after body temperature 
had become normal, elicited  roughly the sam e tem perature elevation as did 
the first dose. In this case, however, the m etabolic rate w as increased less or 
not at all.
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Microcirculation in anoxic hypoxia of the rabbit
O. S Z É K E L Y  an d  K . E . A R F O R S

NATIONAL IN ST ITU TE FO R  TRAUMATOLOGY, BUDAPEST

The microcirculation was studied in wake rabbits by the ear-cham ber 
technique after breathing various m ixtures of 0 2 and C 02. The diam eter of  
arterioles was estim ated, the circulatory velocity  o f red corpuscles was m eas
ured w ith a rotating-prism  velocity  m eter and flow  in the given vascular sections  
was calculated. H tc, pH , p a 0 2 and paC 02 values were estim ated.

In group I the parameters decreased sign ificantly  on inhaling 8%  
0 2 -f- 92%  C 02. The paC 02 dim inished considerably due to the hyperventilation  
induced by hypoxia.

In groups II and III gas m ixtures o f 8% 0 2 -f- 5% C 02 +  87%  N 2, and 
8% 0 2 +  8% C 02 +  84% N2, respectively , were adm inistered. In this w ay  
paC 02 was norm alized, or hypercapnia was produced. The parameters s tu 
died increased or remained unchanged.

In groups IV and V gas m ixtures of 21% 0 2 +  5% C 02 +  74% N 2, and 
21% 0 2 +  8% C 0 2 +  71% N 2, respectively , were adm inistered. No sign ificant 
change was observed in these anim als.

Thus blood flow  in the arterioles of the rabbit ear decreased in anoxic  
hypoxia. In the case of a sim ultaneous hypocapnia, when the paC 02 was 
adjusted to norm al or a hypercapnia was produced, blood flow  had becom e  
normal or was even augm ented in sp ite of the unchanged hypoxia.

Disseminated intravascular coagulation 
in the rat after the simultaneous administration 
of hemocoagulase and epsilon-aminocaprylic acid

T. SZILÁ G Y I,  S. T Ó T H  a n d  J .  LAC ZKÓ
IN STITU TE OF PATHOPHYSIOLOGY, AND IN ST ITU TE OF ANATOMY, U N IV ER SITY  MEDICAL SCHOOL,

D EBRECEN

In fem ale rats weighing 9 0 —95 g, the sim ultaneous intravenous in 
jection o f 0.5 K lobusitzky unit o f hem ocoagulase and 200 mg of epsilon- 
aminocaprylic acid induced dissem inated intravascular coagulation. The 
fibrinogen level decreased and severe haem orrhagic pulm onary changes, 
characterized h istologically  by m ultiple throm boses o f the small vessels de
veloped in 2 to 24 hours. H em ocoagulase in itse lf did not elicit pulm onary  
alterations, despite the decrease o f the fibrinogen level.

Injection of hem ocoagulase and am inocaprylic acid into the left ventricle  
of the heart failed to elicit haemorrhagic pulm onary throm bosis. In some cases, 
however, a cortical necrosis rem inding o f a generalized Schwartzm an reaction  
was observed in the kidneys.
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According to  th e  findings, dissem inated intravascular coagulation de
velops in the rat on ly  after the sim ultaneous adm inistration o f hem ocoagulase 
w hich has a throm binlike activ ity , and epsilon-am inocaprylic acid, which is 
inh ib iting fibrinolysis. I t  depends on the route o f adm inistration w hether the 
throm bohaem orrhagic alteration m anifests itse lf  in the lungs or in  the kidney.

Changes in regional cerebral circulation during local 
and generalized epileptic convulsions

I. SZ IR M A I a n d  J .  C Z O PF
DEPARTMENT OF N EU RO LO G Y  AND PSY CH IATRY, U N IV E R SIT Y  MEDICAL SCHOOL, PÉCS

W aking rabbits im m obilized w ith gallam ine and subjected to artificial 
respiration were used in  the experim ents. Focal fits were evoked by intra- 
cortical or intrahippocam pal injection o f acetylcholine or pentam ethylen- 
tetrazole, and generalized ones by means o f intravenous pentam ethylentetra- 
zole. Blood flow was m easured with S e y l a z ’s therm oclearance m ethod in the 
cerebral cortex, thalam us and hippocam pus. B lood flow  in the focus decreased  
after the topical application of acetylcholine and pentam ethylentetrazole, a 
find ing  in agreem ent w ith previous observations made in freely-m oving  
anim als. During spreading convulsions, blood flow  in regions rem ote from the 
focus increased at th e  beginning of the convulsions but, during the intense  
convulsive activ ity , it  decreased also in  the later firing territories. During con
vulsions evoked b y  intravenous pentam ethylentetrazole, blood flow  always 
increased, a finding in acccordance w ith data in the literature.

Accordingly, regional cerebral blood flow  changes in an opposite way  
during local and generalized fits. The dim inished blood flow  during local con
vulsions of the firing regions is prim arily an effect of the m etabolic changes 
accom panying the convulsions. During a generalized convulsion, the auto
regulation of cerebral circulation changes in a way different from that in 
focal fits.

Load-dependent changes of the respiratory quotient

I. SZMODIS a n d  M. M A LO M SO K I
STATE IN ST IT U T E  OF PHYSICAL EDUCATION A ND SPORTS H Y G IEN E, BU DA PEST

The changes in the respiratory quotient during loading were investigated  
b y  means of 113 gas m etabolism  analyses performed in sporting and non
sporting groups under various conditions. The individual bicycle ergometric 
loads were betw een 0 and 400 w atts for tw o m inutes (no steady-state). The 
characteristic points and sections o f the RQ curve were connected to the 
appropriate sites o f  the tim e-curve o f percentage 0 2 utilization and C 02 pro-
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duction, and partly to  the values for respiratory volum e and respiratory m inute  
volum e. The m echanism s of respiratory function and regulation underlying  
the individual sections of the RQ curve, as well as the connection o f CO, to  
respiratory volum e, are analyzed in detail.

The double function of chemosensitive 
and pain-sensitive nerve endings

J .  SZOLCSÁ NYI,  A U R E L I A  JA N C SÓ -G Á B O R  a n d  F. J 0 Ó
IN STITU TE OF PHARMACOLOGY, U N IV ER SITY  MEDICAL SCHOOL, PÉCS, AND IN STITU TE 

OF BIO PH Y SICS, BIOLOGICAL CENTRE OF T H E  H UNGARIAN ACADEMY OF SCIENCES, SZEGED

Antidrom ic stim ulation of sensory nerves, or the application o f pain- 
inducing chem ical agents, evokes a neurogenic inflam m ation. This reaction  
can be blocked by capsaicin desenzitization. The inflam m ation produced b y  
pain-inducing chem icals cannot be inhibited by local anaesthetics, a fact 
proving that the m ediator which increases perm eability, can be liberated  
w ithout an axon reflex.

The following findings indicate that the m ediator is released from th e  
activated  sensory receptors and th a t the sensory and m ediator-liberating  
functions of these receptors are closely interconnected.

1. N ot only the classical local anaesthetics, hut even tetrodotoxin fails 
to inhibit the neurogenic inflam m ation produced by chem ical agents (capsaicin , 
xylene, m ustard oil).

2. The exten t of the inflam m atory reaction evoked by various pain- 
inducing pungent agents is proportional to their pain-inducing potency even  
in tetrodotoxin  local anaesthesia.

3. The free nerve endings contain vesicles and accum ulated m itochondria  
(rat cornea) just as do the presynaptic nerve endings.

4. General capsaicin desensitization causes a long-lasting swelling o f th e  
m itochondria in certain cell types o f the sensory ganglia, parallel w ith  the  
sensory outfall. Local capsaicin desenzitization causes a similar m itochondrial 
sw elling and dim inution of the num ber o f vesicles in certain sensory nerve  
endings.

Serum triglyceride pattern of hyperlipaemic patients
L. SZOLLÁR , J .  P U C S O K  and  M. J Á K Y

IN STITU TE OF PATHOPHYSIOLOGY, SEM M ELW EIS U N IV ERSITY  M EDICAL SCHOOL, BU DA PEST

The sera of 30 patients w ith hyperlipaem ia accom panied by triglyceride  
elevation  were studied. The patients belonged to hyperlipaem ic classes o f ty p e  
l ib ,  III , IV and У according to the classification o f F r e d e r ic k s o n  and th e  
W HO.

A da  Physiologica Academiae Scientiarum Hungaricae 44, 1973



408 ABSTRACTS

After extraction  according to F o l c h  the serum triglycerides were iso
lated  by thin-layer chrom atography and separated on A g N 0 3-im pregnated  
plates according to the saturation degree. The triglyceride fractions o f identical 
saturation  were m easured gravim etrically, and the individual glycerides 
separated on paraffin-im pregnated plates by means of reversed-phase thin- 
layer chrom atography according to the length  o f the carbon chain. Q uanti
ta tiv e  evaluation was performed on the basis o f the fa tty  acid com position  
determ ined by gas chrom atography.

It was found th a t in the various types of hyperlipaem ia the distribution  
o f individual triglycerid isomers was different, w ith identical average fa tty  
acid com position o f the total glyceride. The difference was due primarily to 
the uneven distribution o f saturated fa tty  acids (m yristic acid, palm itic acid, 
stearinic acid) at the alpha and beta site o f  the glyceride m olecule. Accordingly, 
in these states, the principle of the so-called restricted random distribution is 
valid  to a lim ited ex ten t in endogenous triglyceride synthesis.

Role of haemodynamic factors in the pathogenesis 
of renal failure after sublimate poisoning

É V A  SZŐCS, K A T A L IN  L Á SZ L Ó  a n d  P. B Á L IN T
IN STITU TE OF PHY SIOLOG Y , SEM MELW EIS U N IV E R S IT Y  MEDICAL SCHOOL, BUDAPEST

The param eters o f renal function were investigated 12, 24, 48 and 72 
hours following the intravenous adm inistration o f 2 mg/kg o f HgCl2 in acute 
experim ents on dogs. On the basis o f the series-connected and parallel-con
nected  intrarenal vascular resistances, the functional organization o f the  
sub lim ate kidney is as follows.

1. A t 12 and 24 hours after the application  of sublim ate to ta l vascular  
resistance of the k idney  increases. The increase is exclusively due to the aug
m ented resistance o f  the afferent arterioles.

2. As a consequence o f the afferent spasm , the glomerular, capillary and 
effective filtration  pressures decrease, causing a dim inution o f the glomerular 
filtration  rate.

3. A t 48 and 72 hours after poisoning to ta l vascular resistance o f the 
kidney decreases thus a w ell-defined renal hyperaem ia ensues. The phenom 
enon is related to the extrem e dim inution o f resistance in the postglom erular 
(afferent -f- venular) vascular sections. The equilibrium is characterized by a 
m oderate increase in  afferent resistance and glom erulo-capillary pressure and 
an extrem e dim inution of the glomerular filtration  rate.

4. M easurements o f PA H , oxygen and Rb extractions revealed that the 
prim ary cause o f the “ collapse” of renal function is dilatation respectively a 
rearrangem ent of the microcirculatory system  o f the peritubular capillaries, an 
even t resulting in the cessation of glom erular filtration.
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A new type microelectrode for continuous monophasic action 
potential recording on the heart in situ

J .  S Z U R G E N T  a n d  L. S Z E K E R E S
IN STITU TE O F PHARMACOLOGY, U N IV ERSITY  M EDICAL SCHOOL, SZEGED

In the case o f an appropriate recording, the shape and course o f the 
m onophasic action potentia l o f heart muscle are identical w ith those o f the 
intracellular potential only the am plitude of the m em brane potential and of the 
action potential is lower. This allows to follow the selective changes in ion  
perm eability of the heart muscle membrane of the heart in situ even sim ulta
neously at different sites. Such investigations w ith  intracellular microelectrodes 
are technically difficult due to the difficulties o f im m obilization and fragility  
of the electrodes. E ven  the procedure using suction electrodes is not free of 
shortcom ings as the suction needed for ensuing the su ffic ien tly  high potential 
of 40— 50 mV is dam aging the heart m uscle. On the other hand, the am plitude  
of the potential rapidly decreases, a fact causing uncertainties in evaluation.

The new electrode is a com bination of suction  electrode needing mild  
suction and a depolarizing electrode filled w ith  saturated KC1. Its m ain ad
vantages are: 1. Slight vacuum , less damaging to the heart, is needed to produce 
the necessary tissue injury. 2. The am plitude o f the action potential hardly  
decreases even during a longer period o f tim e; thus, not only the changes 
caused by the interventions but also the restitution can reliably be evaluated.

Application of hybrid computer technique for broad-scale 
frequency spectrum analysis of blood pressure 

and blood circulation

B. SZÜCS and  E. MONOS
IN STITU TE OF AUTOMATION, AND EX PERIM EN TA L R ESEA R C H  LABORATORY, 

SEM M ELW EIS U N IV ERSITY  MEDICAL SCHOOL, BU DA PEST

The com ponents o f blood circulatory waves occupy a broad frequency  
band from about 0.01 to 100 Hz. The com ponents show  partly periodic and 
partly random properties, their power density com prising a range o f 60dB. 
A nalysis o f the to ta l store o f circulatory signs, com plete from the point o f view  
of both am plitude and frequency, fade to ensure a sensitive analysis o f  the 
sign.

The experim ents were performed on anaesthetized dogs. Four circulatory  
characteristics were resolved by means of an autonom ic real-tim e com puter 
and recorded sim ultaneously on m agnetic tape and b y  a polygraph. S tatistic  
structure and dynam ic relation o f primary and tertiary sign com ponents were 
studied separately at various mean arterial pressures. The relationship between
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pulsatile com ponent parameters (pulse rate, pulse pressure, changes in steep
ness) and the tertiary waves has also been studied by hybrid com puter tech
nique. The m ethodology o f the investigation  is discussed.

Comparative study on ischaemic heart models used 
for analyzing the effect of antianginal drugs 

on cardiac metabolism
I. TA K Á TS, P. V Á G H Y  a n d  L. S Z E K E R E S

IN ST ITU TE OF PHARM ACOLOGY, U N IV ER SITY  M EDICAL SCHOOL, SZEG ED

W hen evaluating antianginal drugs, their effect o f cardiac m etabolism  
has also to be taken into account, in addition to the coronary dilator action. 
N o m odel of hum an angina could y e t  been produced in experim ental anim als. 
Therefore, several less adequate m ethods are used for this purpose, such as 
arterial hypoxia produced by inhalation  of gas m ixture o f low  0 2 content, 
adm inistration of m etaholism -increasing sym pathom im etics, or the combined  
adm inistration o f both  procedures. All these interventions affect the whole 
organism  and influence heart function  and m etabolism  in a secondary w ay, 
in stead  of loading prim arily the heart. In addition, as an effect o f  the various 
factors not easy to  control and standardize, the results obtained during a 
cardiac load exhibit great variations, a fact which makes it  d ifficu lt to evaluate  
th e  protective effect o f antianginal drugs. In order to elim inate these short
com ings, three sim ple procedures prim arily causing m yocardial ischaem ia are 
recom m ended, and th ey  are com pared on the basis o f their effect on the high 
energy phosphate contents o f the heart m uscle. The procedures are as follows. 
1. D eterm ination o f the ATP and CrP level at various periods o f tim e following  
excision  of the heart and com parison o f the values w ith those obtained on 
hearts of animals pretreated w ith  the antianginal drug. 2. A fter excision, the 
heart is made to function in R inger’s solution at 37°C for a d efin ite  period of 
tim e. 3. The heart is made to function in situ for a definite period o f tim e after 
com pression of the ascending aorta. D om inant in the first tw o m odels is the 
ischaem ia due to  the cessation o f circulation and, in the third m odel, the  
collapse o f the equilibrium betw een m echanical overload o f the heart and 
coronary circulation, i.e. betw een 0 2 demand and supply.

Multiple unit activity during habituation 
to the environment in the rat

V E R A  TAMÁSY, L. K O R Á N Y I  and  K. L IS S Á K
IN ST IT U T E  OF PHY SIOLOG Y , U N IV ER SITY  M EDICAL SCHOOL, PÉCS

Multiple unit activ ity  (M UA) of forebrain and brain stem  structures 
during habitation to the environm ent has bean studied in freely m oving rats 
under chronic experim ental conditions.
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Subcortical sem i-m icroelectrodes were im planted b y  a standard stereo
tactic technique. The experim ents were started 1 —3 weeks following the  
operation. Electrical activ ity  (EEG) and MUA of the brain were recorded by  
means of the m odified m ethod of G uzm an  and A l c a r a z . The m odification  
allowed the sim ultaneous recording of a m inim um  of four or, when sw itched  
according to an appropriate pre-set program, more than  four, brain areas 
alternately, in addition to  the digital analysis of cell firings discrim inated  
according to am plitude. The anim als spent two hours daily in the new environ
m ent and 22 hours in the hom e cage. On consecutive days, continuous MUA  
recordings were taken both in the environm ent and the hom e cage, for tw o  
hours each, during orientation reaction, during slow w ave phase of sleep and 
during paradoxical sleep.

MUA activ ity  of all investigated  regions exhibited a several-fold increase 
in the new environm ent. This was the case in both the slow  wave and the  
paradoxical phase o f sleep. W ith progressing habituation the activ ity  gradually  
decreased to a stable level which approached the sleep level recorded in the  
hom e cage.

Synthesis of steroid hormones from cholesterol (7-alpha-3H) 
in the middle and at the end of pregnancy

G. T E L E G D Y ,  M. R O B I N  a n d  E. D IC Z F A L U S Y
IN ST ITU TE OF PH Y SIO LO G Y , U N IV ER SITY  MEDICAL SCHOOL, PÉCS,

AND SW ED ISH  M EDICAL RESEA RCH  COUNCIL REPRO D U CTIV E ENDOCRINOLOGY RESEA RCH  U N IT , 
K ARO LIN SKA  SJU K H U SE T , STOCKHOLM, SW ED EN

It has been shown previously that the hum an placenta is not capable 
of a de novo synthesis of steroid hormones and uses m aternal and foetal 
cholesterol as precursor. In the present experim ents the quantitative and  
qualitative relationships o f horm one production from cholesterol have been  
studied. P lacentae from pregnancy and those obtained after delivery were 
perfused in vitro w ith 6 mCi o f :!H cholesterol containing Rh “ O” blood under 
controlled pH , p 0 2 and C 02 conditions at 37°C for two hours. After perfusion  
the steroid content o f  the perfusate and of the placental tissu e was m easured  
quantitatively. For correction, a so-called inner standard labelled w ith 14C 
was used.

It was found that the p lacenta was capable o f synthesizing 7 —8-tim es 
more pregnenolone and progesterone than dehydroepiandrosterone and 17-beta  
oestradiol. In mid pregnancy placentae 0.01%  and in the placentae after 
delivery, 0.015%  of the perfused cholesterol was transform ed into the hormones 
investigated.

These data, together w ith  the results o f previous investigations, point 
to the ability  of the placenta to  produce dehydroepiandrosterone directly from  
cholesterol in a so far unclarified way.
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Nervous regulation of initial body temperature 
and its alterations

E. T É Z S L A , F. O B Á L, j r .  an d  F. OB Á L
IN S T IT U T E  OF PHY SIOLOG Y , AND IN ST ITU TE OF BIOCHEM ISTRY, U N IV E R S IT Y  M EDICAL SCHOOL,

SZEGED

Changes were produced in the body tem perature o f  rats and guinea 
pigs b y  conditioning-like, repeated and regular adm inistration of drugs. Body  
tem perature was continuously recorded b y  a therm om eter fix ed  in a skin fold 
for several weeks and compared w ith  the value m easured rectally in other 
anim als. It was determ ined to what ex ten t did these m odes o f tem perature 
m easurem ent represent such a non-specific stim ulus w hich would alter the 
in itia l value. H abituation  to  the effect o f rectal m easurem ent was com plete 
in  3— 5 days. The continuous recording perm itted the lim its of error o f tem 
perature regulation to be recorded in waking animals, during sleep, in stim ulus- 
poor environm ent and under conditions o f attention . The continuous recording 
also allowed to recognize the point of tim e o f the early changes in the initial 
v a lu e . The effect o f the drugs acting on body tem perature underwent altera
tio n s during repetitions. This alteration was m anifest also independently o f the 
in itia l value and did not follow W ilder’s rule quantitatively . The continuous, 
m oderate changes o f the in itia l value m ay evoke a qualitative alteration in the 
drug effect, in accordance w ith the rule o f  initial values.

Electrophysiological investigation of the Ca +-CS2 
antagonism on an isolated nerve preparation in situ

K. T H U R Á N S Z K Y ,  B. D É N E S  a n d  ZSUZSA T E M E S V Á R Y
NATIONAL IN ST ITU TE OF IN D U STR IA L H Y G IEN E, BU D A PEST

In the in situ  isolated  saphenous nerve preparation of the rat, CS2 
antagonized the m em brane-stabilizing effect of Ca + +. The effect o f CS2 was 
stud ied  in Tyrode’s solution  containing CaCI, at 0 —10~ 4 g/m l. The tw o sub
stances were found to  exhib it a m utual antagonism  in a near-equim olar con
centration . The “ m em brane-labilizing” effect o f CS2 was m anifest in the 
augm entation of the to ta l electric a ctiv ity  led off from the isolated  saphenous 
nerve.

Electric paroxysms in REM
I. T O M K A  and  T. N A G Y P Á L

NATION A L IN STITU TE OF N EU RO SU RG ERY , BU DA PEST

Epileptic patients were studied during natural sleep. W ith rare ex 
ceptions, the epileptic discharges m arkedly decreased during REM as com 
pared w ith the discharges observed under slow w ave sleep.

Acta Physiologica Academiae Scientiarum Hungaricae 44, 1973



ABSTRACTS 413

1. The generalized bilateral discharges (patients w ith  PM and GM fits)  
could be grouped as follows, a) Complete inhibition o f discharges during all 
REM; b) marked depression but persistence of discharges; c) augm entation  
of discharges as compared to the value seen during slow w ave sleep; d) status  
electricus w ithout clinical m anifestation , e) clinical fit  w ith  the corresponding 
ic ta l electric signs. The generalized epileptic discharges during REM cor
responded m orphologically to those during wakefulness and differed con
siderably from the degraded discharges appearing during slow  sleep.

2. The electric discharges during REM of patients w ith  encéphalopathie  
epilepsy were considerably more abundant than in the previous group. Som e
tim es a slight reduction was only observed as compared to the value obtained  
during slow sleep. M orphologically they  approached the waking state d is
charges.

3. In tem poral epilepsy, the cortical foci exhibit an increased activ ity  
during REM, while the discharges of the so-called secondary temporal foci 
are often com pletely depressed.

Effect of cyclic 3’-5’-adenosine monophosphate 
on tubular sodium reabsorption

H IL D A  T O ST  an d  G. K Ö V É R
IN STITU TE OF PHYSIOLOGY, SEM M ELW EIS U N IV ERSITY  MEDICAL SCHOOL, BUDAPEST

A dm inistration of 1 m g/m in o f cyclic 3’-5’-adenosine m onophosphate  
into the left renal artery did not change either renal haem odynam ics or 
glomerular filtration , but decreased sodium excretion.

Infusion into the renal artery o f 1 mg/min o f theophylline led to in 
creased glomerular filtration and increased water and sodium  excretion, due 
to the vasodilatation.

Sim ultaneous adm inistration o f the two substances resulted in a decrease 
o f sodium excretion w ith unaltered w ater excretion.

It is concluded that cAMP increases tubular sodium  reabsorption, and  
seem s to play a part in the regulation of the tone of renal vessels.

Effect of histamine and adrenaline adaptation 
on the hyperfibrinogenaemia elicited 

by histamine and adrenaline

A. T Ó T H , G. L Á Z Á R  and I. K A R Á D Y
IN ST ITU TE OF PATHOPHYSIOLOGY, U N IV ERSITY  MEDICAL SCHOOL, SZEGED

According to previous investigations, adm inistration o f histam ine (0.3  
m g/100 g, subcutaneously) and adrenaline (0.2 m g/anim al, subcutaneously)
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leads to marked fibrinogenaem ia 24 hours following the injection. After the 
developm ent of histam ine adaptation , adrenaline still caused a marked hyper- 
fibrinogenaem ia while histam ine failed to  do so. On the other hand, adaptation  
to  adrenaline counteracted  the developm ent of histam ine and adrenaline 
hyperfibrinogenaem ia.

In the present stu d y  histam ine adaptation abolished or m arkedly de
creased the liberation o f catecholam ine together with the consecutive hyper
fibrinogenaem ia. It is concluded th a t the hyperfibrinogenaem ia observed in 
control animals after histam ine adm inistration was based on catecholam ine 
release.

Effect of RNase on biosynthesis of HbS and HbA in vitro

B. T Ó T H  an d  M SU Y A  PH IL E M O N
IN ST ITU TE OF PHARM ACOLOGY, U N IV E R SIT Y  M EDICAL SCHOOL, D E B R E C E N , AND IN STITU TE 
OF BIO CHEM ISTRY , FACULTY OF M ED IC IN E , U N IV E R SIT Y  OF DAR ES SALAAM, TANZANIA

H bS-synthetizing cell-free reticu locyte system s iso lated  from the blood  
o f young hom ozygote sickle-cell anaem ia patients have been studied in vitro. 
I t  was found th at H bS synthesis was blocked by R N ase I m uch slower than  
expected.

The hydrolysis o f highly polym eric exogenous (yeast) R N A  was not in
hibited by the presence o f the H bS-synthetizing system . This finding was 
interpreted in the sense th at no natural R N ase I inhibitor was present in the 
system .

The same experim ents were perform ed with reticulocytes isolated from 
th e  blood of healthy Africans. I t  was found, w ithout exception , that RNase I 
treatm ent blocked the biosynthesis im m ediately.

The RNA fractions participating in the biosynthesis o f  HbS were assumed  
to  be under different degrees o f “ mem brane protection” due to binding of 
various membranes, an event allow ing them  to survive the im m ediate effect 
o f RNase.

To check the “ m em brane-protection” the follow ing experim ent was 
carried out. N on-purified t-R N A , ribosom e and m em brane-bound polysom e 
fractions were prepared by cell fractionation and treated  separately w ith  
R N ase I. The rem aining R N A  fractions were prepared w ith  phenol and 
analyzed w ith sucrose density gradient centrifugation. The t-R N A  and free 
r-R N A  fractions underw ent com plete hydrolysis, while about 50% of the 
m -R N A  and r-R N A  of ribosomal origin survived.
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Proteinase inhibitors in serum of normal subjects 
and of acute pancreatitis patients

B. T Ó T H , J .  SO M O G Y I, G. N É M E T H , J .  M E N Y H Á R T , F. W IL L IG ,
I. F A R K A S  and  K . IK R É N Y I

EX PE R IM E N T A L  RESEA RCH  LABORATORY OF T H E  T H IR D  D EPA RTM EN T OF SURGERY,
AND RESEA R C H  LABORATORY OF T H E  H UNGARIAN ACADEM Y OF SCIENCES, DEPARTM ENT 

OF UROLOGY, SEM M ELW EIS U N IV E R SIT Y  MEDICAL SCHOOL, BU D A PEST, AND DEPARTM ENT 
OF M ED IC IN E , CLINICAL C EN TRE OF H E ID E L B E R G  U N IV ER SITY , M ANNHEIM , GFR

The serum proteinase inhibitor is capable o f inhibiting the activ ity  o f  
trypsin, chim otrypsin, elastase and plasm in. The exten t o f the inhibition is 
different w ith the different proteinases. One ml o f human serum can neutralize 
the effect o f about 1 m g of crystalline trypsin. The proteinase inhibitor can be 
dem onstrated in several fractions of the serum , the m ost marked a ctiv ity  
being attached to a lpha1 and alpha2 globulins. Preincubation of the serum at 
65°C caused an inactivation  o f the inhibitor, the exten t of which depended  
on the duration of preincubation. The dim inution of the inhibitory effect 
against various proteinases w as, however, different.

The presence of serum considerably decreases the activ ity  of pancreatic 
proteinases activated  by either in vitro autolysis or in v ivo injection of olive  
oil into the pancreatic duct. In contrast, the serum had hardly any effect on 
the activ ity  o f proteinases o f normal pancreatic tissue.

According to previous investigations, the perm eability of the pancreatic 
cells was increased in acute pancreatitis. In th is case not only the activ ity  o f  
pancreatic proteinases increased but also the am ount of proteinase inhibitors. 
Therefore, the inhibitory action o f the serum o f control rats and rats w ith  
pancreatitis was compared on crystalline trypsin  and chim otrypsin. The in 
hibitory capacity  of pancreatitic sera did not sign ifican tly  differ from that of 
the control sera.

Respiration-influencing hypocalcaemia-sensitive 
innervation in the carotid artery

B. L. T Ó T H , G. IR S Y , G. SZ IL Á G Y I a n d  L. M O SON YI
IN ST IT U T E  OF PHYSIOLOGY, U N IV ERSITY  OF V ET E R IN A R Y  M ED ICINE,

AND F O U R T H  SECTION OF M ED IC IN E , POSTGRADUATE M EDICAL SCHOOL, BUDAPEST

In 21 dogs under chloralose anaesthesia, one o f the com m on carotid  
arteries was iso lated , im m ediately from above its origin up to the carotid body. 
The isolated vascular section was perfused w ith  physiological saline, sodium  
citrate, calcium  citrate, calcium  acetate and E D T A  solutions, as well as w ith  
the blood of dogs thyroid-parathyroidectom ized on the 5th postoperative day  
in cross experim ents.
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Infusion o f sodium  citrate and E D T A  caused changes in respiration  
which changes could be prevented by denervation o f the vascular section . This 
phenom enon failed to appear in iso lated  sections o f the fem oral artery. A de
crease in serum calcium  level was observed after the infusion o f thyreo- 
calcitonin. This effect was not m anifest after previous bilateral th y ro id -  
parathyroidectom y.

On the basis o f the results, a nervous reception has been assum ed to be 
present in the com m on carotid artery w hich exerts an influence on respiration. 
The afferent im pulse m ay be due to  th e  décalcification of the m em brane o f  
the receptor.

Immunological investigation of serum proteins in pregnancy

M. T Ó T H , G. M E D G Y E SI, В . Z SO L N A I and  J .  SOM OGYI
SECOND D EPARTM ENT OF GYNAECOLOGY, A ND EX PER IM EN TA L RESEA RCH  LABORATORY, 

SEM M ELW EIS U N IV E R SIT Y  MEDICAL SCHOOL, A N D  IN STITU TE OF HAEMATOLOGY, B U D A PEST

Various serum protein com ponents were investigated  w ith  im m unological 
m ethods in normal pregnancy, in the nephrotic syndrom e and in toxaem ia o f  
pregnancy.

The serum IgM concentration increased in toxaem ia o f pregnancy and 
the transferrin level decreased as com pared to the values in norm al pregnant 
w om en. In nephrosis, the serum IgM fraction was higher, and the transferrin  
level lower, than in the controls.

A “ pregnancy protein” giving one or two arches appears in the a lpha2 
and beta-zones o f the im m unoelectrophoretic pattern o f pregnant serum  and 
urine. This protein gives an im m une reaction with several tissue elem ents 
during pregnancy. Since neither the pathophysiological nor the clinical sign ifi
cance o f this “ pregnancy protein” are known, preparation of this protein in 
pure form is needed. An attem pt has been made at purifying it  as follow s.

To the serum ammonium su lphate was added to a saturation o f 0.4. The 
precipitate was dissolved in 0.9%  NaCl, dialyzed, and fractioned on Sephadex  
G-200 colum n. The “ pregnancy protein” was contained in the first large 
fraction. This fraction was concentrated by dialysis under reduced pressure. 
This was followed by gradient elution 0.003 — 0.3 M phosphate buffer pH  8.0  
on D E A  cellulose colum n which resulted in the separation of the fraction  
containing the pregnancy protein. This fraction was not y et hom ogeneous, 
since it gave 6— 7 arches in the im m unoelectrophoretic pattern. Further 
purification was m ade by im m une-absorption, w ith the aid o f m onovalent 
antisera.
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Statistical analysis of the activity of neurones 
of permanent and periodically changing frequency

A. T Ö R Ö K , E . L Á B O S and  L. S Z E K E R E S
IN ST ITU TE OF PHYSIOLOGY, U N IV E R S IT Y  MEDICAL SCHOOL, SZEGED,

AND F IR S T  D EPARTM ENT OF ANATOMY, SEM M ELW EIS U N IV ERSITY  M EDICAL SCHOOL, BU DA PEST

Spontaneous activ ity  of some well-localizable neurones of the suboeso- 
phageal ganglion of Helix pomatia  was analyzed by m athem atical m ethods. 
The ganglion excised was kept in snail Ringer solution during the experim ent, 
at room tem perature. E lectrical a c tiv ity  of the soma was recorded by means 
of glass microelectrodes.

In all cases continuous recordings lasting several hours were made w ith  
m agnetic data storing. During slow play-back the results o f m easurem ents were 
transm itted  by means o f a converter to  an 8-channel punch card for further  
digital treatm ent. S tatistical analysis was performed w ith  a 512-channel 
analyser (Central In stitu te  for Physical Research) and partly w ith a com puter 
of the M INSK 22 type.

The spontaneous activ ity  o f neurones functioning in a periodically  
changing rhythm  on the one hand and that of the continuously functioning  
neurones of perm anent frequency on the other. Relationships were found in 
im pulse w idth, tim e, frequency and length  o f the spike series and, w ithin  
th is, betw een the number of firings. The relationships w ith in  the given param 
eters were investigated  not only from a static (histogram ) but also from a 
dynam ic (mirroring tem poral changes) point of view.

Effect of acetylcholine on the К -depleted frog heart

I. T Ö R Ö K , Á G N E S T Ó T H , T E R É Z  SZABÓ and M A R G IT  FA R A G Ó
IN STITU TE OF PHYSIOLOGY, U N IV E R S IT Y  MEDICAL SCHOOL, D EB R EC EN

E r n s t  et al. (1966) observed an increase in the acetylcholine sen sitiv ity  
of the frog heart under the effect o f К -depletion. The phenom enon was in ter
preted as an antagonism  between acetylcholine and К  ions.

In the present experim ents, m uscle strips from the frog heart ventricle  
were incubated in К -free Ringer’s solution . The membrane potential o f the  
ventricular m usculature as well as the action potentials were recorded by  
intracellular m icroelectrodes. In addition , the m echanical response of the  
m uscle strips was recorded by means o f an electronic transducer. Upon th e  
effect o f К  deprival, the muscle mem brane underwent a depolarization from  
79.4 ±  7.1 mV to 62.58 ^  4.4 mV, in  the average o f 21 experim ents. The 
duration o f the action potential m arkedly increased, to about 180% on the  
average in 8 experim ents in normal R inger’s solution. A t the same tim e, th e
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am plitude of the concentrations decreased. W hen a 10* 6 M threshold dose of 
acetylcholine was applied under such conditions, the duration o f the action  
poten tia l dim inished b y  30% on the average o f m easurem ents on 7 fibres.

The significance o f  the changes is discussed w ith respect to the mechanism  
o f  the increased acetylcholine sen sitiv ity  occurring in К -free R inger’s solution.

The role of the pituitary in liver regeneration
T U O N G  B IC H  T R U C  an d  P . K E R T A I

N A TION A L IN STITU TE OF PU B L IC  H EA LTH , BUDAPEST

The extent o f liver regeneration was investigated  on W istar A /R X L E  F 1 
hybrids. After hypop h ysectom y the w eight of the regenerated liver tissue as 
w ell as the num ber o f m itoses were considerably decreased. In parabiotic 
pairs the number o f m itoses increased also in the intact partner when the other 
anim al had previously been subjected to partial hepatectom y. The phenomenon  
was not m anifest in  th e  case when the pituitaries had previously been rem oved  
from the anim als. T hus, the presence o f the pituitary is necessary for the  
action  of the unknow n humoral factor w hich prom otes liver regeneration.

Effect of ambient temperature on body temperature of animals 
with cerebral oedema induced by triethylone sulphate

K . T U R A I, G. B E N E D E K , A N N A M Á R IA  OZSV ÁR, F . JO Ó ,
T. Z. Ö R S a n d  F. OBÁ L

IN ST IT U T E  OF PHYSIOLOGY, U N IV ER SITY  MEDICAL SCHOOL,
AND BIOLOGICAL R ESEA R C H  CEN TRE OF TH E  HUN G ARIA N  ACADEMY OF SCIENCES, SZEGED

It was shown previously that after inducing cerebral oedem a by th iethyl-  
one sulphate the anim als’ body tem perature decreased considerably at an 
am bient tem perature of 20°C. In order to elucidate the m echanism  underlying 
th e  tem perature regulation disturbance the effect o f TET on core tem perature 
has been in vestigated  at different am bient tem peratures.

Higher am bient tem peratures m arkedly decreased the TET-induced  
dim inution of body tem perature, a fact also influencing other autonom ic  
changes. The results pointed to a primary disturbance in heat loss.

Effect of spreading depression on the unit activity 
of cerebral cortex

G. T U R Y
IN STITU TE OF ANIM AL PHYSIOLOGY, ATTILA  JÓ Z SE F  U N IV ERSITY  OF SCIENCES, SZEGED

In previous experim ents, the drug-induced inhibition o f the developm ent 
and propagation o f spreading depression was investigated  by means o f a
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superficial DC lead. Most drugs were tertiary anticholinergic com pounds. In  
the present experim ents the correlation betw een superficial depolarization  
and unit activ ity  has been studied w ith extracellular m icroelectrodes in  the 
cerebral cortex of the rat. Cells exh ib iting different spontaneous activ ity  were 
found to react differently to the effect o f spreading depression. The depression  
propagates on the cerebral cortex in  the form of a concentric w ave. In the  
depth of the cerebral cortex it reaches the external pyram idal layer (600 — 
800 /л) but the effect does not spread deeper. The front o f the depression in the  
depth of the cortex occupies a spherical section, w ith  its deepest point in the 
epicentre. The spreading velocity  o f the depression is 2 — 3 m m /sec on the  
surface but only 1 0 0 —200 /л/sec in the depth. Its extension  is influenced by  
the columnar organization of the cortex.

Changes after coronary ligation in the electrophysiological 
parameters of myocardial regions not directly affected

by the ligature

ÉV A  U D V A R Y , V E R O N IK A  C SIK  and  L. S Z E K E R E S
IN ST IT U T E  OF PHARMACOLOGY, U N IV ER SITY  MEDICAL SCHOOL, SZEGED

At the 37th Congress of the H ungarian Physiological Society the im por
tance of heart m uscle not directly affected by coronary ligation has been stressed  
in the genesis of arrhythm ias. The aim o f the present experim ents was to 
elucidate whether changes could be dem onstrated in the electrophysiological 
parameters o f this region to explain the increased susceptib ility  to arrhytm ia 
o f the heart m uscle not directly affected by the occlusion. The experim ents  
were performed on the heart in situ  of anaesthetized cats under artificial 
respiration. The left descending branch o f the coronary artery was ligated  and 
the fibrillation threshold of the region not affected by the occlusion was con- 
tinously recorded. No significant change occurred as compared to the in itia l 
value. N either did the coronary ligation  elicit a change in the excitab ility  of 
in tact heart m uscle of anaesthetized dogs, as judged on the basis o f the di
astolic electrical stim ulus threshold which was recorded continuously. A special 
electrode was constructed to record the m onophasic action potential of the  
in tact heart m uscle in four points 9 mm apart. The slight differences in re- 
polarizalion ha lf tim e of the action potentials under normal conditions were, 
however, augm ented after coronary ligation. The am plitude of the action  
potentials generally decreased during ligation but to different extents in the  
four points. The increased inhom ogeneity in selective ion perm eability of the  
membrane o f near-lying m yocardial fibres gives an explanation for the in 
creased susceptib ility  to arrhythm ia o f regions not affected by the occlusion.
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Effect of catecholamines on blood flow 
in the regenerating rat liver

G. U N G V Á R Y  a n d  B. V A R G A
FIR ST IN ST ITU TE O F ANATOMY, SEM M ELW EIS U N IV E R SIT Y  MEDICAL SCHOOL,

AND SECTION OF PATHOPHYSIOLOGY, IN ST IT U T E  OF EX PER IM EN TA L M ED IC IN E , 
H UN G A RIA N  ACADEMY OF SCIEN CES, BUDAPEST

R em oval o f 2/3 o f  the liver (partial hepatectom y) is follow ed by a rapid 
regeneration of the residual liver tissue. In the rat, restitution o f the liver to  
its preoperative w eight takes about three w eeks. In the present experim ents 
the rate of regeneration o f the portal and hepatic vessels has been studied in 
com parison with the restoration of the liver parenchym a. The effect o f catechol
am ines on hepatic blood flow  during regeneration has also been studied.

In rats, regeneration of the portal vein  and o f the hepatic artery was in 
vestigated  at various points of tim e follow ing partial hepatectom y, by means 
of a quantitative injection-corrosion procedure ( U n g v a r y  et al., 1969). The 
capacity  of the afferent vessel system s was found to be below  the control 
value during the first days after partial hepatectom y both in absolute value 
and calculated per g o f  liver tissue. The effect of catecholam ines injected  
intravenously and intraportally on tissular blood flow  of the liver was measured  
and recorded by m eans o f a fluvograph through therm ocouples placed in the  
hepatic lobe. In m ost animals, noradrenaline and isopropylnoradrenaline 
exerted an effect opposite to that seen in control rats. The phenom enon is 
assum ed to be due to  the altered characteristics, or am ount o f the receptors 
in  hepatic vessels, or to  an im perfect innervation .

Regional changes in the adaptability of coronary vessels: 
the role of primary collateral branches

R . U R B A N IC S  a n d  S. JU H Â S Z -N A G Y
FO U R TH  D EPARTM ENT O F SURG ERY , SEM M ELW EIS U N IV E R S IT Y  MEDICAL SCHOOL, BUDAPEST

In dogs under chloralose anaesthesia a hyperaem ic reaction was produced 
by the transient occlusion of various branches o f the left coronary system . The 
ex ten t of reactive hyperaem ia, calculated from to ta l flow , was the greater the 
sm aller was the size o f  the m yocardial segm ent directly exposed to hypoxia, 
in relation to the w hole left ventricle. M yocardial blood flow  m easurem ents by  
the heat clearance m ethod revealed th at the local peak value o f vasodilation  
w as, in fact, considerably greater in the case o f circumscribed reactive hyper
aemia than during the hyperamic response involving the whole left coronary 
system , even though the extent o f the local ischaem ia evoking the vaso
dilation was considerably greater in the latter case. The phenom enon is ex-

Acta Physiologica Academiae Scientiarum Hungaricae 44, 1973



ABSTRACTS 421

plained by the equilibrating function o f the primary collateral branches con
necting various sections of the left coronary system .

A segm ental disturbance in coronary adaptability  was produced by  
topical application of a sm all amount o f hexam éthonium  or by repeated  
hypoxic loads. Under these conditions, no increase in blood flow  was elicited  
by a circumscribed ischaem ia in the vascular region made incapable o f adap
tation  while an involvem ent of the hyperaem ic reaction o f the intact coronary 
segm ents caused a dim inution in the absolute level o f local flow  in the m yo
cardial regions supplied by the coronaries w ith  damaged adaptability.

Location and characterization of Br cell 
in the central nervous system of H elix p o m a tia

I. VA D Á SZ, E . E L E K E S  a n d  J .  SA L Á N K I
BIOLOGICAL RESEA RCH  IN STITU TE OF TH E  H UN G A RIA N  ACADEMY OF SCIENCES, TIH A N Y

The Br cell (A r v a n ita ic i and Ch a l a z o n it is , 1955) characterized b y  the  
periodic appearance o f burstlike spike series, has been described in the central 
nervous system  of several gastropods. In the present experim ents, the exact 
location  o f such a giant cell has been determ ined in the right parietal gan
glion of Helix pomatia  after intracellular dye application. The cell is unipolar, 
its axon after a short course gives off branches and is divided in thin fibres 
in the region of the tw o separate cell groups o f the ganglion.

Physiological investigations have verified  the Br character of the cell. 
Characteristic o f cellular activ ity  were the consecutive interspike intervals in  
the function o f tim e as well as the distribution of the tim e interval, the im pulse  
w idth o f consecutive spikes in the function  o f tim e and potential, the tim e  
interval betw een the potential series as w ell as the ratio o f activ ity  and resting  
sections.

The data obtained present a basis for the investigation  o f the m echanism  
of potentia l generation and the physiological role of the Br cell.

Response types of wind-sensitive receptors 
of the interneurones of the migratory locust 

(L ocu sta  m ig ra to r ia  m ig ra to r io id e s )
I. V A R A N K A  and  V. L. S V ID E R S K Y

BIOLOGICAL RESEA RCH  IN ST ITU TE OF TH E  H U N G A RIA N  ACADEMY OF SCIENCES, TIH A NY ,
AND IN ST ITU TE OF DEVELOPM ENTAL PHY SIOLOG Y  AND BIOCHEM ISTRY 

OF T H E  SOV IET ACADEMY OF SCIEN CES, LENIN G RAD , USSR

Spontaneous activ ity  of interneurones in the connectives of Locusta 
migratoria was recorded extra- and intraaxonally . Also recorded were the  
responses of the neurones to ipsi- and contralateral stim ulation of the wind-
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sensitive receptors o f the head; the course o f the interneuronal pathw ay was 
determ ined by transecting the connectives.

The interneurones in the connectives were either silent or exh ib ited  a 
regular or irregular activ ity . Some o f them  responded to the stim ulation  by  
air-m ovem ent of the w ind-sensitive receptors of the head.

From these structures, the follow ing responses were obtained, in addition  
to  the slow -adaptation (phasic-tonic) and quick-adaptation (phasic) in ter
neurone responses already known.

1. An inhibitory response which occurs w ith either slow or quick adap
ta tion  types.

2. “ On—o ff” responses m anifest at the beginning and at end of air stim ula
tion . A daptation o f the “ o ff” responses is always rapid while that o f the “ on ” 
responses m ay take different tim es.

3. Transection experim ents revealed a straight course of the pathw ays  
crossing in the brain, subeosophageal ganglion and in the first and second  
thoracic ganglia.

Determination of quickly exchanging Ca fractions 
in frog skeletal muscles

A. V A R G A , L. K Ó N Y A  an d  A. K Ö V É R
IN ST ITU TE OF PHYSIOLOGY, U N IV E R S IT Y  MEDICAL SCHOOL, D EBRECEN

Calcium bound to the surface m em brane has an im portant role in  the  
preservation of the norm al function o f m uscles; yet, there are few experim ental 
data concerning its am ount and binding characteristics. To study this problem , 
45Ca w ash-out experim ents were performed. Fibre boundles of frog m . sem i- 
tendinosus were incubated for two hours in frog Ringer solution containing  
45Ca. Thereafter, the activ ity  was w ashed out, determ ined, and desaturation  
curves were constructed. Their graphic analysis revealed the presence o f  5 Ca 
fractions w ith half-tim e (in m inutes) as follows: 0.25 ^  0.1 (1); 1.5 ^  0-9 (2);
5.8 ^  1.2 (3); 19.6 T: 4.2 (4); 136 ^  38.6 (5). The separation of the individual 
fraction was significant and corresponded probably to the 45Ca originating  
from the m uscle surface, the extracellular space, the membrane (fractions 3 
and 4) and the intracellular space, respectively . The am ount of the loosely  
bound membrane Ca (3) was 0.34 % 0.06 pM/g, while the strongly bound one 
(4) 0.5 i  0.05 /iM/g of w et muscle w eight. Together th ey  approached to  
about 40%  of the to ta l Ca content o f the m uscle.
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Estimation of subepithelial capillary blood flow 
by measuring the outflux of barbital 

in the small intestine of the rat

F. V A R G A  a n d  T . Z. CSÁKY
IN ST ITU TE OF PHARMACOLOGY, U N IV ER SITY  M EDICAL SCHOOL, PÉCS,

AND D EPA RTM EN T OF PHARM ACOLOGY, U N IV ERSITY  OF LEX IN G TO N , K Y ..U S A

A loop of the small in testin e o f Sprague—D aw ley rats under urethan  
anaesthesia was perfused with bicarbonate buffer o f pH  9.5, and the outflow  
of intravenously adm inistered I4C-barbital in the loop was measured. In  
parallel experim ents, total blood flow  of the in testine was determ ined by  
Sa p ir s t e in ’s 86Rb m ethod, and the distribution o f blood flow  in various 
layers of the gut was estim ated b y  the microsphere technique. I f  blood flow  
in the mucose determ ined with the microsphere technique is taken for 100%  
barbital clearance is only 80% in th e  ileum  and 47%  in the duodenum .The 
clearance of barbital depends on th e  perfusion procedure; slow and one-w ay  
perfusion results in a lower clearance than a technique ensuring a better  
intralum inar m ixing.

It has been concluded that the filtering surface o f the mucous mem brane 
or, in the case o f drug absorption, th e  actual absorbing surface, is considerably  
sm aller than the anatom ical tota l surface of the m ucosa. The ratio of filtering  
surface : total surface is smaller in the duodenum than in the ileum . No 
gradient could be observed in the duodenum —ileum direction in either barbital 
clearance or in drug absorption.

Effect of pituitary stalk lesion on the alteration 
of blood sugar level and liver glycogen content induced 

by alloxan and glucagon

P . V A R G A , F. D U R S Z T  and  F. LÁ SZLÓ
FIR ST  D EPA RTM EN T OF M ED IC IN E , U N IV ER SITY  MEDICAL SCHOOL, SZEGED

In previous investigations it has been shown th a t pituitary sta lk  lesion  
considerably m odified the alloxan-induced disturbance in carbohydrate 
m etabolism . The in itial hyperglycaem ia following alloxan adm inistration was 
absent or very slight, the hypoglycaem ic phase, attributed to insulin m obiliza- 
lation , was prolonged and the blood sugar elevation during the perm anent 
hypoglyceam ic phase was of a sm aller extent.

In the present investigations th e  alteration observed during the transient 
hyperglycaem ic phase has been studied . The changes o f liver glycogen content 
were investigated  in  non-operated control rats as w ell as after the adm inis
tration  of alloxan and glucagon in anim als with pituitary stalk lesion. The blood

Acta Physiologica Academiae Scientiarum Hungaricae 44, 1973



424 ABSTRACTS

sugar level of control animals was found considerably to increase after the  
adm inistration o f alloxan and glucagon, w ith a concom itant significant 
decrease of the hepatic glycogen level. In animals w ith p itu itary stalk lesion  
th e  blood sugar level increased m oderately and no significant change occurred 
in  hepatic glycogen content.

A role m ay be ascribed to the inhibition o f liver glycogen m obilization  
in  the absence of alloxan-induced transient hyperglycaem ia in p itu itary stalk- 
lesioned rats. Clarification o f the p itu itary hormone(s) involved  into the  
phenom enon requires further experim ents.

Comparative biochemical and morphological investigations 
in chronic HgCl2 poisoning

T. V A R G A , G Y Ö R G Y I B U JD O S Ó  an d  E . SOM OGYI
IN STITU TE OF FO R E N SIC  M ED ICINE, SEM M ELW EIS U N IV ER SITY  MEDICAL SCHOOL, BUDAPEST

It was shown previously th at respiration of isolated liver mitochondria  
w as inhibited by HgCl2 added to the incubation medium . A t the same tim e, 
ox id ative phosphorylation was uncoupled. It was shown th at 202Hg was 
bound to the inner membrane o f the m itochondria. E lectron microscopic 
investigations on rats w ith  renal failure induced by HgCl2 revealed no structural 
alteration in the liver m itochondria.

The ultrastructure o f the liver and kidney as well as the ATPase activ ity  
o f  isolated liver and kidney m itochondria were investigated  after oral ad
m inistration of subtoxic  doses o f HgCl2. No significant alteration was found  
in the ATPase a c tiv ity  of kidney m itochondria. After the application of 0.5 
m g/100 g of HgCl2, ATPase a ctiv ity  of liver m itochondria exhibited  a slight 
decrease followed b y  a marked increase by the 3rd —5th week o f the treatm ent. 
This finding can be explained by an increased detoxicating activ ity  of the 
liver. After the adm inistration o f 2.5 m g/100 g of HgCl2, A TPase activ ity  of 
liver m itochondria decreased by the 4th  — 5th week of treatm ent.

The m orphological picture of liver m itochondria was unaffected.

Subcellular distribution of thyroid hormones 
in the central nervous system, I.

Study of the distribution during postnatal development

J .  VASS, S. KOVÁCS an d  P . F E R E N C
IN ST IT U T E  OF PHYSIOLOGY, U N IV ER SITY  MEDICAL SCHOOL, PÉCS

125I-triiodothyronine and thyroxine uptake of the cerebrum, cerebellum  
and hypothalam us as well as the subcellular distribution o f these hormones 
have been investigated  in male albino rats during postnatal developm ent.
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Concentrations of both hormones were highest in all the three regions, 
one or two days after birth. H orm one uptake of the brain decreased m arkedly  
w ith  age, being 25— 30% of the newborn value at the 14th day, and 3 to  5%  
in adults. Considerable differences were observed in the subcellular distribution  
of the two hormones during developm ent.

Cerebrum. A ctiv ity  in the nuclear fraction increased till the 7th p ost
natal day to more than 30% of the to ta l activ ity . Then by the 14th day it 
decreased to 25%  and stayed at th is level till the 21st day. In older animals 
(50—90 days) a new  significant elevation  occurred and 35—40%  of the to ta l 
activ ity  was found in the nuclei. A ctiv ity  in the m itochondria increased con
siderably up to the 21st day, when it  am ounted to more than 30% of the to ta l 
activ ity . Thereafter the activ ity  decreased, then slightly increased to 21—26%  
b y  the 75th— 90th day. A ctiv ity  detectable in the microsom al fraction was 
considerably lower (8 —13%) and behaved as that o f the m itochondrial 
fraction. A ctiv ity  in cellular fluid (supernatant of 105,000 g) decreased w ith  age.

Similar significant differences were found in the distribution o f thyroid  
hormone in the hypothalam us and cerebellum in the animals of various ages. 
There were differences between these two regions and the cerebrum.

Lymphatic transport of LDH-isoenzymes

E . V Á N D O R , E R Z S É B E T  A N D A  and  G. SZABÓ
NATIONAL IN STITU TE FO R TRAUMATOLOGY, BUDAPEST

The LD H  activ ity  and L D H -isoenzym e spectrum were investigated  in the  
lym ph of the heart, intestine, k idney and limb of the dog. LH D  activ ity  (U /m l 
and U/g of protein) in lym ph sam ples taken from various regions was sim ilar 
as in serum, only in  heart lym ph and lim b lym ph was it  considerably higher.

The isoenzym e spectrum (ratio o f H : M subunits) of the lym ph sam ples 
differed sign ificantly from that o f the serum, w ith the exception o f liver lym ph. 
The ratio of H : M o f the intestinal and cardiac lym ph did not sign ificantly  
differ from the values found in the corresponding tissue hom ogenates.

The results are in accordance w ith the view  that under normal con 
ditions the lym ph vessels transport tissular LD H  into the circulation, partic
ularly from the skeletal and heart m uscles.

Phospholipid metabolism of Yoshida sarcoma tumour cells

N . V E L E M IR , G. L Á Z Á R  an d  I. K A R Á D Y
IN STITU TE OF PATHOPHYSIOLOGY, U N IV ER SITY  MEDICAL SCHOOL, SZEGED

Ascites flu id  taken from rats treated intraperitoneally w ith  10x10®  
Yoshida sarcoma cells as well as the tum our tissue o f rats treated w ith  ascites
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cells were found to  contain considerable am ounts o f phospholipids. These 
m ainly consisted o f phosphatidyl choline and phosphatidyl ethanolam ine in 
th e  ascites cells and tum our tissue, and o f phosphatidyl choline in the ascites 
flu id . Concentration o f  sphyngom yelin, phosphatidyl serine, phosphatidyl 
inosit, phosphatidyl acid and the lyso com ponents, was much lower. The 
fa tty  acids of the phospholipids investigated  were determ ined by gas chro
m atography.

Functional differences in the b a transformation 
of cardiac isophosphorylases

G. V E R É B , P. G E R G E L Y  an d  G. ВОТ
IN STITU TE O F M ED ICAL CHEM ISTRY, U N IV E R SIT Y  MEDICAL SCHOOL, D EBRECEN

It has been assum ed that the transform ation of isoenzym es from the  
inactive b-form in to  th e  active а-form occurred in more than one step. In our 
stu d y  this sim ultaneous determ ination of isophosphorylases was per
form ed by means o f  antibody inhibition as described previously. According  
to  the first observations, part of the phosphorylases present in the heart 
are found in а-form , but this contains on ly  one isoenzym e, the P 3 of car
diac type.

When either in v iv o  or in vitro a phosphorylase transform ation b A v a 
is induced by adrenaline, transform ation o f P 3 isophosphorylase into a-form  
always precedes the activation of the other (muscular type) P 1 fraction.

Similar results were obtained when P 1 and P 3 isoenzym e preparations 
were activated by phosphorylase kinase; the transform ation of fraction P 3 
in to  form-а preceded the transform ation o f fraction P 1 also in this case. 
On this basis phosphorylase kinase m ay be assum ed to  have a different 
affin ity  to the tw o isophosphorylase fractions, and this is the cause of the 
tem poral shift o f activation . (The authors thank M. D a n k ó , Institu te  o f  
Physiology, U n iversity  Medical School, Debrecen, for help in m aking heart 
m uscle preparation.)

Effect of serotonin on hypothalamo-pituitary-adrenocortical
function in the rat

I. V E R M E S , G. T E L E G D Y  an d  K . L IS S Á K
IN ST IT U T E  OF PHYSIOLOGY, U N IV E R SIT Y  MEDICAL SCHOOL, PÉCS

The effects o f  serotonin were studied  in vitro and in v ivo on the func
tions of the p itu itary—adrenocortical system  in the resting state and during 
load. Twenty pg o f serotonin, injected in to  the lateral ventricle, counteracted
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pituitary—adrenocortical activation by surgical stress. A dm inistration of 
crystalline serotonin (20 цg) into the ventrom edial hypothalam us decreased  
the exten t o f p ituitary-adrenocortical activation  by ether stress, w ith  the  
basal secretion unaltered. A similar am ount o f serotonin im planted in to  the  
anterior or posterior hypothalam us had no effect on either basal secretion  
or load-induced activation  o f the p itu itary—adenocortical system .

Under conditions in vitro, serotonin (K U 7 M/l) slightly increased adrenal 
corticosterone production but had no influence on the increase in the cortico
sterone production induced by exogenous ACTH or anterior lobe tissue. 
In addition, it inhibited the stim ulatory effect o f hypothalam ic tissue on the  
pituitary—adrenocortical system .

It is concluded that at the hypothalam ic level serotonin inhibits the  
load-induced activation  o f the pituitary—adrenocortical system .

Binding of oestradiol in the hypothalamus 
of normal and androgenized rats

M A R IE T T A  V É R T E S  a n d  Z SU ZSA  V É R T E S
IN ST ITU TE OF PHYSIOLOGY, U N IV E R S IT Y  MEDICAL SCHOOL, PÉCS

B inding o f (6,7 3H)-oestradiol-17-/5 in the hypothalam us has been  
studied at various stages of postnatal developm ent in normal and androgen
ized fem ale albino rats (1 mg of testosterone propionate subcutaneously at 
the second postnatal day).

No specific oestradiol binding was observed in the hypothalam us at 
the age o f 14 days. B y  the 21st day, specifically  bound 3H -oestradiol appeared  
in the nuclei, as a sign o f the developm ent o f oestradiol reception. B inding  
in both the cytoplasm  and the nucleus increased w ith age, reaching the  
highest value after sexual m aturation.

A ndrogenization had a profound influence on oestradiol binding in the  
hypothalam us. The m arked augm entation o f binding in the cell nucleus seen  
under normal conditions on the 21st day o f  life failed to occur in androgenized  
animals, and the binding of oestradiol in  the cell nuclei was far below the  
control also in older anim als. Binding in the cytoplasm  increased in im m ature 
animals under the effect o f androgenization, i.e. the am ount of 3H -oestradiol 
specifically  bound in the cytoplasm  was higher than in the controls. In m ature  
animals, how ever, binding in the cytoplasm  was decreased by androgenization.
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Effect of postnatal oestradiol treatment on DNA 
and RNA synthesis in the brain

Z SU ZSA  V É R T E S , M A R IE T T A  V É R T E S  and  S. KOVÁCS
IN ST IT U T E  OF PHYSIOLOGY, U N IV E R S IT Y  M EDICAL SCHOOL, PÉCS

The effect o f 500 pg of oestradiol, adm inistered subcutaneously on the  
second postnatal day, was investigated  on D N A  and R N A  synthesis in the  
brain (cerebrum, cerebellum, hypothalam us) at various points of tim e of 
postnatal developm ent in fem ale albino rats.

After oestradiol adm inistration incorporation of 3H -thym idine into D N A  
decreased considerably in all brain regions. The decrease was especially m arked  
during the first week. After the second week, however, no difference could  
be dem onstrated between treated and control animals.

Incorporation of 14C-orotic acid into R N A  decreased considerably after 
postnatal oestradiol treatm ent. The dim inution was m ost marked in the  
anterior hypothalam us and m ainly in the younger age groups. At the age of 
60 days no significant difference in incorporation could be found betw een  
treated and control animals.

Effect of К ion on homoserine dehydrogenase activity 
of C h lam ydom on as re in h a rd ti

I. V IN C Z E  an d  G. D É N E S
IN STITU TE OF M EDICAL CHEM ISTRY, SEM M ELW EIS U N IV ER SITY  M EDICAL SCHOOL, BU DAPEST,

AND BIOLOGICAL CENTRE OF T H E  H UN G A RIA N  ACADEMY OF SCIENCES, SZEGED

Hom oserine dehydrogenase is an allosteric enzym e at the branching  
point of amino acid biosynthesis starting from aspartic acid. The enzym e  
catalyzes the transform ation o f aspartic sem ialdehyde into homoserine in the  
presence of N A D H  and N A D . The reaction is inhibited by one o f the end  
products, i.e. threonine on the one hand and by cysteine on the other. Of the  
m onovalent cations, potassium  increases the activ ity  of the enzym e, decreases 
or abolishes the inhibitory effect o f threonine, but has no influence on th at  
o f cysteine. A com petition w ith threonine could be dem onstrated in the effect 
o f К  ion. The k inetically  determ inable dissociation constant of threonine  
exhibited a 45-fold augm entation, from 1 . 5 x 1 0  5 to 7 .10~ 4, in the presence 
o f 100 mM o f К  Cl. The homoserine dehydrogenase of Chlamydomonas rein
hardti  was inactivated  at 50°C. Threonine protected the enzym e against this 
inactivation . This phenom enon was used for determ ining the dissociation  
constant of threonine, independent o f kinetic conditions. Potassium  ion had  
no influence on the dissociation constant of threonine determ inable in this 
w ay. It is assum ed that the threonine—enzym e is a kinetically inactive com plex  
which is transform ed into the k inetically  active com plex threonine—enzym e—K .
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Inhibitory effect on gastric secretion and ulceration 
of actinomycin-D, cyclophosphamide 
and mannomustine in the Shay rat

F . V IZ I, G. M Ó ZSIK  an d  T. JÁ V O R
FIR ST  D EPARTM ENT OF M ED ICIN E, U N IV ER SITY  MEDICAL SCHOOL, PÉCS

The effect o f m annom ustine, cyclophospham ide and actinom ycin-D  was 
investigated  on gastric secretion, hydrochloric acid secretion and ulcer devel
opm ent in Shay rats, 7 and 24 hours after pyloric ligation .

1) M annom ustine (0.1, 1.0, 10.0 and 25.0 mg) sign ificantly  decreased  
gastric secretion, acid secretion and ulceration in both  groups of anim als;
2) actinom ycin-D  (100, 200 and 250 /ig) sign ificantly decreased gastric secre
tion, acid secretion and ulceration in both groups of anim als; 3) cyclophos
pham ide (1 .0— 10.0 mg) sign ificantly decreased gastric secretion, acid pro
duction and ulceration in both groups o f animals.

The following conclusions have been drawn. 1) The inhibitory effect o f  
drugs applied on gastric secretion and acid secretion is m anifest w ithin 0 —7 
hours after pyloric ligation , while the inhibitory effect on ulceration appears 
between the 7th and 24th hours. 2) The inhibitory effect on gastric secretion  
and ulceration can be separated in tim e by means o f the cytostatic drugs.
3) A ugm entation of nucleic acid m etabolism  plays an im portant part in the  
developm ent of gastric hypersecretion and ulceration, while its inhibition  
counteracts both gastric hypersecretion and ulceration.

Cerebral rheographic investigations 
during pressing load (weight-lifting)

S. W A H L ST A B , P . A P O R , M Á RTA M IK L Ó S and  JO L Á N  P E T R E S
NATIONAL IN STITU TE OF SPORTS M ED IC IN E , BU DA PEST

The fits  of dizziness and unsteadiness occurring during pressing raise 
the possibility of a functional disturbance o f the central nervous system . 
It was therefore studied w hat changes occur in the rheographic param eters 
of the head, the C 02 and 0 2 content o f expired air, and some circulatory  
parameters during w eight-lifting o f nearly 100% in tensity .

B y the 10th— 20th second after pressing, relative pulse volum e increased. 
The relationship between rheographic changes, gas content of expired air, 
cardiac work and other parameters is discussed.
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Effect of cortisone treatment and adrenalectomy 
on 5 -HT metabolism of mouse tissue

M Á R IA  W E N T  an d  B . CSABA
IN STITU TE O F PATHO PHY SIOLOG Y , U N IV E R SIT Y  MEDICAL SCHOOL, D EBRECEN

It is known th a t m ice becom e sensitive to shock m ediators after adrenal
ectom y and that th is sen sitiv ity  decreases after cortisone treatm ent.

In the present experim ents, cortisone treatm ent sign ificantly  decreased 
the 5-HT level in the blood, liver, lung, pylorus and sm all intestine o f  the  
m ouse. After adrenalectom y, the 5-HT level decreased in the blood but 
increased in other tissues.

A ctiv ity  o f 5-hydroxytryptophan decarboxylase an enzym e participat
ing in 5-HT syn th esis, did not change after adrenalectom y or cortisone treat
m ent. M onoamine oxidase activ ity  was unaltered after adrenalectom y and 
decreased after cortisone treatm ent in all the investigated  organs.

Thus, although adrenalectom y or cortisone treatm ent were considerably  
affecting tissular 5-H T  level and, essentia lly  in opposite directions, their 
effect is not brought about at the level o f the enzym es im m ediately involved  
into the m etabolism  o f 5-HT.

The role of the kidney
in the calcium adsorption promoting effect of Vitamin D

M. W IN T E R , E . M O RA V A , E . SZ E N T G Y Ö R G Y I, Á G N ES F R A N K  and  G. SIM O N
IN STITU TE O F PATHO PHY SIOLOG Y , SEM M ELW EIS U N IV ERSITY  M EDICAL SCHOOL,

AND IN ST ITU TE OF N U T R IT IO N , BUDAPEST

The role o f the k idney in enteral calcium  adsorption has been studied  
in the rat. In anim als kept on a normal d iet, renal failure did not influence  
calcium  adsorption, irrespective o f the fact whether the uraemia had been  
brought about by b ilateral nephrectom y or bilateral ligature of the ureters. 
In accordance w ith  previous results, physiological doses of vitam in  D m arkedly  
increased enteral calcium  adsorption in v itam in  D deficient animals. No such  
effect was seen in anim als suffering from renal failure. The phenom enon was 
more marked in rats w ith  bilateral nephrectom y than in those w ith ureteric 
ligature, although the degree of azotaem ia was similar. Thus, intact kidney  
tissue is necessary for the action o f v itam in  D.
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Mechanism of the hormonal activation of adenyl cyclase

M Á R IA  W O L L E M A N N  a n d  T . FA R K A S
SECTION OF BIOCHEM ISTRY, BIOLOGICAL C EN TRE OF T H E  HUNGARIAN ACADEM Y OF SCIENCES,

SZEGED

A denyl cyclase activ ity  was investigated  in the particulate fraction of 
rat heart and brain in the presence o f noradrenaline, isoprénaline, acety l
choline and carbam ylcholine. The activating  effect o f catecholam ines was 
inhibited by receptor blocking agents and left uninfluenced by 3 x l 0 -3  M 
of theophylline. In the rat heart fractions, the cholinesters applied at the sam e  
concentration counteracted the effect o f catecholam ine and inhibited the  
basal a ctiv ity  o f adenyl cyclase. This effect o f catecholam ines is probably  
brought about partly through an activation  o f phosphodiesterase.

In sam e cellular fractions, catecholam ine inhibited the incorporation o f  
32P into various lipid fractions. In contrast, incorporation was enhanced b y  
acetylcholine. I t  is concluded that the m etabolism  of m em brane lipids plays 
an im portant part in the horm onal regulation of adenyl cyclase activ ity .

Anti-inflammatory effect of heptyl esters
E L E O N Ó R A  Z S IL IN S Z K Y , J .  LO N O Y ICS and Á. G E C SE

IN ST ITU TE OF PATHOPHYSIOLOGY, U N IV ER SITY  MEDICAL SCHOOL, SZEGED

Phenylalanine and arginine are known to play a decisive role in  the  
binding of bradykinin to receptors. I t  seem ed thus in teresting to investigate  
the antagonistic effect o f heptyl esters o f these amino acids against in flam 
m atory m ediators.

The experim ents were performed on guinea pigs as w ell as on R -A m ster
dam and CFY rats. The hepty l ester o f  phenylalanine (P H E ) m arkedly in 
hibited the increase in perm eability caused by bradykinin, carrageenin, 
serotonin and dextran. The effect was considerably weaker on inflam m ation  
induced by histam ine. The effect o f arginine heptyl ester (A H E ) was sim ilar 
to that of P H E , except th at it  inhibited histam ine to a greater exten t and  
serotonin to a lesser extent.

An attem pt was made to inhibit by A H E  and PH E the bronchial spasm  
elicited in the guinea pig by vasoactive m ediators. Sim ultaneous application  
of the esters and m ediators in aerosol prevented the bronchial spasm . W hen  
the concentration of A H E and PH E  was above 0.25% , the bronchial spasm  
previously evoked by the vasoactive substance ceased and respiration becam e 
normal.

It seems that the amino acid esters prepared by the authors possess 
a favourable anti-inflam m atory effect and m ay be used for therapeutic  
purposes.
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Investigation of pancreatic excretion 
by application of a chronic fistula

Á G N ES J .  Z S IN K A
IN STITU TE OF N U T R IT IO N , BUDAPEST

For studying pancreatic excretion, the physiologically  m ost appropriate 
m ethod involving a chronic fistula has on ly  been used in large animals, owing 
to the technical d ifficu lty  of the surgical procedure. H ow ever, under certain  
conditions, for instance, in nutrition studies, the om nivorous rat m ust be 
used. For this purpose, m ethod has been developed for creating a chronic 
fistu la . For checking the applicability o f  the chronic fistu la , the secretin - 
pancreozym in test was used. The experim ents were perform ed on tw o groups 
of animals. In one group a chronic fistu la  was created and the investigations  
were performed on w aking animals. In  the second group an acute fistu la  was 
prepared in anaesthetized  rats. The am ount of pancreatic juice secreted  
spontaneously, or under the effect o f secretion pancreozym in, as well as the 
to ta l protein content, trypsin, lipase and am ylase a c tiv ity  were determ ined  
and the mean values compared. The relationship betw een secretion, enzym e  
activities and h istological picture was also investigated . The m ethod seems 
suitable for studying in  vivo the excretion  of the in tact and the injured  
pancreas.
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Gerichtsmedizin, Onkologie. Abhandlungen in englischer und deutsche! Sprache.

ACTA PAEDIATRICA
ACADEMIAE SCIEN HARUM HUNGARICAE

T h em en k reis: Kinderheilkunde und Grenzgebiete. Abhandlungen in deutscher, 
englischer, französischer und russischer Sprache.



2 5  b  S

Wir em pfehlen . . .

ACTA PHYSIOLOGICA
ACADEM1AE SCIENTIARUM HUNGARICAE

T h em en k re is: Physiologie, Biochemie, Biophysik, Pharmakologie. Abhandlungen 
in englischer, manchmal auch in deutscher und französischer Sprache.

HAEMATOLOGIA
T h em en k reis: Origmalbeiträge aus dem Bereich der Hämatologie und der mit ihr 
verknüpften Wissenschaften; komplexe und stets neueste Informationen über die 
internationale Entwicklung dieses Wissensgebietes. Zusammenfassende Beiträge 
über aktuelle Probleme, über die theoretische Forschung und die klinische Praxis. 
Bücher- und Zeitschriftenschau sowie Dokumentation der wichtigeren und der nicht 
so leicht zugänglichen Zeitschriften. Abhandlungen in deutscher, englischer, fran
zösischer oder russischer Sprache.

International UROLOGY and 
NEPHROLOGY
T h em en k re is: Originalbeiträge auf dem Gebiet der klinischen und experimentalen 
urologischen Chirurgie, der Nephrologie und der Andrologie; u. a. über Probleme 
der klassischen Urologie, der Hämodialyse, der akuten und chronischen Nieren
insuffizienz, der Nierenverpflanzung, der männlichen Sterilität und der Sexologie. 
Abhandlungen in englischer Sprache.

Diese Zeitschriften werden von den besten Vertretern der betreffenden Wissenszweige 
redigiert. Die Beiträge werden in den Zentralblättern laufend referiert. Sie erscheinen 
in vier Heften, die jährlich einen Band von etwa 400 — 500 Seiten bilden.

Abonnementspreis pro Band: US $32.00

AKADÉMIAI KIADÓ
Verlag der Ungarischen Akademie der Wissenschaften 
BUDAPEST
Vertrieb: Kultúra, H-1389 Budapest, Postfach 149
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Neue Ergebnisse zur Informationsaufnahme 
und Informationsverarbeitung in Sinnesorganen

Symposion der Deutschen Akademie der Naturforscher Leopoldina 
vom 18. bis 19. Oktober 1971 in  Halle (Saale)
Herausgegeben von Prof. Dr. В. Lüeken, Halle/S., und Prof. Dr. Dr. 
J.-H. Scharf, Halle/S.
(N o v a  a c ta  L eopold ina . N eue  F o lge . N r . 208 Bd. 37 /2)
1973. 331 Seiten mit 229 Abbildungen und 21 Tabellen 
Broschiert 46,— M

Da die Jahresversammlung 1971 der Leopoldina das Gesamtgebiet der „Infor
matik“ behandelte, entstand der Wunsch, den speziellen Problemen aus dem Grenz
gebiet zwischen Informatik und Sinnesphysiologie ein Spezialsymposion in un
mittelbarem Anschluß an die Jahresversammlung zu widmen. Der vorliegende 
Band legt 20 Vorträge international anerkannter Experten vor, die aus Europa 
und Übersee nach Halle gekommen waren. Berücksichtigt sind Wirbellose und 
Wirbeltiere.

B este llu n g en  an  den B uchhande l e rb e ten

J O H A N N  A M B R O S I U S  B A R T H  L E I P Z I G

Festschrift für Bernd Lueken
anläßlich seines 65. Geburtstages am 8. August 1973

Herausgegeben von Prof. Dr. Dr. h. c. mult. К. MOTHES, Halle/S., 
und Prof. Dr. Dr. J.-H. SCHARF, Halle/S.

(Nova acta Leopoldina. Neue Folge. Nr. 211, Bd. 38)
1973. 595 Seiten mit 229 Abbildungen und 23 Tabellen 
Broschiert 90 ,— M

Dem bekannten halleschen Herz- und Neurophysiologen Bernd L ü e k e n  ist 
die Festschrift anläßlich seines 65. Geburtstages gewidmet worden, um seine her
vorragenden Verdienste als Wissenschaftler und als langjähriger Senator der 
Deutschen Akademie der Naturforscher Leopoldina zu würdigen. D ie Festschrift 
enthält Beiträge zur Herzphysiologie, u.a. von K. W e z 1 e r, zur Sinnesphysio
logie, u. a. von H. D  r i s c h e 1, W. D . K  e i d e 1 und R. T h a u e r sowie 
weitere Arbeiten zur normalen bzw. pathologischen Physiologie und mathematische 
Beiträge, u. a. über biologische Modellbildungen und quantenmechanische Mes
sungen in der Biologie.

B es te llu n g en  an den B uchhande l e rb e ten

J O H A N N  A M B R O S I U S  B A R T H  L E I P Z I G
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РЕЗЮМЕ

СОДЕРЖАНИЕ ЛИПИДОВ В РАННИХ ЧЕЛОВЕЧЕСКИХ  
ЭМБРИОНАЛЬНЫХ ТКАН ЯХ

В. НИКОЛАШ ЕВ, Б . А. РЕШ , Й. МЕСАРОШ, Ф. Э. СОНТАГ и Ш. КАРАДЫ

Исследовалось содержание липидов в последе и в различных органах (мозг, печень 
сердце, легкие, почка) 12-недельных человеческих эмбрионов, полученных при прерыва
нии беременности. Определялось количество холестерина, холестерин-эстера, свободной 
жировой кислоты, моноглицерида, 1, 2-диглицерида, 1,3-диглицерида и триллицерида 
и изучался состав жировых кислот этих липидных фракций. Результаты дают прежде 
всего информацию о стандартных величинах, имеющихся в ранней беременности.

ДЕЙСТВИЕ ВВЕ ДЕ Н Н Ы Х  ОДНОВРЕМЕННО ЭСТРИОЛА 
И ПРОГЕСТЕРОНА НА ЭКСКРЕЦИЮ НАТРИЯ И КАЛИЯ И НА 

ИХ ТКАНЕВОЕ СОДЕРЖАНИЕ В ПОЧКЕ У КРЫС-САМОК

А. И. РАДЕВ

Интактным крысам-самкам вводилось подкожно 2 Мг эстриола и 0,002 г прогестерона 
ежедневно в течение 10-и дней. В этот период каждый день определялись мочеопорожне- 
ние, уровень натрия, калия и уровень осмотически активных веществ в моче и концентра
ция эндогенного креатинина в последней порции мочи. По окончании экспериментального 
периода измерялись содержание натрия, калия и воды в коре, медулле и соске почки, 
клиренс натрия, калия, осмотически активных веществ и эндогенного креатинина. Одно
временное введение двух гормонов повышало гломерулярную фильтрацию (QFR) и реаб
сорбцию натрия и калия. Содержание натрия и калия в коре и медулле повышалось, 
а в области соска не изменялось.

К ЭЛЕКТРОФИЗИОЛОГИЧЕСКОМУ АНАЛИЗУ ВЛИЯНИЯ  
АТРОПИНА НА РЕАКЦИЮ САМОРАЗДРАЖЕНИЯ У КОШЕК

О. БА К Л А ВА Д Ж Я Н , Г. БУЖ АКИ и Л . А Н ДЬЯН  

На русском языке.

ТОРМОЖЕНИЕ МИКРОСОМАЛЬНОГО МЕТАБОЛИЗМА ЛЕКАРСТВ 
2-{[2-(4-ПИРИДИЛ)-МЕТИЛ]-ТИО}БЕНЗИМИДАЗОЛОМ (Н-718)

Ф. ВАРГА, Е. ФИШ ЕР и Т. СИЛИ

Величина Л Д 50 Н-718 при внутрибрюшинном введении у крыс была 314 мг/кг. 
Период сна, вызванного гексобарбиталом, продлевался в 4 —5 раз и время полураспада 
концентрации гексобарбитала в плазме увеличивалось после внутрибрюшинного введения 
10— 15 мг/кг Н-718. Этот препарат предотвращал тремор, вызванный треморином, но не 
тормозил тремора, вызванного оксотреморином. Он удлинял время выживаемости крыс,



обработанных летальной дозой паратиона, но не влиял на токсичность параоксона. Пече
ночное микросомальное окисление гексобарбитала, гидроксиляция анилина и N-деметиля- 
ция аминофенорона значительно тормозились Н -718 при его концентраци 10-4 М, но 
при этой концентрации активность прокаин-эстеразы уменьшалась только умеренно. Пре
парат, даже в дозе 50 мг/кг, при внутрибрюшинном введении, не оказывал влияния на 
связывание бромсульфофталеина с глутатионом. Данные показывают, что Н-718 тормо
зит микросомальную, зависящую от NADPH и цитохрома Р 450, энзимную систему печени, 
метаболизирующую лекарство.

ТОРМОЖЕНИЕ МЕТАБОЛИЗМА ГЕКСОБАРБИТАЛА  
ПРОИЗВОДНЫМИ ПИРИДИЛА

Ф. ВАРГА, О. X . ХАНКОВСКИ, К. Х И Д ЕГ, Е. Ф ИШ ЕР и Т. СИЛИ

У  крыс сравнивались эффекты 34 производных пиридила на продление времени 
сна, вызванного гексобарбиталом. Было найдено, что эти вещества увеличивали продол
жительность действия гексобарбитала, торможением его микросомального окисления. 
Носителем эффекта является пиридиновое кольцо. N-метиляция пиридинового кольца 
уничтожала тормозное действие. Производные 4-пиридила были всегда более эффектив
ными, чем производные 3-пиридила, а они были эффективнее, чем производные 2-пиридила. 
Сама гаптофорная часть молекулы не эффективна и может иметь различные химические 
структуры. Гаптофорная группа усиливает слабое тормозное действие пиридина в 10—100 
раз.

ВЛИЯНИЕ БЕТА-АДРЕНЭРГИЧЕСКОГО ТОРМОЖЕНИЯ НА АРИТМИЮ, 
ВОЗНИКАЮЩУЮ ПОСЛЕ ПЕРЕВЯЗКИ КОРОНАРНОЙ АРТЕРИИ

И. КЕН ЕД И  и А. ЛОШ ОНЦИ

После перевязки левой коронарной артерии по методу Selye, в 19-и из 20-и экспери
ментов возникала более или менее тяжелая аритмия, с различной продолжительностью.

У  15-и из 20-и животных, обработанных предварительно 200 мг на 100 г веса тела 
пропранолола (Inderal, ICI), деятельность сердца стало ритмической в течение 15-и сек. 
В 11-и случаях зубец QRS постепенно уменьшался. Только в двух опытах наблюдалась 
экстрасистола. У 6-и животных возникало трепетание или мерцание желудочка, из них 
3 погибли. В 12-и опытах частота постепенно замедлялась и сердце останавливалось. 
В этих случаях была найдена тяжелая дилатация сердца, ишемический левый желудочек 
был акинетическим и сводчатым, как аневризма.

После введения 20 мг на 100 г веса тела пиндолола (Visken, Egyt-Sandoz) у 24-ех 
животных перевязывалась коронарная артерия. В 3-ех опытах аритмия не возникала. 
3 крысы погибли, у других деятельность сердца была ритмической до 7—8-ой мин. Тогда 
появились переходные, спонтанно исчезающие гетеротропные расстройства выработки 
импульса. Сердце ни у 3-ех погибших животных, ни у животных, контролируемых через 
10 мин или 24 часа, не было дилатировано и сокращение ишемического левого желудочка 
казалось нормальным.

После обработки практололом было сделано 20 перевязок. В большинстве случаев 
очень быстро начиналась регулярная синусовая деятельность. В 7-и случаях ЭКГ пока
зывала расстройство в проведении возбуждения (в 5-и случаях атриовентрикулярный 
блок второй степени и в 2-ух случаях блок ножки Tawara). В 4-ех случаях возникало 
трепетание или мерцание желудочка, которое было ирреверсибильным. Кроме этого 
3 опыта закончились летально в течение 10-и мин. В конце опыта в 5-и случаях были 
найдены значительная сводчатость левого желудочка и акинез, в 3-ех случаях — только 
недостаточное движение левого желудочка.



АНАЛИЗ СНИЖАЮЩЕГО ТЕМПЕРАТУРУ ЭФФЕКТА ОКСОТРЕМОРИНА 
НА КРЫСАХ И МЫШАХ

Д . В. ФАН, Л . Д Ь Е Р Д Ь , Б . ВАРГА и 3 . СЕЛЕН ЬИ

Исследовалось влияние оксотреморина на температуру тела мышей и на темпера
туру тела и кожи и потребление кислорода у крыс.

При комнатной температуре оксотреморин значительно уменьшал температуру 
тела мышей. У крыс повышал температуру кожи хвоста, уменьшал температуру тела 
и вызывал двухфазное повышение потребления кислорода. Можно предполагать, что 
причиной гипотермии является повышение теплоотдачи.

При окружающей температуре в 16°С у крыс оксотреморин повышал температуру 
кожи, но в меньшей степени и в продолжении более короткого времени, чем при комнатной 
температуре. Значительно уменьшал температуру тела, и вначале уменьшал, потом повы
шал потребление кислорода. В гипотермии играло роль и уменьшение теплопродукции.

При окружающей температуре в 30°С оксотреморин не повышал температуру 
кожи, не оказывал влияния или повышал температуру тела и усиливал потребление 
кислорода.

Сульфат атропина тормозил вышеупомянутые действия оксотреморина, а метил- 
атропин не влиял на них. Гипотермия, вызванная оксотреморином, исходила из централь
ной системы.

Небольшая доза уретана тормозила тремор и обе фазы повышения обмена веществ, 
вызванные оксотреморином.

При повторном введении оксотреморина ослабевал его уменьшающий температуру 
эффект на крысах. На мышах предварительная обработка треморином тормозила гипо
термию, вызванную оксотреморином.

Дилатация сосудов в коже и повышение кровяного давления, вызванные оксотре
морином, возникают одновременно на наркотизированных крысах. Против первичного 
эффекта быстро, против вторичного медленно возникала тахифилаксия.

Активность некоторых из изученных веществ (катехоламины, ацетилхолин, кар- 
бохол, хлорпромазин, этанол, вазопрессин, амилнитрат) не достигала расширяющей 
сосуды активности оксотреморина.
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India Book House 
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USA
F. W. Faxon Co. Inc.
15 Southwest Park 
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Stechert-Hafner Inc.
Serials Fulfillment
P. O. Box 900
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Fam Book Service
69 Fifth Avenue
N e w  Y o r k  N .  Y . 1 0 0 0 3

Maxwell Scientific International Inc.
Fairview Park
E l m s f o r d  N .  Y . 1 0 5 2 3

Read More Publications Inc.
140 Cedar Street 
New Y o r k  N .  Y . 1 0 0 0 6

VIETNAM 
Xunhasaba 
32, Hai Ba Trung 
H a n o i

YUGOSLAVIA 
Jugoslovenska Knjiga 
Terazije 27 
B e o g r a d  

Forum
Vojvode MiSiáa 1 
2 1 0 0 0  N o v i  S a d

2 5 .  I X .  1 9 7 5 In d e x : 26.023
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