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The perception and analysis o f  various inform ations about the surround
ing media are essential aspects o f higher nervous a ctiv ity  o f anim als and man. 
The typ e of analysis o f spatial signals is determ ined by the phylogenesis o f  the 
nervous system , its ontogenesis and ecological specialization o f an alysatory  
system s. The range o f spatial inform ation and m eans of its evalu ation  reflect 
basic factors o f the evolution  of analysatory system s and behaviour tak en  as a 
w hole. The part of higher nervous activ ity  known as spatial analysis has been  
the subject of special and system atic  studies carried out in our laboratory  
headed by one o f the authors ( A i r a p e t i a n z  1967). Investigation  o f the problem  
is closely related to  the m ost urgent tasks o f space study. Our researches have  
been based on the work o f I. M. S e c h e n o v , I. P. P a v l o v  and A. A. 
U k h t o m s k y .

During the last years a tten tion  of biologists and engineers has been fo
cussed on some anim als using a specific mode of orientation in space-echolocation .

E cholocation analysis is based on the em ission of ultrasonic pulses with  
the sequential pick up and treatm ent of their echoes returned from the objects; 
a number o f anim als are using th is particular w ay o f “ fum bling” space for de
tection  and avoiding interceptions as well as for searching and catch in g  food. 
The real “ aces” o f écholocation are small insectivorous hats o f th e  suborder 
M icrochiroptera w hose m echanism s o f space orientation have been th e  subject 
o f our investigations for a few years. Our studies on écholocation were carried 
out in the follow ing directions.

F irstly , a b ioacoustic stu d y  o f the location signals the bats are em itting  
during flight when th ey  detect obstacles, catch insects and distinguish  betw een  
different geom etrical figures used as conditioned stim uli.

Secondly, electrophysiological investigations o f  the receiving (auditory) 
system  of b a t’s echolocators, detection  of nervous centres participating in the
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p ick  up and analysis o f  ultrasonic signals (b y  the m ethod o f evoked  
p o ten tia ls), investigation  o f  the neuronal organization  o f the auditory system  
and  properties of its sep arate  neurons.

Thirdly, a m orphophysiological study o f auditory centres and their role 
in  th e  process of éch o location .

1. Parameters o f  u ltrasonic signals o f  bats

According to the acou stic  characteristics o f location  signals, all the bats 
on th e  territory of the S o v ie t  Union m ay be d iv ided  into tw o isolated  groups. 
T h e  first group com prises b a ts  o f the fam ily Y espertilionidae. The typ ica l spec-

F ig . 1. M yotis oxy g n a th u s a n d  th e  oscillogram  of i ts  lo c a tio n a l signal. T he line in te rse c tin g  th e  
pulses in d ic a te s  changes in  th e  fre q u e n c y  sweep

im en  is M yotis oxygnathus (F ig . 1). Like other species o f Y espertilionidae M yo 
tis  oxygnathus emits through  th e  mouth short pulses of 5 msec duration. D e
p en d in g  on the situation  th e  pulse-repetition rate m ay vary from 8 — 10 pulses 
per sec during a peaceful searching flight to  100-—150 pulses per second upon 
overcom in g of obstacles or in sect catching. The characteristic feature of pulses 
e m itte d  by the bats o f th is  group is a linear change o f the frequency sweep 
w ith in  each pulse. Such p u lses were called frequency m odulated ( G r i f f i n  1958; 
N o v i c k  1958). In our co n d itio n s in M yotis oxygnathus the frequency at the b e
g in n in g  o f the pulse w as 90 — 120 kc dim inishing alm ost linearly to  20 — 30 kc 
at th e  end. Thus the freq u en cy  change covers about tw o octaves. Oscillograms 
o f  th e  typ ica l pulses o f M yo tis  oxygnathus are represented in Fig. 1.

T he pulses of bats b elonging  to the second group com prising H orseshoe 
b a ts , R hinolophidae, h ave different characteristics. According to  M ö h r e s  

(1953), Rhinolophidae em it location  signals not through the m outh hut through  
th e  n ostrils, lying at a d istan ce  o f  half a w avelength  o f  an em itted  ultrasound in
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the depth of a leathery process (F ig. 2). The latter serves for focussing an 
ultrasonic beam  and changing th e  diagram o f its direction.

I t  was generally acknowledged th at Rhinolophidae send standard mono- 
frequent signals which have durations from 60 to  100 msec, i.e. 2 0 —50fold o f  
th a t in Vespertilionidae. The pulse repetition rate is constant, attain ing 4 —6 
pulses per second. This m ono-regim e function o f the écholocation system  was

regarded as a peculiarity of the H orseshoe bats hut our experim ents have shown  
th at the echolocators of R hinolophidae can work in tw o regimes.

For orientation in space during a peaceful searching fligh t a Horseshoe 
bat utters single sounds the average duration o f which is 50 m sec, and the m ax
im al, 95 msec (Fig. 2). The pulse-to-pulse intervals are 45 — 50 m sec on the  
average. Seeing an unknown object the animal begins to  investigate it. In 
stead  o f single signals, it em its “ packs” o f shorter im pulses interrupted by sm all

1 * Acta Physiologica Academiae Scienliarum Hungaricae 35, 1969

Fig. 2. T he big Horseshoe b a t  (R h in o lo p h u s fe rru m -eq u in u m ) an d  th e  oscillogram  o f a single
lo ca tio n a l signal
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pauses (Fig. 3). The nearer the Horseshoe bat to the object the greater the 
num ber of pulses in th e  pack. Each pack m ay contain 2, 3, 4 or even 20 pulses. 
W ith the increase o f their number in the pack, the duration of these pulses and 
pauses between them  is reduced. Intervals betw een the packs remain alm ost the  
sam e as in the case o f  single pulses, or even decrease. As a result o f such “ sp lit
ting’’ o f signals, the effectiveness of the H orseshoe b a t’s echolocator rises 
thus increasing the am ount o f inform ation to be obtained. This is a partic
ular écholocation regim e earlier unknown for R hinolophidae.

Fig. 3. O scillogram s o f pu lses o f R hino lophus fe rru m -eq u in u m  e m itte d  in  “ pack s” . 1, 2, 3, 4 — 
“ p a ck s”  of 2, 3, 5 and 8 p u lses. Pu lses in the  packs a re  d iv id ed  by  sh o rt pauses and  packs of

2 and  3 pulses, b y  in te rv a ls

The pulse frequency sweep in Rhinolophidae has no such m odulation as 
is typ ica l for the pulses o f Vespertilionidae. The frequency of pulses in the packs 
as w ell as in  single signals remains constant attain ing 80 —100 kc in the  
different species. B ut som etim es at the beginning and always at the end of 
each pulse the frequency changes by 15 — 20 kc. The pulse am plitude in this 
region in some Rhinolophidae sharply increases form ing a peak.

H ence, the form s o f écholocation in bats of different fam ilies are 
different. However, all these bats live under similar conditions, detect and 
overcom e various interceptions, catch the fly in g  insects and, hence, m ust 
solve the same locational problem s. They do solve them , but not always in 
the sam e way.

2. Hearing and écholocation during insect catching

All bats of our fauna are insectivorous. Opinions differ as to  the means the  
bats are applying for detecting  and catching insects. Som e o f the authors 
( K u z y a k in  1950; T r e a t  1955) believe th at on ly  hearing helps bats to obtain  
food, while others ( G r i f f i n  et al. 1960) have proved experim entally under labo-
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BRAIN ECHOLOCATION MECHANISMS 5

ratory conditions the ab ility  o f bats to  catch insects using only their écholoca
tion  apparatus. B ut w hat about natural conditions ? Do different bats behave  
differently during pursuit? W e have m ade an a ttem p t at answering these ques
tions when working in the field during the exp ed ition  in Nagorny K arabakh  
in 1966.

3

F ig. 4. T he e x p e rim e n ta l f l ig h t room  an d  th e  schem e o f re g is te rin g  loca tional sig n a ls o f b a ts . 
A b b rev ia tio n s: 1 =  condenser m icrophone w ith  c a th o d e  follow er; 2 and 3 =  la te ra l  and 
f ro n ta l cam eras fo r reg is te rin g  th e  b a t ’s f l ig h t;  4 =  e lim in a tio n  lam ps; 5 =  c am era  fo r  p h o to 
g rap h in g  oscilloscope screen ; 6 =  am p lifie r; 7 =  d e v io m e te r  perform ing  an  in s ta n t  analysis 
o f th e  freq u en cy  sw eep of th e  signal; 8 =  d u a l b eam  c a th o d e  oscilloscope; 9 =  sy n ch ro n ized  

sy s tem ; 10 =  u ltra so n ic  ta p e  reco rd e r

T he e x p e rim e n ts  w ere carried  o u t in  a  large  f l ig h t c h am b er co nstructed  in  th e  op en  w ith  
a ceiling and  w alls covered  w ith  a th in  ny lo n  n e t  (F ig . 4). T h e  ob se rv atio n s were m ad e  o f c a tc h 
ing  m anoeuvres o f  b a ts  and  th e ir  w ays o f d isc rim in a tin g  free-fly ing  and fix ed  in se c ts . I n  th e  
la t te r  in s tan ce  a liv in g  in sect (m o stly  v a rio u s n ig h t b u tte r f l ie s  and  dragonflies) w as fa s te n e d  to  
a  th in  w ire th e  le n g th  of w hich  lim ited  th e  in se c t’s f l ig h t a n d  in  th e  opposite  en d  of th e  f lig h t 
ch am b er a  b a t  w as se t free.

T he process o f  in sec t ca tch in g  was reco rd ed  b y  tw o  cam eras, while th e  u ltra so n ic  sounds 
e m itte d  by  th e  b a ts  w ere p icked  u p  by  a con d en ser m ic ro p h o n e , am plified  an d  fed  in to  1. an 
u ltra so n ic  tap e  reco rd er, 2. a d ev io m ete r p e rfo rm in g  an  in s ta n t  analysis o f th e  freq u e n c y  sweep 
o f th e  signal, a n d  3. a  d u a l b eam  ca thode  oscilloscope fro m  th e  screen of w hich  th e  s ig n a l and 
its  freq u en cy  c h a ra c te ris tic s  w ere recorded  on 35 m m  film . All these  a p p a ra tu se s  w o rk ed  by  
a synchron ized  sy s te m  (Fig. 4).

Various experim ents w ith synchronous or sequential presentation  of 
active (buzzing) and im m obile insects, as well as insects buzzing but concealed  
from the bat have shown th at bats detect a prey b y  hearing the sounds arising 
from the w ing vibration  o f insects. This is th e  on ly  common feature o f insect
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c a tc h in g  in  V espertilionidae and R hinolophidae ( K o n s t a n t in o v  and S o k o 
l o v  1967).

A fter  the aural d e tectio n  o f an insect, V espertilionidae sharply increase 
th e  a c t iv ity  of their éch o location  apparatus. A t the searching stage M yotis  
oxygn ath u s  emits 7 —10 pu lses per sec w ith  durations of 3 —4 m sec each. The 
freq u en cy  o f these pulses ch an ges from 96 kc on th e  average at th e  beginning  
to  26  k c  a t the end. A pproaching the buzzing in sect to an average o f  2 m  30 cm 
(1 m  80  cm  to  3 m), depending on the species o f  insect, the bat su dden ly  in 
creases th e  em ittance rate o f  signals, reducing th e  intervals betw een th em  to  an 
average o f  40 msec (30 to  70 m sec). Other param eters remain unaltered.

T h is  second phase o f  écholocation  a c tiv ity  was observed on ly  during 
ca tch in g  o f buzzing insects. I t  w as absent w hen th e  bat approached a passive  
in sec t an d  écholocation d irectly  entered the th ird  phase. The onset o f  th e  third  
p h ase  is  characterized on one hand by the appearance of a pulse several tim es 
higher in  am plitude than  th e  preceding as w ell as all the successive pulses and, 
on th e  o ther, by a decrease in  th e  duration o f th e  n ext pulse by 0.8 to  1 msec,
i.e . b y  a b o u t one third. The change of the second in to  the third phase occurred 
at an average distance o f 1 m  10 cm (80 cm to  1 m 40 cm) from th e in sect. A 
furth er approach led to a sim ultaneous decrease o f  intervals betw een pulses and 
th eir  d urations, as well as to  th e  reduction o f am plitudes of signals, w hereas the  
range o f  frequency sweep rem ained alm ost unchanged.

T h e  appearance of th e  second écholocation phase coincided in  distance  
w ith  th e  onset of the audial d etection  of buzzing insects in other experim ents, 
w h ile  th e  third phase was th e  beginning of th e  echolocational detection  ( K o n 
s t a n t i n o v  1968). The exam ple o f a phasic change in the parameters o f  location  
signals o f  M yotis oxygnathus during catching o f buzzing insects is presented  in
F ig. 5.

H en ce  during pursuit o f  in sects V espertilionidae use a com bined location: 
a ta r g e t  is  detected by the m eth o d  o f passive location , i.e. by acoustic percep
tio n , w h ereas pointing and in tercepting  the prey are accom plished b y  m eans of  
éch o loca tion .

R hinolophidae act otherw ise. They do not use écholocation hut are ca tch 
ing in se c ts  w ith  the aid o f p a ssive  location, w hich  means that th ey  orient to 
sounds u ttered  by the insects them selves (butterflies). I f  the b u tterfly  stops 
dead, i .e . folds its wings even  a t a distance o f  15 to  20 cm from the H orseshoe  
b a t, th e  la tter  loses interest and  instantly  flies aw ay. Under natural conditions  
R h in olo  phidae do not respond to  im m obile insects.

A  c lu e  to the understanding o f such great differences in the use o f  echo- 
lo ca tio n  for insect catching b y  th e  bats V espertilionidae and R hinolophidae  
is p ro b a b ly  due to the d ifferent food specialization o f these bats. The m ajority  
of in se c t species serving for food  to  V espertilionidae are not capable o f  discrim 
in a tin g  ultrasounds ( R o e d e r  1965), and cannot therefore detect the bat b y  its
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echo-signals, while n ight butterflies, which m ostly  serve as food for R hinolo- 
phidae, are able to  discrim inate signals o f  bats even  at a distance of 30 m and  
thus avoid encounter ( R o e d e r  and T r e a t  1964). U nder such conditions th e  
less pulses the bat em its, the longer it rem ains unnoticed  and, hence, the more 
chances it  w ill have to  approach and catch its v ic tim .

d is ta n c e  from insec t  ( yi )

F ig . 5. D ynam ics o f  changes in  freq u en cy  of sequence, d u ra tio n  a n d  freq u en cy  sw eep o f p u lses 
o f  M yotis o x y g n a th u s  d u rin g  in se c t catch ing . T he f ir s t  a rro w  in  th e  u p p e r  g rap h  in d ica te s  th e  
m o m e n t o f a u ra l d e te c tio n  o f a n  in sect. T he second a rro w  in d ic a te s  th e  o n se t o f th e  th ird  c a tc h 

ing  s tag e  — ech o lo ca tio n a l d e tec tio n  of an  in sec t a n d  p re p a ra tio n  fo r th e  a tta c k
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3. Ecliolocational discrim ination

Can bats by means o f écholocation , i.e. by the difference in th e  returned  
sign a ls, discrim inate the qu a lity  o f objects and judge about their size and shape ? 
A part from  its scientific in terest, the question  has an im portance for engineering  
and especially  for radiolocational discrim ination of objects. N ow  we can answer 
th is  question  in the affirm ative.

Sim ultaneously w ith  Am erican investigators (G r i f f i n  et al. 1965) but 
u sin g  another technique we have show n th at Vespertilionidae d iscrim inate equ iv
a len t volum etrical figures (cubes, cylinders and pyram ids) (A i r a p e t i a n z  and

F ig . 6. D iffe re n tia tio n  figu res u sed  fo r d isc rim in a tio n  te s ts . All figu res a re  o f th e  sam e size. 
S q u a re  1 (14 X 14) is a po sitiv e  f ig u re , th e  o th e r  sq u a res are n eg ativ e . S q u are  12 is m ade  of 

p lex ig lass , square  13 o f b rass a n d  all th e  re m a in in g  sq u ares are m ade  of a lu m in iu m

K o n s t a n t i n o v  1965) as well as fla t equivalent figures of different shape (squares, 
circles, triangles) or several squares o f about equal size ( K o n s t a n t i n o v  
1966; K o n s t a n t i n o v  and A k h m a r o v a  1968). These experim ents revealed  an 
unusual d ifferentiating ab ility  o f  the écholocation system  of bats. M yotis oxy- 
gnathus, for exam ple, at a d istance o f 2.5 in and at the 80%  level distinguished  
betw een  tw o alum inium  squares w ith  the sides differing in 6 mm on ly , vision  
and olfaction  having been elim inated. E ven  more striking results were 
ob ta in ed  in further experim ents w hich first revealed the possib ility  o f  echo- 
location a l discrim ination in R hinolophidae.

In  F ig. 6 are shown different figures o f identical area which were present
ed for discrim ination to V espertilionidae and Rhinolophidae. As a positive
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(given w ith food) figure we used square 1. All the other targets were negative  
and were sequentia lly  presented together w ith  th e  positive figure. W e have  
obtained sta tistica lly  reliable evidence of the unusual “ analytical” capabilities  
o f the bats. B oth  species distinguished betw een squares with different edges, 
discrim inated fla t squares from concave or con vex  ones, and alum inium  from  
equivalent plyw ood or plexiglass squares a lm ost w ith  equal success at th e  70 
to  100%  level. M yotis  oxygnathus show ed higher and more stable ind ices, 
whereas the discrim ination level of Rhinolophus ferrum -equinum  was som ew hat 
lower (70 to 90% ) but still enough to  speak about discrim ination.

The bats on ly  failed to discrim inate eq u iva len t squares made o f d ifferent 
m etals (e.g. alum inium  square from iron or brass ones).

During these experim ents, ju st as in the previous ones, vision and o lfac
tion  had been elim inated.

The m echanism s underlying echolocational discrim ination o f b a ts are 
still unknown, and form the subject o f our investigations.

4. Electrophysiological investigations o f  the acoustic system o f bats

a ) “ Sum m ary”  electrical reactions. E lectrophysiological experim ents w ith  
Yespertilionidae and R hinolophidae allowed to  stu d y  the electrical reactions  
o f the auditory nerve, dorsal colliculi and cortical auditory area to short u ltra
sonic signals (from 0.25 to 10 msec). Fig. 7 show s the action potentia l o f  the  
auditory nerve (A), evoked potential of the dorsal colliculus (B), and th e  re
sponse o f the cortical auditory area to  the shortest single ultrasonic stim ulus (C). 
This is a general pattern of response to  the shortest ultrasonic signals in the  
tested  regions o f the b a ts’ auditory system  (A i r a p e t i a n z  1967; V a s i l y e v  and 
M a t j u s h k i n  1967; M a t j u s h k i n  1969; K o t e l e n k o  and M a t j u s h k i n  1969; 
see also G r i n n e l l  1963; S uga  1965).

In the case o f longer signals w e observed m ore com plex reactions con sist
ing o f a strong response to the sw itching on o f a stim ulus, an on-effect, a w eak  
response to a current stim ulus (series of low oscillations), and of a more or less 
clear response to  the sw itching off o f a stim ulus, off-effect. “ D ” in F ig. 7 desig
nates the response to  sw itch-on and sw itch -off o f  a stim ulus revealed in th e  dor
sal colliculus. H ence the auditory system  of bats discrim inates between th e  onset 
and the end o f a signal as points carrying th e  greatest amount of inform ation  
( G r i n n e l l  1963; V a s i l y e v  1967).

U sing evoked potentials as indices o f responses of the acoustic system , 
we investigated  frequency-threshold curves in th e  auditory nerve, dorsal colli
culus and cortical auditory area (F ig. 7E). A ll th ese curves had the m inim a in 
the ultrasonic region and were found to  be sim ilar in each animal. The frequency- 
threshold curves o f  the auditory centres o f V espertilianidae and R hinolophidae  
proved to be sim ilar in shape (Fig. 8A). At the sam e tim e we found differences
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F ig .  7. E le c tr ic a l reac tio n s o f th e  a u d ito ry  sy s tem  o f  b a ts  to  single u ltra so n ic  s ig n a ls  a n d  fre 
q u e n cy -th resh o ld  curves o b ta in e d  fro m  these  reac tions 

A  =  a c t io n  p o ten tia ls  o f th e  a u d ito ry  ne rv e  (c a lib ra tio n : 50 /tV, 1 m sec); В =  in d u ced  
p o te n t i a l  reco rd ed  from  th e  su rface  o f th e  d o rsa l co llicu li (on-effect). (C a lib ra tio n : 25 (iV , 
2 m se c ); C =  induced  p o te n tia l  in  th e  a u d ito ry  c o rte x  (C a lib ra tio n : 100 /iV, 20 m sec); D  =  on- 
a n d  o ff-e ffec ts  in  th e  d o rsa l co llicu li (C alib ra tion : 100 / г \ ,  2 m sec); È  =  f re q u e n c y -th re sh 
o ld  c u rv e s  o f  th e  au d ito ry  n e rv e  (av erag e  and  e x tre m e  v a ria tio n s ), dorsal colliculi a n d  co rtex . 
T h e  a b sc issa  gives th e  freq u en cy  o f  u ltra so u n d  in  k c /s , th e  o rd in a te , th resh o ld s in  d b  (above

th e  leve l o f 0.0002 d y n e /c m 2)

in th e  properties of the aud itory system  o f th ese fam ilies. The am plitudes o f  
electr ica l reactions ind icating the number o f responding elem ents in Y espertilio- 
nidae are comparable in a w ide range o f frequencies which is in accordance w ith  
th e  frequency-m odulated  character of signals, w hile in Rhinolophidae th e y  have  
a clear m axim um  in the region of the main frequency of their signals (F ig . 8B , 
C). I t  should  be pointed out th a t a response to  th e  sw itch-off o f a stim ulus in 
R h in olop h id ae is m ost easily  obtainable w hen the height of ultrasounds cor
responds to  their cries, a fact show ing that th ese  anim als are using o ff-effect in 
éch o location .

W e also investigated  th e  sen sitiv ity  o f  th e  auditory system  to  signals 
com in g from  different d irections. A com plex p attern  of relationship w as found  
in  b o th  fam ilies betw een th e  thresholds of reactions and the angle o f  outcom ing
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signals ranging w ithin  180° across and down. The la tter  is considerably deter
mined by th e  relief o f the pinnae (G r i n n e l l  and G r i n n e l l  1965). On their 
rem oval the pattern o f the relationship becom es sim pler. W e also dem onstrated  
an inhibiting interaction o f signals of the right and le ft ears at the leve l o f  
subcortical auditory centres am plifying (by contrast) the differences betw een  
signals (Ma t j u s h k i n  and V a s i l y e v  1968; M a t j u s h k i n  and St o s m a n  1968).

Fig. 8. Som e q u a lita tiv e  ch a ra c te ris tic s  o f th e  b a t ’s a u d ito ry  sy s tem . A =  C om parison  o f fre 
q u en cy -th resh o ld  cu rves (f.t.c .)  b y  on-effects in  V esp ertilio n id ae  and  R h in o lo p h id ae . B =  
C om parison o f a m p litu d es  o f on-effec ts in  th e  sam e an im als . C =  C om parison o f  th e  to ta l  n u m 
b e r o f off-effects o f d o rsa l colliculi o b ta in e d  fro m  s tim u la tio n  o f  V espertilion idae  a n d  R h in o - 

lo ph idae  b y  u ltra so u n d s  o f d iffe re n t freq u en cy

N ex t, we studied  the relation of the responses to  the in ten sity  o f u ltra
sonic stim uli o f different centres in the b a t’s auditory system . In a wide in ten sity  
range the reaction was the more marked the stronger th e  stim ulus. H ow ever, 
beyond a certain lim it th is  dependence is d istorted show ing inhibition . The la t
ter effect could som etim es be detected in the acoustic nerve; it is clearly  
visib le in th e  dorsal colliculus and is m ost notable in the cortical auditory centre.

Of special interest is the ability  o f different parts o f the auditory system  
to  respond by an evoked potentia l to a repeated stim ulus follow ing the first 
one after a short interval. I t  was found th a t the acoustic nerve and subcortical 
auditory centres o f bats have a high lab ility . R estoration  tim e o f their excita-
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b ility  does not exceed  10 m sec (corresponding to the rhythm  o f 100 per sec). 
H  ow ever, the cortical aud itory  area has a low  lab ility  w ith the restoration  tim e  
o f  excitab ility  o f about 200 m sec (corresponding to  the rhythm  o f 5 per sec).

I t  is suggested th a t th e  relatively  prim itive and low labile auditory cortex  
o f  th e  bat somehow p articipates in the regulation  of the écholocation  process, 
b u t it  cannot actively  enter each working cycle o f the écholocation  (cry-pick  
up and echo-cry). This is dem onstrated  b y  the long latency  period o f the cor
tic a l evoked potentia l (10 m sec).

b )  Experim ental evidence obtained fro m  recording activity  o f  single neurons. 
In  a large experim ental series we recorded reactions and studied various prop
erties o f  more than  400 neurons of the dorsal colliculi and cortical auditory  
cen tre o f  Vespertilionidae and R hinolophidae. W e could observe a great diver
s ity  o f  properties, fu n ctional adjustm ent o f neurons and their well expressed  
“ in d iv id u alization ” . In th e  sam e bat, the different neurons o f each of the above  
m en tion ed  centres differed in m any param eters: in their frequency-threshold  
cu rves, thresholds o f in h ib ition , frequency and in tensity  ranges o f  response, 
la te n t  periods, restoration  cycles (labilities), angular sen sitiv ity , etc.

H ence, in the neuronal mass o f higher auditory centres o f  bats one m ay  
sin g le  out particular “ neuronal scales” for the judgem ent about th e  height and 
in te n s ity  of ultrasonic signals, intervals betw een  signals (for instance, betw een  
a cry and its echo) and directions of outcom ing signals. Fig. 9 shows frequency- 
th resh o ld  curves of som e neurons presenting a scale for m easuring th e  height of 
ultrasounds (A) and their in ten sity  (B , C), and also electrogram s show ing reac
tion s o f  neurons w ith  a narrow in ten sity  range o f response (D).

W e have discovered an interesting angular specialization o f neurons 
(M a t j u s h k i n  and St o s m a n  1968). Fig. 10 represents threshold dependencies in 
neurons o f the dorsal collicu lus on the d irection o f a signal in the hem isphere. 
T he difference in the angular adjustm ent of different neurons is clearly visible,
i.e . th e  specialization o f neurons in spatial analysis.

These findings m ay allow  to  describe som e intim ate m echanism s o f treat
m en t or analysis o f signals in  the auditory system  o f bats.

In  conclusion let us d iscuss the self-protecting m echanism s o f the b ats’ 
éch o location  system  from  acoustical interferences. Our bioacoustical and 
electrophysiological experim ents have show n th at the echolocator o f bats is 
p rov id ed  w ith  a perfect interference protection  m echanism . It w as found that 
one o f  th e  ways for the b a t’s echolocator to  avoid unnecessary noise is the in ten
s ifica tio n  o f a useful signal (a cry and an echo, respectively) w ith a sim ultaneous  
decrease o f general sen sitiv ity  o f the reception  device proportional to the  
am ou n t o f  noise (Ma t j u s h k i n  and V a s i l y e v  1968). The adjustm ent o f the  
b a t’s auditory system  to  th e  pick up of useful signals th at shows features o f a 
d om in an t device has a great im portance for an interference protective m echa
n ism  (M a t j u s h k i n  and V a s i l y e v  1968).
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5. General characteristics of nervous écholocation mechanisms

The ultrasonic écholocation system , or, according to  our term inology, the  
écholocation analyzer acts in a com plex w ith  other analyzers as a partic
ularly specialized com ponent of th e  analysers constellation . Echolocational 
“ ten tacles” are especia lly  active in the initial phase o f investigation  o f spatial 
elem ents and when it is necessary to obtain refined inform ation about space.

10 msec
Fig. 9. N euronal “ sca les”  for ev a lu a tin g  th e  freq u en cy  a n d  in te n s ity  o f u ltra so u n d s . A =  fa m 
ily  o f freq u en cy -th re sh o ld  curves o f ten -co llicu li n eu ro n s “ a d ju s te d ”  to  d iffe ren t f re q u e n 
cies. В =  fam ily  o f  freq u en cy -th re sh o ld  cu rves o f n eu ro n s a c tu a lly  resp o n d in g  to  all frequencies 
w ith in  th e  range te s te d ,  h u t  differing  in  in te n s ity  th resh o ld . C =  freq u en cy -th re sh o ld  cu rves 
o f colliculus and  c o rtic a l neurons w ith  a  lim ited  (from  to p  an d  b o tto m ) in te n s ity  ra n g e  of 
response to  u ltra so u n d s . D =  e lec tro g ram  o f reac tio n s  o f co llicu lus n eu ro n  w ith  a lim ite d  in  

in te n sity  range  o f  response (p a ram ete rs  o f th e  s tim u li a re  specia lly  m ark ed  in  th e  f ig u re)

The écholocation apparatus increases its a c tiv ity  when vision is excluded. H ow 
ever, under stab le  conditions its participation  in spatial analysis decreases 
and is replaced b y  a motor analyzer ( K o n s t a n t i n o v , 1964, 1965a; A i r a p e - 
t ia n z  and K o n s t a n t i n o v  1965a, 1967).
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The main central echolocational apparatus is situated  in  the subcortical 
la y er , in  the dorsal colliculi o f  the m esencephalon ( K o n s t a n t i n o v  1966b; A ir a - 
p e t i a n z  and K o n s t a n t i n o v  1967b). A lthough the participation  o f th e  cortical 
area in  th e  process is beyon d  any doubt, there is no reliable evidence allowing  
to  characterize the role o f  th e  cortex in  écholocation. B ut it  w as show n that 
e lim in ation  of the cortex and its auditory projection in bats does not produce 
a n y  considerable effect on their écholocation abilities ( K o n s t a n t i n o v  1965b).

As a scheme we propose a hypothesis about the construction and function
in g  o f  th e  écholocation analyzer. Let us assum e th at the a ctiv ity  o f  an animal

90 60 30 0 30 60 90 lS r °

iln(db)

90 60 30 0 30 6090  / « "

F ig . 10. C h arac te ris tic s  o f n eu ro n s  w ith  d iffe ren t “ a n g u la r”  a d ju s tm e n ts . A =  schem e o f the  
e x p e r im e n ta l  m eth o d  (d irec tions o f in com ing  signals re la tiv e  to  th e  b a t ’s h ead). B, C, D, E , 
F  =  c h a ra c te ris tic s  o f single n e u ro n s: e lec tro g ram s o f th e ir  responses (to  В a n d  C), g rap h s 
sh o w in g  th re sh o ld  dependency  fo r o p tim a l freq u en c ies  fro m  th e  angle in  th e  h o rizo n ta l p lane , 
h e m isp h e ric  (“ circle” ) d iag ram s o f th re sh o ld  d is tr ib u tio n  from  th e  o p tica l f req u en cy  o f these  
n e u ro n s . T h resh o ld  values in  db  in  th e  d iag ram s are  lig h t in  th e  h igh  th resh o ld  reg ions. C a lib ra 

tio n  o f th e  e lec tro g ram s is 1 m V, 5 m sec

is stim u la ted  by hunger. Then stim uli from  the d igestive centre arrive sim ultane
ously  to  th e  motor centres and the dorsal colliculus where com m ands are organ
ized to  generate ultrasounds and prepare th e  acoustic apparatus for th e  re
cep tion  o f  em itted  and returned pulses. The anim al em its an u ltrasonic pulse 
and p ick s it  up while the contraction  o f en totic  m uscles prevents the anim al 
from  b ein g  deafened by its own cry ( H e n s o n  1965). There follows an ultrasonic  
strike aga in st the object tested  and an echo arises. The n ext phase o f th e  echo- 
location  process occurs w hen th e  echo enters th e  acoustic apparatus. After
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inform ation about the target coded in nerve pulses has been obtained from  the  
echo pulse through interm ediate instances, it heads for the neuronal organiza
tion  of the dorsal colliculi where it undergoes processing (decoding and analysis). 
Such is the structure o f an elem entary echolocational act.

In practice, how ever, écholocation analysis is brought about by a current 
o f pulses follow ing each other at intervals o f a few  m illiseconds. Each incom ing  
pulse ought to be treated im m ediately to  allow m uch useful inform ation to  be

Cortex

Motor
centres

visceral
centres

VIII VII X

F ig . 11. R e g u la tio n  schem e of th e  echo lo ca tio n a l system

derived from the next pulse. It appears th a t, follow ing the first pulse, the  
écholocation regulating apparatus begins to work — alterations concern the  
rhythm , in ten sity  o f pulses, etc.

*

It is custom ary to connect tw o ideas, tw o constructions; the radar and 
the bat. In  fact, there is m uch in com m on betw een liv ing echolocators and tech 
nical radars. B oth  em it energy quanta and detect by the echo targets and their 
distances. B oth  system s (each w ithin  its range) are using high frequencies and 
short pulses. Each has protection m echanism s. The question is w hether the  
écholocation apparatus o f w inged anim als has an advantage over our up-to-date  
electronic giants. The com parison o f these tw o system s w ill not be in favour of 
nature. Bats obtain necessary inform ation at a distance o f a few  m etres,
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whereas radiolocators pierce space at hundreds, thousands and even million  
kilom etres, as has been proved  by space investigations.

H owever, som e properties of the b a t’s écholocation are an en vy to  engi
neers. W hat is th a t w ise m echanism  that the m erciless evolution  has supplied  
th e  brain of Chiroptera w ith ?

Besides the over m iniature construction o f brain écholocation apparatus, 
b ats possess echolocators o f  high resolution ab ility  enabling them  to detect and 
avo id  intercepts 50 tim es lesser than the w avelength  o f em itted  sound ( K o n 

s t a n t i n o v  et al. 1967). The high resistance of écholocation gives these creatures 
a possib ility  to carry out a q u alitative analysis o f targets in condition o f power
fu l high-frequent acoustic interference. And, fin a lly , th ey  show a m ost perfect 
sy stem  o f analysis, d ifferentiation  and discrim ination o f targets by th e  shape, 
size and character o f th e  reflectin g  surface. N o modern radiolocation or ultra
son ic system  created b y  hum an beings is provided w ith  such an ability.

However, in th is con test o f the creative powers of nature and hum an brain 
th e  v ic tory  will of course fa ll to  man. Bionics w as born to use th e  achievem ents 
o f nature for technical progress. N o doubt, more universal and less bulky radar 
sy stem s will be constructed  for the welfare o f people, and th ey  w ill be more 
perfect than those o f any anim al surprising us now.

W e are proud o f our science, biology, w hich takes part in the solution  of 
such  significant problem s o f hum an progress.
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Single u n its  an d  n eu ro n  p o p u la tio n s  w ere id en tif ie d  b y  v isua l, e lectrophysio log ica l 
an d  pharm aco lo g ica l m e th o d s  in  th e  p leu ra l, p a r ie ta l  a n d  v iscera l gan g lia  o f  H e lix  
pom alia  L.

M em brane an d  a c tio n  p o ten tia ls  w ere reco rd ed  w ith  in tra ce llu la r  e lec tro d es; th e  
shape  o f  th e  ac tio n  p o te n tia l  cu rv e , th e  effec t of p o la riz in g  cu rre n ts , an d  th e  changes in  
P S P  d u rin g  a lte ra tio n s  o f th e  m em b ran e  p o te n tia l h a v e  b een  stu d ied .

I t  has been  estab lish ed  t h a t  c e rta in  g ian t cells an d  cell p o p u la tio n s e x h ib it  well- 
d e fin ed  ch ara c te ris tic s  w hile  a c tiv a ted , allow ing a c lear d is tin c tio n  from  a d ja c e n t  n e u 
rons. I n  th e  case o f o th e r  neu ro n s id en tif ic a tio n  is possib le  on ly  on  th e  basis o f  sy n a p 
tic  con n ec tio n s an d  tra c ts .

T he response to  A C h h ad  no close re la tio n sh ip  w ith  th e  ty p e  of a c tiv ity  show n  b y  
th e  cells an d  w ith  th e  re ac tio n s  g iven to  5 -H T  or d o p am in e . A t th e  sam e tim e , ho w ev er, 
only o sc illa to r ty p e  n eu ro n s could  be s tim u la ted  by  5 -H T , an d  th e  a c tiv ity  o f  th e  sam e 
cells w as depressed  by  do p am in e .

Since the pioneer work o f A r v a n it a k i  and Ch a l a z o n itis  (1955a, b) and  
T a u c  (1955) carried out w ith intracellular electrodes, giant cells o f snails have  
becom e an im portant object o f neurophysiological investigation . E xten sive  stu 
dies have shown th at the cell population of the ganglia in gastropods is hetero
geneous, the cells being different in the type o f electrical a c tiv ity , the ionic 
m echanism s underlying the generation o f action  potentia l, in their pharm a
cological properties and a num ber of other param eters. This circum stance has 
led a num ber o f investigators to construct cell m aps which w ould allow the  
selection o f neurons w ith  the properties necessary for a given study.

In th e  present paper several characteristics o f  the single units and cell 
populations located on the dorsal surface o f th e  subpharyngeal ganglion o f  
H elix pom atia  w ill be described and the possib ilities for their identification  b y  
visual, electrophysiological and pharm acological m ethods w ill be discussed.

Methods

T he rin g  of ganglia  a ro u n d  th e  p h a ry n x  o f H e lix  pom atia  L. was rem o v ed  a n d  fix ed  
on  a  slide w ith  ru b b e r  b a n d s , w ith  th e  d o rsa l surface  o f th e  ganglia  u p w ard s . D u rin g  th is  
p ro ced u re , th e  en tire  ganglion ic  rin g  and  all th e  connections b e tw een  its  p a r ts  re m a in e d  in ta c t.
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T he p re p a ra tio n  w as p la c e d  in to  M eng’s so lu tio n  (Me n g  1960), th e n  th e  su b p h a ry n g ea l 
c o m p le x  was freed fro m  th e  th ic k  con n ec tiv e  tissu e  co vering  i t .  A draw ing  w as m ad e  o f th e  p re p 
a ra t io n ,  p a rticu la r  care  b e in g  ta k e n  fo r th e  lobu les o f th e  ganglia  and  th e  lo ca liza tio n  o f th e  
m o s t  p ro m in en t cells.

A fte r accu ra te  d e p ic tio n  th e  p a r t  o f  th e  p re p a ra tio n  co n tan in g  th e  cells to  be  s tu d ied  was 
fre e d  from  th e  th in  c o n n ec tiv e  tis su e  lay e r covering  th e  cells, an d  th e  p re p a ra tio n  was t r a n s 
fe r re d  in to  a 20 m l glass v esse l th ro u g h  th e  fro n t w all o f  w hich  th e  p re p a ra tio n ’s p o sitio n  could  
e x a c tly  be  estab lished  b y  th e  a id  o f a ste reo -m icroscope , and  th e  in tro d u c tio n  o f th e  m ic ro 
e le c tro d e  in to  th e  cell cou ld  b e  ch ecked .

M em brane an d  a c tio n  p o te n tia ls  were reco rd ed  w ith  glass m ic ro e lec tro d es filled  w ith  
2.5 M  KC1. T heir re s is tan ce  v a r ie d  b e tw een  8 an d  25 M ohm . A n A lv a r ty p e  d ire c t c u rre n t  am p li
f ie r  w a s  used  for a m p lif ica tio n , w ith  a ca th o d e  fo llow er in p u t. T he d e flections w ere o bserved  on 
a n  A lv a r  oscilloscope a n d  re co rd e d  in  a signal s to rag e . A fte r  th e  ex p erim e n t, th e  necessary  
c u rv e s  w ere recorded  p h o to g ra p h ic a lly . W hen  th e  reco rd s w ere p lay ed  b a ck  fro m  th e  s to rage, 
a m p lif ic a tio n  was n o t lin e a r, h en ce  th e  a f te rp o te n tia ls  on  th e  reco rds are so m ew h a t larg e r th a n  
o n  th e  oscilloscope.

B y  th e  aid o f a  su p p le m e n ta ry  bridge c ircu it i t  w as possib le to  depo larize  o r hyp erp o la rize  
th e  cells th ro u g h  th e  m ic ro e lec tro d e  used  fo r reco rd ing .

W hen  stu d y in g  th e  ch em ica l su scep tib ility  o f  th e  cells, th e  su b s tan ces to  be  te s te d  were 
d isso lv e d  in  M eng’s so lu tio n  an d  a d d ed  to  th e  m ed iu m  b a th in g  th e  p re p a ra tio n . T h e  a m o u n t of 
th e  su b s ta n c e  varied  b e tw een  0.04 an d  0.00004 m g acco rd in g  to  th e  su sce p tib ility  o f th e  p re p a 
r a t io n .  T h e  following ag en ts  w ere te s te d :  ace ty lch o lin e  ch loride  (ACh; F lu k a), 5 -h y d ro x y try p ta -  
m in e  c rea tin in e  su lp h a te  (5 -H T ; S igm a), an d  d o p am in e  (3 -h y d ro x y try p ta m in e  HC1, D A ; 
S ig m a).

Results

The subpharyngeal ganglionic com plex o f Helix pom atia  consists o f 7 
p a r tly  accreted ganglia. F iv e  are sited dorsally, i.e. the right and left pleural 
(RP1G and LP1G), the right and left parietal (R PaG  and LPaG) and the visceral 
ganglion  (VG) (Fig. 1, right bottom ). In the present study the cells o f these  
dorsa lly  located ganglia h ave been investigated .

T he term inology used  b y  us was based on th a t introduced b y  F razier  
e t al. (1967) when m apping th e  neurons o f  A plysia. Thus, each neuron was 
d esign ated  with the abbreviation  o f the ganglion in which it had been found, 
and a serial number was g iven  to  make a d istinction  betw een cells w ith in  the 
sam e ganglion. Groups o f  sim ilar neurons were m arked by capitals A, B , C, etc.

The location o f th e  neurons and cell groups subjected to  stu d y  is shown 
in F ig . 1. The anatom ical picture was variable, particularly as regards the loca
tion  o f  cells. Further in form ation  in th is respect w ill be given below . Irrespec
t iv e  o f  the differences in localization , each cell indicated in the schem e could 
be fou n d  in the preparations.

I .  Identification o f  the cells on the basis o f  physiological criteria

A variety  of inform ation can he gained from the neuron w ith  a single 
in tracellu lar electrode. A ccording to experience, the follow ing characteristics 
are u sefu l in identification: (a) th e  shape o f the action  potentia l curve; (b) the  
resp on se o f the cell to  polarizing currents; (c) the changes in the E P S P  during 
a lteration s o f the m em brane potentia l; (d) the response to  m ediator substances.
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(a )  The shape o f  the action potential curve

On the basis o f  the deflection shape the action  potentia ls can be classified  
in tw o groups. In th e  first group there is a fla tten in g  o f the curve on the initial 
segm ent of the descending leg; whereas in the second group this fla tten in g  is 
absent.

On the basis o f  the delayed descending part o f  the action potential it was 
possible to id en tify  in the posterior m id-part o f th e  right parietal ganglion the  
cell R P a4, the on ly  neuron in this zone exhib iting th is  characteristic. In  another  
part o f the same ganglion similar action  potentia ls were recorded from the cells 
o f group D.

Fig. 1. S chem atic  re p re se n ta tio n  of th e  p re p a ra tio n : id e n tif ie d  cells an d  cell g ro u p s a re  d e 
s ig n a ted  hy  le tte rs  a n d  figu res as no ted  in  th e  te x t. R ig h t b o tto m : localization  of th e  f iv e  d o rsa l 
ganglia  o f th e  su b p h a ry n g ea l com plex. LP1G — left p leu ra l gang lion ; R P1G — rig h t p leu ra l 
gang lion ; L PaG  — le f t p a r ie ta l gang lion ; R P aG  — r ig h t  p a r ie ta l  ganglion; VG — v iscera l

ganglion

A characteristic feature o f the action p otentia ls o f these units is the  
progressively increasing delay o f  th e  descending segm ent in successive spikes 
which followed one another with a high frequency (F ig. 2). The action potentia ls  
o f these cells had usually  a considerable overshoot, resulting in a p o ten tia l of 
80 to 100 mV.

The cells R P lj, LPIt, V 4, and som etim es also V 15 exhibited an after
hyperpolarization o f considerable duration (0.3 sec). This hyperpolarization  
showed a ten d en cy  for sum m ation, resulting in a progressive increase in  the  
duration of hyperpolarization in successive action  potentia ls. Similar properties 
were observed in the cells of group F  which, how ever, were difficult to  analyse
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sep a ra te ly . Such action p oten tia ls had no large overshoot and their am plitude  
did  n o t exceed 65 mV.

T he neurons which on the basis of their  pharm acological properties had 
b een  designated  D IN H I-cells  b y  G e r s c h e n f e l d  (1964), could easily  be identi
fied  b y  th e  aid of the action  potentia l curve. Their am plitude varied  consider
a b ly  on  changing the syn ap tic  input. The num ber o f these cells is m oderate, on 
th e  b asis  o f  its uniform loca tion  it was possib le to select one such neuron which 
w as th e n  marked as an id en tified  cell (V6), although it could not be exactly  
d istin g u ish ed  sim ply by v isu a l m ethods from  other giant cells surrounding it.

F ig . 2 . M o d ifica tio n  of th e  d e scen d in g  segm en t o f th e  ac tio n  p o ten tia l cu rv e  d u rin g  an  im pulse 
t r a in  in  a  cell belonging to  g ro u p  D . — A ,  tra in  o f im p u lses w hich h a d  been  e lic ited  b y  the  
in tr o d u c t io n  in to  th e  cell o f th e  e lec tro d e . Segm ents m ark e d  w ith  b , c an d  d a re  re p re se n te d  in 
t ra c e s  B ,  C  a n d  D , using a q u ick er m o v in g  b eam ; B ,  th e  shape  of th e  sp ike in  th e  in it ia l  phase  
o f  th e  im p u lse  tra in ;  C, th e  sh ap e  o f th e  spike a t  th e  en d  o f th e  im pulse tra in ;  D , th e  sh ap e  o f th e  
sp ik e  a f te r  a  s ilen t in te rv a l, i.e. in  th e  in itia l phase  o f  a  su b seq u en t im pulse  vo lley . T im e m a rk 

in g : 5 sec (A ), 100 m sec (B , C , D ). T he a m p litu d e  of the  spikes is 80 m V

( b )  The effect o f  polariz ing  current

A lth ou gh  the type o f a c tiv ity  is characteristic of every cell (Ta u c  1966), 
it  is d ifficu lt to distinguish betw een  neurons m erely on the basis o f spontaneous  
a c t iv ity . Therefore, a study w as made in w hich the response given to  currents 
applied  through the intracellular electrode w as used for the d ifferentiation  of 
variou s cell types (Tauc  1957, 1966; A l v in g  1968).
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The classification  is based on the ab ility  o f  certain cells to produce over 
considerable periods o f  tim e action potentials by m eans o f pacem aker a c tiv ity . 
I f  a hyperpolarizing current is applied it is possible to  ascertain w hether the  
action potentials are generated under the effect o f  th e  E P S P  or by auto-oscilla
tion  in the cell (T a u c  1957). This test is not very  su itab le if  the cell receives 
frequently excita tory  synaptic potentials which cause a lasting depolarization  
of the membrane. A more useful technique is based on the application o f a depo
larizing current w hich can be em ployed in both active  and inactive (silent) cells.

F ig . 3. V arious ty p e s  o f o sc illa to r neurons. A ,  m onom odal o sc illa to r  cell o f g roup  D ; B ,  b im o d a l 
o sc illa to r w hich does n o t  p ro d u ce  b u rs ts  ( R P a 2 cell); C, b im o d a l osc illa to r w hich p ro d u ces b u rs ts ;  
th e  second trace  is a  c o n tin u a tio n  o f th e  f irs t  one (R P a , cell). A rro w  m arks th e  ap p lic a tio n  o f th e  
depolariz ing  c u rre n t, d o ub le  a rro w  in d ica tes  an  increase  in  th e  in te n s ity  o f th e  d ep o la riz in g  
c u rre n t. In  trac in g  В  th e  cell w as a lread y  depolarized  a t  th e  beg inn ing  of reco rd ing . W ith o u t 
d ep o la riza tio n  i t  g av e  in fre q u e n t and  irreg u lar spikes. T im e m ark s : 5 sec (A )  and  3 sec (В , C). 
A m p litu d e  of th e  a c tio n  p o te n tia l:  80 mV (A ), 65 mV (B , in  th e  in itia l segm ent o f th e  trac in g ) ,

60 mV (C)

The cells can be classified in two m ain groups:
1. N on-oscillating cells which m ay be ranged into the following tw o ca te

gories: (a) in activa tin g  w ith  accom m odation, (b) in activatin g  with depolarization.
2. O scillating cells which m ay be either (a) m onom odal, or (b) bim odal.
The latter can be divided into tw o subgroups, i.e. those which yield  and

those which do not y ield  long series of im pulses.
O scillating neurons have been found to retain , after an initial increase in  

frequency, their a c tiv ity  after a depolarizing current has been applied on the  
membrane; th e  frequency o f im pulses depends on the in tensity  o f the depo
larizing current (F ig . 3). The activ ity  o f non-oscillating neurons, on the other 
hand, ceases after an in itia l series of im pulses (A l v in g  1968).
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There is reason to  assum e th at non-oscillating neurons do n o t alw ays be
lo n g  to  th e  category o f  driven cells the a c tiv ity  o f which is determ ined b y  the  
sy n a p tic  input as it w as supposed by A l v i n g  (1968). These cells are n o t uniform , 
th ere being only a few am ong them  w hich, ow ing to accom m odation, becom es in 
a c tiv a ted  after an in itia l v o lley  o f im pulses, thus, w ithout an appreciable change 
in th e  mem brane p otentia l. These characteristics are shown by th e  cells o f group 
E and th e  cell term ed У \. The rem aining cells w ithout pacem aker a c tiv ity  are 
in a ctiv a ted  by progressive depolarization, and after the polarizing current has 
been  sw itched  off the resting p oten tia l fails to  return to its original va lue for a 
considerable length o f tim e, ind icating a failure o f the repolarizing m echanism s. 
In  som e o f the anim als, th e  group D cells exh ib ited  such characteristics.

T he oscillating neurons show m onom odal or bim odal oscillation; in the  
la tter  case the trains consisting  o f  several im pulses are periodically interrupted. 
O f th e  cells studied in th ese experim ents, L P lt, RP1X, V 2, V 4, V e, A , B , and F  
show ed  m onom odal oscillation .

The cells showing b im odal oscillation are easy to be arranged in  tw o ca te
gories. In  some of these cells, as in cell R P a 4, the im pulses w ith in  a train  
a tta in  a considerable num ber, often several tim es ten. I f  a depolarizing  
current is applied, the duration  of im pulse trains increases and th e  frequency  
increases as well (Fig. 3C). In other cells exh ib iting bim odal oscilla tion  the in 
terva ls separate shorter trains consisting o f a considerably sm aller num ber of 
im p u lses, usually 2 to  4. W ith in  a group of spike, the number o f im pulses and 
th eir  frequency are practica lly  not altered b y  depolarizing currents, the fre
q u en cy  o f im pulse vo lleys, how ever, increases. Cells R P a 2 and V 5 belong to  th is  
group (F ig . 3R).

( c )  Changes in E P S P  during alterations o f  the membrane potential

The characteristic dependence o f  the E P S P  on the m em brane resting  
p o ten tia l has been described b y  K a n d e l  and T a.uc  (1966) in the g iant cells o f  
th e  m etacerebrum  of Helix pom alia .  I f  the response is typ ical, the am plitude of 
E P S P  increases w ith the increase of th e  mem brane potential. In contrast, in  
th e  m etacerebral cells the am plitude o f E P S P  is increased when the ce ll’s p o
larization  is dim inished provided th at th e  m em brane potential a tta in s a value  
near th e  resting potential. Such anom alous E P S P  show a shorter duration i f  
th e  cell is hyperpolarized, and the duration is longer if  the m em brane is de
polarized .

T hus, on the basis o f  the behaviour o f E P S P  in response to  polarizing  
currents th e  cells can be d ivided in two groups. O f the cells studied in th e  present 
exp erim en ts an invariably “ ty p ica l” response was given by the D IN H I cells. 
This property  serves as a basis for the d ifferentiation o f Ve cells from  th e sur
rounding neurons which show  an anom alous response (group F and cell V 4).
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( d )  The effect o f  mediator substances

On the basis o f th e  response given to  ACh and the properties o f  the syn ap 
tic input, 5 typ es o f neuron have so far been distinguished (Tauc  1967).  For 
obvious reasons it is im possible to classify all the neurons in one o f the above 5 
groups, at least those cells which do not respond to  ACh cannot belong to  any of 
these groups.

Fig. 4. C h a rac te ris tic  re sponses given by severa l ty p e s  o f  cells to  n e u ro tra n sm itte r  su b s ta n c es . 
A ,  e ffec t o f ACh on a cell o f g ro u p  B; 0.02 m g o f  A C h w as ad d ed  to  th e  m ed ium  b a th in g  th e  
p re p a ra tio n ; B , effect o f d o p am in e  on a cell o f  g ro u p  D ; 0 .008 m g of DA was ad d ed  to  th e  m e
d iu m ; C, effec t on  cell R P a 2 o f 0.016 mg of 5 -H T  ad d ed  to  th e  m edium . T he cell w as in ac tiv e  
u n til  5 -H T  had  been a d d ed ; th e  trac in g  show s a  su b se q u e n t seg m en t o f ac tiv ity . T im e m ark in g ; 
0.2 sec (A ) ,  5 sec (B ), 1 sec (C). A m plitude  o f th e  a c tio n  p o te n tia l:  80 mV (B ), 65 m V (C). Cali

b ra tio n  in  tra c in g  A :  20 mV

ACh has been show n to  cause m arked depolarization on the cell R Paj. 
The giant cells R P a 2 and V 5, on the other hand, are usually less susceptib le to  
ACh, although the indirect effect is clearly show n in the intense E P S P -s. Cell 
V 3 can he hyperpolarized by ACh. Cell R P a, w hich shows both 1PSP and E P S P  
and is characterized b y  long-lasting inhib ition  can be classified in the group o f  
CILDA cells. Also, the cells of group D w hich possess a similar syn ap tic  input 
can be classified in th is group; how ever, their response to ACh is an inhib itory  
one which is opposite to  the reaction given  by cell R P ax (Fig. 4 A). T hat cell R P a3 
and the cells of group D belong to  th e  C IL D A  pharm acological category  is 
supported by the find ing th at these cells are inh ib ited  by DA but stim u lated  by  
5-H T (F ig. 4R ).

A study o f the response to ACh is o f considerable aid also in th e  id en tifi
cation o f cells belonging to groups A and R, w hich are often different in  m orpho
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lo g ica l appearance and spontaneous electrical a c tiv ity . The existence o f  ex c ita 
to r y  sy n a p tic  input and th e  marked hyperpolarization in response to  ACh 
a llow  th ese  cells to be classified am ong H -typ e cells. Groups C, E and F , on the  
o th er  hand, are stim ulated b y  ACh.

II .  Further characteristics o f  the identified cells 

Cells R P l x and L P lx

T opographically, th ey  are arranged sym m etrically  and their p h ysio log
ical properties are similar. The constancy o f their size is rem arkable, and th ey  
can  c lear ly  be distinguished am ong the m uch sm aller adjacent neurons. T hey  
are u su a lly  located on the dorsal surface o f th e  pleural ganglion, n evertheless, 
cell R P lj  is som etim es found at the edge o f R P aG  instead of RP1G. This varia
b ility  in  localization has been m entioned in  earlier histological studies ( K u n z e  
1918).

B o th  cells are usually inactive  and show action  potentials in frequently , in 
resp on se  to  E P SP . In the resting state , thus, th e y  behave as driven cells, how 
ever, th e  sm allest depolarization is enough for their pacemaker properties to  
b ecom e prom inent. In the action  potentia l curve the com ponents “ a” and “ s” 
are ea s ily  recognized, the la tter , how ever, m ay be absent.

T h e effect o f ACh has been  studied in cell RP1X, the one w hich exh ib ited  
dep olarization  in response to  th is agent. The desensitization phenom enon de
scribed  for the neurons o f m olluscs (see T a u c  1966, 1967) could be observed  
after th e  repeated adm inistration  of ACh at 1 to  1.5 m in intervals. The increase  
in su scep tib ility  to ACh after a single treatm ent w ith  a large dose o f ACh (Z e i m a l  
and V u l f i u s  1968) could also be registered. There was no IP S P  in th e  sp on 
ta n eo u s synaptic input.

Cell V x

T h is cell is of a considerable size, m oderately  pigm ented, and w ell recog
n izab le  on the right posterior edge o f the v isceral ganglion. The response to  
d ep olarizin g  current has tw o different forms; th is  probably reflects tw o differ
ent lev e ls  o f  physiological a c tiv ity . The first ty p e  is characterized b y  th e  ap
pearance o f  a few action p otentia ls in response to  the depolarizing current, th e  
afterp oten tia ls  summing up in  a hyperpolarization w hich in turn in h ib its th e  
gen eration  o f the spikes.

In  other preparations, and this was observed more frequently, th e  m em 
brane p o ten tia l successively dim inished during such a burst of im pulses. In  a 
certa in  phase of this dim inution of the m em brane potential the cell exh ib ited  
a rapid  spontaneous oscillation w ith  variable am plitude. This reaction is show n  
only  b y  cell Vj and none o f th e  other neurons produced a similar response. After 
the p o lariz in g  current has been  sw itched off, th e  cell remains in a s ta te  o f
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marked depolarization and the membrane p oten tia l attains its original va lu e  
w ith a considerable delay.

The response o f the cell to hyperpolarization is also particular, the m em 
brane p oten tia l being unstable, som etim es a tta in in g  a new level in response to  
the hyperpolarizing current, near to  the value o f  th e  resting potential.

ACh in th is cell produces a similar effect as does depolarizing current.

Cell V.,

This is not a giant cell, nevertheless, w ith  som e experience one w ill f in d  it 
easily, left to  cell V 5. It shows no p igm entation , som ew hat merges in to  the  
superficial layer o f cells, and is surrounded by t in y  pigm ent-stained cells. I t  is 
characterized b y  frequent spontaneous a c tiv ity . The spikes do not alw'ays 
contain “ s” com ponent, in other words, the p o ten tia l generated in th e  axon  
hillock does not alw ays propagate to the som a o f  the cell.

Cell V3

This is a giant cell o f variable size, often p igm ented . It is sited at th e  left 
posterior edge o f the frontal convexity  of th e  visceral ganglion. Y 3 is usu a lly  
inactive. Spontaneous PSP-s at the resting level o f  the membrane p oten tia l 
tend to  depolarize the cell and appear as E P S P -s. If, however, activ ity  is gen 
erated artificia lly  by reducing the membrane poten tia l, the PSP-s becom e h yp er
polarizing and inhib it activ ity . ACh elicits an H -effect. Such “ la ten t” H -cells  
have been found also in the ganglion of A plysia ( F r a z ie r  et al. 1967).

Cell V 4

An ou tstand ing  feature o f this cell is its extraordinary size. It is usu a lly  
found at the site  m arked in the scheme (Fig. 1), although variations often  occur. 
At th is poin t, and particularly in front of cell V 4, there is a large group o f  n eu 
rons w ith  sim ilar properties. This group is designated  group F, and cell V 4 is 
a representative o f this group. W ithin the group, identification  of the cells re
quires th at the neurons to which they  give efferents and from which th e y  re
ceive afferents be established. This needs further investigations.

Cell V 5

The size o f th is cell is som etim es g igantic, b u t often there is no g ian t cell 
at all in th is region. On the other side o f the borderline between VG and R PaG , 
however, there are som etim es cells w ith the sam e physiological properties as 
those o f  V 5; am ong them  is cell R P a 2. A pparently , the cells lying in th is region  
and displaying m any com m on features, often vary  in localization along th e  bor
derline. A bim odal oscillation in the form o f short volleys in response to  d ep o
larization, a low susceptib ility  to ACh, and th e  frequent appearance o f  E P S P
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tra in s are the m ost im portant characteristics o f these cells. A c tiv ity  is easily  
affected  b y  polarizing currents and the effect o f  the latter on th e  cell is per
s is ten t.

Cell Ve

This cell is d ifficult to  identify  v isu a lly . I t  is usually located in  the visceral 
gan glion , in the posterior portion of the su lcus facing the left parietal ganglion, 
on a sm all protrusion o f the latter. I t  is ea sily  distinguished from adjacent cells 
on th e  basis o f physiological properties; other cells in this region belong to 
group F. Cell V6 is characterized first o f all b y  th e  great number and variety  of 
sy n a p tic  input in w hich th e  trains o f la stin g  IP S P -s w ith a duration o f 200 to 
300 m sec and very  large E P SP -s are p articu larly  prom inent. O ccasionally , the 
ex c ita to ry  input is strong enough to  cause perm anent depolarization w hich is 
responsib le for the frequent and rem arkably regular pacemaker a c tiv ity . Such 
periods a lternately follow  periods of to ta l in a c tiv ity  due to IP S P -s, or periods 
in  w hich  the cell behaves as a driven cell responding only to E P S P -s w ith  an 
action  potentia l. I t  has been m entioned th a t  th is cell is characterized b y  the 
v a r ia b ility  o f the action  poten tia l’s am plitude. This might mean th a t th e y  are 
n o t generated by the som a but in som e adjacent region of the axon  hillock, 
w h ile  th e  pacem aker zone alternately approaches and m oves off the som a, de
p en d in g  on the synaptic  input.

Cell R P ai

T his is one of th e  g iant cells o f R P aG  w hich is in the posterior m edial 
zone. The physiological properties m entioned  above indicate th a t th is cell is 
id en tica l w ith  one of the identified neurons o f  A plys ia ,  designated b y  A r v a - 
n i t a k i  and Ch a l a z o n i t is  (1955a, b) as B r cell, by  St r u m w a s s e r  (1965) as 
parabolic burster, and cell R15 in the term in o logy  of F r a z ie r  et al. (1967). A 
cell w ith  similar properties has been found also in the right parietal ganglion of 
H elix  aspersa  ( K e r k u t  and M e e c h  1966); as estim ated  from its loca liza tion , it 
is hom ologous w ith  cell R P a r

Cell R P a 2

This is a giant cell, ly in g  betw een R P a x and the ganglion’s m edial border 
and d isp laying characteristics similar to th ose  o f  cell V 5.

Discussion

The present in vestigation  hass how nt h a t certain anatom ically w ell defined  
cells possess ind ividual physiological properties which allow the cells to  be 
d istin gu ish ed  if  not from  all other neurons but a t  least from the cells ly in g  nearby  
(cells V 1? RPajJ. A n atom ically  distinct cells o ften  have similar physiological
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and pharm acological properties in  quite different parts o f the ganglion (cells 
R P lj, LP1X, У 5). F urther individual characteristics o f  th ese cells can he deter
m ined only after a close analysis o f  their connections w ith  other neurons.

As to their connections, cells w ith identical physiological properties and  
classified therefore in  the same group are also heterogeneous. Thus, the adjacent 
cells of group F show  marked differences in the in ten sity  o f synaptic input and  
in their spontaneous activities, ind icating that th e  connections are individual 
and do not correspond to the anatom ical arrangem ent.

There are, how ever, cell groups in which th e  neurons apparently have no  
individual characteristics. N aturally , this is only an assum ption; specific and  
detailed  investigations are necessary to  settle  th e  problem . N evertheless, cells 
o f group D appear to  be uniform, ow ing to the great sim ilarities in both a c tiv ity  
and synaptic input.

It seems th a t  the pharm acological properties o f  th e  neurons, particularly  
their susceptib ility  to  certain neurotransm itter substances, is not independent 
of th e  physiological characteristics o f the cells. Such a correlation has been  
described also b y  others. Thus, for exam ple, G e r s c h e n f e l d  and S t e f a n i  
(1966) found th a t all 5-HT susceptible cells in th e  ganglion of the m ollusc  
Cryptomphallus aspersa  show a num ber of com m on physiological properties, 
e.g. the membrane o f all these cells possesses the ab ility  o f anom alous rectifica 
tion , it is characterized by lasting inhibition, and can be inhibited by dopam ine. 
I t  can be added according to the present findings th a t on ly  those cells are sen 
sitive  to 5-HT w hich have pacem aker activ ity , and 5-H T  specifically augm ents 
spontaneous oscillation . According to  our experience, all cells which are stim u 
lated  by 5-HT respond with inhib ition  to dopam ine. N evertheless, in our prep
arations cells of th is  kind did not always exhib it long lasting inhibition.

A few cells and  one cell group belong to the ty p e  w hich in m any respects 
is sim ilar to the m eta-cerebral giant cells described b y  K a n d e l  andTAUC (1966). 
These cells are sim ilar in the fo llow ing general properties. The synaptic input 
consists only of E P S P -s, the duration of which is considerable at near threshold  
mem brane poten tia l values, but dim inishes w hen polarity  is increased, th e  
action  potential has no rem arkable overshoot and usually  does not exceed  
65 mV ; the hyperpolarization th at follows the action  poten tia l generally shows 
a tendency for sum m ation; the cells give a protracted  response to polarizing  
currents and they  are capable of producing m onom odal oscillation the frequency  
o f w hich depends on the in ten sity  o f the polarizing current; finally , in their  
respond to ACh th e y  can be classified as D cells.

The neuron m ap presented here contains on ly  a fraction  of the neurons in 
the pleural, parietal and visceral ganglia of H elix  pom atia ,  those which could  
be identified by th e  m ethods applied. This has been on ly  an in itiative work, and  
the term inology used  for the designation of the various cells and cell groups 
allow s that the m ap be further com pleted.
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EFFECT OF SEX HORMONES ON THE ELECTRICAL 
ACTIVITY OF BRAIN STEM AND DIENCEPHALON IN 

CASTRATED FEMALE RATS
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INSTITUTE OF PHYSIOLOGY, UNIVERSITY MEDICAL SCHOOL, PÉCS 

(R eceived  O ctober 16, 1968)

T he in flu en ce  o f  o e s trad io l-1Т-ß  and  p ro g estero n e  h a s  been  stu d ied  o n  th e  evoked  
p o ten tia ls  due to  v a g in a l s tim u la tio n  and  e lec trica l s t im u la tio n  o f b ra in  s te m  re tic u la r  
core in  th e  m esen cep h a lo n  a n d  d iencephalon  of c a s tra te d  fem ale  ra ts . B o th  v a g in a l an d  
m esencephally  ev o k ed  responses o f th e  p reo p tic  reg io n  w ere suppressed  in  c a s tra te d  
fem ales. O estrad io l t r e a tm e n t  re su lted  in  th e  re s to ra t io n  o f m esencephalic  ev o k ed  p o 
ten tia ls  in th e  ro s tra l  a n d  b asa l h y p o th a lam ic  a rea s  b u t  d id  n o t affec t v a g in a l ev o k ed  
responses. P ro g e ste ro n e  t re a tm e n t  led to  a  m ark ed  a u g m e n ta tio n  of th e  v a g in a l evoked  
p o ten tia ls  in th e  d ien cep h a lo n  and  did no t m odify  ev o k ed  responses o f th e  p re o p tic  region 
due to  s tim u la tio n  o f  th e  b ra in  stem  re ticu la r  fo rm a tio n . T h e  re su lts  suggest t h a t  o e s tro 
gen fac ilita te s  b ra in  s te m  an d  h y p o th a lam ic  c o n n ec tio n s , an d  p ro g esterone  sensitizes 
sensory  in p u t in  th e  b ra in  stem  and  d ien cep h a lo n , th ro u g h  o ligosynap tic  p a th w ay s .

Electrical recording m ethods provide valu ab le inform ation o f  the en 
docrine influences on cerebral function. In the oestrous anim al, but n ot during  
anoestrous, EEG afterreactions to  vaginal probing have been recorded in the  
cat by P o r t e r  et al. (1957), in the rabbit by Sa w y e r  and K a w a k a m i  (1959) and  
in the rat by B a r r a c l o u g h  (1960). B a r r a c l o u g h  and C ross  (1963) reported  
th at progesterone was rather specifically inhibiting th e  unit activ ity  to  vaginal 
stim ulation  in the la teral hypothalam us. Cr o ss  and S i l v e r  (1965) found th at  
endogenous progesterone in  pseudopregnancy also reduced unit firing to  vaginal 
stim ulation  in the la teral hypothalam us and th a t ovariectom y reversed th is  
condition. B oth oestrogen and progesterone treatm en t resulted in a low ering  
o f the thresholds for E E G  and behavioural arousal; th e  relative am ount o f  para
doxical sleep periods w as also increased within a few  hours after treatm ent w ith  
the tw o steroids (S a w y e r  et al. 1966; Co l v in  et al. 1968).

The presence o f  chem osensitive structures for sex  steroids in th e  h yp o
thalam us was indicated  b y  numerous endocrinological investigations and the  
preoptic region seem s to  be strongly im plicated in th ese neuroendocrine events  
( F l e r k ó  1962; E v e r e t t  1964; E n d r ő c z i  1967). Studies on horm onal control 
o f sex behaviour revealed  the leading role of the preoptic area both in triggering  
ovulation  and in the m aintenance o f oestrous behaviour.

R ecent observations on the integrative role o f  brain stem  and dienceph
alon in the control o f  Im morally conditioned and m otivated  behavioural
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reaction s have indicated  th e  involvem ent in th ese processes o f b o th  ascending  
fa c ilita to ry  and descending inhibitory connections. H orm onal sen sitiv ity  of 
th ese  structures in vo lved  in the organization o f m otivated  behavioural re
action s is lim ited b y  genetic factors; th is circum stance accounts for th e  wide 
varia tion s in species differences ( E n d r ő c z i  1967, 1968).

Methods

T h e  o b se rv atio n s w ere p e rfo rm e d  on  64 fem ale  r a ts  o f  160 to  200 g o v a rie c to m iz e d  one to  
th re e  m o n th s  before. A ll su rg ica l p ro c ed u re s  w ere c a rried  o u t  in  e th e r a n ae s th es ia  a n d  th e n  th e  
a n im a ls  w ere im m obilized  b y  d l- tu b o c u ra r in e . E le c tr ica l a c tiv ity  was reco rd ed  w ith  50 и th ick  
b ip o la r , sta in less steel e lec tro d es  an d  m o n ito red  on  a d u a l-b eam  ca th o d e  r a y  oscilloscope. 
S im ila r  b ip o la r  e lectrodes w ere u se d  fo r e lectrica l s t im u la tio n  of th e  b ra in  s te m  re tic u la r  fo rm a
t io n . V ag in a l s tim u la tio n  w as m ad e  w ith  a  b ip o la r, silver b a ll  electrode iso la te d  w ith  po ly v in y l 
e x c e p t  fo r  th e  tip s . All s t im u la tio n s  w ere p e rfo rm ed  w ith  a  D isa M u ltis tim  a p p a ra tu s  th ro u g h  
iso la t io n  u n its .

V ag in a l s tim u la tio n  w as m ad e  b y  th e  use o f  im p u lse  tra in  la s tin g  fo r 200 m sec; tw o con
se c u tiv e  tra in s  were se p a ra te d  b y  a p e rio d  of 8 to  10 sec a t  least.

Physio log ical sa line  so lu tio n  an d  p ro g este ro n e  d isso lved  to  50 //g  in  5 /<1 p ro p y len e  glycol 
w ere  in je c te d  in tra v en o u s ly  th ro u g h  th e  can n u la  in se r te d  in to  th e  ju g u la r  v e in . O estradiol-17-/? 
in  oil o r p ropy lene  g lycol w as g iv en  su b cu tan eo u sly .

E v o k ed  p o ten tia ls  w ere e v a lu a te d  acco rd ing  to  la te n cy , shape  a n d  a m p litu d e . F o r 
o b ta in in g  average responses a t  le a s t  f i f ty  reco rds w ere pe rfo rm ed  a t  d iffe re n t in te rv a ls  before 
a n d  a f te r  ste ro id  tre a tm e n t.  T h e  changes in  th e  size o f  e lec trica l p o ten tia ls  w ere ex pressed  on 
th e  b a s is  o f  th e  te r r i to ry  co v ered  b y  th e  curve o v e r th e  isoelectric  line in  b o th  n e g a tiv e  and 
p o s i t iv e  d irec tion .

A fte r  th e  e x p e rim e n t th e  an im a ls  w ere k illed , th e  b ra in  was rem o v ed  a n d  f ix ed  in  10%  
fo rm o l so lu tio n , and  e lec tro d e  p la c e m e n t w as co n tro lled  in  50 и  th ick  frozen  sec tio n s.

Results

(i) Changes in the evoked potential following ovariectomy

Recordings in th e  preoptic region and th e  basom edial hypothalam us  
(n. ventrom edialis h yp othalam i, tuberoinfundibular region) revealed  th a t elec
tr ica l potentials evoked  b y  stim ulation  o f m esencephalic reticular form ation  
and vagina are m arkedly suppressed in the septo-preoptic area b u t n ot in the 
basom edial nuclei o f  castrated  fem ales. B ipolar recordings in different depths 
o f b o th  regions during stim u lation  o f the m esencephalic reticular form ation are 
show n in Fig. 1. Lower thresholds for these long-latency responses were found  
in th e  dorsomedial part o f th e  recicular form ation and the central grey m atter 
in com parison to the thresholds for ventrom edial and lateral reticular form ation. 
T he long-latency responses (5.5 — 6.5 m sec) could be distinguished from the 
responses w ith sh ort-laten cy  (2 .0—2.5 m sec) evoked by stim u lation  o f the  
region o f specific projection  pathw ays on th e  basis of both the la ten cy  and the 
shape o f  electrical p oten tia ls.

The evoked p otentia ls o f basom edial hypothalam ic nuclei due to stim ula
tio n  o f  the m esencephalic reticular form ation did not change rem arkably after 
ovariectom y. In the cases w hen the recording electrodes had been m oved in
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antero-posterior direction, the evoked responses o f  the suprachiasm atic area 
appeared also to be suppressed but to a lesser ex ten t than those o f  th e  preop
tic region (F igs 1 and 2).

Sim ilarly, in the castrated fem ales the vaginal evoked potentia ls d im in
ished in the recordings obtained from preoptic and septal areas, as com pared  
to the normal responses. There was no change in the vaginal evoked poten tia ls

Fig. 1. E le c tr ica l p o te n tia ls  in  th e  sep to -p reo p tic  reg io n  an d  th e  basom edial h y p o th a la m u s  
evoked  b y  s tim u la tio n  o f m esencephalic  re tic u la r  fo rm a tio n . R ecordings in d iffe re n t d e p th s  

w ith  50 [I th ic k  b ip o la r  e lectrodes. N o rm a l fem ale ra t

recorded from the periventricular area and th e  dorsal subthalam ic region. L a
ten cy  o f these responses varied betw een 15 and 17 m sec, as of those recorded  
from the m esencephalic reticular form ation.

(ii) Influence o f  oestradiol-17-ß  on the electrical potentials evoked by stimulation  
o f  mesencephalic reticular form ation  and vagina

Castrated rats were treated subcutaneously  w ith  10 and/or 50 pg/lOO g 
b.w. oestradiol-17-/? in oil for three days. In  addition to this group other  
castrated fem ales were injected w ith  50 /(g/100 g b .w . oestradiol-17-/? in propy
lene glycol intraperitoneally and electrophysiological observations w ere carried
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F ig . 2. E le c tr ic a l  p o ten tia ls  o f se p to -p reo p tic  reg ion  a f te r  ov ariecto m y  a n d  fo llow ing a d m in 
i s t r a t io n  o f  sex  stero ids. 50 fig  o e s trad io l-17-/3 in  oil w as g iven  subcu tan eo u sly  24 h o u rs  p rio r 
to  th e  e lectro p h y sio lo g ica l 6 tudy. 50 fig  p e r  100 g b .w . o f  p ro g estero n e  in 5 /А p ro p y len e  g lyco l w as 
in je c te d  in tra v e n o u s ly  6 hours an d  3 d ay s  before  o b se rv a tio n . B ipo lar s t im u la tio n  o f  dorsa l- 
m ed ia l p a r t  o f  th e  m esencephalic  re tic u la r  fo rm a tio n  w as perfo rm ed  w ith  m ax im al in te n s ity

.NORMAL

CASTRATED
+ OESTR

c a s t :
+0ESTR+

' PROGEST:OESTR

F ig . 3 . E v o k e d  responses in  th e  p re o p tic  reg ion  due  to  th e  s tim u la tio n  o f m esen cep h a lic  r e tic 
u la r  f o rm a t io n  (left) an d  th e  v a g in a  (r ig h t colum n). R eco rd s  on th e  top  show  n o rm a l resp o n ses, 
in  th e  m id d le  row , p o ten tia ls  a re  in d ic a te d  a f te r  o v a rie c to m y  and  follow ing a d m in is tra t io n  of 
50 f ig  p e r  100 g b .w . o f oestradiol-17-/? in  oil 24 h o u rs  p r io r  to  th e  e lectrophysio log ica l o b se rv a 
tio n . R e c o rd s  on  th e  b o tto m  show  th e  e ffec t o f  o e s trad io l on  th e  p o ten tia l evoked  b y  s tim u la tio n  
o f  th e  m esen cep h a lic  re ticu la r  fo rm a tio n , an d  th e  in flu e n ce  o f 50 fig pe r 100 g b .w . o f  p ro g e s te 
ro n e  in  p ro p y le n e  glycol in jec ted  3 h o u rs  before th e  s tu d y . In  th e  la s t case th e  a n im a l w as 

t r e a te d  w ith  50 fig  o estrad io l 24 h o u rs  before  th e  e lectrophysio log ical o b se rv a tio n
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_____ j 0.1 mV

2 0  m s e c

Fig. 4. T y p ica l e lec tr ica l p o ten tia ls  evoked by  v ag in a l s t im u la tio n  in  no rm al fem ale r a ts  a n d  
th e ir  reco rd in g  s ites in  th e  p re o p tic  region, th e  b a so m ed ia l a n d  p e riv e n tric u la r  h y p o th a la m u s  

a n d  th e  m esencephalic  re tic u la r  fo rm a tio n

out 3, 24 and 36 hours later. Oestradiol treatm en t resulted in restoration  o f  
the preoptic p oten tia ls evoked by the stim ulation  o f m esencephalic reticular  
form ation on th e  2nd day following injection . In  contrast, there was no change  
in the preoptic response evoked by vaginal stim ulation . The facilitatory effect 
of oestradiol on preoptic potentials due to  stim u lation  o f m esencephalic re tic 
ular form ation w as accom panied by a low ering o f  the stim ulation threshold  
(Figs 3 and 4).

Table I

S tim u la tion  thresholds fo r  m axim al evoked responses 

(Im pulse  d u ra tio n : 0.05 m sec)

No.
Stimulation inte 

Mesencephalic ret

Dorsomedial

asity in voltage 
icular formation

Ventrolateral

N orm al 6 3.2 0.6 4.2 0.8

O variectom ized 6 4.8 0.8 5.6 0.6

(1) N orm al +  oestrad io l-17 6 2.3 0.6 3.2 0.7

(1) O variectom ized -j- oestradio l-17 6 2.4 0.5 3.3 0.8

(2) N orm al -j- oestradio l-17 4 2.1 0.4 3.2 0.5

(2) O variectom ized -f- oestradio l-17 5 2.2 0.6 3.2 0.5

(1) 50 ,Mg oestradio l-17  in  0 .1m l p ropylene  glycol ad m in istered  in trap erito n eu lly  24 

hours p rio r  to  th e  electrophysiological obse rv a tio n s

(2) a n d  36 h o u rs  a f te r  in jec tio n
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O estradiol treatm ent did not affect con d u ctiv ity  and la ten cy  in th e  neu
ronal connections from  brain stem  to the preoptic and septal region. Further
m ore, it  failed to m odify th e  electrical p o ten tia ls  of basom edial h ypothalam ic  
nuclei evoked by stim ulation  o f the reticular form ation (Table 1).

(iii) Influence o f  progesterone on the electrical activity of brain stem 
and diencephalon in normal and  castrated females

Intravenous in jection  o f 50 /ig/100 g b .w . o f progesterone led to  an augm en
ta tio n  o f vaginal evoked potentia ls recorded in the brain stem  reticular form a
tio n  and the hypothalam us in both norm al and ovariectom ized rats. The facili-

Fig. 5. C hanges in  th e  v a g in a l evoked  p o te n tia ls  o f  th e  basom edial h y p o th a la m u s  a f te r  th e  
in tra v e n o u s  in je c tio n  of 50 fig  p e r  100 g b o d y  w e ig h t o f p rogesterone. A: co n tro l, B : 20 m in , 

C: 40 m in  an d  D ; 120 m in  a f te r  p ro g e ste ro n e  in jec tion . B ipo lar reco rd in g s

ta to r y  effect developed 5 — 10 min and la sted  for 45 — 60 min. The recovery  
period  o f vaginal evoked potentia ls varied  from  1500 till 2000 m sec in b oth  th e  
u n treated  castrated and th e  norm al fem ales and this period w as m arkedly  
reduced  during the facilitatory  period o f progesterone action. W hile in the  
u n treated  animals tw o consecutive stim uli g iven  within the recovery period re
su lted  in  the suppression o f th e  second response, the second response w as facil
ita te d  b y  progesterone treatm ent and after-discharges were also observed.

Progesterone treatm en t did not in fluence the evoked poten tia ls due to  
stim u la tion  o f the brain stem  reticular form ation  and recorded in  th e  baso
m ed ia l and anterior hypothalam ic regions.

In the progesterone action on vagin al evoked potentials there was no 
sign ifican t difference betw een  castrated and normal fem ales, w ith  the only
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CAST.
NORMAL

Fig. 6. R eco v ery  period  of ev o k ed  responses to  v ag in a l s t im u la tio n . Recordings w ere p e rfo rm e d  
in th e  b aso m ed ia l h y p o th a la m u s  before , and a f te r  50 /tg  p e r  100 g b.w . o f p ro g estero n e  in je c tio n

in  two d ifferen t in te rv a ls

Fig. 7. In h ib ito ry  p e rio d  e lic ited  by  the  co n d itio n in g  s tim u la tio n  of the  m ed ia l fo reb ra in  
b u nd le  on  th e  evoked  p o te n tia ls  o f th e  m esencephalic  re tic u la r  fo rm ation , d u e  to  v a g in a l 
s tim u la tio n  (as te s t-s tim u lu s ) , befo re  and  a f te r  p ro g e ste ro n e  ad m in istra tio n . 50 /ig  p ro g e ste ro n e  
in  5 fil p ro p y len e  glycol w as in je c te d  in trav en o u s ly  a n d  th e  in h ib ito ry  period xvas te s te d  30 and  
120 m in  a f te r  a d m in is tra tio n . C ondition ing  s tim u la tio n  w as a t  m ax im al in te n s ity . T h e  figu re  

show s v a lu es fo r 6 ovariectom ized  a n d  6 no rm al fem ale ra ts

exception th a t the facilitatory  period after th e  injection of progesterone xvas 
longer and th e  appearance o f  secondary after-discharges was more frequent in 
the castrated  rats.

A decrease o f vaginal evoked potentials and a considerable prolongation  
of the recovery period were observed in the second  hour following th e  proge
sterone injection . A m arked decrease in th e  am plitude of vaginal ev o k ed  re
sponses could be found in both  the anterior and the basomedial h yp oth a lam ic  
recordings and to a lesser ex ten t in the brain stem  reticular form ation.

T esting the inhib itory influence of con d ition in g  stim ulation in th e  m edial 
forebrain bundle region on vaginal evoked responses which were recorded in
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th e  b asom ed ia l hypothalam us and the m esencephalic reticular form ation  by  
th e  sep aration  of condition ing and testing stim u li a t different in tervals, i t  was 
fou n d  th a t  th e  inh ibitory period showed a b ip h asic  change during progesterone  
trea tm en t. In the first 3 0 —45 min the in h ib itory  period was considerably  re
duced  and becam e prolonged in the second and th ird  hours in com parison to  the  
p retrea tm en t level (F igs 5, 6 and 7).

D iscussion

E arlier data indicated  th a t  vaginal stim u la tion  led to after-reactions in  the  
cat ( P o r t e r  et al. 1957; L i s s á k  1962), the rab b it (S a w y e r  1966) and th e  rat 
( B a r r a c l o u g h  1960). The prim ary m echanism  in volved  in the organization  of 
after-reaction  and sexual arousal has been stu d ied  by several in vestigators. 
U n it  responses to vaginal stim ulation  of d ifferent hypothalam ic areas y ielded  
v a lu a b le  inform ations, but m ost observations w ere carried out in anaesthetized  
p rep aration s (C ross  and S i l v e r  1965; R a m i r e z  et al. 1967; B a r r a c l o u g h  and 
C r o s s  1963).

A  decrease o f the threshold  for E E G  arousal as the result o f oestrogen  
tr e a tm e n t has been confirm ed by us after S a w y e r  and K a w a k a m i ’s (1959) 
p erta in in g  study in the fem ale rabbit ( E n d r ő c z i  1967). The facilitatory  action  
o f progesterone on the E E G  and behavioural arousal occurred in th e  period  of 
p rogesteron e action, and w as followed b y  a m arked suppression o f th e  e x c ita 
to r y  le v e l o f  the brain stem  ascending a c tiva tory  system . According to  our ear
lier observations the oestrogens prim arily decreased the threshold o f  E E G  
arousal produced by a stim ulation  of the m esencephalic reticular form ation  
and th e  descending in h ib itory  influence o f  forebrain  structures on th e  brain  
stem  w as facilitated  b y  progesterone ( E n d r ő c z i  1967, 1968).

T h e present observations indicated a d ifferen t rather than uniform  action  
o f se x  steroids on the exc ita tory  state o f the cen tra l nervous system . E lectr ica l 
p o ten tia ls  in the preoptic region which had b een  evoked by the stim u la tio n  of 
th e  b ra in  stem  reticular form ation were su ccessfu lly  restored b y  oestrogen  and  
th e y  rem ained  uninfluenced following progesterone adm inistration. On the  
other han d , progesterone treatm ent facilita ted  vagin al evoked p oten tia ls  but 
fa iled  to  influence h ypothalam ic responses to  brain  stem  stim ulation . O n the  
b asis o f  our electrophysiological findings we m a y  em phasize that the oestrogens  
affect prim arily  the m ultisynaptic  connections betw een brain stem  reticular  
core an d  anterior h ypothalam ic region and th a t  progesterone exerts its  in 
flu en ce  m ostly  on oligosynaptic pathw ays co n v ey in g  sensory m odalities from  
peripheral sources to  the grey m atter of th e  brain  stem  and the d iencephalon.

T h e biphasic nature o f  progesterone action  w as also noted in th e  present 
in v estig a tio n s. The m arked biphasic alteration in  th e  inhibitory in fluence o f  the
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m edial forebrain bundle region on vaginal evoked  potentials in th e  course of 
progesterone action has corroborated our earlier assum ption th a t th is  steroid  
facilitates descending inhibitory influences of th e  forebrain structures ( E n d r ő - 
cz i 1967), and also the observation  that the progesterone im plant in  th e  preop
tic  region enhanced sleeping behaviour ( H e u s e r  et al. 1965). T he secondary  
phase o f progesterone action  seem s to  be closely in volved  in the d evelop m en t of 
postco ita l suppression in sexual arousal, although th e  understanding o f  this 
action  o f the steroid requires further investigations.
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PITUITARY ADRENOCORTICOTROPHIC HORMONE 
(ACTH) INDUCED HYPOGLYCAEMIA

By

L. K o r á n y i , E. E n d r ő c z i  and Veronica T a m á s y

INSTITUTE OF PHYSIOLOGY, UNIVERSITY MEDICAL SCHOOL, PÉCS 

(R eceived  O ctober 14, 1968)

ACTH in je c te d  in tra p e rito n e a lly  w as fo u n d  to  in d u ce  h y p o g lycaem ia  in  b o th  
n o rm al and ad ren a lec to m ized  ra ts .  A sig n ifican t decrease  o f th e  blood sugar leve l w as 
observed in  ad ren a lec to m ized  an im a ls  stressed  w ith  fo rm alin  in jec tio n  an d /o r su b jec ted  
to  cond itioned  fe a r  p rocedure . T he h ypog lycaem ic  e ffec t cou ld  be p re v en ted  w ith  dexa- 
m ethasone  im p la n te d  in to  th e  m ed ia n  em inence of th e  h y p o th a la m u s . P ra c tica lly  no 
decrease o f th e  b lo o d  sugar level w as fo u n d  in response  to  A C T H , fo rm alin  in jec tio n , o r 
conditioned fe a r  3 w eeks a fte r  ad ren a le c to m y . H y d ro c o rtiso n e  p re tre a tm e n t fo r 3 d ay s  
in  anim als m a rk e d ly  in fluenced  th e  m echanism  o f h y p o g ly caem ia  induced  b y  A C TH  
60 days a f te r  su rg e ry .

A number o f data accum ulated over the past years show  that p itu itary  
trophic hormones in  addition to their specific action on the target organs exert 
a w ide variety o f  extra-target effects. Concerning p itu itary  adrenocorticotro- 
phic hormone preparations, it is w ell known that h igh ly  purified ACTH, even  
the synthetic eicosapeptide-corticotrophin , exert several extra-adrenal actions. 
For instance, injection  o f the peptide results in m obilization  o f depot fat, k eto 
sis, hypoglycaem ia b y  increasing insu lin  secretion, and hypocalcaem ia in cer
ta in  species, first o f  all in the rabbit (A n s e l m in o  and H o f f m a n n  1933a and h; 
E n g e l  and K o s t y o  1964; F r i e s e n  1964; E n g e l  and L e b o v i t z  1965; L e b o - 
v i t z  1967; L u n d q u i s t  and R e r u p  1967; T r y g s t a d  1967).

O xidative deam ination of th e  alpha-am ino group or shortening of the  
ACTH peptide chain to  11 to 16 am ino acid residuum  com pletely abolished  
the effect on the adrenal cortex, w hile other extra-adrenal effects rem ained  
practically  unchanged. A cety lation  o f the N -term inal serine o f the peptide  
m olecule converted th e  hypoglycaem ic to  a hyperglycaem ic effect ( L e b o v i t z

1967). On the other hand, as observed in experim ents w ith crude and highly  
purified ACTH preparations, the lipid m obilizing and hypocalcaem ic effects  
w ere due to im purities in the extracts (T r y g s t a d  1967).

The present stu d y  has been d evoted  to the question  w hether the effect of 
ACTH on insulin secretion is a result o f aspecific and/or pharm acological fac
tors, or is of a physiological significance, and w hether system ic as well as psychic  
stress can liberate such an am ount and type o f endogenous ACTH which m ay  
induce hypoglycaem ia.
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Methods

N in e ty -n in e  a d u lt m ale a lb in o  r a ts  d iv id ed  in to  e leven g ro u p s w ere u se d  in  th e  ex 
p e r im e n ts .

T h e  b lood  sugar leve l in  b lo o d  sam p les ta k e n  fro m  th e  ta i l  v e in  o f  th e  an im a ls  w as d e te r
m in e d  b y  th e  H agedobn  a n d  J e n s e n  m eth o d  (1923).

H ig h ly  purified  A C TH  in  d o ses o f 100 fig  p e r  kg  b o d y  w eigh t, a n d  c o rtro p h in e  (O rganon , 
O ss, N e th e r la n d s )  in  doses o f 10 I .U . p e r  k g  b o d y  w e ig h t d isso lved  in  physio lo g ica l sa line  so lu tion  
w ere  g iv e n  in tra p erito n ea lly . F o rm a lin  (0.1 m l o f  a  5 %  so lu tion ) w as a d m in is te re d  in tra m u sc u 
la r ly .

C o n d itio n ed  fear w as e s ta b lish e d  in  a  c o n d itio n in g  b o x  b y  p a ir in g  a  so u n d  signal o f 10 sec 
d u r a t io n  w ith  an  electric shock  (3 m A ) ap p lied  to  th e  p aw  of th e  an im a l th ro u g h  th e  grid  floor.

BEFORE 30 60 * 120 min

F ig . 1 . Decrease o f b lood  su g a r  leve l 
(m e a n  +  s ta n d a rd  e rro r o f  th e  m ea n ) 
fo llo w in g  A C TH  in jec tion  in  n o rm a l ( X ) 

a n d  adrenalectom ized  r a t s  ( • )

O'---------,--------- ,--------- ,------
BEFORE 30 60 min

Fig. 2. C hanges o f  b lood  su g ar level 
(m ean  +  s ta n d a rd  e rro r  o f th e  m ean) 
in  ad ren a lec to m ized  r a ts  follow ing 
fo rm alin  stress  a n d  co n d itio n in g  p ro 
cedure. A d re n a le c to m y  -j- fo rm alin  
(o ) ;  a d ren a le c to m y  +  cond itioned  
fea r  ( д )  one w eek  a f te r  surgery . 
A d ren alec to m y  -j- fo rm alin  (® ); a d 
re n a lec to m y  -j- co n d itio n ed  fear (a ) 

j f B I  ,3 w eeks a f te r  su rg ery

T e n  t r ia l s  in  60 sec in te r tr ia l  in te rv a ls  w ere  g iven  d a ily  fo r 2 d ays. B lood  su g a r w as e s tim a te d  on 
th e  3 rd  ex p erim en ta l d ay  w h en  so u n d  signals w ith o u t  e lectric  shock  w ere  p re sen te d .

A d ren alec to m y  w as p e rfo rm e d  in  e th e r  a n ae sth es ia  and  th e  an im a ls  w ere  k e p t  on  1%  
sa lin e  so lu tio n . Im p la n ta tio n  o f  5 to  10 fig  o f c ry s ta llin e  d e x am eth aso n e  a n d  cho lestero l in to  
th e  m e d ia n  em inence o f th e  h y p o th a la m u s  w as m ad e  s te reo tax ic a lly  b y  a  f in e  s ta in less steel 
c a p il la ry .

F o r  h isto logy th e  b ra in s  w e re  f ix e d  in  fo rm alin  an d  th e  lo ca liza tio n  o f s te ro id  im p la n ts  
w as  c h e c k e d  in  frozen sections.

Results

ACTH  injected in trap eriton eally  induced severe hypoglycaem ia  in both  
n o rm a l and adrenalectom ized rats. The blood sugar level show ed a decrease 
w ith in  30 min and the effect lasted  for more than  120 m in (F ig. 1).
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Form alin stress as w ell as conditioned fear also led to  a rapid developm ent 
o f hypoglycaem ia. W hen testin g  the effect o f  cond itioned  fear, blood sam ples 
were taken on the 3rd day o f  the conditioning procedure prior to and 30 as well 
as 60 min after presentation  o f the first trial, one w eek  follow ing adrenalectom y. 
No significant decrease o f th e  blood sugar level in  response to form alin in jection  
or conditioned fear occurred 3 weeks after adrenalectom y (Fig. 2).

mg%

100-

80-

60-

40-

20-

0 --------------- 1—  --------«---------------- -1----------------------- ---------- 1--------- -
BEFORE 30 60 120 min

Fig. 3. C hanges o f b lood  su g a r leve l (m ean  i  s ta n d a rd  e rro r  o f  th e  m ean) in  ra ts  follow ing A C TH  
in jec tion . 60 d ay s  a f te r  ad ren a le c to m y  (o ) ;  63 d ay s  a f te r  a d ren a lec to m y  -f- h y d ro co rtiso n e

p re tre a tm e n t ( • )

S ix ty  days after adrenalectom y the b lood sugar level was practically  
unchanged, but pretreatm ent w ith  5 mg o f hydrocortisone daily for 3 days 
partially restored th e  sen sitiv ity  and a m arked decrease o f blood sugar level 
developed after ACTH had been injected. S ix ty  d ays after adrenalectom y the  
blood sugar decreased b y  5 m g per 100 ml only, b u t on the 63rd day follow ing  
the hydrocortisone pretreatm ent a 16 mg reduction  was observed (Fig. 3).

In adrenalectom ized anim als w ith d exam ethasone im plant in  the m edian  
em inence no sign ificant decrease o f the blood sugar level was induced b y  for
malin or the conditioning procedure, as com pared to  th e  corresponding adrenal
ectom ized control group, on the 3rd day fo llow ing surgery (Figs 4 and 5).

Discussion

A dm inistration o f b oth  commercial and h igh ly  purified ACTH as w ell as 
system ic and/or psychic stress was found to  induce hypoglycaem ia in  
the adrenalectom ized rat. The observation th a t th is  hypoglycaem ia w as pre
vented  b y  dexam ethasone, a powerful inhibitor o f  endogenous ACTH secretion, 
im planted in to  the m edian em inence of the h ypothalam us, pointed to  the fact
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th a t  for the phenom enon ACTH alone w as responsible. Under physiological 
co n d itio n s, ACTH secretion does not induce hypoglycaem ia ow ing to  the pre
v iou s activation  o f th e  sym pathoadrenal system  and adrenocortical steroid  
o u tp u t. I t  follows that th e  insu lin  secretion induced by endogenous ACTH is a 
p h y sio log ica l m echanism  even  if  the resulting blood sugar change is hypergly- 
caem ia in the normal anim al.

BEFORE 30 60 120 min BEFORE 30 60 min

F ig .  4.  C hanges of blood su g a r leve l (m ean  +  
s ta n d a r d  e rro r  o f th e  m ean ) fo llow ing  fo rm alin  
s tre ss  in  ad ren a lec to m ized  r a t s  w ith  d ex am eth a - 
sone im p la n t  in  th e  m ed ian  em in en ce  of th e  h y 
p o th a la m u s  ( • ) ,  and  ad ren a le c to m ize d  co n tro l 

anim als ( o )

Fig. 5. Changes of b lood su g a r  leve l (m ean 
+  s ta n d a rd  erro r o f th e  m ea n )  follow 
ing  cond ition ing  p ro ced u re  in  a d ren a lec 
to m ized  ra ts  w ith  d e x a m e th a so n e  im 
p la n t  in  th e  m ed ian  em in en ce  of the  
h y p o th a la m u s  ( ®). a n d  ad ren a lec to m ized  

con tro l an im als  ( o )

Since the intim ate m echanism  of ACTH induced insulin secretion  is un
k n ow n , we do not have to  answ er the question  w hether the action  is bound to 
certa in  am ino acids or som e am ino acid com bination. R ecent data h ave pointed  
to  th e  im portant role o f  essen tia l am ino acids since while glucose in fusion  result
ed in  a sligh t elevation, th e  infusion o f essentia l am ino acids was associated  w ith  
a str ik in g  increase in serum  insulin  content ( G r a s s o  et al. 1968).

A drenal steroids p lay  an im portant role in the m aintenance o f  ACTH in 
duced  insu lin  secretion; th is  effect can be a perm issive or a direct one. The in 
flu en ce o f  corticosteroids on th e  pancreas endocrine function has clearly  been 
d em on strated  by H o u s s a y  (1951, 1959) and H o u s s a y  et al. (1954a, b) who 
found  th a t the action o f corticosteroids and oestrogens m anifested them selves  
w ith  a diphasic m echanism . A t first th ey  increase the severity o f experim ental 
d iab etes b y  increasing th e  b lood sugar level, but later they  have a preventive  
action  on the incidence o f  diabetes in the rat. This action is probably  a direct
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one, since Ma l a i s s e  et al. (1967) found that the in  v itro  insulin output o f  pancreas 
slices under the effect of glucose w as enhanced in cortisol treated anim als.

In recent years m any researchers have stu d ied  the effect o f  ACTH on 
neural m echanism s and behaviour. W ide varieties o f extraadrenal actions and 
remarkable species differences have been reported in this respect (see for litera
ture K o r á n y i  et al. 1967; B o h u s  and K o r á n y i  1968; D e  W i e d  and P i r i é

1968). The hypoglycaem ic phenom enon should alw ays be taken into account in 
experim ents on ACTH treated norm al anim als or w hen studying adrenalecto- 
m ized anim als. Further experim ents are required to  explore the m odifying or 
m ediating role o f  ACTH induced insulin  secretion and consequential hypogly- 
caem ia in the changes of higher nervous a c tiv ity , behavioural and neural 
m echanism s observed in adrenalectom ized or ACTH treated anim als.
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EFFECT OF THE MEDIAN EMINENCE OF THE PIGEON 
(COLUMBA LÍVIA DOMESTICA L.) ON THE REGULATION 
OF ADENOHYPOPHYSIAL CORTICOTROPIN SECRETION

B y

P . PÉCZELY

DEPARTMENT OF GENERAL ZOOLOGY AND COMPARATIVE ANATOMY,
LORÄND EÖTVÖS UNIVERSITY OF SCIENCES, BUDAPEST

(R eceived  M ay 28, 1968)

T he changes in  th e  C R F  a c tiv ity  o f th e  m ed ian  em in en ce  and  in  th e  A C TH  a c tiv ity  
o f th e  ad en o h y p o p h y s is  o f  th e  p igeon  have been  s tu d ie d  in  v i tro  in  th e  case o f  a d ren a l 
h y p e rac tiv ity  a n d  h y p o a c tiv ity . A t 30 m inu tes fo llow ing  th e  in jec tio n  o f 8 I .U . in su lin  
th e  C R F  c o n te n t o f  th e  m ed ian  em inence w as re d u ce d , a t  1 h o u r  th e  v a lu e  w as com 
p a rab le  to  th e  co n tro l one, a t  2 h o u rs  th e re  was a m a rk e d  decrease  and  a t  3 h o u rs  a  m in i
m u m  value  w as fo u n d . T h e  A C TH  co n te n t o f th e  ad en o h y p o p h y s is  a t  30 m in u te s  w as 
increased  to  a b o u t th re e  tim es th e  con tro l v a lu e , th e n  in  th e  n e x t 3 h o u rs  i t  slow ly  d e 
creased  to  below  th e  co n tro l level. In  response to  A C T H  tr e a tm e n t,  w a te r load ing , a d m in 
is tra tio n  of N aC l an d  predn iso lone  tre a tm e n t th e  C R F  c o n te n t  o f th e  m ed ian  em inence  
decreased , b u t  i t  d id  n o t  change in  response to  w a te r  d e p r iv a tio n . In  response to  A C T H  
tre a tm e n t an d  w a te r  lo ad in g  th e  A CTH c o n te n t o f  th e  ad en o h y p o p h y s is  decreased  s ig n if
ica n tly , in  resp o n se  to  N aC l ad m in is tra tio n  and  p re d n iso lo n e  tre a tm e n t i t  in creased , 
an d  i t  w as u n a ffe c te d  b y  w a te r  d ep riv a tio n . T he re su lts  sh o w  t h a t  th e  p igeon’s a d ren a l 
fu n c tio n  is u n d e r  th e  co n tro l o f  th e  h y p o th a la m ic -h y p o p h y s ia l system .

According to  recent evidence in the literature, th e  m echanism  o f the  
central control o f  adrenal a c tiv ity  is essentially sim ilar in birds and in m am 
m als. The avian adenohypophysis contains considerable quantities o f  ACTH, 
which increase adrenal glycocorticoid production in  v itro  ( D e  R oos  and D e  

R o o s 1964; P é c z e l y  and Z b o r a y  1967). A pparently, ACTH is produced in the  
erythrosinophilic, more precisely in the purple-stain ing epsilon cells o f  th e  
cephalic lobe. This is ind icated  by the fact th a t on m etyrapone or reserpine 
treatm ent these cells undergo hypertrophy and degranulation (T i x i e r - 
V i d a l  1963).

The im portance o f ACTH is shown by the atrop h y  o f the interrenal m atter  
of the avian adrenal (M i l l e r  and R i d d l e  1942; N a l b a n d o v  and Ca r d  1943; 
A s s e n m a c h e r  1958; M i l l e r  1961) or the decrease o f  its  corticoid production  
occurring after adenohypophysectom y (N a g r a  et al. 1963; R e s k o  et al. 1964; 
F r a n k e l  et al. 1967).

As far as the role o f the hypothalam us in the central regulation o f adrenal 
a ctiv ity  is concerned, the scarce evidence available allow s the only conclusion  
th at the m edian em inence and the ventral hypothalam us are enhancing p i
tu itary  ACTH production ( F r a n k e l  et al. 1967; R e s k o  et al. 1964; P é c z e l y
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a n d  Z b o r a y  1967). I n  a p r e v io u s  s t u d y  ( P é c z e l y  a n d  Z b o r a y  1967) w e h a v e  
o b t a i n e d  f ro m  th e  m e d ia n  e m in e n c e  a  c r u d e  e x t r a c t  w h ic h  in c r e a s e d  p i t u i t a r y  
A C T H  p r o d u c t i o n ;  t h u s ,  t h e  m e d i a n  e m in e n c e  o f  t h e  p igeon  h a s  C R F a c t iv i ty .

In  the same study we h ave confirm ed the hypothesis of R e s k o  et al. (1964) 
con cern in g  the existence o f ex trah yp op h ysia l ACTH or a substance o f ACTH  
a c t iv ity  bound to the m edian em inence. Furtherm ore, our results are in har
m o n y  w ith  the statem ent m ade b y  Co r b i n  et al. (1965) that dexam ethasone-21- 
p h o sp h a te  inhibits adrenal steroidogenesis in both intact and adenohypophysec- 
to m ized  animals.

T he existence o f an extrah yp op h ysia l substance of ACTH a c tiv ity  re
p resen ts a considerable difference from  m am m als as regards th e  central control 
o f adrenal function. A t th e  sam e tim e, it  m ay offer an explanation  for the great 
“ a u to n o m y ” of the avian adrenal, w hich displayed no significant m orphological 
ch an ge following hypop h ysectom y ( N e w c o m e r  1959; R a u m  and M e y e r  1956; 
E l t o n  et al. 1959). A lso, th e  decrease o f adrenal steroid production  after hypo
p h y sec to m y  was slighter in  birds than  in  m am m als ( F r a n k e l  et al. 1967; 
R e s k o  et al. 1964).

In  the present experim ents we have studied the changes in  the CRF 
a c t iv ity  o f the m edian em inence and o f the ACTH activ ity  o f th e  adenohypo
p h y sis  in  the case of adrenal hypofunction  and hyperfunction to  observe the  
in flu en ce  of stim ulating and inhib iting factors of the hypothalam ic-adrenocor
tic o tr o p ic  system  in the pigeon.

M ethods

A  to ta l  of 226 sexually  m a tu re  p igeons (Columba liv ia  domestica L .), 131 m ales and  95 
fe m a le s , w as used in  th e  e x p e rim e n ts . A verage  w e ig h t o f  th e  b irds was 320 g. T h e  A C T H  assays 
w e re  m a d e  in  fem ale ra ts  o f th e  R e h b rü ck e  s tra in ,  w eigh ing  180 to  220 g.

I n  th e  course of th e  in v e s tig a tio n s  th e  p ig eo n s wore su b jec ted  to  th e  fo llow ing  tre a tm e n ts .
E x p e rim en ta l group  1: In su lin  t r e a tm e n t  (46 b ird s). F ive  groups o f p ig eo n s  w ere tre a te d  

w ith  in su lin , th e  b irds w ere k illed  follow ing th e  in tra v e n o u s  in jec tio n  o f a  sing le  8 I. U. dose of 
in su lin  a t  30 m inu tes, 1 h o u r, 2 h o u rs  and  6 h o u rs , o r a t  8 hours follow ing th e  in tra v e n o u s  in 
je c t io n  o f  a  single 30 I. U . dose o f  in su lin .

E x p e rim en ta l g roup  2: P red n iso lo n e  t r e a tm e n t  (9 birds). The e x p e r im e n ta l b ird s were 
g iv e n  o ra lly  5 m g p redniso lone in  tw o  doses (one a t  10 a.m . and  th e  o th e r  a t  6 p .m .) daily  
fo r  20 d a y s .

E x p e rim e n ta l g roup  3: A C T H  tr e a tm e n t  (9 b ird s). 4 I. U. o f A C T H  w as adm in iste red  
in tra m u s c u la r ly ,  2 I. V. a t  10 a .m ., an d  2 I. Y. a t  6 p .m ., daily  for 4 d ay s.

E x p e rim en ta l g roup  4: N aC l tr e a tm e n t  (8 b ird s) . T he pigeons w ere fed  fo r  20 d ay s corn 
so a k e d  in  4 %  NaCl so lu tion .

E x p e rim en ta l group  5: H y d ra t io n  (10 b ird s). T he b ird s received o v er 10 d a y s  daily  40 
m l o f  t a p  w a te r  th ro u g h  an  in tr a g a s tr ic  tu b e  in  tw o  p o rtio n s , one a t  10 a .m ., th e  o th e r  a t  6 p .m .

E x p e rim en ta l group  6: W a te r  d e p riv a tio n  (10 b ird s). The pigeons w ere d e p riv e d  of d rin k 
in g  w a te r  fo r  8 days.

B o th  th e  pigeons an d  th e  r a t s  were k illed  b y  d e ca p ita tio n  b e tw een  11 a .m . an d  2 p .m .
T h e  m edian  em inence h o m o g en a te  fro m  th e  ex p erim en ta l b ird s w as a d d e d  to  th e  in 

v i tr o  in c u b a te d  ad en o h y p o p h y sis  o f  in ta c t  p igeons a n d  th e  in cu b a te  was a ssa y ed  q u a n ti ta t iv e ly  
fo r  A C T H  co n ten t by  m eans o f r a t  a d ren a l slices in cu b a ted  in  K reb s— R in g e r  b ica rb o n ate . 
T h e  A C T H  co n ten t o f th e  a d en o h y p o p h y s is  o f  th e  t r e a te d  pigeons w as d e te rm in e d  in  th e  sam e 
w ay . T h e  m ethod  has b een  d esc rib ed  in  d e ta il  (P é c z e l y  and  Zbokay  1967).
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T he v a lu es h av e  been  c a lcu la te d  fro m  th e  av erag e  c o rtico s te ro n e  p ro d u c tio n  b y  25 mg 
r a t  ad ren a l tis su e  in  1 h o u r fo r ^ug/lOO m g /h o u r. T he a d en o h y p o p h y s is  o f n ec ro p sied  pigeons 
w eighed 3.6 m g, th e  excised m ed ian  em inence  tissue  3.0 m g, on  th e  average.

C orticosterone p ro d u c tio n  b y  th e  r a t  a d ren a l w as d e te rm in e d  on th e  basis  o f  th e  w orks 
o f  Gl ic k  e t  a l. 1964; Z e n k e r  an d  B e r n s t e in  1958; E s p in e r  1965, b y  th e  f lu o ro m e tric  m eth o d  
described  b y  u s  (P íc z e l y  an d  Z b o r a y  1967).

T he co n tro l v a lu es w ere as follow s. R eliab le  e x ec u tio n  o f in cu b a tio n  in  v i tro  a n d  o f th e  
flu o ro m e tric  co rtico s tero n e  d e te rm in a tio n  w as checked  b y  th e  d e te rm in a tio n  o f th e  b a sa l co r
tico ste ro n e  sec re tio n  o f th e  r a t  a d ren a l a n d  b y  system ic  c o n tro l. T h e  C R F  c o n te n t o f  th e  m ed ian  
em inence w as d e te rm in ed  in  in ta c t  a n im a ls , an d  th is  se rv ed  as th e  co n tro l v a lu e  in  th e  e x p eri
m en ts . P i tu ita ry  A C TH  p ro d u c tio n  w as e s tim a te d  w ith o u t a d d in g  m ed ian  em inence e x tr a c t ,  and  
to  th is  va lue  w ere re la te d  those  fo r th e  C R F  found  in  th e  co n tro l an d  th e  e x p e rim e n ta l an im als . 
T h e  effect o f  th e  ex p erim en ta l in te rv e n tio n  w as co n tro lled  in  ev ery  case b y  h is to lo g ic  e x am in a 
tio n  o f th e  ad ren a ls  o f th e  tre a te d  p igeons (P é te rf i’s em b ed d in g  m eth o d , h a em a to x y lin -e o sin  
sta in ing ).

Results

The intravenous in jection  o f 8 I.U . of insulin  rapidly stim u lated  the h y
pothalam ic-corticotropin system . CRF a ctiv ity  o f the m edian em inence de
creased from  the control 13.1 fig leve l to 8.4 in 30 m inutes; this decrease o f  about 
75%  pointed to  an intensive m obilization  of the releasing factor from  th e m e
dian em inence. The in tensive C R F transport was indicated b y  th e  333%  in
crease from 9.90 p,g to  19.10 fig in  adenohypophyseal ACTH con ten t.

A t 60 m inutes, CRF a c tiv ity  o f the m edian em inence was p ractica lly  at 
th e  control level (12.85 fig). As com pared to the 30-m inute value, adenohypo
physeal ACTH content was reduced, but still higher than  the control va lue of 
12.10 fig, pointing to a new equilibrium  betw een increased synthesis and m o
bilization.

At 120 m inutes follow ing th e  intravenous in jection  of 8 I .U . insu lin , the  
CRF content o f the m edian em inence was again m arkedly reduced (8.75 fig); 
th is was accom panied by a negligible increase in adenohypophyseal ACTH  
content (12.20 fig).

At 360 m inutes the CRF content of the m edian em inence w as further 
decreased (7.50 fig), and there w as a significant reduction in the ACTH  content 
o f the adenohypophysis (9.10 fig). (F ig. 1).

A t 8 hours following the intravenous in jection  o f 30 I.U . o f insulin  an 
exhaustion  of the hypothalam ic-adrenocorticotropin system  was observed. The 
CRF content o f the m edian em inence was as low  as 6.90 fig and th e  ACTH  
content o f the adenohypophysis w as also very low  (7.50 fig) (F igs 2 and 3).

In response to prednisolone treatm ent, the CRF content o f th e  m edian  
em inence decreased to  a sm all ex ten t, hut sign ifican tly  (11.60 fig); w hile the  
adenohypophyseal ACTH con ten t increased very  significantly to 13.48 fig.

In response to ACTH treatm ent, CRF content of the m edian em inence  
decreased (8.81 fig) and the ACTH content o f the adenohypophysis suffered a 
significant decrease (6.95 fig).
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г -  1  г  • 1 о т тт ■ * Fie. 2. C R F content o f m edian em inence. 1.F ie .  1.  E ffect of a single 8 I .U . intravenous n  5 i
1 °  n . i. гт>т? . • c i- Basal corticosterone secretion ol rat adrenal,dose  ot insulin on l l \ r  a c t iv ity  ot median 0 » /_,ппТТ , c i i x • о
1 а г т 1 т . J. <• , 2. A C 1H  production ot adenohypophysis, 3.em in en ce  and on АСЛН c o n te n t  of adeno- ^ л t i- * * Í oA •u • i- Control C H r. 4. Insulin treatm ent, 30 m inutes.h y p o p h y s is --------------- CRp in  m ed ian  emi- P T  ..  ̂  ̂ T .л к PTiT • i l  1 . 5 .  Insu lin  treatm ent, i  hour. 6. Insulin  treat-n e n c e ; ------------- AC l ft  m  adenohypophysis  ̂ „ T 1 .  ̂ » . a x .J r  * j  m ent, 2 hours. 7. Insulin trea tm en t, о hours.
8. In su lin  t r e a tm e n t  (30 I .U .) , 8 h ours. 9.
P red n iso lo n e  t re a tm e n t. 10. A C T H  tre a tm e n t.
11. N aC l a d m in is tra tio n . 12. H y d ra t io n . 13.

D eh y d ra tio n

NaCl loading red u ced  the CRF content o f  the m edian em inence to a 
sm aller  extent, yet s ig n ifica n tly  (11.75 /xg), and th e  ACTH content o f the ade
n oh yp op h ysis was s ig n ifica n tly  increased (11.75 /xg).

W ater loading cau sed  a highly significant decrease in CRF con ten t (9.60 
[Ig ), and  a marked decrease in  ACTH content (8 .07 /xg).

On water deprivation  there was a slight, n o t significant decrease in CRF  
(1 2 .1 5  /xg), while the A C T H  content was u nchanged  (10.00 /xg) (F igs 2 and 3, 
T a b les  I and II).

A s to  adrenal m orp h ology , 2 to 6 hours after 8 I.U . of insulin  th e  inter- 
ren a l m atter displayed a s lig h t, 8 hours after th e  in jection  of 30 I .U . o f insulin, 
a m arked  hypertrophy. Prednisolone caused an atrophy of the deeper-lying in- 
terren a l cells, while ACTH  a marked hypertrophy o f the entire interrenal m at
ter . In  response to NaCl lo a d in g  the peripheral zone atrophied, w hile the deeper
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zone show ed no major change. H ydration  caused atrophy o f the deeper zone and 
w ater deprivation a considerable hypertrophy o f the interrenal m atter.

F ig. 3. A C TH  co n te n t o f  ad en o h y p o p h y s is . 1. B asa l co rtico s tero n e  sec re tio n  o f  r a t  ad ren a l. 
2. A C T H  c o n te n t o f co n tro l ad en o h y p o p h y s is . 3. In su lin  tre a tm e n t,  30 m in u te s . 4. In su lin  
t r e a tm e n t,  1 hour. 5. In su lin  t r e a tm e n t,  2 h ours. 6. In su lin  t re a tm e n t, 6 h o u rs . 7. In su lin  t r e a t 
m e n t (30 I.U .) , 8 hours. 8. P red n iso lo n e  tre a tm e n t.  9. A C TH  tre a tm e n t. 10. N aC l a d m in is tra 

tio n . 11. H y d ra tio n . 12. D e h y d ra tio n

Discussion

The interventions applied in the present experim ent have been show n to 
induce histological or functional changes in the adrenals. T hey w ere assum ed  
to  exert their effect through th e  hypothalam ic-hypophysial system  and so it 
seem ed interesting to determ ine the CRF content o f the m edian em inence and 
the ACTH content o f the adenohypophysis in pigeons w ith  adrenal hyperfunc- 
tion  and hypofunction.

Insulin  treatm ent causes hypertrophy of the interrenal m atter o f  the  
adrenal (M i l l e r  and R i d d l e  1942 ; K u m is h i m a  1960; M i l l e r  1961) in  2 to  4
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Table I

C R F  activity o f  m ed ian  eminence under d ifferen t experim ental conditions 
The d ifference is s ig n if ic a n t s ta tis tic a lly  w h en  t =  2 .11—2.14, p =  0.05

C ontro l
t = - 6 .4 0

In su lin ,

C ontro l

30 m inutes

t = - 0 .2 5
In su lin ,

C ontro l

1 h o u r

t = - 5 .2 8
In su lin ,

C ontro l

2 hours

t = - 7 .0 0
In su lin ,

C ontro l

6 hours

t = - 8 .8 5
In su lin ,

C ontro l

8 hours

t = — 2.88
P red n iso lo n e

C ontro l
l = - 5 .7 0

A C TH

C ontro l
N aCl

t = - 2 .2 4

C on tro l
H y d ra tio n

t = - 4 .1 5

C ontro l
— 1.14

D e h y d ra tio n
t —

hours ( K u m is h im a  1960). I t  is known that stress activates the CRF-adrenocor- 
tico trop ic  system  w ith in  a m atter of m inutes (V e r n i k o s - D a n e l l i s  1965). As 
in  th e  present study h yp eractiv ity  of the hypothalam ic-adrenocorticotropic  
sy stem  was induced b y  endogenous adrenaline secretion  evoked b y  insulin, it 
w as reasonable to k ill th e  first group of birds after a longer period o f tim e  
(30 m inutes).

In  the birds k illed  at 30 m inutes the CRF con ten t o f the m edian em inence 
w as decreased, ind icating  a rapid m obilization o f the accum ulated releasing  
factor. This hypothesis w as supported by th e  fact th a t at the same tim e the  
A C TH  content of th e  adenohypophysis increased b y  about 333 %, a change p oin t
in g  to  a greatly enhanced synthesis and release, w ith  a dom inance of synthesis.

One hour after th e  in su lin  injection, C R F a c tiv ity  o f the m edian em inence 
w as back at the control lev e l, but the sign ifican tly  increased p itu itary ACTH  
co n ten t suggested the presence o f an equilibrium  o f the increased CRF synthesis 
and release, or hypersecretion  of ACTH.

A t 2 hours CRF a c t iv ity  was reduced, hut the ACTH content was still 
h igh  above the control lev e l. In  this stage CRF secretion was increased, to 
geth er  with a decrease in th e  synthesis o f th e  releasing factor.
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Table II

A C T H  content o f  adenohypophysis under d ifferen t experimental conditions 
T he d ifference is significant s ta tis t ic a lly  w hen t =  2 .10—2.12, p =  0.05

Control
t = 8.38

Insu lin , 30 m inu tes 

Control
Insu lin , 1 hour 

Control

t =  

t =

3.24

4.13
Insu lin , 2 hours 

Control
Insu lin , 6 hours 

Control
In su lin , 8 hours

Control
Prednisolone

Control
ACTII

Control

t = 2.15

t = 5.21

t = 4.11

t = - 5 .2 6

2.42t =
NaCl

Control
H ydra tion

t = - 3 .0 8

Control
D ehydration

t = 0.06

A t 6 hours both  CRF a c tiv ity  and ACTH activ ity  were sign ifican tly  
reduced. The low ACTH content o f  the adenohypophysis was su gg estiv e  of 
a decreased CRF synthesis and release. The decrease o f CRF content in th is  case 
indicated  a drop in the rate of releasing factor production.

Thus, 8 I.U . o f  insulin was found to  stim ulate the hypothalam ic-adreno
corticotropic system  but CRF synthesis and m obilization did not show  a parallel 
change. At 6 hours following insulin adm inistration  the hypothalam ic-adreno- 
eorticotropic system  exhibited signs o f exh au stion , while histological adrenal 
hypertrophy takes 2 to 4 hours to  appear ( K u m is h i m a  1960). Therefore, t h e  
histologic changes in the adrenals are not su itab le for the following up o f  su c h  
rapid changes, or for the dem onstration o f ACTH release.

A fter the adm inistration of 30 I .U . o f  insulin , CRF activity o f  the m edian  
em inence practically ceased and p itu itary  ACTH content decreased, su ggest
ing a to ta l exhaustion  of the hypothalam ic-adrenocorticotropic sy stem .

ACTH or prednisolone treatm ent, as w ell as water loading and NaCl 
adm inistration presum ably inhibited the hypothalam ic-adrenocorticotropic sy s
tem . The CRF a ctiv ity  of the m edian em inence decreased in every case; this
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decrease was sign ificant follow ing ACTH trea tm en t and water loading, and 
sligh ter after prednisolone or NaCl treatm ent. A t the same tim e a different 
change occurred in th e  p itu itary  ACTH con ten t; in  response to ACTH trea t
m ent or w ater loading it  decreased m arkedly, w h ile  it  increased sign ifican tly  on 
prednisolone or NaCl adm inistration. W ith th e  exception  of ACTH treatm en t  
every  in tervention  la stin g  10 to  20 days caused  adrenal atrophy. I t  being im 
probable that the atrophied adrenals should h ave produce increased am ounts 
o f steroid  and th at th e  atrophy should not cease in  response to  an e levation  
o f  th e  endogenous b lood  ACTH level, ACTH release m ust have dim inished in  
every  case. Thus, the h isto logica l structure o f  th e  adrenals seems to  have re
flec ted  the m om entary relations of steroid production . The results suggest th at 
ACTH  treatm ent or w ater loading inhibit ACTH synthesis and release, w hile the  
adm inistration  of prednisolone or NaCl does n o t affect ACTH synthesis but 
in h ib its  its release in to  th e  blood. This would m ean th a t in the m edian em inence  
there are “ releasing”  and “ synthesis” factors, reacting independently o f each  
other.

Our observations support the sta tem en t m ade by H alá sz  and P u p p  
(1965) th a t in the hypophyseotropic area releasing and tropic factors w ould  
be form ed, and are in h arm on y also w ith the observation  made by F o l l e t  and  
F a r n e r  (1966), F a r n e r  and F o l l e t  (1966) w ho in studies concerned w ith  the  
gonadotropic hormone production in birds su ggested  that independent h y p o 
th a lam ic  factors w ould in fluence the release and  synthesis of tropic horm ones. 
Independent release and synthesis of ACTH has been  suggested also b y  E s t e p  
e t al. (1967) wdio com bined in  rats dexam ethasone or puromycin treatm ent w ith  
m orphine adm inistration or laparotom y and fou n d  th a t dexam ethasone +  m or
phine treatm ent in h ib ited  corticosterone secretion , but 14C incorporation into  
th e  adenohypophysis w as sim ilar to that in th e  controls, suggesting th a t ACTH  
sy n th esis  was unaffected .

The inhibitory action  o f  ACTH on CRF m ay be brought into correlation  
w ith  som e internal feed-back  effect, w ith th e  d irect inhibitory effect o f  ACTH. 
The p ossib ility  of such a “ sh ort” feed-back w as suggested  by Sz e n t á g o t h a i  et 
al. (1962) and confirm ed b y  М отта  et al. (1965) in  th e  rat by the in h ib ition  o f  
corticosterone secretion b y  ACTH m icrocrystals im planted into th e  m edian  
em inence.

T he reduction o f C R F activ ity  by NaCl load in g  is difficult to  explain . In  
th is  case the h isto logical findings should be an a lysed . In birds, too , NaCl ad
m inistration  activates th e  G om ori-positive h yp othalam ic neurosecretory sy s
tem  and the neurohypophysis, but induces no dem onstrable histological changes 
in  th e  m edian em inence ( F a r n e r  and O k s c h e  1962). Thus, the decrease o f  
th e  C R F content o f the m edian  eminence can n ot be correlated with th e  changes 
in  th e  G om ori-positive secretion  content o f th e  neurohaem al zone. A t the sam e  
tim e, NaCl loading has been  shown to affect th e  neuroendocrine system  by
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the karyom etric studies made in the rat b y  L ic h a r d u s  et al. (1965), which  
revealed th a t 10 days after drinking 2% NaCl solution  a significant decrease in 
nuclear volum e could he dem onstrated in th e  posterior hypothalam ic nucleus  
in th e  tuberal region. Thus, at least in m am m als, NaCl not only acts on the  
hypothalam ic G om ori-positive system , but also inhibits a cell group in the  
tuberal region. I t  m ay be assum ed th at NaCl adm inistration has a sim ilar  
effect in birds, and th a t th is was som ehow  related  w ith  the decrease in  CRF  
a ctiv ity . The effect o f NaCl loading on the h isto logic pattern of the h y p o th a la 
m us and on the changes in CRF activ ity  ind icates th at the G om ori-negative  
areas near the m edian em inence (tubero-infundibular group) m ay also p la y  a 
role in the m echanism  o f CRF production and release. This sta tem en t is in  
harm ony w ith  the experim ental results obtained  by F r a n k e l  et al. (1967) 
according to  w hich a lesion to the m ediolateral area o f the tuberal nucleus re
duces the corticosterone level o f adrenal venous blood. On the other hand, 
according to  W i l s o n  (1967) the FSH  releasing factor w ould be produced in  th e  
m edio-basal area o f the infundibular nucleus.

The results o f  our investigations in v itro , analysed in the light o f  previous  
histological evidence, m ake it possible to arrive at the following conclusions. In  
response to 30 I .U . of insulin the CRF a c tiv ity  o f  the m edian em inence a lm ost 
ceases, and in the anterior tip of the m edian em inence all the G om ori-positive  
secretion is evacuated ( P é c z e l y  1967). ACTH and prednisolone trea tm en t, as 
w ell as w ater loading inhibit the CRF a c tiv ity  o f  the m edian em inence, and  
the sam e treatm ents cause a marked accum ulation  o f the G om ori-positive  
substance o f  the external zone. A cum ulation o f  secretion and conglom eration  
of granules are characteristic of the outer, neurohaem al part o f the external 
zone, w hile a reduced density of the secretion is characteristic o f the reticular  
zone, ind icating a cessation of secretion supply . These m orphological changes  
unequivocally  point to a reduction or cessation  o f secretion transport ( P é c z e l y  
1966a, b; 1967). The com parison of the effects o f insulin, ACTH, predniso
lone and hydration  indicates close correlation betw een G om ori-positive sec
retion and CRF a ctiv ity  o f the external zone o f  the m edian em inence.

W e should deal separately w ith  the adrenal hypertrophy follow ing w ater  
deprivation , w hich is not accom panied by any change in hypothalam ic-adreno
corticotropic a c tiv ity . K a w a s h im a  et al. (1964) found a depletion o f  G om ori- 
positive secretion in the anterior part o f the m edian em inence o f Zonotrichia. 
T hey correlated th is finding w ith an activation  o f the adenohypophysis (as in 
dicated  b y  an increase o f acid phosphatase and cateptic proteinase a c tiv ity ) and 
w ith  adrenal hypertrophy. As no change takes place in the G om ori-positive  
content o f the p igeon’s m edian em inence either, it  m ay be assumed th a t in  th is  
case we have to deal w ith  an adrenal stim u latin g  effect o f either th e  neuro
hypophysis or th e  extrahypophysial ACTH.

EFFECT OF MEDIAN EMINENCE ON CORTICOTBOPIN SECRETION 55
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OXYGEN POISONING AND THYROID FUNCTION
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U n d e r h y p e rb a ric  oxy g en atio n  (4 a tm  p u re  oxy g en ) h y p e rth y ro id  r a b b its  and  
ra ts  d ied  sooner th a n  th e  eu th y ro id  co n tro ls . I n  su rv iv a l, a th y ro id  an im a ls  d id  n o t 
d iffer s ig n ific a n tly  fro m  eu th y ro id  ones. T h e  cau ses o f  th e  p o te n tia tin g  e ffec t o f  h y p e r 
th y ro id ism  on  oxygen  po ison ing  are  d iscussed .

Ca m p b e l l  (1937) as w ell as G r o s s m a n  and P e n r o d  (1949a) dem onstrated  
earlier th a t survival o f hyperthyroid rats after hyperbaric oxygenation is sign if
icantly  shorter than  b y  euthyroid anim als and considerably shorter th a n  by  
thyroidectom ized ones. G r o s s m a n  and P e n r o d  (1949b) also reported th a t rats 
cooled to  20°C tolerate hyperbaric oxygenation  better than norm otherm ic ani
mals. According to  P o p o v i c , G e r s c h m a n  and G i l b e r t  (1964), in th e  cooled  
ground squirrel ( Citellus tridecem lineatus)  oxygen  poisoning m anifests itse lf  
later than  in control anim als. Besides, during hibernation  the ground squirrel is 
resistant to  oxygen  poisoning in an increased degree.

Thus, there ex ists  a certain correlation betw een  oxygen poisoning and the  
in ten sity  o f m etabolism . In  the present experim ents we exam ined how rats and 
rabbits to lerate th e  influence of hyperbaric oxygen ation  under hyperthyroid , 
euthyroid and athyroid conditions.

Methods

In  th e  ex p erim e n ts  fem ale  ra b b its  o f  id en tica l s to c k , w eighing 2500 +  200 g w ere used . 
We in d u ced  th e  h y p e r th y ro id  cond ition  b y  feeding 200 m g /k g  body w eig h t d ry  th y ro id  (R ic h te r , 
B u d ap es t)  d a ily  fo r  14— 18 d ay s. T he m ain  sy m p to m s o f  h y p e rth y ro id ism  were h y p e rm o tili ty , 
trem o r, an  average  loss o f 400 g w eigh t, an d  a  rise o f co lon ic  te m p e ra tu re  b y  0.5°C. I n  th e  o th e r  
group  o f ra b b its  th e  th y ro id  g lan d  was com ple te ly  re m o v e d  in  c y c lo b a rb ita l®  a n ae sth es ia . 
14— 18 d ay s a f te r  th e  o p e ra tio n  we no ticed  an  av erag e  300 g ga in  in  b o d yw eigh t as w ell a s  a 
decrease o f colonic te m p e ra tu re  by  0.4°C. T he ra b b its  w ere  s ta rv e d  fo r a d ay  b e fo re  th e  e x 
p erim en t.

In  th e  second series o f ex p erim en ts  W is ta r  r a ts  o f  b o th  sexes were used ; d ried  th y ro id  
g land in  a  2 p e r c en t q u a n ti ty  w as m ixed to  th e  s ta n d a rd  food  for 14— 18 days. In  th e  o th e r  
g roup  of ra ts  th e  th y ro id  g lan d  w as e x tirp a te d  u n d e r  c y c lo b a rb ita l®  anaesthesia .

T he ra b b its  w ere p laced  in d iv id u a lly  an d  th e  r a ts  b y  th ree s  in to  a 25 l itre  h y p e rb a ric  
ch am b er p rev io u sly  f lu sh e d  w ith  p u re  oxygen. T he e x p e rim e n ts  w ere carried  o u t in  c irc u la tin g  
pu re  oxygen  th e  p re ssu re  o f  w hich  was increased  b y  0.4 a tm /3  m in  to  4 a tm  w here i t  w as m a in 
ta in ed  th ro u g h o u t. C arbon  d iox ide was fix ed  b y  N a O H  a n d  v a p o u r  b y  silica gel. E x te rn a l  te m 
p e ra tu re  w as 23 +  2°C, th e  in n er te m p e ra tu re  d id  n o t  ch an g e  considerab ly  d u rin g  th e  e x p e r
im ent.
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R esults and discussion

W e observed in  both  series o f experim ents th e  appearance o f sym ptom s  
of o x y g en  poisoning and the setting  in o f d eath , respectively. The sym ptom s  
ensued  in  the follow ing order: trem or, generalized convulsions, dyspnoea, d is
charge o f  excrem ent and urine, death. As can be seen in Fig. 1, the hyperthy-

A v e a g e  su rv iv a l tim e  of r a b b its  an d  ra ts  u n d e r  h y p e rb a ric  o x y g en atio n  (4 a tm  p u re  
oxygen), e ac h  group  co m prising  11 anim als

[~ I =  e u th y ro id  an im als  

|* * * | =  h y p e rth y ro id  a n im a ls  

Щ  =  a th y ro id  an im als

roid an im als died sooner than  th e  euthyroid control animals. Survival o f thyroid- 
ectom ized  anim als did not, how ever, differ considerably in  the case o f either  
species o f  anim als in com parison to  the controls. Under the conditions o f  the  
exp erim en t, thyroidectom y failed to  lengthen  survival. It is w orthy o f note  
th a t th e  sym ptom s, the convulsions in the first place, appeared m uch sooner 
and m ore d istinctly  in the hyperthyroid anim als than in the controls.

O x y g en  po ison ing  is w ell know n to  d a m a g e  th e  ce n tra l n e rv o u s sy s tem  
( B e r t  1878) an d  th e  f ir s t  sy m p to m s o f th is  d a m a g e  m anifest th em selv es  in  th e  
E E G : ch an g es in  a m p litu d e  a n d  freq u en cy , a n d  convulsion p o te n tia ls  (Szám 
e t al. 1966).

I t  has been shown ( T ó t h  and C s a b a  1966) that in anim als w ith  hyper
th yro id ism  on the 14 th — 18th days of feeding w ith  dry thyroid the brain stem  
5-H T  lev e l increases considerably, while after thyroidectom y it hardly changes 
a lth o u g h  the rate o f m etabolism  decreases in  a large measure. A ccording to
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K o e n i g  (1964), 5-H T is stored in th e  central nervous system  in subcellu lar par
tic les o f lysosom e character. Taking th ese facts in to  consideration, h yp erth y
roidism  seems to  enhance oxygen poisoning b y  the following m echanism .

In  oxygen poisoning the dam age to  the lysosom e mem brane and th e  re
lease o f lysosom al enzym es play an im portant role ( H a l l  and S a n d e r s  1966). 
On the effect o f hyperbaric oxygen ation , 5-H T is released from th e lysosom es  
of hyperthyroid anim als sooner and in larger quantities than in eu th yro id  state. 
According to Ca r l s s o n  (1964), 5 -H T  is in volved  in the control o f  m otoric 
functions and is causing tremor, convulsions and extension. A sim ilar synergistic  
effect was observed betw een hyperbaric oxygenation  and endotoxin  (S z il á g y i  
et al. 1968).

In contrast to  some reports (Ca m p b e l l  1937; G r o s s m a n  and P e n r o d  
1949a) our experim ents failed to reveal a resistance to oxygen  p oison in g  in 
athyroid  anim als. This m ight have been due to  the fact that we w ere recording  
th e  tim e of death setting  in in the hyperbaric cham ber, whereas in th e  m en tion 
ed experim ents the survival o f anim als exposed to  transitory hyperbaric o x y 
genation was studied.
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EFFECT OF HEAT AND COLD EXPOSURE ON SERUM 
PROTEINS, GLYCOPROTEINS AND LIPOPROTEINS IN

THE RARRIT

B y

A. L ózsa  Zita. K e r e s z t i  and G. B e r e n c s i

INSTITUTE OF PUBLIC HEALTH, UNIVERSITY MEDICAL SCHOOL, SZEGED 

(R ece iv ed  A u g u s t 12, 1968)

Tw o groups of ra b b its  a d a p te d  to  an  en v iro n m en ta l te m p e ra tu re  o f  18°C were 
p laced  in  a cold room  o f 4°C a n d  in  a  w a rm  room  o f 30°C, re sp ec tiv e ly . A fte r  tw o 
w eeks th e  groups were in te rch a n g e d  a n d  th e  ex p erim en t w as c o n tin u e d  fo r  tw o 
w eeks m ore. T he effect o f cold an d  w arm  e n v iro n m en t was s tu d ied  on th e  b lo o d  se ru m  
m acrom olecu les b y  m eans of p a p e r  e lectro p h o resis. I t  h as been  fo u n d  t h a t  th e  a lb u m in  
level decreased  w hereas th e  a lp h a  a n d  b e ta  g lobu lin  frac tio n s in creased  in  re sp o n se  to  
b o th  cold and  h ea t. T he m o st m a rk e d  sh if t in  th e  serum  p ro te in  p a t te rn  w as obse rv ed  
on th e  3 rd  d a y  o f exposure , a f te r  t h a t  th e  p a t te rn  g rad u a lly  re tu rn e d  to  n o rm a l. S im ilar 
changes w ere observed  in  th e  se ru m  g ly co p ro te in  frac tio n s . T he a lte ra tio n s  w ere n o t  sp e 
cific  an d  w ere therefo re  reg ard ed  as a  m a n ife s ta tio n  of th e  general a d a p ta t io n  sy n d ro m e. 
In  th is  re sp ec t, th e  m ark ed  increase  in  th e  a lpha-2  g lobulin  level seem ed to  be  o f  co n sid e r
ab le  im p o rta n ce  since i t  w as a  re liab le  m easu re  o f th e  degree o f stress.

In  c o n tra s t, th e  changes in  th e  lip o p ro te in s  p ro v ed  to  be h igh ly  spec ific . I n  cold, 
th e  a lp h a  lip o p ro te in  level show ed a  g re a t increase, w hereas in  w a rm  e n v iro n m e n t 
th e  b e ta  lip o p ro te in  show ed c o n sid e rab ly ; none  o f th ese  changes show ed a n y  te n d e n c y  
to  becom e no rm al du ring  th e  2-w eek p e rio d  o f o b se rv a tio n . In  w arm  e n v iro n m e n t th e  
a b ru p t  increase  in am o u n t o f b e ta  lip o p ro te in  was associated  w ith  sp littin g  o f th e  b e ta  g ly
co p ro te in  b a n d  and , th u s , w ith  th e  a p p ea ran c e  of b e ta -2  g lycopro tein , a  f ra c tio n  n e v e r  o b 
se rv ed  in  an im als k e p t in  in d iffe ren t o r cold  te m p e ra tu re . T he a lte ra tio n s  o b se rv ed  in  
th e  g am m a g lobulin  frac tio n  w ere also specific. I t s  c o n cen tra tio n  decreased  in  w a rm  and  
in creased  in  cold en v iro n m en t.

T h e  p a th o physio log ica l a sp ec ts  o f stre ss  due  to  e n v iro n m en ta l cold a n d  h e a t  are 
d iscussed .

The effect o f changes in environm ental tem perature on the liv in g  organ
ism s has been studied from m any aspects, but m any questions have rem ained  
unclarified. Thus, the changes in serum  protein fractions in response to  environ
m ental heat and cold were studied on ly  b y  a few investigators; their resu lts ob
ta ined  w ith  the m ethod o f salt precip itation  cannot be evaluated in v iew  of 
the present knowledge.

U sing the paper electrophoretic m ethod we have observed th a t various 
laboratory anim als exhibit considerable seasonal variations in their serum  pro
tein  com ponents. I f  this fact is disregarded it m ay lead to  substantia l errors in 
research and to discrepancies in the literature. The practical significance o f these  
observations, however, lies in the fact th at m an in his everyday life m ay be 
exposed  to  such alterations in environm ental tem perature w hich in  laboratory  
anim als already cause substantia l sh ifts in the serum protein pattern . To w hat 
ex ten t are extrem e environm ental cold and heat or gross changes in  th e  tem per-
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ature harm ful to m an can be deduced m ostly  from  empirical studies and s ta 
tis t ica l analyses, th e  pathophysiological ev en ts  underlying these changes are, 
how ever, still obscure. T he present experim ents carried out on rabbits have  
furnished several new  data  to  the problem .

Methods

T h e  ex p erim en ts  w ere  p e rfo rm ed  on  20 g rey  r a b b its  o f th e  sam e age an d  w eighing 3 to  
3.5 k g . T he an im als w ere se lec ted  fro m  a b reed ing  s to c k  o f y o u n g  ra b b its  and  care  was ta k e n  
t h a t  th e  e lec tro p h o re tic  f ra c tio n s  o f th e ir  b lood se ra  sh o w ed  no s ig n ifican t d ifference; b y  th is  
m ea n s  i t  w as possib le to  m in im ize  in d iv id u a l v a r ia tio n s  in  th e  course o f ex p erim en ts . P r io r  to  
th e  s tu d y , th e  an im als h a d  b een  k e p t  a t 18°C av erag e  te m p e ra tu re . T he d ie t consisted  of o a t,  
fo d d e r  b e e t, lucerne; food  a n d  w a te r  were allow ed a d  l ib itu m . T he ra b b its  w ere d iv id ed  in  tw o  
g ro u p s . T he f irs t  g roup  w as p lac ed  fo r 14 d ay s in  a w a rm  room , w hereas th e  o th e r  g roup  w as 
ex p o sed  to  cold d u rin g  th is  t im e ; th e  tw o groups w ere th e n  changed  an d  th e  ex p erim en ts  co n 
d u c te d  fo r a fu r th e r  1 4 -d ay  p e rio d . A verage te m p e ra tu re  in  th e  w arm  room  was 30°C, a n d  in  
th e  cold  room , 4°C. R e la tiv e  v a p o u r  co n te n t in  th e  w a rm  ro o m  w as k e p t above 30% . T he p a ra m 
e te rs  o f  a ir  in  th e  room s w ere co n tin u o u sly  reco rd ed  b y  m ean s of a th e rm o -b aro -h y g ro g rap h .

T h e  a m o u n t o f in g e s te d  food  w as m easu red  d a ily . W e ig h t o f th e  an im als and  re c ta l te m 
p e ra tu re  w ere also d e te rm in e d  e v e ry  day . B lood w as w ith d ra w n  fro m  an ear v e in  p rio r  to  th e  
s tu d y , th e n  for 4 d ay s a f te r  th e  exposure  to  cold o r h e a t  d a ily , la te r  every  second d ay , hence, 
19 tim e s  in  th e  course o f  th e  e x p erim en t. In  o rd e r to  av o id  g re a t loss o f blood, th e  q u a n ti ty  
o b ta in e d  a t  every  p u n c tu re  w as in v a riab ly  1 m l, th u s , th e  to ta l  a m o u n t of blood lo s t d u rin g  th e  
s tu d y  o f  28 days w as 19 m l. R ed  a n d  w h ite  b lood cell c o u n ts , se rum  to ta l  p ro te in  (BÜKGI e t  al. 
1967) a n d  to ta l  hexose b o u n d  to  p ro te in  (H olt 1954) w ere e s tim a te d  and  th e  serum  w as s u b je c t
ed  to  e lec tro p h o re tic  f ra c t io n a tio n  according to  a  m e th o d  described  prev iously  (L ózsa 1961a). 
S ta in in g  an d  ev a lu a tio n  o f  th e  p ro te in  frac tio n s (L ózsa  1961b) an d  of th e  c a rb o h y d ra te  p a r t  o f  
g ly co p ro te in s  (L ózsa e t al. 1968) w ere also carried  o u t  b y  th e  p rev io u s m ethods. L ip o p ro te in s 
w ere  d e te rm in ed  acco rd in g  to  th e  p re s ta in in g  m eth o d  o f  M cD o nald  an d  R ib e ir o  (1959) a d a p 
te d  to  th e  ra b b it .

T h e  experim en ts  w ere  p e rfo rm ed  in  F e b ru a ry , 1967, a n d  w ere re p ea te d  in  F e b ru a ry , 1968. 
In fo rm a tiv e  s tu d ies w ere u n d e r ta k e n  also in  sum m er 1967 a n d  1968.

Results

Food intake. W hen kep t in indifferent tem perature (18°C) the rabbits 
ingested  approxim ately 300 g of a m ixed diet daily . Anim als in the first group, 
w hen  exposed to warm  tem perature, ingested  about 48%  of this am ount dur
ing th e  first days o f exposure, and their in take atta ined  75%  of the in itia l value  
on th e  14th day o f th e  experim ent. The rabbits were then  transferred into the  
cold room , where their  food intake increased rap id ly  and stabilized at a level 
o f 152%  of control va lues. R abbits in the second group, when placed in the  
cooled  room, ingested  135%  o f the am ount eaten  at indifferent tem perature; 
w hen transferred to  th e  warm  place, their food  intake decreased to 45%  
o f th e  in itia l value, and th en  increased to 78%  u n til the 14th day of experim ent. 
I f  th e  changes in  food in tak e are not com pared to  th e  control values but the tw o  
extrem es found in cold  and heat are com pared, it can be established th at 
rabbits kept in a cold p lace ingest about tw ice to  three tim es as m uch food as 
rabbits m aintained in warm  environm ent.

B ody weight. The alterations in food in tak e had a marked effect on body  
w eight. As shown in th e  m iddle part of F ig. 1, anim als in the first group lost
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about 200 g in the warm  room, but th en  gained about 600 g when transferred  
into a cold place. R abbits of the second group also gained an average o f  500 g 
w hen placed in cold environm ent. T his gain, how ever, was lost in a few  days 
after the anim als had been transferred in to  th e  warm place. Further w eigh t loss  
was sm all, indicating a certain degree o f  ad ap tation  as the basal m etabolic rate  
had stabilized  at a lower level.

K e c ta l t e m p e r a tu r e

I
S y m b o is

18° C <
-3 0 °  C -  

■ 4° C-
I -  4° C • 

• 3 0° C -

1 G ro u p  '

•**H................3 0° C ..................>j G ro u p  2.

Fig. 1. R e c ta l te m p e ra tu re  and  body w e igh t in  tw o g ro u p s  o f ra b b its  exposed to  d iffe re n t e n 
v iro n m e n ta l tem p era tu res , as in d ic a te d  in  th e  legend for sym bols

B ody tem perature. The initial rectal tem perature attained 39°C w hich  in 
cold, as shown in th e  upper part o f F ig . 1, exh ib ited  little  variation and d im in
ished by 0.5°C only  during the course o f  the experim ent. In warm environm ent, 
on th e  other hand, b od y tem perature increased rapidly, attaining 42°C on the  
2nd or 3rd day, but subsequently d im inished as a sign of adaptation , never  
attain ing the in itia l values measured at ind ifferent tem perature. T he greatest 
increase was 3.5°C.

R ed blood cell count was 5.5 to  5.8 m illion per ,«1 at the beginning o f  the  
experim ent, and 5.0 to  5.2 million at the end o f it. Thus, collection o f  blood  
sam ples for analytical purposes did not g ive rise to  anaemia.

W hite blood cell count. The in itia l va lue o f  8000 to 10 000 per p \  increased  
to  9000 to  13 000 b y  the end of the experim ent. The increase was to o  sm all to  
be ascribed to som e intercurrent in fection  w hich  m ight have interfered w ith  
the results o f electrophoretic in vestigation s.

Serum proteins. The changes in  the leve l o f serum proteins are show n  
in F ig. 2. A t first sight it  was clear th a t th e  album in decreased and th e  globulins  
increased in both  th e  warm and the cold  environm ent. The shift was m axim al on 
the 3rd day, and th en  a successive norm alization  o f the serum protein pattern  
could be revealed. An exact analysis o f th e  curves, however, d isclosed  well-
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d efin ed  differences in  quan tita tive changes, to o . The reduction in album in and  
th e  increase in  alpha-2 and beta  globulins w ere m ore marked in th e  warm  than  
in  th e  cold environm ent. In  contrast, alplia-1 and gamma globulins exh ib ited  
a m ore pronounced increase in response to  cold  than  to heat. The greatest  
ch an ges m easured on th e  3rd and 17th day o f  th e  experim ents, as com pared to  the

0  2 4  6  8 10 12 14 16 18 2 0  2 2  2 4  26  28  d a y s

o  2 ÎTT 10 12 14 16 18 20 22  2 4 .2 6  28 d a y s

S e ru m ' p ro te in  f r a c t io n s  
g  p e r  100 m l 
5.0

4.5 

4.0- 

3 5  

3.0,

0.5 

0.4-
o.:

a2è 
0.61

0 .5  

0.4 

0.3 

0.2;
0.7 

0.6 
0.5 

0.4;

0.9 

0.8 
0.7

0.6 . ..................................................
0  t  4  6  8 10 12 14 16 18 2 0  22  24 2 6  2 8 d a y s

F ig . 2. A b so lu te  v a lu es fo r se ru m  p ro te in  frac tio n s in  r a b b i t s  exposed to  w arm  a n d  co ld  e n v i
ro n m e n ta l  tem p e ra tu re . S y m bols, as in  F ig . 1

ч ------- д—— T---- 1--------1--------1--------- 1------- 1-------1------- ,--------1------- ,--------1--------,-----1—

0  2 4 6 8 Ю 12 14 16 18 20 22  24  26 2 8 d a y s

•-*----- T— —r------1-------- 1------1---------- 1--------1-----1---------1-------- 1--------1------- ,-------- ,------- 1----
0  2  4  - 6  8 10 12 14 16 18 20  2 2  24  26  2 8 d a y s

in itia l va lu es, were sign ificant statistically . In  th e  case of the alpha-2 globulin  
fraction  th e  difference w as h ighly sign ificant, whereas the gam m a globulin  
ex h ib ited  a sta tistica lly  significant difference on ly  betw een the in itia l va lu e  and  
th ose obta ined  on th e  14th and 28th days o f  th e  experim ent. A t any rate, the  
gam m a globulin level show ed a tendency to  increase in cold, and decrease in  
warm  environm ent.

T ota l protein . T he changes in tota l protein  concentration being essen
tia lly  th e  sam e as th ose  show n by the album in, no special curve was drawn. The 
sim ilarity  was not surprising since in the rabb it about 70% of the serum  to ta l 
protein  is album in. N evertheless, the increase in  globulin levels did n ot com 
p en sa te  for the m arked dim inution o f album in. A s in  the case of album in, to ta l  
protein  levels  exh ib ited  a greater reduction in  w arm  than in cold environm ent.
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Glycoproteins. The relative am ounts o f g lycoproteins are shown in F ig . 3. 
The obtained curves are very  similar to those for th e  protein levels. Considering  
th at alpha glycoproteins constitute the m ain com ponent of the carbohydrate  
pattern, their concentration  can be determ ined w ith  a much greater accuracy  
than  th e  am ount o f  alpha proteins which are b u t a small fraction o f th e  to ta l 
protein. Therefore, it is im portant that the changes observed in th e  glycopro-

S e ru m  g ly c o p ro te in  f r a c t i o n s
p e r  c e n t

F ig . 3. R e la tiv e  a m o u n t o f  se ru m  g lycoproteins in  r a b b it s  exposed  to  w arm  an d  co ld  en v iro n  
m e n ta l tem p era tu re . Sym bols, as in  F ig . 1

tein  level are in the sam e direction as those in protein  concentration. T hese data  
obtained b y  m eans o f the PAS staining m eth od  underline the sign ificance o f  the  
differences, and in v iew  o f these results it  m ay  be em phasized that in  w arm  en 
vironm ent the increased levels of the alpha-2 and beta  globulins and in  cold  en 
vironm ent the elevated  alpha-1 and gam m a globulin  concentrations are n o t only  
changes in the sam e direction but there ex ist certain qualitative differences 
betw een these alterations. That serum proteins and glycoproteins exh ib ited  
sim ilar changes is clearly shown by the curves w hich invariably d isp layed  a 
break on the first day after the anim als had  been  transferred to  another en
vironm ental tem perature, i.e. on the 1st and 15th  days of the experim ent.

The beta  glycoprotein  underwent sp ecific  changes which could  n o t he 
dem onstrated in the Figures representing on ly  th e  quantitative a lterations hut
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w h ich  deserve special a tten tion . In cold and indifferent environm ents there was 
a lw ays but one beta  band in  the electropherogram . If, however, th e  rabbits 
w ere transferred from indifferent tem perature to  a warm place, or from  cold  to  
w arm , th e  beta g lycoprotein  band sp litted  in  tw o  distinct bands on th e  second

01 02

F ig . 4 . G lycogram s o b ta in e d  fro m  th e  serum  of a  r a b b i t  fro m  th e  second group. A f te r  a d a p 
ta t io n  to  co ld  fo r 14 d ay s th e  a n im a l w as tran s fe rre d  to  a  w a rm  place. In  a d d itio n  to  q u a n t i t a 

t iv e  chan g es in  all th e  f ra c tio n s  th e re  ap p eared  a n ew  b a n d  as th e  be ta-2  g ly co p ro te in

and f ir s t  day, respectively. T his is shown b y  th e  glycogram s in Fig. 4, prepared  
from  th e  serum of a rabbit in  the second group. The beta-2 band was present 
u n til th e  anim al had been k ep t in  a warm environm ent. W hen transferred to  a 
cold  p lace , the am ount o f  beta-2  glycoprotein w as successively reduced and b y  
th e  6 th  d ay  the tw o separate bands had united  again. Thus, the presence o f  th is
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fraction  is specific to  high environm ental tem perature. In the case o f  the quan
tita t iv e  determ inations, it was evaluated  together w ith  beta-1 g lycoprotein . The 
beta-2 band could be revealed by PA S stain ing but not by acid fuchsin , thus 
th e  analysis o f protein fractions failed  to  disclose a beta-2 globulin even  in warm  
environm ent. To check the va lid ity  o f  the results the experim ents w ere repeat
ed tw ice in sum m er w hen the “ indifferent” tem perature in the stab les atta ined  
28°C. It has been found th at the beta-2  glycoprotein was present in th e  sera 
o f all anim als, and no further change was observed after the anim als had been  
transferred into an even warmer place.

S e ru m  lip o p ro te in  f r a c t io n s
p e r  c e n t

F ig . 5. R e la tiv e  am o u n t o f serum  lip o p ro te in s  in ra b b its  exposed  to  w arm  a n d  cold  e n v iro n 
m en ta l te m p e ra tu re s . Sym bols, as in  Fig. 1

Total hexose. The values for to ta l hexose showed essen tia lly  the same 
alterations as those exhib ited  b y  th e  to ta l protein and album in level; th e  ob
served changes were therefore not p lotted  graphically. This fin d in g  indicated  
th a t in the glycoproteins the binding betw een the protein and carbohydrate  
constituent is very strong and the tw o com ponents are alw ays subjected  to  the  
sam e changes in  the cases of dysproteinaem ia. The only exception  to  th is  rule 
in  our experim ent seem s to  he the appearance of the above m entioned  beta-2  
glycoprotein fraction in response to  warm  environm ental tem perature.

Lipoproteins. The changes in the relative concentration o f lipoproteins are 
show n in Fig. 5. There being on ly  tw o fractions the to ta l am ount o f  w hich  is con
sidered 100% , any decrease in one o f  the fractions is necessarily associated  with  
an increase in the other; thus, the tw o  curves are mirror im ages o f  each other. 
The ratio of alpha to  beta lipoprotein , which depends on a num ber o f  factors and 
particularly on age, attained 60 : 40 in the you n g animals used in  th e  present 
stu d y  in the in itial phase o f the experim ents. The ratio was depressed to  36 : 64 
in the warm environm ent and increased to  73 : 27 in response to  exposure to
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cold . B o th  changes w ere sign ificant statistica lly . These shifts in the ratios per
s isted  throughout th e  exposure and no ten d en cy  for norm alization could be 
d etected  as a possible sign  o f  acclim atization.

On the 14th day  o f  th e  experim ent, exp osin g  th e  rabbits to a tem perature  
difference as great as 26°C, extrem e changes in  opposite direction occurred in 
b o th  groups. In the group transferred from th e  cold  into the warm  room  the  
ratio o f  alpha to beta  lip op rotein  was reduced from  73 : 27 to  8 : 92 as early as 
on th e  3rd day, w hereas in  th e  other group th e  ratio  increased from  36 : 64 to  
75 : 25. In both groups, th ese  changes developed prom ptly . There w as no break  
on th e  curves on th e  first d a y  after the change in  environm ental tem perature  
as in  th e  case of proteins an d  glycoproteins, in d icatin g  th a t the lipoid  con sti
tu en t is loosely bound to  th e  protein m olecule and its  regulation is independent 
o f th e  other tw o com p on en ts. The shift in th e  re la tive  am ount o f lipoproteins 
observed  in the second period o f the exp erim en ts persisted throughout, 
w ith o u t any tendency o f th e  lipoprotein p attern  to  normalize.

These severe changes are dem onstrated in th e  lipogram s represented in 
F ig . 6 , prepared from  th e serum  of a rabbit in th e  second group.

I t  is clearly seen th a t from  the normal p attern  obtained at indifferent en
v iron m en tal tem perature, th e  beta lipoprotein fraction  alm ost disappeared in 
response to  environm ental co ld , and on the 14th  d a y  a marked alpha band pre
dom inated . After th e  an im al had been transferred to  30°C, the alpha lipopro
te in  d isplayed a considerable decrease and at th e  sam e tim e a m arked beta  
lipoprotein  band appeared. T his abrupt increase in  the am ount o f beta  lipo
p rotein  coincided w ith  th e  above discussed sp littin g  o f the beta glycoprotein  
band  indicating a rem arkable change in th e  com position  or structure o f  the  
m olecule.

In  the lipogram s on ly  th e  alpha and b eta  lipoproteins were estim ated  
q u an tita tive ly , and th e  chylom icron zone w hich  is com posed predom inantly  
of triglycerides was n o t eva lu ated . N evertheless, it  is rem arkable th a t th is band  
running after the lipoproteins disappeared a lm ost to ta lly  in response to  cold, 
and, as shown in Fig. 6, a considerable increase w as observed when th e  anim als 
w ere transferred into a w arm  place. Subsequently , how ever, th is fraction  di
m inished , indicating som e k in d  of adaptation, w hich  was never observed w ith  
th e  lipoproteins.

Discussion

T he curves representing the changes o f  serum  proteins and glycoproteins  
show  a characteristic break on the first day o f  exposure to  another environ
m en ta l tem perature. T his is th en  followed b y  a drop in  the am ount o f album in  
and an increase in globulins, and finally the p attern  becom es normal. It is easy  
to  recognize on these curves th e  different phases o f  th e  alarm reaction and the
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general adaptation  syndrom e, i.e. shock, counter shock and resistan ce, as 
described b y  S e l y e  (1950). A t first it  appears th a t the changes in  serum  pro
tein s and glycoproteins are in th e  sam e direction both  after exposure to  cold

oc ß
F ig . 6 . L ip o g ram s p rep ared  from  th e  se ru m  of a ra b b it  o f th e  second group . A fte r  a c c lim a tiz a 
tio n  to  co ld  fo r 14 days th e  an im al w as tra n s fe rre d  to  a  w arm  place. T he ra tio  o f a lp h a  to  b e ta  

lip o pro te ins show ed a rap id  an d  m ark ed  inversion

and w arm , i.e. they  are not specific and can be regarded as a m an ifesta tion  of 
the general adaptation syndrom e. The m ost characteristic change is th e  sta tis 
tica lly  h igh ly  significant increase in the level o f alpha-2 globulin and  alpha-2  
glycoprotein , which reflects also the degree o f  stress, the changes being  more 
m arked in  response to exposure to  30°C than to  4°C.

T he electrophoretic studies, however, disclosed som e a lteration  in the 
serum  w hich seemed to  be specific and could not be regarded as a m an ifestation
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o f  general adaptation . T he m ost pronounced, rapid and sustained alterations in  
response to the change in  environm ental tem perature were observed w ith  the  
lipoproteins. A p p arently , specific changes are superim posed also on the non
sp ecific  alterations sh ow n  b y  the proteins and glycoproteins. In cold environ
m en t, both the p rotein  and the carbohydrate com ponent of alpha-1 globulin  
increased more m ark ed ly  th a n  at warm tem perature. On the other hand, the  
b e ta  globulin and g lyco p ro te in  level rose m ore in  warm  than  in cold. I t  is rea
sonab le to assume th a t  for these alterations th e  changes in the alpha and beta 
lipoproteins were resp on sib le . Still, the lipoid  con stituent w hich is loosely  
b ou n d  to the protein m olecu le  responded sen sitiv e ly  to  the alteration in  en
vironm ental tem perature, whereas the shift in th e  proteins and glycoproteins 
appeared with a d elay  o f  about 24 hours. The d ifferent response o f tw o com 
pon en ts of the sam e m o lecu le  allows the assum ption  th a t the rapid and specific 
change in the lipoprotein  p attern  was due to  lipoproteins w ith  abnorm al com 
p osition  or structure. T his is supported b y  th e  fin d in g  th a t in  response to  heat 
an unknow n beta-2 g lycop rote in  was found, th e  appearance of which coincided  
w ith  the increase in th e  concentration  of beta  lipoproteins. This beta-2 fraction  
arose from the so far hom ogeneous beta g lobulin  b y  a decrease o f its m obility  
in d icatin g  a drop in th e  charge of the m olecule and, hence, a change in its 
structure. In all th e  lip op rotein s so far stud ied  a certain am ount o f carbohy
drate could be d etected  ( P u t n a m  1960), therefore it  w as not surprising th at in 
th is  phase of the exp er im en ts there appeared a new  carbohydrate band in the 
glycoprotein  pattern. I t  w as, however, rem arkable th a t the protein com ponent 
o f  th e  new lipoprotein w as n o t detectable b y  the u su a l staining techniques used  
in  electrophoretic stu d ies. This again indicated  an abnorm al structure o f the  
m olecule.

The regulation o f  th e  lev e l of lipoproteins in  the serum  has not been suf
f ic ie n tly  clarified. A ccord in g  to  the observations o f  M it c h e l l  and L o n g w e l l  
(1964), the consequences o f  a cold stressor im p act depend greatly on the fact, 
w h eth er the anim als w ere w ell-fed or starved . In  the present experim ents, 
th e  am ount of food in g ested  by the rabbits and the body w eight of the  
anim als exhibited great differences according to  th e  environm ental tem pera
tu re . In the periods o f  considerable weight gain th e  ratio alpha to  beta  lipo
protein s was high, w hereas in  the catabolic phases characterized b y  w eight loss 
th e  ratio was sm all. On th e  other hand, it is know n th a t the basal m etabolic  
rate  is augm ented in  cold  and diminished in w arm  environm ent; th is m ay be 
also  im portant in th e  regu lation  of lipoproteins. S f ik a k is  et al. (1965) have  
show n that in man th e  ratio  o f  alpha to beta lipoproteins is increased in hyper
thyroid ism  and d im inished  in  hypothyroid con d ition s, although the changes in 
b o d y  weight were op p osite  to  those found in  th e  present experim ents m ade on 
rab b its. Thus, it seem s lik e ly  that, in cold, it  is n o t the gain in w eight but the 
considerable increase o f  lip o id  m etabolism w hich  is the m ost im portant factor.
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The rabbits, although increasing the am ount o f depot adipose tissu e , utilize  
m ore fat than norm ally because it  is the m ost suitable m eans by w hich  they  
are able to  increase heat production . This is clearly dem onstrated also b y  the 
changes revealed in the lipogram s, i.e . by the disappearance o f the chylom icron  
zone in cold. The high alpha to  b eta  lipoprotein ratio clearly in d icated  these  
events. In warm  environm ent, th e  opposite was tak ing  place in th a t fa t u tiliza 
tion  decreased, triglycerides w ere present in the blood in increased am ounts, 
and the ratio alpha to beta lipoproteins dim inished. The enzym e sy stem s gov
erning the m etabolism  of fa t are affected  not on ly  b y  thyroxin  b u t also b y  the  
catecholam ines ( R adom sici 1966), thus, it  is a com plex process w hich  is still 
obscure in m any aspects.

The changes in lipoproteins had entirely different characteristics than  the  
alterations in proteins and carbohydrates, as show n by the fact th a t  the level 
o f the lipoproteins, although b ein g  considerably altered by the exposure to  cold  
and warm, failed to  show any ten d en cy  towards norm alization. A new  equilib
rium  of alpha and beta lipoproteins had been attained  in both  warm  and cold  
environm ent, and this was m ainta ined  throughout the tim e o f exposure. This 
particular condition  m ay p lay a role in the pathom echanism  o f atherosclerosis. 
The observation o f B a r r  et al. (1955) th at beta  lipoproteins are su b stan tia lly  
elevated  in arteriosclerosis has repeated ly  been confirm ed. This con d ition  is 
characterized b y  the deposition in  th e  wall o f blood vessels o f m ucopolysaccha
rides, calcium  sa lts, and also o f  lipoproteins o f a high m olecular w eigh t, i.e. 
beta  lipoproteins. Thus, high environm ental tem perature, b y  causing a su sta in 
ed elevation  o f serum beta lipoprotein  level, m ay be a predisposing factor in 
th e  genesis o f atherosclerotic vascu lar changes and is perhaps responsible for the  
high incidence o f  vascular diseases am ong subjects who are working under high  
tem peratures.

The changes observed in th e  gam m a globulin level failed to  correspond  
w ith  the usual course and ev en ts  o f  the general adaptation  syndrom e. A ltera
tions of this fraction were also specific  as the am ount of gam m a globulins de
creased in warm , and increased in cold environm ent. Similar changes were 
recorded recently in man (B l a t t  and K e r k a y  1967). Considering th a t the basal 
m etabolic rate is depressed in w arm  environm ent and elevated  in a cold one, 
furtherm ore, th a t the gamma globulin  level is low  in hypothyroidism  and high  
in  hyperthyroidism  (L a m b e r g  and G r ä s b e c k  1955), the p ossib ility  cannot be 
excluded th a t, sim ilarly as in th e  case o f lipoproteins, the thyroid  is in som e 
w ay involved in the regulation o f  the gam m a globulin levels. D o n h o f f e r  
(1957) also em phasized the im portance of the thyroid  in the acclim atization  to 
changes in environm ental tem perature. The epidem iological sign ificance of 
depressed gam m a globulin lev e l and dim inished antibody production  in re
sponse to  warm environm ental tem perature w ill be discussed in a subsequent 
paper.
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COMPARISON OF LIVER GLYCOGEN ASSAY METHODS
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(R eceived S e p tem b e r 12, 1968)

T he g lycogen co n te n t o f a lka line  a n d  acid  tis su e  e x tra c ts  was d e te rm in e d  b y  v a 
rio u s m eth o d s. T h e  tw o tech n iq u es o f e x tra c t io n  y ie ld ed  id en tica l a m o u n ts  o f  g lycogen  
T h e  h ig h er v a lu es fo r glycogen o b ta in e d  p re v io u s ly  w ith  th e  iodine re a g e n t  h a v e  been  
a sc rib ed  to  th e  use  o f com m ercial g lycogen  s ta n d a rd s  fo r th e  d e te rm in a tio n  o f  tis su e  
co n ce n tra tio n s . C om m ercial p re p a ra tio n s  h a v e  b een  show n to  give low er v a lu e s  w ith  th e  
iod ine  re ag e n t th a n  g lycogen o b ta in ed  fro m  tissu e . I t  is suggested  th a t  th e  p re p a ra tio n  
o f  g lycogen s ta n d a rd s  from  th e  sam e tis su e  is  n ecessa ry  w hen using  th e  io d in e  re a g e n t 
w h ich  o therw ise  is a  su itab le  m eth o d  fo r th e  e s tim a tio n  o f tissue g lycogen c o n te n t .

There are num erous m ethods availab le for the estim ation o f g lycogen  
(G o o d  et al. 1933; B o e t t in g e r  1946; W a g t e n d o n k  et al. 1946; S e i f t e r  et 
al. 1950; V a n  d e r  K l e i j  1951; K e m p  and K it s  v a n H e ij n in g e n  1954; V a n  
d e r  V ie s  1954, G y e r m e k  and F e k e t e  1955; M o n t g o m e r y  1957; K r is m a n

1962), and th is often  makes it d ifficult to  com pare the results.
The various m ethods differ in tw o p oin ts. F irst, in the m ode b y  w hich  

glycogen is separated from other tissue con stitu en ts, i.e. by precip itation  w ith  
alcohol or som e other substance, or b y  som e other m ethod. Second, in  th a t  
glycogen is estim ated  directly by som e chem ical m ethod or after it  has been  
converted into sugar. The m ost suitable procedures seem to be those o f  V a n  d e r  
V ie s  (1954) and G y e r m e k  and F e k e t e  (1955); both  techniques are sim ple and 
consist in a direct estim ation of glycogen.

The purpose o f  the present study w as to  com pare under identica l experi
m ental conditions som e typ ica l m ethods o f  glycogen determ ination and to  
obtain  inform ation about the factor(s) responsible for the differences in  the  
results y ielded  by th ese techniques.

Methods

T h e  e x p e rim e n ts  w ere u n d e rta k e n  on in b red  a lb ino  r a ts  w eighing 100 to  120 g. T h e  a n i
m als w ere fed a  n o rm al s ta n d ard ize d  sem isy n th e tic  d ie t  (L A T I, B u d ap est). A fte r  d e c a p ita tio n , 
th e  liv e r  w as rem o v ed  in s tan ta n eo u s ly  and  tw o  s tr ip s  w ere c u t  o u t from  its  su b s ta n c e , a cc o rd 
in g  to  th e  tech n iq u e  of N u s  e t al. (1949). T he tw o  sam p le s w ere w eighed and  su b je c te d  ra p id ly  
to  an a ly sis  in  d u p lic a ta .

( l )  H yd ro lysis w ith  30%  K O H . One sp ec im en  w as w eighed and  th en  k e p t fo r 20 m in  in

* W ith  th e  tech n ica l assistance  of M rs. F . G ál.
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b o iling  3 0 %  К О Н , 3 m l p e r  g o f tis su e , th e n  im m e d ia te ly  p re c ip ita te d  in  a  tw ofo ld  v o lu m e  o f 
c o n c e n tra te d  alcohol. T h e  tu b e s  w ere  allowed to  s ta n d  fo r  24 ho u rs , th e n  cen trifu g ed  fo r 7 m in  
a t  3000 r .p .m . T he p re c ip ita te  w as dissolved in  a sm a ll a m o u n t o f  w a te r  and  ag a in  w ash ed  w ith  
a lcohol (2 : 1 v /v ). F o r  g lycogen  d e te rm in a tio n  4 d iffe re n t m e th o d s  were app lied ; th e y  w ill be 
d e sc rib ed  in  d e ta il  be low  a n d  in  T ab le  I.

(2 )  E xtraction  w ith  10°/o trichloracetic acid. T h e  o th e r  tissue  sam ple w as h om ogen ized  
w ith  1 0 %  TC A  to  give a f in e  suspension , th e n  c en trifu g e d  fo r 7 m in  a t  3000 r .p .m . p e r m in . T he 
p re c ip ita te  w as d iscard ed  as p re lim in a ry  te s ts  h a d  sh o w n  t h a t  i t  con ta ined  on ly  trac e s  o f  g ly 
cogen. T h e  s u p e rn a ta n t  w as d iv id e d  in  tw o p a r ts . I n  th e  f i r s t  p o rtio n , glycogen w as e s tim a te d  
d irec tly , w h ereas th e  o th e r  one w as tre a te d  w ith  a lco h o l as d escribed  above.

T h e  g lycogen e x tra c te d  b y  one of th e  above m e th o d s  w as estim a ted  d irec tly  b y  th e  m e th 
od o f W ag ten do nk  e t  al. (1946), th a t  of Va n  d er  V ie s  (1954), or b y  th e  iodine re a g e n t, o r  b y  
th e  n ep h e lo m e tric  te c h n iq u e  o f Gyerm ek  and  F e k e t e  (1955).

W h en  em ploy ing  th e  in d ire c t m ethod , g lycogen  w as co n v erted  in to  hexose b y  h y d ro ly s is  
w ith  N  I I 2S 0 4 fo r 2 h o u rs . T h e  a m o u n t of m o n o sacch arid es th u s  ob ta in ed  was e s tab lish e d  b y  
th e  o -to lu id in e  m eth o d  o f  H ultm an  (1957) an d  th e  a n th ro n e  m eth o d  of Morris (1948), as 
g iv e n  in  T ab le  I.

Table I

Schematic representation o f  rat liver glycogen extraction and assay methods 
(F ig u re s in  b rack e ts  re fer to  th e  v a lu es in  Table I I )

Extraction method

P re c ip ita tio n

W ashing

C onversion in to  
m onosaccharides

P ro d u c t o f 
conversion

R eag en t

E s tim a tio n

Hydrolysis with 30% KOH

1
Alcohol

I
Alcohol

H y d ro ly sis  
(2 hours)

G lucose
1

o-Tolu-
id in e

I
P h o to 

m e try
( 1 )

Glucose
1

A n th 
rone

1
P h o to 
m e try  

( 2)

Glycogen
I.

Iodine

P h o to 
m etry

(3)

I
Alco

hol
1
N ephe-
lo m e try

(4)

Homogenization with 10% TCA

I
Alcohol

1
Alcohol

H ydrolysis 
(2 hours)

Glucose
I

o-Tolu-
id ine

1
P h o to 

m e try
(5)

Glucose
I

Anth-

G lycogen
I

P h o to 
m etry

(6)

Iodine

I
P h o to 

m e try
(?)

I
Alco

hol
I

N ephelo-
m e try

( 8 )

P repara tion  o f  glycogen. T h e  liver o f several r a ts  w as rem oved  rap id ly  an d  h a lv ed . T he 
tw o  p o r tio n s  w ere e x tra c te d  b y  th e  above m eth o d s  a n d  th e n , a fte r  w ashing in  a lcohol, b o th  
sam ples w ere d ried  to  c o n s ta n t  w e ig h t in an  ex sicca to r.

P ro te in  im p u ritie s  w ere u su a lly  negligible, in  th e  case o f  TCA p re c ip ita tio n  in v a r ia b ly  
below  1 % . N ev erth e less , th e  p ro te in  c o n te n t w as a lw ay s  d e te rm in ed  by  a m ic ro -K je ld a h l 
te c h n iq u e  an d , if  n ecessa ry , a co rrec tio n  w as m ade  fo r th e  im p u ritie s . The g lycogen sam ples th u s  
p re p a re d  w ere com p ared  w ith  M erck’s com m ercial p re p a ra tio n .

Results

G lycogen extracted  from  the liver o f 15 rats was estim ated. As show n in 
Table II , of the m ethods o f  direct assay, estim ation  w ith the iodine reagent 
yielded  values alm ost tw ice  as high as th ose  obtained by the nephelom etric  
techn ique based on a sim ilar principle. *
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T able  II

Concentrations o f  glycogen in  the liver tissue o f  15 ra ts as revealed by two different 
methods o f  extraction and fo u r  d ifferent methods o f  estim ation  (M ea n  ±  S .D .) .  

(F igu res in  b ra c k e ts  re fe r  to  th e  sch em atic  re p re se n ta t io n  of th e  techn iques in  T ab le  I .  
A ll v a lu es a re  g iven  in  g pe r 100 g  w e t w eigh t)

o-Toluidine Nephelometry Anthrone Iodine reagent

Extraction Extraction Extraction Extraction

with KOH with TCA with KOH with TCA with KOH with TCA with KOH with TCA

( i) (5) (4) (8) (2) (6) (3) (7)
4.61 5.18 6.82 7.17 6.92 7.33 13.00 12.44

± 0 .4 0 ± 1 .2 1 ± 1 .8 2 ± 1 .5 3 ± 1 .3 3 ± 1 .4 3 ± 2 .9 0 ± 3 .2 7

D eterm ination w ith  the anthrone reagent w hich measures the am ount of 
hydrolyzed glycogen yielded essentially  the sam e results as those obta ined  by 
nephelom etry. The low est values were found w ith  the o-toluidine m ethod which

F ig. 1. D e te rm in a tio n  o f h y d ro ly sed  g lycogen on th e  b asis  o f m onosaccharide  c o n te n t. L eft 
re su lts  o b ta in e d  w ith  a n th ro n e , r ig h t, w ith  o -to lu id in e  re a g e n t.  Solid line rep re sen ts  th e  e x tin c 
tio n  of th e  com m erc ial g lycogen p re p a ra tio n ; b ro k en  lin e  a n d  d o tte d  line show  e x tin c tio n s  of 

f g lycogen o b ta in e d  b y  acid an d  a lka line  e x tra c t io n , respectively

is also based on the determ ination o f the h exose  content. W hen glycogen  was 
estim ated in tw o different extracts but by th e  sam e m ethod, the obtained values 
were in good agreem ent; thus, the tw o m odes o f  extraction  yielded th e  same 
am ount o f glycogen. Statistical analysis failed to  reveal any significant differ
ence betw een the results obtained b y  the tw o ty p es  o f extraction.

Figures 1 and 2 show the values obtained  w ith  Merck’s com m ercial g ly 
cogen preparation and the standards extracted  b y  us; both preparations were 
assayed w ith  anthrone and o-toluidine after h av in g  been converted in to  m ono

Acta Physiologica Academiae Scientiarum Hungaricac 35, 1969



7 8 L I  В О К  NAM e t  al.

sacch arid es, and directly b y  m eans o f th e  iodine reagent and th e  nephelo
m etric  techn ique. Figure 1 dem onstrates th a t  th e  extinctions o f th e  different 
g ly co g en  preparations, w hen com puted  for eq u ivalent w eight, were essentia lly  
th e  sa m e , irrespective o f th e  em ployed m eth od  o f extraction. F igure 2 shows 
th a t  g ly co g en  extracted  w ith  alkali had a som ew hat lower ex tin ction  value, 
as com p ared  to  the preparation extracted  w ith  acid and to  the com m ercial 
p rep aration ; the difference w as, how ever, n o t significant sta tistica lly .

W ith  the iodine reagent th e  tw o extracts had identical, w hereas th e  com 
m ercia l preparation lower ex tin ction  values (F ig . 2).

F ig . 2 . D ire c t  e stim a tio n  o f g lycogen  b y  n ep h e lo m etry  a n d  iod ine reag en t. Sym bols, as in  F ig . 1

Discussion

A s som e authors (B l o o m  et al. 1951; Ca r r o l  et al. 1956) found more 
g ly co g en  in alkaline than in acid extracts, it  seem ed interesting to  com pare 
th ese  b y  m eans o f different m ethods o f assay.

T h e  tw o extraction procedures y ielded essentia lly  identical va lu es; the 
sligh t d ifferences obtained m igh t be attributed  to  the circum stance th a t the  
m olecu lar  w eight of glycogen is reduced m ore rapidly when the m aterial is 
trea ted  w ith  alkali at a high tem perature th a n  if  TCA is used for extraction . 
The red u ction  is probably due to hydrolysis and according to  B a i l e y  and 
W h e l a n  (1961) the colour in ten sity  o f the iodine starch com plex, a p o lysacch a
ride w ith  a structure similar to  th a t o f g lycogen, increases when in th e  m olecule  
th e  n u m b er o f m onosaccharide units increases from  18 up to  72. T hus, the 
am ou n t o f  glucose yielded b y  alkaline extraction  depends on th e  duration  of 
th e  procedure. It appears therefore th a t acid extraction is a more suitable  
m eth od  for th e  isolation of g lycogen  from tissu e  sam ples. B r y c e  et al. (1958),

Acta Physiologica Academiae Scientiarum Hungaricae 35, 1969



COMPARISON OP LIVKIi GLYCOGEN ASSAY METHODS 79

St e t t e n  et al. (1958, 1961) and W h is t l e r  and B e m il l e r  (1962) have com e to  
a similar conclusion.

D eterm ination  of the glycogen thus ex tracted  can be undertaken m ost 
suitably b y  th e  iodine reagent. This m ethod w ill, how ever, yield reliable va lues  
only if  com m ercial reference standards are rep laced  by standard preparations  
extracted from  the same tissu e in which the g lycogen  level is estim ated , i.e . in 
the present experim ents from  rat liver. W ith  th e  other m ethods o f  glycogen  
assay (o-to lu id ine, anthrone reagent, nephelom etry) we obtained a m uch sm al
ler difference betw een the com m ercial preparation and the standards elaborated  
by us. Considering that the values represented in  Table II have been obta ined  
w ith  the com m ercial reference standard, and th is preparation y ie ld s va lues  
approxim ately 40%  lower th an  the glycogen extracted  from rat liver w hen  
using the iod ine reagent, th e  readings obtained w ith  the iodine m ethod are in 
fact close to  those revealed by the anthrone reagent or the nephelom etric  
m ethod.

The present results h ave led to the conclusion th at acid extraction  fo llow 
ed by the iod ine m ethod offers m any ad van tages, particularly ow ing to  its 
reliability  and th e  sim ple and rapid technique. T he procedure, how ever, needs  
to  be im proved, especially for use in studies d evoted  to  changes in tissu e  g ly 
cogen con ten t.

L IT E R A T U R E

B a iley , J .  M ., W h ela n , W . J . :  P h y s ica l p ro p e rtie s  o f  s ta rc h . I . R ela tionsh ip  b e tw e e n  iod ine 
s ta in  a n d  c h a in  len g th . J . biol. Chem . 1961, 236: 969 — 973.

B loom, W . L ., Le w is , G. T ., S chum pert , M. Z., Sh e n , T . M .: G lycogen frac tio n s  o f l iv e r  a n d  
m uscle . J .  b iol. Chem. 1951 , 188: 6 3 1 —636.

B oettinger , E . C s.: D ip h en y lam in e  as co lo rim etric  a g e n t  in  d e te rm in a tio n  of g lycogen . J .  Cell. 
Com p. P h y sio l. 1946, 27: 1 — 8.

B ryce , W . A . J . ,  Gr eenw o od , C. T ., J o n es , I. G.: P h y s ico ch em ica l stud ies on s ta rc h e s . X V I. 
T he m o lecu la r  w eigh t a n d  a p p a re n t m o lecu la r-w e ig h t d is tr ib u tio n  of ra b b it- l iv e r . 
J .  A m er. chem . Soc. 1958, 3845 — 3851.

Carrol, N . V ., L ongley , R . W ., R oe, J .  H .: D e te rm in a tio n  o f  g lycogen in  liver a n d  m u sc le  by  
use o f  a n th ro n e  reag en t. J .  biol. Chem . 1956, 220: 583 — 593.

H ultman , E .: A new  m eth o d  fo r d e te rm in in g  a ld o sacch a rid es . Scand. J. clin. In v e s t .  19 5 7 , 9: 
3 1 5 - 3 1 6 .

Good, C. A ., K ram er , H ., S om ogyi, M.: D e te rm in a tio n  o f  glycogen. J .  Biol. C hem . 1933 , 100: 
4 8 5 - 4 9 1 .

Gy erm ek , L ., F e k e t e , Gy .: S tu d ie s  w ith  a sim ple m e th o d  of liver glycogen e s tim a tio n . A c ta  
physio l. A cad . Sei. hu n g . 1955, 8: 2 5 9 —267.

K em p, A., K its  v a n  H e ijn in g e n , A. J .  M.: A co lo rim etric  m icro -m ethod  for th e  d e te rm in a tio n  
of g lycogen  in  tissue . B iochem . J .  1954, 56: 646 — 648.

K risman , R . C.: A  m eth o d  fo r th e  co lo rim etric  e s t im a tio n  o f glycogen w ith  iod ine . A n n . B io 
chem . 1962, 4: 1 7 - 2 3 .

Montgomery, R .: D e te rm in a tio n  of g lycogen. A rch. B io ch em . 1957, 67: 378 — 386.
Morris, D . L .: Q u a n tita tiv e  d e te rm in a tio n  o f c a rb o h y d ra te s  w ith  D reyw ood’s a n th ro n e  re 

a g en t. Science 1948, 107: 254 — 255.
N u s ,  A ., A u b e r t , X ., D u ve , C.: T h e  d is tr ib u tio n  of g ly co g en  in  th e  liver o f ra b b its . B io ch em . J  

1949, 45: 2 4 5 -2 4 6 .
Seifter , S., D a y to n , S., N ovic, B ., Mu ntw y ler , E .: E s t im a tio n  of glycogen w ith  a n th ro n e  

re a g e n t. A rch . B iochem . 1950, 25: 191 — 200.
Stetten , M. R ., K atzen , H . M., Stetten , W .: A c o m p a riso n  o f th e  glycogens iso la te d  b y  acid  

an d  a lk a lin e  p rocedures. J .  biol. Chem . 1958, 232: 4 7 5 —478.

Acta Physiologien Acadcmiae Scientiarum Hungaricac 35, 1969



80 L I ВОК NAM e t al.

St e t t e n , Ж. R ., K a tzen , H . M .: D ég rad a tio n  of g ly co g en  b y  alkali. J .  Chem. Soc. 1961 , 83: 
2 9 1 2 —2918.

V a n  d e r  K l e i j , B. J . :  A  ra p id  d e te rm in a tio n  of g ly co g en  in  tissues. B iochim . B io p h y s . A c ta  
(A m st.)  1951, 7: 4 8 1 —482.

V a n  d e r  V ie s , I .:  Two m e th o d s  fo r  th e  d e te rm in a tio n  o f  g lycogen  in  liver. B io ch em . J .  1954, 
57 : 4 1 0 -4 1 6 .

W a g t e n d o n k , W . J . ,  Va n  S im o n s e n , D. H-, H a c k e t t , P . L .: A ra p id  m ic ro d e te rm in a tio n  of 
g ly co g en  in  tissu e  slices. J .  b io l. Chem. 1946, 163: 3 0 1 —306.

W h is t l e r , R . L ., B e m il l e r , J .  N .: E x tra c tio n  o f  g ly co g en  w ith  d im e th y l-su lfo x id e . A rch. 
B io ch em . 1962, 98: 120 — 123.

L i В о к  N a m , István  S z e l é n y i , Tivadar Z e l l e s  
O rvostudom ányi E gyetem  K órélettani In téze te  és 
D ie te tik a i Tudom ányos M unkacsoportja  
B u d a p est, IX . H őgyes E ndre u. 9.
H u n gary

A d a  Physiologien Academiae Scientiarum Hungaricae 35, 1969



GLUTAMINASE ACTIVITY OF THE KIDNEY IN  
EXPERIMENTAL RENAL FAILURE OF RATS

By

L . M o l n á r , Erika B e n e d e k  and I .  T a r a b a

INSTITUTE OF PHYSIOLOGY, UNIVERSITY MEDICAL SCHOOL, BUDAPEST 

(Received June 8, 1968)

Two hours ligation of the renal artery in rats induces a postischaemic disturbance 
similar to human acute renal failure. On the first postoperative day azotaemia and aci
dosis developed. Diminution of alkaline phosphatase activity indicated a decreased 
activity of the tubular cells, but glutaminase activity was unchanged.

I t  is assumed tha t glutaminase activity has no role in the development of post
ischaemic acidosis. I t is supposed th a t glutaminase is not sensitive to anoxia or perhaps 
acidosis enhances glutaminase resynthesis and this was compensating the ischaemic 
disturbance.

Tem porary occlusion of the renal artery in anim als induces a postisch aem 
ic condition sim ilar to hum an acute renal failure (S e l k u r t  1945; BÁLINT 
et al. 1960; B á l i n t  et al. 1961); after occlusion o f the renal artery for tw o  hours 
oliguria, anuria, azotaem ia develop and the anim als die w ith  sym p to m s of 
uraem ia. The m echanism  of this renal failure has been d iscussed  earlier 
(T a r a b a , et al. 1966; B e n e d e k  et al. 1966).

The kidney is w ell known to  p la y  an im portant role in the m aintenance of 
the acid-base balance, and that acids are disposed of w ithout a loss o f  alkali 
reserve. This is done either by the excretion  o f w eak acids, or b y  th e  su b stitu 
tion  o f am m onium  ion for sodium  ion in the excretion  of their sa lts. A m m onia is 
produced m ostly in the cells of the renal proxim al tubules (W e is s  and L o n g l e y  
1960). The source o f urinary am m onia are the amino acids o f b lood , and the 
m ajor fraction, about 60%  urinary am m onia o f  the whole originates from  glu
tam ine (V a n  S l y k e  et al. 1943). Am m onia form ation from glutam ine is ca ta lys
ed in 95%  by the enzym e glutam inase I (P it t s  et al. 1963). A m m onia is readily  
penetrating the cell mem brane and in the tubular lum en it reacts w ith  hydrogen  
ions to  yield  am m onium  ion. The qu an tity  o f am m onium  and th e  a c tiv ity  of 
glutam inase are considerably increased in acidosis (D a v ie s  and Y u d k in  1952; 
R e c t o r  et al. 1955; H o d l e r  1964).

The present experim ents were designed to  exam ine the correlation  of 
acidosis and glutam inase I a ctiv ity  in postischaem ic renal failure.

Methods

Adult white rats of both sexes with body weight from 160 to 250 g were used. In super
ficial ether anaesthesia the left renal artery was ligated for two hours. (For details, see B e n e d e k  
et al. 1966.)
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T h e  anim als were d iv id e d  in to  tw o groups.
1. In  th is group o f 25 a n im a ls  th e  righ t k id n ey  w as re m o v e d  s im u ltan eo u sly  w ith  th e  

a r te r ia l  lig a tio n . One, tw o o r th re e  d a y s  la te r  blood w as t a k e n  w ith  h e a r t  p u n c tu re , th e  an im als 
w e re  k ille d  by  d e cap ita tio n  a n d  th e  le f t  k idney was re m o v e d  a n d  hom ogenized im m ed ia te ly .

2. A nim als in  th e  seco n d  g ro u p  w ith  in ta c t r ig h t  k id n e y  w ere killed  on  th e  second  or 
t h i r d  d a y  a f te r  a rte ria l l ig a tio n  a n d  th e  left kidney w as h o m o g en ized  im m edia te ly .

H e a r t  pu n c tu re  w as d o n e  b y  a n  a ir-tigh t glass sy rin g e . N P N  w as d e te rm in ed  acco rd ing  
to  Cl e g h o r n  and J e n d r a s s ik  (1 9 3 4 ). T he blood p H  w as d e te rm in e d  by  a  R A D E L K IS  O P  203 
p H  m e te r .  T he rem oved k id n e y  w a s  w eighed, p o tte rized  in  a  d ish  of ice an d  su sp en d ed  1 in  10 
o f  a  m ix tu re  of 85.5 g sacch a ro se , 200 m l of 0.05 M T ris  b u f fe r  a n d  0.372 g of tr iso d iu m  a ce ta te  
in  1000 m l distilled w a te r a n d  c e n tr ifu g e d  a t room  te m p e ra tu re .

F ig . 1. A lkaline  ph o sp h a tase  a n d  g lu ta m in a se  a c tiv ity , N P N , a n d  p H  in  u n ila te ra lly  nephrec- 
to m iz e d  r a ts  in the  po stisch aem ic  p e rio d

A lkaline  p h o sp h a tase  a c t iv i ty  w as estim ated  b y  a m o d if ic a tio n  of B o d a n sk y ’s m eth o d  
(B á l in t  1962). G ly cero p h o sp h a tase  w as used as a s u b s tr a te .  T h e  sam ples w ere in c u b a te d  for 
60 m in u te s  a t  37°C, th e  re su ltin g  p h o sp h o ru s  form ed m o ly b d e n u m  b lue w ith  am m o n iu m  m o ly b 
d a te  a n d  th e  resu lt was re ad  a t  710 111// in a sp e c tro p h o to m e te r. A c tiv ity  w as ex p ressed  in  //g 
p h o sp h o ru s  broken dow n b y  1 g k id n e y  tissue in 1 m in u te .

T h e  tissue h o m o g en a te -b u ffe r-su b s tra te  so lu tio n  u se d  fo r g lu tam inase  I  e s tim a tio n  
c o n s is te d  o f 0.01 m l k id n ey  tis su e  hom o g en a te , 0.5 m l p h o s p h a te  b u ffer p H  7.3, 0.05 m l 0.1 M 
g lu ta m in e  su b s tra te , and 0.5 m l o f  d is tilled  w ater (H o d l e r  1964).

Sam ples were in cu b a te d  fo r  30 m inu tes a t  37°C, a n d  a m m o n ia  was d e te rm in ed  b y  K is- 
f a l u d y ’s m icrom ethod  (1960). G lu ta m in a se  activ ity  w as e x p re ssed  in  //M am m o n ia /g  k id n ey  
t is su e /m in u te .

S ta tis tic a l ev a lu a tio n  w as d o n e  b y  S tuden t’s t t e s t  ( F is c h e r  1946).

Results

In  the first group on th e  first and second d ays 10 animals each were sacri
ficed ; b y  the third day o n ly  5 rats survived. F ig . 1 represents the results.

T he first signs o f  renal failure appeared after a day  o f ischaem ia, and on 
th e  n e x t  day renal failure w as com plete. N P N  increased  to  180 mg per 100 ml 
b lo o d  on the first day, to  294 m g per 100 ml on th e  second and to 409 m g per
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100 m l on the third postoperative day (p <  0.01). In the m eantim e, severe 
acidosis developed; blood pH  w as 7.31 on the first, 7.18 on the th ird  postopera
t iv e  day. The difference was sign ificant statistica lly  (p <[ 0.01).

A lkaline phosphatase a c tiv ity  decreased from 143 fj,g P /g /m in  to  77 /ig 
P /g/m in  in one day. On th e  second and third days there w as a further decrease 
b u t th e  differences betw een  th e  second and first days, as w ell as betw een  the 
second and third days w ere not sign ificant statistically .

Glutam inase a ctiv ity  did not vary  during the observation period except 
for a slight dim inution on th e  first day, not reaching sta tistica l sign ificance. On 
th e  second and third days a c tiv ity  was near to normal (6.05 : 5.3  : 5.7 /iMol 
N H j/g /m in , respectively).

I I Right nephrectom ised

F ig . 2. A lkaline  p h o sp h a tase  an d  g lu ta m in a se  a c tiv ity , N P N , an d  p H , in  r a t s  w ith  a n d  w ith o u t 
n e p h rec to m y , in  th e  postischaem ic  period
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Table I

Control
Right nephrectomized Not nephrectomized

1st day 2nd day 3rd day 2nd day 3rd day

n 19 10 10 5 10 6

NP1N, m g per 
100 m l 6 5 ± 4 1 8 0 ± 1 2 294 ± 2 0 409 ± 4 0 7 9 ± 5 6 9 ± 4

p H 7 .4 3 ± 0 .0 2 7 .3 1 ± 0 .0 3 7 .2 6 ± 0 .0 2 7 .1 8 ± 0 .0 2 7 .4 2 ± 0 .0 1 7 .4 2 ± 0 .0 2

A lk a lin e
p h o sp h a ta se ,
/ig /P /g /m in

1 4 3 ± 9 7 7 ± 8 65 i  4 5 4 ±  10 5 8 ± 4 54 ± 2

G lu ta m in a s e
^ m o l  N H 3/g/
m in 6 .0 5 ± 0 .4 2 4 .9 4 ± 0 .8 0 5 .3 5 ± 0 .6 7 5 .7 0 ±  1.10 5 .1 0 ± 0 .2 6 3 .8 0 ± 0 .4 9

In  the second goup 10 rats were sacrificed on the second day and 6 rats 
on  th e  third day. The had nor uraemia, the blood N P N  level was norm al and 
th ere  w as no acidosis.

In  the left k idney a lk a lin e  phosphatase a c tiv ity  decreased as in the pre
v io u s  group, but g lu tam in ase  activ ity  dim inished as well. The difference b e
tw e e n  th e  control and th e  f ir s t  day level was not sign ifican t, while there was a 
sign ifican t difference b etw een  the control and th e  third day level (p <T 0.02).

R esults are show n in  F ig. 2.

Discussion

L igation of the renal artery for 2 hours in unilaterally  nephrectom ized  
an im als induces a con d ition  sim ilar to hum an acute renal failure, w ith an in 
crease o f the N PN  va lu e , severe  acidosis and death  on the second or third post- 
isch aem ic  day.

In  postischaem ic ren al failure, acidosis is due to  a decreased glomerular 
f iltra tio n  and/or to im paired  tubular activ ity .

In  the present exp erim en ts both glomerular and tubular factors probably  
p la y ed  a role in the d ev e lo p m en t of acidosis. It has been shown th at glomerular 
f iltra tio n  is diminished in postischaem ic renal failure ( B á l i n t  et al. 1964), and, 
sin ce  alkaline phosphatase a c tiv ity  is characteristic o f the tubular function  
( G o e b e l  and P u c h t l e r  1954 — 55; Z i m m e r m a n n  1957; B e n e d e k  et al. 1966), 
th e  observed low p h osp h atase  activ ity  was su ggestive o f tubular failure.

I t  has been assum ed th a t  glutam inase m ight be dam aged by ischaem ia  
an d  th u s the renal control o f  acidosis is lost. H ow ever, in  the anim als o f the 
f ir s t  group acidosis d eve lop ed  although glutam inase a c tiv ity  did not change.
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This m eans that the glutam inase is not affected by a lack of oxygen , an obser
va tio n  m ade also by W ic k h a m  and S harm a  (1965). It seem s also lik e ly  th at  
acidosis m ay develop even  if  g lutam inase a ctiv ity  is normal.

To explain the present observations it could also be assum ed th a t g lu tam 
inase a c tiv ity  is decreased by ischaem ia but th is is com pensated b y  th e  acido
sis w h ich  is known to enhance the enzym e’s activ ity , as m ay clearly be observed  
on th e  third day (P ollák  et al. 1965). This assum ption has been supported  by  
the decrease of glutam inase a c tiv ity  in the anim als o f the second group which  
w ere not acidotic.

T he present results thus allow the conclusion that glutam inase is not sen
sitiv e  to  anoxia, as it did not decrease on the first and second postoperative  
days w hen phosphatase a c tiv ity  had already decreased. In the second group the  
decreased  glutam inase a c tiv ity  on the third day was m ost probably a result of 
th e  decreased enzym e resynthesis. In the anim als o f the first group uraem ia  
d eveloped , but owing to the acidosis no decrease of glutam inase a c tiv ity  could  
be observed.
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EFFECT OF HAEMORRHAGIC SHOCK ON OXYGEN 
TENSION OF THORACIC DUCT LYMPH*

By

S. N a g y , T .  B a r a n k a y  and K l á r a  T á r n o k y

INSTITUTE OF EXPERIMENTAL SURGERY, UNIVERSITY MEDICAL SCHOOL, SZEGED

(R eceived  J u ly  26, 1968)

T issue h y p o x ia  has a key  ro le in  th e  m ech an ism  of shock. D irec t q u a n ti ta t iv e  
m ea su re m e n t o f tissu e  oxy g en  ten s io n  b y  e lec tro d es is  n o t  possible since th e  e le c tro d e  
c a n n o t be ca lib ra ted  a cc u ra te ly  fo r use  in  v iv o  a n d  considerab le  dam age to  th e  tis su es  
occu rs  w ith  i ts  in se rtio n . W e h av e  th e re fo re  an a ly ze d  th e  oxygen ten s io n  o f  ly m p h  as 
a n  a liq u o t o f  in te r s t i t ia l  f lu id  assum ing  t h a t  i t  is in  eq u ilib riu m  w ith  th e  in te r s t i t ia l  
o x y g en  ten s io n . T he th o rac ic  d u c t w as c a n n u la te d  in  dogs b y  a sta in less s te e l tu b e  an d  
ly m p h  w as led d irec tly  in to  th e  th e rm o s ta te d  m ea su rin g  c u v e tte  o f a m em b ran e -c o v ere d  
p o la ro g rap h ic  p la tin u m  e lectro d e  con n ec ted  to  a B e ck m an  Physio logical G as A n a ly ze r. 
L y m p h  oxygen  ten s io n  w as m easu red  co n tin u o u sly . N o rm al oxygen te n s io n  o f  ly m p h  
w as ap p ro x im a te ly  th e  sam e or slig h tly  below  m ix ed  v enous or hep atic  v e n o u s  o x y g en  
ten s io n . In  haem o rrh ag ic  shock  (b lood p ressu re  30— 40 m m  H g) ly m p h  o x y g e n  ten s io n  
fell ra p id ly  to  v e ry  low  levels (1 — 5 m m  H g , in  som e cases to  zero) an d  w as n o w  m u ch  
below  th e  level o f venous oxygen  tension . T h e  e ffec t o f  re in fusion  of b lood , a d m in is t ra 
tio n  o f low  m olecu lar w e igh t d e x tra n  an d  o f v a so a c tiv e  d rugs was also s tu d ie d . I t  is 
concluded  th a t  m easu rem en t o f ly m p h  oxy g en  ten s io n  p ro v id es good in fo rm a tio n  on  th e  
fu n c tio n a l b eh av io u r o f th e  m ic ro c ircu la tio n  an d  th e  leve l o f  tissue oxy g en  te n s io n  in 
shock.

The decrease o f cardiac output and tissue blood flow in shock resu lts in 
w idespread tissue hypoxia. The latter has a key role in the m echanism  o f shock. 
Our know ledge on the level o f tissue oxygen  tension  in shock is, how ever, scan ty  
due to  m ethodological difficulties. Polarographic oxygen electrodes o f  the  
C lark-type cannot sufficiently  be m iniaturized to  be introduced into th e  tissues  
w ith o u t causing considerable dam age w hich alters local oxygen ten sion . Bare- 
tip p ed  electrodes, owing to  polarization effects, are not stable for longer periods. 
C alibration for in v ivo use o f tissue electrodes cannot be done accurately. R esu lts  
o f  electrode m easurem ents o f tissue oxygen  tension  are usually g iven  as per
cen tage changes which can be m ost m isleading. (A  change of p 0 2 from 1 m m  H g  
to  2 m m  H g is very different from a change from  25 to  50 mm Hg; Ca t e r  1964.) 
In  th e  present study the oxygen  tension o f lym ph was analyzed. L ym ph is 
tissu e  flu id  th at has entered the lym phatic capillaries (M a y e r s o n  1962) and  
it s  oxygen  tension according to the few  know n data ( B e r g o f s k y  et al. 1962; 
B e r g o f s k y  et al. 1964; G r o t h  et al. 1965; W i t t e  et al. 1967) probably  repre-

* P re se n ted  in  a condensed  form  a t th e  M eeting  of th e  H u n g a rian  P h y s io log ica l S o c ie ty , 
D eb recen , J u ly  5, 1968.

Acta Physiologica Academiae Scientiarum Hungaricae 35, 1969



8 8 S. NAGY et al.

sents th e  mean oxygen  ten sion  of the tissues from  which it is derived. N o data  
are availab le on the oxygen  tension of lym ph in  shock. Lymph flow  in  shock was 
stu d ied  exten sively  b y  W e s s e l y  (1958).

Methods

T h e  ex p erim en ts  w ere  p e rfo rm ed  on 32 dogs o f  14.9 k g  m ean  body w e igh t (ran g e  9 .7 — 
18.7 k g ). T h e  an im als w ere l ig h tly  an aesth e tized  w ith  so d iu m  p e n to b a rb ita l. In  11 e x p e rim e n ts  
th e  th o ra c ic  d u c t was c a n n u la te d  in  th e  neck close to  i ts  e n tra n ce  in to  th e  su b c lav ian  ve in . In  
th e  o th e r  e x p e rim e n ts  i t  w as c an n u la te d  in  th e  c a u d a l p a r t  o f  th e  r ig h t chest. D u rin g  th o ra c o 
to m y  in te r m it te n t  po sitiv e  p re ssu re  v e n tila tio n  w as a p p lie d  w ith  a resp ira to r. A fte r  c a n n u la tio n  
th e  th o ra c o to m y  w ound w as closed , th e  can n u la  led  th ro u g h  th e  chest w all, th e  a ir  rem o v ed  
fro m  th e  th o ra x  an d  th e  a n im a ls  resum ed sp o n tan eo u s  b re a th in g . In  p re lim in a ry  e x p e rim e n ts  
i t  w as sh o w n  th a t  p o ly e th y len e  or o th e r  p las tic  tu b in g s  a re  n o t  su itab le  fo r ly m p h  co llec tio n  for 
p 0 2 m e a su re m e n t as th e ir  p e rm e a b ility  to  a tm o sp h e ric  o x y g e n  m akes im possible th e  m ea su re 
m e n t o f  a  few  m illim eters o f  H g  o f  oxygen ten s io n  o c cu rrin g  in  shock. A s ta in le ss  stee l tu b e  
( le n g th  13 cm , d iam e te r 1 m m ) w ith  a sh o rt p o ly e th y len e  tu b in g  a t  its end was u sed  fo r c a n n u la 
tio n  in  su c h  a  m an n e r t h a t  th e  p o ly e th y len e  p a r t  w as p u sh e d  to ta lly  in to  th e  d u c t  to g e th e r  w ith  
a  sm a ll le n g th  of th e  s tee l tu b e  on  w hich th e  can n u la  w as secu red  b y  a lig a tu re . T h e  s ta in le ss  
s tee l tu b e  w as d irec tly  c o n n ec ted  to  th e  flow  c h am b er (v o lu m e  30 /Л) o f a R a d io m e te r  E  5046 
ty p e  p o la ro g ra p h ic  e lec tro d e  (d iam e te r  of p la tin u m  c a th o d e  20 /г, w ith  a p o ly p ro p y len e  m e m 
b ra n e  o f 20 fi th ickness). T h e  e lec tro d e  was k e p t a t  37°C a n d  connected  to a B e ck m an n  M odel 
160 P h y s io lo g ica l Gas A n a ly se r. T h e  oxygen c o n su m p tio n  o f th e  electrode was te s te d  in  s ta tic  
sam p les a n d  fo u n d  to  be neg lig ib le  even  for th e  slow est ly m p h  flow s observed in  th e  e x p e rim e n ts .

T h e  ly m p h  w hich p a sse d  th ro u g h  th e  e lectro d e  c h a m b e r  was collected in  te s t  tu b e s  g ra 
d u a te d  in  0.1 m l d iv isions. C ollection  periods tim ed  b y  a  s to p -w a tc h  were 15 or 30 m in u te s  each . 
T h e  ly m p h  w as n o t re tu rn e d  to  th e  anim als.

A f te r  a  con tro l o b se rv a tio n  period  th e  an im als  w ere  b led  from  the  c a n n u la te d  fem o ra l 
a r te ry  in to  a  reservo ir se t to  m a in ta in  m ean  a r te r ia l  p re ssu re  betw een 30 a n d 40 m m  H g. T h is 
p re ssu re  w as m a in ta in ed  fo r 2 to  3 hours depend ing  on  th e  am o u n t of sp o n tan eo u s  re in fu s io n . 
A fte r  th e  h y p o ten s iv e  p e rio d  all b lood  rem ain ing  in th e  re se rv o ir  was re in fused  in tra v e n o u s ly . 
T he an im a ls  received  5 m g /k g  h e p a rin  in tra v en o u s ly  a t  th e  beginning of th e  b leed ing .

B lood  sam ples w ere ta k e n  anaerob ica lly  ev ery  th i r t y  m in u te s  from  th e  p u lm o n a ry  a r te ry ,  
h e p a tic  v e in  an d  fem ora l a r te r y  a n d  th e ir  oxygen  te n s io n  w as analyzed  p o la ro g rap h ica lly  in  a 
G o d a rt  H a e in o x y ten s io m e te r. T h e  venous sam ples w ere d ra w n  th ro u g h  K IF A  c a th e te rs  p laced  
in to  th e  p u lm o n a ry  a r te ry  a n d  h e p a tic  vein  u n d e r X - ra y  c o n tro l a t  th e  b eg in n in g  o f  th e  e x 
p e r im en t.

S ta tis t ic a l  analyses w ere  m ad e  by th e  m eth o d  o f W il c o x o n  e t al. (1963). F o r th e  m eth o d  
of c a lc u la tio n  and in te rp re ta tio n  o f  percen tiles see H e r r e r a  (1958).

Results

In  Table I are show n the values for oxygen  tension  in thoracic duct lym ph  
(cannulated  in the neck) and in mixed venous and hepatic venous blood. It can  
be seen  th a t mean lym p h  p 0 2 was sligh tly  h igher than venous p 0 2 hut the  
difference was not sign ificant statistically . P ercentiles give an estim ate o f the  
scatter o f  the results.

W hen the thoracic duct was cannulated  in the caudal part o f  the right 
chest, norm al lym ph p 0 2 values were sta tistica lly  significantly less th an  venous  
values (Table II). A t th is region the duct carries lym p h  almost exclu sively  from  
the sp lanchnic area ( Y o f f e y  and Co u r t i c e  1956).

B leed ing  the anim als in to  a reservoir set to  m aintain mean arterial pres
sure b etw een  30 and 40 mm  H g resulted w ith in  a few  minutes in a very  rapid
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T a b le  I

Oxygen tension o f  thoracic duct lym ph, p u lm o n a ry  arterial and hepatic venous blood 
( tho rac ic  d u c t c an n u la ted  in  th e  neck)

Pulmonary artery 
blood, 
mm Hg

( - = i i )

Hepatic venous 
blood, 

mm Hg
(n =  11)

Lymph, 
mm Hg 
(n =  11)

Mean 41.9 40.2 45.2

20th and  80th 
percentiles (35.9 47.2) (36.1 43.8) (35.2 60.0)

P  >  io % -

XV „

T a b le  I I

Oxygen tension o f  thoracic duct lym ph , pulm onary arterial and hepatic venous blood 
(th o rac ic  d uct can n u la ted  in  th e  tho rax )

Pulmonary artery 
blood, 

mm Hg 
(n =  14)

Hepatic venous 
blood, 

mm Hg 
(n =  14)

Lymphs 
mm Hg 
(n =  22)

Mean 38.1 37.9 31.1

20th and 80th 
percentiles (31.9 43.5) (31.7 42.3) (22.2 41.4)

P  <  2%  -

-  P  <  5 %

T a b le  I I I

O xygen tension o f thoracic duct ly m p h , pu lm onary  
arterial and hepatic venous blood after 25 to 35 m inu tes o f  haemorrhagic hypotension

Pulmonary artery 
blood, 

mm Hg 
(n =  14)

Hepatic venous 
blood, 

mm Hg 
(n =  14)

Lymph, 
mm Hg 
(a =  14)

Mean 20.2 20.1 4.8

20th and 80th
percentiles (16.5 25.0) (13.1 28.1) (1.6 7.8)

P <  1%

P  <  1°/
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decline o f  lym p h  oxygen  ten sion . After 25 to  35 m inutes lym ph p 0 2 averaged  
4.8 m m  H g  w hich was m uch below  the venous p 0 2 at that tim e (Table II I ) .

T h e decline of lym ph p 0 2 to  extrem ely  low  levels  characterized th e  course 
of haem orrhagic shock. In  T able IV the average o f  th e  lowest values a tta in ed  in 
shock  is show n. This was 2.4 m m  Hg. In  6 cases ou t o f  24 the low est va lu e  a tta in 
ed w as zero.

Table IV

Lowest values fo r  lym ph  oxygen tension du rin g  haemorrhagic shock 
and the tim e needed to reach them

Lymph, 
mm Hg 
(n =  24)

Time elapsed 
from beginning 

of bleeding, 
minutes 
(n= 24)

M ean 2.4 36.4

20th and 80th
percen tiles (0.9 6.2) (18.4 51.2)

T h e effect o f reinfusion o f the shed b lood  w as also studied. I t  w as in 
terestin g  to  n ote th at spontaneous reinfusion w h ich  is regarded as a sign  o f  irre
v ers ib ility  was usually  accom panied b y  a rise in  lym ph p 0 2. The rise w as, how 
ever, sm all and transitory. R einfusion o f th e  to ta l amount of b lood  in  the  
reservoir in travenously  to  th e  anim als w as fo llow ed  in m ost cases b y  a prom pt 
rise in  ly m p h  oxygen  tension  (Table У). In m an y  cases characteristic oscilla tions  
occurred w ith  a frequency o f  about 1 — 2 per m inute and am plitudes o f  10 — 
20 m m  H g.

Table V

Effect o f  re in fusion  o f  blood on lym p h  oxygen tension 
in  haemorrhagic shock

Lymph oxygen tension 
15 minutes after 

reinfusion, 
mm Hg
( n =  12)

Rise in lymph 
oxygen tension 
on reinfusion 

of blood, 
mm Hg 
(n =  12)

M ean 36.1 26.2

20th and  80th
percentiles (22.4 48.4) (19.2 36.2)

T he course of a ty p ica l experim ent is dem onstrated  in Fig. 1.
T h e infusion o f a low  m olecular w eight dextran (R heom acrodex, Phar

m acia) w as also exam ined. In  every instance it  w as followed by a rise in lym ph  
o x y g en  tension . It w as particularly in teresting  in  a few cases th at sm all doses 
(5 m l/k g  from  a 10% solution) also produced th is  effect w ithout sim ultaneously  
raising  arterial blood pressure.
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In som e experim ents adm inistration o f phenoxybenzam ine (3 m g/kg) or 
chlorprom azine (2 m g/kg) was studied . The drugs were given after reinfusion. 
N o elevation  o f lym ph p 0 2 was found, in som e cases a decline occurred along  
w ith  a decrease of blood pressure.

L ym ph flow  w hich averaged 0.48 m l/m in (range, 0 .20—0.93) in th e  con
tro l sta te  showed a tem porary increase im m ediately  after the bleeding had  been  
started . After a few m inutes, how ever, the flow  declined and rem ained below

th e  control level throughout th e  hypotensive period reaching th e  average low 
est va lue o f  0.19 m l/m in (range, 0.11 — 0.40) betw een one and one and a half 
hours after bleeding had been started . R einfusion o f blood was fo llow ed b y  a 
rise in  lym ph flow  to  an average value o f 0.45 m l/m in (range 0 .23 — 0.68) 
approaching thus the control values.

Discussion

In these experim ents lym ph oxygen  tension  rapidly responded in a pre
d ictable m anner to stim uli w hich are known to  alter tissue oxygen  ten sion  in 
shock. I t  is known th a t there are p 0 2 gradients w hich norm ally are o f  th e  order 
o f tens o f  m m ’s of H g from  capillary venous blood to  peripheral parts o f  tissue  
cylinders supplied by a capillary ( F o r s t e r  1965). The differences found  in the  
com position  of plasm a and lym ph are due m ainly to the m etabolic a c tiv ity  o f  
th e  parenchym atous cells ( F ö l d i  1967). The fact th at lym ph p 0 2 rap id ly  b e
com es m uch lower than  the corresponding venous p 0 2 in shock su ggests that 
its  va lu e indicates more closely  m ean tissue oxygen  tension th an  th e  venous 
values do. The extrem ely  low  levels and, indeed, zero levels o f p 0 2 o f  lym ph  
su ggest th at oxygen tension  in  th e  cells approaches or becom es zero 
v ery  early in shock at least in the splachnic area where the lym p h  w e have
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stu d ied  m ainly originates from . Measurement o f lym ph p 0 2 provides good in
form ation  on the perform ance o f the m icrocirculation w ith  respect to its main 
fu n ction , the supply o f o x y g en  to  the tissue cells. I t  has the advantage o f  avoid
ing  traum a to the tissu es w hich is very ex ten siv e  w ith  tissue electrodes 
( J a m i e s o n  1964), and also o f furnishing in form ation  from a larger area of 
tissu e . The fact th at m easurem ents can be q u a n tita tiv e  perm its the correlation  
of data  from different experim ents.
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(R eceived S ep tem b er 12, 1968)

T he e ffec t o f  a su rg ical exclusion o f th e  sm a ll in te s tin e  was s tu d ied  in  dogs w ith  
h aem o rrh ag ic  shock. T he in te rv en tio n  fa iled  to  im p ro v e  survival ra te s . C o n tra ry  to 
l ite ra ry  d a ta  on th e  m echan ism  of h aem o rrh ag ic  n ecrosis o f in testin a l m u co sa  in  shock , 
such  a change  w as fo u n d  in  the  excluded sm a ll in te s t in a l  segm ent in  50%  o f  th e  cases.

The cause o f the irreversibility of shock is still unknown. In recen t years 
an increasing num ber o f data has been pub lished  supporting or d en y in g  the  
role o f the gastrointestinal tract in the outcom e o f shock. According to  F i n e  and 
his group (1961) the irreversibility in d ifferent kinds of shock is due to  the 
endotoxins of the in testin a l bacterial flora. A bsorption of these h igh ly  tox ic  
substances is facilitated  by the hypoxic dam age o f the intestinal m ucosa due to  
the failing circulation ( L i l l e h e i  1957). The increase of perm eability  o f  the  
in testinal m ucosa under such conditions has been verified experim entally  
( B o u n o u s  et al. 1965). The im portance o f the gastrointestinal tract in shock  was 
m ost clearly dem onstrated in L i l l e h e T s experim ents (1957), in w hich  dogs in 
otherwise lethal haem orrhagic shock could be p rotected  in 90% of th e  cases by  
the perfusion of the superior mesenteric artery w ith  blood from a donor dog. 
D eath  from endotoxin shock was prevented in th e  experim ents o f E v a n s  et al. 
(1966a) by extensive resection of the small in testin e  or by exclusion o f  th e  small 
in testine ( E v a n s  et al. 1967). Contrary data w ere also published b y  th e  sam e  
group ( E v a n s  et al. 1966b).

The aim o f the present experim ents w as to  exam ine the effect o f  sm all 
bow el exclusion in haem orrhagic shock, and to  determ ine to w hat e x te n t the  
results obtained in endotoxin  shock apply to  haemorrhagic shock.

Methods

T w enty -one  dogs of b o th  sexes weighing 4 .7 — 15.0 kg  were used. In  th e  c o n tro l  series 
10 dogs w ere fa sted  fo r 18 h o u rs  a f te r  w hich b o th  fe m o ra l a rte r ie s  and a fem oral v e in  w ere e x 
posed  and can n u la te d  w ith  p o ly e th y len e  tu b in g  u n d e r  lo ca l an aesth es ia . A rteria l b lo o d  p re ssu re  
w as m easu red  w ith  a S ta th a m  P23 Db tran sd u cer. T h e  a n im a ls  w ere bled in to  a re se rv o ir  to  a 
blood p ressu re  level be tw een  30 an d  40 m m  Hg. T h is  u su a lly  took  abou t 10 m in u te s . T he 
h y p o ten s io n  w as m a in ta in ed  fo r 2 hours. D uring  th is  p e rio d  spontaneous re in fu s io n  u su a lly  
s ta r te d . All th e  blood in  th e  re se rv o ir  was reinfused in tra v e n o u s ly  a fte r two hours. T h e  c an n u la s  
w ere th e n  rem oved , th e  w ounds su tu re d . S urv ival w as e x a m in e d  a t  8, 24 and 48 h o u rs  a f te r  th e  
ex p erim en t. One dog (N o. 11, see T ab le  I) was su b m itte d  to  a  sham  operation .
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T h e  a n im a ls  in  th e  o th e r  series were fa s ted  fo r 18 h o u rs  a n d  th ereafte r th e  sm a ll in te s tin e  
w as e x c lu d e d  a sep tica lly  acco rd in g  to  E vans e t al. (1967) u n d e r  in trav en o u s so d iu m  p e n to b a r 
b i ta l  a n a e s th e s ia  (30 m g/kg). T he b lo o d  an d  nerve  su p p ly  o f  th e  in testines were p re se rv e d . T he 
je ju n u m  w a s  tra n se c te d  a b o u t 4 — 5 cm  d is ta l to  th e  d u o d e n o je ju n a l flexure  a n d  th e  ile u m  a t 
a b o u t  th e  sam e  d istan ce  fro m  th e  ileocolic  ju n c tio n . T h e  o ra l  en d  o f th e  je ju n u m  a n d  th e  d is ta l 
end  o f  th e  ile u m  w ere an as to m o sed  b y  a tw o -lay er e n d - to -e n d  su tu re . The c u t en d s o f  th e  e x 
c lu d ed  sm a ll  in te s tin e  w ere u sed  as je ju n o s to m y  a n d  ile o s to m y  openings on th e  tw o  sid e s o f  th e  
sk in  in c is io n . T h e  an im als w ere g iv en  500 m l o f iso to n ic  N aC l infusion  d u rin g  a n d  a f te r  th e  
o p e ra tio n . N e x t d a y  th e y  rece iv ed  w a te r  o ra lly  a n d  fro m  th e  follow ing d ay  on  liq u id  a n d  so ft 
food . T h e  p la s m a  vo lum e o f 7 o p e ra te d  an im als w as d e te rm in e d  (N agy  e t al. 1965) b e fo re  th e  
o p e ra t io n  a n d  6 — 8 d ay s la te r  im m e d ia te ly  before th e y  w ere  su b jec ted  to  th e  sh o ck  p ro c e d u re  
d e sc rib e d  abo v e .

Results

R esu lts  are shown in th e  Tables. E xclusion  o f the small in testine fa iled  to  
exert a n y  beneficial in fluence on the outcom e o f haemorrhagic shock. T he op
erated  anim als usually  succum bed earlier to  th e  shock than did th e  controls; 
5 dogs died while th ey  were bled or during th e  n e x t  hour.

I t  w as thought th at th e  failure o f sm all bow el exclusion to protect th e  ani
m als a g a in st shock m ight h ave been due to  an increased loss of in testin a l fluid  
and diarrhoea. P lasm a volum e m easurem ents, how ever, have n ot supported  
th is assu m p tion  as in contrast to  our exp ectation  plasm a volum es m easured 6 to  
8 d ays after the operation were higher th an  before the operation.

A t autopsy  a characteristic haem orrhagic m ucosal necrosis was fou n d  in 
every  case  in the re-established intestinal tract. The lesion extended  from  the  
b eg in n in g  o f the duodenum  to  the rectum . T he m ost severe picture w as alw ays 
seen in  th e  duodenum . In h a lf o f the cases th e  excluded  small in testin e w as also 
necrosed; here the m ost pronounced changes occurred in the jejunum , i.e . in  the  
oral p art o f  the excluded segm ent (Figs 1, 2; T ables I, II).

D iscussion

T he general condition  o f the operated anim als deteriorated rap id ly . A  
w eek  after the operation there was a m ean loss o f body w eight o f  1.28 kg 
(range 0 .5 5 —2.25 kg). E v a n s  et al. (1966a, b; 1967) did not m en tion  such a 
ph en om en on  even though th e y  adm inistered infusions only for tw o d ays after 
th e  op eration  after w hich th e  animals were k ep t on a standard d iet. T h ey  also 
fa iled  to  observe diarrhoea, a sym ptom  w hich  occurred in all o f  our operated  
an im als. T hey adm inistered the E. coli en d o to x in  0.55 B5 in a dose o f  2 m g/kg  
in traven ou sly . The 10%  survival in their control series was im proved to  52%  in 
th e  b ow el excluded group w hich m eant a 48-hour survival o f 16 an im als out 
o f 31.

T he results o f E v a n s  et al. becom e q u ite  inexplicable w hen w e  consider  
an oth er  o f  their papers ( E v a n s  et al. 1966b) in  which they are d iscussing  the  
re la tion  betw een gastrointestinal secretion and haemorrhagic m ucosal necrosis
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Fig. 1. T yp ical h aem o rrh ag ic  m ucosal necrosis in th e  re c o n s titu te d  g a s tro in te s tin a l t ra c t

Fig. 2. E xcluded  sm all in te s tin e . H aem o rrh ag ic  m ucosal necrosis, th e  in te n s ity  o f which
dim in ishes in th e  d is ta l d irec tio n
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Table I

Haemorrhagic shock in  control dogs

Number, вех Body weight,
kg Duration of survival

Maximal 
bleeding 

volume, ml

Spontaneous reinfu
sion in per cent 

of maximal bleeding 
volume

1. m 7.00 8 hours 340 30

2. m 7.40 less th a n  8 hours 320 28

3. f 13.40 less th a n  8 hours 770 31

4. m 11.50 less th a n  48 hours 445 20

5. m 15.00 less th a n  48 h o u rs 725 36

6. f 8.00 less th a n  24 hours 415 26

7. f 8.40 less th a n  48 hours 410 34

8. m 11.20 surv ived 515 22

9. m 9.50 less th a n  24 hours 355 24

10. f 9.00 less th a n  8 hours 550 32

11.* f 7.95 7.60 survived 265 0

(499) (560)

* S u b jec ted  to  a sh a m  o p e ra tio n  (lap a ro to m y , e x te rio riz a tio n  o f in te s tin e )  one w eek 
before  shock. T he sh am  o p e ra tio n  la s te d  as long as th e  exclusion  o p e ra tio n . P e r t in e n t  p lasm a 
vo lu m es in  b rack e ts

of th e  intestine in canine shock. In a series o f 10 dogs exclusion o f the small 
intestine prevented on ly  the haemorrhagic m ucosal necrosis but w as w ithout 
effect on survival. The dose o f their endotoxin  o f  unspecified origin was 1.5 
m g/kg and killed all anim als w ithin 48 hours.

The only sign ificant positive result o f  our experim ents was th e  surprising 
fact th at in 5 cases haem orrhagic enteritis and severe m ucosal necrosis devel
oped in the excluded in testinal segm ent (F ig. 2). This was in contrast not only to 
the results o f E v a n s  et al. (1966a) but also to  the currently accepted theory of 
the genesis o f th is lesion. According to th e  investigations o f G u k d ’s group 
( B o u n o u s  et al. 1965; 1966) the enzym e system s o f the in testinal m ucosa are 
dam aged in shock, the production of m ucin is decreased, th e  perm eability  in
creased and the m ucosa is digested by the trypsin  contained in th e  intestinal 
lum en. This theory is supported by experim ents dem onstrating th e  protective  
effect o f a locally applied trypsin  inhibitor (Trasylol). An even stronger evidence  
was presented b y  those experim ents in w hich ligation  o f the m ain pancreatic 
duct prevented the m ucosal necrosis and prolonged survival in haem orrhagic
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Table II

Haemorrhagic shock in  small

Number, sex

Body weight
(tg) Interval

between
Survivalbefore after operation 

and shock,

operation
days

i .  f 7.00 6.45 7 less th a n  8 hours
2. f 5.15 4.60 7 died  du rin g  ex p erim en t
3. f 6.75 5.10 8 less th a n  24 hours
4. m 4.70 4.15 7 less th a n  48 hours
5. m 12.20 11.00 6 died  du ring  ex p erim en t
6. f 13.00 11.60 6 less th a n  8 hours

7. m 10.50 8.25 7 died  du rin g  experim en t
8. f 9.25 7.95 8 less th a n  8 hours

9. f 9.50 7.40 7 less th a n  8 hours
10. f 14.20 12.25 8 less th a n  24 hours

shock  elicited  5 — 6 days la ter. This correlation o f the m orphological changes 
w ith  survival has not been corroborated by other investigators. For exam ple  
th e  haem orrhagic m ucosal necrosis could be prevented  by to ta l gastrectom y or 
gastric  resection and v a g o to m y  ( E v a n s  et al. 1966b), hyperbaric oxygen  
( E v a n s  et al. 1967), tris buffer (S e l m o n o s k y  et al. 1963), pretreatm ent w ith  
T rasy lo l ( B o u n o u s  et al. 1965), but w ithout a sim ultaneous general p rotective  
effect.

In  the interpretation o f  m ucosal necrosis in  our experim ents several facts  
shou ld  be considered. The blood and nerve supply o f the excluded segm ent 
rem ained  intact, the in testin a l contents were not rem oved actively , the pH  was 
n ot neutralized, antib iotics w ere not applied loca lly , the enzym es which were 
p resen t in the lumen before th e  operation were n ot inactivated . Thus in testinal 
exc lu sio n  alone did not elim in ate all the factors w hich were previously m ade  
responsib le for the m ucosal changes by other investigators.

I t  appears that the contradictory observations described in the literature  
can at least partly be exp la in ed  by the different experim ental conditions em 
p loyed . This stresses the d ifficu lty  o f the subject. Our results add to  the contra
d ic tory  observations and call for further experim ental work.
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intestine excluded dogs

Degree of 
intestinal 

lesion in the 
excluded segment

Maximal
bleeding
volume,

ml

Spontaneous 
reinfusion 
per cent 

of maximal 
bleeding 
volume

Plasma volume, 
ml

Haematocrit, 
per cent

before after before after

operation operation

m in. 260 32 — — — —

— 140 — — — — —

m in. 130 65 — — — —

m in. 190 — 294 338 48 40.5

m ax. 425 36 613 600 44.5 42

m ax. 450 42 586 633 54 45

— 185 — 556 448 42.5 37.5

m ax. 340 20 598 718 35.5 43.5

m o d era te 325 25 763 534 39.5 44.5

m ax. 785 — 863 891 44.5 41.5
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T he p re sen t boo k  c o n ta in s  a  selection o f th e  p a p e rs  g iv en  a t  th e  T h ird  In te rn a tio n a l 
C ongress o f N ephro logy  h e ld  in  1966 in  W ash ing ton , D .C . V o lum e I  deals w ith  physio log ical, 
V olum e I I  w ith  m orp h o lo g ica l, im m unological an d  u ro lo g ica l p rob lem s, an d  th e  su b je c t o f 
V olum e I I I  is clinical n ep h ro lo g y .

T h e  ed ito rs  succeeded  in  se lec ting  from  th e  im m en se  m a te ria l  p re sen ted  a t  th e  Congress 
th o se  lead in g  lec tu res w h ich  c o n s titu te  th e  m ost im p o r ta n t  c h a p te rs  o f to d a y ’s n ep h ro logy . The 
re su lt  is a  m o n o g rap h  u se fu l fo r  ev ery b o d y  who w an ts  to  e n r ic h  h is know ledge in  ex p erim en ta l 
o r c lin ica l nephro logy .

T h e  va lue  of th e  boo k  is in  p a r t  due to th e  c irc u m stan c e  t h a t  each  c h a p te r  h a s  been  w rit
te n  b y  lead in g  ex p erts  o f  th e  su b je c t and  therefo re  th e  re a d e r  n o t  on ly  lea rn s th e  m o st recen t 
re su lts  a tta in e d  in  th e  v a rio u s  fie lds o f  nephrology b u t  he  m a y  re a d  be tw een  th e  lines th e  p ro b 
lem s to  be  solved in  th e  n e a r  fu tu re  and  th e  p e rsp ec tiv e s  o f  th is  b ra n ch  o f th eo re tic a l and 
p ra c tic a l m edicine. I n  th is  re sp ec t, V olum e I I I  is a  p a r tic u la r ly  ex c itin g  read in g , since th e  long
s ta n d in g  a im  of m edical sciences, i.e. th e  su b s titu tio n  o f th e  fu n c tio n  of v ita l  o rg an s, is p e rh ap s  
n e a re s t  to  i ts  so lu tion  in  th e  re p la ce m en t o f k idney  fu n c tio n . T h e  sections d ealin g  w ith  v ivod ia- 
lysis a n d  tra n s p la n ta t io n  are  fa sc in a tin g  for every  p h y sic ia n .

T h e  p e rfec t se t-u p  o f th e  vo lum es praises th e  h ig h -s ta n d a rd  w ork m an sh ip  o f  M essrs. 
S. K a rg er.

P . BÄLINT
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ACTA P H Y SIO L O G IC A

Р Е З Ю М Е  

ТОМ. 35. ВЫП. 1.

МОЗГОВЫЕ МЕХАНИЗМЫ ЭХОЛОКАЦИИ И БИОНИКА

Э. Ш. АЙРАПЕТЬЯНЦ, А. И. КОНСТАНТИНОВ,
Д. П. МАТЮШКИН

Эксперименты проводились на летучих мышах 2-х семейств Vespertilionidae и 
Rhinolophidae. Описываются различия в параметрах локационных сигналов и в способах 
преследования насекомых у тех и других летучих мышей. Методом условных рефлексов 
установлено, что летучие мыши обоих семейств только с помощью эхолокации способны 
распознавать мышени, различающиеся по размерам, по форме и качеству материалов.

В электрофизиологических экспериментах исследованы электрические реакции 
слухового нерва заднего холма и корковой слуховой области, возникающие в ответ на 
ультразвуковые стимулы. В нейронной массе высших слуховых центров могут быть 
выделены своеобразные «нейронные шкалы» для оценки частоты и силы, интервалов и 
направления прихода ультразвуковых сигналов.

Приводится схема возможного функционирования эхолокационной системы у 
летучих мышей.

ФИЗИОЛОГИЧЕСКАЯ И ФАРМАКОЛОГИЧЕСКАЯ ИДЕНТИФИКАЦИЯ 
НЕЙРОНОВ В ЦЕНТРАЛЬНОЙ НЕРВНОЙ СИСТЕМЕ HELIX POMATIA L.

Д. А. САХАРОВ, я. ШАЛАНКИ

В плевральных, париетальных и висцеральных ганглиях Helix pomatia авторы 
идентифицировали отдельные нейроны и клеточные группы визуально, а также на основе 
их электрофизиологических и фармакологических свойств.

Мембранные и акционные потенциалы были регистрированы внутриклеточными 
электродами. Изучены следующие свойства: Форма акционного потенциала, действие 
поляризационного тока, изменения ПСП при изменении мембранного потенциала.

Было установлено, что отдельные гигантские клетки и группы клеток обладают 
хорошо характеризуемым типом активности, что облегчает их различение от окружаю
щих клеток. У других клеток точная идентификация возможна лишь при знании синап
тических связей и путей.

Ответ на АСЬ в общем не показывает тесной связи с типом активности клеток, ни 
с реакцией на 5НТ и на допамин. В то же время применением 5НТ удалось стимулировать 
лишь клетки осцилляторного типа, а допамин тормозила активность этих же клеток.

ДЕЙСТВИЕ ПОЛОВЫХ СТЕРОИДОВ НА ЭЛЕКТРИЧЕСКУЮ АКТИВНОСТЬ 
СТВОЛА МОЗГА И ПРОМЕЖУТОЧНОГО МОЗГА

Э. ЭНДРЁЦИ

Автор изучал действие 17-/3-эстрадиола и прогестерона на реакции, вызываемые со 
стороны влагалища или сетчатого образования ствола мозга у нормальных и кастриро
ванных крыс. После кастрации реакции regio preopticus были как при раздражении вла
галища, так и при раздражении ствола мозга пониженными. Дача эстрадиола нормали
зовала реакцию на раздражение ствола мозга но не влияла на ответы, вызываемые раз-
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дражением влагалища. Прогестерон облегчал реакцию на раздражение влагалища на 
уровне гипоталамуса и среднего мозга. Действие прогестерона двуфазное: вначале он 
вызывает фацилитацию реакции, а затем — выраженное торможение ее. В развитии тор
можения предположительно играет роль нисходящая тормозная система переднего мозга. 
Это предположение подкрепляется тем фактом, что тормозящее действие кондициони
рующего раздражения медиального пучка переднего мозга выраженно усиливается во 
второй фазе прогестеронового эффекта.

ГИПОГЛИКЕМИЯ, ОБУСЛОВЛЕННАЯ АДРЕНОКОРТИКОТРОПНЫМ 
ГОРМОНОМ ГИПОФИЗА (АКТГ)

Л. КОРАНЬИ, Э. ЭНДРЁЦИ, В. ТАМАШИ

У нормальных и адреналектомированных животных внутривенное введение АКТГ 
приводит к развитию гипогликемии. У адреналектомированных животных значительное 
понижение уровня сахара в крови наблюдается при формалиновом стрессе или после 
кондиционированной реакции страха. Имплантацией дексаметазония в среднюю возвы
шенность гипоталамуса можно предотвратить эту гипогликемию.

Через 3 недели после удаления надпочечников, ни после кондиционированной 
реакции страха, ни после инъекции формалина или АКТГ не развивается гипогликемии. 
В противоположность этому, у этих животных предварительная дача гидрокортизона в 
существенной степени влияет на возникновение гипогликемии, вызванной введением 
АКТГ.

ДЕЙСТВИЕ СРЕДНЕГО ВОЗВЫШЕНИЯ НА РЕГУЛИРОВАНИЕ СЕКРЕЦИИ 
КОРТИКОТРОПИНА АДЕНОГИПОФИЗОМ У ДОМАШНЕГО ГОЛУБЯ

П. ПЕЦЕЛИ

Изменения активности CR F среднего возвышения и активности АКТГ аденогипо
физа домашнего голубя при гипер- и гипофункции надпочечников были изучены при
жизненным методом. Под влиянием 8 М. Е. инсулина, через полчаса после введения содер
жание CRF в среднем возвышении сильно уменьшается, по истечении часа оно соответ
ствует контрольным величинам, через два часа вновь сильно понижается, и по истечении 
3 часов показывает уже совершенно минимальные величины. Через полчаса после введения 
инсулина содержание АКТГ в аденогипофизе повышается приблизительно до трехкратной 
контрольной величины, затем, в первый и второй часы наблюдается медленное понижение, 
а по истечении 3 часов оно падает ниже контрольной величины. Под влиянием дачи АКТГ, 
нагрузки с водой, при введении поваренной соли и преднизолона содержание CRF в 
среднем возвышении уменьшается, под влиянием жажды, однако, оно не изменяется. 
Содержание АКТГ в аденогипофизе под влиянием введения АКТГ и нагрузки с водой 
значительно уменьшается, после введения хлорида натрия и преднизолона оно повы
шается, а при жажде — не изменяется. Эти результаты показывают, что у этого вида птиц 
функция надпочечников находится под контролем гипоталамо-гипофизарной системы.

ОТРАВЛЕНИЕ КИСЛОРОДОМ И ФУНКЦИЯ ИТОВИДНОЙ ЖЕЛЕЗЫ

Т. СИЛАДЬИ, Ш. ТОТ, Л. МИЛТЕНЬИ,
Г. ЙОНА

При вдыхании гипербарического кислорода (4 атм. чистого кислорода) кролики и 
крысы с гипертиреозом погибают раньше, чем евтиреоидные контрольные животные. 
Время выживания животных с атиреозом не отличается в существенной мере от времени 
выживания евтиреоидных кроликов или крыс. Обсуждается потенцирующее действие 
гипертиреоза на отравление кислородом.
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ИЗМЕНЕНИЯ ФРАКЦИЙ СЫВОРОТОЧНЫХ БЕЛКОВ, ГЛИКОПРОТЕИНОВ 
И ЛИПОПРОТЕИНОВ У КРОЛИКОВ ПОД ВЛИЯНИЕМ ТЕПЛОЙ и 

ХОЛОДНОЙ СРЕДЫ

А. ЛОЖА, 3. КЕРЕСТИ, Д. БЕРЕНЧИ

Одну группу кроликов, адаптированных к температуре среды в 18 °С, авторы по
местили в пространство с температурой в 4 °С, а другую группу — в пространство с тем
пературой в 30 °С. По истечении двух недель животных обменяли друг с другом, и в 
течение дальнейших двух недель изучали действие холодной и теплой среды на макро
молекулы сыворотки. Согласно результатам, полученным при помощи метода бумажного 
электрофореза, количество альбумина уменьшается, а концентрация альфа- и бетагло- 
булинов повышается, как в холодной, так и в теплой среде. Максимальные отклонения 
отмечаются на третий день экспозиции, после этого спектр сывороточных белков норма
лизуется. Это же наблюдается и в связи с гликопротеинами. Изменения представляют собой 
неспецифические реакции и их следует рассматривать как частичные явления общего 
синдрома адаптации. В этой области наибольшее значение имеет сильное увеличение кон
центрации альфа-2-глобулина, верно отражающее также интенсивность нагрузки.

В противоположность этому, изменения липопротеинов совершенно специфичны. 
Под влиянием холода наблюдается сильное повышение количества альфалипопротеина, 
а в теплой среде — сильное повышение беталипопротеина, причем, этот сдвиг на протя
жении двух недель не показывает никакого признака нормализации. В теплой среде 
внезапное повышение уровня беталипопротеинов сопровождается раздвоением полосы 
бетагликопротеинов, в результате чего появляется новая фракция, — бета-2-гликопро- 
теин, -  никогда не наблюдаемая в нейтральной или холодной среде. Специфическое из
менение показывает также гаммаглобулин: под влиянием тепла его количество умень
шается, а в холодной среде оно увеличивается.

На основе этих данных указывается на патофизиологические отношения нагрузки, 
вызванной теплой или холодной средой.

СРАВНЕНИЕ МЕТОДОВ ОПРЕДЕЛЕНИЯ ГЛИКОГЕНА ПЕЧЕНИ

ЛИ БОК НАМ, И. СЕЛЕНЬИ, Т. ЗЕЛЛЕШ 

ТЕХНИЧЕСКИЙ СОТРУДНИК Ф- ГАЛ
Содержание гликогена в щелочной и кислотной вытяжках ткани печени было 

определено различными методами. Было установлено, что при обоих методах можно по
лучить аналогичные количества гликогена. Высокие величины, полученные раньше с 
помощью йода, авторы объясняют тем, что количественное определение тканевого гликогена 
было сопоставлено с торговым стандартным гликогеном. При применении реагента-йода, 
последний дает более низкие величины, чем гликоген из ткани. На основе этих данных 
авторы придерживаются того мнения, что при методе, использующем в качестве реа
гента йод для определения содержания гликогена в тканях, приходится применять 
стандартный гликоген, экстрагируемый из аналогичной ткани.

ИЗМЕНЕНИЕ АКТИВНОСТИ ГЛЮТАМИНАЗЫ ПРИ ПОСТИШЕМИЧЕСКОМ
ПОРАЖЕНИИ ПОЧЕК У КРЫС

Л. МОЛЬНАР, Э. БЕНЕДЕК, И. ТАРАБА

У крыс лигированием почечной артерии на протяжении 2 часов была создана кар
тина, подобная острому поражению почек у человека. В дни после лигирования повы
шается остаточный азот и уже на первый день после травмирования развивается тяжелый 
ацидоз. На ишемическое поражение почечных канальцев указывает значительное умень
шение активности щелочной фосфатазы. Активность глютаминазы-1 не изменяется.

На основе экспериментальных данных кажется, что в развитии постишемического 
тяжелого ацидоза поражение энзиматической системы, образующей аммоний (глютами- 
наза), не играет роль. Резистентности глютаминазы к недостатке 0 2, по-видимому, способ
ствует то обстоятельство, что развивающийся ацидоз стимулирует образование энзима, 
и это может компенсировать также ишемическое поражение.
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ВЛИЯНИЕ ГЕМОРРАГИЧЕСКОГО ШОКА НА КИСЛОРОДНОЕ ДАВЛЕНИЕ  
В ЛИМФЕ ГРУДНОГО ПРОТОКА

Ш. НАДЬ, т. ба ра н к а м , к . т а р н о к и

Тканевая гипоксия играет решающую роль в механизме шока. Прямое, коли
чественное измерение кислородного давления тканей с помощью электродов невозможно, 
так как для прижизненного применения нельзя точно калибрировать электроды и их вве
дение сопровождается значительным повреждением тканей. Авторы в своих эксперимен
тах изучали давление лимфы. Они рассматривали лимфу как аликвотный делитель интер
стициальной жидкости и полагали, что кислородное давление обеих жидкостей находится 
в равновесии. В грудной проток собак они ввели канюлю из нержавеющей стали и вво
дили лимфу непосредственно в термостабилизированную измерительную посуду поляро
графического платинового электрода, снабженного мембраной. Электрод был соединен с 
физиологическим газовым анализатором Бекмана. Кислородное давление лимфы было 
измерено непрерывно. В норме кислородное давление лимфы приблизительно было ана
логично с кислородным давлением смешанной венозной крови или крови из печеночной 
вены, или оно было несколько ниже. При геморрагическом шоке (кровяное давление 30— 
40 мм рт. ст.) кислородное давление лимфы быстро понижалось и достигало очень низких 
величин (1—5 мм рт. ст., в отдельных случаях 0), и было существенно ниже кислородного 
давления венозной крови. Изучалось также действие реинфузии крови, вливания дек- 
страна с низким молекулярным весом, и действие вазоактивных средств. Было устано
влено, что измерение кислородного давления лимфы предоставляет хорошие информации 
о функциональном состоянии микроциркуляции и кислородного давления тканей при 
шоке.

ДЕЙСТВИЕ ВЫКЛЮЧЕНИЯ ТОНКОЙ КИШКИ НА ГЕМОРРАГИЧЕСКИЙ ШОК

М. ГЕРГЕЙ, Ш. НАДЬ

Значение кишечного тракта при шоке кажется доказанным фактом. Приводится 
краткая сводка литературных данных. Изучалось действие включения тонкой кишки, — 
примененного другими исследователями при шоке от эндотоксина, — при геморрагиче
ском шоке собак. Выключение тонкой кишки не оказало благоприятного влияния на 
время выживания животных. В противоположность литературным данным о механизме 
геморрагического некроза слизистой, наблюдаемого при шоковом состоянии собаки, 
авторам удалось выявить это изменение в половине случаев также на изолированном 
участке тонкой кишки.
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Physiologia
THE EFFECT OF HYPNOTIC SUGGESTION 
ON CONDITIONED EVOKED POTENTIALS

By

I. MÉSZÁROS
INSTITUTE OF PHYSIOLOGY, UNIVERSITY MEDICAL SCHOOL, BUDAPEST 

(R eceived M ay 18, 1968)

E v o k ed  c o rtic a l cond itioned  responses w ere  e s tab lish ed  in  h e a lth y  in d iv id u a ls , 
u sing  b rie f  clicks a s  th e  cond itioned  stim u lu s  a n d  stroboscopic  fla sh  a p p lie d  w ith  
a  d e lay  o f 200 m sec as re in fo rcem en t. W hen  e lic ite d  in  th e  h y p n o tic  s ta te ,  th e  co n d i
tio n e d  resp o n se  p ro v e d  to  be f irm er th a n  in  th e  w a k e fu l s ta te . E lim in a tio n  b y  v e rb a l 
suggestion  o f th e  p h o tic  s tim u lu s used  p re v io u s ly  a s  th e  re inforcing  s tim u lu s  d id  n o t 
abo lish  th e  p o sitiv e  co n d itio n a l response, w h ereas d is tu rb in g  of th e  in te rv a l  b e tw ee n  
th e  u n co n d itio n ed  a n d  cond itioned  s tim u lu s b y  su g g estio n  caused th e  re sp o n se  to  
d isap p ea r. I t  h a s  b een  concluded th a t ,  in  th e  e s ta b lish m e n t of co n d itio n ed  ev o k ed  
responses, th e  tim e  fa c to r  is labile a n d  can  eas ily  be  in fluenced .

It has been show n (MÉSZÁROS and Á d Ám  1968) th at in hum ans th e  appli
cation o f a brief click w hich is followed at a fix ed  delay (200 msec) b y  a strobo
scopic flash resu lts, after a sufficient num ber o f  reinforcem ents, in  a con
ditioned evoked p oten tia l which appears 200 m sec after the presentation  of 
the auditory stim ulus. Sim ilar conditioned responses were successfully  e sta b 
lished in laboratory anim als to  the electrical stim ulation  o f afferent nerves, 
under both  acute and chronic conditions (Á d Ám  and M é szá r o s  1962; Á d á m  
and K u k o r e l l i  1964).

The experim ents carried out in hum an subjects have made it  possib le  
to direct the a tten tion  o f the test individuals to  one or other o f th e  applied  
stim uli. Considering th e  difficulties in controlling the concentration o f a tte n 
tion  to the stim ulus it  seem ed purposeful to  undertake the experim ents in  the  
hypnotic state  w hen the attention  o f the test su b ject can be directed b y  verbal 
suggestion to the required stim ulus w ith perhaps th e  greatest efficiency.

Methods

Several p re lim in a ry  seances w ere carried  o u t w i th  e ach  su b jec t p a r tic ip a tin g  in  th e  
ex p erim en ts  to  secu re  th e  necessa ry  d e p th  of sleep. T h e  o b se rv a tio n s  were s ta r te d  e ith e r  w ith  
th e  h y p n o tic  in d u c tio n  o f sleep or w ith  ex p erim en ts c a r r ie d  o u t  in  th e  w akefu l s ta te

(1) In  th e  f i r s t  case, th e  e lectrodes a n d  th e  e a rp h o n e  w ere p laced on th e  h e ad  o f  th e  
su b je c t in  h y pnosis. T h e n  th e  evoked p o ten tia ls  e lic ited  b y  th e  au d ito ry  s tim u lu s p re se n te d  
alone w ere reco rd ed  in  b ip o la r  parie to -o cc ip ita l lead s, a v e ra g in g  40 responses; th is  w as fo l
low ed b y  e s tim a tio n  o f th e  sp o n tan eo u s co rtica l a c t iv ity  a n d  th e n  b y  th e  con tro l o f  th e  re sp o n s 
es g iven  to  th e  p h o tic  (u n c o n d itio n ed ) s tim u lu s w hen a p p lie d  alone. I f  th e  a m p litu d e  o f th e  re-
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1 0 2 I. MÉSZÁROS

sp o n se  sh o w ed  a ten d en cy  to  d im in ish , th e  clicks w ere  p re sen te d  in  groups o f 40 a t  in te rv a ls  
o f  2 sec  a n d  re in forced  b y  th e  s tro b o sco p ic  flash  a p p lie d  w ith  a fix ed  delay  o f 200 m sec. Con
d it io n in g  w as in v ariab ly  fo llow ed b y  40 co n d itio n a l t r ia ls .  I f  th e  conditioned  re sp o n se  was 
f i rm ly  e s tab lish e d , only th e  c o n d itio n a l stim u lu s w as p re se n te d  in  groups of 40 tr ia ls .

(2 ) T h e  procedure  w as th e  sam e  in  th e  g roup  w h ere  th e  observations w ere co m m enced  
in  t h e  w a k e fu l s ta te . A fter c h ec k in g  th e  responses g iv en  to  th e  iso lated  a u d ito ry  a n d  th e n  
p h o t ic  s tim u li ,  th e  p o ten tia l e lic ited  by  th e  click w as a g a in  con tro lled  in  th e  a le r t  su b jec t. 
T h e n  s leep  w as induced  b y  h y p n o s is , an d  th e  p re v io u s ly  estab lished  c o n d itio n a l re sp o n se  
w as e lic ite d  in  several series o f  tr ia ls .  F u r th e r  re in fo rc e m e n t was u n d e rta k en  i f  n ecessary .

A  to ta l  of 27 tria ls  w as m a d e  in  6 h e a lth y  in d iv id u a ls . In  5 sub jects, s im ilar co n d itio n ed  
c o r t ic a l  ev o k ed  p o ten tia ls  h a d  b e en  estab lished  in  p re lim in a ry  experim ents.

T h e  o b ta in ed  deflections w e re  averaged  in  g ro u p s  o f 40 w ith  a NTA 256 ty p e  c o m p u te r. 
T e c h n ic a l  d e ta ils  of reco rd ing , a v e ra g in g  an d  m a th e m a tic a l  e laboration  of th e  re su lts  have  
b e e n  d e sc rib e d  elsew here (M ész á r o s  and  Á dám  1968).

Results

T h e first im portant find ing  in these experim ents was th a t hypnosis  
p er  se d id  not sign ificantly  affect the shape o f  the “ conditioned” deflection  
recorded  b y  scalp electrodes above the cortex , although the base line o f  the  
a v era g ed  curve recorded in  th e  hypnotic s ta te  contained considerably less 
w a v e s , th e  scatter of the p o in ts was sm aller, consequently, the evok ed  poten 
tia ls  w ere easier to analyse, than w ithout hypnosis.

T h e  conditioned response could be recognized w ithout d ifficu lty , and the 
co m p o n en ts  of the unconditioned  deflection  arose more m arkedly from  the 
b ack grou n d  activ ity  (F ig . 1).

In  one o f the test subjects the cond itioned  evoked response w as estab
lish ed  during hypnosis; it w as remarkable th a t th e  response appeared earlier 
and b ecam e more rapidly estab lished  than  in th e  other subjects.

T h e 1st, 2nd and 3rd conditioned d eflection  appearing in response to  
th e  con d ition a l stim ulus [w aves III , V  and V II  according to the term inology  
p rop osed  b y  C i g a n e k  (1961)] were com pared in the wakeful and hypnotic  
s ta te  on  basis of the frequency of appearance o f  th ese waves (p). The frequency  
o f  th e  “ spontaneous” d eflections recorded prior to  the conditioned response 
w as a lso  established, and b y  com paring th e  values for p the specific  prob
a b ility  (p s) for each w ave could be calcu lated . This latter value is a reliable 
m easu re o f  that particular com ponent o f th e  frequency of appearance o f  the 
d eflec tio n s  which was due to  the specific stim ulus. From the va lu es for p 
an gu lar  transform ation w as done within each group and between th e  hypnotic  
an d  w ak efu l group; sta tistica l significance o f  th e  obtained data w as checked  
b y  th e  U -test (P).

T h e probability th a t a t least one o f th e  conditioned deflections appeared  
in  resp on se  to the cond itioned  stim ulus w as ps =  0.78 as the average o f  all 
th e  experim ents carried ou t in  the w akeful s ta te . In  a previous series o f  experi
m en ts  th is  value had been 0 .77 . A t the sam e tim e, however, the freq u en cy of 
th e  appearance of ind ividual deflections had  been som ewhat lower th an  the
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EFFECT OF HYPNOTIC SUGGESTION 103

values obtained  in the present experim ents. This was in part ascribed to the 
circum stance th a t, in the m ajority of the test subjects, the present observations  
con stitu ted  a continuation o f previous experim ents which m ust h a v e  facili-

Fig. 1. E ffec t o f hypnosis on th e  cond itioned  evoked  response . The records w ere o b ta in e d  
in 4 te s t  su b je c ts  w ho were w akeful a t  th e  s ta r t  o f th e  e x p e rim e n t (A) and  then  w ere h y p n o tiz e d  
an d  su b je c ted  to  th e  iso lated  a u d ito ry  (co n d itio n ed ) s tim u lu s  (B ). The vertical so lid  lin e  in d i
cates  th e  tim e  o f th e  a u d ito ry  s tim u lu s, a n d  th e  v e rtic a l b ro k en  line represen ts th e  t im e  w hen  

th e  p h o tic  stim u lus was ap p lied  in th e  co u rse  o f re inforcem ents

fated  the establishm ent of the conditioned response; on the other hand, 
conditioning in the hypnotic state had undoub ted ly  contributed to  th e  firm  
establishm ent o f the response. The specific probability  of the responses given  
to isolated auditory stim ulation in the hyp n otic  sta te , when the su b ject w as 
instructed: “ Take care of the ligh t” , was ps =  0 .99; the difference as com pared  
to parallel responses obtained in the sam e series o f  trials but in the w akefu l 
state , was sign ificant statistica lly  (P <  0.05).

N ex t, the effect o f hypnosis was studied  on the frequency of appearance  
of the w aves (1st, 2nd and 3rd) constituting th e  conditioned response, and  
of the deflection  preceding the conditioned evoked  potential (x). T he fre
quency rate o f  waves appearing on the segm ent o f  the tracing which show ed  
spontaneous deflections was p =  0.01 in the hyp n otic  state and 0.27 in w ak e
fulness. These and further values were calculated on ly  from such exp erim en ts  
in which the trials were done both in the wrakeful and hypnotic s ta te  in the  
same test subject, a total o f 25 series o f 40 being undertaken in th e  aw ake  
subjects and 29 sim ilar series during hypnosis (F ig . 2).
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104 I. MÉSZÁROS

T he specific p robab ility  o f  the w ave p reced ing  the conditioned response 
(x) to  appear in the record -was p., =  0.78 in th e  w akeful state and 0 .84 in  the  
h y p n o tized  subjects; th e  difference was n ot sign ifican t statistically . T he spe
cific  probab ility  of th e  three subsequent w a v es, however, was considerably  
increased  b y  hypnosis. The 1st wave appeared w ith  a specific probab ility  of
0.62 in  th e  alert subject, and th is value was increased  to 0.93 by the hyp n otic  
su ggestion ; this m eant a 50%  increase in th e  frequency of appearance o f  the  
response as compared to  th e  wakeful sta te .

F ig . 2. Specific  p ro b a b ili ty  o f  th e  appearance  o f  th e  in d iv id u a l com ponents o f  th e  condi 
tio n e d  re sp o n se  in w akeful a n d  h y p n o tiz e d  subjects

T he value for ps referring to the 2nd  w a v e  of the conditioned evoked  
response attained 0.38 in  th e  awake su b ject, and this was increased to  0.77 
during  hypnosis; th e  rise was 103%. T he greatest difference w as recorded  
w ith  th e  3rd w ave w here the specific p rob ab ility  was 0.11 in th e  w akeful 
s ta te  and 0.57 after h yp n otic  suggestion; th e  increase in this case atta ined418% .

T he differences in  th e  frequency va lu es (p) were not sign ificant s ta tis ti
ca lly  betw een the ind iv id u al waves o f the d eflection  recorded in w akefu l and 
h y p n o tized  subjects. T he results allowed th e  assum ption th at the differences 
w ou ld  have becom e sign ificant with a su ffic ien tly  high number o f tr ia ls. This 
w as supported b y  th e  fact that the d ifference w as significant m athem atica lly  
i f  th e  appearance o f  at least one of the w a v es had  been considered a positive  
response.

I f  the frequency o f  appearance o f the variou s constituents o f th e  response 
is analysed  w ithin th e  different series and com pared to the appearance of 
“ spontaneous” cortical electrical a c tiv ity , s ta tistica l analysis reveals signif
ic a n t differences in all values except one. In  th e  alert state, the 3rd w ave of 
th e  conditioned response did not appear sign ifican tly  more freq u en tly  than
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EFFECT OF HYPNOTIC SUGGESTION 105

th e  spontaneous deflections in these tracings. In  both the w akefu l and the  
hyp n otic  sta te , the 1st w ave appeared with th e  highest frequency, whereas 
th e  2nd, and particularly the 3rd w aves were recorded less frequently  (Table I).

T able  I

Values fo r  frequency  o f  appearance ( p )  a n d  specific  probability ( p s)  
o f  the ind iv idual deflections o f  the conditioned evoked response in  a wake a n d  in  hypnotized

subjects

Deflections
p Pe

Awake Hypnotized Awake Hypnotized

S pontaneous

a c tiv ity 0.27 0.01

X 0.84 0.84 0.78 0.84

1st 0.72 0.93 0.62 0.93

2nd 0.55 0.78 0.38 0.77

3rd 0.35 0.57 0.11 0.57

This difference was apparent also in the significance o f the appearance o f  the  
w aves recorded in the w akeful sta te  w hen com pared to the spontaneous a c tiv 
ity , for the value of P  in the case o f the 1st w ave was less than  0 .0 1 , for the 
2nd w ave it was < 0 .0 5 ,  whereas in the case o f  the 3rd one s ta tis tica l sign if
icance was not atta ined . Such a difference betw een the three w aves w as absent 
in th e  hypnotic group, since the value for P  w as invariably <^0.001 w ith  all 
th e  w aves. R em arkably, the frequency o f appearance of the w ave preceding  
the conditioned evoked response (x) was higher than the value ob ta in ed  for 
any o f the other w aves and was equal to  the specific  probability o f  th e  overall 
response when the appearance o f  any o f the w aves was considered to  m ean  
a p ositive response (ps =  0.78).

In addition to  studying  the effect o f  hyp n otic  suggestion on th e  focussing  
of atten tion , the influence o f other verbal suggestions has also b een  in v esti
gated . In the above discussed experim ents the instruction  given to  th e  subjects  
was: “ Take care o f the lig h t” ; in subsequent studies a trial was m ade on the  
effect o f opposite instructions such as: “ There will be no ligh t” , on  th e  con
ditioned evoked poten tia ls. The test subjects said after the exp erim en ts th at, 
in contrast to the previous trials where th ey  had always “ rem em bered” the  
flash , the experience o f  light had been absent; still, the conditioned response 
invariably  occurred in these experim ents, although occasionally w ith  a sm aller 
or higher am plitude (F ig. 3). It should be noted  that in these tria ls th e  con
d itioned response was evoked  b y  presenting th e  conditioned stim ulus w ith ou t  
stroboscopic flash. The instruction  w as given 10 tim es and in one case on ly  
w as the conditioned response absent in the tracing. After these exp erim en ts,
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1 0 6 I. MÉSZÁROS

Fig. 3. E ffec t o f v a rio u s  h y p n o tic  suggestions on c o n d itio n e d  evoked p o ten tia ls . I n  trac e s  
1, 3 a n d  5 th e  in s tru c tio n  w as “ T ak e  care of th e  l ig h t” ; in  t ra c e  2, “ T here  w ill be  no  lig h t” ; 
in  t ra c e  4, “ Y ou have  lo s t y o u r  sense of tim e, you  see th e  f la s h  e ith e r too  early  o r  to o  la te ” .

Sym bols, as in  F ig . 1

the suggestion  was g iven  to  the subjects: “Y ou  h ave lost your sense o f  tim e, 
yo u  see the flash either to o  early or too la te .” A fter the experim ent, th e  sub
jects reported that th is suggestion had been associated  with unpleasant sen
sations. T hey had experienced  the flash qu ite clearly, but the ligh ts had  
appeared irregularly and w ith  variable in ten sity  after the clicks. The am plitude  
o f  the conditioned response diminished after such  suggestions. Subsequently  
the suggestion was g iven : “ Y ou have regained your sense of tim e” w hich, 
according to  the su b jects, had a reassuring e ffec t, and the previous tension  
van ished . The cond itioned  response reappeared in these trials. In  several 
experim ents the d isturbing sensation of tension h ad  to b e  relieved by suggestion; 
th is , how ever, did n o t a ffect the abolition o f  th e  conditioned response.
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EFFECT OF HYPNOTIC SUGGESTION 107

Discussion

According to the present findings and to data  obtained by others ( B e c k  
and D u n s t m a n  1966), hypnosis does not affect the conditioned evoked  re
sponses elicited by photic stim uli. At the sam e tim e, however, the stab ility  
o f the conditional response is significantly augm ented by hypnosis.

The frequency o f appearance of the in d iv idual deflections o f  the con
ditioned response considerably increased in the h yp n otic  state. This finding  
indicates that the sign ificance o f all the three phases o f  the conditioned evoked  
response obtained w ith  a fixed  delay after the presentation of the auditory  
conditioned stim ulus w as increased by the concentration  of attention  during 
hypnosis. The analysis o f  specific probabilities o f th e  deflections seem s to  have  
confirm ed the results ob ta in ed  in the previous stu d y  devoted to conditioned  
evoked responses in m an (M é s z á r o s  and A d a m  1968) according to  w hich the  
appearance o f the 1st deflection  (wave I I I  in C i g a n e k ’s term inology) is the  
m ost im portant event in  th e  conditioned cortical evoked  response.

The fact th at the elim ination by verbal suggestion  of the sensation  of 
light during the trial did n o t abolish the evoked  response but appeared w ith  
a som ew hat dim inished, occasionally also augm ented , am plitude indicates  
th at the conditioned evok ed  potential had been firm ly established. This is 
supported by the find ing th a t on discontinuing th e  suggestion o f th e  rein
forcing stim ulus the response was not abolished. I t  is likely that the changes 
in the am plitude were due to  the circum stance th a t in these experim ents the 
in tensive flash was no m ore expected by the subjects. The suggestion result
ed in a weakening o f th e  attention  which presum ably led to the dim inution  
of the a ctiv ity  level o f  th e  reticular form ation. N um erous data are ind icating  
that such changes in th e  reticular activ ity  m ay  result in both dim inution  
and increase o f the am plitude o f evoked cortical responses.

S p ONG et al. (1965) found that a concentration  o f attention  augm ents  
the am plitude o f evoked responses. This observation  seem s to have been sup
ported by T iz a r d  (1966) who observed an increase in the psychogalvanic  
reflex when the subject’s a tten tion  was increasingly foccussed on the experi
m ent. N a q u e t  and P r u v o t  (1956), on the other hand, obtained a dim inution  
of the am plitude o f cortical evoked potentials in response to increased reticular  
a ctiv ity . I t  is justified  to  assum e that the changes in postsynaptic a c tiv ity  
•esponsible for the present conditioned evoked  p otentia ls are identical w ith  

those eliciting the unconditioned  cortical response, th u s, there is ground for 
believing that changes in  the activ ity  o f  the reticular form ation produce  
sim ilar alterations o f the evoked response, independently  whether th is is con
ditioned or unconditioned.

The conditional response has been shown to  disappear on verbal sugges
tion o f disturbances in th e  sense of tim e. The te s t  subject had the unpleasant
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feeling  th a t  he did not perceive the usual delay  o f the photic stim u lu s, i.e. the  
rh yth m  betw een the click and the stroboscopic flash  to  w hich he had been 
accu stom ed . The fact th at th e  averaged curve did not show a conditioned  
evok ed  response does not necessarily  m ean th a t there was ab so lu te ly  no posi
t iv e  response, since the deflections m ay have appeared at variable intervals 
after th e  auditory stim ulus and therefore were not visible in th e  averaged  
curve, sim ilarly  as spontaneous a c tiv ity  w as also screened in  th e  records. 
T his is supported by the find ing  th at the scatter o f the base line was greater 
than  usual in these tracings. O bviously, th e  increase in reticular form ation  
a c t iv ity  w hich must have fo llow ed th e  hyp n otic  suggestion, m igh t also have  
p layed  a significant part in th e  observed dim inution o f the response’s am pli
tu d e. I t  seem s certain, nevertheless, th a t in the conditioned response established  
b y  us in  th ese experim ents th e  tim e factor (fixed  delay), which w as interfered  
w ith  in  th e  above discussed tria ls, p layed the m ost im portant part, and this 
factor  can be influenced by hyp n otic  suggestion.
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MORTALITY OF VARIOUS AVIAN 
AND MAMMALIAN SPECIES FOLLOWING 

BLOOD LOSS
B y

A. G. B . K o v á c h , E rzsébet S z á s z  an d  N . P i l m a y e r

EXPERIMENTAL RESEARCH DEPARTMENT, UNIVERSITY MEDICAL SCHOOL,

AND DEPARTMENT OF ANIMAL PHYSIOLOGY, LORÁND EÖTVÖS UNIVERSITY, BUDAPEST 

(R e ce iv e d  A u g u st 22, 1968)

T he response  to  blood loss h a s  been  s tu d ied  in  th e  p igeon, d u ck , h e n , crow , 
p h easan t, r a t ,  c a t  and dog u n d e r  genera l an aesth es ia . In  every  species th e  b lo o d  loss 
am o u n ted  to  1%  body w eigh t p e r  hour.

T he species tested  w ere fo u n d  to  d iffer in  to le ran ce  of blood loss. T h e  p igeon  
an d  th e  d u c k  a re  re s is tan t, th e  h en  a n d  th e  crow  occupy  an  in te rm e d ia te  p o sitio n , 
and  th e  p h e a s a n t  together w i th  th e  m am m als belongs in  th e  sensitive  g ro u p . D iben- 
ainine h as no  influence on  th e  re s is tan ce  to  b lood  loss in th e  p igeon. D ib e n a in in e  
(20 m g/kg) p re tre a tm e n t does n o t  b lock  th e  p resso r response to  a d ren a lin e  a n d  n o r
adrenaline  in  th e  pigeon. A f te r  c a ro tid  c lam ping , as a re su lt of th e  so-called  “ ce reb ra l 
ischaem ic re fle x ” , a sign ifican t r ise  in  blood pressu re  occurs a f te r  b leeding in  th e  p igeon  
and  the  crow . No pressor re sp o n se  to  c a ro tid  c lam ping  could  be o bserved  in  th e  hen.

It has been shown ( K o v á c h  and S z á s z  1969) th at pigeons were more 
resistant to haem orrhage than m am m als; som e pigeons survived a slow  blood  
loss o f 8 ml per 100 g, one equal to  their to ta l blood volum e. The ca lcu lated  
residual blood volum e was sign ifican tly  less than  th at com patible w ith  the  
survival of m am m als.

These investigations have now  been extended  to other birds and the  
resistance to blood loss has been  com pared under sim ilar conditions in  birds 
and m am m als. Particular in terest has been paid to  the behaviour o f  fly in g , 
dom estic and d iv in g  birds.

Methods
T he birds in v o lv e d  in  th e  e x p e rim e n ts  w ere pigeons, duck s, h ens, crows a n d  p h e a s a n ts ;  

th e  m am m als were r a ts ,  c a ts  and dogs. T h e  te s ts  for to le ran ce  of blood loss w ere d o n e  u n d e r  
g en era l an aesthesia  in  each  species.

Pigeons, a to ta l  o f  30, of e ith e r sex , fro m  a m ixed s to ck  w ith  a n  av erage  b o d y  w e ig h t 
of 350 g, were a n ae s th e tize d  w ith 1 g /k g  o f  u re th a n e  in tra m u sc u la r ly , tre a te d  w ith  0.2 m l/100 g 
of h e p a rin  and  bled  fro m  a  cannula in se r te d  in to  a ca ro tid  a r te ry . T he blood loss, a m o u n tin g  
to  1%  b o d y  w eigh t p e r  h our, to ta lled  2 to  10%  of the  b o d y  w eight.

Crows, a to ta l  o f  19, o f e ith e r sex  a n d  d iffe ren t ages, w eighing 300 to  420 g, c a u g h t  in  
fields a n d  k e p t fo r u n k n o w n  periods o f t im e  in  cages before th e  ex p erim en t, w ere a n a e s th e tiz e d  
w ith  40 m g/kg of ch lo ra lo se1 in jec ted  in to  a w ing vein , t r e a te d  in tra v en o u s ly  w ith  0.5 m l o f 
h e p a r in ,2 were bled  fro m  a caro tid  a r te r y .  T h e  f i r s t  b leed ing  am o u n te d  to  2 %  o f th e  b o d y  
w e ig h t. T h is was fo llow ed  b y  blood lo sses a m o u n tin g  to  1 %  b o d y  w eigh t a t  1 h o u r in te rv a ls .

1 a - D ( - f  )-G lucochloralose  re inst. E . M erck, D a rm sta d t.
2 H ep arin : G edeon  R ich te r A .G ., B u d a p es t.
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H en s, a  to ta l  o f 43, fa rm -g ro w n , 1500 to  2600 g in  w e ig h t, w ere a n a e s th e tiz e d  w ith  
40 m g /k g  o f  ch loralose  in je c te d  in to  a  w ing vein  a n d  t r e a te d  w ith  1 m l o f h ep arin  in tra v en o u s ly , 
w ere h ied  th ro u g h  a p o ly e th y len e  can n u la  in se rted  in to  a  c a ro tid  a r te ry . T he b lood  loss a m o u n t
ed to  1 %  o f th e  b o d y  w e ig h t pe r h o u r. In  a n o th e r  g ro u p  of 16 hens th e  in te rv a l be tw een  
b leed ings w a s  m ere ly  15 m in u te s .

P heasants , a to ta l  o f  27, o f  b o th  sexes w eigh ing  800 to  1200 g, ra ised  in  th e  Zoological 
G a rd en , w ere a n a e s th e tiz e d  w ith  40 m g/kg  of ch lo ra lose  in tra v e n o u s ly , t r e a te d  w ith  0.5 m l/kg 
of h e p a rin , w ere  b led  fro m  th e  c a ro tid , le ttin g  ev ery  h o u r  1 %  b o d y  w eigh t o f b lood.

D u cks , a  to ta l  o f 31, o f b o th  sexes, w eigh ing  2500 to  3300 g, o b ta in e d  fro m  a fa rm , 
w ere a n a e s th e tiz e d  w ith  30 to  40 m g /k g  of ch loralose  in tra v e n o u s ly  an d  b led  from  th e  cannu- 
la te d  w ing  a r te ry ,  w ith d raw in g  1%  o f bod y  w e igh t o f b lo o d  pe r h o u r u n til  d e a th  h a d  ensued.

R a ts , a  to ta l  o f 39 o f b o th  sexes w eighing 150 to  220 g o f ou r own sto ck  w ere a n ae s th e 
tiz ed  w ith  100 to  150 m g/100 g  of u re th a n e  an d  w ith o u t  h e p a rin iz a tio n  b led  fro m  th e  ta i l  vein  
a t  a  r a te  o f  1 %  b o d y  w e ig h t p e r  hour.

Cats, a  to ta l  o f 43, o f b o th  sexes, 2.8 to  3.0 kg  in  w e ig h t u n d e r 100 m g ch loralose  -j- 200 
m g /k g  u re th a n e  a n ae s th es ia  a n d  0.5 m l/kg  h e p a rin iz a tio n  w ere b led  from  th e  com m on ca ro tid  
a t  a r a te  o f 1 %  b o d y  w e ig h t p e r hour.

Dogs, a  to ta l  o f 56, o f  e ith e r  sex , w eighing 11 to  14 k g , w ere an ae sth e tize d  w ith  100 m g/kg  
of ch lo ra lo se , h ep arin ized  (0.2 m l/kg ) an d  b led  fro m  th e  fem o ra l a r te ry  a t  a  r a te  o f 1%  b o d y  
w eig h t p e r  hour.

I n  p igeons, h en s a n d  crow s in  th e  n o rm o ten siv e  a n d  in  th e  p o s th aem o rrh ag ic  h y p o te n 
sive s ta te  th e  c a ro tid  w as c lam p ed  fo r 30 seconds to  e v o k e  th e  so-called “ cereb ra l ischaem ic 
re flex ”  a n d  th e n  th e  changes in  a r te r ia l  p ressu re  w ere  s tu d ie d . I n  th e  crows th e ir  o n ly  caro tid  
a r te ry ,  in  p igeons a n d  h en s a f te r  lig a tio n  o f one c a ro tid  th e  o th e r  w as c lam ped .

I n  a g ro u p  o f 11 p igeons 20 m g/kg  of D ib en am in e  w as in jec ted  in tra v e n o u s ly  a t  a slow 
ra te  a n d  2 o r 3 h o u rs  la te r  th e  b ird s w ere te s te d  fo r th e  p re sso r response to  a d ren a lin e ; com 
p a rin g  th e  r e su lt  w ith  th e ir  p re -D ib en am in e  resp o n se  in  th is  g ro u p  th e  effec t o f D ibenam ine  
on su rv iv a l follow ing b lo o d  loss w as also stu d ied .

S ta tis t ic a l  e v a lu a tio n  w as done  by  S tu d e n t’s t - te s t  (H e t é n y i, 1954).

Results

The effect o f b leeding in the d ifferent species are shown in Table I 
and F ig . 1.

B led  at the slow  rate o f 1% body w eigh t per hour, dogs began to die 
after 3%  blood loss. O nly 31 out of 56 survived  a 4%  blood loss, 5% blood loss 
killed 75% , 6% blood loss 91%  of the an im als. A loss of 7% body w eight o f  
blood k illed  the survivors w ith in  a few m inutes.

As illustrated  in Table I and F ig. 1, cats and rats are more sensitive  
to  blood loss than dogs. E ven  the 2% loss began to  k ill the former and all 
cats died after 6% , and all rats after 5% b lood  loss.

L ike in the previous studies, pigeons sign ifican tly  differed in behaviour. 
O f the 30 pigeons tested  1 died 4 hours after having lost 4%  b od y  weight 
of b lood . A fter 6%  blood loss the m ortality  rate was 17% . At 7 hours 5 more 
birds (a ltogether 33% ) died. An 8% loss killed 60%  of the 30 birds but 12 were 
still a live at that tim e. Of these, the loss o f  9%  body weight of blood killed 
10 pigeons, and 2 survived  even a 10% loss. A s seen in Table I, the sen sitiv ity  
to blood loss did not change on treatm ent w ith  20 mg/kg o f D ibenam ine. The 
blood pressure e levation  induced b y  adrenaline and noradrenaline (2.5 to  
5 /ig /kg) was not influenced by 20 m g/kg o f D ibenam ine. B lood loss tolerance 
o f the ducks resem bled th at of pigeons. The loss o f  4% body w eight o f blood
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killed 2; a 5% loss, fatal for m am m als, w as survived by 84% o f th e  ducks. 
A 6% loss killed 4, one of 7% , 7 birds, 52%  o f  the total number o f  ducks. 
Blood loss am ounting to 8% of the body w eight killed 74%, and sh o rtly  after 
the 9%  loss all ducks died. Thus, the d ifference from mammals w as m arked.

The crows and hens showed similar resu lts (Table I). In these tw o  species 
the sen sitiv ity  to  bleeding varied greatly. Som e birds behaved in th is  respect 
like m am m als, others like the ducks and pigeons. The rapidly b led  group  
of hens, w ith  on ly  15-m inute intervals betw een  the 1% losses, died in  th e  sam e  
w ay as the m am m als.

B lee d in g  vo lum e , p e r  cent body weight

Fig. 1. M o rta lity  a f te r  id en tica l blood losses in  v a rio u s  a v ia n  a n d  m am m alian  species (ab sc issa ). 
E v e ry  h o u r  1%  b o d y  w eig h t o f blood w as w ith d raw n  fro m  e v e ry  an im al (o rd in a te ). T h e  p e r 
cen tag e  of a n im a ls  lo s t  d u rin g  th e  h o u r follow ing b lee d in g  h as been recorded a n d  p lo tte d

Pheasants even  when bled slow ly did n o t to lerate blood loss b e tter  than  
the m am m als, differing in this respect from  th e other bird species te sted .

In Table II  is presented the blood pressure response to carotid clam p in g  
before and after bleeding, in pigeons, crows and hens. In the pigeons, arterial 
pressure increased from the pre-bleeding value o f  96 ^  7 mm Hg to 113 m m  H g. 
On bleeding, arterial blood pressure decreased gradually but its increase in  
response to  carotid  clam ping becam e more m arked; after 2% loss th e  rise 
am ounted to  26 m m  H g, after 4%  loss to  33 , after 6% to 39, and  after  
7% loss to 63 mm H g. On continued bleeding th e  pressor response to  carotid  
clam ping did not increase further. Owing to  th e  decrease in the num ber o f  
surviving birds, the increase was not sign ificant sta tistica lly  but was d em on 
strable in every case. The tabulated data show  th a t the m axim um  arterial 
blood pressure evoked by carotid clam ping w as the same before and after  
bleeding.
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Table I

M orta lity  rate o f  various species fo llow ing  blood loss o f  d ifferent extent.
Absolute and percentual mortality

Bleeding
volume, Pigeon

in per cent 
of body 
weight Control Diben-

amine
Crow Pheasant Hen

15'
Hen 

1 hour Duck Rat Cat Dog

1

2

3

4 1 (3.3)

1 (9.1) 1 (5.3)

2 (16)

3 (32)

2 (8.7) 

4 (26)

4 (43)

1 (6.3) 

3 (25)

5 (56)

2 (7.4) 

6 (22) 2 (6.4)

4 (10.3) 

11 (39) 

15 (77)

2 (4.6) 

7 (21) 
18 (63)

5 (8.9) 

20 (45)

5 — — 3 (48) 9 (82) 4 (81) 7 (48) 3 (16) 9 (1 0 0 ) 14 (95) 17 (75)

6 4 (17) 1 (18) 3 (63) 3 (95) 2 (94) 5 (67) 4 (29) 0 2 (100) 9 (91)

7 5 (33) 2 (36) 2 (74) 1 (100) 1 (100) 4 (82) 7 (52) 0 0 5 (100)

8 8 (60) 1 (45) 4 (95) 0 0 3 (93) 7 (74) 0 0 0

9 10 (93) 1 (55) 1 (100) 0 0 2 (100) 8 (100) 0 0 0

10 2 (100) 5 (100) 0 0 0 0 0 0 0 0

30 11 19 23 16 27 31 39 43 56

Per cents in  brackets.
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Table II

Blood pressure response to carotid clam ping fo llow ing different grades o f  blood loss in  the p igeon , crow and hen

Pigeon Crow Hen

Blood loss, 
in per cent 

of body 
weight

Number 
of cases

Arterial blood 
pressure, 
mm Hg 

( +  standard 
deviation)

Increase 
of blood 

pressure after 
carotid 

clamping, 
mm Hg

Statistical
evaluation,

p  %

Number 
of cases

Arterial blood 
pressure, 
mm Hg

Increase 
of blood 

pressure after 
carotid 

clamping, 
mm Hg

Number
of cases

Arterial blood 
pressure, 
mm Hg

Increase 
of blood 

pressure after 
carotid 

clamping, 
mm Hg

0 n 9 6  ±  7 17 ±  5 0 . 1 -  1 16 107  ± 11 13 ±  8 17 12 0  ±  12 2

l — — — — — — — 17 9 9  ±  23 0

2 10 7 6  ± 9 2 6  ±  7 0 . 1 -  1 и 75 ± 8 29 ±  11 14 8 4  ±  19 0

3 — — — — i l 75  ±  7 26  ±  8 14 69  ±  11 - 2

4 9 65  ±  4 33 ±  11 1 -  2 8 55 ±  3 21 ±  7 12 63  ±  10 - 1

5 — — — — 4 5 4  ± 7 11 ±  3 8 64  ±  8 0

6 8 5 4  ±  6 39 ±  13 1 -  2 — — — 2 81 0

7 8 52  ±  8 63 ±  18 1 -  2 — — — 1 78 0

8 7 55  ±  7 37 ±  17 5 - 1 0 — — — — - —

9 4 52  ±  3 44  ±  14 5 — — — — — —
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In  the crows arterial pressure responded to carotid clam ping similarly  
as in  th e  pigeons, excep t th a t after 4 to 5%  blood  loss the pressor response 
was less marked than in p igeons (Table II).

In hens carotid clam ping evoked no pressor response either in the control 
period or after the b leed ing (Table II).

Discussion

I t  has been show n th a t the species te sted  varied  greatly in tolerance of 
blood loss. W ith the excep tion  o f the duck, all birds tolerated blood loss much  
less th an  pigeons. In th e  case o f  hens and crows th e  interm ediate position m ay  
be due to  their life cond itions. The dom esticated  hen m ay be classified as a 
n on -fly in g  bird. The great individual differences am ong crows m ay have been 
due to  th e  fact that th ese  w ere captive birds and differed greatly in age. 
E xperience has shown th a t crows did not to lerate life in a cage. As the interval 
betw een  catching and experim entation  varied , som e of the crows might 
have been underfed, w eakened  and less resistant to  blood loss.

P heasants, closely  related  to hens, behaved  sim ilarly to m am m als, pre
su m ab ly  because th ey  had  been raised in the zoo, had lived under aphysiolog- 
ical conditions for generations and had lost their original resistance. The duck, 
n ex t in resistance to th e  p igeon, is a diving bird and this circum stance m ay 
exp la in  its increased resistance. It is not clear w hat accounts for the differences 
in resistance between th e  various birds. E xperience has shown so far that the  
fly in g  or diving birds h ave increased resistance to  blood loss. It is, however, 
possib le th a t this difference in hom eostatic cap acity  is due to som e other 
factor, v iz .: a) a difference in initial blood volum e; b) a redistribution of flow; 
c) increased replacem ent o f  b lood volum e by haem odilution; and d) resistance 
to  h yp oxia .

In  a previous paper ( K o v a c h  and S z á s z , 1969) the problem o f the birds’ 
blood volum e has been discussed in detail. A ccording to B o n d  (1958) in certain 
birds circulating blood vo lu m e is higher than in m am m als; in the pigeon it is 
9.2 ^  0.3 ml/100 g. A n d e r s o n  (1966) described th e  blood volum e o f pigeons 
to  be 7.0 ml/100 g and presents data also for other species. P o t s u b a y  and 
D u d u k  (1966) found 7.07 to  9.54 ml/100 g for chicks weighing 800 to 1200 g. 
B o n d  (1958) found low er values in hens and pheasants. It  is unclear whether 
the adaptation  to fly in g  or diving is associated w ith  a high blood volum e. 
In an y  case, a difference in blood volum e betw een  birds and m am m als does 
not y e t  suffice to exp la in  th e  increased resistance to  blood loss.

Significant differences have been found in  th e  effect of carotid clam ping. 
P igeons and crows d isp layed  a pressor response w hile the hens failed to do so, 
in agreem ent w ith the observation  o f V a n  d e r  L i n d e n  (1934) who found no
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pressor response to carotid  clam ping in the hen. In birds the pressor receptor 
zone, corresponding to  the carotid sinus o f  m am m als, is in the chest, near 
to  the origin o f  the com m on carotid ( H e y m a n s  and N e i l , 1958; A d a m s , 1959) 
thus before the clam ped site . V a n  d e r  L i n d e n  (1934) and A ra  (1934) clam ped  
the carotid behind the pressor receptor zone and obtained a reflex hypertension  
th at was less pronounced than in m am m als. The evoked pressor effect is 
presum ably not the carotid sinus reflex, b u t the acute bulbar ischaem ia  
described in 1934 by V a n  d e r  L i n d e n , or th e  cerebral ischaem ic reflex de
scribed bySAGAW A et al. (1961) as well as G i n n i s  and R i n g e r  (1965). This 
reflex m ay be elicited in the flying pigeon and crow, but not in the non
fly in g  hen; the difference m ay be due to differences in cerebral blood supply  
( T e r n i , 1931; M u r a t o r i , 1937).

The m axim um  rise in blood pressure induced by carotid clam ping in 
the pigeon was independent of the actual blood pressure. A lower level o f 
arterial blood pressure w as associated w ith  an increased cerebral ischaem ic  
pressor response. Our observations indicated th a t after bleeding the cerebral 
blood supply is sufficient even at the 30 mm H g arterial blood pressure level, 
because this alone does not evoke the cerebral ischaem ic reflex, while sim ul
taneous carotid clam ping elicits it at once. A ccording to  our findings the pigeon  
does not m ake full use o f  the possibilities o f  vasoconstriction  in posthaem or- 
rhagic hypotension . I t  is unclear what role th is phenom enon plays in the regu
lation o f circulation, especially  in cerebral blood flow , in birds during fly ing.

In the pigeon D ibenam ine failed to inh ib it the vasoconstriction induced  
b y  adrenaline or noradrenaline, i.e. the alpha receptor stim ulating effect of 
these drugs. According to  T h o m p s o n  and Co o n  (1948), Dibenam ine does not 
block the pressor effect o f  adrenaline in the chick either, in contrast to  the  
other adrenolytics such as dihydroergotam ine or tolazoline which exert an 
inhibitory effect. In contrast to th is, B a r g e r  and D a l e  in 1907 found a re
sponse to ergot alcaloids similar to that to  D ibenam ine. It  is not know n  
w hether th is lack o f a pressor blocking effect o f  D ibenam ine is characteris
tic  o f  the other avian species and there are no data concerning the p h ysio 
logical significance or m echanism  o f the difference dem onstrable betw een  
fow ls and m am m als.

According to  S t e k i e l  et al. (1967), phenoxybenzam ine does not influence  
plasm a volum e in the norm al dog, but after b leeding it increases the m obiliza
tion of flu id  into the b lood  stream . In our p igeons Dibenam ine pretreatm ent 
did not influence the outcom e o f shock at a uniform  rate o f  bleeding. This m ay  
be explained b y  assum ing th at the hom eostatic flu id  m obilization capacity  
is more active in the p igeon than in m am m als, so th a t these birds escape th at  
very situation  in which D ibenam ine could exert its action. On the other hand, 
sim ilarly to  w hat has been observed in the absence o f the adrenaline pressor 
blocking effect, D ibenam ine m ight have no adrenolytic effect in the pigeon.
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CARDIORESPIRATORY RESPONSES TO GRADED  
POSITIVE-PRESSURE BREATH HOLDING, I.

By

Y. G r UBICH, J. M a LOMSOKI and M. N e m e s s u r i

NATIONAL INSTITUTE FOR MEDICINE OF PHYSICAL EDUCATION AND SPORTS, BUDAPEST 

(R ece iv ed  O ctober 6, 1968)

G raded increase  o f in tra p u lm o n ic  p ressu re  e lic ited  b y  p o sitiv e -p ressu re  b re a th  
ho ld ing  (P P B H ) h as  b e en  fo u n d  to  cause g en era l as well a s  o rg an -sp ec ific  card io 
re sp ira to ry  changes in  sp o rtsm en . D epending on  th e  p ressu re  o f fo rced  e x p ira tio n , h e a rt 
r a te  increased  s lig h tly  im m e d ia te ly  before a n d  m ore m ark e d ly  d u rin g  P P B H . A fter 
cessation  of th e  P P B H  a b ra d y c a rd ia  irresp ec tiv e  o f th e  deg ree  o f e x e r tio n  ensued, 
th e n  h e a rt ra te  n o rm alized  as if  b y  c o u n te rreg u la tio n . T h is response  w as th e  m o st su b tly  
d iffe ren tia ted  of all in  th is  s tu d y . In  sp ite  o f th a t ,  th e  response  o ccu rred  in  o n ly  3 o r 4 
s tep s, though  s ta tic  w o rk  lo ad , i.e. P P B H  h a d  been  increased  in  6 s te p s . T h is m an i
fested  itself also in  th e  d u ra tio n  of th e  ca rd iac  cycle. T he sh o rte n in g  o f  th e  card iac  
cycle during  P P B H  a n d  th e  reb o und-like  p ro lo n g a tio n  of i t  o b se rv ed  a f te r  cessation  
o f P P B H  in an eu v re , seem  to  hav e  been due  m o stly  to  changes in  th e  d u ra tio n  of th e  
e lectric  d iasto le , a lth o u g h  th e  c o n trib u tio n  o f e lectric  systo lic  tim e  w as s ta tis tic a lly  
sign ifican t, too.

A sim ilar d y n a m ism  w as observed in  th e  changes o f b lood  p re ssu re  an d  gas 
exchange; th e  6 -step  w o rk  lo ad  ag a in  caused  a response  w hich  o ccu rred  in  few er steps. 
T he sm allest changes w ere  o bserved  in d iasto lic  p ressu re . T he re a c tio n  o f th e  systo lic  
a n  diastolic  p ressu res w as m ad e  up  of 3 d is tin c t phases. A s th e  p re ssu re  o f forced 
ex p ira tio n  was in c reased , th e  c o u n te rreg u la tio n  follow ing th e  P P B H  en su ed  w ith  suc
cessively increasing  d e la y  a n d  in te n s ity . T he in crease  in re sp ira to ry  gas ex change  in  
response to th e  g row ing lo ad  w as of nearly  eq u al e x te n t  in  th e  in it ia l  4 p h ases  o f ex ertion , 
b u t  i t  rose con sid erab ly  a n d  m u ch  steeper d u rin g  th e  su b seq u en t p h ases. B y  increasing  
in trap u lm o n ic  p ressu re  a la rg e r frac tio n  of excess oxygen  u p ta k e  fell to  th e  period 
im m ed ia te ly  p reced ing  th e  m an eu v re , w hereas excess carb o n  d io x id e  re lease , w hich 
d u rin g  g rea t ex ertio n s in c reased  steep er th a n  th e  cu rv e  of oxy g en  u p ta k e ,  cou ld  no t 
be  accoun ted  for m ere ly  b y  th e  energy  cost o f  P P B H . T he re sp ira to ry  response  con
sisted  sim ilarly  of o n ly  3 p h ases. T h u s, s ta tic  n e u ro m o to r g ra d a tio n  w as m ore d iffe ren 
t ia te d  th an  th e  resp o n ses o bserved  in  the  c a rd io resp ira to ry  sys tem .

Positive-pressure breath  holding (P P B H ) is a ty p e  o f  sta tic  work, 
and as such, it is know n to  give rise to an overall increase in cardiovascular  
a ctiv ity . There is a relationship  in the degree o f  the increase betw een  m otor 
and vegetative functions. T he question arose w hether and to  w h at ex ten t the  
cardiorespiratory param eters such as heart rate, duration and various com po
n en ts o f  the electric cardiac cycle, blood pressure and respiratory gas exchange  
rate, follow  the pattern o f a strictly  established P P B H  m aneuvre.

It has been assum ed th a t 1. in addition to the general control o f  cardio
respiratory functions, there ex ists a specific regulation the observed responses 
o f w hich differ more or less according to the organ involved; 2. regulation  
o f the cardiac cycle responds more sensitively  and corresponds b etter  to  m otor
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a c tiv a tio n  than the regu la tion  o f blood pressure and gas exchange; and 
f in a lly  3. sensomotor a c tiv a tio n  w ill be graded m ore sen sitive ly  than cardiores
p ira to ry  response.

Methods

F if te e n  sportsm en aged 17 to  20 y ears  perform ed P P B H  m an e u v re  in  a stepw ise  fash ion , 
in c re a s in g  th e  pressure w ith  20 m illia tm o sp h ere  (m a t)  a b o v e  a tm o sp h e ric  p ressu re  in  each 
su c c ess iv e  stage. A fter a re s t  o f  3 m in , th e  sub jects m a in ta in e d  a n  e x p ira to ry  p ressu re  corre
sp o n d in g  to  20 ,40 , 6 0 ,8 0 ,1 0 0  a n d  120 m a t,  resp ., fo r p e rio d s o f 20 sec each ; one ex p erim en ta l 
p e r io d  w a s  3 m in in  d u ra tio n .

I n  a n o th e r  series of e x p e r im e n ts  6 sportsm en o f th e  sam e age pe rfo rm ed  th e  m an eu v re  
b y  e le v a tin g  th e  in tra p u lm o n a ry  p re s su re  f irs t  to  80 a n d  th e n  to  100 m a t ;  th e  reco v ery  period  
b e tw e e n  th e  tw o perfo rm ances w a s  7 m in  w hich allow ed co m p le te  re s to ra tio n  o f th e  p rev ious 
m e ta b o lic  ra te . A fter th e  la s t  fo rc ib le  ex p ira tio n  th e  su b je c ts  h e ld  th e ir  b re a th  fo r a  period  
o f  20 sec.

H e a r t  r a te  and  th e  d u r a t io n  o f  th e  various p h ases o f th e  ca rd iac  cycle w ere d e te rm in ed  
b y  m a k in g  use of th e  second  s ta n d a r d  lead  ECG. B lood  p re ssu re  w as m easu red  a t  20-sec 
in te r v a ls .  A ru b b e r m ask  w as f ix e d  on th e  face a n d  gas ex ch an g e  r a te  was d e te rm in e d  by 
a  Z eiss in te rfe ro m e te r. T he a m o u n t  o f oxygen an d  c a rb o n  d io x id e  in  th e  ex p ired  a ir  w as cal
c u la te d  fro m  th e  percen tag e  o f th e  re sp ec tiv e  gases (M ethod  o f W o llsc h itt  e t al. 1935, m od i
f ie d  b y  M a lo m so ki, 1963). T h e  v o lu m e  of expired a ir  w as in d ic a te d  b y  a D räg er V olum eter. 
P re s s u re  in  th e  lungs w as k e p t  a b o v e  th e  a tm ospheric  lev e l b y  a sp iro to n o in e te r  (G ru b ic h  
1955, 1958). A special m o u th p ie ce , w h ic h  could be chan g ed  a n d  easily  ste rilized  was c o n stru c ted  
(G r u b ic h  an d  V ír a d i , u n p u b lis h e d ) . T his consisted  of a  n ick e l-p la ted  m eta l m ou th p iece  
m o u n te d  on a tu b e ; i t  cou ld  b e  t u r n e d  to  and from  th e  m o u th  w ith o u t in te rfe rin g  w ith  th e  
fu n c tio n  o f th e  valves th ro u g h  w h ic h  th e  sub jects w ere b re a th in g .

V a lu es fo r gas ex ch an g e  r a te  w ere  read  a t  ev e ry  30 sec, w h ereas th e  va lues im m ed ia te ly  
p re c e d in g  th e  m aneuvre  re fe r  to  a  p e rio d  of 40 sec, since th e  20 sec o f P P B H  w ould have 
r e n d e re d  i t  d ifficu lt to m ak e  d e te rm in a tio n s  du ring  th e  re m a in in g  10 sec. T h u s, th e  in te rv a l 
b e tw e e n  tw o  m aneuvres w as e x a c tly  2 m in  and  40 sec, a n d  th is  to g e th e r  w ith  th e  P P B H  
m a n e u v re  o f 20 sec m ade u p  p e r io d s  o f exac tly  3 m in.

T h e  ob tained  re su lts  w ere  a n a ly se d  s ta tis tica lly , u s in g  S tu d e n t’s t-te st.

Results

1. Heart rate

T he resting value o f  h eart rate was 86/m in on the average, presum ably  
o w in g  to  the load caused b y  th e  breathing m ask (Table I). Just before begin
n in g  th e  maneuvre heart ra te  increased to 93/m in (“ sta rt’’ condition). When 
in trapulm onary pressure w as increased b y  20 m at, an average heart rate of 
8 9 /m in  w as obtained, w hich  w as higher than th a t at rest but som ew hat lower 
th an  th e  value observed im m ed iate ly  before the experim ent. As the pressure 
o f  exp iration  was gradually  increased, the heart rate during the m aneuvre 
in creased  further, su ccessiv e ly  attaining an average o f  135/m in. The first 
m easu red  values in the p h a se  o f recovery were rem arkably uniform  in the 
d ifferen t subjects, the d ifference between the h ighest and low est value being  
o n ly  4 beats. In the first 30 sec o f recovery after 40 and 80 m at the heart rate 
dim in ish ed  to 83/min (con tro l 86/min). In the la tter  case a further decrease
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T a b le  I

Heart rate during  and after P P B H  
(M ean ±  S .D .)

I ntrapulmonary 
pressure (mat) During

After

30 see 60 sec 90 sec 120 sec 160 sec

— — — 86 ±  13 _ 86 ±  9 93 ±  10
20 89 ±  13 86 ±  11 84 ±  11 86 ±  8 87 ±  12 92 ±  13
40 98 ±  15 83 ±  11 83 ±  12 85 ±  13 87 ±  12 95 ±  10
60 O ON 85 ±  6 84 ±  10 86 ±  14 84 ±  12 91 ±  13
80 111 ± 19 83 ±  11 81 ±  10 84 ±  10 88 ±  10 93 ±  14

100 115 ±  13 87 ±  12

00-f|
eoCO 82 ±  8 88 ±  14 111 ± 15

120 135 ±  5 87 ±  7 86 ±  7 95 ±  8 97 ±  10 98 ±  8

Increase  during R est — 20 m at 20 — 40 m at 40 — 60 m at 60 — 80 m at 80 — 100 m at 100 — 120 m at
m aneuvres 3 9 8 5 4 20

0.001 >  P 0.001 >  P 0.001 >  P 0.20 >  P  >  0.10 0.50 >  P  >  0.20 0.001 >  P
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to  8 1 /m in  was recorded b y  th e  end o f the first m in u te of recovery. E ven  w hen  
in trap u lm on ary pressure w as m aintained at 100 m at, heart rate w as 82/m in  
one an d  h a lf min after cessation  o f the forced expiration . After th is  in itia l 
depression  heart rate again increased prior to  th e  n ext m aneuvre exceed ing  
con sid erab ly  the resting lev e l. The differences betw een the values recorded  
during P P B H  were m ostly  sign ificant sta tistica lly .

T h e  duration o f the electric systole and d iasto le  of the successive periods 
o f 20  sec  prior to , during and after the P P B H  m aneuvre was m easured in 
8 su b jec ts . The obtained data  are shown in T able II .

T here was no su b stan tia l difference in th e  duration o f the cardiac electric  
cycle  during the 20-sec periods preceding th e  forced expiration at d ifferent 
in trap u lm on ary pressures: prior to the 20 m at m aneuvre mean cycle duration  
w as 619  m sec, it varied betw een  651 and 638 before forced expiration against 
up to  100 m at and decreased to  542 msec on ly  before the last trial o f  120 
m at; th is  dim inution was ob v iou sly  due to preceding static m uscular work. 
T h ou gh  work load was graded in 6 steps, the changes in the duration o f  the  
cardiac cycle displayed on ly  a 3-step response. The values observed during  
P P B H  were 665 and 640 during 20 and 40 m a t, 569 and 542 during 60 and  
80 m a t, and 448 and 443 during 100 and 120 m at, respectively. In th e  recov
ery period  following the m aneuvre the duration  o f the heart cycle show ed  
a grad ed  increase from  685 to  787 msec b etw een  20 and 80 m at. T his ten 
d en cy  w as observed also after 100 and 120 m at P P B H , the cardiac cycle  
during exertion  becam e, how ever, so short th a t  th e  subsequent increase was 
r e la t iv e ly  smaller than  in th e  case o f sm aller pressure loads. Thus, th e  cardiac  
cycle  as compared to previous values was apparently  prolongated at each  
o f th e  successive pressure steps.

D uration  of the electric diastole in the periods preceding forced expira
tion  varied  between 291 and 302 msec in 4 o f  th e  6 stages of the experim ent, 
b u t it  w as 260 msec before th e  m aneuvre w hen  intrapulm onary pressure was 
increased  to 20 m at, and 219 msec with th e  largest pressure load (120 m at). 
D u rin g  th e  P P B H  m aneuvre electric diastole becam e longer in response to  
th e  lo w est pressure value, it  did not change w hen an overpressure o f  40 m at 
w as ap p lied , and becam e successively  shorter and shorter when the pressure 
load  w as further increased. In  comparison to  th e  duration at rest the respective  
ch an ges in the diastole tim es were: + 4 4 ,  —2, — 50, — 78, — 106 and —37 m sec. 
B efore 120 m at the d iastole was rather short (219 m sec), this is th e  reason  
w h y  th e  subsequent shorten ing was sm all. F o llow in g  the m aneuvre prolonga
tion  o f  the electric d iastole was insignificant at the low est pressure va lu e , 
b u t a t th e  higher levels o f p ositive  pressures it  becam e more and more m arked.

M ean duration o f the electric systole preceding the m aneuvre show ed  
a progressive dim inution w ith  increasing in trapulm onary pressures. D uring  
forced  expiration a slight prolongation o f 26 m sec was recorded w hen over-
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T a b le  I I

D uration  o f  cardiac cycle, electric diastole and systole ( msec)  in response to graded P P B H  maneuvre
(b , before; d , d u rin g ; a , a fte r)

I ntrapulmonary RR TQ QT

Meant,— Meana P(mat) Mean ±S.D. Mean ±S.D. Mean ±S.D. Meant, —Mean,) P

b 619 97.0 260 40.7 357 56.0 1 26
0.001 >  P

20 d 665 227.6 304 101.8 383 128.3 I 1
a 685 79.0 314 37.3 378 43.6 P  >  0.05

b 651 79.1 299 36.3 357 43.4
- »

0.05 >  P  > 0 .0 2

40 d 640 261.8 297 121.5 339 138.7
27

0.001 >  Pa 725 189.3 364 95.0 366 95.6

b 640 100.2 291 45.5 350 54.8
- 2 0

0.001 >  P

60 d 569 88.2 241 37.3 330 51.2
} 18

0.001 >  Pa 735 70.3 379 36.2 348 33.3

b 638 168.8 302 79.9 354 93.7
- 3 8

0.001 >  P

80 d 542 114.4 224 47.2 316 66.7
1 34

a 787 381.0 429 208.0 350 169.7 0.001 >  P

b 638 252.0 301 118.8 339 133.9
■ - 2 7

0.001 >  P

100 d 448 121.1 195 52.7 312 84.4
} 49

0.001 >  Pa 687 86.3 331 41.6 361 45.4

b 542 50.2 219 20.3 328 30.4
— 34

0.001 >  P

120 d 443 66.9 189 27.5 294 44.4

j  23 0.001 >  Pa 714 97.7 392 53.6 317 43.4
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T a b le  I I I

Systolic  blood pressure in  response to P P B H  maneuvre

Intrapulmonary
pressure

(mat)

During maneuvre After maneuvre

Mean ±S.D.
20 sec 40 sec 60 sec 80 sec 100 sec 120 sec 140 sec 160 sec

Mean ±S.D. Mean ±S.D. Mean ±S.D. Mean ±S.D. Mean ±S.D. Mean ±S.D. Mean ±S.D. Mean ± S.D.

— — — 118 8 — — — 118 10 — — — — 114 и _
20 124 10 117 12 115 9 113 n 111 9 113 10 114 8 110 8 113 8
40 126 7 117 9 113 8 110 4 114 8 112 9 113 9 112 6 112 6
60 135 12 120 12 116 8 114 9 114 9 114 8 112 9 114 16 114 7
80 148 10 129 14 121 12 114 4 113 5 113 7 113 5 113 8 116 5

100 150 10 133 13 124 9 117 10 116 10 117 11 116 11 117 9 115 14
120 151 14 134 12 124 4 116 8 11 9 - — — - - - - -

Increase R e s t—20 m at 20 —40 m at 4 0 —60 m at 60 — 80 m at 80 —100 m at 1 0 0 --120 m at
during 10 2 9 13 2 1

m aneuvre 0.001 > P 0.50 >  P  > 0.20 0.01 >  P  >  0.001 0.001 > P 0.10 =  F P >  0.50
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CARDIORESPIRATORY RESPONSES 123

pressure was 20 m at, and a sta tistica lly  sign ificant decrease was noted  in each 
subsequent step  compared to the preceding value. The values obtained  after 
the m aneuvre becam e slightly shorter after th e  first load (20 m at), while 
a progressive prolongation was recorded after successively  increasing pressure 
loads.

2. Blood pressure

Mean systo lic  pressure prior to forced exp iration  diminished or rem ained  
unchanged on subsequent trials (Table III). T he values obtained at th e  end 
of each m aneuvre, on the other hand, showed a progressive increase. Counter
regulation could clearly be recognized after each  pressure level. This appeared  
w ithin  20 sec w hen the pressure load was 20 or 40 m at, only after 40 sec when  
the load was 60 m at, and it took  1 min w hen the pressure load w as 80 m at 
or more.

Average d iastolic  pressure (Table IV) did not fall prior to , and was 
invariably increased during the P P B H  m aneuvre. A subsequent reduction  
indicating counterregulation was observed a lm ost exclusively after experi
m ents in which intrapulm onary pressure was raised only slightly. D uring the  
m aneuvre the pulse pressure dim inished w hen exertion was sm all b u t it 
increased if  p o sitiv e  pressure w as higher. A m ore marked dim inution o f  the  
pulse pressure w as the result o f th e  counterregulatory phase o f systo lic  pressure.

3. Gas exchange

In order to  compare the respective periods o f  30 and 40 sec, th e  rate of 
gas exchange w as expressed in m l per sec. W hen the m aintenance o f  120 m at 
was required th e  m ajority o f experim ental su b jects was notable to  close the  
m outh su ffic ien tly  owing to th e  discom fort caused by the breathing m ask; 
the leakage o f  gas in these cases m ade it im possib le to obtain reliable results. 
Therefore, these data  were neglected  in the sta tistica l evaluation. C onsequently  
the values given  in Table V represent the average o f 3 m easurem ents only.

Oxygen u p tak e (Table V) rose already prior to  the m aneuvre, th e  resting  
values becom ing subsequently higher in the successive steps of overpressure. 
A fter the m aneuvre, the rate o f  oxygen  u ptake was practically th e  sam e in 
the case of the 4 in itial steps; a considerable increase was observed on ly  at 
100 and 120 m at overpressures. The original va lu es o f rest were, how ever, 
never reached during the phase o f  recovery, in stead , the differences becam e  
more and more pronounced (see the values m easured 2 m inutes after the  
maneuvre).

The dynam ism  o f carbon d ioxide production (Table VI) showed a pattern  
sim ilar to th at o f  oxygen uptake. The progressive increase o f the va lu es in 
the phase of hyperventilation  preceding the m aneuvre could be observed also

Acta Physiologien Academiae Seientiarum Hungaricae 35, 1969



Acta Physiologica Academ
iae Scientiarum

 H
ungaricae 35, 1969

T a b le  IV

Diastolic blood pressure in  response to P P B H  maneuvre

During maneuvre After maneuvre
Intrapulmonary

pressure
Mean ±S.D.

20 sec 40 sec 60 sec 80 sec too sec 120 sec 140 sec 160 вес

Mean + S.D. Mean + S.D. Mean + S.D. Mean + S.D. Mean ±S.D. Mean + S.D. Mean ±S.D. Mean + S.D.

— ___ ___ 81 9 ___ — — — 81 8 — — — — 79 6 — —

20 92 6 84 6 76 8 84 5 79 8 80 7 81 5 82 6 84 3

40 93 7 82 7 79 3 79 12 82 8 81 6 82 8 80 7 81 9

60 93 8 86 3 84 6 85 3 82 7 81 6 82 7 84 6 80 13

80 97 8 91 8 84 9 82 6 84 5 82 9 81 8 82 5 84 5

100 102 3 87 8 86 2 82 10 84 8 84 6 82 6 82 6 83 5

120 101 9 87 7 85 10 86 9 83 6 ___

- - — - - -

Increase R e s t—20 m at 20 — 40 m at 4 0 - 60 m a t 60 — 80 m at 80 — 100 m at 1 0 0 --200 m at

during 13 1 0 4 5 - 1

m aneuvre 0.001 > P P >  0.50 — 0.10 >  P  > 0.05 0.001 > P P  >  0.50
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T a b le  V

Oxygen uptake (m l per sec) in  response to P P B H  m aneuvre

Intrapulmonary
pressure

(mat)

After PPBH

30 sec 60 see 40 sec 120 sec 160 sec

Mean ±S.D. Mean ± S.D. Mean ±S.D. Mean ±S.D. Mean + S.D.

— — — 7 .45 2 .4 2 — 7 .4 3 2 .3 5 8 .8 3 2 .49

20 1 0 .6 9 3 .6 3 9 .9 3 3 .6 9 9 .2 3 2 .9 0 7 .8 9 2 .5 7 8 .88 2 .45

40 1 0 .8 7 3 .2 0 9 .7 3 2 .4 9 8 .1 8 2 .5 1 8 .0 2 1 .9 3 9 .6 4 3.33

60 1 0 .5 2 4.11 1 0 .2 3 3 .6 6 8 .7 2 2 .2 6 8 .0 2 2 .6 6 9 .5 2 2 .7 4

80 9 .7 6 3 .0 4 8 .7 3 3 .1 5 8 .7 3 2 .5 3 8 .3 6 2 .0 7 10.61 3.71

100 1 1 .1 0 2 .6 6 10.91 3 .8 3 9 .7 0 2 .8 4 8 .7 9 2 .4 4 1 2 .5 9 4 .93

120 1 1 .2 5 3.51 11 .15 2 .2 7 9 .6 2 1 .42 9 .7 7 2 .3 0 9 .1 0 1.31

T a b le  V I

Carbon dioxide ou tpu t (m l per sec) in  response to P P B H  m aneuvre

Intrapulmonary
pressure

(mat)

After PPBH

30 sec 60 sec 90 sec 120 sec 160 sec

Mean ±S.D. Mean ±S.D. Mean ± S.D. Mean ± S.D. Mean ±S.D.

— — 5 .1 9 3 .6 7 — 5 .1 5 1 .9 0 6 .1 4 1 .40

20 7 .0 1 1 .31 6 .3 3 1 .9 9 6 .0 5 1 .7 4 5 .4 8 1 .7 2 6 .0 8 1.42

40 7 .0 7 1 .9 3 6 .6 3 1 .5 9 5 .4 9 1 .5 2 5 .4 9 1 .2 9 6 .3 4 2 .0 9

60 7 .0 4 2 .5 3 6 .8 2 2 .0 6 6 .0 5 1 .51 5 .5 0 2 .0 3 6 .2 3 1.92

80 6 .4 6 1 .7 7 6 .5 4 1.41 6 .0 6 1 .5 7 6 .0 6 1 .5 7 6 .9 6 1.31

100 7 .5 2 3 .0 2 7 .7 9 3 .1 4 6 .9 6 2 .2 7 6 .0 4 1 .7 7 8 .2 0 1.61

120 8 .4 6 3 .71 9 .8 6 2 .0 2 8 .2 2 2 .2 3 7 .9 6 1 .4 2 8 .1 9 1.13

w ith carbon dioxide production. The low est values recorded 2 m in after P P B H , 
were successively m ore and more different from thé values o f  rest. Partic
ularly when overpressure attained 120 m at, the increase in  carbon dioxide 
output was greater than  th at observed in  oxygen  consum ption . This m ani
fested itse lf in  a m arked increase o f  the respiratory quotien t, too .

Table V II show s th e  efficiency o f  ven tila tion , i.e . the percentile u tili
zation o f oxygen  from  the inspired air, which was d irectly  m easured in the 
course o f the experim ents. E xtraction  was som ew hat increased after the 
m aneuvre and used to  reach a m axim um  in about ha lf to  1 m in after cessa
tion o f the m aneuvre. A t higher pressure levels, m axim um  efficiency was 
observed su ccessively  earlier, and w ith 120 m at it already preceded the 
performance o f  the m aneuvre.
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T a b le  V II

Percentile oxygen u p ta ke  f r o m  insp ired  air after P P B H  m aneuvre

Intrapulmonary
pressure

(mat)

30 sec 60 sec 90 sec 120 sec 160 sec

Mean ±S.D. Mean ±S.D. Mean ±S.D. Mean + S.D. Mean + S.D.

— — 4 .2 9 0 .6 8 — — 4 .5 1 0 .8 6 4 .5 0 0 .9 5

20 5 .21 0 .9 4 5 .3 2 0 .6 1 4 .8 6 0 .7 2 4 .4 8 0 .6 6 4 .4 3 0 .7 4

4 0 5 .2 6 0 .62 5 .2 7 0 .6 9 4 .77 0 .6 6 4 .5 6 1 .07 4 .4 9 0 .7 9

6 0 4 .9 9 1.01 5 .0 2 1 .0 2 4 .67 0 .8 2 4 .5 0 0 .7 8 4 .4 1 0 .4 6

80 5 .15 0 .8 6 5 .0 9 0 .6 2 4 .7 9 0 .72 4 .5 1 0 .7 5 4 .6 7 0 .7 7

1 0 0 5 .2 0 0 .69 4 .8 8 0 .7 1 4 .6 9 0 .5 5 4 .7 0 0 .7 6 5 .1 3 1 .0 4

1 2 0 4 .6 3 0 .7 9 4 .4 9 1 .3 1 4 .29 1.01 4 .0 3 1 .0 0 3 .8 1 1 .0 2

T h e change in the m etab olic  rate during the P P B H  m aneuvre ought to  
be ca lcu la ted  by distracting th e  va lu es during rest from  the to ta l exchange  
m easured  after the efforts. H ow ever , prior to the exertion  there was alw ays 
a m arked  hyperventilation  w h ich  im proved the energetical conditions for the  
su b seq u en t maneuvre. This is th e  reason w hy hyperventila tory  excess was 
added to  the value m easured during the recovery phase o f  the m aneuvre. 
E x cess  gas exchange, th u s, refers to  th e  3-min periods. The differences caused  
b y  in com p lete  recovery were disregarded; these la tter, how ever, did not sub
s ta n tia lly  affect the tendency o f  changes. The excess va lues for oxygen  uptake  
(T able V II I )  were almost id en tica l up to  an intrapulm onary pressure o f 80 m at, 
a lth ou gh  a slight rise had b een  expected . The changes were not significant 
sta tis t ica lly . Above 80 m at, h ow ever, excess oxygen uptake increased signif
ic a n tly  (147 ml), and a further increase was observed after a pressure value  
o f 120 m at (118 ml). As regards excess carbon dioxide ou tp u t, above 80 mat 
a su d d en  increase was found. T h e  increase was 120 m l in response to the pres
sure lev e l o f  100 m at, and 229 m l after 120 m at.

T a b le  V I I I

E xcess g as exchange (m l)  at d iffe re n t in trapulm onary pressures durin g  P P B H  maneuvre

20 40 60 80 100 120 80 100 Apneamilliatmosphere (mat)

O x y g en 297 2 8 4 31 7 299 44 6 5 6 4 33 3 605 13

C arb o n  d iox ide 179 1 7 4 191 184 304 53 3 20 0 392 —

A  separate series o f  exp erim en ts was devoted to find  a reason for the  
sudden  increase between 80 and  100 m at (see right part o f Table V III). To 
im ita te  th e  conditions encountered  in every-day life , the intervals betw een
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the successive m aneuvres were kept short, not allowing tim e for com plete  
regeneration. The difference was, how ever, substantia l even when tim e allowed  
com plete regeneration. The difference was at the border of sta tistica l sign ifi
cance for the values o f excess oxygen up tak e, and concerning carbon dioxide  
output it was significant sta tistica lly  (0.05 ]> P  ]> 0.02). An apnea lasting  
for the sam e period as P P B H  (20 sec) caused  only insignificant changes in 
m etabolic rate.

Discussion

The changes in heart rate observed during the experim ents c learly  indi
cated th at the apparent ergotropic (pressor) dominance during th e  P P B H  
m aneuvre w as not associated with an appreciable diminution o f trophotropic  
(depressor) a c tiv ity . The tw o activ ities show ed a physiological in sta b ility  
during isom etric work load, marked ergotropic activ ity  was occasionally  
interrupted by the trophotropic effect. This is particularly easy to  recognize  
when the values for duration of the cardiac cycle  are compared. A considerable  
variation was observed already at rest, and th is physiological osc illa tion  was 
apparent also during and after the exercise. T hus it seems that both  activ ities  
are present at the sam e tim e, but during forced expiration the pressor effect 
becom es predom inating.

Follow ing an intrapulm onic pressure o f  20 m at considerable depressor 
a ctiv ity  was found in com parison to the va lu es at rest. Thus, th e  pressor 
response o f the preparative phase exceeded the actual load im posed  b y  the  
20 m at m aneuvre.

D uration o f the cardiac cycle after th e  maneuvres increased alm ost 
linearly betw een 20 and 80 m at. This fact ind icated  an increasing depressor  
effect. The effect was relatively  less m arked after the pressure lev e ls  o f  100 
and 120 m at. H ow ever, if  compared to the previous change we fin d  a sim ilar 
predom inance o f  depressor activ ity  after intrapulm onary pressures o f  80, 
100 and 120 m at.

R egulation  seem s to be different w hen  P P B H  is perform ed a t low, 
medium  and high intrapulm onary pressures, resp. At low pressures, th e  ten 
dency o f regulation was depressor in character, which was further increased  
following the m aneuvre. A t higher pressure values depressor a c t iv ity  was 
enhanced on ly  after cessation o f the overpressure m aneuvre. P P B H  perform ed  
at higher levels o f  pressure elicited a m arked response followed b y  in ten siv e  
depressor a c tiv ity , an obvious overshoot o f th e  counterregulatory m echanism s. 
Counterregulation m anifested itse lf in a w avelin e deviation o f v a lu es . The 
counterregulatory phase observed after sta tic  work was very sim ilar to  that 
observed b y  N e m e s s u r i  and St a d l e r  (1963) during light d yn am ic work, 
which m anifested itse lf in appropriate changes in the heart rate and  was 
regarded as a reliable indicator o f the sp ortsm an ’s endurance.
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G e b e r t  and G r o b e r  (1925) assumed th a t  changes in the duration  of  
the cy c le  were due to a lterations in diastolic tim e , and that the duration  of 
th e  e lectr ic  systole was not altered. Others found a prolongation of the electric  
sy sto le  during forced exp iration  (T s c h e r n o g o r o f f  and E g o r o f f  1929, B o r s t  
1935, S c h m o l k a  and L a m b e r t  1935, G r ő f e r  1951, G ross  1952, B ü r g e r  1957). 
T h ese authors performed th e  m aneuvre restricted  to  a certain pressure range, 
u su a lly  40 mm Hg. A l b e r t  and K laus  (1938) stu d ied  the effect of 20 and then  
o f 60 m m  H g intrapulm onary pressure and observed  a rise in heart rate o f  12 
and 30 /m in , respectively. T he present results also indicate that changes in  the  
du ration  o f the cardiac cy c le  are due first o f  all to  alterations in d iastolic  
tim e . N evertheless, the electrical systole, to o , seem s to have sign ifican tly  
con tr ib u ted  to the observed  changes in th e  cy c le . A t low intrapulm onary  
pressures the QT period w as statistically  sig n ifica n tly  prolonged. An increase 
in th e  s ta tic  load resulted in  a significant sh orten ing  of the electric systo le  
during th e  m aneuvre. S y sto lic  tim e corresponded to  the over-all ten d en cy  of 
reg u la tio n  and depended on th e  intensity o f  forced  expiration; a sim ilar change  
in th e  opposite direction w as observed after cessation  of the m aneuvre, i.e. 
sy s to lic  tim e was longer.

A ccording to Cs i n a d y  and P u r j e s z  (1940) and P l e n c z n e r  (1943) blood  
pressure shows considerable variations during forced expiration. The present 
resu lts  h a v e  shown th at sy sto lic  pressure in th e  la st seconds of P P B H  increases 
p rogressively  as the load is increased. After cessation  o f the m aneuvre, increased  
b lood  pressure returns to  th e  control level. T he d elay  of return is successively  
in creasin g  as intrapulm onary pressure, i.e. th e  force of impeded exp iration , 
is s tep w ise  increased. T hus, th e  phase o f counterregulation ensues la ter and 
la ter  w ith  the increase o f  exertion. Mean d iasto lic  pressure, too , increases 
p ara lle l w ith  the increase o f  th e  work load. A  counterregulatory phase could  
be ob served  practically on ly  after lower in trapulm onary pressures. The sta tic  
w ork load  presented in 6 d istin ct steps, th u s, gave  rise to a response w hich  
co n sisted  o f 3 phases on ly  (see the values m easured during the m aneuvre). 
T h ese phases, however, did n o t coincide w ith  respect to the different cardio
resp iratory  param eters. As regards systo lic  pressure, the low est degree of  
regu la tion  was observed at intrapulm onic pressure levels of 20 and 40 m a t, it 
w as m arked when intrapulm onary pressure w as m aintained at 60 m a t, and 
th e  la s t  phase occurred at 80 and 120 m at, resp ., the respective degrees of 
d ia sto lic  response were, h ow ever, 20 to 60 m a t, 80 m at, and 100 to  120 m at. 
In o th er  words, there are in trinsic differences in th e  regulation of cardiovascular  
resp on se .

T h e values for gas exchange rate m easured before the rise in in trap u l
m o n a ry  pressure show ed a progressive increase as work load was increased. 
A s regards the tim e d istribution  of excess gas exch an ge, in the case o f  oxygen  
an increasing fraction o f  to ta l excess uptake coincided with the preparatory
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phase in the subsequent m aneuvres; th is increase in the fraction o f  excess 
uptake occurred in 3 phases, v iz . at 20 to  40 m at, at 60 to 100 m at; and at 
120 m at (Table IX ). Carbon dioxide ou tput did not show a sim ilar pattern. 
The observed phenom enon m ight be attributed  to the psychic effect o f  the 
start.

T a b le  IX

F raction  o f  excess gas exchange in  the phase preceding P P B H  maneuvre, p e r  cents

20 40 60 80 100 120

milliatmosphere (mat)

O xygen 19 20 28 28 28 37

Carbon d i o x i d e 23 21 25 23 23 2 ?

The response of respiratory gas exchange given to the first 4 stages of 
th e  experim ent was practically  identical, th u s, the respiratory system  failed  
to  follow  the pattern o f the 4-step  increase o f  m otor activ ity . A significant 
change was only observed during the last tw o stages o f sta tic  load ing. Thus 
excess oxygen consum ption and carbon d ioxide output d isplayed a 3-stage  
response. The phases o f  respiratory regulation did not coincide w ith  those  
observed in the cardiovascular param eters. In  respiration, the first phase 
was observed betw een pressure values o f  20 to  80 m at, the second at 100, 
and the third at 120 m at.

The relatively higher output of carbon dioxide during P P B H  perform ed  
at higher pressures was probably not on ly  th e  consequence o f  m etabolic  
changes due to  the exertion . Owing to  an accum ulation o f m etabolic  end- 
products in the course o f increased anaerobic m etabolism , carbon dioxide  
is released also from the bicarbonate pool o f  the blood. The n ature and sig
nificance o f this carbon dioxide release w ill be studied in further experim ents.

The changes in the cardiorespiratory param eters have been expressed  
also as per cents o f the control level and are represented diagram m atically  in 
F ig. 1. The sm allest change w as observed in diastolic blood pressure, the 
m inim um  and m axim um  changes in the various stages o f  the experim ent 
having been 14 and 25% , respectively  (range, 11% ). The sta tic  w ork load 
applied in 6 stages gave rise to  a regulatory response which m an ifested  itself 
in 3 phases. The changes in systo lic  pressure varied betw een 5 and 28% , 
w ith  a range o f 23% ; the num ber o f phases w as also 3. H ow ever, there was 
a shift o f  phasing as com pared to  the alterations o f diastolic pressure. The 
m ost differentiated response was observed in the heart rate concerning which  
perhaps the greatest num ber o f phases occurred, the sm allest change having  
been 3% and the greatest 56%  (range, 53% ). The response o f  respiratory  
gas exchange also showed a 3-phase pattern; excess oxygen u ptake varied
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betw een  24 and 47% , w ith  a range o f 23% . T he absolute changes were greater 
than  o f carbon dioxide w hich showed a m inim um  increase o f 20% and a m axi
m um  of 66% , w ith  a range o f  46% . This change was the greatest relatively .

Fig. 1. C hanges in  c irc u la to ry  a n d  re sp ira to ry  p a ra m e te rs  in  response  to  P P B H , in  p e r c e n t  
o f th e  in it ia l  v a lu es. ( In tra p u lm o n a ry  p re ssu re : m a t)

A t higher intrapulm onary pressure levels the curves o f  excess carbon dioxide  
production  and o f heart rate showed a close sim ilarity . The marked increase 
in carbon dioxide o u tp u t and heart rate w as m ost likely to result from  
an increase in m etabolic rate due to the grow ing exertion .

On the basis o f th ese results phase sen sitiv ity  o f  pressor receptors seem ed  
to be lim ited , as the 6-stage graded exertion elic ited  a cardiorespiratory response
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pattern  which consisted o f fewer phases. O bviously, the reaction as a whole 
is controlled by an intricate neurohum oral m echanism . The in tegration  of 
v egeta tive  and m otor system s and the functional connections betw een  them  
are still unclear ( L is s á k  and E n d r ő c z i  1965). The increase and decrease in 
the a c tiv ity  o f  the m otor system  give rise to  similar activ ity  changes in the 
cardiorespiratory functions. The latter, how ever, do not alw ays occur accord
ing to  the pattern o f the former, as w as shown by the present resu lts. Only 
the m ain features o f the vegeta tive  response seem to follow th e  changes in 
m otor a c tiv ity . Thus, m otor functions, cardiovascular system , and respiration  
appear to be governed by more or less independent m echanism s.

This is particularly ev ident w hen th e  whole process is decom posed in
to 4 periods, v iz. activation , com pensation , dam ping, and overshoot-rebound  
( N e m e s s u r i  1968). In m otor analysis th e  first 3 periods are generally  studied.

P P B H  is a static work load in w hich the period o f activation  coincides 
w ith the steep rise o f intrapulm onic pressure. In the com pensatory phase 
m otor activ ity  m aintained for 20 sec at a level characterized by th e  respective  
pressure. Spirotonom etric data showed a slight oscillation o f m uscular activ
ity , obviously  due to the balance o f  th e  correcting feedback m echanism s. 
In the phase o f dam ping, m otor innervation  ceased abruptly.

The analysis o f cardiorespiratory responses o f the same periods indicated  
that regulation took the form o f antagon istica lly  organized effects, in th e  m idst 
o f a continuous com petition betw een activa tin g  and inhibitory system s.

In the period o f activation  one w ould  expect a pronounced increase in 
pressor a ctiv ity  due to the sta tic  work. Certain level o f depressor a c t iv ity  was, 
how ever, present also during the period o f activation . The present results 
have shown th at the onset o f P P B H  was more likely  to trigger depressor than  
pressor a c tiv ity . In this respect, the changes in the duration o f  th e  cardiac 
cycle were particularly dem onstrative. The changes in the electric systole  
and diastole equally supported this conception .

During the phase com pensation a continuous com petition  between  
pressor and depressor a ctiv ity  could be dem onstrated. The m ethod  o f  con- 
tinous registration made it possible to  stu d y  in great detail th e  dynam ic  
change of m yocardial contractib ility .

In the period of dam ping depressor a ctiv ity  becam e predom inant which  
m anifested  itse lf  in hursts. This predom inance o f depressor a c t iv ity  was 
periodically interrupted by pressor a c tiv ity .

In the fourth period the predom inance of depressor a c tiv ity  caused 
m any o f the param eters to fall below the in itia l values, displaying the so-called  
counterregulation and overshoot. The observed changes in the duration  of  
the cardiac cycle were in conform ity w ith  th is theoretical pattern  o f regula
tion . The overshoot was follow ed by a rebound-like increase in pressor a ctiv ity  
boosting the param eters above resting values.
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T he present results clearly indicate th a t th e  responses o f circulation  
and respiration  given to  P P B H  are governed b y  general as well as by organ- 
specific regulatory m echanism s. It seems th a t th e  sta tic  work o f the neuro
m otor sy stem  has a more differentiated  gradation than  the neurovegetative one.
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INDUKTIONSVERÄNDERUNGEN  
DER GLUTAMAT-OXAUAZETAT-TRANSMINASE 

IN DER HENNE UNTER WIRKUNG  
VON 11-DEHYDROKORTIKOSTERON

Von

,J. P a v e l

INSTITUT FÜR BIOCHEMIE, LANDWIRTSCHAFTLICHE HOCHSCHULE, BRNO, CSSII 

(E in g eg an g en  am  17. J u l i  1968)

E s w urden  d ie a d a p tiv e n  A k tiv itä tsv e rä n d e ru n g e n  de r G lu ta m a t-O x a la z e ta t-  
T ran sam in ase  (GO T) n a ch  V erab re ich u n g  v o n  11 -D eh y d ro k o rtik o ste ro n  in  e in e r tä g li
chen  Dosis von  1 m g/100 g K ö rp erg ew ich t, ein , d re i u n d  sechs T age  h in d u rc h  in  15 
v ersch iedenen  O rganen  u n d  G ew eben bei w eißen  P ly m o u th -H e n n e n  u n te rsu c h t. 
S ig n ifik an te  U n te rsch ied e  zeig ten  sich e rst n ach  d re i T agen . D ie G O T -A k tiv itä t  w ar 
in  de r L eber u n d  im  E ig e lb  (D o tte r)  s ta rk  s ig n ifik a n t, im  H erz- u n d  L u n g en g ew eb e 
sowie im  K n o ch en m ark  s ig n ifik a n t e rhöh t.

Unsere bisherigen Studien  über die kortikosteroide K ontrolle der T ätig
keit einiger Enzym e bei G eflügel ( P a v e l  und S v o z il  1968a, b) ergaben viele  
gem einsam e Züge, gleichzeitig  aber auch einige spezifische A bw eichungen in 
der K ortikoidwirkung bei Labortieren und Vögeln.

Im  vorliegenden B eitrag beschäftigen wir uns m it der W irkung des 
11-D ehydrokortikosterons au f die A k tiv itä t der G lutam at-O xalazetat-T rans- 
am inase (GOT) bei der w eißen P lym outh-H enne.

D ie Grundbedingung für die kortikoide W irksam keit der 21 C-Steroide 
ist die A nw esenheit der Zl4-3-Ketogruppen und die a-K etogruppierung auf 
C-17 (s. z. B . M a s e k  [zit. H o h e j s i ]  1963).

B l e h a  und K ü c h e l  (1967) charakterisieren die glukokortikoide W irkung  
der N ebennierensteroide durch ihre eiw eißkatabolische und glukoneogenetische  
A k tiv itä t, deren M echanism us nach den angeführten Autoren au f der erhöhten  
A k tiv itä t einer R eihe von  E nzym en so z. B . von SGOT, SG PT, Glukose-G- 
Phosphatase, T ryptophanperoxydase und 1,6-D iphosphofruktokinase beruht, 
die direkt oder indirekt au f den M etabolism us der Am inosäuren einw irken, 
während K aindrac  (1964) die W irkung dam it erklärt, daß die G lukokortikoide  
die Struktur der E nzym e verändern, wie z. B . bei der K onversion der kristal
linen G lutam atdehydrogenase zu L-Alanindehydrogenase.

In diesem Z usam m enhang sind die Ergebnisse von U m b r e i t  und T o n - 
HÁZY (1951, zit. K n o x  u . M itarb. 1956) interessant; diese A utoren fanden  
nach Adrenalektom ie eine unveränderte T ransam inaseaktivität in Leber, 
Nieren und Muskeln. N ach zehntätiger K ortisonbehandlung m it 1 m g täglich  
zeigte sich jedoch in der R atten leber eine um  290%  erhöhte D -A m inosäure-
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oxyd a se-A k tiv itä t. D iese W irksam keit des K ortisons dürfte als spezifisch  
b eze ich n et werden. K e r p p o l a  (1953) beobachtete bei K aninchen nach K or
tisonbehandlung eine S en k u n g  der P hosphorylaseaktiv ität, während nach  
C h o w  (z it. K n o x  u . a., 1956) die G lutam inaseaktiv ität in der R attenleber  
se lb st nach 15tägiger V erabreichung von K ortison unbeeinflußt bleibt. Ander
se its  konnten  wieder H a d n a g y  u . a. (1960) durch H ydrokortison eine Erhö
h u n g  der A lanintransam inaseaktiv ität im R atten leberhom ogenat hervorrufen. 
A uch  L i n  und K n o x  (1957) beobachteten nach H ydrokortisonbehandlung  
einen  annähernd zehnfachen A nstieg der T yrosin-a-ketoglutarattransam inase- 
a k tiv itä t  in der R atten leb er , wobei das M axim um  bereits in fü n f Stunden  
v erzeich n et wurde.

T e e b o r , R e c k e r  und S e id m a n  (1967) fanden nach K ortikosteroid
verabreichung in der R a tten leb er  einen sign ifikanten  A nstieg der Tryptophan- 
p yrrolase- und T yrosintransam inaseaktiv ität. D iese Induktion der Trypto- 
phanpyrrolase war jedoch  nach  70%iger H ep atek tom ie, als es zur R egeneration  
k am , w esentlich geschw ächt, d. h. daß der R egulationsm echanism us bereits 
w ährend der Vorbereitung zur Zellteilung verändert war.

Methode

D ie  E xp erim en te  w u rd e n  a n  21 weißen P ly m o u th -L e g e h e n n e n  d u rc h g e fü h rt. Die 
H e n n e n  w u rd en  in  sieben G ru p p e n  e ingete ilt und  fo lg en d e rm a ß e n  b eh an d e lt.

G ru p p e  A — u n b e h a n d e lte  K on tro lle
G ru p p e  В — e in tä g ig e  V erab re ich u n g  des T räg e rs
G ru p p e  C — e in tä g ig e  V erab re ich u n g  des H o rm o n s
G ru p p e  D — d re itäg ig e  V erab re ich u n g  des T räg e rs
G ru p p e  E  — d re itäg ig e  V erab re ich u n g  des H o rm o n s
G ru p p e  F  — sech stäg ig e  V erab re ich u n g  des T räg e rs
G ru p p e  G — sech stäg ig e  V erab re ich u n g  des H o rm o n s

D ie  B ehandlung  e rfo lg te  m it  1 1 -D eh y d ro k o rtik o ste ro n  (F L U K A ) in  e iner täg lich en  
D o sis  v o n  1 mg je  100 g L eb e n d g ew ic h t, in  3,2 ml S o n n en b lu m en ö l (T räger) aufgelöst u n d  in  
zw ei D o sen  in  zw ölfstünd igen  In te rv a lle n  in tra m u sk u lä r  in jiz ie r t.  B ei den  G ru p p en  B, D 
u n d  F  w u rd e  3,2 ml S o n n e n b lu m e n ö l in tra m u sk u lä r  v e ra b re ic h t.

D ie  G O T -A ktiv itä t w u rd e  n a c h  R eitm an  und  F r a n k e l  (1957) te ils  im  B lu tse ru m  und  
im  P la s m a , teils in  den H o m o g e n a te n  von  Schenkelm uskel, B ru s tm u sk e l, B au ch m u sk e l, L eber, 
H e rz , L u n g en , M agen, E ie r s to c k , N ieren , Milz, H irn , E ig e lb  (D o tte r)  u n d  K n o ch en m ark  
b e s t im m t. D ie festgeste llte  A k t iv i t ä t  w urde in m .-E in h e ite n  U/37°C/1 h/1 g frischen  G ew ebes 
bzw . 1 m l Serum  (P lasm a) a u sg e d rü c k t.

D ie  E rgebnisse w u rd e n  a u ß e r  de r g raphischen  D a rs te llu n g  des ze itlichen  V erlau fes der 
G O T -V erän d eru n g en  m it d em  S tu d e n tsc h e n  (-Test b e w e rte t.

Ergebnisse und Diskussion

D ie Ergebnisse in den K ontrollgruppen sind in Abb. 1 veranschaulicht. 
D ie höchsten  GOT-W erte w urden in Herz, N ieren, Leber, Gehirn sowie einigen  
M uskeln und die n iedrigsten  im  Plasma und Serum  festgestellt.
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Abb. 1. G O T -A k tiv itä t in  den  einzelnen G ew eben be i H e n n en  de r K o n tro llg ru p p e n  (U /g) 
( I  — S ch en kelm uskel; I I  — B au ch m u sk e l; I I I  — L e b e r;  IV  — H erz; V — N ie ren ; V I — 
G ehirn ; V I I  — B ru stm u sk e l; V I I I  L ungen; IX  — M agen; X  E ie rsto ck ; X I  Milz;

X I I  K n o ch en m ark ; X I I I  E igelb  [D o tte r] ; X IV  P lasm a: XV S eru m ; U /m l)

Abb. 2 zeigt die G O T-A ktivität in B rustm uskel, Leber und Lungen unter 
H orm onbehandlung und in den nur m it Sonnenblum enöl behandelten Tieren. 
Bei den horm onbehandelten Vögeln konnte eine signifikante Erhöhung der 
G O T-A ktivität verzeichnet werden, doch war auch die W irkung des Sonnen
blum enöls signifikant und in einigen Fällen kam  es sogar zu größeren A bw ei
chungen als in den horm onbehandelten G ruppen. Diese letztere Erscheinung  
war ausschließlich bei eintägiger B ehandlung festzustellen, später war die 
A ktivitätserhöhung nach H orm onbehandlung im m er höher als nach Ver
abreichung von Sonnenblum enöl. Es kann angenom m en werden, daß es bei 
eintägiger Verabreichung des im Träger gelösten  Hormons zu R ich tu n gs
divergenzen kam und zwar so, daß der Träger eine erhöhte A k tiv itä t her
vorrief, während das Horm on allein deren H erabsetzung bewirkte. D ie G esam t
abw eichung hing dann verständlicherweise von  der Größe der beiden gegen
seitig  wirkenden E inflüße ab.

Abb. 3 zeigt diese zeitlichen Veränderungen der G O T-A ktivität im E ier
stock sowie im Eigelb (D otter). Hier stieg  die W irksam keit des 11-D ehydro- 
kortikosterons m it der Zeit in dem Maße, daß sich nach 6 Tagen die ursprüng
liche A ktiv itä t au f fast das Zehnfache erhöhte, wobei die W irksam keit des 
Trägers belanglos war. Als besonders interessant dürfte der V erlauf der GOT- 
A k tiv itä t im B lutp lasm a bezeichnet werden. Nach eintägiger H orm onver
abreichung war eine doppelte und nach dreitägiger Verabreichung eine drei-
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Abb. 2 u n d  A bb. 3. G O T -A k tiv itä t b e i e in-, drei- u n d  se c h s tä tig e r  B ehand lung  m it 11 -D eh y d ro - 
k o rtik o s te ro n  u n d  m it S o n n en b lu m en ö l

fach e E rhöhung des E nzym spiegels zu verzeichnen, dieser W ert stieg  jedoch  
nach  sechstägiger B ehandlung n icht mehr an. D a der Enzym spiegel im  B lut 
b ek a n n tlich  den des ganzen Organismus w iderspiegelt, muß eine drei bis 
sechs T age dauernde 11-D ehydrokortikosteronbehandlung als aussch lag
gebend  für die G O T -A ktivität im  Organismus erachtet werden.

D ie  exakte Bewertung der soeben beschriebenen Veränderungen der GOT- 
A k tiv itä t  nach A pplikation des 11-D ehydrokortikosterons in allen testierten  
G ew eben  — folglich auch in j enen , denen bisher keine Aufm erksam keit geschenkt
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wurde —, die in Tabelle I ersichtliche statistische A usw ertung der U nterschiede  
zw ischen der Kontroll- und H orm onalgruppen, sow ie zwischen K ontroll- und 
Träger-Gruppen ergaben, daß eine eintägige 11-D ehydrokortikosteronbehand- 
lung in keinem  von den untersuchten Geweben eine erweisbare B eeinflussung  
der G O T -A ktivität zeitig te. Nach dreitägiger H orm onverabreichung war die 
G O T -A ktivität in Leber und B lutplasm a sow ie im K nochenm ark und Eigelb  
signifikant erhöht.

N ach sechstägiger H orm onbehandlung war die G O T -A ktivität in Leber 
und E igelb stark signifikant, im Herz und in der Lunge nicht signifikant
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Tabelle 1

S ig n ifika n z  der A ktivitä tsun tersch ieoe zw ischen den einzelnen G ruppen. 
+ + . . . ¥  =  0 ,0 1 ;  jШ  . . .  e rh ö h t;  + . . .  P  =  0 ,0 5

! Musku- 
Lungen j loser 

: Magen

Sehen -  
kel-  

muskel

Kno
ch en 
mark

Brust- ! Bauch- 
muskel ; muskel

Eier
stock

Blut
serumLeber Plasm aNiere ! Milz HirnHerzGruppe

und  im  Eierstock und in den N ieren wahrscheinlich erweisbar erhöht. In diesen 
le tz te n  Organen rief näm lich  die Trägersubstanz eine Depression des E nzym 
sp iege ls hervor, während das im Träger gelöste Hormon zu einer Erhöhung  
der A k tiv itä t  führte, die zw ar die erweisbaren U nterschiede von  den Kontroll- 
gruppen nicht erreichte, jed och  signifikant höher als in der Träger-Gruppe 
w ar.

D ie  Wirkung des 1 1-D ehydrokortikosterons m anifestierte sich erst nach  
einer bestim m ten Zeit. B e i eintägiger Verabreichung wurde die G O T-A ktivität 
k au m  beeinflußt, im W iderspruch zu der E rhöhung binnen fü n f Stunden  
der T yrosin -a-ketoglu tarattransam inase-A ktivität (L i n  und K n o x  1957).

Aufgrund der b eob ach teten  B eeinflussung der G O T -A ktivität durch 
11-D ehydrokortikosteron dürfte in Ü bereinstim m ung mit B l e h a  und K ü c h e l  
(1967) festgestellt werden, daß  die glukokortikoide W irkung auf einer erhöhten  
E n zy m a k tiv itä t beruht; d ies wurde m it w enigen Ausnahm en in allen unter
su ch ten  Geweben und O rganen der V ersuchsvögel bestätigt.
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EVALUATION OF THE ROLE OF THE FEEDBACK  
EFFECT OF CORTICOSTEROIDS 

IN THE CONTROL OF PITUITARY ACTH RELEASE
By

B. B o h u s

INSTITUTE OF PHYSIOLOGY, UNIVERSITY MEDICAL SCHOOL, PÉCS 

(R ece iv ed  O c to b er 16, 1968)

In  o rd e r to  e luc idate  th e  role o f th e  n e g a tiv e  feedback  effect o f c o rtico s te ro id s  
in th e  co n tro l o f s tress-induced  ACTH re lease , th e  in fluence  of co rtico s tero n e  p re tre a t-  
m en t on p itu ita ry -a d re n a l fu n c tio n  has b een  in v e s tig a te d  in  ra ts  exposed  to  im m o b il
iza tio n  o r h em iad ren a lec to m y .

W hile  leav in g  th e  a cu te  s tress-in d u ced  A C T H  release  unaffec ted , a d m in is tra t io n  
of co rtico s te ro n e  1 hour p rio r to  im m o b iliza tio n  o r before h em iad ren a lec to m y  re su lte d  
in a m ark e d  suppression  of A C TH  sec re tio n  d u rin g  th e  subnorm al re sp o n se  p e rio d  
w hich follow s th e  m ax im al a c tiv a tio n  of th e  p i tu i ta ry -a d re n a l  axis. T he second  in crease  
of A C TH  re lease  a f te r  th e  su b n o rm a l ph ase  w as a lso  d im in ished  in ra ts  p r e tr e a te d  w ith  
co rtico s tero n e .

R e p e a te d  exposure  to  s tressfu l s tim u li (e n v iro n m en ta l changes) d id  n o t  elic it 
ACTH re lease  in  th e  su b n o rm al p h ase  12 h o u rs  a f te r  h em iadrenalectom y in  r a t s  t r e a te d  
w ith  co rtico s te ro n e  while ad ren a l sen sitiv ity  to  ex ogenous ACTH rem ain ed  u n c h an g e d .

I t  h a s  b een  concluded t h a t  th e  n e g a tiv e  fe ed b a ck  effect of c o r tico s te ro n e  p lay s  
a role in  th e  co n tro l of th e  b ip h asic  p i tu i ta ry -a d re n a l  response  to  c o n tin u o u s ly  ac tin g  
stressors lik e  im m obilization  or h e m ia d re n a le c to m y . T he possible m ode a n d  s ite  o f 
ac tio n  of co rtico s tero id s has been  discussed.

It has been supposed th a t p itu itary adrenocorticotrophic fu n ction  is 
influenced by the feedback effect o f  corticosteroids, hut their exact role in the  
control o f stress-induced ACTH release is not w ell understood. The h yp oth esis  
th at ACTH release is regulated b y  the circu lating corticosteroid lev e l was 
advanced by S a y e r s  and Sa y e r s  (1947), w ho suggested that exposure of 
rats to stress brings about an increased u tiliza tion  o f corticosteroids b y  the  
peripheral tissues and the resulting decrease o f  the blood corticoid lev e l acts 
as a stim ulus o f  ACTH release from the anterior pituitary. This h yp oth esis  
has not been confirm ed.

H ow ever, the im portance o f  the blood corticosteroid level in regu lating  
the stress-induced ACTH release was re-em phasized by Y a t e s  et al. (1961). 
T hey suggested th at the control o f stress-induced ACTH release in vo lves  
a negative feedback effect o f blood corticosteroids and that the im m ediate  
effect o f stress is “ to increase the set-point o f  th e  controller” . Further exp eri
m ents on rats ( H o d g e s  and J o n e s  1963; S m e l i k  1963a; St a r k  and F a c h e t

1963), on cats and dogs (B o n u s et al. 1965) and on human beings ( E s t e p  
et al. 1963) failed to  support the “ reset” h yp oth esis. These observations show ed  
that the ACTH release due to stress is independent o f the blood corticosteroid
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level w ith in  the physiological range. This fin d in g  is of general v a lid ity , since  
it w as show n that exposure to  different stim uli provokes ACTH release in  the  
rat in  sp ite  of the acute elevation  o f the b lood  corticosterone level ( B o h u s  
1968).

On th e  other hand, th e  corticosteroids m a y  still play some role in the  
regu lation  o f ACTH release, since in the rat adrenalectom y induces an over
a c tiv ity  o f  the anterior p itu itary  in response to  stress ( H o d g e s  and V e r n i k o s  
1959) and  th is overactiv ity  is inhibited b y  a sm all dose of corticosterone  
( H o d g e s  and J o n e s  1964). Furtherm ore, S m e l i k  (1963b) reported th a t the  
in h ib itory  influence o f a high dose o f corticosterone on stress-induced ACTH  
release appears w ith a certain delay. V e r n i k o s - D a n e l l is  and T r i g g  (1967) 
also su ggested  that the inhibition  o f ACTH release by the m axim um  endo
genous b lood  corticosterone level is slow to  develop.

S ince there are reports on a decline in AC TH  release in response to  con
tin u o u sly  acting stresses som e tim e after th e  onset of exposure ( K n i g g e  
et al. 1959; H e n k i n  and K n i g g e  1963), it seem ed  interesting to stu d y  w hether  
the cortico id s are involved in th is inhibitory period of ACTH secretion. Accord- 
in g ly , th e  effect of corticosterone adm inistration  on ACTH release has been 
in v estig a ted  in rats exposed to  continuously actin g  stressors.

Methods

M ale  a lb ino  ra ts  of a n  in b re d  s tra in  w ere used . T h e  r a ts  were fed p u rin a  chow  a n d  allow ed 
to  d r in k  w a te r  ad  lib itu m .

C o rtico ste ro n e  (O rganon , O ss), d issolved in  e th a n o l  a n d  d ilu ted  w ith  sa line , w as in je c te d  
s u b c u ta n e o u s ly  in  a dose o f 5 m g/100  g b.w . Saline  co n ta in in g  th e  sam e a m o u n t o f  e th a n o l 
w as in je c te d  su b cu tan eo u sly  to  th e  con tro l ra ts .

S tre ss fu l s tim u li ap p lied  60 m in  a f te r  co rtico s te ro n e  or saline in jec tio n  w ere  a s  follow s.
(i) H em iad ren a lec to m y ; rem o v a l o f th e  le f t  a d re n a l  in e th e r a n ae s th es ia  fro m  th e  

lu m b a r  a p p ro a c h ;
(ii) Im m o b iliza tio n ; th e  r a ts  were k e p t in  p la s tic  tu b es  com plete ly  h in d e r in g  loco

m o tio n .
P i tu ita ry -a d re n a l  a c t iv ity  w as assessed 0.5, 2, 4, 8, 12, 18 and  24 hours a f te r  th e  onset 

o f  im m o b iliz a tio n  or h e m iad ren a lec to m y . T he ra ts  w ere  d e ca p ita te d  an d  a d ren a l c o rtico s te ro id  
p r o d u c tio n  in  v itro  was d e te rm in e d  b y  th e  m eth o d  o f  v a n  d e r  V ie s  et al. (1960). T o ta l  c o r ti
c o s te ro id  p ro d u c tio n  in  v itro  expressed  in  jtzg/100 m g /a d ren a l/h o u r served as th e  in d ex  of 
p i tu i t a r y  A C T H  release (v a n  G och  et al. 1963).

A d re n a l response to  A C T H  w as in v es tig a te d  12 h o u rs  a fte r  su rgery  in  tw o  g ro u p s of 
h e m ia d re n a le c to m iz e d  ra ts  t r e a te d  w ith  e ith e r co rtico s te ro n e  or saline. A g ro u p  o f non- 
s tre s se d  r a t s  served as n o rm al co n tro ls . T he ra ts  w ere  a n ae s th e tize d  w ith  in tra p e r i to n e a l  p e n to 
b a r b i t a l  (4.5 m g/100 g b .w .) a n d  30 m in la te r  sa lin e  o r  p u rified  ACTH (O rg an o n , Oss) was 
in je c te d  in to  one of th e  ta i l  veins. T h e  ra ts  w ere d e c a p ita te d  15 m in th e re a f te r  a n d  th e  a d ren a l 
c o r tic o s te ro id  p ro d u c tio n  in  v itro  was d e te rm in ed .

T h e  effec t of re p ea te d  s tre ss  on p i tu i ta ry  A C T H  release was assessed 12 h o u rs  a fte r  
su rg e ry  in  tw o  groups of h em iad ren a lec to m ized  r a t s  t r e a te d  w ith  co rtico s tero n e  o r saline. 
N o n -o p e ra te d  ra ts  served  as co n tro l. The re p ea te d  s tre s s  consisted  of a change in  e n v iro n m e n t;  
th e  r a t s  w ere  m oved  from  th e ir  hom e-cages to  a n o th e r  ro o m . 15 m in la te r  th e y  w ere  d e ca p ita te d  
a n d  p i tu i t a r y  ACTH release  w as d e te rm in ed  b y  e s t im a tin g  ad renal co rtico s tero id  p ro d u c tio n  
in  v i tro .

Acta Physiologica Academiae Scientiarum Hungaricae 35, 1969



EVALUATION OF THE FEEDBACK EFFECT 143

Results

Corticosterone adm inistration (5 m g/100 g b.w.) resulted in a depression 
o f ACTH secretion as judged from the decrease in corticosteroid production  
in vitro o f rats decapitated  stress-free (F ig . 1). The decrease was apparent 
1 hour after corticosterone adm inistration; m axim al suppression occurred 
betw een the 8th and 12th hours. At 24 hours corticosterone was not effective  
any more.

F ig. 1. C o rticostero id  p ro d u c tio n  in  v itro  o f a d ren a ls  o f  s tress-free  d e c a p ita te d  ra ts  follow ing
th e  a d m in is tra tio n  o f  5 m g/100 g b.w . o f c o rtico s te ro n e  (ф -------- ф )  o r physio log ica l saline

(O - -  — o). B a rs  in d ic a te  s ta n d a rd  e rro r o f th e  m ean  (6 o b se rv a tio n s  p e r p o in t)

H em iadrenalectom y brought about a sign ificant increase in ACTH release
0.5 hour after surgery in rats treated w ith saline (F ig. 2). Follow ing the m axim al 
ACTH release a continuous decline o f  adrenal corticosteroid production in 
vitro was observed at 2, 4, 8 and 12 hours. M axim al decrease o f  ACTH secre
tion  appeared at 12 hours, when corticosteroid production in v itro was below  
the level observed in rats decapitated stress-free (6.7 ^  1.2 v s. 11.8 ^  1.4 
/ig/100 mg adrenal/hour). A second rise o f  p itu itary  ACTH release was observed  
18 and 24 hours after hem iadrenalectom y in the rats treated w ith  saline. 
H ow ever, in th is period the peak o f stress-induced ACTH release observed  
at 0.5 hour was not attained.

ACTH release provoked by hem iadrenalectom y in rats treated  with  
corticosterone 1 hour prior to surgery was 0.5, 2, 4 and 8 hours after operation  
in the sam e range as in rats treated w ith saline. H ow ever, depression o f ACTH  
secretion in the 12th hour was more m arked (p <  0.01) in corticosterone- 
treated than in saline-treated  rats. Adrenal corticosteroid production in vitro
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show ed an increase in the 18th  hour but the values rem ained sign ificantly  
(p <[ 0 .01) below those for th e  corresponding saline-treated  controls. There 
w as no difference in adrenal corticosteroid  production betw een the tw o groups 
hem iadrenalectom ized 24 hours before.

Fig. 2.  E ffec t of hem iadrenalectom y on adrenal corticosteroid production in v itro  of rats
trea ted  w ith  corticosterone ( # ---------9 )  or saline ( О — — — О)  1 hour prior to surgery. Bars

indicate standard error o f the mean (6 observations per point)

Im m obilization resu lted  in an increase o f ACTH release in rats treated  
With sa line 1 hour before (F ig . 3). A decline in corticosteroid production was 
ob served  2 and 4 hours after im m obilization . The m axim al depression o f stress-

Fig. 3.  E ffect of continuous im m obilization  on adrenal corticosteroid production in v itro of  
m ale rats treated w ith corticosterone ( • -------- • )  or saline ( О — — - О )  1 hour prior to im 

m obilization. Bars ind icate standard error of the mean (6 observations per point)

Acta Physiologica Acaderniae Scientiarurn Hungaricae 35, 1969



EVALUATION OK THE FEEDBACK EFFECT 14Г)

induced ACTH release appeared in the 4th  hour. Then a second rise o f  ACTH 
secretion occurred in th e  8th  and 12th hours and corticosteroid production  
remained at that level for th e  next 12 hours.

M aximal pituitary ACTH release as indicated by adrenal corticosteroid  
production was not affected  b y  the previous adm inistration o f corticosterone. 
A more m arked decline (p <[ 0.01) was, how ever, observed 4 hours after the 
onset o f im m obilization in rats treated w ith  corticosterone. The second rise in

25-

mU ACTH

F ig . 4. E ffect o f  ACTH on adrenal corticosteroid production of hem iadrenalectom ized rats 
treated w ith corticosterone ( # --------# )  or saline (o — • —O). Comparison betw een rats hem i
adrenalectom ized 12 hours before and non-operated ( 0 — —0 )  rats. 5 observations per point

Table I

Effect o f  repeated stress o f  environm ental change on the p itu ita ry-adrena l a c tiv ity  
o f  hem iadrenalectom ized rats 12 hours after surgery

Treatment* Surgery
Adrenal corticosteroid production**

Before stress After stress

Corticosterone H em iadrex 2.1 ±  0.9*** (5)**** 3.6 ±  2.0 (6)

Saline H em iadrex 6.2 ±  1.2 (6) 10.4 ±  1.6 (6)

None None 11.6 ± 2 .0  (9) 23.4 ±  1.6 (8)

* Corticosterone (5 m g/100 g b.w .) or saline, given  1 hour prior to hem iadrenalectom y
** /ug/100 mg adrenal/hour

*** Mean ±  standard error o f mean
**** Num ber of observations
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AGTH release was also apparent in corticosterone-treated rats, but adrenal 
corticosteroid  production rem ained significantly below  the corresponding con
trol va lu es at 0.01 (8th and 12th  hour) and 0 .05 (18th  hour) levels.

T he repeated stress o f  exposure to a new  environm ent provoked sign if
ican tly  (p <( 0.01) less AC TH  release in saline-treated  rats 12 hours after 
hem iadrenalectom y than  in th e  non-operated rats (Table I). The response to  
repeated stress was absent in corticosterone-treated  rats 12 hours after hem i
adrenalectom y.

A drenal response to ACTH  adm inistered in travenously  in pentobarbital 
anaesthesia  12 hours after hem iadrenalectom y show ed the sam e pattern in 
corticosteron e-and  in sa line-treated  rats (Fig. 4). The ACTH sen sitiv ity  o f the  
adrenals o f  hem iadrenalectom ized rats was sim ilar to th at of the non-operated  
controls.

Discussion

T he pituitary-adrenal ax is showed a b iphasic response to continuously  
acting stressor such as hem iadrenalectom y or continuous im m obilization. 
M axim al ACTH release occurred im m ediately after the onset o f stim uli, then  
a subnorm al phase of ACTH secretion developed; the latter phase seem ed to  
depend on the stim ulus app lied . The decline w as follow ed by a second rise of 
ACTH release but the rate o f  pituitary-adrenal activation  never attained the  
m axim al ACTH output during th e  early period o f  exposure to stress. A similar 
response pattern was observed  by K n ig g e  et al. (1959) in rats exposed to 
im m obilization  and by R e c k  and F o r t i e r  (1960) follow ing hem iadrenal
ecto m y .

In addition, the present experim ents suggest that the negative feed
back effect o f corticosteroids m ay play a role in the control of p itu itary ACTH  
release in  response to con tin u ou sly  acting stressors. The phase o f subnorm al 
ACTH secretion 12 hours after hem iadrenalectom y or 4 hours after the onset 
of im m obilization  was m ore pronounced in rats treated  w ith corticosterone. 
F urtherm ore, the second rise in  ACTH release after the subnorm al phase was 
m oderately  dim inished b y  corticosterone pretreatm en t.

Since corticosterone adm inistration leads to  an increase in plasm a cortico
sterone concentration, one m a y  suggest th a t th is increased plasm a steroid  
level is acting through a n egative feedback m echanism  to dim inish ACTH  
secretion  in the subnorm al phase and during th e  second rise of ACTH release. 
I f  th is  is the case, then th e  suppression o f ACTH  secretion during the sub
norm al phase m ight be due to  the increased ou tp u t of adrenocortical hor
m ones in  consequence o f  m axim al ACTH release in the early period o f stim ulus 
exposure. The second rise o f  ACTH release after th e  subnorm al phase, to  the  
level beyond  the m axim al ACTH  output, m ay be the result o f both the conti
nuous stim ulatory influence o f  th e  stressor breaking through the com plete steroid
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inhibition , and the suppressive effect o f  adrenal steroid secretion. As a corollary  
to  th is supposition , a constant high plasm a corticosterone level w ould  deter
m ine the feedback effect o f steroids.

This assum ption, however, is not consistent with the ob servation s of 
S m e l i k  (1963b) and H o d g e s  and J o n e s  (1964), who showed a lack o f  corre
lation  between the blood corticosterone level and the degree o f  p itu itary  
inhibition . Suppression of ACTH release appears long after the increase in 
the blood corticosterone level induced by injected steroid has subsided. 
A sim ilar tim e-pattern  was observed in the present experim ents, w here the  
m axim al suppression o f ACTH secretion in non-stressed, corticosterone-treated  
rats occurred 8 to  12 hours after th e  injection  o f the steroid. T hus, it  m ay  be 
suggested  that the negative feedback action  o f corticosteroids on ACTH  release 
is independent o f  th e  actual plasm a corticosteroid level.

S m e l i k  (1963b) suggested th at the inhibition  o f pituitary ACTH release 
depends on the accum ulation of corticosteroids by certain structures control
ling pitu itary-adrenal activ ity . This assum ption  agrees well with th ose  findings 
which showed th a t corticosteroid im plantation  into the basal-m edial h y p o 
thalam us and in to  certain fore- and m idbrain structures increase th e  local 
concentration o f steroids but inhibit the stress-induced ACTH release ( E n d - 
ro czi  et al. 1961; D a v i d s o n  and F e l d m a n  1963; Co r b i n  et al. 1965; B o h u s  
and L i s s á k  1967). E lectrophysiological experim ents revealed th a t evoked  
potentia ls induced b y  sciatic nerve stim ulation  in the anterior h ypothalam us  
o f the rat are seen enhanced by a single dose o f hydrocortisone but depressed  
only  after a lag o f  2 hours. Furtherm ore, forebrain inhibition o f m esencephalic  
reticular potentials evoked by sciatic nerve stim ulation  is enhanced b y  cortico
steroids ( E n d r ő c z i  et al. 1968). The present experim ent, showing the unchang
ed ACTH sen sitiv ity  o f the adrenals during the subnormal phase o f  ACTH  
secretion, m ay also suggest the in vo lvem en t o f  a level higher than th e  adrenal 
cortex in the feedback effect of corticosteroids.

R ecent experim ents, however, suggest th at a possible accum ulation  of 
corticosterone in som e structures controlling pituitary-adrenal a c tiv ity  is not 
th e  sole factor to  determ ine the slow  feedback effect o f corticosteroids during  
the action of continuously  operating stressor stim uli. The phase o f subnorm al 
ACTH secretion m ay take different tim es to  appear after the onset o f  stress 
exposure, as a subnorm al ACTH secretion  w as observed 4 hours after im m ob ili
zation  and 12 hours following adrenalectom y. These facts em phasize th a t the  
neural processes evoked  by noxious stim uli are also decisive factors in  the  
feedback action o f corticosterone. I t  rem ains to  be shown whether th e  cortico 
steroid “ sen sitiv ity ”  o f  the stim ulatory neural m echanism s is d ifferent or, 
else, the corticosteroid feedback effect m odifies the actual neural p attern  by  
enhancing the inh ib itory m echanisms participating in the control o f  p itu itary- 
adrenal activ ity .
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EFFECT OF ANGIOTENSIN SO PERFUSION  
ON THE RATE OF ALDOSTERONE PRODUCTION 

BY INCUBATED RAT ADRENALS
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A. S p ä t , J. S ó l y o m , J. S t u r c z , Ildikó M é s z á r o s  

and E .  L u d w i g

INSTITUTE OF PHYSIOLOGY, UNIVERSITY MEDICAL SCHOOL, BUDAPEST 

(R eceived Novem ber 30, 1968)

The effect o f angiotensin II  on adrenal steroid production in v itro  has been  
studied  in  the rat. To com pensate for th e  destruction of angiotensin due to  adrenal 
angiotensinase activ ity  angiotensin was added continuously to  the incub ation  m edium  
during the whole period of incubation . Superfusion of angiotensin fa iled  to  affect 
adrenal aldosterone production.

The role played by angiotensin II  in the regulation of aldosterone secre
tion  in the rat is being currently questioned. The dem onstration o f  a direct 
action  o f angiotensin on the adrenals w ould constitute an im portant proof 
in favour o f  the aldosteronotrophic effect o f  angiotensin II. As show n b y  G l á z  

and S u g á r  (1962), K a p l a n  and B a r t t e r  (1962) and in previous experim ents  
from this laboratory (S p ä t  et al. 1965) angiotensin II  does not augm ent the  
rate o f aldosterone production o f incubated  rat adrenals. M ü l l e r  (1965) 
observed no increase up to 80 /xg/ml angiotensin concentrations in th e  incuba
tion  m edium , whereas 320 /tg/m l had an enhancing effect.

Since B u m p u s  et al. (1964) found a high angiotensinase a c tiv ity  in the  
rat adrenal, it seem s reasonable to  assum e th a t the angiotensin added to  the  
incubation m edium  is destroyed at such a high rate th at enhancem ent of 
aldosterone production occurs on ly  in itia lly  w hich cannot be detected  b y  the  
m ethods used in such studies. Inhibition  o f  angiotensinase b y  E D T A , D F P  
or other agents m ay interfere also w ith the synthesis o f steroid horm ones and 
thus it is not a suitable procedure. In the present experim ents, angiotensin  II  
was continuously  added to the incubation m edium  bathing the adrenal slices.

Methods

A total o f 60 male albino rats w ith  an average w eight o f 140 g was used in the experi
m ents. Six adrenals were pooled in 10 flasks and incubated in Krebs — Ringer b icarbonate- 
glucose m edium ; these served as controls. To another 10 such pools angiotensin II (H yper- 
tensin, Ciba) was added to the m edium  at a concentration o f 1 ,ug/ml, so that each fla sk  con
tained 6 adrenals and 10 fig o f syn thetic angiotensin. Continuous supply of angiotensin  to  
the la tter  pools was secured by adding 0.5 /tg/m in of angiotensin II to the m edium  b y  a m icro
infusion pum p throughout the 120 min o f incubation. The total am ount of angiotensin  II in

4 Acta Physiologica Academiae Scientiarum Hungaricae 35, 1969



150 A. SPÄT et al.

e ach  p o o l a tta in e d  60 fig; th is  w as a d d e d  a f te r  d isso lv ing  in  1 m l o f K rebs —R in g er b ica rb o n a te -  
g lucose  so lu tio n . In c u b a tio n  w as u n d e r ta k e n  a t  38 °C, in  a  m ix tu re  o f 95%  0 2 an d  5 %  C 0 2.

S te ro id  c o n te n t o f th e  in c u b a tio n  m edium  w as a s sa y e d  a f te r  e x tra c tio n  w ith  ch lo ro fo rm , 
B u s h - ty p e  p a p e r  c h ro m a to g ra p h y  a n d  th e  té tra z o liu m  b lu e  re ac tio n  (for d e ta ils  see S p ä t  
e t  a l. 1968).

Results

T he rate o f aldosterone production b y  th e  control adrenals was 1.02 ±
0.12 (S .E .) /лg/100 m g/h , w hich was associated w ith  a corticosterone produc
tio n  o f  5.08 i  0.36 jWg/100 m g/h. A ldosterone synthesis was unaffected  by

F ig . 1. E ffe c t o f a n g io te n sin  I I  superfusion  on th e  r a te  o f a ld o ste ro n e  a n d  co rtico s tero n e
sy n th e sis  b y  th e  in cu b a te d  r a t  a d ren a l

the superfusion of angiotensin  II, as the rate o f  aldosterone production in the 
experim en ta l series a tta in ed  0.95 ^  0.08 jUg/100 m g/h; the secretion o f cortico
steron e was som ew hat augm ented  (5.50 ^  0.56 fig/100 m g/h), but the difference 
w as n o t significant sta tistica lly  (P ^>0.30; F ig . 1).

Discussion

The high angiotensinase activ ity  in the rat adrenal was described by  
B u m p u s  et al. (1964) who found a 20 min half-life  for angiotensin II incubated  
in adrenal gland hom ogenate. G láz and S u g á r  (1962), K a p l a n  and B a r t t e r

(1962) and ourselves ( S p ä t  et al. 1965) fa iled  to  dem onstrate any enhancing  
e ffec t o f  angiotensin on the rate o f aldosterone production b y  incubated  rat 
adrenal slices. In th ese experim ents, the failure o f  angiotensin to  augm ent 
aldosterone synthesis m igh t have been due to  a rapid destruction o f th e  hor
m one b y  tissue angiotensinase. Taking in to  considering the 20 min half-life  
o f angiotensin  it m u st have been present in  th is  experim ent in the m edium  
at su ffic ien tly  high concentrations. The fin d in g  th at aldosterone was not
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increased by angiotensin  even when this had been superfused continuously  
indicates th a t, in the rat, the failure o f angiotensin  II to affect adrenal al
dosterone secretion  is not or not only due to  th e  presence of angiotensinase  
in the adrenals.
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A C R IT IC A L  A N A L Y SIS  O F  L IT E R A R Y  D A TA  A N D  O F  T H E  SU L M A N  S IM K IN
M E T H O D  O F E X T R A C T IO N
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NATIONAL INSTITUTE OF PUBLIC HEALTH, HEIM PAL CHILDREN’S HOSPITAL,
AND POSTGRADUATE MEDICAL SCHOOL, BUDAPEST
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R ecen t d a ta  on th e  m ethodolog ical p ro b lem s of e s tim a tin g  p ro la c tin  in  blood 
by th e  p igeon  crop  sac tech n iq u e  are  rev iew ed . T h e  re su lts  y ie lded  b y  th e  d iffe ren t 
m e th o d s a re  co n flic tin g , p a r tly  owing to  m eth o d o lo g ica l errors.

F r o m  m o d e l  e x p e r i m e n t s  in  vivo a n d  in  vitro  i t  h a s  b e e n  c o n c l u d e d  t h a t  t h e  
e x t r a c t i o n  p r o c e d u r e  d e s c r i b e d  o r i g i n a l l y  b y  S U L M A N  (1956) a n d  l a t e r  r e c o m m e n d e d  
b y  S i m k i n  a n d  G o o d a r t  (1960) i s  u n s u i t a b l e  f o r  t h e  d e t e r m i n a t i o n  o f  p r o l a c t i n  i n  b l o o d ;  
d a t a  o b t a i n e d  b y  t h i s  m e t h o d  m a y  b e  r e g a r d e d  a s  a r t i f a c t s .

T he c rite ria  o f th e  specificity  of th e  p ro la c tin  effec t w ith  re sp ec t to  th e  e s tim a
tio n  of th e  ho rm o n e  in  n a tiv e  blood, its  d isa p p ea ran c e  r a te  an d  th e  causes w h y  several 
re sea rch  g ro u p s w ere u n a b le  to  d e te c t p ro la c tin  in  b lood  a re  d iscussed .

T h e  o b ta in e d  re su lts  suggest th a t  th e  b lood  p ro lac tin  level is low er th a n  th e  
sen sitiv ity  th re sh o ld  of th e  pigeon crop sac m ic ro -te s t, th ere fo re  th e  v a lu e  o b ta in e d  
a f te r  th e  in je c tio n  of n a tiv e  p lasm a is n o t a re liab le  in d ic a to r o f th e  b lood  p ro lac tin  
co n ten t.

A further advance in the pathophysiology o f  adenohypophyseal trophic 
hormones cannot be expected  before some reliable m ethod has been elaborated  
for their determ ination in blood. Such a sensitive m ethod w ould be o f  partic
ular value in clinical m edicine, since the procedures now available, being based  
upon the observation  o f the target organs, furnish indirect data concerning the 
concentration o f the horm ones in body flu ids.

According to  previous experim ents ( K u r c z  et al. 1964, 1965, 1966, 1967) 
prolactin cannot be m easured in blood since the sen sitiv ity  threshold  o f  the  
m ost w idely used assay  m ethod, the pigeon crop sac m icro-test, is higher than  
the concentration o f prolactin in blood. R ecen tly , how ever, num erous in vesti
gators have reported on the estim ation of prolactin  in hum an blood ( K r a w c z u k  
et al. 1962; S t e h l i k o v a  et al. 1965; B e r s w o r d t -W a l l r a b e  and J a n t z e n  
1964; B e r s w o r d t - W a l l r a b e  et al. 1965; Sá v e l y  et al. 1965a, b; G á t i  
et al. 1967; F l a s k a m p  et al. 1968; T a l a § et al. 1968). All these team s used  
the pigeon crop sac for the determ ination o f prolactin , injecting b lood w ithout 
pretreatm ent or after having subjected it to the procedure suggested b y  S im k i n  
(1958). In 1966, M e i t e s  and N ic o l l  reported th a t th ey  were unable to  detect 
prolactin in blood w ith  S i m k i n ’s m ethod (1960, 1963) but th ey  om itted  to 
discuss the cause o f  their negative results.
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In  view  of the above literary data it seem ed interesting to reinvestigate  
th e  problem  o f blood prolactin  content. The results obtained in th is stu d y  and 
m odel experim ents have confirm ed our belief th at data yielded by th e  pigeon  
crop sac m ethod should be considered artifacts.

S u rvey  o f  literary data

T he papers reporting on blood prolactin estim ation  contain num erous 
contrad ictions and errors. Prolactin  could not be detected  in the b lood  of 
children and males by S i m k i n  and G o o d a r t  (1960), S i m k i n  and A r c e  (1963), 
and G á t i  et al. (1967), nor in  the blood o f non-lacting wom en b y  Sa v e l y  
et al. (1965). On the other hand, F l a s k a m p  (1968) found 24 I .U . per 100 ml 
o f p lasm a in healthy children, more than the 10 I .U . per 100 m l o f blood  
ob ta in ed  by GÁTI et al. (1967) during the m enstrual cycle in 24-year-old w om en. 
In  w om en during lactation  0 .05 I.U . was found (SÁv e l y  et al. 1965a); unfor
tu n a te ly , the authors om itted  to give the volum e in which th ey  found this 
v a lu e . In  another paper o f  th e  same group a value o f 0.5 I .U . is m entioned  
(SÁv e l y  et al. 1965b). S i m k i n  and G o o d a r t  (1960) were unable to  detect 
p rolactin  in blood during th e  first half o f the m enstrual cycle, whereas S i m k i n  
and A r c e  (1963) could dem onstrate prolactin a c tiv ity  during the first 5 days 
and th e  last 10 days o f  the cycle . In the second ha lf o f  the 28-day cycle , G á t i  
e t al. (1967) found an a c t iv ity  o f about 10.0 I .U . per 100 m l, S i m k i n  et al. 
(1960, 1963) 2 — 4 I.U . per 100 ml, and T a l a s  et al. (1968) approxim ately
0.3 I .U . per 100 ml o f b lood. T he greatest differences were found by S t e h l i k o v á  
et al. (1965) who obtained in th e  secretory phase o f  th e  cycle 0.0012 to  0.06 I .U ., 
in  th e  lactation  period 84 to  780 I .U ., and in  patien ts w ith galactorrhoea
0.36  to  6.000 I.U . per 100 m l o f  blood.

SÁv e l y  et al. (1965), S t e h l i k o v á  et al. (1965), G á t i  et al. (1967), 
T a l a s  et al. (1968) succeeded in dem onstrating prolactin in hum an blood only  
w ith  the aid of the preparatory procedure described by S u l m a n  (1956) and 
recom m ended by S i m k i n  and G o o d a r t  (1960); whereas others (B e r s w o r d t - 
W a l l r a b e  and J a n t z e n  1964; F l a s k a m p  et al. 1968) obtained p ositive  results 
b oth  w ith  and w ithout th e  preparation o f the m aterial. According to  F l a s k a m p  
et al. (1968) the procedure o f  preparation causes considerable losses, whereas 
S i m k i n  and G o o d a r t  (1960) recovered com pletely  the prolactin added to  the  
blood  o f children.

A  similar discrepancy ex ists  in the calibration curves used b y  the differ
en t authors. Sim k i n  (1958) in  his paper describing the crop sac m ethod em pha
sized  the im portance o f  th e  volum e injected  into the skin of the pigeon. For 
in sta n ce , 0.05 I.U . o f prolactin  in a volum e o f 0.75 m l caused alm ost the same 
gain in  w eight of the crop sac as did 5 I.U . d issolved  in 0.1 m l. In  our opinion, 
th is  holds even more for th e  m ethod based on planim etry (G r o s v e n o r  and
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T u r n e r  1958). D espite these well-known facts, several authors ( H e r l y n  
et al. 1965) p lo tted  the calibration curve after in jecting  4 times 1 ml and later 
( F l a s k a m p  et al. 1968) 4 tim es 0.1 ml; in sp ite  o f  th is difference, the tw o  cali
bration curves agree well.

C alculation and presentation of the calibration  curve are in m ost o f  the  
papers insufficien t or erroneous. Thus, it happened th at amounts f iv e  tim es 
less than the lower threshold o f the m ethod’s sen sitiv ity  were “ estim a ted ” 
(G áti  et al. 1967). S á v e l y  et al. (1965a) reported on the weight o f  3 pigeon  
crop sacs o f w hich one gave an opposite result. A lthough the observations were 
interpreted w ith  a certain reservation, the supplem entary histological exam in a
tion was not convincing either. The results obta ined  by T alas  et al. (1968) 
have to be considered unreliable since the m aterial containing the horm one  
was injected subcutaneously instead of in traderm ally . Finally, the m ajority  
of the values obtained  by St e h l i k o v Á et al. (1965) lay  beyond the calibration  
curve and th e  concentrations were determ ined b y  extrapolation.

Thus, there are considerable differences in th e  use of the pigeon crop test  
and in its evaluation  between the various in vestigators, and the extraction  
procedure o f  S u l m a n  and S i m k i n  which has n ever been subjected to  careful 
control, seem s to  be the source o f substantia l errors.

Criteria o f  the specific effect o f  prolactin

B a h n  and B a t e s  (1956) presented a sy stem a tic  analysis o f those earlier 
and rather conflicting results w hich had been obtained  with the p igeon crop 
sac technique w hen used for th e  estim ation o f  prolactin  in serum and urine. 
T hey suggested th a t the specific histological criterion was a diffuse cy top lasm ic  
basophilia o f  th e  epithelial cells o f  the crop sac. This has been accep ted  b y  
P a s t e e l s  (1963) as well as N i c o l l  and B e r n  (1964) and rejected b y  P r e i s z  
et al. (1967), w hile others have not even m entioned  it  although th ey  subjected  
the epithelium  o f the crop sac to  histological exam ination  (Ta la s  et al. 1968; 
Sá v e l y  et al. 1965). B a h n  and B a t e s  (1956) sta ted  in  addition that b lood  and 
urine extracts w hether injected  locally or intram uscularly do not g ive  rise 
to  basophilia o f  the crop sac epithelium .

Similar conclusions were drawn from a gross study of the dried and 
spanned crop sac ( K urcz  1966). The m osaic structure characteristic o f  the  
prolactin effect was never observed after th e  injection  of blood or other  
extracts contain ing no prolactin. The local in jection  o f these m aterials caused  
an inflam m atory reaction which increased the w eight o f  the crop sac and m ade  
preparation m ore difficult, but the m acroscopic alterations were different 
from those elic ited  by prolactin.

In the present study prolactin was determ ined in large series after the  
intradermal injection  of n ative blood serum ; as described ( K u r c z  1966)
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Table I

D eterm ination  o f  prolactin  in  n a tive  blood serum

Serum Volume injected Number
of determinations*

Results of pigeon crop sac assay

positive negative doubtful

H u m a n

W o m an 0.4 m l 4 4

W o m an 0.8 m l 8 — « —

W o m an 1.6 ml 10 — 10 —

M an 0.4 ml 2 — 2 —

M an 0.8 ml 4 — 4

M an 1.6 ml 10 — 10 —

Sheep

? 0.4 ml 3 3

? 0.8 ml 6 — 6 —

<? 0.4 ml 2 — 2 —

3 0.8 nd 6 — 6 —

R at

9 0.4 m l 20 20

? 0.8 m l 8 — 8 —

d u rin g  la c ta t io n

? 1.6 ml 10 10

w ith  p i tu i ta r y  

tu m o u r

9 0.8 ml 8 8
9 1.2 ml 8 8 —

O vine p ro la c tin  

p re p a ra tio n 0.02 to  0.06 I.U . 40 36 2 о

R a t  p i tu i ta r y 6.8 m g of w et 50 50

e x tr a c t weight

* F o r  th e  d e te rm in a tio n  carrier-p igeons ag ed  6 to  8 weeks and w eighing 25U to  35U g 
w ere u se d . T h e  serum  sam ples w ere  d iv ided  in  fo u r p a r ts  a n d  equal a m o u n ts  w ere  in jec ted  
d a ily  fo r  4 d a y s  in tra cu ta n eo u s ly , in  th e  reg ion  ly in g  a b o v e  th e  susceptib le p a r t  o f  th e  c rop  sac. 
N e c ro p sy  w as u n d e rta k e n  24 h o u rs  a f te r  th e  la s t  in je c tio n  ( G r o s v e n o r  a n d  T u r n e r  1958, 
K u r c z  1966).
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a positive response was recorded when the m osaic structure characteristic of 
prolactin was seen on the crop sac. R esults are sum m arized in Table I; it is 
seen that no positive response occurred after the injection o f native serum.

In a subsequent series, ovine prolactin w as dissolved in hum an serum, 
and a ctiv ity  was established after incubation for 12, 24 and 48 hours at 37 °C. 
During the subsequent days the serum sam ples were stored at 0 °C. Results 
are shown in Table II . As it is seen, all the prolactin added to the serum could 
be dem onstrated after 48 hours. The dried crop sac showed the characteristic 
m osaic-like structure, and with a few exceptions the area show ing a positive  
response could be m easured reliably. The practically  com plete recovery o f the

Table II

D eterm ination o f  p ro lactin  after incubation in  vitro in  the presence o f  blood serum

Origin of scrum
Amount of dissolved 

prolactin
(I.U. per 0.4 ml)

Duration 
of incubation 

(hours)

Number
of

determinations
Positive
response

Recovered 
amount 

of prolactin* 
(I.U.)

H u m an  (3) 0.5 12 24 48 12 12 0.5

R a b b it (1) 0.25 12—2 4 - 4 8 12 12 0.25

O vine (3) 0.12 1 2 - 2 4 - 4 8 20 20 0.12
R a t (5) 0.06 12 2 4 - 4 8 20 16 ~ 0 .0 6

R a t during  

lac ta tio n  (5)
0.25 24 5 5 0.25

R a t w ith  pitu i-

ta ry  tu m o u r 0.25 2 4 - 4 8 i6 16 0.25

(4) +

* W ith in  a confidence  lim it o f ± 2 0 % .
+ B lood o b ta in e d  from  r a t  in  w hich a p i tu i ta ry  tu m o u r  h a d  been  in d u ced  b y  d ie th y l- 

s tilb o estro l t r e a tm e n t  ( K u b c z  e t al. 1967).

am ounts o f prolactin added to  the sera indicates th a t the statem ent o f  S u l m a n  
(1956) em phasized b y  S i m k i n  and G o o d a r t  (1960) th at “ th is procedure 
(viz. the precip itation  w ith  acetone) in activates the horm one decom posing  
enzym es o f the b lood” does not hold true for prolactin . The presence o f inacti
vating  enzym es w ould  render it im possible to establish  the concentration  of 
prolactin in n ative blood.
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Failure o f Sulm an an d  S im kin ’s preparatory procedure 
in the extraction o f  prolactin  from  blood

A s prolactin could n ot be d etected  in n ative b lood, the possib ility  arose 
th a t th e  am ount injected (0.4 to  1.6 ml) did not suffice for inducing the spe
cific  reaction  and that the in flam m atory  reaction caused by the inert proteins 
m ay interfere with an evaluation  o f the response produced by prolactin To test 
th is  p ossib ility , blood sam ples were prepared in three different laboratories 
according to  S u l m a n , S i m k i n  and G á t i  et al., w ith the on ly  difference that 
th e  v o lu m e of blood was 20 m l, thus tw ice the am ount given in the original 
papers; also , the “ dissolved” fin a l precipitation was not divided in sm aller 
q u a n titie s  but was injected  intraderm ally  in to  the sam e pigeon.

A s seen in Tables I I I  and IV  the final precip itate allegedly containing  
p ro lactin  failed to give a p o sitiv e  reaction in 34 cases and in 4 blood sam ples 
the resu lt was dubious.

Tabic III

T h e  method o f  Su lm a n  and  S im k in  fo r  the extraction o f  prolaction fro m  blood 
20.0 m l o f  fu ll blood +  40.0 m l o f a c e to n e  of an a ly tic a l p u r i ty  +  0.2 m l o f g lacial ace tic  acid)

P e rc o la tio n  on f i lte r  p a p e r
H  4
I 1

F i l t r a te  P re c ip i ta te  No. 1 (d iscard ed )
r J
1

+  120 m l o f ace tone  a n d  20 m l o f e th e r 
P re c ip i ta t io n  for 12 h o u rs  a t  0 °C 
P re c ip i ta te  No. 2 is d e c a n te d  
W ash in g  w ith  e th e r 
E v a p o ra tio n
S o lu tio n  of p re c ip ita te  in  1.6 m l o f 0.05 N  N aO H
N e u tra liz a tio n  w ith  1 N  ИС1
D is tille d  w a ter ad d ed  to  a  v o lu m e  o f 2 m l

A ddition  o f  prolactin  to blood in  vitro

P rolactin  of know n a c t iv ity  was added to  blood sam ples 
from  th e  final precipitate w as studied. C oagulation o f blood  
b y  heparin . The m aterials exam in ed  were:

physiological saline 
ov in e blood  
ov in e serum  
hum an blood 
hum an blood 
rat blood

+  purified ovine prolactin  
+  purified ovine prolactin  
+  purified ovine prolactin  
+  purified ovine prolactin  
-f- hum an p itu itary extract 
4- rat p itu itary extract

and recovery  
was inhibited
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T a b l e  IV

D eterm ination  o f  “prolactin”  in h u m a n  blood p la sm a  by Su lm an and S i m k in s  method

Теst subjects of cases negative doubtful positive

I .  Determ ination in  20 m l o f blood

H e a lth y  wom en on th e  18th to 21st d a y  of

th e  cycle и 10 l —
W om en in th e  la c ta tio n  period

1st and 2nd day 5 5 — —

3rd  day afte r delivery 3 3 — —
5 th  and 6 th  d ay 10 8 2 —

W om en w ith  ga lactorrhoea 2 2 — —

I I .  D etermination in 60 m l o f blood

H e a lth y  wom en on th e  18th to  21st d a y

o f th e  cycle 3 2 1 —

R esults are summarized in  Table У. The m ajority o f added prolactin  
was recovered only  when a protein-free physiological saline so lu tion  w as sub
jected  to the procedure of “ p u rification” and “ concentration” . R ecovery  even  
in th is case was not more than 50% , firstly  because much prolactin  is absorbed  
by th e  filter paper, secondly because prolactin  is destroyed b y  drying with  
ether and solution in alkali. R ecovery  was considerably lower w hen th e  pro
lactin  was dissolved in serum, and it was com pletely  lost when prolactin  was 
added to  blood. As shown in T able У the largest fraction remained in “ precip itate  
N o. 1” in which it  could be dem onstrated  after having dissolved an aliquot 
am ount in 0.05 N  NaO H , centrifuged , adjusted  to  pH 7 and in jected  into  
th e  pigeon.

The retention o f prolactin in various interphases o f the preparation  
procedure was checked also b y  acrylam ide gel electrophoresis. A  m axim um  
am ount was d issolved , 20 m g, i.e . 400 I .U . per 1 ml o f ovine serum , then  
a 5 p \  sam ple was subjected to electrophoresis. I f  the material had com pletely  
dissolved , bands corresponding to  100 f i g  were obtained, as show n in F ig . 1. 
H ow ever, the whole am ount o f  th e  final precip itate contained on ly  insig
n ifican t am ounts o f  protein at th e  site  where prolactin had to appear.

Decrease o f  prolactin ac tiv ity  on treatm ent with ether and a lka li

The final precipitate takes a long tim e to  dissolve in 0.05 N  N aO H , 
the alkali used b y  the m ajority o f  authors. I t  is, however, know n th a t in 
alkaline m edium  prolactin is d estroyed  and its activ ity  is lost. T he rate of
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T a b l e  V

A ttem p ts  fo r  the recovery o f  kn o w n  am oun ts o f  prolactin added in  vitro to native blood sam ples, 
after p rep a ra tio n  w ith the usua l technique

Activity added Activity calculated i Activity Activity 
in final

of cases to blood from the activity No. 1 precipitate
(I.U.) of serum (I.U.) (I.U.)* (I.U.)**

1. H u m an  blood -± h u m a n  p itu ita ry  e x tr a c t+

6 1 0.6 ±  0.2 0.5 0

6 23 20.0 ±  3.0 12.0 0

2. H u m an  blood +  p u rif ied  ovine p ro lac tin + +

4 200 200 100 0

2 400
Оо

200 L to 2

Ovine blood -f- p u rif ied  ovine prolactin

3 200 200 120 0

3 400 400 200 0.5

O vine serum  ±  p u rif ie d  ovine prolactin

3 200 200 100 0.5

3 400 400 200 1.5

5. R a t  blood +  p u rif ie d  p i tu i ta ry  extract§

2 5 5 1 t r  2 0

6. Physiological sa line  + purified  ovine p ro lac tin

2 200 50 J 100

2 400 5 0 Ц 200

* W ith in  a confidence  l im it  o f ± 2 0 %
** W ith in  a confidence  l im it  o f ± 4 0 %

+ P re p a re d  acco rd ing  to  th e  m eth o d  of Ap o s t o l a k is  (1965)
+ + P a n lita r ,  A rm our L td . ,  15. I .U . per m g, a n d  P ro la c t in ,  F e rrin g  L td ., 22 I .U . pe r m g 

§ E x tr a c t  p re p are d  fro m  a  neoplastic  h y p o p h y sis  
! I A c tiv ity  o f th e  f i l te r  p a p e r

d estru ction  depends on th e  p H  of the m edium , th e  tem perature, and the dura
tion  o f  exposition  ( R e i s f e l d  et al. 1964; L e w i s  and C h e e v e r  1965, 1967). 
T he in activa tin g  effect o f  a lkali has not been analysed  qu an titatively  chiefly  
because th e  error due to  th is  procedure is in sign ifican t as compared to those  
caused  b y  the preceding phases; on the other han d , the tim e necessary for 
com p lete  inactivation  has n o t been m entioned b y  any o f the quoted authors. 
N everth e less, this factor also represents a source o f  error, the more so as the 
fin a l precip itate could n ever be dissolved com p lete ly  in NaOH.
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F ig . 1 . Checking of the various steps of Sulman’s extraction procedure by means of acryl
amide gel electrophoresis

(a) P re p a ra tio n  co n ta in in g  1 ml o f ovine se ru m  a n d  20 m g of ovine p ro la c tin . 100 m g 
of “ p re c ip ita te  No. 1”  was d issolved in 0.05 N N a O H , th e n  neu tra lized . A m o u n ts  o f 5 fil 
w ere app lied  on th e  gel. A bove th e  a lb u m in  b an d  (1) th e  b a n d s  ch arac te ris tic  o f sh eep  p ro la c tin  
(2, 3) a re  seen. T h u s, p ro lac tin  does no t p ass th ro u g h  th e  f i lte r  paper.

(b) “ F in a l p re c ip ita te ”  o f th e  sam e m ate ria l. P ro la c tin  (2, 3) is p re sen t o n ly  in  traces .
(c) 100 /tg  o f ov ine p ro lac tin  p re p ara tio n .
(d) 100 /tg o f ov ine p ro lac tin  w as in c u b a te d  w ith  0.05 N  N aO H  fo r 15 h o u rs  a t  4 °C. 

S ligh t d e s tru c tio n  of th e  p re p a ra tio n .
(e, f)  2 m g o f p re p a ra tio n  ad d ed  to  10 ml o f e th e r . T he decan ted  m a te ria l w as d ried  a t  

room  te m p e ra tu re . M arked  d e s tru c tio n

Another source o f error is in the drying in ether. The com m on ether for 
anaesthesia, o f  analytical purity, always conta ins som e peroxide w hich  b y  ox i
dation m ay dim inish the biological a c tiv ity  o f  prolactin. To check th is  possi
b ility , biological a ctiv ity  was established in an aliquot amount o f prolactin  by  
acrylam ide gel electrophoresis. To the other aliquot (2 mg) 10 m l ether o f  
analytical purity  was added, and after decantation  the m aterial w as evap o
rated to dryness. The specific activ ity  o f  th e  preparation thus trea ted  was 
dim inished, and considerable changes w ere observed in the electrophoretic  
pattern (Fig. 1).
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A ddition  o f  prolactin  to blood in  vivo

To confirm  the va lid ity  o f our results obta ined  in vitro, in rats, the blood  
prolactin  lev e l was elevated  by th e  subcutaneous, intraperitoneal and in tra v e
nous in jection  of prolactin containing preparations o f  known activ ity . R esu lts are 
shown in  T able V I. The adm inistered a ctiv ity  disappeared from the blood w ith  
a h alf-tim e o f 5 min and 30 sec, as reported previously  (K urcz and O rosz  
1965) and confirm ed b y  Gr o s v e n o r  (1967).  For several m inutes after its  
in jection , prolactin  can easily  be estim ated in 0 .4  m l samples o f n ative serum , 
whereas prolactin  is absent from the final p recip itate  if the m aterial is su b 
jected  to  th e  usual purification procedure. Part o f  the adm inistered prolactin  
is ex tra cted  in urine, w ithout dim inution o f the biological activ ity . This can 
be d em onstrated  in n ative urine w ithout d ifficu lty , whereas about 5 0 %  of  
the a c t iv ity  is lost if  the urine is subjected to  th e  preparation procedure.

Table VI

D isappearance  rate o f  pro lactin  fr o m  blood after the in jec tion  o f  exogenous p ro la c tin

Amount of prolactin 
injected 

(I.U.)
Mode

of administration
Time of blood 
sampling after 
the injection

Number
of

determinations

Amount of prolactin in

serum urine

(I.U. per ml)

A  20 subcu taneously 24 hours 2 0 0
40 subcu taneously 24 hours 6 0 0
40 subcu taneously 5 hours 6 0 0
40 in trap erito n ea lly 45 m in 4 ~ 0 .0 9 —

375 in trav en o u s ly — 4 47.5 —

375 in trav en o u sly 15 m in 4 3.8 10.0

375 in trav en o u sly 30 m in 4 1.0 —
375 in trav en o u s ly 60 m in 4 0.25 —
375 in trav en o u s ly 120 m in 4 < 0 .0 2 —

В  1000 in trav en o u s ly 10 m in 3 0 > 1 0 0

A :  D e te rm in a tio n  fro m  n a tiv e  serum , in je c tin g  4 tim es 0.1 m l o f th e  orig inal o r d ilu te d  se ru m  
B: D e te rm in a tio n  a f te r  p re p a ra tio n , in  5 m l o f fu ll b lood . T h e  w hole a m o u n t o f p re c ip ita te  

N o. 2 h a d  been  in jec ted

In  th e  present experim ents in vivo, in con trast w ith the previous ones, 
prolactin  was added to blood under physiological circum stances, so th a t it 
could m ix  w ith  the blood constituents sim ilarly to the endogenous horm one. 
In sp ite  o f  th is , after the usual preparation procedure prolactin could n o t be 
d etected  in th e  blood.
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O f course, the possib ility  coultl not be excluded that the in jection  of 
a heterologous protein caused a reaction which m ight have interfered with  
the results. Therefore, experim ents in which the disappearance o f  hom ologous  
prolactin  is being studied  are in progress. U nfortunately, the adm inistration  
o f hum an prolactin is not y et possib le.

D iscussion

The results unequivocally  show ed th at the data obtained w ith  th e  extrac
tion  procedure o f S u l m a n  and S i m k i n  m ust have been artifacts.

There are at least 3 argum ents speaking against the reliab ility  o f  the 
results obtained after the in jection  o f n ative blood. These are

(a) the rapid disappearance rate o f  prolactin;
(b) t h e  e r ro n e o u s  e v a l u a t i o n  o f  t h e  p ig e o n  c ro p  sac r e a c t io n  w i th o u t  

c o n s id e r a t io n  o f  t h e  c r i t e r ia  s e t  b y  B a h n  a n d  B a t e s ;
(c) the great num ber o f n egative results obtained in anim al experim ents.
It is known from the experim ents o f G r o s v e n o r  (1967) and from  our own

( K urcz  and Orosz 1965) th a t the half-life o f prolactin in blood is 5 to  10 min. 
A ssum ing that 20 I .U . o f  prolactin  are contained in 100 ml o f p lasm a, there 
m ust be 500 I.U . in the whole am ount o f circulating blood. As th e  am ount 
in activated  in the b ody w ithin  10 m in is about 500 I.U ., the hum an adeno
hypophysis would have to  produce 3 ,000  I.U . o f  prolactin every hour. Consid
ering th at the b iochem ically  hom ogeneous preparation o f h ighest purity  
( R e i s f e l d  et al. 1964) contains 30 I.U . per m g, the above production  rate 
m eans that the adenohypophysis w ould have to  synthetize 100 m g o f  prolactin  
every hour; this is o f course im possib le, as the adenohypophysis cannot produce 
such an am ount o f  protein.

The positive results ind icating the presence of prolactin in n a tiv e  blood 
were obtained w ith  the pigeon crop sac m icro-m ethod. I t  is o f  prim e im por
tance when working w ith  th is technique th a t the m aterial conta in ing  the  
prolactin  be in jected  into the skin ly in g  above the susceptible area o f  th e  crop 
sac. B a h n  and B a t e s  (1956) show ed unequivocally  th at after the intram uscular  
in jection  o f serum, urine or nonspecific substances the crop sac does not show  
any specific reaction. The intraderm al injection of the same m aterials in the 
area o f  the crop sac (so-called local injection) gives rise to a certain reaction  
w hich , however, is n ot like the response elicited by prolactin and cannot there
fore be regarded as specific. It is characteristic o f the prolactin effect th a t the 
ep ithelia l cells o f  th e  crop gland not on ly  increase in num ber, b u t also show  
an intense cytoplasm ic basophilia . The specific reaction is easily  recognized  
b y  th e  naked eye on the dried crop sac and is well distinguished from  the in flam 
m atory  im m unological reaction ( K u r c z  1966). The authors d etectin g  prolactin
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in hum an blood n eglected  to  check these criteria or found them  negative  
( P r e i s z  et al. 1967).

F inally , m ention should  be made o f the num erous unsuccessful a ttem pts  
to  d etect prolactin in th e  b lood of in tact an im als. T hus, B a t e s  et al. (1966) 
■were unable to d etect prolactin  in the blood o f rats, and W o l t h u is  (1963), 
using the very sen sitive  m ethod elaborated b y  h im , could detect an appreci
able a c tiv ity  only in th e  blood o f rats bearing a p itu itary  graft. T a l w a l k e r  
et al. (1964) could n o t find  prolactin in the b lood  o f either in tact, pregnant, 
lacta tin g  or oestradiol-treated  rats or in rats w ith  a p itu itary graft. On the  
other hand, th ey  could d etect prolactin in the b lood o f rats w ith a transplanted  
autonom ic m am m otropic tum our (T a l w a l k e r  et al. 1964; MizuNO et al.
1964). In  previous experim ents we were also unable to detect prolactin in the  
blood o f normal rats or rats possessing a p itu itary  neoplasm  ( K u r c z  1966; 
K u r c z  et al. 1967). M e i t e s  and N ic o l l  (1966) have em phasized th at further 
confirm atory results are necessary for proving th a t the experim ents indicating  
the presence of prolactin  a c tiv ity  in blood in fact detected  the hormone; their 
own results were con seq u en tly  negative in th is respect.

The problem o f prolactin  estim ation in blood will be solved b y  the  
radioim m unoassay; th e  first results achieved b y  th is m ethod have already  
been published (A p o s t o l a k i s  1965; L a r o n  and A p o s t o l a k i s  1966; A r a i  
and L e e  1967; K w a  and V e r h o f s t a d  1967a, b , c; K w a  et al. 1967; B r y a n t  
et al. 1968).

*

She a u th o rs  w ou ld  lik e  to  th a n k  the  E n d d c tin p lo g y  S ec tion , N a tio n a l In s t i tu te  o f 
H e a lth , U .S .A ., fo r th e  p ro la c tin  p re p ara tio n .
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A SIMPLE METHOD FOR THYROTROPIC 
HORMONE ASSAY
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Alice L. R e v i c z k y  and L. S zántó
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NATIONAL INSTITUTE OF RHEUMATISM AND MEDICAL HYDROLOGY, BUDAPEST

(R eceived  O c to b er 15, 1968)

T he h is to au to ra d io g ra p h ic  assay  m odified  b y  em ploying th e  m e th o d  o f  M e s s  and  
H á m o r i (1961) has been  in s tru m e n ta l e s tim a tio n  for ro u tin e  clin ical te s ts .  U p  to  0.3 
m lU  of T S H , th e  131I u p ta k e  b y  th e  th y ro id  o f 8 -d ay  chick em b ry o s w as  p ro p o rtio 
n a te , b u t  beyond  th a t  v a lu e  iodine re lease  re su lte d  an d  ,3II u p ta k e  w as in v e rse ly  p ro 
p o rtio n a te  to  th e  dose o f T S H . T h e  sim plified  m eth o d  m eets th e  re q u ire m e n ts  o f  b io
assays.

Serum assays for thyrotropic horm one (TSH) are gaining significance  
b oth  in thyroid d iagnostics and in the control o f the response to  treatm ent. 
I t  is im portant therefore to  possess a reproducible analytical m eth od  easy  
to  carry out and suitable in routine work.

Since TSH  has not been produced in a chem ically pure form , it can be 
assayed  by biological m ethods on ly , on the basis o f changes o f  th e  thyroid  
tissue or in the single steps o f iodine and phosphorus m etabolism . T he m ethod  
is the more sensitive, the sm aller the experim ental animal and th e  more suc
cessfu lly  endogenous T SH  m ay be suppressed. These two criteria have been 
observed by Tsui and O g u r a  (1960) in their study of 131I uptake and release 
b y  thyroid  slices in response to T SH  adm inistration. E xcellen t resu lts have  
been reported also by L e m a r c h a n d - B é r a u d  et al. (1966), as w ell as O d e l l  
et al. (1965) who com bined the im m unological process w ith the principle of 
the isotope dilution m ethod and developed an in vitro techn ique for serum  
TSH  assay.

Our m ethod was based on the histoautoradiographic assay  o f  M e s s  and 
H á m o r i  (1961). As test anim al, the 8-day chick embryo was used , w hich  m ay  
be considered intact as far as endogenous TSH  production is concerned. 
Changes in the 131I uptake b y  their thyroid glands were regarded as charac
teristic  o f  TSH  effects. Efforts were made to  sim plify the m ethod  b y  instru
m ental estim ation.

Methods

P re -h a tc h ed  L eghorn  eggs, w eighing 55 to  60 g co n ta in in g  em b ry o s a t  th e  33 — 34 or 
35 — 36 s tag e  of life, w ere used . F o r  p lo tt in g  th e  s ta n d a rd  cu rve  20, for a ssay in g  tw o  se ra  u su a lly  
15 eggs w ere needed.

T h y ro tro p h in  w as d ilu te d  w ith  physio log ical N aC l so lu tion  to  a  f in a l v a lu e  o f  0.3 m lU  
in  0.1 m l. T he eggs w ere w ashed  w ith  alcohol, th e n  b y  m eans of a s te rile  sy r in g e  a n d  needle
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0.1 m l o f  a less th a n  2 w eeks o ld  12 /tC K 131I so lu tio n  o f 12 ,ííC w as in jec ted  in to  th e  eggs. 
E x c e p t  fo r th e  5 con tro ls, in  a d d it io n  to  th e  iso tope so lu tio n . 0 .15, 0.30, 0.45 m lU  o f s ta n d a rd  
th y ro tro p h in  in  0.05, 0.10 a n d  0 .15  m l volum e was in je c tied  in to  g ro u p s of 5 eggs, re sp ec tiv e ly . 
T h e  p u n c tu re  was sealed b y  p a ra f f in  w ax  and th e  eggs w ere  in c u b a te d  a t  37.5 °C fo r 24 hours.

S eru m  T SH  w as d e te rm in e d  according to  Mess  a n d  H á m o ri  (1961) in  4 m l sam ples. 
A f te r  se p a ra tio n  w ith  a m m o n iu m  su lp h a te  and d ia lysis th e  m e m b ra n e  c o n ten t was s a tu ra te d  
w ith  ace to n e , 24 hours l a te r  th e  s u p e rn a ta n t  was p o u red  in to  ice-co ld  ace tone  a n d  th e  flak y  
p re c ip i ta te  slowly form ed in  th e  re fr ig e ra to r  was cen trifu g e d , th e n  ta k e n  up in 0.4 m l p h y sio lo 
g ica l N aC l so lu tion  a n d  a f te r  d e te rm in a tio n  of th e  to ta l  v o lu m e  in  each of 2 eggs 0.05 m l, 
in  e ac h  o f 3 eggs 0.10 m l, a n d  in  e ach  of 2 eggs 0.20 m l w ere  in jec ted .

T h e  em bryonic th y ro id s  re m o v e d  24 hours la te r  w ere  p lac ed  in to  S u p rem ax  in c in e ra to r  
tu b e s . A fte r  d e te rm in ing  th e i r  b ack g ro u n d , the  th y ro id s  c o v e re d  b y  0.5 m l o f 2 n  N a 2C 0 3 
so lu tio n  w ere dried  a t  105 °C, th e n  th e  sam ples were in c in e ra te d  a t  a  tem p e ra tu re  n o t exceeding 
600 °C. T h e  cooled ashes w ere  d isso lv e d  in  1 ml d istilled  w a te r  a n d  a c t iv ity  in  th e  sam p les were 
te s te d  fo r  5 m inu tes w ith  a n  N K -1 0 8  ty p e  E nergia se lec tive  c o u n te r  calib ra tin g  th e  sc in tilla to r  
so t h a t  b ack g ro u n d  a c t iv ity  a m o u n te d  to  50 to  60 cpm .

Results

V alues for the treated  anim als were related to  th ose for the daily controls,
th u s ,

T/C q u otien t  

T/C q u otien t

cpm T SH -treated  

control

cpm blood serum  

cpm  control

W ith the TSH m lU  va lu es on the abscissa and the T/C quotients on the 
ord in ate (Fig. 1), a curve w as p lotted , which increased up to 0.3 m lU , b u t de
creased above that. The increase in function in response to TSH  was reversed at 
th a t value and the em bryon ic thyroids started  releasing instead of accum u
la tin g  iodine.

F ig . 1. T S H  stan d ard  cu rv e , w i th  th e  corresponding  se ru m  e x tr a c t  values. O f 4 m l serum  
0.8 m l e x tra c t  was m ade . T h e  T /C  v a lu es of th e  a liq u o ts  a re  on  th e  ascending b ra n c h  of th e

curve
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I f  in response to increasing am ounts o f serum extracts th e  T/C values 
increased, they were represented on the ascending, if  they decreased, on the 
descending, part o f  the curve, related  to 1 ml o f  serum (Fig. 1).

Em bryonic glands in general, even  in response to TSH  gave low  cpm  
va lu es, though a c tiv ity  in the eggs was high. The question therefore arose 
w hether we did not measure rad ioactive contam ination instead o f  estim ating  
th e  biological characteristic of the T S H  effect. T he distribution o f  rad ioactiv ity  
in th e  eggs is shown in Table I.

T a b le  I

13lI  d istribution in  eggs, at 1 hour and  24 hours.
The embryonic g lands contain 0.047°/o and  0 .055%  o f  the radioactivity, respectively

Time Components
Weight

of components,
g

cpm. per cent 
measured

1 h o u r Shell 8 18.6

E ggw hite 28 62.1

M em brane 25 17.6

E m bryo 1 0.047

}Л  hours Shell 7 0.029

E ggw hite 30 87.8

M em brane 25 12.1

E m bryo 1.5 0.055

In response to TSH the cpm  values usually  increased in th e  glands and 
in th e  same series the results o f  parallel m easurem ents agreed w ell. A t the 
low er stage o f developm ent 5 m inutes o f m easurem ent, at th e  h igher stage 
1 m inute sufficed to  characterize rad ioactiv ity . In  10-day em bryos th e  thyroid  
response increased steep ly  (F ig. 2).

In the n ext step  the T/C va lu es obtained  at different poin ts o f  tim e were 
com pared. The ranges changed according to  th e  stage of developm ent (F ig . 3).

The same three normal subjects were tested  repeated ly  for serum  
T SH . In these tests  we determ ined our own range of values to serve as controls; 
th e y  were betw een 0.14 and 0.26 m IU  in 1 m l serum (Table II).

Acta Physiologica Academiaв Scientiarum Hungaricae 35, 1969



170 A. L. REVICZKY, L. SZÁNTÓ

I.II. = 33-34 st IIJ.IV.=35-36 st V. = 10 - day
embryos

F ig . 2. R e su lts  o f p a ra lle l m e a su re m e n ts  in  groups I  to  V  a cc o rd in g  to  th e  stage o f d ev elo p 
m e n t. T h e  tw o  low erm ost row s show ' th e  num ber o f eggs u se d . G ro u p s I and  I I  a re  a t  a low er 
s ta g e  o f  d ev elo p m en t a n d  cp m  sh o u ld  be m easured  fo r  5 m in u te s , while groups I I I  a n d  IV  

re q u ire  1 m in u te  m e a su re m e n t. G roup V: 10-day  e m b ry o s . S .D . values a re  show n

Table II

T S H  values for norm al subjects

Name Mean TSH, 
mIU/ml

Number 
of experiments Range, mlU

P.M. 0.20 8 0 .1 4 -0 .2 6

R.A. 0.18 7 0 .1 4 -0 .2 1

K.J. 0.19 6 0 .1 4 -0 .2 4
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F ig . 3. T /C  v a lu es in  d iffe re n t series. A t th e  low er s ta g e  o f d ev elo p m en t 2.4 to  2 .6, a t  h ig h er 
s tages 7.5 a re  th e  m ax im u m  values. S .D . a n d  n u m b e r o f  experim en ts  a re  show n

Discussion

The sim plified m ethod has been found to m eet the requirem ents of 
biological assay. B eside the advantages there were recurring problem s such  
as a suitable q u a lity  o f chick em bryos, because otherwise the m orta lity  rate 
was high, especially  in the summer. Sim ilarly, virus infection and other factors 
m ay also kill the em bryos. I f  20 цC or more o f  131I are adm inistered, radiation

No. Volume T/C mlU mIU/ml

Fig. 4. A b n o rm al b e h a v io u r  o f scrum  e x tra c ts . M ax im u m  su rpasses th e  T S H  p e a k  in  th e
absence o f io d in e  re lease
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in jury m a y  result. A nother im portant factor is th e  reliability o f the m easuring  
in stru m en ts, w ith  special reference to the reproducibility  of the low  activ ities.

T he effect o f drug pretreatm ent on th e  results or on the q u an tity  o f  
the T S H  carrier protein fraction has hardly been investigated  by us, y e t  an 
ob servation  made several tim es is shown in F ig . 4. Sera from certain individuals, 
esp ecia lly  from patien ts treated  for hyperthyroid ism , enhance 131I uptake by  
th e  em bryonic thyroid . In such cases the I-release phase is absent and instead  
the glands m ay incorporate 131I far in excess o f  the observed peak value.
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A m eth o d  using  m ercu ry  m an o m e te rs  h a s  been dev elo p ed  fo r  th e  d ire c t and 
con tinuous reco rd ing  of th e  v a sc u la r  re sis tan ce  of p e rip h era l v a scu la r  a rea s . T h e  th eo re t
ical and  p ra c tic a l a spects o f th e  m e th o d  are  d escribed  to g e th e r w ith  i ts  d e ta ile d  m a th e 
m atica l ana ly sis  an d  c ircu it d iag ra m s . T he re liab ility  o f th e  m e th o d  h a s  b een  tested  
in  m odel a n d  an im al e x p e rim e n ts , th e  re su lts  o f w hich  in d ica ted  th e  a p p a r a tu s  to  be 
su itab le  fo r use in  stud ies c o n ce rn ed  w ith  th e  q u a lita tiv e  an d  q u a n t i ta t iv e  analysis 
o f th e  law s of h aem o d y n am ica l re g u la tio n  m an ifes tin g  th em se lv es in  c h an g e s  o f  vas
cu la r resistance.

It is known th at the various organs participate in the circulatory reactions 
b y  changing their vascular resistance, hut th is param eter could be recorded 
directly  only under conditions greatly  different from physiological ones, for 
exam ple by the volum e constant pum p (T e x t e r  et al. 1964) or b y  a constant 
pressure perfusion system  ( K o e p c h e n  et al. 1967).

The d ifficu lty  is due to the fa c t that the biological m eaning o f  the expres
sion “ resistance” is well known, b u t its num erical value is given b y  th e  m athe
m atical quotient o f  the perfusion pressure and the flow , and it is on ly  recently  
th a t by means o f  analogous com puters a continuous recording o f  th e  quotient 
o f  tw o figures independent o f each  other and changing in tim e has becom e 
possib le. It is therefore easy to  see w hy we have found no m eth od  in the 
literature by m eans o f which th e  changes in vascular resistance could he 
recorded under near-physiological conditions.

For this reason we have developed  a new  m ethod by w hich th e  quotient 
o f  the blood pressure gradient m easured b y  a mercury m anom eter and the 
flow  in a given vascular area m easured by a differential m anom eter can be 
recorded continuously.

Methods

Theoretical p r in c ip le s  o f  the method

I t  is te x t-b o o k  ev idence  (B á l in t  1965) th a t  th e  v a sc u la r  re sis tan ce  in  a v a sc u la r  area 
m a y  be expressed  b y  th e  fo rm ula

( 1 )

w here  R  is th e  resis tan ce , P , — P., th e  a r te r io v e n o u s  p ressu re  d ifference a n d  Q th e  b lo o d  flow 
p e r  u n i t  o f  tim e.
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T h e  fu n d a m e n ta l r e q u ir e m e n t  fo r  th e  con tin u o u s re c o rd in g  o f re sistan ce  is o b v io u sly  
a d e v ic e  su p p ly in g  vo ltages p r o p o r t io n a te  to  th e  changes in  re s is ta n c e , co rresponding  to  th e  
fo rm u la

Ur — К  ■ R  (2)

T h e  se tu p  w orking on g ro u n d s  o f  these  princip les is  sh o w n  d iag ra m m a tic a lly  in  F ig . 1. 
T h e  f i r s t  e q u a tio n  fo r th e  o u tp u t  v o lta g e  is

Ur =  a • U„ (3)

F ig . 1 . T h eo re tica l c ircu it d ia g ra m  o f  continuous re s is tan c e  reco rd in g . Ut — su p p ly  v o ltag e ; 
R t =  c h an g eab le  resis tan ce ; U 2 =  v o lta g e  falling a t  r e s is ta n c e ; U r =  vo ltag e  led  o ff  from

th e  slide  o f p o ten tio m e te r P

w h e re  0 a 1, because th e  v o l ta g e  led  off from  th e  slide  o f  th e  p o ten tio m e te r P  fed  b y  
p o te n t ia l  U m ay  change b e tw e e n  0 a n d  U .,.(a  m eans th e  so -ca lled  tra n s fe r  coefficien t re p re 
s e n t in g  th e  position  of th e  slid e ; B e n y ó  and G y ü r k i  1966.)

I n  th e  p o in t o f d iv is io n  o f  th e  resistance ch a in  R l a n d  R

u.. =  V, ■

I f  R l =  100 R ,,  th e n  w i th  1°/Q e rro r

R..
R , +  R>

R 2
Rl

( 4 )

( 5)

I f  w e su b s titu te  e q u a tio n  (5 ) in to  (3) and m ak e  th e  m u ltip lic a tio n , we get

Ur = U , .
aR..
«г

(6)

I f  th e  tran sfe r co effic ie n t a is  p ro p o rtio n a te  to  th e  b lo o d  p ressu re  g ra d ie n t a n d  th e  
c h a n g e s  o f  resistance R t to  flo w , t h e  o u tp u t  voltage ( U r) w ill b e  p ro p o rtio n a te  to  th e  resis tan ce  
o f  th e  v a sc u la r  area  ex am in ed , b e c a u se  Ut and  R 2 a re  c o n s ta n t .

C onstruction a n d  operation o f  the resistance recorder
A) T ransducer

I t  follows from  th e  d e f in i t io n  of resistance t h a t  fo r  i t s  m ea su re m e n t i t  is n ecessa ry  to  
r e c o rd  sim u ltan eo u sly  th e  flo w  in  th e  vascu lar a rea  e x a m in e d  a n d  i ts  co rrespond ing  p ressu re  
g ra d ie n t .  F o r th is  p u rpose  we h a v e  constru c ted  th e  tr a n s d u c e r  show n  in  F ig . 2.
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E ssen tia lly , th e  device is a tu b e  c o n ta in in g  a n  a d ju s ta b le  s tr ic tu re  (f t) , a t ta c h e d  to  
a m ercu ry  d iffe ren tia l m an o m e te r (D ) an d  a  b lood p re ssu re  m e te r  (P ). T he co p p er (o r  p la tin u m ) 
e lec tro d es so ldered  in  th e  g lass tu b es  a re  so c o n n ec ted  th a t  m an o m e te r D  sh o u ld  s u b s t i tu te  f t, 
a n d  th e  b lood  p ressu re  m e te r  th e  p o te n tio m e te r  P  in  th e  c ircu it d iag ram  show n  in  F ig . 1. 
( Id e n tic a l n u m b ers  in d ica te  co rresp o n d in g  p o in ts .)  In  th e  restin g  position  th e  m e rc u ry  levels 
a re  j u s t  to u ch in g  th e  e lectrodes 1 a n d  5.

I f  a liq u id  is flow n in  th e  h o rizo n ta l tu b e  (Q), a p ressu re  difference p ro p o r t io n a te  to  th e  
in te n s i ty  o f flow  will a p p ea r a t  th e  s tr ic tu re . T h e  m erc u ry  will b reak  aw ay  fro m  e lec tro d e  1, 
a n d  b e tw een  th em  a co lum n o f liq u id  p ro p o rtio n a te  in  le n g th  to  th e  ra te  o f  flo w  will tak e  
p lace. As th e  e lectrical re sis tan ce  of p hysio log ica l so lu tio n s  is several o rders m a g n itu d e  h igher 
th a n  th a t  o f  m ercu ry , we hav e  realized  th e  re q u ire m e n t t h a t  th e  changes o f f t t be p ro p o r t io n a te  
to  th e  r a te  o f flow.

F ig . 2. D iag ram  of trau sd u ce r. P  =  m an o m e te r m easu rin g  blood pressu re  g ra d ie n t;  D  =  d if
fe re n tia l m an o m e te r fo r m easu rin g  flow ; Q =  flow  a n d  i ts  d irec tio n ; P a — a r te r ia l  blood 

p ressu re ; f t  =  a d ju s ta b le  s tr ic tu re . O th e r  signs as in  F ig . 1

In  b io logical ex p erim e n ts  w e d iv id e  a v e in  com ing fro m  th e  v ascu la r a re a  te s te d ,  a n d  
a t t a c h  i ts  p ro x im a l a n d  d is ta l  s tu m p s  to  th e  tu b e  so t h a t  th e  d irec tio n  of flow  sh o u ld  co r
re sp o n d  to  th e  a rrow s. T he free  end  of m an o m e te r P  is a tta c h e d  to  a  m ajo r a r te r y  b y  m eans 
o f  a p o ly e th y len e  tu b e ; th e n  P  will show  th e  a r te r io v e n o u s  pressu re  d ifference. O n  th e  basis 
o f th e  c ircu it, P  m ay  be considered  a  liq u id  p o te n tio m e te r  h av in g  m ercu ry  as i ts  slide. A s th e  
p o sitio n  of th e  m ercu ry  is a d ju s te d  b y  th e  a rte rio v e n o u s  p re ssu re  difference, i t  is e v id e n t  t h a t  
th e  tra n s fe r  coefficien t a is p ro p o rtio n a te  to  th e  p ressu re  g ra d ie n t. T h u s, v o ltag e  U r a p p e a rin g  
a t  p o in ts  4 a n d  5 ' follows th e  changes in  resis tan ce .

D u rin g  e x p e rim e n ta tio n  th e  gauge o f th e  ru b b e r  in la y  s tr ic tu re  f t  is a d ju s te d  b y  m eans 
o f a  screw  so th a t  w ith  a n o rm al flow  D  sh o u ld  show  a p re ssu re  d ifference of 4 to  6 m m  H g. 
B efore  use, th e  sy s tem  is filled  u p  w ith  physio log ica l so lu tio n . I f  blood en te rs  th e  m an o m e te r  
a rm s , due to  th e  sed im en ta tio n  o f e ry th ro c y te s  th e  re s is tan c e  of th e  e lec tro ly te  w ill change . 
T h is  m ay  be avo ided  if  th e  u p p e r  o n e -th ird  o f th e  m an o m e te r tu b es  to g e th e r w ith  th e  s tr ic tu re  
a re  b e n t  b ack w a rd  180° b eh in d  th e  p lan e  of th e  m an o m e te rs . In  th is  w ay  th e  b lo o d  ow ing 
to  i ts  specific  g ra v ity  being h ig h er th a n  th a t  o f th e  physio log ica l so lu tion  w ill rise  o n ly  in  
p ro p o rtio n  to  th e  differences in  p ressu re  a n d  w ill n o t p a ss  th ro u g h  th e  bend .

B) S u p p ly  un it
T h e  tran sd u ce rs  of th e  resis tan ce  reco rd in g  dev ice  co n ta in  b lo o d -m e rc u ry —co p p er 

(o r p la tin u m ) g a lvan ic  system s. T herefo re  th e  su p p ly  c u r re n t  is 7 K H z sinus AC. T h is  m ak es 
i t  possib le  to  d e ta ch  b y  con d en ser c ircu itin g  th e  d irec t c u r re n t  levels a n d  to  use  a s ta b le  AC 
am p lif ie r  fo r th e  sligh t am p lifica tio n  of th e  o u tp u t  p o te n tia l .  T h e  c ircu it d iag ram  o f th e  su p p ly  
u n i t  is  show n in  Fig. 3.
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F ig . 3. D iag ram  of su p p ly  u n it.  1 a n d  2 =  o u tp u t  p o in ts ;  T r  =  5-coil tran s fo rm e r

T h is is a p u sh -p u ll o sc illa to r  w ith  h ig h -p erfo rm an ce  tra n s is to rs . To p o in ts  1 a n d  2 is 
c o n n ec te d  th e  tra n sd u c e r  sh o w n  in  F ig . 2. T he h igh  p e rfo rm a n ce  a n d  th e  low (5 O hm ) o u tp u t  
re s is ta n c e  m ake  i t  possib le  s im u ltan eo u s ly  to  o p e ra te  f ro m  th is  one oscilla to r sev era l flow , 
b lood  p ressu re  or re s is tan c e  reco rd ers .

C) A m p lifie r
O w ing to  th e  h ig h  o u tp u t  re sis tan ce  of th e  t r a n s d u c e r  in th e  re sis tan ce  reco rd er, 

as w ell as in  view  of th e  a m p lif ic a tio n  an d  re c tif ic a tio n  re q u ire d  for reco rd ing , we use th e  
am p lif ie r  a n d  rec tif ie r  u n i t  i l lu s tra te d  in  F ig . 4.

F ig . 4. D iag ram  of a m p lif ie r  a n d  rec tif ie r  u n it.  4 a n d  5 =  in p u t  p o in ts ; D .R . =  o u tp u t  to
DC d irec t w rite r

T o th e  in p u t p o in ts  4 a n d  5 o f  th e  am plifie r a re  a tta c h e d  th e  id en tica lly  n u m b ere d  o u tp u t  
p o in ts  o f th e  tran sd u ce r. I n p u t  re sis tan ce  is a b o u t 10 M ohm , v o ltag e  is am plified  a b o u t  ten fo ld . 
T h e  100 К  p o te n tio m e te r  o n  th e  o u tp u t  m akes i t  po ss ib le  to  se t th e  baseline  a t  th e  o n se t o f 
th e  ex p erim en t.
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mmHg
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F ig . 5. C ontinuous re s is tan c e  reco rd ing  in  m odel ex p erim e n t. P  =  p re ssu re  c u rv e ; F  — flow 
cu rv e ; R  =  resis tan ce  c u rv e ; A P  =  d o m a in  of p ressu re  ch an g e ; A R  — d o m ain  of resistance

change

F ig. 6. M easuring c h a ra c te ris tic  of re s is ta n c e  reco rder. O rd in a te : E x cu rs io n  o f d irec t w riter 
in  m m ; A b scissa: ca lcu la ted  re sis tan ce
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M o d e l experiments

T o  c o n tro l th e  o p e ra tio n  o f  t h e  resistan ce  reco rd er u n d e r  w ell-defined  p h y sica l con
d itio n s , th r o u g h  changeable s t r i c tu r e  f ro m  a dish a p h y sio lo g ica l so lu tio n  w as c ircu la ted  
u n d e r  d i f f e re n t  pressures. T he re s is ta n c e  corresponded  in  th e  b io log ical ex p erim e n ts  to  th e  
re s is ta n c e  o f  th e  vascular a rea  te s te d .  T h e n  th e  resistance  re c o rd e r  w as sw itched  on. F low  was 
re c o rd e d  b y  m ean s of a d iffe ren tia l m a n o m e te r  ( I s s e k u t z  1954), a n d  m easu red  in  a ca lib ra ted  
c y lin d e r. T h e  perfusion  pressu re  w a s  tra n s fo rm e d  in to  e lec trica l s igna l b y  a S ta th a m  e lem ent 
a n d  to g e th e r  w ith  th e  in fo rm a tio n s  co rre sp o n d in g  to  re s is tan ce  a n d  flow  i t  w as reco rd ed  w ith  
th e  DC c h a n n e ls  of a Galileo p o ly g ra p h . T h e  resu lt of such  a n  e x p e rim e n t is seen in  F ig. 5.

I n  t h e  f i r s t  ha lf of th e  f ig u re  ( 1  / >) th e  perfusion p re ssu re  w as ch an g ed ; th is  w as follow ed 
b y  a  p r o p o r t io n a te  increase o f flo w , w h ile  resistance  rem a in ed  u n c h an g e d . In  th e  second  step  
we in c re a s e d  o r decreased re s is ta n c e  b y  a d ju s tin g  th e  s tr ic tu re  ( HI), as a  re su lt  o f w hich  a t  
c o n s ta n t  p re s su re  flow changed  in  t h e  o p p o site  d irections.

T h e  re su lts  of these m odel e x p e r im e n ts  were ev a lu a te d  a lso  b y  d e te rm in in g  th e  ab so lu te  
p re ssu re  a n d  flow  values fo r th e  d i f f e re n t  p o in ts  of th e  re s is tan c e  cu rv e  a n d  ca lcu la tin g  from  
th e m  th e  n u m erica l value of R  in  m m  H g  • sec - m l-1 . On th e  x  ax is  o f th e  c o o rd in a te  system  
a re  th e  c a lc u la te d  R  values, on th e  y  a x is  th e  oscillations re a d  in  m m , fro m  w hich  th e  c h arac 
te r is t ic  o f  th e  resistance reco rd in g  b y  th e  system  could be c a lc u la te d  (F ig . 6).

T h e  c u rv e  was ap p ro ach in g  l in e a r i ty ,  b u t  on p ro lo n g ed  e x a m in a tio n  th e  c h a ra c te ris tic  
p ro v e d  to  b e  nonlinear. The cau ses o f  th is  will be d e a lt w ith  la te r .

Results

A n i m a l  experiments

T o prove the reliability  o f  th e  m ethod, tex t-b ook  results were reproduced  
in a n im a l experim ents. In  d ogs anaesthetized w ith  chloralose — urethane (60 
m g /k g — 600 mg/kg) we te s ted  th e  effect o f know n vasoactive  agents on the 
c ircu la tion  o f the hind lim b . T h e  blood of the right external iliac vein  was 
passed  through the resistance recorder and led from there into the right jugular 
v ein . T o  one branch of the T  cannula ligated in the right com m on carotid  
artery  a Statham  elem ent w as a ttach ed  to record b lood pressure, to  the other 
was a tta ch ed  the m anom eter o f  th e  resistance recorder (F ig. 2, P a). F low  was 
e stim a te d  b y  a differential m an om eter  having the sam e stricture as th a t used 
for resista n ce  measuring. A s anticoagulant 10 m g/kg o f heparin was used.

T hree representative seg m en ts  of the curves are show n in F ig. 7.
In  part A  it is v isib le th a t  2 /tg/kg of intravenous adrenaline increased  

blood  pressure in the know n w a y . During the first 15 sec there was no change 
in f lo w , th en  a marked in crease  ensued, lasting about 1 m inute. R esistance  
in creased  during the first 15 sec , then decreased w hen flow  increased, and in 
th e  th ird  phase it reached th e  b ase line from a som ew hat higher level.

In  th e  experiment m ark ed  В  the same anim al was treated  w ith  0.15 
m g/k g  o f  propranolol 1 m in u te  before injecting adrenaline. The induced brady
cardia is w ell visible on th e  b lo o d  pressure curve. In th is case, too , 2 jUg/kg 
o f adrenaline elevated b lood  pressure, but did not increase the rate o f  flow . 
The resistan ce  curve show ed o n ly  a one-phase, la stin g  increase.

Series C presents th e  e ffe c t  o f  ATP. R esistance decreased parallel with 
the b lo o d  pressure while flo w  rem ained practically unchanged.
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F ig . 7. C hanges in  c ircu la to ry  p a ra m e te rs  of th e  h in d  lim b  in  response  to  v a so a c tiv e  drugs. 
A  =  resp o n se  to  2 /tg /kg  a d re n a lin e ;  В  —  response to  2 f i g /kg  ad ren a lin e  fo llow ing  p re tre 
a tm e n t w ith  0.15 m g/kg p ro p ra n o lo l;  C =  response to  0.15 m g/kg  ATP; P a =  a rte ria l 

p re ssu re ; F  =  f lo w  in  h in d  lim b; R  =  re s is tan c e  cu rv e  o f h in d  lim b

Discussion

As v ascu la r  re s is ta n c e  rep resen ts  th e  b asic  process o f h aem o d y n am ic  
re g u la tio n , i t  is essen tia l to  follow  its  changes in  c irc u la to ry  in v es tig a tio n s . 
A fine an a ly s is  o f re g u la tio n  in  tim e  requ ires c o n tin u o u s  reco rd in g . W e th e re 
fore a d h e red  to  certa in  fu n d a m e n ta l p rincip les o f  th e  analogous co m p u te rs  
[(1/x) fu n c tio n  gen era to r, c o -a c tin g  p o ten tio m e te r , o p e ra tio n a l am p lifie r; B enyó
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a n d  G y Ür k i  1966] a n d  c o n s t r u c t e d  a dev ice  p e r f o r m in g  c o n t in u o u s  q u o t i e n t  
r e c o r d i n g  b y  m e an s  o f  t h e  s i m p l e s t  m e c h a n o e le c t r ic  t r a n s d u c e r s .

In  connection w ith  th e  transducers it is to  be noted  th at we h ave selected  
m ercu ry  m anom eters, b ecau se  w ith  their help the voltage inversely  pro
p ortio n a l to  flow can be produced  in the sim plest w ay (F ig. 1, U 2), and it 
is th e  transfer coefficient o f  th e  mercury liquid  potentiom eter alone that 
fo llow s directly the changes in the blood pressure gradient. For these reasons 
th e  resistan ce  recorder is ex trem ely  sim ple, and th is com pensates well for the 
k n ow n  disadvantages o f m ercu ry  m anom eters (relatively  low volum e elasticity  
co e ffic ien t, large free oscilla tion; L ic h t n e c ic e r t  1954).  B y  adjustm ent to  proper 
sizes, th ese  were reduced to  a m inim um .

A s to  the principle o f  operation, continuous quotient recording was 
realized  b y  continuous m u ltip lica tion  by the reciprocal o f flow , because the  
co -a ctin g  potentiom eter can be used for m ultip lication  only w ith ou t a servo 
u n it.

F  rom  a comparison o f  eq u ation s (4) and (5) it follow s th at we should always 
ta k e  in to  account som e d istortion  when producing a vo ltage proportional 
to  th e  reciprocal of flow  ( U 2). T h is error can be reduced below  a predeterm ined  
v a lu e  b y  properly selecting th e  ratio of R l to R 2. In our system  th e im pedance  
o f 1 m m  physiologic so lu tion  is 100 ohm at 7 k H z, therefore if  R 2 is 10 ohm, 
d isto r tio n  is 10%, when in th e  flo w  m eter the m ercury is 1 mm from electrode 1 
(F ig . 2 ). As the stricture o f  th e  differential m anom eter is so adjusted  that 
w ith  n orm al flow the m ercury is 5 mm from th e m entioned electrode, the error 
due to  distortion is 2% .

R esistance R 2 cannot b e decreased any further because o f th e  lim ited  
perform ance of the supp ly  u n it . The special construction  o f the am plifier was 
ju s t if ie d  b y  several p oin ts. D uring  m easurem ent the co-acting potentiom eter  
o f h ig h  output resistance m u st not be overloaded, because th is w ould lead to  
a d isto rtio n  of the linear characteristic  ( B e n y o  and G y Ür k i  1966), therefore 
th e  w ell-know n D arlington circu it is used for attach m en t. In  add ition , the 
a m p lifier  com pensates for th e  inevitab le  losses due to  rectification , and allows 
to  u se a writer apparatus o f  m edium  sen sitiv ity  for the direct recording 
o f resistan ce .

In  m odel experim ents (F ig . 5) the apparatus was found to  be suitable  
for th e  continuous recording o f  vascular resistance. From  the resistance curve 
q u a lita t iv e  conclusions m a y  be drawn w ithout any additional procedure. 
I f  w e determ ine one p o in t o f  the curve from the sim ultaneously  measured 
tru e pressure and flow  va lu es in  the form o f a concrete R  va lue, in  th e  know l
ed ge o f  th e  system ’s ch aracteristic  the results can be evaluated  q u an tita tively .

In  F ig. 6 the resistance m easuring characteristic is show n. I t  has been  
sa id  a b ove  that in the fir st  approach it was linear. The causes o f  the non
lin ea r ity  found on finer an a ly sis  are as follows.
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a) The variable distortion o f the resistance chain R l — R 2 cannot be 
elim inated.

b) The nonlinear characteristic o f th e  transistors in the am plifier may 
also p lay  a role.

c) The divergence from linearity  is due decisively  to the fact th a t at the 
am plifier ou tput rectification and zeroing are done by a W heatstone bridge
like circuit, the outgoing characteristic o f  w hich is hyperbolic in  shape. This 
distortion is sligh t, because during m easurem ent the output vo ltages fall to  
a relatively  linear part of the characteristic o f  the W heatstone bridge (balanced  
W heatstone bridge).

In anim al experim ents we have in variab ly  succeeded in reproducing  
som e w ell-know n results. W e have studied  the to ta l circulation o f  th e  hind 
lim b w hich is governed decisively  by the law s for m uscle circulation. W e have  
shown th at in response to in travenous in jection  o f ATP vascular resistance  
decreases, but due to a sim ultaneous decrease in perfusion pressure there is 
no increase in flow . Sim ilarly, adrenaline w as show n to induce the w ell-know n  
increase in blood pressure and m uscle flow  ( G o t t s t e i n  et al. 1955). In  resis
tance Ave could observe (we w ish  to  em phasize th a t it is by our m ethod  for the 
first tim e th at such an observation could be m ade) the dam ped oscillations  
w ell known in regulation technique and in b iocybernetics (O b a l  1966). The 
increase o f flow  b y  the beta receptors has been confirmed by recording the 
known phenom enon th at propranolol inh ib ited  th e  increase o f  flo w  caused  
b y  adrenaline and induced a one-phase increase in vascular resistance ( S c h m i d t - 
V a n d e r h e y d e n  and K o e p c h e n  1967).

Our apparatus offers tw o possib ilities for biological m easurem ent, viz. 
connecting the flow  recorder betw een the proxim al and distal stum ps o f  a cut 
artery, or betw een those of a vein . In the form er case we measure the resistance  
o f the vascular area behind th e  artery, in the la tter that before th e  vein . 
As the arteries are joined b y  nerves in vo lved  in regulatory processes, 
it is better to  cut a vein. Other outgoing vein s should, of course, be ligated . 
To avoid venous congestion, th e  resistance o f  the measuring stricture m ust 
be set so that in the normal flow  dom ain the flow  m eter differential m anom eter  
should show  a pressure difference o f  4 to 6 mm  H g. In order to  ensure the 
sam e load in every experim ent, the stricture should be adjustable at will. 
The transducer should be placed at the leve l o f  the heart.
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PHARMACOLOGY OF CHERRY 
(PRUNUS AVIUM) STALK EXTRACT, I

E F F E C T  ON SM O O TH  M U SC L E  
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E .  H e t é n y i  a n d  T .  V á l y i - N a g y

INSTITUTE OF PHARMACOLOGY, UNIVERSITY MEDICAL SCHOOL, DEBRECEN 

(R eceived  A pril 24, 1968)

T h e  e ffec t o f  ch erry -s ta lk  (P ru n i a v iu m  s tip e s )  e x tra c t  on sm oo th  m u sc le  p re p 
a ra tio n s  h a s  b een  in v es tig a te d . T he e x tr a c t  te rm e d  CN, consisting  of f lav o n o id  com 
p o n e n ts  w as fo u n d  rev ersib ly  to  abo lish  a t  c o n c e n tra tio n s  o f 50 to  100 /ig /m l th e  a c t iv i ty  
o f th e  r a t  a n d  gu in ea  p ig  u te ru s  a n d  to  c o u n te ra c t  oxy tocin -induced  c o n tra c tio n s . 
S im ilar re su lts  w ere  o b ta in e d  on th e  r a t  ileum , w h ile  in  th e  guinea pig in te s tin e  500 p g /m \  
caused  c o n tra c tio n . A t 100 (ig/m l c o n ce n tra tio n  CN ab o lish ed  th e  oxy to c in  a n d  a c e ty l
cho line  c o n tra c tio n s  p ra c tic a lly  com ple te ly  a n d  c au sed  50%  in h ib itio n  of B aC l2 c o n tra c 
tio n s . U sing  a n  a u to m a tic  superfusion  t i t r a t io n  a p p a ra tu s  a  p rocedure  fo r th e  b io lo g i
cal e v a lu a tio n  o f CN on th e  r a t  u te ru s  h as b een  e la b o ra te d .

A great num ber o f our drugs are prepared from natural substances and 
their chem ical analysis serves as a basis for th e  developm ent of new sy n th etic  
com pounds. Cherry-stalk tea  has been know n for long as a diuretic agen t and 
m ainly as a su b stitu te  for im ported tea  ( A u g u s z t i n  et al. 1948; H a l m i  and  
N o v á k  1963).

The first pharm acological and tox ico log ica l investigations w ere per
form ed in the U n iversity  Pharm acological In stitu te s  o f Pécs and B u d ap est. 
I t  was unequivocally  established in both  laboratories that cherry-stalk extract  
(CN in the follow ing) exerted a positive inotropic effect on heart preparations  
( S z e g i  and S z e k e r e s , personal com m unications). S z e k e r e s  later confirm ed  
the coronary-dilator effect o f CN. M a g d a  et al. reported on their first results 
in 1960. Our own investigations were started  in  1961.

S im ultaneously  w ith  the pharm acological investigations, chem ical re
search was also started  (Research In stitu te  o f  th e  Organic Chemical In d u stry , 
B udapest, and In stitu te  o f Organic C hem istry, Lajos Kossuth U n iv ersity , 
Debrecen); these investigations have show n th a t CN consists o f  various  
flavonoid  com ponents ( B o g n á r  et al., in preparation).

A fter som e prelim inary studies experim ents have been started  in  th is  
in stitu te  as to the detailed  pharm acological an a lysis o f CN. The present paper  
deals w ith the effect o f  CN on sm ooth m uscles.
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M ethods

P re p a ra t io n  of CN su b stan ce*  in v o lv ed  th e  fo llow ing  m ain  steps. 1. E x tr a c t io n  w ith  
a ce to n e  o f a ir-d ried  g ro u n d  ch erry -sta lk s . 2. R em o v a l w ith  lig h t p e tro la tu m  o f th e  d a rk -g re e n  
w ax -lik e  b a lla s t  su b s tan ces  from  th e  d is tilled  e x tr a c t .  T he p ro d u c t o b ta in ed  is a  g reen ish - 
ye llow  po w d er.

T h e  s to ck  so lu tio n  used  in  th e  e x p erim en ts  w as p re p a re d  from  CN su b s ta n c e  a s  follow s. 
250 m g  o f th e  su b s tan ce  w ere susp en d ed  in  25 m l o f  physio logical saline u n d e r  c o n tin u o u s  
s tir r in g  a t  50 to  60 °C. T h is  was fo llow ed b y  f i l t r a t io n  a n d  filling  up  th e  f i l t r a te  to  25 m l. T he 
f i l te r  p a p e r  w ith  th e  in so lu b le  p a r t  o f th e  e x tr a c t  w as d ried  to  co n stan t w e ig h t, a n d  w eighed 
a g a in . T h is  p ro c ed u re  a llow ed  us to  ca lcu la te  th e  re a l c o n c e n tra tio n  of th e  so lu tion . T h e  so lu tio n  
w as c ry s ta l-c le a r , lig h t yellow  in  co lour, a n d  h a d  a p H  of 7.2.

A s sm o o th  m uscle  p re p a ra tio n s  v irg in a l r a t  a n d  gu in ea  pig u te ru s  a n d  r a t  a n d  gu inea  
p ig  sm a ll in te s tin e  w ere used . T h e  u te ru s  w as su sp en d e d  in  o x ygenated  G a d d u m  so lu tio n  
( B u r n  e t al. 1962), th e  in te s tin e  in  T y ro d e  so lu tio n . A f te r  p re in cu b atio n  in  G a d d u m  so lu tio n  
a t  4 °C fo r  24 h o u rs  th e  u te ru s  show ed no sp o n ta n e o u s  m o tility  w hen p lac ed  in to  a  low-

F ig . 1. T itr a t io n  of CN on r a t  u te ru s . A u to m a tic  t i t r a t io n  a p p a ra tu s , su p e rfu s io n  m e th o d . 
A =  s ta n d a r d  p i tu i ta r y  e x tra c t  so lu tio n ; В s ta n d a r d  p i tu i ta ry  e x tra c t +  s ta n d a r d  CN; 

C =  s ta n d a rd  p i tu i ta ry  e x tra c t  -j- CN a t  u n k n o w n  co n cen tra tio n . F o r d e ta ils , see t e x t

te m p e ra tu re  (25 °C) b a th  an d  th u s  p ro v ed  su itab le  fo r th e  titra tio n  of sp a sm o ly tic  effects. 
C o n tra c tio n s  w ere evoked  by  0.003 I .U ./m l o f p o s te r io r  p i tu i ta ry  e x tra c t or B aC l2 or a c e ty l
cho lin e , a cco rd in g  to  th e  u su a l p ro ced u re  ( P a t a k y  1954; I s s e k u t z  1957). F o r  t i t r a t io n  an  
a u to m a tic  su p erfu sio n  device w as used  ( K ö v é r  a n d  B a l l a  1960); i t  de livered  to  th e  u te ru s  
p re p a ra t io n  a t  d e fin ite  in te rv a ls  a  s ta n d a rd  p i tu i ta r y  e x tr a c t  so lu tion  of know n  c o n c e n tra tio n  
(A). A s a re su lt, s tab le  a n d  eq u a l co n tra c tio n  o ccu rred . T h ereafte r, a m ix tu re  o f s ta n d a rd  
p i tu i t a r y  e x tr a c t  a n d  a s ta n d a rd  CN so lu tio n  (B ) w as a d d e d  to  th e  m uscle fro m  a n o th e r  re se r
v o ir. T h e  e x p e rim e n ta l a r ra n g e m e n t allow ed a n  a lte rn a t in g  tre a tm e n t of th e  u te ru s  w ith  th e  
A a n d  В so lu tio n s . A fte r  a p p ro p ria te  se n s itiv ity  h a d  se t in , so lu tions (C l9 C2, e tc .)  co n ta in in g  
v a r io u s  c o n c e n tra tio n s  o f CN -j- p i tu i ta ry  e x tr a c t  w ere  em ployed a lte rn a te ly  w ith  th e  (A) 
a n d  (B ) so lu tio n s , a n d  th e  degree o f in h ib itio n  w as d e te rm in e d  (Fig. 1). T he p ro c ed u re  allow ed 
th e  q u a n ti ta t iv e  e v a lu a tio n  of new  so lu tio n s c o n ta in in g  unkn o w n  am o u n ts  o f th e  CN p re p a 
ra tio n . A  b io log ical s ta n d a rd iz a tio n  p ro ced u re  w as d ev elo p ed  a t  th e  B iological D ru g  T es tin g  
D e p a r tm e n t  o f th e  H u n g a rian  I n s t i tu te  o f  P ub lic  H e a lth . S im ilarly  to  th e  b io lo g ica l a ssay  
o f d ig ita lis  p re p a ra tio n s , th e  m e th o d  is b a sed  on th e  d e te rm in a tio n  of th e  dose c au s in g  h e a r t  
fa ilu re  in  gu inea  pigs ( K e r t a i , p erso n al c o m m u n ica tio n ).

R esu lts

CN brough about an unequivocal and clear-cut inhibition o f  th e  spon
tan eou s m otility  o f the rat uterus. In 15 experim ents (and in a reproducible  
w ay in a to ta l o f 42 experim ents) a concentration  o f 50 to 100 /ig/m l abolished

* T h e  p ro ced u re  fo r p re p a ra tio n  of th e  e x tr a c t  is u n d e r p a te n t  p ro te c tio n  N o. 150.217 
in  H u n g a ry , N o. 219.195 in  A u s tria , N o. 1,117.822 in  W est G erm any, an d  N o. 908.612 in  
G re a t  B r ita in .
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th e  sp o n ta n e o u s  m o tility . T he in h ib itio n  Avas rev e rsib le  since, a f te r  w ash ing , 
c o n tra c tio n s  co n tin u ed  a t  th e  orig inal level. T he effect could be rep ro d u ced  
severa l tim es  d u rin g  a given ex p e rim e n t; no ineffec tiveness was ev e r observed
(Fig- 2).

F ig . 2. In h ib ito ry  effect o f CN on th e  sp o n tan eo u s m o til ity  o f r a t  u te ru s . A =  50 fig /m l  CN;
В — w ash ing ; T im e: 6 sec

C ontractions were evoked by 0.002 to  0.003 I.U ./m l of p itu itary  extract 
in uterus preparations exh ib iting  no spontaneous m ovem ent after 24 hour 
incubation in G addum ’s solution  at 25 °C. A fter reaching constant contraction  
heights the uterus was incubated for tw o m inutes in Gaddum solution  conta in 
ing 50 to  100 /tg/m l of CN. Thereafter, p itu itary  extract was added in the 
sam e concentration  as previously . No contractions were observed (F ig . 3).

I t  t I t t  I t  I t I
A A C A A A

F ig . 3. A b o litio n  o f p i tu i ta ry  e x tr a c t  c o n tra c tio n  of r a t  u te ru s  b y  CN. A =  0 .002  I .U . of 
p i tu i ta ry  e x tra c t ;  C — 50 /ug/m\ o f CN

In all o f the 25 experim ents (w ith  repetitions, a to ta l o f 114) CN inhib ited  
or com pletely  abolished the contractions, depending on the dose used . The 
results o f one experim ent concerning the relationship between the dose em 
ployed and th e  effect obtained are shown in F ig. 4.
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F ig . 4. R e la tio n sh ip  be tw een  dose  a n d  effect of CN. O rd in a te :  in h ib itio n  of p i tu i ta ry  e x tra c t  
sp a sm , d ec re a se  in  m m  of th e  c o n tra c tio n  u n d e r th e  e ffec t o f CN in  p e r c en ts  o f th e  in it ia l  

va lue . A bsc issa : C o n cen tra tio n  o f CN in  o rg an  b a th

T h e inhibitory effect o f  CN on various preparations exh ib ited  slight 
v aria tion s independently o f th e  dose applied. This m ight have been due to  
differences in sen sitiv ity  o f  th e  various uterus preparations. According to  our 
ob servation s the same am ou n t o f CN caused a higher degree o f  inh ibition  in 
pre-oestrous preparations.

F ig . 5 . In h ib itio n  b y  CN o f sp asm s o f  various o rig in . I /A  =  40 /Ug/m] B aC l2; I /B  =  40 /rg /m l 
B a C l2 +  50 i«g/ml CN; I/C  =  40 fj,g /m l B aC l2 +  100 /ig /m l CN; I I /A  =  0 .04 /tg/rnl a c e ty l
ch o lin e ; I I /B  =  0.04 jUg/ml ace ty lch o lin e  +  50 ^ug/ml C N ; II/C  =  0.04 /ig/'rnl a ce ty lc h o 
lin e  +  100 /rg /in l CN; I I I /A  =  0.01 I .U ./m l p i tu i ta ry  e x tr a c t ;  I I I /B  =  0.01 I .U ./m l p i tu i ta ry  
e x tr a c t  +  50 fig jm \ CN; I I I /C  =  0.01 I .U ./m l p i tu i ta r y  e x tr a c t  +  100 p g /m l CN. O rd in a te : 

H e ig h t of c o n tra c tio n  in  m m . R a t  u te ru s , m e a n  o f 10 ex p erim en ts  each
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In the further experim ents the effect o f  CN was investigated  on contrac
tions induced by BaCl2 and acety lcholine. The effect of doses o f  pituitary  
extract and acetylcholine causing equal contractions (0.01 I .U ./m l, and 0.04 
/tg/m l, respectively) was com pletely abolished by an identical am ou n t, i.e. by 
100 /tg/m l of CN. The effect o f 40 /tg/m l o f  BaC l2 causing sim ilar contractions 
w as inhibited  to 50% only  (F ig. 5). In som e experim ents the com parison of 
CN w ith  papaverine revealed CN to  possess about 60% of th e  papaverine  
a ctiv ity .

In five  experim ents CN at higher concentrations (500 /tg /m l) evoked  
a contraction o f the guinea pig ileum , in contrast with the resu lts obtained  
on uterus preparations. H ow ever, in the rat ileum  even higher CN concentra
tions (1 mg/m l) failed to  cause any contraction . Conditions id en tica l w ith  those 
found w ith  the rat uterus were seen on the guinea pig uterus; CN counteracted  
th e  p itu itary  extract contractions in every  one of ten ex p erim en ts. This 
question  will y et be touched  upon in the D iscussion.

Since the effect o f  CN is a reversible on e, the smooth m uscle preparation  
can also be used for titration . These experim ents were perform ed b y  using 
an autom atic titration  apparatus, as described in the m ethodological part of 
th is paper. It  was sta ted  th a t the m ethod is suitable for com parison o f CN 
solutions w ith unknow n biological a c tiv ity  (F ig. 1).

D iscussion

Flavonoid  com pounds are know n to  possess a marked sp a sm o ly tic  activ 
ity  (B ö h m  1960). Since CN m ainly consists o f  flavonoid com p on en ts, its 
effect on sm ooth m uscles could be expected . Our investigations fu lly  confirmed  
th is  assum ption, and th e  effects observed support the flavonoid  character of 
CN also from the biological side. These facts m ean a further corroboration of 
our experim ents revealing the sam e concentration  of CN to  cause contractions 
o f  the guinea pig ileum  w hile leaving  the rat ileum  unaffected. T h is question  
is o f im portance because the action o f flavon oid s is known to  be d ifferent in 
carnivores and herbivores ( J e n e y  and U r i  1954).

The distinct coronary dilator effect o f  C N  (H e t é n y i  and V á l y i-N agy

1969) has been confirm ed also b y  other authors. We assume th a t  one o f  the 
factors figuring in the effect o f C N  enhancing cardiac function is th e  coronary 
dilator effect, i.e. the sm ooth m uscle effect, o f  the preparation.

On the basis o f the inhibition  o f  spontaneous uterine m o tility  and of 
th e  inhibition  o f spasm ogenic effects CN seem s to exert a considerable effect 
on those molecular processes w hich are figuring in the background o f these 
even ts. Our previous studies w ith  flavon oid  compounds h ave show n that 
a 7-oxiflavone derivative profoundly influenced  the potassium  perm eability
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o f  red blood corpuscles ( H e t é n y i  1966), as w ell as th e  electrophysiological 
ev en ts  occurring during m uscular contraction ( H e t é n y i  1968). Our in v esti
gations w ith  CN in th is d irection  are prom ising b u t need further proofs.

T he above sta tem en ts m igh t serve to prove th a t  the study of the m olec
ular lev e l o f the effects o f  natural substances m a y  not only lead to  new  
drugs, b u t also to the elu cid ation  of finer p h ysio log ica l and pharm acological 
m echanism s.

A ck n o w le d g em e n t

W e are  in d eb ted  to  M r. L . К  r a l i k , scientific re se a rc h  w o rk e r  a t  th e  R esearch  I n s t i tu te  
o f  th e  O rg an ic  Chem ical I n d u s t r y ,  a n d  inven to r of CN, fo r  su p p lie s  o f th e  p rep ara tio n .
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PHARMACOLOGY OF CHERRY 
(PRUNUS AYIUM) STALK EXTRACT, II

C A R D IO V A SC U L A R  E F F E C T S  

B y

E . H e t é n y i  and T. V á l y i - N a g y

INSTITUTE OF PHARMACOLOGY, UNIVERSITY MEDICAL SCHOOL, DEBRECEN 

(Received April 24, 1968)

T he ph arm aco lo g ica l e ffec ts o f th e  e x tra c t  o f ch erry  (P ru n u s  a v iu m ) s ta lk  were 
in v estig a ted . T he e x tr a c t  a t  a c o n ce n tra tio n  of 100 fig  e x h ib ited  a p o s it iv e  ino trop ic  
effec t on  frog  h e a r ts  dam ag ed  b y  q u in in e  and  p o s te rio r  p i tu i ta ry  e x tr a c t .  T h e  degree 
o f th is  positive  in o tro p ic  ac tio n  d ep en d ed  to  a g re a t e x te n t  on th e  q u a li ta t iv e  and 
q u a n ti ta t iv e  co n d itio n s o f th e  dam ag e. On T ren d e le n b u rg ’s frog  h in d  lim b  p re p a ra tio n  
th e  d ru g  abolished  th e  a d ren a lin e -in d u ced  v a so c o n str ic tio n  w ith o u t sh o w in g  a n y  own 
effect on  th e  v a sc u la r  bed . On L an g e n d o rff’s r a t  h e a r t  p re p a ra tio n  th e  e x tr a c t  decreased  
co ro n ary  resis tan ce  b y  30%  on th e  average. O n S ta r lin g ’s h e a r t- lu n g  p re p a ra tio n  it 
re s to red  to  no rm al th e  fu n c tio n in g  of th e  b a rb itu ra te -w e a k e n e d  h e a r t ,  in  h a lf  of the  
ex p erim en ts  even ab o v e  th e  in it ia l  v a lue . B lood p ressu re  w as n o t in flu e n ce d  b y  small 
doses (1 to  2 m g/kg) a n d  s lig h tly  d ecreased  b y  h igh  doses (som e 1 0 %  decrease  after 
5 to  10 m g/kg). In  th e  o p en -ch est dog th e  e x tra c t  in creased  co ro n ary  flow  an d  heart 
m uscle  c o n trac tio n s  w hile on  th e  c a t’s p a p illa ry  m uscle  p re p a ra tio n  th e  e x tr a c t  exh ib ited  
b u t  a  sligh t po sitiv e  in o tro p ic  e ffec t. T he h y p o x ic  ECO  changes in d u ce d  in  th e  r a t  by 
p o ste rio r  p i tu i ta ry  e x tr a c t  o r v a so p ressin  w ere n o rm alized  b y  400 /ig /k g  o f  th e  cherry- 
s ta lk  e x tra c t for 5 to  10 m in u te s , a n d  th e  T -w ave e lev a tio n  a t  th e  b eg in n in g  o f anoxia 
w as also abo lished . T h e  re su lts  o b ta in e d  a n d  th e  possib le  m ech an ism s o f  ac tio n  are 
d iscussed  an d  th e  a m e lio ra tio n  of h e a r t  fu n c tio n  is a sc rib ed  to  a co ro n ary  d ila tin g  effect, 
on  th e  one han d , a n d  to  th e  m o d ify ing  in fluence  on th e  m etab o lism  o f h e a r t  m uscle  and 
blood vessel w alls, on  th e  o th er.

The results o f our experim ents w ith  extract o f  dew axed cherry-stalk  
(CN in the following) have been described in a previous paper ( H e t é n y i  

and V á l y i - N a g y  1969). CN w hich m ainly consists o f flavonoid  com ponents 
( B o g n á r  et al., in preparation) exh ib ited  a considerable sp asm olytic  effect 
and was observed to  exert cardiovascular actions, in full agreem ent w ith  the 
results o f  other pharm acological investigations ( S z e k e r e s , K o v á c s  and 
S z e n t i v ÁNYI, personal com m unications). The present paper reports on some 
circulatory effects o f CN.

Methods

A stock  so lu tion  w as m ad e  from  CN su b s tan ce  p re p are d  as described  p re v io u s ly  (H e t é 
n y i  an d  V á l y i-N a g y  1969); fo r th e  in v es tig a tio n s  a p p ro p ria te  d ilu tio n s w ere u sed . T h ese  were 
c ry s ta l-c lea r, lig h t yellow in  co lour, w ith  a p H  of 7.2.

(i) A cu te  to x ic ity  w as d e te rm in e d  in  r a ts  a n d  m ice. CN in  a dose o f 300 m g /k g  in tra 
v en o u sly  o r in tra p e rito n e a lly  show ed no to x ic ity  d u rin g  th e  24 hours o b se rv a tio n  period.

(ii) F ro g  h e a r t p re p a ra tio n  acco rd ing  to  S tra u b  w as p re p are d  in  th e  u su a l w ay  ( P a t a k y  
1954). In  one series o f ex p erim e n ts  th e  p e rfu s in g  flu ijl w as oxygenized , w hile  in  a n o th e r  series 
no  oxygen w as used. H e a r t  fu n c tio n in g  w as dam ag ed  b y  R in g er’s so lu tio n  c o n ta in in g  2 mg
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p e r  100 m l o f quinine h y d ro c h lo r id e  o r  0.2 to  0.4 I.U . p o s te r io r  p i tu i ta ry  e x tr a c t  (R ich te r, 
B u d a p e s t) .  T h e  experim ents w ere  p e rfo rm e d  from  M ay to  S e p tem b e r  an d  from  J a n u a ry  to  
M arch .

F r o g  h in d  lim b p re p a ra tio n  p e rfu sed  according to  T ren d e le n b u rg  w as used  to  s tu d y  
th e  e f fe c t  o f  CN on blood vessels ( P a t a k y  1954).

(iii)  C a t pap illary  m uscle  p r e p a ra t io n  was o b ta in e d  u n d e r  u re th a n e  a n ae sth es ia  from  
th e  r i g h t  v e n tric le  of anim als w e ig h in g  2 to  3 kg. The p re p a ra tio n  w as suspended  in  oxygenized  
C a tte l-G o ld  solu tion , s tim u la te d  w i th  squ are  w ave pu lses  (4 V , 500 sec, 80/m in), a n d  th e  
is o m e tr ic  co n trac tio n s w ere r e c o rd e d  p h o to k y m o g rap h ica lly  ( P a t a k y  1954).

( iv )  E x p erim en ts  on m a m m a lia n  h e a r t were p e rfo rm e d  in  th e  u su a l w ay  ( P a t a k y  
1954) o n  r a t s  o f bo th  sexes w e ig h in g  200 to  250 g. C hanges in  c o ro n ary  flow  w ere expressed  
on  th e  b a s is  o f resistance ch an g es. T h e se  were calcu la ted  acco rd in g  to  th e  fo rm u la

• h  T ~  * iR e s is ta n c e  =  -—  X 7,
t \  1  ‘ t o

w h e re  T  =  th e  pressure of L o ck e ’s so lu tio n  in  the  pe rfu s io n  sy s te m  (200 m m  H g  in  ou r ex p eri
m e n ts ) ;  t  =  th e  reduced p e rfu s io n  p re ssu re  m easured  b y  th e  m a n o m e te r a f te r  com pression  
o f th e  p re -c a rd ia c  section (100 m m  H g ) ;  t t =  value before  th e  a d m in is tra tio n  of th e  d rug ; 
t 2 =  v a lu e  a f te r  th e  a d m in is tra t io n  o f  th e  drug.

(v )  Heart-lung preparation according to Starling was prepared on the cat. The changes 
in h ea rt work were expressed by  th e  efficiency index (Szegi and R a u s c h  1958).

(v i)  C oronary flow in  s i tu  w a s  m easu red  in  op en -ch est dogs u n d e r  chloralose  a n aesth es ia ; 
th e  c o ro n a ry  sinus was c a n n u la te d  a n d  flow  was e s tim a te d  b y  m ean s o f a ro ta m e te r  (S z e n t - 
i v á n y i  a n d  J u h á sz -N a g y  1 9 6 1 ).

(v ii)  H e a r t  c o n tra c tility  in  s i tu  w as recorded b y  m ea n s  o f a  c a rd io m y o g rap h  (S z e k e r e s  
e t  a l. 1958).

(v iii)  T he coronary e ffe c t o f  C N  w as studied  b y  e le c tro c a rd io g ra p h y  in  m ale  r a ts  w eigh
in g  250 g  a n aesth e tized  w ith  100 m g /k g  of th ia lb a rb ita l. C o ro n a ry  spasm  w as evoked  b y  p o ste 
r io r  p i tu i t a r y  ex tra c t or v a so p re s s in . E v a lu a tio n  was m a d e  acco rd in g  to  N ie s c h u l z  e t al.
(1 9 5 5 ).

Results

On freshly excised o x y g en ized  intact iso la ted  frog hearts w hich were 
n e ith er  hypodynam ie nor d am aged  by drugs, CN in am ounts of 1 to  500 /гg was 
p r a c tic a lly  w ithout e ffect. H igh er  doses, i.e. 1 to  2 mg, exerted a negative  
e ffe c t . Suspension of o x y g en a tio n , i.e. a m oderate degree o f dam age, enhanced  
th e  p o s it iv e  inotropic e ffec ts . T hese results agreed w ith  the observation made 
in  o th er  tests that CN sim ila r ly  to the other flavon oid s has no influence on 
th e  n orm al functioning o f  in ta c t  structures. N o defin ite seasonal variations 
co u ld  b e observed, as CN is  usually  ineffective on in tact hearts, although  
d u rin g  th e  winter period from  December to  F ebruary a negative inotropic 
e ffe c t  seem ed to be e lic ited  b y  doses 300 to 500 ц g lower than those m en
t io n e d  above. In hearts d am aged  in the w ay to  be described below' no positive  
e ffec t  could  be elicited in th e  w inter period in con trast w ith  the 20 experim ents 
m ad e in  the summer.

In  frog hearts dam aged b y  quinine or posterior p itu itary  extract (20 exper
im en ts  each), considerably b etter  effects w ere observed. On the quinine- 
tr e a te d  heart CN exerted a clear-cut positive inotrop ic effect and it restored  
to  n orm al the quin ine-induced  decrease in am plitude for a long period o f  
t im e . In  this case the am p litu d es began to increase im m ediately  after the  
ap p lica tio n  of CN, in con trast w ith  the control experim ents; and after reaching
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o r s lig h tly  exceeding th e  p re -q u in in e  level th e  a m p litu d e  rem ained  p e rm a n e n tly
a t  th e  sam e level.

S im ilar re su lts  w ere o b ta in e d  a fte r  d am ag in g  th e  h e a r t b y  p i tu i ta ry  
e x tra c t ;  in these  cases, how ever, th e  p ositive  in o tro p ic  effect was m o re  m ark ed  
an d  could  be o bserved  in  n e a rly  ev e ry  case (F igs 1 2).

F ig. 1. E ffec t o f CN on th e  q u in in e -d am ag ed  iso la ted  frog  h e a rt. A: 40 fig  qu in in e -H C l.
B : 50 fig  CN. T im e: 6 sec

F ig. 2. E ffec t o f CN on th e  iso la ted  frog  h e a r t  d am ag ed  by  p o ste rio r  p i tu i ta r y  e x tra c t .  
A : 0.5 I .U . p i tu i ta ry  e x tra c t.  B : 50 fig  CN. T im e: 6 sec
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T hus, CN was in e ffec tiv e  on the in tact heart. On the heart dam aged by  
various means a dose o f  50 to  100 pg exerted a p ositive  inotropic effect in the  
m ajority  of cases. D oses b elow  20 to 30 fig w ere in effective, while doses above  
250 [ig failed further to  augm ent the p ositive inotropic effect. A m ounts of 
0.5 to  1 mg exerted a n eg a tiv e  inotropic effect.

In ten  experim ents h igh doses (5 to 10 m g) o f  CN caused cardiac arrest 
in  diastole; after v igorous washing, how ever, th e  hearts resum ed beating.

The relationship b etw een  positive inotropic effect and the various kinds 
o f dam age will be tou ch ed  upon in the D iscussion .

m in u te  minute

F ig . 3. E ffec t of CN on  v a so c o n s tr ic tio n  by  ad ren a lin e . F ro g  h in d  lim b p re p a ra tio n . I/A : 
10 fig  ad ren a lin e ; B: 400 fig  o f CN. II/A : 10 fig of a d re n a lin e ; B : 0.1 m l of physio log ica l saline

T w elve experim ents w ere performed on frog h ind lim bs perfused accord
ing  to  Trendelenburg. T w en ty  to 500 цg o f CN did not influence th e  diam eter 
o f  b lood vessels, b u t th e  drug counteracted th e  adrenaline-induced vaso
constriction  in 5 out o f  12 experim ents (F ig . 3).

In  the cat p ap illary  m uscle preparation 50 to  100 fig/ml  o f CN in the 
organ bath caused a 30%  am plitude increase in  f iv e  out o f eight cases.* High  
doses (1 to 2 m g/m l) decreased the am plitude b y  50%  negative effect, while 
50 jUg/ml of CN considerab ly  increased the p o sitiv e  effect o f adrenaline on the 
papillary muscle and caused  the augm ented contractions to last three to  four 
tim es longer.

On rat hearts iso la ted  according to L angendorff a to ta l o f 30 experim ents 
w as performed. In every  case a dose of 200 to  400 /лg o f CN m arkedly decreased  
coronary resistance in a reversible way. The average decrease was 32% . Am e
lioration of heart fu n ction , i.e . a positive inotropic effect, was observed in ten 
cases and m ainly in experim ents where perfusion was very  slow. This means 
th a t , in order to evok e an inotropic effect, CN has to  be in contact w ith  the  
heart muscle for a longer period o f tim e. R esu lts are sum m arized in Table I.

* R ecen t e x p e rim e n ts  on  gu inea pig p a p illa ry  m u sc le  y ie lded  sim ilar re su lts  (D r. M. 
R e i t e r , In s t i tu te  o f P h a rm a c o lo g y , M unich, p e rso n a l co m m u n ica tio n ).
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Table I

E ffect o f  C N  on coronary resistance

Number 
of experiments CN, Mean resistance

Decrease 
of resistance, 

per cent

20 200 0.62 ± 0 .0 9 38

10 400 0.74 ± 0 .0 9 26

Table I reveals the optim um  dose of CN to  lie around 200 fig. On increasing 
the dose up to  500 (j,g, we obtained  a lesser degree o f resistance dim inution. 
In one case we applied 1 m g o f  CN several tim es repeatedly; th is  resulted in 
a deterioration o f cardiac function  w ithout coronary dilation. In  th ese  experi
m ents the E D 50 o f CN on L angendorff’s rat heart was 150 /ig. Com pared with  
the results obtained on frog heart and cat papillary m uscle, th ese  observations 
indicate that not on ly  the direct heart m uscle effect but also th e  coronary 
dilator effect has a significant part in th e  m anifestation o f th e  CN action.

On the cat heart-lung preparation 50 to  100 /ig o f CN g iv en  into the 
venous reservoir considerably and perm anently increased the e ffica cy  o f the 
barbiturate-w eakened or spontaneously  fa iling heart in each o f th e  16 experi
m ents. In som e cases a dram atic effect w as observed on hard ly  functioning  
heart; it set in rapidly and th e  preparation rem ained function ing  w ell until 
the end o f the 20 to 30 m inutes observation period. In half o f  th e  cases the 
efficiency index even exceeded th e  initial va lue.

In the course o f the sam e experim ents, the heart failure induced  by 
repeated adm inistration o f phénobarbital w as always counteracted  b y  CN. 
R esults are sum m arized in T able II.

Table II

Effect o f  C N  on the e fficiency in d ex  o f  phenobarbital-ueakened heart-lung prep a ra tio n

Efficiency index

Number 
of experiments

At the beginning 
of the experiment

After 10 mg/kg 
of phénobarbital After 70 /xg/kg of CN

mean mean cr mean cr

16 0.80 0.16 0.21 0.13 0.69 0.20

The effect o f  CN on blood pressure, heart m uscle con tractility  and coro
nary flow  was studied in situ.  Our observations confirm ed the resu lts o f  other 
authors ( K o v á c s  and S z e k e r e s , personal com m unications) in th a t 1 to  2 mg/kg  
o f CN given intravenously to cats anaesthetized  w ith chloralose h ad  no effect
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on th e  b lood  pressure, w hile a dose of 5 to 10 m g/kg caused a mean decrease 
of 10%  (7 experim ents). F u n ction in g  of the heart w eakened by th ialbarbital 
grad u ally  and perm anently im proved  under the effect o f 1 to 2 m g/kg o f CN, 
w ith  a concom itant d im in u tion  o f left atrial pressure (5 experim ents).

Coronary flow in the open-chest dog was au gm en ted  by 0.5 to 1.0 m g/kg  
of CN in jected  into the fem ora l vein (10 experim ents), in agreement w ith  the  
above find ings and w ith  th e  observations o f  o th er authors ( S z e n t i v a n y i , 

personal com m unication) m ad e on isolated m am m alian  hearts, as w ell as 
w ith  th e  investigations o f  K o v á c s  et al. (personal com m unication) who show ed  
th a t 400  / tg/kg of CN w hen in jected  directly in to  th e  circum flex ramus o f the 
le ft coronary artery, exerted  a vasodilator action . Coronary flow  (m l/m in) 
w as d oubled  and the coronary resistance decreased b y  50% .

F ifty  experiments w ere performed in rats to  stu d y  the influence o f CN 
on th e  pathological ECG p a ttern  brought about b y  2 to  3 I.U ./kg of posterior  
p itu ita ry  extract, or 0.1 m l o f  vasopressin, given  b y  the intravenous route. 
T hese drugs evoked a characteristic  short-lasting elevation  of the T -w ave; 
higher doses (5 to 10 I .U ./k g )  caused marked and prolonged ST-depression  
and bradycardia. In ten  experim ents carried out in an atmosphere o f 6 to  
8 v o lu m e per cent oxygen  th e  ECG pattern w as the sam e as that seen after 
th e  adm inistration  of p itu ita ry  extract or vasopressin . In these cases CN in 
a dose o f  400 /tg/kg was adm inistered  by the in traven ou s route 1 m inute prior 
to  th e  in jection  of 2 to 3 I .U ./k g  of pituitary ex tra ct (protective experim ent) 
or a fter  th e  pathological ECG  pattern had d evelop ed . In ten similar experi
m en ts as a pretreatm ent papaverine in a dose o f  4 /tg/kg was given b y  the 
in traven ou s route.

In  the protective exp erim en ts the posterior p itu itary  induced elevation  
o f th e  T -w ave was cou n teracted  in 15 out o f  20 cases. In the rem aining five  
ex p erim en ts the effect w as transient and uncertain; in these cases CN was 
considered  ineffective. T he protective effect o f papaverine was 60%  only. 
A  som ew h at similar o b serv a tio n  was made in  10 experim ents in w hich we 
adm in istered  500 /tg o f CN b y  th e  oral route ev ery  other day for three weeks. 
In four o f  the animals trea ted  in this way th e  T -w ave elevation evoked  by  
p itu ita r y  extract failed to  appear (40% vs. 90%  in the controls). Far reaching  
con clu sion s cannot be draw n from these few  experim ents but they  call for 
fu rth er investigation o f th e  preventive adm inistration  of CN.

T o animals w ithout a n y  pretreatm ent, 5 I .U ./k g  of posterior p itu itary  
ex tra c t w as administered an d  then 1 to 2 m inutes follow ing the depression of 
ST 400  /tg/kg CN was g iven  intravenously. In  13 ou t o f 20 experim ents there 
w as a norm alization o f th e  pathologic  pattern for 3 to  6 m inutes. In  the re
m ain in g  seven cases CN w as ineffective. The in flu en ce of CN on th e  heart 
m uscle damaged by h yp o x ia  is summarized in T ab le III . Similar results have  
b een  obtained on alert rab b its (Sz e k e r e s , personal com m unication).
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Table Ш

ECG changes brought about by posterior p itu ita ry  
extract a fter p a p a verin e  and  C N  pretreatm ent

Number I Elevation
, of T-wave experiments

Per cent

Zero m inute :

2 I.U ./kg  o f p o ste rio r p itu ita ry  e x tr a c t 10 9 90 Control

Zero m inute:

4 m g/kg of p ap av erin e  

1 m inu te :

2 I.U ./kg  o f p o ste rio r p itu ita ry  e x tra c t

10 6 60

Zero m inute:

400 /ig /kg  of C ardinovin 

1 m inu te :

2 I.U ./k g  of p o ste rio r p itu ita ry  e x tr a c t

20 5 25

A ll th e  su b s tan ces  were a d m in is te re d  b y  th e  in tra v en o u s  ro u te .

D iscussion

The extract CN used in  th e  present study seem ed to represent th e  m ost 
active one am ong those d isp laying a biological activ ity . In the case o f  CN we 
are probably faced by the b en eficia l synergetic effect o f several com ponents  
and m any o f th e  actions can be explained  b y  the flavonoid character o f the  
preparation, th is group of com pounds being known to have cardiovascular  
effects (B ö h m  1960).

On the frog heart the cardiovascular effect of CN m anifests itse lf  pri
m arily on the in tact m oderately h yp ox ic  heart m uscle in the form  o f  a positive  
inotropic effect. D evelopm ent o f  th is effect depends on some unknow n bio
chem ical prerequisites. The m oderate dam age can be assum ed to  m ean a 
decreased o x id ative  capacity, w ith ou t substrate deficiency. U nder th e  effect 
o f CN, the energetically im portant substrates becom e utilizable under condi
tions o f  reduced oxidation. A ll th is  is w ell in accordance w ith the im portant 
part o f flavonoids in oxido-reductive processes (B öhm  1959; J e n e  y  and U r i 
1954). — A lso, positive inotropic effect was elicited  by CN in th e  w inter on 
either in tact or drug-inhibited frog hearts under conditions otherw ise identical 
w ith  those prevailing in summer; the w inter frog m ay be in such a biochem ical
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in su ffic ien cy  state (su b strate deficit) which p reven ts the developm ent o f  
CN action .

In w arm -hlooded anim als CN considerably increased heart work in the  
Starling preparation and d ilated  the coronaries o f  th e  Langendorff heart. 
The la tter  finding as w ell as the results w ith  coronary perfusion obtained by  
us and corroborated b y  other authors (K ovács e t al. 1960; S z e k e r e s  1964) 
prove th a t one o f th e  m ost im portant aspects o f  th e  CN action is an augm en
ta tion  o f coronary flow . In  addition , the data ob ta in ed  on Starling’s prepara
tion  indicate a direct heart m uscle effect. Our assum ption  concerning the vaso 
d ilator action was corroborated also by the sp asm olytic  effect exerted by CN 
on sm ooth  m uscles (H e t é n y i  and VÁlyiáNa g y  1 9 6 9 ). Accordingly, one of the  
causes o f  the heart function  increasing effect is th e  coronary dilation brought 
about b y  the drug; in th e  dog 20 m g/kg o f CN increased cardiac output b y  15 
to  25%  w ith ou t a ffectin g  th e  heart rate and w ith o u t causing any pathological 
change in the ECG ( F ö l d v á r i , personal com m unication).

The ECG changes brought about b y  posterior p itu itary extract, vaso 
pressin or hypoxia did n o t m ean a coronary spasm  b u t the bioelectric sum m a
tion  o f the consecutive h yp ox ic  changes in cardiac m etabolism . The norm ali
zation  o f the ECG p attern  under the effect o f  CN w as indicative of th e  drug’s 
in fluence on the m etabolic  disturbances o f the heart m uscle, as corroborated  
b y  th e  positive inotropic effects of CN on th e  frog heart as well as b y  its 
increasing effect on th e  efficacy  of the cat heart-lung preparation. In all prob
a b ility , a direct action on  the heart m uscle was figuring  in both cases. To eluci
date the m echanism  o f action , investigations perform ed at the m olecular level 
are needed. Our studies in th is direction revealed  th e  influence of som e flavo- 
noids on potassium  perm eability , depolarization during excitation , etc. 
( H e t é n y i  1966, 19 6 8 ); all th ese, how ever, need  som e further experim ental 
corroboration. F in a lly , CN adm inistered b y  th e  oral route in a daily  dose 
o f 100 m g for three w eeks sign ificantly decreased the serum cholesterol and 
triglyceride levels in rabbits fed 1 g of cholesterol daily  (F ö l d v á r i, personal 
com m unication).

A ll these observations are indicative o f  an effect o f CN on cell m etabo
lism , w hich m ight prove to  be of im portance in cardiovascular diseases.
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Recensiones

H u d l ic k ä , О. (E d .)

Circulation in skeletal muscle
Proceedings o f a n  In te rn a tio n a l S y m posium  h e ld  a t  Sm olenice, C zechoslovakia , 1966. 

P e rg am o n  P re ss , O xford  1968. I X  +  356 p ag es , w i th  171 figures. P rice  £6.00

T he o rg an ize rs  o f  th is  S ym posium  realized  a n  im p o r ta n t  ta s k  since b e fo re  th is  book  
th e re  was no c o n te m p o ra ry  review  of th e  su b jec t. T h e  55 p a r tic ip a n ts  of th e  S y m p o siu m , 
all of th em  w e ll-k n o w n  w orkers in v o lv ed  in  th ese  p ro b lem s, p resen ted  th e ir  p a p e rs  in  fiv e  
m ain  sessions a n d  to o k  p a r t  in th e  d iscussions.

T he f i r s t  session  u n d e r  th e  c h a irm an sh ip  o f S. M. H ilt o n  covered c e n tra l  n e rv o u s  
reg u la tio n  of sk e le ta l  m usc le  c ircu la tion . T h e  second session  w ith  E . M. R e n k in  as c h a irm a n  
discussed th e  p ro b lem s of cap illa ry  c ircu la tio n  a n d  t ra n s c a p il la ry  exchange. T h e  th i r d  session  
u n d e r  th e  c h a irm a n sh ip  of H . B a r c r o ft  rev iew ed  in te r re la tio n s  betw een b lo o d  flo w  a n d  
m etabo lism , a n d  ex erc ise  hy p eraem ia . T h e  fo u rth  session  w ith  C. H yman  as c h a irm a n  d e a lt  
w ith  th e  in te r re la tio n s  o f  blood flow , m etab o lism , a n d  re a c tiv e  hyperaem ia. T h e  f i f th  session 
w ith  B. F olk ow  a s  th e  ch a irm a n  co v ered  th e  p ro b lem  o f  au to re g u la tio n  in  sk e le ta l  m usc le . 
F in a lly , th e re  w as a  g en era l d iscussion  c o n c e n tra te d  o n  th e  p rob lem s of v a sc u la r  to n e  a n d  
p o stc o n ce n tra tio n  h y p e ra e m ia  and  som e o f th e  m o s t co n tro v e rs ia l questions o f m u sc le  c ir
cu la tion .

T he hook  is  a  v a lu a b le  source of u p -to -d a te  in fo rm a tio n  for everyone in te re s te d  in  th e  
p rob lem s of c irc u la tio n  in  ske le ta l m uscle.

K . L issá k

B b e s l e r , J .  B . (E d .)

Environments of m an
A ddison-W esley  P u b lish in g  C om pany, R ead in g , M a ssac h u se tts  1968. X I  289 pages. P r ic e  35 s.

T he book , co n ce rn ed  w ith  th e  p ro b lem s of h u m a n  ecology, is an  a u x ilia ry  t e x t  fo r  th e  
s tu d e n t of b io logy  a n d  as such  e lu c id a tes  th e  co n n ec tio n s b e tw een  biology, geo logy , a n th r o 
pology  an d  social sciences. M an’s e n v iro n m en t b e in g  com posed  o f physical, b io lo g ica l a n d  
social facto rs, th e  h o o k  co n ta in s  29 m o d ern  p ap ers  f ro m  17 d iffe re n t jo u rn a ls  o f g e n e ra l sc ience, 
bio logy, m edic ine , d e n tis t ry ,  an th ro p o lo g y , an d  social p ro b lem s. T he s tu d e n t w ill b e  ab le  to  
realize  how e n v iro n m e n t a ffec ts  m an , how  m an  a ffec ts  h is  e n v iro n m en t, and  how  m a n  a ffec ts  
o th e r  people in  h is  en v iro n m en t.

T he te x t  is su p p le m e n ted  w ith  a g lossary  o f te rm s  u sed  in  th e  selected p a p e rs , a  su m 
m a ry  of s ta tis t ic a l  p rin c ip les , and  a l is t  o f  su p p le m e n ta ry  read ings.

K . L is s Xk

W e it e r e r , E . an d  K e n n e r , T h .

Grundlagen der Dynamik des Arterienpulses
Springer-V erlag , B erlin , H e id elb erg , N ew  Y o rk , 1968. 

379 pages, w ith  126 figures. P rice  D M  3 2 .— US $8.00

T he boo k  is d e d ic a te d  to  th e  m em o ry  of O tto  F r a n k , P h illip p  B ro em ser , O tto  F r ie d r ic h  
R a n k e  an d  W illiam  F e rg u so n  H a m ilto n , th e  classical f ig u re s  o f c ircu la tion  re sea rch , in  pu lse- 
dynam ic . I n  con seq u en ce  o f th e  recen t p rogress in  m e th o d s  a n d  re g is tra tio n  te c h n iq u e s , such  
a p p a re n tly  c la rified  fie ld s  like th e  a r te r ia l  pu lse  gave  r ise  to  new  in te re s t in re se a rc h  a n d  led  
to  new  resu lts .
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T h e  a u th o rs  a re  rev iew ing  th e  l i te ra tu re  u p  to  1967 an d  p resen t th e  d e ta ile d  re su lts  
o f th e ir  ow n re sea rch  in  45 c h ap te rs . T hus th e  book  o ffers  a n  u p -to -d a te  an d  co m p le te  p ic tu re  
o f th e  d y n a m ic s  o f th e  a r te r ia l  pu lse  and  th e  p ro b lem s co n n ec ted  w ith  it.

T h e  w o rk  offers good in fo rm a tio n  for p h y sio lo g is ts  a n d  workers in  c irc u la to ry  sy s tem , 
b u t  is v e ry  u se fu l in  c lin ical m edicine  too.

K . L issá k

St r a u b , F . B. an d  F r ie d r ic h , P . (E ds)

Symposium on Modern Methods in  the Investigation 
of Protein Structure

P u b lish in g  H ouse of th e  H u n g a ria n  A cadem y o f Sciences, B u d ap es t 1967. 93 pag es

T h e  b o o k  co n ta in s six  com prehensive  lec tu re s  o n  th e  m o st u p -to -d a te  p ro b lem s in  th e  
v a r io u s  fie ld s  o f p ro te in  ch em istry .

H . H a nso n  an d  S. F it t k a u  deal w ith  th e  e n z y m a tic  sequence analy sis  o f  p ep tid e s , 
W . M e jb a u m  w ith  th e  use  o f C hinese ta n n in  in  s tu d ie s  o f th e  po lypep tid e-lik e  p ro d u c ts  of 
p ro te in  b reak d o w n . B. K . Va in s h t e in  analyses th e  p ro b le m s of p ro te in  m o rp h o lo g y  a n d  con
fo rm a tio n , w ith  special re fe ren ce  to  th e  use in  such  in v e s tig a tio n s  of X -ray  a n a ly tic a l,  e lec tro n  
d if f ra c tio n  a n d  e lectron  m icroscopic  m ethods.

P . E lő d i discusses th e  co rre la tio n s b e tw een  o p tic a l  ro ta tio n a l d ispersion  a n d  th e  con
fo rm a tio n  of p o ly p ep tid e  ch a in s, d e v ia tin g  in  m a n y  p o in ts  from  previously  a cc ep te d  th eo ries . 
G. S z a b o lc si gives an  a c c o u n t of in v es tig a tio n s  c o n ce rn ed  w ith  th e  s tru c tu re , s e p a ra tio n  and  
a c t iv i ty  o f chem ica lly  m o d ified  enzym es, w ith  sp ec ia l re fe ren ce  to  th e  m ech an ism  o f enzym e 
re a c tio n s . F in a lly , A. E . B r a u n s t e in  gives a n  ex ce llen t su rv e y  of th e  la te s t  m e th o d s  a n d  re su lts  
co n ce rn in g  th e  id en tif ic a tio n  of th e  site  of a c tio n  of en zy m es, especially of som e w ell-know n 
e n zy m es a v a ilab le  also in  c ry s ta llin e  form .

T h e re  a re  co m prehensive  references to  each  p a p e r .
I .  A l k o n y i
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p ag es o f  u n ifo rm  size.

M an u sc rip ts  should  c o n sis t o f  (i) t it le  o f th e  p a p e r ;  (ii) a u th o rs ’ n a m e s; (iii) la b o ra to ry  
o f  o rig in  w ith  c ity  and  s ta te ;  (iv ) a b s t r a c t  (in  a d u p lica te  copy) w hich  does n o t  exceed  1 p ag e; 
(v ) in tro d u c t io n ;  (vi) m e th o d (s); (v ii)  re su lts ; (viii) d iscussion ; (ix) ack n o w led g em en ts ; (x ) l i t 
e r a tu r e ;  (x i) a u th o rs’ fu ll n am es a n d  com ple te  ad d resses fo r m ailing . T he n a m e  a n d  add ress  
o f  th e  a u th o r  to  w hom  c o rre sp o n d en ce  are  to  be sen t sh o u ld  be  g iven ; (x ii) t e x t  fo r  illu s tra tio n  
sh o u ld  b e  g iven  on se p a ra te  sh e e ts  double  spaced  w ith  w ide m arg ins.

Litera ture  references sh o u ld  b e  lis ted  in  a lp h a b e tica l o rd e r acco rd ing  to  th e  su rn am e  of 
th e  f i r s t  a u th o r . R eferences m u s t  b e  com ple te  in c lu d in g  in itia ls  o f th e  a u th o rs  c ited , t i t le  o f 
a r tic le ,  jo u rn a l  nam e a b b re v ia te d  a s  lis te d  in  th e  W o rld  L is t o f S c ien tific  P e rio d ica ls , y e a r, 
v o lu m e , th e  f irs t  and la s t  pag e  n u m b ers .

B ook references sh o u ld  b e  in  th e  follow ing o rd e r: a u th o r ’s n am e , in itia ls , t i t le ,  p u b lish er, 
c ity  o f  p u b lic a tio n , y e a r, e .g .: L is s á k , К ., E n d kŐCZI, Б .:  T h e  N euro en d o crin e  C o n tro l o f A d a p 
ta t io n ,  P e rg a m o n  P ress , O x fo rd  1965.

R eference  to  a u th o rs  c o n tr ib u t in g  to  m u ltia u th o r  books should  in c lu d e : a u th o r , in itia ls , 
t i t l e  o f  a r tic le , nam e of E d ito r ,  t i t l e  o f  book , p u b lish er, c ity  o f p u b lic a tio n , y e a r  a n d  pag e  n u m 
b e rs  r e fe r re d  to , e.g.:

L e v in e , S.: In flu en ce  o f g o n a d a l horm ones in  in fan c y  on  a d u lt b e h av io r. In :  L is s á k , К . 
(E d .) :  S y m p o siu m  on R e p ro d u c tio n . C ongress o f th e  H u n g a r ia n  Society  fo r E n d o crin o lo g y  and  
M e tab o lism , Pécs 1967, A k a d é m ia i K iad ó , B u d a p es t 1967, p p . 229— 241.

A  p a p e r  w hich h as  b een  a c c e p te d  fo r p u b lic a tio n  b u t  w hich  h as  n o t  a p p e a re d  m ay  be 
c ite d  in  th e  lite ra tu re  fo llow ed b y  th e  w ords, “ I n  p re ss” . R esp o n sib ility  fo r  th e  acc u rac y  of 
th e  re fe re n ce s  re s t  w ith  th e  a u th o r .

C ita tio n  su ch  as “ u n p u b lis h e d  o b se rv a tio n ” , “ p e rso n a l c o m m u n ica tio n ” , “ in  p re p a ra 
t io n ” , “ to  be p u b lish ed ”  sh o u ld  n o t  be  e n te red  in  th e  l is t  o f  references, b u t  m ay  b e  n o te d  in  th e  
t e x t  in  p a ren th eses .

Reference in  the text : th e  n a m e  o f a u th o r(s ), ( if  th e re  a re  n o t  m ore  th a n  tw o  co n trib u to rs )  
a n d  y e a r  shou ld  be g iven, e .g .: B ig n a m i (1960), Sm it h  a n d  Sm ith  (1968), a n d i f  m ore  th a n  tw o, 
t h e n  o n ly  th e  f i r s t  a u th o r’s n a m e  sh o u ld  be g iven  fo llow ed b y  “ e t a l.” , e .g .: Gu zm a n -F lo r es  
e t  a l. (1960).

ticta Physiologica Academiae Scientiarum Hungaricae 35, 1969



Illustra tions:  sh a rp ly  c o n tra s tin g  p h o to g rap h s  w hich  m u st be k e p t  to  a m in im um  of 
fig u res on  glossy p a p e r  are  re q u ire d  an d  should  be id en tified  on th e  rev erse  w ith  figu re  num ber 
(A rab ic  num b ers) an d  a u th o r(s )  n am e ; w hen necessary  th e  to p  sh o u ld  be  c learly  m arked . 
I llu s tra tio n s  should  be la rg e r  th a n  th e  f in a l size o f re p ro d u c tio n  b u t  n o t  m ore  th a n  18 x 2 4  cm.

Tables: each ta b le  sh o u ld  hav e  a b rie f  h ead ing , n u m b ered  w ith  R o m an  n u m era ls . S ta 
tis tic a l m easu res of v a r ia tio n  SD , SE  e tc . should  be id en tified .

S ta n d a rd  n o m en c la tu re , a b b rev ia tio n s  an d  sym bols shou ld  be u sed ; in fa in ilia r  o r new 
te rm s, a b b rev ia tio n s  an d  tra d e  n am es should  be defined  w hen f ir s t  used . T h e  E d ito r ia l  B oard 
reserv es th e  r ig h t to  m ak e  lite ra ry  corrections.

P roofs: galley p roofs will be sen t to  th e  firs t-n am ed  a u th o r  o f th e  p a p e r  un less otherw ise 
in d ic a te d . C orrections to  th e  p roofs m u st be re s tr ic te d  to  p r in te r ’s e rro rs  o n ly . O th e r  th an  
th ese , an y  su b s ta n tia l a lte ra tio n s  m ay  be charged  to  th e  a u th o r . P roofs m u s t be se n t b ack  by  
re tu rn  m ail.

R ep r in ts:  a to ta l  o f 100 re p rin t  will be p ro v id ed  to  th e  f irs t-n am ed  a u th o r . A dditiona l 
cop ies can  be ordered  a t  reaso n ab le  p rice  by ordering  th e  re p rin ts  w ith  th e  p roof.

P r in te d  in  H u n g a r y
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ЛСТА PH Y SIO  LOGIC А

Т О М  35 -  В Ы П . 2 

РЕЗЮМЕ

ДЕЙСТВИЕ ГИПНОЗА НА ВЫЗВАННЫЕ УСЛОВНЫЕ ПОТЕНЦИАЛЫ
И . М Е С А Р О Ш

У здоровых людей в бодрствующем состоянии и под гипнозом изучены изменения 
вызванных условных потенциалов, выработанных при сочетании условного звукового 
раздражения и последующего с запаздыванием в 200 мсек подкрепляющего проблеска 
света. Под гипнозом условные потенциалы более прочны, чем в бодрствующем состоянии. 
Экспериментальные результаты указывают на то, что выключение светового раздражения, 
посредством вербального вну шения,примененного предварительно в качестве подкреп
ления, в процессе вызывания рефлекса не выключает положительного условного реф
лекса, в то время как нарушение времени запаздывания путем внушения приводит 
к прекращению ответной реакции. На основе этих наблюдений кажется вероятным, 
что при выработке условного вызванного потенциала фактор времени является более 
лабильным, поддающимся воздействию фактором.

СМЕРТНОСТЬ РАЗЛИЧНЫХ ВИДОВ ПТИЦ И МЛЕКОПИТАЮЩИХ ПОСЛЕ
ОБЕСКРОВЛИВАНИЯ

А . Г . Б . К О В А Ч , Е . СА С и  Н . П И Л М А Й Е Р

Авторы проводили сравнение чувствительности голубя, утки, куры, вороны, 
фазана, крысы, кошки и собаки к обескровливанию при наркозе. Обескровливание про
водилось у всех исследовавшихся видов одинаковым методом: количество взятой крови 
составляло 1% веса тела животных в час.

В отношении выносливости к кровопусканию отдельные исследовавшиеся виды 
животных в значительной степени отличаются друг от друга. Наиболее выносливыми 
оказались голубь и утка, куры и вороны занимают промежуточное место, а фазаны от
носятся, вместе с млекопитающими, к группе чувствительных видов. Дача дибенамина 
не оказывает влияния на резистентность голубя. Предварительная дача дибенамина у 
голубя не блокирует прессорного эффекта, вызванного адреналином и норадреналином. 
При сжатии сонной артерии в результате так наз. «церебрального ишемического реф
лекса» у голубя и вороны возникает также после кровопускания значительное повы
шение кровяного давления. У куры после сжатия сонной артерии не наблюдается прес
сорного ответа.

ОРГАНОСПЕЦИФИЧЕСКОЕ УПРАВЛЕНИЕ НЕСКОЛЬКИМИ КАРДИОРЕС- 
ПИРАТОРНЫМИ РЕАКЦИЯМИ НА УВЕЛИЧЕНИЕ СЖАТИЯ ВОЗДУХА В ЛЕГКИХ

В . Г Р У Б И  X , Й . М А Л О М Ш О К И  и М . Н Е М Е Ш Ш У Р И

Увеличение сжатия воздуха вызывает у спортсменов общие и органоспецифические 
кардиореспираторные изменения.

Частота пульсовых ударов сердца повышается в соответствии со степенью сжатия 
непосредственно перед сжатием воздуха в меньшей мере, а во время сжатия более зна
чительно. После сжатия наступает брадикардия, независимо от степени нагрузки, а затем



пульс нормализуется посредством противорегуляции. Реакция частоты сердца больше 
всего дифференцирована, однако, она реагирует на статическую работу, повышающуюся 
шестью ступенями, лишь в 3—4 ступенях. Это сказывалось также в продолжительности 
сердечных циклов. Укорочение цикла во время сжатия и его удлинение в виде обратного 
размаха после сжатия обуславливаются в первую очередь изменением электрического 
времени диастолы, однако в возникновении этих изменений статистически достоверно 
участвуют также изменения электрического времени систолы.

Подобная динамика наблюдается также в поведении кровяного давления и газо
обмена; шестиступенчатая нагрузка и здесь реализуется в меньших ступенях. Меньше 
всего изменяется диастолическое давление. Реакция, проявляющаяся в изменении систо
лического и диастолического кровяного давления, реализуется тремя ступенями. В дина
мике кровяного давления, обусловленной сжатием воздуха, после более сильных сжатий 
отмечается запоздание противорегуляции, и это становится все более интенсивным. 
Добавочные величины газообмена, вызванные нагрузкой, при первых четырех ступенях 
нагрузки одинаковы, затем они скачкообразно нарастают. При более значительных дав
лениях сжатия большая часть добавочного потребления кислорода приходится на стар
товое состояние; в то же время добавочная отдача двуокиси углерода, — показавшая по 
сравнению с потреблением кислорода в связи с повышенной нагрузкой более крутый 
подъем, — предположительно, происходит частично не из обмена веществ работы сжатия. 
Реакция газообмена также лишь трехступенчатая. Значит, статическая нейродвнгатель- 
ная градация более дифференцирована, чем исследовавшиеся кардиоресппраторные от
веты.

ИНДУКЦИЯ ТРАНСАМИНАЗЫ ГЛУТАМАТА-ОКСАЛАЦЕТАТА В ОРАНИЗМЕ
КУР, ВЫЗВАННАЯ АППЛИКАЦИЕЙ 11 ДЕГИДРОКОРТИКОСТЕРОНА

И . П А В Е Л

Были исследованы адаптивные изменения активности трансаминазы глутамата 
оксалацетата (GOT) в 15 различных органах и тканях у кур породы белый плимутрок 
после аппликации 11 дегидрокортикостерона, а именно, в интервалах одного, трех и 
шести дней, при чем дневная дача составляла 1 мг действенного вещества на 100 г живого 
вещества. Получились следующие результаты:

1) При сравнении групп птиц с разным сроком аппликации тесткортпкостероида 
было доказано, что главные изменения индукции возникли только в интервалах от трех 
до шести дней проведенной аппликации.

2) При вариационно-статистической оценке результатов показалось, что очень 
сильному влиянию (Р =  0,01) была подвергнута активность GOT в ткани печени, далее 
в плазме крови и в желтке яйца, между тем как только доказательное влияние (Р =  0,95) 
подтверждалось в ткани сердца, легких и в костном мозге.

3) Индукционные воздействия аппликации дач 11-дегидрокортикостерона в орга
низме кур в общем проявились по мере повышения активности GOT.

РОЛЬ МЕХАНИЗМА ОБРАТНОЙ СВЯЗИ КОРТИКОСТЕРОИДОВ 
В РЕГУЛИРОВАНИИ СЕКРЕЦИИ АКТГ В ГИПОФИЗЕ

Б . Б О Х У Ш

Роль механизма отрицательной обратной связи кортикоидов в регулировании сек
реции АКТГ, вызванной стрессом, была изучена после предварительного введения корти- 
костерона у крыс с односторонней адреналектомией и у иммобилизованных крыс.

Предварительная дача кортикостерона не влияет на острое повышение секреции 
АКТГ, в то время как у иммобилизованных крыс и у животных с односторонней адрена- 
лэктомией в фазе субнормального ответа на максимальную активацию гипофизарно- 
надпочечной системы кортикостерон вызывает существенное торможение секреции 
АКТГ. Наблюдаемое цосле субнормальной фазы второе повышение выделения АКТГ 
также понижается в связи с предварительным введением кортикостерона.



Результаты опытов указывают на то, что механизм отрицательной обратной связи, 
обусловленной коргикостероном, влияющий на непрерывные стрессорные воздействия, 
как наир., иммобилизация животных или односторонее удаление их надпочечников, 
проявляется в регулировании двуфазного ответа гипофизарно-надпочечной системы.

ДЕЙСТВИЕ СУПЕРФУЗИИ АНГИОТЕНСИНА НА СЕКРЕЦИЮ АЛЬДОСТЕРОНА
НАДПОЧЕЧНИКАМИ КРЫС

А . Ш П Е Т , Я .  Ш О Й О М , Й . Ш Т У Р С , И . М Е С А Р О Ш  и Э. Л Ю Д В И Г

Изучалось действие ангиотенсина на стероидопродукцию надпочечников у крыс. 
В целях уравновешивания расщепления вследствие ангиотенсиназной активности над
почечников, в течение инкубации непрерывно вливали ангиотенсин в инкубационный 
раствор. Суперфузия ангиотенсина не повысила секреции альдостерона.

ДАННЫЕ К СОДЕРЖАНИЮ ПРОЛАКТИНА В КРОВИ 
(ЛИТЕРАТУРНЫЕ ДАННЫЕ И КРИТИЧЕСКИЙ АНАЛИЗ МЕТОДА 

ЭКСТРАГИРОВАНИЯ ПО СУЛЬМАН-СИМКИНУ)
М . К У Р Ц , и. Н А Д Ь , Ч . К И Ш Ш  и Л . Х А Л М И

Подробно анализуются новые литературные данные, в которых с помощью теста 
на зобе голубя определяется пролактин в крови. Эти литературные данные противоре
чивы и содержат ряд ошибок.

На основе опытов in vivo и in vitro на модели, описанная Сульманном (1956 г.) и 
предложенная Симкин и Гударт (1960 г.) процедура экстрагирования непригодна для 
обратного получения пролактина крови. Полученные этим методом данные следует считать 
артефактами.

В связи с определением пролактина в нативной крови обсуждаются критерии спе
цифичности действия пролактина, коэффициент исчезновения пролактина, а также отри
цательные результаты определений, в которых не удалось выявить пролактина в крови.

На основе результатов своих собственных экспериментов авторы приходят к за
ключению, что содержание пролактина в крови является более низким, чем порог чувст
вительности микротеста на зобе голубя, поэтому и концентрации, полученные после вве
дения нативной плазмы, нельзя рассматривать как реальные величины.

ПРОСТОЙ МЕТОД ДЛЯ ОПРЕДЕЛЕНИЯ ТИРЕОТРОПНОГО ГОРМОНА
А . Р Е В И Ц К И  и  Л .  С А Н Т О

Авторы переработали гисто-авторадиографический метод М е с с а  и Х а м о р и  (1961- 
для инструментального измерения, благодаря чему получается возможность для исполь) 
зования этого метода при повседневных клинических исследованиях. До количества 
0,3 мМЕ Амбинона поглощение J 131 щитовидной железой восьмидневных цыплят оказалось 
соразмерным, однако, при повышении дозы Амбинона наблюдался перелом и инкорпо
рация J 131 щитовидной железой показывала обратную пропорциональность с дозами 
Амбинона. По мнению авторов упрощенный метод соответствует требованиям биологи
ческих методов определения.

МЕТОД ДЛЯ НЕПРЕРЫВНОЙ РЕГИСТРАЦИИ СОПРОТИВЛЕНИЯ КРОВОТОКУ
Т . ЯНЧО и Г . Г А Л Г О Ц И

С помощью ртутных манометров было сконструировано измерительное приспособ
ление, предоставляющее возможность для непрерывной прямой регистрации сопротив
ления кровотоку периферических сосудистых областей (органов). Излагаются принци



пиальные и технические основы метода с помощью подробного математического анализа 
и схем соединения. Чтобы доказать правильность своего метода, авторы проводили 
опыты на модели и на животных, из результатов которых они сделают вывод, что данное 
приспособление пригодно для количественного и качественного анализа закономерностей 
регулирования гемодинамики, проявляющихся в изменениях сопротивления кровотоку.

ФАРМАКОЛОГИЧЕСКОЕ ИССЛЕДОВАНИЕ ВЫТЯЖКИ ИЗ СТЕБЛЯ 
ЧЕРЕШНИ (PRUN1 AVIUM STIPES) I 
ДЕЙСТВИЕ НА ГЛАДКИЕ МЫШЦЫ

3 .  Х Е Т Е Н Ь И  и  Т . В А Й И -Н А Д Ь

Действие вытяжки стебля черешни (Pruni avium stipes) полученной патентован, 
ным методом и состоящей преимущественно из флавоноидных компонентов (Кардиновин)- 
было исследовано на препаратах гладких мышц. В концентрации 50—100 f i r  вытяжки на 
мл питательной жидкости Кардиновин обратимо прекращал самопроизвольную актив
ность матки крысы и морской свинки. Препарат предотвращал сокращение, вызываемое 
Гландуитрином. На тонкой кишке крысы были получены подобные результаты, тогда 
как на кишке морской свинки после применения больших доз (500 /m/мл) возникли со
кращения. Доза в 100 дг/мл практически полностью купировала судороги, вызываемые 
одинаковой дозой Гландуитрина, а сокращение от ВаС12 предотвратила лишь в 50% 
случаев. На матке крысы с помощью автоматического суперфузионного прибора для 
титрования была осуществлена биологическая титрация Кардиновина. Обсуждаются 
полученные результаты, доказывающие также с биологической стороны флавоноидный 
характер Кардиновина. В заключение авторы обсуждают необходимость исследования 
природных веществ с помощью современных методов, и указывается на несколько фарма
кологических экспериментов такого рода, проводившихся авторами.

ФАРМАКОЛОГИЧЕСКОЕ ИССЛЕДОВАНИЕ ВЫТЯЖКИ ИЗ СТЕБЛЯ 
ЧЕРЕШНИ (PRUNI AVIUM STIPES) II 
КАРДИОВАСКУЛЯРНЫЕ ДЕЙСТВИЯ

3 .  Х Е Т Е Н Ь И  и  Т . В А Й И -Н А Д Ь

Авторы исследовали фармакологическое действие вытяжки стебля черешни по
лученной запатентованным методом и состоящей преимущественно из флавоноидных 
компонентов (Кардиновин). На сердце лягушки, пораженном хинином и Гландуитрином 
(Pruni avium stipes) 100 f i r  вытяжки оказывают положительное инотропное действие. 
Возможность вызывания положительных инотропных эффектов в значительной мере 
зависела от качественных и количественных условий поражения. На препарате сосуда 
задней конечности лягушки (Тренделенбург) Кардиновин прекращает сосудистый спазм, 
вызванный адреналином, но само по себе он безэффективен. На сердечно-коронарном 
препарате крысы (Лангендорфф) вытяжка в значительной мере понижает сопротивление 
венечного сосуда кровотоку (в среднем на 30%). В экспериментах на сердечно-легочном 
препарате (Старлинг) она нормализует работу сердца, ослабленного барбитуратом, и в 
половине случаев повышает ее даже выше исходной величины. На кровяное давление, 
измеренное кровавым путем, в дозе 1 —2 мг Кардиновин не оказывает действия, лишь 
большие дозы (5—10 мг/кг) вызывают понижение кровяного давления примерно на 10%. 
На собаке со скрытой грудной клеткой Кардиновин повышает кровоток в коронарии и 
учащает систолы (при регистрации на кардиомиографе), однако, на сосочковую мышцу 
сердца кошки он оказывает лишь слабое положительно инотропное действие. У крысы 
Кардиновин в дозе 400 г на кг веса на 5—10 минут нормализует патологический — гипок
сический — ЭКГ, вызванный дачей Гландуитрина (или вазопрессина) и предотвращает по
вышение зубца Т, наблюдаемое в начале гипоксии. В заключение обсуждаются получен
ные результаты и предположительные механизмы действия Кардиновина. Уменьшение 
сердечной деятельности, предположительно, является общим результатом эффектов, от
части расширяющих венечные сосуды, отчасти улучшающих обмен веществ миокарда и 
стенки сосудов. Упоминается также, что исследуемое вещество — Кардиновин — вызы
вает и значительное понижение уровня холестерина в крови.
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ARTERIO-VENOUS ANASTOMOSES IN THE K IDNEY

I. R E N A L  B L O O D  F L O W  F O L L O W IN G  T H E  IN F U S IO N  O F SE R U M  A L B U M IN *

B y

P. GÖMÖRI, L. HÁRSING,** K . KÁLLAY, J . B a RTHA** and L. ÜEBRECZENI

SECOND DEPARTMENT OF MEDICINE, UNIVERSITY MEDICAL SCHOOL, BUDAPEST 

(R eceived  D ecem b er 28, 1968)

In  p rev ious s tu d ies  pe rfo rm ed  w ith  th e  corrosion  m eth o d , th e  p re sen ce  o f  a r 
te rio -v en o u s an asto m o ses in  th e  k id n ey  h as been  d e m o n s tra ted  in  a  v a r ie ty  o f  con
d itio n s  assoc ia ted  w ith  shock. In  th e  p re sen t o b se rv a tio n s a tte m p ts  w ere  m ad e  to  
fu rn ish  fu n c tio n a l ev idence  of th e  ex is ten ce  of su ch  anastom oses. As th e  in fu s io n  of 
se ru m  a lb u m in  has been  show n to  red u ce  P A H  e x tra c tio n  an d  th is  m ig h t be  th e  re su lt 
o f th e  opening  of a rte rio -v en o u s sh u n ts , in  th e  p re sen t s tu d y  to ta l  re n a l b lo o d  flow  
w as m easu red  by  an  e lec tro m ag n e tic  flo w -m eter, an d  n u tr it iv e  blood flo w  b y  S a p ir - 
s t e in ’s 86R b  e x tra c tio n  m eth o d  as m odified  b y  HÁRSING and  P e l l e y  (1965). T he 
d ifference  betw een  th e  va lues y ie ld ed  b y  th e  tw o  m ethods has been  te rm e d  “ in e r t”  
b lood  flow . In  th e  n o rm al dog, th is  v a lu e  am o u n te d  to  5%  of th e  to ta l  b lo o d  flow , 
w hereas follow ing th e  a d m in is tra tio n  o f serum  a lb u m in  it  increased  to  2 8 %  w hile 
m ed u lla ry  blood flow  d id  n o t change . T he re su lt  is in te rp re te d  as fu n c tio n a l  e v i
dence of th e  opening  o f  a rte rio -v en o u s  anasto m o ses in  th e  k idney .

The question of arterio-venous anastom oses in the k idney has repeat
ed ly  been dealt w ith  in  earlier works from th is laboratory, w ith  th e  aim  to  
clarify the role of renal blood flow  in  the changes occurring in th e  k idney  
during circulatory failure. In experim ents performed with the corrosion tech 
nique o f M u n k á c s i  (1957) it has been dem onstrated th at the k id n ey  becom es 
ischaem ic in shock due to  ischaem ia, traum a, haemorrhage and dehydration  
(G ö m ö r i  et al. 1962). I t  was surprising th at, in the corrosion preparations, 
fillin g  was observed also in the renal vein. Since owing to  its h igh v iscosity , 
th e  substance used in these studies could not pass the capillaries, th u s in the  
norm al k idney the veins are not filled , the appearance of the in jected  m aterial 
on the venous side had to  be interpreted to point to  the presence o f  arterio
venous com m unications.Their ex istence has repeatedly been confirm ed m orpho
logica lly  (G ö m ö r i  et al. 1964c, 1965), and the presence in various parts o f  the  
kidney of corticom edullary and intracortical com m unications in th e  form  of 
short channels in the cortex corticis has been shown. These experim ents were

* T h is p ap er w as p re sen te d  a t  th e  C ongress o f th e  H u n g a rian  P h y s io lo g ica l S ocie ty , 
D eb rec e n /H u n g a ry , J u ly  1968.

** In s t i tu te  o f Physio logy , U n iv e rs ity  M edical School, B u d ap est.

1 Acta Physiologica Academiac Scientiarum Hungaricae 35, 1969
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th e  first to  dem onstrate th a t certain glom eruli open directly into veins (para
ven ou s glomeruli) and practically  act as shunts (M u n k á c s i  et al. 1963). The  
results were essen tia lly  in agreem ent w ith  earlier data of T r u e t a  (1948), 
D a n i e l  (1952), Cl a r a  (1956) and Sp a n n e r  (1957) and have recently been con
firm ed by S i e g e l m a n  and G o l d m a n  (1968) in  m an.

There was, how ever, no functional ev idence o f the existence of by-pas- 
ses. The present stu d ies h ave been based on th e  earlier findings by Ca r g il l  
(1948); reduction o f th e  renal arterio-venous difference of PA H  after th e  in fu
sion o f hum an serum  album in in patients w ith  nephrosis; a reliable expla
n a tio n  for this fin d in g  w as that the infusion o f album in had opened arterio
ven ou s shunts in th e  k id n ey , causing part o f  th e  blood to be d iverted from  
th e  parenchym a and to  flow  through b y-passes d irectly  into the veins. These 
experim ents were rep eated  in dogs; the effect o f  hum an serum album in was 
te sted  on the extraction  rate of PA H  and o f oxygen  in the k idney (G ö m ö r i  et 
al. 1964b) and it w as found that human serum  album in causes a significant 
depression of EpAH and E 0a. Similar resu lts have been obtained w ith  
dihydralazine. It is kn ow n  th a t PA H  is n o t com p lete ly  extracted  in either the  
hum an or the canine k id n ey; the average P A H  extraction  rate was 73%  in  
th e  dog (G ö m ö r i  et al. 1964a). The dim inution o f E PAH was thought to be due to  
th e  fact that part o f  th e  blood was flow ing through regions w hich did not 
extract PA H . E l p e r s  and S e l k u r t  (1963) observed a similar dim inution  
in  Ердн in response to  th e  infusion o f b ov in e  or canine serum album in to  
dogs. As Т т р д н  did n o t change in their experim ents it  was concluded that 
th e  observed d im inution  o f E PAH could not b e th e  result of som e deteriora
tion  o f tubular tran sp ort.

In view  of th ese resu lts it  seemed in terestin g  to  investigate the problem  
b y  up-to-date techn iques and to seek further functional evidence o f the ex ist
ence o f arterio-venous com m unications in th e  k idney. In the present experi
m ents attem pts have been  m ade not only to  estab lish  whether hum an serum  
album in dim inished E p AH in the dog, but also to  reveal w hether or not the  
difference between to ta l renal blood flow  as estim ated  by m easuring arterial 
in flow  and nutritive b lood flow  representing th e  am ount of blood flow ing  
through the parenchym a -was affected by the in fusion  of serum album in. Thus, 
if  to ta l blood flow  and nu tritive blood flow' are determ ined sim ultaneously, 
th e  difference betw een  th e  tw o values is equal to  the am ount of blood di
verted  from the fu n ction in g  renal parenchym a and can therefore be term ed  
“ in ert” blood flow; its increase might be the resu lt of several factors, the open
ing  o f  arterio-venous sh u n ts, among others.

The experim ents w ere undertaken b y  techniques allowing reliable 
m easurem ent of both  to ta l and nutritive b lood  flow . The am ount of blood 
entering the k idney can be measured under near physiological conditions by 
an electrom agnetic flow -m eter. Blood flow  through th e  parenchym al capillaries
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was determ ined by Sa p i r s t e i n ’s 8URb m ethod (1956, 1968) m odified by HÁR- 
siNG and P e l l e y  (1965). O bviously, an increase in the difference b etw een  total 
and parenchym al blood flow  m ight be the resu lt o f the opening o f  vascular  
by-passes. The purpose o f the present experim ents was to determ ine th e  differ
ence betw een total and nutritive blood flow  (“ in ert” blood flow) under resting  
conditions and during the infusion of hum an serum albumin; it  has been  
assum ed th at this experim ental arrangem ent w ould furnish functional evidence  
of the existence of arterio-venous com m unications in the kidney.

M ethods

E x p e rim en ts  w ere p e rfo rm ed  on 25 m ongrel dogs o f e ith e r sex, weighing 11.0 to  17.0 kg 
(m ean : 14.5 kg) and  a n a e s th e tiz e d  w ith  chloralose  (0.10 g/kg). Blood p ressu re  w as m eas
u red  b y  an  E le m a-S ch ö n a n d e r  EM T 35 e le c tro m an o m e te r th ro u g h  a p o ly e th y len e  c a th e te r  
in tro d u c e d  v ia  th e  fem ora l a r te ry  in to  th e  a o rta  u p  to  th e  level of th e  d iap h ra g m ; m ean  a r te 
ria l p ressu re  w as d e te rm in e d  b y  e lectric  in te g ra tio n . B lood  flow of the  left k id n e y  (R B F^j,.) 
was m easu red  b y  an e le c tro m ag n e tic  flow -m eter (N y k o tro n )  p laced  on th e  re n a l a r te ry  a fte r  
th e  k id n ey  h a d  been exp o sed  th ro u g h  a lu m b ar incision . In  th e  aim  of o b ta in in g  th e  e x tra c 
tio n  ra tio  o f P A H  (E p a h ) v en o u s hlood sam ples w ere  o b ta in e d  th ro u g h  an in d w e llin g  c a th e 
te r  in tro d u c e d  v ia  th e  r ig h t  e x te rn a l ju g u la r  vein  a n d  p assed  u n d e r fluoroscopic c o n tro l in to  
th e  le ft re n a l ve in ; th e  te s tic u la r  or o v arian  veins w ere  lig a ted . T he position  of th e  c a th e te r  
was re p e a te d ly  checked b y  p a lp a tio n , and  also a t  th e  end  of th e  ex p erim en t. C o n c en tra tio n  
of P A H  in ren a l venous an d  sim u ltan eo u s ly  o b ta in e d  a r te r ia l  blood sam ples w as e s tim a te d  by  
th e  m eth o d  o f B r a t t o n  an d  M a r s h a l l  (1939). H a e m a to c r i t  w as de term ined  in a r te r ia l  blood 
sam ples b y  a H aw ksley  m ic ro h a e m a to c rit  cen trifu g e  (12,000 g, fo r 5 m in). N u tr i t iv e  blood 
flow in th e  le ft k id n ey  ( R B F Rb) was e s tim a te d  b y  th e  m eth o d  of Sa p ir s t e in  (1956 , 1958) 
m odified  b y  H a r s in g  a n d  P e l l e y  (1965). T he m e th o d  allows th e  m ea su re m e n t o f  to ta l  
“ n u tr it iv e ”  or “ c ap illa ry ”  b lood flow , cortical blood flo w  (C B F Rb) and m ed u lla ry  b lo o d  flow 
(M B F Rb). 86R b  was in jec ted  d irec tly  in to  th e  r ig h t a tr iu m  th ro u g h  a c a th e te r  in tro d u c e d  v ia 
th e  e x te rn a l ju g u la r  ve in . T h e  d ilu tio n  of 8(JR b  w as e s tab lish ed  in a rte ria l b lo o d  sam ples 
co llected  by  a frac tio n a tin g  co llecto r from  th e  c a n n u la te d  com m on caro tid  a t  1-sec in te rv a ls . 
U rine  w as collected  th ro u g h  indw elling  c a th e te rs  in tro d u c e d  in to  the  u re te rs  th ro u g h  a low  
ab d o m in a l m idline incision . T o secure a d eq u a te  u r in e  flow  an d  m axim al m e d u lla ry  blood 
flow , 10%  m an n ito l in p h y sio log ica l saline and th e  n ece ssa ry  a m o u n t of P A H  w ere  infused 
in to  th e  fem ora l vein  b y  a c o n s ta n t- ra te  pum p (10 m l/m in ); as an  increase in  m e d u lla ry  blood 
flow  m ay  depress th e  Е р д ц . B lood pressure , R B F D| r a n d  EC G  were reco rded  c o n tin u o u sly  
b y  a M in g o g ra f 81 (E lem a), u su a lly  a t  2.5 rnm /sec p a p e r  speed.

A fte r  com ple tion  o f th e  above p rocedures th e  in fusion  of m ann ito l w as s ta r te d ,  and  
th e  ex p erim e n ts  were b eg u n  25 to  30 m in  la te r. In  tw o  5 m in  con tro l periods (p e rio d s  1 a n d  2), 
u rin e  w as co llected , b lood  sam ples w ere w ith d raw n  fo r  th e  estim a tio n  of E pa j-j, a n d  a rte ria l 
blood p ressu re  and  le ft re n a l b lood flow  (RBFp)jr) w ere reco rd ed  con tinuously ; a v e ra g e  values 
fo r th ese  tw o  periods a re  show n  in  th e  T ables as “ P re in fu sio n  period” . S u b se q u e n tly , in 
13 dogs, a  so lu tio n  co n ta in in g  25%  h u m an  serum  a lb u m in  in physiological sa lin e  in  a d d itio n  
to  P A H  an d  10%  m a n n ito l w as in fused . T he to ta l  a m o u n t o f a lbum in in fused  w as 3 g /kg 
of b o d y  w e ig h t; as th e  r a te  o f in fusion  was k e p t c o n s ta n t ,  th e  tim e  necessary  fo r th e  in fusion  
o f th is  a m o u n t o f a lb u m in  v a r ie d  betw een  20 a n d  25 m in . T h en  th e  infusion  w as co n tin u ed  
w ith  th e  o rig ina l so lu tio n  co n ta in in g  on ly  m an n ito l a n d  P A H . D uring  th e  la s t  5 m in  of th e  
a lb u m in  in fusion , u rine  w as co llected  an d  blood sam p le s w ere w ithd raw n  fo r th e  e s tim a tio n  
o f Е р д н  (period  3), th en  fo llow ed a fo u rth  5-m in p e rio d  and  im m ediately  a f te r  th is  50 to  
100 //.C o f 86R b  in a vo lum e o f 1 m l was in jec ted  in to  th e  r ig h t a tr iu m , and co llection  o f blood 
sam ples w as s ta r te d  from  th e  c a ro tid  a r te ry  (20 sec). E x a c tly  60 sec a fte r  th e  in je c tio n  of 
8GR b  th e  an im al was k illed  b y  th e  in trav en o u s  in je c tio n  of sa tu ra te d  KC1 so lu tio n . T h u s, 
th e  e n tire  e x p erim en ta l p e rio d  la s te d  fo r a b o u t 40 m in .

S u b seq u en tly , th e  k id n ey s  were rem oved , d e c a p su la te d , and  slices w eigh ing  700 to  
1000 m g w ere cu t o u t from  th e  co rtex , an d  th e  o u te r  a n d  in n er m edulla. T he tis su e  sam ples 
an d  th e  k id n ey  residue w ere dissolved in  c o n c e n tra te d  H N 0 3. R a d io a c tiv ity  o f  th e  k id n ey  
and  o f th e  tissue  sam ples w as de te rm in ed  by  a sc in ti l la tio n  coun ter. N u tr itiv e  b lo o d  flow
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T ab le  I

Control experim ents . In fu s io n  o f  10°/o m a n n ito l

No.

Preinfusion period During

Blood 
pressure 
(mm Hg)

RBFDlr
(ml/min/ 

100 g)

Resistance
(RDir/kg) e pah

Blood 
pressure 
(mm Hg)

RBFpir
(ml/min/
icb g)

Resistance
(RDir/kg)

RB FKb
ml/min/
100 g

5 174 523 1 .9 9 0 .5 8 16 2 348 2 .7 9 287

7 17 9 421 2 .5 4 0 .6 5 1 6 0 291 3 .3 0 3 04

10 127 481 1 .5 8 0 .5 8 11 0 461 1 .43 38 3

12 11 7 24 4 2 .8 7 0 .7 2 105 169 3 .7 2 166

22 117 490 1 .4 3 0 .6 5 107 391 1 .65 21 5

2 4 14 7 345 2 .5 5 0 .5 8 1 4 0 262 3 .2 0 22 6

25 17 3 349 2 .9 8 0 .7 8 16 0 443 2 .1 7 34 8

29 2 3 3 418 3 .3 4 0 .5 4 18 6 535 2 .0 8 55 5

31 162 391 2 .4 7 0 .6 2 14 5 324 2 .6 9 43 5

33 130 28 3 2 .7 7 0 .5 4 1 4 2 391 2 .1 8 56 2

34 142 533 1 .6 0 0 .6 4 14 0 483 1 .7 4 32 0

39 160 270 3 .5 6 0 .6 9 15 5 290 3 .2 0 305

M ean 155 395 2 .4 7 0 .6 3 1 4 3 * * 365 2 .5 1 34 2

± S . D . 33 9 9 .4 0 .7 1 0 .0 7 2 4 .8 105 0 .7 4 1 2 4 .6

Sym bols. V a lu es  n o t m ark ed  b y  * a re  n o t s ig n ifican t s ta tis t ic a lly  as co m p ared  to  v a lu es
cally  d iffe re n t from  p re in fu s io n  v a lu e s  a t

w as c a lc u la te d  on  basis o f th e  e q u a tio n :

B B F Rb =
60  X  Q

o j  Ca X dt

w here Q is  th e  ra d io a c tiv ity  in  th e  k id n ey , co rtica l a n d  m e d u lla ry  tissue sam ples (cpm /100  g); 
Ca th e  ra d io a c t iv i ty  of a r te r ia l  b lo o d  sam ples (cp m /m l); a n d  t th e  m ean  c irc u la tio n  tim e ; 
th e  l a t t e r  w as o b ta in ed  on sem ilo g arith m ic  p a p e r  b y  e x tra p o la tin g  th e  d escend ing  p a r t  of 
th e  a r te r ia l  d ilu tio n  curve to  th e  abscissa . T he absc issa  w as d raw n  a t th e  v a lu e  c o rre sp o n d 
ing  to  1 %  o f  th e  m ax im al c o n c e n tra tio n  of 86R b . Ca X d t  is e q u a l to th e  a rea  u n d e r  th e  d ilu 
tio n  c u rv e  w h ich  was c a lcu la ted  b y  ad d in g  th e  c o n c e n tra tio n  values in  ev ery  second . V alues 
fo r b lo o d  f lo w  w ere co m p u ted  fo r 100 g of k id n ey , c o r te x  o r m edulla. B lood flow  th ro u g h  
c o rte x  (C B F p b ) an d  m edu lla  (M B F p^), i.e. th e  in tra re n a l  d is tr ib u tio n  of b lood  flow  in  100 g 
of k id n e y  w as calcu la ted  b y  assu m in g  th a t  th e  co rtica l tis su e  is equal to 6 4 % ,  an d  th e  m ed u l
la ry  t is su e  to  3 2 % ,  of th e  to ta l  w e ig h t of th e  k id n ey  ( H á r s i n g  e t al. 1 9 6 6 ) . T h e  re m a in in g  
4 %  w ere  s h a re d  b y  th e  ad ipose  a n d  o th e r non-specific  tis su es  th e  blood flow  o f w h ich  w as 
n o t  d e te rm in e d .

T h e  sam e  m easu rem en ts  w ere u n d e rta k e n  in  12 c o n tro l dogs w ith  th e  d ifferen ce  th a t  
a lb u m in  h a d  n o t  been infusedo T he d u ra tio n  of th e  e x p e rim e n ts  was th e  sam e as in  th e  o th e r  
series.

R e n a l  v ascu la r re sis tan ce  w as calcu la ted  on b asis  o f th e  equation :

m ean  a r te r ia l  p ressu re  (m m  H g) 
kg b lo o d  flow  (m l/sec/100 g)
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in  physiological sa line , at a rate o f  10 m l/m in

dilution of eeRb

Retiie tance 
(R*b/kg)

RBFRb
Corticnl flow 

(CBFRb) 
ml/min/100 g

Medullary flow 
(MBFKb) 

ml/min/100 g
CBF/100 g

ЕрлнRBFDlr RBFDlr/100 g
cortex kidney medulla kidney

3.38 0.83 341 218 216 69 0.63 0.65

3.16 1.04 306 195 337 108 0.67 0.63

1.72 0.83 456 292 284 91 0.63 0.55

3.80 0.98 191 122 138 44 0.73 0.75

3.00 0.55 238 152 197 63 0.39 0.62

3.70 0.86 247 158 212 68 0.61 0.60

2.76 0.79 388 248 344 110 0.58 0.71

2.00 1.04 590 377 556 178 0.71 0.55

2.00 1.34 495 317 370 118 0.98 0.58

1.51 1.44 630 401 502 161 1.03 0.53

2.62 0.67 380 242 244 78 0.50 0.55

3.04 1.05 335 214 284 91 0.74 0.59

2.72 0.95 383 245 307 98 0.68 0.61

0.77 0.26 137.5 87.8 124 39.8 0.18 0.07

o b ta in e d  in  th e  p re in fu s io n  p e rio d . V alues m a rk e d  b y  *, **, a n d  *** a re  s ta tis t!  
th e  0 .05 , 0.01 and  0.001 leve ls , resp ec tiv e ly .

a n d  w as expressed  in  R  u n i ts  (1 R  =  1328 dyne  • sec • cm -5 ). W hen c a lc u la tin g  resistance, 
re n a l v enous pressure  w as co n sid ered  zero. O nly  th o se  ex p erim en ts  w ere c o n s id e re d  where 
Е р д н  w as h igher th a n  0.50 a n d  m ean  blood p re ssu re  h igher th a n  100 m m  H g  in  th e  pre
in fu sio n  periods.

T he values fo r th e  p re in fu s io n  period  w ere com p ared  s ta tis tic a lly  to  th e  ex p erim en 
ta l  p eriods, th e  differences w ere e v a lu a te d  b y  S t u d e n t ’s t-te st. P a ra lle l re a d in g s  o b ta ined  
in  th e  dogs su b jected  to  a lb u m in  in fusion  and  in  th e  co n tro l dogs were a lso  e v a lu a te d  s ta 
tis tic a lly  by  the  t-te st.

Results

R esults have been sum m arized in Tables I and II. In  th e  con tro l group 
(Table I), blood pressure gradually decreased until the end o f th e  experim ents 
from  an average o f  155 to  143 mm  Hg; th is  slight but sta tistica lly  significant 
reduction was obviously  due to  the anaesthesia. R BFojr did n o t change in the 
course o f the experim ents, th e  average m easured in the preinfusion periods at
ta in ing  395 m l/m in/100 g and th a t obtained in the last period, 365 m l/m in/100 g. 
R enal vascular resistance show ed no sign ificant change, and Е рдн  also re
m ained essentially unchanged.

In the experim ental group receiving the serum album in (T ab le II) blood 
pressure was som ew hat m ore reduced (from  151 to 135 m m  H g) th an  in the 
control dogs. Renal b lood flow  showed considerable changes in  com parison
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T ab le  II

E ffe c t o f  hum a n  serum a lb u m in  on  ren a l blood f lo w  in  the dog. I n  the pre in fu s io n  period , the 
perim ental p e r io d s , 25%  albumin w as added to the in fusion  adm inistered

Preinfusion period During

No. Blood 
pressure 
(mm Hg)

RBFDir 
(ml/min /
100 g)

Resistance
(RDlr/kg) EPAH

Blood
pressure
(mm Hg)

RI!Fuir
(ml/min/

100 g)

Resistance
(RDlr/kg)

R B FKb
(ml/min/
100 g)

2 183 630 1.74 0.69 185 896 1.24 434

3 174 286 3.65 0.70 141 354 2.39 320

4 167 742 1.35 0.55 162 885 1.10 535
6 130 215 3.63 0.66 137 262 3.13 264

9 145 399 2.18 0.62 110 621 1.07 480
14 106 703 0.90 0.75 106 956 0.67 640

15 141 547 1.54 0.61 107 586 1.10 334

20 184 552 2.00 0.66 182 640 1.70 322
23 157 500 1.89 0.64 112 437 1.55 278

35 147 529 1.67 0.71 130 836 0.94 627
40 162 368 2.64 0.63 145 564 1.54 423
41 147 397 2.23 0.56 145 572 1.52 590

43 122 418 1.75 0.73 95 736 0.77 470

M ean 151 483 2.09 0.65 135** 642*** 1.44*** 440
± S .D . 23.3 156 0.81 0.06 29 214.5 0 .6 8 131

S ym b o ls . V alues m arked  b y  *, **, o r  *** are different s ta t i s t ic a l ly  fro m  th e  p re in fu s io n  v a lu e  
a re  d ifferen t s ta tis t ic a l ly  f ro m  paralle l read ings o b ta in e d  in  th e  con tro l ex p erim e n ts

to  re a c h  s t a t i s

w ith  th e  preinfusion va lu es an d  the parallel read ings o f the control experi
m en ts . T he average o f 483 ml/min/lOO g obtained  in  th e  preinfusion periods 
increased  to  642 m l/m in/100 g . R enal vascular resistan ce  was 2.09 R /kg in the  
p rein fu sion  periods and th is  dim inished to 1.44 R /k g  b y  the end of the experi
m en t. Ерли was sign ifican tly  depressed, from an average of 0.65 to  0.52.

A s in  the preinfusion periods not all param eters could be determ ined, 
o f considerable value is th e  com parison between p ara lle l readings of the control 
group and  the group rece iv in g  albumin; the 86R b m ethod  did not allow to  
m easure nutritive blood f lo w  in  the preinfusion periods. R BFojr atta ined  
365 m l/m in/100 g at the end o f  th e  control exp erim en ts, whereas in the experi
m en ta l group an average o f  642 ml/min/100 g w as ob ta in ed  after the infusion  
of a lb u m in . N utritive b lood f lo w  w as 342 m l/m in/100 g at the end of the control 
ex p erim en ts, and 440 m l/m in /100  g in the parallel series, after the infusion  
o f a lb u m in . Thus, in the con tro l group, the difference betw een  to ta l blood flow  
and n u tr it iv e  blood flow  w as sm a ll (23 ml), w hereas in  th e  dogs receiving albu-
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an im a ls  received 1 0 %  m ann ito l in  physiological sa line, at a rate o f  10 ml/  at a rate o f  10 ml/ 
m in ;  during the exm in , u n til 3 g/kg  o f  album in had been introduced

dilution of aeRb

Resistance
(KEb/kg)

RB FKb
KBFDlr

Cortical flow 
(CBFKb) 

ml/min/100 g

Medullary flow 
(MBFRb) 

ml/min/100 g
CBF/100 g 

BBFDlr/)00 g EpAH

cortex kidney medulla kidney

2.55 0.48 497 318 362 116 0.36 0.40

2.64 0.91 385 246 232 74 0.70 0.55

1.82 0.61 585 373 506 162 0.42 0.59

3.12 1.01 294 188 237 76 0.71 0.59

1.38 0.77 544 347 416 133 0.56 0.56

0.99 0.67 785 501 435 139 0.53 0.60

1.93 0.57 411 263 222 71 0.45 0.37

3.40 0.50 364 237 267 85 0.37 0.50

2.43 0.64 338 216 194 62 0.50 0.36

1.25 0.75 810 516 347 111 0.62 0.61

2.06 0.75 485 309 356 114 0.55 0.41

1.47 1.03 755 481 341 109 0.84 0.60

1.21 0.64 572 365 328 105 0.50 0.60

2.02 + 0.72 + 525 + 327 + 326 104 0.53 + 0.52**

0.76 0.18 172.5 109.8 93 29.8 0.14 0.10

a t  th e  0.05, 0.01 a n d  0.001 levels, respec tive ly . V a lues m ark e d  b y  + , + + , o r + + + 
(T ab le  I )  a t  th e  0 .05 , 0.01 a n d  0.001 levels, re sp ec tiv e ly . T h e  o th e r  v a lu es fa iled  
t ic a l significance

m in, direct blood flow  exhib ited  a more pronounced increase in response to  al
bum in than did n u tritive  blood flow , the form er increasing to  642 m l/m in/100 g, 
and the latter to  440 m l/m in/100 g; th u s the difference betw een  th e  two 
values was 202 m l. In  th e  control group, 71.6%  of the nu tritive blood flow  
perfused the cortex , and 28.4%  of it the m edulla, whereas in the experim ental 
group the corresponding values were 74.3%  and 25.7% . Follow ing the infusion  
o f  albumin, cortical n u tr itive  blood flow  (C B F ri,) w as increased w hile m edullary  
flow  (MBFf*b) rem ained unchanged, as com pared to  th e  control series. The ratio 
o f  cortical and to ta l b lood flow  (CBFR^/RBFoir) w as in satisfactory  agreem ent 
w ith  EpAH b oth  in th e  control group and after the infusion o f album in. Haema- 
tocrit in the control group decreased from 33 to  31% , whereas in the albumin 
group it  was reduced from  34 to 28% ; th ese  changes were obviously  due to  
hydraem ia caused b y  the experim ental procedure. U rine flow  w as not 
consisten tly  altered  in  th e  control group, how ever in the experim ental group 
it  was d im inished  from  an average of 8.7 m l/m in/100 g to  4.7 m l/m in/100 g.
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Discussion

T h e  present experim ents show  that “ inert” blood flow  in the k idney  
is in creased  by the infusion o f  album in from 5.0%  to  28.0% . Considering 
th a t th e  values for n u tritive  b lood  flow (R B F ^ b) found in th e  control and 
ex p er im en ta l groups were n o t  statistica lly  d ifferent, th e  excess in  flow  
(R B F Dir — RBFfjf,) found in  th e  animals receiving album in was m ost likely  
due to  th e  opening of vascu lar by-passes. Thus, th e  present experim ents seem  
to  h a v e  furnished functional ev id en ce of the ex istence o f shunts in the k idney  
during th e  intravenous in fu sion  o f serum album in.

S im ilar results were ob ta in ed  by H a r s in g  et al. (1964) under different 
ex p er im en ta l conditions. In  th is  study, “ inert” b lood flow  was 9.1%  in  the  
con tro l experim ents and th is  w as increased to  34.5%  by th e  adm inistration  
o f a cety lch o lin e  into the renal artery. Renal blood flow  w as m easured b y  can- 
n u la tio n  o f the renal vein , and  parenchym al blood flow  w as determ ined by  
estim a tin g  CpAH. A cety lcholine did not reduce parenchym al blood flow , thus, 
th e  in crease  in “ inert” b lood  flo w  in  other words the by-pass w as due to  the  
excess in  to ta l blood flow. In  th e  sam e experim ents, th e  effect o f papaverine was 
also te s te d . T otal direct b lood  flo w  was increased b u t Срдн w as dim inished and 
th e  p o ss ib ility  could not be ru led  out that the changes were due to  the deterio
rating e ffec t of papaverine on tubu lar transport. In  a subsequent stu d y , H a r 
s in g  e t  al. (1967) succeeded in  dem onstrating th a t under stop-flow  conditions  
th e  ra tio  o f  cortical blood flo w  to  to ta l renal blood flow  w as dim inished from  
0.78 to  0 .48 , and this was associa ted  w ith a decrease o f E PAH from  0.75 to  
0.52; th u s , the changes e lic ited  b y  ureteric occlusion were sim ilar to  th ose  
ob served  in  the present experim ents in response to  album in. The above experi
m en ts o f  HÁRSING et al. (1967) too , were interpreted  b y  assum ing th a t part 
o f th e  b lood  flowing into th e  k id n ey  was d iverted through vascular shunts  
from  th e  functioning parenchym a.

S im ilar conclusions w ere drawn by J ir k a  et al. (1961) w ho found a dis
crep an cy betw een the values o f  blood flow  obtained by direct m easurem ent 
and b y  cineradiography in haem orrhagic hypotension . On the basis o f experi
m ents em ploying erythrocytes labelled  w ith 51Cr and w ith  131I serum  album in, 
S h a l d o n  e t al. (1963) also concluded  to the opening of shunts in the k idney. 
In  co n tra st to  these observations, M u n c k  et al. (1962) found a close correlation  
b etw een  th e  oxygen saturation  o f blood derived from  th e renal cortex and 
renal v en o u s blood in haem orrhagic hypotension. O bviously, th is find ing is 
irreconcilab le with the opening o f arterio-venous shunts in th e  kidney.

T h e  present results, to g eth er  w ith  the earlier findings o f H a r s in g  et al. 
(1967) p o in t to  the p ossib ility  o f  som e of the blood flow  by-passing the func
tio n in g  parenchym a. It is b e lieved  that functional evidence o f th e  opening  
of v a scu la r  shunts can be ob ta in ed  only in  m odel experim ents (album in
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infusion, adm inistration o f acetylcholine or papaverine, stop-flow ), and it  is 
questionable w hether shunts can be dem onstrated  functionally in shock due 
to traum a, tourniquet, haem orrhage or dehydration . The m ethod em ployed  in 
the present experim ents seem s to be suitable for the approach o f th is problem , 
and further studies are in progress by us to  reveal arterio-venous connections  
under different experim ental conditions.

I t  should be noted  th a t Ердн was som ew hat lower in the preinfusion  
periods, in both  th e  control and the experim ental series, than  th e  values 
obtained by other authors under similar circum stances. The reason for this is 
unknown; it is to be em phasized, how ever, th a t, similarly to earlier studies 
of H á r s in g  and B a r t h a  (1966), the ratio o f cortical to to ta l b lood flow  
(CBFRt/H B F Dir) w as in satisfactory agreem ent w ith the values for Ердн.
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PRESSOR ACTIVITY OF RENAL VENOUS BLOOD 
IN ANAESTHETIZED DOGS

B y
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(R eceived  S ep tem b er 17, 1968)

A n  increase  in th e  p re sso r a c t iv ity  o f u n tr e a te d  ren a l venous p la s m a  follow ing 
th e  re d u c tio n  of ren al b lood flow  (to  a b o u t 20 p e r  c en t o f  th e  co n tro l v a lu e )  h a s  been 
d e m o n s tra te d  in an ae sth e tize d  dogs. T he p h en o m en o n  is no t due to  h em o d y n a m ic  
ch an g es (c o n cen tra tio n ) b u t  is th e  re su lt  o f  a n  increase  in  the  p ro d u c tio n  o f p resso r 
su b s tan ces .

In  the diagnosis of renovascular hypertension  it is essential to  dem on
strate m orphologically the stenosis and to  clarify the relationship betw een  
hypertension  and stenosis. This is usually  done b y  estim ating th e  renin or 
angiotensin  level in renal venous blood. The m ethods are more or less cum ber
som e and all o f  them  are based on the b io-assay o f angiotensin generated  during 
incubation . H ow ever, the actual pressor con ten t o f renal venous b lood  has not 
been determ ined and the presence o f other pressor or depressor su b stan ces has 
n ot been  taken  into consideration, either.

M c P h a u l  et al. (1964, 1965, 1966) h ave show n that the direct determ ina
tion  o f th e  pressor activ ity  o f renal venous b lood/plasm a is a reliab le m ethod  
for th e  appraisal o f a “ sign ificant” stenosis o f  th e  renal artery, and th e  pressor 
a c tiv ity  is in good correlation w ith  the results o f surgery.

In  th e  present studies in  acute dog experim ents, under stan d ard  con
ditions th e  influence of a significant decrease in renal blood flow  (R B F ) on the 
pressor a c tiv ity  of renal venous blood has been investigated.

Methods

K id n e y  experim ents. T h ir ty - th re e  m ongrel dogs o f e ith e r  sex, w eigh ing  9 to  15 kg, 
w ere u sed . U n d e r  chloralose a n aesth es ia  (0.10 g /kg  b o d y  w e ig h t) th e  trach ea  w as c a n n u la te d . 
B lood p re ssu re  w as m easu red  in  th e  c a ro tid  a r te ry  w ith  a  m ercu ry  m an o m e te r. T o  rep lace  
th e  b lo o d  loss h ep arin ized  blood d ilu te d  to  a b o u t o n e -h a lf  w ith  Locke’s so lu tio n  w as in fused  
in to  th e  fem o ra l ve in . T he le ft k id n ey  w as exp o sed  b y  lu m b a r  incision. A fte r  l ig a tin g  th e  
te s tic u la r  (o v a ria n ) vein  a can n u la  h av in g  a T  e x te n s io n  w as in se rted  in to  th e  re n a l vein , 
d irec tin g  th e  b lood  to  th e  ju g u la r  v e in . T he T  e x ten sio n  allow ed d irec t m e a su re m e n t o f renal 
b lood  flo w  (R B F )  (S e l k u h t  1946; B á l in t  1965).

In  th e  co n tro l ex p erim en ts  R B F  was m easu red  a f te r  can n u la tio n , an d  a f te r  w aiting  
for 20 to  30 m in u te s  again . B lood sam ples w ere ta k e n  fro m  th e  re n a l a rte ry  (A ), f ro m  th e  ren a l 
vein  (V ,), th e n  30 m in u te s  la te r  ag a in  from  th e  re n a l v e in  (V3).

A fte r  h a v in g  o b ta in ed  th e  A a n d  V , sam ples a  c lam p  w as p laced on th e  re n a l  a r te ry  
to  s tu d y  th e  p reäso r su b stan ce  p ro d u c tio n , an d  flow  w as red u ced  to  1/4— 1/5 in  a b o u t  2 to
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Table I

Pressor substance production in  control k idney

DOG (n =  5)

No. Body weight 
Kg

Blood pressure 
mm Hg

Direct renal blood flow 
ml/min

V, V, V, V, V»

49 11.0 150 145 111 ___ 99
50 11.0 150 150 123 — 102
51 10.0 120 110 136 — 96
52 16.0 120 110 96 — 81
53 13.5 130 115 68 — 56

X 12.3 136 126 106.8 — 86.8
S.D . ± 2 .4 ± 1 5 .3 ± 1 9 .8 ± 2 6 .2 - ± 1 9 .0

RAT (n =  20)

No. A
mm Hg

V,
mm Hg

v„
mm Hg

V3
mm Hg

Basal bloo 
mm

onset of titration

d pressure,
Hg

end of titration

49 30.5 ±  9.2 33.7 ±  7.4 — 36.0 ±  5.9 75.7 ±  6.5 76.2 ±  3.0
50 26.5 ±  3.8 29.7 ±  3.1 — 42.0 ±  7.6 52.5 ±  10.0 60.2 ±  17.1
51 16.7 ±  7.7 18.0 ±  2.8 - 28.0 ±  13.3 62.0 ±  10.1 69.0 ±  17.3
52 24.5 ±  10.0 25.0 ±  13.2 — 23.5 ±  9.8 55.2 ±  16.2 62.2 ±  21.2
53 29.5 ±  10.2 41.0 ±  10.1 — 35.5 ±  7.9 63.7 ±  11.7 74.5 ±  17.6

X 25.5 29.5 — 33.0 61.9 68.4
S .D . ± 9 .6 ± 1 0 .9 — ± 1 0 .6 ±13.1 ± 1 6 .0

Sym bols:

A =  fe m o ra l a rte ria l p la sm a  
V t =  c o n tro l ren al (fem o ra l) v en o u s  plasm a
У 2  =  re n a l  or fem oral v en o u s  p lasm a  ob ta in ed  im m e d ia te ly  a fte r re d u c tio n  of a r te r ia l  

in flo w
Y 3 =  re n a l  o r fem oral v en o u s  p lasm a  ob ta in ed  30 m in u te s  a fte r re d u c tio n  of a r te r ia l  

in flo w
T h e  p la s m a  sam ples w ere t i t r a te d  in  0.5 m l vo lum es

3 m in u te s . A  ren al v enous b lo o d  sam ple  was ta k e n  im m e d ia te ly  a fte rw ard s (V 2) a n d  30 
m in u te s  a f te r  th e  onset o f flo w  re d u c tio n  (V3). F low  w as co n tro lled  a t  10-m inute  in te rv a ls .

H in d  lim b experim ents. I n  six  dogs a n a e s th e tiz e d  w ith  chloralose (0.08 g /kg  b o d y  
w e ig h t) a n d  m orph ine  (0.02 g /d o g ), a t  the  hip jo in t  e v e ry  m uscle, nerve a n d  b lood  vessel 
w as l ig a te d  a n d  cut. T he h in d  lim b  so iso lated  rem a in ed  in  c o n ta c t  w ith  th e  t ru n k  ex clusively  
th ro u g h  th e  fem u r; su p p lied  w ith  b lood  from  th e  c a n n u la te d  fem oral a r te ry  an d  ve in . B lood 
sam p le s  f ro m  th e  fem oral v e in  w ere tak e n  a t  th e  sam e  in te rv a ls  and in th e  sam e sequence 
as in  th e  re n a l ex p erim en ts.
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T able  II

Pressor substance production in  k id n ey  w ith reduced renal blood f lo w

DOG (n =  9)

No.
Body weight

'Kg

Blood pressure 
mm Hg

Direct renal blood flow 
ml/min

V, v » Vv i V, V,

27 12.5 130 120 118 10 40

28 12 .0 140 110 150 28 22

29 11 .0 140 100 72 8 9

31 13 .0 150 140 104 22 20

32 14 .0 180 150 114 20 9

34 12 .0 170 145 156 21 12

35 12 .0 160 160 88 15 10

36 12 .0 150 140 90 20 16

37 12 .0 160 140 123 27 31

X 12 .2 153 134 1 1 3 .0 19 .0 18 .8

S.D. ± 0 . 9 ± 1 5 .8 ± 1 9 . 6 ± 2 7 . 9 ± 6 . 8 ± 1 0 . 7

RAT (n =  36)

No. A
mm Hg

V,
mm Hg

v a
mm Hg

V,
mm Hg

Basal blood pressure, 
mm Hg

onset of titration end of titration

27 22.5 ±  6.6 32.0 ±  11.9 41.0 ±  12.3 45.0 ±  13.1 76.2 ±  4.8 81.7 ±  10.0

28 18.5 ±  4.4 22.5 ±  3.4 26.5 ±  3.4 35.0 ±  6.1 65.0 ±  0.0 67.5 ±  9.6

29 33.5 ±  3.0 42.5 ±  6.7 48.5 ±  7.2 56.5 ±  15.9 66.7 ±  6.5 75.7 ±  8.8

31 24.0 ±  3.6 30.0 ±  10.7 30.0 ±  10.4 44.5 ±  2.5 65.0 ±  12.9 82.5 ±  8.7

32 28.0 ±  4.9 31.5 ±  7.7 34.5 ±  10.6 58.5 ±  5.7 65.5 ±  14.3 68.7 ±  16.7

34 27.0 ±  8.9 26.5 ±  7.0 39.5 ±  4.7 48.5 ±  14.4 66.2 ±  11.8 85.0 ±  9.1

35 15.5 ±  7.7 16.5 ±  7.0 27.5 ±  11.7 58.5 ±  31.5 65.0 ±  12.2 80.0 ±  20.8

36 29.0 ±  12.5 43.5 ±  14.2 48.5 ±  19.9 64.0 ±  11.8 72.5 ±  5.0 80.0 ±  7.1

37 19.7 ±  5.2 19.7 ±  5.0 23.2 ±  3.2 35.0 ±  7.4 73.0 ±  4.0 76.0 ±  7.4

X 24.2 29.4 35.5 49.5 68.4 77.2

S.D. ± 8 .2 ± 1 1 .7 ± 1 2 .9 ± 1 6 .3 ± 9 .1 ± 1 2 .2

P reparation o f  sam ples. The blood sam p les w ere cooled an d  im m ed ia te ly  cen trifu g ed  
a t  4 °C a t  5000 X g fo r 10 m inu tes in  a 17" M SE T y p e  M K2 re frig e ra to r cen trifu g e . One m l 
sam ples o f p lasm a w ere ad d ed  in to  th e  p re-coo led  d ishes an d  these  were p laced  in  a deep- 
freezer. T he p lasm a  sam ples were th aw ed  a f te r  1 to  3 d a y s  a t  room  te m p e ra tu re  a n d  tes ted  
fo r p resso r ac tiv ity .

Bioassay. In  127 m ale ra ts  o f our ow n s to ck , w eigh ing  150 to  180 g, th e  k id n ey s  were 
rem o v ed  u n d e r e th e r  an aesth es ia . A fter fa s tin g  fo r 18 to  24 hours th e  an im als w ere a n a e s th e 
tiz e d  w ith  0.60 g /kg b o d y  w eigh t u re th a n e  su b c u ta n e o u s ly , th e n  w ere tre a te d  su b c u tan e o u sly  
w ith  15 m g/kg o f 0.5 p e r cen t ch lo risondam ine  ch lo rid e  (E co lid , С Ш А ), or w ith  2.5 m g/kg
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h e x a m é th o n iu m  an d  0.5 m g/kg of 0.05 p e r  cen t a tro p in e . T h e  vo lum e of th e  gang lion ic  b lo ck 
ing  a g e n ts  w a s  a d ju s te d  to  1.0 m l w ith  5 p e r cen t p o ly v in y lp y rro lid o n e  so lu tion . A b o u t 40 
to  60 m in u te s  following th e  a d m in is tra t io n  of d rugs, b ila te ra l  v ag o to m y  w as p e rfo rm ed  
an d  th e  t r a c h e a  was can n u la ted . B lo o d  pressu re  was m ea su re d  in  th e  ca ro tid  a r te ry  w ith  
a  m e rc u ry  m a n o m e te r  and  w as re co rd e d  on  sm oked  p a p e r , u sin g  a  Z im m erm ann  k y m o g rap h . 
A th in  p o ly e th y le n e  tu b e  was in se r te d  in to  th e  le ft fem o ra l v e in  to  ensure  ra p id  a n d  re liab le  
in je c tio n  o f  th e  su bstances to  be t i t r a te d .

T h e  p la s m a  sam ples w ere in je c te d  in  0.5 m l v o lu m e a n d  were w ashed  in  w ith  0.1 m l 
o f L o ck e ’s so lu tio n . As re q u ire d  b y  co m b in a tio n  of t r e a tm e n t  th e  sam ples w ere u su a lly  
t i t r a te d  in  4 ra ts .

E va lu a tio n .  The e lev atio n  of b lo o d  pressu re  by  th e  a r te r ia l  (A) an d  venous (Y 1; V„, V 3) 
p lasm as a d m in is te re d  in  v a ry in g  o rd e r w as considered  th e  m easu re  of p resso r a c tiv ity .

E x p e r ie n c e  has show n th a t  in  o n e  r a t  o n ly  4 p la sm a  sam ples m ay  be t i t r a te d ,  b ecause  
b asa l b lo o d  p ressu re  g rad u ally  in c re ased  w ith  th e  a d m in is tra t io n  of each  sam ple.

P la s m a  p resso r a c tiv ity  w as c h a ra c te riz ed  b y  th e  m ean  of th e  d e lta  p  v a lu es a n d  b y  
th e  s t a n d a r d  d ev ia tio n ; th e  re su lts  w ere  e v a lu a te d  b y  th e  S tu d e n t’s t te s t.

Results

A ) Effect of  the reduction o f  R B F  on the pressor activity o f  renal venous  
p la sm a

1. I t  has been studied how  plasm a pressor activ ity  changed under the  
effect o f  spontaneous variations in  R B F  (under control conditions) (Table I). 
A t 30 m in u tes, sample VA — w ith  the R B F  unchanged (p  j> 0.10) — had  
a h igh er pressor effect than th e  arterial control (A) (p  0.05), but did not 
differ from  sam ple F x, as opposed to the data in  Table II.

2 . In  prelim inary experim ents R B F  was reduced in 11 dogs to  an average  
of 18.5 p er  cent of the in itia l va lu e  and was kep t at that level for 30 m inutes. 
The p la sm a  samples were te sted  in 34 rats. T he pressor responses were: to

Д
mmHg 

60-

40-

20-

5 Í5 50 TO
p e r  cent

F ig . 1. L o g  dose-response cu rve. A bscissa: lo g arith m  o f p e rcen tag e  p lasm a  c o n c e n tra tio n . 
O r d in a te :  A  blood p ressure  S .D . T he sam ples w ere  ad m in iste red  in  0.5 m l vo lu m e
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arterial sam ple (A) 2 6 .8 ^ 9 .2  mm H g; to the control renal venous p lasm a ( F J  
3 0 .5 ^ 9 .9  mm H g; 30 m inutes after the reduction  o f R BF, to sam p le F 3 
44 .O i  12.8 m m  H g. The differences were sign ificant statistically  betw een  
sam ples A — V3 and V1— V3 (p  <  0.001).

3. The series o f experim ents w as repeated w ith  th e  difference th a t a renal 
venous blood sam ple ( V 2) was obtained im m ed iate ly  after the reduction  of 
R B F . As show n in Table II, under control cond itions there was a difference  
in pressor response betw een the arterial (A) and renal venous ( F 3) sam ples  
(p  <  0.05). The difference increased im m ediately  on the reduction o f  R B F  
( F 2) and was h igh ly  significantly augm ented at 30 m inutes ( V3). The differences

Table III

Pressor substance production  in the isolated h ind  limb

DOG (n =  6)

No. Body weight 
Kg

Blood pressure 
mm Hg

Blood flow 
ml/min

v - V, V, V, V,

42 11.0 130 115 67 10 12

43 11.0 115 80 36 9 4

45 11.0 140 130 87 11 8
46 12.5 135 115 66 12 10

47 18.0 120 110 54 12 18

48 11.5 115 95 45 6 8

X 12.5 126 108 59 9.9 10.1

S.D. ± 2 .8 ± 1 0 .7 ± 1 7 .6 ± 1 8 .0 ± 2 .3 ± 4 .6

RAT (n =  23)

Basal blood pressure,
No. A

mm Hg
V,

mm Hg
V,

mm Hg
V,

mm Hg
mm

onset of titration

Hg

end of titration

42 2 3 .5  ±  6 .6 2 3 .5  ±  2 .5 2 3 .0  ±  4 .8 2 6 .7  ±  3 .6 70 .2  ±  3 .8 7 0 .5  ±  1 3 .8

43 2 4 .6  ±  2 .9 2 6 .7  ±  13 .6 2 4 .0  ±  3 .5 2 6 .7  ±  1 2 .0 6 3 .3  ±  20 .2 7 3 .3  ±  16 .1

45 2 3 .7  ±  6 .6 2 6 .2  ±  6 .6 2 7 .5  ±  11 .7 2 8 .7  ±  8 .8 6 3 .2  ±  4 .7 6 5 .0  ±  7 .5

46 2 4 .7  ±  7 .3 2 6 .5  ±  9 .3 2 5 .5  ±  8 .4 3 4 .0  ±  1 1 .2 5 8 .0  ±  15 .9 8 5 .7  ±  1 7 .5

47 2 9 .7  ±  5 .6 2 6 .2  ±  4 .4 2 6 .2  ±  3 .9 2 8 .0  ±  5 .2 7 0 .2  ±  6 .6 7 4 .0  ±  10 .5

48 4 4 .7  ±  6 .2 3 8 .0  ±  14 .9 4 4 .7  ±  4 .1 3 4 .7  ±  1 6 .7 5 3 .5  ±  15.1 7 1 .0  ±  8 .5

X 2 8 .7 2 7 .9 2 8 .7 2 9 .9 63 .1 7 3 .0

S.D. ± 9 . 5 - ± 9 . 6 ± 9 . 5 ± 9 . 8 ± 1 2 .4 ± 1 2 . 9
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b etw een  A — V 2, A — V3 (p  <7 0.001), Vx— V 2 (p  <7 0.05), Vx— Vs and V 2— V3 
(p  <7 0 .001) were sign ificant.

4 . A fter 30 m inutes o f reduced R B F , renal venous plasm a from  2 dogs 
w as d ilu ted  w ith L ocke’s so lution  to 6.25, 12 .5 , 25.0 and 50 per cen t d ilutions. 
U sin g  th ese  and w hole p lasm a, dose-response curves were p lotted  in  several 
rats. In  F ig . 1 the pressor responses to th e  different plasm a d ilu tion s are 
characterized  by the m ean o f th e  values and th e ir  standard deviations m easured  
in  th e  rats (in the case o f dog N o. 60 titra tion  w as done in six rats, in th at of 
dog N o . 61, in  eight rats). In  the linear segm en t the common slope o f  th e  two  
curves w as calculated b y  determ ining the m ean  and the standard deviation  
o f th e  slopes m easured in  each rat betw een tw o  doses. The logarithm  o f the  
sam p les containing 12.5 per cent or more p lasm a  showed good linear correla
tion  w ith  the increase o f pressor activ ity  revealing  at the same tim e the presence 
o f v a so a c tiv e  substances in  proportion w ith  th e  plasm a content.

In  th e  linear segm ents the slopes o f  th e  tw o curves were 4 4 .6 ^ 2 1 .8 .
B )  To decide w hether in response to  th e  R B F  reduction, pressor sub

stan ce production w as induced  only in the k id n ey , in six dogs le ft h ind  limb 
flo w  w as sign ificantly  reduced and the pressor responses to the p lasm a sam ples 
w ere com pared (Table III ) . There was no sign ifican t difference betw een  the 
pressor responses to  the different plasm a sam ples.

D iscussion

A  reduction o f R B F  for 30 m inutes (to  about 20 per cent th e  in itia l 
value) w as found to  increase the pressor a c t iv ity  o f renal venous p lasm a. As 
th e  con tro l arterial plasm a also had pressor a c tiv ity  (L e w i s  1960; L tjs t in e c

1965), th e  venous sam ples w ere always com pared with the pressor responses 
to  arteria l plasm a. R eduction  of flow  in th e  h ind  limb produced no sim ilar 
effect.

In  2 dogs an a ttem p t w as m ade to determ ine the qu an tity  o f  pressor 
su b stan ce from the log-dose-response d iagram  plotted from renal venous  
plasm as after 30 m inutes o f reduced R B F (F ig . 1). The common slope w as in 
th is case 44.6 in the linear segm ent of the curve. As seen in Table I I , th e  con
trol renal venous plasm a ( V x) induced a 2 9 .4 ^ 1 1 .7  mm Hg increase in  th e  test 
an im al’s blood pressure w hile after 30 m inutes o f  R B F  reduction renal venous 
plasm a ( V3) induced a 4 9 .5 ^ 1 6 -3  mm H g increase. On the basis o f  th e  slope 
(assu m in g th a t the pressor response to V3 fa lls to  th e  linear part o f  th e  curve) 
th is m eans th at 0.5 ml o f th e  Vs plasm a w as equipotent w ith 5.6 m l o f  the  
control renal venous plasm a. Calculating in  a sim ilar way, the renal venous  
plasm a obtained im m ediately  after the reduction  o f R BF ( V 2) in a v o lu m e of 
0.5 m l produces the sam e effect as 2.7 ml o f  th e  control renal venous plasm a  
( F x). T h is va lue (2.7 : 0.5) m eans a 5.4-fold concentration  of the active  agent,
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w hich corresponds to  the ratio of flow  reduction (5.9) and thus m ay be caused  
b y  haem odynam ic changes (concentration). As opposed to  th is, the renal 
venous plasm a V 3 contained 11.3 tim es as m uch pressor substance as the con
trol (F j), and 2.0 tim es as m uch as plasm a V 2.

Several vasoactive  agents have been dem onstrated  in th e  k idney. The 
pressors are the renin-angiotensin system  (G o l d b l a t t  et al. 1934; G o l d 
b l a t t  1964; P a g e  and M c Cu b b i n  1965; V a n d e r  1967), as w ell as th e  non- 
identified  pressor substance of K h a i r a l l a h  and P a g e  (1965); the depressors 
are the m edullary extracts (M u i r h e a d  et al. 1960; T o b ia n  et al. 1964; L e e  
et al. 1965; S t r o n g  et al. 1966). R o b l e r o  and Cr o x a t t o  (1968) dem onstrated  
in the incubated  dog and rat plasm a tw o pressor substances, the a ctiv ity  of 
w hich decreased follow ing nephrectom y. B oth  proved to  be non-dialysable  
proteins, evoking a pressor response in the nephrectom ized rat, but differing  
in other properties.

In  our experim ents the nature o f th e  pressor substance has not been  
studied . M c P h a u l  et al. (1966) holds unlikely th a t th e  directly  m easured  
increased pressor a ctiv ity  o f the renal venous plasm a from patien ts suffering 
from renovascular hypertension w ould be due to  an increase o f  th e  renin or 
angiotensin level. On the other hand, E b i h a r a  and G r o l l m a n  (1968) concluded  
in dog experim ents th at the pressor agent cannot be d istinguished from  angio
tensin.

U ltim ately , in our m odel experim ents th e  observations o f M c P h a u l  et 
al. (1966) in renovascular hypertension th at were confirm ed recently in  dog 
experim ents b y  E b i h a r a  and G r o l l m a n  (1968) could readily be reproduced. 
For diagnostic purposes the assay o f untreated  plasm a pressor a ctiv ity  presents 
advantages, being easy to  carry out and, not being restricted to  one com pound, 
it  m ay be used for the determ ination o f the resultant o f several pressor and  
depressor substances.
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THE EFFECT OF HYPERTONIC SODIUM CHLORIDE 
INFUSED INTO THE RENAL ARTERY

By

I .  F o r g á c s , R .  Ch â t e l  and M á r i a  Y is y

INSTITUTE OF PHYSIOLOGY, UNIVERSITY MEDICAL SCHOOL, BUDAPEST 

(R ece iv ed  A pril 27, 1968)

In  dogs m ain ta in ed  p re v io u s ly  on a low -so d iu m  d ie t, the  in fusion  o f  8 .5%  
sodium  ch lo rid e  in to  th e  le ft re n a l a r te ry  a t  a  r a te  su ffic ien t to  e levate  th e  f i lte re d  
load of so d iu m  b y  ab o u t 50%  cau sed  depression  o f R B F  (venous ou tflow ) a n d  G F R  
to  a f ra c tio n  o f pre infusion  leve ls , an d  in  som e cases to  zero. The sam e a m o u n t  o f 
saline fa iled  to  affec t th e  re n a l v a sc u la r  tone  in  a n o th e r  group  of dogs w hose k id n e y  
had been  d e p le ted  of ren in  b y  g iv ing  large  a m o u n ts  o f  sodium  chloride fo r  sev e ra l 
days p r io r  to  th e  experim en t. W h en , how ever, th e  r a te  o f saline infusion  w as d o u b led  
v aso co n str ic tio n  was observed  also in  these  dogs. I n  b o th  groups, th e  e x c re tio n  of 
sodium  o n  th e  le f t side in creased  to  va lues m an y  t im e s  th e  contro l read in g s; th is  w as 
due to  a  su b s ta n tia l  decrease in  tu b u la r  re a b so rp tio n . T he vascu lar c h an g es  in  th e  
c o n tra la te ra l  k id n ey , as rev ea led  b y  СРАц  a n d  Ccrea(, w ere insign ifican t, a n d  th e  rise 
in sod ium  e x c re tio n  was n o t g re a te r  th a n  w h a t co u ld  h av e  been acco u n ted  fo r b y  th e  
e levation  o f  p lasm a  sodium  level.

I t  h a s  been  concluded t h a t  th e  m ark ed  v a so c o n s tr ic tio n  occurring in  th e  k id n ey  
in response  to  th e  infusion o f s tro n g ly  h y p e rto n ic  so d iu m  chloride in to  th e  re n a l  a r te ry  
was due to  th e  in tra ren a l lib e ra tio n  of ren in , p o ss ib ly  as a re su lt of th e  a lte re d  so d iu m  
co n ten t o f  th e  tu b u la r  flu id .

E vidence has been accum ulated in the p ast years indicating th a t  the  
renin-angiotensin system  plays a k ey  role in the regulation of sodium excretion  
and the m aintenance of isovolaem ia. There are at least three possib ilities by  
which this sy stem  m ay regulate sodium  and flu id  balance, viz. (1) angiotensin  
affects directly  th e  renal tubular handling o f sodium  (L e y s s a c  et al. 1961; 
L a u l e r  et al. 1963; P e t e r s  1963; V a n d e r  1963; T o b ia n  1964; L a n g f o r d  
1964; G ross  e t al. 1964; L e y s s a c  1964; 1965; B a r r a c l o u g h  1965; B a r r a c - 
l o u g h  et al. 1967); (2) the effect o f the renin-angiotensin system  on th e  tubular  
transport o f sodium  is m ediated b y  aldosterone ( K u h n  et al. 1961; F r a s e r  
et al. 1965; G r o s s  et al. 1965; Co h e n  et al. 1967, etc.); (3) the ren in-angio
tensin system  exerts its control on sodium  excretion  by vascular e ffects, i.e. 
through changes in the filtered load ( B o c k  et al. 1958; T h u r a u  and S c h n e r - 
m a n n  1965; Ca n n o n  et al. 1966; Co r t n e y  et al. 1966; H o r s t e r  et al. 1966; 
S c h n e r m a n n  e t al. 1966; E i g l e r  1967). On th e  other hand, it has been show n  
b y  numerous investigators th a t sodium  dep letion  increases, whereas sodium  
loading d im inishes, the renin stores of the k id n ey  (G o r d o n  and H a r t r o f t  
1961; B r o w n  et al. 1964; T o b i a n  1964; B u n a g  et al. 1966; V a n d e r  and 
L u c ia n o  1967).

2* Acta Physiologica Academiae Scientiarum Hungaricae 35, 1969



220 FORGÁCS et al.

T h e present experim ents were d evoted  to  the effects on renal haem o
dyn am ics o f high am ounts o f hyperosm otic saline solution in fused  directly  
in to  th e  renal artery o f  dogs. In th is w ay  i t  w as possible to  ensure marked  
increases in  the sodium  concentration o f b lood  plasm a reaching th e  kidney, 
w ith o u t considerably elevatin g  the over-all sodium  concentration. T he extra- 
renal effects of sodium  chloride loading w ere th u s minim ized, and th e  observed  
changes could be ascribed to  local reactions.

Methods

T h e  ex p erim en ts  w ere  p e rfo rm ed  on 19 m ale  m o n g re l dogs w eighing 15 to  25 kg . Nine 
dogs (G ro u p  A ) received  a  d ie t  re s tr ic te d  in  so d iu m  (ap p ro x im ate ly  1 g o f  N aC l p e r  day) 
fo r 5 d a y s  p r io r  to  th e  e x p e r im e n t;  free access to  w a te r  w as allowed. T en  dogs (G ro u p  B) 
w ere g iv e n  a  no rm al d ie t a n d  w a te r  ad  l ib itu m , a n d  8 to  10 g o f NaCl in tra v e n o u s ly , as a 
h y p e ro sm o tic  so lu tion  th ro u g h o u t  5 days p reced in g  th e  experim en t.

T h e  ex p erim en ta l p ro c ed u re  was as follow s. U n d e r  p e n to b a rb ita l a n a e s th e s ia  (30 
m g /k g ), th e  le f t  ren a l ped ic le  w as ap p ro ach ed  b y  a n  ab d o m in a l m idline in cision . T h e  left 
re n a l v e in  w as can n u la te d  a n d  co n n ec ted  w ith  th e  e x te rn a l  ju g u la r  vein  by  m ea n s  o f a  silicon
ized  p o ly e th y le n e  tu b e . R e n a l v en o u s ou tflow  w as m e a su re d  b y  a  s to p -w a tch  a n d  g ra d u a te d  
c y lin d e r  th ro u g h  a T -ex ten s io n  o f th e  tu b e , th e  l a t t e r  se rv in g  also for w ith d ra w a l o f  renal 
v en o u s  b lo o d  sam ples, 10 m l each . A  18-gauge n eed le  w as in se rted  in to  th e  le f t  re n a l  a r te ry  
a b o u t  0 .5  c m  below  its  o rig in  fro m  th e  ao rta . U rine  w a s  co llected  th ro u g h  in d w ellin g  c a th e te rs  
in tro d u c e d  in to  th e  u re te rs .

C lea ran ce  su b stan ces (c rea tin in e , P A H ) w ere  in fu se d , a fte r an  a p p ro p ria te  p rim in g  
dose , in to  th e  le ft fem ora l v e in  a t  a  c o n s tan t ra te ,  to  m a in ta in  co n cen tra tio n s o f 15 to  20 m g 
p e r  100 m l fo r c rea tin in e , a n d  1 to  2 m g per 100 m l o f  P A H . One fem ora l a r te r y  w as can 
n u la te d  fo r  th e  collection  o f a r te r ia l  blood sam ples, 10 m l each , an d  a m e rc u ry  m an o m e te r 
w as a t ta c h e d  to  th e  o th e r  fem o ra l a rte ry .

I n  G ro u p  A, a f te r  c o n tro l m easu rem en ts  h a d  b e e n  m ad e , hyperosm otic  (8 .5 % ) sod ium  
ch lo rid e  w as in fu sed  in to  th e  re n a l a r te ry  fo r 5 to  10 m in  a t  a  ra te  suffic ien t to  e le v a te  p lasm a  
so d iu m  c o n c e n tra tio n  in  th e  k id n e y  b y  50%  (av erag e  r a te  o f infusion: 6.4 m E q /m in  o f  N a).

T h e  dogs p rev io u sly  lo ad e d  w ith  sod ium  (G ro u p  B ) received  th e  sam e dose  o f in t r a 
a r te r ia l  so d iu m  ch loride; in  th is  g ro u p , th e  in fu sio n  w as th e re a f te r  rep ea ted  a t  a  h ig h e r  ra te , 
d e liv e rin g  12.8 m E q /m in  o f N a  to  th e  left k id n ey .

T h e  follow ing p a ra m e te rs  w ere m easu red  a n d  c a lc u la te d  in  th e  co n tro l, in fu s io n , and  
p o s tin fu s io n  periods. In  th e  le f t  k id n ey , ren a l b lood  a n d  p lasm a  flow (RBFdjr, R P F d|r), ren a l 
v a sc u la r  re s is tan c e  (R ren)> u r in e  flo w  (V), c learance a n d  e x tra c tio n  ra tio  o f c re a tin in e  (Ccreat, 
ECreat) a n d  Р А Н  (Срдн, ЕрдН), th e  a m o u n t o f so d iu m  f il te re d  and  ex cre ted  p e r  m in  (f ilte red  
lo ad , Uj^aV), a n d  th e  f ra c tio n  o f f ilte re d  sod ium  re je c te d  b y  th e  tu b u le s  (TRFNa). T h e  sam e 
p a ra m e te rs ,  e x cep t RBF, R P F ,  Rren and  e x tra tio n  r a t io s  o f  c rea tin in e  an d  P A H , w ere  d e te r 
m in ed  in  th e  r ig h t  k id n ey . I n  ad d itio n , p lasm a  so d iu m  co n ce n tra tio n  an d  h e m a to c r i t  va lue  
w ere re p e a te d ly  checked in  a r te r ia l  blood sam ples. A ll v a lu e s  referring  to  th e  k id n e y s  were 
c o m p u te d  fo r 100 g of k id n ey  w e ig h t, excep t fo r re n a l v a sc u la r  resistance w h ich  w as co m p u te d  
fo r 1 k g  o f  k id n ey  w eight. F o r  sake  o f  convenience c a lc u la tio n s  were m ade w ith  th e  rec ip ro ca l

o f re s is ta n c e , i.e. co n d u ctan ce , w h ich  was ex pressed  in  —— u n its .
i l

C re a tin in e  in blood p la sm a  a n d  urine  w as d e te rm in e d  b y  the  tech n iq u e  d esc rib ed  by  
B á l in t  a n d  V is y  (1965), a n d  P A H  was e s tim a te d  b y  th e  m eth o d  of Sm it h  e t  al. (1945). 
S o d iu m  c o n c e n tra tio n  w as m ea su re d  b y  flam e p h o to m e try .

S ta tis t ic a l  analysis o f  th e  re su lts  was u n d e r ta k e n  b y  St u d e n t ’s t-te st. T h e  d ifferences 
w ere r e g a rd e d  as s ig n ifican t s ta tis t ic a lly  if  P  <  0.05; th e  v a lu es ob ta in ed  in th e  le ft, e x p eri
m e n ta l k id n e y  in  th e  in fusion  a n d  p o stin fu sio n  p e rio d s w ere  com pared  to  co n tro l (p re in fu sio n ) 
v a lu es, a n d  th e  d ifferences (d ) w ere ev a lu a ted . In  a d d it io n , com parison w as m ad e  be tw een  
p a ra lle l re ad in g s  o b ta in ed  in  th e  le f t (ex p erim en ta l) a n d  r ig h t (contro l) k id n ey .
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Results

The results are shown in Tables I through IV . Control readings represent 
the average o f tw o urine collection periods, and three renal venous outflow  
m easurem ents. V alues for P refer to  the differences found betw een th e  infusion  
and postinfusion periods, and the respective control values.

Values for P A H  and creatinine clearance in the left, cannulated  kidney  
and in the contralateral, in tact kidney were in  satisfactory agreem ent in the 
control periods (Table I), indicating that the experim ental procedure had not 
m arkedly affected th e  function  of the left k idney. Param eters o f  renal function  
in both  kidneys w ere consistent w ith  the data o f  B á l i n t  and F o r g á c s  (1967) 
obtained under sim ilar experim ental conditions in normal dogs.

The effect o f  hypertonic sodium  chloride infusion in sodium -deficient 
dogs (Table II). E leva tion  of the filtered load o f sodium  by 50%  b y  infusing 
hypertonic sodium  chloride into the renal artery had dram atic effects in the

Table I

S ta tistica l analysis o f  the values obtained in  the left 
and  right k id n ey  in  the control period  in  Groups A  and В

Group A 
Sodium 

depletion 
Meanieft- 
Meauright

Group В 
Sodium loading

Meanleft-
Meanright

U rin e  flow P < 0.99 0.10

f-creat P < 0.99 0.80

u Nav P < 0.30 0.40

F ilte re d  N a P c 0.60 0.70

T R F Na P < 0.10 0.80

kidney, although th e  volum e of saline solution  w as insignificant in comparison! 
to  the total am ount o f  plasm a reaching the organ. F ive m inutes after th e  
in fusion  had been started , R B F dir fell to  35%  o f control readings, and to 14%  
in  the next 5 m in. In  3 dogs, blood flow  com pletely  ceased. As arterial blood

pressure did not change significantly, conductance
1

Rre
also decreased to

a fraction of control values. The extraction  ratio of PA H  w as reduced from  
an average o f 0.82 to  0.49. Creatinine clearance dim inished to  45%  of control 
readings. Urine flow  did not decrease sign ificantly .

The filtered load o f sodium  was calculated  as the product o f  the plasma  
concentration in th e  left renal vein  (the D o n n á n  factor was disregarded) and 
o f  CCreat- Owing to  the substantial reduction o f GFR in response to  saline 
infusion, the filtered  load o f sodium  was som ew hat reduced despite the infusion

Acta Physiologica Academiae Scientiarum Hungaricae 3S, 1969



222 FORGÄCS et al.

Table П

The effects o f  in fu s io n  o f  8 .5 ° 0 sod ium  chloride

BP
ram Hg

RBFdir
ml/min

RPFdlr
ml/min ren I Ecreat e pah

0.82

0.02

PNa
mEq/L

133

6

Control 

M ean  

S .D , 

n : 9

122

28

346

73

200

45

0.53

0.13

0.19

0.07

In fu s io n  (5 m in) 

M ean  change (d) 

P <  

n : 9

+  3 
0.70

— 226 

0.001

- 1 3 5

0.001

— 0.35 

0.001

+  0.03 

0.10

— 0.12 

0.10
+  10 

0.02

In fu s io n  (10 min) 

M ean  change (d) 

P <  

n : 9

+  1

0.80

— 297 

0.001

— 172 

0.001

— 0.47 

0.001

+ 0 .0 2

0.90

0.33

0.05
+  11

0.05

P o stin fu s io n  (5 min) 

M ean  change (d) 

P <  

n : 5

— 10 

0.10

— 253 

0.01

— 158 

0.01

— 0.36 

0.01

—0.11

0.90

—0.42

0.05
+  11 

0.01

P o stin fu s io n  (10 min) 

M ean  change (d) 

P <  

n : 5

— 25 

0.03

— 229 

0.005

— 129 

0.005

— 0.27

0.005

— 0.11

0.90

— 0.30 

0.02
+  8 

0.03

P o stin fu s io n  (15 min) 

M ean  change (d) 

P <  

n : 5

— 15 

0.40

177

0.01

-  96 

0.001

— 0.15 

0.05

— 0.07 

0.05

— 0.19

0.05
+- 6 

0.02

o f hyp erton ic saline. O b viou sly , this was the n et effect o f saline infusion, and 
it  sh ou ld  be borne in m ind th a t  the am ount o f filtered sodium  m ust have  
su b sta n tia lly  increased u n til in  the kidney vasoconstriction  had ensued which, 
according to random m easurem ents o f R B F  during the infusion o f the 8.5%  
sa line solution, never occurred prom ptly. In face of dim inished filtration , 
th e  m arked (11-fold) increase o f  sodium  excretion pointed  to depressed tubular  
reabsorption , as reflected b y  th e  sharp (16-fold) increase in T R F Na.
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in to  the left renal artery in  sodium -depleted dogs

V ml/min Ccrcat ml/min
u Nav

f i  Eq/min
Filtered Na 
mEq/min

TRF
%

Na

Left Right Left Right Left Right Left Right Left Right

1 .61 1.63 44 45 14 9 5 .7 8 6 .13 0 .2 4 0 .1 5

0 .5 8 0 .52 16 15 13 8 2 .3 9 2 .06 0 .1 9 0.10

—  0 .3 9 — 0 .0 4 — 24 +  4 +  146 +  16 —  0 .9 7 +  1 .07 +  3 .6 0 + 0 . 2 9

< 0 . 3 0 0 .9 0 0.01 0 .30 0 .0 5 0.20 0 .4 0 0 .05 0.01 0.10

— 0 .9 8 + 0 .0 2 — 4 3 — 11 +  12 6 +  26 —  5 .1 4 - 1 . 0 1 +  1 4 .8 2 +  0 .4 0

< 0 . 0 0 1 0 .7 0 <g 0 .001 0 .005 0 .0 0 5 0.01 < 0 .0 0 1 0.02 0 .0 0 5 0.001

In contrast, in  the right k idney , СрАн and Ccr at rem ained essen tia lly  
unchanged. A lterations in the filtered  and excreted  sodium reflected  a sodium  
diuresis, obviously due to the elevation  o f plasm a sodium concentration .

In  the postinfusion periods, b lood flow  in th e  left kidney w as gradually  
restored to preinfusion levels, how ever, R B F  did not exceed 50% o f th e  control 
values until 15 m in after the cessation  o f infusion. In the 3 dogs w here a com 
plete  shutdow n o f renal blood flow w as observed, the kidney rem ained ischaem -
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T a b le  I I I

The effects o f  in fu s io n  o f  8.5%  sod ium  chloride

BP
mm Hg

RBFdlt
ml/min

RPFdir
ml/min ren ^creat F PNa ЬрАН mEq/L

Control

M ean

S.D .

n : 10

127

23

401

110

224

19

0.54

0.18

0.19

0.03

0.76

0.06
148

13

In fu s io n  I

M ean change (d ) 

P <

n: 10

+  2 

0.40

— 73 

0.10

— 42 

0.05

— 0.14

0.05

+ 0 .0 2

0.20

— 0.04 

0.20
+  6 

0.10

In fu s io n  I I

M ean  ch an g e  (d )

P <

n : 9

"t~5
0.30

- 2 6 1

0.005

— 134 

0.02

—0.35

0.02

+ 0 .1 3

0.30

— 0.10 

0.20
+ 1 3

0.01

P ostin fusion

M ean change (d) 

P <

n: 10

0

0.98

- 1 9 0

0.01

— 102 

0.02

— 0.26 

0.02

— 0.03 

0.01

—0.10

0.05
+  8 

0.01

ic d esp ite  th a t the in fusion  of hypertonic saline had been discontinued . 
Creatinine clearance and urine flow  showed a further dim inution even  as 
com pared to the in fusion  periods. The filtered  load  of sodium atta ined  an 
average o f  as low as 1%  o f preinfusion value, w h ile  T R F Na exhibited  a 63-fold  
increase. In the right k id n ey , the am ount of filtered  sodium decreased by 15%  
in face o f  a 30%  reduction  o f Ccreat; the excretion  o f sodium in th e  urine at 
th e  sam e tim e increased to  values 4 tim es th o se  observed in the control period.

T h e  effec t o f  h y p e r t o n i c  s o d iu m  ch lor ide i n f u s i o n  in s o d iu m - lo a d e d  d o g s  
(Table II I ) . E levation  o f  th e  filtered load o f sod iu m  b y  about 50% b y  infusing  
the sam e am ount of h y p erton ic  sodium chloride in to  the renal artery in Group 
A caused  a slight but s ta tis t ica lly  not sign ificant reduction  of R B F dir. Creatinine  
clearance som ew hat increased , while the ex tra ctio n  ratio of PA H  rem ained  
essen tia lly  unaltered. B o th  T R F Na and sodium  excretion increased con 
siderably.

W hen the rate o f  infusion of hypertonic sodium  chloride w as doubled  
(12.8  m E q/m in  of Na) to  cause an about 100%  eleva tion  of the filtered sodium , 
R B F  fell to  35%  of th e  control value, and th e  clearance of creatin ine w as
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in to  the left renal artery in  sodium-loaded dogs

V ml/min Ccreat
ml in in

u N»v
ju.Eq/min

Filtered Na 
mEq/min

t r f Ni

%

Left Right Left Right Left Right Left Right Left Right

1 .29 1 .2 4 57 54 73 85 8 .5 4 7 .9 5 0 .9 5 0 .8 8

0 .4 1 0 .7 1 24 19 55 68 2 .5 0 3 .3 4 0 .7 6 1 .08

+  3 .0 2 + 0 . 3 1 +  15 +  » -}- 6 52 +  39 +  5 .0 1 + 3 .7 0 + 4 . 2 2 — 0 .0 2

0 .0 0 5 0 .0 2 0 .1 0 0 .0 5 0 .0 1 0 .2 0 0 .0 0 5 0 .3 0 0 .0 0 5 0 .9 9

+  3 .5 4 1 .1 3 —  18 +  11 +  1090 +  167 +  1 .4 2 +  2 .6 4 +  7 .5 0 +  0 .9 7

0 .1 0 0 .0 2 0 .1 0 0 .5 0 0 .0 1 0 .0 5 0 .6 0 0 .2 0 0 .0 0 5 0 .0 5

+ 0 . 7 4 + 0 . 9 8 - 2 6 +  5 +  390 +  167 —  3 .7 4 +  1 .72 +  1 1 .9 0 +  1 .56

0 .2 0 0 .0 2 0 .0 2 0 .5 0 0 .0 2 0 .0 5 0 .0 5 0 .2 0 0 .0 0 1 0 .0 1

reduced to  68% . Renal handling of sodium  exhib ited  similar changes as in 
Group A.

The postinfusion period was characterized by restoration o f th e  values 
to  control levels.

S tatistica l analysis o f the differences betw een Groups A and В in the 
control, infusion and postinfusion periods revealed the follow ing results 
(Table IV). (1) The preinfusion values for the haem odynam ic param eters were 
not sign ificantly  different in the tw o groups; plasm a sodium concentration , 
the am ount o f filtered and excreted sodium , and the tubular rejection fraction  
were sta tistica lly  sign ificantly higher in Group B . (2) W hen infusing identical 
am ounts of hypertonic sodium  chloride in to  the renal artery, R B F , conduc
tance o f  the renal vessels, Ccreat, and the am ount o f filtered and excreted  sodium  
were sign ificantly  lower in Group A. As the rise in T R F Na was about the same 
in the tw o groups, the infusion values were not significantly different, ind icat
ing th a t the difference in sodium  excretion  rate was due to haem odynam ic  
rather than tubular factors. (3) In the third heading of the Table, th e  responses 
obtained after the infusion o f 6.4 m E q/m in o f N a in Group A , and to  12.8 m Eq/
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Table TV

S ta tis tica l analysis o f  the values obtained in  the control, f i r s t  and second in fu s io n  periods 
in  sodium -depleted  ( A )  and sodium -loaded ( B )  dogs

Control
Меапд-Meanj}

Infusion I 
dA — dB

Infusion II
5 л -5 в

BP P < 0.20 0 .40 0.70

RBF P < 0.10 0 .01 0.70

RPF P < 0.20 0 .02 0.70

i / R P < 0.90 0 .02 0.99

•^creat P < 1.00 0 .60 0.50

Т р л н P < 0.01 0 .2 0 0.10

P Na P < 0.001 0 .3 0 0.60

Y P < 0.20 0 .001 0.05

^creat P < 0.20 0 .001 0.97

u Nav P < 0.001 0 .001 0.01

F Na P < 0.01 0 .005 0.40

T R F Na P < 0.001 0 .60 0.10

m in in  Group B, were com pared. E xcept for the excretion  rate o f sodium , there 
w as no sta tistica lly  sign ificant difference betw een  the tw o groups, th u s, the  
in fusion  o f 12.8 m E q/m in o f N a into the renal artery gave rise to changes in 
Group В  th a t were com parable to  the changes elicited  by half o f th is am ount 
of sod ium  in Group A.

D iscussion

T h e present results ind icate that the in fusion  of hypertonic sodium  
chloride in to  the renal artery o f dogs m aintained previously on a low -sodium  
diet causes a marked vasoconstriction  in th e  k id n ey . A t the sam e tim e, the  
excretion  o f sodium increases, despite large decreases in G FR, hence, tubular  
reabsorption of sodium  is sign ificantly  depressed.

T here are tw o possib ilities by which th e  in fusion  of saline could have  
brought about vasoconstriction  in the kidney, v iz . (1) the hypertonic solution  
per se a ffected  the renal vascu lar tone; (2) the increase in sodium concentration  
was p erceived  by som e intrarenal receptor, th e  stim ulation  of w hich resulted  
in th e  liberation  of a vaso a ctiv e  agent, the la tter  eliciting a local vasocon 
strictor response in the k idney.

A  direct vasoconstrictor effect o f hypertonic sodium  chloride seem s 
h igh ly  im probable in v iew  o f th e  results obtained in  Group B: in  the anim als 
pretreated  w ith  large am ounts o f  sodium to  deplete the kidney o f renin, the  
infusion o f  identical am ounts o f the sam e saline solution caused a m uch
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slighter increase in renal vascular tone, than in Group A. Thus, the v a so 
constrictor effect o f hypertonic saline depended on the am ount o f renin pres
ent in the k id n ey , and the dose o f  sodium  chloride sufficient to b lock renal 
flow  in the k id n ey  rich in renin had no such effect in the renin-depleted  
kidney. H ow ever, increasing the dose of infused sodium  to 12.8 m E q /m in  re
sulted in a vasoconstriction  th a t w as com parable to  th at obtained in Group A 
following the in fusion  of 6.4 m E q/m in  o f sodium . T hus, renal vasoconstriction  
seem s to be proportional to the am ount of sodium  infused, and inversely  pro
portional to th e  am ount of renin present in th e  kidney; w hether or not 
vasoconstriction ensues in response to  saline depends on the available renin  
stores.

The m arked increase in sodium  excretion in face of dim inished urine  
flow  and filtered sodium  points to  reduced tubular reabsorption and increased  
intratubular concentration  of sodium . In a series o f m icropuncture stu d ies, 
T h u r a u  et al. ( T h u r a u  and S c h n e r m a n n  1965; T h u r a u  1966; Co r t n e y  et al. 
1966; H ö r s t e r  e t al. 1966) have dem onstrated  th a t, in rats previously k ep t on 
a low-sodium d iet, elevation of th e  intratubular concentration  of Na in th e  early  
distal convolution  causes a reduction in G FR , w hich  has been ascribed to  the  
liberation of renin from the JG cells, an effect m ediated  by the m acula densa  
receptors. V a n d e r  (1963), K r ü c k  (1966), and Ca n n o n  et al. (1966) observed  
dim inution o f G F R  in response to  exogenous angiotensin. In rats, P e t e r s

(1963) dem onstrated that the infusion of sm all am ounts of angiotensin reduces  
Ср а н  but does n o t alter Cjn. E n d e s  et al. (1963) were able to show th a t the  
acute adm inistration of large qu an tities of sodium  chloride results in h yp er
granulation o f th e  JG  cells in th e  rat.

In view  o f th ese findings it  seem s likely th a t in the present experim ents  
th e  vasoconstriction  that follow ed the infusion o f 8.5%  sodium chloride into  
th e  renal artery w as due to the intrarenal liberation  of renin in response to  
th e  substantial increase in the am ount and concentration  of sodium  in the  
tubular fluid delivered to the m acula densa.

The assum ption  that the concentration  o f sodium  in the tubular flu id  
w as significantly increased after th e  infusion o f hypertonic saline is supported  
by the follow ing considerations. The excretion  o f sodium was found sub
stantially  e levated  which, owing to  the reduction o f filtered load, m ust have  
been the result o f  diminished tubu lar reabsorption; this is clearly in d icated  
b y  the gross increase in TRF|ya. E levation  o f plasm a sodium has been show n  
b y  K amm  and L e v i n s k y  (1965) and G o l d b e r g  et al. (1967) to reduce the  
fractional reabsorption of sodium in the proxim al tubule; it is therefore reason
able to assume th a t the amount o f  sodium  delivered to  the ascending lim b of 
H e n l e ’s loop w as significantly increased in the present experim ents. A s the  
infusion of 8 .5%  saline increased th e  in terstitia l sodium  concentration as w ell, 
which was further elevated by th e  subsequent dim inution of R B F  causing
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th e  m edullary w ashout m echanism  to be practically  abolished, th e  trans
tu b u la r  sodium  gradient m u st have increased, particularly in th e  postinfusion  
periods w hen the plasm a sodium  concentration  had already returned to  normal 
lev e ls .

T h e m ost plausib le explanation , th u s, for the marked vasoconstriction  
ob served  in the k idney in response to intra-arterial sodium chloride is th at the 
in itia l rise in the filtered sodium  causes release o f renin which, by the liberation  
o f  an g io ten sin , reduces R B F  and G FR, th ereb y  com pensating for th e  increased  
glom erular load of sodium . A lthough an acu te  elevation of plasm a sodium  
con cen tration  of such a degree does not occur under physiological conditions, 
th e  p resen t results seem  to  support the con cep t that the renin-angiotensin  
sy stem , b y  altering renal vascular tone, and, hence, glomerular filtration , plays 
a p rom in en t part in th e  regulation of sodium  excretion.
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COMPARATIVE STUDY ON HAEMODILUTION 
AFTER HAEMORRHAGE IN THE PIGEON AND THE RAT

B y

A . G . B .  K o v a c h  and T e r é z i a  B á l in t

EXPERIMENTAL RESEARCH DEPARTMENT AND GERONTOLOGICAL RESEARCH UNIT, 
UNIVERSITY MEDICAL SCHOOL, BUDAPEST

(R ece iv ed  N o v em b er 21, 1968)

In  33 ra ts  and 27 p igeons b leed ing  s ta n d a rd ize d  to  body w e ig h t w as carried  
o u t a n d  h aem o d ilu tio n , h aem oglob in  c o n te n t, h a em a to c rit v a lue  a n d  e ry th ro c y te  
co u n t h av e  been s tu d ied  to g e th e r  w ith  th e  p lasm a  to ta l  p ro te in , a lb u m in , g lobulin  
an d  p o ta ss iu m  levels.

I f  h aem orrhage  w as ra p id  (w ith in  10 m in) no difference w as o b se rv e d  in  th e  
ra te  o f  h aem o d ilu tio n  in ra ts  a n d  pigeons.

I f  b leed ing  was su s ta in ed  (over 1 hour) ch a ra c te ris tic  d ifferences b e tw ee n  th e  
tw o species could be rev ea led  w hich  becam e a p p a re n t a fte r  the  f i r s t  15 m in . W hile 
a t  th e  beg inn ing  th e  ra te  o f h aem o d ilu tio n  was a b o u t th e  sam e, a f te r  15 to  20 m in 
th e re  w as no fu r th e r  h aem o d ilu tio n  in th e  r a t ,  w hereas in  th e  p igeon b lo o d  w as fu r th e r  
d ilu ted  a t  an  unch an g ed  ra te . H aem o d ilu tio n  w as th e  re su lt o f th e  in flo w  o f iso ton ic  
f lu id  w ith  a  low p ro te in  co n te n t.

T h e  h igher to le ran ce  to  b leed ing  in fly ing  an d  d iv ing  b irds o b se rv e d  in  p re 
vious ex p erim e n ts  seem s to  be due  to  th e  m ore m ark ed  h aem o d ilu tio n  o b se rv ed  in 
these  species w hich allow  m ore e ffic ien t h o m eo s ta tic  regu la tion  of v a sc u la r  vo lum e.

It has been dem onstrated in a previous paper ( K o v a c h  and S z á s z  1968) 
th a t blood loss is tolerated m uch better by pigeons than hy m am m als. I f  
haem orrhage is sufficiently graded, alm ost the w hole calculated b lood  volum e  
can be rem oved w ithout the anim al dying. The duck also exh ib ited  a high  
resistance to  bleeding, nevertheless, not all avian species proved to  be equal 
in th is respect ( K o v a c h  et al. 1968).

The question  arises w hat are th e  factors responsible for th e  difference  
betw een th e  pigeon and m am m als. In  a previous work ( K o v a c h  and S z á s z  

1968) it has been discussed in detail th a t there m ay be a difference betw een  
th e  pigeon and mam m als in the rate o f  flu id  replacem ent and the regulation  
o f blood volum e.

I t  is com m on knowledge th a t hypovolaem ia due to haem orrhage is com 
pensated on th e  hasis o f S t a r l i n g ’s principle by transcapillary reabsorption  
o f in terstitia l flu id  to fill the intravascular com partm ent. B leeding is associ
ated  w ith  an increased sym pathetic a ctiv ity  ( F e d i n a  et al. 1965) and elevated  
blood catecholam ine levels (G l a v i a n o  et al. 1960), leading to constriction  of 
the resistance and capacitance vessels and to an increase in the ratio  o f  pre
capillary and postcapillary resistance, the latter causing the capillary pressure 
to  dim inish and to the net transfer o f flu id  from the extravascular in to  the
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in travascular com partm ent ( L u n d g r e n  et al. 1964; H a d d y  et al. 1965). 
In m am m als, the rate o f in terstitia l flu id  reabsorption is 0.10 to 0.15 m l/kg/m in  
in th e  case o f  small haem orrhages ( P r i c e  et al. 1941; L a w s o n  and R e h m  1945), 
and 0.25 m l/kg/m in w hen  th e  am ount o f b lood lo st is higher (A d o l p h  et al. 
1933). T he above m echanism s are capable o f restoring under experim ental con
d itions about 10% of th e  to ta l volum e o f b lood m easured in the control period  
(S h o e m a k e r  1967). D u n n  et al. (1958) claim ed th a t  bleeding is accom panied  
n ot on ly  b y  u ltrafiltration  b u t also by the in flow  o f depot protein.

T he present experim ents have been u n dertaken  to clarify th e  factors 
responsible for the difference in  the resistance to  haem orrhage observed in the  
pigeon  and various m am m alian  species. To approach this problem  blood  
haem oglobin , haem atocrit, erythrocyte count, p lasm a protein, album in, globu
lin , К  and Na levels w ere repeatedly checked after haemorrhage in  pigeons 
and rats.

Methods

E x p e rim e n ts  w ere p e rfo rm e d  on  33 in b red  a lb in o  r a t s  o f  e ith e r sex, w eigh ing  274 g 
on  th e  a v e ra g e  (range: 120 to  350 g), an d  on 27 p igeons o f d iffe re n t stra in s  a n d  o f e ith e r  sex , 
w ith  a n  av erag e  w e igh t o f  410 g (ran g e : 280 to  490 g). T h e  an im a ls  were a n a e s th e tiz e d  a n d  
b led  th ro u g h  a  p o ly e th y len e  c a n n u la  in se rted  in to  th e  le f t  c o m m o n  caro tid  a r te ry . T h e  p igeons 
w ere a n a e s th e tiz e d  w ith  2 5 %  u r e th a n  given in tra m u sc u la r ly  in  a  dose of 1.2 g/kg , a n d  th e  ra ts  
w ith  0 .5 %  sod ium  p e n to b a rb ita l  g iven  in tra p e rito n e a lly . T h e  p igeons rece ived  0.5 m l a n d  
th e  r a ts  0.3 m l o f h e p a rin  to  in h ib i t  co ag u latio n  of b lo o d .

T w o ty p es  o f h a em o rrh ag e  w ere  app lied . T he f i r s t  ty p e  o f bleeding w as g rad ed  a n d  
w as e m p lo y e d  in  10 p ig eo n s a n d  20 ra ts . A ccord ing  to  b o d y  w eigh t, a p p ro p ria te  a m o u n ts  
o f b lo o d  w ere  rem oved  4 t im e s  a t  in te rv a ls  o f 5 m in ; th e n  a f te r  a n  in te rv a l o f 30 m in , fu r th e r  
a m o u n ts  o f  b lood  w ere re m o v e d  e v e ry  5 m in.

T h e  o th e r  ty p e  o f h a e m o rrh a g e  was co n tin u o u s  a n d  ra p id ;  17 p igeons a n d  13 ra ts  
be lo n g ed  to  th is  group . B leed in g  w as con tin u ed  fo r 10 m in . T h e  blood flow ing o u t  u n in te r 
ru p te d ly  fro m  th e  c a ro tid  a r te r y  w as collected  in  5 m l f ra c t io n s  in  th e  pigeons, a n d  in  2 m l 
f ra c tio n s  in  th e  ra ts .

H aem o g lo b in  c o n te n t  o f  b lo o d  was d e te rm in e d  in d ire c tly . B lood w as d ilu te d  in  a  
s lig h tly  a lk a lin e  m ed iu m  a n d  its  e x tin c tio n  w as m e a su re d  w ith  an  U Y IF O T  p h o to m e te r  
a t  546 mfi, w ave  len g th .

R e d  b lood  cell c o u n ts  w ere d e te rm in ed  using  H e ilig e  p ip e tte s , in  a B iirk e r c o u n tin g  
ch am b er.

H a e m a to c r it  v a lu e  w as e s tim a te d  a f te r  c e n tr ifu g a tio n  fo r 15 m in  a t  5000 v .p .m .
T o ta l  p ro te in  an d  a lb u m in  levels w ere e s tim a te d  w ith  th e  b iu re t re ag e n t, in  th e  case 

o f a lb u m in  a f te r  sh ak in g  w ith  e th e r .
P la sm a  N a an d  К  lev e ls  w ere de te rm in ed  b y  a  Zeiss flam e  p h o to m e te r.
A r te r ia l  blood p re ssu re  w as m o n ito red  in  b o th  p ig eo n s  a n d  ra ts  by  a m erc u ry  m an o m 

e te r  a tta c h e d  to  th e  c o m m o n  c a ro tid  a r te ry  b y  m ea n s  o f  a  po lye th y len e  tu b in g .
S ta tis t ic a l  an a ly sis  w a s  u n d e r ta k e n  b y  u s in g  S t u d e n t ’s  i-te st, as d escribed  b y  

H e t é n y i  (1954a).

Results

T able I sum m arizes th e  values obtained in th e  control period. In  b oth  
th e  p igeon  and the rat, th e  in itia l erythrocyte co u n t, haem oglobin content and  
bleeding volum e were in  good agreem ent w ith  data  in  the literature ( K ovXc h  
1954b, S c h e r m e r  1954). The values for h aem atocrit were som ew hat higher
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Table I

N o rm a l values

P i g e о n И a t

B lood pressure (m m  Hg) 101.8 ±  12.6 (43) 130.0 ±  19.6 (10)

E ry th ro c y te  coun t (m illion per /Л) 3.43 ±  0.38 (39) 7.98 ±  0.82 (39)

H aem oglobin  (g pe r 100 ml) 14.8 ±  0.51 (50) 13.9 ±  0.97 (39)

H aem a to c rit (per cen t) 51.1 ±  4.1 (23) 43.6 ±  2.7 (37)

P la sm a  N a (m E q  per 1) 147 ±  10.3 (56) 140 ±  18 (34)

P lasm a  К  (m E q  p e r 1) 2.39 ±  0.44 (56) 3.75 ±  0.44 (33)

P la sm a  pro tein  (g p e r 100 ml) 3.12 ±  0.49 (43) 6.0 ±  0.7 (9)

P lasm a  a lbum in (g pe r 100 ml)

Bleeding volume (m l per 100 g body w eigh t) 

P igeon , rap id  bleeding 7.24 ^  0.65 (17) 

P igeon, substa ined  bleeding 9.45 ^  1.6 (10) 

R a t,  rap id  bleeding 4.27 i  0.66 (20) 

R a t,  substa ined  bleeding 4.19 i  1*6 (13)

T he n u m b er of m easu rem en ts  is givei

1.45 ±  0 .9 2 (4 1 ) 

l in  b rack e ts .

2.62 ±  0.44 (18)

than  the usual figures ( K o v a c h  1954b) whereas to ta l protein and album in  
levels were som ew hat lower (S c h e r m e r  1954).

a) Slow graded haemorrhage. R esults are show n in Tables II  through У.
As seen in Table II in th e  pigeon red blood cell count was sign ifican tly  

depressed during the first 5 m in o f  bleeding from an in itia l value o f 3.41 ̂ 0 .1  
m illion per ц\. As haem orrhage w as continued th is value was depressed to  
1 .2 0 ^ 0 .2 8  m illion, i.e. to 35.2%  o f  the control reading. Red blood cell count 
considerably dim inished also in th e  rat. From an in itial value of 8 .2 6 ^ 0 .2 1  m il
lion per ц\ it decreased to considerably lower values and after 10 m in th e  dif
ference attained statistical significance. F ifty -five m in after the onset o f b leed
ing  the rats died w ith  a red blood cell count of 6 .9 4 ^ 0 .2 0  m illion, w hich was 
84%  of the control value.

Haemoglobin content of blood (Table II) in the pigeon attained  1 4 .5 1 ^  
0.45 g per 100 ml in the control periods, and w as statistica lly  sign ificantly  
depressed as early as 5 min after the onset of haem orrhage. S ix ty -fiv e  min 
later, haem oglobin was reduced to  52.4%  of the initial value. In the rat too, 
bleeding caused a statistica lly  sign ificant reduction of the blood haem oglobin  
level, but the rate of decrease w as considerably different in the tw o observed  
species. Starting from the values obtained 10 min after the onset o f haem 
orrhage there was a sta tistica lly  dem onstrable difference in th e  course of 
reduction of blood haem oglobin content. In  the rat the in itia l haem oglobin
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Table II

Changes in  red blood cell count and haemoglobin content during  substained haemorrhage. P 0 refers to differences against control, P p -r to
differences between p igeon and rat

Start 5 mill 10 min 15 min 45 min 50 min 55 min 60 min 65 min

R ed blood cell count M ean 3.41 3.18 2.91 2.48 2.14 1.89 1.97 1.53 1.20
Pigeon S.E.M . 0.11 0.10 0.16 0.11 0.12 0.11 0.07 0.15 0.28

11 9 9 9 9 7 7 6 5 3

P 0< 0.05 0.05 0.001 0.001 0.001 0.001 0.001 0.01

Mean 8.26 8.16 7.73 7.23 7.22 7.11 6.94

S.E.M . 0.21 0.18 0.22 0.21 0.21 0.12 0.20
R a t n 17 17 17 14 12 8 7

p 0< 0.60 0.02 0.001 0.01 0.01 0.01

1 A 0.60 0.001 0.60 0.90 0.40 0.90

M ean 14.51 13.66 12.67 11.47 9.44 8.86 8.86 8.35 7.60
Pigeon S.E.M . 0.45 0.52 0.47 0.55 0.56 0.60 0.45 0.42 0.60

n 9 9 9 9 7 7 6 5 3

p 0< 0.02 0.001 0.001 0.001 0.001 0.001 0.001 0.001

H aem oglobin M ean 14.0 13.52 12.85 12.14 12.15 12.09 11.29
S.E.M . 0.23 0.26 0.15 0.19 0.22 0.26 0.22

R a t 11 17 17 17 14 12 9 7

P „ < 0.01 0.001 0.001 0.001 0.001 0.001

P  p -r< 0.20 0.20 0.01 0.001 0.001 0.001
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Table III
CO

*

Changes in  haematocril value and p lasm a protein  content during  sustained haemorrhage. P 0 refers to differences against control, Pp- r to
differences between p igeon and rat

Start 5 min 10 min 15 min 45 min 50 min 55 min 60 min 65 min

H aem ato crit value M ean 49.60 47.10 43.60 39.80 32.50 30.25 28.86 26.50 24.00
Pigeon S.E.M . 1.38 1.35 1.34 1.55 1.55 1.45 1.28 0.91 0.43

n 9 9 9 9 7 7 6 5 3

P o < 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001

M ean 44.11 41.83 39.22 37.07 38.46 36.50 36.25
S.E.M . 0.72 0.72 0.46 0.50 0.83 0.27 0.56

R a t 11 17 17 17 14 13 9 7

P „ < 0.001 0.001 0.001 0.001 0.001 0.001

P p - r< 0.70 0.20 0.10 0.001 0.001 0.001

Plasm a pro tein M ean 2.69 2.76 2.31 1.87 1.54 1.45 1.34 1.28 0.97

con ten t Pigeon S.E.M . 0.13 0.13 0.18 0.17 0.11 0.05 0.05 0.10 0.13

11 7 4 6 7 6 7 6 5 2

P o < 0.50 0.02 0.01 0.001 0.001 0.001 0.001 0.05

M ean 6.23 5.96 5.63 5.38 5.40 5.01 5.47

S.E.M . 0.17 0.16 0.17 0.27 0.11 0.20 0.10

R a t n 13 12 12 9 9 6 2

p „ < 0.30 0.01 0.02 0.01 0.01 0.40

P p -r< 0.90 0.60 0.90 0.05 0.40 0.10
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Table IV

Changes in  p la sm a  a lb u m in  and globulin levels du rin g  sustained haemorrhage. 
P 0 refers to d ifferences aga inst control, P p—r to d ifferences between p igeon and rat

Start 5 min 10 min 15 min 45 min 50 min 55 min 60 min

M ean 1.46 1.51 1 .4 6 1 .0 2 0 .7 8 0 .6 7 0 .5 8 0 .5 2

Pigeon S .E .M . 0 .1 9 0 .2 2 0 .1 8 0 .2 0 0 .1 5 0 .1 3 0 .1 9 0 .1 8

11 5 3 4 5 5 5 4 3
S p o < 0 .8 0 0 .3 0 0 .2 0 0 .0 2 0 .0 2 0 .0 5 0 .0 5

—
-3 M ean 3 .28 2 .9 8 2 .8 0 2 .5 8 2 .30 2 .0 4 1 .80
<1

S .E .M . 0 .13 0 .15 0 .1 6 0 .2 8 0 .17 0 .1 7 0 .2 5

R a t n 13 12 12 9 9 6 2

p o < 0.001 0 .0 1 0 .0 5 0.001 0 .0 1 0 .0 1

P p-r< 0 .0 5 0 .2 0 0 .6 0 0 .2 0 0 .2 0 0 .0 5

M ean 1 .24 1.19 0 .9 5 0 .8 1 0 .80 0 .7 8 0 .8 1 0 .7 9

Pigeon S .E .M . 0 .2 0 0 .2 7 0 .1 5 0 .11 0 .2 7 0 .12 0 .2 1 0 .2 9

n 5 3 4 5 4 5 4 3

P o < 0 .6 0 0 .2 0 0 .0 5 0 .05 0 .2 0 0 .2 0 0 .0 5

M ean 2 .95 2 .97 2 .8 3 2 .8 4 3 .10 2 .9 7 3 .6 7

о S .E .M . 0 .2 0 0 .2 0 0 .2 0 0 .2 6 0 .1 5 0 .2 8 0 .2 6

R a t n 13 12 12 9 9 6 2

p o < 0 .7 0 0 .4 0 0 .9 0 0 .2 0 0 .6 0 0 .2 0

Pp-r< 0 .4 0 0 .8 0 0 .5 0 0 .05 0 .2 0 0 .0 5

Table V

Changes in  plasm a К  levels d u rin g  sustained haemorrhage. P 0 refers to differences against control 
Pp—r to differences between p igeon  and rat

Start 5 min 10 min 15 min 45 min 50 min 55 min 60 min 65 min

Mean 1 .9 9 1 .9 8 2 .16 2 .5 2 2 .3 6 2 .58 2 .9 4 3 .7 8 4 .6 2

Pigeon S.E.M. 0 .1 2 0 .1 3 0 .1 5 0 .2 7 0 .1 5 0 .11 0 .1 0 0 .1 9 0 .2 2

n 9 9 9 9 7 7 6 5 3

p 0 < 0 .8 0 0 .01 0 .0 5 0 .0 2 0 .01 0.001 0.001 0 .01

M ean 3 .7 5 3 .9 8 4 .6 7 5 .4 3 4 .8 7 6 .15 8 .1 3

S.E.M . 0 .1 1 0 .1 3 0 .26 0 .3 2 0 .4 4 0 .45 0 .8 0

R a t n 15 15 15 12 9 6 4

P u < 0 .0 1 0.001 0.001 0 .0 2 0 .01 0 .01

P /7 - r< 0 .0 2 0.01 0 .0 1 0 .1 0 0 .1 0 0.001
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content was 1 4 .0 ^ 0 .2 3  g and th is was reduced to 1 1 .2 9 ^ 0 .2 2  g per 100 ml 
when the anim als died, i.e. 55 m in after the onset o f haem orrhage, haem o
globin attained 80.6%  of th e  in itia l value.

Table III  shows th e  changes observed in the haem atocrit va lue. In the 
pigeon, the control va lue o f  4 9 .6 ^ 1 .3 8 %  decreased until the 65th  m in to  
2 4 .0 ^ 1 .8 7 % , i.e. to  48.4%  of the original value. In the rat 4 4 .1 ^ 0 .7 2 %  was 
found in the control period and th is was reduced to  3 6 .2 5 ^ 0 .5 6 % . The fall 
in haem atocrit value was sign ificant statistica lly  in both species, and after 
the 45th  min on there w as a sta tistica lly  significant difference in th e  rate of 
decrease betw een the rat and pigeon, the latter species showing a m ore marked  
depression.

Plasm a total protein  values are also shown in Table III . In  the pigeon, 
th ey  decreased from 2 .6 9 ^ 0 .1 3  to  0.97 g per 100 ml, while in th e  rat a dim inu
tion from 6 .2 3 ^ 0 .1 7  to  5 .4 7 ± 0 .Ю  g per 100 ml was observed, th e  percentile  
change in the former case w as 74.0%  but only 12.2%  in the la tter. In  both  
species, the differences as com pared to the initial values w ere significant 
sta tistica lly .

Plasm a albumin  and globulin  levels are shown in Table IV. A lbum in was 
reduced from 1 .4 6 ^ 0 .1 9  g per 100 ml to 0 .5 2 ^ 0 .1 8  in the pigeon, i.e. to  35.6%  
of the value measured prior to  haem orrhage. In the rat, the control va lu e of 
3 .2 8 ^ 0 .1 3  g per 100 ml dim inished to 1 .8 0 ^ 0 .2 5 , i.e. to 54.9%  o f the control 
reading. P lasm a globulin in the pigeon attained 1 .2 4 ^ 0 .2 0  g per 100 ml 
in the control period, and this w as reduced to 0.79 g per 100 ml (63.7% ). 
In the rat, globulin levels did not exhibit a dim inution in response to  haem 
orrhage, m oreover, prior to  death  they  showed a slight, sta tistica lly  not 
sign ificant, rise.

The plasm a А/G ratio w as sign ificantly  depressed in both  species towards 
the end o f bleeding. In th e  p igeon, there was a slight initial increase the con
trol of 1.18 rising to 1.53 in the 10th m in, how ever, subsequent b leeding caused  
the ratio to  decrease to  0.65 at the end of haem orrhage (65 m in); th is decrease 
was due to the circum stance th at the album in level was more m arkedly depress
ed by the blood loss than  was the globulin content. In the rat, th e  in itia l rise 
in the А /G ratio was absent and the dim inution was continuous. The value  
recorded prior to bleeding atta ined  1.10, and this was reduced u n til th e  death  
o f the anim als to  0.43.

The plasm a К  level increased m arkedly in both species, as show n in 
Table V. The control va lue in the pigeon attained 1 .9 9 ^ 0 .1 2  mEq/1 and this 
rose continuously until death  when the value 4 .6 2 ^ 0 .2 2  m E q/1 . The rise 
w as significant statistica lly  after the 10th m in. A sim ilar pattern w as observed  
in the rat, the control reading of 3 .7 5 ^ 0 .1 1  m Eq/1 being elevated  to  8.13;); 
0.80 by the end of the experim ent. In this case, statistical sign ificance was 
reached as early as 5 m in after the onset o f haemorrhage.
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F ig . 1 . C hanges in  red  b lo o d  cell co u n t, haem oglob in  c o n te n t  a n d  h a e m a to c rit  v a lu e  in 
re sp o n se  to  haem orrhage in  p ig eo n  an d  ra t.  R i g h t ,  su s ta in e d  b lood loss w ith in  1 h o u r; 
l e f t ,  ra p id  haem orrhage  w ith in  10 m in. о-------- о  p ig eo n , о ---------о  r a t .  V alues a re  ex 

p re sse d  in pe r cen t o f th e  co n tro l

A ll these changes are represented d iagram m atically  in Figs 1 and 2. 
b) Continuous bleeding. In  these experim ents th e  anim als were bled w ith 

in  10 m in; the rem oved b lood  was collected in 6 fractions. The obtained results 
are show n in Figs 1 and 2.

R ed blood cell cou n t in  the pigeon w as 3 .4 5 ^ 0 .1 5  m illion per fil, which  
w as sta tistica lly  s ign ifican tly  reduced to 2 .7 4 ^ 0 .2 5  m illion per ^1. In the rat, 
h ow ever, the decrease from  th e  control va lue o f 8 .0 1 ^ 0 .2 0  m illion per ^1 to  
7 .0 1 ^ 0 .5 0  million per [Л w as not significant sta tistica lly .
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Fig. 2. P e rc en tile  changes in  p la sm a  to ta l  p ro te in , a lb u m in  a n d  g lobulin  levels in  resp o n se  
to  h aem o rrh ag e . R i g h t ,  su s ta in e d  b lood  loss w ith in  1 h o u r ;  l e f t ,  rap id  b lo o d  loss w ith in

10 m in . F o r  sym bols, see F ig . 1

H aem oglobin  content in the pigeon underw ent a gradual decrease from  
1 4 .0 7 ^ 0 .3 4  g to  1 0 .8 3 ^ 0 .2 2  g per 100 ml o f  blood in  the last fraction. A sim ilar  
and sta tistica lly  also sign ificant dim inution w as obtained in the rat, th e  control 
value being 1 3 .5 8 ^ 0 .3 0  g per 100 ml and th e  va lu e prior to d eath , 1 0 .8 4 ^  
0.62 g per 100 ml. The haem atocrit value w as considerably depressed b y  rapid 
haem orrhage. In the p igeon, the initial va lu e  o f  5 2 .23^ 1 .0%  w as reduced
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to  4 0 .0 ^ 3 .0 8 % , whereas in  the rat the con tro l value of 4 3 .0 ^ 0 .7 5 %  dim in
ish ed  to  3 3 .0 ^ 0 .5 8 % ; th e  changes were s ig n ifica n t statistically  in b o th  cases.

T he plasm a to ta l protein  level showed sign ificant changes in  th e  pigeon, 
w here th e  control value o f 3 .7 7 ^ 0 .1 1  g per 100 m l was reduced to  2 .4 3 ^ 0 .1 9  g 
per 100 ml; in the rat th e  protein level w as essentia lly  unaffected b y  rapid 
b leed in g .

P lasm a albumin and globulin levels exh ib ited  statistically  sign ificant 
a ltera tion s only in the p igeon  during the short period of bleeding. T he sm all 
d im in u tion  observed in  th e  rat was not s ign ifican t statistically.

P lasm a К  levels underw ent a sta tistica lly  significant elevation  in  both  
species.

D iscussion

T he present results in d icate th at the haem odilution  occurring in  response  
to  b leed in g  is considerably m ore marked in th e  pigeon than in the rat. The dif
feren ce betw een the tw o species becom es less apparent when haem orrhage is 
rapid  (lasting  10 min in th e  present experim ents) than in case o f  sustained  
blood  loss (approxim ately 1 hour in the p resen t experim ents).

D uring the first 10 to  15 min in the in itia l phase of sustained b lood loss 
haem od ilu tion  was closely  sim ilar in the p igeon  and the rat. C om pensatory  
haem od ilu tion , how ever, a lm ost com pletely ceased in the rat after 15 min, 
w hereas in  the pigeon b lood was further d ilu ted  practically at an unchanged  
rate.

W hen blood volum e is suddenly dim inished by rem oving a substantia l 
am ou n t o f  blood, h om eostatic  m echanism s b ecom e operating to com pensate  
for th e  blood loss and to  m aintain  arterial b lood  pressure and cardiac output. 
A n im p ortan t factor o f th is  m echanism  is th e  dim inution of the cap acity  o f the  
vascu lar  bed m ainly as a result o f increased venom otor tone; the significance  
o f th is  com pensatory adjustm ent lies in th e  rapid ity  of the response. This 
m echanism , however, is n o t suitable for the com pensation  of large b lood  losses. 
T he fin d in g  that plasm a volu m e is expanded during haemorrhage indicates  
th a t , in  addition to th e  above h om eostatic adjustm ent, there is another  
m echanism  developing m ore slowly which helps in m aintaining circulation  
d esp ite  a considerable reduction  of blood vo lu m e. There seem to be tw o  factors 
p lay in g  a part in the restoration  and increase o f blood volum e after haem or
rhage. T he first is the net transfer of fluid from  th e extravascular com partm ent 
w here considerable am ounts o f fluid are stored  and can be m obilized in  case 
of n ecessity . The other p ossib ility  is the reduction  of fluid loss through  the  
k id n eys; according to G a u e r  and H e n r y  (1963) th is antidiuretic response is 
governed  b y  cardiovascular receptors. The transfer of fluid from th e  extra- 
v ascu lar  in to  the intravascular com partm ent through the capillary m em brane 
is governed  by cardiovascular receptors. T he transfer of fluid from th e  extra
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vascular into the intravascular com partm ent through the capillary mem brane 
has been thoroughly studied by F o l k o w  and M e l l a n d e r  (1960) and Ö b e r g

(1964).
It has been known for long that blood loss in m am m als is follow ed by 

a redistribution of extracellular flu id  (G r e g e r s e n  and R a w s o n  1959). Decrease 
of the red blood cell count and dilution o f plasm a proteins has been  used as 
a qualitative and qu an tita tive m easure of transcapillary fluid transfer. A d o l p h  
et al. (1933) found in the dog th a t, 20 min after the rem oval o f 20 to  35 ml per 
kg of body w eight of blood, about 35%  o f the blood loss w as replaced by 
plasm a. P r ic e  e t al. (1941), L a w s o n  and R e h m  (1945) observed in  an aesthe- 
tized  dogs that the rate of flu id  replacem ent was 0.15 m l/kg/m in. K a u f m a n n  
et al. (1956) m easured a 30 to 40%  restitution  o f blood volum e w ith in  10 to 
20 m in after the rem oval o f 5 to  15 m l/kg of blood. Similar observations were 
made in man. E b e r t  et al. (1941) found a 20%  restitution  o f p lasm a volum e 
after blood losses ranging betw een 150 and 1200 ml. K a u f m a n n  and M ü l l e r  
(1958) rem oved 600 to 700 ml o f blood and m easured a 50% restitu tion  within  
15 to  20 min. I t  has been repeatedly em phasized th at the post-haem orrhagic  
increase in plasm a volum e slows down after 20 to  30 min. From  th is it has 
been concluded th at the replacem ent of blood loss is a self-lim iting process. 
O bviously there m ust be several factors involved  in the transcapillary transfer 
of fluid from the interstitium . Thus, for instance, the dilution o f p lasm a pro
teins changes the osm otic gradient, affecting thereby, the reabsorption of 
extravascular flu id . In addition to the pressure gradient, the perm eability  of 
the capillaries and the surface area of the capillary membrane actu a lly  avail
able for flu id  transfer are also factors of prim e im portance in determ ining the 
am ount o f fluid reabsorbed into the vascular bed. The im portance o f  nervous 
m echanism s in the com pensation of the blood loss was first suggested  b y  Ch i e n  
(1958). The anatom ical and physiological basis for such a m echanism  seems 
to he well established since it has been dem onstrated that the tone o f  the pre
capillary sphincters and the ratio of precapillary and postcapillary tone are 
under nervous control ( R ü c h e r l  and S c h w a b  1952, F o l k o w  and M e l l a n d e r  
1960, R o s e l l  and U v n e s  1962, R e n k i n  and R o s e l l  1962, Co b b o l d  et al. 
1963). The data referring to th is question have been thoroughly review ed by 
Ö b e r g  (1964).

The rate of haem odilution and the tim e o f cessation of th is process in the 
rat as observed in the present experim ents are in satisfactory agreem ent w ith  
the above data obtained in other m am m alian species.

I t  is clear from the present results th at the replacem ent of plasm a lost 
by haem orrhage shows considerable differences in the pigeon and the rat. 
The haem odilution ensuing im m ediately  after the start of b leed ing followed  
a similar pattern in the tw o species in the in itia l phase of the experim ents, but 
the process ceased rapidly in the rat whereas in the pigeon blood w as further
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d ilu ted  a t an unchanged rate and thus the fin a l values of haem odilution  
a tta in ed  substantially  h igher figures. This w ould m ean that the capacity  to  
co m p en sa te  for blood loss is far less lim ited in th e  pigeon than in the rat. This 
m ig h t be due to a difference in  the amount o f flu id  stores available for such 
p u rp oses, but there are no d a ta  indicating a difference in this respect betw een  
m am m alian  and avian sp ecies. I t  is possible th a t th e  pigeon is capable of 
m ob iliz in g  a part of the intracellu lar fluid, too , w hich obviously could be 
resp on sib le  for a sign ificantly  m ore efficient com pensatory m echanism . In this 
resp ect th e  finding seem s to  b e of considerable in terest that, in the p igeon , 
th e  d ilu tion  of plasma p rote in s was sign ificantly  more pronounced than  in 
th e  rat.

F in a lly , the question  arises whether th e  flu id  m oving in to  th e  intra
v a scu la r  com partm ent is derived  from every part o f the body or som e organs 
p a rtic ip a te  more in th is response. In m am m als th e  skeletal m uscles m ay  
lib erate  significant am ounts o f  fluid in case o f necessity  (M e l l a n d e r  and 
L e w i s  1963). F o l k o w  ct al. (1966) dem onstrated th a t the value for capillary  
filtra tio n  coefficient was considerably higher in  th e  duck than in m am m als 
w hereas in  the turkey a v a lu e  close to that observed in  mam m als was found.

I t  is thus reasonable to  assum e that the p igeon ’s increased resistance to  
h aem orrhage is due, at least in  part, to a q u a n tita tiv e ly  more efficient adjust
m en t o f  b lood volum e th an  th a t  found in m am m als. A nother responsible factor  
m a y  b e  th e  consistently h igher cardiac ou tput o f pigeons dem onstrated  in 
a p rev iou s work from th is laboratory  ( K o v a c h  and S zász  1968).

I t  m ight be asked w h eth er  the increased m obilization of extravascular  
flu id  and the significantly m ore efficient cardiovascular hom eostatic adjust
m en t is related to the circum stance that the p igeon  is a fly ing bird. O f the  
v ariou s avian species it is f ir s t  o f all the pigeon and the duck w hich possess 
a s ig n ifica n t resistance to  b leed ing as com pared to  m am m als, whereas the  
d o m estic  fow l and the crow  are more sensitive th an  the former and less than  
th e  la tte r  ( K ovach  et al. 1968). To decide th e  problem  com parative studies 
are n eed ed  involving m ore anim al species and b y  experim ents undertaken  
after  appropriate changes in th e  mode of living.
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ÉTUDES DES PROBLÈMES DE LA RÉGULATION 
DU DÉBIT SANGUIN CÉRÉBRAL

I .:  SU R  L E  R Ô L E  D E  L ’H Y P O T H A L A M U S 
D A N S LA R É G U L A T IO N  DU D É B IT  S A N G U IN  DU  TR O N C  C É R É B R A L

P a r

L. M o l n á r  et J .  C z o p f

CLINIQUE DES MALADIES NERVEUSES ET MENTALES DE L’UNIVERSITÉ DE PÉCS 

(R eçu  le 4 ja n v ie r  1969)

Chez des lap in s anesthésiés la  s t im u la tio n  é lectriq u e  de l’h y p o th a la m u s  n ’m - 
fluence le d é b it  de la  région p o n to -b u lb a ire  q u e  d an s le cas où la  p ressio n  arté rie lle  
sy s tém iq u e  e t  la  re sp ira tio n  so n t fo r te m e n t m od ifiées p a r  la  m êm e s tim u la tio n . II n ’y  a 
pas de c o rré la tio n s  sy s tém atiq u es e n tre  les ch an g e m e n ts  du  déb it c ircu la to ire  e t  ceux 
de l’ac tiv ité  é lec triq u e  e t de la  re sp ira tio n .

L ’effe t d ila ta te u r  du  CO; su r les v a is se au x  du  tro n c  cérébral p e u t ê tre  affaib li 
ou au  c o n tra ire  renforcé  p a r la  s tim u la tio n  é lec tr iq u e  de l ’hy p o th a lam u s .

Les ré su lta ts  des o b se rv a tio n s su g g è ren t que des in flux  h y p o th a la m iq u e s  
in flu en cen t les re la tio n s fonctionnelles n éo -co rtico -b u lb a ires  en a s su ra n t l ’équ ilib re  
de ce sy s tèm e  ré v erb é ran t.

Les résultats de nos études concernant les m odifications circulatoires du 
cerveau dans des conditions les plus différentes, physiologiques et p atho
logiques, nous ont suggéré une conception de la régulation du déb it sanguin  
cérébral. Tout en adm ettant l’im portance de la pression artérielle systém iq u e  
et celle des processus m étaboliques, nous avons cru avoir dém ontré l ’in ter
vention  des in flux  nerveux, en particulier le rôle joué d’un systèm e réverbérant 
néo-cortico-bulbaire dans cette régulation ( M o l n á r  1967). Ces observations  
ne nous ont cependant pas renseignés sur les déta ils de la fonction de ce systèm e  
réverbérant. N ous avons dû, bien entendu, prendre en considération les in flu
ences exercées par le fonctionnem ent des autres structures du cerveau sur les 
relations fonctionnelles du systèm e cortico-bulbaire. C’est ainsi que nous nous 
som m es attachés à rechercher le rôle que jou e éventuellem ent l’hypothalam us  
dans la régulation du débit circulatoire du tronc cérébral.

Méthodes

N o tre  e x p é rim e n ta tio n  a p o rté  su r 42 lap in s  an esth ésiés  au  m élange de  ch lo ra lose  
(70 ing /kg) e t  d ’u ré th a n e  (0,5 g/kg). D an s la  g ra n d e  m a jo rité  de ces ex p érien ces, chez 38 
a n im au x , le d é b it san g u in  e t  l’ac tiv ité  é lec triq u e  de la  m êm e rég ion  du  cerv eau , la  p ression  
a rté rie lle  sy s tém iq u e  e t  la  fréquence re sp ira to ire  o n t  é té  en reg istrés s im u lta n ém en t.
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P o u r  mesurer le f l u x  sa n g u in  n o u s avons u tilisé  la  m éth o d e  développée p a r  Sey la z  
(1965), d o n t  la  descrip tion  d é ta illée  se tro u v e  dans son  tr a v a il  original ainsi que  d a n s  p lu 
sieu rs  d e  n o s  pub lica tio n s p ré cé d en te s  (cf. Mo ln á r , 1967).

L a  dérivation de l'activité électrique s’est effec tuée  p a r  des fins filam en ts  à  e x tré m ité s  
d o rées, c eu x -c i é ta n t  in tro d u its  a v ec  les th e rm is tan c es  u tilisées  p o u r l’e n re g is tre m e n t des 
v a r ia t io n s  d u  c o u ran t sangu in , à l’a id e  d ’u n  appare il de ty p e  H o rs ley —Clarke, d an s la  s tru c tu re  
cho isie  d u  ce rv eau .

L a  p re ss io n  artérielle systém ique  a  été  m esurée, p a r  l ’in te rm éd ia ire  d ’u n  c a th é te r  in tro 
d u it  d a n s  l ’a r tè re  fém orale, à l’a ide  d ’u n  systèm e à c ap su le  tran sd u c trice .

U n e  th e rm is tan c e  placée d a n s  la  canule  trac h éa le  a  in d iq u é  la fréquence et l 'a m p litu d e  
des m o u vem en ts  respiratoires.

D e s  é lectro d es d’arg en t, en ro b ées  de verre , o n t é té  em ployées pour l'excita tion , m ono- 
ou  b ip o la ire ,  de l'hypothalam us. Le s tim u la te u r  u tilisé  n o u s  a perm is de ch an g er les p a r a 
m è tre s  d ’e x c ita t io n  (la fréquence, le v o ltag e  e t la  d u ré e  d ’u n  stim ulus), l ’u n  in d é p e n d a m 
m e n t d e s  a u tre s .

L 'e x a m e n  microscopique des co u p es h isto log iques n o u s a renseigné su r la localisation  
an a to m iq u e  des électrodes et des therm istances.

G râ c e  à u n  d ispositif co n v en a b le  nous avons p u  m élan g er du  gaz carb o n iq u e  avec 
de l ’a ir  a u x  co n cen tra tio n s v o u lues. N o u s avons fa it in h a le r  du  CO., de 7 p. 100 en  a ir.

Résultats

N o s premières expériences nous ont m ontré que des excitations élec
triques de l’hypothalam us produisant quelquefois des m odifications im por
ta n tes  de la  pression artérielle systém ique n’influençaient guère le débit sanguin  
de la  protubérance et du bulbe. Mais déjà lors de ces expériences nous avons 
pu co n sta te r  que les param ètres de la stim u lation  avaient une im portance  
d écisive  dans l’évolution du changem ent éven tu el du flux  sanguin. D ans le  cas, 
où la  stim u la tion  était e ffective  déterm inant une m odification du d éb it, ce 
dernier su iv a it fidèlem ent, dans la plupart des expériences, la variation  de la 
pression  artérielle produite par la  même stim u lation  (Fig. 1).

L es observations présentées ci-dessus nous ont suggéré, d’une part, que 
le d éb it sanguin du bulbe et de la protubérance éta it encore plus stab le que 
celui d es autres régions du cerveau et, d’autre part, que la pression artérielle  
sy stém iq u e  jouait peut-être un rôle plus im portant dans la régulation de ce 
m êm e d éb it que dans celle du f lu x  sanguin des autres centres cérébraux.

L es m êm es expériences, d on t nous avons parlé jusqu’ici nous ont dém on
tré q u e l ’arrêt respiratoire (par clam page de la  canule trachéale), ainsi que 
l ’in h a la tio n  du CO., en traînaient une augm entation  du débit sanguin aussi 
dans le  b u lb e et la protubérance.

D e s  stim ulations de l’hypothalam us, n’a y a n t aucun effet sur le déb it de 
la région ponto-bulbaire et ne produisant qu’un changem ent passif de ce débit, 
ont n éan m oin s influencé l’allure de l ’augm entation  du flux  sanguin entraînée  
par l ’arrêt respiratoire. Les m êm es stim ulations n ’ont cependant pas m odifié  
q u a n tita tiv em en t chaque fois l’effet de l’asp h yxie  (Fig. 2).

Il resta it à éclaircir le problèm e dans quelle mesure c’est le changem ent 
de la  pression  artérielle qui in fluençait le débit augm enté par l’arrêt respira
toire, ou  bien il s’agissait d’une coïncidence de deux phénom ènes (changem ent
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de la pression artérielle et celui du débit sans être  cependant en relation causa
tiv e  l’un avec l’autre), dont l’origine pouvait être tout de même com m une.

Pour résoudre ce tte  question d’une part, e t pour pouvoir m ieu x  juger  
le rapport entre le changem ent circulatoire et l ’é ta t  fonctionnel des territoires 
étudiés d’autre part, nous avons effectué aussi des stim ulations, u tilisan t des 
param ètres subcritiques ou correspondant aux valeurs de seuil, ainsi que des 
excitations périphériques, et nous avons toujours enregistré l’activité électrique  
de la région, dont le déb it était examiné.

Fig. 1. E ffe t de l’a sp h y x ie , p ro d u ite  p a r le c lam page  de la  canule trachéa le  ( A J  e t  des 
e x c ita tio n s  é lectriques de l ’h y p o th a la m u s su r le d é b it de  la  p ro tu b éran ce  (P o .R ) e t  la  p re s 
sion a rté rie lle  fém orale (P .A .). H y l.  durée des s tim u la tio n s . N o te r  la passivité  d u  f lu x  san g u in  
d u ra n t les d eux  dern ières s tim u la tio n s  effectuées av ec  d u  c o u ra n t de h au te  fréq u en ce . Les 
m ic ro pho tograph ies m o n tre n t  la  localisation  a n a to m iq u e  de l’électrode s tim u la tr ic e  d an s 

l ’h y p o th a la m u s , a insi que  celle de la th e rm is ta n c e  d an s le tronc  cérébral

La com paraison de l’effet des stim ulations électriques de l’hypothalam us  
à celui des excitations douloureuses périphériques (pincem ent de l’oreille) s ’est 
m ontrée très instructive. D es stim ulations hypothalam iques n’ayant pas d ’in
fluence ni sur la pression artérielle systém ique ni sur le débit sanguin, d im i
nuaient néanm oins l ’effet vasodilatateur de l’arrêt respiratoire. Par contre, 
le p incem ent de l’oreille provoquant une chute im portante de la pression arté
rielle, suivie d’une fa ib le dim inution du courant sanguin, n’avait pas n o ta b le
m ent m odifié l’effet de l’asphyxie (Fig. 3).
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í 'ig .  2 . v4 L a  s tim u la tio n  h y p o th a la m iq u e  n’in fluence p a s  le d é b it de la p ro tu b é ra n c e  (P o .L .) 
q u o iq u ’elle  p rodu ise  une a u g m e n ta tio n  im p o rta n te  de  la  p ression  artérielle  (P .A .) . P e n d a n t  
l ’a sp h y x ie  (A) le d éb it s’a cc ro ît. — B  la m êm e s tim u la tio n  a ffa ib lit  légèrem ent, — C ne  m odifie  

p a s  l ’e ffe t de l'asp h y x ie  (R  re sp ira tio n )

Lors de ces expériences nous avons so u v en t eu l’occasion de constater  
q u e la  dim inution de l’am plitude et l ’accroissem ent de la fréquence de l ’activ ité  
é lectr iq u e , la désynchronisation , n’était pas obligatoirem ent accom pagnée  
d ’u n e  augm entation  du déb it sanguin. B ien au contraire, la désynchronisation  
de l ’a c tiv ité  électrique apparaissait, dans la  m ajorité des cas, en m êm e tem ps  
q u ’u n e  dim inution plus ou m oins prononcée du f lu x  sanguin.

D es stim ulations hypothalam iques produisant une désynchronisation  
de l ’a c tiv ité  électrique ainsi qu’une d im inution  du débit se sont m ontrées 
efficaces m êm e durant l’augm entation  de f lu x  sanguin provoquée par le  clam 
p age de la  canule trachéale. C’est ainsi que les stim ulations affa ib lissaient 
l’e ffe t que l’arrêt respiratoire exerçait sur le courant sanguin (F ig. 4).

B ien  que le clam page de la canule trachéale ait toujours en traîné une 
a u gm en ta tion  du flu x  sanguin , cet effet vasod ilatateur ne p ou vait pas être 
considéré com m e tou t à fa it physiologique. D ans ce cas il ne s’agit sûrem ent 
pas de l ’effet d’une sim ple accum ulation du C 0 2, celle-ci n’étan t qu ’un des 
facteu rs mis en jeu durant l ’asphyxie. C’est pour cette raison que nous avons
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F ig . 3. A  la  s tim u la tio n  h y p o th a la m iq u e  ne m odifie  ni le d é b it du  m ésencéphale  (M es.L) 
n i la  p ression  a rté rie lle  (P .A .), m a is  p ro d u it  u n e  d é sy n ch ro n isa tio n  de l’a c tiv ité  é le c tr iq u e  
d u  m ésencéphale  du  cô té  gauche  (M es.L ) e t  d ro it (M cs.R ). L a  re sp ira tio n  (R ) ne ch an g e  pas. 
— B  le p in cem en t de l’oreille (P ) p ro v o q u e  chez le m êm e an im a l une  ch u te  im p o r ta n te  de  la 
p ressio n  arté rie lle , celle-ci é ta n t  su iv ie  d ’une  fa ib le  d im in u tio n  du  d é b it sangu in . —• C p e n 
d a n t  l ’asp h y x ie  (A) le d éb it d u  m ésen cép h a le  au g m en te . L a  s tim u la tio n  h y p o th a la m iq u e  
effec tu ée  p e n d a n t l ’a r rê t  re sp ira to ire  a ffa ib lit  l’a u g m e n ta tio n  d u  déb it. — D  le p in c e m e n t de 
l ’oreille  (P ), b ien  que p ro d u isa n t u n  a b a issem en t tra n s ito ire  d u  f lu x  san g u in , n ’in flu en ce  

pas l’e ffe t v a so d ila ta te u r  de l’a sp h y x ie  (A)
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étu d ié  l’influence des stim ulations électriques de l’hypothalam us sur l ’effet 
de l ’inhalation du gaz carbonique.

L ’influence des stim ulations hypothalam iques sur l’effet vasodilatateur  
du CO 2 dépendait pratiq u em en t dans tous nos cas des paramètres d ’excitation . 
Cela v e u t dire qu’en changeant les param ètres d ’excitation  ou en déplaçant 
l ’électrode excitatrice d ’une fraction de m illim ètre, l ’action du gaz carbonique 
p o u v a it être affaiblie ou, au contraire, renforcée par l ’excitation  de l’hypo
thalam us (Fig. 5). L ’in flu en ce de l’excitation  n ’a guère dépendu de la m odi
fica tio n  de la pression artérielle qu’elle a provoquée. De m êm e, l ’influence  
provoquée par la stim u la tion  sur la respiration , quelle que so it sa nature 
(arrêt respiratoire, d im inution  ou augm entation  de l’am plitude respiratoire, 
hyperventilation), n ’é ta it  non plus en corrélation directe avec l’influence de 
l ’exc ita tion  qu’elle a exercée sur l’effet du C 0 2 (F ig. 6). Même dans des cas, 
où la stim ulation h ypothalam ique a produit un  arrêt de la respiration, l ’effet 
de l’inhalation du gaz carbonique a pu être affaibli par la m êm e excitation
(F ig . 5).
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F ig . 4. A  Sous l’e ffe t d ’un e  s tim u la tio n  h y p o th a la m iq u e  le d é b it  de la  p ro tu b é ra n ce  (P o .R ) 
baisse trè s  fa ib lem e n t, la  p ression  artérie lle  (P .A .) d im in u e , l’a c tiv ité  é lectrique  de  la  p ro 
tu b éra n ce  se d é sy n ch ro n ise  e t  d u  côté d ro it (P o .r.)  e t  d u  co té  gauche (Po .l.); la  re sp ira tio n  
(R ) d ev ien t irrégu lière . — B  chez le m êm e an im al l’a sp h y x ie  (A) en tra în e  une a u g m e n ta t io n  
d u  flu x  san g u in  q u i s’a ffa ib lit  p a r  la  s tim u la tio n  de  l’h y p o th a la m u s ; dans ce cas la  rég ion  

s tim u lée  a é té  coagulée à la  f in  d e  l’expérience
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Fig. 5. A  Le d éb it du  bulbe (O bi. 1.) au g m e n te , la  pression  arterie lle  (P .a .)  ne  ch an g e  p as sous 
l’effe t de l’in h a la tio n  du  CO._, — B  l’e x c ita tio n  de l’h y p o th a la m u s provoque  u n e  au g m e n ta tio n  
co n sid érab le  de la pression a rté rie lle , acco m pagnée  d ’un  accro issem ent de c o u rte  d u rée , suivi 
d ’une d im in u tio n  beaucoup p lu s im p o r ta n te , du  d é b it san gu in ; p e n d a n t la  s tim u la tio n  un  
a r rê t  re sp ira to ire  se m anifeste, l’a c tiv ité  é lec triq u e  du  bu lbe (Obi. 1.) ne ch an g e  p as, celle 
de la rég io n  fro n ta le  gauche (F l.) se désy n ch ro n ise . C ap rès la s tim u la tio n  h y p o th a la m iq u e  
le C 0 2 a un  effe t v a so d ila ta teu r p lus im p o r ta n t.  — I )  cet effe t est a ffa ib li, d ’une  façon  m ar
quée, p a r  la s tim u la tio n  effectuée p e n d a n t l’in h a la tio n  du  gaz carb o n iq u e . FJ la m êm e 
s tim u la tio n , m ais p ra tiq u ée  ap rès le d é p la ce m en t de l’électrode s tim u la tr ic e , p ro d u it,  sim ul
ta n é m e n t avec l’au g m en ta tio n  de la p ressio n  arté rie lle , u n  accro issem ent d u  d é b it  e t 
F  ren fo rce , si elle est effectuée p e n d a n t  l’in h a la tio n  du  C 0 2, l’effe t v a so d ila ta te u r  de  celui-ci
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F ig . 6. A  Sous l’effe t d ’u n e  s tim u la tio n  h y p o th a la m iq u e , p ro v o q u a n t une  au g m e n ta tio n  
im p o r ta n te  de la  p ression  a r té rie lle  (P .a .)  le déb it du  b u lb e  (O bi. 1.) ne change que fa ib le 
m e n t. L a  fréquence  re sp ira to ire  (R )  e s t accélérée, l ’a c tiv ité  é lec triq u e  du  bu lbe  (O b l.r.) se 
d é sy n ch ro n ise , celle de la  rég io n  fro n ta le  (F ) ne change p as . L a  m êm e s tim u la tio n , e ffectuée 
p e n d a n t  l ’in h a la tio n  d u  C 0 2, a ffa ib li t  l’effe t v a so d ila ta te u r  de  ce dern ier. — B  e ffe t de 
l ’in h a la tio n  du  gaz ca rb o n iq u e  s u r  la  re sp ira tio n , l ’a c tiv ité  é lec tr iq u e , la  p ression  a rté rie lle

e t le d éb it du  bu lb e

Rem arques et conclusions

Les résultats de nos observations m ontrent que la stim ulation électrique  
de l ’hypothalam us, chez des lapins anesthésiés, n ’influence le flu x  sanguin de 
la  protubérance et du bu lbe que dans le cas, où la  pression artérielle ou la 
respiration  ou bien tou tes les deux sont fortem en t m odifiées par la m êm e  
stim u lation . Ce fa it sem ble prouver que le débit sanguin du tronc cérébral se
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trouve sous l’influence passive de la pression artérielle systém ique et de la 
p C 0 2 du sang et du tissu  cérébral exam iné. M ais, de l’autre côté, nous n’avons 
pas trouvé de corrélations systém atiques entre les éventuelles m odifications  
du courant sanguin et celles de l’activité électrique de la région étudiée. 
Le changem ent du débit, quel qu’il soit (augm entation  ou dim inution), peut 
être accom pagné d’une synchronisation ou d ’u n e désynchronisation de l ’acti
v ité  électrique. B ien que rarem ent, le sens du changem ent du débit, m êm e  
dans le tronc cérébral, p eu t être l’inverse de celui de la m odification  de la 
pression artérielle systém ique, cette dernière é ta n t alors contrebalancée ou 
m êm e hypercom pensée par des vaisseaux du tronc cérébral.

Il ressort quand m êm e clairement des résu ltats de nos observations que 
la pression artérielle joue un rôle im portant dans la  régulation de la  circulation  
sanguine du tronc cérébral, du moins chez des lapins anesthésiés. C’est ainsi 
que m êm e l’effet du gaz carbonique, qui s ’est révélé dans nos expériences 
com m e un agent très pu issant dans la déterm ination  du débit sanguin du tronc 
cérébral, peut subir une m odification sous l ’action  d’une stim ulation  h yp o
thalam ique produisant un changem ent de la  pression artérielle systém ique.

L ’analyse détaillée de nos enregistrem ents obtenus lors de cette  série 
d’expériences nous convainquent tout de m êm e qu’il serait une sim plification  
d ’attribuer une im portance décisive à la pression artérielle systém ique dans 
la régulation du débit sanguin du tronc cérébral.

En effet, com m e nos observations nous le m ontrent, une chute considé
rable de la pression artérielle, produite par l ’excita tion  hypothalam ique ou 
périphérique, n ’influence pas toujours le d éb it de la région ponto-bulbaire et 
ne m odifie pas, dans tou tes les circonstances, l ’effet vasodilatateur de l’asphy
x ie  ou de l ’inhalation du C 0 2. Bien au contraire, ce dernier effet peut être ren
forcé par des stim ulations de l’hypothalam us produisant une dim inution de la 
pression artérielle systém ique.

En possession des données présentées dans ce travail, on peut conclure  
que le débit circulatoire du tronc cérébral est fonction  de plusieurs facteurs, 
d ont tous ont une im portance dans la régu lation  de la circulation sanguine  
de cette  partie du cerveau.

Les in flux d’origine hypothalam ique affaib lissent souvent l ’effet vaso 
dilatateur du CO2 dans le  tronc cérébral. Ce fa it  nous suggère que c ’est grâce 
à l’in tervention  de l’hypothalam us que le d éb it du tronc cérébral est stabilisé  
sur un niveau convenable, et de ce fait, les conditions d’un fonctionnem ent 
norm al de cette  partie du cerveau sont assurées malgré des changem ents  
éventuellem ent im portants des processus m étaboliques. De cette  façon, 
l’hypothalam us peut influencer les relations fonctionnelles néo-cortico-bul- 
baires. De plus, nous croyons que le fonctionnem ent de l ’hypothalam us peut 
garantir l’équilibre fonctionnel du systèm e réverbérant néo-cortico-bulbaire.
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BILATERAL INTERACTION 
OF VAGAL VASOMOTOR REFLEXES

By

G y . S u c h  a n d  F. O b á l

INSTITUTE OF PHYSIOLOGY, UNIVERSITY MEDICAL SCHOOL, SZEGED 

(R ece iv ed  S e p tem b e r 12, 1968)

In  ca ts  a n ae s th e tize d  w ith  chloralose, th e  c en tra l s tu m p  o f b o th  sectioned 
vagus nerves w as s tim u la te d  s e p a ra te ly  and  s im u ltan eo u s ly  using  id e n tic a l stim u lus 
p a ram ete rs . T he b lood  p ressu re  resp o n se  allow ed th e  follow ing conclusions.

(1) In  th e  case o f id en tica l a n d  hom ogeneous d ep resso r a n d  p re sso r reflexes 
th e  in te rac tio n  m ay  be m an ifes ted  w ith  b o th  occlusion  a n d  fa c ili ta tio n ;

(2) U n ila te ra l s tim u la tio n  a c t iv a te s  only a  frac tio n  of b ila te ra l  re fle x  cap ac ity ;
(3) B ila te ra l re flex  processes resu ltin g  in  changes in th e  sam e d ire c tio n  ac t 

synerg e tica lly ;
(4) R eflexes w hich  are  n o t hom ogeneous b u t  give rise  to  chan g es in  th e  sam e 

d irec tion , w hen occu rrin g  s im u lta n eo u s ly , m ay  re su lt in  in h ib itio n ;
(5) The so-called  b ila te ra l  an tag o n ism  is n o t  id en tica l w ith  th e  a n tag o n ism  

o f sy m m etrica l re flex  cen tres . In  su c h  cases th e  tw o  vag i do n o t a c t iv a te  analogous 
m echanism s, an d  th e  b ila te ra l in te ra c tio n  u su a lly  re su lts  in  a lg eb ra ic  su m m atio n , 
an d  occasionally  in  fa c ilita tio n .

I t  has been shown earlier ( S u c h  et al. 1958) that in the anaesthetized  cat 
alternative stim ulation w ith the sam e param eters of sym m etrical nerves or 
receptor fields m ostly results in vasom otor responses o f variable in ten sity  
In the case of the vagus nerves the variab ility  m ay m anifest itse lf  in responses 
of different direction. The eventual role o f the interaction of nervous processes 
elicited  by the separate stim ulation  o f sym m etrical afferent nerves has not 
been established satisfactorily . Therefore, in the present experim ents attem pts  
have been made to study the problem  o f the bilateral interaction  o f vasom otor  
reflexes elicited by stim ulation  o f the tw o vagi. The question bears particular 
im portance in view  of the observations of G r a s t y a j n  et al. (1952) in that 
separate stim ulation o f the vagal stum ps gives rise to  antagonism  in the  
bilateral centres.

Considering that nervous in teractions are highest in in ten sity  when  
sim ultaneous processes occur in the CNS. The effect of separate vaga l stim ula
tion on blood pressure has been com pared to the response given to  th e  sim ul
taneous stim ulation o f the vagu s nerves. The obtained results served as a basis 
for conclusions concerning th e  characteristics o f central nervous m echanism s 
mirorring them selves in reflex  responses.
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Methods

E x p e r im e n ts  were u n d e r ta k e n  in  25 cats. A n a es th es ia  w as in d u ced  b y  a-ch lo ralose ; 
o r in  so m e  cases by  th ia lb a rb i ta l  -|- a-chloralose, o r p e n to b a rb ita l  g iven  in tra p e rito n ea lly , 
o r in tr a v e n o u s ly  under lig h t e th e r  a n ae sth es ia . O b serv a tio n s w ere m ade  also on u n a n a e s th e 
t iz e d  c a ts  im m obilized w ith  g a lla m in e  trie th io d id e . B o th  v a g i w ere exposed on th e  neck  a t  a 
le n g th  o f  a b o u t  3 cm, and th e n  d iv id e d  a t  th e  level o f th e  b a sis  o f th e  neck. T he c e n tra l  s tum ps 
w ere  s t im u la te d  w ith silver e le c tro d e s , w ith  a d istance o f  a b o u t  2.5 to  3.0 m m  b e tw een  the  
tw o  p o le s . T o minim ize th e  sp re a d in g  o f th e  stim ulus, liq u id  p a ra ff in  w as used  as an  in su la to r 
u n d e r  t h e  electrodes. S q u a re -w av e  p u lse s  were p ro d u ced  b y  a tw o -ch an n e l D IS A -M ultis tim  
a p p a r a tu s .  B lood pressure w as re c o rd e d  in the fem ora l a r te ry  b y  a m ercu ry  m an o m ete r. 
R e s p i r a to r y  m ovem ents w ere re c o rd e d  a fte r  inserting  a c a n n u la  in to  th e  tra c h e a , using  a 
M a re y  c a p s u la  and a P a lm er k y m o g ra p h . To inh ib it co ag u la tio n  of b lood , 500 I .U . p e r  kg of 
b o d y  w e ig h t  o f heparin  w ere g iv e n  in trav en o u sly .

Results

B ila tera l interaction o f  depressor responses

In  light or m edium  d ep th  chloralose anaesthesia , stim ulation  of the  
cen tra l vagal stumps in d u ces a depression of b lood pressure w hich cannot be 
a b o lish ed  with atropine and is due to the inh ib ition  o f  central vasoconstrictor  
to n e . Bradycardia w hich cou ld  eventually be cau sa lly  related to the decrease 
in  b lo o d  pressure has not b een  observed in th ese experim ents. Figure 1 shows 
a ty p ic a l example of th e  b ilateral interaction o f the depressor vasom otor  
resp on ses. Separate stim u la tio n  o f the both vaga l stum ps for periods o f 10 sec 
e lic ite d  a drop in blood pressure which was sim ilar in pattern but slightly  
d ifferen t in intensity w hen  com paring the responses obtained from the two  
sid es; th e  depressor reaction  w as invariably associated  w ith apnoea. The re
sp o n ses to  sim ultaneous stim u la tion  were greater than  any o f the separate 
rea ctio n s, but in in ten sity  th e y  were smaller th an  the sum of the latter. The 
lesser  effectiv ity  of sim u ltan eou s stim ulation, as com pared to  the sum o f  
sep a ra te  responses, could n o t be attributed to  haem odynam ic factors since 
th e  lo w e st value observed a fter  sim ultaneous stim u lation  was approxim ately  
100 m m  H g, whereas th e  lo w est value to which b lood pressure can be reflector- 
ily  reduced  is 40 mm H g. In  other experim ents stim uli w hich caused a 5 to  
10%  reduction of blood pressure also gave rise to  occlusion when applied 
sim u ltan eou sly . U nfreq u en tly  and particularly w ith  responses o f low  in tensity , 
sim u ltan eou s stim ulation resu lted  in an algebraic sum m ation of the separate  
resp on ses or, eventually , in  slight facilitation (F ig . 2). The interrelationship  
in  th e se  experiments w as rath er  variable; it  w as considerably affected by the  
p aram eters of the stim u lu s and, very likely, th e  reactiv ity  of the centres. 
T a b le  I summarizes the relationsh ip  between th e  stim ulus param eters and the  
b ila tera l interrelations in 3 ca ts . Although on 50 c/s stim uli in tw o cats facilita
t io n  appeared this response w as not a typical one, since occlusion was observed
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F ig . 1. C at w eighing 4.8 kg, a n ae s th e tize d  w ith  50 m g/kg o f in tra p e r ito n e a l ch lora lose. T he 
b ila te ra l in te rac tio n  of dep resso r responses m an ifested  itse lf w ith  occlusion. T rac in g s from  
to p  to  below , rep re sen t re sp ira tio n , b lood  pressure , d u ra tio n  of s tim u lu s , 10-sec tim e  m a rk 
ing . R ,  s tim u la tio n  of r ig h t vag u s; L ,  s t im u la tio n  of left vag u s; R  -f- L ,  s im u ltan eo u s s tim u la 

tio n  of b o th  vagi. S tim u lu s  p a ram ete rs : 30 c/s, 3 m sec, 5 V

in m uch more instances, and facilitation  of the depressor response did not 
occur except for the 3 cases represented in Table I.

B ilateral interrelations m anifested them selves occasionally w ith  a pro
longation  of norm alization tim e.

Bilateral synergism  is illustrated  in Fig. 3. In th is experim ent, blood  
pressure was kept at a low value b y  continuous stim ulation  of th e  right vagus  
nerve, then a contralateral stim ulus o f  10 sec duration was applied at the low est
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F ig . 2. C at w eighing 3.8 k g , a n ae s th e tize d  w ith  45 m g /k g  of in tra v e n o u s  chloralose. M oderate 
b ila te ra l fa c ili ta tio n . S tim ulus p a ra m e te rs : 50 c/s, 1 m sec , 3 V

Table I
B ila tera l interaction o f  vagal depressor responses to s tim u li at d ifferen t param eters

Stimulus parameters R L В i В — (Й.+ L )

C at weighing 3.2 kg, a n aesth e tized  w ith  45 m g/kg  of in trav en o u s chloralose

5 c/s, 1 m sec, 1 V 8 9 12 — 5

10 c/s, 1 m sec, 1 V 8 12 14 — 6

50 c/s, 1 m sec, 1 V 8 10 20 + 2
100 c/s, 1 m sec, 1 Y 8 10 14 — 4

C at weighing 3.8 kg , a n aesth e tized  w ith  41 m g/kg  of in trav en o u s chloralose

10 c/s, 1 m sec, 2 V 12 a 16 — 7

id. 11 10 18 — 3

20 c/s, 1 m sec, 2 V 9 8 20 + 3
id. 9 8 22 +  5

C at weighing 2.9 kg , an aesth e tized  w ith  40 m g/kg of in trav en o u s chloralose

10 c/s, ] m sec, 3 V 7 7 10 — 4

25 c/s, J m sec, 3 V 8 9 12 -5

50 c/s, 1 m sec, 3 Y 10 14 30 +  6
id. 8 15 32 +  9

S ym b o ls. jR ,  stim u la tio n  of r ig h t  v a g u s ; L , s tim u la tio n  of le ft v ag u s; R , sim u ltan eo u s s tim u la 
tio n  of b o th  v ag i. N e g a tiv e  sign in d ic a te s  occlusion , p o sitiv e  sign, facilita tio n . 
R esponses are  g iv en  in  m m  Hg of blood p ressu re . D u ra tio n  of stim u lu s: 10 sec.
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Fig. 3. C at w eighing 3 kg , an aesth etized  w ith  50 m g/kg of in tra p e rito n e a l ch lo ra lose . F o r  
de ta ils , see te x t. S tim ulus p a ra m e te rs :  3 c/s, 3 m sec, 4 V

poin t o f  the blood pressure curve, resu lting  in further blood pressure reduction . 
T hus, w ith  a stable stim ulus param eter, the m axim um  reflectory response  
elicited  from one side could be enhanced b y  contralateral stim ulation , a lthough , 
as seen in Figure 3, left vagal stim u lation  alone caused a reaction a tta in in g  
about half o f that elicited from the r igh t side.
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The reduction o f th e  tim e interval betw een  alternating stim uli had no 
appreciable effect on th e  in ten sity  of the responses elicited from th e tw o sides. 
T he effect of a lternating  le ft and right vagal stim ulation  w ithout any tim e  
in terva l between the stim u li induced, in th e  case o f sym m etrical responses, 
changes in blood pressure identical w ith th ose elicited  by stim ulation  of any  
o f th e  vagus nerves for th e  same length o f tim e.

F ig . 4. C at w eighing 3 k g , a n ae s th e tize d  w ith  45 m g /k g  o f  in tra v e n o u s  chloralose. In h ib itio n 
like b ila te ra l  in te ra c t io n . S tim ulus p a ra m e te rs :  5 c/s, 3 m sec, 2.5 У

The bilateral in teraction  of strongly asym m etric and diverging depres
sor reactions m ay m a n ifest itse lf in the form  o f inhibition  (Fig. 4). In sim ul
taneous com bination, stim uli apparently in effective  on blood pressure m ay  
depress central nervous activ ity . In such cases there is reason to  believe th a t  
unilateral vagal stim u la tio n  gives rise to inhom ogeneous nervous processes, as 
indicated  by the s lig h t tachypnoea accom panying the blood pressure decrease 
elicited  from the le ft side in  Fig. 4.
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Interactions during so-called “ bilateral antagonism"’

In  superficial anaesthesia induced by 40 to 45 m g/kg of chloralose alter
nating stim ulation  o f the tw o vagus nerves frequently elicited opposite re
sponses. In  other words, stim ulation  at identical param eters o f one vagus caused

F ig . 5. C at w eighing 2.7 kg , a n aesth e tized  w ith  40 m g/kg  in tra v en o u s  chloralose. A rith m e tic a l 
su m m atio n  of opposite  v agal responses. S tim u lu s  p a ram ete rs : 50 c/s, 3 m sec, 10 V

a depressor response, whereas from  the other side a pressor reaction  was 
evoked. This phenom enon was a stab le  property and the antagonism  o f the  
tw o sides could not be reversed b y  increasing the voltage o f th e  stim ulus. 
In these cases the vagus from w hich th e  depressor response was elicited  played  
a predom inating role, whereas the pressor reactions evoked from th e contra
lateral side were less stable and the rise in blood pressure turned transitorily
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F ig . 6. C a t w eighing 3.2 kg , an ae sth e tize d  w ith  45 m g/kg  o f in tra p e rito n e a l chloralose. V aso
m o to r  resp o n ses in  op p o site  d irec tio n s . T he in tense  a fte r-d isch a rg e  of th e  dep resso r reac tio n  
h as  m o d ified  th e  a r ith m e tic a l su m m atio n  of th e  tw o  responses. S tim u lu s p a ram e te rs : 10 c/s,

3 m sec, 2 V

F ig . 7. C at w eighing 3.2 kg, a n ae sth e tize d  w ith  45 m g /k g  of in tra p e rito n e a l chloralose. 
F a c il i ta t io n  o f p ressor response  in  th e  case of o p p osite  reac tio n s . S tim ulus p a ram e te rs : r ig h t 

vag u s (1), 10 c/s, 5 m sec, 2 V ; le ft v ag u s  (2), 10 c/s, 3 m sec, 2 V
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into a decrease if bilateral stim ulation was applied or the stim ulus param eters 
were altered.

The interaction o f reflex processes in the opposite  direction usually  resu lt
ed in algebraic sum m ation (Fig. 5), although differences in the tim e course

Fig. 8. C at w eighing 3.8 kg , a n aesth e tized  w ith  40 m g /k g  o f in trav en o u s chloralose. B ila te ra l  
in te rac tio n  opposite  o f re flexes m anifested  itse lf w ith  fa c ili ta tio n  of th e  dep resso r resp o n se . 

S tim u lu s p a ram ete rs: 100 c /s, 1 m sec, 3 V

o f the heteronom ous reflex responses could considerably alter the result. The 
secondary decrease in blood pressure observed after the cessation o f sim u lta 
neous bilateral stim ulation  (Fig. 6) m ay be accounted  for by the in tense after
discharge o f the depressor mechanisms. A t th e  sam e tim e, however, in  th e  case  
of responses to  sim ultaneous stim ulation, sum m ation  occurs not on ly  w ith  
opposite responses b u t also w ith sim ultaneous vasodilator reactions.
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F i g . 9a

A  particular m anifestation  of the interrelationship of opposite reactions 
is fa c ilita tio n . Figure 7 dem onstrates the augm entation  of the pressor, whereas 
F ig . 8 th a t  o f the depressor response when com bined w ith sim ultaneous contra
la tera l opposite vasom otor responses.

B ila tera l interaction o f  vago-pressor reflex mechanisms

I t  has been shown earlier (P órszász and S uch  1958) that the adm inistra
tio n  o f  additional doses o f chloralose to  a ca t already under m edium  depth  
an aesth esia  results in a com plete blocking o f th e  depressor m echanism s, and 
va g a l stim u lation  results in a pressor response. The bilateral in teraction  of
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Fig. 9. C at w eighing 3.6 kg, an ae sth e tize d  w ith  70 m g/kg o f th ia lb a rb ita l  in tra p e r ito n e a lly , 
a n d  a d d itio n a l in tra v en o u s  chloralose, 4 tim e s  20 m g/kg. V agopressor reflexes sh o w  fa c ilita 
t io n  and  add itio n . S tim u lu s p a ram ete rs : A ,  10 c/s, 10 m sec, 20 V; B, 10 c/s, 3 m sec, 10 V

vagal pressor reflexes is more lik ely  to occur in the form of add ition  and 
facilitation  than in the form of depressor responses (Fig. 9). O cclusion could  
be observed only w ith marked pressor responses, the increase in blood pressure 
being more than 30 mm Hg. The sam e holds for rebound-like pressor response.

The inversion o f the reflex response, which can be attained n o t only  
by chloralose but also by an overdose of pentobarbital ( D o u g l a s  et al. 1960), 
does not occur im m ediately, and in the period of transition opposite responses 
m ay be elicited from the two vag i th e  interaction of which shows character
istics similar to those discussed above. In this state , however, the u n stab le  side 
is always that from which the depressor response was elicited.

Experim ents in unanaesthetized cats

In cats im m obilized with gallam ine and respirated arteficially , stim ula
tion  o f the vagus nerves 2 to 3 hours after the in itial ether anaesthesia  caused  
invariably a depressor response. A variety  of com binations of th e  stim ulus 
param eters failed to  give rise to a pressor reaction. The interaction o f bilateral
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depressor reflex m ech an ism s, on the other hand, m anifested itse lf w ith  marked 
occlu sion .

These observations are inconsistent w ith  th e  earlier observations of 
G r a s t y a n  et al. (1952) w h o  showed th at sep arate stim ulation o f the two  
v a g a l stumps causes o p p o s ite  reflex responses particularly in the alert state. 
H o w ev er , these authors applied  only local anaesthesia  and thus the incon
s is te n c y  in the results m a y  have been due to  differences in the experim ental 
con d ition s.

Discussion

D ata concerning th e  central interaction o f sym m etrical vegeta tive  affer- 
e n ta tio n  are scarce. G r a s t y a n  et al. (1952) stu d ied  the effect of separate and 
sim ultaneous vagal s t im u la tio n  on blood pressure, cortically evoked motor 
reaction s, and cortical e lectr ica l activity. In  th ese  experim ents, how ever, the  
e ffe c t  o f  separate and sim u ltan eou s stim ulation  w ere compared only  in a few  
ca ses , therefore, the m an ifesta tion s and varia tion s o f bilateral interrelations 
co u ld  unfrequently be estab lish ed . In a stu d y  d evoted  to the cardioinhibitory  
r e f le x  originating from  th e  carotid sinus o f th e  dog S c ott  and R e e d  (1955) 
su cceed ed  in dem onstrating  th at the response obta ined  after bilateral sim ul
ta n e o u s  stim ulation w as u su a lly  greater than  th e  sum  of the responses after 
sep a ra te  stimulation o f  th e  carotid sinuses, and occlusion was frequent. A cute  
u n ila tera l vagotom y red u ce on ly  by about 50%  th e  in tensity  of the response 
to  ipsilateral carotid s in u s stim ulation. From  th ese  findings the occurrence 
o f  convergence and fu n c tio n a l crossing in th e  m edullary reflex centres was 
assu m ed . F r o lk is  (1954) fou n d  that after ad ap tation  of the oculocardiac 
r e f le x  elicited from one e y e , stim ulation o f th e  contralateral eye did not sub
s ta n tia lly  affect the h eart ra te; this two m ay p o in t to  a marked central over- 
la p p in g .

Arterial blood p ressu re , the only param eter studied  in the present experi
m e n ts , constitutes an in d irec t measure of the a c t iv ity  o f the vasom otor centres, 
an d  th e  obtained reflex  vaso m o to r  responses m a y  be regarded as th e  net effect 
o f  th e  changes in p erip h eral resistance. The resu lts, however, unequivocally  
dem onstrated  that, in  th e  case of hom ogeneous reflex  responses in  the same 
d irection , separate s tim u la tio n  of the vagus nerves activates only a fraction  
o f  th e  total bilateral r e f le x  capacity. It has been  shown th at th e  identical 
cen tra l neuronal areas in n ervated  by the tw o  v a g i act synergetically  (Fig. 3), 
an d  it  is most likely th a t  in  th e  bilateral organization  of the vagal vasom otor  
cen tres  and the neurones participating in th e  vag a l vasom otor reflexes the 
p rin cip les of convergence an d  divergence are b oth  effective. The occlusion of 
th e  reflex  mechanisms m a y  b e  regarded as a fu n ction a l phenom enon as clearly 
in d ica ted  by the results ob ta in ed  with sim ultaneous stim ulation. The partial
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central decussation of vagal afferentation has been proved also b y  electro- 
physiological studies ( H a r r i s o n  and B r u e s c h  1945; A n d e r s o n  and B e r r y  

1956; P o r t e r  1963; S t e f a n t s o v  and G o n c h a r o v a  1968).
As already m entioned, there is som e m inor difference in the bilateral 

interrelation  of the pressor and depressor responses, since depressor reactions 
show a tendency to occlusion whereas pressor ones to facilitation  and addition. 
The difference allows the assum ption th a t the tw o vasom otor m echanism s are 
integrated  on the basis of different principles. M ost likely , the greatest differ
ences are in the central organization. This is supported by m orphological data  
concerning the structure o f the reticular form ation ( O l s e w s k i  1956; B r o d a l  

1958), as also by the observation o f O b e r h o l z e r  (1960) in th at th e  central 
transm issions of the depressor afferents originating in the carotid sinus and  
the aortic arch can easily be d istinguished, despite abundant vertica l over
lapping. The findings of S c o t t  and R e e d  (1955) m entioned before also support 
th is concept; these authors h ave shown that, on bilateral stim ulation , the  
carotid  sinus cardioinhibitory reflex  results in facilitation.

The bilateral interaction o f responses of different character and direction  
can be interpreted as a m anifestation  o f the algebraic sum m ation o f hetero
nym ous nervous processes, although the prevalence of inhibition and m utual 
facilitation  in some cases ind icates th a t other factors m ay also be at p lay.

The interpretation o f “ bilateral antagonism ” presented b y  G r a s t y ÁN  

et al (1952) according to w hich stim ulation  o f the vagus nerve causes sym 
p ath etic  predom inance by exerting an anelectronic effect on the contralateral 
centre, seem s to be contradicted b y  the present results. In the case o f  bilateral 
antagonism  it is not the sym m etrical and identical centres w hich act antag
on istica lly , for the tw o vagi do n ot activate analogous m echanism s; con
seq u en tly , the phenom enon is a sim ple reflex antagonism . E lectrical stim ula
tion  o f the vagus stum ps invariab ly  causes an inhom ogeneous afferentation , 
and the actual functional s ta te  o f the centres and the in ten sity  o f  the tw o  
opposite nervous processes w ill determ ine which o f the inputs becom es pre
dom inant. The possibility cannot be excluded th at in the transitory phases of 
anaesthesia the equilibrium o f th e  bilateral central processes is disturbed and, 
in turn, reactions m ay m anifest them selves in opposite directions. For th is  
assum ption speaks that opposite responses appeared in the so-called transitory  
phase on ly , and only under such conditions was it  possible to  cause a reversal 
of the response by changing th e  stim ulus in ten sity  on the side w hich fu n ction 
ally  seem ed to be more labile. In  the alert sta te  as well as in m oderate or deep 
anaesthesia  heterogeneous reactions are absent.

A s w ith  alternate stim ulation  no bilateral interaction could be dem on
strated  even  when the in terval betw een the stim uli was gradually decreased, 
we are inclined to believe th a t the bilateral interference does n o t p lay any  
defin ite role in the production o f opposite and uneven  blood pressure responses.
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STOPPING ELICITED BY CONDITIONED STIMULI 
AS COMPARED WITH THE THALAMIC INDUCED  

ARREST REACTION
B y

L. Á n g y á n , Ma r g it  R ó z s a v ö l g y i  and P. K olta

INSTITUTE OF PHYSIOLOGY, UNIVERSITY MEDICAL SCHOOL, PÉCS 

(R eceived S e p te m b e r  13, 1968)

A sto p p in g , resem bling  th e  a r re s t  re ac tio n  e lic ited  b y  electrical s t im u la tio n  of 
m id line  th a la m ic  nucle i, has been re g u la r ly  p ro d u ced  by  th e  s im u ltan eo u s o r  succes
sive p re sen ta tio n  of ap p ro ach  an d  a v o id a n ce  co n d itio n ed  stim uli. B o th  a p p ea ran c e  
a n d  d u ra tio n  o f th e  im m obility  sh o w ed  a close co rre la tio n  w ith  th e  s t r e n g th  o f th e  
co n d itio n ed  responses as m easured  b y  th e ir  co rresp o n d in g  latencies. S m all a n d  g re a t 
d ifferences in s tre n g th  betw een  th e  c o n d itio n ed  responses b rough t in to  co llision  seem ed 
to  de term ine  th e  sh o r t  or long d u ra tio n  o f th e  stopp ings.

A s im ila rity  w as found b e tw ee n  th e  acco m pany ing  neocortica l a n d  h ip p o 
cam p al e lectrica l a c tiv itie s  of th e  th a la m ic  in d u ced  a rre s t reac tion  a n d  th o se  o f th e  
s to p p in g  e lic ited  b y  in com patib le  co n d itio n ed  stim u li, b o th  a c tiv itie s  e x h ib itin g  
d esy n ch ro n iza tio n  reg u la rly  in te rm in g led  w ith , a n d /o r  superim posed on , slow  w aves.

On th e  basis  o f th e  find ings th e  possib le  m echanism s of s to p p in g  a n d  o f  th e  
a r re s t  reac tion  are  discussed. I t  is su g g ested  th a t  th e  d ifferen t ty p es  o f  ce ssa tio n  of 
sp o n tan eo u s  m o to r  a c tiv ity  m ig h t p r im a r i ly  be re la te d  to  d ifferen t in te n s it ie s  o f  th e  
c en tra l ex c ita tio n , p roducing  a co llision  b e tw een  incom patib le  ten d en c ie s  to  m ove.

The sudden arrest of m ovem ent produced by stim ulation o f  m idline  
thalam ic nuclei w ith  definite in ten sity  w as described by H u n t e r  and J a s p e r  
(1949) as arrest reaction and subsequently  observed by several authors (cf. 
K a a d a  1960; D e l g a d o  1964). On th e  basis o f previous studies ( Á n g y á n  and 
G r a s t y á n  1965; G r a s t y á n  and Á n g y á n  1967a) it  has been suggested  th a t the  
arrest reaction is produced by a collision  betw een antagonistic m ovem ent- 
patterns and appears at a m om ent w hen stim ulation has induced approxi
m ately  identical excitem en t in th e  tw o hem ispheres, as reflected  b y  their 
cortical electrical a ctiv ity  (Á n g y á n  et al. 1967). Since both in our ow n studies 
and in  those of others the arrest reaction  was elicited by electrical or chem ical 
stim ulation  of brain structures, th e  question  arose whether th ere w as any  
sim ilarity  between the electrically elicited  arrest reaction and th e  naturally  
induced stopping, or if  the arrest reaction w as an arteficial phenom enon  
w ith ou t any physiological significance. The aim  of the present experim ents  
w as, first, to study the conditions o f  stopping by natural (sound) conditioned  
stim uli and, second, to compare th e  arrest reaction elicited by electrical stim u 
la tion  o f m idline thalam ic nuclei w ith  th e  stopping produced b y  conditioned  
stim uli.
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Methods

T he experim en ts  w ere  c a rr ie d  o u t on six a d u lt  c a ts  w ith  ch ron ically  im p la n te d  e lec tro d es . 
E p id u ra l  silver ba ll e le c tro d e s  w ere p laced on sy m m e tr ic a l f ro n ta l  p o in ts o f  th e  tw o  h e m i
sp h e res , an d  b ipo lar s ta in le ss  s te e l electrodes w ere im p la n te d  b y  th e  co n v en tio n al s te re o ta x ic  
te c h n iq u e  in  th e  d o rsa l h ip p o c a m p u s  and  th e  m id lin e  th a la m ic  nuclei.

A fte r  allow ing th e  c a ts  to  recover from  th e  o p e ra t io n , ap p ro ach  and  a v o id an ce  c o n 
d itio n e d  reflexes w ere e la b o ra te d  s im ultaneously  in  a  su itab le  experim en ta l cage (Cz o p f  
e t  al. 1964). To one side o f  th e  cage (Fig. 1) an  a u to m a tic  feed in g  device was f ix e d  fro m  w h ich

Eо
оаз

130 cm

F ig . 1. D iag ram  of th e  e x p e r im e n ta l  cage. A b b re v ia tio n s : В  -  bench : F  — feed in g  d ev ice ; 
l — lo u d sp e ak e r; P  — p e d a l; W  — w a te r

th e  a n im a l could tak e  a p iece  o f m e a t  th ro u g h  a w indow  o p en ed  by  pressing a p ed a l. As con
d itio n e d  stim u lu s 10/sec c licks w ere  given th ro u g h  a  lo u d sp e ak e r  b u ilt in to  th e  cage w all 
u n d e r  th e  w indow . On th e  o p p o s ite  side a m obile b e n ch  se rv ed  as a place of f l ig h t, a n d  cold 
w a te r  flood ing  th e  flo o r o f  th e  cage th ro u g h  a m e ta l g r id  as th e  unco n d itio n ed  stim u lu s , 
fo r  av o id an ce  co nd ition ing . I n  tw o  cats electric  sh o ck  w as also applied  as u n co n d itio n ed  
s tim u lu s  because th e ir  re a c tio n  to  w a te r was in a d e q u a te . T h e  ha rm fu l effects o f a  p a in fu l 
e le c tr ic  shock  delivered  th ro u g h  a m eta l grid  m ake  i t  d if f ic u lt  o r im possible s im u ltan eo u s ly  
to  e la b o ra te  an  ap p ro ach  c o n d itio n ed  reflex  in th e  sam e  s itu a tio n . T herefore th e  e lectric  
sh o ck  w as p resen ted  th ro u g h  th e  w a te r  flooding th e  cage flo o r, b y  connecting  one o f  th e  po les 
o f  a  70 — 100 f i A  pow er su p p ly  to  th e  w a te r  and th e  o th e r  p o le  to  a  w ound clip fix ed  to  th e  b a c k  
sk in  o f th e  ca t. In  th is  a r ra n g e m e n t th e  electric shock  d id  n o t  h in d e r  th e  s im ultaneous e la b o ra 
t io n  o f  a n  app ro ach  co n d itio n ed  re flex . The avo idance  co n d itio n ed  stim ulus w as a  1000/sec 
to n e  g iv en  th ro u g h  th e  lo u d sp e a k e r  b u ilt in to  th e  cage w a ll u n d e r  th e  bench.

B o th  during  th e  e la b o ra tio n  o f conditioned  re flex es a n d  in  fu r th e r  tria ls  th e  av o id an ce  
a n d  a p p ro a c h  conditioned  s tim u li  w ere p resen ted  in  a  ra n d o m  sequence. Care w as ta k e n  to  
d e liv e r th e  conditioned  s tim u li w h e n  th e  an im al w as s ta y in g  in  th e  cen tre  of th e  cage. T he 
la te n c y  o f  th e  cond itioned  re sp o n se s  was used for co m p a rin g  th e  response s tre n g th s  o f th e  
c o n d itio n ed  reflexes. T he a n im a l’s m ovem ents w ere re c o rd e d  b y  a special device f ix ed  to  
i ts  h e a d  (S za b ó  et al. 1965). A f te r  com pletion  of th e  e x p e r im e n ts  th e  anim als w ere sac rified  
a n d  th e  lo ca tio n  of th e  e lec tro d es  w as verified h isto lo g ically .

Results

A fter the two con d ition ed  reflexes had been  established in the experi
m en ta l situation , tw o m ovem en t tendencies, in com p atib le  in their direction, 
w ere regularly elicitable w ith  th e  appropriate con d ition ed  stim uli. I t  is assum ed
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th a t any conflict produced by tw o or more incom patible reaction tendencies  
m ay result in a stop of the anim al’s m ovem ent (M i l l e r  1959; D i a m o n d  et al. 
1963). On the basis o f this assum ption and our previous hypothesis th at th e  
arrest reaction is produced by a collision betw een antagonistic m ovem ent 
patterns it  was expected to produce im m obility  by bringing the tw o  condi
tioned stim uli into collision.

I . Sim ultaneous presentation o f  the conditioned stim uli

In response to sim ultaneously presented conditioned stim uli th e  anim al 
becam e, either im m ediately or after som e searching m ovem ents, tem porarily  
m otionless, after which it started in  the direction o f one or the other goal. In 
m ost cases the start was rapid and defin ite, but occasionally it was accom panied  
by searching or hesitation. In som e cases, after starting in the d irection of 
one o f th e  goals, the cat stopped, rem ained m otionless for a short tim e, then  
turned tow ards the other goal. In its  overt m anifestation this stopping and 
m otionless posture resembled the arrest reaction elicited by electrical stim ula
tion  o f brain structures.

A ppearance and duration of th e  im m obility  seem ed to be related to  the  
la tencies of the conditioned reflexes. The appearance of im m obility  w as also 
influenced b y  the actual environm ental stim uli especially in the case of short 
latencies. I f  the animal was looking at one o f the goals, it was im possib le to 
arrest it  by the sim ultaneous presentation  o f the opposite conditioned stim ulus. 
On the other hand, if  the anim al w as not influenced by any of th e  goals the  
im m obility  regularly appeared also w ith  short latencies. The m ean duration  
of im m obility  was 6.7 (^ 2 .1 )  seconds. The longest duration of im m obility  
m easured in th is series of experim ents was 35 seconds. W hen the im m obility  
ceased th e  animal m ost frequently (76% ) perform ed that conditioned reflex  
w hich had the shorter latency. I f  th e  animal was looking at one o f th e  goals 
at the onset o f sound stim ulation it  im m ediately  ran there w ith  a shorter 
la ten cy  than earlier. O ccasionally, m ain ly  after im m obility  of longer duration, 
the anim al sat down instead of perform ing any o f the conditioned reflexes.

I I .  Successive presentation o f  the conditioned stim uli

The duration of im m obility w as easy to  measure when the conditioned  
stim uli were presented in succession. The first conditioned stim ulus elicited  
the appropriate locom otion during w hich the second conditioned stim ulus 
was presented; sim ultaneously the first one was sw itched off. B y  th e  onset 
of the second conditioned stim ulus th e  anim al was halted and rem ained m otion 
less in its existing position. Then it  either continued the interrupted m ovem ent 
or turned in the opposite direction and performed the conditioned reflex
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corresponding to  th e  second stim ulus. The fact alone that the second stim ulus 
w as an avoidance or an approach conditioned stim ulus did not affect the induc
tio n  o f  stopping.

I t  is obvious from  th e  graphic representation of a daily training session  
th a t th e  appearance of stopping varied w ith  th e  latency of the conditioned  
response (Fig. 2).

For a more detailed  analysis, 200 collisions betw een incom patible m ove
m en t tendencies elicited b y  successive presentation  at random of the tw o con-

f i g .  2. C urves c o n s tru c ted  fro m  th e  latencies o f a p p ro a c h  a n d  avoidance (d o tte d  line) con
d itio n e d  reflexes o f a  d a ily  tra in in g  session. T he d u ra tio n  o f  th e  sto p p in g  ( S )  e lic ited  b y  
successive  p re sen ta tio n  o f th e  co n d itio n ed  stim uli is sh o w n  b y  v e rtica l lines th e  low er p a r t  
o f  w h ich  rep re sen ts  th e  f i r s t ,  a n d  th e  u p p e r  one th e  second , con d itio n ed  stim u lu s. W hen  th e

cu rv es d iverge, no s to p p in g  occurs

ditioned  stim uli were chosen from a m aterial o f  about 500 such cases. The 
on ly  requirem ent in sam pling was th at both  avoidance and approach reinforce
m ents should have occurred among three reinforcem ents given in random  
sequence before the collision , the difference in  la ten cy  betw een the members 
o f a pair o f tw o different reactions nearest to  the collison was used for further 
analysis. Table I sum m arizes som e of th e  characteristics of th e  evaluated  
cases.

Taking into consideration the lim itation  o f m easuring tim e, the la tency  
differences were ranged in 1 second intervals. The distribution o f stoppings 
in  th ese  intervals is show n in Fig. 3, which ind icates th a t the stopping appeared  
m ost frequently w hen the difference betw een th e  latencies of th e  approach 
and avoidance conditioned responses preceding th e  collision was below  1.0 
second.

B esides the absolute va lue of the la ten cy  difference the appearance of 
a stopp ing was also influenced  by the tim e sequence of the conditioned stim uli. 
I t  w as decisive w hether before the collision th e  conditioned response correspond
ing to  th e  second conditioned  stim ulus had th e  shorter or longer latency . 
T he intervals betw een th e  la ten cy  differences w ere therefore ranged according
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Table I

Number 
of cases

T ota l e v a lu a te d 200

T he second c o n d i

tioned  s tim u lu s  w as

ap p ro ach 56

avoidance
_ . 

144

M easurab le  s to p p in g 149

T he p e rfo rm ed  r e 

sponse co rresp o n d ed  

to

th e  f irs t  s tim u lu s 17

the second 

stim u lu s 146

b o th  s tim u li 

(in succession) 37

Intervals of the l a t e n c y -  
-d if fe ren ces  in sec

Fig. 3. D is tr ib u tio n  of sto p p in g s a n d  th e ir  d u ra tio n  (d o tte d  line) in  th e  in te rv a ls  o f th e  la ten cy  
differences. 22 sto p p in g s w ith  a m e a n  d u ra tio n  of 2.1 seconds w ere p receded  b y  e q u a l latencies 

o f a p p ro a c h  a n d  avoidance co n d itio n ed  reflexes

to  the la ten cy  of the conditioned  reaction corresponding to  th e  second con
ditioned stim ulus m inus th e  la ten cy  of the conditioned reaction corresponding  
to  the first conditioned stim ulus (LCR3—L C R J; the distribution o f stoppings 
in the intervals is shown in F ig . 4. On the basis o f this d istribution  it  could 
be concluded th at the appearance of a stopping is m ost probable w hen the 
latency of the conditioned response corresponding to  the second conditioned  
stim ulus is at m ost 1.0 second shorter than th at o f the first conditioned stim ulus.
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T he mean duration o f  stoppings belonging to  the individual intervals 
o f th e  la ten cy  differences w ere calculated. F ig. 3 show s th at longer im m obilities 
w ere linked  with longer differences between th e  latencies.

A s to  the above m en tion ed  comparison (L C R 2—LCRj) a m ore precise 
con clu sion  could be drawn. I t  w as found th at a longer im m obility  was coupled  
w ith  a longer latency d ifference only if  before th e  collision the conditioned

Intervals of th e  latency -  d i f fe ren ces  in sec

F ig . 4. D is tr ib u tio n  of s to p p in g s  a n d  th e ir  d u ra tio n  (d o tte d  line) in  th e  in te rv a ls  o f th e  la ten cy  
differences, as c a lc u la te d  from  I.C H - 1.С К j (see in  th e  te x t)

resp on se corresponding to  th e  second conditioned  stim ulus had a longer 
la te n c y  th an  the conditioned  response corresponding to  the first conditioned  
stim u lu s (Fig. 4), i.e. w h en  performance o f th e  response corresponding to  
th e  stronger tendency w as arrested by the w eaker tendency. In th e  opposite  
case, how ever, if  the response corresponding to  the weaker tendency was 
arrested  b y  the stronger ten d en cy , the duration o f im m obility  decreased in 
paralle l w ith  the increase (a b o v e  a certain level) o f the la tency  difference.

I I I .  Changing the in ten sity , location and duration o f the conditioned  
stim u lu s

B y  increasing the in te n s ity  of a conditioned  stim ulus the la ten cy  of 
th e  con d ition ed  response w as tem porarily shortened and a stopping appeared  
in  accordance with the ab ove findings. W hen th e  location  of the conditioned  
stim u lu s w as inverted, e .g . th e  avoidance cond itioned  stim ulus w as applied  
th rou gh  a loudspeaker p laced  under the feeding device, first an orientation  
reaction  occurred, and th en  th e  conditioned response corresponding to  the
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stronger tendency was perform ed. I f  stopping appeared, its duration  was 
generally short. Sim ultaneous application  of the same conditioned stim ulus  
through tw o loudspeakers often elicited  a stopping. In the case o f  a great 
response strength , stopping was produced also by the avoidance conditioned  
stim ulus applied at the place o f fligh t. I f  the response strength w as weaker, 
only  an orientation reaction took  place.

Stopping occurred also if  the conditioned stim ulus was sw itch ed  off  
im m ediately  after the anim al had started  for the goal. I f  the response strength  
was great, performance o f the conditioned reaction was not in flu en ced  by  
cessation  o f the conditioned stim ulus. In the case o f a som ew hat weaker  
response strength, how'ever, a long-lasting stopping appeared on cessation  
of th e  conditioned stim ulus, after w hich the appearance o f the conditioned  
reaction depended on the response strength .

I V . Extinction

Stoppings also appeared in the course o f extinction . During th e  in itia l 
period o f extinction  (the first 3 — 5 non-rewarded trials) latency w as prolonged  
but the anim al still approached the goal w ithout stopping on its w ay there. If  
the non-rewarded trials were continued  after some searching or h esitation  
the anim al stopped, remained m otion less for a while, then either continued  
the interrupted response or it sat dow n, turned aw ay from the goal and began  
to groom itself. During the last period o f  extinction  searching or sluggish m otion  
were only observed.

a) EEG during Stopping

The electrical activities of the dorsal hippocam pus and the frontal cortical 
areas were recorded. The EEG  recorded during conditioning corresponded  
to  data in the literature (for reference, see G a l e a n o  1963).

A t the appearance of a stopping, hippocam pal desynchronization was 
periodically interrupted by groups of slow  w aves (Fig. 5 b, c, d, e ). I f  th e  sto p 
ping was the product o f a collision betw een stronger incom patible m ovem ent  
tendencies the low am plitude fast a c tiv ity  was interm ingled and superim posed  
on the slow  (3 — 5/sec) w aves. A lso, cortical desynchronization w as regularly  
interm ingled w ith slow w aves. Sim ilar E EG  changes, a decrease o f  th e  average 
frequency and an increase of the average am plitude, were observed in rats 
when in a maze they  had reached a point where they had to decide which  
w ay to turn. After the decision had been taken, the frequency o f the potentia ls  
increased w hile their am plitude dim inished (Y o s h ii  and T s u k ij a m a  1952).

As Fig. 5e shows, the E E G  recorded during a stopping in th e  course 
of extinction  resembled the above described recording. This is in agreem ent
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1 s e c

Fig.  5. H ip p o cam p al e le c tr ica l a c tiv ity  during  a lim e n ta ry  co n d itio n in g  ( A ) ,  s im u ltaneous 
( B  a n d  C — con tinuous re co rd in g ) and  successive ( D )  p re se n ta tio n  of cond itioned  stim u li, 
a n d  e x tin c tio n  ( E ) .  C S  — co n d itio n ed  stim u lus; C R  — co n d itio n ed  re ac tio n ; R  H ip  r ig h t 

h ip p o c a m p u s ; M  — reco rd ing  o f m o v em en ts

w ith  the observation o f R o i t b a k  (1960), w ho reported that during extinction  
of a conditioned reflex  the EEG activation  pattern  becam e progressively  
w eaker, and slow oscillations which were som ehow  associated w ith an inhibi
tion  o f  the corresponding pyram idal neurones appeared in the EEG.

b) E E G  accompanying the thalamic induced arrest reaction

During an arrest reaction elicited by high (100/sec) frequency stim ula
tion , th e  accom panying hippocam pal electrical a c tiv ity  showed 3 — 7/sec theta  
w aves regularly in terrupted  b y  desynchronization (F ig. 6b, c). Low am plitude  
fast activ ity  was often  superim posed on the slow  w aves. In the frontal cortical 
recordings low am plitude fast activity dom inated and was periodically inter
rupted by slow w aves.
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F ig. 6. E lectrica l signs o f th e  b eh av io u ra l m an ifes ta tio n s e lic ited  b y  s tim u la tio n  of th e  sam e 
th a la m ic  nucleus w ith  d iffe ren t in ten sitie s .
A  — o rien ta tio n  re a c tio n ; В  d rin k in g  of m ilk g ra d u a lly  b ro u g h t to a  sto p ; C — a rre s t  
re ac tio n ; D  — ru n n in g  as d irec t effect a n d  seizure as a f te re ffe c t o f stim u la tio n . R  H ip  — 

r ig h t  h ippocam pus; M  — recording o f  m o v em en ts

L.F

R.F
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F ig. 7. A c h a ra c te ris tic  exam ple  of sy m m etrica l co rtica l “ sp in d les”  elicited  by  s tim u la tio n  of 
n . reun iens. L  F  a n d  R  F  left a n d  r ig h t f ro n ta l c o r te x ; R  H ip  — r ig h t h ip p o ca m p u s

f r 
il l  the case o f  suprathreshold in tensity  stim u lation , a spindle-like a c tiv ity  

com posed of 3 7/sec waves was observed. If th is spindle activ ity  was present 
on both sides (F ig . 7) the arrest reaction appeared sim ultaneously w ith  it, 
while if  it occurred on one side, the arrest reaction  appeared only after it, 
at a tim e when th e  spindle a ctiv ity  had been fo llow ed by desynchronization  
regularly interrupted by slow w aves. H istological verification of the electrode
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lo ca tio n s showed th a t in th e  former case th e  stim ulating electrodes w'ere in 
th e  m idline, while in the la tter  th ey  were situ a ted  som ewhat laterally  (1 — 3 mm) 
from  th e midline. I f  stim u lation  in ten sity  w as further increased, locom otion  
appeared  as a direct e ffect, and the arrest reaction, accom panied by high  
a m p litu d e slow w aves (3 -4 /sec) interm ingled w ith  low am plitude fa st activ ity , 
as an aftereffect of stim u lation . S tim ulation  o f longer duration or at som ew hat 
h igh er in tensity  resulted in hippocam pal seizure activ ity  (F ig. 6D ) .  During 
th e  hippocam pal afterdischarges arrest reactions and short, qu ick , explosive  
runnings occurred, in agreem ent w ith  th e  observations o f L i b e r s o n  and 
A k e r t  (1955). The character of the seizure a ctiv ity  changed in parallel w ith  
th e  behavioural m anifestations. The arrest w as accom panied b y  poly-spikes 
and w aves or groups o f spikes wdth in term itten t silences, w hile when the  
sp ik es continuously dom inated  in the electrical activ ity , runnings or convulsions 
appeared . Following the sudden ly  term inated seizure activ ity , norm al behaviour  
and electrical activ ity  w ere resumed a long period.

Discussion

T he above findings show' that cessation  o f spontaneous m otor activ ity  
is regu larly  produced by sim ultaneous or successive presentation o f conditioned  
s tim u li inducing incom patib le  response tendencies. Both the appearance and 
th e  duration  of stopping w ere primarily determ ined by the response strength. 
In  th e  production of stop p in g , however, th e  relative response stren gth  seemed  
to  p la y  a more im portant role than did the absolute strengths o f th e  individual 
resp on se  tendencies.

Stopping w as also elic ited  by one o f th e  conditioned stim uli i f  its  duration  
or loca tio n  had been changed . Thus, on successive presentation o f  the con
d ition ed  stim uli the effect o f  cessation o f th e  first conditioned stim ulus was 
m o d ified  by the sim ultaneous onset of the second one, as originally observed  
b y  P a v l o v . This m odify ing  effect of the second conditioned stim u lu s m ay  
offer an explanation for th e  case, too, w hen th e  probability and th e  duration  
o f stop p in g  change conversely . On discontinuing the conditioned stim ulus 
e lic itin g  a strong response tendency the anim al’s m ovem ents seldom  ceased 
b u t i f  th ey  did, their duration  was increased b y  the sim ultaneous elicitation  
o f  th e  weaker incom patib le response tendency. B y  reversing the original sites 
o f th e  conditioned stim uli, m ostly  an expressed orientation reaction  was ob
served  in agreement w ith  K a r m o s  et al. (1965), but occasional short stop
p in gs also occurred.

I f  stopping appeared in  th e  course o f  extinction  it  was m ost probably  
e lic ited  b y  internal in h ib ition  o f the ongoing m otor activ ity . In h ib ition  of an 
on go in g  m otor activ ity  is assum ed to be accom panied by d isinhib ition  of the
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opposite m otor activ ity . So the stopping which appears in a defin ite phase 
o f  extinction  is produced b y  the sim ultaneous persistance of, or collision  
betw een, inhibited and disinhibited m ovem ent tendencies.

D i a m o n d  et al. (1963) also emphasized th a t a conflict is essentia lly  a 
failure o f the inhibitory control of opposed response tendencies, leading to  
sim ultaneous disinhibition o f incom patible activ ities.

The incom patible patterns m ay be firm ly balanced for longer periods, 
as reflected by the electrical activ ity  and by the anim als behaviour, which is 
hesitant i f  the oscillation o f  the balance has a higher am plitude. I f  a change 
in response strength produced b y  external stim uli or internal inh ib ition  upsets 
th e  balance, one of th e  incom patible tendencies becom es dom inant. This 
suggestion agrees w ell w ith  the observation m ade on birds in  territorial con
flic t, in which th ey  can keep their balance betw een attack  and escape (M a n 

n i n g  1967).
The stopping elicited  b y  conditioned stim uli show ed a striking sim ilarity  

to  the thalam ic induced arrest reaction in its overt m anifestation  and in the  
accom panying electrical a c tiv ity . In  a previous stu d y  it  was observed th at 
th e  appearance o f the arrest reaction elicited b y  low  (3/sec) frequency stim ula
tion  of midline thalam ic nuclei was accom panied b y  opposite changes in the  
potentia l com plexes recorded from the sym m etrical frontal cortical sites. 
These changes in p otentia l com plexes were supposed to  reflect an ipsilateral 
feedback inhibition leading to  contralateral d isinhibition ( Á n g y á n  et al. 1967). 
A  similar conclusion has been drawn from the appearance o f the spindle-like 
slow w aves followed b y  desynchronization w ith  in term itten t slow w aves in 
th e  cortical activ ity  elicited  by high (100/sec) frequency stim ulation  ( G r a s - 

t y á n  and Á n g y á n  1967a). Furtherm ore, a correlation was found betw een the  
localization of these slow  w ave spindles and the direction of m ovem ent ( G r a s - 

t y á n  and Á n g y á n  1967b), since turning occurred towards the side o f the  
slow w aves. In agreem ent w ith  this stim ulation in  th e  m idline, eliciting slow  
w ave spindles on each side, brought the animal to  a stop.

On the basis o f th e  above findings it  w as suggested th at th e  arrest 
reaction appears at the m om ent when the excitem en t induced by stim ulation  
is approxim ately at th e  sam e level in the tw o hem ispheres. In other words, 
assum ing that the tw o hem ispheres are responsible for the organization of 
incom patible m ovem ent patterns, the arrest reaction is elicited by the sim ul
taneous persistence of, or a collision betw een, antagonistic m ovem ent patterns 
o f  the sam e in ten sity .

The interpretation o f the arrest reaction as a m anifestation o f collision  
between antagonistic m ovem ent patterns is supported by the observations 
o f G r a s t y á n  et al. (1965) w ho established th a t there are tw o elem entary and 
antagonistic m otor m echanism s (pull and push effects) am ong the apparently  
hom ogeneous m otivational effects elicited b y  stim ulation . In  the accom pany-
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in g  hippocam pal electrical activ ity  the said authors observed th eta  waves 
or desynchronization corresponding to the m otor effects. The electrical activ
i t y  occurring during th e  arrest reaction could be interpreted as a sim ultaneous 
a ctiv a tio n  of, or collision b etw een , both (pull and push) m echanism s.

On the basis o f th is  interpretation it seem s reasonable to  assum e that 
sim ilar mechanisms are responsib le for the stopping elicited b y  conditioned  
s tim u li and for the arrest reaction  elicited by electrical stim ulation  of midline 
th a lam ic  nuclei. B oth  o f  th em  are produced b y  a sim ultaneous activation  of, 
or a collision betw een, in com patib le  m ovem ent tendencies of about the same 
in ten s ity . The in ten sity  o f  th e  incom patible tendencies m ay vary  w idely  and, 
as a consequence, so m ay th e  behavioural m anifestation  of a collision between  
th em . A t a low in ten sity  lev e l only an orientation reaction appears. As the  
in ten sities  of the in com p atib le  tendencies increase and approxim ate each 
oth er , the animal stops in  a ton ic posture. In case of h ighly activa ted  incom 
p a tib le  patterns brought in to  collision the induced central excita tion  m ay  
b ecom e generalized and a seizure occurs. Ma i e r  (1961) also assum ed th at ten 
sion  and cortical excita tion  m ay become acute and generalized during a con
f l ic t  because the anim al has no choice and few  opportunities o f expressing  
its  frustrations. Thus, th e  d ifferent types of cessation  of spontaneous m otor 
a c t iv ity  seem to be prim arily  dependent on different in tensities of central 
ex c ita tio n  producing a co llision  betw een incom patib le m ovem ent tendencies.

On the basis o f th e  ab ove findings it seem s th at the thalam ic induced  
arrest reaction is not an artificia l phenomenon. Further studies are, however, 
required to clarify its p h ysio logica l significance.
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(R eceived  D ecem ber 7, 1968)

P arafo rn ical h y p o th a la m ic  lesions in  th e  r a t  know n  to  in h ib it m a te rn a l  b e h a v io u r  
a n d  to  reduce v i ta l i ty  o f th e  o ffsprings h av e  been  show n to  e x ert no  s ig n ific a n t e ffec t 
on  th e  m o tility  an d  e x p lo ra tiv e  a c t iv ity  o f p re g n a n t ra ts . The lesion  c au sed  a tra n s ie n t  
re d u c tio n  of food a n d  f lu id  in ta k e  fo r several d ays. T he m echanism  o f la c ta t io n  d id  
n o t  seem  to  be d irec tly  a ffec ted  b y  th ese  s tru c tu re s . R estric tio n  o f fo o d  a n d  w a te r  
in ta k e  in in ta c t p re g n a n t r a ts  has been  show n to  give rise to  a  response  s ig n ific a n tly  
d iffe ren t from  th e  consequences o f p a rafo rn ica l lesion.

I t  has been shown previously th at bilateral electrolytic lesions applied  
in the parafornical area o f the tuberoinfundibular region in prim iparous rats 
on the 16th to 18th day o f pregnancy inhibit the developm ent o f  m aternal 
behaviour. The food and flu id  intake of these rats was depressed transiently  
and th ey  gave birth to  offsprings o f  reduced v ita lity . As a consequence of 
these lesions, nearly every offspring died w ithin 48 hours after delivery ( A v a r  

and M o n o s  1966, 1967). H ypothalam ic lesions were found to  h ave no signi
fican t effect on the duration of pregnancy and the tim e o f d elivery ( A v a r  

and M o n o s  1964), an observation confirm ed by H o l l o w a y  and S t e v e n s o n  

(1967).
There is reason to  assum e th at disturbances in the m otility  o f  pregnant 

rats, in their explorative behaviour and lactation , and the reduction o f food  
and w ater intake resulting from parafornical lesions w ould su b stantia lly  
in fluence the m aternal behaviour o f the anim als after delivery. I f  th is is the  
case, the disturbances in m aternal behaviour are not directly related to  the  
parafornical lesion. The present investigations have been undertaken to  clarify 
th is problem. In four groups o f animals an attem pt was m ade to  answer the 
follow ing questions.

(1) Is there any difference in the m otility  and explorative behaviour 
betw een pregnant rats subjected to  parafornical hypothalam ic lesions and 
sham -operated animals;
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(2) W hether few  d ays old viable offsprings delivered by in tact m others 
show  a normal d eve lop m en t when bred by rats w ith  hypothalam ic lesion;

(3) W hether the m am m ary glands d isp lay som e histological difference 
betw een  normal and lesioned  pregnant rats;

(4) W hether restrinction  of food and w ater in pregnant rats has the  
sam e effect on m aternal behaviour and m o tility  as parafornical lesions have.

M ethods

T he experim en ts  w ere  p e rfo rm ed  on W is ta r  ra ts  k e p t  on a p ro te in -rich  sy n th e tic  d iet. 
V irg in  fem ales in  o e stru s w e re  p laced  for a n ig h t in to  cage of m ales; a fte r 12 to  14 d ays, 
p re g n a n c y  was e stab lish ed  b y  p a lp a tio n  and th e  p re g n a n t  fem ales were p laced  in  sep ara te  
cag es  w here te m p e ra tu re  w as a d ju s te d  betw een 18 an d  24 °C. T he back  p a r t  o f each  cage 
w as  se p a ra ted  by  a h o riz o n ta l sh e lf  prov ided  w ith  a rim . F o o d  a n d  w a te r  in ta k e , b o d y  w eight 
a n d  re c ta l  te m p e ra tu re  w ere  m ea su re d  th ro u g h  th e  e x p e rim e n ts . Soft p a p e r s tr ip s  were 
p la c e d  in  th e  fro n t p a r t  o f th e  cage for nest b u ild in g . T h e  an im als  were con tro lled  tw ice or 
th re e  tim es daily . T im e a n d  c o u rse  o f delivery, th e  n u m b e r  o f  o ffsprings, th e ir  gain  in  w eigh t 
o r  e v e n tu a l d ea th , w ere re c o rd e d . N estbu ild ing , re tr ie v in g  a n d  n u rsin g  activ ies w ere recorded  
a cc o rd in g  to  c rite ria  d esc rib ed  e lsew here  (Avar an d  M onos  1967). A ggressiv ity  o f th e  m o th ers , 
c lean in g  of th e  o ffsprings a n d  in g estio n  of th e  p la c e n ta  w ere also observed.

H y p o th a lam ic  lesions w ere  carried  ou t on th e  1 6 th  o r 17 th  d ay  of p reg n an cy , u n d e r 
in tra p e r i to n e a l  p e n to b a rb ita l  a n ae s th es ia  (35 m g/kg) u s in g  glass in su la ted  u n ip o la r silver 
e lec tro d es  in tro d u ced  b i la te ra lly  b y  m eans of a  K o v a ch— Sze n t á g o th a i s te reo tax ic  a p p a ra 
tu s ;  d e ta ils  of the  te c h n iq u e  h a v e  been described e lsew here  (A var  and  Monos 1966). The 
size o f  th e  lesions a tta in e d  0.8 to  1.0 cu. mm. In  th e  sh a m -o p e ra te d  contro ls th e  e lectro d es 
w e re  in tro d u ced  b u t  no e lec tro co ag u la tio n  was c a rried  o u t. A fte r surgery , in tra m u sc u la r  
te tra c y c lic  t r e a tm e n t w as u n d e r ta k e n  for 3 d ays. L o ca liz a tio n  o f th e  lesions w as checked  
in  se ria l sections s ta in e d  w ith  L u x o l F a s t  Blue an d  C resyl F a s t  V iolet (K lü v er  an d  B a rrera  
1953).

M otility  was e s t im a te d  in  12 ra ts  p rev iously  su b je c te d  to  h y p o th a lam ic  lesion , in  
17 sh a m -o p era te d  ra ts ,  a n d  in  16 ra ts  deprived of food  p r io r  to  th e  e x p erim en t; th is  s tu d y  
w as u n d e r ta k e n  on th e  2 0 th  o r 2 1 th  d ay  of p reg n an cy . I n  th e  sam e period  of th e  d a y , each  
a n im a l was p laced  for 1 h o u r  in to  a tran sp a re n t p la s tic  b o x  m easu rin g  1 3 x 1 3 x 1 6  cm  sus
p e n d e d  on  a spring; th e  w e ig h t o f  each  box was a d ju s te d  to  th e  sam e v a lue , an d  oscilla tions 
w ere  a p p ro p ria te ly  d a m p ed . O n  th e  b o tto m  o f e ac h  b o x  e lec tro d es were a tta c h e d  w hich  
o f  v e r tic a l m ovem en ts o f  th e  b o x  were im m ersed in  m e rc u ry , closing th e re b y  th e  c ircu it 
o f  a  te lep h o n e  co un ting  d ev ice . T h e  nu m b er of o sc illa tions w as e s tim a te d  10 or 15 m in  periods. 
T h e  e x te n t  o f m o to r a c t iv ity  th u s  m easu red  in th e  f i r s t  h a lf  o f  each  period  and  of th e  decrease  
th e re a f te r  are a fu n c tio n  o f  e x p lo ra tiv e  activ ity .

A group  of 16 p re g n a n t  r a t s  was deprived of food  b u t  no cereb ra l lesion w as in d u ced  
in  th e se  anim als. F ro m  th e  1 6 th  d a y  of p reg nancy , food  a n d  w a te r  in tak e  o f th e  an im als  
w as re g u la te d  to  im ita te  th e  p a t t e r n  of tran s ie n tly  re d u ce d  food  a n d  flu id  in ta k e  o f th e  ra ts  
su b je c te d  to  h y p o th a la m ic  les io n .

F o u r  to  five o ffsp rin g s d e liv e red  by  in ta c t  m o th e rs , w ere p laced  a t  th e  age of 6 to  
8 d a y s  in to  th e  n es t o f 18 m o th e rs  sub jected  p rev io u s ly  to  h y p o th a la m ic  lesion. T h e  cross- 
fo s te r in g  occured on th e  d a y  o f  delivery .

B iopsy  specim ens of th e  m a m m a ry  glands of 17 les io n ed  a n d  15 con tro l m o th e rs  was 
e x a m in e d  several days a f te r  d e liv e ry  the  m others w h ich  s till  h a d  liv ing  offsprings o r  had  
h a d  j u s t  lo st th e ir  o ffsp rin g s. S ec tio n s were s ta in e d  w ith  h aem o to x y lin -eo sin . As c rite ria  
o f  la c ta t io n  served th e  a p p e a ra n c e  secreting  te rm in a l g lan d s  an d  d ila ted  w inding  e x c re to ry  
d u c ts .
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Results

1. M otility , explorative activ ity  and food intake after lateral hypothalamic 
lesions

The m otility  of rats subjected  to h ypothalam ic lesions was not sign ifi
cantly different from th at o f the sham -operated controls (Fig. 1, A  and B ) .  
In both groups, there was a statistically  sign ificant difference betw een the  
m otility  measured in the first and second half o f th e  1-hour period was observa
tion (p =  0.02); the m otor activ ity  of rats placed in  a new environm ent tw ice  
as m uch during the first ha lf hour of the observation  than in the second one. 
The chief m anifestations o f m otility  were th e  followings: the rats sniffed  
round the box vigorously, tried to lift the covering p late which had been secured  
w ith  w eights, nibbled on the edge of the airing ven ts searching for som e

F ig . 1. M otility  o f p re g n a n t r a ts  p laced  in to  an  u n k n o w n  en v iro n m en t d u rin g  a p e rio d  of 
60 m in. n, n u m b er o f closures in  th e  m o tim ete r c irc u it;  A ,  sh am -o p era ted  g ro u p ; B ,  g roup  
su b jec ted  to  la te ra l  h y p o th a la m ic  lesion ; C, g roup  su b je c te d  to  food re s tr ic tio n . A bove 

each  co lum n th e  s ta n d a rd  e rro r o f  th e  m ean  is show n
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p o ssib ility  to com e out o f th e  box; subsequently, the animals becam e restful, 
occupied  them selves w ith  cleaning and stroking down their fur.

Figure 2 sum m arizes th e  figures for food and water in take, b o d y  weight 
and rectal tem perature in th is group. On the days following the lesion , food 
in ta k e  was reduced to  fifth  o f the initial value, then on the day o f delivery  
it  reached the values recorded prior to the hypothalam ic lesion. T he subse
q u en t tendency o f reduction  seem  to have been due to the circum stance  
th a t  these mothers had lo st their offsprings. In  th e  control group, th e  reduc
tio n  in  food intake w as considerable on th e  first day after the sham -operation,

d a g s

F ig . 2. In ta k e  of food ( A ) ,  a n d  w a te r  ( В ) ,  bo d y  w eigh t (C ) ,  and  re c ta l te m p e ra tu re  (D ) ,  
a f te r  la te ra l  h y p o th a lam ic  lesions a n d  sh am -o p era tio n  in  p re g n an t ra ts . Op, h y p o th a la m ic  

lesion or sh a m -o p e ra tio n ; P , d e liv e ry . M ean and S. E . M.
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presum ably as a consequence o f the pentobarbital effect. W ater in tak e in 
the lesioned group w as reduced to  one third of the pre-operation va lu e , and 
then  it returned to  normal until the day of delivery. In the sham -operated  
group no significant change in w ater intake was observed. B ody w eight slightly  
dim inished after the hypothalam ic lesion and then soon returned to  initial 
value, whereas in the control group a more than 10% increase in b od y w eight 
w as observed until the day of delivery. Rectal tem perature showed no signif
ican t difference in the tw o groups.

In accord w ith  previous observations from this laboratory there was a 
m arked disturbance o f m aternal behaviour after the lateral hypothalam ic  
lesions; this was m anifested in the absence of nest building, retrieving and 
nursing activities. On delivery, the mothers licked their offsprings, usually  
ate the placenta, and som etim es nibbled the offsprings still alive. As com pared  
to the controls, no increase in the aggressivity o f the anim als w as recorded. 
Im m ediately  after delivery, m acerated foetuses were found in a few  nests. 
All offsprings died w ithin  48 hours after delivery in th is group; m ean birth  
w eight was 5.3 g in the experim ental and 5.4 g in the control group.

2. Survival rate o f  older foster offsprings

Of the offsprings o f in tact m others, when placed at the age o f 6 to 8 
days into the nest o f rats previously subjected to  hypothalam ic lesion , tw o  
third survived 6 days. The m others behaved indifferently to the w helps which, 
how ever, found the dugs by active searching. In 6 nests the exchange offsprings 
were still alive after 10 days.

3. M orphology o f  the m am m ary glands o f the mothers subjected to lateral 
hypothalam ic lesion

Forty-eight hours after delivery biopsy specim ens were obtained  from  
the mam m ary glands o f  9 rats subm itted to hypothalam ic lesion and of 5 
control sham -operated rats. In the former group, the histological find ing  re
vealed  lactation in 5 cases, whereas in the control group signs o f a c tiv ity  were 
present in 2 cases.

In specim ens obtained after the first 48 hours there was find ing positive  
in 5 rats of a total o f 8 ones w ith hypothalam ic lesions, whereas in th e  control 
group signs of lactation  were observed in every specim en.

4. Behaviour after restriction o f  food and f lu id  intake

As m entioned previously, a group of in tact rats was given th e  same 
am ount of food and w ater th at had been ingested by the rats subm itted  to  
hypothalam ic lesion.
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Motor activ ity  after food  restriction for 5 days was not sign ificantly dif
feren t from that of found  in  th e  control group and the rats subjected  to hypo
th a la m ic  lesion; during th e  period of observation  only  a slight tendency to  
dim in u tion  was observed (F ig s  1 and 2), there being no sta tistica lly  significant 
difference between th e  v a lu es  found in the first and second half o f th e  1-hour 
p eriod  (p =  0.15).

W eight loss in th e  food  restricted group exceeded 10% during first 4 
d a y s, which was about tw ice  the weight loss recorded after hypothalam ic  
lesion .

The course of p regn an cy and delivery w as norm al in this group of rats 
M ean birth weight w as 4 .6  g. Although on th e  day of delivery food intake  
w as n ot lim ited, 4 o f th e  16 mothers devoured their offsprings. Ten m others 
bred  their whelps n orm ally  even after 10 days. There w as no appreciable 
d isturbance of nest b u ild ing  and retrieving a c tiv ity . R estlessness and increased  
aggressiv ity  of these an im als, however, was striking.

Discussion

The present resu lts ind icate that hypothalam ic lesions w hich affect 
m atern a l behaviour and reduce the v ita lity  o f offsprings have no deteriorating  
e ffec t  on the m otility  and explorative a ctiv ity  o f pregnant rats. The parafor- 
n ica l lateral lesion caused  a reduction in food and w ater intake for several 
d a y s  only; this ob servation  w as in agreem ent w ith  previous results (A v a r  
an d  M o n o s  1966). It seem s likely that th e  m echanism  of lactation  is not 
d irec tly  affected by th ese  hypothalam ic structures. The effect of restricted  
fo o d  and water in take in otherwise norm al rats was essentially  different 
from  th e effect parafornical lesions.

Maternal instinct m anifests itself in  th e  rat in well differentiated and 
d efin ed  behavioural reaction s ( R o s e n b l a t t  and L e h r m a n n  1963). A  certain 
le v e l o f  maternal b ehaviour is observed in every rat, independently  of the  
h orm onal control ( R o s e n b l a t t  1967); this points to  the predom inating role 
o f  nervous organization in  th is  response, although the horm onal m ilieu also 
seem s to  play an im portant part in the regulation of the m aternal behavioural 
c y c le  ( R i d d l e  1942; B e a c h  1951; L e h r m a n n  1961). D ata  on th e  role of 
cen tra l nervous structures in  the control o f m aternal behaviour, however, 
are scarce in the literatu re . In  earlier experim ents the effect o f extensive  
cortica l ablation was stu d ied  on maternal behaviour ( D a v is  1939; B e a c h  1951). 
A ccording to Stam m  (1955), th e  median cortical (cingulate and retrosplenial) 
areas are of prime im p ortan ce in the organization  of m aternal behaviour  
in  pregnant rats. R e la tiv e ly  sm all injuries to  th ese regions resulted in th e  
fo llow in g  changes: the m others did not build  nests, did not keep all their
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offsprings in the nest and did not feed them , although several-day-old  foster  
offsprings placed into the nest induced lactation  and m aternal behaviour. 
These observations have been supported by the experim ents o f S l o t n i c k  
(1967). Lesions applied in the anterior and posterior cingulate cortex resulted  
in retrograde degeneration o f the frontal thalam ic nuclei in the rat; th e  degree 
of degeneration and the disturbances in m aternal behaviour w ere closely  
related. D e m p s e y  and M o r r i s o n  (1952) found in cats that after bilateral 
thalam ic lesions copulation and delivery were norm al, but the m others failed  
to  look after their offsprings.

W hile copulation behaviour o f rats subjected to a bilateral lesion  in  the 
dorsal hippocam pal region rem ained essentially  undisturbed, severe alteration  
occurred in their maternal behaviour ( K i m b l e  et al. 1967). Also ham sters under
w ent lesions in their h ippocam pal, septal and cingulate regions show ed an 
altered m aternal behaviour (G o o d m a n  et al. 1967). In contrast to th is, m aternal 
behaviour of rats remained unaffected  by the lesion of the head o f caudate  
nucleus and corpus callosum  respectively  ( K i r k b y  1967).

In a previous study from th is laboratory it has been shown th a t some 
lateral hypothalam ic lesions cause severe defects in m aternal behaviour: 
m aternal care is lacking at the end of pregnancy and after delivery, th e  charac
teristic relationship betw een m other and offspring is absent, nest-build ing, 
retrieving and nursing are failing. The offsprings usually  die w ith in  th e  first 
48 hours after delivery (A v a r  and M o n o s  1967). Medial hypothalam ic lesion  
are also associated with a high offspring m ortality  rate; in this case th e  prim ary  
cause is the severe disturbance o f lactation  ( K u r c z  1967), b u t m aternal 
behaviour is normal ( K u r c z  1965; A v a r  and M o n o s  unpublished data). 
Nursing activ ity  is satisfactory w hen the m edial hypothalam us is deafferentat- 
ed (Y o k o y a m a  et al. 1967). H o l l o w a y  and St e v e n s o n  (1967) stud ied  the  
effect of hypothalam ic lesions induced on the 10th day of pregnancy and 
found disturbances of m aternal activ ity  only in  the mothers in w hich  the 
ventrom edial nucleus had bcoii dam aged; except for the supraoptic region, 
the lateral areas of the hypothalam us were not studied in these experim ents.

The present results confirm  our previous data and indicate th a t the 
deterioration o f m aternal behaviour observed after dam aging th e  lateral 
hypothalam ic areas is not associated with disturbances of m otility  and explora
tiv e  behaviour. Investigators in  the Soviet U nion succeeded in dem onstrating  
th at, in non-pregnant rabbits, alim entary reflexes disappeared after lateral 
hypothalam ic lesions whereas th e  orientation reflex and the defensive reaction  
were not affected ( K a l u z h n i  et al. 1967).

It has repeatedly been show n (A n a n d  and B r o b e c k  1951; M o r g a n e  
1961a, b) th at in non-pregnant laboratory anim als the lateral hypothalam ic  
regions in the projection o f th e  ventrom edial nucleus play an im portant role 
in the regulation of food intake. The present results have proved th is in pregnant
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anim als; also, they  in d ica te  that m aternal and alim entary behaviour are 
affected  by lesions o f la tera l hypothalam ic structures which are not necessarily  
id en tica l although m ust lie  close to one another. This latter assum ption is 
su p p orted  by the fin d in g  th a t the regulation o f food and w ater intake was 
already normal at the tim e  o f delivery while th e  absence of m aternal activ ity  
has becom e apparent thereafter. The in vestigation s so far conducted are 
in su ffic ien t to separate th e  structures responsible for the control o f m aternal 
b ehaviour from the structures representing th e  hunger m otivating system  
described  by M o r g a n e  (1961a) in the m id-lateral hypothalam us of non-pregnant 
rats. I t  is not necessary to  injure the trunk o f the fornix to produce th is effects. 
T he lesions were p laced im m ediately  lateral and ventral to the fornix, partly  
in  th e  substance of th e  m edial forebrain bundle, in the tuberoinfundibular  
region; the area o f th e  in tern a l capsule is not in vo lved  in the lesion. E lectro
coagu lation  in the m edial forebrain bundle som ew hat rostral to  the above 
lesion s didn’t affect th e  m aternal behaviour and offspring m ortality  was not 
sign ifican tly  higher th an  in  th e  control group (A v a r  and M o n o s  unpublished  
d ata ). Lesions m ade in th e  area of the so-called  far-lateral feeding centre 
h a v e  dram atic effects in th e  pregnant rat; aphagia, hypodipsia, early intra
u ter in e  m aceration, red u ction  of m otility , lack  o f explorative activ ity , hypo
th erm ia  are the m ost com m on consequences o f  such lesions, w hich finally  
lead  to  death of the an im als (A var  and M o n o s  1969).

I t  is reasonable to  assum e that the above lesions did not affect maternal 
b eh aviou r and offsprings v ita lity  through the reduction of food and fluid  
in ta k e , since the restriction  o f  food and w ater to  the same degree as it  had 
been  reduced sp ontaneously  in the injured rats caused no disturbances in 
th e  nest-building and retr iev in g  activity of rats non subjected to hypothalam ic  
lesion . Complete deprivation  o f food for 5 days did not cause intrauterine 
d eath  o f the foetuses (A v a r  and M onos  1969). The more pronounced cannibal
ism  observed in this group seem s to have been due to fixation  o f the neurotic 
s ta te  caused by food d eprivation . The enhanced m otor activ ity  could be dem 
o n stra ted  by direct ob servation  by the m otim eter and also by th e  sign if
ic a n t w eight loss. The reduction  in m otility  characteristic of explorative  
a c t iv ity  was absent in th is  group; this allow ed to  conclude in agreem ent 
w ith  th e  suggestion o f o th er authors (Ch a p m a n  and L e v y  1957) th at ex 
p lo ra tiv e  activity is d im inished  by hunger.

T he high m ortality  ra te  of the offsprings m ay be attributed, at least 
in  p art, to the lactation  disturbance in the rats subjected to hypothalam ic  
lesion . The com paratively h igher survival rate o f  the older exchange offsprings, 
th e  m orphology of the m am m ary  gland, and th e  rapid death of the offsprings 
(w ith in  2 days), how ever, in d icate that th is cannot be the prim ary factor. 
T here is reason to believe th a t  lactation is controlled  m ainly by m edial h ypo
th a lam ic  structures ( K u r c z  1967). Several data  have recently indicated that
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the afferent pathw ays of the milk ejection  reflex reach the hypopliysiotrophic  
area from lateral (Y o k o y a m a  et al. 1967). I t  seem s on the basis o f our finding  
th at these pathw ays do not pass across the parafornical area. The n egative  
energy balance due to the reduced food intake, how ever, m ay have consider
ably altered the secretion of m ilk. T he slow gain in weight observed in the  
foster offsprings and their relatively  h igh m ortality  rate supports th is in ter
pretation.

Earlier investigations from th is laboratory have also ind icated  th at  
foster youngs derived from normal m others cannot induce norm al m aternal 
behaviour in  m others previously subjected  to parafornical hypothalam ic lesion  
(A v a r  and M o n o s  1967). In  the present study, the experim ents w ith  older 
foster offsprings have essentially confirm ed the conclusions drawn from  those  
previous investigations.

I t  seem s from the above data th a t the m id-lateral hypothalam ic struc
tures p lay  a direct role in the regulation  of m aternal behaviour in  th e  rat. It  
is rem arkable th a t lesions applied to  th is area should cause severe disturbances 
in tw o fundam ental behavioural responses: alim entary behaviour, th e  m ost 
im portant m anifestation o f the in stin ct of self-preservation, and m aternal 
activ ity , the m ost im portant reaction serving species preservation. A t the  
sam e tim e, how ever, an essential elem ent of the animal behaviour, as the  
explorative activ ity , was not affected b y  these lesions, and the in tactn ess of 
the lactation  indicated a preserved balance o f the hormonal system .
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The effects of far-lateral hypothalamic lesion inflicted on the 16tli or 17th 
day of pregnancy and of food restriction have been studied in pregnant rats. As a 
results of the lesion, aphagia and hypodipsia ensued, motor activity was diminished, 
and explorative activity was abolished. A certain proportion of the pregnant rats 
developed a terminal state as the time of delivery approached, the majority of foetuses 
died in  utero. Intrauterine death was not observed in the group exposed solely to  food 
restriction. Body weight in the hypothalamic lesion group diminished more rapidly 
than in the food-restricted group. As compared to  sham-operated controls, both 
groups exhibited signs of adrenocortical hypertrophy.

The effects of far-lateral hypothalamic lesion have been compared to the con
sequences of parafornical lesion.

I t  has been shown (A v a r  and M onos  1966, 1967, 1969) that lateral para
fornical areas of th e  hypothalam us play a prom inent role in the regulation  
of m aternal behaviour in the rat. In the course of this experim ent a few  
anim als developed aphagia. All these rats died close to the tim e o f delivery. 
H istological exam ination revealed, in all o f  these rats, that the far-lateral 
region of the hypothalam us in the projection o f the ventrom edial nucleus 
was also dam aged. O bservations in non-pregnant rats have proved th e  prime 
im portance o f this area in the regulation o f food intake (A n a n d  and B r o b e c k  
1951; M o r g a n e  1961a). In  view  o f these facts it  seem ed worth to  in vestiga te  
the effect o f electrocoagulation o f the far-lateral region on the pregnancy  
and on the behaviour of pregnant rats carried out on the 16th or 17th  day  
of pregnancy.

The lesions were found to give rise to  prom pt and severe dam age to 
the pregnant rats; persisting aphagia and hypodipsia ensued, m o tility  was 
reduced, explorative a ctiv ity  abolished, th e  m ajority of the offsprings died 
in utero, and part o f the mothers died near th e  term  of delivery. Com plete 
restriction o f food in a group of intact pregnant rats in the sam e phase of 
pregnancy did not cause death of either th e  m other or their offsprings.

The difference betw een the effects o f  far-lateral and parafornical hypo
thalam ic lesions was striking in view  of the fact th a t the mean d istance betw een  
the centres o f the lesions was only 0 .4 —0.6 m m . After parafornical lesions
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(A v a r  and M o n o s  1969), although m aternal behaviour and v ita lity  o f the 
offsprings were seriously affected , food and w ater intake was reduced only 
tra n sien tly , and neither m o tility  nor exp lorative  activ ity  show ed marked 
differences as compared to  controls.

Methods

W istar albino rats kept on a standardized protein-rich synthetic diet were used in 
the  experiments. Virgin females in oestrus were placed into cages of males for one night. 
Twelve to  14 days later pregnancy was established by palpation, and 44 pregnant females were 
separated  and placed into cages where temperature was adjusted between 18 and 24 °C. 
Food and water intake, body weight and rectal tem perature were recorded. Soft paper strips 
were placed in the front part of the  cages for nest building. The animals were observed twice 
or th ree  times daily.

In  18 pregnant rats bilateral hypothalamic lesions were carried out on the 16th or 
17th day  of pregnancy, 1.8 to 2.0 mm laterally from the median plane, in the projection 
of the  ventromedial nucleus. Seventeen pregnant ra ts  subjected to sham operation served 
as controls. Electrocoagulation was undertaken in intraperitoneal sodium pentobarbital 
anaesthesia, by glass insulated unipolar silver electrodes introduced by means of a K o v a c h —  
S z e n t á g o t h a i  stereotaxic apparatus ( S z e n t á g o t h a i  1957). The size of the lesions was 0.8 
to  1.0 cu. mm. Tetracyclin was administered intram uscularly for 3 days following surgery. 
Location of the lesions was established in serial histological sections stained according to 
K l ü v e r  and B a r r e r a  (1953).

Nine pregnant rats not subjected to either hypothalamic lesion or sham operation 
were deprived of food from the 17th day of pregnancy until the 21st or 22nd day.

In  the first two groups m otility of the animals was established on the 20th day of 
pregnancy in an unknown environment, by a method described elsewhere ( A v a r  and M o n o s  
1969).

On the 21st or 22nd day of pregnancy the rats deprived of food together with 7 sham- 
operated ra ts as well as 13 ra ts subjected to hypothalamic lesion were killed by decapitation, 
laparotom ized, and the number of viable and dead offsprings was established, then the weight 
of several endocrine organs and the uterus was measured with an accuracy of 0.1 mg.

S t u d e n t ’s  i-test was used f o r  statistical analysis.

Results

1. Food and water in take, body weight and rectal temperature

F igure 1 shows th at food  intake of th e  pregnant rats w ith  far-lateral 
h y p oth a lam ic  lesion w as reduced to 7 to  10%  o f the values recorded prior 
to  th e  lesion . H alf of th e  rats did not feed at all follow ing the surgery. W ater  
in ta k e  w as depressed to 15 to  25%  of the in itia l va lu e . Body w eight decreased  
con tin u o u sly , a more than  22%  loss in w eight being recorded on the 4 th  days; 
th e  sham -operated rats exh ib ited  the usual gain in  w eight. Rectal tem perature  
in  th e  group subjected to  hypothalam ic lesions w as reduced by 2 °C on the  
average in  the course o f 5 d ays.

F igure 2 represents the changes in body w eigh t and rectal tem perature  
in th e  in ta c t pregnant rats deprived  of food from  th e  17th day of pregnancy. 
R em ark ab ly  enough, the loss in  w eight in th is group was smaller th an  in the  
rats su b jected  to hypothalam ic lesion (17%) on th e  4th  days; the difference
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betw een the tw o groups a tta in ed  sta tistica l significance at the 0 .04 level. 
B od y tem perature, after an in itia l rise on the 3rd day of food deprivation , 
show ed a dim inution.

F i g .  1 .  Food intake ( A ) ,  water intake ( B ) ,  body weight ( C )  and rectal tem perature ( D )  
in pregnant rats following far-lateral hypothalamic lesions and sham operation.

O p ,  day of hypothalamic lesion or sham-operation. Mean and S. E. M.

2. N est-building, m otility  and explorative activity

N est-build ing activ ity  w as apparent in  the control group on th e  last 
days o f pregnancy: the rats pulled  th e  soft paper strips from the fron t part 
o f the cage in to  a dark corner and tore them  to  bits. The pregnant rats subjected  
to  hypothalam ic lesions, how ever, show ed no sign o f nest-building and their  
m otility  w as significantly reduced. N o sign o f aggressivity could b e revealed  
in this group.

A reduction in spontaneous m ovem ents w as also apparent in  unknow n  
environm ent (F ig. 3). M otility  w as about one fifth  of that observed in  the
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F i g .  2 .  Effect of food deprival on body weight ( A )  and rectal temperature ( B )  in pregnant
ra ts

10 min

Fi g .  3.  Motility of ra ts  placed in a new environm ent for 60 min.
A ,  sham-operated rats; B ,  far lateral hypothalamic lesions; n ,  number of closures recorded 
by motimeter. Above each column the standard error of the mean is represented by vertical

lines
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control rats during the first half hour of observation  (p =  0.01). In th e  control 
group, ow ing to  the changes in explorative behaviour, m otility was reduced  
by more than 50%  in the second half o f th e  1-hour period of observation  
(P  =  0.02), whereas in the group subjected to  hypothalam ic lesions th e  low  
value obtained in the first half hour rem ained essentia lly  unchanged (p =  0.90).

3. M orta lity  rate

F ive o f the 18 pregnant rats subm itted  previously  to far-lateral h y p o th a 
lam ic lesions reached the term inal stage on th e  21st to 24th days of pregnancy; 
autopsy carried out at th is tim e revealed on ly  dead, partly m acerated, foetu ses  
in the uterus.

L aparatom y was carried out on the 2 1 st to  23rd day of pregnancy in 
13 rats w ith  hypothalam ic lesions, in 7 sham -operated and 9 food-deprived  
rats. It was found th at 87%  of the offsprings o f  th e  mothers with h yp othalam ic  
lesions had died in utero. M ultiple haem orrhages in the chorion, and in  m any  
instances shrunk and partly absorbed rem nant o f  foetuses were found. V iable  
foetuses were present in one third of the m others subjected to h yp oth alam ic  
lesion, and in on ly  4 of these rats was no in trauterine death revealed.

N one of the in tact pregnant rats subjected  to  food deprivation and of 
the shain-operated ones died and in none o f  them  occurred intrauterine death  
of the offsprings.

In the nests o f the 10 non-laparatom ized sham -operated rats dead  off
springs were found in 3 cases, the num ber o f deaths attaining only 8%  o f all 
offsprings delivered in this group.

4. Weight o f  the endocrine organs

The table shows the weight of the p itu itary , adrenals and ovaries o f  the  
decapitated  pregnant rats; all values were calcu lated  for 100 g of b od y w eight.

M ean adrenal w eight in the rats subjected  to hypothalam ic lesion  was 
tw ice that found in the sham -operated group; the difference w as h igh ly  
significant sta tistica lly  (p <  0.001). H ypertrophy was apparent also w hen  
adrenal w eight was not calculated per b od y  w eight. Adrenal h ypertrophy  
was observed also in the rats deprived o f food  (p <  0.01).

The w eight o f the pituitary gland and th e  ovaries showed no sign ifican t  
difference in the three groups.

5. Localization o f  the lesions

H istological exam ination of serial section s revealed that electrocoagu la
tion th at had given rise to lasting aphagia and foetal death exten d ed  in  the 
lateral hypothalam ic area to the internal capsule, and approached or reached
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T ab le  I
W eight o f  endocrine organs a fter far-la tera l hypothalam ic lesions and

Body w( ■ght (g)

Experimental procedure Number 
of animals Prior to 

experiment
Prior to 

decapitation

Sham operation 11 219.1 ±  8.3 226.8 ±  10.2
Hypothalamic lesion 13 220.4 ±  8.4 156.9 ±  8.5
Food deprivation 9 235.6 ±  8.1 192.2 ±  8.3

th e  ventral edge o f the brain in the projection  o f the ventrom edial nucleus. 
In  general, the lenticular ansa and fasciculus and a substantial part o f  the  
m edial forcbrain bundle w ere also dam aged (F ig . 4).

C

F ig . 4. Schematic representation of the sagittal ( A )  and frontal sections of the hypothalam us; 
B ,  tuberal region; C, infundibular region. Cross-hatched area represents the location of 
far-lateral lesions. A H L ,  lateral hypothalamic area; A R C ,  arcuate nucleus; C A , anterior 
commissure; CHO, optic chiasma; D M ,  dorsomedial nucleus; F X ,  fornix; L P ,  posterior 
p itu ita ry  lobe; M M ,  medial mammillary nucleus; N A H ,  anterior hypothalamic nucleus; 
P M ,  premammillary nucleus; P V ,  paraventricular nucleus; SC H , suprachiasmatic nucleus; 
SO , supraoptic nucleus; T H ,  thalam us; TR O , optic trac t; V M ,  ventromedial nucleus; V M P ,

posterior ventromedial nucleus
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fo o d  deprivation in  pregnant rats (M e a n  ±  S .E .M .)
Weight of endocrine organs (g/100 g)

Pituitary
Adrenals Ovaries

right left right left

5.67 ±  0.52 15.83 ±  1.15 15.82 ±  1.33 27.01 ±  1.96 24.16 ±  1.65

6.13 ± 0 .2 6 27.02 ±  2.35 32.95 ±  2.12 32.77 ±  2.31 29.23 ±  2.26

6.09 ±  0.22 24.63 ±  1.92 27.20 ±  2.26 31.40 ±  2.19 28.20 ±  1.77

In one o f th e  pregnant rats the offsprings had  died in utero and m o tility  
was substantia lly  reduced; how ever, aphagia lasted  for only two days after  
th e  hypothalam ic lesion, and food intake was norm al on the 3rd day. In  th is  
anim al, the lesion  did not approach the ventral edge o f the hypothalam us, 
but the pallidofugal system  was damaged on b oth  sides.

Discussion

The present results in d icate th at h ypothalam ic lesions placed a few  
tenths of a m illim eter lateral from the parafornical structures th e  e lectro
coagulation o f w hich causes significant reduction o f m aternal activ ity  ( A v a r  

and M o n o s  1966, 1967, 1969), give rise to grave disturbances in the feeding  
and explorative behaviour o f  pregnant rats, reducing in addition their nest- 
bulding a c tiv ity  and dam aging their offsprings.

It is know n from experim ents conduced on non-pregnant anim als that  
th is far-lateral hypothalam ic area plays a m ajor part in the regulation o f food  
in take ( A n a n d  and B r o b e c k  1951; M o r g a n e  1961a). Lesions to  th is area, 
how ever, dam age not only th e  alim entary reactions but also other behavioural 
m anifestations, e.g. defensive m otivation  ( E n d r ő c z i  et al. 1964; B a l i n s k a  

1968).
The present findings support the view th a t th e  far-lateral region is o f  prim e  

im portance in  th e  regulation o f foodintake in th e  pregnant rat.The severe dam 
age to the m others and their  offsprings cannot, how ever, be ascribed solely  
to  the aphagia. Food deprivation  in intact pregnant rats did not cause foetal 
death, and the loss in body w eigh t was more pronounced in the rats subjected  
to  hypothalam ic lesions th an  in the group restricted  o f food. Earlier ob serva
tions have show n ( A v a r  and M o n o s  1969) th a t in  pregnant rats restricted  
in food intake for several days m otility  is n o t reduced, although exp lora
tiv e  behaviour is inhibited; th is finding is in agreem ent w ith resu lts of 
C h a p m a n  and L e v y  (1957). In  the present stu d y , one o f the rats w ith  h y p o 
thalam ic lesion displayed decreased m otility  and the offsprings had d ied  in 
utero, although food intake w as reduced only for 2 days and was su b seq u en tly
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norm alized . Laparotom y revealed that th e  m ajority of foetuses died in  2 or 
3 d a y s after the hypothalam ic lesion, since a t the tim e of laparotom y m acerated  
and p a rtly  absorbed foetu ses were found; a t th a t tim e the reduced food intake  
m u st h ave played only a secondary role.

T h e present observations are in su ffic ien t to  establish w hether th e  differ
en ces in  the consequences of hypothalam ic lesions applied in tw o  distinctly  
d ifferen t lateral regions (parafornical and far-lateral) are q u an tita tive  or are 
due to  th e  damage o f tw o structures w ith  essentially  different physiological 
fu n c tio n s . D ata obtained in  non-pregnant rats seem to support th e  latter  
a ssu m p tion ; M o r g a n e  (1961b) concluded th a t in the lateral hypothalam us  
th ere  is a far-lateral “ m etabolic” system , and a m id-lateral “ hunger m otivat
in g ”  sy stem , the norm al function ing of w hich  depends on th e  in tactn ess of 
tw o  d istin ctly  different fibre system s, in th e  first case o f the pallidofugal 
tra c ts , and in the latter o f th e  m edial forebrain bundle.

In  the present stu d y , certain q u alita tive  differences in the effects of the 
les io n s could also be revealed , the parafornical lesion having been found not 
to  a lter  m otility  and exp lorative behaviour in pregnant rats ( A v a r  and M o n o s  

1969), whereas the far-lateral lesions g iv ing rise to  a great reduction  o f spon
ta n eo u s m otility  and fu lly  abolishing exp lorative activ ity . F urther experi
m en ts  are, however, necessary to  clarify th e  factors responsible for th e  observed  
ch an ges in  m aternal behaviour and the h igh rate of in trauterine deaths. 
T he pathom echanism  o f th e  dam ages is unknow n. D isturbances in  th e  blood 
su p p ly  to  the uterus or in  its  trophic innervation  m ight be im p ortan t in this 
resp ect, and alterations in neuroendocrine fu n ction  cannot be excluded  either.

T h e  obtained results allow the conclusion th at far-lateral h ypothalam ic  
le s io n s  are gravely affecting the pregnant ra t and its offsprings. I t  is reason
ab le to  assum e that, in  addition  to the d isturbances in m otivational reactions, 
sev ere  changes in the m etabolism  of these anim als m ust also be considered.
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EFFECT OF LOCAL VENOUS CONGESTION 
ON ADRENOCORTICAL FUNCTION

I. C H A N G E S IN  A D R E N A L  C O R T IC O ID  S E C R E T IO N  A F T E R  S T E P W IS E  
R E D U C T IO N  O F  V E N O U S  O U T F L O W

B y

E. M o n o s , E dit K o l t a y , A. S u l y o k , T. Y e n k e y  and A. G. B. K o v a c h

EXPERIMENTAL RESEARCH LABORATORY, UNIVERSITY MEDICAL SCHOOL, BUDAPEST 

(R eceived  D ecem b er 12, 1968)

To o b ta in  a s ig n ifican t re d u c tio n  in  g ly co co rtico id  secretion , a d re n a l  blood 
flow  h a d  to  be red u ced  a t  le a s t b y  30%  b y  v en o u s congestion . T he a d re n a l  c o rte x  
c o n tin u ed  to  secrete  horm ones a t  a  r a te  o f 40 to  50%  of con tro l va lues e v en  if  con 
gestio n  w as m a in ta in ed  fo r p eriods o f 2 to  3 h o u rs  an d  was stepw ise a u g m e n te d  to  
red u ce  v enous ou tflow  to  25%  o f in it ia l  v a lu es. W ith in  1 hour a f te r  th e  cessa tio n  
of ven o u s congestion , co rtico s tero id  o u tp u t  w a s  re s to red  to  con tro l v a lu e s  w h ereas 
ad ren a l b lood  flow rem ained  so m ew h a t low er th a n  p rio r  to  congestion.

Q uantitative data concerning the effect o f local venous congestion  on the 
rate o f adrenocortical hormone output are not availab le in theliterature, although  
elucidation of the problem is necessary from  several points of v iew . F irst, in 
the m ajority o f experim ents devoted  to  th e  stu d y  o f adrenocortical fu n ction  
th e  adrenal vein  is cannulated, a procedure frequently  associated w ith  v en ou s  
congestion  the degree and duration o f which depends in the size of th e  cannula  
and the surgical technique. C atheterization o f the adrenal vein becom es a 
usual technique also in the clinical practice ( B u c h t  1962; W e i n h e i m e r  1963). 
E xperience w ith  adrenal transplantation  in laboratory animals and w ith  the  
dem edullated adrenal gland have indicated  th a t the responsiveness o f  the  
regenerating adrenal was sign ificantly  im peded by congestion due to  changes 
in the vascular structure on the venous side ( K o l t h o f f  et al. 1964). L ong-term  
adm inistration of ACTH ( K o v á c s  et al. 1968) and isoproterenol ( H a r r i s o n  

and B r o w n  1964) were shown sim ilarly to  induce such changes in  adrenal 
structure w hich were indicative o f venous congestion .

The factors that m ay be responsible for altered adrenocortical horm one  
secretion under such conditions are h yp oxia  due to  diminished b lood flow , 
dim inished supply of ACTH to the adrenocortical cells, and the increase in 
venous pressure. It has repeatedly been show n th a t the adrenal cortex  is 
relatively  insensitive to arterial hypoxia  ( F r a n k  et al. 1955; H o r n b e i n  1962; 
H iR A T i  et al. 1963; D á v i d  and K o v á c s  1966; K o v á c s  et al. 1966). E xp erim en ts  
carried out on the adrenal perfused in situ h ave shown that, within th e  p h ysio 
logical range, the degree of stim ulation  o f adrenocortical horm one output
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depends on the am ount o f  ACTH reaching th e  adrenal per unit o f tim e, i.e. 
th e  fu n ctio n  of blood ACTH concentration and o f  adrenal blood flow  ( P o r t e r  

and K l a i b e r  1965; U r q u h a r t  1965). M orphological studies by F l i n t  (1900) 
h ave in d icated  the presence o f arterio-venous bypasses in the adrenal gland, 
th u s, w henever venous outflow  is im peded there m ust be a considerable rise 
in  v en o u s pressure. I t  should nevertheless be taken  into consideration  th at  
adrenal b lood supply is several tim es h igher th an  w hat would be required  
for fu lfillin g  the oxygen  dem and o f the cells and th e  vascular structure o f  the  
adrenals is quite unique ( H a r r i s o n  and H o e y  1960).

In  th e  present experim ents attem pts h a v e  been made to  inducing the  
degree o f  local congestion  necessary for a sign ificant dim inution o f adrenal 
corticoid  secretion. In  anaesthetized  dogs, th e  effect of reduction o f adrenal 
ven ou s outflow  by 25, 50 and 75%  due to  th e  constriction o f th e  cannula  
in serted  in to  the left lum boadrenal vein  has been  studied on hydrocortisone  
and corticosterone output.

Methods

E x p e r im e n ts  w ere p e rfo rm e d  on  14 m ongrel dogs o f  b o th  sexes, w eighing 10 to  29 kg  
a n d  a n a e s th e tiz e d  w ith  30 m g p e r  kg  o f body  w e ig h t o f  sod ium  p e n to b a rb ita l.

E xp erim en ta l procedure. I n  th e  a n ae sth e tize d  a n d  trach eo to m ized  dog th e  r ig h t  fem o ra l 
a r te r y  a n d  v e in  w ere c a n n u la te d . Follow ing an  a b d o m in a l m idline incision  a  c a n n u la  was 
in se r te d  in to  th e  le ft lu m b o a d re n a l vein . C ollection o f  b lo o d  sam ples w as s ta r te d  in to  a 
g ra d u a te d  c y lin d e r p laced  in  an  ice b a th  a fte r  th e  a b d o m in a l incision h a d  b een  c losed  an d  
h e p a r in  (300 I .U ./k g  bw .) h a d  b een  g iven  in tra v e n o u s ly . T h e  am o u n t o f b lood  lo s t  th ro u g h  
th e  a d re n o lu m b a r  c an n u la  w as re p la ce d  b y  in fusing  h e p a rin iz e d  blood o b ta in e d  fro m  a  donor 
dog. A f te r  co n tro l m ea su re m e n ts  h a d  been  m ad e , th e  a d re n a l cannu la  w as c o n s tr ic te d  to  
re d u ce  a d re n a l  b lood  flow  b y  a b o u t  25, 50 and  7 5 %  fo r p e rio d s  o f 45 to  60 m in . A t e a c h  level 
o f  c o n s tr ic t io n  tw o  co llection  p e rio d s  w ere done th e  d u ra t io n  of w hich was e ith e r  10 o r 15 m in  
re sp e c tiv e ly ;  co llection  of a d ren a l b lood  fo r co rtico id  a ssa y  w as m ade in  th e  sam e w a y  before 
a n d  a f te r  th e  re lease  o f th e  c o n str ic tio n . The p re p a ra t io n  of th e  ex p erim en ts  w ere  u n d e r
t a k e n  in  th e  m o rn in g , w hereas co llection  of a d re n a l v en o u s  blood was p e rfo rm ed  in  th e  
a f te rn o o n . A fte r  th e  e x p e rim e n t, b o th  ad ren a ls  w ere re m o v e d  and  p laced  in to  5 %  fo rm alin  
fo r h is to lo g ic a l e v a lu a tio n .

M easurem en t o f  adrenal blood flo w .  A p o ly e th y len e  can n u la  id en tica l in  d ia m e te r  w ith  
th e  le f t  lu m b o a d re n a l ve in  w as in se r te d  in to  th e  vessel a n d  p u sh ed  forw ard  to  th e  p o in t  w here  
th e  v e in  le f t  th e  a d ren a l g lan d . T h e  ad ren o cav a l v e in  a n d  th e  b ranches o f th e  lu m b o a d re n a l 
v e in  w e re  lig a ted . T he c an n u la  w as passed  th ro u g h  a n  in c is io n  m ade on th e  side o f th e  a b d o 
m en . T h e  a m o u n t o f b lood flow ing  o u t o f th e  c an n u la  w as m easu red  b y  an  o rd in a te -w ritin g  
d ro p re c o rd e r , using  p iezoelectric  signal tra n s fo rm a tio n  a n d  a  Z im m erm ann  k y m o g rap h . 
V en o u s co n g es tio n  w as in d u ced  b y  a H o ffm an n  c la m p  p lac ed  on th e  can n u la .

D eterm ina tion  o f  hydrocortisone and  corticosterone. A drenal venous b lood  sam ples 
w ere c en tr ifu g e d  in  a cold  room . C ortico ids, a f te r  e x tr a c t io n  w ith  chloroform  an d  d is til la tio n  
w ere a s sa y e d  by  p a p e r  c h ro m a to g ra p h y . A fter re p e a te d  p u rific a tio n , th e  m a te ria l  w as ru n  
on W h a tm a n ’s No. 1 p a p e r  in  th e  B u sh  B 5 sy s tem , th e n  developed  w ith  té tra z o liu m  b lu e; 
th e  h y d ro c o rtiso n e  an d  c o rtico s te ro n e  frac tio n s  w ere  e lu a te d  and  d e te rm in ed  p h o to m e t
r ic a lly  (B u s h  1961; Ve c s e y  1963).

A r te r ia l blood pressure and  respiratory rate w ere c h eck ed  continously  in  each  e x p e rim e n t.
H isto logical evaluation  o f th e  ad ren a ls  was done  in  10 p  sections p re p are d  fro m  p a ra f f in  

b locks a n d  s ta in e d  w ith  h aem ato x y lin -eo sin .
S ta tis tica l analysis  o f  th e  o b ta in e d  resu lts  w as u n d e r ta k e n  by  St u d e n t ’s i- te s t .
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Results

D im inution o f adrenal venous outflow  (T able I) was not associated  w ith  
a proportionate reduction o f corticosteroid o u tp u t (Table II). W hile adrenal 
flow  was kept over longer periods at 71, 48 and 26%  of the control v a lu es , 
the secretion rate o f  hydrocortisone in the resp ective periods attained 96, 78

Table I

Values fo r  body iveight, adrenal w eight, a n d  adrenal blood flow
A d e n a 1 V e n o u s  ou t f 1 o w m /min

No. Sex
Body 

w eight 
<kg)

Adrenal
weight

(g) Control
During constriction of 
the venous cannula After 

release of 
constriction

I II III

l ? 10.0 0.45 3.1 2.5 1.7 0.8 3.3

2 $ 23.0 2.30 4.5 3.3 2.1 1.0 4.3

3 3 12.0 0.87 3.0 2.6 1.3 0.9 3.4

4 3 14.5 1.17 2.8 2.1 1.3 0.7 1.7

5 3 20.0 1.20 3.3 2.5 1.6 0.9 2.5

6 3 12.0 0.60 1.8 1.3 0.9 0.5 1.4

7 3 10.0 0.45 1.5 0.9 0.7 0.5 1.3

8 3 22.0 1.30 4.0 2.9 2.0 0.8 4.1

9 ? 22.0 1.90 3.9 2.8 2.1 0.9 3.2

10 3 16.5 0.58 2.5 1.4 1.1 0.8 1.6

11 ? 29.0 1.56 6.2 4.4 2.6 1.6 5.2

12 3 20.0 1.04 2.1 1.2 1.4 0.5 1.6

13 3 17.0 0.98 1.5 — 0.6 0.4 1.2

14 4о 13.0 0.95 2.1 — 1.0 — 1.8

Mean 17.21 1.10 3.02 2.33 + 1.46+* 0.79+* 2.61 + *

S.E.M . 1.52 0.14 0.36 0.30 0.14 0.08 0.35

+ T he d ifference  as com p ared  to  th e  c o n tro ls  is  s ig n ifican t s ta tis tic a lly  (p  <  0.05) 
* T he d ifference  as co m p ared  to  p reced ing  v a lu e s  is s ig n ifican t s ta tis t ic a lly  (p  <  0.05)

and 40%  of the in itia l readings, and that o f  corticosterone fell to  90, 79 and 
50% (Table III ) . S ta tistica l analysis has show n th a t  a 30% reduction in adrenal 
flow  is not associated  w ith  a statistically  sign ifican t drop in hydrocortisone  
production (0.20 <C P 0.50), whereas the fa ll in  corticosterone ou tp u t (about 
10%) is sign ificant sta tistica lly  w ithin th e  0 .05  level. In  the third p h ase  of 
venous constriction , how ever, hydrocortisone output was more m arkedly  
reduced than the corticosterone nevertheless, th e  difference betw een th e  ratio  
of the tw o horm ones (3.5 and 2.4) was n o t sign ificant statistically  (0 .05 <  
< P  <0 . 10) .
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Table II

E ffe c t o f  local venous congestion on adrenocortical o u tp u t o f  hydrocortisone ( H )  a n d  cortico
sterone (C ) . A p p ro x im a te  degree o f  venous obstruction; 1 , 25% ; I I ,  5 0 % ; I I I ,  7 5 %

No.
Control

C o n g e s t  i o n After
congestion

I II III

H c H c H C II c H c

l 44.6 16.4 27.3 8.5 18.7 7.8 10.9 4.1 28.0 7.9
2 14.9 10.6 13.9 8.5 20.8 11.0 5.5 2.6 15.2 8.4

3 19.1 18.0 23.8 15.4 17.7 9.9 23.8 7.8 24.3 11.3
4 46.6 12.3 25.3 10.1 27.5 6.2 10.9 4.7 19.2 11.0
5 44.1 11.0 54.3 11.8 41.7 6.4 5.0 3.2 17.0 3.3
6 28.7 18.4 23.2 15.9 26.5 13.3 15.7 9.5 32.4 22.1

7 18.0 3.6 48.5 6.0 19.9 2.1 8.4 1.4 42.5 7.1
8 34.9 8.8 26.7 9.9 21.3 7.5 18.2 7.4 13.1 5.3

9 15.3 8.2 15.4 5.6 14.5 4.4 5.1 2.6 20.0 6.5
10 22.1 3.6 9.2 2.9 7.3 6.3 6.4 3.6 13.5 8.9
11 37.9 8.5 11.6 5.9 5.7 4.1 4.9 4.5 11.9 12.6
12 57.8 9.1 60.3 7.5 55.5 10.5 14.4 7.8 — —

13 — — 10.8 4.2 5.1 1.6 3.2 1.4 — —
14 30.5 7.5 — — 25.4 6.4 — — 29.6 6.0

Mean 31.9 10.5 26.9 8.6+ 22.7+ 7.0+ 10.2 + * 4.7+* 22.2* 9.2*

S .E .M . 3.8 1.3 4.6 1.1 3.3 0.9 1.2 0.7 2.7 1.4

For symbols, see Table I.
Table III

P ercen tile  changes in  adrenal corticoid hormone release during local venous congestion

Control
During congestion After

I II III congestion

Adrenal blood flow Mean
S.E.M.

100 71.1 +
2.7

47.5+*
1.1

26.4+*
1.0

84.9+*
7.8

Arterial blood pressure Mean 117.4 107.0 107.3 109.3 111.6
(mm Hg) S.E.M. 6.3 5.1 5.2 4.8 5.0

Hydrocortisone release Mean
S.E.M.

100 95.8
17.8

78.3+
9.7

39.5+*
8.7

89.8*
16.9

Corticosterone release Mean
S.E.M.

100 90.4 + 
8.2

78.5+*
10.0

50.4+* 
7.5

103.3*
18.5

Ratio of hydrocortisone Mean 3.57 3.40 3.51 2.37 2.90
and corticosterone release S.E.M. 0.48 0.62 0.62 0.29 0.48

For symbols, see Table I.
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A fter release of the constriction , hydrocortisone and corticosterone secre
tion  was fully restored. A drenal blood flow , on the other hand, rem ained  
approxim ately 15% under its  in itia l value (p <  0.01). Arterial blood pressure  
w as not altered sign ifican tly  in  the course o f  the experim ents.

Figure 1 shows the changes in the corticosteroid hormone level o f  adrenal 
venous blood in response to  varying degrees o f venous congestion . A s seen
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F ig . 1. L u m b o ad ren a l venous o u tflo w  ( A )  a n d  co rtico id  horm one c o n ce n tra tio n  ( B )  d u rin g  
step w ise  co n stric tio n  o f th e  v en o u s c an n u la  d ra in in g  th e  a d ren a l g land. C, c o n tro l v a lu e s ; 
I ,  I I ,  I I I ,  increasing  v enous co ngestion . R ,  release o f c o n stric tio n . O pen b lo ck s re p re se n t  
h y d ro co rtiso n e  o u tp u t,  h a tc h e d  b lo ck s co rtico s tero n e  o u tp u t  (m eans an d  s ta n d a r d  e rro rs)

in th e  diagram, the concentration  o f hydrocortisone and corticosterone under
w en t a considerable increase during congestion.

H istological observations have shown enlarged sinuses in th e  adrenal 
m edulla and the reticular and fasciculate zones, and minor hem orrhages  
w hich never attained the size o f a haem atom a.

D iscussion

Stepw ise reduction o f adrenal venous outflow  resulted in a d ispropor
tional dim inution in corticoid output. W hen blood flow  was reduced b y  25 
to  30% , the rate o f corticosteroid output was essentially the sam e as prior 
to  constriction, and the d im inution in the horm one output did n o t exceed
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50 to  60%  when ven ou s outflow  was reduced to  values 70 to  75%  lower than  
th e  control readings. A fter  cessation o f th e  venous congestion th e  output 
rate o f  adrenocortical horm one secretion returned  to  normal values w ith in  an 
hour, while adrenal b lood  flow  remained som ew h at below the control readings.

Numerous data  in d ica te  that the adrenal cortex  is relatively insensitive  
to  arterial hypoxia, and  occasionally an enhanced  steroid secretion w as observ
ed w hen arterial o x y g en  content had dim inished . Complete occlusion of all 
th e  vessels supplying th e  le ft adrenal gland in  th e  rat for periods o f 30 min 
to  1 hour resulted in  a 50%  reduction o f corticosteroid  output as m easured  
1 hour and 24 hours after release of the occlusion  (D á v i d  and K ová cs  1966). 
F r a n k  et al. (1955) fou n d  in  dogs w ith severe haem orrhagic hypotension  the 
v a lu es for corticoid release to  vary betw een 60 and 100%  of the control values 
even  if  blood flow  th rou gh  the adrenals had b een  reduced by more than  80% . 
Sim ilar observations w ere m ade concerning adrenal m edullary horm one secre
tio n  (G l a v ia n o  et al. 1960; F o w l e r  et al. 1961).

The observed red u ction  in adrenal corticoid  secretion during venous con
gestion  of the gland m ig h t have been the resu lt o f  several factors. In  addition  
to  a possible d im inution  o f the secretory a c t iv ity  of the adrenocortical cells 
due to  elevated pressure and to dim inished ACTH and oxygen supply, the  
fa c t th at the lym ph vesse ls  draining the adrenal cortex m ay participate in 
th e  transport of th e  horm ones has also to  be considered (St a r k  et al. 1962), 
as w ell as the fact th a t p art of the secreted horm one m ay be drained through  
ve in s not connected w ith  th e  lumboadrenal sy stem  (B a c h m a n n  and S c h a r r e r  
1954, D o n á t h  1957). In  subsequent experim ents attem pts will be m ade to  
clarify  the role p layed  b y  these factors. I t  is also possible th at som e of the 
adrenocortical cells are destroyed in consequence of increased venous and 
capillary pressure and even tu a l smaller haem orrhages, while the rem aining  
cells are capable o f p a rtia lly  com pensating for th e  loss in secretory activ ity . 
H ow ever, several d ata  from  this laboratory (M o n o s  et al. 1965) speak against 
th is  possibility, for th e  ACTH-responsive cells o f  the adrenal cortex secrete 
corticoid  hormones at a m axim al rate under sim ilar experim ental conditions. 
A lso inconsistent w ith  th e  above assum ption is th e  observation th a t, in the 
present experim ents, th e  dim inution in th e  secretory rate was reversible, 
and histological exam in ation  revealed no d estru ctive  haemorrhages.

W ithin an hour after release of the clam p constricting the lum boadrenal 
v e in , adrenal venous o u tflo w  did not return to  control values despite unaltered  
arterial blood pressure. Considering th at corticosteroid  secretion had fully  
norm alized within th is  period it is not likely  th a t new channels had opened 
w hich could have drained  the blood deficit observed in the lum boadrenal 
v ein . There is reason for assum ing that su sta in ed  and increasing congestion  
caused oedema to d evelop  in the interstitium  o f the adrenal cortex, resulting  
in  a prolonged increase vascu lar resistance in th e  gland.
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W hen evaluating  the interrelationship betw een the degree o f  venous  
congestion and the changes in adrenocortical hormone output it  has to  be 
taken into account th at adrenal blood Полу w as measured by determ ining  
lum boadrenal venous outflow . However, as th e  adrenal gland p ossesses an 
in tricate vascular netw ork, the opening o f  A —V  shunts and changes in the  
distribution o f blood betw een cortex and m edulla  m ay alter adrenocortical 
blood supply w ith ou t m easurable alterations o f  lum boadrenal venous outflow .

It has been concluded that the adrenal cortex is relatively resistant 
to local venous congestion , and the d im inution in corticoid output observed  
during congestion lasting for several hours and augmented in a stepw ise  
fashion is reversible after release of the ven o u s clamp.
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EFFECT OF LOCAL VENOUS CONGESTION 
ON ADRENOCORTICAL FUNCTION

I I .  C H A N G E S IN  C O R T IC O ID  R E L E A S E  IN T O  V E N O U S  RLO O D  A N D  L Y M P H  
A N D  IN  O X Y G E N  C O N SU M P T IO N

B y

A . S u l y o k , E . M o n o s , E d it K o l t a y , Andrea B e d e  and A. G. B . K o v a c h

EXPERIMENTAL RESEARCH LABORATORY, UNIVERSITY MEDICAL SCHOOL, BUDAPEST

(R ece iv ed  J a n u a ry  9, 1969)

I n  ag reem en t w ith  p rev ious resu lts  i t  h a s  b een  estab lish ed  th a t  th e  a d ren a l 
c o r te x  is re la tiv e ly  r e s is ta n t  to  severe local v en o u s  congestion  las tin g  fo r 1 to  2 
h o u rs ; re d u c tio n  o f a d re n a l b lood  flow to  25%  o f  c o n tro l v a lu es b y  e le v a tin g  v en o u s 
p re ssu re  to  50— 60 m m  H g  cau sed  only 50%  d im in u tio n  o f cortico id  sec re tio n .

A d ren al o x y g en  c o n su m p tio n  decreased  in  p ro p o r tio n  w ith  th e  re d u c tio n  of 
ho rm o n e  o u tp u t.  T h e  d ifference  betw een  a r te r ia l  a n d  v en o u s oxygen  s a tu ra t io n  w as 
8 %  in  th e  c o n tro l p e rio d , a n d  a lth o u g h  th e  d iffe ren ce  w as con sid erab ly  in creased  
d u rin g  v enous co n g estio n  th e  o b ta in ed  va lues d id  n o t  exceed  one th ird  o f  th o se  fo u n d  
in  th e  re s tin g  lim b .

R e d u c tio n  o f a d re n a l v enous ou tflow  re su lte d  in  enhanced  h o rm o n e  re lease  
in to  th e  ly m p h  o f  th e  th o ra c ic  d u c t, b u t excess c o r tic o id  o u tp u t  covered  on ly  a f ra c tio n  
o f  th e  d e fic it c au sed  b y  th e  red u ced  o u tp u t  th ro u g h  th e  a d ren o lu m b ar v e in . C on
c e n tra tio n  o f co rtico id  h o rm o n es , in  a rte ria l b lo o d  d id  n o t  change s ig n ifican tly .

L arge  a m o u n ts  o f  exogenous ACTH a d m in is te re d  d u rin g  local v en o u s co n g estio n  
h a d  no  ap p rec iab le  e ffec t on  a d ren a l cortico id  o u tp u t  a n d  oxygen c o n su m p tio n . One 
h o u r  a f te r  re lease  o f  th e  c lam p  applied  on  th e  a d re n a l  ve in , cortico id  o u tp u t  w as 
re s to red  to  co n tro l v a lu es.

In  previous experim ents from this laboratory  (M ono s  et al. 1969) an 
attem p t was m ade to  estab lish  the effect o f a stepw ise reduction o f venous  
ou tflow  on corticoid release through the lum boadrenal vein during acute  
stress. A  25 to  30%  reduction o f venous o u tflow  had no significant effect 
on adrenocortical horm one output. The adrenal cortex  continued to  secrete  
at a rate of 40 to  50%  o f th e  control values even  i f  congestion had been m ain
ta in ed  for periods o f  2 to  3 hours during w hich  th e  lum boadrenal ve in  was 
gradually obstructed  to  reduce adrenal blood flow  to  25 — 30%  of control 
values. The observed d im inution in adrenocortical secretion m ight h a v e  been  
due to  som e deterioration o f the secretory cap acity  o f the cells; i f  th is  were 
true, one m ight presum e th a t either the reduction  in  oxygen supply  or the  
dim inution o f available ACTH was responsible for th e  decreased secretion rate.

I t  is n ot certain , how ever, whether th e  observed reduction in adrenal 
horm one output w as associated  w ith a deterioration o f adrenocortical secretory  
capacity . I t  has been dem onstrated  that, under pathological conditions, signif
icant am ounts o f corticoid  hormones are secreted  in to  the lym ph (S t a r k  et

8 Acta Physiologica Academiae Scientiarum Hungaricae 35, 1969



3 1 4 A. SULYOK et al.

al. 1962). Apart from the lum boadrenal v e in , the existence o f o th er venous 
drainages m ay also be assum ed (D o n á t h  1957, H a r r is o n  and H o e y  1960).

In  th e  present experim ents th e  changes in adrenocortical horm one secre
tio n  accom panying severe loca l venous congestion  and the m echanism s respon
sib le  for them  have been analysed  in anaesthetized  dogs. V enous outflow  
from  th e  adrenal gland w as reduced by about 75%  of the in itia l va lu es and 
th e  o u tp u t of hydrocortisone and corticosterone into the lum boadrenal vein  
an d  th e  thoracic duct lym ph w as estim ated . T he effects of venous obstruction  
on th e  arterial corticoid level, on adrenal oxygen  consum ption and on adrenal 
v en o u s pressure were also stu d ied  and the effect o f ACTH on th e  ab ove param 
eters o f  adrenocortical fu nction  has been analysed.

Methods

F if te e n  m ongrel dogs w eig h in g  13 to  27 kg w ere  u sed  in  th e  e x p e rim e n ts ; a n ae s th es ia  
w as in d u c e d  b y  30 m g/kg b o d y  w e ig h t o f sod ium  p e n to b a rb ita l.

T h e  an im a l w as tra c h e o to m iz e d , th e n  th e  r ig h t  fem o ra l a r te ry  a n d  v e in , th e  le f t  com 
m o n  c a ro tid  a r te ry , an d  th e  th o ra c ic  d u c t w ere c a n n u la te d . T he le ft lu m b o a d re n a l v e in  w as 
ex p o se d  th ro u g h  an  ab d o m in a l m id lin e  incision , a n d  a  p o ly e th y len e  c an n u la  w ith  a n  in te rn a l 
d ia m e te r  o f  2.5 to  3.5 m m  w as p u sh e d  fo rw ard  to  th e  edge o f th e  ad ren a l g lan d . T h e  ad ren o - 
c a v a l v e in  a n d  th e  s id e -b ran ch es o f  th e  lu m b o a d ren a l v e in  were lig a ted . A f te r  c losing  th e  
w o u n d , 300 I.U ./k g  b o d y  w e ig h t o f  h e p arin  w as g iv en  in trav en o u s ly , a n d  t ra n s fu s io n  o f  
h e p a r in iz e d  blood o b ta in e d  fro m  a  d o n o r dog w as s ta r te d .  T he can n u la  in se r te d  in to  th e  
lu m b o a d re n a l  v e in  was led  o u t  th ro u g h  a  la te ra l  ab d o m in a l incision an d  th e  b lo o d  flow ing  
o u t  o f  th e  a d ren a l g land  w as a llow ed  to  d ro p  on  th e  m em b ran e  of a  p iezoelectric  s ig n a l t r a n s 
d u c e r  o f  a  J a c q u e t  d ro p -reco rd er. A d re n a l b lood flow  w as reco rded  on a Z im m erm an n  k y m o 
g ra p h . F o r  th e  d e te rm in a tio n  o f co rtico id s , b lood a n d  ly m p h  were co llected  in to  g ra d u a te d  
c y lin d e rs  p lac ed  in to  an  ice -b a th .

T h e  b lood  and  ly m p h  sam p le s w ere c en trifu g ed  in  a  co ld -cham ber, th e n  c o n c e n tra 
t io n s  o f  h y d ro co rtiso n e  a n d  co rtico s te ro n e  in  p la sm a  a n d  ly m p h  w ere d e te rm in e d . A fte r 
e x tr a c t io n  a n d  p u rif ic a tio n  in  ch lo ro fo rm  a n d  d is tilled  w a te r , th e  sam ples w ere  tra n s fe rre d  
o n  W h a tm a n  No. 1 p a p e r in  n itro g e n  stre am . A fte r  re p e a te d  p u rif ic a tio n  a n d  c h ro m a to g ra p h y  
in  th e  B u s h  B 5 system , th e  sp o ts  w ere  developed  w ith  té traz o liu m  b lue th e n  e lu a te d  and  
h y d ro c o rtiso n e  an d  co rtico s te ro n e  co n te n ts  w ere d e te rm in ed  p h o to m e tric a lly . C orticoid  
c o n c e n tra t io n  in  a r te r ia l  b lood  p la sm a  w as e s tim a te d  s im ila rly  in  sam ples o b ta in e d  th ro u g h  
a  T -c a n n u la  from  th e  com m on c a ro tid  a rte ry .

H a e m a to c r i t  va lue  o f a r te r ia l  a n d  a d ren a l v en o u s b lood  w as d e te rm in ed  b y  c e n tr ifu g a 
t io n  in  c ap illa ry  tu b es , u sin g  a  M S E  h a e m a to c rit  cen trifu g e .

O xy h aem o g lo b in  in  b lood  sam ples w ith d raw n  fro m  th e  com m on c a ro tid  a r te ry ,  and  
th e  fe m o ra l an d  lu m b o ad ren a l v e in s  w as d e te rm in e d  b y  an  E lem a— S ch ö n an d er o x y m ete r.

O xygen  consum ption o f  th e  adrenal gland was calculated from the haem oglobin  
c o n te n t  as determ ined on the basis o f  the haem atocrit value (H awk e t al. 1954), arterial and 
lum boad renal venous oxygen  saturation , and lum boadrenal blood flow.

A fte r  co n tro l periods, th e  c a n n u la  in se rted  in to  th e  lu m b o ad ren a l v e in  w as co n str ic ted  
to  re d u c e  v enous ou tflo w  b y  a b o u t  75%  of th e  in it ia l  v a lu e ; a  m an o m e te r a t ta c h e d  to  th e  
c a n n u la  b e tw ee n  th e  site  o f  o b s tru c tio n  a n d  th e  a d ren a l g lan d  served fo r c o n tin u o u s  m o n ito r
in g  o f  a d re n a l  venous p ressu re . T h e  can n u la  w as c o n s tr ic te d  fo r ab o u t one a n d  a h a lf  hours 
d u r in g  w h ic h  fo u r ad ren a l a n d  fe m o ra l v enous a n d  a r te r ia l  blood sam ples w ere  w ith d raw n . 
A f te r  th e  second  b lood co llection , 5 I .U . o f  A C T H  (O rg an o n  L td .,  Oss, N e th e r la n d s )  were 
g iv en  in tra v e n o u s ly . B efore a n d  a f te r  c o n stric tio n , b lo o d  sam ples w ere co llec ted  tw ice .

A r te r ia l  blood p re ssu re  in  th e  fem ora l a r te ry  a n d  re sp ira to ry  r a te  w ere  m easu red  
c o n tin u o u s ly  th ro u g h o u t th e  e x p e rim e n t.

S ta tis t ic a l  analysis o f th e  d ifferences b e tw een  co n tro l an d  ex p erim en ta l re ad in g s  was 
u n d e r ta k e n  b y  S t u d e n t ’s  t- te s t.
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Results

Adrenal venous blood pressure and corticoid output during congestion

R eduction of adrenal venous outflow to  about fourth of the control value  
caused adrenal venous blood pressure to  increase to  about 65 m m  H g beside 
a m ean arterial pressure o f 110 mm H g (Table I). In  the course o f  congestion , 
how ever, venous pressure was successively dim inished, the rate o f  decrease 
attain ing 10 mm H g on the average during a period of 30 m in (p <  0.01).

The average hydrocortisone and corticosterone output in to  th e  lum- 
boadrenal vein w as 14.1 and 6.3 /tg/hour/kg body w eight, respectively ,

Table I

E ffect o f  severe local venous congestion on adrenal glycocorticoid secretion ( M e a n ±  S .E .M .)

Control values
Congestion After

congestionI II

'S
>

”c3
сVv

Blood flow, 
m l/m in

4.80

± 0 .5 1

1.13+

± 0 .1 1

1.11+

± 0 .1 0

3.51*

± 0 .4 8

Venous p ressure , 
m m  Hg

- 6 .8

± 1 .5

58.1+

± 3 .2

43.1+* 

± 3 .5

- 3 .7 *

± 0 .7
nsяо H ydrocortisone  o u tp u t, 27.1 14.1+ 12.7+ 28.1*

//g /hour/kg  b o d y  w eight ± 6 .5 ± 3 .2 ± 3 .1 ± 7 .1

C orticosterone o u tp u t, 11.7 6.3+ 5.5+ 10.2*
/(g /hour/kg  b o d y  w eigh t ± 1 .9 ± 0 .8 ± 0 .7 ± 1 .3

L ym ph  flow , 0.75 0.73 0.69 0.69

о
S3

m l/m in ± 0 .1 2 ± 0 .0 9 ± 0 .0 8 ± 0 .0 9

ns
' О H ydrocortisone  o u tp u t, 0.68 1.87+ 2.10+ 0.50*
CŰ
VIо

/ig /hour/kg  b o d y  w eight ± 0 .2 0 ± 0 .7 4 ± 0 .5 2 ± 0 .1 0
М
н

C orticosterone o u tp u t, 0.20 0.69+ 0.45 0.26
^g /h o u r/k g  b o d y  w eigh t ± 0 .0 3 ± 0 .2 4 ± 0 .1 4 ± 0 .0 9

8 ,3 H ydrocortisone, 24.0 30.4 26.3 29.9

'а  > /tg/100 m l ± 4 .4 ± 5 .5 ± 7 .6 ± 7 .8

«
s  е C orticosterone, 17.1 13.3 19.1 20.8

< /ig/100 m l ± 5 .9 ± 3 .9 ± 7 .6 ± 4 .2

A rte ria l blood pressure 114.5 108.4 113.5 113.3
m m  H g ± 6 .9 ± 6 .6 ± 5 .5 ± 4 .6

B etw een  I an d  I I ,  5 I .U . A C TH  was g iven  in tra v e n o u s ly . F o r  sy m b o ls , see F ig . 1.
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during  congestion, i.e. a b o u t 40 to  50% lower th an  the control va lues (F ig . 1 
and  T a b le  I). Horm one o u tp u t through the thoracic duct was increased alm ost 
th ree  tim es, while lym ph flo w  w as unchanged.

Adm inistration o f  5 I . U . o f ACTH during congestion failed to  enhance  
cortico id  output, but som ew h at increased adrenal venous blood pressure.

F ig . 1 . P e rcen tile  changes in  a d re n a l  oxygen  c o n su m p tio n  (A , b ro k en  line), a r te rio -v e n o u s  
o x y g e n  s a tu ra tio n  d ifference ( B ) ,  a n d  secretion  r a te  o f h y d ro co rtiso n e  (open  b locks) an d  
c o rtic o s te ro n e  (ha tched  b locks) in  th e  lu m b o ad ren a l v e in  (C )  a n d  th e  th o rac ic  d u c t  ( D ) ,  
d u r in g  sev e re  local venous c o n g es tio n . A drenal v en o u s o u tflo w  (m easured  in  th e  lu m b o 
a d re n a l  v e in ) is ind ica ted  b y  a  so lid  line  in  section A. M ean  S .E .M .; s ta tis t ic a lly  s ig n ifican t 
d iffe re n ce s  as com pared to  c o n tro l  v a lu e s  are in d ic a te d  b y  +, an d  those  co m p ared  to  p re 

v io u s values by*

Acta Physiologica Academiae Scienliarum Hungaricae 35, 1969



E F F E C T  O F  L O C A L  V E N O U S  C O N G E S T I O N ,  I L 317

This was followed b y  a dim inution in pressure at about the sam e rate as th a t  
observed prior to  th e  adm inistration of ACTH. W ith in  an hour after release  
o f th e  constriction, corticoid secretion returned to  control values, w hile adrenal 
blood flow did n o t atta in  the preobstruction value.

Mean arterial hydrocortisone and corticosterone levels som ew hat in 
creased in the course o f the experim ents, but th e  differences were n ot sign ifi
can t statistica lly  (Table I). Arterial hydrocortisone and corticosterone concen
trations (2 4 .0 ^ 4 .4  and 1 7 .1 ± 5 .9  /tg/100 ml plasm a, respectively) d id n o t differ 
sign ificantly from  th e control levels  observed in  th e  thoracic duct lym ph  
(3 5 .3 ^ 1 1 .1  and 1 4 .0 ^ 2 .6  pg/lQO ml plasm a, respectively).

Table II

E ffect o f  local venous congestion on adrenal oxygen consum ption , oxygen sa tura tion  a n d
haematocrit value. M ean  ±  S .E .M .

Congestion
After

t I II congestion

A d ren a l oxygen co n sum ption , 7.6 3.2+ 3.3+ 6.5*
m l/m in/100 g ± 1 -0 ± 0 .4 ± 0 .5 ± 0 .8

Coo4- L u m b o ad ren a l vein 79.9 73.3+ 74.1+ 80.3*

fiо
± 1 .6 ± 1 .6 ± 1 .8 ± 1 .4

м C om m on c a ro tid  a rte ry 88.0 87.3 88.7 90.2

ceen ± 0 .9 ± 1 .9 ± 1 .7 ± 0 .7

а
<vbß Fem oral vein 45.2 42.8 41.5 40.2
и

О ± 4 .3 ± 3 .2 ± 1 .3 ± 3 .5

L u m b o ad ren a l vein 52.5 51.1 49.4 50.5
Тноо ± 2 .6 ± 4 .0 ± 3 .7 ± 1 .8
се
80) Com mon c a ro tid  a rte ry 53.5 51.6 53.3 52.6
ьн ± 3 .3 ± 4 .0 ± 4 .2 ± 3 .2

B etw een I a n d  II, 5 I.U . A C T H  w as given in tra v e n o u s ly . F o r  sym bols, see F ig . 1.

Adrenal oxygen consumption during local congestion

As shown in  Table II , m ean adrenal oxygen consum ption was 7.6 m l/m in/ 
100 g in the control periods. A fter a 75%  reduction o f venous outflow , adrenal 
oxygen  uptake w as reduced, sim ilarly to corticoid output, by 40 to  50%  
on ly  (Fig. 1), and th is value w as n o t consistently  altered by the in travenous  
adm inistration o f 5 I.U . of ACTH. After release o f  the constriction, oxygen  
consum ption was restored to near the control value.
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O xygen saturation o f lum boadrenal venous blood was h igh in  th e  control 
p eriod s, being only 8%  low er than arterial saturation, whereas in  th e  resting  
h in d lim b  venous oxygen  saturation  was a lm ost 40%  less than arterial satura
tio n . T he difference in oxyhaem oglobin  co n ten t betw een arterial and adrenal 
v en o u s blood was increased during local ven ou s congestion (Fig. 1 and Table II).

T he average haem atocrit value in  arterial and adrenal venous blood 
w as essentia lly  the sam e. Lum boadrenal ven ou s haem atocrit w as not affected  
b y  lo ca l venous congestion  (Table II).

D iscussion

In  a c c o rd a n c e  w i t h  p r e v io u s  o b s e r v a t io n s  (M ono s  e t  al. 1969), local 
v e n o u s  co n g e s t io n  in  t h e  a d r e n a l s  w a s  a s s o c ia te d  w i th  a d i s p r o p o r t i o n a l  d im i n u 
t i o n  o f  a d r e n o c o r t ic a l  h o r m o n e  o u t p u t  b u t  t h e  dec rease  in  c o r t i c o id  se c re t io n  
a m o u n t e d  to  40 to  50%  i n  c o n t r a s t  to  a  75%  d e c re a s e  in  b lo o d  f lo w .

D uring severe ven ou s congestion, th e  release of corticoid horm ones into  
th e  lum boadrenal vein  is n o t a reliable m easure of the total horm one output, 
sin ce  th e  am ount o f steroids secreted in to  th e  lym ph is considerably aug
m en ted  under such conditions. N evertheless, the excess ou tp u t observed in 
th e  thoracic  duct covers on ly  about 5 to  10%  o f the deficit in  cortico id  output 
m easured  in the lum boadrenal vein . U nder conditions o f undisturbed  adrenal 
v en o u s outflow  the release o f  corticoids in to  th e  lym ph vessels is insignificant, 
as c learly  indicated b y  th e  lack  o f a sign ifican t difference betw een  arterial and 
th o ra c ic  duct corticosteroid levels. Sim ilar observations were m ade b y  S t a r k  
e t al. (1962) who found increased corticoid  levels  in the lym ph after com plete  
occ lu sion  of adrenal ven o u s outflow .

In  congestion due to  partial obstruction  o f the lum boadrenal vein  the 
role p layed  by other v ein s in  th e  transport o f corticoid horm ones m ust also 
b e considered. The progressive dim inution o f venous pressure during the  
ex p erim en t m ight have been  due to  th e  opening of by-passes, although the  
p resen t experim ents did n o t prove this p o ssib ility , as the d im inution  in  venous 
pressure could have been th e  result of an increase in intra-adrenal resistance. 
A rteria l corticoid concentrations did n o t change significantly during venous 
con gestion , nevertheless, considering th e  degree of dilution and th e  m any  
in terfer in g  factors, it  is im possib le to conclude from variations in  peripheral 
horm on e concentration to  an altered adrenal secretion rate.

T he reduction in  adrenal oxygen consum ption  was in proportion with  
th e  d im inution of corticoid output into th e  lum boadrenal vein , i.e . it  w as con
sid era b ly  less decreased th an  was venous outflow . This was due first o f all 
to  th e  increase in arterio-venous oxygen  saturation , since th e  haem atocrit, 
a reliab le  measure o f  haem oglobin con ten t, did not change sign ificantly.

Acta Physiologien Academiae Scienliarum Hungaricae 35, 1969



EFFECT OF LOCAL VENOUS CONGESTION, IL 319

It was striking th a t even  th e  augm ented arterio-venous saturation difference 
should have am ounted to  one third only o f th e  v a lu e  measured in the resting  
hindlim b. Thus, if  som e deterioration of the secretory  capacity o f th e  adreno
cortical cells occurred in these experim ents, it  could  not be the result o f a 
deficient oxygen supply . Considering also the m orphological data ( F l i n t  1900), 
it m ay be supposed th a t high capacity arterio-venous shunting ex ists in the  
adrenal gland, thus, oxygen  saturation in adrenal venous blood is on ly  an 
indirect m easure o f  the extraction  of oxygen in  th e  adrenocortical capillaries. 
The oxygen consum ption m easured in the present experim ents referred to  the 
whole gland, how ever, in  v iew  o f the finding th a t the weight o f th e  cortex  
is about 5 tim es th a t o f the medulla (M o n o s , unpublished observation) it 
m ight be concluded th a t a substantial fraction  o f th e  oxygen is consum ed  
by the cortical cells.

The present results indicate that the d im inution  of corticoid output 
during local venous congestion  was not due to  th e  dim inution of ACTH input, 
since during congestion  large amounts of ACTH  given intravenously failed  
to  enhance corticoid secretion and adrenal o x y g en  uptake. Previous obser
vation s have indicated  (M o n o s  et al. 1965) th a t in  m ajority of the experim ents  
of th is ty p e  the adrenal cortex secretes at a m axim al rate owing to th e  surgical 
stress; consequently , ACTH supply to the adrenal gland m ight be supram axi
m al and the reduced adrenal blood flow due to congestion  could not be associated  
w ith  such a reduction o f ACTH input that w ould h ave accounted for the dim inu
tion  o f corticoid secretion. The possibility cannot, however, be excluded  that 
th e  blood supply to  the adrenal cortex was dim inished less than w h at could  
be inferred from th e changes in lum boadrenal outflow .

Thus, it  seem s th a t the slight deterioration o f adrenocortical secretory  
a ctiv ity  w as due m ain ly  to  the increased ven ou s pressure which during con
gestion exceeded h a lf o f the m ean arterial pressure. The observed high venous 
pressure indicates also th e  presence of shunts in  th e  adrenal circulation. I t  is 
reasonable to  assum e th a t congestion resulted in  enhanced filtration  o f fluid  
in to  the extracapillary space which obviously increased the d istance betw een  
the surface o f the secreting cells and the capillary endothelium .

It is rem arkable th a t the rate of corticosteroid  secretion should so well 
be preserved during severe venous congestion, and th e  dim inution o f horm one 
output and oxygen  consum ption should be reversible after congestion lasting  
for 1 or 2 hours.
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EFFECT OF LOCAL VENOUS CONGESTION 
ON ADRENOCORTICAL FUNCTION

I I I .  A D R E N A L  CORTICAL A N D  M E D U L L A R Y  BLO O D  FL O W

B y

E. M o n o s , Z s u z s a n n a  B író , A. S u l y o k  and A. G. B. K o v a c h

EXPERIMENTAL RESEARCH LABORATORY, UNIVERSITY MEDICAL SCHOOL, BUDAPEST 

(R eceived J a n u a ry  22, 1969)

A dren al c o rtica l and  m ed u lla ry  b lood  flow  h as  been  s tu d ied  b y  th e  m eth o d  
of H 2 w ash o u t u n d e r  basal co n d itio n s a n d  d u rin g  severe local v enous con g estio n  in  
dogs. A d ren al ven o u s outflow  a n d  p ressu re  w ere m easu red  b y  th e  d irec t m e th o d , 
an d  oxygen co n su m p tio n  was d e te rm in e d  on th e  basis o f a rte rio -v en o u s s a tu ra tio n  
differences.

E ffec tiv e  co rtica l and m e d u lla ry  b lood  flow s were 0.84 a n d  0.92 m l/m in /g , 
re sp ec tive ly , w h ereas to ta l  a d ren a l b lood flow  (v en o u s outflow ) w as 4.21 m l/m in /g . 
D uring  congestion  induced  by  c o n s tr ic tio n  of th e  v en o u s can n u la , co rtica l a n d  m ed u l
la ry  blood flow s w ere con sid erab ly  less d ecreased  th a n  w as venous o u tflo w . B o th  
co rtica l and  m e d u lla ry  blood flow  re tu rn e d  to  n o rm al values a f te r  con g estio n  for 
60 to  90 m in.

The o b se rv ed  changes in  a d ren a l v enous p ressu re  and  oxygen  co n su m p tio n  
were in a g ree m e n t w ith  p rev ious re su lts .

The re lia b ility  o f th e  o b ta in e d  v a lu es is d iscussed . I t  ap p ears  t h a t  m ed u lla ry  
flow  has been u n d e res tim a ted  b y  th e  em ployed  m eth o d .

I t  has been found in previous experim ents from this laboratory that  
the adrenal cortex is relatively in sen sitive to  the effects of local venous conges
tion , as hydrocortisone and corticosterone release by the lum boadrenal vein , 
and oxygen  consum ption of the gland are dim inished far less th an  adrenal 
venous outflow. I f  b lood flow dim inished b y  about 75%  and venous pressure 
increased to 50 to  60 mm Hg, th e  secretory capacity  o f the adrenal cortex  
was reduced only b y  about 50% . D uring severe venous congestion, th e  lym ph  
vessels have been show n to participate in the transport of corticoid horm ones 
(M o n o s  et al. 1969 and S u l y o k  et al. 1969).

Since the adrenal gland has an intricate vascular structure ( F l i n t  1900; 
B a c h m a n n  and S c h a r r e r  1954; H a r r i s o n  and H o e y  1960; S y m i n g t o n  1962) 
it  is possible th at b lood  П олу through th e  cortex is m uch less dim inished than  
w h at would be exp ected  on the basis o f the reduction of venous ou tflow  from  
the adrenal gland. T he aim of the present work was to test th is possib ility .

Owing to m ethodical difficulties, blood flow  in the various layers of 
the adrenal has scarcely been studied . Several im portant data on adrenal 
m edullary and cortical blood Полу have recently  been furnished by K r a m e r  
and S a p i r s t e i n  (1967).
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In  the present exp erim en ts, for the determ ination  of adrenal blood flow  
a m eth o d  has been chosen  w hich is su itab le for th e  m easurem ent o f blood  
su p p ly  to  small regions and  allows repeated estim ations to  be m ade w ithin  
a sh o rt period. Local cortica l and m edullary blood flow s were established  
sim u ltan eou sly  w ith adrenal venous outflow  in anaesthetized dogs, under  
a cu te  conditions. After con tro l values had been determ ined, severe venous  
co n g estio n  was induced b y  reducing venous outflow  by about 75% , and the  
in tra-adrenal distribution o f b lood  flow  was estim ated . Adrenal oxygen  uptake, 
arteria l and lum boadrenal ven ou s mean pressures were recorded prior to  and  
during  congestion.

M ethods

E x p e rim en ts  were m ad e  o n  11 m ongrel dogs w eigh ing  13 to  27 kg  a n d  a n ae sth e tize d  
in tr a v e n o u s ly  w ith  30 m g/kg  o f  so d iu m  p e n to b a rb ita l.

B lo o d  flow in  th e  a d re n a l c o r te x  an d  m ed u lla  w as e s tim a te d  b y  th e  H 2-w ash o u t te c h 
n iq u e  desc rib ed  by  Au k l a n d  e t  a l. (1964). T he le f t  a d re n a l g lan d  was exposed  th ro u g h  an  
a b d o m in a l  m idline incision, th e n  a  p o ly e th y len e  c a n n u la  w as in se rted  in to  th e  lu m b o a d ren a l 
v e in ,  a n d  p la tin u m  electrodes 0.8 m m  in  d iam e te r w ere  in tro d u c ed  in to  c o rte x  a n d  m ed u lla  
to  m e a su re  changes in  tissu e  H 2 c o n ce n tra tio n  (F ig . 1). T he e lectrodes w ere in su la te d  w ith

F ig . 1. D iag ram  show ing th e  p o s it io n  o f th e  p la tin u m  e lec tro d es in tro d u ced  in to  th e  a d ren a l 
to  m e a su re  tissue H 2 c o n c e n tra tio n  an d  of th e  c an n u la  in se r te d  in to  th e  lu m b o a d ren a l ve in . 

E c, c o r tic a l e lectro d e ; E m, m e d u lla ry  e lectrode

I n s  1 =  X , leaving an a c t iv a te d  free  p a r t  of 0 .8  to  1 .0  m m . T h e  in d iffe ren t e lec tro d e  of th e  
c i r c u it  w as a calomel e lec tro d e  in tro d u c e d  u n d e r th e  sk in  o f th e  fem oral reg ion  v ia  a p o ly 
e th y le n e  tub ing -K C l ag ar b rid g e . T h e  e lectrodes w ere a tta c h e d  to  a K ip p  B D -3 M icrograph , 
th r o u g h  a n  a tte n u a to r-c o m p e n sa to r  u n it  co n stru c ted  in  o u r la b o ra to ry  b y  P . S á n d o r , E . 
P á s z t o r , Gy . R eisch l  a n d  A . G. B . K ovách . T he u n i t  in c lu d ed  th e  v a riab le  w o rk in g  resis
ta n c e s  to  th e  electrodes, a n d  th e  d r y  b a tte rie s  an d  p o te n tio m e te rs  securing  th e  f ix e d  po sitiv e
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po lariz ing  p o ten tia l o f a b o u t  250 m V supplied  to  th e  m easu rin g  e lectrodes. T h is  v o ltag e  was 
co m p en sa ted  tow ards th e  M icro g rap h  a d ju s te d  to  a  m easu rin g  ran g e  of 0.1 o r  0.25 mV. The 
eq u ip m e n t allow ed successive coup ling  of 3 p la tin u m  e lec tro d es d u rin g  one m easu rem en t.

H 2 sa tu ra tio n  of th e  tis su es  was a tta in e d  by  in h a la tio n  o f th e  gas. O p tim u m  sa tu ra 
tio n  level was o b ta in ed  a f te r  H 2 h a d  been in tro d u ced  in to  th e  tra c h e a l can n u la  a t  a ra te  o f 
10 to  20 m l/m in  fo r 3 to  5 m in . T he d e sa tu ra tio n  e x p o n en tia ls  reco rd ed  b y  th e  M icrograph 
w ere tran s fe rre d  to  sem ilo g arith m ic  p a p e r; th e  slope of th e  line  th u s  o b ta in e d  is p ro p o rtio n a l 
w ith  blood flow w hich w as c a lcu la te d  on  hasis o f th e  e q u a tio n ,

a n d  expressed  in  m l/m in /g  (K e t y  1960). I I , c o n cen tra tio n  o f  a r te r ia l  blood d u rin g  d e sa tu ra 
tio n  w as considered  zero, th e  p a r ti t io n  coefficient (A) o f  h y d ro g en  be tw een  tissu e  and 
blood an d  specific g ra v ity  o f  th e  a d re n a l tissue w ere re g a rd e d  as 1.

A drenal oxygen u p ta k e  w as d e te rm in e d  on th e  b asis  o f th e  a rte rio -v en o u s (lum bo- 
ad ren a l)  oxygen sa tu ra tio n  d ifferen ce , a d ren a l venous o u tflo w , a n d  h aem oglob in  c o n te n t as 
e s tim a te d  from  th e  h a e m a to c r it  v a lu e  by  m eans of th e  n o m o g ram  of H a w k  e t al. (1954). 
R e la tiv e  oxyhaem oglobin  c o n te n t  o f blood sam ples o b ta in e d  fro m  th e  lu m b o a d ren a l and 
fem ora l veins and  th e  com m on  c a ro tid  a r te ry  was m easu red  b y  an  E le m a — S ch ö n an d er o x y 
m ete r. H a em a to c rit w as d e te rm in e d  in  glass capillaries, b y  cen trifu g a tio n  fo r 10 m in  in  a 
M SE m ic ro h aem ato c rit c en trifu g e .

A rte ria l an d  a d re n a l v en o u s  p ressure  and  re sp ira to ry  ra te  were m o n ito red  con
tin u o u s ly  th ro u g h o u t th e  e x p e rim e n t.

A fte r  d e te rm in in g  tw o  c o n tro l v a lues, th e  lu m b o a d ren a l can n u la  w as co n str ic ted  to  
red u ce  ad ren a l venous o u tflo w  to  a b o u t 25%  of th e  in itia l v a lu e . D u ra tio n  o f congestion  was 
1 to  1 an d  a h a lf  h our, d u rin g  w h ich  tw o m easu rem en ts w ere p e rfo rm ed . A fte r  re leasing  th e  
co n str ic tio n , fu r th e r  tw o e s tim a tio n s  w ere m ade.

S ta tis tic a l analysis o f  th e  v a lu es w as u n d e rta k en  b y  St u d e n t ’s i- te st.

Results

1. Adrenal cortical and medullary blood flo w  under basal conditions

Mean blood flow  in th e  adrenal cortex and m edulla was 0.84 and 0.92 
m l/m in/g, respectively, th e  sim ultaneously determ ined venous outflow  attained  
4.21 m l/m in/g, about 5 tim es the value obtained b y  the H 2-w ashout technique  
(Table I). The difference betw een cortical and m edullary blood flow  was not 
sign ificant statistically .

The correlation coefficien t for effective and to ta l blood flow  was 0.49 
for the cortex, and 0.60 for the medulla; neither o f  these values was significant 
sta tistica lly  (p =  0.10 and 0.10 /> p /> 0 .0 5  resp ectively ).

In agreem ent w ith  previous data (S u l y o k  et al. 1969) to ta l adrenal 
oxygen  consum ption averaged 8.9 m l/m in/100 g, the difference in oxygen  
saturation of arterial and adrenal venous blood w as 8.7% ; arterial and adrenal 
venous haem atocrit va lues did not differ sign ifican tly  (Table II).

2. Effect o f congestion on cortical and m edullary blood flow

An about 75% reduction  of venous outflow  resulted in a 40%  dim inution  
of cortical and m edullary tissue flow  (Fig. 2). M ean blood flow  in the first 
and second part of congestion , w ith an interval betw een  the tw o m easurem ents
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Table I
Cortical and m edullary blood f lo w  during severe adrenal venous congestion

Control
Congestion

I II congestion

1 0 .8 5 0 .4 5 — 0 .8 7
2 1 .24 0 .7 1 0 .9 5 1 .2 6

3 0 .5 4 0 .3 4 0 .3 3 0 .6 2
4 0 .31 0 .2 1 0 .1 9 0 .2 5

5 1 .22 1 .1 5 0 .8 3 1 .98
о 6 0 .6 0 0 .4 2 0 .2 2 0 .5 1
о

и 7 0 .3 4 0 .3 7 0 .3 5 0 .5 5

8 1 .16 0 .9 5 0 .9 8 1 .26

9 0 .91 0 .3 6 0 .3 8 0 .5 7

10 1 .20 0 .7 7 0 .7 9 1 .63

M ean 0 .8 3 7 0 .5 7 3 0 .5 5 8 0 .9 5 0
±  S .E .M . 0 .1 1 6 0 .0 9 7 0 .1 0 7 0 .1 7 7

1 1 .26 0 .7 1 — 1.01

2 0 .2 6 0 .2 1 0 .2 5 0 .4 0

3 0 .8 0 0 .2 4 0 .3 1 0 .6 3

4 0 .41 0 .2 5 0 .2 0 0 .4 1

5 1 .47 0 .9 4 0 .4 0 2 .2 6
triЛ 6 0 .81 0 .6 4 0 .3 9 1 .28
3 7 0 .9 5 0 .5 8 0 .7 3 1 .08

S 8 0 .8 7 0 .6 0 0 .6 5 0 .85

9 0 .8 7 0 .4 1 0 .4 6 0 .8 5

10 1.39 1.01 1 .16 2 .2 8

11 1.03 0 .4 4 0 .4 3 0 .8 7

M ean 0 .9 2 0 0 .5 4 8 0 .4 9 8 1 .0 8 4
±  S .E .M . 0 .1 1 2 0 .0 8 2 0 .0 9 0 0 .1 9 4

1 4 .5 5 1 .6 4 — 4 .6 6

2 2 .97 0 .7 5 0 .7 1 2 .9 2

3 3 .11 0 .9 7 0 .8 4 3 .21

4 3 .01 0 .6 3 0 .6 0 2 .7 5

5 6 .76 1 .21 0 .8 6 6 .4 2

6 4 .9 6 1 .3 9 1 .51 4 .2 9

O 7 3.61 0 .9 8 0 .91 3 .4 3
H

8 6 .4 6 1 .3 8 1 .4 6 5 .0 4

9 2 .55 0 .6 6 0 .6 3 2 .1 6

10 4 .9 0 1 .36 1 .16 5 .75

11 3 .45 0 .8 7 0 .8 0 3 .5 1

M ean 4 .2 1 2 1 .0 7 6 0 .9 4 8 4 .0 2 8

±  S .E .M . 0 .4 3 3 0 .1 0 2 0 .1 0 2 0 .4 0 9
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o f about 40 to  60 m in, atta ined  0.57 and 0.56 m l/m in/g  in the cortex, and  0.55  
and 0.50 m l/m in/g in the m edulla (Table I).

As show n in Table I I , m ean arterial pressure did not change m arkedly  
during th e  congestion  period. Adrenal venous pressure showed a sim ilar in 
crease as th a t observed in previous experim ents; also in agreement w ith  earlier 
results, there occurred a successive dim inution o f venous pressure during  
congestion, th e  difference betw een values ob ta ined  at an interval o f  a b o u t 40  
m in being significant sta tistica lly  (p <  0.05).

The reduction o f adrenal oxygen consum ption  was about 50 to  55%  
(Fig. 2), th u s, in agreem ent w ith  previous resu lts, it was sm aller th a n  the  
reduction o f  venous outflow .

Adrenal arterio-venous oxygen saturation difference increased from  an 
in itial va lue o f 8.7%  to  14.1 and 17.7% . The h aem atocrit value did n o t change  
sign ificantly  during local congestion (Table II).

Table II

A d ren a l oxygen consum ption , arterio-venous oxygen  saturation difference, 
venous pressure  and  haem atocrit during  local venous congestion ( M ean ±  S .E .M .)

Control
Congestion

I II congestion

O xygen  consum ption , 8.88 3 .6 6 3.60 7.81
m l/m in /100  g ± 1 .6 1 ± 0 . 3 9 ± 0 .6 0 ± 0 .5 5

A rte rio -v en o u s sa tu ra - 8.73 14.09 17.67 8.18

a
l io n  difference, p e r cen t ± 1 .0 8 ± 1 .1 6 ± 1 .2 5 ± 0 .9 9

<v

<! V enous h aem a to c rit 51.9 53.7 52.7 52.6

± 1 . 4 ± 1 .5 ± 2 .1 ± 2 . 1

V enous p ressu re , —1.8 57.3 50.1 0.9
m m  Hg ± 2 .1 ± 4 .7 ± 4 .5 ± 1 . 7

H a em a to c rit 51.5 51.8 51.2 52.3

TS
' m

± 1 .5 ± 1 . 9 ± 2 .0 ± 1 .5
<v4->

-5
M ean pressure 101.8 100.0 99.0 94.1

± 4 . 7 ± 4 .6 ± 5 .5 ± 4 .7

After th e  constriction o f the adrenal cannula  had been released and  
congestion had  subsided, blood flow  and oxygen  consum ption were restored  
to  control values w ithin  30 min.
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%

F ig . 2 . P e rc e n tile  changes in  t o ta l  a d ren a l b lood flow  (o p en  blocks), effective c o rtic a l (h a tch ed  
b lo ck s ) a n d  m ed u lla ry  (solid  b lo ck s) blood flow , a n d  oxygen  consum ption  (d o t te d  blocks) 

du ring  local v e n o u s  congestion. V e r tic a l lines ind ica te  S .E .M .

Discussion

1. A drenal blood flo w  under basal conditions

E stim ation  of cortical and m edullary blood flow7 by the H 2-w ashout 
tech n iq u e  yielded su b stan tia lly  lower va lu es as calculated for u n it o f  tissue 
w e ig h t th an  did the sim ultaneously  determ ined venous outflow  expressed in 
id en tica l term s; the difference between th e  tw7o m ethods was considerable, 
d irect m easurem ent revealing values 4 to  5 tim es those obtained by th e  w ashout 
tech n iq u e .

I t  is questionable w h eth er the d iscrepancy can be accounted  for by  
certa in  physiological and m orphological characteristics of the canine adrenal 
g lan d . There are a few  d ata  indicating, b u t n o t proving, th at considerable  
sh u n tin g  o f blood flow  is possib le in the adrenal. According to F l i n t  (1900) 
th ere  are about 50 m edullary arteries w hich  run from the capsular plexus 
d irec tly  through the cortex  in to  the m edulla and the central veins. T he present 
in v estig a tio n s  have show7n th a t oxygen satu ration  of adrenal ven ou s blood  
is h ig h  even  under circum stances of m axim um  or nearly m axim um  secretory  
a c t iv ity , the difference b etw een  arterial and venous saturation a tta in in g  only 
8 .7%  in  th e  present experim ents, and 8.1%  in a previous study (S u l y o k  et al. 
1969). A t the same tim e, th e  difference betw een  venous saturation  in the 
righ t atrium  and arterial saturation , was 40 .1% , about 5 tim es m ore th an  the 
ad ren al arterio-venous d ifference. Provided th a t  there is no sign ifican t differ
ence in  oxygen  extraction  betw een  the adrenal and the other tissu es, the as
su m p tio n  that 75 to 80%  o f  the adrenal b lood  supply is d iverted  through
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vascular shunts w ould provide a reliable exp lanation  for the strik ingly  high  
oxyhaem oglobin concentration in adrenal ven ou s blood. This assum ption  was 
further supported b y  th e  finding th a t the reduction  of venous outflow  to  one 
fourth o f  the in itia l va lu e by constriction o f  th e  cannula draining th e  adrenal 
caused a rem arkable increase in venous pressure, up to values ranging betw een  
50 and 60 mm  H g. A lthough the values for b lood flow obtained b y  th e  H 2- 
w asliout technique w ere low as com pared to  th e  figures yielded b y  th e  direct 
m easurem ent of venous outflow , the obtained  readings are close to  th e  va lues  
found b y  others in th e  active m yocardium  ( A u k l a n d  et al. 1964). T h e obser
vations o f K r a m e r  and S a p i r s t e i n  (1967) y ie ld ed  2.1 m l/min/g for adrenocorti
cal blood flow , and 3.3 m l/m in/g for m edullary flow  in the rat; ow ing to  the  
species difference, th ese values cannot be com pared to the present results.

On m ethodological reasons one m ay raise objections against th e  use of 
the H 2 desaturation  technique for the m easurem ent of tissue b lood  supply  
at high rates o f flow . According to  A u k l a n d  et al. (1964), how ever, under  
appropriate conditions the m ethod is still su itab le  for the determ ination  of 
blood flow  up to 5 m l/m in/g, but it  is certa in ly  reliable in the range below  
1.5 m l/m in/g; the va lues obtained in the present experim ents were w ell below  
the la tter  lim it.

A further m ethodical problem is th e  recirculation of H 2, since it  has 
been assum ed th a t arterial H 2 concentration  is zero after desaturation  has 
started. This w as obviously  not the case, sin ce m erely the in itia l (m axim um  
30 to 40 sec) segm ent o f the w ashout curve can be distorted by arterial recircu
lation i f  saturation has been attained b y  H 2 inhalation (A u k l a n d  et al. 1964). 
In the present experim ents, the w ashout process took part in th e  m ajority  
of cases in th e  form  o f a single-com ponent exponential; occasionally , there  
was slight distortion  o f the curve in the in itia l segm ent (10 to 20 sec), therefore  
the slope of the lines on the sem ilogarothm ic paper was estim ated  on the  
basis o f  th e  segm ent th a t had been obtained  after 20 sec.

W hen determ ining adrenal m edullary b lood flow  by the w^ashout tech 
nique the problem  o f recirculation m ust be considered carefully. On basis of 
the intrinsic vascular structure ( H a r r i s o n  and H o e y  1960) it is reasonable  
to assum e that the blood derived from  th e sinusoid capillaries o f th e  cortex  
com es into direct con tact w ith the m edulla, causing continuous resaturation  
of the m edulla b y  the H 2 washed out o f  th e  cortex. Similar problem s arise 
when adrenal blood flow  is estim ated by ^R b-techn ique. In view  o f th ese  con
siderations it  appears that the obtained  va lu es for m edullary b lood  flow  
underestim ated th e  true blood supply to  th e  m edulla. Considering, how ever, 
th at in  the m ajority o f cases the w ashout curves were exponentia l w ith  a 
single com ponent also for the m edulla, it  seem ed  worth to report th ese  findings  
w ith the com m ent th a t their reliability  has to  be tested  in further experi
m ents.
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Presum ably, the in trod u ction  of the electrodes did not cause sign ifican t  
tissu e  destruction  as th e  shape o f the in itia l segm ent of the w ashout curves 
m ak es i t  difficult to  assum e th at there w ou ld  have been a great d iffusion  
d ista n ce  due to  a poorly perfused area around th e  electrodes. Furtherm ore, 
to ta l  adrenal blood flow  as calculated for u n it o f  w eight and oxygen  con 
su m p tio n  was not lower th an  th e  value obta ined  in  previous experim ents w here  
no electrodes had been used  (S u l y o k  et al. 1969).

2. Effect o f  congestion on adrenal blood f lo w

A drenal cortical and m edullary tissue flow s rem ained relatively u n a ffec t
ed  during severe local ven ou s congestion; th e  75%  decrease in ven ou s o u t
f lo w  w as associated w ith  reduction  of only 40%  tissu e flow.

T h e sm all reduction in  tissue blood su p p ly  m ay provide a sa tisfactory  
ex p la n a tio n  o f the earlier fin d in g  that local congestion  is accom panied b y  
a m u ch  sm aller decrease in  corticoid ou tput and oxygen consum ption than  
w h a t w ould  be expected in  v iew  of the grossly reduced lum boadrenal ven ou s  
o u tflo w  (M o n o s  et al. 1969; S u l y o k  et al. 1969).

T here is, however, no satisfactory exp lan ation  as to the m echanism s  
secu rin g  a satisfactory b lood  supply to th e  tissu es against the considerably  
in creased  venous pressure.

I t  is presum able th a t p art o f the blood supplied  to  the adrenal is drained, 
in stea d  o f the usual lum boadrenal route, b y  other veins, e.g. the con com itan t  
v e in s  arising from the capsular venous p lexus ( F l i n t  1900). I f  th is is true, 
cortica l horm one secretion ought to have con tin u ed  at an even higher rate  
th a n  w h a t has been inferred from  the m easurem ent of corticoid release in to  
th e  lum boadrenal vein and th e  thoracic duct. T here is, however, no reason to  
b e liev e  th a t the adrenocortical cells secrete th eir  horm ones into tw o or m ore 
sep arate  capillary system s.

A n  assum ption can also b e m ade concerning an active m echanism  secur
ing cap illary  flow  against th e  high venous pressure. Although the presence  
o f sp ec ia l longitudinal m uscular trabeculae em erging into the lum en o f  th e  
cen tra l ve in  and the m edullary veins had been reported ( B r u n n  1873; H e n 
d e r s o n  1927; S y m in g t o n  1962) their physio logica l significance has n o t been  
clarified . The possib ility  can n ot be excluded th a t  local venous con gestion  
elic its a vasom otor reflex w h ich  secures a h igher effective blood flow  in  th e  
adrenal tissu e at the expense o f  the by-pass. I t  is w ell known th at the n erve  
su p p ly  to  the intraglandular vessels is strik in gly  rich (A g a r k o v  1964), and  
b ioelectrica l changes synchronous w ith  a lterations o f  blood pressure h ave been  
reported  to  occur on the afferent nerves o f  th e  adrenal gland ( P i n e s  1962; 
N i i j i m a  and W i n t e r  1968).

A c ta  P h ysio lo g ica  A cadem iae Scien tiarurn  H u ngaricae  35, 1969



EFFECT OF LOCAL VENOUS CONGESTION, III. 329

The present results indicate unequivocally  th a t during venous conges
tion , part o f the flow  through the shunts is d iverted  tow ards the capillaries, 
since to ta l blood flow  w as on ly  tw ice as large as th e  effective tissue flow  dur
ing congestion, whereas it  was 4 to 5 tim es o f th a t in the in itial periods.

A m ethodological objection m ight be th a t congestion  due to constriction  
of the venous cannula m ight have caused a sh ift in adrenal pH  th a t could  
h ave interfered w ith  the estim ation of blood flow  b y  the H 2 w ashout technique. 
To check this possib ility , the baseline o f the equipm ent was carefully observed  
w hen venous obstruction w as started but H 2 w as not y e t  inhaled; th e  reduc
tion  o f venous outflow  b y  about 75% had no appreciable effect on the electrode  
potentia l, whereas it  abruptly changed on com pletely  occluding the cannula. 
This observation indicates th a t tissue blood supply  is satisfactory in th e  adren
als even during congestion o f such a high degree.
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CORTICOTROPHIN RELEASE INDUCED 
BY INJECTION OF FORMALIN IN RATS 

WITH HEMISECTION OF THE SPINAL CORD

By

G. B . M a k a r a , E. S t a r k  and K ata lin  M ih á l y

INSTITUTE OF EXPERIMENTAL MEDICINE, HUNGARIAN ACADEMY OF SCIENCES, RUDAPEST 

(R eceived N o v em b er 29, 1968)

A ffe ren t sp in a l p a th w ay s of th e  A C T H -re leasin g  stim u lus were s tu d ie d  in  r a ts  
w ith  h em isection  o f th e  th o rac ic  sp in a l cord . T h e  p lasm a  corticosterone  leve l rose  
s ig n ifican tly  less w hen  form alin  w as in je c te d  in to  th e  h ind lim b  c o n tra la te ra l  to  th e  
h em isection  th a n  w hen  i t  was in je c te d  in to  th e  h o m o la te ra l h ind lim b o r a b o v e  th e  
level o f  th e  lesion. I t  is suggested  th a t  m o st o f th e  f ib re s  w hich  convey A C T H -re leasin g  
no c icep tiv e  im pulses cross th e  m id line  a n d  a scen d  th e  sp in a l cord on th e  c o n tra la te ra l  
side ; o n ly  a m inor p o rtio n  of these  f ib res  seem  to  b e  hom ola tera l.

Som e stressors are known to  stim ulate ACTH secretion by th e  hypo- 
thalam o-hypophyseal un it via som atosensory pathw ays. It has been  show n  
that ACTH release induced by fracture o f th e  fem ur (Ma t s u d a  et al. 1964), 
electrical stim ulation  o f the leg ( R e d g a t e  1962) or subcutaneous in jection  
o f 3%  form alin (M a k a r a  et al. 1967) is suppressed after transection  o f th e  
spinal cord. In the present experim ents w e h ave studied the course o f the  
ascending spinal pathw ays m ediating the stim ulus of ACTH release induced  
by injection  o f 1% form alin. As an indicator o f ACTH release th e  plasm a  
corticosterone level w as estim ated.

Methods

R an d o m -b red  m ale ra ts  of W ista r o rig in  w eigh ing  160— 230 g were used . T h e y  w ere 
housed a t  24 ±  1 °C an d  65 ±  10%  h u m id ity  a n d  rece iv ed  com m ercial r a t  p e lle ts  a n d  ta p  
w a te r a d  lib .

T he r a ts  w ere a n aesth e tized  w ith  e th e r  a n d  la m in e c to m y  w as perform ed a t  th e  lev e l 
o f th e  se v e n th  cerv ica l v e r te b ra . The d u ra  w as incised  in  th e  m id line  and th e  le f t  sid e  o f  th e  
cord w as tra n se c te d  w ith  a  sm all sharp  b lad e . A fte r  th e  o p e ra tio n  th e  ra ts  re ce iv e d  1.5 m g  
of O x y te tracycline  fo u r tim es  daily . In  th e  case o f t r a n s i to ry  u rin e  re te n tio n  th e  b la d d e r  w as 
em p tied  b y  m an u a l p ressu re  th ree  tim es da ily .

O ne w eek a fte r  o p e ra tio n  th e  ra ts  w ere d iv id ed  a t  ra n d o m  in to  four g roups a n d  in je c te d  
w ith  physio log ical sa line  o r 1%  form alin  in  sa line  as sh o w n  in  T ab le  I. One h o u r  la te r  th e y  
were an ae sth e tize d  w ith  e th e r  an d  bled  fro m  th e  a b d o m in a l a o r ta  w ith in  2 m in u te s . P la sm a  
co rticosterone  w as d e te rm in ed  b y  th e  m eth o d  o f G u il l e m in  e t al. (1958). T he sp in a l c o lu m n  
was fix ed  in  10%  fo rm alin , an d  a block o f th e  sp in a l co rd  co n ta in in g  th e  lesion w as e m b e d d ed  
in  p a ra ffin , se ria lly  c u t a t  10 p  and  a t  le a s t  ev e ry  t e n th  sec tio n  was m o u n ted  a n d  s ta in e d  
w ith  h a em alu m -ery th ro s in . R esu lts  were d iscard ed  w h en  tra n se c tio n  had  been  in c o m p le te  
on th e  le f t side o f th e  cord  or i ts  m edial b o rd e r d e v ia te d  fro m  th e  m idline m ore th a n  a b o u t 
100 m icra  on  e ith e r side.

P la sm a  co rtico s tero n e  values were tran s fo rm e d  to  lo g arith m s and  s ta tis t ic a l  s ig n if
icance w as d e te rm in ed  b y  analysis of v a rian ce  an d  th e  m u ltip le  com parison te s t  (S c h e f f é  
1959).
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Results

On the day after th e  operation th e  le ft  hindlim b was p aralysed  and  
electrica l stim ulation  or p inching w ith forceps o f  the right paw  elic ited  no 
n ocicep tiv e  responses. T hree to  seven days la ter  responsiveness to  n ocicep tive  
stim u la tion  im proved and th e  rats began to  u se their left hindlim b.

H em isection  o f th e  cord did not cause a sign ificant change in th e  plasm a  
corticosteron e response to  1%  formalin in jected  in to  the hom olateral hindlim b  
as com pared w ith th e  group injected w ith  form alin  above the lev e l o f  hem i
section  (neck or occip ita l region). On th e  other hand, formalin g iven  in to  the  
hind lim b contralateral to  th e  hem isection produced only a sm all, a lthough  
sta tis t ica lly  significant, rise in  the plasm a corticosterone level (see T able I).

Table I

Changes in  p la sm a  corticosterone level fo llo w in g  injection o f l°/0 fo rm a lin  
in  rats w ith  hemisected sp in a l  cord

Group Treatment* Site of injection No. of 
rats.

Corticosterone 
jUg/100 ml 
plasma**

Significance

l . 0 .9%  saline h in d lim b 13 11.9 ±  1.3 1 vs 2 p  <  0.01

2. 1%  form alin b a ck  o f th e  neck 8 51.4 ± 3 .6 1 vs 3 p  <  0.01

2 v s 3 NS

3. 1%  form alin h o m o la te ra l hindlim b 9 47.8 ±  2.3 3 v s 4 p  <  0.01

4. 1%  form alin c o n tra la te ra l  hindlim b 13 19.3 ±  2.3 1 v s 4 p  <  0.05

* 0.25 m l/100 g su b c u tan e o u sly . 
** M ean ±  S.E .

Discussion

M ost of the p a th w ays conveying th e  ACTH -releasing stim ulus evoked  
b y  form alin  injection seem  to  cross the m id line and ascend the cord on the  
contralateral side, since hem isection of th e  cord strongly inh ibited  a rise in  
th e  p lasm a corticosterone leve l when the s ite  o f  in jection  was the contralateral 
hind lim b.

T he sm all rise after contralateral in jection  suggests th at som e o f the  
p a th w a y s conveying n ocicep tive stim ulation  are hom olateral. This w ould  be 
in  agreem ent w ith th e  persistence of som e sen sitiv ity  to nociceptive stim u la
tio n  on  th e  contralateral side.

N either sparing nor involvem ent o f th e  extrem e medial part o f th e  ante
rior quadrants or th e  dorsal columns on either side were critical in in h ib iting  
form alin-induced ACTH secretion. This su ggests that m ost pathw ays are in 
a rather lateral position.
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In other m am m als pathw ays transm itting  pain responses are either  
bilateral and not localized in to  distinct tracts as in  the cat and the p ig ( K e n - 

n a r d  1954; B r e a z i l e  1963), or m ainly contralateral and concentrated  into  
the ventrolateral quadrant o f  the cord, as in th e  m onkey and man (see N o o r - 

D E N B O S  1959).
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PITUITARY-THYROID FUNCTION 
OF THE RAT AFTER SUPPRESSION  

OF ACTH RELEASE BY DEXAMETHASONE IMPLANTS 
IN THE MEDIAN EMINENCE

B y

D . S t r a s h i m i r o v * , B .  B o h u s  and S . K o v á c s

INSTITUTE OF PHYSIOLOGY, UNIVERSITY MEDICAL SCHOOL, PÉCS 

(R eceived  N o v em b er 1, 1968)

T he effec t on  p itu i ta ry - th y ro id  an d  a d re n a l fu n c tio n  of d ex am eth aso n e  im p la n te d  
in  th e  m ed ian  em inence of th e  h y p o th a la m u s  h as  been  in v es tig a ted  in  th e  r a t .  D ex a 
m eth aso n e  im p la n ta tio n  re su lted  in  a  m ark e d  in h ib itio n  of th e  s tre ss-in d u ced  A C TH  
release  fo r a  p e rio d  of 12 days. T h y ro id  181I  u p ta k e  m easu red  2, 9 a n d  13 d a y s  a fte r  
th e  im p la n ta tio n  w as sim ilar in  r a ts  w ith  su p p re ssed  ACTH release a n d  in  co n tro ls. 
E x p o su re  to  cold b ro u g h t a b o u t th e  sam e 13lI  u p ta k e  o f b o th  d ex am e th a so n e -im p lan ted  
a n d  co n tro l ra ts .  D ex am eth aso n e  im p la n ts  fa iled  to  a ffec t th e  131I re lease  r a te  u n d e r 
re s tin g  co nd itions an d  a fte r  M T U -provoked  s tim u la tio n , or th y ro x in e -in d u ce d  in h ib i
t io n  o f T S H  release. D ex am e th aso n e  im p la n ts  fa iled  to  change th e  c o m p e n sa to ry  
th y ro id  h y p e r tro p h y  a fte r  h e m ith y ro id e c to m y .

I t  is suggested  th a t  th e  p ro lo n g ed  in h ib itio n  of ACTH release b y  d e x am e th a so n e  
im p la n ts  in  th e  m ed ian  em inence is n o t fo llow ed  b y  changes in  th e  h y p o th a la m o - 
p i tu i ta ry  m echan ism  p a rtic ip a tin g  in  th e  c o n tro l o f  T S H  release.

Inverse changes in the secretion o f p itu itary  TSH  and ACTH under dif
ferent conditions have since long been in th e  focus o f interest. R ecen tly , S a k i z  

and G u i l l e m i n  (1965) reported th a t the p itu itary  secreted more T SH  in re
sponse to  T R F stim ulation  in rats pretreated  w ith  dexam ethasone and pen to
barbital. I t  was also shown th a t w hile pretreatm ent w ith dexam ethasone and 
pentobarbital did not affect the stress-induced inhibition of T SH  secretion, 
it  increased TSH  release in response to  cold exposure ( D u c o m m u n  et al. 1966), 
and it  has been suggested th at th e  increase in TSH  secretion in response to  
cold partly  depended on the concom itant inh ib ition  o f ACTH secretion. On the 
other hand, S a l a m o n  (1966) observed th a t if  ACTH release was in h ib ited  by 
d exam ethasone alone, a com plete abolition  o f  the TSH  release in  response to  
m ajor stress occurred while the resting p lasm a level of TSH  rem ained un 
changed.

On the other hand, high am ounts o f glucocorticoids were found to  inhibit 
thyroid  horm one biosynthesis ( K o v á c s  and V é r t e s  1962). This in d icates that 
an increased TSH  secretion induced b y  the feedback effect of decreased thyroid  
horm one output cannot be excluded  w hen high am ounts o f g lucocorticoids are 
applied system atica lly .

* IB R O  R esearch  Fellow  on leav e  o f  absence  from  th e  Clinic o f E n d o c rin o lo g y , P o s t
g ra d u a te  M edical I n s t i tu te  (IS U L ), Sofia , B u lg aria .
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R ecen t observations h ave shown th a t m in u te am ounts of corticoid  im 
p la n ted  into  the m edian em inence of the h ypothalam us result in an inhibition  
of A C TH  release ( E n d r ô c z i  et al. 1961; D a v i d s o n  and F e l d m a n  1963; B o h u s  

and E n d r o c z i  1964). D exam ethasone im p lan ted  in  the m edian em inence  
appeared th e  m ost p oten t inh ib itor of ACTH secretion (C o r b i n  et al. 1965; 
D a v i d s o n  et al. 1966; B o h u s  and S t r a s h i m i r o v  in preparation).

S ince the q u an tity  o f  im planted steroids is ineffective system atica lly , 
a d irect action  on thyroid  horm one synthesis m ay  be excluded. W e h ave there
fore stu d ied  th e  relations o f  p itu itary T SH  and ACTH secretion in rats w ith  
d exam ethasone im plants in the m edian em inence.

Methods

A d u lt  m ale a lb ino  r a ts  o f a n  in b red  s ta in  w ere  u sed . T h e  an im als fed  on  r a t  chow  w ith  
s ta n d a r d  iod ine  c o n te n t  w ere h o u se d  a t  c o n s ta n t te m p e ra tu re  (22— 24 °C), a n d  a llow ed  to  
d r in k  w a te r  ad  lib itu m .

D e x am e th a so n e  (/E-9oc-fluoro-l 6oc-m ethylcortisol, O rg an o n , Oss) im p la n ts  w ere  p re 
p a re d  b y  ta m p in g  th e  e n d  o f a  s ta in le ss  steel c an n u la  w ith  a n  ex te rn a l d iam e te r  o f  0.45 m m . 
T h e  im p la n ts  co n ta in ed  a p p ro x im a te ly  5 /tg  of s te ro id . T h e  r a t s  w ere an ae sth e tize d  w ith  e th e r  
a n d  th e  c a n n u la  m o u n te d  on a s te re o ta x ic  in s tru m e n t w as in tro d u c e d  in th e  m ed ian  em inence  
reg io n  b ila te ra lly . W h en  th e  t ip  o f  can n u la  h ad  re a c h e d  th e  sku ll-base, i t  w as p u lled  0.5 m m  
b a c k  a n d  th e  s te ro id  p e lle t w as e je c te d  b y  m eans o f a  m e ta l s ty le t ,  th e n  th e  can n u la  w as r e t r a c t 
ed. C h o les te ro l im p la n ts  w ere p re p a re d  a n d  in tro d u c ed  in to  th e  m ed ian  em inence in  a s im ila r  
w ay . T h ese  co n tro l im p la n ts  se rv ed  to  e lim inate  a  poss ib le  unspec ific , lesion-like o r i r r i ta tiv e  
e ffe c t o f  th e  im p la n ta tio n  p ro ced u re . D ex am e th aso n e  a n d  cho lestero l w ere im p la n te d  also in 
th e  f ro n ta l  a rea  o f  th e  cereb ra l c o r te x  to  exclude sy s te m ic  effec ts  o f th e  im p lan ts .

T h y ro id  131I  u p ta k e  w as m ea su re d  in  th e  consc ious r a t  as described b y  K o v á c s  e t  al. 
(1960). 1 fiC  o f carrie r-free  N a 131I  w ere in jec ted  in tra p e r i to n e a lly  an d  a c tiv ity  o f  th e  th y ro id  
g la n d  w as  e s tim a te d  1, 3, 6 an d  24 h o u rs  la te r  and  th e n  a f te r  7 o r 11 days. B ack g ro u n d  a c t iv ity  
w as ch ec k ed  in  th e  la t te r  e x p e rim e n ts  p rio r  to  th e  in tra p e r i to n e a l  a d m in is tra tio n  o f 4 цС  m I.

T h e  r a te  o f th y ro id  131I  re lease  w as also d e te rm in e d  in  conscious ra ts . A dose o f 10 fiC 
131I  w a s  in je c te d  in tra p e r i to n e a lly  a n d  th e  in itia l a c t iv i ty  was reco rded  24 h o u rs  la te r. 
I n i t ia l  c o u n ts  w ere expressed  as 100%  a c tiv ity  a n d  th e  d e c a y  curves were p lo tte d  as th e  
lo g a r i th m  o f th e  p e r  c e n t in it ia l  a c t iv i ty  a t  d iffe ren t p o in ts  o f  tim e. C orrection  w as m ad e  fo r 
th e  iso to p ic  decay .

C o m p en sa to ry  th y ro id  h y p e r tro p h y  was e s tim a te d  19 days a f te r  rem o v a l o f  th e  r ig h t  
th y ro id  lobe. T h e  w e ig h t o f th e  th y ro id  lobes w as d e te rm in e d  w ith  an  accu racy  o f 0.1 m g. 
T h e  r a te  o f  co m p e n sa to ry  th y ro id  h y p e r tro p h y  w as e x p re ssed  in  th e  th y ro id  w eigh t d ifference  
(T W D ) c a lc u la te d  as follow s.

T W D
le f t  th y ro id  lobe w e ig h t-r ig h t lo b e  w e igh t 

r ig h t th y ro id  lobe w e ig h t
Х Ю 0

F o r  th e  e s tim a tio n  o f p i tu i ta ry -a d re n a l  a c t iv ity , th e  r a ts  were exposed to  e th e r  v a p o u r  
in  a  m e ta l  j a r  a n d  15 m in  la te r  th e y  w ere d e ca p ita te d  a n d  th e  ad ren a ls  were q u ick ly  rem o v ed . 
A d re n a l co rtico s tero id  p ro d u c tio n  in  v itro  was d e te rm in e d  b y  th e  m eth o d  o f v a n  d e r  V ie s  
e t  a l. (1960). T o ta l co rtico s tero id  p ro d u c tio n  in  v i tro  ex p ressed  in  //g 100 m g a d re n a l/h o u r  
se rv ed  as th e  in d ex  o f A C TH  re lease  (v a n  G o c h  e t  a l. 1963).

A t  th e  end  o f th e  e x p e rim e n ts  th e  b ra in s w ere re m o v e d  an d  f ix ed  in  fo rm alin . V e rific a 
tio n  o f th e  site  o f im p la n ts  w as c a rr ied  o u t  on 50  / t  th ic k  fro zen , u n s ta in e d  sections, acco rd in g  
to  G u z m a n - F l o r e s  e t al. ( 1 9 5 8 ) .

T h e  o b ta in e d  d a ta  w ere a n a ly se d  s ta tis t ic a lly  b y  S t u d e n t ’s i-te st. A p ro b a b il i ty  
lev e l o f  0.05 or less w as a ccep ted  as a  s ign ifican t d ifferen ce .

E x p e r im e n ta l p ro to co ls  w ere  as follows.
A )  T h y ro id  131I  u p ta k e  w as in v es tig a ted  in  tw o  series o f ex p erim en ts , 2 d a y s  a f te r  

d e x a m e th a so n e  or cho lestero l im p la n ta tio n . 131I  u p ta k e  w as re p ea te d ly  d e te rm in e d  o n  th e
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9 th  p o s tim p la n ta tio n  d a y  fo r th e  f ir s t  series and  on th e  1 3 th  d a y  fo r the  second one. T h e  ra ts  
w ere killed  48 h o u rs  a f te r  th e  la s t  record ing  of th y ro id  a c t iv i ty  a n d  th e  stress-induced  A C TH  
release w as e s tim a te d .

B )  T h y ro id  13II  u p ta k e  o f ra ts  exposed to  co ld  w as m easu red  2 days a f te r  dex a- 
m eth aso n e  or c h o le s te ro l im p la n ta tio n . T he ra ts  w ere tra n s fe r re d  in to  a cold ro o m  (6 °C) 
im m ed ia te ly  a f te r  th e  a d m in is tra tio n  of 131I and  th y ro id  u p ta k e  w as de term ined  2, 4 , 6 a n d  
24 hours la te r. T h e  r a ts  w ere k e p t  in  th e  cold room  c o n tin u o u s ly  w hen m easuring  th e  ra d io 
ac tiv ity . T h en  th e  r a ts  w ere re tu rn e d  to  th e ir  ho m e-cag es a n d  th e  ACTH release p ro v o k e d  
b y  e th e r s tre ss  w as d e te rm in e d  48 hours la te r.

C)  E ffec t o f  su p p ress io n  o f ACTH release on  th y ro id  131I  release ra te . Im p la n ta t io n  
o f d ex am eth aso n e  o r cho lestero l w as carried  o u t 24 h o u rs  a f te r  th e  in itia l recording o f th y ro id  
ra d io a c tiv ity . T o p ro v o k e  T S H  release, m e th y lth io u rac il (M TU ) w as given su b c u ta n e o u s ly  
in  a dose o f 16 m g  p e r  r a t  55 h o u rs  a f te r  th e  im p la n ta t io n , th e n  in  a dose of 32 m g p e r  r a t  
16 hours la te r , in  o rd e r to  b lock  th y ro id  horm one sy n th e s is . T S H  release w as su p p re ssed  
sim u ltan eo u sly  b y  th e  in tra p e rito n e a l ad m in is tra tio n  o f D L -thyrox ine  (H o ffm an n — L a  R o ch e , 
Basel) in  a  dose o f  20 ц g /ra t. T h e  ra te  o f 131I release w as follow ed till  th e  148th h o u r. S tress- 
induced  A C TH  re lease  w as d e te rm in ed  48 hours la te r ,  i.e . 8 d ay s a fte r th e  im p la n ta t io n .

D )  E ffe c t o f d e x am eth aso n e  im p lan ts  on  c o m p e n sa to ry  th y ro id  h y p e rtro p h y . S even  
days p rio r to  th e  im p la n ta tio n  th e  r ig h t th y ro id  lobe w as rem o v ed  un d er e th e r a n e s th e s ia . 
12 days la te r  th e  r a ts  w ere d e c a p ita te d  15 m in  a f te r  e x p o su re  to  e th e r  vapour. T he le f t th y ro id  
lobe w as w eighed  a n d  T W D  w as calcu la ted . A d ren al c o rtico s te ro id  p ro d u c tio n  in  v i tro  w as 
de te rm in ed  c o n co m ita n tly .

Results

L ocalization  o f the im plants in the m edian em inence of the hypothalam us  
is shown in F ig . 1. R esults obtained in rats w ith  other placem ent o f im p lan ts  
were excluded from  the final evaluation.

Im p lan tation  o f dexam ethasone in th e  m edian eminence resu lted  in 
a marked suppression of stress-induced ACTH release (Fig. 2). The in h ib ition  
of ACTH release by dexam ethasone was sign ificant 2 (p  <  0.001), 4  (p  <  
0.001), 8 (p  <  0.05) and 11 ( /> < 0 .0 1 )  days after the im plantation. In  the  
16th post-im plantation  day ACTH release w as not any more suppressed. 
D exam ethasone im plants in the frontal cortex  as com pared to cholesterol im 
plants in the cerebral cortex or the m edian em inence were ineffective on the  
2nd and 11th postim plantation  days (Table I).

1. Effect o f  dexamethasone im plant in the m edian eminence on thyroid  
131I  uptake

Fig. 3 show s the percentual changes o f th yro id  131I uptake in rats bearing  
dexam ethasone or cholesterol im plants. C ounts/m in in the first hour in rats w ith  
cholesterol im p lan t in the m edian em inence w as considered as 100 per cent 
131I uptake. The data o f both series of experim ents showed that th yro id  131I 
uptake in 11 rats bearing dexam ethasone im p lan ts in the median em inence  
did not differ from  th at o f 8 rats w ith cholesterol im plants 2 days after  the  
im plantation . 131I uptake in 7 rats w ith d exam ethasone and 4 rats bearing  
cholesterol im p lan ts in th e  cerebral cortex w as sligh tly  but not sign ifican tly  
enhanced (F ig. 3a), while 9 days after the im p lan tation  it  was enhanced in  rats
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F ig . 1. L o ca liza tio n  of d ex am eth a so n e  im p lan ts  in  th e  m ed ian  em inence of th e  h y p o th a la m u s
in  ra ts

days a f te r  implantation

F ig . 2 . E ffe c t of d ex am eth aso n e  ( •  • )  o r c h o le s te ro l (o  —  o) im p la n ta t io n  o n  stress-
in d u c e d  A C T H  release in  ra ts . 5 — 7 o b se rv a tio n s p e r  p o in t. B ars in d ica te  s ta n d a rd  e rro r of

th e  m ean
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Table I

E ffect o f  dexamelhasone and cholesterol im plan ta tion  in  the fro n ta l cortex 
or in  the median eminence o f  the hypotha lam us on stress-induced A C T H  release in  rats

Implants Site of implants

Corticosteroid production in vitro 

2 days 11 days 

after implantation

D ex am eth aso n e F ro n ta l co rtex 21.4 ±  2.9* (7)** 25.9 ±  2.6 (4)
C holesterol F ro n ta l co rtex 22.9 ±  2.6 (6) 26.2 ±  1.6 (4)

D ex am eth aso n e M edian  em inence 6.0 ±  1.2 (7) 11.6 ± 1 . 7  (5)

C holesterol M edian em inence 22 .6  ±  2.1 (6) 22.8 ±  1.6 (4)

* M ean i  S ta n d a rd  E rro r  o f M ean. 
** N u m b er o f o b servations.

bearing dexam ethasone im plants but th e  differences were n o t significant 
(F ig. 3b). Similar results were obtained 13 days after im plantation  (F ig . 3c).

2. Effect o f  dexamethasone im plantation  on thyroid l31I  uptake during 
exposure to cold

F ig. 4 dem onstrates th a t, during exposure to  cold, the th yro id  m I uptake  
in 7 rats bearing dexam ethasone im plants w as not different from th a t o f 7 rats 
w ith  cholesterol im plants in  the m edian em inence of the h ypothalam us.

3. Effect o f  dexamethanose im plantation  on thyroid 13lI  release. Action  
o f  M T U  and thyroxine

A s shown in Fig. 5, the thyroid  131I release rate was not affected  by dexa
m ethasone im planted in the m edian em inence 24 hours after recording the 
in itia l radioactiv ity . Furtherm ore, a m arked increase in 131I release w as evident 
a few  hours after MTU adm inistration, w hile thyroxine injection  resu lted  in an 
inh ib ition  o f 131I release in  6 rats bearing dexam ethasone and 5 rats w ith  
cholesterol im plants in the m edian em inence.

4. Compensatory thyroid hypertrophy in rats with dexamethasone im plant 
in  the m edian eminence

R em oval o f the right thyroid  lobe lead to  a com pensatory hypertrophy  
of th e  le ft thyroid lobe, as ind icated  b y  the Thyroid W eight D ifference index  
(F ig. 6). D espite the significant (p  <  0.001) suppression o f ACTH  release, 
com pensatory hypertrophy o f the left thyroid  lobe developed in  rats bearing 
a dexam ethasone im plant in the m edian em inence of the h yp oth alam u s.
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F ig . 3. P e rc e n tu a l changes in  th y ro id  m I  u p tak e  o f r a ts  w i th  d ex am ethasone  ( • -------- • )  o r
c h o le s te ro l (O------- O) im p la n ts  in  th e  m ed ian  em inence  as w ell as of ra ts  b earin g  d e x a 
m e th a so n e  ( X --------X) or ch o le s te ro l (O------ O) im p la n ts  in  th e  fro n ta l co rtex  2 ( a ) ,  9 ( b)
o r 13 ( c )  d a y s  a f te r  im p la n ta tio n . C o u n ts/m in  in th e  f i r s t  h o u r  o f  r a ts  w ith  cholestero l im p la n ts  

in  th e  m e d ia n  em inence are ta k e n  as 100 p e r  cen t

F ig . 4. T h y ro id  131I  u p ta k e  o f r a t s  b e a rin g  d ex am eth aso n e  ( • --------- • )  or cholestero l (O— — O)
im p la n ts  in  th e  m ed ian  em in en ce  d u rin g  exposure to  cold. 100 p e r  cen t u p tak e  in  ra ts  w ith  

c h o le s te ro l im p lan ts  in  th e  m ed ian  em inence 1 h o u r  a f te r  th e  in jec tion  o f 131I
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Fig. 5 .  E ffec t of d ex am eth aso n e  ( • -------- • )  o r ch o leste ro l ( O  O )  im p lan ts  in  th e  m ed ian
em inence on th e  th y ro id  m I  release

Fig. 6. E ffec t o f d ex am eth aso n e  im p la n ts  in  th e  h y p o th a la m u s  on co m p e n sa to ry  th y ro id  
h y p e r tro p h y  expressed  in  T h y ro id  W eig h t D ifference  as well as on ACTH re lease . F igu res 
in  th e  colum ns re p re se n t th e  n u m b er o f o b se rv a tio n s . B ars  ind ica te  th e  s t a n d a r d  e rro r of

m ean

D iscussion

The present experim ents suggested th a t prolonged inhibition o f  p itu itary  
ACTH release does not affect p itu itary-thyroid  function as m easured b y  dif
ferent indices. Thus, thyroid  131I uptake w as not influenced by th e  im planta
tion  o f dexam ethasone in  the m edian em inence despite the fact th a t ACTH
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•
release w as m arkedly depressed for a long period of tim e. Furtherm ore, 
en h an cem en t of T SH  release by exposure to  cold or by the adm inistration  
o f m ethylth iouracil rem ained unchanged fo llow in g  the suppression of ACTH  
release. O bservations in rats hem ithyroidectom ized  prior to the im plantation  
o f d exam ethasone in  th e  m edian em inence revealed  that long-lasting p itu itary  
T SH  release is sim ilarly n ot affected by the d im inished ACTH secretion.

P revious observations showed that chronic alterations in p itu itary-adre
nal fu n ction  m ay affect the rat’s p itu itary-thyroid  activ ity . Inhibition  by corti
costeroid  o f thyroid 131I u ptake and release w as reported by P e r r y  (1951), 
B r o w n - G r a n t  et al. (1953) and S k e b e l s k a y a  (1958). I t  was also observed  
th a t adrenalectom y or cortisone treatm ent p reven ted  the fall o f thyroid  131I 
u p tak e in  response to  th e  electrical stim ulation  o f the habenular nucleus 
( K o v á c s  et al. 1966). Furtherm ore, h ypothalam ic stim ulation was follow ed  
b y  an inverse change in th e  thyroid  function o f adrenalectom ized rats (Vé r t e s  
et al. 1965). Since it  is w ell known that corticosteroid  treatm ent results in  
a suppression  of p itu itary  ACTH release and syn th esis while adrenalectom y  
is fo llow ed  by an enhancem ent of ACTH release, one m ay suggest th a t th e  
alterations in p itu itary-thyroid  function m ight be due to chronic changes in 
ACTH release and/or syn th esis.

Several experim ents h ave revealed th a t im plantation  of corticosteroid  
into th e  m edian em inence o f th e  hypothalam us leads to  a suppression o f ACTH  
release ( E n d r ő c z i  et al. 1961; D a v id s o n  and F e l d m a n  1963; B o h u s  and  
E n d r ŐCZI 1964; S m e l i k  1965), and that d exam ethasone was the m ost p o ten t  
inh ib itor o f  both the release and the synthesis o f  pituitary ACTH (Co r b i n  
et al. 1965; D a v i d s o n  et al. 1966; Ch o w e r s  et al. 1967). The present find ings  
also show ed  th at the stress-induced ACTH release, as measured by the to ta l 
adrenal corticosteroid production  in vitro, is m arkedly  depressed in rats w ith  
a d exam ethasone im plant in the median em inence o f the hypothalam us. The  
suppressive effect of free crystalline dexam ethasone lasted for a period of  
12 days. T hus, a prolonged inhibition  of ACTH release was apparent. F urther
m ore, it  w as shown th a t dexam ethasone im plants h ave no general effect, since  
im plants located  in the frontal cortex did not affect the stress-induced ACTH  
release.

In  accordance w ith  th e  above-quoted observations, it has been con 
cluded th a t  despite th e  prolonged inhibition o f p itu itary  ACTH release, th e  
pitu itary-th yro id  axis preserved its normal fu n ction  under resting conditions, 
or under stim ulation  b y  exposure to cold or M TU adm inistration. Chronic 
hypersecretion  of TSH  due to  hem ithyroidectom y w as also unaffected b y  the  
suppression  o f ACTH release. I t  is notew orthy th a t  unilateral adrenalectom y  
resu lting in  ACTH hypersecretion  (G a n o n g  1954; B o h u s  and E n d r ő c z i  1964) 
did n ot alter the com pensatory hypertrophy o f th e  remaining thyroid  lobe  
after h em ithyroidectom y (S h e l l a b a r g e r  1963).
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Inverse changes in the release o f  p itu itary  ACTH and TSH in response  
to acute stress have been reported by B r o w n - G r a n t  et al. (1954). More recent 
observations confirm ing that finding have revealed that the acute inh ib ition  
of ACTH release by system ic adm inistration  o f dexam ethasone and p en to 
barbital leads to an enhancem ent o f  TSH  release in response to T R F  stim u la 
tion  or cold exposure (S a k iz  and G u i l l e m i n  1965; D u c o m m u n  et al. 1966; 
G u i l l e m i n  1968). The present experim ents have failed to confirm th ese  obser
vation s under conditions where th e  ACTH release was inhibited b y  d ex a 
m ethasone im plants in the median em inence for a longer period. S ince th is  
experim ental approach m ay exclude a possible direct influence of th e  steroid  
on thyroid  hormone synthesis, one m ay  suggest th a t the prolonged suppression  
of ACTH release does n ot affect the release and/or synthesis of p itu itary  T SH . 
Furtherm ore, it seem s reasonable to  assum e th a t inverse changes in acu te T SH  
and ACTH release are due to some interaction  of the control m echanism s o f the  
pitu itary-thyroid  and the adrenal system s in th e  central nervous system  rather  
than to  a sh ift betw een the release and/or synthesis o f the two trophic horm ones  
in th e  anterior p itu itary.
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HORMONES IN LYMPH (E) CAPILLARY PERMEABILITY  
TO 131I-, RISA, AND Na13II IN NEPHRITIS

By

A. A. I s m a il , A. A b d e l  H a y , K . R . M a d w a r  and M. T a l a a t

EL-MOFTY METABOLIC UNIT, BIOCHEMISTRY DEPARTMENT, FACULTY OF MEDICINE, CAIRO, U.A.R.

(R eceived A u g u st 22, 1968)

T he r a te  o f app earan ce  of in tra v e n o u s ly  in jec ted  131I- th y ro x in e , R IS A  an d  
N a 131I in  th e  o edem a flu id  of n ep h ro tic  p a t ie n ts  w as inv estig a ted  b y  d e te rm in in g  
th e  ra d io a c tiv ity  a n d  p ro te in  c o n ten t o f b lo o d  a n d  oedem a fluid.

T he in je c te d  sub stan ces gained access to  th e  oedem a flu id  slow ly  a n d  th e ir  
r a te  o f a p p ea ran c e  w as p ro p o rtio n a l to  th e  m o le c u la r  size; N a131I  w as th e  f i r s t  an d  
R IS A  th e  la s t  to  ap p ea r. The ra d io a c tiv ity  o f  th y ro x in e  131I  and  R IS A  w a s m u ch  
less in  o edem a f lu id  th a n  in  blood. A lso, th e  p ro te in  c o n ten t o f b lood p la s m a  w as 
13.8 tim es  t h a t  o f  o edem a flu id . B o th  fin d in g s in d ic a te  th e  presence of a  h ig h  g ra d ie n t  
be tw een  p lasm a  a n d  ex trace llu la r flu id .

In previous papers it  has been shown th a t  thyroxine and triiodothyronine  
have an extravascular circulation via the lym p h atics and their concentration  
in lym ph approxim ated their concentration in  blood ( I sm a il  et al. 1967a). 
W e also claim ed th a t lym phatics play an im p ortan t role in the m ob ilization  
of these horm ones after their intram uscular injection  ( I sm a il  et al. 1967b). 
T hey are carried in lym ph bound to a thyroxine-b inding globulin ( E l  R i d i  

et al. 1967).
The presence o f both hormones (T4 and T 3) in lym ph in am ounts more 

or less similar to  th ose in blood, would not in d ica te  that they m ay b e present 
in tissue fluids in such quantities. This is s im p ly  because the tissue flu id s i.e. 
flu ids in the v ic in ity  o f  the cells, collect from  th e  periphery and are subjected  
to  several changes before they  turn into ly m p h  (Y o f f e y  et al. 1956). I t  is, 
how ever, ev ident th a t substances of m olecular w eights more than  2000 are 
carried from the periphery to the lym ph trunks w ithout leakage (M a y e r s o n  
1963), but crystallo ids and water leak freely  ou t o f the lym ph glands.

Oedema flu id  represents a tissue flu id  w hich  can be obtained in m easur
able volum es and subjected  to different te sts . Cases of nephrotic oedem a seem ed  
thus to  offer a p ossib ility  for studying th e  rate of appearance o f  d ifferent 
horm ones in tissue flu ids and their concentration  after being in jected  in to  the  
blood, taking in to  consideration that under th ese  pathological con d ition s the  
capillary m em brane m ight behave d ifferently from  the normal one.

In the present stu d y  we obtained oedem a fluid from nephrotic p atien ts  
and com pared th e  content o f intravenously in jected  R ISA, 131I th y ro x in e  and 
N a131I in oedem a flu id  and blood for
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(a) assessing capillary perm eability in th e  nephrotic syndrom e;
(b) finding the ratio betw een blood and extracellular fluid con cen tra

tion s o f  th e  above substances.

Methods

E ig h te en  p a tie n ts  b e tw een  10 and  25 y ea rs  su ffe rin g  from  th e  n e p h ro tic  sy n d ro m e  
(E llis  ty p e  2 n e p h ritis ) w ere d iv id e d  in to  3 c o m p arab le  g ro u p s  as regards age, d u ra tio n  o f  th e  
d isease  a n d  th e  sev e rity  o f  o ed em a. None o f th e  p a t ie n ts  received  stero ids b efo re  th e  te s t .

E a c h  su b jec t in  g ro u p  I rece iv ed  50 цс  o f R IS A ,*  in  g ro u p  I I  20 fic  o f m I  th y ro x in e ,* *  
a n d  in  g ro u p  I I I  20 fic of N a 131I.***  All sub stan ces w ere  g iv en  in trav en o u sly  an d  ir re sp e c tiv e  
o f  b o d y  w eigh t. O x a la ted  v en o u s b lood  sam ples w ere o b ta in e d  a t  30, 90, 150 an d  210 m in u te s  
f ro m  th e  tim e  o f in jec tio n .

O ed em a f lu id  w as o b ta in e d  from  th e  p a tie n ts  a t  90, 150, 210 and  270 m in u te s  fro m  
th e  t im e  o f  in jec tion . B o th  b lood  a n d  oedem a f lu id  sa m p le s  w ere tes ted  for to ta l  r a d io a c t iv i ty  
in  a n  E K C O  w ell-type co u n te r.

C ollection  of tissu e  f lu id  sam ples was done b y  a  sp ec ia lly  devised needle, s im ila r  to  a 
lu m b e r  p u n c tu re  needle b u t  w ith  20 side holes one m ill im e te r  in  d iam eter each , m a d e  a lo n g  
a sp ira l  lin e  o f 5 cm  fro m  i ts  t ip  w ith  a  ra te  o f sp ira l tw is t  o f  one tu rn /2 .5  cm.

T h e  p a tie n t  w as allow ed to  s it  in  a c o m fo rtab le  c h a ir  w ith  a good b ack  s u p p o r t .  T h e  
legs o f  th e  ch a ir w ere long  en o u g h  to  allow, a b o u t 80 cm  d istan ce  below th e  p a t i e n t ’s fe e t.  
T h e  n eed le  w as in tro d u c e d  w ith  th e  S tilette in  p o s itio n , v e rtic a lly  upw ards, j u s t  b e h in d  th e  
m ed ia l m alleo lus, to  a  d is tan c e  o f 6 —7 cm  in  th e  su b c u ta n e o u s  tissue. Care w as t a k e n  to  
a v o id  a  to o  su perfic ia l p o sitio n  or to  pierce th e  deep  fa sc ia . T he S tilette was th e n  w ith d ra w n  
a n d  th e  d r ip p in g  flu id  w as co llec ted  in  a te s t  ru b e . A 15— 30 m inu tes period  w as a llow ed  for 
e q u ilib ra tio n , to  o b ta in  b lood-free  f lu id , before th e  te s t  co m p o u n d s were in jec ted  in tra v e n o u s ly . 
W ith  th is  tech n iq u e  4 — 30 m l o f ex trace llu la r f lu id  c o u ld  be  collected every  h o u r.

Results

T ota l blood rad ioactiv ity  and oedem a flu id  radioactivity at d ifferent 
periods are shown in T ables I and II and F igures 1 and 2.

T ota l rad ioactiv ity  in blood after in traven ou s injection of 50 f i c  o f R IS A  
and 20 f i c  of each of m I thyroxine and N a 131I, dim inished rapidly in th e  case  
o f N a 131I, and m uch slower in the case o f R IS A , while 131I th yrox in e w as 
b etw een  the tw o (F ig. 1). A verage per cent o f  th e  tota l rad ioactivity present 
in b lood  at 30 min after th e  injection was 77 .48  for N am I, 85.92 for 131I th y 
rox in e, and 90.65 for R ISA .

The dim inution at the end of 210 min w as 5 1 .4 ^ 4 .1 5  for N a131I, 3 2 .5 9 ^  
6.4 for 131I thyroxine, and 2 3 .0 6 ^ 3 .3  for R IS A .

The rates of disappearance of the in jected  substances in nephrotics over  
th e  w h ole period o f tracing were, 0.74%  per m in u te  for N a131I, 0.42%  per m in  
for 131I thyroxine, and 0.216%  per min for R IS A . These rates differ som ew h at  
from  th ose  in norm als w here th ey  are 0.34%  per m in for 131I thyroxine ( I s m a i l  

et al. 1967a) and 0.1%  per min for R ISA  ( E l - M o u f t i  et al. 1965).

* O b ta in ed  from  th e  R ad io ch em ica l C en tre , A m ersh am . E ngland . I t s  a c t iv i ty  is 
566 f ic /m g m .

** T h y ro x in e  I31I  w as o b ta in e d  from  th e  sam e  c e n tre , its  a c tiv ity  is 1 m c/1 6 .0  fig  
s u b s ta n c e .

*** O b ta in ed  fro m  th e  A to m ic  E n erg y  C en tre , E g y p t.
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Tabic I

R ate o f  disappearance fr o m  blood o f  I .V .  injected R I S A , ,31/ - T 4 and  iV a 131/  in  nephrotics

Substance

Time in minutes
Dis

appearance
rate
%

30 90 150 210

Cpm/
ml**

0/ * 
IX.

Cpm/
ml**

%
I.C. Cpm/ml %

I.C.
Cpm/
ml**

О /
/о

I.C.

R IS A M ean 8476 90.65 7378 78.91 7048 75.38 6317 65.63 23.06

S .E .± 780 650 690 490 3.30

131I-T j M ean 2363 85.92 1763 64.11 1531 55.67 1422 51.61 32.59

S .E .± 735 534 526 540 6.40

N a ,34 M ean 1937 77.48 1070 42.80 838 33.52 650 26.00 51.41

S .E .± 112 51 46 39 4.15

* I.C . =  In itia l co n ce n tra tio n . 
** C o u n t/m inu te  pe r ml.

Table II

R ate o f  appearance in oedema f lu i d  o f  I .V .  injected R I S A , ,31/ - Г „  and N a l31I  in  nephrotics

Substance

Time in minutes

90 150 210 270

Cpm/ml**
0 //О

I.C.* Cpm/ml**
о//о

I.C. Cpm/ml** %
I.C. Cpm/ml** %

I.C.

R IS A  Mean 38 0.406 51 0.50 70 0.75 82 0.87

S .E .± 9 8 13 11

131I-T 4 Mean 68 2.47 111 4.00 170 6.18 147 5.30

S .E .± 16 16 35 19

N a 131I Mean 133 5.32 286 10.44 359 14.36 455 18.20

S .E .± 27 44 25 19

* I.C . =  In itia l co n ce n tra tio n . 
** C o u n t/m in u te  p e r ml.

Figure 2 shows th a t th e  a c tiv ity  took 1 x/ 2 hours to  appear in  th e  oedema 
flu id  where it  was calculated  to  be 5.32%  of the in itia l blood a c tiv ity  at zero 
tim e for N a131I, 2.47%  for 131I thyroxine and 0.406%  for R ISA . T he oedema  
flu id  radioactiv ity  then  increased gradually till the end o f th e  experim ental 
period in all cases.
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Discussion

A s seen from the resu lts , the concentration in  blood o f th e  substances 
in je c te d  intravenously decreased  progressively during the n ex t three hours 
N a 131I showed the fastest ra te  o f  decrease and album in the slow est one, while 
th y r o x in e  stood betw een th e  tw o.

T h e majority of th e  su b stan ces that leaked ou t o f the vascular bed m ust 
h a v e  passed into the extracellu lar  fluid. Sm all am ounts o f R ISA , thyroxine  
or N a 131I might have been ta k en  up by the tissu es or cleared b y  th e  kidneys. 
H o w ev er , in view of the sh ort period of follow up, such pathw ays w ould  account 
b u t fo r  a lim ited proportion o f  th e  substances in jected  (L a n d is  1934). T hem ajor  
p o rtio n  can thus be considered  to  have been d istributed  over the extracellular  
flu id .

Accordingly, the in je c te d  test substances w ere m ainly distributed into  
tw o  p o o ls , an im m ediate o n e  w hich  was the b lood  plasm a, and a slow ly devel
o p in g  pool which was th e  extracellu lar fluid. T he ratio o f the size o f  these tw o  
p o o ls  is  normally about 1 : 6 .  In  nephrotics w ho m ay increase in w eight by  
7 — 1 0  kg w ith the d eve lop m en t o f  oedema (W r ig h t  1961 ), th is ratio m ay reach 
1 : 7 to  1 : 10. One w ould th u s  expect that by th e  end o f the experim ent the  
con cen tration  of the te s t  su b stan ces would be m uch low er in th e  extracellular
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flu id  than  in the blood. The results shown in Tables I and II agree w ell w ith  
these deductions. Thyroxine concentration  in the oedem a fluid was 5.30%  of 
th e  in itia l concentration and 51.61%  in the blood; R ISA  concentration  in 
oedem a fluid was 0.87%  and 65.63%  in the blood. This was not the case w ith  
N a 131I, th is being a crystalloid.

These findings m ight not be restricted to  nephrotics, as the disappearance 
rates o f R ISA , thyroxine and N a l from the blood o f nephrotics follow  a p a t
tern quite comparable to norm al indicating th at capillary perm eability  is not 
m arkedly affected.

Th is observation was further confirm ed by the protein concentration  in 
plasm a and extracellular flu id  o f these patients. The plasm a proteins averaged  
6.66 gm /100 ml while the oedem a flu id  proteins averaged 0.48 gm /100 m l. Thus, 
th e  plasm a protein concentration w as 13.8 tim es that in the extracellular flu id , 
in sp ite  o f the state  of com plete equilibration.

L a n d i s  (1934) com pared the protein content of tissue fluid obtained  
from  norm als and nephrotics and found no significant difference betw een  them . 
This also shows that extracellular flu id  collected from nephrotics can represent 
th e  extracellular fluid in general.

The results presented can thus be regarded as evidence o f the ex istence  
o f a gradient betw een plasm a and extracellular contents. This gradient is steep  
w ith  large m olecular substances a nd sm all w ith  low  m olecular substances. 
In  nephrotics it am ounted to  13.87: 1 for albumin. Three hours after in tra
ven ou s injection  the gradient was 7 : 1, 9.6 : 1, and 1.43 : 1 for R IS A , th y 
roxine and N a l, respectively. R esu lts for R ISA  would differ much if  sam pling  
w ere follow ed for 24 hours; a period sufficient to reach equilibration.

W e have failed in obtain ing sufficient quantities o f tissue flu id  from  
norm al subjects, but if  such a great difference in album in and th yroxin e con
centration  betw een plasm a and extracellular flu id  proves to  occur in norm al 
persons, it wotild open the w ay to  m any questions, especially  to w h at ex ten t  
th e  estim ation of a horm one in blood represents its concentration in  ex tra 
cellular fluid i.e. its concentration at the target organ; also, to w h at ex ten t  
do changes in capillary perm eability  influence the concentration of substances  
in extracellular fluid.
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MELANOCYTE STIMULATING HORMONE

By

I. K a u s z

SECOND DEPARTMENT OF SURGERY, SEMMELWEIS HOSPITAL, BUDAPEST 

(R eceived S e p te m b e r  12, 1968)

1. T he h y p o p h y sis  of carps c o n ta in s  m elan o cy te  s tim u la tin g  a c t iv ity  m ea su ra b le  
b y  a p p ro p ria te  a ssa y  m ethods.

2. O b serv a tio n s carried  o u t fo r 3 y ea rs  h a v e  rev ea led  th a t  m elan o cy te  s t im u la t
ing  a c tiv ity  is h ig h es t betw een A pril a n d  J u n e , in  th e  period  of spaw ning  o f th e  ca rp  
in  H u ngary .

3. P a ra lle l e stim a tio n s m elan o cy te  s tim u la tin g  a c tiv ity  in  deep  fro ze n  an d  
lyophilized  p re p a ra tio n s  have show n th a t  th e  ho rm o n e  is n o t d e s tro y ed  b y  these  
p rocedures.

4. M elanocy te  stim u la tin g  a c t iv ity  o f  th e  c a rp  p i tu i ta ry  can  be  a u g m e n te d  
b y  a b o u t 40%  d u rin g  spaw ning b y  a d m in is tra t io n  o f p i tu i ta ry  e x tra c t.

I t  has b een  concluded th a t  th e  c a rp  h y p o p h y s is  is best su ited  fo r t r a n s p la n ta 
tio n  in th e  second  trim en o n  of th e  y e a r , a n d  p a r tic u la r ly  a fte r p r e tr e a tm e n t  w ith  
p i tu i ta ry  e x tra c t.

The pars interm edia of the p itu itary  m akes up in man about 0 .5% , w here
as in th e  cow 5% , and in the teleosts 40%  of the whole gland ( L a n g e  1926). 
In view  of these data K u b Án y i  (1962) introduced the transplantation  o f  the  
pars interm edia of the fish p itu itary in to  patien ts with in term ediate lobe  
failure such as pigm entary degeneration o f th e  retina, etc. The resu lt varied  
according to the tim e o f transplantation.

W hat are the local and overall reactions after the transplantation  o f the  
pars interm edia of th e  pituitary gland?

The local reactions are as follow s.
(1) Stage of vascularization. Capillaries grow into the transplanted gland  

(1 to  2 days);
(2) T ransitory stage (2 to 4 days);
(3) Stage of absorption or rejection  (6 to  8 days).
These reactions show a considerable variation  according to  species and 

the kind of transplant. Endocrine glands have a low  antigenicity and absorp
tion  o f such grafts is therefore m ore com m on than  their rejection; la ter the  
graft is replaced by connective tissue.

T he overall reaction is an im m unological one, the transplant b eh aves as 
an antigen. It is believed  that the m echanism s governing the im m unological 
processes have an afferent and an efferent lim b. The antigenic proteins are 
carried from the transplant via the lym p h atic  and capillary netw orks and the
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ven ou s circulation in to  th e  reticulo-endothelial organs of the accepted organ
ism . T he antibodies form ed in the latter are th en  transferred in to  the tran s
p lant v ia  the arterial system .

T hese im m unological events show considerable variations according to  
season , environm ental tem perature etc., and th ese  factors m ay he assum ed to  
affect th e  therapeutic va lu e  of the transplant. A  thorough analysis o f  th is  
problem  is beyond th e  scope o f the present paper w hose only purpose w as to  
estab lish  the season m ost suitable for tran sp lan tation  of fish p itu itary  in to  
hum ans. The follow ing questions had to  he answered.

(1) W hether th e  a c tiv ity  of p itu itary horm ones is subject to  seasonal 
varia tion  and w hich season is the m ost su itab le  for transplantation;

(2) W hether lyoph ilized  or deep frozen preparations are o f equal thera
p eu tic  va lu e  as n ative  hypophyses;

(3) I t  is possible to  augm ent the horm onal activ ity  by pretreatm ent o f  
th e  donor animal w ith  gonadotrophic horm one ?

T o assay horm onal a ctiv ity  in the p itu ita ry , estim ation attem p ts were 
m ade o f gonadotrophic horm one was not considered suitable in v iew  o f the  
inaccuracy  of the G alli—M ainini technique. Therefore preference w as g iven  
to  m elanocyte stim ulating hormone (hereafter referred to as M SH assay a 
sim ple m ethod allow ing rapid estim ation o f th e  functional state o f  the h y p o 
p h ysis to  be transplanted).

M elanophoric a c tiv ity  in the frog is based  on the expansion o f p igm ent  
cells and a shift in th e  distribution of p igm en t w ith in  the cell in response to  
M SH , resulting in a darkening of the skin ( K a u s z  1962).

T here is reason to  assum e that MSH a c tiv ity  is proportional to  th e  over
all horm one activ ity  o f  the p itu itary gland. T hus, th e  higher the M SH con ten t  
of th e  preparation, the b etter  m ust be the th erap eu tic  effect of the transp lant.

To estim ate M SH a ctiv ity  frogs deprived o f cutaneous p igm entation  are 
required. Various m ethods h ave been described to  achieve this goal. S u l m a n n  
(1952) p laced E phyla  arborea frogs on a w hite ground and irradiated them  w ith  
w h ite  ligh t. F i t z p a t r i c k  et al. (1954) used hypophysectom ized frogs for th is  
purpose. The latter authors have elaborated a m ethod  em ploying th e  iso lated  
frog skin  which was im m ersed in solutions o f  varying ionic concentration , 
pH  and tem perature. D eterm inations were m ade w ith  a photoelectric device. 
G y e r m e k  (1954) succeeded in  lightening the skin  o f  the frog by the adm inistra
tion  o f 1.5 /tg/g of adrenaline. This m ethod has been  employed in  the present 
experim ents.

Methods

Male Rana esculenta frogs o f about the sam e w eig h t were used in the experim ents. 
E ach series contained 35 frogs, 3 tim es 5 controls and 20 frogs for the assay.

The frogs were kep t for 4 to  6 days in a dark place during this tim e their sk in becam e  
dark enough for the eva lu ation  o f the effect o f 1.5 //g/'g o f  adrenaline.
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The anim als were arranged in four groups: Groups I to III (5 frogs each) served as 
controls, and Group IV (20 frogs) served for M SH assay.

The anim als in Group I received only adrenaline; those in Group II adrenaline and 
about 0.1 g o f fish  brain emulsion;

A nim als in Group III received adrenaline and about 0.1 g of frog m uscle em ulsion. 
In Group IV the frogs were given adrenaline and an ex tract prepared from the pooled p itu itary  
glands obtained from  10 carps of about the sam e w eight. After appropriate d ilution  in 0.65%  
saline, about one tw en tieth  to one e ightieth  of the w hole extract was injected intraperitoneally . 
For obvious reasons, the same procedures were undertaken w ith the lyophilized  and deep 
frozen p itu itary  preparations.

E valuation  o f the reaction. In prelim inary observations, the colour of th e  sk in  was 
checked 30 m in, 1 and 2 hours after the injection o f the preparation. There being no appreciable  
difference betw een the results obtained at d ifferent intervals, evaluation was carried out 
uniform ly, 60 m in after the adm inistration of the preparation.

Adrenaline has been found to cause ligh ten ing o f  the skin of the frogs.
M SH proved to  prevent the adrenaline effect as the animals retained th e  darkness 

of their skin.
Frogs w ith  a transitory skin colour were classified  in 50% to the dark, and in 50%  

to the light group.
The results were expressed in per cent. To g ive  an exam ple, if  from am ong 12 frogs 

4 had becom e ligh t and 4 interm ediate, the result w as regarded as 70% positive  (14  tanned  
and 6 light).

The observations were repeated in every season of the year.

Results

The skin o f the control anim als becam e invariably light, and neither fish  
brain extract nor frog muscle em ulsion prevented  the effect o f adrenaline.

The effect was m ost marked in th e  period from April to Ju n e. In  this  
period, w ith  one fiftieth  of the total vo lu m e o f the pituitary extract a 70%  
efficiency was obtained, as from 12 frogs 4 becam e light, and 4 o f  an in ter
m ediate colour. E xtracts prepared in other m onths were % to 4/6 less potent.

In another series, the pituitary glands w ere lyophilized and deep frozen. 
Subsequent bioassay has shown that th ese procedures had not affected  the  
preparation’s a ctiv ity  as of 12 dark frogs 4 becam e light and 4 o f in term ediate  
colour.

In the third series of experim ents gonadotrophic stim ulation w as carried 
out according to  the m ethod com m only used in fish-breeding. F ish p itu ita ry  
glands were suspended in physiological saline, then injected under th e  dorsal 
fin  in th e  direction of the head; each fish  received an em ulsion prepared from  
one w hole fish  p itu itary. The anim als w ere th en  placed in water o f 17 to  18 °€ , 
through w hich oxygen  was bubbled and 24 hours later they were k illed , the  
pitu itary  gland w as rem oved and bioassayed for MSH activ ity . This w as about 
40%  higher than  w ithout pretreatm ent as o f  10 frogs 2 becam e lig h t and 
8 o f an in term ediate skin colour.

Discussion

The obtained results indicate that fish  p itu itary glands are m ost su itable  
for transplantation  purposes when rem oved betw een April and Ju n e. In  th is  
period o f the year, the best transplants can be obtained after pretreatm en t
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of th e  donor fish w ith  fish  hypophyseal ex tract 24 hours prior to rem oval 
o f th e  p itu itary  gland.

Our experience w ith  fish  p itu itary transp lants in clinical practice w ill 
be reported  elsewhere.
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THE STRUCTURE OF PROTEIN-POLYSACCHARIDES 
AND THEIR ROLE IN THE FUNCTION 

OF CONNECTIVE TISSUE FIBRES

By
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FIRST INSTITUTE OF PATHOLOGICAL ANATOMY, UNIVERSITY MEDICAL SCHOOL, BUDAPEST

(Received D ecem ber 23, 1968)

In addition to the known fractions P P -L  (protein-polysaccharide-light) and 
P P -H  (proteinpolysaccharide-heavy) it  w as possible to extract from the nasa l cartilage  
w ith  40%  K J a m ucopolysaccharide fraction  w ith  a protein com ponent d ifferent from  
th a t o f  the m entioned fractions. The obta ined  fraction has been term ed cartilage 
m ucoprotein , (CM P,) for it is probably id en tica l w ith m ucoid,, a protein  extracted  
from  collagen fibres during heating and chem ical contraction. The fractions PP-L  
and a fraction corresponding to CMP, were successfu lly  isolated also from  th e  fibrous 
cartilage o f the Achilles tendon; the la tter  has been termed Achilles tendon-m ucoid , 
(AT m ucoid,). P P -L , CMP, and A T -m ucoid, altered the physical properties o f  the 
chem ically  contracted  fibre, increasing in all age groups the degree o f chem ical relaxa
tion . From  this finding it has been concluded th a t various PP fractions are bound 
chem ically  to the contracted fibre and p lay  a part in its function.

The m ucopolysaccharide present in largest am ounts in the nasal cartilage  
is chondroitin su lphate w ith which in its  n a tiv e  form is bound to  protein . This 
has been established by S h a t t o n  and S c h u b e r t  (1954) who term ed th e  com 
plex chondrom ucoprotein (CMP). M a l a w i s t a  and S c h u b e r t  (1958) elaborated  
a new extraction  m ethod which allow ed to  d issolve the m ajority o f  CMP on 
the first extraction . G e r b e r  et al. (1960) nam ed the CMP protein p o lysacch a
ride and denoted it w ith the abbreviation P P  which has been adopted  b y  m ost 
E nglish  and Am erican authors ( J a c k s o n  1964; M u i r  1964; S e r a f i n i - F r a - 
c a s s in i  and S m it h  1964; S m it h  et al. 1967), although P a r t r i d g e  and D a v is  
(1958) and P a r t r i d g e  et al. (1961) used th e  original term chondroitin su lphate- 
protein com plex.

Fraction P P  has been shown b y  G e r b e r  et al. (1960) to con ta in  two  
fractions, viz. P P -L  (protein polysaccharide light) and PP-H  (protein  poly
saccharide heavy). B y  ultracentrifugation, P a l  et al. (1966) could separate  
in th e  presence o f salt solutions of varying  concentration a to ta l o f 6 subfrac
tions in the nasal cartilage and term ed them  P P -L 2, PP-L.,, P P -L 4, P P -L 5 
P P -L ß and the residue, CRR; th ese such fractions showed differences 
in both  polysaccharide and protein con ten t. The amino acid com position  
of these subfractions was similar excep t for P P -L 6 which did not conta in  more 
than 2 to 3% collagen either, as m easured on basis of the hydroxyproline  
(H ypro) content.
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In  v iew  of our earlier observations it  seem ed  worth to in vestigate  th e  
relationsh ip  betw een the P P  fractions and th e  protein-containing p o ly 
saccharide liberated from  collagen fibres during heat-induced and chem ical 
con traction , which w as considered their stab iliz in g  factor (B a n g a  1953; 
B a n g a  e t al. 1954, 1956; B a n g a  1959; B a n g a  and S zabó  1965). The substance  
has b een  term ed collagenm ucoidj (B a n g a  1966); ow ing to the low concentra
tion s (0.1 to  0.3% ) in  w hich it  is present in collagen fibres the com pound could  
n ot b e iso la ted  in a purified form .

F ractions P P -L  and P P -H  constitute ab ou t 40 to  50% of the dry su b 
stan ce o f  the nasal cartilage, therefore it is tech n ica lly  easy to separate and  
ex tra ct th ese  fractions. The residue CR (cartilage residue) still contains p o ly 
saccharides w hich in part can be extracted  b y  1 M hydroxylam ine or 1 M K C N  
and w h ich  have been designated  by P a l  and S c h u b e r t  (1965) as P P -L F  and  
C R F (soluble), P P -H F  (insoluble), and residue (CR) or C R R -N H 2O H . The  
la tter  s t ill contained h exosam ine, hexuronic acid and hexose, and as m easured  
on th e  b asis of the Ilyp ro  con ten t, the m ajority o f  th e  collagen was also in  th is  
fraction; th is seem ed to  contain  the mucoidj^ described by us since previous  
an alysis indicated  th a t m ost o f  the protein com ponent of mucoidj^ was collagen. 
W hen iso lated  from th e nasal cartilage, th is fraction  has been term ed CM PX 
(cartilage m ucoproteinx), w hereas the sim ilar fraction  extracted from  th e  
A chilles tendon has been designated  A T-m ucoid^

I t  is characteristic o f collagen fibres th a t th e y  contract under th e  effect 
of h e a t or chem ical stim uli, and this contraction  is followed by relaxation  
( B a n g a  et al. 1954). The tim e course of chem ical relaxation  is a function o f age. 
This is in  agreem ent w ith  th e  w ell-know n differences in  the function of collagen  
fibres in  persons of various ages. This difference in function is dem onstrable  
also in  th e  responsiveness to  chem ical agents such  as ascorbic acid and other  
organic acids which increase ( B a n g a  1957), and potassium  perm anganate  
w hich  dim inish or prevent, th e  chem ical re laxation  of collagen fibres ( B a n g a  
et al. 1956).

In  th e  present experim ents, the m ethod o f chem ical relaxation w as used  
to  estab lish  whether the various P P  fractions iso la ted  from the nasal cartilage  
and from  the Achilles tendon  had a part in fu n ction  of the collagen fibres. 
I t  has been  assum ed th a t, i f  th e  relaxation o f th e  contracted fibres is affected  
b y  th e se  com pounds, th ey  m u st be bound to  collagen fibres and, ob v iou sly , 
the P P  fractions m ay closely  related to the fu n ction in g  connective tissue.

T h e present paper deals w ith  the iso lation  o f various P P  fractions from  
th e  n asa l cartilage and the cartilaginous su b stan ce o f the tendons, w ith  their  
chem ical analysis, and their effect on the chem ically  induced relaxation  o f  
collagen  fibres.
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Methods

Iso la tion  o f  the fra c tio n s  P P -L  and P P -H

The P P  fractions were extracted  from the m inced cartilage of the nasal septum , which  
was dehydrated w ith  acetone, then dried, pulverized, and hom ogenized. E xtraction  and  
separation of the fractions P P -L  and P P -H  were undertaken  b y  the m ethod of Ma la w ista  
and Sc h u b e r t  (1958).

P reparation o f  C M P , (cartilage mucoproteint)

A fter P P-L  and P P -H  had been extracted, the residue was dehydrated in  alcohol 
and dried in a vacuum  exsiccator. To each g of the obta ined  m aterial 100 m l o f 40%  K J  
were added, then the m aterial was hom ogenized for 30 m in and vigorously shaken for 4 hours 
b y  a Labor type shaking device. After centrifugation, th e  supernatant was dialysed against 
distilled water for 3 days at 0 °C, until the iodine reaction had  disappeared. After the addition  
of 1.5%  potassium  acetate , the CMP, fraction was precip itated  at 0 °C w ith the sam e volum e  
o f alcohol. W ashing was perform ed tw ice w ith absolute alcohol, then  the m aterial w as dried 
in a vacuum  exsiccator.

The fraction which after the above extraction procedures rem ained insoluble has been  
term ed cartilage residue (CR).

P reparation  o f  P P -L  fr o m  Achilles tendon ( A T - P P L )

The cartilaginous portion o f appropriately cleansed Achilles tendons was dehydrated  
b y  acetone and pulverized. The extraction procedure w as the sam e as that described above  
for the preparation of P P -L  and P P-H . In m any cases in stead  o f 0.15 M KC1 potassium  
acetate was used which ensued a more com plete precip itation  w ith  alcohol.

Iso la tion  o f  A ch illes tendon-m ucoid1 ( A T -m u c o id ,)

This fraction is identical w ith  the collagen m ucoprotein ,. After AT-PP-L had  been  
rem oved, the residue was dehydrated w ith  alcohol and ex tracted  w ith  40% K J; the m aterial 
was then  treated as described for CMP,.

The residue obtained after the above extraction  procedures has been term ed AT- 
residue.

Chemical relaxation o f  collagen fib res

A bout 12 collagen fibres were isolated and loaded a t one end w ith  a lead shot w eighing  
80 m g and suspended at the other end; the fibre th u s prepared was immersed in a 40%  
solution o f K J at 20 °C to  produce a contraction to ha lf o f  the original length, i.e. from  6 cm  
to  3 cm . Then the fibre was rem oved from the K J so lution , washed for 1 or 2 m in in  50 m l 
distilled water, and dried. S ix fibres served as controls and were incubated for 1 hour in  
0.1 M phosphate buffer pH  7.0, and the other six fibres were placed in solutions containing  
10 ing/m l of P P -L , CM P,, or AT-m ucoid,. After incubation , the fibres still loaded w ith  the  
shot were rinsed w ith  d istilled  water, their length w as m easured, then they  were p laced  in  
40% K J , and the changes in length  were determ ined at 10 sec then  later at longer in tervals.

Results

(i) Y ield  and analysis o f  the isolated P P  fraction s

Tables I  and II  sum m arize the yield and analysis o f P P  fractions iso lated  
from the nasal cartilage and the cartilaginous portion  o f the Achilles tendon . 
As show n in  Table I , th e  fractions PP-L  and P P -H  extracted  from the cartilage  
of th e  nasal septum  show ed insignificant differences in hexuronic acid, hexosa-
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m ine and hexose contents as com pared to CMP^ As regards the protein  con
te n t , h ow ever, there were n ot only q u an tita tive  differences, hut the difference 
fou n d  in  th e  Hypro content allow ed the conclusion that, in contrast to  fractions  
P P -L  and P P -H  which did n o t contain the protein  collagen, the protein  com 
p o n en t o f  CMPX consisted m ain ly  of collagen (29.6%  collagen con ten t, corre
sp on d in g  to  about 70%  of th e  to ta l protein contents). As shown in T able II,

Table I

P ercen tua l y ie ld  and analysis o f  p ro te in  polysaccharides isolated fro m  bovine n asa l cartilage

Isolated substances Yield Protein Hexuronic
acid Hexosamine Hexose Hypro

P P -L  +  PP-H * 30 25 25 30 5 0.2
CM Pi** 21 41 23 24 7 4
CR*** 39 85 1.2 3 3 9

* P P -L  =  protein polysaccharide light; P P -H  =  protein polysaccharide, heavy. 
** CMPj =  collagen m ucoproteinj d issolved  from the residue of nasa l cartilage  

w ith  40%  K J after extraction o f P P-L  +  P P-H .
*** CR =  cartilage residue after extraction  o f P P-L  -f- P P-H  and CM Pt.

Table II

P ercen tu a l y ie ld  and analysis o f  p ro te in  polysaccharides isolated fro m  bovine A ch ille s  tendon

Isolated substances Yield Protein Hexuronic
acid Hexosamine Hexose Hypro

A T .-PP-L * 23 70 2 3 4 l i

A T .-m ucoid1** 15 70 5 9 6 n
R esidue 60 98 0.3 0.3 0.2 14

* AT. PP-L  =  protein polysaccharides d issolved  by water and 0.15 M KC1 on vigorous 
sh ak ing  from  Achilles tendon cartilaginous.

** AT. m ucoid =  collagen m ucoprotein( d issolved  by 40% K J from  th e  residue of 
cart. A ch illes tendon after ex traction  of AT. P P-L .

th e  fraction s At. PP-L  and At.-mucoidj^ extracted  from the cartilaginous por
tio n  o f  th e  tendon were sim ilar in hexuronic acid, hexosam ine, hexose  and 
collagen-conta in ing  protein con ten t and differences were only noted  in  solubil
ity . T h ey  were, how ever, considerably different from the fractions prepared  
from  th e  nasal cartilage, since their polysaccharide content was low er and the  
p rotein  con ten t sign ificantly higher.
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(ii) Effect o f  isolated P P  fractions on the relaxed collagenous fibres

Figures 1 and 2 dem onstrate the effect o f P P -L  and CMP, on the re laxa
tion  o f the tail tendon o f 2 1/ 2-m onths-old rats. The contracted, dried and  
incubated fibres began prom ptly  to relax w hen placed into a 40%  solution  
of K J at 20 °C, relaxation  becom ing com plete w ith in  120 sec (F ig . 1). 
This was follow ed b y  a slight contraction and a subsequent relaxation , the  
latter being considerably longer in duration than  th e  first relaxation (F ig . 2). 
As determ ined in six  fibre preparations, all te sted  P P  fractions sign ificantly  
enhanced the relaxation  o f the fibres obtained from  young rats; sta tistica l 
analysis revealed P values ranging between 0.001 and 0.02.

F ig. 1. E ffec t o f P P -L  a n d  C M P, on th e  re lax a tio n  of 5 0 %  c o n tra c te d  in (40%  K J  a t  20 °C) 
collagen f ib res  ta il te n d o n  o f th e  tw o an d  h a lf m o n th s o ld  r a t .  T he co n trac ted , w ash ed  an d  
dried  fib res w ere in cu b a ted  fo r 1 h r in  p H  7.4 p h o sp h a te  b u ffe r , 10 m g/m l of P P -L  o r CM P, 
so lu tions. A fte r  t r e a tm e n t,  th e  w ashed  fib res were p u t  a g a in  in  40%  K J  so lu tion  a n d  th e  
tim e o f re la x a tio n  w as obse rv ed . O rd in a te : e longation  in  m m . A bscissa: tim e in  sec. T he 

increase  o f re la x a tio n  w as a t  ev ery  p o in t s ig n ifican t s ta tis t ic a l ly  (t te s t,  0.1 — 0 .5 % )

Figure 3 shows th e  effect o f fractions P P -L , CMP, and A T .-m ucoid , on 
the relaxation of fibres obtained from rats aged 6 and 8 m onths and contracted  
to 50%  of their original length . Following initial lengthening, the fibres began  
to contract and only after a m axim al contraction characteristic of the anim als  
age had been reached, did th ey  relax very slow ly. The initial lengthening w as 
enhanced b y  PP-L , CMP, and AT.-m ucoid,, if  m easurem ent was carried out 
on fibres previously contracted to  half their original length; the greatest effect 
was produced by A T .-m ucoid ,. The PP  fractions reduced the contraction , 
the fibres having not atta ined  within 20 min th e  original length m easured at 
contraction. (The horizontal zero line indicates th e  length  of the contracted  
fibre; lengthening and shortening arc ind icated  by positive and n egative  
figures, respectively.)
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F ig . 2 . E ffec t of P P -L  a n d  C M P ,. T re a tm e n t as in  F ig . 1. The w hole t im e -c u rv e  du rin g  
re la x a t io n . O rd in a te : f ib re  le n g th . A bscissa: tim e  in  m in . Significance b y  t t e s t  a t  every

p o in t, 0 .1— 1%

F ig . 3. E ffec t o f P P -L , CM P, a n d  A T -m ucoid , o n  50%  c o n tra c te d  collagen f ib re s  o f ta il 
t e n d o n  o f six  m o n th  old r a t .  T re a tm e n t  as in  F ig . 1. O rd in a te : fib re  len g th  in  m m . P ositive  
v a lu e s  m ean  e longation , n e g a tiv e  ones, c o n tra c tio n . A bscissa: tim e  in  m in . S ign ificance  b y  t

t e s t  a t  ev ery  p o in t, 0 .1 — 1%

A s in rats aged 2 to  3 m onths a contraction  to  50%  of the original length  
m ean s m axim al contraction , whereas in 6- or 8-m onths old rats th e  m axim al 
con traction  is 66 to 70%  o f th e  original len gth , an additional series o f  experi
m en ts  w as carried out on 6-m onths-old  rats th e  ta il tendon o f w hich  w as con
tr a c te d  m axim ally, i.e. to  66 to  70%  o f the in itia l length. In these experim ents, 
th e  tim e  course of th e  changes in length  w as sim ilar to that observed  in the
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Fig. 4. E ffec t o f P P -L , CM P, and  A T -m uco id1 of m ax im ally  c o n tra c te d  (from  6 cm  to  1.8 cm ) 
collagen fib res  o f ta i l  te n d o n  of six  m o n th  old r a t .  T re a tm e n t as in  Fig. 1. O rd in a te :  len g th  
in  m m . T h e  s ta r tin g  p o in t m eans th e  len g th  of c o n tra c te d  fib res  a fte r  in c u b a tio n  in  P P - 

frac tio n s . A bscissa: tim e  in  m in . S ignificance b y  t te s t,  betw een 0.1 a n d  2 %

young anim als, only th e  degree o f relaxation w as sm aller (Fig. 4). In  all experi
m ental series, the effect of protein polysaccharides could well be dem onstrated . 
The differences were sign ificantly  statistica lly .

In  general, fraction P P -L  were the m ost potent in affecting th e  relaxa
tion  o f collagen fibres. This m ight have been due to  the circum stance th a t this 
is th e  m ost soluble fraction o f the cartilaginous tissue and is perhaps attached  
to  the groups on the surface o f the collagen fibre. Fractions CMPj and AT.- 
m ucoidj, on the other hand, m ay be bound to  the groups sited in m ore internal 
regions o f  the collagen helix which are therefore less accessible th an  the  
fractions o f  the surface.

D iscussion

A nalysis o f  the extracted  P P  fractions revealed that, in addition  to  the  
identified  and analysed protein polysaccharide fractions, there are other less 
soluble P P  fractions in  both cartilage and tendon. Consequently, after com 
plete  extraction  w ith  dilute salt solutions (0.15 M KC1 or potassium  acetate), 
it is possible to extract by 40%  K J such P P  fractions which in th eir  m uco
polysaccharide con ten t are sim ilar while in their protein com ponent consider
ably different from  th e known P P  fractions. The protein com ponent o f  P P -L  
and P P -H F  is a soluble protein which w as show n by P al and S c h u b e r t  (1965) 
to  contain  high am ounts o f glutam inic acid and aspartic acid but on ly  0.1 to 
0.2%  of hydroxyproline.

The protein com ponent o f the fractions CMPj and A T.-m ucoidj isolated  
by us contains 50%  o f collagen, i.e. an insoluble scleroprotein. T he water- 
insoluble collagen, how ever, is converted by 40%  K J into soluble m etacollagen  
( B a n g a  et al. 1954; B a n g a  1966).
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T he present results in d icate that about one third of the m ucopolysaccha
rides can be isolated from  th e  cartilage or ten d on  w hen its collagen has already  
been  extracted  by 40%  K J . I t  is therefore reasonable to assume th a t th e  m uco
polysaccharide in question  is closely associated  w ith  the protein collagen, or 
even  b ound  to it chem ically  b y  ester bonds. A ccording to S m i t h  et al. (1967), 
th e  P P  m acrom olecules are located  between “ a” and “ bj” in the cross striation  
of th e  collagen fibres.

D uring chem ical contraction , the bonds betw een  polysaccharide and col
lagen  are loosened; th is leads to  relaxation w hich  is  more com plete in  th e  young  
an im al and is less pronounced w ith  ageing ceasing  com pletely in old anim als. 
T he fin d in g  that the P P  fractions enhanced re laxation  in both young and old 
an im als indicates th a t th ese  m acrom olecules b elong to those con stitu en ts of  
th e  com p lex  collagen fibre w hich determ ine its  physical properties, its  con
tra ctio n  and relaxation. T hese m ay be considered the function o f th e  fibre, 
p articu larly  because its shortening and len gth en in g  is affected b y  age.

I t  has been claim ed b y  S c h u b e r t  (1966) th a t, although P P  fractions  
h ave been  successfully iso lated  from cartilaginous tissue, no evidence is avail
able in d icatin g  that these fractions are again adsorbed by th e  collagen fibre 
on its  im m ersion into solutions containing th e  fractions. It appears th a t, in  the  
ch em ica lly  contracted fibre, chem ical bonds becom e available for the binding  
of P P  fractions, converting the fibre into one w ith  new physical properties. 
I t  seem s on the basis o f  th ese results that th e  present m ethod is su ffic ien tly  
sen sitiv e  for the dem onstration  of the binding o f  P P  fractions to the collagen  
fibre.
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CONVERTING ENZYME ACTIVITY 
IN EXPERIMENTAL CIRRHOSIS OF THE RAT

B y

G y . D a u d a , I. D é v é n y i  an d  V . S z o k o l y

INSTITUTE OF PATHOLOGICAL ANATOMY, UNIVERSITY MEDICAL SCHOOL, DEBRECEN 

(R ece iv ed  J a n u a ry  11, 1969)

R en in  a n d  an g io ten sin o g en  p re p are d  from  b lood  o f CCl4-tre a te d  c irrh o tic  ra ts  
were in cu b a ted , an d  th e  re ac tio n  p ro d u c t (an g io ten sin ) w as te s te d  in  c ir rh o tic  ra ts  
w ith  th e  aim  to  e s tab lish  w h e th e r  liv e r  cirrhosis w as a sso c ia ted  w ith  co n v ertin g  enzym e 
deficiency. T he fo rm atio n  of an g io ten sin  w ith  th e  u su a l p resso r effect w as o bserved  
also in  th e  c irrh o tic  an im als . T h e  response p ro d u ced  in  these  an im als w as sm alle r 
th a n  th a t  seen in th e  n o rm al te s t  an im al, b u t  th is  w as due  to  th e  in creased  ang io 
tensinase  level in th e  c irrh o tic  ra ts .  T h u s, c o n v ertin g  enzym e is n e ith e r a b se n t no r 
in h ib ited  in liver cirrhosis.

Converting enzym e is th e  least studied com ponent of the renin-angio
tensin  system . The in itial reaction  product of the enzym e renin and its  sub
strate is the decapeptide angiotensin  I which does n o t possess pressor activ ity . 
In th e  plasm a, it is converted b y  th e  converting enzym e into the octapeptide  
angiotensin II, the p otent pressor substance. T he conversion is associated  
w ith  the sp litting from the term inal carboxyl of angiotensin  I o f the d ipeptide  
histidyl-leucine (S k e g g s  et al. 1967). Concentrated and purified converting  
enzym e was first prepared b y  S k e g g s  et al. (1956). For th e  action of th e  enzym e, 
which was found susceptible to  alterations in pH  and tem perature, free Cl— 
ions m ust be present in the m edium . According to  P a g e  and B u m p u s  (1961), 
converting enzym e is produced in  the liver.

L o y k e  (1964, 1965, 1967) and L o y k e  and M a c k r e l l  (1967) carried out 
experim ents in CCl4-treated and CCl4-cirrhotic rats and suggested th a t the  
injured liver produced a substance which inhibited  converting enzym e. A fter  
CC14 treatm ent, L o y k e  (1964) found normal angiotensinase a c tiv ity  in the  
plasm a. On the other hand, observations from th is laboratory ( D é v é n y i  et al., 
in preparation) revealed increased angiotensinase levels  in CCl4-induced liver  
cirrhosis o f the rat, and sim ilar results were obta ined  by other authors in 
patients w ith cirrhosis ( A r a i  1967; L u b a s h  et al. 1968) and in rabbits rendered  
cirrhotic by CC14 treatm ent ( K o k t j b u  1967). The inconsistency  betw een  these  
findings has prom pted us to  reinvestigate the problem  o f converting enzym e  
and liver cirrhosis. The experim ental conditions w ere such to  secure m axim al 
inh ibition  o f converting enzym e according to th e  concept of L o y k e  (1964, 
1965, 1967).
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M ethods

R e n in  p rep ared  fro m  th e  b lo o d  of CCl4-c irrh o tic  r a t s  w as in c u b a te d  in  th e  presence 
o f  r e n in  su b s tra te  d e riv ed  a lso  fro m  c irrho tic  r a ts ;  th e  re ac tio n  p ro d u c t  th u s  fo rm ed was 
b io a s sa y e d  in  C C I,-cirrhotic  r a ts .

T h e  ex p erim en tal sc h e d u le  w as as follows.

F em ale  W is ta r  r a ts  w e ig h in g  140 to  150 g, k e p t  o n  a  s ta n d a rd ize d  d ie t  a n d  allowing 
fre e  access to  w ater, w ere g iv e n  su b c u tan e o u sly  0.2 m l o f  CC14 an d  0.2 m l o f p a ra f f in  oil tw ice 
w e e k ly  o v er a  period of 40 w eeks. A t th e  end of th is  t r e a tm e n t,  3 m l o f b lo o d  w ere  w ith d raw n  
f ro m  th e  a o rta  o f 8 ra ts  a n a e s th e tiz e d  w ith  e th e r, th e n  th e  an im als w ere k ille d , b y  bleeding. 
B lo o d  sam ples o b ta ined  fro m  2 r a t s  w ere pooled  a n d , a f te r  su ffic ien t in h ib i t io n  of p lasm a 
a n g io te n s in ase , sam ples o f 0 .5  m l w ere in cu b a ted  fo r 5 h o u rs  a t  37 °C w ith  re n in  su b s tra te  
p re p a r e d  e ith e r from  n e p h re c to m ise d  ra ts  (s ta n d a rd  re n in  su b s tra te ;  fo r te c h n ic a l details 
th e  re a d e r  is referred  to  e a r l ie r  w orks from  th is  la b o ra to ry  [Da u d a  1969a, b ]) o r from  5 
c ir rh o t ic  r a ts  deprived o f th e i r  k id n e y s  20 hours p r io r  to  th e  p re p a ra tio n  o f  re n in  su b s tra te . 
A n g io te n s in  was b io assay ed  in  n o rm a l an d  c irrh o tic  r a ts  su b je c ted  to  b i la te ra l  n ep h rec to m y  
16 h o u rs  p rio r to  te s tin g . T h e  a s sa y  w as carried  o u t  in  u re th a n e  a n a e s th e s ia  (1 .4  g per kg  
b o d y  w e ig h t su b cu tan eo u sly ), a f te r  p re tre a tm e n t w ith  p e n to lin iu m  (5 m g p e r  k g  b o d y  w eight 
in tra v e n o u s ly )  and  h e p a rin  (500  I .U . in trav en o u s ly ). T h e  ra ts  w ere tra c h e o to m iz e d  an d  sub
je c te d  to  b ila te ra l v a g o to m y . T h e  p ressor response w as b ra ck e te d  b e tw een  b lo o d  pressure  
r ise s  e lic ited  b y  know n a m o u n ts  o f  s ta n d a rd  a n g io ten sin  I I  (H y p e rte n s in , C iba  L td . ,  B asel, 
S w itz e r la n d ) . E ach  sam ple  w as  a ssa y ed  in  d u p lica te .

R esults

T he incubation o f renin  substrate prepared from cirrhotic rats and 
stan d ard  renin substrate w ith  renin derived from  cirrhotic rats y ielded  the  
resu lts  shown in Table I.

T hus, the result dep en d s on the test anim al, irrespective o f  w hether the  
ren in  substrate has been prepared from norm al rats or rats rendered cirrhotic

Table I

Source of renin 
substrate Source of renin Test animal

Amount of 
angiotensin II 

formed, 
ng/ml

H e p a t ic  cirrhosis H e p a tic  cirrhosis H e p a tic  cirrhosis 40.0 ±  3.6
H e p a t ic  cirrhosis H e p a tic  cirrhosis N orm al 68.0 ± 5 .8
N o rm a l H e p a tic  cirrhosis H e p a tic  cirrhosis 36.8 ±  3.4
N o rm a l H e p a tic  cirrhosis N orm al 64.0 ±  6.1
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b y  CC14 treatm ent. The am ount o f angiotensin II  per ml of p lasm a in  the  
cirrhotic rats was 40.0 and 36.8 ng, whereas th e  assay performed in  norm al 
rats y ielded 68.0 and 64.0 ng/m l angiotensin II.

D iscussion

A  pressor substance (angiotensin  II) could be successfully dem onstrated  
in  both  normal and cirrhotic te st rats after incubating renin substrate pre
pared from normal and cirrhotic rats w ith renin prepared from cirrhotic rats. 
The pressor effect proved to  be 41%  lower in  cirrhotic than in norm al rats.

I f  renin prepared from  th e blood o f cirrhotic rats was in cu b ated  w ith  
renin substrate prepared from  normal rats, essentia lly  the sam e resu lts were 
obtained. The pressor effect produced by th is incubate w as 43%  low er in  the  
cirrhotic than  in the norm al rats.

The observations o f S k e g g s  et al. (1956) have unequivocally  dem on
strated  th a t converting enzym e present in blood is inactivated  during th e  prep
aration from blood o f renin and renin substrate. Consequently, during incuba
tion  on ly  angiotensin I a substance w ithout pressor effect is form ed. T his sub
stance w hen injected in to  th e  te s t  animal, im m ediately  yields angiotensin  II 
ow ing to  the action o f converting enzym e present in the blood o f th e  te s t  rat. 
T he h igh  rate of angiotensin II  form ation is due to  the high plasm a concentra
tion  o f  converting enzym e, and to  the great reaction velocity .

In  v iew  o f these find ings it  seem s reasonable to  assum e th a t converting  
enzym e is present in the blood o f cirrhotic rats.

Thus, the difference in pressor response obtained in the norm al rats and 
th ose  rendered cirrhotic b y  the adm inistration o f CC14 cannot be attributed  
to  the absence of converting enzym e or to its inh ib ition  by some factor. R esu lts  
obtained in another stu d y  (D É V É N Y I et al., in preparation) ind icate th a t  the  
above difference in responsiveness is due to  the considerably increased angio- 
ten sin ase level in liver cirrhosis.

The present findings are inconsistent w ith  the data o f L o y k e  (1964, 1965, 
1967) indicating inhibition  o f the converting enzym e in liver cirrhosis.
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EFFECT OF CAPSAICIN ON THE ISOLATED ILEUM 
AND AURICLE OF THE GUINEA PIG

B y
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DEPARTMENT OF PHARMACOLOGICAL RESEARCH, INSTITUTE OF EXPERIMENTAL MEDICINE, 
HUNGARIAN ACADEMY OF SCIENCES, BUDAPEST

(R eceived  O c to b er 21, 1968)

C apsaicin a t  c o n ce n tra tio n s  fro m  5X  10 ” 8 to  10 ~7 g /m l has b een  fo u n d  to  elicit 
c o n tra c tio n s  o f th e  iso la ted  ileum  a n d  to  e x e r t p o sitive  in o tro p ic  a n d  ch ro n o tro p ic  
e ffects on th e  iso la ted  auricle  o f th e  g u in ea  pig. In  b o th  p re p a ra tio n s , a  ra p id ly  ensuing, 
p ro longed , and  h ig h ly  specific ta c h y p h y la x is  to  capsaicin  h as been  o b se rv ed . No cross
ed  tac h y p h y lax is  to  ace ty lch o lin e , h is tam in e , se ro to n in , n ico tin e , D M P P , b rady- 
k in in , KC1 or B aC l2 could be d e m o n s tra te d . T he c o n trac tio n s  p ro d u c ed  o n  th e  ileum  
could  n o t be a n tag o n ized  by  a tro p in e , d ip h en h y d ram in e , m e th y se rg id e  o r hex a
m éth o n iu m  b u t  w ere abo lished  b y  p ap av e rin e , caram ip h en  an d  c in c h o ca in e . In  th e  
iso la ted  auricle , th e  po sitiv e  in o tro p ic  a n d  ch ro n o tro p ic  effects cou ld  n o t  be  a n ta g o n 
ized  b y  e ith e r p ro p ran o lo l or cocaine.

Capsaicin exerts its m ost m arked effect on the peripheral part of the 
sensory nervous system , i.e. on th e  nerve term inals ( J a n c s ó  1955, 1960; 
J a n c s ó  et al. 1967, 1968) and on th e  afferent fibres ( B a r a z  et al. 1968a). These 
structures are first stim ulated  then  inhibited  by capsaicin. E xp erim en ts on cats 
have shown the com pound to  have in addition a direct effect on th e  heart and 
th e  blood vessels, so tb a t capsaicin seem s to  possess pharm acological actions 
on other biological system s as w ell. I t  has been shown th a t th e  com pound  
elevates blood pressure in the decapitated  cat (PÓRSZÁSZ et al. 1955) and, when 
adm inistered in travenously, produces pulm onary hypertension in th e  anaesthe
tized  cat (M o l n á r  and G y ö r g y  1967), dim inishes and in turn increases the 
am plitude of heart contractions (M o l n á r  and G y ö r g y  1967), f in a lly , when 
in jected  directly in to  the coronaries, it causes a marked local vasoconstriction  
( O s a d c h i i  et al. 1967).

In  an endeavour to  clarify th e  m echanism  o f action of capsaicin  a study  
has been made on th e  effects of the com pound in isolated organs. Such  experi
m ents have been so far done m ainly w ith  im pure extracts o f  paprika (for 
references, see M o l n á r  1965) and in the available literature on ly  tw o  papers

* P re se n t address : D e p a rtm e n t o f  E x p e r im e n ta l T oxicology, S ta te  I n s t i tu t e  o f  O ccu
p a tio n a l H e a lth , B u d ap es t.
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cou ld  b e found dealing w ith  th e  effects of capsaicin  on isolated organs. Thus, 
V a r a d y  and K o t u r n y a  (1931) showed that crysta llin e  capsaicin had a nega
t iv e  inotropic effect on th e  frog heart, and caused  relaxation  o f the rabbit’s 
iso la te d  intestine w hile Т о н  e t al. (1955) reported th a t capsaicin gave rise to  
con traction s in the iso la ted  ileum  of the gu inea pig; owing to the m arked  
ta ch y p h y la x is , this effect cou ld  not be repeated on  th e  sam e preparation.

Methods

I n  th e  experim en ts, f re sh ly  re m o v e d  guinea pig ile u m  w as used . The iso la ted  in te s tin e  
w as p la c e d  in  a 20-ml flask  c o n ta in in g  th e  ba th in g  so lu tio n  th ro u g h  w hich oxygen  w as b u b b led  
a t  37  °C. T h e  com position  o f  th e  b a th in g  m edium  w as, N aC l, 6.9 g; KC1, 0.35 g ; M g S 0 4, 
0 .29  g ; N a H C 0 3, 2.1 g; K H 2P 0 4, 0 .16  g; CaCl2, 0.28 g ; g lu co se , 1.00 g; fo r 1000 m l. C o n trac 
t io n s  o f  th e  ileum  were re c o rd e d  b y  a n  isotonic lever.

T h e  m edium  b a th in g  th e  iso la te d  and sp o n ta n eo u s ly  c o n tra c tin g  r ig h t auric le  o f  th e  
g u in e a  p ig  h e a r t  a t  te m p e ra tu re s  ra n g in g  betw een 32° a n d  33 °C h a d  th e  follow ing com 
p o s i t io n  N aC l, 7.5 g; KC1, 0.41 g ; C aC l2, 0.24 g; N a H C 0 3, 0 .24  g ; N a H 2P 0 4, 0.14 g ; glucose, 
1.00 g  p e r  1000 ml. R eco rd in g  w a s  do n e  b y  a lig h t g lass le v e r  w ith  a sp ring  serv ing  as th e  
a d ju s ta b le  counterw eigh t. I n  p a r t  o f  th e  experim ents, f re q u e n c y  o f th e  c o n trac tio n s  w as also 
r e c o rd e d , b y  m eans of a  sp ec ia l o rd in a te  recorder. A to ta l  o f  24 h e a r t  auric les w as u se d  in  th e  
e x p e r im e n ts .

A  s to ck  solu tion  o f c a p s a ic in  w as prepared  w ith  T w e en  80 a n d  96%  alcohol to  give 
a  c o n c e n tra t io n  of 1 m g /m l; d i lu t io n s  were m ade w ith  p h y sio lo g ica l saline so lu tion . E q u a l 
d o ses  o f  th e  used  so lven ts p ro v e d  to  have no effect w h e n  g iv en  b y  them selves. T h e  doses 
o f  th e  v a r io u s  substances te s te d  in  th is  s tu d y  refer to  th e  re sp e c tiv e  sa lts  o f these  su b stan ces .

Results

(i) Effect o f capsaicin  on the isolated gu inea p ig  ileum

Capsaicin elicits con traction  of the iso la ted  ileum  at concentrations of 
5 x  1 0 ~ 8 and 10-7 higher. T h e  sam e dose applied a second tim e had a slighter  
or n o  effect. After a sm all in itia l dose, higher concentrations were effective, 
b u t a fter  the second response no contraction cou ld  be elicited by additional 
d oses, i.e . the preparation becam e com pletely  unresponsive to  capsaicin  
(F ig . 1). Tachyphylaxis w as lasting as repeated  w ashings over periods of 
2 h ou rs failed to restitu te  su scep tib ility  of the iso la ted  ileum  to  capsaicin while 
h ista m in e , acetylcholine, serotonin, n icotine, dim ethyl-phenyl-p iperazine  
(D M P P ), bradykinin (B R S  640 , Sandoz L td ., B asel, Switzerland), KC1 and 
B a C l2 (F ig . 1) proved in v a r ia b ly  capable of e lic itin g  contractions.

A  series of experim ents w as carried out w ith  com pounds of antagonistic  
e ffe c t . Specific blocking a g en ts  were added to  th e  b a th  after som e o f the com 
p o u n d s w ith  stim ulating e ffec t  had been added. A fter adm inistration o f the  
b lo ck in g  compound, again th e  agonistic com pound w as given, and if  the la tter  
h ad  no effect, capsaicin w as added to the m edium  in a concentration of 
К Г 7 g /m l. As agonistic a g en ts , histam ine, acety lch o lin e , serotonin, nicotine  
and  D M P P  were used. O w ing to  the tachyphylaxis i t  w as im possible to  evaluate
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th e  responses q u an titatively; th ey  were therefore denoted either as “ In h ib i
tio n ” or “ N o inhibition” . The response was regarded as positive (“ In h ib i
tion”) i f  capsaicin failed to elic it contractions of the isolated  ileum . E ach  blocking  
agent w as tested  at least on 8 iso lated  preparations but none o f them  w as capable

F ig. 1. Iso la te d  guinea p ig  ileum . Ac, ace ty lcho line ; H , h is tam in e ; S, se ro to n in ; B r, b rady-
k in in ; D , D M P P ; C, capsaicin

F ig. 2. Iso la te d  guinea p ig  ileum . Ac, ace ty lcho line , 5 x l 0 -8 g /m l; H , h is tam in e , 1 0 -8  g /m l; 
S l , se ro to n in , 10 ~8 g/m l; S 2, se ro to n in  3 .3 x 1 0 '®  g/m l; A, a tro p in e , 10~6 g /m l; M , m eth y - 
serg ide, 10~e g/m l; Di, d ip h en h y d ra m in e , 10 -6 g /m l; C,, c ap saic in , 10 -7 g /m l; C 2, cap sa ic in ,

10 ~6 g/ml

of antagonizing the contractions elicited by capsaicin, even at 10 g/m l 
concentration, sufficient to  block the effects o f the respective stim ulating  
agent (F ig . 2). Thus, capsaicin caused the isolated  ileum  to  con tract after 
atropine, m ethysergide, diphenhydram ine and hexam éthonium  (10“ 5 g/m l), 
when acetylcholine, h istam ine, serotonin and D M PP produced no effect at all.

On th e  other hand, th e  contractions elicited b y  capsaicin w ere inhib ited  
b y  papaverine, caram iphen and cinchocaine at 10-5 g/m l concentration .
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F ig . 3. Iso la ted  gu inea p ig  a u ric le . T op trac in g , a m p litu d e  o f c o n tra c tio n s , below , frequency  
o f c o n tra c t io n s .  NA, n o ra d re n a lin e ; C, cap saic in

F ig . 4. Iso la ted  g u in ea  p ig  au ric le . Т у, ty ra m in e ; N A , n o rad ren a lin e ; C, capsaicin

(ii) Effect o f capsa ic in  on the isolated gu inea  p ig  auricle

Capsaicin at con cen tration s between 5 X  10-8  and 10“ 7 g/m l, had a posi
t iv e  inotropic and chronotropic effect on the iso la ted  auricle (Fig. 3) but tach y
p h y la x is  ensued rapid ly  and  was of considerable duration. Adrenaline, nor
adrenaline, isoprénaline, tyram in e, DM PP and n icotin e  retained their stim ulat
in g  effect after ta ch y p h y la x is  to  capsaicin had  ensued (Fig. 4). The capsaicin  
e ffe c t  could not be ab o lish ed  by the previous addition  to  the m edium  of 
propranolol or cocaine. T h ese  blocking agents, on the other hand, potently  
an tagon ized  the effect o f  catecholam ines and tyram ine.
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Discussion
Considering that capsaicin  has been denoted as the m ost p o ten t peripheral 

sensory structure exciting agen t ( B a r a z  et al. 1968a), it was not surprising that 
it exerted a stim ulatory effect on other tissues, too. The m ost in terestin g  point 
in the excita tory  effects o f capsaicin on isolated structures seem s to  be the 
marked tachyphylaxis occurring on both organs tested  in this stu d y .

As shown by experim ents in  v ivo , m edium  doses of capsaicin do not give 
rise to tachyphylaxis in chem oreceptor structures, in the pulm onary vessels, 
or in the coronaries ( P ó r s z á s z  et al. 1955; M o l n á r  and G y ö r g y  1967, O s a d - 

CH ii et al. 1967). I f  tach yp h ylax is occurs, it  usually  does not la st longer than  
15 to 20 m in, as far as th is can be determ ined (M o l n á r  1966). For tach y
phylaxis to  ensue under cond itions in v ivo  it is necessary to g iv e  such doses 
which already block the response to other, e.g. m echanical, stim u li ( B a r a z  

et al. 19686). On the other hand, desensibilization carried out b y  repeated  
adm inistration of capsaicin is associated w ith  a reduction or com plete abolition  
of the response given to a num ber of other irritating agents ( J a n c s Ó 1955; 
P ó r s z á s z  1966; M a k a r a  et al. 1967).

In the isolated organ, tach yp h ylax is to capsaicin developed rapidly; it 
was longstanding and highly specific. All the com pounds with agon istic  prop
erties could be dem onstrated to  have the usual effect when te sted  on the 
ileum and auricle already unresponsive to  capsaicin. This also m eans that 
capsaicin had no harmful effect on the contractile elem ents o f  th e  isolated  
organ.

As to  th e  point of action  o f capsaicin, our possibilities were lim ited , for 
tachyphylaxis made it im possib le to  carry out reliable pharm acological analy
sis. Inform ative experim ents h ave shown th at, in  the isolated guinea p ig ileum  
the site of action  of capsaicin is certainly not the intram ural ganglia  or the 
receptors o f acetylcholine, h istam ine or serotonin, at the specific blocking  
agents of these compounds even  when applied together, failed to  p reven t the 
response to capsaicin. In addition , the present experim ents ind icate w ith  great 
probability th a t in the iso la ted  auricle capsaicin does not exert its  effect 
directly on the adrenergic receptors.

Sum m ing up the present results, the follow ing conclusions can be drawn:
(1 )  capsaicin has a m arked excitatory effect on the iso lated  in testin e  

and auricle o f  the guinea pig;
(2 )  it  exerts its effect on som e hitherto unidentified biological structure  

(receptor) to which it has a h igh  affin ity  and w hich, after an in itia l excita tory  
process, rapidly becomes in sen sitive  to capsaicin;

(3 )  tachyphylaxis to  capsaicin  ensues rapidly it  is lasting and highly  
specific. No cross tachyphylaxis to  other com pounds could be revealed . Accord
ing to our know ledge, there is no other com pound w ith a sim ilarly specific  
tachyphylaxis in isolated organs.
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Recensiones
E . R . Ca l a n ie l l o  (E d .)

Neural Networks

P roceed ings o f  th e  School on  N e u ra l N etw orks 
R a v e llo , Ju n e  1967, Springer-V erlag , B e rlin — H eid elb erg — New Y o rk , 1968. 

190 pages w ith  80 figures. P rice  DM  68, — US$ 17.00

T h e  v o lu m e  contains th e  sev en teen  lec tu res  p re se n te d  a t  th e  School o f N e u ra l N e tw o rk s  
su p p o rte d  b y  th e  NATO A d v an ced  S tu d y  I n s t i tu te  P ro g ram m e .

T he fo rew o rd  of th e  E d ito r ,  P rof. E . R . Ca ia n l e l l o , is followed by  th e  p re se n ta tio n s  
o f F . R a t l i f f : O n Fields o f In h ib ito ry  In flu en ce  in  N e u ra l N e tw o rk ; E . F . E v a n s : U p p e r  an d  
Low er L ev e ls  o f  th e  A u d ito ry  S y s te m ; V. B r a it e n b e h g : O n C hiasm as; M. A. A r b i b , G. F. 
F r a n k l in  a n d  N . N il s s o n : Som e Ideas on  In fo rm a tio n  Processing  in  C erebellum ; D . M. 
M a c k a y : T h e  Im p o rtan ce  of “ L a n d m a rk s”  fo r V isu a l P e rc ep tio n ; W . S. Me Cu l l o c h : Logic 
and  C losed L oops fo r a C o m p u te r J u n k e t  to  M ars; E . R . Ca ia n ie l l o , A. D e  L u c a  a n d  L .  M. 
R ic c ia r d i : N e u ra l N etw orks: R e v e rb e ra tio n s , C o n s ta n ts  o f  M otion, G eneral B e h a v io r ;  A . D e  
L u c a  an d  L . M. R ic c ia r d i : P ro b a b ilis tic  D esc rip tio n  o f N eu ro n s; J .  D. A p l e v ic h : M odels of 
C erta in  N o n lin e a r  System s; P . J .  M. J o h a n n e s m a : D iffu sio n  Models for S to c h as tic  A c tiv i ty  
o f N eu ro n s; J .  Cl . L e v y : S ta tis t ic a l  A p p ro ach  to  th e  S tu d y  of N euronal N e tw o rk s; S. N o g u 
c h i , K .  N a g a s a w a  and J . O i s u m i : A F u n d a m e n ta l  C onsideration  on P a t te rn  R eco g n ise rs; 
A. St a r s z a k : M ultilayer an d  M ultilevel C ontro l S tru c tu re s ;  R . E . K a l m a n : O n th e  M a th e 
m atics o f M odel B uild ing; B. T o u s c h e k : A S ta tis t ic a l  C lock; J .  D. Co w a n ; S ta tis t ic a l  M echa
nics o f  N e rv o u s  N ets. A fter su ch  h ig h ly  in te re s tin g  p re se n ta tio n s  i t  is u n fo r tu n a te  t h a t  th e  
discussions a n d  th e  conclusions h a v e  n o t been  in c lu d e d  in  th e  book.

F ro m  th is  t ru ly  in te rd isc ip lin a ry  course i t  m a y  be concluded  th a t  on ly  th e  sy s te m a tic  
c o llab o ra tio n  o f  n eu ro an a to m ists , n eu ro p h y sio lo g ists , m a th em a tic ian s  an d  lo g ic ian s  w ith  
chem ists, p h y s ic is ts  and engineers can  develop re a lis tic  m odels of neu ronal n e tw o rk s  fo r  th e  
sake of a  b e t te r  u n d e rs tan d in g  o f n ervous in te g ra tio n .

T h e  b o o k  is w arm ly  reco m m en d ed  f i r s t  o f a ll to  n eu ro an a to m ists , n e u ro p h y sio lo g is ts , 
m a th e m a tic ia n s  a n d  to  e v e ry b o d y  concerned  w ith  th is  m o s t in te res tin g  p ro b lem  o f  n e u ro 
biology.

K .  L is s á k

G. C. Q u a r t o n , T . M e l n e c h u k  a n d  F . О. Sc h m it t  (E ds)

The N eurosciences: A Study Program

T h e  R ockefeller U n iv e rs ity  P ress , N ew  Y o rk , 1967. 962 pages. P rice  $ 17.50

A f te r  ea rlie r  successful p u b lic a tio n s  (N eurosc iences R esearch  Sym posium  S u m m arie s , 
vol. I — I I )  th e  N eurosciences R e se a rc h  P ro g ram  h as  b ro u g h t o u t again  a book o f  g re a t  sign if
icance.

I n  th e  sum m er of 1966 th e  N eurosciences R e se a rc h  P rogram  in v ite d  m o re  t h a n  150 
sc ien tists  fro m  a ll p a rts  o f th e  w o rld  to  th e  C am pus o f th e  U n iversity  o f C olorado in  B o u ld er 
to  d iscuss th e  ac tu a litie s  o f neurosciences in  th e  course  o f a m onth-long In te n s iv e  S tu d y  
P rogram . T h e  p a r tic ip a n ts  re p re se n ted  th e  m o st d if fe re n t fie lds of neuroscience fro m  m o lecu la r  
b io logy to  psychology . T his v o lu m e co n ta in s th e  65 le c tu re s  delivered by  o u ts ta n d in g  e x p e rts  
o f th e  f ie ld s  se lec ted  for d iscussion .

W ith  w orks of a su m m ariz in g  ty p e  th e re  is a lw ay s  a  danger of o v e rs im p lific a tio n . T he 
g rea t v a lu e  o f  th is  book is t h a t  i t  h a s  avo ided  th is  d a n g e r . T he au th o rs  n o t o n ly  su rv e y  th e ir  
top ic  b u t  g ive  an  account o f th e ir  recen t re sea rch  w o rk  a n d  in  th e  lig h t o f th e  m o n th -lo n g
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m u ltid is c ip lin a ry  d iscussions th e y  o u tline  th e  f u r th e r  p e rsp ec tiv e s  of th e  g iven  fie ld . T h u s, 
i f  one read s  th e  vo lu m e (w h ich  is n o t a sim ple ta s k  co n sid erin g  its  962 pages) one g e ts  a  th o r 
o u g h  in s ig h t in to  th e  p re se n t s ta tu s  o f neurosciences.

T he hook  consists o f sev en  ch ap ters . A fter a s h o r t  m orpho log ical in tro d u c tio n  (2 lec tu re s) 
one  c h a p te r  deals w ith  molecular biology in  g en era l (17 lec tu re s) , th e  o th er w ith  th e  specia l 
p ro b lem s of molecular biology o f  brain cells (11 le c tu re s ) . T h e  ch ap te r  N euronal P hysio logy  
( l l  le c tu re s )  is d e v o te d  to  p ro b lem s of sy n ap tic  p ro cesses , n e u ra l coding and  in fo rm a tio n  p ro 
cessing . I n  th e  n e x t c h a p te r  e n ti t le d  B ra in  Correlates o f  F unclional Behavioral States 9 lec tu re s  
d iscu ss  th e  n eu ro p h y sio lo g ica l a spects o f b io logical rh y th m s , a tte n tio n  and  em o tio n s. T he 
c h a p te r  B ra in  Correlates o f  L ea rn in g  (12 lectures) is a  su rv e y  of cellular processes as w ell as o f 
m ore  com plex  m ech an ism s o f lea rn in g  an d  m em ory . In  th e  la s t  c h ap te r  headed  In te rd isc ip lin 
ary  Topics, th ree  le c tu re s  d ea l w ith  problem s b ro a d e r  t h a n  those  in th e  p rev io u s c h ap te rs . 
T h e  b o o k  is co m p le ted  b y  th e  l is t  o f th e  p a r tic ip a n ts  o f th e  In ten s iv e  S tu d y  P ro g ra m  a n d  b y  
a  d e ta ile d  n am e an d  su b je c t in d ex .

T h e  ed itin g  is f i r s t  r a te ,  th e  illu stra tio n s a re  ex ce llen t.
T h is volum e is n o t  o n ly  im p o r ta n t from  th e  sc ien tif ic  p o in t of view  b u t  also a  w ork  

w h ich  can  be reco m m en d ed  as a  v a luab le  c o n tr ib u tio n  to  th e  l ib ra ry  of all n e u ro sc ie n tis ts ,

K .  L is s L k

N. S. A s s a e i (E d .)

Biology of G estation

V olum e I. The M a te rn a l O rg an ism
A cadem ic P re ss , N ew  Y o rk  an d  L ondon , 1968. 507 pages w ith  155 figures.

Price $ 27.00

T he aim  of th is  w o rk  is to  collect all c o n te m p o ra ry  know ledge concerning th e  processes 
o f g e s ta tio n . R esearch  in  th e  d iffe re n t basic sciences d u r in g  th e  p a s t decades y ie lded  m a n y  new  
fa c ts  concern ing  th e  p h y sio lo g ica l and  b iochem ical p ro cesses w hich  tak e  p a r t  in  fo e ta l g ro w th  
a n d  d ev elo p m en t, a n d  in  th e  a d a p ta t io n  to  in tra u te r in e  life  and  th e  e x te rn a l e n v iro n m en t.

T h e  su b je c t o f  th e  f ir s t  vo lum e is th e  m a te rn a l  o rg an ism , discussed b y  th ir te e n  well- 
k n o w n  a u th o rs  in  e ig h t c h a p te rs . T he f irs t  c h ap te r  b y  R o g e r A. G o r s k i discusses th e  p ro b lem s 
o f th e  n e u ra l co n tro l o f  o v u la tio n . The second c h a p te r  b y  Louis F r id h a n d l e r  d eals w ith  
g am eto g en esis  an d  im p la n ta t io n . T he th ird  c h ap te r  b y  R a lp h  M. W y n n  describes th e  m o rp h o 
lo g y  o f th e  p lacen ta . T h e  fo u r th  c h ap te r  by  N. S. A s s a l i , P re s to n  V. D i l l s , A lb e rt A. P l e n t h , 
T h o m a s  H . K ir s c h b a u m , a n d  S tan ley  J .  G ross rev iew s th e  physiology of th e  p la c e n ta . In  
c h a p te r  f iv e  H an s H . S im m e r  discusses th e  p lac en ta l h o rm o n es . C hapter six deals w ith  th e  
re g u la tio n  o f  m y o m é tria l co m p o sitio n , g row th , a n d  a c t iv ity .  C hap ter seven rev iew s th e  p re g 
n a n t  u te ru s , th e  process o f la b o u r , p u erperium , a n d  la c ta t io n . F ina lly , in c h a p te r  e ig h t, F . É . 
H y t t e n  a n d  A. M. T h o m s o n  are  d iscussing th e  p ro b lem s o f  m a te rn a l physiological a d ju s tm e n t.

T h e  re ad e r looks fo rw a rd  w ith  a n tic ip a te d  e x p e c ta t io n s  to  th e  second v o lu m e, w hich  
w ill d ea l w ith  th e  m ech an ism s assisting  th e  foetus to  b i r th .  T he f irs t  volum e has acco m p lish ed  
i ts  a im  of p resen tin g  a co m p le te  and  co o rd in a ted  p ic tu re  o f th e  m ate rn a l o rg an ism  d u rin g  
p re g n a n c y . T he book  w ill be u se fu l n o t only for th e  g y n aeco lo g is t b u t  also for th e  p h y sio lo g is t 
a n d  th e  bio logist. I t  w ou ld  be desirab le  to  com pile su ch  bo o k s in th e  fields o f  o th e r  clin ical 
sc iences also.

K .  L is s â k

C. v o n  E u l e r , S. Sk o g l u n d  a n d  U . S ö d e r b e h g  (E ds)

Structure and Function of Inhibitory Neural Mechanisms

W enner-G ren  C en te r  In te rn a tio n a l S y m p o s iu m  Series, Volum e 10.
P e rg a m o n  P ress , O x fo rd  1968. IX  +  563 p ag es , w ith  261 figures. P rice  $ 24.00

T he book co n ta in s  th e  m a te ria l  p resen ted  b y  m o re  th a n  f if ty  w ell-know n c o n tr ib u to rs  
to  th e  W enner-Gren  sy m p o siu m  in  S ep tem ber, 1966. T h e  su b je c t of th e  Sym posium  w as th e  
im p o r ta n t  p rob lem  of n e rv o u s  in h ib itio n . The re su lts  o f th e  recen t in v estig a tio n s in  n e u ro 
b io lo g y  h av e  m ade  i t  n ecessa ry  to  in teg ra te  th e  p a r t ic u la r  d a ta  of u l tra s tru c tu re  re sea rch , 
n eu ro p h y sio lo g y , p h a rm a co lo g y  a n d  n eu ro ch em istry  in  th e  p ro b lem  of in h ib ito ry  m ech an ism s.
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T he papers p re se n te d  were ra n g ed  in  five g roups: I . M orphological co rre la tes  o f  pre- 
a n d  p o stsy n a p tic  in h ib i to ry  processes. I I .  T he m echan ism s o f  c en trifu g a l in h ib itio n  o f sense 
o rg an s. I I I .  P h y sio log ica l significance o f  p re - and  p o s tsy n a p tic  in h ib itio n . IV . P h a rm aco lo g y  
a n d  n eu ro ch em istry  o f  in h ib ito ry  processes. V. Role an d  im p o r ta n c e  o f in h ib ito ry  m ech an ism s 
as lin k s in  n eu ra l c ircu its .

T he m u ltid isc ip lin a ry  Sym posium  h as  accom plished  i ts  o rig in a l p ro g ram m e a n d  offers 
a n  in te g ra te d  c o n te m p o ra ry  p ic tu re  o f  in h ib itio n  in  th e  n e rv o u s  system , an d  a p e rsp ec tiv e  
for fu tu re  research . T h e  excellen t boo k  is h igh ly  reco m m en d ed  fo r every  w orker in  n e u ro 
bio logy.

K . L i s s á k

G. A . K e r k u t  (E d .)

Experiments in Physiology and Biochemistry
V olum e I. A cadem ic P re ss , L ondon a n d  N ew  Y ork , 1968. X V  +  408 pages, w ith  154 figu res .

P rice  s 120

T his new series “ E x p erim en ts  in  P h y sio lo g y  an d  B io c h e m is try ”  in ten d s to  give a d e ta il
ed d escrip tion  of m e th o d s  to  enable th e  re a d e r  to  c a rry  o u t  th e  ex p erim en ts  described . T w en ty - 
fo u r  experienced  c o n tr ib u to rs  offer a  w id e  range of b io ch em ica l, general a n d  co m p a ra tiv e  
physio log ical e x p e r im e n ta l  m ethods in  th e  follow ing fie ld s: 1. E n zy m es of a rg in ine  a n d  u re a  
m etab o lism  in in v e r te b ra te s . 2. T he d is tr ib u tio n  an d  poo l size o f  free am ino acids in  an im a l 
tis su e ; th e  d e te c tio n  a n d  estim ation  o f a -L  am in o -tran sfe ra se  a c t iv ity  in  an im al tis su e ; th e  
in co rp o ra tio n  of c a rb o n  from  ra d io a c tiv e  su b s tra te s  in to  th e  so lub le  in te rm ed ia te s  o f  an im al 
tissu es using  tw o -d im en sio n a l p ap er a u to ra d io g ra p h y ; b io ch em ica l changes d u rin g  m uscle  
c o n tra c tio n ; fe rm e n ta t io n  and  re sp ira tio n  in  y eas t. 3. T h e  re la tio n  be tw een  th e  a m o u n t o f 
o x y g en  availab le  to  tis su es  and  the  ty p e  o f enzym e p re sen t. 4. B iological o x id a tio n ; d ig es tio n  
b y  m am m alian  g u t  tis su e s ; th e  m ea su re m e n t o f enzym e a c t iv ity  in  th e  d igestive  g lan d  of 
Á rion  a te r . 5. S nake v en o m  peptidase  a c tiv it ie s ;  h y d ro ly ses o f  a rg in in e  esters b y  sn ak e  v en om s.
6. E s tim a tio n  o f th e  e s te ra se  a c tiv ity  o f  serum ; s ta rch -g e l e lectrophoresis o f m ouse serum .
7. B uffering  c a p a c ity  o f  sna il blood; d e te rm in a tio n  of cho line  e ste ra se  a c tiv ity  in  sna il b lood .
8. T he role of c o n tra c ti le  vacuole; ion an ta g o n ism  an d  p h y sio lo g ica lly  b a lanced  sa lt so lu tio n s; 
som e effects of r a d ia tio n  on  cells; b io lum inescence; oxygen  e q u ilib riu m  curve of h aem o cy a n in ; 
a c tiv e  tra n sp o r t  th r o u g h  cell m em b ran e s; sa lin ity  a n d  th e  v o lu m e an d  w e igh t o f an im als ; 
physio log ica l co lou r changes of v e r te b ra te s . 9. B iological m em b ran es  in  th e  frog  a n d  to a d  
u r in a ry  b lad d er. 10. T em p era tu re  an d  th e  goldfish  in te s tin e . 11. H u n g e r in in sects a n d  ta s te  
th re sh o ld  rise in  b low flies a fte r  feeding. 12. A llectom y of th e  A m erican  cockroach  (P e rip la n e ta  
a m erican a  L.). 13. H o rm o n a l contro l o f  ex cre tio n  in  an  in sec t. 14. T he use o f th e  k y m o g ra p h ; 
th e  c lam -h ea rt te c h n iq u e  of bioassay  fo r  ace ty lcho line ; p re p a ra tio n  of nerve e x tra c ts  fo r b io 
assay  o f bound  a n d  free  acety lcho line; th e  fu n c tio n  of th e  c a rd io reg u la to r nerves in  th e  c ra y 
fish ; pharm aco lo g y  o f th e  crayfish  h e a r t ;  spon tan eo u s a c t iv ity  o f th e  c ray fish  h in d g u t a n d  its  
co n tro l by  drugs. 15. F a c ilita tio n  an d  o th e r  p rop erties  o f  n e rv o u s  system s of sea an em o n es; 
a u to rh y th m ic  o rg a n s; p e rip h e ra l in h ib itio n  in  c ru staceo u s; slow  a n d  fa s t ax o n  co n tro l o f con
tra c tio n  in  in sects; p ro p e rtie s  o f som e in sec t sense o rg an s; “ s a tc h ”  m echanism s o f m olluscs. 
16. R ecord ing  fro m  th e  c rayfish  ab d o m in a l ex ten so r m uscle  p re p a ra tio n  w ith  m icroelec
tro d es . 17. Iso la ted  a n d  in  situ  h eart p re p a ra tio n  of th e  sna il H e lix  asp ersa ; in tra c e llu la r  m ic ro 
e lectro d e  reco rd ing  fro m  th e  brain  o f H e lix . 18. C h ro m ato g rap h ic  d em o n s tra tio n  o f d o p am in e  
in  th e  b ra in  o f H e lix  aspersa. 19. T h in -la y e r c h ro m a to g ra p h y  o f am ino acids a n d  su g ars; 
th e  sna il ne rv e-m u sc le  p re p a ra tio n ; p e rfu s io n  of th e  co ck ro ach  leg. 20. Physio log ical response  
to  a sp h y x ia  in a n im a ls  including m an . 21. In te s tin a l a b so rp tio n  o f glucose in  v ivo . 22. T he 
co n su m p tio n  of o x y g en  b y  th e  whole a n im a l. 23. M easu rem en t o f th e  re sp ira to ry  r a te  o f a sm all 
te r re s tr ia l  an im al.

T his v e ry  u se fu l m an u a l will c e r ta in ly  fin d  i ts  w ay  to  th e  l ib ra ry  she lf o f e v e ry  b io 
chem ica l and  p h y sio lo g ica l d e p a r tm e n t, to  assist b o th  th e  beg in n er and  th e  ex p erien ced  
resea rch  w orker.

K . L i s s á k
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Computing in Medicine

B r i tis h  M edical B ulle tin , E d .:  C. C. S p i c e r . Vol. 24, N o. 3, S ep tem b er 1968. P u b lish e d  b y  th e  
M edical D e p a r tm e n t, T h e  B ritish  C ouncil, L o ndon . 273 pages, P rice  £  2

T h e  in tro d u c tio n  o f th e  co m p u te r p rincip les an d  technology  in  b io logy  including 
m e d ic in e  hav e  rev o lu tio n ised  sc ience. T he old b e lie f t h a t  b iological sciences a re  non-m ath e- 
m a t ic a l  h a d  been based  on  th e  co m p lex ity  of b io logical system s w here m ea su re m e n ts  were 
in a d e q u a te  fo r m a th e m a tic a l fo rm u la tio n . H ow ever, th e  a tte m p ts  o f th e  p a s t  d ecad e  a t  in tro 
d u c in g  co m p u tin g  in m edicine  h a v e  led  to  m ajo r ad v an ces .

T h e  well selected co llec tio n  o f th is  issue of th e  B ritish  M edical B u lle tin  rep re sen ts  
th e  p r e s e n t  s ta te  o f c o m p u tin g  in  m edicine . A fte r  th e  in tro d u c tio n  of J .  A. B . G ray , S ec retary  
o f  th e  M edical R esearch  C ouncil, f if te e n  ch ap te rs  p re se n t th e  ap p lica tio n  o f c o m p u te r  tech n o l
o g y  in  d iffe ren t fields o f m ed ic ine .

L . C. P ayne  p re sen ts  “ T h e  b asic  p rincip les a n d  b r ie f  h is to ry  of c o m p u te r  tech n o lo g y ” ; 
J o h n  A n d erso n  “ The c o m p u te r: m ed ica l v o cab u la ry  an d  in fo rm a tio n ” ; J .  A. B ates  “ P re p a ra 
t io n  o f  c lin ical d a ta  fo r c o m p u te rs” ; E . D. A cheson  “ L in k ag e  of m edical re co rd s” ; M. J .  R . 
H e a ly  “ T h e  d isciplining of m ed ica l d a ta ” ; G. B. H ill,  C. C. Spicer  and  A. C. W eatherell “ The 
c o m p u te r  surveillance of c o n g en ita l m a lfo rm atio n s” ; I. D. P . Woolton “ C o m p u te r science in 
th e  b io ch e m is try  la b o ra to ry ” ; J .  A. Boyle  a n d  J .  A. A nderson  th e  p ro b lem s o f  “ C om puter 
d iag n o s is : clinical asp ec ts” ; J .  A. A nderson  an d  J .  A. Boyle  “ C om puter d iag n o s tic : s ta tis tic a l 

s p e c ts ” ; D. N. Baron  an d  P . M. F raser  “ M edical a p p lic a tio n  of tax o n o m ic  m e th o d s” ; E . W. 
E m e ry  “ A  b rie f no te  on c o m p u te r  ap p lica tio n s in  ra d io th e ra p y ” ; E . W illia m  E m ery  “ Some 
a sp e c ts  o f  com puters in  ra d io b io lo g y ” ; E . J .  M. C ampbell and  C. M. E . M attheivs  “ T he use 
o f  c o m p u te rs  to s tim u la te  th e  phy sio lo g y  of re sp ira tio n ” ; A. M. H alliday  “ C o m p u tin g  te c h 
n iq u e s  in  neurological d iag n o sis” ; fin a lly  D. R u to v itz  “ A u to m atic  ch rom osom e analy sis” . 
T h e re  is a glossary  m ost u sefu l fo r  th e  b eg inner in  c o m p u ta tio n  term ino logy .

T h is  excellent issue w ill be  v e ry  useful fo r e v e ry b o d y  in te res ted  in  th e  p rogress o f  
m ed ic a l science.

K . L is s á k

F. E r b s l ö h , A. O k s c h e , F . S e it e l b e r g e r  (E ds)

Symposium on Neuroglia — Symposium concernant 
la neuroglie — Symposium über die Neuroglia

P a p e rs  P re se n ted  on th e  1 2 th  A n n u a l M eeting of th e  V erein igung  D eu tsch er N eu ro p ath o lo g en  
u n d  N e u ro a n a to m e n , B erlin , O c to b er 20 —22, 1966.

S p ringer-V erlag , B erlin , H e id e lb e rg , N ew  Y ork  S p ringer-V erlag, W ien , N ew  Y o rk
(A cta  N e u ro p a th o lo g ica , S u p p lem en tu m  IV .) P rice  US$ 16.25

Som e of the  pap ers  d ea lin g  w ith  th e  d ev elo p m en t (Oksche, F leischauer)  a n d  general 
h is to p a th o lo g y  (C olm ant) o f g lia  a re  to  be reg ard ed  as com prehensive  rev iew s, in  w hich  th e  
a u th o r s  h a v e  included re su lts  o f th e ir  own research . T he w rite r  of th e  re p o rt  on  em bryo logy  
w a s  g u id e d  by  the  p o in ts o f v iew  o f co m p ara tiv e  h isto logy . B esides th e  re su lts  o f th e  tra d itio n a l 
s ta in in g  m eth o d s th e  a u th o rs  also ta k e  in to  acco u n t th o se  of subm icroscopical re sea rch  and 
e n z y m e  h isto ch em istry . Som e o f th e  re p o rts  are  e ssen tia lly  based  on re ce n t m e th o d s  (Hager, 
F r ie d e , W o lff, L ierse).

T h e  g rea ter p a r t  o f th e  v o lu m e  consists of p a p ers  re p o rtin g  on in v es tig a tio n s  in to  special 
p ro b le m s  p a r tly  on h u m an  m a te r ia l  a n d  p a r tly  on th e  basis  o f an im al e x p e rim e n ta tio n . Several 
a u th o r s  concern  them selves w ith  th e  spongy s ta te s  (U le , K o lkm ann , Seitelberger). W orkers 
o f  th e  M ax  P lanck  R esearch  I n s t i tu te  in  Cologne ( Sehrbundt; K leihues  a n d  Schu ltze; Hoss- 
m a n n )  in v es tig a te d  th e  m o rp h o lo g ica l and  fu n c tio n a l asp ec ts  of th e  b e h av io u r o f th e  glial 
e le m e n ts  in  ex p erim en tal b ra in  o ed em a. P eiffer  is in fa v o u r  o f th e  op in ion  t h a t  en zy m atic  
g lia l d e fic ien cy  in some h e re d ita ry  m etab o lic  d iso rd ers such  as leu co d y stro p h ies a n d  gargoylism  
c a n n o t  b e  b ro u g h t u n d e r th e  g en era l h ead in g  of glial in su ffic ien cy . Ja c o b  show s th a t ,  in  m acro- 
sc o p ica l ex am in atio n s , th e  a f f in i ty  o f  glial fib res to  m y elin  s ta in in g  h a em a to x y lin  m a y  lead  one 
to  m is ta k e  th e  findings fo r g lia l-m y e lin ic  d issociation . F u r th e r  p ro b lem s d e a lt w ith  a re : enzym e 
p a t t e r n s  o f  acid  ph o sp h a tase  in  v a r io u s  glial s tru c tu re s  ( B la n k ) ,  glial and  m esen c h y m a l reac 

Acta Physiologica Academiae Scientiarum Hungaricae 35, 1969



RECENSION ES 379

tio n s  in th e  rad io log ically  ( H a r d e r J a n d  trau m a tica lly  ( N o e tz e l  a n d  G o llb a ch )  in ju re d  anim al 
b ra in ,  m icrog lia l reac tio n  in  c o n n ec tio n  w ith  axonal ne rv e  cell change ( K r e u t z b e r g ) ,  glial 
re a c tio n  to  su b a rach n o id a l in je c tio n  o f iron  co n ta in ing  su b s tan ces  ( B lin z in g e r ) .

In  c o n tra s t  to  th e  u t il is a tio n  o f u ltram icroscop ic , h isto ch em ica l a n d  a u to ra d io g ra p h ic  
p ro ced u re s, im p reg n atio n  m e th o d s  do n o t  rece iv e  enough  a tte n tio n . T he w hole  v o lu m e  con
ta in s  o n ly  th re e  p h o to g rap h s  o f  slides im p reg n a ted  w ith  th e  “ sp an ish ”  m e th o d s . I t  m ay  be 
n o te d  th a t  i t  w as C a ja l's  gold su b lim a te  im p reg n atio n  w hich  en ab led  K .  S c h a ffe r  to  recognize 
th e  a s tro g lia l reac tio n  in d e p e n d e n t o f  p a ren c h y m a l lesion (called  b y  S c h a ffe r  “ E ig e n e rk ra n k u n g  
d e r N eu ro g lia” ).

E x c e p t th e  co m m u n ica tio n s o f F r ie d e  (C leveland, O hio) an d  S e ite lb e rg e r  (V ienna) all 
c o n tr ib u tio n s  come from  th e  la b o ra to r ie s  o f th e  G erm an F e d e ra l R epublic . T h e  lan g u ag e  of 
th e  p a p e rs  is G erm an , w ith  a p reced in g  su m m ary  in E n g lish . T he in te rn a tio n a l l ite ra tu re  is 
ex te n siv e ly  re ferred  to . T he p a p e rs  a re  rich ly  illu s tra te d  w ith  fig u res o f h igh  q u a lity .

B esides being of co n sid erab le  v a lu e  to  ev ery b o d y  w ho w ishes to  ga in  a  g e n e ra l su rvey  
o f  th e  re su lts  a n d  cu rren t q u estio n s  o f  no rm al and  p a tho log ica l m o rpho logy  o f g lia , th is  s t im u la t
ing  w ork  in v ite s  to  th e  s tu d y  o f spec ia l problem s.

S t . KÖRNYEY

W . E ic k h o f f , C. H e r b e l h o l d

Die Lymphbahnen der menschlichen Schilddrüse 
(Lymph vessels of the hum an thyroid)

S p rin g er V erlag , B erlin — H eid elb erg  — N ew  Y ork , 1968. 32 figu res. I l l  pages. P rice  DM 39.60

T h ere  is a grow ing in te re s t  in  lym pho logy  all over th e  w orld. T he a u th o rs  em phasize  
th is  f a c t  in  th e  In tro d u c tio n  to  th is  vo lum e m en tion ing  th a t  th e  re ce n t fo u n d a tio n  of th e  
In te rn a tio n a l  L ym pholog ical A sso c ia tio n  sym bolizes th e  g a in  in im p o rta n ce  o f th is  b ran ch  
of science am o n g  resea rchers w o rk in g  in  a  v a r ie ty  o f fields.

T h is ex ce llen tly  m ad e -u p  a n d  rich ly  illu s tra te d  m o n o g rap h  co n ta in s  all th e  im p o rta n t 
d a ta  on  th e  ly m p h  sy stem  o f th e  th y ro id  g land , s ta r tin g  fro m  th e  h is to rica l a sp e c ts  o f  th e  
p ro b lem  to  m ost recen t f in d in g s . N u m ero u s m ethods are  desc rib ed  an d  c ritic ize d  b y  th e  a u 
th o rs . T h e  a n a to m y  of th e  ly m p h  vesse ls, th e  th y ro id  g lan d , th e  d ra in in g  ly m p h  tru n k s ,  and  
th e  lo ca tio n  o f th e  reg ional iy m p h  nodes a re  d e a lt w ith . N u m ero u s d a ta  a re  in c lu d e d  on th e  
p h ysio log ica l, p a th o p h y sio lo g ica l a n d  p a th o lo g ica l asp ec ts  o f  th e  p rob lem .

T he boo k  is m o st v a lu a b le  to  lym pholog ists, an d  it  w ill be o f  in te re s t  to  en d o crin o 
log ists, physio log ists , p a th o lo g is ts , a n d  surgeons o p e ra tin g  on th e  neck.

M. F ö l d i

P. L. M il l e r  (E d .)

Aspects of Cell Motility
Sym posion of th e  S o c ie ty  for E x p e rim en ta l B iology N o. 22 

C am bridge U n iv e rs ity  P ress , C am bridge, 1968. 370 pages. P rice  85 s

T h e  c en tra l concern  of th is  new  n u m b er o f th e  fam ous series is a  sea rch  fo r th e  com m on 
fe a tu re s  o f all k inds o f m otile  m ech an ism s enco u n tered  in  liv in g  cells. In  th e  la s t  tw o  decades 
a  sp e c ta cu la r  progress has b een  ach iev ed  to w ard  th e  e lu c id a tio n  o f th e  m o lecu la r m echanism  
o f m uscle  co n tra c tio n . I t  is o n ly  n a tu ra l  th a t  th e  search  fo r com m on a sp ec ts  o f  cell m o tility  
shou ld  be  p e rv ad ed  by  id eas a n d  tech n iq u es o rig in a tin g  in  th is  m o st successfu l a rea . As i t  
can  be in fe rred  from  th e  W ellcome d iv e rs ity  o f them es, th e  o rg an izers o f th e  sy m p o siu m  were 
n o n e th e less  q u ite  unb iassed  fo r o r  a g a in s t th e  a ssu m p tio n  o f a “ genera l c o n tra c tile  m ech an ism ” 
u n d e rly in g  a ll cell m o vem en ts .

B esides th e  c o n tr ib u tio n s  re fe rrin g  to  m uscle c o n tra c tio n  (k e p t re la tiv e ly  re s tr ic te d  
in  sp ace) th e  to p ics e x te n d  th ro u g h  c iliary , flag e lla ry  a n d  am oebo id  m o v em e n ts , to  m ove
m en ts  a sso c ia ted  w ith  cell d iv is io n , to  m o vem en ts o f nuclei a n d  ch lo ro p las ts  in  th e  p ro to 
p lasm , e tc .
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R eg ard in g  the  c o n tr ib u t io n s  fro m  th e  angle o f  possib le  g en era liza tio n s i t  is qu ite  
a p p a r e n t  th a t  some p a tte rn  m o d e lle d  a f te r  th e  A T P -fue lled  slid ing  of a c tin  a n d  m yosin  f ila 
m e n ts  as found  in d iffe ren t ty p e s  o f  m uscle can be e x te n d e d  in  som e form  or o th e r  to  several 
ty p e s  o f  cell m o tility , f i r s t  o f  a ll to  th o se  based on p e rm a n e n t  s tru c tu re s . T h ere  is m ore th a n  
su f f ic ie n t  evidence for th e  in v o lv e m e n t of A TP in  e n e rg y  lib e ra tio n  o f cilia  a n d  flagellae. 
A  p r o te in  called w ith  full r ig h t  a c t in  (cross-reacting  w ith  m uscle  m yosin) can  be iso la ted  from  
m o ti le  p lasm odia . The f la g e lla ry  a n d  c iliary  m ic ro tu b u les  seem  to  be b u ilt  u p  fro m  g lo b u la r 
m o n o m e rs  w ith  m olecular w e ig h t  n e a r  to  th is o f ac tin . T h e  m o nom ers can  be rev ersib ly  
re a sse m b le d  to  m ic ro tu b u les  in  v i tr o  in  a w ay re sem b lin g  th e  d ep o ly m eriza tio n -p o ly m eri
z a t io n  cycle of actin . T he “ a rm s ”  seen  in  cross sec tion  p ic tu re s  o f flagellae  p ro jec tin g  from  
th e  o u te r  se ts of m ic ro tu b u le s  a re  fo rm ed  b y  ag g reg a tio n  o f th e  A T Pase  p ro te in  “ d y n e in ”  
w ith  a  m olecu lar w eight o f 600 000 (m yosin , 500 000).

I n  add ition  to  th ese  sy s te m s  be ing  now a t  a s ta g e  o f d e ta iled  b iochem ical and  b io 
p h y s ic a l  analysis, in te re s tin g  w o rk s  a re  included on to p ic s  w h ich  are s tu d ied  a t  p re sen t on ly  
b y  c la ss ica l cytological m e th o d s  su c h  as stroboscopic f ilm in g  o f inclusions s tre am in g  du ring  
a m o e b o id  m ovem ent, o r p ic tu re s  o f  m ito tic  spindles in  liv in g  d iv id in g  cells v isu a lized  am az
in g ly  w ith  th e  help of th e  N o m a rs k y  in terference  m icroscope.

T h e  cell m ovem ents n o t  b a se d  on observable p e rm a n e n t  s tru c tu re s  c a n n o t be in te r 
p r e te d  a t  p resen t on th e  g ro u n d s  o f  a  genera l m echanism . N ev erth e le ss , th e  in te re s tin g  specu la
t io n s  o f  P ring le  going sy s te m a tic a lly  th ro u g h  m uscle ty p e s  o f lesser an d  lesser deg ree  of s tru c 
t u r a l  o rg an iza tio n , co n v in c in g ly  a t t e m p t  to  bridge th e  g ap  b e tw een  v isib le  a n d  (supposed) 
in v is ib le  filam en tous s tru c tu re s  g e n e ra tin g  force. H is “ m in im a l m odel”  o f fo rce  d ev e lo p m en t 
is b a se d  on  a change of sh ap e  o f  a  co m p lex  of tw o k inds o f p ro te in s , one of th e m  being  a f il
a m e n t  o f polarized s tru c tu re  l ik e  a c tin .

T h e  volum e is i l lu s tra te d  w ith  figures in th e  t e x t  a n d  a b o u t 60 p la te s , m a n y  of th em  
re p re se n tin g  m asterp ieces o f m o d e rn  u ltra s tru c tu ra l re sea rch .

N . A. B iró

N . I. L a sa r e v  (E d .)

Hormone Therapy of Malignant Neoplasms
( I n  R ussian) M edicina, M oscow , 1968. 215 pages w ith  32 tab le s  a n d  35 figu res

T h e  volum e com prises th e  e x p e rim e n ta l and  c lin ica l w o rk  of 20 co llab o ra to rs ; th e  su b 
j e c t  o f  th e  investiga tions w as m a m m a ry , u te rin e , o v a ria n , th y ro id  an d  la ry n g e a l cancer. 
C e r ta in  view s of th e  a u th o rs  w ill m o s t p robab ly  be d e b a te d , e.g. th e  suggested  hyp o th esis  
fo r  th e  developm en t of h o rm o n e -d e p e n d e n t tu m o u rs , th e  p r im a ry  ro le o f F S H  in  th e  develop 
m e n t  o f  m am m ary  cancer, t r e a tm e n t  o f m as to p a th y  w ith  m icrodoses o f iod ine , e tc . U n d o u b t
e d ly ,  th e se  assum ptions h av e  to  b e  confirm ed  in  th e  fu tu re .

C h ap te r  1 deals w ith  th e  theoretical grounds o f th e  h o rm o n e  th e ra p y  of m alignancies. 
T h e  a u th o rs  believe th a t  d y sh o rm o n a l  tu m o u rs  are o f a m u ltip le  aetio logy . C o n tinuous s tim u la 
t io n  o f  p ro life ra tive  processes o v e r  lo n g er periods o f tim e  w ill le a d  to  cancer if  th e  n e x t phase  
o f  th e  physiological cycle fa ils to  en su e , fo r instance th e  se c re tio n  of m ilk a f te r  a p ro life ra tio n  
o f  th e  m am m ary  tissue. H o rm o n e  tr e a tm e n t  is beneficia l o n ly  in  th e  case o f h o rm o n e-d ep en d 
e n t  n eo p la sm s and is based  on  th e  in h ib itio n  of th e  h o rm o n es  w hich  m a in ta in  p ro life ra tio n  
o f  th e  tu m o u r.

C h ap te r 2 com prises a b o u t  h a lf  o f  th e  volum e a n d  deals w ith  th e  ho rm o n e  th e ra p y  of 
b r e a s t  cancer. E x p erim en ta l a n d  c lin ica l observations h a v e  led  th e  a u th o rs  to  conclude th a t  
a m o n g  th e  p itu ita ry  ho rm o n es i t  is th e  F S H  w hich is o f  p rim e  im p o rtan ce  in  th e  genesis of 
m a m m a ry  proliferation  and  c a n c e r . P e rsis tin g  and cy stic  fo llicles in  th e  ovaries in d ica te  over
p ro d u c tio n  of FSH . The a u th o rs  em p h asize  th a t  oestrogens a re  sec re ted  n o t on ly  b y  th e  ovaries 
a n d  th e  adrenals b u t also b y  a cc esso ry  ad renocortical tis su e . H o rm one th e ra p y  h as  th e  aim  
o f  su p p re ss in g  oestrogen a n d /o r  F S H  secretion . C o rtico ste ro id  tr e a tm e n t  ( in s tead  of a d ren a l
e c to m y )  ensured  the  b es t th e r a p e u t ic  resu lts  p rio r to  th e  m en o p au se , th e  a d m in is tra tio n  of 
a n d ro g e n s  im m ediately  before  th e  m enopause , and o es tro g en  th e ra p y  10 y ea rs  a f te r  m eno
p a u se . R écid ives are due to  in c re a s e d  p ro d u c tio n  of F S H  as a  consequence o f a d a p ta tio n  to  
o e s tro g e n  trea tm e n t, e.g. to  th e  a d m in is tra tio n  of sy n o estro l. In  an im a l ex p erim e n ts  p ro lac tin  
w a s  fo u n d  to  inh ib it ( !) th e  d e v e lo p m e n t of m am m ary  n eo p lasm s.

C h ap te r 3 discusses th e  h o rm o n e  th e ra p y  of m astopathy. In  su ch  p a tie n ts  o estrone  and  
o e s tra d io l are  no t excre ted  w ith  th e  u rin e , and only o estrio l can  be d e m o n s tra ted . T h e  disease
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is a consequence of d is tu rb a n c e s  in th e  ovarian  cycle a n d  th e  fo rm atio n  of cy stic  follicles. 
T h e ra p y  is aim ed a t  d ep ress in g  F S H  secretion  or lu te in iz a tio n  o f th e  cystic  follicles. A u th o rs  
succeeded  in  d em o n s tra tin g  th a t  ra ts  m ain ta in ed  in  th e  s ta te  o f p e rm a n en t o e stru s b y  su b 
to ta l  c a s tra tio n , X -ra y  i r ra d ia t io n  or by  keeping th em  in a ro o m  w here illu m in a tio n  is con
s ta n t ,  a d m in is tra tio n  of 500 /ig  o f  p o tassiu m  iodide da ily  re su lts  in  ov u la tio n  a n d  re s to ra tio n  
of th e  no rm al sexual cycle in  2 w eeks. T he clinical a p p lic a tio n  o f p o tassium  iodide tre a tm e n t 
(d a ily  one spoonful o f th e  0 .2 5 %  so lu tion ) in 6 to  10 in tc rm e n s tru a l periods y ie lded  en co u rag 
ing resu lts , im p ro v e m en t h a v in g  been  observed in 120 cases o f a to ta l  o f 167.

C h ap te r 4 deals w ith  th e  horm one th e ra p y  o f cancer o f  the uterine corpus, w hereas 
C h ap te r 5 w ith  th e  t r e a tm e n t  o f  ovarian cancer. T he b e s t re su lts  in th e  tre a tm e n t o f u te rin e  
tu m o u rs  w ere ach ieved  w ith  17-oxyprogesterone c ap ro n a te . In  neop lastic  d iseases o f  th e  
o varies a u th o rs  reco m m en d  th e  use  o f synoestro l in c o m b in a tio n  w ith  th io -T E P A .

T he sub ject of C h a p te r  6 is neoplasm s of th e  thyroid, w hile  th a t  o f C hap ter 7 is laryngeal 
tu m o u rs . S a tis fac to ry  re su lts  a re  sa id  to  have  been reach ed  in  th y ro id  neoplastic  d iseases w ith  
th e  ad m in is tra tio n  of th y ro id in e  a n d  tr i-io d o th y ro n in e ; fo r th e  m an ag em en t o f  la ry n g eal 
tu m o u rs  th e y  recom m end ir ra d ia t io n  tre a tm e n t and  syn o estro l.

I t  is d ifficu lt to  rev iew  in  a  sh o rt space all th e  e x p e rim e n ta l an d  clinical in v es tig a tio n s  
in c luded  in th is book, an d  i t  is ev en  m ore d ifficu lt to  c ritic ize  a n d  to  e stim a te  th e  v a lu e  o f its 
c o n te n ts . Owing to  th e  th e o re tic a l and  p ractica l im p o rta n ce  o f th e  su b jec t, th e  w ork  will 
u n d o u b te d ly  in te res t m an y  e x p e rts .

M. K u r c z

H . H a r d e r s  (E d .)

Advances in Microcirculation. Vol. 1
S. K arger, B asel, 1968, 160 pages, 89 figu res, 1 tab le . P rice  $ 11.95

T his book is th e  f i r s t  vo lum e of th e  m o st re ce n t series o f th e  well kno w n  se ts o f 
m o n o g rap h s published  b y  S . K arger, L td . The reason  w h y  th e  pu b lish ers h av e  in te n d e d  to 
issue a w hole series on m ic ro c ircu la tio n  is, as in d ica ted  in  th e  p ro sp ectu s , t h a t  f i r s t  o f all 
o w ing  to  th e  in te rd isc ip lin a ry  c h a ra c te r  o f th is b ra n ch  of m ed ica l science p e rta in in g  resu lts  
h a v e  been  rep o rted  in  a v a r ie ty  o f periodicals and th is  has o b v io u sly  ham p ered  th e  exchange 
of m eth o d ica l p roblem s, id eas a n d  view s on th e  su b jec t. T he f i r s t  s tep  of in te rn a tio n a l co-oper
a tio n  has been m ade by  S . K arger L td . in 1960, w ith  th e  p u b lic a tio n  of th e  P roceed ings o f th e  
E u ro p ea n  M icrocircu la tion  C onferences held reg u la rly  ev ery  second  y ear; th e  w hole m ate ria l 
o f these  conferences h as since th e n  been published in  th e  p e rio d ica l B ib lio theca  A natom ica. 
T he fo u r volum es so fa r issu ed  give an  a lm ost com plete  su rv e y  of th e  resea rch  in  th is  field 
an d  on th e  resu lts  so fa r  o b ta in e d . T hese volum es, how ever, co n ta in  on ly  lec tu re s  de livered  
a t  conferences and , th e re fo re , th e  papers p resen ted  are  sh o rt ,  an d  n e ith e r th e  m eth o d s, nor 
th e  re su lts  and  th e  p ro b lem s en co u n tered  in the  course o f e x p erim en ts  could be d iscussed  in 
so m uch  d e ta il th a t  w ould  h a v e  been  necessary. T h is gap  in  sc ien tific  in fo rm a tio n  seem s to  
have  been sa tis fac to rily  filled  b y  th e  p re sen t series o f m o n o g rap h s th e  n ex t vo lum es o f w hich 
will be published a t  ir reg u la r  in te rv a ls , b u t  in th e  n e a r fu tu re .

T he p resen t vo lum e is m ad e  up  of four in d ep e n d en t m o nographs.
T he f irs t one, b y  P . I. B rànem ark  of G öteborg, Sw eden, b ears  th e  title  “ B one M arrow . 

M icrovascu lar S tru c tu re  a n d  F u n c tio n ”  (pp. 1 — 65). T h is is a  d e ta iled  su rv ey  of th e  d a ta  
concern ing  th e  a n a to m y  a n d  physio logy  of c ircu la tion  of th e  bone m arrow ; th e  a u th o r  has 
rev iew ed  a to ta l o f 114 p a p e rs , o f th em  5 of his ow n co n cern in g  re su lts  o b ta in e d  w ith  v ita l 
m icroscopic m ethods. P a r t ic u la r  a tte n tio n  is pa id  to  th e  haem o p lastic  and  h aem oclastic  
a c tiv ity  o f bone m arrow . A d e ta ile d  descrip tion  is given of th e  v a sc u la r  to p o g rap h y  of m ed u lla ry  
vessels, th e ir  in n erv a tio n  a n d  b lood flow , the  s tru c tu re  a n d  fu n c tio n  of th e  e n d o th e liu m , the  
p ressu re  in  bone m arro w , a n d  severa l problem s of h aem ato lo g ica l pa th o lo g y  in w hich  bone 
m arrow  m icrocircu la tion  m a y  h av e  som e role. The te x t  is r ich ly  illu s tra ted  w ith  m ic ro p h o to 
g rap h s, orig inal records, a n d  sch em atic  draw ings su m m ariz in g  th e  resu lts  o f  o b se rv a tio n s 
in  vivo. A ccording to  th e  a u th o r ,  o u r p resen t know ledge a b o u t  bone m arrow  m icrocircu la tion  
is d e fic ien t and in  m an y  re sp ec ts  conflicting. A t a n y  ra te , th e  view  th a t  th e  bone m arro w  is 
a cell suspension in c luded  in  a  rig id  bo n y  cham ber seem s to  be in co rrect. I t  ap p ea rs  th a t  the  
bone m arrow  islets fo u n d  in  v a rio u s  p a r ts  o f th e  sk e le to n  c o n s titu te  an  o rg an iza tio n al e n tity  
w hich responds u n ifo rm ly  to  v a rio u s im p ac ts  and w hich  has a  ch arac te ris tic  a n d  w ell-defined 
m icrovascu lar system  a d a p te d  to  th e  h ighly d iffe ren tia ted  fu n c tio n , an d  w hich is in  a  close
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m o rp h o lo g ica l and  fu n c tio n a l e n ti ty  w ith  th e  c ircu la tio n  o f th e  bones and  jo in ts . T he m onograph  
c o n ta in s  v a luab le  d a ta  n o t  o n ly  fo r  h aem ato lo g is ts  a n d  physio log ists dealing  w ith  c ircu la tion , 
b u t  a lso  fo r clinicians in te re s te d  in  p a tho log ica l changes o f  th e  bones.

T h e  second m o n o g rap h  in  th e  vo lum e is also fro m  G öteborg ; th e  a u th o rs  are  G. Lundborg  
a n d  P . I .  B ránem ark, a n d  th e  t i t le  is “ M icrovascu lar S tru c tu re  an d  F u n c tio n  of P erip h era l 
N e rv es . V ita l M icroscopic S tu d ie s  o f  th e  T ib ia l N erve of th e  R a b b it”  (pp . 66— 88). T he perip h e
ra l  n e rv e s  possess tw o in te g ra te d  b u t  fu n c tio n a lly  co n sid erab ly  in d ep e n d en t m icrovascu lar 
sy s te m s . T he one is th e  in tr in s ic  sy s tem  of th e  v a sc u la r  fa scicu lar p lexus, a n d  th e  o th e r is 
th e  e x tr in s ic  system  of th e  n u tr i t iv e  a rte rie s  an d  ep in eu ra l p lexuses. T he p e rip h e ra l nerves 
a re  su p p lied  along th e ir  w hole le n g th  b y  seg m en ta ry  n u tr i t iv e  a rte ries, an d  th e  in trin s ic  and 
e x tr in s ic  v ascu la r system s h a v e  close fu n c tio n a l co n n ec tio n s; in  th e  case o f d am ag e  to  one 
o f  th e  tw o  system s, th e  o th e r  sy s te m  m ay  rep lace  its  fu n c tio n  on a co n sid erab ly  long section 
o f  th e  n e rv e . This is p e rh ap s  th e  reaso n  w hy  th e  v asa  n e rv o ru m  are so r e s is ta n t  to  various 
in ju r ie s :  ow ing to  th e  a b u n d a n t  m ic ro c ircu la tio n  an d  connections betw een  th e  tw o  system s, 
b lo o d  su p p ly  m ay  be su ffic ien t e v en  a fte r  12 h o u r ischaem ia . F u r th e r  in v es tig a tio n s  are neces
s a ry  to  c la rify  th e  ex ac t in te rre la tio n sh ip  be tw een  th e  n ervous fu n c tio n s a n d  th e  changes in 
th e  fu n c tio n  of th e  c irc u la to ry  sy s te m  of th e  p e rip h e ra l nerves. The m o n o g rap h  is illu s tra te d  
w ith  n u m ero u s  m ic ro p h o to g rap h s o f h igh  q u a lity , an d  b y  well a rran g ed  sc h e m a tic  d iag ram s. 
I n  th e  op in io n  of th e  p re sen t rev iew ers, th is  p a r t  o f th e  vo lum e is th e  m o st in te re s tin g  and 
b e s t  e la b o ra te d  m on o g rap h  in  th e  book , useful fo r th e  m orpholog ist as w ell as th e  p h y 
sio lo g is t, pharm aco log ist, n e u ro lo g is t an d  neurosurgeon .

T h e  th ird  c h ap te r  o f th e  vo lum e w as w r itte n  by  N . H eisig  u n d e r  th e  t it le  “ F u n c 
t io n a l  A nalysis of th e  M icro c ircu la tio n  in  th e  E x o crin e  P a n c rea s”  (pp . 89— 151). T he au th o r, 
b y  m e a n s  o f th e  tra n s p a re n t  c h a m b e r  m eth o d  m odified  b y  him self, in v e s tig a te d  th e  changes 
o c c u rr in g  in  response to  se c re tin  a n d  p an creo zy m in  in  th e  te rm in a l c irc u la to ry  sy s tem  of the 
p a n c re a s . In  system ic c irc u la tio n  th e re  w as no change  w hile th e  n u tr it iv e  c ap illa ry  system  
o f  th e  p an creas  d isp layed  a n  in creased  b lood flow  a f te r  th e  a d m in is tra tio n  o f th e  horm ones. 
T h e  m o n o g rap h  is d ev o ted  m a in ly  to  m eth o d ica l p ro b lem s w hich are  d iscussed  in  detail. 
M ore o r less w ell-know n p o in ts  a re  tre a te d  in too  m u ch  d e ta il and  o ften  n o t c learly . A t any 
r a te ,  re sea rc h  w orkers less ex p erien ced  in  th e  m eth o d ica l p rob lem s of m ic ro c ircu la tio n  will 
be  in te re s te d  also in th is  p a r t  o f  th e  book.

T h e  la s t  p a r t  of th e  v o lu m e deals w ith  th e  b iom icroscopic  analysis o f m ic ro ang iograph ic  
m e th o d s  ( J .  Lundskog, P . I .  B rá n em a rk , J .  L indström :  B iom icroscopic E v a lu a tio n  of M icro
an g io g ra p h ic  M ethods, pp . 152— 160). D uring  th e  p a s t  y ea rs , m icroang iograph ic  m eth o d s  have 
in c re a s in g ly  been em ployed  fo r th e  c la rifica tion  of p ro b lem s concern ing  m ic ro circu la tio n . 
I n  th is  w ork , th e  au th o rs  h av e  a t te m p te d  to  e s tab lish  w h e th e r and  to  w h a t e x te n t  th e  p ic tu re  
o b ta in e d  b y  th e  m ic ro an g io g rap h ic  m eth o d  co rresponds to  th e  s tru c tu re  o f th e  c ap illa ry  n e t
w o rk  in  v ivo . The co m p ara tiv e  s tu d ie s  w ere u n d e r ta k e n  on th e  ear o f ra b b its  a n d  th e  cheek- 
p o u c h  o f  th e  h am ster. T he re su lts  h av e  show n t h a t  th e  m icroang iograph ic  te c h n iq u e  does no t 
re v e a l a ll vascu la r s tru c tu re s  d e te c ta b le  b y  v ita l  m icroscopy , and  th e  lu m in a  e s tim a te d  on 
th e  b asis  o f th e  m ic ro an g io g ram  a re  u su a lly  sm alle r th a n  th e  tru e  size o f th e  capillaries. 
W h en  th e se  po in ts are co n sid ered , m ic ro an g io g rap h y  m ay  p rov ide  v a lu ab le  a d d itio n a l in for
m a tio n  a b o u t th e  a rch ite c tu re  o f  th e  m icrovessels o f  c e r ta in  organs. O f p a r tic u la r  v a lu e  seems 
to  be th e  m eth o d  of s te reo m icro an g io g rap h y . Som e re ce n t m od ifications a n d  th e  perfec tio n  
o f th e  te c h n iq u e  of m ic ro an g io g rap h y  w ill p re su m ab ly  allow  in th e  n ear fu tu re  to  observe 
c a p il la ry  c ircu la tion  also in  th e  h u m an .

A. E r d é l y i  a n d  K . T h u r á n s z k y

Cl. P f is t e r  (Ed.)

Probleme der molekularen und allgemeinen Biologie der Zelle
V e rh a n d lu n g e n  der D eu tsch en  G ese llschaft fü r  E x p erim en te lle  M edizin, N o. 16, Leipzig, 

20 — 22 Mai, 1966. V E B  V erlag  V olk u n d  G esu n d h e it, B erlin , 1967, M D N  34.20

S ev era l recen t re su lts  o f u p - to -d a te  cy to logy  h av e  fo rm ed  th e  su b jec t o f th is  Conference 
o f th e  G e rm an  A ssociation  o f E x p e rim e n ta l M edicine; a to ta l  o f 29 pap ers  w as g iven , in  p a r t  
rev iew s a n d  in  p a r t  re p o rts  on  e x p e rim e n ta l resu lts . T he re ce n t re su lts  o b ta in e d  b y  electron  
m ic ro sc o p y  and  by  b iochem ical as w ell as physicochem ical m eth o d s, an d  th e  co n cep ts  derived 
fro m  th e m  are surveyed , in v o lv in g  a large  field  o f b io log ical an d  m edical basic  sciences. The 
m a te r ia l  consists of fo u r p a r ts ,  a rra n g e d  accord ing  to  su b jects.
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T he f irs t  p a r t  deals w ith  th e  g en era l m orpho logy  a n d  b io ch em istry  o f th e  cell in  8 p ap ers . 
T he f irs t  one rev iew s th e  m acrom olecu les, th e ir  e lec tro n  m icroscopic  appearance, th e  s tru c tu ra l  
b asis o f th e  cell. A n o th e r p a p e r deals w ith  th e  u l tra s tru c tu re  o f  th e  synapsis an d  th e  e x tra c e l
lu la r  c o m p a rtm e n t o f th e  cen tra l n e rv o u s sy s tem , w ith  specia l regard  to  th e  v a r io u s  ty p es  
o f  sy n a p tic  ju n c tio n . T he th ird  rev iew  su rv e y s  th e  chem ical reg u la tio n  of cellu lar m e tab o lism  
includ ing  th e  m o st recen t resu lts  o f th e  re g u la tio n  o f enzym e sy n th esis a t  the  level o f  th e  genes. 
F u r th e r  p a p ers  d ea l w ith  e lectron  m icroscop ic  h is to ch e m is try , cell d iffe ren tia tio n , a n d  th e  
s tru c tu re  o f  b a c te r ia l DN A.

The second p a r t  o f  th e  book is d ev o ted  to th e  p h y sio logy  and p h a rm aco lo g y  o f  th e  
e x c ita t io n  p rocess (3 p apers). T he follow ing p rob lem s of fu n d a m e n ta l in te res t a re  d e a lt  w ith : 
physio logy  o f th e  ex c ita tio n  process, p h a rm aco -recep to rs , a n d  th e  m olecular b iology o f sy n a p tic  
tran sm iss io n . P a r t ic u la r ly  in th e  la s t tw o p ap ers , th e  a u th o rs  succeeded in  co vering  n e a rly  
all th e  im p o r ta n t  a sp e c ts  o f th e  d iscussed  p rob lem s.

In  th e  th ird  sec tio n , 10 pap ers  are d ev o ted  to  th e  m o lecu la r and general c e llu la r  b io lo 
gical p rob lem s o f m u sc le  cells. Several lec tu res  d iscussed  th e  u l tra s tru c tu ra l  changes o f  card iac  
m uscle due to  sh o r ta g e  in oxygen  su p p ly  an d  to  increased  glycolysis. O ther p a p e rs  d iscussed  
th e  A T P -sy stem  of sk e le ta l m uscle, th e  role o f th e  A T P -sp littin g  enzym es, a n d  th e  e ffec ts 
o f va rio u s io n s  on  c o n trac tio n  a n d  on m em b ran e  p o te n tia l.

T he la s t  sec tio n  com prises pap ers  d ev o ted  to  severa l m olecu lar and cy to log ical p ro b lem s 
o f  liver tissu e . A tte m p ts  w ere m ade  in th ese  p a p ers  a t  o ffering  a com m on in te rp re ta t io n  of 
th e  u l tr a s t ru c tu ra l  an d  b iochem ical changes o ccurring  in  v a rio u s p a tho log ica l co n d itio n s . 
F u r th e r  p a p e rs  w ere d ev o ted  to  th e  ribosom al R N A -tu rn o v e r  o f regenerating  liv e r  cells, th e  
m echan ism  o f  e rg as to p lasm  fo rm atio n , a n d  on th e  iod ine a n d  co pper m etabo lism  o f l iv e r  cells

A .  T l G Y I

Polymorphismes Biochimiques des Animaux. Xe Congrès Européen 
sur les Groupes Sanguins et le Polymorphisme Biochimique des Animaux.

Paris, 5 —8 ju illet 1966

I n s t i tu t  N a tio n a l de la R ech erch e  A gronom ique.
Im p rim e rie  F irm in -D id o t, P a r is— M esnil— Iv ry , 1967. 544 pp. P rix : 50 F

T he E u ro p e a n  Society  fo r R lcod G roup  R esearch  o rgan ized  an  in te rn a tio n a l congress 
in  th e  I n s t i tu t  P a s te u r  an d  I n s t i tu t  N a tio n a l de la R ech erch e  A gronom ique, P a r is , b e tw e e n  th e  
5 th  and  8 th  o f  J u ly ,  1966. T he p re sen t book includes all th e  lec tu re s  delivered a t  th is  conference  
a n d  th e  d iscussions a tta c h e d  to  th em , in  E n g lish  a n d  F ren ch . T he congress beg an  w ith  4 m ain  
p ap ers , o f w h ich  th e  f irs t  w as re ad  b y  A . Robertson o f E d in b u rg h  on th e  significance of b iochem 
ical p o ly m o rp h ism  in an im al h u sb a n d ry , em phasiz ing  th e  im p o rtan ce  of s tu d y in g  th e  gen etic  
v a r ia n ts  a n d  th e  b iochem ical po ly m o rp h ism  u n d e rly in g  th e m  b y  revealing  th e  sp ec ific  sites 
o f  th e  p e p tid e  ch a in s on basis o f th e  q u a n tita tiv e  e s tim a tio n  o f th e  possible v a r ia n ts ;  b y  th is  
m eans i t  w ou ld  be possible successfully  to  em ploy  th e  o b ta in e d  re su lts  in th e  se lec tion  p ro g ram . 
R . R . A . Coombs o f C am bridge d iscussed  th e  sero logical p ro p e rtie s  o f red  blood cells a n d  th e ir  
p ra c tic a l v a lu e  in  general im m uno log ica l m eth o d s. H e a n a ly sed  th e  “ a lm ost p e rfe c t”  sero log ical 
b eh av io u r o f th e  red  blood cells, an d  em phasized  b y  ex am p les th e  significance o f th e  in te r re la 
tio n sh ip  b e tw een  specific an tigen ic  s tru c tu re  an d  gen etic  d e te rm in a tio n . M . P . Grabar o f  P a ris  
rev iew ed  th e  im m u n o ch em ica l phen o m en a  re la te d  to  th e  a n tig en -an tib o d y  re ac tio n , a n d  th e ir  
ap p lic a tio n  in s tu d y in g  th e  s tru c tu re  o f m acrom olecu les. Z. H . J .  H u ism an  of G eorg ia  su rv ey ed  
som e m ore recen t d a ta  concern ing  th e  ty p e  of h aem o g lo b in s occurring  in d o m es tic  an im als .

In  a d d itio n  to  th e s e  m ain  pap ers , th e re  are  12 c h a p te rs  in the  book. T h e  f i r s t  one  com 
p r ise s  12 p a p e rs  on tb e  L locd groups of c a tt le , th e  se c o rd  cn e  10 papers cn  sw ine b lo o d  groups, 
a n d  th e  th ird  one 13 p a p ers  on b lood groups of th e  d o m estic  fowl. Po lym orphism  o f th e  serum  
p ro te in s  ( t r a n s fe r r in ,  serum  am y lase , a lb u m in ) is th e  su b je c t o f th e  following tw o  c h ap te rs , 
th e  fo u rth  one c o n ta in in g  2 p a p e rs  dealing  w ith  th is  p ro b lem  in c a ttle , and  th e  f i f th  c h a p te r  
5 p ap ers  d e v o te d  to  th e  ovine a n d  can ine serum  p ro te in s . C h ap te r  V I con ta ins le c tu re s  on  th e  
b lood  g ro u p s  a n d  serum  p ro te in  v a r ia tio n s  in th e  horse , a n d  th e  n ex t c h ap te r  d iscu sses these  
p rob lem s in  fishes. C h ap te r V I I I  deals w ith  th e  haem o g lo b in  of various dom estic  spec ies, and  
C h ap te r I X  is d ev o ted  to  th e  p ro te in s o f m ilk . O f p a r tic u la r  in te re s t are th e  6 p a p e rs  o f th e  
n e x t c h a p te r  d ealin g  w ith  th e  genetica l a spects o f v a rio u s  b iochem ical p ro p e rties . T h u s , for 
ex am p le , B . A .  R asm usen  and  J .  G. H all o f E d in b u rg h  hav e  concluded from  th e ir  o b se rv a tio n s  
carried  o u t  in  820 sheep th a t  in th e  M sy stem  of th e  red  b lood  cells o f sheep th e  a lle les d e te r 

Acta Physiologica Acadcmiae Scienliarum Hungaricae 35, 1969



3 8 4 RECENSIONES

m in in g  th e  p h en o ty p e  a lso d e te rm in e  the  К  c o n c e n tra tio n  o f th e  e ry th ro cy te s , fo r th e  e ry th ro 
c y te s  d e r iv e d  from  an  M n e g a tiv e  sheep co n ta in  less К  th a n  those of an  M p o sitiv e  an im al. 
A s im ila r  re la tio n sh ip  cou ld  be  revealed  in th e  g o a t. C h a p te r  X I  analyses th e  blood group  
c h im a e rism  and  h is to c o m p a tib ili ty  in various species (9 p a p e rs) , while in C h a p te r  X I I  3 pap ers  
a re  d e v o te d  to  th e  an tig en ic  p ro p e rtie s  of sem inal f lu id  a n d  sperm . The book is su p p lem en ted  
w ith  a  carefu lly  a rra n g e d  su b je c t  index.

T h e  w ork  w h ich  p re se n ts  all th e  lec tu res a n d  d iscussions in  full len g th , deals w ith  a 
v a r ie ty  o f p roblem s. T h e  co n n ec tio n  betw een  th e  su b je c ts  d iscussed  in  th e  12 c h a p te rs  is som e
w h a t  loose , and  th e  re ad e r  h a s  to  rely  upon  his p re v io u s  know ledge w hen a t te m p tin g  to  fin d  
su c h  connections. D esp ite  th is  la c k  of com pleteness, w h ich  o f course could n o t  be  th e  a im  o f a 
s im ila r  w o rk , i t  is v a lu ab le  fo r ev ery b o d y  in te re s ted  in  th e  fie ld , for i t  offers an  a lm o s t com plete  
su rv e y  o f th e  in v es tig a tio n s  c a rr ied  o u t in  v a rio u s  la b o ra to r ie s  all over th e  w orld  w ith  th e  
p u rp o se  of estab lish in g  a  co n n ec tio n  be tw een  im m u n o lo g ic a l m ethods, b lood  g ro u p  re sea rch , 
se ru m  p ro te in  analysis, on  th e  one  hand , an d  g en e tica l s tu d ie s , on th e  o th er. T h u s , th e  bo o k  is 
v a lu a b le  n o t only fo r w o rk ers  dealing w ith  th e o re tic a l p rob lem s of b lood g ro u p s a n d  fo r 
im m u n o ch em ists , b u t  also fo r b iochem ists in te re s ted  in  th e  s tru c tu re  o f m acrom olecu les, an d  
fo r  p h y sic ian s  and  p h y sio lo g is ts  w orking in  th e  fie ld  o f m olecu lar biology; all th e  im p o r ta n t  
w orks do n e  in th is  fie ld  u p  to  1966 are p ra c tica lly  in c lu d e d  in  th e  book u n d e r rev iew .

L . K e s z t y ű s

New Aspects of H um an Genetics
B ritish  M edical B ulle tin , 1969. V ol. 25, No. 1. Price £  2

T h is  issue of B ritish  M edical B ulle tin  co n ta in s som e v e ry  useful in fo rm a tio n  fo r g en e ti
c is ts ,  b io log ists and  m ed ica l p ra c titio n e rs . I t  gives an  ex ce lle n t survey of th e  m o s t im p o r ta n t  
r e c e n t  ad v an ces in h u m a n  g enetics. E ach  of th e  s ix te e n  p a p ers  is a com plete  su m m ary  of 
th e  w o rk  done in  th e  g iv en  f ie ld  a n d  describes v a lu a b le  new  experim en ta l re su lts . Seven p a p ers  
d e a l w ith  b iochem ical g en etics . H . H a r r is  discusses en zy m e  and  p ro te in  p o ly m o rp h ism  in 
h u m a n  p o p u la tio n s . H e  in d ic a te s  th a t  th ere  are tw e n ty  v a r ia n ts  o f g lucose-6 -phosphate  de 
h y d ro g e n a se , w hich are  e q u iv a le n t  to tw e n ty  alle les in  tra d itio n a l genetics. H . L e h m a n n  
a n d  R . W . Ca r r e l l  re p o r t  on  ex cep tio n a l ty p es o f h aem o g lo b in  w ith  s tru c tu ra l a b n o rm a litie s , 
w h ic h  a re  u n sta b le  an d  lead  to  anaem ic s ta te s . D . J .  W e a t h e r a l l  o u tlines th e  s tru c tu re  
a n d  g e n e tic  con tro l of n o rm a l h u m a n  haem oglobin  a n d  th e  d is tr ib u tio n  of th a la ssa em ia . T he 
g e n e tic s  o f th a la ssaem ia , w h ich  a b o u t te n  y ears ago w as s till  th o u g h t to  be co m p a ra tiv e ly  
s im p le , h as in  th e  m ean tim e  b een  shown to  be e x tre m e ly  com plex. W. R . J .  M o r g a n  and  
W . M. W a t k in s  give an  a c c o u n t o f  th e  d evelopm en t d u r in g  th e  p a s t ten  years o f th e  ch em istry  
o f th e  h u m a n  blood g ro u p s А , В , H  and re la ted  su b s ta n c es . T h ey  have show n t h a t  th e  speci
f ic i ty  o f th e  large  m olecules ch arac te riz in g  th e  b lood  g ro u p s  depends on c a rb o h y d ra te  ch a in s, 
a n d  t h a t  th e  p rim ary  p ro te in  p ro d u c ts  w hich d iffe re n tia te  th e m  m ust be g ly co sy ltran sfe ra se  
en zym es. G. D e a n  describes th e  d ifferen t form s of p o rp h y r ia  and  th e ir  t re a tm e n t.

T w o pap ers  deal w ith  am inoacid o p ath ies . C. R . S c r iv e r  gives a su rv ey  of in b o rn  e rro rs  
o f a m in o -ac id  m etabo lism  a n d  sum m arizes how d iseases in  th e  tran sp o rt-sy s tem  c a teg o ry  
are  d iffe re n tia te d  by  re ce n t m e th o d s . D. C. Cu s w o r t h  a n d  С. E . D e n t  give a d e ta ile d  acco u n t 
o f h o m o cy s tin u ria .

M. A. Ca r t e r  t r e a ts  th e  genetics o f com m on d iso rd e rs , em phasizing t h a t  th e  genetic  
e le m e n t in  m o st such  co n d itio n s  is n e ith e r a  ch rom osom e ab n o rm a lity  n o r a  m u ta n t  gene 
b u t  v e ry  p ro b a b ly  an  u n d e r ly in g  polygenically  d e te rm in e d  and co n tin u o u sly  d is tr ib u te d  
g e n e tic  p red isposition . A v a lu a b le  criticism  of th e  po ss ib le  in te rp re ta tio n s  o f fam ilia l d isposi
t io n  in  m u ltifac to ria l t r a i t s  is g iv en  by J .  H . E d w a r d s . A m ong  th e  papers on  cy to g en etics , 
J .  H . R e n w ic k  deals w ith  th e  linkage of genes on  th e  au tosom es; W . M. C o u r t -B r o w n  
gives a n  a cc o u n t o f h u m a n  p o p u la tio n  cy togenetics , w h ich  is concerned w ith  th e  freq u en cy  
o f ch ro so m e a b erra tio n , i ts  c a u sa tio n  and th e  se lective  fo rces th a t  m ay  a c t on  th e ir  c arriers .

P . E . P o l a n i re p o rts  on  th e  e x tra o rd in a ry  v a r ie ty  o f au tosom al ab n o rm a litie s . T he 
a b n o rm a lit ie s  o f sex chrom osom es a re  dea lt w ith  by  P . A. J a c o b s . C. E . F o r d  discusses m osaics 
a n d  ch im e ra s  and  shows how  to  d istin g u ish  th is  sp ec ia l g ro u p  of phenom ena. T h is  issue of 
th e  B u lle tin  closes w ith  a v a lu a b le  co n trib u tio n  on  re c ip ro ca l tran s lo catio n s b y  С. E . F o r d  
a n d  H . M. Cl e g g .

A. T ig y i
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Bulletin of the Veterinary IiiHtitute

E d ito r-in -ch ief: H e n r ik  J a n o w s k y , P ulaw y , Poland 
Vol. 1 1 ( 3 - 4 ) :  7 9 - 1 7 2 ,  1967

T h is  B u lle tin  is a period ica l p u b lished  b y  th e  w ell-know n V eterinary  I n s t i tu te  o f P u law y , 
P o la n d , u n d e r  th e  leadersh ip  o f P rof. S. K r a u s s ; fo u r issues are published  a n n u a lly . T h ey  
re p o rt  on th e  ex p erim en ta l w o rk  c o n d u c ted  in  va rio u s d e p a rtm e n ts  of th e  I n s t i tu te .  E ach  
issue co n ta in s  orig inal p ap ers , p re lim in a ry  re p o rts , an d  d e ta iled  sum m aries o f  w o rk s  w hich 
h av e  a lre a d y  been, or are to  be  p u b lish ed , in o th e r  jo u rn a ls .

T he B u lle tin  gives an  ex ce llen t su rv ey  o f th e  u p -to -d a te  basic and ap p lied  re se a rc h  w ork  
c o n d u c ted  in  th e  In s t i tu te . N u m ero u s o rig ina l a rtic les are  dealing w ith  N ew castle  V irus and 
E ry s ip e lo th r ix  rh u sio p a th iae . O f considerab le  in te re s t  are th e  papers dealing  w ith  sero logical 
s tu d ie s  concern ing  pullorosis, a n d  in th e  fie ld  o f v e te r in a ry  physiology th o se  d e v o te d  to  the  
a n a ly s is  o f abo inasa l and  re ticu lo -ru m in a l sec re tio n  an d  m o tility  o f calves.

O f th e  m orphological s tu d ies  m en tio n  sh o u ld  be m ade  of th e  excellen t p a tlio h is to lo g ica l 
w orks on  hog cholera  and  A leu ti disease o f m in k s , i llu s tra te d  w ith  f irs t-ra te  m ic ro p h o to g rap h s .

T he m any-sidedness o f th e  B u lle tin  is show n b y  th e  fa c t th a t  i t  c o n ta in s  a  p a p e r  on 
th e  d iseases o f th e  carp . In  a d d itio n , in fo rm a tio n  can  be gained  in p a r t  fro m  th e  p re lim in a ry  
p a p e rs  an d  in p a r t  from  th e  su m m aries  a b o u t im p o r ta n t  su b jec ts  such as rad io b io lo g y , a rtific ia l 
in se m in a tio n , d iagnosis of tu b ercu lo s is , a n d  E . coli e n te ro to x aem ia , a disease w ell k n o w n  by 
v e te r in a ry  p ra c titio n e rs  to  cause  su b s ta n tia l  losses am ong  piglets and ca lv es . T h e  papers 
a re  d iscussing  n o t on ly  th e  d iag n o stic  a n d  th e ra p e u tic  asp ec ts  of these d iseases, b u t  p ro v id e  
s ig n ifican t d a ta  concerning th e ir  p a th o m ech an ism .

U n fo rtu n a te ly , th is w ell-p resen ted  vo lu m e w hich com plies w ith  th e  in te rn a tio n a l  req u ire 
m en ts  does n o t co n ta in  a b s tra c ts  o f th e  p ap ers . A d e ta iled  index co n ta in in g  th e  t i t le  o f th e  
c ited  p a p ers  w ould have been a considerab le  a id  to th e  read er. The B u lle tin  is p u b lish ed  in 
E n g lish ; th e  tran s la tio n s  a re  sa tis fa c to ry  a lth o u g h  h a ltin g  a t  some p o in ts .

In  a d d itio n  to  v e te r in a r ian s , p a th o lo g is ts , m icrob io log ists and co m p ara tiv e  p h y sio lo g is ts  
will su re ly  be in te res ted  in th is  B u lle tin .

A. F orrai

L ie s e l o t t e  G e r h a r d

Atlas des Mittel- und Zwischenliirns des Kaninchens 
Atlas of the mesencephalon and diencephalon of the rabbit

Springer-V erlag , B erlin , H eidelberg , New Y o rk , 1968. 64 figures, 184 pag es . P r ic e  $ 44.50

T his b ilingual a tla s  rep re sen ts  a  c o n tin u a tio n  o f th e  works of H . M e e s s e n  and 
O l s z e w s k i  and  prov ides a n  a lm o st co m p le te  su rv ey  o f th e  cyto- and m y e lo -a rc h ite c tu re  
o f th e  r a b b i t ’s m esencephalon a n d  d ien cep h a lo n . S a g itta l and horizon tal sec tio n s , in  a d d itio n  
to  th e  f ro n ta l  p lanes, are in cluded  to  aid  sp a tia l o rien ta tio n . The serial sec tio n s w ere s ta in ed  
a lte rn a te ly  fo r m yelin  and  fo r nerve cells an d  th e  p la tes  were m agnified  20 : 1, 40 : 1 and 
in  som e sec tions 100 : 1.

A g re a t a d v an tag e  of th is  ex ce llen t a tla s  is th a t  th e  sections are acc o m p a n ied  b y  a 
sh o r t  desc rip tio n  of th e  an a to m ic a l s tru c tu re s  a n d  a specia l p a r t deals w ith  th e  m ain  p ro jec 
tio n s and  connections o f th e  b ra in  s tem , d ien cep h a lo n  an d  lim bic system .

T he la s t  p a r t  o f th e  a tla s  gives a  lis t o f  references referring  to  th e  m o rp h o lo g ica l and 
neurophysio log ical d a ta  an d  to  s te reo tax ic  m easu rem en ts  o f th e  ra b b it  b ra in .

T he book is b e au tifu lly  p ro d u ced  w ith  a d m irab ly  c lear p r in t and ex ce llen t p h o to g rap h ic  
tech n iq u e . I t  will be an  essen tia l reference w o rk  for an y o n e  engaged in th e  s tu d y  o f n eu ro 
physio logy  an d  n e u ro an a to m y  on th is  species.

E . E n d r o c z i
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H einz Karger Prize 1969

The prize which is awarded every year in memory of Heinz Karger, the wellknown 

Basle publisher, for an outstanding scientific work has in 1969 been conferred in 

equal parts to
Edit BEREGI, Budapest 

and

Alex COMFORT, London

for their papers on the subject of “Basic Research in Gerontology”.
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following subjects:
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THE EPIDEMIOLOGY OF DENTAL 
CARIES IN HUNGARY
In English ■ Approx. 320 pages ■ 17 x25cm ■ Cloth
This volume, which is unique in its field, is aimed at presenting a com
prehensive survey of the history of dental caries to prehistoric ages. Re
sults of seventeen years’ investigations by the author are included. Con
nections between caries incidence and nutriton, pregnancy as well as the 
state of the central nervous and endocrine systems are dealt with, and a 
number of practical conclusions are drawn. The reader will find the list 
of the complete bibliography of the subject at the end of the book. The 
description of the methods of research and classification is followed by 
achapter based on archaeological and palaeodontological findings tracing 
back the history of dental caries to prehistoric ages.
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In French ■ Approx. 176 pages ■ 17 x 25cm ■ Cloth
The work elucidates the metabolism of the mediators under physiological 
and pathological conditions in the light of the latest achievements in the 
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complex enzymes and proteins participating in the synthesis and decom
position of the mediators as well as in their fixation and storage are de
scribed in full. The action of the known drugs of psychopharmacology is 
explained on molecular level. Apart from a complete bibliography and 
critical analysis of the relevant scientific literature, the experimental re
search work of the author completed in the last 20 years is also treated 
in detail.
Joint edition with Masson et Co., Paris

M. Wollemann

A K A D É M I A I  K I A D Ó
PUBLISHING HOUSE OF THE HUNGARIAN ACADEMY 
OF SCIENCES BUDAPEST



ЛСТА PHYSIOLOGIC А
ТО М  35 —  В Ы П . 3— 4

Р Е З Ю М Е

ФУНКЦИОНАЛЬНОЕ ИССЛЕДОВАНИЕ АРТЕРИО-ВЕНОЗНЫХ 
АНАСТОМОЗОВ ПОЧЕК

I. ИЗУЧЕНИЕ ВНУТРИПОЧЕЧНОГО КРОВООБРАЩЕНИЯ ПОСЛЕ 
ВВЕДЕНИЯ СЫВОРОТОЧНОГО АЛЬБУМИНА
П . Г Е М Е Р И , Л. Х А Р Ш И Н Г , К .  К А Л Л А И , Й . В А Р Т А  

и Л. Д Е Б Р Е Ц Е Н И

В прежних работах авторы уже неоднократно сообщали о своих коррозионных 
исследованиях, в которых с помощью морфологических методов удалось выявить артерио
венозные анастомозы почек при различных шоковых состояниях. Настоящие экспери
менты они проводили с целью получить функциональное доказательство о существовании 
артерио-венозных анастомозов. Авторы исходили из того наблюдения, согласно которому 
на основе собственных, а также литературных данных после введения сывороточного 
альбумина в почках понижается выделение ПАГК, что может быть и последствием от
крытия шунтов. Для измерения полного кровообращения почек они применяли электро
магнитный измеритель кровотока, а для определения питательного кровообращения 
почек — метод вытяжки 86Rb по Сапирштейну, модифицированный Харшинг и Пеллеи. 
Ради простоты они называют разницу этих двух величин «инертной» циркуляцией. В ходе 
экспериментов выяснилось, что в то время, как у контрольных собак «инертная» цирку
ляция составляет 5%, то после введения сывороточного альбумина эта величина повы
шается до 28%, тогда же медуллярное кровообращение не изменяется. Все эти функ
циональные исследования делают вероятным предположение об открытии артерио
венозных анастомозов в почках.

ПРЕССОРНАЯ АКТИВНОСТЬ ВЕНОЗНОЙ КРОВИ ПОЧЕК
Л .  Т А К А Ч , Л .  Д Е Б Р Е Ц Е Н И  и  И . Л У Л И Т И

В острых опытах на собаках было установлено, что после понижения кровотока 
в почках (до около 20% контрольной величины) существенно повышается прессорная 
активность нативной венозной плазмы почек. Причиной этого является повышение коли
чества прессорных веществ, а не изменение гемодинамики (концентрация).

»

ДЕЙСТВИЕ ВЛИВАНИЯ ГИПЕРТОНИЧЕСКОГО РАСТВОРА NaCl 
В ПОЧЕЧНУЮ АРТЕРИЮ ПА ФУНКЦИЮ ПОЧЕК

И . Ф О Р Г А Ч , Р . Ш А Т Е Л Ь  и М . В И Ш И

У собак, предварительно содержанных на бедной солями диете, вливание в почеч
ную артерию гипертонического раствора NaCl, повышающее количество фильтруемых 
Na+ на 50%, вызывает очень значительное понижение RBF и OFR. Если животные по
лучают до эксперимента богатую солями диету, то вливание такого же количества NaCl 
не вызывает изменения RBF и OFR. Как у животных, получавших предварительно бед
ный солями режим питания, так и у собак, содержавшихся на богатом солями режиме 
питания, под влиянием инфузии раствора NaCl многократно повышается выделение, 
выраженное в процентах фильтруемого Na. Это указывает на уменьшение канальцевой 
реабсорбции или на увеличение внутриканальцевой концентрации натрия.

Полагается, что ответственным за вызывающее почечную вазоконструкцию дей
ствие вливания гипертонического раствора NaCl в почечную артерию, является осво
бождение ренина, происходящее в результате повышения концентрации натрия в каналь
цах.

>



РАЗЖИЖЕНИЕ КРОВИ ПОСЛЕ ГЕМОРРАГИИ У ГОЛУБЯ И КРЫСЫ
А . Г . Б .  К О В А Ч , Т . Б А Л И Н Т

У 29 крыс и 27 голубей авторы проводили под наркозом стандартизированное на 
вес тела обескровливание и установили по времени степень разжижения крови на основе 
гемоглобина, гематокрита и числа эритроцитов; они определили также содержание 
общего белка, альбумина, глобулина и калия в плазме.

В случае быстрого обескровливания (в течение 10 мин) в отношении разжижения 
крови между голубями и крысами не было найдено различия.

При медленном обескровливании (в течение 60 мин) наблюдалось очень характер
ное отклонение, развивающееся через первые 15 мин. В то время как вначале разжижение 
крови происходит у обоих видов животных с приблизительно одинаковой скоростью, то 
через 15—20 минут после обескровливания крысы не показывают дальнейшего разжи
жения, тогда как у голубей оно продолжается еще с неизменной интенсивностью. Для 
гемодилюции используется бедная белками изотоническая жидкость.

Значительная разница выносливости в отношении потери крови, установленная 
раньше у летущих и плавающих птиц, объясняется с более эффективной гомеостатической 
емкостью, достигаемой за счет более интенсивного разжижения крови.

РОЛЬ ГИПОТАЛАМУСА В РЕГУЛИРОВАНИИ КРОВООБРАЩЕНИЯ
СТВОЛА МОЗГА 

Л .  М О Л Ь Н А Р  и  Й . Ц О П Ф

У наркотизированных собак электрическое раздражение гипоталамуса вызывает 
изменение понтобульбарного кровотока лишь в том случае, если этим же раздражением 
в существенной мере изменяется и общее кровообращение и дыхание. Между изменением 
кровотока, электрической активностью и изменением дыхания нет закономерной связи.

Электрическое раздражение гипоталамуса может вызвать как уменьшение, так и 
повышение сосудорасширяющего действия С02, оказанного на сосуды ствола мозга.

Деятельность гипоталамуса имеет большое значение в обеспечении равновесия 
неокортико-бульбарной связи.

БИЛАТЕРАЛЬНОЕ ВЗАИМОДЕЙСТВИЕ СОСУДОДВИГАТЕЛЬНЫХ 
РЕФЛЕКСОВ, ПРОИСХОДЯЩИХ ИЗ БЛУЖДАЮЩИХ НЕРВОВ

Д .  Ш У Х  и Ф . О Б А Л

На кошках, в наркозе хлоралозом, проводилось сравнение изменений кровяного 
давления, полученных сепарированным и симультанным раздражением центральных 
культей блуждающих нервов, при одинаковых параметрах раздражения. Было устано
влено, что

а) при идентичных и гомогенных депрессорных или прессорных рефлекторных 
процессах билатеральное взаимодействие может проявляться и в форме окклюзии и об
легчения ;

б) унилатеральное раздражение активирует лишь определенную фракцию била
теральной рефлекторной способности;

в) двусторонние рефлекторные процессы одинакового направления действуют в 
качестве синергистов;

г) взаимодействие негомогенных рефлексов одинакового направления может выз
вать и торможение;

д) так называемый «билатеральный антагонизм» представляет собой не антаго
низма симметричных рефлекторных центров. В таких случаях два блуждающих нерва 
активируют неаналогичные механизмы и двустороннее взаимодействие в общем вызы
вает алгебраическое суммирование, хотя иногда наблюдается и облегчение.



СРАВНИТЕЛЬНОЕ ИЗУЧЕНИЕ ОСТАНОВКИ, ВЫЗЫВАЕМОЙ УСЛОВНЫМИ 
ЗВУКОВЫМИ РАЗДРАЖЕНИЯМИ И РЕАКЦИИ ОСТАНОВКИ, ВЫЗЫВАЕМОЙ 

РАЗДРАЖЕНИЕМ ТАЛАМУСА
Л. А Н Д Ь Я Н ,  М . Р О Ж А В Е Л Ь Д И  и  П . К О Л Т А

Одновременным или последовательным применением оборонительных и пищевых 
условных звуковых раздражений регулярно удалось вызывать поведение, напоминающее 
реакции остановки, вызываемой электрическим раздражением ядер в средней линии тала
муса. Появление и продолжительность неподвижности также показывали тесную кор
реляцию с ответной силой условных рефлексов, для измерения которой использовалась 
продолжительность скрытого периода. Незначительная разница в ответной силе столк
нувшихся друг с другом условных рефлексов способствовала появлению неподвижности 
меньшей продолжительности. При большей разнице вероятность появления неподвиж
ности меньше, однако, если она появляется, то ее продолжительность больше.

В неокортикальных и гиппокампальных сопутствующих явлениях также была 
найдена аналогия, поскольку как реакция остановки, вызываемая раздражением тала
муса, так и неподвижность, вызываемая условными звуковыми раздражениями, сопро
вождались регулярно прерванной медленными волнами, или суперпонированной на 
последние десинхронизованной активностью.

На основе этих результатов обсуждается возможный механизм неподвижности и 
реакции остановки. Авторы полагают, что различные типы прекращения самопроиз
вольной двигательной активности можно рассматривать как манифестации центрального 
возбуждения различной интенсивности, вызывающего несовместимые двигательные 
тенденции.

АНАЛИЗ БИОЛОГИЧЕСКОЙ РОЛИ ЛАТЕРАЛЬНЫХ СТРУКТУР 
ГИПОТАЛАМУСА, УЧАСТВУЮЩИХ В РЕГУЛИРОВАНИИ 

МАТЕРИНСКОГО ПОВЕДЕНИЯ У КРЫСЫ

(Изучение подвижности, эксплорационного поведения, лактации и действия умень
шения питания)

3 .  А В А Р  и Е. М О Н О Ш

После повреждения парафорникальных структур гипоталамуса, препятствующего 
развитию материнского поведения и вызывающего уменьшение жизнеспособности ново
рожденных детенышей, двигательная активность и эксплорационное поведение живот
ных не показывает изменения. Повреждение указанных структур вызывает временное 
(в течение нескольких дней) уменьшение потребления пищи и воды беременными кры
сами. На механизм лактации эти структуры, по-видимому, не оказывают непосредствен
ного действия. Последствия временного уменьшения снабжения пищей и водой у здоро
вых беременных крыс в существенной мере отличаются от последствий повреждения 
парафорникальных структур гипоталамуса.

ПОВЕДЕНИЕ БЕРЕМЕННЫХ КРЫС И СУДЬБА БЕРЕМЕННОСТИ 
ПОСЛЕ ПОВРЕЖДЕНИЯ ОТДАЛЕННЫХ ЛАТЕРАЛЬНЫХ СТРУКТУР

ГИПОТАЛАМУСА 
3 .  А В А Р  и Е . М О Н О Ш

Действие повреждения отдаленных латеральных структур гипоталамуса, нанесен
ного на 16—17 день беременности, а также последствия лишения животных пищи, изу
чались у беременных крыс. После вмешательства наблюдалась длительная афагия и 
гиподипсия, двигательная активность животных значительно понижалась, и они не 
показали никакой эксплорационной активности. Часть беременных крыс в период около 
рождения попадала в терминальное состояние и большинство плодов погибло внутриут
робно. У животных, заставленных голодать в подобный период, ни в одном случае не



наблюдалось внутриутробное умирание плодов. У беременных крыс с повреждением 
гипоталамуса уменьшение веса тела проходило быстрее, чем у животных голодающей 
группы. В обоих группах была установлена гипертрофия надпочечников, которая однако 
отсутствовала у животных контрольной группы с ложной операцией.

Последствия повреждения отдаленных латеральных структур гипоталамуса были 
сопоставлены с последствиями повреждения парафорникальных структур, описанного 
в прежней статье.

ДЕЙСТВИЕ МЕСТНОГО ВЕНОЗНОГО ЗАСТОЯ НА КОРУ НАДПОЧЕЧНИКОВ 
I. ИЗМЕНЕНИЯ СЕКРЕЦИИ КОРТИКОИДОВ НАДПОЧЕЧНИКАМИ 

ПОСЛЕ ПОСТЕПЕННОГО ПОНИЖЕНИЯ ВЕНОЗНОГО ИСТЕЧЕНИЯ
Э. М ОНОШ , Э. К О Л Т А И , А . Ш У Й О К, Т . В Е Н Г Е И  и А. Г. Б . К О В А Ч

В острых опытах на собаках венозный застой вызывает значительное понижение 
секреции гликокортикоидов надпочечниками лишь в том случае, если кровоток органа 
понижается на более чем 30%. Кора надпочечников сохраняет по меньшей мере 40— 
50%-ную функциональную способность даже тогда, когда застой продолжается в течение 
2—3 часов, и за это время постепенно повышается в такой мере, что венозное истечение 
составляет лишь 25% контрольной величины. После прекращения сужения канюли 
секреция гормона возвращается к норме в течение 60 минут, тогда как кровоток надпо
чечников остается ниже контрольных величин.

ДЕЙСТВИЕ МЕСТНОГО ВЕНОЗНОГО ЗАСТОЯ НА КОРУ НАДПОЧЕЧНИКОВ 
II. ВЫДЕЛЕНИЕ КОРТИКОИДОВ ЧЕРЕЗ ВЕНЫ И ЛИМФАТИЧЕСКИЕ ПУТИ 

И ИЗМЕНЕНИЯ ПОТРЕБЛЕНИЯ 0 2 НАДПОЧЕЧНИКАМИ В СВЯЗИ СО 
ЗНАЧИТЕЛЬНЫМ ЗАСТОЕМ

А. Ш У Й О К , э .  М О Н О Ш , Э. К О Л Т А И , А. Б Е Д Е  и А. Г . Б .  К О В А Ч

В соответствии со своими прежними результатами авторы устанавливают, что кора 
надпочечников сравнительно устойчива в отношении 1—2-часового местного застоя: 
при понижении кровотока до 25% контрольной величины и при венозном давлении при
мерно в 50—60 мм рт. ст., кора надпочечников способна к около 50%-ой функции.

Потребление 0 2 понижается во время застоя в такой же мере, как и выделение 
кортикоидов. Контрольная величина разности артерио-венозного кислородного насы
щения в надпочечниках была лишь примерно 8%; в течение значительного застоя эта 
величина повысилась, однако она не превысила одну треть артерио-венозной разности в 
конечностях при покое.

Понижение венозного оттока надпочечников привело к повышению выделения 
кортикоидов через грудной проток. Однако, это лишнее выделение составляет лишь 
небольшую долю понижения секреции гормонов через крестцово-надпочечниковую вену. 
Концентрация кортикоидов в артериальной плазме не показывает достоверных изменений.

Во время застоя дача большой дозы экзогенного АКТЕ не изменяет выделение кор
тикоидов и потребление 0 2. После суживания канлюли функция коры надпочечников 
в пределах 60 минут возвратилась к норме.

ДЕЙСТВИЕ МЕСТНОГО ВЕНОЗНОГО ЗАСТОЯ НА КОРУ НАДПОЧЕЧНИКОВ
III. ИЗУЧЕНИЕ КРОВОСНАБЖЕНИЯ КОРЫ И МОЗГОВОГО СЛОЯ

НАДПОЧЕЧНИКОВ
Э. М ОНОШ , ж. Б И Р О , А . Ш У Й О К  и А. Г . Б .  К О В А Ч

Авторы изучали местное кровообращение в коре и мозговом слое надпочечников 
у собак с помощью метода вымывания Н2, в основных условиях, а также в остром опыте 
в связи со значительным местным застоем. Они установили непосредственный венозный 
отток и венозное давление, а также потребление 0 2 в надпочечниках.



В коре и мозговом слое эффективный кровоток был в среднем 0,84 или 0,92 мл на 
мин. на г, в то время как величина общего кровотока, на основе измерения непосредствен
ного оттока, составила 4,21 мл на мин. на г. Под влиянием застоя, вызванного сужением 
венозной канюли, местное кровообращение коры и мозгового слоя надпочечников понизи
лось в существенно меньшей мере, чем венозный отток. После 1 — 1,5-часового застоя 
кровоснабжение коры и мозгового слоя совершенно нормализовалось.

Изменения венозного давления надпочечников и потребления 0 2 надпочечниками 
соответствуют результатам прежней работы авторов.

Дается подробное обсуждение надежности величин кровотока в коре и мозговом 
слое надпочечников. Можно предполагать, что до сих пор кровообращение в мозговом 
лое было недооценено. .

ВЫДЕЛЕНИЕ КОРТИКОТРОПИНА, ВЫЗВАННОЕ ВВЕДЕНИЕМ ФОРМАЛИНА, 
ПОСЛЕ ОДНОСТОРОННЕГО ПЕРЕСЕЧЕНИЯ СПИННОГО МОЗГА

Г. Б . М А К А РА , Э. Ш Т А Р К  и К . М И Х А Й

Изучались афферентные спинномозговые пути выделения кортикотропина (АКТГ) 
у крыс. После одностороннего торакального пересечения спинного мозга, введение 1 %-ого 
формалина в контралатеральную заднюю конечность достоверно менее повышает уровень 
кортикостерона в плазме, чем введение формалина в гомолатеральную заднюю конеч
ность или его введение над уровнем пересечения. Большая часть волокон, передающих 
ноцицептивные импульсы, стимулирующие секрецию АКТГ, перекрещаясь идет вверх 
в контралатеральной половине спинного мозга. Лишь незначительная часть волокон идет 
гомолатерально.

СИСТЕМА ГИП0ФИЗ-ЩИТ0ВИДНАЯ ЖЕЛЕЗА У КРЫС ПОСЛЕ 
ТОРМОЖЕНИЯ ВЫДЕЛЕНИЯ АКТГ ДЕКСАМЕТАЗОНОМ, 

ИМПЛАНТИРОВАННЫМ В ОБЛАСТЬ МЕДИАЛЬНОГО ВОЗВЫШЕНИЯ
Д . С ТРА Ш И М И РО В , Б . Б О Х У Ш , Ш. К О В А Ч

У крыс было исследовано влияние имплантации дексаметазона в область медиаль
ной эминенции на гипофизарно-щитовидную и надпочечниковую функции. Имплантация 
дексаметазона привела к значительному торможению вызванной стрессом секреции АКТГ, 
которое длилось 12 дней. Определение поглощения радиойода щитовидной железы, про
веденное 2,9 и 12 дней после имплантации не показало существенных изменений. Реакция 
щитовидной железы на холодовое раздражение, судя по поглощении радиойода, не меня
лась под влиянием имплантированного дексаметазона. Скорость выделения меченого йода 
из щитовидной железы как в покое, так и в условиях торможения тироксином или сти
муляции метилтиоурацилом тоже не изменилась после имплатации дексаметазона. Далее, 
имплантация дексаметазона не оказала действия на компенсаторную гипертрофию щито
видной железы после односторонней тиреоидэктомии.

На основании этих результатов можно предполагать, что длительное торможение 
секреции АКТГ дексаметазоном имплантированним в область медиального возвышения 
не влияет на гипоталамо-гипофизарные механизмы, участвующие в регуляции щито
видной железы.

ГОРМОНЫ В ЛИМФЕ. ПРОНИЦАЕМОСТЬ КАПИЛЛЯРНЫХ СОСУДОВ 
ДЛЯ ТИРОКСИНА С J 131, RISA И NaJ131 ПРИ НЕФРИТЕ

В отечной жидкости у больных с нефритом изучалось появление внутривенно вве 
денного тироксина с J 131, RÏSA и NaJ131. В крови и в отечной жидкости проводились опре
деления радиоактивности и концентрации белков.

3 отечной жидкости отдельные вещества появляются в зависимости от величины 
молекул в различном порядке: вначале появляется NaJ131 а позже всего — RISA. В отеч
ной жидкости содержится гораздо меньше тироксина с J 131 и R1SA, чем в крови. Концент
рация белков в плазме на 13,8 раз больше, чем в отечной жидкости. Полученные данные 
указывают на значительный градиент, существующий между плазмой и внеклеточной 
жидкостью.



ИССЛЕДОВАНИЕ ДЕЙСТВИЯ ГОРМОНА, СТИМУЛИРУЮЩЕГО МЕЛАНОЦИТЫ
И . КАУС

Автор изучает действие гормона, стимулирующего меланоциты, присутствующего 
в гипофизе карпа, исследуя также оптимальный срок для его применения. Он ищет также 
ответ и дает ответ на вопрос, равноценны ли лиофилизованные и замороженные гипофизы 
с нативными, и обсуждает внедренную в ихтиологию «гипофизацию» при подробном опи
сании методики.

Между нативными, замороженными и лиофизированными гипофизами в отношении 
терапевтического действия нельзя выявить различия. Наиболее благоприятные резуль
таты получаются так называемым «гипофизированным веществом», если гипофизация 
производится в период от апреля до июня. Поэтому автор рекомендует провести транс
плантацию в эти месяцы.

ПОСТРОЕНИЕ ПРОТЕИНПОЛИСАХАРИДОВ И ИХ РОЛЬ В ФУНКЦИИ 
СОЕДИНИТЕЛЬНОТКАННЫХ ВОЛОКОН

И . Б А Н Г А

Из хряща носовой перегородки, с помощью 40%-ого раствора KJ, наряду с извест
ными фракциями PP—L (proteinpolysaccharide-light) и РР—H (proteinpolysaccharide- 
heavy) удалось получить и такую фракцию мукополисахаридов, белковый компонент 
которой отличается от белкового компонента первых двух фракций. Авторы называют 
эту фракцию cartilage mucoprotein, (CMP,), так как она по всей вероятности тождественна 
с му кондом,, освобождающимся из коллагенных волокон при тепловой и химической 
контракции. Кроме хряща носовой перегородки из волокнистой хрящевой ткани ахил- 
лового сухожилия также удалось получить фракцию PP—L и фракцию, соответствующую 
СМР„ которую в целях диференциации авторы называют Achilles tendon-mucoid, [AT 
mucoid,]. Эти фракции PP, CMP, и AT-mucoid, изменяют физические свойства химически- 
сокращенных волокон и в присутствии 40%-ого раствора KJ они у животных всех воз
растных групп повышают степень химического расслабления, вызываемого при темпера
туре 20° С. Из этого можно заключить, что различные протеинполисахариды входят с 
сокращенными волокнами, в функции которых они участвуют, в химическую связь.

АКТИВНОСТЬ ФЕРМЕНТА «CONVERTING ENZyM» У КРЫС С ЦИРРОЗОМ
ПЕЧЕНИ

Д . Д А У Д А , И . Д Е В Е Н Ь И  и С. С О К О Л И

Авторы инкубировали препараты ренина и ангиотенсиногена крови, взятой у 
крыс с циррозом печени, вызванном введением СС14 и изучали действие продукта реакции 
(ангиотенсина) на подопытных животных с циррозом печени. На этой экспериментальной 
модели они изучали вопрос о том, вызывает ли недостаток фермента «converting enzym» 
цирроз печени. Образование ангиотенсина II прессорного действия наблюдалось и у 
животных с циррозом печени. Его количество меньше, чем прессорное действие, опре
деляемое у нормальных подопытных животных, однако это можно приписать повышен
ному уровню ангиотенсиназы в плазме животных с циррозом печени. Следовательно 
фермент «converting enzym» не отсутствует и не является уменьшенным у животных с 
циррозом печени.



ДЕЙСТВИЕ КАПСАИЦИНА В ПРЕПАРАТАХ ИЗОЛИРОВАННОЙ ТОНКОЙ 
КИШКИ И СЕРДЕЧНОГО УШКА МОРСКОЙ СВИНКИ

Й. М О Л Ь Н А Р , Л . Д Ь Ё Р Д Ь , Г . У Н Ь И  и Ю . К Е Н Е Р Е Ш

При концентрации в 5 Л О- 8 — К)-7 г на мл, капсаицин вызывает сокращение 
тонкой кишки и оказывает положительное ннотропное и хронотропное действие на пред
сердие. На обеих препаратах в отношении капсаицина развивалась скоро проявляю
щаяся, прочная и сильно специфическая тахифилаксия. В отношении изученных веществ 
[ацетилхолин, гистамин, серотонин, никотин, ДМРР, брадикинин, КС1 и ВаС12] перекрест
ной тахифилаксии не было отмечено. На препарате тонкой кишки специфические анта
гонисты капсаицина (атропин, дифенгидрамин ,метизергид, гексаметоний) не препятство
вали сокращению, в то время как папаверин, карамифен и цинхокаин оказались эффек
тивными антагонистами капсаицина. На препарате сердечного ушка пропранолол и ко
каин не влияли на положительное инотропное и хронотропное действие капсаицина.





T h e  A cta  Physiologica  p u b lish  p a p ers  on ex p erim en ta l m ed ica l science in  E n g lish , F re n c h  
G erm an  or R ussian .

T h e  A cta  Physiologica  a p p e a r  in  p a r ts  o f v a ry in g  size, m ak in g  up  volum es. 
M an u scrip ts  shou ld  h e  ad d ressed  to :

A cta  P hysiologica, Pécs, R ákóczi út 80.

C orrespondence w ith  th e  e d ito rs  a n d  publishers sh o u ld  h e  s e n t  to  th e  sam e a d d ress . 
T he r a te  o f su b sc rip tio n  to  th e  A cta  Physiologica  is  165 fo r in ts  a  vo lum e. O rd ers  m a y  

be p laced  w ith  “ K u ltú ra ”  F o re ig n  T rad e  C om pany  for B ooks a n d  N ew spapers (B u d a p e s t I . ,  
F ő  u tc a  32. — A ccoun t N o. 43-790-057-181) or w ith  re p re se n ta tiv e s  a b ro ad .

Les A cta  Physiologica  p a ra is s e n t en fran ça is , ang la is, a lle m a n d  e t ru sse  e t p u b lie n t  des 
m ém oires d u  dom aine des sciences m édico-expérim en ta les.

Les A cta  Physiologica  so n t p u b lié s  sous form e de fasc icu les  q u i se ro n t ré u n is  en 
vo lum es.

O n e s t p rié  d’en v o y er les m an u sc r its  destinés à  la  ré d a c tio n  à  l ’adresse  su iv a n te :

A cta  P hysiologica, Pécs, R ákóczi út 80.

T o u te  co rrespondance  d o it ê tre  envoyée  à ce tte  m êm e ad resse .
L e p r ix  de  l’ab o n n em en t e st de 165 fo rin t p a r  vo lum e.
On p e u t s’a b o n n er à  l ’E n tre p r is e  du  Com merce E x té r ie u r  de  L ivres e t  J o u rn a u x  

«K ultúra»  (B u d ap es t I . ,  F ő  u tc a  32. — C o m p te-couran t N o. 43-790-057-181) ou à l’é tra n g e r  
chez to u s  les re p ré se n ta n ts  ou  d ép o sita ires .

«Acta Physiologicali публикуют трактаты из области экспериментальной медицин
ской науки на русском, немецком, английском и французском языках.

«A cta  Physiological/ выходят отдельными выпусками разного объема. Несколько 
выпусков составляют один том.

Предназначенные для публикации рукописи следует направлять по адресу:

A cta  Physiologica, Pécs, R ákóczi út 80 .

По этому же адресу направлять всякую корреспонденцию для редакции и адми
нистрации.

Подписная цена «A cta  Physiological! — 165 форинтов за том. Заказы принимает 
предприятие по внешней торговле книг и газет «K u ltú ra » (B u d a p e s t I . ,  F ő  u tc a  32. — 
Текущий счет №  43-790-057-181) или его заграничные представительства и уполномо
ченные.
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