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Р Е З Ю М Е

СРАВНИТЕЛЬНЫЕ ИССЛЕДОВАНИЯ НАД D-ГЛИЦЕРАЛЬДЕГИД-З-ФОСФАТ
ДЕГИДРАЗАМИ. VIII

Исследование эссенциальных ионов цинка энзимов
Т. К Е Л Е Т И  и М. Т Е Л Е Г Д И

Авторы исследовали возможность 1,10 фенантролином тормозить окисление ц-гли- 
церальдегид-3-фосфата (РОА) и ц-глицеральдегида (GA), ц-глицерал ьдегид-3-фосфат 
дегидразой (PGAD), кристаллически изолированной из мышц кроликов, рогатого скота 
и свиньи, из пивных и спиртовых дрожжей, как и из мышцы рака. Они установили, что 
эти энзимы — независимо от применяемого субстрата — можно тормозить приблизительно 
в одинаковой мере. Если в реакционной смеси вместо арсената применять фосфат, то 
торможение происходит медленнее, а если вместо восстановленного дифосфопиридино 
нуклеотида (DPN) применять аллоксан, то D-глицеральдегид-З-фосфат дегидраза не 
способна окислять D-глицеральдегид-З-фосфат ; при таких условиях окисление ц-гли- 
церальдегида также кажется сомнительным.

ЭЛЕКТРОФИЗИОЛОГИЧЕСКИЙ АНАЛИЗ ПОВТОРНЫХ ОТВЕТОВ НА 
СКРЫТОМ НЕРВЕ (n .  s a p h e n u s )  КРЫС

Я . ПОРСАС

Применение вератрина на поврежденной поверхности кожи облегчает действие 
происходящих под областью повреждения соприкосновений. Наступлению вызванных 
вератрином облегчений можно препятствовать динитрофенолом (1 : 1000).

Вызванный применением на поврежденной поверхности кожи ионов калия, натрия 
и лития повторный ответ состоится вследствие непосредственного действия не на рецеп­
торы, а на аксоны.

Этилендиаминтетраацетат, связывающий кальций в комплексной форме, — в про­
тивоположность цитрату натрия — не вызывает повторных разрядов и, следовательно, 
вызванная цитратом натрия авторитмическая деятельность, по всей вероятности, является 
непосредственным действием аниона цитрата.

Вызываемым ионами повторным ответам можно воспрепятствовать динитрофенолом.
Автор обсуждает данные результаты с точки зрения новых литературных данных 

о процессах нервного возбуждения.

ДЕЙСТВИЕ ПОВРЕЖДЕНИЯ ГИПОТАЛАМУСА НА ФОСФАТИДНЫЙ ОБМЕН
ВЕЩЕСТВ ПЕЧЕНИ

Ш. киш, А. Г. Б . К О В А Ч , М. И Р А Н Ь И , Я . А Н Т А Л , М. Д О Д А  и Э. М ОНОШ

Количество встроенного в фосфатидах арсенохолина на действие голодания в тече­
ние 24 или 48 часов повышается (Р =  0,01).

У крыс с удаленными надпочечниками на действие голодания не состоится силь­
ного повышения фосфатидного обмена веществ.

Три недели после электролитического разрушения передне-медиальных областей 
гипоталамуса на действие голодания не состоится повышенного встраивания арсенохолина, 
наблюдаемого при нормальных условиях.

Авторы не наблюдали подобного действия в случае повреждения других областей 
гипоталамуса или при внегипоталамических повреждениях.



ИССЛЕДОВАНИЯ В ЦЕЛЯХ ДИФФЕРЕНЦИРОВКИ ГОЛОДАНИЙ ОТ НЕДОСТАТКА
БЕЛКОВ

Й. Ш О Ш , А. Д Е К Л Е Н  и Т . К Е М Е Н Ь

Качество белков, поедаемых белыми крысами во время изокалорических голода­
ний, имеет для них большое значение.

Потребление клейковины пшеницы (недостаток лизина) меньше всего усиливает 
последствия голодания. Кормление клеем (недостаток этионина), дрожжевыми белками 
(недостаток S — аминокислоты) и желатин +  казеин-i идролизатом (недостаток трипто­
фана) в большой мере ухудшает состояние животных.

В случае повышения количества клейковины, вредное действие кормления послед­
ней, при одинаковых условиях уменьшается, в то время как при повышении количества 
остальных трех недостаточных для питания белков процесс ухудшается.

При возмещении недостатков четырех недостаточных белков только вредного 
действия дрожжевых белков не удалось прекратить.

ГУМОРАЛЬНАЯ ПЕРЕДАЧА РЕНАЛЬНОЙ ГИПЕРТОНИИ
т. тот

На одной из соединенных в парабиозе крыс, автор вызвал почечную гипертонию 
по методу Лёринц—Горац, а на другой он проводил одностороннее удаление почки. 
Кровяное давление животных повышалось сопряженно. На крысах с ишемизированной 
почкой удалось вызвать повышение кровяного давления в среднем на 75 Hgmm, а у пара- 
биотической пары на 62 Hgmm. Это доказывает, что почечные гипертонии можно пере­
дать на животные с нормальным кровяным давлением гуморальным путем. Согласно 
литературным данным, а также и по результатам собственных опытов автора, на пара- 
биотические крысы нельзя передать гипертоний при удалении почек, и они развиваются 
гораздо медленнее. Из этого обстоятельства автор заключает о наличии различных меха­
низмов двух видов гипертоний.

ИССЛЕДОВАНИЯ ПРОМЕТАЗИНОМ. II.

Антигистаминовое действие оптических видоизменений фенергана
Я . Б О Р Ш И , Г. Л А З А Р Н Е , Ж . Ч И ЗМ А Д И Я  и Л . Т О Л Ь Д И

Авторы исследовали токсичность, антигистаминовую активность и наркозопо­
вышающее действие оптических изомеров фенергана.

Они установили, что :
между токсичностью, антигистаминовой активностью и наркозоповышающем дей­

ствии рацематов, (-(-) и (—) фенерганов на подвздошной кишке морских свинок, кровя­
ном давлении кошек и астме морских свинок не наблюдается разницы.

Следовательно, между антигистаминовой активностью исследованных другими 
авторами структурных изомеров (изо-фенерган) и той исследованных авторами опти­
ческих видоизменений существует разница.

ФАРМАКОЛОГИЧЕСКИЕ ДЕЙСТВИЯ ЭЛАСТАЗЫ ПОДЖЕЛУДОЧНОЙ ЖЕЛЕЗЫ
Й. Б О Р Ш И , Ж . Ч А К , Г. Л А З А Р  и Д . Б А Г Д И

Авторы исследовали фармакологические действия эластазы поджелудочной железы 
и установили :

Токсичность энзимовых препаратов различной активности при внутривенном 
введении крысам и мышам является функцией их эластолитической эффективности — 
чем больше активность препарата, тем и больше его токсичность.



Характерный для энзима симптом острой токсичности — возникновение легоч­
ного кровотечения и отека.

Следовательно, при внутривенном введении энзима, токсические и субтоксические 
действия проявляются, главным образом, на богатых эластическими волокнами легких 
и селезенке. Энзим предположительно играет роль при содержании коллагенного состо­
яния и повышает проницаемость капилляров.

При хлоралоз-уретановом наркозе дозы в 120—480 Е/кг вызывают у кошек пони­
жение кровяного давления. Степень и длительность понижения кровяного давления 
зависят от величины дозы.

Эти исследования указывают на то, что понижающее кровяное давление, действие 
эластазы является, главным образом, следствием расширения периферических сосудов 
и капилляров. Однако, нельзя исключить также наличие центрального действия, оказан­
ного на вазомоторный центр.

На сердце лягушек 24—48 Е вызывают повышение амплитуды, большие дозы имеют 
следствием остановку сердца в состоянии диастолы.

Проведенные на изолированных органах исследования указывают на то, что пове 
дение эластазы во многих отношениях подобно действию трипсина.

СВЯЗЬ МЕЖДУ СТРУКТУРОЙ И ДЕЙСТВИЕМ МОРФИНА И 
ЕГО ПРОИЗВОДНЫХ

Я . Р А У Ш , Й . СЕГИ , И. СЛА М КА , Ю. Н А Д Ь

Авторами была исследована связь между структурой и действием следующих 
изготовленных в дебреценском Институте органической химии производных морфина : 
морфин, дихидроморфин, 6-ацетилморфин-метобромин, норморфин, кодеин, дигидро­
кодеин, 6-ацетилкодеин, 6-ацетилкодеин-метобромид, норкодеин, героин, И-аллин, нор­
морфин и диацетин-И-аллин-норморфин. Авторы исследовали болеутоляющее действие, 
эффект на дыхательный объем, привыкание, антагонизируемость болеутоляющего дей­
ствия И-аллил-норморфином и диацетил-И-аллил-норформином, также как и токсич­
ность вышеназванных средств. Они установили, что

1. кватернеризация третичного И повышает болеутоляющее действие, хотя со­
гласно Эдди необходимым элементом болеутоляющего действия является присутствие 
рядом с четвертичным атомом С, также и третичного атома И, связанных между собой 
цепью СН2—СН2.

2. Степень болеутоляющего действия не меняется параллельно с токсичностью, 
с действием на уменьшение дыхательного объема и привыканием.

3. Исследованные действия нор-соединений весьма слабые.
4. И-аллил-норморфнн антагонизирует в большей мере чем диацетин-И-аллил- 

норморфин болеутоляющее действие производных морфина со свободной группой ОН, 
чем производных, у которых это место было замещено.

5. И-аллил-норморфин повышает дыхание, в то время как диацетпл-И-аллил-нор- 
морфин его снижает.

6. Болеутоляющее действие последнего средства на 1,63 раза сильнее действия 
И-аллил-норморфина.
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Ph ysiologict
ON THE FUNCTION OF THE DENERVATED KIDNEY
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P. B á l i n t , A .  H a j d ú , É .  Kiss a n d  J. S t u r z

T echnical a ss is ta n ts  : Zs. B á c s a l m á s y  a n d  Zs. S z a l a y  

INSTITUTE OF PHYSIOLOGY, MEDICAL UNIVERSITY, BUDAPEST 
(R eceived  J u ly  29, 1958)

1. T he sodium  an d  w a te r  o u tp u t  b y  th e  k id n ey  d e n e rv a te d  b y  sp la n ch n ico to m y  is 
h ig h e r  in  th e  anaesthesized  a n im a l th a n  t h a t  b y  th e  in n e rv a te d , c o n tra la te ra l  k id n ey .

2. In  th e  m a jo rity  o f  cases h y p e rsa lu ria  and  p o ly u ria  are  asso c ia ted  w ith  h ig h er in u liu  
a n d  c rea tin in e  c learances, re sp ec tiv e ly .

3. T here  is no c o rre la tio n  b e tw een  th e  differences in  n a tru re s is  an d  in u lin  c learan ce. 
I n  som e periods th e  h ig h er so d iu m  o u tp u t  is accom panied  b y  low er in u lin  c lea ran ce . T he 
h ig h e r  d iu resis o f  th e  d e n e rv a te d  k id n ey  predisposes tech n ica lly  fo r h ig h er c learan ces. On 
th is  b asis a  reduced  tu b u la r  so d iu m  re ab so rp tio n  is believed to  he  one o f th e  fa c to rs  in v o lv ed  
in  d e n e rv a tio n  h y p e rsa lu ria  a n d  p o ly u ria .

4. I t  is ch a rac te ris tic  fo r th e  d e n e rv a te d  k id n ey  t h a t  a g re a te r  p e rcen tag e  o f  th e  to ta l  
o sm ols is sodium  th a n  in  th e  case o f  th e  in n e rv a te d  organ .

5. In  th e  u n an aesth es ized  an im a l we fo u n d  no ap p rec iab le  d ifference in  fu n c tio n  b e ­
tw e e n  th e  d en erv a ted  k id n ey  a n d  th e  in n e rv a te d  one.

Since C l a u d e  B e r n a r d  i t  has been confirm ed  b y  m a n y  a u th o rs  th a t  
in th e  an aesthesized  a n im a l th e  diuresis o f th e  d e n e rv a te d  k id n e y  exceeds 
t h a t  o f th e  c o n tra la te ra l, in n e rv a te d  k idney . (F o r th e  l i te ra tu re  th e  re a d e r 
sh o u ld  consu lt th e  m o n o g rap h s b y  S m it h  [1,2]). O n th e  o th e r  h a n d , som e 
a u th o rs  ( R h o a d s , V a n  S l y k e , H i l l e r  an d  A l v i n g  [3], H i a t t  [4], B e r n e  [5], 
S u r t s i i i n , M u e l l e r  a n d  W h i t e  [6],  S u r t s h i n  a n d  H o e l t z e n b e i n  [7], V a - 

s i l i j e v a  [8]) have  fo u n d  no d ifference in  fu n c tio n  b e tw een  th e  in n e rv a te d  
k id n e y  an d  th e  d e n e rv a te d  one in  th e  u n an aes th es ized  an im a l. B i k o v  an d  
A l e x e j e v - B e r k m a n n  [9],  as well as K l i s i e c k i , P i c k f o r d , R o t s c h il d  
a n d  Y e r n e y  [10] h av e  s ta te d  t h a t  in  th e  u n an aes th es ized  a n im a l th e  in n e r­
v a te d  a n d  th e  d e n e rv a te d  k id n ey s responded  in  th e  sam e w ay  to  w a te r  lo a d ­
ing . In  co n tra s t w ith  th is , o th e r  au th o rs  ( H a r a [11], M e i l m a n  a n d  W i n e r  [12], 
S a r t o r i u s  an d  B u r l i n g t o n  [13], B l a k e  [14], K a p l a n , W e s t  a n d  F o m o n  [15], 
F i s c h e r , S z é c s é n y  a n d  V i r á n y i  [16]) found  th a t  th e  d e n e rv a te d  k id n ey  
ex c re te d  an  increased  a m o u n t o f w a te r  an d  sod ium  even in  th e  u n a n a e s th e ­
sized  an im al. In  a few , m e ticu lo u sly  con d u c ted  ex p erim en ts  on  u n a n a e s th e ­
sized  dogs S e l l w o o d  a n d  Y e r n e y  [17] show ed th a t  in  re sponse  to  pero ra l 
lo ad in g  -with w ate r an d  physio logic  saline th e  blood flow  increased  m ore  m a rk e d ­
ly  in  th e  d en e rv a ted  k id n e y  th a n  in  th e  in n e rv a te d  one. T h ere  w as no 
d ifference in  th e  increase  o f  f i l tra tio n  following w a te r  lo ad ing , b u t  a f te r  salt 
lo ad in g  th e  f i ltra tio n  o f th e  d e n e rv a te d  k idney  increased  m ore m ark e d ly .

1 Acta Phyeiologica XV/1.
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T here  is no a g re e m e n t o f opinion as reg a rd s  th e  m echan ism  of th e  so- 
c a lle d  denervation  h y p e rs a lu r ia  and p o ly u ria . A ccord ing  to  one te a m  of w ork­
e rs , genera l an aes th es ia  a n d  th e  o ther co n d itio n s asso c ia ted  w ith  th e  ex p er­
im e n t  w ould cause a s y m p a th e tic  ex c ita tio n , w hich  leads to  v aso constric tion  
in  th e  k idney; as a re s u lt  o f  th is , renal b lood  flow  a n d  g lo m eru la r f iltra tio n  
r a t e  decrease, lead ing  se c o n d a rily  to  a re d u c tio n  in  th e  ex cre tio n  o f sa lt and  
w a te r .  D enervation  o f  th e  k id n ey  abolishes th is  increased  co n stric to r tone, 
th e  b lo o d  flow an d  f i l t r a t io n  increase in  th e  d e n e rv a te d  o rgan  an d , secondarily  
t o  t h a t ,  sa lt and  w a te r d iu re s is  increases. As acco rd in g  to  th e  now  w idely  accep t­
e d  v iew  (Sm ith  [1, 2 ], M u e l l e r , S u r t s h i n , C a r l i n  an d  W h i t e  [18], S e l - 
k u r t  [19]), a s ligh t, h a rd ly  m easu rab le  change in  f i l t ra t io n  w ould  give rise to  
a m a jo r  change in sa lt a n d  w a te r diuresis in  th e  sam e d irec tion . T he above 
g ro u p  o f au thors a t t r ib u te d  no  significance to  th e  tu b u le s  in  th e  developm ent 
o f  th e  d enerva tion  e ffec t a n d  exp la ined  i t  w ith  an  in creased  f i l tra tio n .

B e r n e  [5], S u r t s h i n , M u e l l e r  and  W h i t e  [6], P a g e , B a x t e r , R e e m . 
S c o t t - B a k e r  and  S m i t h  [20] h av e  found d e n e rv a tio n  h y p e rsa lu ria  an d  po ly u ­
r ia ,  respective ly , in a s so c ia tio n  w ith increased  f i l t ra t io n . A fte r load ing  w ith 
h y p e r to n ic  m ann ito l s o lu tio n , K a p l a n , F o m o n  an d  R a p o p o r t  [21] show ed 
fo r  h y d ro p én ie  dogs t h a t  on  th e  den erv a ted  side a m a jo r  p ercen tag e  of th e  
o sm o ls  fell to  sodium  th a n  on  th e  in n e rv a ted  side , i. e. th e  sodium  co n cen tra ­
t io n  o f  th e  urine p ro d u ced  b y  th e  d en erv a ted  k id n e y  w as h igher. As a t the 
s a m e  tim e  also f i l t ra t io n  w as h igher in  th e  d e n e rv a te d  side, th e se  au th o rs  
w e re  u n ab le  to  conclude t h a t  th e  phenom enon w ould  invo lve  a d irec t tu b u la r  
n e rv o u s  effect. K a p l a n , W e s t  an d  F om on  [15] fo u n d  th a t  th e  h y p ersa lu ria  
o f  th e  den erv a ted  side w as associa ted  w ith  in c rea sed  f iltra tio n  also in  th e  
u n a n a e s th e s iz e d  dog. T h e y  concluded  from  th e  re su lts  th a t  follow ing u n ila ­
t e r a l  d en erv a tio n  th e  in c re a se d  to n e  of th e  in ta c t  side, to o , m a y  p la y  a role 
in  th e  difference of th e  re sp o n se s .

M a r s h a l l  an d  K o l l s  [22, 23] found  an  in c rea sed  o u tp u t o f sa lt and  
w a te r  on th e  d en e rv a ted  s id e . As clam ping of th e  re n a l a r te ry  d im in ishes sa lt 
a n d  w a te r  diuresis, it  is su g g e s te d  th a t  th e  d e n e rv a tio n  effect is connected  
w ith  a n  increase in ren a l b lo o d  flo w .T h ere  w a s ,h o w e v e r ,n o  ap p rec iab le  d iffer­
en ce  in  c rea tin ine  ex c re tio n  be tw een  the  tw o sides, su ggesting  th a t  th e  d en er­
v a t io n  h y p ersa lu ria  a n d  p o ly u r ia  would develop in  th e  p resence  o f an  unchanged  
f i l t r a t io n .  K r is s , F u t c h e r  a n d  G o l d m a n  [24] th in k  th a t  th e  sligh t increase 
in  f i l t r a t io n  is no s a t is fa c to ry  exp lan a tio n  for th e  h y p e rsa lu ria  of th e  den er­
v a te d  side  an d  suggest t h a t  a lso  a decrease in  tu b u la r  re a b so rp tio n  m ay  be 
in v o lv e d .

K a p l a n  and  R a p o p o r t  [25] s ta te d  for h y d ro p én ie  dogs loaded  w ith  
h y p e r to n ic  NaCl th a t  th e  d iffe ren ce  in saluresis b e tw een  th e  d e n e rv a te d  and  
in n e rv a te d  sides exceeds in  m e a su re  th a t  ex p e c ta b le  on g rou n d s o f th e  d iffer­
en ce  in  f i l tra te d  q u a n titie s . F ro m  th is th e y  d raw  th e  conclusion th a t  one o f
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the  causes o f  the  increased  sa lt o u tp u t b y  th e  d e n e rv a te d  k idney  is th e  d e ­
creased  N a-reab so rb in g  p ow er of th e  d e n e rv a te d  p ro x im al tu b u le . L ikew ise , in 
th e ir  p e rfu s io n  ex p erim en ts  S a r t o r iu s  a n d  B u r l i n g t o n  [13] find  d e n e rv a tio n  
h y p e rsa lu r ia  in  the p resence  o f u n ch an g ed  f i l t r a t io n . F i s c h e r , S z é c s é n y  a n d  
V i r á n y i  [16] showed in  152 clearance p e rio d s  t h a t  in  th e  an aesth esized  dog 
th e  d e n e rv a te d  side ex c re te d  m ore sa lt a n d  w a te r , an d  in  69 periods th e  f i l ­
tra tio n  o f  th e  d en e rv a ted  k idney  w as sm a lle r  th a n  th a t  of th e  in n e rv a te d  
o rgan . F i s c h e r , T a k á c s  a n d  V arga  [26] c lam p ed  th e  a o rta  be tw een  th e  tw o  
ren a l a r te r ie s , reducing  th e re b y  th e  b lo o d  flow  a n d  f iltra tio n  o f th e  d e n e r­
v a te d  k id n e y . In  m an y  periods th e  sod iu m  ex c re tio n  o f th e  d e n e rv a ted  k id n e y  
was g re a te r , in  sp ite  o f  th e  red u c tio n  in  f i l t r a t io n . F rom  these  th e y  co n c lu d e  
th a t  d e n e rv a tio n  has a d irec t nervous in flu e n c e  on th e  tu b u la r  so d ium  re a b ­
so rp tio n .

In  th e  lig h t of th e se  co n trad ic tio n s  in  p u b lish e d  evidence i t  w as d eem ed  
necessary  to  re -in v estig a te  th e  co rre la tio n  b e tw een  th e  filtra tio n  a n d  s a l t— 
w ate r e x c re tio n  of th e  d e n e rv a te d  k id n e y  in  la rg e r  m a te ria l. In  a d d it io n , we 
w ished to  e luc ida te  e v e n tu a l d ifferences b e tw een  th e  in n e rv a ted  a n d  d e n e r­
v a te d  k id n e y s  in th e ir  responses to  v a r io u s  effects (w ater d e p r iv a tio n , 
d raw ing  o f  m inor vo lum es of blood, v a r io u s  in fusions).

M ethods

E xp erim en ts  on anaesthesized dogs. M ongrels o f  b o th  sexes were used . 2 o r  3 w eeks 
before e x p e rim e n t th e  le ft sp lan ch n ic  nerve w as t r a n s e c te d  u n d e r  m o rp h in e-e th e r a n a e s th e s ia , 
from  a n  ab d o m in a l incision. T h e  la s t  food in ta k e  to o k  p lace  a b o u t 20 hours b e fo re  e x p e r i­
m en t a n d  in  th e  m ajo rity  o f  th e  experim en ts  th e  a n im a ls  w ere w ithheld  w a te r  fo r  14 to  16 
hours (ex cep tio n a lly  fo r 48 ho u rs). A n aesth esia  w as in d u ce d  b y  th e  in tra v e n o u s  in fu s io n  
o f 0.1 g /k g  o f  a 1 pe r c en t so lu tio n  o f ch lora lose. T h e  a p p ro p ria te  a rte rie s  a n d  v e in s  w ere 
c an n u la te d  fo r  m easuring  b lo o d  p ressure , fo r  ta k in g  b lood  an d  fo r th e  a d m in is tra t io n  o f 
in fusions, re sp ec tiv e ly . T he u rin es  from  th e  tw o  k id n e y s  w ere collected  se p a ra te ly , b y  m ean s 
o f su p ra v es ica lly  in tro d u ced  ca th e te rs .

T h e  c learance  su b s tan ces  were ad m in is te re d  in  th e  fo rm  o f a p rim ing  dose (0 .15  g /kg  
o f in u lin  o r  0,05 g/kg o f c rea tin in e  and  0.015 g /k g  o f  P A H , dissolved in 50 m l 0 ,9  p e r  cen t 
NaCl so lu tio n )  and  in th e  fo rm  o f a m a in ten a n ce  dose (1,5 p e r cen t inu lin  o r  0.5 p e r  c en t 
c rea tin in e  a n d  0.15 per c en t P A H  so lu tion  in 0 .9  p e r  c e n t sa line , infused a t  a r a te  o f  a p p ro x i­
m a te ly  1 m l/m in  th ro u g h o u t th e  experim en t). In u lin  w as d e te rm in ed  according to  H a r r iso n  
[27], c re a tin in e  according to  P o p p e r , Ma n d e l  a n d  M e y e r  [28], P A H  accord ing  to  S m it h , 
F in k e l s t e in , A lim in o sa , Cr a w fo r d  an d  G r a e e r  [29]. T he co n cen tra tio n  o f  so d iu m  in  
p lasm a  a n d  u rin e  was d e te rm in e d  by  flam e p h o to m e try  (Z e iss ) ,  osm olar c o n c e n tra t io n  in  
th e  u r in e  b y  m easuring  th e  re d u c tio n  in  th e  freez in g  p o in t a n d  in  th e  p lasm a  b y  W e s s o n ’s 
fo rm u la  [30].

T h e  ex p erim en t w as b eg u n  ab o u t 30 m in u te s  a f te r  th e  com pletion o f th e  p re p a r a to r y  
w ork. T h e  u rin e  was co llected  in  15-m inute p e rio d s , ta k in g  a r te r ia l  blood sam ples fo r  ch em ica l 
ana ly sis  a t  a b o u t  th e  m id d le  o f  each period .

In  som e experim en ts  th e  an im als , w h ich  h a d  b een  th ir s te d  14 to 16 h o u rs , w ere  g iv en  
0.85 p e r c e n t  NaCl so lu tion  e q u iv a len t to  a b o u t  3 p e r  c e n t o f  th e  to ta l bod y  w e ig h t in  th e  
form  o f  in tra v e n o u s  in fusion  a b o u t 50 m l/m in  in  r a te ,  a f te r  2 con tro l perio d s , 15 m in u te s  
in d u ra tio n  each . The e x p e rim e n t was th en  c o n tin u e d  fo r 60 to  90 m inu tes. In  a n  o th e r  series 
o f  e x p e rim e n ts  th e  con tro l pe rio d s were fo llow ed b y  th e  in tra v e n o u s  infusion o f a n  iso o sm o tic  
and iso o n co tic  solution o f  d e x tra n , eq u iv a len t to  1.5 p e r  c e n t o f th e  to ta l b o d y  w e ig h t, th e n  
th e  e x p e r im e n t was c o n tin u e d  for fu rth e r fo u r  p e rio d s , 15 m in u tes  in d u ra tio n  each .
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I n  th e  th ird  series b o th  food and  w ater h a d  b e en  w ith h e ld  for 48 h o u rs . T h en  4 m l/k g  
o f  a  20 p e r  cen t m a n n it  so lu tio n  was infused a n d  th e  p lasm a  m an n ito l c o n c e n tra tio n  w as 
m a in ta in e d  b y  in fusing  0 .04 m l/k g  o f a 20 p e r c e n t  m a n n ito l  so lu tion  ev ery  m in u te . A t  th is  
dose  th e  m an n ito l c o n c e n tra t io n  o f th e  e x tra c e llu la r  sp ace  is ab o u t 20 m m ol/l.

I n  th e  fo u rth  series a c u te  hypovolem ia w as in d u c e d  in  dogs by  tak in g  sam p le s  o f  b lo o d  
e q u iv a le n t  to  0.5 p e r  c e n t  o f  th e  to ta l  body w e ig h t a t  th e  end  o f th e  15-m inute  e x p e r im e n ta l 
p e r io d s . T his p ro ced u re  w as c o n tin u e d  u n til th e  a r te r ia l  b lo o d  pressure w as re d u ce d  to  a b o u t  
80 m m  H g . (In  th is  ty p e  o f  e x p erim en t th e  b lo o d  w ith d ra w n  was n o t rep laced , w h e reas  in  
th e  o th e r  experim en ts  th e  b lo o d  ta k e n  for chem ica l a n a ly s is  w as rep laced  b y  fresh  dog b lo o d  
b y  in fu sio n .)

T he success o f  sp la n ch n ico to m y  was c o n tro lled  b y  au to p sy , a f te r  th e  e x p e rim e n t. 
A t th e  end  o f th e  e x p e rim e n t p o ly u ria  was in d u ce d  b y  th e  ra p id  a d m in is tra tio n  o f  a  h y p e r ­
to n ic  an e lec tro ly te  so lu tio n , th e n  th e  trach ea l c a n n u la  w as clam ped. D e n e rv a tio n  w as c o n ­
s id e re d  successful on ly  w h en  a  sign ifican t d ifference  o c c u rre d  in  th e  n u m b er o f  u r in e  d ro p s  
c o m in g  fro m  th e  r ig h t ( in n e rv a te d )  and  th e  le f t  (d e n e rv a te d )  k idneys d u rin g  a sp h y x ia  ; th e  
in n e rv a te d  k id n ey  s to p p e d  p ro d u c in g  urine w ith in  2 m in u te s .

E xperim ents on unanaeslhesized dogs. T he r ig h t  a n d  le f t  u re te rs  o f  a  b ig g er fem ale  
d o g  w ere  tra n s p la n te d  one  b y  one  to  th e  ab d o m in a l w a ll. T h e  b lad d er w as e x ti rp a te d .  A fte r  
c o m p le te  w ound  h ealin g  th e  fu n c tio n s  o f th e  tw o  k id n e y s  w ere com pared , th e n  u n d e r  m o r­
p h in e -e th e r  anaesth es ia  th e  le f t  k id n ey  was d e n e rv a te d  b y  sp lanchn ico tom y. T h e  m a in  e x p e r t  
m e n t  w as begun 2 w eeks a f te r  th is  operation . T h e  su ccess fu l d en erv a tio n  o f  th e  le f t  k id n ey  
w as d e te rm in e d  b y  th e  fo llow ing  m ethod . A t in te rv a ls  (a b o u t  10 days) th e  d iu res is  o f  th e  
t wo k id n ey s  was d e te rm in e d , a  sligh t e ther a n a e s th e s ia  w as app lied , in  resp o n se  to  w h ich  
th e  d iu res is  o f th e  in n e rv a te d  k id n e y  dim inished to  a m in im u m , w hereas th a t  o f  th e  d e n e rv a te d  
o n e  d id  n o t  change.

Conscious an im als  w ere  ex p erim en ted  on w hile  s ta n d in g  on the  P a v lo v  s ta n d , s lig h tly  
b a n d e d . U rine was co llec ted  in  te s t  tubes b o u n d  u n d e r  th e  abdom en. E x p e r im e n ts  w ere  
c o n d u c te d  a f te r  ad  l ib i tu m  w a te r  in ta k e  and a f te r  24 to  30 h o u rs  o f  th irs tin g . I n  som e e x p e r i­
m e n ts  th e  infusions o f  p h y sio lo g ic  saline and o f  m a n n i to l  w ere m ade in to  a  lim b  v e in , as 
d e sc rib e d  fo r th e  an aesth es ized  dogs. (No c learance s tu d ie s  w ere m ade in  th e  u n a n ae s th es iz e d  
a n im a ls .)

R esults

T he resu lts a re  p re se n te d  in Tables I  to  V I an d  F igures 1 to  4 . T h e  
ta b le s  co n ta in  th e  m e a n s  fo r th e  in n e rv a te d  a n d  den erv a ted  perio d s o f  th e  
co rresp o n d in g  series. To sav e  space, no d e ta i le d  d a ta  are p re se n te d . I n  th e  
ta b le s  we can  f in d  th e  so -ca lled  D /I q u o tie n t, w h ich  is th e  m ean  o f th e  q u o ­
t ie n ts  co m p u ted  from  th e  num erica l re su lts  (d e n e rv a te d  an d  in n e rv a te d )  o f  
th e  sam e  period. T h e  sig n ifican ce  analysis co n cern s  th e  difference b e tw een  th e  
in n e rv a te d  an d  d e n e rv a te d  resu lts , on th e  one  h a n d , and  th e  d e v ia tio n  o f  
th e  D /I  q u o tien t from  1, on  th e  o ther.

I n  a ll th e  tab le s  a n d  figures the d a ta  a re  co m p u ted  for 1 sq u are  m e tre  o f 
b o d y  surface area a n d  1 k id n e y . The v alue  o f  V  is given in m l/m in , o f  U NaV  in  
jWEq/min, of U osmV  in  w osm /m in, of Cin a n d  CPAH in  m l/m in. T h e  fo u r v e r ­
t ic a l  co lum ns of th e  ta b le s  show  th e  so d iu m  ex c re tio n  in  p e rcen tag e  o f  th e  
t o t a l  osm ol o u tp u t. S ta t is t ic a l  analysis w as b y  F i s h e r ’s t- te s t , ta k in g  c o n v e n ­
t io n a l ly  a P  < 0 .0 5  as a  c rite r io n  of sign ificance .

I n  F igs. 1 to  3 a re  illu s tra te d  th e  m ean s  o f  th e  changes re su ltin g  from  
lo a d in g  w ith  m a n n ito l, physio log ic  saline a n d  d e x tra n , respective ly . In  F ig . 4 
is p re se n te d  a ty p e -e x p e r im e n t, w ith  single p e rio d s  lastin g  15 m in u te s , each  
e n d in g  w ith  th e  w ith d ra w a l of blood e q u iv a le n t to  0.5 per cen t o f th e  to ta l  
b o d y  w eig h t. In  th e  u p p e r  p a r t  can  be seen th e  a r te r ia l  blood p ressu re , w h ich

t
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is s till as h igh  as 135 m m  H g a fte r  th e  f i f th  b lood  ta k in g , i. e. a f te r  th e  loss o f  
b lood  e q u iv a le n t to  2.5 p e r cen t o f  th e  to ta l  b o d y  w eigh t.

In  th e  ex p e rim en ts  on anaesthesized  an im a ls  we dete rm in ed  th e  in u lin  
c lea ran ce , ex cep t fo r th e  d e x tra n  series in  w h ich  th e  exogenous c re a tin in e  
c lea ran ce  te c h n iq u e  w as em ployed . (D e x tra n  in te rfe re s  n am ely  w ith  th e  c h e m ­
ic a l d e te rm in a tio n  o f  inu lin ). In  th e  conscious series no c learance te s ts  w ere 
m ad e  an d  G F R  w as assessed on th e  basis o f  th e  ex cre tio n  o f en d o g en o u s 
c re a tin in e .

D iscussion

In  th e  v a rio u s ty p e s  o f ex p erim en ts  on an aes th es ized  dogs we h a v e  co m ­
p a re d  th e  fu n c tio n  o f th e  in n e rv a te d  k id n e y  w ith  t h a t  of th e  d e n e rv a te d  one 
in  a to ta l  o f 143 periods. In  17 cases th e  so d iu m  o u tp u t  b y  th e  d e n e rv a te d  
k id n e y  w as s lig h tly  low er th a n  th a t  b y  th e  in n e rv a te d  one, w hereas in  126 
in s tan ces  i t  w as h ig h er. T h u s, in  ag reem en t w ith  th e  d a ta  in  th e  l i te ra tu re , we 
to o , d e m o n s tra te d  th e  ex istence  o f a d e n e rv a tio n  h y p e rn a tru r ia . In  th e  co n ­
tro l  (w a te r-d e p riv a tio n ), physio logic saline a n d  d e x tra n  load ing  series th e  c o r­
re la tio n  betw een  n a tru re s is  an d  w a te r  d iu resis  is a lin e a r  one, i. e. th e  in c reased  
w a te r  o u tp u t  m a y  be considered  to  be a se c o n d a ry  sequel to h y p e rn a tru re s is . 
A fte r lo ad in g  w ith  m a n n ito l th e  size o f th e  d iu resis  is de te rm ined  b y  th e  m a n ­
n ito l lo ad in g  em ployed .

T he q u es tio n  arises: is th e  in c reased  so d iu m  ex cre tio n  m erely  a n  o b lig ­
a to ry  sequel to  th e  increased  f i l tra tio n  or m a y  o u r d a ta  be in te rp re te d  as 
in d ic a tin g  th a t  also  a red u ced  tu b u la r  sod iu m  re a b so rp tio n  is in v o lv ed  in  th e  
in creased  sod ium  o u tp u t  b y  th e  d e n e rv a te d  k id n e y ?

T h u s, in  th e  f irs t  ap p ro ach  we sh o u ld  a n a ly se  w h e th e r we h a v e  a n y  
periods in  w hich  th e  increased  n a tru re s is  o f th e  d e n e rv a te d  k id n e y  is asso ­
c ia te d  w ith  red u ced  o r id en tica l f i l tra tio n s , i. e. th e  difference in  f i l t ra t io n  
b e tw een  th e  tw o k id n ey s does n o t ex p la in  th e  d ifference in  n a tru re s is .

Table I
14— 16 hours water deprivation

V u N«v u 0,mv (UNa : Uosm)100 '■ill CPAII

I 0 .2 5  ±  0 .1 4 2 9  ± 2 6 137  ± 8 9 1 7 .7  ± 9 . 7 27 ±  12 10 5  ± 4 2

D 0 .6 8  ±  0 .3 6 10 4  ±  68 4 1 4  ±  16 4 2 9 .0  ±  7 .7 36  ±  13 12 2  ±  41

P 0 .001 0 .001 0.001 0 .01 0 .0 5 0 .0 5

D /I 3 .2 6  ± 2 . 0 8 8 .7 1  ±  12.1 4 .1 8  ±  2 .7 3 — 1 .4 3  ± 0 . 4 1 1 .3 0  ±  0 .3

P 0 .0 0 1 0 .01 0.01 — 0,001 0 .01

n 22 22 10 10 22 21
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T able  I I
48-hours water deprivation

V UNaV UosmV (UNa : ';osm)100 Cin CPAH

I 0.18 ±  0.09 34 ±  32 191 ±  151 13.6 ±  7.7 24 ±  13 111 ±  59

D 0.51 ±  0.24 136 ±  92 380 ±  204 29.9 ±  12.0 34 ±  7 137 ±  58
P 0.02 0.05 0.05 0.02 0.05 0.05

D /I 2.96 ±  0.74 4.53 ±  2.99 2.90 ±  1.54 — 1.89 ±  1.43 1.49 ±  0.76
P 0.01 0.05 0.05 — 0.05 0.05
11 6 6 6 6 6 6

In  th e  w a te r d e p riv a tio n  (contro l) p e rio d s ( to ta l  n u m b er: 39) th e  sod ium  
o u tp u t  b y  th e  d e n e rv a te d  k id n ey  exceeds th a t  o f th e  in n e rv a te d  one in 35 
cases . T h e  in u lin  c lea ran ce  is h igher in  28 cases in  th e  d en e rv a ted  k id n e y , it 
show s no d ifference in  3 cases a n d  is sm a lle r  in  4 cases. T he m eans in  T ab le  I 
a n d  T ab le  I I  show  th a t  th e  D /I q u o tie n t o f  th e  inu lin  c learance is h ig h e r th a n  
1, in d ic a tin g  th a t  (w ith  due  regard  to  th e  m ethodo log ica l possib ilities  o f th e  
in u lin  c learan ce  te s t)  th e  increased  N a o u tp u t  b y  the  d e n e rv a te d  k id n e y  is 
u su a lly  assoc ia ted  w ith  a h igher inu lin  c lea ran ce .

T h e  increased  sod ium  excre tion  b y  th e  d e n e rv a te d  k id n ey  is a sso c ia ted  
w ith  a h ig h er d iu resis . O n th e  basis o f ex te n s iv e  experim en ts B á l i n t , F e k e t e  
a n d  H a j d ú  [32], as w ell as B á l i n t , K is s  a n d  S za la y  [33] h a v e  em p h asized  
th e  a lre a d y  know n  fac t t h a t  in  oliguric p e riods th e  clearances c a n n o t be relied  
u p o n . T h u s , a t  low  d iu resis  th e  low er in u lin  c learance  is a te c h n ic a l conse­
q u en ce  o f th e  low  d iu resis . In  o u r o p in ion  th is  s ta te m e n t reduces m u ch  from  
th e  e v a lu a b ili ty  o f th e  D /I q u o tien t o f th e  in u lin  c learance in th is  series. T h u s , 
fo r te c h n ic a l reasons th e  d en erv a ted  k id n e y  show s a h igher in u lin  c learan ce  
as a re su lt  o f p o ly u ria .

T h is ob jec tio n  c an n o t be ra ised  in  th e  series in w hich th e  lo ad in g  w ith  
p hysio log ic  saline an d  m a n n ito l, re sp ec tiv e ly , re su lts  in  a h ig h er d iu resis  in  
b o th  k idn ey s th a n  th e  lim it below  w hich  th e  c learances can n o t be e v a lu a te d  
re lia b ly . A fte r lo ad in g  w ith  m an n ito l th e  so d ium  o u tp u t b y  th e  d e n e rv a te d  
k id n e y  is h igher in  a ll th e  37 periods (T ab le  IV ) a n d  a t th e  sam e tim e  th e  in u lin  
c lea ran ce  is h ig h er in  23 periods an d  low er in  7 periods in th e  d e n e rv a te d  k id n e y  
a n d  th e re  is no d ifference in  7 periods. A t a n y  ra te , th is  in d ica te s  t h a t  w ith  
su ffic ien t d iuresis th e  D /I  q u o tien t o f th e  in u lin  c learance is sm alle r th a n  
1 m o re  o ften  th a n  in  th e  cases in w hich th e  d iu resis of th e  in n e rv a te d  k id n e y  
is lo w . A fte r lo ad in g  w ith  physio logic sa lin e  th e  d en e rv a ted  k id n e y  ex c re te d  
m o re  sod ium  w ith  h ig h er in u lin  c learance  in  22 cases, w hereas in  4 cases th e  
h ig h e r  N a o u tp u t w as asso c ia ted  w ith  a low er in u lin  clearance. A fte r lo ad in g  
w ith  d e x tra n  increased  sod ium  o u tp u t b y  th e  d en e rv a ted  k id n e y  w as asso ­
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c ia te d  w ith  h ig h er inu lin  c lea ran ce  in 9 cases an d  w ith  low er c lea ran ce  in
4 cases.

In  ev e ry  series of ex p e rim en ts  a t te m p ts  h av e  been m ade to  fin d  a c o rre ­
la tio n  b e tw een  th e  inulin  c lea ran ce  a n d  n a tru re s is  in  b o th  th e  d e n e rv a te d  
a n d  in n e rv a te d  k idney . No c o rre la tio n  of a n y  k in d  was d e m o n s tra b le . In  
g en era l, th e  sod iu m  o u tp u t b y  th e  d e n e rv a te d  k id n ey  was h igher a n d  th is  w as 
asso c ia ted  w ith  s ligh tly  h ig h er in u lin  c learances, as i t  can  be seen fro m  th e  
m eans an d  D /I q u o tien ts  p re se n te d  in  th e  tab le s  as well.

F u rth e rm o re , a tte m p ts  h a v e  been m ade to  f in d  a co rre la tio n  b e tw e e n  
the  differences o f th e  inu lin  c lea ran ces an d  tho se  o f th e  sodium  o u tp u ts .  N o 
co rre la tio n  w hatsoever was d e m o n s tra b le . I f  we accep t th e  view  th a t  d e n e r­
v a tio n  causes an  increase in  th e  so d ium  o u tp u t exclusively  b y  th e  fa c t t h a t  th e  
h aem o d y n am ics an d  in co n n ec tio n  w ith  it  th e  f i l tra tio n  o f th e  k id n e y  in c rease  
in  th e  presence of an u n ch an g ed  tu b u la r  fu n c tio n , we m ay  ex p ec t som e k in d  
o f a q u a n ti ta t iv e  co rre la tion  to  ex is t be tw een  f i l tra tio n  and  th e  d iffe ren ce  in 
so d ium  o u tp u t .

O n th e  basis of w hat h a s  been  e la b o ra te d  above we do n o t th in k  i t  to  be 
ju s tif ie d  sim p ly  to  ascribe to  th e  difference in  f i l tra tio n  th e  in c rea sed  so d ium  
o u tp u t  b y  th e  den erv a ted  k id n e y , th o u g h  in th e  m a jo rity  of th e  cases th e  in u lin  
c lea ran ce  is h ig h er in th e  d e n e rv a te d  k idney . E xperience  has show n  us t h a t  
p a r tic u la r ly  a t  lower d iu resis levels th e  difference in  diuresis has a m o re  p ro ­
fo u n d  in flu en ce  on the c lea ran ce  v alues th a n  i t  is generally  believ ed  a n d  th u s  
th e  d e n e rv a tio n  polyuria  p red isp o ses  te c h n ic a lly  for h igher c learances in  ev e ry  
se ries. T h is s ta te m e n t ap p lie s  in  p a r tic u la r  to  th o se  periods in  w h ich  th e  low  
d iu resis  o f  th e  in n e rv a ted  k id n e y  m ade its  c learance  ab so lu te ly  u n re liab le . 
A tte n tio n  shou ld  be called  to  th e  fa c t th a t  a t  a n o rm al p lasm a level a f i l t ra t io n  
d ifference o f 1 ml m eans a n  a b o u t 150 /iE q  d ifference in  f i l t r a te d  N a  a n d  th e  
m eans in  th e  tab les m ake i t  c lea r th a t  th e  difference in sod ium  o u tp u t  b e ­
tw een  th e  in n e rv a ted  an d  d e n e rv a te d  k idneys d id  no t exceed th is  v a lu e  in  th e  
o rd er o f m ag n itu d e .

A ccord ing  to  Tables I ,  I I  a n d  IV , th e  m ost ch a rac te ris tic  fo r th e  d e n e r­
v a te d  k id n e y  is the  fa c t f i r s t  em phasized  b y  K a p l a n , F o m o n  a n d  R a p o p o r t  
[21] th a t  on th e  d en e rv a ted  side a s ig n ifican tly  h igher p ercen tag e  o f  th e  osm ol 
o u tp u t  fa lls  to  sodium  th a n  on th e  in n e rv a te d  side. This we b e liev e  to  be a 
sign  o f  a reduced  sodium  re a b so rp tio n  b y  th e  d en e rv a ted  tu b u le s . I t  is m ost 
rem ark ab le  th a t  th is d iffe rence  betw een  th e  tw o  k idneys d is a p p e a rs  a fte r 
load in g  w ith  physiologic sa lin e .

F igs. 1 to  3 show  th e  responses o f th e  in n e rv a ted  a n d  d e n e rv a te d  k id ­
neys to  d ifferen t in fu sio n s. T h e  m eans fo r th e  con tro l periods a f te r  load ing  
w ith  m a n n ito l (dogs d e p riv e d  from  w a te r for 48 hours) are p re se n te d  in  T ab le  II . 
A fter th e  a d m in is tra tio n  o f  m a n n ito l th e  curves ru n  e sse n tia lly  paralle l 
cou rses, th u s  it m ay be s ta te d  th a t  th e re  is v ir tu a lly  no d ifference b e tw een  the



8 P. BÄLINT, A H A JD Ú, É. K ISS and J. STURZ

F ig . 1. R enal response to  m a n n i to l  loading. 
S o lid  line  : in n erv a ted  k id n e y . B ro k en  line : 

den erv a ted  k id n e y

0  3 0  6 0  min

F ig . 3. R e n a l response to  th e  in fu s io n  of d ex tran  e q u iv a le n t  in  q u a n ti ty  to  1.5 p e r c en t o f  
th e  b o d y  w eigh t. The tim e  o f  in fu s io n  is m arked b y  a n  a rro w . O therw ise, th e  signs a re  as

in Fig. 1

in n e rv a te d  and  d en e rv a ted  k id n e y s  in  th e ir  re sp o n se  to  load ing  w ith  m a n n ito l. 
I n  th is  ex p erim en ta l s e tu p  th e  hypervolem ia o f  th e  e x tra c e llu la r  space is asso­
c ia te d  w ith  in trace llu la r h y p o v o lem ia .

L ikew ise, the  cu rves r u n  para lle l a fte r lo a d in g  w ith  physiologic saline 
(F ig . 2, 14 to  16 hours w a te r  d ep riv a tio n ). T h u s , th e  d en e rv a ted  k id n ey  re -

F ig . 2. R e n a l response to  th e  in fusion  o f 
p h y sio lo g ic  saline eq u iv a len t in  q u a n ti ty  to  
3 p e r  c e n t  o f  th e  body  w eigh t. T he tim e  o f  
in fu s io n  is m ark e d  by  an  arrow . O therw ise  

th e  signs are as in  Fig. 1
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Table III

Intravenous physiological sa line

V b’N .v (« N . Cin CP A H

I 0.85 ±  0.58 114 ± 8 9 387 ±  154 36.0 ±  8.3 29 ±  14 132 ±  62

I) 1.50 ±  0.91 192 ±  132 562 ±  271 35.8 ±  7.5 35 ±  13 143 ±  52

p 0.01 0.01 0.01 — 0.05 0.05

D/I 2.13 ±  1.91 3.71 ±  2.58 1.68 ±  0.81 — 1.38 ± 0 .7 0 1.18 ±  0.4

P 0.001 0.001 0.001 — 0.01 0.05

n 35 35 23 23 35 35

Table IV
M a n n ito l loading after 48-hours water deprivation

V % a V UosnA (UN . :Uo.m)I<>0 Cin CPAII

l 1.76 ±  0.60 60 ±  65 762 ±  225 7.0 ±  5.4 23 ±  8 114 ±  54

n 2.41 ±  0.68 168 ±  164 961 ±  299 16.3 ±  12.3 27 ±  9 117 ±  49

p 0,001 0.001 0.01 0.001 0.05 0.05

D /I 1.39 ±  0.22 3.03 ±  1.32 1.27 ±  0.22 — 1.20 ± 0 .3 6 1.08 ±  0.30

P 0.001 0.001 0.001 — 0.01 0.05

11 36 36 36 36 36 36

sp onds to  th e  h y p erv o lem ia  of th e  e x tra c e llu la r  space in  th e  sam e w a y  as th e  
in n e rv a te d  one. T h e  m eans for th e  con tro l a n d  th e  post-saline p e rio d s  a re  to  
be fo u n d  in  T ab le  I  a n d  I I I ,  re spec tive ly . I n  response to  load ing , th e  w a te r , 
so d ium  a n d  to ta l  osm otic  diuresis increase s ig n if ic a n tly  in  th e  in n e rv a te d  and  
d e n e rv a te d  k id n ey s a like, b u t  th e re  is no s ig n if ic a n t change in  th e  in u lin  and  
P A H  clearances. T he sh a rp  rise in  c learances o b servab le  im m ed ia te ly  fo llow ing 
sa lt in fu sio n  is, in  o u r op in ion , a d irec t te c h n ic a l consequence o f th e  su d d en  
in crease  in  d iu resis.

Table V
In travenous dextran

V Un . v Ccreat CPAH

I 0 .5 5  ±  0 .2 6 21 ±  21 3 6  ±  17 124  ±  60

D 0 .8 5  ±  0 .4 0 56 ±  51 3 8  ±  13 130  ±  58

P 0 ,01 0 .0 1 0 .0 5 0 .0 5

D /I 1 .9 4  ±  1 .5 7 6 .5 3  ±  1 0 .5 0 1 .1 5  ±  0 .3 0 1.11  ±  0 .3 0

P 0 .0 2 0 .0 5 0 .0 5 0 .0 5

n 20 20 16 20
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In  response to  lo ad in g  w ith  d e x tra n  (F ig . 3, w a te r d e p riv a tio n  fo r 14 to  
16 hours) the increased  sod ium  o u tp u t b y  th e  d en erv a ted  k id n e y  slig h tly  
d ec reases , ap p ro ach in g  t h a t  o f th e  in n e rv a te d  k id n ey . T here  is p ra c tic a lly  
no  ch an g e  in d iuresis a n d  in  th e  sod ium  o u tp u t  of th e  in n e rv a te d  k idney . 
T h e  difference in  c re a tin in e  clearance o b se rv ab le  du ring  th e  c o n tro l period  
d isa p p e a rs  p rac tica lly  a f te r  load ing  w ith  d e x tra n .

F ig . 4 illu s tra te s  th e  ty p ic a l response to  re p e a te d  blood tak in g . I n  th e  firs t 
p e r io d  th e  w a te r an d  so d iu m  o u tp u t in c reases  in  th e  d en e rv a ted  k id n e y  an d

F ig . 4. R e n a l response to  th e  loss o f  blood e q u iv a le n t to  0.5 pe r cen t o f th e  b o d y  w e ig h t. 
T h e  tim e s  of blood ta k in g  are  m a rk e d  by  arrow s. O th erw ise  th e  signs are as in  F ig . 1

in  c o n ju n c tio n  w ith  i t  th e  Cin an d  CPAH also  increase . A fter b lood  ta k in g  
th e  d iu res is  is s ig n ifican tly  red u ced  in  b o th  k id n ey s . A fter th e  second b lood  
ta k in g  th e  in n e rv a ted  k id n e y  is p rac tica lly  a n u ric , th u s  its  c learances c a n  be 
ig n o re d . B á l i n t  an d  S t u r c z  [34] have  show n t h a t  in  such an  e x p e rim e n ta l 
s e tu p  d iu resis  an d  in  co n n ec tio n  w ith  i t  th e  c learances stro n g ly  d ecrease , 
w h e n  th e  d irec t m easu rem en t o f  th e  ren a l b lo o d  flo w  still ind ica tes on ly  s lig h t 
c h a n g e s  o r no change a t  a ll in  th e  h a e m o d y n a m ic a l re la tions. T h u s, o lig u ria  
or a n u r ia  is a d irec t sequel to  oligem ia an d  th e  low  clearance value is a te c h ­
n ic a l consequence  o f th e  fo rm er. T he d iu resis o f  th e  d en erv a ted  k id n e y  is 
re d u c e d  a t  a m uch slow er r a te  a n d  as a re su lt i ts  c learances, too , are  re d u c e d  
in a s ig n if ic a n tly  sm aller m easu re . T hus, in th is  ty p e  of experim en t it  is no t 
a c h a n g e  in  th e  h aem o d y n am ics th a t  is th e  p r im a ry  fac to r and  th e  sequence  
o f  e v e n ts  is not th a t  th e  in n e rv a te d  k idney  becom es ischaem ic, th u s  o liguric .
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b u t  reversed : th e  diuresis o f  th e  in n e rv a ted  k id n e y  is d im in ished  fa s te r  th a n  
th a t  o f  th e  d e n e rv a te d  one a n d  i t  is th e  te ch n ica l consequence  of th is  t h a t  th e  
•clearances b eh av e  as o u tlin e d  above .

Table VI
E xp erim en ts  on conscious dogs

v
uN.v Uo,mV (Un.  : Uo„m>100 UcrctV.lOO

6a. W ater ad  lib itu m

I 0.45 21 201 11.4 34

D 0.53 26 209 11.9 33

D /I 1.20 ± 0 .3 8 1.18 ± 0 .3 6 1.05 ± 0 .2 5 — 0.95 ±  0.14

p 0.05 0.05 0.05 — 0.05

n 16 16 16 16 16

6b . 48-hours w a te r  d e p riv a tio n

I 0.09 4.4 125 3.4 28

Ü 0.10 7.1 124 5,6 26

D /I 1.10 ±  0.14 1.82 ±  0.48 0.99 ± 0 .1 2 — 0.91 ±  0.16

P 0.05 0.001 0,05 — 0,05

n 11 11 11 11 11

6c. Saline infusion

I 0.68 96 471 20.3 35

D 0.86 121 519 23.1 39

D /I 1.26 ± 0 .1 7 1.28 ±  0.16 1.14 ± 0 .2 7 — 1.12 ±  0.09

P 0,01 0.01 0.05 — 0.01

n 8 8 8 8 8

6d. M annitol in fusion

I 1.84 109 1080 9,5 32

1) 1.70 107 977 10.8 29

D /I 0.94 ± 0 .1 1 1.14 ±  0.04 0.92 ± 0 .1 0 — 0.94 ±  0.15

P 0.05 0.05 0.02 — 0.05

11 12 12 12 12 12

R e la tiv e ly  few  ex p erim en ts  h av e  been  m ad e  on u n a n a e s th e s iz ed  dogs 
i(2 an im als). W ith  u n re s tr ic te d  w a te r in ta k e  (T ab le  V ia) th e  v a r io u s  ex c re ­
tions from  th e  in n e rv a te d  an d  d e n e rv a te d  k id n e y  are  p ra c tic a lly  id e n tic a l. 
N eith er does th e  D /I  q u o tie n t d ev ia te  s ig n if ic a n tly  from  1. A fte r 30 h o u rs  o f 
w a te r d e p riv a tio n  (T ab le  V Ib) th e  d iffe rence  o f  w a te r a n d  N a  o u tp u t  is 
s ign ifican t m a th e m a tic a lly , b u t, ow ing to  th e  v e ry  low d iu resis , we do no t
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b e lie v e  i t  to  be s ig n if ican t b io logically . A fte r  th e  infusion o f p hysio log ic  saline 
(T a b le  YIc) th e  o u tp u t  b y  th e  d e n e rv a te d  k id n e y  is so m ew h at h ig h er, b u t  
t h e  o rd e r  of m a g n itu d e  o f  th e  d ifference is su b s ta n tia lly  sm a lle r  th a n  i t  is­
in  s im ila r  ex p erim en ts  on  an aesth esized  an im a ls . A fter m a n n ito l in fusion  
(T a b le  Y Id) th e re  is no  ap p rec iab le  d ifference  betw een  th e  in n e rv a te d  k id n ey  
a n d  th e  d en erv a ted  one . T h ere  w as no d ifference in  th e  p e rc e n ta g e  ra tio  o f  
so d iu m  an d  to ta l  o sm o la r o u tp u t  b e tw een  th e  tw o  k idneys in  e i th e r  ty p e  o f  
t h e  ex p e rim en ts , u n lik e  i t  h a p p e n e d  in  th e  ones on anaesthesized  dogs.

S um m ing  u p  th e  re su lts  o f ou r e x p e rim e n ts , i t  m ay  he s ta te d  t h a t  in  th e  
a n a e s th e s iz e d  an im al th e  d e n e rv a te d  k id n e y  ex cre tes  m ore so d iu m  a n d  w a te r  
t h a n  th e  c o n tra la te ra l, in n e rv a te d  o rgan . T h is increased  o u tp u t  is asso c ia ted  
w i th  a  h ig h er inu lin  c lea ran ce  in  th e  m a jo r ity  o f  th e  cases. N ev e rth e le ss , we do 
n o t  th in k  th a t  th e  in c rea sed  sod ium  o u tp u t  b y  th e  d en e rv a ted  k id n e y  would! 
b e  d u e  exclusively  to  a n  in c rea sed  f i l t ra t io n , because  1. th e re  u n d o u b te d ly  
a re  p e rio d s  in  w hich N a o u tp u t  w as h ig h er, th o u g h  f iltra tio n  w as low er, 2. no­
c o r re la t io n  w hatsoever is d em o n strab le  b e tw een  th e  differences in  f iltra tio n  
a n d  n a t r u r ia ,  3. th e  low er d iu resis  o f th e  in n e rv a te d  k idney  p red isp o ses  te c h ­
n ic a l ly  fo r  lower c learan ces, w h ich  are  n o t re liab le  a t  all u n d e r a c e r ta in  level' 
o f  d iu re s is , th u s, i t  is c lea r t h a t  th e  c learan ce  o f  th e  d en e rv a ted  k id n e y  ( th e  
d iu re s is  o f  which is h ig h er) is h ig h er also fo r th is  techn ica l reaso n . W e th in k  
t h a t  t h e  d en erv a tio n  h y p e rn a tru r ia  is c o n n e c te d  w ith  a red u ced  tu b u la r  so­
d iu m  reab so rp tio n , w h ich  is ch a rac te rized  b y  th e  fac t th a t  a s ig n if ic a n tly  
h ig h e r  p e rcen tag e  o f th e  to ta l  o sm olar o u tp u t  b y  th e  d en erv a ted  k id n e y  is in 
so d iu m  th a n  in  th e  u rin e  p ro d u c e d  b y  th e  in n e rv a te d  organ. W e do n o t  wish 
to  d o u b t  th a t ,  in genera l, th e  h aem o d y n am ics a n d  f i ltra tio n  of th e  d e n e rv a te d  
k id n e y  a re  g rea te r, y e t we do n o t th in k  i t  ju s tif ie d  to  claim  sc h e m a tic a llv  
t h a t  th is  w ould  be th e  sole cau se  of h y p e rn a tru r ia .

T h e  in n e rv a te d  a n d  d e n e rv a te d  k id n ey s re sp o n d  in  p rac tica lly  th e  sam e 
w a y  to  lo ad in g  w ith  m a n n ito l, physio logic sa lin e  a n d  d ex tran , re sp e c tiv e ly . 
A f te r  th e  g rad u a l w ith d ra w a l o f  sm all vo lum es o f blood th e  d iu resis  o f  th e  
in n e r v a te d  k idney  d im in ish es  m ore s tro n g ly  a n d  fa s te r, th e  te c h n ic a l con­
se q u e n c e  o f  w hich is a d ec rease  in  c learances.

W e h a v e  m ade re la t iv e ly  few ex p e rim en ts  on u n an aes th es ized  dogs.. 
T h e  d iffe ren ces  found a re  n o t  s ig n ifican t m a th e m a tic a lly , th u s  we h a v e  no 
r ig h t to  c la im  th a t  in  th e  a n im a l allow ed w a te r  a d  lib itu m  or in  th e  one on 
w a te r  d e p r iv a tio n  th e  so d iu m  a n d  w a te r  o u tp u t  b y  th e  d e n e rv a te d  k id n ey  
ex ceed s s ig n if ican tly  t h a t  b y  th e  c o n tra la te ra l , in n e rv a te d  o rgan . N e v e r th e ­
less, a te n d e n c y  to  increased  o u tp u t  is ev id en t in  th e  d en erv a ted  k id n e y . T his 
is e v e n  m o re  m arked  a f te r  s a l t  in fu sio n  a n d  d isa p p e a rs  a lto g e th e r a f te r  m a n ­
n ito l in fu s io n . In so far as w e a re  ju s tif ie d  to  assess d ifferences in  f i l t r a t io n  on 
th e  b a s is  o f  th e  crea tin ine  o u tp u t  ( B á l i n t , K is s  a n d  Sza la y  [35]), i t  a p p e a rs  
t h a t  th e s e  sm all differences in  o u tp u t  re su lt a t  th e  sam e levels o f  f i l t ra t io n ..
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A nd if  th e re  does exist a d ifference  in  sa lt an d  w a te r  d iuresis b e tw een  th e  de- 
n e rv a te d  an d  th e  in n e rv a te d  k id n ey s  in  th e  un an aestlie s ized  a n im a l, th e  o r­
d e r  o f  m a g n itu d e  of th is  d ifference  is su b s ta n tia lly  sm aller th a n  in  th e  an - 
aes th es ized  ones.
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ON THE STORAGE OF INULIN AND PAH IN RENAL
TISSUE

B y

P. B á l i n t  and I .  F o r g á c s
PHYSIOLOGICAL IN ST ITU TE, M EDICAL U N IV ER SITY , BUDAPEST 

(R ece iv ed  J u ly  2, 1958)

W ith  c o n s ta n t in fusion  o f in u lin  a n d  P A H  an d  a t  a  c o n s ta n t inu lin  an d  P A H  c o n ­
c e n tra tio n  in  p lasm a  th e  q u a n titie s  e x cre ted  p e r  m in u te  in th e  u rin e  are  low er th a n  th e  doses 
in fused . T h u s , som e p a r t  o f  th e  in fused  in u lin  an d  P A H  is d eposited  in th e  o rg an ism , o r  i& 
u tilized  in  som e o th e r  w ay . A sm alle r p a r t  o f th e  c a lcu la te d  q u a n ti ty  was found  to  be  s to re d  
in th e  k id n ey .

A n u ria  w as induced  by  b leed ing  in  dogs, to  w'hich su b seq u en tly  in u lin  a n d  P A H  
w ere a d m in is te re d  b y  in trav en o u s  in fusion . A fte r  tw o  h o u rs  o f  an u ria  th e  le f t k id n ey  w as 
tra n s p la n te d  in to  th e  neck  o f a rec ip ien t dog an d  th e  a m o u n ts  o f  inu lin  and  P A H  w ere d e te r ­
m ined  in  th e  u rin e  o f th e  tra n sp la n te d  k id n ey , in  th e  u rin e  o f th e  rec ip ien t dog a n d  in  th e  
tissues o f  th e  t ra n s p la n te d  k idney . T he in u lin  an d  P A H  c o n te n t o f th e  c o n tra la te ra l,  n o n -  
t ra n s p la n te d  a n d  “ n o t w ashed”  k id n ey  w as also d e te rm in e d . I t  has been fo u n d  t h a t  th e  
•‘w ashed”  le f t  k id n ey  also co n ta in ed  in u lin  an d  PA H .

T he a m o u n t o f  deposited  in u lin  a n d  P A H  does n o t  exp la in  th e  d ifference  b e tw een  
th e  c learences d e te rm in ed  by  th e  usua l u r in a ry  an d  o th e r  tech n iq u es. The re su lts  c a n n o t 
be in te rp re te d  as p rov ing  th e  ex istence o f in u lin  sec re tio n .

I t  is w ell-know n th a t  ren a l b lood  (p lasm a) flow  can  be d e te rm in ed  b y  
d iv id ing  th e  m in u te  o u tp u t o f som e su b s ta n c e  in th e  u rin e  (U X V) b y  th e  d iffe r­
ence in  th e  co n cen tra tio n  o f t h a t  su b s ta n c e  in  a r te r ia l an d  re n a l v en o u s 
blood (p lasm a) (P H — P v). T h is is th e  a p p lica tio n  o f th e  F ick  p rin c ip le , w ell- 
know n in  th e  d e te rm in a tio n  o f  ca rd iac  o u tp u t ,  to  th e  k idney . I f  th is  fo rm u la  
is c o n v e rte d  accord ing  to  th e  te rm in o lo g y  o f re n a l physio logy  so t h a t  b o th  
th e  o u tp u t  p e r m in u te  an d  th e  a rte rio -v en o u s  co n cen tra tio n  d ifference a re  d iv id ­
ed b y  th e  a r te r ia l  co n cen tra tio n  (P„), th e  n u m e ra to r  m eans th e  c lea ran ce  
of th e  su b s ta n c e  in  question  an d  th e  d e n o m in a to r th e  in tra re n a l e x tra c tio n  
o f th a t  su b s ta n c e . In  o th e r w ords ren a l p lasm a flow  is o b ta in ed  if  th e  c le a ra n ce  
o f som e su b s ta n c e  is d iv ided  b y  th e  e x tra c tio n  o f t h a t  su b stan ce  (R P F  =  C/E)> 
I t  follow s from  th is  fo rm ula  th a t  if  b y  som e m e th o d  we d e te rm in e  d ire c tly  
th e  re n a l p lasm a  flow  an d  th e  e x tra c tio n , th e  c learance  of th e  su b s ta n c e  in 
q u es tio n  can be co m p u ted  (C =  R P F  X E ). A ccord ing  to  P h i l l i p s , D o l e , 
H a m i l t o n , E m e r s o n , A r c h ib a l d  an d  V a n  S l y k e  [1], th e  c learan ce  c a lc u ­
la te d  b y  th e  classical m eth o d  w ill ag ree w ith  th a t  com p u ted  from  th e  
above fo rm u la  if  (i) d iuresis is su ff ic ie n tly  copious to  m ake th e  d ead  space 
neglig ib le; (ii) th e  su b stan ce  reaches th e  k id n ey  exclusively  in  th e  a r te r ia l  
blood a n d  leaves it  exclusively  w ith  u rine  an d  venous blood; (iii) th e  su b s ta n c e  
is no t p ro d u ced , m etabo lized  or s to red  b y  th e  k idney ; (iv) th e  d is tr ib u tio n
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of th e  su b s ta n c e  b e tw e e n  e ry th ro c y te s  a n d  p la sm a  does n o t change in  th e  
b lo o d  flo w in g  th ro u g h  th e  k idney .

I f  b y  c o n s ta n t in fu sio n  we a d m in is te r  a su b stan ce , w h ich  is n e ith e r  
m e tab o lized  n o r s to re d  in  th e  o rgan ism , sooner or la te r  an  e q u ilib riu m  will 
be  re a c h e d , i. e . th e  q u a n t i ty  in fused  p er m in u te  w ill be th e  sam e as t h a t  e x c re t­
ed  in  th e  u rin e  in  one m in u te . In  th e  n u m e ra to r  of th e  c lassica l c learan ce  
fo rm u la  U  X V  w ill be rep laced  b y  I  X V, w here  I  is th e  q u a n ti ty  o f th e  su b stan ce  
in  1 m l o f th e  in fu sed  so lu tio n  a n d  V is th e  vo lu m e in fused  in  1 m in u te . On 
th is  p rinc ip le  is b a sed  th e  so-called c o n s ta n t  in fusion  c learance  te s t  f irs t 
reco m m en d ed  b y  E a r l e  a n d  B e r l i n e r  [2 ],  t h a t  has been show n b y  B e r ­
g e r , F ä r b e r , E a r l e  a n d  J a c k e n t h a l  [3], as w ell as b y  S c h w a r t z , B r e e d  
a n d  M a x w e l l  [4], to  y ie ld  b o th  in  dog a n d  m a n  th e  sam e in u lin  a n d  P A H  
c lea ran ce  va lu es  as th e  classica l u rin e  c lea ran ce  tech n iq u e  does. S h o u ld  th e  
c lea ran ce  su b stan ce  be ex c re ted  also e x tra re n a lly  an d /o r be m e tab o lized  in 
th e  b o d y  a n d /o r be d ep o sited  in  th e  o rg an ism , th e  v alue  y ie lded  b y  th e  in fu ­
sion  te s t  w ill n a tu ra l ly  su rp ass  th a t  o f th e  c lassica l u r in a ry  c learance.

B á l i n t , F e k e t e  a n d  H a j d ú  [5], as w ell as B á l i n t , K is s  a n d  S z a l a y  [6], 
h a v e  show n th a t  in  p o s th aem o rrh ag ic  h y p o te n s io n , as well as in  w a te r  d e p r i­
v a tio n  o liguria  th e  d ire c t ( R P F x E )  a n d  th e  in fu sio n  ( I x V /P )  c learan ce  te s ts  
y ie ld ed  m a rk e d ly  h ig h e r va lues th a n  th a t  o b ta in e d  b y  th e  c lassical u rin e  
c lea ran ce  ( U x  V /P ). O n th e  o th e r  h a n d , w ith  su ffic ien t diuresis (above 1 m l p er 
m in u te  in  th e  dog) th e  re su lts  o f th e  d iffe re n t te ch n iq u es  agree sa tis fac to rily . 
I n  c o n tra s t  w ith  th is , in  o liguric s ta te s  th e  d ifference  exceeds th e  one e x p e c t­
ab le  on  g ro u n d s o f th e  so-called  dead -space  effec t.

O ne o f th e  possib le  e x p la n a tio n s  o f th e  l a t t e r  phenom enon  is t h a t  th e  
c lea ran ce  su b stan ces  (inu lin  an d  P A H ) w o u ld  be s to red  in  th e  k id n ey . T h e  
fa c t  t h a t  in u lin  is m e tab o lized  or s to re d  e x tra re n a lly  has been  p ro v ed  in  
n ep h rec to m ized  dogs (B á l i n t  an d  F o r g á c s , [7]). I n  th e  p resen t re p o r t  we 
w ish  to  deal w ith  th e  in tra re n a l  s to rag e  o f  in u lin  an d  P A H .

I t  h as  been  g en e ra lly  accep ted  th a t  in u lin  is ex c re ted  exclusively  b y  g lo ­
m e ru la r  f i l t ra t io n , a n d  is n e ith e r  reso rb ed  n o r  secre ted  b y  th e  tu b u le s . In  
c o n tra s t  w ith  th is , P A H  is ex c re ted  b y  f i l t r a t io n  a n d  tu b u la r  secre tion . (F o r 
th e  p e r ta in in g  l i te ra tu re , th e  m onograph  b y  S m i t h  [8] shou ld  be consu lted ). 
In u lin  c learan ce  can  be accep ted  as th e  m easu re  o f G F R  on ly  w hen  in u lin  
is e x c re te d  b y  th e  ab o v e  m ech an ism . A ccord ing  to  F r e y  [9], p a r t  o f th e  in u lin  
a d m in is te re d  is secre ted ; its  c learance c a n n o t th e re fo re  be accep ted  as a m eas­
u re  o f  G F R . A m ong th e  in d ire c t proofs a g a in s t in u lin  secre tion  th e re  is th e  
ev idence  p u b lish ed  in  th e  e a r ly  l ite ra tu re  t h a t  in u lin  is n o t s to red  in  th e  t u b u ­
la r  cells, w hereas P A H , w h ich  is ex cre ted  b y  sec re tio n , is dem o n strab le  also in  
th o se  cells. R i c h a r d s , W e s t f a l l  an d  B o tt  [10] p erfu sed  th e  dog k id n e y  w ith  
b lood  co n ta in in g  in u lin  a n d  pheno l red , a t  a p re ssu re  of 25 to  30 m m  H g. A t 
su ch  a low  p ressu re  no u rin e  is form ed. C o m p arin g  th e  blood en te rin g  a n d
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leav in g  th e  k id n e y  i t  w as revealed  th a t  20 p e r  c en t o f  th e  inulin  an d  as m u c h  
as  50 p e r cen t o f  th e  pheno l red  in fused  w ere re ta in e d . T hen  th e  sam e k id n e y  
w as p erfu sed  a t  h ig h  pressure  w ith  b lood  c o n ta in in g  n e ith e r  inu lin  n o r p h en o l 
red . T h e  u rin e  su b se q u e n tly  fo rm ed  c o n ta in e d  am p le  am o u n ts  of p h en o l re d , 
h u t  no in u lin . F ro m  th is  i t  w as concluded  t h a t  a t  p ressures too  low  to  m ak e  
f i l t ra t io n  possib le , in u lin  does n o t reach  th e  tu b u la r  cells an d  leaves th e  k id n e y  
w ith  th e  venous b lood . In  c o n tra s t w ith  th is ,  th e  secre ted  phenol red  is t a k e n  
u p  b y  th e  tu b u la r  cells w hich secrete  it  w h en  u rin e  is n o t form ed. T h u s , a c c o rd ­
in g  to  th e se  d a ta  th e  tu b u la r  cells do n o t s to re  in u lin .

T h ere  is, how ever, som e m ore recen t ev id en ce  of inu lin  being  s to re d  in  
th e  re n a l p a re n c h y m a . Ga y e r  [11] a d m in is te re d  in u lin  an d  P A H  to  ra b b i ts  
b y  a single in tra v e n o u s  in jec tio n . T w e n ty  m in u te s  la te r  th e  left k id n e y  w as 
re m o v ed  a n d  p e rfu sed  w ith  T y ro d e ’s so lu tio n  th ro u g h  th e  ren a l a r te ry .  T h e  
f lu id  leav in g  th ro u g h  th e  ren a l vein  a n d  th e  u re te r  was collected  u n t i l  its  
in u lin  a n d  P A H  co n cen tra tio n  h a d  becam e  neglig ib le . T he r ig h t k id n e y  w as 
a n a ly se d  w ith o u t perfusion , th e  left k id n e y  a f te r  perfusion . T he m ean  in u lin  
c o n te n t o f th e  le f t, “ w ashed” , k id n ey  w as 0.73 m g/g , 54 per cen t o f  th e  in u lin  
c o n te n t o f th e  r ig h t k idney . T he left k id n e y  co n ta in ed  0.34 m g/g  o f  P A H , 
17 p er cen t o f  th e  a m o u n t co n ta in ed  b y  th e  r ig h t k idney . F rom  th is  G a y e r  
d rew  th e  conclusion  th a t  th e  tu b u la r  cells s to re  n o t on ly  P A H , b u t  a lso  co n ­
sid e rab le  am o u n ts  o f  inu lin . S im ilar re su lts  h a v e  been  o b ta in ed  b y  F r e y  [12] 
w ho fo llow ing a d m in is tra tio n  o f in u lin  fo u n d  3 to  12 tim es m ore invdin in  th e  
r a b b i t ’s ren a l tissu e  th a n  w h a t w ould  h a v e  been  ex p ec ted  on th e  b as is  o f  th e  
in u lin  c o n c e n tra tio n  o f th e  b lood  a n d  u rin e  in  th e  k idney .

In  h is m o n o g rap h , J a n c só  [13] w ro te  t h a t  in  ce rta in  o liguric  s ta te s  
som e o f th e  m acro m o lecu lar sub stan ces a re  p re c ip ita te d  in  th e  tu b u la r  u rin e , 
th e n  a re  d ep o sited  in  th e  p refo rm ed  in tra c e llu la r  canals  of th e  tu b u la r  cells. 
S u b stan ces  n o t reso rb ed  b y  th e  tu b u le s  a re  d em o n strab le  in  th e  tu b u la r  cells 
a f te r  lig a tio n  o f th e  u re te r  o r in  shock . U n d e r  such  conditions, in u lin  s to re d  
in  th e  tu b u la r  cells can  be rev ea led  b y  h is to ch em ica l techn iques, u n d e r  th e  
p o la riza tio n  m icroscope. T his m eans t h a t  s to rag e  is in  a causal re la tio n sh ip  
w ith  th e  process o f tu b u la r  c o n c e n tra tio n : th e  excessive re a b so rp tio n  o f  th e  
so lv e n t p red isposes to  p re c ip ita tio n  a n d  s to ra g e  o f th e  so lu te  (e. g. in u lin ) .

E xp erim en ta l

T he s to rag e  o f inu lin  an d  P A H  b y  re n a l tissu e  has been in v e s tig a te d  in  
tw o  ty p e s  o f  ex p erim en t.

(i) So-called in fu sio n  experim ents. D ogs o f v a rio u s breeds a n d  b o th  sexes 
w ere allow ed to  d r in k  w a te r  accord ing  to  th e  desired  level o f d iu resis  o r  w ere 
th ir s te d  fo r 24 to  48 hours. T he e x p e rim e n ts  w ere m ade u n d e r  ch lo ra lo se  
a n a e s th e s ia . D epend ing  in  q u a n t i ty  on th e  b o d y  w eight of th e  a n im a l a n d  on

2  A cta Phvsiologira X V /1.
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th e  p lasm a level to  be a tta in e d , in u lin  a n d  P A H  were a d m in is te red  in  a p re ­
lim in a ry  dose a n d  th e n  b y  c o n s tan t in fu s io n  (see D e a n e , [14]). In fu s io n  was 
m a d e  a t  an  ev en  r a te ,  b y  m eans of th e  u s u a l a p p a ra tu s . U rine w as co llec ted  
b y  m eans of u re te r  c a th e te rs  in tro d u ced  su p rav es ica lly  th ro u g h  a su p ra p u b ic  
inc ision , ta k in g  g re a t  ca re  to  ensure  re lia b le  e s tim a tio n  of c learance  b y  th e  
c lassic  te ch n iq u e . A b o u t 1 ho u r a fte r  s ta r t in g  th e  co n stan t in fu sio n  p la sm a  
co n c e n tra tio n  b ec a m e  c o n s ta n t, as d e te rm in e d  b y  analysing  3 b lood  sam p les  
ta k e n  a t  a b o u t 2 0 -m in u te  in te rv a ls .

N ex t, th e  le f t  k id n e y  was rem o v ed  fro m  m ed ian  la p a ra to m y  a n d  th e  
d iu re s is  o f th e  r ig h t  k id n e y  teas en h an ced  b y  in fu sin g  ab o u t 200 m l o f 20 per 
c e n t m an n ite . A f te r  fu r th e r  tw o c learance  p e rio d s  th e  rig h t k id n e y  w as also 
rem o v ed . The d a ta  y ie ld ed  b y  th e  ch em ica l an a ly sis  of th e  k id n e y , p lasm a  
a n d  u rine  will be d iscu ssed  la te r .

(ii) So-called transplanta tion  experim ents. T h e  experim en t beg an  as d e ­
sc rib ed  above. E x c e p t fo r experim en ts N os. 34, 44 an d  43, p o s th aem o rrh ag ic  
h y p o ten sio n  of 2 h o u rs  d u ra tio n  was in d u c e d  b y  low ering blood p ressu re  to  
a b o u t 50 m m  H g  b y  b leed ing . A t th is  b lo o d  p ressu re  th e re  w as p ra c tic a lly  
no  d iuresis. T he in fu s io n  o f  inu lin  and  P A H  w as con tinued  a t a re d u ced  ra te . 
A t th e  end of th e  2 -h o u r  hypo ten siv e  perio d  (in th e  above-m en tioned  3 e x p e r i­
m e n ts  a fte r  th e  u su a l 2 -h o u r clearance p ro ced u re ) th e  left k id n ey  w as rem oved  
th ro u g h  a m ed ian  la p a ra to m y  incision a n d  w as tra n sp la n te d  in to  th e  n eck  o f  
a p rev io u sly  a n a e s th e s iz ed  rec ip ien t dog. T h e  u rin e  from  th e  t r a n s p la n te d  
k id n e y  an d  from  th e  rec ip ien t dog was co llec ted . T he recip ien t dog w as given 
n e ith e r  inu lin  n o r P A H . P rio r to  t r a n s p la n ta t io n , urine was co llected  from  
th e  rec ip ien t dog to  d e te rm in e  th e  b la n k  in u lin  a n d  P A H  values. A fte r t r a n s ­
p la n ta t io n  osm otic d iu resis  teas induced  b y  th e  in fusion  of 20 per cen t m a n n ite , 
in  response  to  w h ich  u rin e  o u tp u t in c reased  in  b o th  th e  tra n sp la n te d  k id n ey  
a n d  th e  no rm al k id n e y s  o f  th e  rec ip ien t dog . U rin e  collection la s te d  ab o u t 
1 h o u r; 2 to  3 p o rtio n s  w ere collected, poo led  a n d  th e n  analysed .

Im m e d ia te ly  a f te r  tra n sp la n tin g  th e  le f t k id n ey , th e  r ig h t k id n e y  of 
th e  an im a l was re m o v e d  fo r inu lin  and P A H  an a ly s is . A t th e  end  o f th e  e x p e ­
r im e n t th e  t r a n s p la n te d  le ft k id n ey  was also  su b je c te d  to  th e  sam e an a ly s is .

D eterm ination o f  in u lin  and P A H .  In u lin  in  p lasm a  and  u rine  w as d e te r ­
m in e d  accord ing  to  L i t t l e  [15], an d  P A H  a cco rd in g  to  S m it h , F i n k e l s t e i n , 
A l i m i n o s a , Cr a w f o r d  a n d  G r ä b e r  [16]. T h e  L i t t l e  te s t  de te rm in es o n ly  
th e  so-called  a lk a li- re s is ta n t inu lin .

In u lin  an d  P A H  in  ren a l tissue  w ere d e te rm in e d  by  th e  te c h n iq u e  o f  
R o s s  a n d  M o k o t o f f  [17]. T he capsule of th e  k id n e y  w as pulled  off, th e  h ila r  
s tru c tu re s  an d  f a t ty  tis su e  w ere rem oved b y  scissors. A lo n g itu d in a l c u t w as 
m a d e  a n d  th e  re n a l su rface  was th o ro u g h ly  r in se d  w ith  ru n n in g  ta p  w a te r . 
A fte r  d ry in g  w ith  f i l te r  p a p e r  th e  k id n ey  w as w eighed  an d  th e  w eigh t o f  an 
a b o u t 1 g specim en o f  c o r te x  and  m edu lla  w as m e a su re d  w ith  10 m g a c c u ra c y .
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T he specim en  was p la c e d  in  a g lass-s to p p ered  f la sk  a n d  w as d igested  w ith 
6 m l o f 0.85 N  N aO H  fo r 20 m in u te s , in a boiling w a te r  b a th .  A fter cooling, 
1 ml o f 5 N  HC1 was a d d e d , th e n  fo llow ed n e u tra liz a tio n  w ith  0.5 N  HC1 against 
lith m u s . D ep ro te in iza tio n  was m ade w ith  10 m l 10 p e r  c e n t zinc su lp h a te  and  
10 m l 0.5 N  N aO H . A fte r  m ak ing  up to  50 m l, th e  m ix tu re  w as th o ro u g h ly  shaken  
an d  f ilte re d . A d eq u a te  vo lum es (for in u lin , 2 m l; for P A H , 5 m l) of th e  f i l t r a te  
w ere m easu red  an d  su b je c te d  to  th e  in u lin  te s t  o f L i t t l e  a n d  th e  P A H  te s t  
o f  S m i t h .

T he inu lin  p re p a ra tio n  used w as ab o u t 90 per c e n t a lk a li-re s is ta n t.

R esu lts

T he results o f  th e  infusion ex p erim en ts  can  be  fo u n d  in  T able  I ,  in  
w hich  colum n 4 show s th e  difference betiveen th e  q u a n ti t ie s  of inu lin  an d  P A H  
in fu sed  p er m inu te  a n d  th e  q u a n tit ie s  excre ted  w ith  th e  u rine  a t  eq u ilib riu m ,
i. e. a f te r  th e  p la sm a  level becam e c o n s ta n t. A loss o f  th e  c learance su b stan ce  
o ccu rred  even w ith  sa tis fa c to ry  d iu resis . In  g en era l, th e  difference betw een

Table I

Storage o f  in u lin  a n d  P A H  in  in fu s io n  experim ents

No. V/min
Plasma 

level mg 
per 100 ml

Difference,
infueed/excreted

mg/min

Quantity found in the kidney

left kidney right kidney

mg/g to ta l, mg m*/g total, mg

I l l l l l i n

73 I 1 .5 2 80 12 .0 1 .5 3 5 4 1 .17 4 7

85 1 .9 4 96 1 9 .9 2 .5 5 9 6 1 .83 71

54 0 .3 1 97 1 9 .3 2 .7 6 9 6 1 .44 5 0

59 0 .3 3 75 5 .2 2 .9 2 11 0 1 .48 65

6 9 0 .2 2 47 11 .7 2 .6 4 12 7 2 .4 9 1 12

65 0 293 4 6 .0 6 .9 8 195 4 .0 3 1 22

68 0 .0 8 178 4 9 .6 6 .8 0 3 4 0 2 .8 4 16 0

60 0 350 3 4 .4 1 0 .8 0 33 2 - —

P A H
73 1 .5 2 3 .2 1.1 0 .1 9 6 .8 0 .1 4 5 .8

85 1 .9 4 1.1 0 .7 0 .0 6 2 .3 0 .0 4 1 .8

54 0 .3 1 3 .2 3 .4 0 .3 9 1 3 .4 0 .1 8 6.1

59 0 .3 3 1 .9 1.3 0 .2 2 8 .3 0 .1 0 4 .3

69 0 .2 2 0 .9 5 0 .7 0 .1 4 6 .6 0 .11 4 .9

65 0 8 .3 1 .9 0 .5 9 16 .7 0 .4 5 1 3 .5

68 0 .0 8 3 .6 2 .6 0 .7 1 3 6 .0 0 .2 1 1 1 .8

60 0 6 .9 5 .3 1 .5 7 4 8 .5 — —

9 *
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th e  in fu sed  an d  e x c re te d  am o u n ts  w as th e  g rea te r  th e  low er w as th e  d iuresis, 
b u t  th e  co rre la tio n  w as n o t lin ea r . A  c o n s ta n t p lasm a  lev e l m a y  n a tu ra lly  
d ev e lo p  even in  to ta l  a n u r ia , w hen  a ll th e  in fused  q u a n t i ty  rem a in s  in  th e  
b o d y . T he d ifference b e tw een  th e  in fu sed  an d  ex cre ted  a m o u n ts  w as n o t p ro ­
p o r t io n a te  to  th e  a m o u n ts  of in u lin  a n d  P A H  d e tec ted  in  th e  k id n e y  b y  a n a l­
y s is . N eith er w as th e re  a d e m o n s tra b le  co rre la tio n  b e tw een  th e  p lasm a level 
a n d  th e  sto red  a m o u n t o f  c learance  su b stan ces . T he in u lin  a n d  P A H  co n ten t 
o f  th e  rig h t k id n ey  w as so m ew h a t less th a n  th a t  of th e  le f t k id n e y . As i t  has 
b e e n  po in ted  ou t ab o v e , th is  w as due  to  th e  fa c t th a t  in  th e  m a n n ito l diuresis 
m o s t  o f th e  m a te r ia l w ere  rem o v ed  fro m  th e  u r in a ry  t r a c t .  I t  is there fo re  
co n ce iv ab le  th a t  t h a t  a m o u n t o f  in u lin  a n d  P A H , w hich is p re s e n t also in  th e  
r ig h t  k idney , is lo c a te d  in  th e  re n a l p a re n c h y m a  an d  th e  in te rs t i t iu m . W e 
m u s t  ca ll a tte n tio n  to  th e  fa c t t h a t ,  as re la te d  to  th e  p la sm a  levels a n d  to  
th e  difference b e tw een  th e  in fu sed  a n d  ex cre ted  q u a n tit ie s , th e  am o u n ts  of 
P A H  deposited  in  th e  le f t a n d  r ig h t k id n e y , re spec tive ly , w ere g re a te r  th a n  th e  
a m o u n ts  of inu lin .

In  Table I I  a re  p re se n te d  th e  re su lts  o f  th e  tr a n s p la n ta t io n  ex p erim en ts . 
I n  th e s e  th e  am o u n ts  o f  in u lin  a n d  P A H  co n ta in ed  in  th e  w hole  k id n e y  were 
d e te rm in e d  b y  an a ly s in g  th e  r ig h t k id n e y . F ro m  th e  b lo o d  vessels an d  th e  
in te r s t i t iu m  of th e  le f t k id n e y  th e  c lea ran ce  su b stan ce  bein g  re m o v e d  b y  th e  
u r in e , th e  am o u n ts  o f  su b s ta n c e  fo u n d  in  t h a t  o rgan  m u s t h a v e  b een  b o und  
to  th e  tu b u la r  cells. T h e  co lum ns o f T ab le  I I  show  these  th re e  k in d s  o f inu lin  
a n d  P A H  values. T h e ir su m , p ro v id ed  s to ra g e  in  th e  tw o k id n e y s  is id en tica l, 
m u s t  e q u a l th e  a m o u n t fo u n d  in  th e  r ig h t k id n ey . I t  is seen t h a t ,  as ca lcu la ted  
f ro m  th e  sum  of th e  th re e  co lum ns, th e  le f t k id n ey  co n ta in ed  o n  th e  average 
22 p e r  cen t m ore in u lin  a n d  5 p e r c en t m ore  P A H  th a n  th e  r ig h t  k id n e y . The 
a g re e m e n t is, how ever, s a tis fa c to ry , i f  we consider th e  g re a t so u rces  o f erro r 
in v o lv e d  in  the te s t , a n d  also  th e  c ircu m stan ce  th a t  th e  r ig h t k id n e y  can  be 
r in se d  befo re  th e  v a sc u la r  b e d  a n d  u r in a ry  t r a c ts  are  “ w ash ed ” , w hereas th e  
le f t  k id n e y  can  be r in se d  o n ly  a f te r  m o st o f  th e  inu lin  a n d  P A H  h a d  been 
re m o v e d  per vias naturales.

S ev era l b lan k  in u lin  a n d  P A H  d e te rm in a tio n s  were m ade in  th e  k idneys. 
T h e  m e a n  b lan k  values w ere 0.05 m g o f in u lin  an d  0 to  0.02 m g in u lin  an d  
P A H , p e r  g k idney . W hen  c a lc u la tin g  th e  am o u n ts  of c lea ran ce  su b stan ce  
c o n ta in e d  in  ren a l tissu e , th e  b la n k  v a lu es  w ere ignored . T h e  u r in e  fro m  th e  
t r a n s p la n te d  k idney  c a n n o t b e  su b je c te d  to  b la n k  te s ts  for te c h n ic a l reasons. 
T h e  b la n k  value was ta k e n  in to  acco u n t w h en  co m p u tin g  th e  in u lin  a n d  P A H  
c o n te n t  o f  th e  rec ip ien t’s u rin e .

I n  F ig . 1 th e  a m o u n t o f  in u lin  a n d  P A H  in  th e  r ig h t k id n e y  w as ta k e n  
to  b e  100 p e r cent an d  to  th is  a m o u n t h a v e  been  re la te d  th e  a m o u n ts  s to red  
in  th e  le f t  k id n ey , ex cre ted  w ith  th e  u rin e  o f  th e  tra n sp la n te d  k id n e y  a n d  w ith  
t h a t  o f  th e  accep to r an im al.
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F ig . 1. P e rcen tag e  d is tr ib u tio n  o f  in u lin  an d  P A H  sto rag e  in  re n a l tissue . O f th e  p a irs  o f 
co lu m n s th e  le f t  one shows th e  v a lu e s  fo r in u lin , th e  r ig h t one th o se  for P A H . T h e  in u lin  
a n d  P A H  c o n te n t o f th e  r ig h t  k id n e y  is  ta k e n  to  he 100 pe r cen t. T he solid  p a r ts  o f  th e  co lu m n s 
sh o w  th e  a m o u n t o f  sub stan ce  w h ich  h a d  rem ain ed  in  th e  le f t k id n ey , th e  sh ad ed  p a r ts  show  
th e  q u a n ti ty  fo u n d  in th e  u r in e  o f  th e  tra n sp la n te d  k id n ey  a n d  th e  e m p ty  p a r ts  show  

th e  a m o u n t in  th e  u rin e  o f th e  re c ip ie n t dog

Table II
Storage o f  in u lin  a n d  P A H  in  transplantation  experim ent

No.
In urine of 
transplanted 
left kidney 

mg

In urine of 
recipient dog

In transplanted 
kidney

Sum of 
columns
2—3—4

Right
kidney

Storage
mg/g

mg mg mg mg
Left Right

I n u l i n
34. 20 0 8 28 36 0.22 1.14

44 11 31 15 57 42 0.38 1.21

43 20 40 17 77 54 0.38 1.03

11 0 25 45 70 57 1.84 2.30

10 64 10 7 81 59 0.30 2.00

4 11 38 16 65 61 0.40 2.00

7 10 37 49 96 83 0.77 1.20

9 11 102 17 130 98 0.82 4.46

8 58 102 17 177 115 0.30 2.05

6 57 69 39 165 188 0.83 4.80

5 13 81 194 288 220 5.10 5.75

34 4.9 0.4
P A H

2.5 7.8 8.0 0.08 0.26

44 4.8 25.0 4.4 34.2 21.5 0.11 0.62

43 1.6 8.5 22.4 32.5 32.2 0.46 0.65

11 0 15.3 7.4 22.7 25.2 0.30 1.03

10 44.7 6.8 2.9 54.4 72.0 0.12 2.45

7 1.3 13.2 2.5 17.0 30.0 0.04 0.43

9 1.9 9.1 6.7 17.7 10.8 0.31 0.50

8 11.4 24.4 5.6 41.4 35.2 0.10 0.62

6 17.8 16.3 5.6 39.7 46.0 0.12 1.18

5 1.5 14.3 61.0 76.8 74.0 1.60 2.00
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D iscussion

The resu lts  o b ta in e d  in  bo th  ty p e s  o f  exp erim en t u n eq u iv o ca lly  in d i­
c a te  th a t  renal tis su e  does in  fac t sto re  in u lin  a n d  P A H . A com parison  of th e  
m g /g  values for th e  le f t  k id n ey  in  T ab le  I  w ith  those  fo r th e  r ig h t k id n ey  in 
T a b le  I I  shows th e  t o t a l  am oun ts s to red  to  be  com parab le  in  th e  o rder o f 
m a g n itu d e . T hese t o t a l  am o u n ts  co rrespond  to  th e  q u a n titie s  p re sen t in  th e  
u r in a ry  ducts, v a s c u la r  b e d , in te rs titiu m  a n d  cells. A ccord ing  to  T ab le  I ,  th e  
r ig h t  k idney  c o n ta in e d  64 p er cent of th e  a m o u n t of in u lin  d e te c ta b le  in the  
le f t  k idney  and  59 p e r  c e n t o f th e  a m o u n t o f  P A H . T his m ean s th a t  w ith  
a m p le  diuresis 36 a n d  41 p er cen t, re sp e c tiv e ly , o f th e  co rrespond ing  to ta ls  
w ere  rem oved, i. e. th o s e  po rtio n s of in u lin  a n d  P A H  w hich  h a d  rem ain ed  in  
t h e  tu b u les  and  u r in a r y  t r a c ts .  The d a ta  in  T ab le  I I  a n d  F ig . 1 show  th a t  
f ro m  th e  tr a n s p la n te d  le f t k idney  32 p er c en t o f  th e  to ta l  a m o u n t o f inu lin  
a n d  25 per cent o f  th e  t o t a l  am o u n t of P A H  w ere rem oved  b y  th e  u rine . The 
u r in e  o f th e  re c ip ie n t’s k id n e y  con ta ined  (T ab le  I I  an d  F ig . 1) 53 p e r cent 
o f  th e  to ta l  am o u n t o f  in u lin  and  47 p e r c e n t o f  th e  to ta l  q u a n t i ty  o f PA H . 
T h ese  qu an tities  h a d  o rig in a te d  from  th e  b lo o d  an d  th e  in te rs ti t iu m  o f the  
tr a n s p la n te d  k id n ey . T h is  ex c re ted  q u a n ti ty  w as, how ever, g re a te r  th a n  w hat 
m a y  be presen t in  d isso lv ed  form  in th e  e x tra c e llu la r  space o f  th e  k idney . 
A ssu m in g  th a t  th e  p la sm a  co n cen tra tio n  o f  in u lin  100 m g p e r 100 m l a n d  th a t  
o f  P A H  3 m g p e r 100 m l, a n d , fu rth e r, t h a t  in  th e  k id n ey  20 p e r cen t of th e  
in u lin  an d  30 p er c e n t o f  th e  P A H  fa ll to  th e  e x tra c e llu la r  space , in  a k id n ey  
w eig h in g  40 g th e  e x tra c e llu la r  space m a y  c o n ta in  8 m g of in u lin  a n d  0.36 mg 
o f  P A H . Column 3 in  T a b le  I I  shows th a t  a m o u n ts  fa r  g re a te r  th a n  these  
h a d  en te red  th e  re c ip ie n t’s u rin e  (a lth o u g h  th e  m ean  p lasm a  in u lin  concen­
t r a t io n  was m uch low er t h a n  100 mg p er 100 m l). This m eans t h a t  th e  q u a n ­
t i t y  p re sen t in  th e  r e c ip ie n t’s urine h a d  o r ig in a te d  no t on ly  from  th e  e x tr a ­
c e llu la r  space of th e  t r a n s p la n te d  k idney  b u t  also  from  its  p a ren ch y m a l cells. 
C o lum ns 4 and  7 in  T a b le  I I  show  th a t  a f te r  tw o  “ w ash ings”  th e re  s till re m a in ­
ed  som e inulin  an d  P A H  in  th e  tra n sp la n te d  k id n e y  an d  th a t  c an  be now here 
else b u t  in  th e  cells o f th e  re n a l  p arenchym a ( tu b u le s ) .

To som e e x te n t th e  f i r s t  th ree  ex p e rim en ts  in  T ab le  I I  (N os. 34, 44 an d  
43) c a n  be looked u p o n  as co n tro l ones, in so fa r  as th e y  in v o lv ed  no an u ria , 
o n ly  th e  usual c learan ce  d e te rm in a tio n . In  th e se  th re e  ex p erim en ts  th e  p lasm a 
c o n c e n tra tio n s  of in u lin  w ere  12, 200 an d  160, re sp ec tiv e ly , i. e. even  th a t  
k id n e y  w as s to ring  in u lin  w h ich  produced  u r in e  n o rm ally  a t  a low  p lasm a 
in u l in  concen tra tio n . I t  c a n  b e  seen* th a t  th e  s to re d  q u a n t i ty  w as in d ep en d en t 
o f  th e  p lasm a inu lin  a n d  P A H  co n cen tra tio n s in  th e  o th e r ex p erim en ts , an d  
t h a t  th e re  was no u n e q u iv o c a l co rrelation  b e tw e e n  diuresis a n d  th e  m easu re  
o f  s to ra g e , e ither. F o r e x a m p le , in  ex p erim en t N o . 8 th e  o rd er o f  m ag n itu d e  
o f  in u lin  storage a t 'à p la sm a  in u lin  level o f 54 m g  p e r  100 m l w as m u ch  low er
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th a n  in  ex p e rim en t N o. 11, in  w hich th e  p la sm a  in u lin  level was 40 m g p er 
100 m l. B o th  an im als h a d  been an u ric  fo r 2 h o u rs  before tra n s p la n ta t io n . It 
is c lea r from  T able I a n d  T ab le  I I  alike th a t ,  ta k in g  in to  co n sid e ra tio n  th e  
low p la sm a  P A H  c o n c e n tra tio n , re la tiv e ly  m ore  P A H  was s to red  th a n  in u lin . 
T his is in  ag reem en t w ith  th e  classical v iew , acco rd in g  to  w hich P A H  is e x c re t­
ed b y  tu b u la r  secretion ; such su b stan ces  h a v e  been know n to  be s to re d  in tr a -  
ce llu la rly .

O u r in v es tig a tio n s  th u s  con firm ed  G a y e r ’s o b se rv a tio n  [11] th a t  re n a l 
tissue  does in  fac t s to re  in u lin . I t  rem ain s to  be ex am in ed  w h e th e r th e  q u a n ­
t i ty  s to re d  suffices to  exp la in  th e  d ifference in  in u lin  c learance d e m o n s tra b le  
be tw een  th e  resu lts  o f th e  R P F  X E in fo rm u la , th e  c o n s tan t in fu sio n  a n d  
th e  c lassical u r in a ry  tech n iq u es . T he d a ta  in  T ab le  I in d ica te  th a t  th e re  w as 
such  a g re a t d ifference b e tw een  th e  a m o u n ts  in fu sed  an d  excre ted  p e r  m in u te  
th a t  th e  to ta l  am o u n t dep o sited  in  th e  k id n e y  cou ld  cover i t  only  for a p e rio d  
la s tin g  a few  m in u tes . T he sam e follows from  th e  d a ta  o f T ab le  I I .  C o n sid e r­
ing  th a t  in  th e  classical c learance  te s t  u rin es  co n ta in in g  5000 m g o f in u lin  
an d  500 m g of P A H  p er 100 m l are  no r a r i ty ,  i t  w ill be clear t h a t  th e  to ta l  
a m o u n t s to red  is n o t m ore th a n  w h a t we m a y  f in d  in  a few m l o f u rin e . T h u s  
th e  s to rag e  o f inu lin  a n d  P A H  u n d o u b te d ly  d em o n strab le  in  th e  k id n e y  c a n ­
n o t ex p la in  th e  difference be tw een  th e  re su lts  o b ta in e d  b y  th e  v a rio u s  c le a r­
ance tech n iq u es  n o r w hy th e  v alue  o f th e  classical u r in a ry  c learan ce  te s t  is 
Io a v  in  o liguric s ta te s . O ur ex p erim en ts  in d ic a te  th ere fo re  th a t  th e re  e x is ts  an  
e x tra re n a l d ep osition  an d /o r ex cre tio n  a n d /o r  b reakdow n  o f inu lin  a n d  P A H . 
I t  is also  possible t h a t  inu lin  an d  P A H  leav e  th e  k id n ey  no t only  in  u rin e  an d  
venous b lood , b u t b y  som e o th e r  ro u te , fo r ex am p le , th e  ly m p h a tic s .

G a y e r  [11], as well as F r e y  [12], re g a rd  th e  sto rage  of in u lin  as a p ro o f  
o f  th e  v iew  th a t  in u lin  is secre ted  b y  th e  tu b u le s . W e, on th e  o th e r  h a n d , do 
n o t th in k  th a t  e ith e r  th e  d a ta  in  th e  l i te ra tu re  re fe rred  to  or ou r ow n e x p e r i­
m en ts  w ould  ju s tify  th a t  c la im . In  o u r op in io n , th e  co rre la tio n  d e m o n s tra te d  
b y  J a n c s Ó [13] to  ex is t b e tw een  th e  o liguric  a n d  an u ric  s ta te s  a n d  th e  q u a n ­
t i ty  o f  th e  m a te r ia l s to red  in  th e  k id n e y  gives th e  ap p ro p ria te  in te rp re ta t io n  
o f  th e  phenom enon . T he c o n c e n tra tio n  o f  p r im a ry  urine in  th e  tu b u le s  is less 
m ark ed  w ith  n o rm al d iuresis an d  m ore m ark ed  in  o liguria , th e  so lv e n t is a b ­
so rb ed , inu lin  is p re c ip ita te d  firs t in  th e  tu b u la r  u rine , th e n  in  th e  p re fo rm ed  
in tra c e llu la r  canals o f  th e  tu b u la r  cells a n d , f in a lly , in  th e  cells th em se lv es . 
T h e  in u lin  th u s  s to re d  is ca rried  aw ay  p a r t ly  via  th e  u r in a ry  d u c ts  a n d  p a r t ly  
w ith  th e  blood flow ing  th ro u g h  th e  k id n ey . T he on ly  p ro o f of sec re tio n  w ere 
if  th e  tu b u la r  cells w ould co n ta in  su b s ta n tia l  am o u n ts  of inu lin  fo llow ing  low 
pressure  perfusion  o f  th e  k id n ey  w ith  b lood  co n ta in in g  inu lin . In  o th e r  w ords, 
i f i t  w ere u n eq u iv o ca lly  d em o n strab le  in  th e  ex p e rim en ta l design o f R i c h a r d s , 
W e s t f a l l  an d  B o t t  [10] th a t  in u lin  is in  fa c t s to red , an d  it  cou ld  be ru led  
o u t th a t  inu lin  re tu rn e d  to  th e  cells from  th e  f ilte re d  p rim ary  u rin e .
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(R ece iv ed  A u g u st 2, 1958)

A  genera l su rv ey  has b een  g iv en  o f  ex p erim en ts co n cern ing  th e  ho rm o n e  p ro d u c tio n  
o f  th e  a d ren a l co rtex . C erta in  a sp e c ts  o f  th e  in te rg la n d u la r  re g u la tio n  an d  o f  th e  specific  
h o m e o s ta tic  fu n c tio n  o f th e  a d re n a l c o r te x  have  been e lu c id a ted . T he re su lts  o f  th e  e x p eri­
m e n ts  m a y  he sum m arized  a s  follow s.

(i) A  to ta l  o f 19 co rtico id s w ere o b se rv ed  to  he b io sy n th es ized  b y  ad ren a l h o m o g en a tes  
in  vitro. T hese  com pounds p ro v e d  to  be  zl*-3-ketosteroids w ith  a n  a k e to lic  side ch a in  a t  
th e  p o sitio n  17. S ix o f  th ese  d é r iv â te s  w ere m ore p o lar th a n  h y d ro c o rtiso n e  ; th re e  o f  th em  
la y  b e tw een  hy d ro co rtiso n e  a n d  co rtiso n e  ; fu r th e r  th re e  b e tw een  co rtisone  a n d  co rtico ­
s te ro n e  ; fo u r were less p o la r  th a n  co rticosterone .

(ii) Am ong th e  co m p o u n d s m o re  p o la r  th a n  h y d ro co rtiso n e , tw o  d é riv â te s  ( I I I  a n d  IV ) 
w ere fo u n d  to  e x ert in  ad ren a le c to m ize d  ra ts  an d  m ice a  ly m p h o ly tic  a c t iv ity  m o re  in ten siv e  
th a n  t h a t  o f  hy d ro co rtiso n e  a n d  co rtiso n e . T he a b ility  o f  th e  tw o  com p o u n d s to  p ro m o te  
g ly co g en  deposition  in  th e  l iv e r  w as, how ever, slight.

(iii) T he cortico ids y ie ld ed  b y  b io sy n th es is w ere fo u n d  to  be  p re se n t in  th e  v en o u s 
b lood  o f  th e  ad ren a ls  o f v a rio u s  an im a l species. S im ilarly , th e y  a p p ea red  in  th e  cou rse  o f th e  
so-called  specific a d a p ta tio n .

A dap ta tive  changes o f  sp ec ific  character in  adrenal secretion
a )  Sexual ste ro id s in d u ce d  q u a lita tiv e  changes in  th e  co rtico id  co m p o sitio n  o f  v en o u s 

a d re n a l  b lood . In  th e  dog, o e s tro n e  b en zo a te  m ark ed ly  decreased  h y d ro co rtiso n e  secre tion  
a n d  g a v e  rise  to  th e  a p p ea ran c e  o f  1 7 -h y d roxyprogeste rone . I n  th e  c a t ,  ho w ev er, o estrone  
m ad e  to  a p p ea r tw o new  co m p o u n d s , tw o  <d4-keto  co rtico ids w ith  a p o la r ity  g ra d e  less th a n  
t h a t  o f  co rticosterone .

b)  In  h y p e rth y ro id ism , f iv e  new  com pounds w ere fo u n d  in  th e  v enous b lo o d  o f  th e  
a d re n a ls  o f  th e  ca t. Tw o o f  th e se  com p o u n d s in h ib ited  th e  sec re tio n  o f  th y rc o tro p h in e  to  a 
g re a te r  e x te n t  th a n  a n y  o th e r  co rtico id  so fa r know n. T hese  co m p o u n d s w ere also  p re sen t 
in  th e  u rin e  o f  sub jec ts  w ith  h y p e rth y ro id ism . I n  th e  dog , b o th  th y ro id e c to m y  a n d  m e th y l-  
th io u ra c il  t r e a tm e n t re su lte d  in  a n  in creased  cortico id  sec re tio n  a n d  in  th e  a u g m e n ta tio n  
o f  th e  ra tio  h y d ro co rtiso n e  : co rtico s te ro n e .

c )  In  certa in  species, su c h  a s  th e  w ild a n d  th e  d o m es tic a ted  r a t  an d  th e  fo x , such  
co rtico id s o ccu rred  in  th e  re s tin g  sec re tio n  of th e  ad ren a ls , w h ich  do n o t  a p p ea r  in  th e  dog 
o r  in  th e  ca t.

d )  S tim u li fa lling  w ith in  th e  fram es o f th e  g en era l a d a p ta t io n  sy n d ro m e  (such  a s  
tra n q illiz in g  d rugs) evoked  a  re a c tio n  o f specific  c h a ra c te r , in  w hich  o n ly  h y d ro co rtiso n e  
sec re tio n  w as ex trem e ly  e le v a te d . Since p o lar co rtico ids g re a t ly  in crease  th e  e x c ita b ili ty  
o f  th e  c e n tra l  n ervous sy s tem  w ith  co n co m ita n t to n iz a tio n  o f  th e  sy m p a th e tic  n e rv o u s  sy s tem , 
i t  h a s  been  suggested  th a t  th e  above  increase  in  co rtico id  sec re tio n  w as re fle c tin g  th e  au g ­
m e n te d  cortico id  d em an d  o f  th e  o rg an ism . A ccord ing ly , u n d e r  t r e a tm e n t  w ith  tran q u illiz in g  
d ru g s , th is  e ffec t w ould  p la y  th e  ro le  o f  co m p en za to ry  h o m eo s ta tic  m ech an ism . A  sim ila r 
p h en o m en o n  was o bserved  to  o ccu r in  th e  course o f b e h a v io u ra l changes fo llow ing c e rta in  
ty p e s  o f  surg ical in te rv e n tio n  in  th e  c e n tra l  n e rvous sy s tem  (rem o v a l o f  th e  am y g d a le  n u c ­
leu s , as well as f ro n ta l  leu co to m y ).

A s a f in a l su m m ary  o f  th e  p h en o m en a  in v e s tig a te d , i t  has  been  co n clu d ed  th a t ,  in 
a d d it io n  to  th e  genera l a d a p ta t io n  sy n d ro m e, th e  a d re n a l c o r te x  p a r tic ip a te s  in  th e  m ain ­
te n a n c e  o f  hom eostasis also b y  m ean s o f  specific  reac tio n s . T h is specific  a d a p ta t io n  is m od i­
fied  b y  species d ifferences, d u e  to  a lte ra tio n s  in th e  tis su la r  m e tab o lism  o f th e  a d re n a l co rtex .
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In  order to  m a in ta in  th e  equ ilib rium  w ith  th e  e x te rn a l e n v iro n m e n t, 
l iv in g  organism s are  fo rc e d  to  p e rm an en t a d a p ta t io n  c o n tro lled  m ain ly  b y  
c o m p le x  neu roendocrine  m ech an ism s. C a n n o n  w as th e  f i r s t  to  recognize th e  
sy m p a th o -a d re n a l sy s te m  to  be  one of th e  fu n d a m e n ta l re g u la to ry  m echan ism s 
o f  ho m eo stasis  in  h ig h e r a n im a ls  and  in  h u m a n s . S e l y e , s tu d y in g  th e  role o f  
th e  p itu ita ry -a d re n a l sy s te m , concluded  th a t ,  in  a d d itio n  to , a n d  in  fu n c tio n a l 
c o n n e c tio n  w ith , th e  s y m p a th o -a d re n a l sy s te m , a d re n a l co rtico ids w ere also 
in v o lv e d  in  th e  fo rm a tio n  o f  th e  “ general a d a p ta t io n  sy n d ro m e ” . T he p i tu i­
ta ry -a d re n o c o r tic a l sy s te m  is полу w idely k n o w n  to  p la y  a decisive p a r t  in  th e  
m a in te n a n c e  of h o m eo sta s is . O u r p resen t know ledge o f th is  q u e s tio n  is, h o w ­
e v e r , n o t  su ffic ien tly  a d v a n c e d  to  allotv a co rrec t a n d  com ple te  in te rp re ta tio n  
o r  a p p re c ia tio n  of th e  ro le  p la y e d  by  th e  a b o v e  sy stem . V arious find ings in 
th e  p a s t  decade p o in te d  to  th e  fac t th a t  th e  “ s tre s s”  co n cep t, w ith  i ts  gener­
a liz in g  outlines, re flec ts  o n ly  p a r t  of th e  re a l h o m eo sta tic  fu n c tio n  of th e  
a d r e n a l  cortex . G rea te r a t te n t io n  has, th e re fo re , to  be p a id  to  ev en ts  tvhich 
o c c u r  u n d e r ce rta in  specific  a d a p ta tio n  co n d itio n s.

W ith o u t d iscussing  th e  problem s of th e  “ specific  a d a p ta t io n  sy n d ro m e” 
a t  le n g th , tve have to  p o in t o u t ce rta in  asp ec ts  o f p itu ita ry -a d re n o co rtic a l 
fu n c tio n . Num erous. o b se rv a tio n s  have d e m o n s tra te d  th a t  s tre sso r s tim u li 
in i t i a te  via  th e  d ien cep h a lo n  an  increased  secre tio n  of a d ren o co rtico tro p h ic  
h o rm o n e . This leads to  an  in c reased  cortico id  o u tp u t  b y  th e  a d re n a ls , w hich 
th e n  evokes com plex ch an g es  in  th e  m etabo lic  processes a n d  th e  s tru c tu re  of 
th e  th y m u s  and  ly m p h o id  o rg an s . Is th e  in te n s i ty  of a s tim u lu s  su ffic ien tly  
s tro n g , so th e  changes a re  id e n tic a l, of w h a te v e r  k in d  th e  s tre ss  (th e rm a l, 
p s y c h ic , to x ic , e tc .). F ro m  th e  ab o \'e  p h en o m en a  i t  has been conc luded  th a t  
th e  p itu ita ry -a d re n o c o r tic a l sy s tem  p lays a fu n d a m e n ta l p a r t  in  th e  general 
a d a p ta t iv e  processes.

I n  th e  la s t y e a r  we m a d e  som e o b se rv a tio n s  w hich , to g e th e r  w ith  th e  
p e r ta in in g  lite ra ry  d a ta ,  h a v e  led  us to  conclude  th a t  th e  ro le ascribed  to  
th e  a d re n a l  co rtex  in  th e  g e n e ra l a d a p ta tio n  sy n d ro m e m ean s, in  re a lity , on ly  
a  g e n e ra l ac tiv ity , w hile th e  specific  co rtica l fu n c tio n s  — th o u g h  sim ilarly  
r e p re s e n tin g  a d a p ta tio n  — fa ll  o u t o f th e  fram es o f  th e  p ro p e r “ s tre s s”  concep t.

I .  M ethods

T h e  ex p erim en ts w ere p e rfo rm e d  on  dogs, c a ts  a n d  ra ts .  C ortico ids w ere e s tim a te d  
b y  p a p e r  ch ro m a to g rap h y , a cc o rd in g  to  th e  m eth o d  o f  B u r t o n , Z a ffa r o n i a n d  K eu tm a n n  
[6] ; a n d  o f  B ush  [8]. V enous b lo o d  fro m  th e  ad ren a ls  o f  an im als  u n d e r  D ia l anaesth es ia  
(2 m l/k g  o f  a  2 per cen t so lu tio n ) a n d  p re tre a te d  w ith  h e p a rin e  (5 m g /k g  in tra v e n o u s ly )  was 
c o lle c ted  th ro u g h  a p las tic  tu b e  w ith  g lass t ip  in se rte d  in to  th e  ve in . B lood co llection  took  
20 to  90  m in u te s , depending  on th e  e x p e rim e n t. The p lasm a  w as e x tra c te d  w ith  a  4 to  1 m ix tu re  
o f  e th e r  a n d  e th y l a ce ta te . P a r t i t io n  w as m ade in  e q u a l vo lum es o f  70 p e r c en t e th an o l- 
b e n z e n e -p e tro le th e r . Id e n tif ic a tio n  a n d  d e te rm in a tio n  o f  th e  cortico ids w ere p e rfo rm ed  by  
th e  u l t r a v io le t  alkaline f lu o rescen ce  te c h n iq u e , as w ell as b y  té tra z o liu m  a n d  Ag re d u c tio n . 
1 7 -k e to s te ro id s  were id en tified  w ith  th e  m -d in itro b en zen e  re ac tio n . D eta ils  o f  th e  e v a lu ­
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a tio n  lm ve been published  re ce n tly  ( E n d r ő c zi, B ata an d  M a r t in  [1 2 ] ;  E n d r ő c z i, B ata  
a n d  L is s Ak  [13] ; L issAk , E n d r ő c zi a n d  M e d c y e s i [37] ; E n d r ő c zi, T el eg d y  a n d  Ma r t in  
117]).

a) E xp erim en ts in  vitro

A d ren al g lands o f  oxes a n d  ca lves fro m  th e  s la u g h te r  house  were hom ogen ized  w ith in  
60 m in u te s  a f te r  th e  d e a th  o f  th e  a n im a ls . T he h o m o g en a te  w as in cu b a ted  a t  38 C° in  a 
m ix tu re  o f  T y ro d e ’s so lu tion  a n d  o f  b lo o d  (1 : 1). Care w as ta k e n  fo r th e  c o n tin u o u s  o x y g en  
s u p p ly  o f  th e  reac tio n  m ix tu re . I n  th is  system  th e  m etab o lism  in  vitro o f c ris ta llin e  h y d ro ­
c o rtiso n e , co rtisone an d  p ro g estero n e  w as in v es tig a ted  d u rin g  a n  in cu b a tio n  p e r io d  o f  th re e  
h o u rs . T he a c tiv a tio n  o f th e  en zy m e sy s te m  was assu red  b y  co n tin u o u s  drop  in fu sio n  o f  A C T H  
(0.1 I .  U ./m in )  dissolved in  T y ro d e ’s so lu tion . C orticoids w ere  added  to th e  h o m o g e n a te s  
in  fo rm  o f suspended  m ic ro cry s ta ls , w hile  p rogesterone  (25 m g/100 g tissue) w a s  a d m in i­
s te re d  in  a  m ix tu re  o f  p ro p y len e  g lyco l an d  T y ro d e ’s so lu tio n . Follow ing th e  in c u b a tio n  
th e  h o m o g en a tes  w ere d ep ro te in ized  w ith  tw o volum es o f  ace tone . This l a t t e r  w a s  th e n  
re m o v e d  u n d e r  reduced  p re ssu re  a n d  th e  cortico ids w ere e x tra c te d  in  th e  u su a l w a y .

b ) S tan d ard  com pounds used in  the analysis and  other methodical details

T he m eth o d  used  fo r th e  q u a n ti ta t iv e  d e te rm in a tio n  o f  corticoids is b a se d  o n  th e  
p resence  o f  a  zR-3-keto g ro u p  in  th e  m olecu le , an d  can  be re g a rd e d  as an  abso lu te ly  sp e c if ic  one. 
I n  o u r  h an d s  th e  lim it o f e r ro r  d id  n o t  exceed 15 p e r c e n t, p ro v id ed  th a t  th e  fo llo w in g  con­
d itio n s  w ere fu lfilled .

(i) T he a m o u n t o f  th e  h o rm o n e  u n d e r in v es tig a tio n  shou ld  lie b e tw een  0 .5 — 5 fig , 
a n d  (ii) a lw ays tw o s ta n d a rd  co m p o u n d s w ith  d iffe re n t p o la r i ty  (hy d ro co rtiso n e , c o rtiso n e ) 
sh o u ld  be  ru n  s im u ltan eo u s ly . F o r  th e  id en tif ic a tio n  o f  u n k n o w n  com pounds th e  fo llow ing 
s ta n d a rd  d é riv â te s  w ere u sed  : h y d ro co rtiso n e , c o rtiso n e , corticosterone , 1 1 -d eso x y co rti-  
•costerone an d  th e ir  a c e ta te s , re sp .,  an d ro sten e  [3, l l ] - d io n e ,  androstene  [3 ,l l ,1 7 ] - t r io n e ,  
17 -hydro x y p ro g este ro n e , p ro g e s te ro n e , te s to s te ro n e , c is -an d ro ste ro n e , d e h y d ro -iso -a n d ro - 
s te ro n e  an d  /l6-pregnenolone.

T he com pounds u n d e r  in v es tig a tio n  w ere a c e ty la te d  in  a  m edium  c o n ta in in g  a n h y d ­
ro u s ace tic  acid  an d  p y rid in e . Id e n tif ic a tio n  was m ad e  o n  th e  basis o f th e  R /  v a lu e s  o f  th e  
fo rm ed  a ce ta te s  (Co n sta n ce  d e  Co urcy  et al. [10]).

T he cortico id  c o n te n t w as ca lcu la te d  p a r tly  as fig /g  a d ren a l w eigh t/kg  b o d y  w e ig h t/ 
h o u r. In  som e cases, h o w ev er, w h en  b o th  bod y  w e ig h t a n d  ad ren a l w eigh t h a d  ch an g ed , 
th e  d a ta  w ere g iven  as fig /g  a d re n a l w e ig h t/h o u r, a n d  also  as fig /kg  body w e ig h t/h o u r .

II . B iosynthesis o f co rtico ids of d ifferen t po larity  in ad ren a l tis su e
hom ogenates

I t  is w ell-know n th a t ,  bettveen  1930 a n d  1938, R e i c h s t e i n , K e n d a l l , 
W i n t e r s t e i n e r  an d  P f i f f n e r  iso la ted  from  th e  ad ren a l tissue a b o u t  30 s te ­
ro id s , p a r ts  o f w hich w ere, n a tu ra lly , b io log ica lly  ineffec tive. T he in a c tiv e  com ­
p o u n d s  w ere e ith e r s a tu r a te d  ones, or c o n ta in e d  reduced  k e to lic  g ro u p s a t 
th e  positions 3, 11, 20.

M ost of th e  in a c tiv e  com pounds w ere ch a rac te rized  b y  th e  p resen ce  in 
th e  m olecule of b o th  a re d u ced  ca rb o n y l a n d  a reduced  ^]4-3 -k e to  g ro u p . I t  
is th e  g enera l view  th a t  th e  3 an d  20 keto  g ro u p s , as well as th e  p re se n c e  o f the  

;4 b o n d , are  n ecessary  fo r th e  biological a c t iv i ty .  This a c tiv ity  c a n  be  m odi­
fied  b y  a d d itio n a l oxo g ro u p s a t th e  po sitio n s 11, 17, or a t  th e  o th e r  carbon  
a to m s. As a fu n d a m e n ta l ch a ra c te ris tic  o f o u r  m eth o d  in th e  d e te c tio n  o f th e  
^ 4-3-keto  group , i t  is o n ly  n a tu ra l  th a t  m a in ly  th o se  com pounds w ere  inv o lv ­
ed  in ou r in v es tig a tio n s  w h ich  possess th e  b io logical active s t ru c tu re .
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The ad ren a l g la n d  hom ogenates w ere  in c u b a te d  w ith  h y d ro co rtiso n e ,, 
c o rtiso n e  and p ro g e s te ro n e . Am ong th e se  h o rm o n e s , h y d ro co rtiso n e  p ro d u ced  
co rtico id s  in  th e  g r e a te s t  a m o u n t and  v a r ie ty .  W ith  regard  to  th e  fa c t th a t  
t h e  in it ia l  p recu rso r g a v e  r ise  n o t only to  c o m p o u n d s  of v e ry  p o la r  character,, 
b u t  also  to  less p o la r  o n e s , tw o d iffe ren t sy s te m s  were n ecessa ry  fo r p ap e r 
c h ro m a to g ra p h y .

T he ex trac t f ro m  th e  hom ogenate  w as f i r s t  ru n  in  a fo rm am ide-benzene  
s y s te m . This process r e s u l te d  in  th e  se p a ra tio n  o f  com pounds less p o la r  th a n  
h y d ro co rtiso n e . F o llo w in g  th is  sep ara tio n , th e  sp a c e  betw een th e  s ta r t in g  line 
a n d  th e  h y d ro co rtiso n e  s p o t  was e lu a ted  w ith  m e th a n o l, th e n  ru n  ag a in  in 
b e n z e n e -m e th a n o l-w a te r  (1 0 0 :4 0 : 50). In  th e  l a t t e r  case th e  descend ing  m ethod  
w as  ca rried  out a t  32°C fo r  16 hours. D u rin g  th is  tim e  th e  m ig ra tio n  o f  th e  
h y d ro c o rtiso n e  en a b le d  th e  sep ara tio n  o f th e  m o re  p o la r co m p o u n d s.

A fte r the  in c u b a tio n  o f  b o th  pig a n d  o x  a d re n a ls  w ith  h y d ro c o rtiso n e , 
a t o t a l  o f 21 com pounds w i th  th e  ^j4-3-keto  s t ru c tu re  were o b served  to  occur.. 
A m o n g  these  co m p o u n d s tw o  dérivâtes (X X  a n d  X X I) w ere “ g e s ta g e n s” , 
s in c e  th e y  proved to  b e  1 7 -h y d ro x y p ro g este ro n e , re sp . p rogesterone. T h e  o th e r 
c o m p o u n d s  possessed a n  a -k e to lic  side ch a in  a t  th e  position  17, as w ell as a 
A 4-3 -k e to  group, as sh o w n  b y  th e  té tra z o liu m  red u c tio n  an d  a lk a lin e  f lu o r­
e sc e n c e . None of th e  c o m p o u n d s  gave a p o s it iv e  reac tio n  w ith  m -d in itro -  
b e n z e n e .

S ix  of the  above c o m p o u n d s  (I to  VI) sh o w ed  a g rea te r p o la r ity  th a n  did 
h y d ro c o rtiso n e . A m ong th e s e  com pounds, c o m p o n e n ts  I I I ,  IV , V  an d  V I 
a p p e a re d  in  th e  g re a te s t a m o u n t .  Three d e r iv a tiv e s  w ere found to  lie b e tw een  
h y d ro c o rtiso n e  and c o r tiso n e , as fa r as th e ir  p o la r i ty  was concerned . Com ­
p o u n d  X  was m ost p r o b a b ly  iden tica l w ith  a ld o s te ro n e , a lth o u g h  no  b io lo ­
g ic a l id en tif ic a tio n  w as m a d e .  T hree corticoids w ere  fo u n d  to  lie b e tw een  co r­
t is o n e  a n d  co rticosterone , a n d  four com ponen ts w ere  less po lar th a n  c o r ti­
c o s te ro n e .

T h e  biosynthesis o f  co m p o u n d s  I to  V I o c c u rre d  in  considerable a m o u n ts  
o n ly  w h e n  th e  ad renals h a d  b e e n  in cu b a ted  w ith  h y d ro co rtiso n e . In c u b a tio n  
w ith  p rogesterone  y ie ld ed  th e s e  m ateria ls o n ly  in  m in u te  q u a n titie s , v e ry  
p r o b a b ly  th ro u g h  th e  s te p  p ro g este ro n e -h y d ro co rtiso n e  as, in  th e  above 
s y s te m , progesterone y ie ld e d  h y d roco rtisone  in  co n sid erab le  a m o u n ts . In c u ­
b a t io n  w ith  cortisone d id  n o t  le a d  to  th e  fo rm a tio n  o f  m ore po la r c o m p o u n d s . 
B y  a l te r in g  the  pH  o f th e  m ed iu m , the  d ire c tio n  o f  b iosynthesis could  be 
s o m e w h a t in fluenced. T h u s , t h e  elevation  o f th e  p H  to  7.6 increased  m a in ly  
th e  s y n th e s is  of co m p o u n d s o f  w eaker p o la r ity , w h ile  a d im in u tio n  o f  th e  
p H  v a lu e  to  7 .0—7.2 a u g m e n te d  th e  p ro d u c tio n  o f  com pounds o f s tro n g e r  
p o la r i ty .  T ab le  I  shows th e  a m o u n t  of cortico ids o f  d iffe ren t p o la r ity  s y n th e ­
sized  fro m  hydroco rtisone . H o rm o n e  tra n sfo rm a tio n  d id  n o t occur in  a d re n a ls  
in a c t iv a te d  b y  hea t a t  100°C . T h e  corticoid c o n te n t  o f  th e  ad ren a l w ith o u t
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a d d ed  p recu rso r w as re s tr ic te d  to  a m in u te  a m o u n t o f  h y d ro co rtiso n e  an d  c o r ­
tiso n e  (20—40 //g [100 g tissu e  w eigh t]).

Tabic I

Percentunl d istribu tion  o f  corticoids in  the b iosyn thetica l process

S u b s tan ces  : I I I I I I IV V V I V II V III IX X X I

0.5 0.5 3 - 5 3 - 5 1.0 1.0 100.0 0.5 0.5 2.0 2 0 - 2 5

S ubstances : X II X III X IV XV XVI X V II X V III X IX X X X X I

4 - 6 2 - 4 1.0 3 5 - 4 0 2 - 4 4 - 6 3 - 5 2 - 3 2 - 4 0.5-1 .0

C orticoids p ro d u ced  fro m  hy d ro co rtiso n e  b y  a d re n a l c o r te x  h o m ogenates. 100 g pig 
a d re n a l in cu b a ted  in  T y ro d e  : b lood  (1 : 1) a t  30°C fo r 180 m in u te s  u n d e r co n tin u o u s oxy g en  
su p p ly . 25 m g h y d ro co rtiso n e  a d d ed . T he a m o u n t o f  h y d ro c o rtiso n e  p re se n t a f te r  in c u b a tio n  
w as ta k e n  fo r 100 pe r c e n t. Q u a n tita tiv e  ev a lu a tio n  w ith  0.5 p e r cen t accu racy

4
M ost of th e  co rtico id s  w hich  h ad  ap p e a re d  d u rin g  b iosy n th esis  w ere n o t 

id en tified  chem ically , since th e ir  am o u n t w as to o  sm all. H ow ever, th e  a d m in ­
is tra tio n  of d iffe ren t p recu rso rs  gave an  o p p o r tu n ity  to  s tu d y  b o th  th e  m e ta ­
boliz ing  an d  sy n th es iz in g  c a p a c ity  o f th e  a d re n a l en zy m e sy stem . In  ad d itio n , 
in v es tig a tio n s  could  be m ad e  also in to  th e  b io log ica l ac tio n  o f co m pounds 
o b ta in e d  b y  b io sy n th esis .

O nly  fiv e  of th e  co rtico id s  observed  in  th e  course  o f  b io sy n th esis  w ere 
chem ica lly  id en tif ied  (h y d ro co rtiso n e , co rtiso n e , co rtico ste ro n e , 1 7 -hydroxy- 
p rogesterone  an d  p ro g este ro n e). As fa r as th e  k e to s te ro id  series is concerned , 
we succeeded in  id e n tify in g  tw o  o f th e  co m p o u n d s , n am ely  /̂]4-an d ro s ten e - 
3,11-dione a n d  ^/|4-an d ro s ten e -3 , 11, 17-trione.

C om pounds I  to  V I w ere n o t id e n tic a l w ith  te tra h y d ro c o r tic o s te ro n e , 
as th e y  fa iled  to  show  a lk a lin e  fluorescence a n d  so d id  n o t co n ta in  a / j 4-3 -keto  
g ro u p . T h ey  w ere, h ow ever, o f  h igh ly  p o la r c h a ra c te r . T h e  orig in  o f th is  p o la r ­
i ty  is n o t qu ite  c lear, b u t  we h av e  to  d raw  a t te n t io n  to  th e  a ssu m p tio n  o f  
H a y n e s , Sa v a r d  a n d  D o r f m a n  [23], a cco rd in g  to  w h ich  new  doub le  b o nds 
a n d  k e to  groups m a y  be  ta k e n  u p  b y  th e  c a rb o n . 6. a n d  16. o f th e se  com p o u n d s. 
C om pound X V II  w as p ro b a b ly  id e n tic a l w ith  1 1 -d eh y d ro co rtico ste ro n e , as 
i t  show ed b o th  té tra z o liu m  red u c tio n  an d  a lk a lin e  fluorescence, b u t  no  Ag 
re d u c tio n .

a) T ransform ation  by C r0 3 o f  com pounds less po lar than hydrocortisone

T he C r0 3 o x id a tio n  m e th o d  was f irs t  in tro d u c e d  in to  th e  m icro an a ly sis  
o f  co rtico ids b y  Z a f f a r o n i  a n d  B u r t o n  [69]. T h is re a c tio n  p roduces from  
h y d ro co rtiso n e  a n d ro s ten e -(3 , 11, 17)-trione. U sin g  a m ed ium  c o n ta in in g  C r0 3
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a n d  g lac ia l ace tic  ac id  we o b serv ed  th a t ,  u n d e r ce rta in  co n d itio n s , h y d ro c o r­
t iso n e  m ig h t he tra n s fo rm e d  in to  fo u r new  com pounds, a ll possessing  a ^/j4-3 - 
k e to , 17-ketolic  side c h a in . T h ree  o f th e se  d é riv â te s  p ro v e d  to  be  id en tica l 
w ith  th e  com pounds X I I ,  X I I I  a n d  X V II  fo u n d  in  th e  course o f b iosyn thesis.. 
T h e  fo u r th  com pound  w as, how ever, a co m ple te ly  new  one show ing  on ly  
s l ig h t  p o la r ity . I n  a d d itio n  to  th e se  com p o u n d s, / f -  an d ro s te n e - d ione an d  
tr io n e , as well as a h ig h ly  p o la r  1 7 -k e to ste ro id , w ere also o b served  a f te r  t r e a t ­
in g  th e  ch ro m ato g ram  w ith  m -d in itro b en zen e  (F ig. 2).

F ig . 1. C ortico id  sy n th esis from  h y d ro c o rtiso n e  in  a d ren a l h o m ogenates. T he u p p e r  ch ro ­
m a to g ra m  w as ru n  in  fo rm am id e-b en zen e , th e  low er one in  b en zen e-m e th an o l-w a te r. Spots 
C p d  F  a n d  Cpd E  in  th e  u p p e r c h ro m a to g ra m  w ere e lu a ted  w ith  m e th a n o l a n d  ru n  again  
in  b en ze n e -m e th a n o l-w a te r. T h is p ro c ed u re  allow ed th e  se p a ra tio n  o f  co m p o u n d s m ore p o lar 
th a n  h y d ro c o rtiso n e  (low er ch ro m a to g ra m ). Cpd F  =  h y d ro co rtiso n e  ; C pd E  =  co rtisone  ;

C pd  В =  co rtico s tero n e

XII ХЙ XV XVII b c
11

___ Ü 1 1 i  I I I I T
I

o _ 6 ? 12 15 18 21 24 28  3Ç 33 3ß  3? 4? 4 5 Ц

F ig . 2. C ortico ids (X II , X I I I ,  X V , X V II  a n d  d ) a n d  1 7 -ke tostero ids (a , b, c)  fo rm ed  in  th e
p resen ce  o f C r0 3

C o m p o u n d  a is u n k n o w n ; b a n d  c co rresp o n d  to  d '- a n d  ro s te ne-dione a n d  - tr io n e , r e ­
spec tively . C o m pound  X V  is  co rtico s tero n e

b) General rem arks on the experim ents perform ed by the m ethod o f  bio­
synthesis

A s i t  w as show n b y  a v a r ie ty  o f ea rlie r ex p erim en ts  on a d re n a l h o m o ­
g e n a te s  o r  ad ren a ls  p erfu sed  in  s itu , a d re n a l tissu e  possesses a specific  enzym e 
sy s te m  cap ab le  of p ro duc ing  b o th  h y d ro x y l g roups a t  th e  p o sitio n  3, 11, 17, 
21 a n d  u n s a tu ra te d  bonds. A cco rd ing  to  o u r experience, o th e r  tissu es  fail to  
sy n th e s iz e  cortico ids o f h ig h e r p o la r ity  from  e ith e r  of th e  p recu rso rs . E ven  
a m o n g  th e  slig h tly  p o la r co rtico id s  o n ly  co rtico ste ro n e  is p ro d u ced  b y  e x tra -  
a d re n a l  tis su e  ( E n d r ő c z i  an d  B o h u s  [15]; E n d r ő c z i  a n d  Ma r t i n  [16]). O f
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t h e  o t h e r  o rg an s  t h e  p la c e n ta  a l o n e  is k n o w n  to  c o n ta in  a n  e n z y m e  s y s t e m  
s im i la r  in  a c t io n  t o  t h a t  o f  t h e  a d r e n a l  g la n d s  (for  d e ta i l s ,  see E n d r ő c z i , T e - 
l e g d y  a n d  Ma r t i n  [17]).

As regards th e  resu lts o f b io sy n th es is , th e  q u es tio n  arises w h e th e r  th e  
co rtico id s  y ie lded  b y  th a t  m e th o d  a c tu a lly  p lay  a role in  th e  n o rm al fu n c tio n  
o f  th e  ad ren a l c o rte x . Since sev e ra l com pounds sy n th esized  b y  a d re n a l tis su e  
in  vitro  are  re g u la r ly  m et w ith  in  th e  venous b lood  of th e  ad ren a ls , th e  q u e s ­
tio n  ab o u t th e  physio logical ro le  o f th e se  horm ones m a y  be answ ered  in  th e  
a ff irm a tiv e .

III . Ind iv idua l and speeies d ifferences in  th e  ho rm one  secre tion  
of th e  ad ren a l cortex

I t  is w ell-know n th a t  d iffe re n t la b o ra to ry  an im als  (dog, c a t ,  r a b b i t ,  
r a t ,  gu inea p ig ), as well as m a n , show  differences in  th e  co rtico id  c o m p o s itio n  
o f  th e  venous b lo o d  of the  a d re n a ls . ( B u s h , [8]; H e c h t e r  e t al., [25]; Z a f - 
f a r o n i  an d  B u r t o n , [69]; B u s h  a n d  S a n d b e r g , [9]; J u d a e v , P a n k o v  an d  
D r u z h i n a  [30 /a] ; R o m a n o f f , H u d s o n  an d  P i n c u s , [45]; W e i c h s e l b a u m  
a n d  M a r g r a f , [65]; G r a n t , F o r r e s t  a n d  S y m i n g t o n , [20]; E n d r ő c z i , 
B a t a  an d  Ma r t i n , [12].) In  g en e ra l, the  b u lk  o f th e  cortico ids in th e  a d re n a l 
b lood  is m ade u p  b y  h y d ro co rtiso n e  a n d  co rtisone . In  a d d itio n  to  th e se , som e 
u n id en tified  co rtico ids were o b se rv ed  b y  v a rio u s a u th o rs . T ab le  I I  show s th e  
co rtico id  com position  of th e  v en o u s  b lood o f th e  ad ren a ls  in  v a rio u s  species. 
T h e  ra tio  h y d ro co rtiso n e : co rtico s te ro n e  is also show n in  T ab le  I I .  A s i t  m ay  
be  seen, m ark ed  v aria tions in  th is  ra tio  m ay  occur w ith in  th e  sam e species.

In  th is  connection  i t  is w 'orth  recalling  th a t  m ark ed  d ifferences w ere 
fo u n d  in  th e  ad ren o co rtica l h o rm o n e  p a tte rn  betw een  w ild an d  d o m e s tic a te d  
ra ts . In  these  in v estiga tions th e  a d ren a ls  o f 6 to  8 ra ts  w ere poo led , in  o rd er 
to  h av e  su ffic ien t m ateria l fo r  co rtico id  e x tra c tio n . T he m ain  c o m p o n e n t in 
d o m estica ted  r a t  was co rtico s te ro n e . In  a d d itio n , tw o  o th e r  co m p o u n d s  w ere 
fo u n d , one o f  th e m  show ing a  w eak er p o la r ity  th a n  co rtico ste ro n e , w h ile  the  
o th e r  was o f m ore  polar c h a ra c te r . B o th  com ponen ts p roved  to  be ^/j4-3-keto , 
17-ketol co rtico ids, as ju d g e d  fro m  th e  té tra z o liu m  red u c tio n  a n d  th e  a lk a lin e  
fluorescence. U nlike  in th e  d o m e s tic a te d  r a t ,  th e  m ain  co m p o n en t in  th e  wild 
r a t  was a co m p o u n d  m ore p o la r  th a n  co rtico ste ro n e . In  a d d itio n , tw o  o th e r 
co rtico ids o f  w eaker p o la r i ty  th a n  co rticoste rone , as well as co rtico s te ro n e  
i tse lf  were fo u n d .

One o f  th o se  co m p o n en ts , w h ich  com m only  occurred  in  b o th  w ild  and 
d o m estica ted  ra ts  (com pound  X IV ), w as fo u n d  also in  th e  fox , b u t  n o t in 
th e  dog or th e  ca t.

T he fo u r  com ponents o b serv ed  in  w ild ra ts  co rresponded  to  com pounds 
X I I ,  X I I I ,  X IV  and  X V II o f  o u r b io sy n th e tic  series. T he question  a ro se  w hether
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T able  I I

a )
Corticoid c o m p o s itio n , as well as th e  r a t io  h y d ro co rtiso n e  : co rtico s tero n e  in  th e  

v e n o u s  adrenal b lo o d  o f  d if fe re n t  anim al species.
U nknow n c o m p o n e n ts  appearing  u n d e r th e  e ffe c t o f  in te rg la n d u la r  in flu en ces h av e  

n o t  been in v es tig a te d

Species Substances

M an Cpd F , C pd  B , 2 unkow ns 
m ore p o la r  t h a n  Cpd F ,
2 u n k n o w n s  o f  p o la r ity  
be tw een  C p d  F  a n d  B,
1 u n k n o w n  less  p o la r  th an  
Cpd В

M onkey  Cpd F , C p d  E (? ) ,  Cpd В 
D o g  Cpd F , C pd  B , C pd  A,

2 u n k n o w n s m o re  p o lar 
th a n  h y d ro c o rt iso n e

Cpd F , C pd B , 17— O H -
d e so x y c o rtico s te ro n e

Cpd F , C pd  B , 3 unkn o w n s 
m ore p o la r  t h a n  C p d  F ,
2 u n k n o w n s o f  p o la r i ty  
betw een  C p d  F  a n d  B,
2 u n k n o w n s less p o la r  
th a n  Cpd В
Cpd F , C pd  B , 17 — O H —
d e so x y c o rtico s te ro n e ,
2 unkn o w n s m o re  p o la r  
th a n  Cpd F
Cpd F , C pd В , 1 u n k n o w n  
m ore p o lar t h a n  C p d  B,
1 unknow n less p o la r  th a n  
Cpd В

C a t  Cpd F , C pd B , C p d  A , 2
unknow ns m o re  p o la r  th a n  Cpd F  4— 6 : 1 
Cpd F , C pd B , o ccas io n a lly  
1 unknow n m o re  p o la r  th a n
Cpd В a n d  1 u n k n o w n  less 
polar th a n  C pd  В

1.2— 7 :

R a b b i t Cpd B, Cpd F 0.05 : 1 
0.05 : 1

F o x Cpd F , Cpd B ,
1 unknow n m o re  p o la r  
th a n  Cpd В

7 : 1

R a t Cpd B, 2 u n k n o w n s  o f
p o larity  less a n d  m o re  
th a n  Cpd В

0.05 : 1

R a t

Cpd В
Cpd B, 2 u n k n o w n s

0.05 : 1

(w ild ) Cpd B, 3 u n k n o w n s  m o re  
polar th an 'C p d  В

0.05 : 1

R atio

10 : 1

4— 11 : 1 
2—11 : 1
2.3 : 1

20 : 1

5 : 1

2.3 : 1

1.5— 2.3 : 1

1.2—20 : 1

A uthor  (s)

P in c u s  & R o m a n off , 1953

R o m a n o ff , H u d so n  & 
P in c u s , 1953

Sw e a t , 1 9 5 5
H u d s o n , L o m b a r d o , 19 5 5  
Gra n t , F o r r est  & 
Sy m in g to n , 1 9 5 7  
B u sh , 1 9 5 3

B u s h , 1 9 5 3

F a r r e l l , 1 9 5 3 , F a r r e l l  & 
L a m u s , 1 9 5 3

Za ffa r o n i & B u r t o n , 1 9 5 3

H e c h t e r  et a l., 1 9 5 4

E n d r ő c z i , B a t a , M a r t i n ,  1 9 5 8  
L i s s a k , E n d r ő c z i , M e d g y e s i . 
19 5 7

B u s h , 1 9 5 3

E n drő czi, В ата  & Ma r t in ,
1958
E n drő czi, В а та  & L is s á k , 1957 

B u s h , 1953
K ass, H e c h t e r , M a cch i,
M u o , 1954

E n drő czi, 1958 

E n d rő czi, 1957

B u s h , 1 9 5 3  
W eisz  et a l., 1 9 5 8

E n d r ő c z i  1 9 5 8
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these sam e co rtico id s  w ere figu ring  also in  th e  secre tion  ( H o l z b a u e r  a n d  
V og t  [29]), w o rk in g  w ith  th e  sam e p rob lem , p o in te d  ou t th a t  th e  co rtico id  p a t ­
te rn  of th e  ven o u s a d re n a l b lood  was id e n tic a l w ith  t h a t  of ad ren a l tissu e . E v e n  
th e  q u a n t i ta t iv e  changes w ere para lle l, a n d  in c reased  o u tp u t  o f co rtico ids w as 
associa ted  w ith  th e  e lev a tio n  of th e  level o f  th e se  m a te ria ls  in  th e  a d re n a ls . 
H ow ever, th is  o b se rv a tio n  was m ade in  cases w hen  secre tion  was in c re a se d  
on ly  for a sh o rt tim e .

CpdB
XU ХШ XtVX14 XVI

1 $ 1 p >
о 3 Ç 9 12 15 18 21 —1-----1— 24 27 30----1-----L ?  3?  ?  V

Fig. 3. C orticoid  c o n te n t  in th e  ad ren a ls  o f w ild a n d  d o m es tic a ted  ra ts . C o m pounds X I I ,  
X I I I  a n d  X IV  w ere fo u n d  in  w ild an im als , while X IV , X V  a n d  X V II  in  d o m e s tic a te d  r a ts .

C om pound X V  is co rtico s tero n e , a  trac e  o f  w h ich  w as p re sen t also in  th e  w ild r a t

a) Some aspects o f  the ratio o f  hydrocortisone : cortisone

T ab le  I I  a lre a d y  revea led  th e  ra tio  h y d ro co rtiso n e  : cortisone to  u n d e rg o  
m ark ed  v a r ia tio n s  w ith in  th e  sam e species. H e c h t e r  and  P in c u s  [26], as 
well as L i s s á k , E n d r ő c z i  an d  M e d g y e s i  [37], observed  in  th e  dog t h a t  th e  
ra tio  m a y  v a r y  b e tw een  1.2 —1 4 :1 , ev en  in  g rea t ex p erim en ta l m a te r ia l . 
E x tre m e ly  w ide m arg in s  (3 —11:1) were reco rd ed  also in  m an  (G r a n t  e ta l., [20]).

O ur f in d in g s  revealed  th e  ra tio  h y d ro co rtiso n e  : cortisone to  be c h a ra c te r ­
istic o f th e  in d iv id u a l, th o u g h  u n d e r c e r ta in  co n d itions i t  m ay  c h an g e  co n ­
sid e rab ly . A C T H  in fusion  failed  to  cause  a m easu rab le  change in  th e  ra tio . 
T he a d m in is tra tio n  for 2 to  3 days of A C T H  in  a d a ily  dose of 10 I. U ./k g  b o d y  
w eight to  dogs a n d  ca ts  re su lted , how ever, in  an  increase of th e  r a t io . T h is 
increase in d ic a te s  th a t  u n d e r th e  effect o f  s tro n g  an d  long-lasting  s tim u li th e  
enzym e sy s tem  o f th e  ad ren a ls  sh ifts  in  th e  d irec tio n  of h y d ro co rtiso n e  s y n ­
thesis. In c re a se d  A C TH  secretion  b y  th e  a n te r io r  p i tu i ta ry  a c tiv a te s  m ore 
in ten s iv e ly  th e  enzym e system  ca rry in g  o u t th e  fo rm atio n  of th e  1 7 -h y d ro x y l- 
g ro u p  th a n  t h a t  responsib le  for th e  11 -ke to -g ro u p . In  o th e r w o rd s , th e  e n ­
zym es o f th e  a d re n a l c o rtex  are  a c tiv a te d  m a in ly  to  syn thesize  p o la r  co rtico id s . 
T his p h en o m en o n  has been confirm ed b y  o th e r  au th o rs  b o th  in  e x p e rim e n ta l 
an im a ls  a n d  in  m an  ( H a y a n o s  et ah, [22]; S w e a t , [59]; G r a n t  et a h , [20]).

b) Corticoids present at low concentration in  the venous blood o f  the adrenals
o f  d ifferen t species

As m en tio n ed  above, th e  venous b lood  of th e  ad ren a ls  c o n ta in s  no t 
o n ly  h y d ro co rtiso n e  an d  cortisone, b u t  also  som e o th e r co m p o u n d s. T hese 
com pounds occu r in  sm all q u a n titie s  a n d  u n d e r  ce rta in  cond itions o n ly . F ig . 4 
show s th a t  tw o  each of these  so-called  tra c e  com pounds were fo u n d  in  th e

3 Acta Physiologic« XV/1.
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v en o u s b lood o f th e  ad ren a ls  in  th e  c a t a n d  th e  dog. T he a m o u n t o f th e se  
co m p o u n d s h a rd ly  exceeded  tw o to  th ree  p e r  cen t of th e  to ta l  sec re tio n , b u t 
u n d e r  ce rta in  co n d itio n s  th e y  m ay  a t ta in  th e  level o f th e  m a in  co m p o n en t. 
T h u s , in  a series o f  30 u n tre a te d  h e a lth y  c a ts  th e re  w ere tw o an im als th e  a d re n a l 
b lood  of w hich c o n ta in e d  com pound X IY  in  an  am o u n t co rresp o n d in g  to  
n e a r ly  70 per c e n t o f th e  to ta l  secre tion . T hese  ca ts  ex h ib ited  an  u n u su a lly  
w ild  b eh av io u r a g a in s t b o th  th e ir  cage asso c ia tes  an d  th e  keeper. I t  is w orth  
reca lling  th a t  th e  sam e com pound  X IV  w as com m only  occurring  in  b o th  w ild

---------r ~
11
1
1 1 [ 1 3 Í

1° 1  f 9  12 15 W 211 1 1 1 1 2f, 22 3 0  3 3  36  39  A2  A5 A8cm
__1____1____1___ 1___ L.-i .i.,-. 1

CpdF XII XIV CpdBXVI XVII

F ig . 4. “ T race c o m p o u n d s”  in  th e  venous a d ren a l b lood  o f  th e  dog and  th e  ca t. C o m p o u n d s 
X I I  an d  X V II occu r, u n d e r  certa in  conditions, in  th e  d og , while com pounds X IV  a n d  X V I

in th e  ca t

a n d  d o m estica ted  ra ts  a n d  also in foxes. H o w ev er, th e  d a ta  a t  our d isposal do 
n o t v e t allow to  in fe r to  th e  re la tio n sh ip  b e tw een  aggressive b e h a v io u r an d  
co rtico id  secre tion  (F ig . 4).

V. Influence o f  interglandular connections on the function  
of the adrenal cortex

a) “  Feed-back”  effect o f  corticoids upon  the hormone secretion in  the adre­
nal gland
H orm ones a re  g en era lly  know n to  re lease  reac tio n s in  th e  o rgans p ro ­

d u c in g  them . I n g l e , H ig g in s  an d  K e n d a l l  [31], as well as S a y e r s  an d  
S a y e r s  [47], w ere th e  f i r s t  to  d em o n stra te  t h a t  a d m in is tra tio n  of a d re n o c o r­
t ic a l  e x tra c ts  dec reased  A C T H  secretion  in th e  an te rio r  p i tu i ta ry  a n d  th e  
re sp o n se  of th is  g la n d  to  stresso r s tim u li. T h is  effect of th e  co rtico ids w as 
in te rp re te d  as a re a c tio n  o f th e  processes re g u la tin g  A CTH  secretion  a t  th e  
h y p o th a la m u s -p itu i ta ry  level. T here are , h o w ev er, som e observ a tio n s w hich 
p o s tu la te  a d irect a c tio n  u p o n  th e  ad ren a l c o r te x  itse lf. T hus, exogenous co r­
tico id s  were found  to  en h a n c e  th e  ad rena l a tro p h y  evoked  b y  h y p o p h y sec to m v , 
a n  e ffec t best ex p la in ed  b y  a d irect action  of th e  horm one upon  th e  a d re n a l 
tis su e  ( K u l e n k a m p f f , [34]).

In  recen t e x p e rim e n ts  th e  effect of co rtiso n e  on ad ren a l w eight a n d  on 
th e  secre tion  of co rtic a l horm ones has been  in v e s tig a te d  in dogs an d  c a ts  
( E n d r ő c z i , K o r á n y i , F e n d l e r , T e k e r e s  [18]) .  C ortisone a c e ta te  a d m in ­
is te re d  for seven d ay s in  a da ily  dose of 10 m g/kg  b o d y  w eight was fo u n d  to  
decrease  th e  w eight o f th e  ad ren a ls  to  a m uch g re a te r  ex ten t in th e  ca t th a n  
in  th e  dog.
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Table III

E ffec t o f  10 m g/kg cortisone acetate on adrenal weight.
a Changes in th e  in d ex , ad ren a l w e ig h t : b o d y  w eigh t o f pupp ies four m o n th s  o f  

age o f tw o  Jitte rs.
b  =  Changes in  th e  in d ex , ad renal w e ig h t : b o d y  w eigh t a f te r  co rtisone t r e a tm e n t  

o f  v a rio u s  d u ra tio n , in th e  cat.

a

No
Adr. gland* 
Body weight

Period of the treatment in days

1. u n tre a te d 200 —

2. 218 —

3. 180 —

4. 260 —

5. 245 —

6. cortisone 140 8

7. 138 8

8. 124 8

9. 118 8

10. 131 8

b

No Adr. gland* 
Body weight

Period of the treatment 
in days

1. u n trea ted 176 _
2. 180 —

3. 167 —

4. 202 —

5. 158 —

6. 160 —

7. cortisone 172 2
8. 150 3

9. 104 6
10. 60 6

11. 84 8

12. 72 8

13. 64 11

14. „ 56 12

15. 68 12
16. 57 14

* W eight in  m g
W eight in kg

3 *
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As an  e ffec t o f co rtisone tre a tm e n t ,  b o th  horm one secre tio n  a n d  w e ig h t 
o f  th e  ad ren a ls  w ere  ch an g ed , b u t th e se  changes w ere o f opposite  d ire c tio n . 
T h u s , in  th e  c a t ,  h o rm o n e  secre tion  w as h a rd ly  in flu en ced  b y  m a rk e d  co rtica l 
a tro p h y , w hile in  th e  dog  secre tion  w as g re a tly  in h ib ite d  even  w hen  th e  re d u c ­
t io n  in  w eight w as s lig h t. T hese o b se rv a tio n s  p o in t ag a in  to  th e  fa c t t h a t  
species d ifferences c a n  never be left o u t of. a cco u n t, even in  th e  case o f th e  
m o st b ru ta l  e x p e r im e n ta l in te rv en tio n s .

T he q u es tio n  a rises , w h a t is th e  m ech an ism  responsib le  fo r th e  d iffe r­
ence  in  th e  ch an g es in  th e  dog a n d  th e  c a t  (opposite  b eh av io u r o f sy n th e tic  
p rocesses an d  tis su e  w eigh t). Tw o p o ssib ilities  h a v e  to  be considered , (i) T he 
a n te r io r  lobe of th e  p i tu i ta r y  co n ta in s tw o  fa c to rs , one reg u la tin g  p ro life ra tio n  
a n d  a n o th e r re g id a tin g  secre tion  (St a c k — D u n n e  an d  Y o u n g , [55]; St a c k — 
D u n n e , [56]). (ii) C ortisone  ac ts  n o t o n ly  a t  th e  p i tu i ta ry  level, b u t  also on 
a d re n a l tissue , a n d  th e  tw o  reac tio n s d iffe r acco rd ing  to  species. T he la t te r  
p o ss ib ility  is s u p p o r te d  b y  th e  o b se rv a tio n  th a t  cortisone decreases m a in ly  
th e  secre tion  o f h y d ro c o rtiso n e , a h o rm o n e  o f s im ila r p o la r ity  as co rtisone  
itse lf , while, a t  th e  sam e  tim e , co rtico s te ro n e  secre tion  is less d im in ish ed .

b) Effect o f  sex hormones on the fu n c tio n  o f  the adrenal cortex

I .  E ffect o f  oestrone

V ogt  a n d  H o l z b a u e r  [64], [29] w ere th e  firs t to  d e m o n s tra te  th a t  
s tilb o e s tro l in h ib its  th e  sy n th esis  an d  sec re tio n  o f cortico ids in  th e  r a t .  T his 
o b se rv a tio n  so m ew h at c o n tra d ic te d  th e  e a r lie r  ex p erim en ta l fin d in g  th a t  
oestro g en s induce  m a rk e d  co rtica l h y p e r tro p h y  a n d  a h isto log ica lly  d e m o n ­
s tra b le  h y p e rfu n c tio n  o f th e  ad rena ls. T he e ffec t o f oestrone  on th e  fu n c tio n a l 
a c t iv i ty  o f th e  a d re n a l c o r te x  in  th e  dog a n d  th e  c a t has been  d e ta ile d ly  a n a ­
ly sed  in  a prev ious p a p e r  ( E n d r ő c z i , T e l e g d y  a n d  B a t a , [14]). In  th o se  
e x p e rim e n ts  3000 I .  U . o f  oestrone  (O estrone  b en zo a te , R i c h t e r ) in  oil w as 
a d m in is te re d  to  an im a ls  o f  b o th  sexes for 7 — 14 d ay s. In  th e  dog, m ark ed  
a d re n a l  h y p e rtro p h y  re su lte d , to g e th e r w ith  considerab le  changes in  th e  cor- 
tic o id  com position  o f th e  venous b lood  of th e  a d re n a ls . T o ta l secre tion  s lig h tly  
d im in ish ed  or was u n c h a n g e d . T he ra tio  h y d ro co rtiso n e  : co rtico ste ro n e  u n ­
d e rw e n t, how ever, a m a rk e d  decrease as a re su lt o f th e  considerab le  d im in u ­
tio n  in  abso lu te  h y d ro c o rtiso n e  secre tion . I n  a d d itio n , a q u a lita tiv e  change 
a lso  occu rred , as fa r  as a new  ^j4-3-keto  co m p o u n d  ap p ea red . T h is com p o u n d  
e x h ib ite d  a lkaline flu o rescen ce  b u t gave no té tra z o liu m  re d u c tio n . I ts  R f 
v a lu e s  in  b o th  fo rm am id e-b en zen e  an d  b e n zen e -m eth an o l-w a te r  rev e a le d  it  
to  b e  id e n tic a l w ith  1 7 -h y d ro x v p ro g este ro n e .T h e  secre tion  of th is  com pound  
w as som etim es v e ry  con sid e rab le , a m o u n tin g  ev en  to  7.5 m g/24 h o u rs .

In  th e  c a t, th e  w e ig h t o f  th e  ad ren a ls  re m a in e d  u n ch an g ed  a fte r  oestrone  
t r e a tm e n t .  C orticoid se c re tio n  was in c reased  a n d  specific a lte ra tio n s  occurred



DATA ON T H E  SPECIFIC  FUNCTIONAL A DAPTATION M

Table IV

Corticoid content o f  venous adrenal blood, during treatment w ith  10 m g/kg cortisone acetate 
a  =  C ortico id  c o n te n t in  c o rtiso n e -trea ted  dogs ex p ressed  in  /tg /g  ad ren a l w e ig h t/k g  

b o d y  w e ig h t/h o u r a n d  /tg /g  a d ren a l w e ig h t/hour, re sp ec tiv e ly .
b =  Sam e d a ta  fo r th e  c a t .  R  =  ra tio  h y d ro c o rtiso n e : co rticosterone .

a)

No Corticoid secretion 
in /<g/g/kg/b and in /*g/g/h R

1. u n tre a te d 24.0 19.0 6 : 1

2. 30.0 21.0 2.5 : 1

3. , , 60.0 24.0 3 : 1

4. 99 71.0 19.0 2.5 : 1

5. , , 38.0 22.0 2 : 1

6. co rtisone 27.0 6.0 1 : 1

7. 18.0 5.8 3 : 1

8. 99 22.0 7.5 0.66 : 1

9. •• 11.0 6.2 1.5 : 1

b)

No Corticoid-secrction 
in /'g/g.Ag/h and in //g/gh a

l . u n tre a te d 40.2 22.6 2 1

2. 99 48.4 26.0 1.8 1

3. 99 52.0 20.0 2.0 1

4. 99 38.2 24.0 2.6 1

5. 99 41.6 19.0 4.2 1

6. 99 62.0 29.0 3.0 1

7. 99 36.0 17.0 6.0 1

8. co rtisone 62.0 27.0 2.0 1

9. 99 74.0 32.0 2.8 1

10. 99 96.0 22.0 1.6 1

11. 99 128.0 28.0 1.0 1

12. 99 132.0 16.0 1.0 1

13. 99 148.0 32.0 0.8 1

14. 99 196.0 17.0 0.75 1

15. 99 154.0 12.0 1.0 1

16. 99 142.0 14.0 0.75 1
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a lso  in  th e  com position  o f th e  secre tio n . In  a d d itio n  to  th e  in c rea sed  secretion  
o f  h y d ro co rtiso n e  a n d  co rticoste rone , tw o  new  com pounds a p p e a re d , b o th  
le ss  p o la r th a n  co rtico ste ro n e . U n fo r tu n a te ly , we did  n o t succeed  in  th e  chem ­
ic a l  id en tif ic a tio n  o f th e se  com pounds. I n  a n y  case, b o th  c o n ta in e d  Zi4-3-keto 
g ro u p , b u t on ly  one o f th e m  reduced  té tra z o liu m . The less p o la r  one o f these 
co m p o u n d s  (b) m ig h t h a v e  been id e n tic a l w ith  1 1 -h y d ro x y p ro g este ro n e . The 
o th e r  com pound  (a) co rresp o n d ed  to  th e  com p o u n d  X V I, as ju d g e d  from  th e  
Ry v a lu e  of b o th  i ts  a c e ta te  an d  th e  free  su b stan ce . T he ex ac t ch em ica l id e n ­
t if ic a t io n  o f these  co m p o n en ts  requ ires f u r th e r  experim en ts.

F ig . 5 . E ffec t o f  o estrone  t r e a tm e n t  on  th e  h o rm o n e  sec re tio n  o f th e  ad ren a ls . C hanges in  
th e  a d re n a l  w eigh t o f 12 n o rm a l (d o tte d  co lum ns) a n d  o f  10 o e s tro n e-trea ted  an im a ls  (b lack  
c o lu m n s) . In  th e  first an d  second  colum ns th e  n u m b e r  o n  th e  o rd in a te  re fe r to  100 m g. The 
o th e r  co lu m n s re p re se n t th e  a m o u n t o f cortico ids in  //g  g a d ren a l w eight/kg  b o d y  w e ig h t/h o u r. 
B la n k  co lu m n s =  u n tre a te d  an im a ls . S haded  co lu m n s =  o es tro n e-trea ted  an im a ls . N u m b e r 

above co lum ns show  d ev ia tio n s fro m  th e  m ean  values

T h e  find ings in  o e s tro n e -tre a te d  c a ts  a n d  dogs are a n o th e r p ro o f  o f th e  
f a c t  t h a t  th e  ad ren a ls  are  cap ab le  of a lte r in g  th e ir  horm one secre tion  in  a v e ry  
sp e c if ic  fash ion . In  a d d itio n , th e y  show  species differences. T hese d ifferences 
c a n n o t  be  acco u n ted  fo r b y  q u a n ti ta t iv e  fac to rs ,, since in  th e  ca t ev en  6000
I . U ./k g  b o d y  w eigh t o f o estro n e  h ad  fa iled  to  in i t ia te  changes s im ila r to  those  
o b s e rv e d  in  th e  dog.

T h e  m echan ism  o f th e  oestrone  ac tion  c a n n o t be u n equ ivoca lly  e x p la in e d  
b y  fu n c tio n a l  a lte ra tio n s  o f  th e  an te rio r  p i tu i ta r y .  T he v e ry  sam e fa c to r  c a n ­
n o t, n a m e ly , p roduce changes o f opposite  d ire c tio n . In  ag reem en t w ith  V o g t  
a n d  H o l z b a u e r , we h a d  to  conclude th a t  th e  o estro n e  effect m ay  be su p p o sed  
a c tin g  d ire c tly  on th e  enzym e system  o f th e  a d re n a l co rtex . T he p a r t ia l ly
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decreased  h y d ro co rtiso n e  secretion  in th e  a d re n a ls  o f th e  dog leads to  in ­
creased  A C TH  m o b iliza tio n  from  th e  a n te r io r  p i tu i ta ry . This re su lts  in  a 
co n sid e rab ly  increased  p ro life ra tion  o f th e  a d re n a l  g lands, and  th u s  in  an  
increase of a d re n a l w eigh t. A t th e  sam e tim e , th e  d irec tio n  of th e  sy n th e s is  is 
also  changed , an  e v en t lead ing  to  th e  a p p e a ra n c e  o f  new  horm ones. T h e  e x is t­
ence o f in te rco n n ec tio n s  betw een  a d re n a l c o r te x  a n d  gonads was show n also  b y  
H e c h t e r ’s o b se rv a tio n  [24], accord ing  to  w h ich  th e  corticoid  secre tion  o f  p e r ­
fused  ad ren a l g lands o f c a s tra te d  oxes d iffe red  fro m  th a t  of n o rm al an im a ls .

100-  

90- 
8 0 -  

7 0 -  

6 0 -  

5 0 -  

4 0 -  

30 

20 

10-

I i 8  I S  1  H
Cpdf CpdB о b

Fig. 6. E ffec t o f oestro n e  tre a tm e n t on  th e  ho rm o n e  sec re tio n  of the  ad ren a l c o r te x . Shaded  
colum ns =  m ean  o f  12 co n tro l ca ts . B lan k  co lu m n s — m ea n  of 10 tre a te d  c a ts . N u m b ers 
on the  o rd in a te  re fe r to  a d ren a l w e ig h t/k g  b o d y  w eigh t/hour. C om pounds a an d  b

are  new  d é r iv â te s

73 *’■*

I I .  E ffec t o f  progesterone
In  b o th  th e  ca t a n d  th e  dog, p ro g este ro n e  tre a tm e n t (0.5 — 2.5 m g/kg) 

for 5 — 8 d ay s led to  a considerab le  in c rea se  o f  th e  h y d roco rtisone  secre tion  
w ith  th e  co nsecu tive  au g m e n ta tio n  o f th e  h y d ro co rtiso n e  : co rtico s te ro n e  ra tio . 
No new  co m p o u n d  ap p ea red  in  th e  v en o u s  b lo o d  of th e  ad ren a ls  a f te r  p ro ­
gesterone tr e a tm e n t .  T he increased  h y d ro c o rtiso n e  secretion w as s im ila r  as 
a fte r  p ro lo n g ed  tre a tm e n t w ith  A C TH . I t  is th e re fo re  possible t h a t  th e  sam e 
m echanism  fig u red  in  th e  p rogesterone  e ffec t w hich did in th e  case o f  A C TH .

I I I .  E ffec t o f  choriongonadotrophine
C horiongo n ad o tro p h in e  w hen g iven  fo r  7 — 11 days in  a d a ily  dose o f  200

I. U . evokes a considerab le  increase  o f  th e  secretion  in  fem ale dogs and 
c a ts . T he m ark ed  a u g m e n ta tio n  in  th e  ra tio  of hydrocortisone  : co rtico s te ro n e



4 0 E. ENDRŐCZI and K . LISSÂK

in d ic a te s  th a t  th e  p h en o m en o n  was p ro d u ced  b y  th e  m echanism , f ig u r in g  in  th e  
p ro g e s te ro n e  effect. A lth o u g h  th e  d e ta ils  o f  th is  m echanism  re q u ire  fu r th e r  
a n a ly s is , some p re lim in a ry  observa tions a lre a d y  in d ica ted  th a t  th e  e ffec t w as 
a n  in d ire c t one an d  w as m e d ia ted  th ro u g h  th e  o v ary  (T e l e g d y  a n d  E n d - 
RŐCZI, [60]).

O u r experim en ts co n cern in g  sex u a l s te ro id s  could n a tu ra l ly  n o t  reveal 
a l l  th e  possible m u tu a l in te rco n n ec tio n s  b e tw e e n  ad ren a l system  a n d  g o n ad s.

F ig .  7. E f fe c t  o f p rogesterone  on  th e  hy d ro co rtiso n e  a n d  co rtico s tero n e  c o n ten t o f  th e  v en o u s  
b lo o d  o f  th e  adrenals in  th e  d o g . B lan k  colum ns =  10 co n tro l dogs. S haded  c o lu m n s  =  
=  8 t r e a te d  dogs. N um bers a b o v e  co lum ns show  d e v ia tio n s  from  th e  m ean v a lues. O rd in a te  

sh o w s th e  am o u n t o f  co rtico ïd e  in  /ig/g a d re n a l w e ig h t/k g  body  w e ig h t/h o u r

I n  a n y  case, how ever, th e y  illu s tra te  th a t  th e  in terco n n ec tio n s b e tw een  th e  
tw o  e n d o c rin e  organs are n o t re s tr ic te d  to  ev o k in g  sim ple q u a n tita tiv e  ch an g es  
b u t  t h e y  could give rise  to  com plex q u a li ta t iv e  a lte ra tio n s, a f a c t ,  w hich  
c a n n o t  b e  left ou t o f a c c o u n t co n sidera tion . T h e  la t te r  phenom enon  sh o u ld  
be  re g a rd e d  as a specific one.

c) F unctional connections betiveen the thyro id  and  adrenal glands

I .  The effect o f  hyperthyro id ism  induced by thyroxine

M ore th a n  30 years ago  M a r i n e  an d  B a u m a n  [40], as well as M a r i n e  
[1 9 4 1 ], h a d  called a tte n tio n  to  th e  fa c t th a t  in  th e  pa thom echan ism  o f G r a ­
v e s ’ d ise a se  a role m ust be a sc rib ed  to  th e  d ec rea sed  function  of th e  a d re n a l
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g lan d s. N um erous a u th o rs  h a v e  since po in ted  o u t t h a t  th y ro id  h y p e rfu n c tio n , 
w hile c o n s titu tin g  a s tre ss  to  th e  organism , was n o t follow ed b y  increased  
cortico id  secretion  or b y  th e  ch a ra c te ris tic  signs o f  th is  cond ition .

O n th e  o th e r h a n d , a d ren o co rtica l horm ones w ere recognized in  th e  p a s t 
decades to  in h ib it th e  fu n c tio n  o f th e  p i tu ita ry - th y ro id  sy stem . This in h ib itio n  
sets in  n o t on ly  a f te r  A C T H ,  hy d ro co rtiso n e  or c o rtiso n e  a d m in is tra tio n , b u t  
also follow ing s tre sso r s tim u li w hich m obilize A C T H ,  ( W il l i a m s , J a f f e  an d  
K e m p , [67]; S o f f e r , G a b r i l o v e  an d  J a i l e r , [53]; V i d o v i c  an d  V e r z á r , [63]; 
B r o w n — G r a n t , H a r r is  a n d  R e i c h l i n , [7]).

This m u tu a l an ta g o n ism  seem s to  be o f g re a t im p o rtan ce , m a in ly  as 
reg a rd s  th e  p a th o m ech an ism  o f h y p e rth y ro id ism . A ccord ing  to  H a r r i s  an d  
W o o d s  [21], i t  is th e  a lte re d  equ ilib riu m  o f th e  h y p o th a la m u s -p itu i ta ry  sy s tem , 
w hich  accoun ts fo r th e  in c rea sed  secretion  of A C T H  a n d  T S H . In  o th e r w ords, 
th e  d iso rg an iza tio n  o f th is  a n tag o n is tic  re la tio n  w o u ld  figu re  in  th e  in d u c tio n  
o f h y p e rth y ro id ism . W ith o u t discussing th is  q u es tio n  in  d e ta il, it seem s neces­
sa ry  to  d raw  a tte n tio n  to  som e ex p erim en ta l p roofs o f th e  d irec t in te rg la n d -  
u la r  connections be tw een  th y ro id  g land  an d  a d re n a l co rtex .

W e induced  h y p e rth y ro id ism  in ca ts  b y  in jec tin g  th y ro x in e  in a d a ily  dose 
o f  1.0 m g/kg  for 7 — 14 d ay s . T he tre a tm e n t ev o k ed  m ark ed  changes in  th e  
fu n c tio n  o f  th e  a d re n a l c o rtex . T he ca ts  w ith  h y p e rth y ro id ism  re sp o n d ed  to  
A C T H  infusion  w ith  a 3 0 —40 p er cen t in crease  o f  th e  secre tion , w hile in 
n o rm a l an im als th e  in crease  w as alw ays over 100 p e r  cen t. As an  effect o f  th e  
th y ro x in e  t r e a tm e n t, to ta l  secre tion  a t re s t w as s lig h tly  au g m en ted , in  sp ite  
o f  th e  fa c t th a t  h y d ro co rtiso n e  secretion  was m a rk e d ly  d im in ished . In  ad d itio n  
to  th e  increase in  to ta l  sec re tio n , new co m pounds also ap p eared . Tw o new  
com p o n en ts  were fo u n d  w hen  h y p e rth y ro id ism  w as re c e n t, an d  five  new  co m ­
p o n en ts  in  grave cases. N one o f these  com pounds occurs in  th e  n o rm al, u n a n -  
aesthesized  ca t. T h e  d é riv â te s  found  in  venous a d re n a l blood d u rin g  g rave  
h y p e rth y ro id ism  co rresp o n d ed  to  com pounds X I I ,  X I I I ,  X IV , X Y I, and  
X V II  o f th e  b io sy n th e tic  series, an d  th e y  p ro v ed  to  be ^ j4-3-keto , 17-keto l- 
co rtico ids, as ju d g e d  b y  b o th  th e  té tra z o liu m  re d u c tio n  an d  th e  a lk a lin e  
fluorescence  m eth o d  ( E n d r ő c z i , L is s Ák  an d  B a t a  [13]).

T he changes in d u ced  b y  h y p e rth y ro id ism  in  th e  fu n c tio n  of th e  a d re n a ls  
in  th e  c a t in d ica te  th a t  th e  underly ing  cau sa l re la tio n sh ip  m u st be so u g h t for 
in  th e  enzym e sy stem  o f th e  a d re n a l g land  a n d  n o t  in  th e  re g u la to ry  p rocesses 
o f  th e  h y p o th a la m u s-a n te r io r  p i tu i ta ry  sy stem . T h e  fa c t th a t  follow ing A C T H  
in fusion  th e  ho rm one p ro d u c tio n  of th e  a d ren a ls  in c rea sed  m uch less in  ca ts  
w ith  h y p e rth y ro id ism  th a n  in  no rm al an im als , show s th a t  u n d e r th e  g iven 
con d itio n s th e  se c re to ry  c a p a c ity  of th e  a d re n a ls  w as m ark ed ly  d ecreased . 
T h is red u c tio n , how ever, concerned  th e  sy n th es is  o f  ce rta in  co rtico ids o n ly , 
as w as rev ea led  b y  th e  s im u ltan eo u s  ap p e a ra n ce  o f  som e new  co m p o u n d s. As 
fa r  as th e  m echan ism  o f th is  ac tio n  is concerned , th e re  is a p o ssib ility  t h a t
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h y p e rth y ro id ism  in d u c e d  b y  th y ro x in e  evokes a m ark ed  decrease  in  th e  ch o ­
le s te ro l con ten t o f th e  a d re n a ls . T h is decrease  is m uch m ore  m a rk e d  th a n  
t h a t  induced  b y  s tre sso r s tim u li, a decrease  alw ays asso c ia ted  w ith  ad re n a l 
h y p e rfu n c tio n  ( L o n g  a n d  F r y , [38]; L o n g , [39]). The m a rk e d  decrease in  
q u e s tio n , how ever, is p ro b a b ly  a sign o f  th e  genera l d is tu rb a n c e  o f  th e  ch o ­
le s te ro l household  o f th e  o rgan ism  w ith  h y p e rth y ro id ism . O n th e  o th e r  h a n d , 
c h o le s te ro l is one o f th e  s ta r t in g  m a te ria ls  o f  co rtico id  sy n th es is , a n  a lte rn a tiv e  
p a th w a y  of th e  sy n th es is  from  a c e ta te  a n d  C4 d icarbon ic  ac ids. U sing  labelled

Cn-<F X« XIII XV CodB XVI XVIII

F ig . 8. E ffec t o f th y ro x in e  on  th e  co rtico id  c o n te n t o f  th e  venous b lood  o f  th e  ad ren a ls  in  
th e  c a t .  B lan k  co lum ns =  10 u n tr e a te d  ca ts . S h a d e d  colum ns =  8 th y ro x in e - tre a te d  cats. 
M a rk e d  secretion  o f c o m p o u n d s X I I ,  X I I I ,  X IV , X V I a n d  X V III  in  tre a te d  a n im a ls . O rd ina te  

show s a m o u n t o f  co rtico id s  in  ,ug/g a d re n a l w eigh t/kg  b o d y  w e ig h t/h o u r

p re c u rso rs , St o n e  a n d  H e c h t e r  [57] o b serv ed  th a t  A CTH  in c re a se d  h y d ro ­
c o rtiso n e  and  co rtico s te ro n e  syn th esis  b y  1800 p er cen t, w hen  th is  h a d  s t a r t ­
e d  f ro m  cholestero l, b u t  o n ly  b y  140 p e r c en t w hen a c e ta te  h a d  been  th e  
s t a r t in g  po in t. T he sy n th e s is  o f co rtico ids from  cholestero l b e in g  d is tu rb e d  in  
h y p e rth y ro id ism , sy n th es is  from  com pounds w ith  a sh o rt c a rb o n  c h a in  m ay  
co m e in  the  fo reg ro u n d . T h is  process is, how ever, only s lig h tly  a c t iv a te d  b y  
A C T H , b u t a t the  sam e  tim e  th u s  en h an ces th e  p ro d u c tio n  o f  m e tab o lite s  
w h ic h  d u rin g  syn th esis  fro m  cho lestero l occu r o n ly  in  traces  or n o t  a t  all.

All these lead  to  th e  conclusion  t h a t  in  h y p e rth y ro id ism  th e  changes 
in d u c e d  in  the  m e tab o lic  a c t iv i ty  an d  co rtico id  syn thesis  of th e  a d re n a ls  are  
th e  re su lt of com plex fu n c tio n a l a lte ra tio n s . H ow ever, th e  above in v e s tig a tio n s  
w ere  p erfo rm ed  in  c a ts  a n d  so th e y  are  n o t d ire c tly  va lid  in  h u m a n  p a th o lo g y , 
co n s id e rin g  th e  d ifferences in  th e  specific  a d a p ta t io n  of v a rio u s  a n im a l spe­
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cies. T he question  also a rises , w h e th e r the  above  sec re to ry  p a tte rn  of th e  
ad ren a ls  shou ld  be consid ered  a sim ple m etabo lic  d is tu rb a n c e  or to  rep resen t 
a ce rta in  ty p e  o f a d a p ta t io n  o f  th e  ad ren a l g lan d ?

T he biological e ffect o f  th e  com pounds fo u n d  in  th e  venous blood of th e  
ad ren a ls  o f an im als w ith  h y p e rth y ro id ism  w as a n a ly z e d  m a in ly  b y  p rocedures 
w hich  h a d  som e connec tion  w ith  specific a d a p ta t io n . T h u s , th e  tw o  com pounds 
less p o la r th a n  co rtico s te ro n e  w ere s tu d ied  in  m e th y lth io u ra c il- tre a te d  m ice 
an d  ra ts  as to  th e ir  effect on  th e  secretion  o f th y re o tro p h ic  ho rm one. T he co m ­
p o u n d s w ere e lu ted  from  th e  p ap er ch ro m a to g ram  b y  m e th an o l, w hich was 
th e n  rem oved u n d e r re d u c e d  p ressu re  an d  th e  re sid u e  w as d issolved in  e th an o l. 
A fte r th e  d e te rm in a tio n  o f  th e  horm one c o n c e n tra tio n  (P o rte r-S ilb e r m e th o d ), 
th e  e th a n o l was sim ila rly  rem oved  an d  a dose a m o u n tin g  to  10 /^g/kg b o d y  
w eight was dissolved in  0.5 m l physio logical sa line . T h is p ro ced u re  allow ed th e  
co m pounds to  be a d m in is tre d  in  an  alcohol free w a te r  m ed iu m  w ith o u t ad d ed  
o rganic  so lven ts. S ta n d a rd  am o u n ts  of h y d ro co rtiso n e , co rtisone  an d  c o r ti­
costerone  were tre a te d  in  th e  sam e w ay. Mice a n d  ra ts  o f th e  sam e b red  an d  
o f a b o u t th e  sam e b o d y  w e ig h t (m ouse, 2 2 —25 g; r a t ,  75 — 90 g) w ere t re a te d  
w ith  m e th y lth io u rac il, in  a d a ily  dose of 0.5 m g/25 g b o d y  w e igh t, in tra p e ri-  
to n e a lly . C orticoids w ere in je c te d  in tra m u sc u la r ly . B o th  t re a tm e n ts  la s te d  
for 14 d ay s in  th e  m ouse  a n d  fo r 16 days in  th e  r a t .  A t th e  end  o f th e  e x p e ri­
m en ts  th e  an im als w ere k illed  b y  ligh tin g  gas a n d  th e  th y ro id s  w eighed w ith  
an  accu racy  o f 0.5 m g. T h e  th y ro id s  of th e  r a ts  w ere co n tro lled  h isto log ica lly .

Fig. 9 show s th a t  a ll th e  cortico ids u sed  w ere in h ib itin g  th e  m e th y l- 
th io u rac il- in d u ced  in c rea se  in  th e  secretion  o f th y re o tro p h ic  ho rm o n e , as ju d g e d  
b y  th e  changes in  th y ro id  w eigh t. O f th e  k n o w n  co rtico ids, co rtico ste ro n e  
was th e  m ost effective, th e  leas t effective h a v in g  been  h y d ro co rtiso n e . A ccord­
ing to  the  o b se rv a tio n s , in h ib itio n  of T S H  sec re tio n  w as inv erse ly  re la te d  to  
th e  p o la r ity  of th e  c o m p o u n d . Most m ark ed  effec ts  w ere ex e rted  b y  tw o  u n ­
know n com pounds, th e  re la tiv e  p o tency  o f w hich  w as a ro u n d  150—160 (h y d ro ­
co rtisone  100). T h is m ean s th a t  in h y p e rth y ro id ism  such  cortico ids a re  
p ro d u ced  w hich in h ib it  th e  o u tp u t o f th y re o tro p h ic  ho rm one  to  a g re a te r  
e x te n t th a n  does a n y  o th e r  co rtico id  sec re ted  u n d e r  n o rm a l co n d itio n s. No 
m easu rab le  in h ib itio n  o f  T S H  secretion  was cau sed  b y  th e  o th e r  th re e  co m ­
p o u n d s p resen t in  th e  v en o u s blood of th e  a d re n a ls  o f an im als w ith  h y p e r th y ­
ro id ism  (com pounds X I I ,  X I I I ,  X IY ). As fa r  as th e ir  p o la r ity  is concerned , 
th ese  com pounds la y  b e tw een  h y d ro co rtiso n e  a n d  co rtico ste ro n e .

T he ap p ea ran ce  o f  th e  above cortico ids in  h y p e rth y ro id ism  is n o t c h a r ­
a c te ris tic  o f th e  c a t a lo n e . B o th  com pounds less p o la r  th a n  co rtico ste ro n e  
w ere found  also in  th e  u rin e  o f ce rta in  su b jec ts  w ith  c lin ica lly  co n tro lled  h y p e r­
th y ro id ism  (B a t a , E n d r ő c z i  an d  H o r v á t h , [5]). In  th ese  cases u rin e  an a ly s is  
was perform ed as fo llow s. T he urine  co llec ted  d u rin g  24 h ours w as su b je c te d  
to  acid  hyd ro lysis  a t  p H  1. Follow ing e x tra c tio n  w ith  e th e r  chloroform  th e
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c o m p o n en ts  were p a r t i t io n e d  in  70°/0 e th an o l-b en zen e  a n d  th e n  an a ly zed  as 
d e sc r ib e d  in  th e  in tro d u c tio n  o f th is  re p o rt. W e succeeded  in  id en tify in g  
th e  above com pounds in  s ix  o u t o f fo u rteen  cases. T h e  a m o u n ts  o f  th ese  
co m p o n e n ts  reach ed  so m etim es 35 to  40 p er c en t of th e  to ta l  ex c re tio n .

O ur find ings in  a n im a ls  a n d  h u m a n s  show ed h y p e rth y ro id ism  to  p ro ­
d u c e  a com plex d is tu rb a n c e  in  th e  fu n c tio n  of th e  ad re n a l co rtex . T h is tro u b le  
m a n ife s ts  itse lf  w ith  a d ec reased  se c re to ry  c a p a c ity  o f th e  g lan d s , as w ell as

F ig . 9. E ffec t o f cortico ids o n  th e  m e th y lth io u rac il- in d u c ed  increase  in  th e  th y ro id  w eight 
in  m ic e  a n d  ra ts . P a r t  I  show s e x p e rim e n ts  on  th e  m ouse, P a r t  I I  those  o n  th e  r a t .  Colum ns

re p re se n t  m ean  v a lu es o f  10 an im als

P a r t  I .  : a =  u n tre a te d  ; b  =  m e th y lth io u ra c il  ; c =  10 /tg  h y d ro c o rtiso n e  +  m e th y l-  
th io u ra c i l  ; d =  10 fig  c o rtiso n e  +  m e th y lth io u rac il ; e =  10 /tg  c o rtico s te ro n e  +  m e th y l­

th io u ra c il ; f  10 /tg  co m p o u n d  X V I (u n k n o w n )
P a r t  I I . .  : a  =  u n tre a te d  ; b  =  m e th y lth io u ra c il  ; c =  10 /tg  co m p o u n d  X V II  +  m e th y l­

th io u ra c il

w ith  th e  appearance  o f  c e r ta in  new  com pounds. As fa r  as th e  a n tag o n ism  
b e tw e e n  th e  tw o en d o crin e  o rg an s is concerned , th e se  new  co m p o u n d s  are  
c o n n e c te d  w ith  specific a d a p ta t io n . T h e y  w ere d e te c te d  in  th e  u rin e  o f ce r­
t a in  s u b je c ts  w ith  h y p e r th y ro id ism  w hose zl4-3 -keto -cortico id  e x c re tio n  w as 
n o rm a l o r  subnorm al (six  c o n tro l cases, 60 to  90 /tg , 24 h o urs; su b je c ts  w ith  
h y p e r th y ro id is m , 25 to  80 /tg , 24 h o u rs). D a ta  concern ing  th e  c o n c e n tra tio n  
o f  th e s e  com pounds in  th e  v en o u s b lood  o f th e  ad ren a ls  a re , how ever, 
s t i l l  la c k in g .

I I .  E ffec t o f thyroidectom y and  m ethylthiouracil treatm ent on the secretion 
pa ttern  o f  the adrenals

E i k —N ess  an d  B r i z z e é  [11] observed  in  th e  dog th a t  one w eek  a f te r  
th y ro id e c to m y  th e  co rtico id  c o n te n t o f th e  venous b lood  o f th e  a d re n a ls  was
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m a rk e d ly  decreased . T he level re tu rn e d  to  n o rm a l on th y ro x in e  a d m in is tra t io n . 
E a r lie r  f in d in g s  of o th e r a u th o rs  h a d , how ever, show ed  th a t in  h y p o th y ro id ism  
th e  re sp o n se  to  s tresso r s tim u li o f  th e  p itu ita ry -a d re n o c o rtic a l sy s te m  w as 
e n h a n c e d . T h u s , H e s s , S l a d e  et a l., as well as H e s s  and  F i n e r t y  [27, 28], 
d e m o n s tra te d  th a t  th e  s tre ss-in d u ced  decrease in  th e  ascorbic ac id  c o n te n t 
o f th e  a d ren a ls  was m ore m ark ed  in  th y ro id e c to m iz e d  ra ts  th a n  in  n o rm a l 
ones. As th e  A CTH  secre tion  a n d  A C TH  c o n te n t o f th e  p i tu i ta ry  w as fo u n d  
u n ch an g ed , it  was concluded  th a t  th e  o rgan ism  w ith  h y p o th y ro id ism  is m ore  
se n s itiv e  to  A CTH  th a n  th e  n o rm a l one.

T h e  prob lem  was a n a ly sed  in  d e ta il b y  B a t a , E ivdrőczi a n d  J o n e c  [4].  
Y o u n g  a n d  a d u lt dogs w ere th y ro id e c to m iz e d . F o u r  m o n th s (yo u n g  an im a ls) , 
re sp . 2 to  6 weeks (ad u lt dogs) la te r  th e  co rtico id  co n ten t o f th e  v en o u s a d re n a l 
b lo o d  w as d e te rm in ed . O th e r  dogs w ere tr e a te d  w ith  300 to  700 m g /k g  m e- 
th y lth io u ra c il  b y  m o u th  a n d  ex am in ed  2 to  4 w eeks la te r . T he f in d in g s  u n ­
eq u iv o c a lly  show ed th a t  a f te r  th y ro id e c to m y  th e  co rtico id  secre tion  in c rea sed  
p a ra lle l to  th e  tim e  e lapsed  b e tw een  o p e ra tio n  a n d  ex p e rim en t. T h e  in c rea se  
in v o lv ed  m ain ly  h y d ro co rtiso n e , as w as show n also b y  th e  g re a t a u g m e n ta tio n  
o f  th e  ra tio  hy d ro co rtiso n e  : co rtisone .

In  an im als w ith  h y p o th y ro id ism  th e re  w as no decrease in  th e  co rtico id  
c o n te n t  o f th e  venous b lood  o f th e  ad ren a ls . T h u s , th e  earlie r f in d in g s  o f  E lK — 
N e s s  an d  B r iz z e é  could n o t be confirm ed . T he suggestion  o f  H e s s  et al. t h a t

Table V

Changes in adrenal in1 ight and  corticoid content o f  the venous adrenal blood, in  the dog

No Adrenal weight 
Body weight

Total amount of cortieoids 
in /fg/kg/li and in ûg/g/h r : »

l . 9.7 29.0 308 2.8 : 1 —

2. 6.3 23.8 288 2.6 : 1 —

3. 11.8 32.8 273 3 : 1 —

4. 10.8 26.8 250 2 : 1 —

5. 11.0 27.9 130 7 : 1 —

6. 12.0 24.4 216 3 : 1 —

7. 10.0 24.1 269 4 : 1 —

8. 14.9 35.6 238 3 : 1 14 d ay s

9. 16.1 52.0 226 3 : 1 27 d a y s

10. 13.0 59.2 452 2.6 : 1 27 d ay s

11. 13.5 61.0 449 3 : 1 38 d a y s

12. 13.0 107.3 820 3 : 1 38 d a y s

13. 16.4 136.0 746 3.6 : 1 40 d a y s

* ind ica tes th e  d a y  a f te r  o p e ra tio n
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Table VI

C hanges in ad ren a l w e ig h t a n d  corticoid c o n te n t o f  v enous ad ren a l b lo o d , in  dogs 
t r e a te d  w ith  m e th y lth io u ra c il.  * in d ica tes  th e  a m o u n t o f  in e th y lth io u rac il in  m g, a d ­

m in iste red  o ra lly

No Adrenal weight 
Body weight

Total amount of corticoids 
in //g/kg/h and in /(g/g/h R *

l. 9.7 29.0 308 2.8 : 1 _
2. 6.3 23.8 288 2.6 : 1 —

3. 11.8 32.8 273 3 : 1 —

4. 10.8 26.8 250 2 : 1 —

5. 11.0 27.9 130 7 : 1 —
6. 12.0 24.4 216 3 : 1 —

7. 10.0 24.1 268 4 : 1 —
8. 9.7 25.4 264 2 : 1 200 m g/10 days

9. 11.8 59.7 504 6 : 1 300 m g/16 days
10. 12.2 39.0 320 3 : 1 100 mg/12 days

11. 8.7 22.0 252 4 : 1 200 mg/13 days

12. 8.4 34.7 410 9 : 1 500 mg/13 days

13. 12.7 69.5 551 3 : 1 700 mg/15 days

14. 13.1 71.0 536 6 : 1 700 mg/15 days

th e  response  of th e  p itu ita ry -a d re n o c o r tic a l sy s te m  to  stresso r s tim u li is 
g re a te r  in  th y ro id e c to m iz e d  an im als th a n  in  n o rm a l ones is m ost p ro b a b ly  
c o rre c t. Y et, a d irec t p ro o f  o f  th e  assu m p tio n  w o u ld  requ ire  an  an a ly sis  in 
u n a n a e s th e s iz ed  an im als  o f  th e  enhancing  e ffec t o f  s tre sso r s tim u li on a d re n a l 
se c re tio n .

V. Observations concerning the biological effects o f  corticoids more polar
than hydrocortisone

Six  o u t of th e  c o m p o u n d s  o b ta in ed  b y  b io sy n th es is  were m ore p o la r 
th a n  h y d ro co rtiso n e  (co m p o u n d s  I  to  V I). A ll th e se  com ponen ts show ed a 
g lu co co rtico id -ty p e  b io log ica l ac tio n . The effect o f  th e  com pounds e lu a ted  from  
th e  p a p e r  ch ro m ato g ram  w as s tud ied  in  ad ren a lec to m ized  ra ts  an d  m ice, 
p a r t ly  w ith  the m eth o d  o f g lycogen  deposition , p a r t ly  w ith  th a t  o f th y m u s  
in v o lu tio n  a n d  of ly m p h o p e n ia .

In  th e  p resen t re p o r ts  o n ly  com pounds I I I  a n d  IV  will be d ea lt w ith , 
tw o  co m p o u n d s  c h a rac te rized  b y  a high ly m p h o ly tic  a c t iv i ty  an d  a sligh t effect 
on  g lycogen  deposition  in  th e  liv er. As d e m o n s tra te d  in  F ig . 11, the  ly m p h o ­
p én ie  ac tio n  o f these  c o m p o u n d s , as well as th e ir  e ffec t in d u c in g  th y m u s  in v o ­
lu tio n , w ere stronger th a n  th o se  of an y  o th e r co rtico id  so fa r know n. B oth
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co m pounds evoked  a f if ty  per cen t ly m p h o p e n ia  in ad ren a lec to m ized  ra ts ,  
in a dose o f  5 /tg/100 g b o d y  w eight, an  effect n o t p ro d u ced  by  less h y d ro c o r-  
lison e th a n  10 to  12 /zg/1 00 g. T heir e ffec t on th e  o f in v o lu tio n  of the  th y m u s  o f
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Fig. 10. L y m p h o ly tic  a n d  g lycogen-depositing  e ffec t o f  cortico ids in  ra ts  an d  m ice. O rd in a te  
on  th e  r ig h t show s th e  liver glycogen c o n te n t  o f ad renalec tom ized  m ice, in  p e r  c en t. 
O rd in a te  o n  th e  left d em o n s tra tes  the  a b so lu te  n u m b er o f  ly m p h o cy tes  in th e  b lood  o f  a d re n a l­
ec to m ized  ra ts . In  G ro u p  I each co lu m n  re p re se n ts  th e  m ean  value  of six  a n im a ls , while 
in  G ro u p  I I  th e  co lum ns correspond to  e ig h t an im a ls . P a r t  I  : a i — u n tr e a te d  ; b S 
(Ug/100 g com pound  IV  ; c 10 /«g/100 g c o m p o u n d  IV  ; d =  5,0 /ig/100 g h y d ro c o rtiso n e  ;

e =  10 /«g/100 g h y d ro co rtiso n e
P a r t  I I  : a - co n tro l w ith o u t a d re n a le c to m y );  b a d re n a le c to m y ; c =  ad renalec tom y- 

50 /«g/100 g h y d rocortisone  ; d  =  a d re n a le c to m y  -f- 100 /«g/100 g co m p o u n d  IV

F ig . 11. In v o lu tio n  o f  th e  th y m u s g la n d  u n d e r  th e  e ffec t o f corticoids, in r a t s  w eigh ing  35 
to  40 g. E ach  co lu m n  represen ts th e  m ean  v a lu e  o f  e ig h t anim als. 1 =  c o n tro l ; 2 =  50 
/«g/100 g co rtisone ; 3 =  50 /ig/100 g co m p o u n d  IV . C olum ns show th e  d ecrease  in  th y m u s 

w eigh t evoked  by th re e  d a y s ’ t r e a tm e n t  w ith  th e  above m a te ria ls

ra ts  w eighing 35 to  40 g was s im ila rly  m ark ed . T he ab ility  of th e se  com pounds 
to  p rom ote  glycogen deposition  in  th e  liv e r was only slight in  com parison  
w ith  h y d ro co rtiso n e  and co rtiso n e . T hese experim en ts w ere  perform -
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ed  in  ad re n a le c to m iz e d  mice kept a live  w ith  50 pg  DOCA. 100 /tg /100 g o f  
com pounds I I I  a n d  IV  given one w eek a f te r  th e  opera tion  d id  n o t n o rm alize  
th e  glycogen c o n te n t  o f  th e  liver to  m ore  t h a n  15 to  20 p er cen t. A t th e  sam e 
t im e , 50 /tg/100 g h y d ro co rtiso n e  or co rtiso n e  com plete ly  re s to re d  th e  a b ility  
o f  th e  liver to  a c c u m u la te  glycogen. T h u s  th e  b io logical a c tiv ity  o f co m p o u n d s 
I I I  a n d  IV  is c h a ra c te r iz e d  b y  a s tro n g  ly m p h o ly tic  an d  a w eak  g lycogen- 
d ep o sitin g  effect.

T he s ta b il i ty  o f  th e  com pounds m o re  p o la r  in  s tru c tu re  th a n  h y d ro ­
co rtiso n e  is w eak . T h e ir  a lka line-fluorescence, d u e  to  th e  ^ 4-3-keto  g ro u p , is 
lo s t  in  a m e th a n o l— e th y l  ace ta te  m ed iu m  w ith in  four to  five  d ay s . A t th e  
sa m e  tim e , th e y  b ecam e  biologically  in a c tiv e . T h is lab ility , w hich  does n o t 
o c c u r  w ith  th e  co rtico id s  h ith e rto  know n, m a k e s  th e  chem ical id e n tif ic a tio n  
o f  th e  com pounds so m e w h a t p rob lem atic . I n  a n y  case some a d d itio n a l q u es­
tio n s  m u st also be c le a re d , n am ely , w heth er th e s e  com pounds are re a lly  secre ted  
in  th e  adrenals a n d  a t  w h a t co n cen tra tio n , a n d  w h e th e r th e y  p la y  a p a r t  in 
th e  p a th o m ech an ism  o f co nnec tive  tissue  d isease .

VI. Neural aspects of specific  adaptation

N ex t, som e fin d ig s  o b ta in e d  in  an im a ls  w ith  a lte red  fu n c tio n  o f  th e  
c e n tr a l  nervous sy s te m  w ill be d ea lt w ith . A s i t  h a s  been po in ted  o u t above, 
th e  s ite  o f ac tion  o f  th e  in te rg lan d u la r en d o c rin e  effects p a r t ly  m a y  be 
re p re se n te d  b y  th e  en zy m e  system  of th e  a d re n a ls . H ow ever, th e  A C TH  
s e c re te d  b y  th e  p i tu i ta r y  m a y  be also in v o lv ed  in  th e se  effects, n am ely , in  th e  
q u a l i ta t iv e  changes o f  th e  secre tio n  p a tte rn . F u n c tio n a l  a lte ra tio n s  in  th e  c e n t­
r a l  n e rv o u s  system  in flu e n c e  th e  secretion o f c o r tic a l horm ones p r im a rily  via  
A C T H  secretion . A cco rd in g ly , th e  changes in  th e  a d re n a l  horm one p a t te rn  are  
o f  q u a n t i ta t iv e  c h a ra c te r  o n ly , co rrespond ing  to  th e  ou tlines of th e  g enera l 
a d a p ta t io n  sy n d ro m e. T h e re  are , how ever, so m e observations in d ic a tin g  
t h a t  n e rv o u s processes m a y  evoke also co m p lex  q u a lita tiv e  changes in  th e  
se c re tio n  p a tte rn  o f  th e  a d re n a ls . These n e rv o u s  processes, w hich are  m e d i­
a te d  p a r t ly  th ro u g h  d ire c t m echan ism s an d  p a r t ly  th ro u g h  in d irec t ones, a re  
s till sca rce ly  know n.

I .  E ffec t o f tra n q u illiz in g  drugs

T w o w idely k n o w n  tra n q u illiz in g  d rugs, re se rp in e  an d  ch lo rp rom azine , 
w ere  in v e s tig a te d  in  dogs; th e  changes in th e  c o rtic o id  co n ten t o f th e  venous 
a d re n a l  b lood  were re c o rd e d  (M e d g y e s y  an d  E n d r ő c z i , [43]). B oth  rese rp in e  
(R a u sed y l) an d  c h lo rp ro m az in e  (Largactil, Specia) w h en  given for fiv e  to  te n  
d ay s  r e s u lte d  in  a 12 to  15 fo ld  increase of th e  c o rtic o id  secretion . As to  th e  
q u a l i ta t iv e  com position  o f  th e  corticoids sec re ted , th is  was ch a rac te rized  b y  
a v e ry  g re a t a u g m e n ta tio n  o f  th e  ra tio  h y d ro c o rtiso n e  : co rticosterone , even  
to  12 — 16:1. In  th is e ffec t, it  is m ain ly  the  u n u s u a lly  h ig h  o u tp u t of co rtico ids
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th a t  deserves a t te n t io n .  40 I . U. A C T H  given to  dogs w eighing 15 to  20 kg 
fo r a sim ilar perio d  o f tim e  as th e  tra n q u illiz in g  d ru g s  in d u ced  on ly  a th re e  to  
fivefo ld  increase in  th e  secre tion , a fa c t  in d ic a tin g  th a t  ex trem ely  g re a t 
a m o u n ts  of A C T H  m u st be sec re ted  u n d er th e  e ffec t o f  reserpine or c h lo r­
p rom azine . W ith o u t discussing th e  s ite  o f ac tio n  o f  th e se  drugs w ith in  th e  
c e n tra l nervous sy s tem , it  is n ecessa ry  to  reca ll th e  fa c t th a t  in h ib itio n  o f  
b o th  th e  diffuse a c tiv a tin g  system  a n d  th e  a rc h ic o rtic a l s tru c tu re s  v e ry  m a rk -

! a I ]
CpdF CpdB

Fig. 12. C hanges in  th e  corticoid  c o n te n t  o f  th e  venous a d re n a l  blood in dogs t r e a te d  w ith  
250 jUg/kg reserp in e  fo r six  days. S h ad ed  co lu m n s= rese rp in e  (e ig h t anim als); b lan k  co lu m n s =

=  c o n tro l (e igh t an im als)

ed ly  a c tiv a te s  th e  ACTH sec re tio n  of th e  a n te r io r  p itu ita ry . C en tra l e x c i­
ta n ts ,  as fo r in s ta n c e  b en zed rin e , also increase A C T H  secretion , b u t  th is  in ­
crease is b y  fa r  n o t so g rea t as t h a t  induced  b y  th e  tran q u illiz in g  d ru g s . T h is 
difference in  a c tio n  is no t m e re ly  q u a n tita tiv e , ev en  convulsive doses o f  b e n ­
zedrine  d id  n o t enhance  co rtico id  secretion , b u t  v e ry  s lig h tly  (B a ta  a n d  E n d - 
HŐczi, [3]).

I I .  F u n ctio n  o f  the adrenal cortex during  behavioural changes induced  by- 
lesions o f  the central nervous system

N ex t, le t  us consider th e  changes in  a d re n a l secre tion  b ro u g h t a b o u t b y  
tw o  ty p es o f  su rg ica l in te rv e n tio n  in  th e  c e n tra l  nervous sy stem . In  th e se  
cases a c e r ta in  re la tio n  could  be  estab lished  b e tw een  th e  changes ev o k ed  b y  
th e  o p e ra tio n  in  th e  general b eh av io u r, re sp ., in  th e  secretion  p a t te rn  o f  th e  
ad ren a ls . I t  is know n th a t  th e  rem oval o f th e  am y g d a le  nucleus a n d  o f  th e  4

4 Acta Physiologie« XV/I.
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te m p o ra l co rtex  is fo llow ed b y  p e rm a n e n t a n d  ch a rac te ris tic  ch an g es in  th e  
b e h a v io u r  (B a r d  a n d  M o u n t c a s t l e , [2]; S c h r e i n e r  an d  K l i n g , [48]; K a a d a , 
[32 ]; K l ü v e r  a n d  B u e v , [33]; an d  o th e rs ) . I n  earlier e x p e rim e n ts  on am yg- 
d a lec to m ized  ca ts  ( E n d r ő c z i , L i s s a k , T i g y i  an d  S z é p , [19]; M a r t i n , E n d - 
r ő c z i  an d  B a t a , [42]) a n  ex trem e in c rea se  in  cortico id  sec re tio n  w as found , 
w h ic h  3 to  4 w eeks fo llow ing th e  o p e ra tio n  s till d id  n o t show  a te n d e n c y  to  
d ec lin e . The b e h a v io u ra l changes d esc rib ed  b y  various a u th o rs  u n d e r th e  
a b o v e  conditions a re  r a th e r  conflic ting . H o w ev er, recen t d a ta  g e n e ra lly  agree, 
a n d . th is  has been  co n firm ed  also b y  o u r  ow n experience (Ma r t i n , E n d r ő c z i  
a n d  B a t a , [42]) t h a t  th e  rem oval o f th e  am y g d a le  nucleus a n d  o f  th e  peria- 
m y g d a lo id  co rtex  lead s to  a q u ie t, so -ca lled  p lacid  b eh av io u r, th e  an im als 
f a i l  to  respond  to  e m o tio n a l s tim u li a n d  th e ir  spon taneous a c t iv i ty  is decreas­
e d . S c h r e i n e r  a n d  K l i n g , [48] o bserved  c e r ta in  changes in  s e x u a l b eh av io u r 
so m e  weeks a f te r  th e  o p e ra tio n . C hanges o f th is  k in d  d id  n o t  co n sis ten tly  
a p p e a r  in  our e x p e rim e n ts . A t th e  second  w eek  following o p e ra tio n  on ly  tw o 
fe m a le  ca ts  ex h ib ited  a n  ex trem e  se x u a l b e h av io u r c h a ra c te riz e d  b y  spon­
ta n e o u s  lordosis, c o p u la tiv e  a c tiv ity  a n d  o rgasm . T he a d re n a l secre tio n  of 
th e s e  an im als show ed a p a t te rn  q u a lita tiv e ly  sim ilar to  th a t  o b se rv ed  a fte r 
t r e a tm e n t  w ith  oestro n e . C om pounds less p o la r  th a n  co rtico s te ro n e  (X V I, 
X V I I )  w ere, how ever, fo u n d  on ly  in  th e  a b o v e  tw o ca ts . A ll o th e r  an im als 
w i th  p lac id  b eh av io u r show ed  a m ark ed  in c rea se  in  h y d ro co rtiso n e  a n d  cor­
tic o s te ro n e  secretion . T h e  ra tio  o f h y d ro co rtiso n e  : co rticoste rone  w as sim i­
la r ly  e levated .

A n o th er c h a ra c te r is tic  change in  th e  ad ren a l secretion  p a t te r n  was 
o b se rv e d  in  fem ale dogs a f te r  fro n ta l leu co to m y . T he opera tion , w h ich  inv o lv ­
e d  th e  lesion of th e  o rb ito -fro n ta l p a th w a y s , led  in  certa in  an im als  to  a very 
m a r k e d  sexual re a c tio n  w ith  co p u la tiv e  b o d y  p o stu re  an d  ex tre m e  p riap ism . 
I n  th r e e  an im als in  w hich  th ese  p h en o m en a  w ere m ost m ark ed , th e  venous 
b lo o d  o f  th e  ad rena ls c o n ta in e d , in  a d d itio n  to  th e  know n ho rm ones, tw o  new 
c o m p o u n d s  bo th  o f w hich  w ere less p o la r th a n  corticosterone. O ne o f  these 
c o m p o u n d s  ex h ib ited  a lk a lin e  fluorescence b u t  no té trazo liu m  re d u c tio n . On 
th e  b as is  of th e  Ry v a lu e , th e  com pound  w as id en tif ied  as 17 -h y d ro x y p ro g e- 
s te ro n e . T he o th e r c o m p o u n d  show ed s im ila r chem ical ch a rac te ris tic s  b u t  w as 
m o re  p o la r  th a n  1 7 -h y d ro x y p ro g este ro n e . I t s  chem ical s tru c tu re  h a s  n o t yet 
b e e n  a sc e rta in ed .

D ogs ex h ib iting  a n o rm a l sexual b e h a v io u r  a fte r leu co to m y , fa iled  to  
sh o w  a n y  ch a ra c te ris tic  ch an g e  in  th e  co rtico id  secretion , ex cep t a sligh t 
in c re a s e  in  th e  to ta l  a m o u n t secre ted . T h e  specific  changes in  th e  secre tion  
p a t t e r n  ap p earin g  in  b o th  th e  dog a n d  th e  c a t  a f te r  surg ical in te rv e n tio n  in 
th e  c e n tr a l  nervous sy s te m , w ere v e ry  p ro b a b ly  n o t d irec tly  re la te d  to  th e  
a l te r e d  A C T H  secretion  o f th e  p i tu ita ry , b u t  evoked  b y  in te rg la n d u la r  m e­
c h a n ism s  (p itu ita ry -g o n a d  sy stem ).
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VII. G enera l  discussion o f  the specific adap ta t ion
T h e  changes o b se rv ed  in  th e  a d re n a l  fu n c tio n  u n d e r  specific  stress, p o in t 

to  th e  existence o f a specific  a d a p ta tio n , in  a d d itio n  to  th e  general one. Cor- 
tico id s , w hich u n d er n o rm a l cond itions a re  no t p re se n t, a p p e a r  in  the  b lood, as a 
sign  o f specific th o u g h  n o t  com pletely  explored  p rocess.

As fa r as th e  sign ificance  of th e  m ethod  o f b io sy n th es is  is concerned , 
tw o  p o in ts  should be  m en tio n ed , (i) T h e  m eth o d  allow s th e  syn thesis o f cor- 
tico id s  w hich are a p p e a rin g  in th e  b lo o d  on ly  u n d e r  specific  conditions; an d
(ii) i t  y ields in fo rm a tio n  ab o u t th e  cortico id  m e ta b o liz in g  cap ac ity  o f th e  
en zy m e  system s o f th e  ad renals.

ad  (i). The m e th o d  o f b io syn thesis  has m ade i t  possib le  to  iso late  19 neAv 
co rtico id s  w ith th e  ^/j4-3 -keto , 17-keto l side chain . T h re e  o f th e  com pounds I  
to  V I h a d  been u n k n o w n . U n fo rtu n a te ly , th e  re p o r t  o f  D o r f m a n  eta l. [22 ,23 ] 
does n o t contain  d e ta ile d  d a ta  concern ing  th e  th re e  com pounds observed  in  
th e ir  experim en ts.

As po in ted  o u t ab o v e , some o f th e  com pounds I  to  V I possess a m a rk e d  
b io log ica l ac tiv ity  a n d  a re  highly  ly m p h o ly tic  in  c h a ra c te r . I t  is s till a q u es­
tio n  w h e th e r or n o t  th e se  com pounds are  secre ted  b y  th e  ad ren a l co rtex , in  
v iew  o f th e  very  low  co n cen tra tio n  a t  w hich som e o f  th e se  corticoids occu r. 
T h e ir  biological a c t iv i ty  is h igh, b u t  am o u n ts  o b ta in e d  d u rin g  th e  u su a l tim e  
o f b lood  collection (20 to  90 m inutes) do n o t suffice fo r  chem ical id en tif ic a tio n . 
S im ila r  m ethod ical d ifficu lties are m e t w ith  w hen  d e te rm in in g  a ldosterone  in  
a d re n a l  blood. A lth o u g h  a decisive p a r t  is ascribed  to  ad ren o co rtica l horm ones 
in  th e  p a th o m ech an ism  o f th e  v a rio u s  connective  tis su e  d iseases, ye t we m u s t 
confess th a t  the  m ech an ism  of the th e ra p e u tic a l successes o b ta in ed  b y  A C T H  
a n d  cortisone is s till  q u ite  obscure. T h e  u r in a ry  e x c re tio n  of hyd ro co rtiso n e  
a n d  cortisone in  su b je c ts  w ith  a s th m a  o r rh eu m a tic  a r th r i t is  is no t a t all u n s a t­
is fa c to ry ; it  m ay  so m etim es even lie ab o v e  th e  n o rm a l ra n g e . F u rth e r  in v e s ti­
g a tio n s  will have to  decide  w heth er o r  n o t these  co m p o u n d s  co n trib u te  to  th e  
a n tiin f la m m a to ry  a c tio n s  of th e  a d re n a l co rtex .

N early  all o f th e  com pounds o b ta in e d  in  th e  co u rse  o f  b iosyn thesis (co r­
tico id s  less polar th a n  cortisone) w ere  found  to  o ccu r in  th e  venous b lood  o f 
th e  ad rena ls, b u t th e y  w ere no t p re se n t in  n o rm a l an im a ls  no t su b jec ted  to  
p rev io u s  a d a p ta tio n . T h e  question  a rises  w h e th e r a d isc rim in a tio n  of tw o d is­
t in c t  lines in  ad re n a l fu n c tio n , i.e . a specific  an d  a g en e ra l one, is necessary , a n d  
w h e th e r  th is  in te rp re ta t io n  is a t  a ll co rrec t.

(i) The co rtico id s  appearing  d u rin g  specific a d a p ta t io n  do n o t occur in  
th e  venous ad ren a l b lo o d  during  re s tin g  secre tion .

(ii) Chronic a d m in is tra tio n  o f  A C T H , w hile in c re a s in g  th e  ra tio  h y d ro ­
co rtiso n e  : cortisone, fa ils  to  give rise  to  th e  a p p e a ra n ce  o f  a n y  new co m p o u n d .

(iii) S tressor s tim u li  acting  w ith in  th e  fram es o f  th e  general a d a p ta t io n  
sy n d ro m e  p roduce effec ts  sim ilar to  th o se  o b se rv ed  a f te r  A CTH  t r e a tm e n t .

4 *
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(iv) C erta in  co rtico ids do n o t a p p e a r  b u t  u n d er specific  co n d itio n s .
(v) C orticoids a p p e a rin g  u n d e r  specific  a d a p ta tio n  s tr e n g th e n  th e  hom eo­

s ta t i c  u n ity  of th e  o rgan ism  a n d  in flu en ce  th e  in te rg la n d u la r  connections in  
a spec ific  w ay.

H ow ever, i t  is o n ly  to  a c e r ta in  e x te n t  th a t  th e  ab o v e  o b se rv a tio n s  
ju s t i f y  th e  ex istence  o f a specific  a d a p ta t io n . This m akes a b r ie f  su rv ey  o f  
so m e  a d d itio n a l d a ta  necessa ry .

(i) W ith in  th e  ran g es o f  specific  a d a p ta t io n , species d iffe ren ces, too , a re  
to  be  ta k e n  in to  a c c o u n t. T h is s ta te m e n t  is based  on th e  o b se rv a tio n  th a t  
o e s tro n e  t re a tm e n t lead s to  1 7 -h y d ro x y p ro g este ro n e  secre tio n  in  th e  dog, b u t 
to  tw o  new^/j4-3-keto  co rtico ids in  th e  c a t. M oreover, in  a d d itio n  to  species 
d iffe ren ces, th e re  a re  also  s tra in  d ifferences. This was d e m o n s tra te d  b y  W e s t - 
b e r g , B e r n  an d  B a r n e w e l l , [66], w ho on  adm in is te rin g  o es tro g en  to  various 
s t r a in s  o f m ice o b serv ed  g re a t d ifferences in  th e  fu n c tio n  o f  th e  p itu ita ry -  
a d re n o c o rtica l sy stem . T h e  tw o  ab o v e -m en tio n ed  com pounds a re  u n d e r  a n a ­
ly s is  as to  th e ir  b io logical a c tiv ity . O f th e m  1 7 -h y d ro x y p ro g este ro n e  is g e s ta ­
g en  in  ac tion . T his co m p o u n d  deserves som e fu r th e r  in te re s t ,  s ince  its  b io lo ­
g ica l a c tio n  is su b jec t to  species d ifferences. I ts  action is w eak  in  m a n  and  th e  
r a b b i t ,  while in  th e  m ouse  i t  is s ix ty  tim e s  s tro n g e r th a n  t h a t  o f  p ro geste rone  
(S a l h a n i c k , H o l m s t r o m  a n d  Z a r r o w , [46]). As a lread y  m e n tio n e d , th e  o th e r 
c o m p o u n d  found in  th e  c a t a f te r  oestro n e  t r e a tm e n t is p ro b a b ly  1 1 -h y d ro x y p ro - 
g e s te ro n e , a lth o u g h  i ts  f in a l id e n tif ic a tio n  is s till lack ing . A ll th e se  o b se rva tions 
d e m o n s tra te  th a t  o es tro n e  t r e a tm e n t  le ad s  to  th e  ap p e a ra n ce  o f  com pounds, 
w h ic h  h a v e  gestag en  p ro p e rtie s  a n d  a re  p ro b a b ly  invo lved  in to  th e  m a in te ­
n a n c e  o f hom eostasis .

(ii) P ro g este ro n e  t r e a tm e n t  d id  n o t g ive rise to  new  co rtico id s . Y e t, th e  
e le v a tio n  of th e  ra tio  h y d ro co rtiso n e  : co rticoste rone , as w ell as o f  th e  to ta l  
s e c re tio n  are w o rth  m en tio n in g , e sp ec ia lly  considering  th e  g e n e ra l biological 
e ffe c ts  o f  increased  h y d ro co rtiso n e  sec re tio n . N um erous l i te ra ry  d a ta  revealed  
p ro g e s te ro n e  m a rk e d ly  to  a lte r  th e  e x c ita b ili ty  of th e  v e g e ta t iv e  nervous 
s y s te m . In  h igh doses i t  can  even  p ro d u ce  signs of narcosis  (S e l y e , [50]). 
H y d ro c o rtiso n e , on th e  o th e r  h a n d , m a rk e d ly  enhances b o th  th e  e x c ita b ility  
o f  th e  cen tra l n e rv o u s  sy s tem  a n d  th e  r e a c tiv ity  of v e g e ta tiv e  processes 
( W o o d b u r y  et al., [ 6 8 ] ) .  As to  th e  in te rco n n ec tio n s o f  th e  ad re n a l 
c o r te x  a n d  th e  sex u a l g lan d s, th e  fa c t c a n n o t be left ou t o f c o n s id e ra tio n  th a t  
c o rtic o id s  decrease th e  m e tro tro p h ic  a n d  d ec id u a l effects o f  th e  oestrogens 
a n d  p ro g este ro n e  (S z e g ő  a n d  R o b e r t s , [58]; V e l a r d o , [61]). T h is  an tag o n ism  
is k n o w n  also to  f ig u re  in  ce rta in  p a th o lo g ic a l s ta te s . T h u s, h y p e ra d re n a lis in  
o r c o rtic o id  th e ra p y  w ith  h ig h  doses m a y  le a d  to  am en o rrh o ea , ev en  w hen th e  
se c re tio n  of g o n ad o tro p h in e  a n d  sex u a l co rtico ids is no rm al o r e le v a te d  (Sp r a ­
g u e , M a s o n  and  P o w e r , [54]). A t p re se n t, we have  no d e f in ite  d a ta  on th is  
a n ta g o n ism  betw een  sex u a l ste ro id s  a n d  co rtico ids asserting  i ts e lf  also  in  o th e r



DATA ON T H E  SPECIFIC FU N CTIO N A L ADAPTATION 5 3

e x tra g o n ic  s tru c tu re s  a n d  th u s  in  th e  c e n tra l  n e rv o u s sy stem . In  a n y  case , th e  
a n ta g o n is tic  influence o f  h y d ro co rtiso n e  a n d  o es tro n e  on th e  m a te rn a l aggres- 
s iv ity  o f  do m estica ted  r a ts  has been o b serv ed  b y  us ( E n d r ő c z i , L i s s Ák a n d  
T e l e g d y , [13, 14].)

(iii) A ccordingly , th e  p rogeste ro n e-in d u ced  increase  in  th e  ra tio  h y d ro c o r­
tiso n e  : corticosterone  m a y  be considered  one o f  th e  specific  a d a p ta t iv e  re a c ­
tio n s. T h is  is fu r th e r  su p p o rte d  by  th e  fa c t  t h a t  p ro g este ro n e  tr e a tm e n t  alone 
does n o t lead  to  such  m etab o lic  a lte ra tio n s  a n d  th e re b y  to  increased  d e m an d  
fo r co rtico id s , w hich w o u ld  exp lain  th is  in c rea sed  secre tion . On th e  o th e r  
h a n d , th e  specific ity  o f  th e  phenom enon  is d e m o n s tra te d  b y  th e  re la tio n  b e ­
tw een  th e  sexual b e h a v io u r  following c e n tra l n e rv o u s  lesions an d  th e  co rtico id  
p a t te rn  a f te r  p ro g este ro n e  tre a tm e n t.

(iv) In  th y ro x in e -in d u ced  h y p e rth y ro id ism  th e re  ap p eared  in  th e  venous 
blood o f th e  ad rena ls com pounds in h ib itin g  th e  p i tu i ta ry  secre tion  o f  th y re o - 
tro p h ic  horm one. T h ese  com pounds w ere also fo u n d  in  th e  u rin e  o f  su b je c ts  
w ith  h y p e rth y ro id ism . A  fu r th e r  c h a ra c te r is tic  o f th is  p a th o lo g ica l s ta te  is a 
decrease  in  th e  sec re tio n  o f h y d ro co rtiso n e  a n d , in  genera l, o f m ore p o la r  co r­
tico id s . T h is  can be a c c o u n te d  for m a in ly  b y  th e  above-d iscussed  ch an g es  in  
th e  en zy m e system  o f  th e  ad ren a l c o rte x . In  h y p e rth y ro id ism  th e re  is a r e la ­
tiv e  insuffic iency  of th e  ad ren a l co rtex , th e  m an ife s ta tio n s  o f w hich a re  o b se rv ­
ab le n o t only  in  th e  co n d itio n  of c e r ta in  tissu es , b u t  also in  v a rious m e tab o lic  
p rocesses (A l t e r m a n , [1]). On th e  o th e r  h a n d , h y p o th y ro id ism  re su lts  in  a 
co n sid erab le  increase in  th e  secretion  o f co rtico id s , m ain ly  o f th e  p o la r  ones. 
T he secre tio n  of a ld o ste ro n e  has n o t  been  in v e s tig a te d  in  ou r ex p e rim en ts , 
b u t  i t  w ould  be o f in te re s t  to  know , i f  s im ila r changes occurred  a lso  in  th e  
sy n th es is  o f th is  m inera lo -co rtico id , especia lly  w ith  re sp ec t to  th e  w a te r  h o u se ­
ho ld  in  h y p o th y ro id ism . The increase  in  co rtico id  secre tion  m a y  c o n s titu te  
an  a d a p ta t io n  m a in ly  in  th e  sense t h a t  i t  a c tiv a te s  suppressed  m etab o lic  
processes (g lycogenolysis, g luconeogenesis, to n iz a tio n  of th e  sy m p a th e tic  n e r ­
vous sy s tem , etc.).

(v) T he en h a n c e m en t of h y d ro co rtiso n e  a n d  cortisone secre tion  b y  t r a n ­
quilliz ing  drugs can  b e  regarded  p rim a rily  as a co m p en sa to ry  process in  th e  
sense t h a t  th e  in h ib itio n  o f cen tra l a c tiv a tin g  processes in it ia te  an  in creased  
p ro d u c tio n  of those  ho rm ones b y  w h ich  th e  e x c ita b ility  o f th e  c e n tra l  n e r­
vous sy s tem  is co n sid e rab ly  a u g m e n te d . W o o d b u r r y  et al. [68] fo u n d  
n a m e ly  h y d ro co rtiso n e  a n d  cortisone m a rk e d ly  to  increase , an d  co rtico id s  o f  
low  p o la r ity  to  decrease, th e  ex c ita b ility  of th  e ce n tra l nervous sy s te m . W ith ­
o u t go ing  in to  th e  d e ta ils  of th is  q u e s tio n , i t  is n ecessary  to  d raw  a t te n tio n  
to  th e  fa c t th a t  h ig h ly  po lar co rtico ids g re a tly  en h an ce  th e  m a n ife s ta tio n s  
o f  c e r ta in  b eh av io u ra l changes in  com plex  em o tio n a l an d  n e u ro tic  s ta te s  
( E n d r ő c z i , T e l e g d y  a n d  B ata , [14] ; L i s s Ák , M e d g y e s i , T é n y i  an d  Zö- 
r é n y i , [35]; L is s Ák , E n d r ő c z i  an d  M e d g y e s i , [37]). In  ou r op in ion , th e  in ­
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c rea sed  corticoid o u tp u t  in d u c e d  b y  tra n q u illiz in g  drugs rep re sen ts  a  co m p en ­
s a to r y  m echanism  w ith  th e  ro le to  m a in ta in  h om eostasis . A s im ila r p h en o ­
m e n o n  is th e  p lac id  s t a te  observab le  a f te r  re m o v a l of th e  am y g d a lo u s  com ­
p le x , a s ta te  for w hich  n a tu ra l ly  th e  a lte re d  eq u ilib riu m  o f th e  o rg a n iz a to ry  
m ech an ism s of com plex  n e u ra l processes is responsib le .

I t  is a questio n  o f  decisive im p o rtan ce  if  th e  cortico ids y ie ld ed  b y  b io ­
sy n th e s is  were in v o lv ed  in to  some p a th o lo g ic a l processes of m a n . A d ren a l 
h o m o g en a tes  sy n th esize  fro m  h y d ro co rtiso n e , co rtisone  a n d  p ro g este ro n e  v a ­
r io u s  corticoids, w h ich  u n d e r  certa in  co n d itio n s  w ere fo u n d  in  th e  venous 
a d re n a l  blood of d iffe re n t an im als . The q u e s tio n  arises wdiy th e se  co m pounds 
do  n o t  ap p ear in  th e  re s t in g  secretion  a n d  w h e th e r  th e y  are  p ro d u ced  also in  
th e  course of physio lo g ica l co rtico id  sy n th esis . S ince even h igh doses o f  A C TH  
failed* to  give rise to  th e s e  com pounds, a n d  th e y  w ere n o t fo u n d  to  a p p e a r  
d u r in g  chronically  in c re a se d  cortico id  sec re tio n , i t  seem s p ro b ab le  th a t ,  in  
c e r ta in  species, th e se  d é r iv â te s  are n o t sy n th es ized . In  som e species, th e ir  
sy n th e s is  is in itia te d  ex c lu s iv e ly  b y  specific  in te rg la n d u la r  en d o crin e  effects, 
w h ile  in  o thers th e y  c o n s ti tu te  a c o n s ta n t c o m p o n en t of th e  co rtico id  p a tte rn .  
A ll th e se  find ings lead  to  th e  conclusion t h a t  th e  m e th o d  o f b io sy n th esis  is 
c a p a b le  of y ield ing  co rtic o id s  w hich o therw ise  occur on ly  u n d e r  specific  con­
d itio n s  or in  certa in  species. In  th is  respect we h a v e  found  no essen tia l d ifference 
b e tw e e n  ox and  pig a d re n a ls . T h is does n o t y e t ex c lu d e  th e  p o ssib ility  t h a t  o th e r 
spec ies are also cap ab le  o f  p roduc ing  th e se  d é riv â te s .

T he te rm  specific a d a p ta t io n , as used  in  th e  p resen t re p o rt, req u ire s  som e 
e x p la n a tio n , since a g e n e ra l a d a p ta tio n  sy n d ro m e  re la te d  to  th e  fu n c tio n  o f  
th e  a d re n a l co rtex  h as  b e e n  in tro d u ced  (Se l y e , [50], [51]). T he tw o  concep ts 
c a n n o t  be sh a rp ly  s e p a ra te d , since th e  te rm  specific  h o m eo sta tic  reac tio n  
m u s t  be applied  also to  t h a t  case, w hen th e  exclusive  a m o u n t o f  th o se  c o rti­
co id s  is augm en ted  w hich  occur in  th e  re s tin g  secre tio n . T he d ifferences b e ­
tw e e n  these  tw o ty p e s  o f  a d a p ta t io n  can  be d e fin ed  as follows.

a)  In  general a d a p ta t io n  th e  sec re to ry  p a t te rn  o f th e  ad ren a ls  changes 
o n ly  q u a n tita tiv e ly . F o r th is  change th e  p i tu i ta r y  A C TH  secre tion  is solely 
re sp o n sib le .

b)  Specific a d a p ta t io n  depends m ain ly  on in te rg la n d u la r  connec tions. I t  
is b ro u g h t ab o u t b y  s t im u li  from  th e  e n v iro n m e n t, w hich affect p r im a rily  
o th e r  endocrine system s.

c) D uring specific a d a p ta t io n  th e  enzym e sy s tem  of th e  ad ren a ls  u n d e r­
goes a change, th e  q u a l i ty  o f  w hich depends on th e  species.

d )  U nder ce rta in  co n d itio n s  (h y p o th y ro id ism , a d m in is tra tio n  o f  t r a n ­
q u illiz in g  drugs, e tc .), g e n e ra l a d a p ta tio n  m a y  ta k e  a specific c h a ra c te r , w ith ­
o u t a n y  q u a lita tiv e  ch an g e  in  th e  secre to ry  p a t te rn .

F o r th e  tim e  b e in g , o n ly  th e  ou tlines o f  th e  specific  a d a p ta t io n  h av e  
b e e n  explored . In  o u r o p in io n , th e  syn d ro m e p lay s  an  im p o r ta n t ro le in  th e
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p a th o m e c h a n ism  of ce rta in  sy s te m a tic  diseases, as w ell as in  th e  m a in te n a n c e  
o f  in te rg la n d u la r  re g u la tio n . T h e  above o b se rv a tio n s h a v e  m ade it  possib le 
to  ana lyze  som e aspects o f  th is  g rea t com plex. T h e  co m p le te  e lu c id a tio n  o f  
th e  p rob lem s involved  w ill re q u ire  fu r th e r  ex ten siv e  in v es tig a tio n s .
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CORTICOSTEROID SECRETION OF THE ACCESSORY
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C orticosterone d e te rm in a tio n s  have  been ca rried  o u t  in  th e  venous b lood e x tra c te d  
from  th e  ad ren a ls  o f a d ren a lec to m ized  ra ts ,  p o s to p e ra tiv e ly , a t  d iffe ren t in te rv a ls . W hen  
gain ing v enous b lood fro m  th e  ad ren a ls , we in ten d ed  to  co llect th e  blood o f th e  accesso ry  a d re n o ­
co rtica l tis su e  located  in  th e  p e ria d ren a l adipose tis su e . A ccord ing  to  ou r re su lts ,  a lre a d y  
in th e  ea rly  s tage  follow ing ad ren a le c to m y , a c e rta in  a m o u n t o f  corticosterone sec re tio n  w as 
traceab le  w hich  increased  f u r th e r  on . T hus we c a n n o t sp e a k  a b o u t horm one o u tfa ll ,  r a th e r  
a b o u t hyp o fu n c tio n .

T he fu nc tion  o f th e  accessory  ad rena ls w as th e  cause of m an y  a p ro b lem  
in th e  s tu d ie s  on th e  a d re n a l co rtex , especia lly  in  ex p erim en ts  w ith  a d re n a l­
ec tom y . I t  has been k n o w n  since long th a t  r a ts ,  espec ia lly  m a tu re  ones, o ften  
su rv ive  b ila te ra l a d re n a le c to m y , obviously  ow ing to  th e  co m p en sa to ry  h y p e r ­
tro p h y  of an  e x tra -a d re n a l, so-called accessory  a d re n a l tissue  an d  to  th e  h o r­
m onal s u b s titu tio n  b ro u g h t ab o u t b y  th e  fu n c tio n  o f th e  sam e. T h e  p rob lem  
has been  in v es tig a ted  b y  n u m ero u s a u th o rs , b u t  u n fo r tu n a te ly  on ly  w ith  m o r­
pholog ica l m ethods [1 ,2]. B y  these  in v es tig a tio n s  th e  presence of an  accesso ry  
ad ren a l tissu e  lo ca ted  in  i ts  m a jo r p a r t  in  th e  p e r ia d re n a l an d  p e riren a l ad ipose 
tissue a n d  in  th e  re tro p e r ito n e u m  has been d e m o n s tra te d  h isto log ica lly . H ow ­
ever, no fu n c tio n a l a n a ly s is  o f th e  p rob lem  h a s  been  carried  o u t, th o u g h  
w hen e v a lu a tin g  e x p e rim e n ts  w ith  ad ren a lec to m y , i t  is im p o rta n t to  k now  th e  
tim e , th e  am o u n t a n d  leve l o f horm one sec re tio n  o f  th e  accessory  a d re n a ls .

W e s ta r te d  to  s tu d y  th e  p roblem  assu m in g  t h a t  w hen co llecting  venous 
blood from  th e  a d re n a ls  (a f te r  p lacing  a lig a tu re  on  th e  ren a l h ilu s  a n d  a t  
th e  em p ty in g  in to  th e  in fe rio r vena  cava , re sp e c tiv e ly , an d  a fte r  c a n n u la tio n  
o f th e  re n a l ve in ), th e  v en o u s b lood of th e  accesso ry  ad ren a ls  lo c a te d  p eri- 
a d re n a lly  an d  n ea r th e  re tro p e rito n e u m  shou ld  also  be collected.

T h e  ex p e rim en ts  w ere p erfo rm ed  on m a tu re  m ale  ra ts  of th e  W is ta r -K  
s tra in  w eighing b e tw een  200 g an d  300 g each . A d ren a lec to m y  w as e ffec ted  
th ro u g h  lu m b a l e x p lo ra tio n , w ith  g rea t c a u tio n  a n d  ta k in g  care  th a t  th e  
su rro u n d in g  tissue sh o u ld  su ffer th e  least possib le  dam age. P o s to p e ra tiv e ly , 
u n til  te rm in a tio n  o f th e  ex p e rim en t, th e  an im a ls  w ere offered physio lo g ica l 
sa line  to  d rin k  ad lib itu m .

To exam ine co rtico s te ro id  excre tion , th e  re n a l vein  was c a n n u la te d  in 
a m an n e r sim ilar to  t h a t  w hen o b ta in in g  ven o u s b lood  from  th e  a d re n a l. T h e
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b lo o d  was collected  th ro u g h  60 m in u tes  u n d e r  u re th a n e  a n a e s th e s ia . T he 
p la s m a  to  w hich h e p a rin  h a d  been  ad d ed , w as e x tra c te d  w ith  e th y l  a c e ta te  [3] 
a n d  a f te r  p u rific a tio n  w as c h ro m a to g ra p h ed , in  to lu o l /m e th a n o l/ w a te r  (4:3:1) 
[3 ]. T h e  ch ro m ato g ram s w ere developed  in  té tra z o liu m  b lue. T h e  fo rm azon  
s p o ts  were e lua ted  a n d  e s tim a te d  by  p h o to m e try  as to  th e ir  c o n te n t o f co rti­
c o s te ro n e , th e  m ain  c o rtic o s te ro id  secre ted  b y  ra ts .

In  add itio n  to  th e  té tra z o liu m  b lue  re a c tio n , in  som e cases th e  soda- 
fluorescence te s t w as a lso  exam ined , w hich  a lw ays agreed  w ith  th e  resu lts  
o f  th e  té trazo liu m  b lu e  re a c tio n .

T ab le  I  show's th e  re s u lt  o f co rtico ste ro n e  analyses p e rfo rm ed  a t  d iffer­
e n t  p o in ts  of tim e.

Table I

A m o u n t  o f  corticosterone secreted by the accessory adrenals o f  bilaterally adrenalectom ized rats

Number 
of animals

Secreted corticosterone 
^g/hour/kg body weight

Controls 15 16.7 ±  0.11*
2 days following ad ren a lec to m y 8 3.9 ± 0 .3 4

5 —7 days follow ing ad renalec tom y 15 4.7 ±  0.67
10 days follow ing ad ren a lec to m y 10 6.3 ±  0.14

19—20 days follow ing adrenalec tom y 6 7.8 ±  0.88

25—46 days follow ing adrenalec tom y 9 8.7 ±  0.14

* S tan d ard  d e v ia tio n

N o te . A bout 7 5 %  o f  th e  an im als  died in  10 d a y s  a f te r  o p e ra tio n

In  5 fu r th e r  an im a ls  th e  so-called zero v a lu e  was also d e te rm in e d  in  the  
fo llo w in g  w ay. B efore b e g in n in g  to  collect b lood , th e  sm all v en u le  com ing 
f ro m  th e  ad ren a l w as l ig a te d  (th is lig a tu re  p la u s ib ly  failing  to  in flu en ce  th e  * 
v e n o u s  supp ly  of th e  p e r ia d re n a l adipose tissu e) a n d  th e  ad ren a l w as rem oved . 
T h e  b lood  th u s  o b ta in e d  c o n ta in e d  no m easu rab le  am o u n t o f a d re n a l horm one 
b y  th e  té trazo liu m  b lu e  m e th o d .

A s early  as 2 d a y s  a f te r  b ila te ra l a d re n a le c to m y , a ce rta in  a m o u n t of 
s e c re te d  horm one w'as d e m o n s tra b le . A fter 25 — 40 days th is  a m o u n t increased  
to  a b o u t  50 per cen t o f  th e  con tro l va lue . T h a t  th is  value d id  n o t reach  th e  
a m o u n t  o f horm one se c re te d  b y  th e  con tro ls , m a y  be  exp la ined  b y  th e  fa c t  th a t  
a p a r t  o f  th e  blood o f th e  accesso ry  ad ren a ls  cou ld  n o t be co llected  d u e  to  th e  
a n a to m ic a l  conditions (p a r t  o f  th e  accessory  a d re n a ls  w ere lo ca ted  in  th e  ren a l 
su b s ta n c e ) .

A ccording to  o u r re s u lts ,  soon a fte r  a d re n a le c to m y  th e  h o rm o n e  secre­
t io n  o f  th e  accessory a d re n a ls  m u st be ta k e n  in to  considera tion . T h is m eans
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th a t  num ero u s ex p e rim en ts  ca rried  ou t in  a d ren a lec to m ized  ra ts  h ad  e lu c id a te d  
th e  consequences o f  h y p o fu n c tio n  ra th e r  th a n  th o se  o f  to ta l  ho rm one o u tfa l l .  
Z e n k e r  an d  B e r n s t e i n  [4] h av e  rep o rted  on  th e  m eth o d  of f lu o ro m e tr ic a lly  
d e te rm in in g  th e  co rtico s te ro n e  horm one c o n te n t o f  ra t  b lood. To c o n tro l th e ir  
m e th o d , th e y  carried  o u t d e te rm in a tio n s  from  th e  p erip h era l blood a t  v a r io u s  
in te rv a ls  a f te r  a d re n a le c to m y  an d  th e  co m p ariso n  o f  th e  values th e y  o b ta in e d  
a t  d iffe ren t po in ts  o f  t im e  seem s to  su p p o rt o u r  ow n conclusions.
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T h e  glycogen, glucose, la c t ic  acid  and  pyruv ic  acid  c o n te n t  o f th e  b ra in  h a s  b een  
ex am in ed  in  79 ra ts  a f te r  3 h o u rs  o f  sw im m ing.

T h e  glycogen level w as s ig n ific a n tly  increased ; th e  o th e r  levels did n o t ch an g e  s ig ­
n ifican tly .

I t  has  been  concluded t h a t  th e  generally  accep ted  v iew  concern ing  th e  s ta b ili ty ' o f  
g lycogen  shou ld  be revised . A t le a s t  u n d e r  certa in  co n d itio n s, th e re  is a paralle lism  b e tw e e n  
th e  fu n c tio n a l exposure o f th e  c e n tra l  n e rv o u s system  an d  th e  ch an g es in th e  g lycogen c o n te n t  

• o f  th e  b ra in .

In  1924, T a k a h a s i  [1] fo u n d  m easurab le a m o u n ts  of glycogen in  th e  
b ra in  o f  exp erim en ta l an im a ls  a n d  p o stu la ted  t h a t  th e  c e n tra l nervous sy s te m  
h a d  an  au tonom ic  c a rb o h y d ra te  m etabolism . S ince th e n ,  m a n y  a u th o rs  h a v e  
in v e s tig a te d  u n d er h ig h ly  v a r ia b le  conditions th e  chan g es in  th e  g lycogen  
[2 — 18], glucose [9, 19], la c tic  ac id  [9, 19 — 24] a n d  p y ru v ic  acid  [26] c o n te n t  
o f  th e  nervous system . T h e  re su lts , how ever, a re  f a r  fro m  being u n e q u iv o c a l, 
even  th o u g h  th e  e x p e rim e n ta l cond itions em ployed  w ere  closely co m p a ra b le . 
T h is app lies f irs t o f all to  th e  changes in th e  g lycogen  level. V ery  few w o rk ers  
h a v e  in v es tig a ted  th e  a b o v e -m en tio n ed  m etabo lites o f  th e  c a rb o h y d ra te  w ith in  
th e  fram ew o rk  of one s tu d y . M oreover, th e  m e tab o lism  cond itions em p lo y ed  
b y  m a n y  w ere often  fa r  fro m  w h a t m ay  occur ph y sio lo g ica lly .

I n  th e  p resen t in v e s tig a tio n s  we have s tu d ied  th e  changes in  th e  g lycogen , 
g lucose, la c tic  acid an d  p y ru v ic  acid levels o f th e  b ra in  in  response to  w ork  
u n d e r  id en tica l e x p e rim e n ta l cond itions, in  o rd e r to  decide w h e th e r th e re  
e x is ted  a n y  corre la tion  b e tw e e n  fu n c tio n a l ex p o su re  a n d  th e  q u a n t i ta t iv e  
ch an g es in  these m e tab o lite s .

M aterials and methods

A to ta l  o f  79 in fan tile  a lb in o  r a ts  o f b o th  sexes w as u se d  in  th e  e x p erim en ts .
T h e  an im als cam e fro m  th e  sam e stock  and  were co llec ted  fro m  big lit te rs . T h e y  w ere  

fed  a m ix ed  d ie t. Care w as ta k e n  to  k eep  all th e  fac to rs  o f  som e in flu en ce  (tim e o f feed in g , 
size o f  cage, l i t te r ,  e tc .)  as c o n s ta n t  as possible.

Sw im m ing  was chosen a s  th e  fu n c tio n a l exposure, a n  a c t iv i ty  w hich  m ay  o c cu r in  th e  
n o rm a l life o f  th e  r a t .  T he a n im a ls  w ere  m ade to  sw im  w ith o u t  lo ad in g  3 h o u rs  in  a  vessel 
40 cm  in  d iam e te r, co n ta in in g  w a te r  o f  37 to  38° C to  a h e ig h t o f  40 cm . W hile th e  e x p e r i­
m e n ta l an im als were sw im m ing , th e  con tro ls were k e p t in  a d a rk  in cu b a to r a t  37° C, w here  
th e y  w ere u su a lly  sleeping.
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T he anim als w ere k ille d  b y  im m ersing  th e m  in to  liq u id  a ir  fo r tw o  m in u te s . This 
w a s  p e rfo rm ed  w ith  th e  le a s t  d e la y  possible, in  o rd e r  to  reduce e x c ita t io n  to  a  m in im um . 
T h e  an im a ls  show ing m a rk e d  convu lsions d u rin g  freez in g  w ere ex c lu d ed  fro m  th e  s tu d y . 
(C o n v u lsio n s do n o t a lte r  th e  r e s u l ts  unequ ivocally . T h e y  cause e ith e r a  p o s itiv e  o r  a  negative 
m a x im u m  dev ia tio n  fro m  th e  g ro u p  m ean , o r  c o rre sp o n d  to  th e  g ro u p  m e a n .)

T he b ra in  w as w e ig h ed  in  a  d ish  enclosed in  a  w ooden box , b y  a n a ly t ic a l  scales. The 
d is h  w as  la te r  rem easu red  b e ca u se  o f th e  m o is tu re  t h a t  h a d  frozen  to  th e  b ra in  a n d  m elted  
l a t e r .  S ub seq u en tly , i t  w as p la c e d  in to  th e  tu b e  o f  th e  P o tter— E l v e h j e m  hom o g en a to r, 
c o n ta in in g  ab o u t 5 m l o f  e th a n o lic  p o tassium  h y d ro x id e  as described b y  K e r r  fo r  th e  estim a­
t io n  o f  g lycogen [9], a n d  w as h om ogen ized  for 3 m in u te s . T he p lu n g er w as w ash ed  w ith  a 
s u f f ic ie n t  volum e o f e th a n o lic  po tassiu m  h y d ro x id e  an d  th e  vo lu m e w as a d ju s te d  to  
10 m l. T his was follow ed b y  b o ilin g  in  a  w a ter h a th ,  w i th  shak ing , u n til  th e  b ra in  w as dissolv­
e d . A f te r  cooling, i t  w as c e n tr ifu g e d , d ecan ted  a n d  w ash ed  th ree  tim es in  w a rm  m ethano lic  
c h lo ro fo rm , according to  K e r r  [9]. A fte r expelling th e  trac e s  o f so lv en t, th e  d r ie d  residue was 
d is so lv e d  in  10 m l o f  lu k e -w a rm  d istilled  w ater a n d  g lycogen  was e s tim a te d  co lo rim etrica lly  
b y  th e  M olish  te s t  m od ified  b y  Szára  and  B a g d y  (p e rso n al c o m m u n ica tio n ).

T h e  m odification  w as th e  follow ing. To 1 m l o f  th e  glycogen d isso lv ed  in  w a te r  were 
a d d e d  a  lay e r o f  8 m l o f  86 p e r  c e n t su lphuric  a c id , 0 .5  m l o f  w a te r  a n d  0 .5  m l o f  a  10 per 
c e n t  aq u eo u s so lu tion  o f  1 —  a lp h a  2 -nap h to lsu lp h o n ic  acid . A fte r 20 m in u te s  in  a  w a te r  b a th  
o f  100° C and  cooling, th e  v io le t  co lou r was read  in  a  P u l f r ic h  p h o to m e te r  w ith  an  S57 filter. 
T h e  c a lib ra tio n  curve  w as p lo t t e d  w ith  Mer c k ’s g lycogen .

T he procedure  fo r  g lu co se  e s tim a tio n  was th e  fo llow ing . To b lock  g ly co ly sis, an  about 
0 .1  N  so lu tion  o f b a r iu m  h y d ro x id e  was p re p a re d  w ith  0.1 M  N aF . W ith  p h en o lp h ta le in  
a s  a n  in d ic a to r, th e  B a (O H )2 w as t i t r a te d  w ith  2 p e r  c e n t  Z n S 0 4, w hich  w as so d ilu te d  th a t  
e x a c t ly  th e  sam e vo lum es o f  th e  tw o  solutions be  e q u iv a le n t. The w eighed b ra in  w as dropped 
in to  5 m l o f th e  B a (O H )2 so lu tio n , an d  was h o m ogen ized  fo r 4 m in u tes . To th e  hom ogenate  
5 m l  o f  th e  Z nS04 so lu tio n  w as a d d e d . A fter c en trifu g in g , 2 m l a liq u o ts  w ere  te s te d  fo r sugar, 
a c c o rd in g  to Som ogyi [27].

To determ ine la c tic  a n d  p y ru v ic  acids, th e  b ra in  w as fo r 4 m in u te s  hom ogenized  in 
5 m l o f  recen tly  p re p are d  10 p e r  c e n t  trich lo race tic  a c id  a n d  th e  volum e w as a d ju s te d  to  10 ml. 
O n e  m l a liquo ts were te s te d  fo r  la c tic  acid, acco rd in g  to  B a r k e r  an d  Su m m e r so n  [28], and 
3 m l  a liq u o ts  for p y ru v ic  a c id , acco rd in g  to  F r ie d e m a n n  an d  H a u g en  [29]. T h e  calib ra tio n  
c u rv e s  w ere p lo tted  w ith  Z n— la c ta te  and  re ce n tly  d is tilled  p y ru v ic  ac id , re sp ec tiv e ly .

R esults

T h e  values (ex p re ssed  in  m g/100 g o f  w e t b ra in  w eigh t) fo r glycogen 
a re  show n in  T able I ,  th o s e  fo r glucose in  T a b le  I I ,  for la c tic  ac id  in  T ab le  I I I  
a n d  fo r  pyruv ic  ac id  in  T a b le  IY . T he g lycogen  co n ten t w as sig n ifican tly  
h ig h e r  in  th e  “ sw im m ers”  g roup  (P<g0.01), w hereas th e  levels o f  glucose 
(P ]>  0 .8), lactic  acid  (P ^ > 0.6) an d  p y ru v ic  a c id  (P > 0 .7 )  d id  n o t  change.

Table I

B ra in  glycogen values

Control group Experimental
group

IS um ber of e x p e r im e n t s 13 и
M ean (mg/100 g w e t tis su e ) 53.4 ± 1 1 .6 75.4 ±  12.5
P  <S 0.01
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Table II

B ra in  glucose values

Control group
Experimental

group

N u m b e r o f experim ents 20 

M ean (m g/100 g w et tissue) 20.8 ±  8.2

P >  0.8 •

Table III

B ra in  lactic acid values

20

20.6 ±  9.9

Control group
Experimental

group

N u m b e r of experim ents 

M ean (mg/100 g w et tissue)

10

14.7 ±  2.5

5

15.3 ±  1.6

P >  0.6

Table IV

B ra in  p y ru v ic  acid values

Control group
Experimental

group

N u m b e r 

M ean (m

of experim ents 

g/100 g w et tissue)

10

0.8 ±  1.1

5

0.8 ±  1.0

P >  0.7

D iscussion

M ost of th e  d a ta  in  th e  p e r ta in in g  l i te ra tu re  re fe r to  changes in  th e  g ly ­
cogen a n d  la c tic  acid co n ten t o f th e  b ra in .

A n  increase  in  th e  g lycogen  level in  th e  b ra in  has been o b se rv ed  in  
re sp o n se  to  co n v u lsan t s tim u li [5], a f te r  th e  r ig h tin g  reac tio n  d u rin g  c lim b ­
ing , fa llin g , a f te r  ac tive  fea r re a c tio n  [6], re su sc ita tio n  from  le th a l  a c u te  
b leed in g  [7], an d  in  response to  h y p erg ly caem ia  o f v a rio u s origin [8].

T h e  glycogen level w as fo u n d  to  decrease  a f te r  p ro longed  sw im m in g  
[13, 14], in  th e  cerebral c o rte x  d u rin g  clin ical d e a th  caused b y  a c u te  b le e d ­

ing  [7 1-
T h e  glycogen co n ten t o f  th e  nervous sy s tem  did  no t ch an g e  a f te r  

g lucose in fusion , glucose in fusion  -(- in su lin , p a n c re a tec to m y , o v erfeed in g ,
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f a s t in g  4~ p h lo rid z in  in je c tio n  [9], co n v u ls io n s caused  b y  p ic ro to x in  m et- 
ra z o le , s trich n in e  (18), d u rin g  sleep, ru n n in g , w alk ing , in  passive  fe a r  re a c ­
t io n  [6].

A m ong th e  w orks o n  th e  b e h a v io u r o f  th e  b ra in  glycogen level, t h a t  b y  
C i i e s l e r  an d  H i m w i c h  [33] m erits  spec ia l a t te n tio n . These a u th o rs  s tu d ie d  
th e  changes in  th e  c e re b ra l glycogen c o n te n t n o t  in  response to  e x te rn a l effects, 
b u t  d u rin g  in d iv id u a l ev o lu tio n , in  th e  d iffe re n t p a r ts  o f th e  b ra in . T h ey  
fo u n d  th a t  in  th e  p h ilo g en e tica lly  new er p a r ts  o f th e  b ra in  th e  g lycogen con­
t e n t  in c reased  w ith  age, w hereas in  th e  m o re  an c ien t p a r ts  i t  d ecreased  g ra ­
d u a lly . T he m a x im a i oxy g en  c o n su m p tio n  in c reased  an d  d ecreased , re sp e c t­
iv e ly . w ith  th e  g lycogen  co n ten t [34].

T he changes in  th e  la c tic  acid c o n te n t o f  th e  b ra in  in  vario u s cond itions 
h a v e  been  w idely  in v e s tig a te d , w ith  co n fo rm in g  resu lts . A ccord ing  to  St o n e  
[34], th e  cereb ral la c tic  ac id  level ap p ea rs  to  d ep en d  f irs t  o f a ll on in tra c e re ­
b ra l  m etab o lism . T h is w as in d ica ted  b y  th e  fa c t  th a t  th e  la c tic  acid  co n ten t of 
th e  b ra in  was fo u n d  to  increase  in  th e  fo llow ing  order: sleep, re s t, tra in in g , 
e m o tio n a l ex c ita tio n , convu lsions. Low levels w ere found  in  th e  b ra in  o f  a n i­
m a ls  t re a te d  w ith  b a rb i tu r a te  or e th e r  [23]. H ig h er values w ere fo u n d  a t  rest 
[25, 35] an d  in  e m o tio n a l s ta te s  [23].

P a l l a d i n ’s in v e s tig a tio n s  are p a r t ic u la r ly  in te re s tin g  [24]. H e fo u n d , 
a m o n g  o thers, t h a t  p a ra lle l w ith  th e  decrease  in  th e  la c tic  acid  level, th e  level 
o f  g lycogen  increases d u rin g  sleep, w hereas th e  opposite  ta k e s  p lace in  e x c it­
a t io n  p ro d u ced  b y  b en zed rin e  a n d  co n v u lsan ts .

O u r ow n re su lts  concern ing  u n c h a n g e d  la c tic  ac id  values agree w ith  
th o se  re p o rte d  b y  o th e r  a u th o rs  as occu rrin g  in  s im ila r cond itio n s.

T he resu lts  fo r th e  glucose level do n o t p e rm it fu r th e r  conclusions b e ­
ca u se  in  ad d itio n  to  su g a rs  th e  m ethod  em p lo y ed  de te rm ines also o th e r re d u c ­
in g  a g e n ts . As fa r  as th e  e lev a ted  g lycogen  leve l is concerned , o u r f in d in g s  
a g ree  w ith  th o se  p u b lish e d  m ain ly  in  th e  p a s t  few  years [6, 13, 14], observ ing  
c h a n g e s  in  th e  g lycogen  c o n te n t o f th e  b ra in  in  response to  v a rio u s c ircu m ­
s ta n c e s . T he s tu d ies  b y  Ch e s l e r  an d  H i m w i c h  in d ic a te  t h a t  a p ara lle lism  m ay  
e x is t b e tw een  th e  ch an g es  in  th e  a c tiv ity  o f  th e  b ra in  a n d  th e  glycogen con­
te n t .  A ll these  re su lts , in c lu d in g  ours, a re  in  co n trad ic tio n  w ith  th e  view  
co n ce rn in g  th e  b e h a v io u r  o f glycogen th a t  is s till  u n iv e rsa lly  accep ted . This 
h a s  b een  based  f irs t o f a ll on th e  resu lts  o f  K e r r  et al. [9] w orded  in  1938 b v  
P a g e  in  th a t  th e  g lycogen  co n ten t was s ta b le  irre sp ec tiv e  of th e  v a r ia n ts  in  
th e  p h ysio log ica l p rocesses of th e  organ ism .

T h u s , th is  v iew  does n o t ta k e  in to  co n sid e ra tio n  th e  c o rre la tio n  b e ­
tw e e n  th e  glycogen c o n te n t of th e  b ra in  a n d  th e  fu n c tio n a l exposu re  o f th e  
n e rv o u s  system .

W e are c e r ta in ly  n o t ju s tif ie d  to  co n sid e r th e  b ra in  glycogen im m obile . 
E v e n  K e r r  et al. d id  n o t go fu r th e r  th a n  to  c la im  th a t  th e y  h a d  been  u n ab le
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to  d e m o n s tra te  a .storage of excess glycogen, w h e reas  in  h ypog lycaem ia  th e y  
found a decrease  in th e  glycogen co n ten t o f th e  b ra in .

K l e i n  an d  O l s e n  [31] p o in ted  o u t t h a t  K e r r  et al. rem oved th e  b ra in  
of the  e x p e rim e n ta l a n im a l u n d e r a in y ta l a n a e s th e s ia . A naesthesia  low ers n o t  
on ly  th e  g lucose an d  la c ta te  co n te n t, b u t also th e  glycogen level o f th e  b ra in . 
T h is m ay  th e re fo re  lessen or obscure a rise  w h ich  m ig h t have re su lte d  fro m  
the  e x p e rim e n ta l t re a tm e n t .

I t  sh o u ld  be b o rn e  in  m ind , too , th a t  th e  ex p e rim en ta l an im als  u sed  
b y  K e r r  h a d  no t o rig in a ted  from  th e  sam e  s to ck . K u l e n k a m p f f  h a s  
em phasized  th e  im p o rtan ce  of th e  sam e l i t te r  [31].

W e sh o u ld  now  ex am in e  th e  changes in  th e  b lo o d  sugar level in  re sp o n se  
to  m uscle a c tiv ity . T h is  is necessary , b ecau se  K l e i n , H u r w it z  a n d  O l s e n  
[36], Ch a n c e  an d  W a l k e r  [8], rep o rted  t h a t  th e  sig n ifican t e lev a tio n  o f  th e  
blood su g a r level w as a lw ays assoc ia ted  w ith  a  s ig n if ic a n t rise in  th e  g lyco g en  
co n ten t o f th e  b ra in .

A ccord ing  to  th e  d a ta  in  th e  li te ra tu re , th e  changes in th e  b lo o d  s u g a r  
level in  response  to  m uscle  w ork  depend  on th e  fo llow ing  facto rs.

( i )  T h e  co n d ition  o f th e  nervous sy s tem . Ca n n o n  [37] has em p h a s iz e d  
the  im p o rta n c e  of p sych ic  ex c ita tio n  d u rin g  exerc ise , b u t even a t  r e s t .  
E x c item en t causes a rise  in  th e  b lood su g ar level.

( i i )  T h e  m easu re  o f exposure . M odera te  m u sc le  a c tiv ity  does n o t  a l te r  
the  blood su g a r level [39]. T o ta l ex h au stio n  re su lts  in  a fall [40].

( i i i )  T ra in in g . [41]. T he b lood  sugar o f th e  u n tra in e d  an im al d ec reases  
a fte r  exerc ise , th a t  o f  th e  tra in e d  an im al rem a in s  un ch an g ed .

In  o u r  e x p e rim en ts , sw im m ing for 3 h o u rs  d id  n o t m ean too  m u c h  o f  a 
s tra in , th e  a lb ino  r a t  b e ing  ab le  to  sw im  6 to  10 h o u rs . On th e  basis  o f  th e  
l ite ra ry  d a ta ,  th e  b lood  su g ar level shou ld  r a th e r  h a v e  decreased in  o u r  a n i ­
m als, th e y  h av in g  been  u n tra in e d . In  fa c t, V r b a  [14]  found  a decrease a f te r  4 
hours o f  sw im m ing.

E x c ita tio n  w ou ld  h av e  an  opposite  e ffec t. O u r anim als, w h ich  w ere  
u n accu sto m ed  to  w a te r , w ere in  all like lihood  e x c ite d , b u t ex c item en t w as 
p ro b ab ly  o v er in  a b o u t 3 ho u rs . E x c ita tio n  in c reases  nam ely  th e  la c tic  a c id  
level o f  th e  b ra in  [31].

As o u r  in v es tig a tio n s  revealed  no s ig n if ic a n t change in  th e  la c tic  ac id  
level o f th e  b ra in  a f te r  3 hours o f sw im m ing, th e  cau se  o f the  e lev a tio n  o f  th e  
b ra in  g lycogen  level sh o u ld  be soug h t for e lsew here , in  some o th e r m e c h a n ism .

C om ing b a c k  to  th e  in v estig a tio n s in  w h ich  fu n c tio n a l exposure in v o lv e d  
sw im m ing o r ru n n in g , i. e. a com plex bio logical s tim u la tio n  as u n d e r o u r  ow n 
e x p e rim e n ta l co n d itio n s, th e  follow ing m a y  b e  m en tio n ed .

T a k a h a s i  [1] m ad e  ra ts  ru n  for 1 %  h o u rs , b u t  gave them  also th y ro id  
tab le ts  a n d  p h lo rid z in . F o r th is  reason his re su lts  c an n o t be co m p ared  w ith  
ours.

Э Acta Physiologien XV/1.
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C h a n c e  [6] m ad e  m ice to  ru n  a t a sp eed  o f  8.8 yards/m in  fo r 13 m in u tes ,, 
d u r in g  w hich  th e  a n im a ls  covered a to ta l  o f  120 y a rd s . H e fo u n d  no  ch an g e  
in  th e  g lycogen  c o n te n t  o f  th e  b ra in .

L e s s k e v i t c h  [13] f o u n d  a s ig n i f i c a n t  d e c r e a s e  in  t h e  b r a i n  g ly c o g e n  
le v e l  a f t e r  m a k in g  r a t s  sw im  fo r  1 %  to  2 h o u r s .

V r b a  [14] fo rced  one  group of r a ts  to  sw im  for 2 % hours a n d  a n o th e r  
fo r 4 h o u rs . A fte r 2 %  h o u rs  of sw im m ing th e  g lycogen level d e c re a sed  s ig n i­
f ic a n t ly  in  th e  b ra in . T h e  an im als w hich h a d  sw um  4 hours show ed  a fu r th e r  
b u t  n o t s ig n if ic a n tly  g re a te r  decrease.

T h u s , th e  th re e  la s t  nam ed  au th o rs  h a v e  n o t  ob ta ined  th e  sam e  re su lts  
as we d id . T he cau se  o f th e  difference is n o t  c le a r  an d  requires f u r th e r  e lu c i­
d a tio n . Nevertheless, p ro v id e d  th e  te c h n iq u e  em p lo y ed  is re liab le , i t  occu rs as 
if  th e  u n ch a n g e d , in c re a se d  an d  decreased  b ra in  glycogen levels w ere  single 
s tep s  in  th e  response  to  p h y sica l w ork a n d  sh o u ld  one sub jec t an im a ls  o f  th e  
sam e  species, s tra in , g ra d e  of n u tr itio n  a n d  co n d itio n  to  k inetic  ex p erim en ts ,, 
th e ir  b ra in  glycogen v a lu es  w ould go th ro u g h  th e  above sequence o f c h a n g e s .

T h is  view  is in  h a rm o n y  w ith th e  o p in io n  o f G e r a l d  to  w hom  th e  law  
o f “ a ll o r n o th in g ”  does n o t  seem  to  a p p ly  to  c e n tra l  nervous m e ta b o lism . I t  
a p p e a rs  th a t  be tw een  th e  m etabo lic  s ta te s  c h a ra c te r is tic  of re s t, h y p e r a c t iv i ty  
a n d  to ta l  e x h au s tio n  th e re  m ay  be a w hole series o f in te rm ed ia te  g rad es .
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I t  h a s  b e e n  d e m o n s t r a t e d  b y  J a n c s ó ’s  t e s t  t h a t  t h e  s t o r a g e  o f  d y e s  d i m i n i s h e d  p a r a l l e l  
t o  t h e  d e c r e a s e  o f  b o d y  t e m p e r a t u r e ,  a n  e f f e c t  w h i c h  m a y  b e  a c c o u n t e d  f o r  b y  a  d i m i n u t i o n  
in  t h e  r a t e  o f  h i s t a m i n e  l i b e r a t i o n .  L a r g e  d o s e s  o f  c o r t i s o n e ,  a n d  e s p e c i a l l y  o f  c h l o r p r o m a z i n e ,  
a l s o  i n h i b i t e d  d y e  s t o r a g e ,  b u t  t h e s e  e f f e c t s  w e r e  n o t  r e l a t e d  t o  t h e  b l o c k i n g  o f  h i s t a m i n e  
l i b e r a t i o n .

A t th e  1954 m ee tin g  o f  th e  H u n g a ria n  P hy sio lo g ica l Society we re p o r te d  
t h a t  h y p o th e rm ia  w as ab le  to  c o u n te ra c t d e a th  d u e  to  active a n a p h y la c tic  
shock  [1]. O u r fu r th e r  ex p e rim en ts  [2] rev ea led  t h a t  h y p o th e rm ia  p re v e n te d  
th e  a n a p h y la c tic  sy n d ro m e  also in  gu inea pigs sen s itized  passively  w ith  th e  
u su a l dose o f o v a lb u m in e . H ow ever, an im als sen s itiz ed  m ore v ig o ro u sly  s till  
d ied , even  a t  2 3 °—25° b o d y  te m p e ra tu re . I t  w as also  s ta te d  [3] th a t  th e  se n ­
s it iv ity  to  h is tam in e  d id  n o t su b s ta n tia lly  d ecrease  a t  low te m p e ra tu re s .  
T h u s , th e  p ro te c tiv e  effect could  n o t be a c c o u n te d  for by  an  e v e n tu a l d im i- 
n u a tio n  o f  th e  se n s itiv ity  to  h is tam in e . W e h a d , th e re fo re , to  conc lude  th a t  
th e  m ain  fa c to r  in  th e  p ro te c tiv e  effect of h y p o th e rm ia  was a m ark ed  b lo c k a d e  
o f  h is ta m in e  lib e ra tio n . T h e  p resen t ex p e rim en ts  w ere carried  o u t in  o rd e r  
to  p rove  th is  a ssu m p tio n . I t  w as also in v e s tig a te d  w h e th e r prev ious a d m in is ­
t r a t io n  o f  ch lo rp ro m azin e  or co rtisone  h ad  a n y  in flu en ce  on th e  l ib e ra tio n  
o f  h is ta m in e .

Methods

T he b a ck  a n d  side o f  ra b b its  w eighing 2 to  2.5 kg  w ere  sh aved  and , a f te r  th re e  d ay s , 
a  sk in  a rea  3 cm  in  d ia m e te r  w as ru b b e d  u n d e r s lig h t p re ssu re  w ith  4 pe r c en t fo rm ic  acid  
fo r 20 seconds. (Ja n csó ’s te s t ,  [4]). Som e m in u te s  la te r  o n e  g ro u p  o f  th e  ra b b its  w as g iv en  
in tra v e n o u s ly  5 m l one p e r  c e n t  t r y p a n  b lue  d isso lved  in  physio logical saline. T h e  o th e r  
g ro u p  w as t r e a te d  w ith  3 m l In d ia n  in k  in tra v en o u s ly  (10 p e r  cen t phenol-free  I n d ia n  in k  
d isso lved  in  physio log ica l sa line  co n ta in in g  1 p e r c en t g e la tin e ). The resu lts  w ere e v a lu a te d  
o n e  h o u r  a f te r  th e  in je c tio n  a n d  w ere ch arac te rized  a s  follow s.

—  no  co louring  
+  p a le  b lu e  co lou ring

+  +  d a rk  b lue  co lou ring  w ith  sm all pale  sp o ts
+  +  +  u n ifo rm  d a rk  b lu e  co louring .

T h e  sk in  a rea s  o f  an im als t r e a te d  w ith  In d ia n  in k  w ere e x am in ed  histo logically  a f te r  e m b e d ­
d in g  in  p a ra ffin e  a n d  s ta in in g  acco rd ing  to  Gollego.

T re a tm e n t w ith  c o rtiso n e  ( A dreson, sec. Organon) w as perfo rm ed  as fo llow s. 20 m g 
co rtisone  w ere in je c te d  in tra m u sc u la r ly  fo r fo u r d ay s , a n d ,  th e  fifth  d ay , th re e  h o u rs  before  
th e  e x p e rim e n t, fu r th e r  40 m g  w ere in tro d u c ed  in tra m u sc u la r ly . C hlorprom azine (L a rgactil 
sec. Specia) w as a d m in is te re d  in  doses o f  30 m g/kg  fo r  tw o  days. Low ering o f  th e  b o d y  
te m p e ra tu re  w as m ad e  b y  ice pack s w ith o u t p rev ious d ru g  t re a tm e n t. R ecta l te m p e ra tu re  
w as m easu red  w ith  a  th e rm o co u p le .
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R esu lts

T ab le  I  show s th e  re su lts  of th e  e x p e rim e n ts  m ade w ith  th e  “ in d ic a to r” 
t r y p a n  blue. As seen , s to ra g e  of th e  dye  d ec rea sed  para lle l to  th e  re d u c tio n  of 
b o d y  te m p e ra tu re . S to ra g e  was less m a rk e d  a t  26°—28° C th a n  u n d e r  no rm al 
c o n d itio n s , an d  i t  ceased  com plete ly  b e tw e e n  22° an d  24° C. N o co lou ring  was 
o b se rv e d  in  these  a n im a ls  a f te r  several d a y s .

Table I

Storage o f  tryp a n  blue at d iffe ren t body temperature

Number Rectal temperature Intensity
of rabbits °C of the reaction*

l 38 +  +  +
2 37.5 + + +
3 37 + + +
4 37.5 + + +
5 37.5 + + +
6 37 + +  +
7 28 + + +
8 26.2 + +
9 26.5 +  4-

10 26 4 -4 -

11 27.5 4 -4 -

12 25 4-

13 22.5 —

14 23 - -

15 23 —

16 22 —

17 22 —

18 22.5 —

19 22.5 —

20 23 -

* F o r  ex p la n a tio n , see M ethods

N e x t, th ree  r a b b its  w ere  cooled to  23° C a n d  th e  sk in  a t  th e  b a c k  w as 
r u b b e d  — in s tead  o f  fo rm ic  acid  — w ith  a tw o  p er cen t so lu tio n  o f  h is ta ­
m in e . A fte r fifteen  m in u te s , a  + - f -  g rade  re a c tio n  was observed  in  tw o  an im als 
a n d  -f- g rade  in  one a n im a l. A fte r th e  ra b b i ts  h a d  regained  th e ir  n o rm a l bo d y  
te m p e ra tu re  (in a b o u t fo u r  hours) all th e  re a c tio n s  were in te n s if ie d  to  th e  
+  +  +  g rade.

F ig . 1 shows th e  h is to lo g ica l p ic tu re  o f  th e  skin  area  ru b b e d  w ith  fo r­
m ic  a c id . T he s to rag e  o f  In d ia n  in k  in th e  e n d o th e lia l cells o f th e  cap illa ries
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F ig . la .  N o rm o th erm ic  ra b b it  (37.8° C). S to rage  o f  In d ia n  in k  in th e  e n d o th e lia l cells o f the  
•cap illaries, lb . H y p o th e rm ic  ra b b it  (23°C). No s to ra g e  in  th e  endo the lia l cells o f  th e  cap illa rie s.

X 1600
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w a s  considerab le  in  n o rm o th erm ic  a n im a ls , b u t  no In d ia n  in k  w as fo u n d  in 
a n im a ls  w hose b o d y  te m p e ra tu re  h ad  b een  low ered  to  23° C.

T he re su lts  o f o u r experim en ts w ith  ch lo rp ro m azin e  resp . co rtiso n e  t r e a t ­
m e n t  are  su m m arized  in  T ab le  I I .  C h lo rp ro m az in e  was found  to  in h ib it  s to ra g e  
o f  th e  dye to  a g re a te r  e x te n t th a n  co rtiso n e .

Table II

E ffec t o f  p revious chlorpromazine or cortisone treatm ent on the storage o f  try p a n  blue

Number of 
animals

21

22

23

Pretreatment

Cortisone

Intensity 
of the reaction*

+ +

24 —

25 +
26 +  -I-
27 - 4 -

28 Largqctil —

29 -f
30 —

31 +
32 -

* F o r  e x p la n a tio n , see M ethods

D iscussion

I n  a p rev io u s p a p e r  [3] h y p o th e rm ia  w as show n to  be w ith o u t a n y  
m e a su ra b le  effect e ith e r  on th e  ac tion  o f  h is ta m in e  on b lood p re ssu re  an d  
b ro n c h ia l m u sc u la tu re , o r on th e  to x ic ity  o f  th e  drug. T hus, an  e v e n tu a lly  
a l te r e d  se n s itiv ity  to  h is ta m in e  could n o t a c c o u n t for th e  absence o f  a n a p h y ­
la c t ic  signs. T he p re se n t ex perim en ts re v e a le d  t h a t  h y p o th erm ia  d id  n o t  d im in ­
is h  th e  acce lera tin g  effect of h istam ine  on  d y e  storage. In  1939, S c h i l d  [5] 
d e m o n s tra te d  in  vitro  t h a t  h istam ine  l ib e ra t io n  n ea rly  com plete ly  ceased  a t 
17° С. V U K O B R A T O V ic  a n d  B a t a  [6] re p o r te d  d eep  h y p o th e rm ia  to  p re v e n t the  
d e x tra n e -in d u c e d  lib e ra tio n  of h is tam ine . O u r p re sen t find ings le n d  n ew  su p ­
p o r t  to  th e  v iew  t h a t  h is ta m in e  lib e ra tio n  decreases para lle l to  th e  decrease  
o f  b o d y  te m p e ra tu re , a n d  th a t  lib e ra tio n  a t  24° C is a lread y  neglig ib le.

I t  is g en era lly  accep ted  th a t  th e  s to ra g e  an d  lib e ra tio n  o f h is ta m in e  
o c c u rs  m a in ly  in  th e  m a s t cells [7]. J u n q u e i r a  an d  B e i g u e l m a n  [8] re p o rte d  
t h a t  a t  a low b o d y  te m p e ra tu re  even th e  p o te n t  h is tam in e  l ib e ra to r  4 8 /8 0  w as
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n o t cap ab le  o f  lib e ra tin g  h is tam in e  from  th e  m a s t cells of ra ts . H ö g b e h g  am i 
U v n ä s  [9] fo u n d  th a t  th e  d eg ran u la tio n  o f m a s t  cells induced b y  4 8 /8 0  co n ­
sid e rab ly  d im in ished  u n d e r  20° C. As fa r  as co rtiso n e  is concerned, L u d á n y  
et al. fo u n d  th a t  p h arm aco lo g ica l doses of th e  h o rm o n e  (20 mg) s ig n if ic a n tly  
in h ib ited  p h ag o cy to s is . A ltho u g h  our fin d in g s seem ing ly  confirm  th e  la t te r  
o b se rv a tio n , in  o u r op in ion  cortisone has no ro le  w h a te v e r  in th e  h y p o th e rm ia -  
in d u ced  in h ib itio n  o f dye  sto rag e , since m o d e ra te , physio logical doses o f  A C T H  
[11] or co rtiso n e  [12] w ere fo u n d  to  increase r a th e r  th a n  to  decrease th e  a c t iv ­
i ty  of ph ag o cy tes .

R ecen tly , we h a v e  pu b lish ed  ex p erim en ts  in d ic a tin g  th a t  th e  p ro te c tiv e  
ac tio n  o f ch lo rp ro m az in e  a g a in s t a n a p h y la c tic  sh o ck  was due m a in ly  to  th e  
a n tih is ta m in ic  p ro p e rtie s  o f th e  drug  [13]. I n  th e  p re sen t ex p e rim en ts , h o w ­
ev e r, even  la rg e  doses o f ch lo rp rom azine  w ere n o t  a lw ays capable o f  c o u n te r ­
a c tin g  th e  a c tiv a tin g  effect o f h is tam in e  on  s to ra g e . D a l e  [14] su p p o ses  the  
ex is ten ce  o f an  “ in tr in s ic ”  a n d  of an  “ e x tr in s ic ”  h is tam in e , th e  fo rm er a c tin g  
on th e  sam e cell from  w hich  i t  h ad  been lib e ra te d , while th e  la t te r  e x e r ts  its  
effect a t  som e o th e r  s ite . A ccord ing  to  A l b e r t y  a n d  T a k k u n e n  [15],  th e  h is ta ­
m ine lib e ra te d  in  ex p e rim en ts  of the  above ty p e  w ould  be the  “ in tr in s ic ”  fo rm , 
w hile P a t o n  [16], m a in ly  on g rounds o f th e  im p o r ta n t  role of th e  m a s t  cells, 
considers th is  h is ta m in e  to  be ex trin sic . H o w ev er, P a t o n , too , accep ts th e  view  
th a t  th e  m a s t cells a re  in  close re la tio n  w ith  th e  e ffec to r organ. In  o u r  o p in io n , 
th e  re su lts  o b ta in e d  w ith  ch lo rp rom azine  sh o u ld  be in te rp re ted  in  th e  sense 
o f  D a l e ’s view  [14],  n am e ly , th a t  a n tih is ta m in e s  a re  no t as effec tive  ag a in s t 
in tr in s ic  h is ta m in e  as a g a in s t th e  ex trin sic  one.
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T h e  ad ren o ly tic  e ffec t o f  c ad m iu m , m anganous, s ta n n o u s ,  nickelous an d  v a n a d iu m  
Sons h a s  been  in v es tig a te d . O f th ese  ions, cadm ium  p ro v e d  to  he  th e  m o st e ffec tiv e , in h i­
b itin g  th e  ep in ep h rin e  ac tio n  o n  th e  frog  h e a r t ,  th e  T re n d e le n b u rg  frog , th e  b lood  p re ssu re  
an d  sp leen  vo lum e o f  th e  dog. I t  has  been  show n t h a t  th e  in h ib i to ry  effect w as n o t  d u e  to  
a b lockage o f su lp h y d ry l g ro u p s, b u t  th e  decisive ro le is a sc rib e d  to  changes in  cell p e rm e a ­
b i l i ty .

In  prev ious ex p e rim en ts  [1, 2, 3] fe rro u s ion s w ere found  to  ab o lish  
or m a rk e d ly  to  d im in ish  th e  effect o f ep inephrine  o n  sm o o th  m uscle. W e o b se rv ­
ed  a s im ila r an tag o n ism  b e tw een  cobaltous ion  a n d  ep inephrine , w h ich  w as, 
how ever, b y  fa r  n o t so gen era l as w ith  ferrous io n s [4].  A n d o  et a l. [5 ]  c o n ­
c lu d ed  from  a s tu d y  on 18 ca tio n s th a t  m a n g a n o u s , cadm ium , fe rro u s , co ­
b a lto u s , n ickelous an d  v a n a d iu m  ions a ll h a d  a n  e p in ep h rin e -an tag o n is tic  
effec t. S ince in  o u r ea rlie r ex p erim en ts  som e o f th e se  ions h ad  g iven  re su lts  
c o n tra s tin g  to  th o se  o b ta in e d  b y  th e  J a p a n e s e  a u th o rs , a m ore d e ta ile d  
an a ly s is  w as now  m ad e  o f  th e  in fluence o f m a n g a n o u s , s tan n o u s, n ick e lo u s, 
c ad m iu m  a n d  v a n a d iu m  ions on th e  reac tio n s  o f  ep inephrine  a n d , in  som e 
cases, on th o se  o f ace ty lch o lin e  an d  h is tam in e .

M ateria ls and m eth o d s

Iso la ted  frog  h e a r ts  w ere used  fo r s tu d y in g  the  effec t o n  h e a r t  func tion , and  T re n d e le n ­
b u rg  frogs fo r  s tu d y in g  th e  e ffec t on  b lood vessels. T h e  fro g  e x p erim en ts  were m ad e  b e tw e e n  
F e b ru a ry  a n d  M ay, a n d  b e tw een  O c to b er an d  D ecem b er. E x c ised  ra b b it  in te s tin e  w as p re ­
p a re d  acco rd ing  to  M agnus a n d  su sp en d ed  in  20 m l T y ro d e  so lu tio n . V olum e ch an g es o f  th e  
sp leen  w ere m easu red  b y  o n c o m e try , a n d  blood p re ssu re  in  th e  c a ro tid  a r te ry  b y  m ea n s  o f  
a  m e rc u ry  m an o m e te r, in  dogs u n d e r  chloralose (0.11 g /k g )  an aesth es ia . T he io n s  u n d e r  
in v e s tig a tio n  w ere in fu sed  in to  one saphenous ve in , a n d  th e  d ru g s  were in je c te d  in to  th e  
o th e r .

T h e  fo llow ing sa lts  w ere u s e d :  SnCl2-2 H 20  ; M nC l2-4 H 20  ; N iS 0 4- 7 H 20 ;  a n d  
CdCl2 (M e rc k ) .  T he v a n a d iu m  co m p o u n d  was p re p a re d  b y  d isso lv ing  V20 5 in  n i t r ic  acid  
a n d  a d ju s tin g  th e  so lu tio n  to  p H  7.0 w ith  sodium  h y d ro x id e . U n d e r  these co n d itio n s , v a n a ­
d iu m  w as a lm o st exclu siv e ly  p re sen t as v an ad a te .

R esu lts  and  discussion

Isolated frog  heart. 0.05 fig  cadm ium  w as fo u n d  m ark ed ly  to  d im in ish  
th e  e ffec t o f  0.1 fig  ep in ep h rin e  (F ig . 1). T h is dose  o f  cadm ium  h a d  n o  e ffec t 
up o n  th e  h e a r t  fu n c tio n , w hile 10—30 fig  c au se d  s ta n d s til l .  As F ig . 2 sho w s,



7ô T. SZILÁ G YI, I. SZATAI an d  B. CSABA

100 jug n ickelous co n sid e rab ly  depressed  th e  h e a r t  function . A fte r  th e  n ickelous 
i n f u s io n  0.05 f i g e p in e p h rin e  w as fa r  less e ffec tiv e  th a n  in  th e  c o n tro l ex p eri­
m e n ts .  N ickelous e x e r te d  a n  a d ren o ly tic  e ffec t on ly  in  doses h ig h  enough  to  
d e p re s s  h e a r t  fu n c tio n . O n th e  o th e r h a n d , ev en  high doses o f  m an g an o u s , 
s ta n n o u s  a n d  v a n a d iu m  ions h a d  no ep in ep h rin e -an tag o n iz in g  a c tio n .

T h e  effect o f a ce ty lch o lin e  on h e a r t  fu n c tio n  was n o t in f lu e n c e d  b y  an y  
o f  th e  fiv e  ions in v e s tig a te d . In  th is  re sp e c t id en tica l re su lts  w ere  o b ta in ed  
o n  b o th  spring  or a u tu m n  frogs.

Fig. 1. H y p o d y n a m ie  frog h e a r t .  T im e signal, 6 secs

T  0,05pg  I  W p g  : 0,05 p g  1 0,05 p g
\Adrenalin \ Ni j Adrenalin | Adrenalin

F ig. 2 .  H y p o d y n a m ie  frog  h e a r t .  T im e signal, 6 secs

Trendelenburg fro g . A s seen in  F ig . 3, 400  to  600 fig  c a d m iu m  d im in ish ­
e d , a n d  800 fig  cad m iu m  abo lished  th e  e ffec t o f 30 fig  e p in ep h rin e . P erfusion  
w ith  2 0 0 /zg/kg/m in c a d m iu m  an tag o n ized  th e  v a so c o n s tr ic to ry  e ffec t o f  ep in ep h ­
r in e .  A s to  th e  o th e r io n s, 800 fig  v a n a d a te  (F ig . 4) and  1000 fig  n icke lous or 
m a n g a n o u s  ions w ere cap a b le  o f ab o lish ing  th e  effect of 30 fig  ep inephrine ,, 
w h ile  s ta n n o u s  ions h a d  no  m easu rab le  a d re n o ly tic  effect, even w h en  given 
in  h ig h  doses.

Iso la ted  rabbit in testine. O nly  s ta n n o u s  ions were w eak ly  a n ta g o n is tic  to  
e p in e p h r in e , an d  n o t ev en  in  ev e ry  e x p e rim e n t. A ll th e  ions in v e s tig a te d  failed  
to  in f lu e n c e  effect in  th is  te s t .

B lood  pressure and  changes o f  the sp leen  volum e. F ig. 5 show s t h a t ,  in  th e  
d o g , in fu s io n  of 300 /zg/kg/m in m anganous ion s n ea rly  abo lished  th e  effect o f  
20  jug ep in ep h rin e , 10 fig  ace ty lcho line  o r 10 fig  h is tam ine . 90 m in u te s  a fte r  
th e  in fu s io n  100 fig  a ce ty lch o lin e  was s till h a rd ly  effective. A n a lm o s t s im ila r 
in h ib i to r y  ac tion  w as ev o k ed  b y  th e  in fu s io n  o f  200 /zg/kg/m in m a n g a n o u s .

F ig . 6 d e m o n s tra te s  th e  effects o f 20 fig  ep inephrine  a n d  o f  10 fig  a c e ty l­
c h o lin e . T hese doses w ere n e a rly  ineffec tive  d u rin g  th e  in fusion  o f  350 /zg/kg/
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! 1 I
\ ЗО рд  A drena lin— 1 [ 30p g  Adrenalin

F ig . 3. T ren d e len b u rg  fro g . Arrow s in d ic a te  th e  a d m in is tra tio n  o f th e  d rug . B e tw een  th e  
. J  , a rro w s, perfusion  o f 200 jttg/ml cad m iu m . T im e signal, 6 secs

ЗОрд Adrenalin
300р д  V 
ЗОрд Adrenalin

F ig . 4. T ren d e len b u rg  frog . T im e sig n a l, 6 secs

F ig. 5. M ale dog w eigh ing  12 kg . U pper l in e , sp leen  ; low er line , blood pressure . T im e s ig n a l, 
20 secs. In te rv a l b e tw e e n  I  a n d  I I  =  90 m in u te s

F ig . 6. Fem ale  dog w eigh ing  12 kg. U p p e r  line , sp leen  ; low er line , blood p re ssu re . T im e 
sig n a l, 20 secs. I n te rv a l  be tw een  I an d  I I  =  90 m in u te s  ; b e tw een  I I  and  I I I  =  30 m in u te s
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m in  cadm ium . 120 m in u te s  a fte r th e  in fu s io n  even  40 fig  ep in ep h rin e  w as n o t 
a b le  to  p roduce  th e  e ffec t 20 fig h a d  e x e r te d  before th e  in fu s io n , a n d  only  
a b o u t 1000 fig  a c e ty lc h o lin e  was as e ffec tiv e  as h a d  been 10 fig . T he  effect o f 
240 ^g /kg /m in  c a d m iu m  w as also m a rk e d , b u t  tra n s ito ry .

In fusion  o f  955 /tg /kg /m in  n ickelous m a d e  20 /tg ep in ep h rin e  n e a r ly  
in e ffec tiv e  (F ig . 7). T h is  in h ib itio n  w as in v a r ia b ly  p resen t a f te r  30 m in u tes  
a n d  began to  d is a p p e a r  only  60 m in u te s  a f te r  th e  in fusion . 170 /tg /kg /m io  
n ickelous to o , h a d  a n  ad ren o ly tic  e ffec t w h ich , how ever, d id  n o t  p e rs is t for 
m ore  than* 10 m in u te s  a f te r  th e  end  o f in fu s io n .

F ig . 7. Male dog w e ig h in g  15 kg . U pper line , sp leen ; low er line , blood p ressu re . T im e sig n a l, 
20 secs. In te rv a l  betw een  I a n d  I I  =  30 m in u tes

Fig. 8 show s th e  in fluence  of 160 ^ g /k g /m in  v an ad iu m  on th e  effect o f 
20 fig  ep in ep h rin e , 10 fig  acety lcholine a n d  20 fig  h is tam in e . D u rin g  th e  in ­
fu s io n , h is tam in e  a lo n e  wras effective. A ce ty lch o lin e  sen s itiv ity  re tu rn e d  120 m i­
n u te s  a fte r  th e  in fu s io n , b u t  ep inephrine c o n tin u e d  to  ac t w eaker th a n  before 
th e  v an ad iu m  in fu s io n .

D uring  th e  in fu s io n  o f 200 ^g /k g /m in  s ta n n o u s  ions on ly  th e  ep in ep h rin e  
a c tio n  was w eak en ed , u n til  30 m inu tes a f te r  th e  in fusion .

As i t  can  be  seen  fro m  Fig. 5 to  8, th e  c o n s tr ic tin g  effect o f ep in ep h rin e  
on  th e  spleen d im in ish e d  considerab ly  d u r in g  th e  in fusion  o f th e  ino rgan ic  
io n s. T h is in h ib ito ry  e ffec t was especially  m a rk e d  an d  lo n g -lastin g  w ith  m a n ­
g an o u s : in  th is  case  ep in ep h rin e  was s till  h a rd ly  effective 90 m in u te s  a f te r  
th e  in fusion  h a d  ceased .

Sum m ing u p , th e  m o s t m arked  a d re n o ly tic  ac tio n  w as e x h ib ite d  b y  c a d ­
m iu m . S tan n o u s ions ev o k ed  no change e x c e p t a tra n s i to ry  w eak en in g  o f th e  
e ffec t on blood p re ssu re  a n d  spleen. As i t  c a n  be  seen from  th e  F ig u res , b lood 
p re ssu re  was m a rk e d ly  low ered  b y  all th e  ions te s te d . This su p p o rts  th e  view



ACTION OF INORGANIC IO NS ON T H E  E F F E C T  O F E P IN E P H R IN E 79

th a t  th e  p a ra ly s in g  effect on th e  m u sc u la tu re  o f th e  b lood  vessels is p r im a r ily  
responsib le  fo r  th e  ad ren o ly tic  a c tio n  o f th e  io n s. L a g n a d o  an d  S o u r k e s  [6] 
observed  th a t  in  vivo  n e ith e r  cad m iu m  n o r m anganous ions in fluenced  th e  am in o - 
oxydase  a c t iv i ty  o f th e  tissu es , w hile  in  vitro  b o th  h a d  an in h ib ito ry  e ffec t. 
I t  is th u s  ob v io u s t h a t  n e ith e r  o f  th e se  ions can  en h an ce  th e  in a c tiv a tio n  o f  
ep in ep h rin e . A n d o  et al. [5] e x p la in e d  th e  a d re n o ly tic  effect of in o rg a n ic  ions 
b y  th e  fa c t t h a t ,  b y  v ir tu e  of th e ir  s lig h t io n iz a tio n , th e y  re a c t w ith  th e  su l- 
p h y d ry l g ro u p s  o f th e  recep to r p ro te in s , w hich  g roups are  supposed  to  p la y  a.

Fig. 8. M ale dog w eighing 14 kg. U p p e r  lin e , sp leen; lo w er lin e , b lood p ressu re . T im e  sig n a l, 
20 secs. In te rv a l  b e tw ee n  I  a n d  I I  =  120 m inu tes

decisive p a r t  in  th e  ep in ep h rin e -in d u ced  v aso co n stric tio n . This e x p la n a tio n  
seem s to  b e  m ost accep tab le  in  th e  case o f cad m iu m . In  order to  e lu c id a te  
th  is p o in t w e m ad e  th e  fo llow ing e x p e rim en t. As show n in F ig . 9, th e  e ffec t 
of 0.05  fig  ep in ep h rin e  on th e  iso la te d  frog  h e a r t  w as com ple te ly  ab o lish ed  
by  20 fig  c a d m iu m . T his a n ta g o n ism  w as n o t rev e rsed  b y  1000 fig  o f  c y s te in e . 
On th e  Trendelenburg  frog 500 jug cad m iu m  co m p le te ly  an tag o n ized  th e  e ffec t 
o f 30 fig  ep in ep h rin e : here ag a in , n o t even 2 m g cyste ine  a lte red  th e  cad m iu m  
effect (F ig . 10). T hese find ings show  c learly  t h a t  cyste ine  does n o t  in flu en ce  
th e  a n ta g o n ism  betw een  cad m iu m  and  ep in ep h rin e , a fac t m ak in g  o bv ious 
th a t  [1] th e  ad ren o ly tic  ac tio n  o f  cadm ium  is n o t due  to  its  b lo ck in g  th e  sul- 
p h y d ry l g ro u p s; an d  (2) su lp h y d ry l g roups do n o t p la y  a decisive p a r t  in  th e  
m an ife s ta tio n  of th e  ep inephrine  effec t.

K o s h t o y a n t s  m e n t io n s  i n  h is  m o n o g r a p h  [7] t h a t  1 fig  a c e t y l c h o l in e  
in je c t e d  i n t o  t h e  i s o la te d  r a b b i t  e a r ,  w h ic h  h a s  o n ly  n e rv o u s  c o n n e c t io n s ,  
e v o k e s  a r e f l e c to r y  fa l l  in  b lo o d  p r e s s u r e ,  w h ic h  c a n  be p r e v e n te d  b y  1 m g  (!)



Fig. 9. Iso la ted  frog  h e a r t .  T im e signal, 6 secs
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ca d m iu m . T h is  in h ib ito ry  effect is abolished  b y  100 /<g cyste ine . S m y r n o v , 
B y zo v  a n d  R á m p á n  [8] s tim u la te d  th e  cerv ical sy m p a th e tic  chain  o f th e  r a b ­
b it an d  reg is te red  th e  c o n tra c tio n s  o f th e  n ic ti ta tin g  m em b ran e . T h ey  fo u n d  
th a t  2 • 10 4 CdCl2 in tro d u ced  in tra a r te r ia lly  was c a p a b le  o f blocking th e  t r a n s ­
m ission o f th e  s tim u li, m eanw hile  th e  effect of 5 • 10 4 acety lcho line  rem a in e d  
u n ch an g ed . A ccord ing  to  D a m j a n o v i c h , H alá sz  a n d  M e c h l e r  [9], th e  ab o v e  
dose of cad m iu m  in h ib ite d  also  th e  ace ty lcho line  e ffec t, w hile sm aller doses 
b locked  on ly  th e  response to  e lec trica l s tim u la tio n . T h e y  also found  th a t  c a d ­
m ium  in h ib ite d  cho lin este rase  a c tiv ity . A ccording to  o u r ow n fin d in g s, c a d ­
m ium  m a rk e d ly  d im in ishes th e  effect of ace ty lch o lin e  on b lood  p ressu re . I t  
m u s t, how ever, be n o ted  th a t  in  o u r ex p erim en ts  th e  low  in itia l blood p re ssu re  
m ad e  th e  e v a lu a tio n  o f th e  re su lts  som ew hat q u es tio n ab le .

A fu r th e r  a ssu m p tio n  o f A n d o  et al. [5] is t h a t  th e  w eak ly  ionizing c a tio n s  
a t ta c h  th em selv es  to  th e  n e g a tiv e  p a r t  o f th e  re c e p to r  a n d  so p re v e n t e p in e p h ­
rin e  from  a tta in in g  th e  re c e p to r  surface; th e y  a t t r ib u te  less im p o rtan ce  to  th e  
changes in  th e  cell p e rm e a b ility . In  o u r opin ion , th e  la t t e r  phenom enon  is th e  
essen tia l one, especially  w hen  th e  inorgan ic  ions a re  ad m in is te re d  in  h igh  doses, 
as in  o u r ex p erim en ts  concern ing  blood p ressu re  a n d  sp leen  volum e.

W e are  in d eb te d  to  th e  In s titu te  o f  M edical C hem istry  fo r  supp ly ing  th e  v a n a d iu m .
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DIE WIRKUNG VON TRYPTOPHAN 
AUF DIE LEUKOZYTENZAHL

Von

J .  R ig ó , F . T a k á c s  u n d  J .  Sós
m it d e r  tech n isch en  A ssistenz v o n  M . JÓ N A  

PATHO PHY SIO  LOGISCH ES IN ST IT U T  D E R  M ED IZIN ISCH EN  U N IV ERSITÄ T, BU DA PEST 

(E in g eg an g en  am  16. J u n i  1958)

Die W irkung  v o n  T ry p to p h a n  a u f  die L eu k o z y te n z ah l u n d  a u f  das q u a lita tiv e  B lu t ­
b ild  w urde  a n  R a tte n  u n te r s u c h t .

1. T ry p to p h a n m an g e l v e ru rs a c h t L eukopenie , d ie  n a c h  p a ren te ra le r  V e rab re ich u n g  
von 10 m g/100 g T ry p to p h a n  a u fh ö rt .

2. B ei n o rm alen  T ie ren  r u f t  10 m g/100 g p a re n te ra l  gegebenes T ry p to p h a n  in  d e r  
24. S tu n d e  eine a u sg e p rä g te  L eu k o zy to se  h e rv o r. D iese E rsch e in u n g  k o n n te  d u rc h  a n d e re  
6 A m in o säu ren  n ich t h e rv o rg e ru fe n  w erden , w eshalb  V erfasse r de r A nsich t s in d , d a ß  es 
sich  w ahrschein lich  u m  e ine  spezifische W irkung  des T ry p to p h a n s  handelte .

3. A u f  W irkung  v o n  T ry p to p h a n  erscheinen in  d e n  e rs ten  S tu n d en  L y m p h o p e n ie  
u n d  G ranu lozy tose , die a m  a u sg e p rä g te s te n  in  de r 2.— 4. S tu n d e  h e rv o rtre te n . D iese W irk u n g  
w ird a u ch  d u rc h  an d ere  A m in o säu ren  herv o rg eru fen  (S tre sso re ffek t) .

4. D u rc h  N e b en n ie ren e x s tirp a tio n  k o n n te  die in fo lg e  d e r T ry p to p h an g ab e  a u f t r e ­
ten d e  frü h e  V erän d e ru n g  des B lu tb ild es  v e rh in d e rt w e rd en , do ch  die in  der 24. S tu n d e  sich  
m an ifes tie ren d e  L eu k o zy to se  t r a t  a u ch  in  diesem  F a ll u n v e rä n d e r t  auf.

B ek an n tlich  b ee in flu ssen  einige A m in o säu ren  die L eu k o zy ten zah l u n d  
ru fen  au ch  im  q u a li ta t iv e n  B lu tb ild  eine Ä n d e ru n g  h e rv o r. J u a d a  [6] in  1 9 3 6  
b e o b a c h te t v o rü b e rg eh en d e  L eukopenie  bei K a n in c h e n  nach  V e rab re ich u n g  
von  G lykokoll, A la n in , T y ro s in , C ystin , G lu ta m in sä u re  oder T ry p to p h a n . 
H a r r is  u n d  L a n g  [5] s te llte n  fest, d aß  die ü b e r  e ine  D ica rb o x y lg ru p p e  v e r ­
fügenden  A m inosäu ren  L y m phopen ie  u n d  E o sin o p en ie  h e rvo rru fen . A s c h k e - 
n a s y  [1] b eo b a c h te te  a n  R a t te n , d aß  14 A m in o säu ren  Eosinopenie au slö sen  
u n d  B a c h r o m e f f  [2] L eu k o zy to se  bei K a tz e n  n a c h  E iw e iß fü tte ru n g . K u r t h  
[7] n ah m  w ahr, d a ß  b e i M enschen n ach  V e rab re ich u n g  von  E iw eiß E o sin o p en ie  
u n d  L ym phopen ie  e n ts te h t .  D i n n i n g , P a y n e , u n d  D a y  [3] h ab en  a n  R a t te n  
fe s tg e s te llt, d aß  a u f  W irk u n g  einer m e th io n in fre ien  D iä t L eukopenie e n ts te h t ,  
die d u rch  B eim ischung  v o n  M eth ionin  zum  F u t te r  v e rh in d e rt w erden  k a n n .

In  den  g eg en w ärtig en  V ersuchen  u n te rs u c h te n  w ir die W irk u n g  v o n  
T ry p to p h a n  a u f  d ie  L eu k o zy ten zah l u n d  a u f  d a s  q u a lita tiv e  B lu tb ild . Als 
A u sg an g sp u n k t d ie n te  die B eo b ach tu n g , d aß  T ry p to p h a n m a n g e l L eu k o p en ie  
v e ru rsa c h t.

D ie U n te rsu c h u n g e n  fü h r te n  w ir an  au s eigener Z uch t s ta m m e n d e n  
w eißen m än n lich en  R a t te n  d u rch . Ju n g e , 8 0 — 90 g schw ere T iere e rh ie lte n  
eine M angeld iä t, d ie  ü b rig en  T iere die n o rm a le  h a lb sy n th e tisch e  D iä t  v o n  
Sós, u. zw . 18%  K a se in , 3 %  ge tro ck n e te  H efe , 10 %  F e t t  (davon 2 %  L e b e r­
tra n ) , 4 %  kom plexe S alzm isch u n g  u n d  65%  S tä rk e . V erabre ichung  d e r A m ino-

6 '
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s ä u re n  erfo lg te s u b c u ta n , bzw . bei e in e r G ru p p e  in tra p e rito n e a l. Z u  diesen 
U n te rsu c h u n g e n  g e la n g te n  120—150 g sch w ere  T iere, jew eils 14 — 18 S tu n d e n  
n a c h  d e r le tz ten  F ü t te ru n g . D as T ry p to p h a n  w urde  in  n/1 H Cl g e lö s t u n d  die 
L ö s u n g  m it n/10 N a O H  n e u tra lis ie rt. D ie  K o n zen tra tio n  b e tru g  10 m g/m l 
T r y p to p h a n .  D en K o n tro lltie re n  w urde  d a s  n eu tra lis ie rte  L ö su n g sm itte l e in ­
g e s p r i tz t .

E rgebn isse

I n  der e rsten  V ersuchsserie  h ab e n  w ir 10 Tiere a u f  try p to p h a n fre ie r  
D iä t  g eh a lten . Am 7. u n d  am  18. Tage e rfo lg te  die Z ählung  d er w eißen  B lu t­
k ö rp e rc h e n . B ereits am  E n d e  der e rs te n  W oche k o n n te  eine V erm in d e ru n g  
d e r  L eu k o zy ten zah l b e o b a c h te t w erden  die im m e r au sg ep räg te r w u rd e  (A bb. 1). 
D ie  L eu k o zy ten zah l d e r n o rm a l e rn ä h r te n  T iere  zeigte in  d er g le ichen  Zeit
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A b b . 1 . V eränderung  d e r L eu k o zy ten zah l 
b e i t ry p to p h a n f re i  e rn ä h r te n  R a tte n .  1. 
I I I .  Z u  B eginn de r V ersuche. 18. I I I .  Bei 

B eendigung  d e r V ersuche

A b b . 2. V eränderung  d e r L eu k o z y te n z ah l 
b e i try p to p h a n fre i  e rn ä h r te n  R a t te n  a u f  
W irk u n g  von  10 m g/100 g su b c u ta n  in ji­
z ie r te m  T ry p to p h an . M : B eg in n  d e r D iä t, 
T : su b c u tan e  E in fü h ru n g  v o n  T ry p to p h a n

k e in e  w esentliche V e rä n d e ru n g . Im  q u a li ta t iv e n  B lu tb ild  von  an  t ry p to p h a n ­
f re ie r  D iä t g eha ltenen  T ie ren  w urde  k e in e  w esentliche V e rä n d e ru n g  b eo b ­
a c h te t .  Sowohl die Z ah l d e r  G ran u lo zy ten , als auch  die d er L y m p h o z y te n  
z e ig te  eine p roportione ile  V erm inderung .

E s  w urde d em n ach  d ie  F rage  au fg ew o rfen , ob die a u f  d iese W eise e r­
h a l te n e  L eukopenie  d u rc h  p a re n te ra l gegebenes T ry p to p h a n  au fg eh o b en  w er­
d e n  b zw . ob die N o rm alis ie ru n g  der L e u k o z y te n z ah l b esch leu n ig t w erden  
k a n n ?  Z u diesen U n te rsu c h u n g e n  w u rd en  10 T age h in d u rch  8 T ie re  v o n  je  
80 — 90 g G ew icht an  try p to p h a n fre ie r  D iä t g e h a lte n . Die L e u k o z y te n z ah l v e r­
m in d e r te  sich. D an n  w u rd e  den  T ieren  10 m g/100 g T ry p to p h a n  su b c u ta n  
e in g e s p r itz t ,  w obei 24 S tu n d e n  sp ä te r  die E rh ö h u n g  der L e u k o z y te n z ah l ü b e r 
d e n  A u sgangsw ert e rfo lg te  (A bb. 2).
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H ie rn a c h  u n te rsu c h te n  w ir, w elche W irkung  (las p a re n te ra l v e ra b re ic h te  
T ry p to p h a n  bei no rm alen  T ie ren  a u s lö s t. S e lb stk o n tro llv e rsu ch e  w u rd en  an  
6 T ie ren  von  je  120—160 g G ew icht d u rc h g e fü h rt. D ie  R e su lta te  sind  au s d e r  
A b b ild u n g  3 zu  ersehen . N ach  d er p a re n te ra le n  V erab re ich u n g  von 10 m g/100  g 
T ry p to p h a n  zeig te die L eu k o zy ten zah l eine b e d e u te n d e  E rh ö h u n g . B ei den  
e inzelnen  T ieren  e rh ie lten  w ir e in h e itlich e  W erte . D as B lu tb ild  zeig te  e in en  
p ro p o rtio n a le n  A nstieg  der G ran u lo zy ten  u n d  L y m p h o zy ten .
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20000 
15000 
10000 
5000

NL T NL T NL T
Leu Lu P-

Abb. 3. W irk u n g  von 10 m g/100 g s u b c u ta n  gegebenem  T ry p to p h a n  a u f  d a s  L e u k o z y te n ­
b ild . N :  A u sg an g sw ert, 0 :  24 S t. n ach  su b c u ta n e r  In je k tio n  des L ö su n g sm itte ls , T :  24 

S t. n a ch  d e r In je k tio n  von  T ry p to p h a n

F e rn e r  w urde  u n te rsu c h t, ob diese n ach  24 S tu n d e n  ersche inende  le u ­
k o zy to seste ig e rn d e  W irkung  eine spezifische E ig en sch aft des T ry p to p h a n s  sei, 
oder ob  au ch  m it an d eren  A m in o säu ren  eine ähn lich e  E rsch e in u n g  h e rv o r ­
geru fen  w erden  könne. Zu d iesem  Z w eck v e ra b re ich te n  w ir aus je  3 T ie ren  
b es teh en d en  G ruppen  su b c u ta n  G lykoko ll, Iso leucin , G lu tam in säu re , T h re o n in , 
C ystein  u n d  M ethionin  D osen von  10 m g/100 g. E in e  b ed eu ten d e  V e rä n d e ru n g  
k o n n te  in  d er 24. S tu n d e  w eder im  q u a lita tiv e n  noch  im  q u a n ti ta t iv e n  B lu t­
b ild  fe s tg e s te llt w erden. D ie E rg eb n isse  sind  a u f  T ab . I .  zu sam m en g efaß t. A us

T a b e l l e  1

D ie  W irku n g  von 10 mg/100 g  subcutan in jizierten  A m in o sä u ren  a u f  die Leukozytenzahl

Le u k o z y t ,  en z ahl

Aminosäuren vor 1 nach 24 Stunden

Verabreichung der Aminosäuren

Glykokoll 17400 17700
Isoleucin 13100 11000
G lu tam insäure 15500 13000
T hreonin 13300 13400
Cystein 12700 15000
M ethionin 14100 14000

T ry p to p h a n 15800 23300



86 J . RIGÓ, F . TAKÁCS u n d  J . SÓS

d ie se r  E rsch e in u n g  fo lg e rte n  wir, d a ß  d ie  n a c h  24 S tu n d en  b e o b a c h te te  le u ­
k o zy to seste ig e rn d e  W irk u n g  aller W ah rsch e in lich k e it n ach  eine spezifische 
E ig en sch a ft des T ry p to p h a n s  d a rs te llt.

N achdem  b e re its  J u a d a  [ 6 ]  b esch rieb en  h a t te ,  d a ß  in tra v e n ö s  gegebenes 
T ry p to p h a n  a n fä n g lic h  L eukopenie  v e ru rs a c h t , u n te rsu c h te n  w ir, w elche V er­
ä n d e ru n g  im  B lu tb ild  d u rc h  su b c u ta n  gegebenes T ry p to p h a n  in  den  e rs ten  
S tu n d e n  h e rv o rg e ru fen  w ird . 7 R a tte n  w u rd e n  10 m g/100 g T ry p to p h a n  v e r­
a b re ic h t u n d  die V e rä n d e ru n g en  des B lu tb ild e s  in  d er 1., 2., 4 ., 6. u n d  24. S tu n d e  
u n te rs u c h t. A u f W irk u n g  des p a re n te ra l  e in g e fü h rte n  T ry p to p h a n s  erfo lg te  
w äh ren d  24 S tu n d e n  e in e  V erm inderung  d e r  L eu k o zy ten zah l, doch in  d er

A bb. 4. W irkung  v o n  10 m g/100  g su b cu tan  g eg eb en em  T ry p to p h a n  a u f  d as L eu k o zy ten b ild

4 . S tu n d e  w ar b e re its  L eukozy tose  zu  b e o b a c h te n , die sich im  L aufe  von  
24 S tu n d en  noch  w e ite r  e rh ö h te . B e a c h te n sw e rt w ar das V e rh a lte n  des q u a ­
l i ta t iv e n  B lu tb ild es . Z u  d e r in  der 1. u n d  2 . S tu n d e  a u f tre te n d e n  L eukopenie  
gese llten  sich L y m p h o p e n ie  u n d  G ran u lo zy to se . N ach  zwei S tu n d e n  erfo lg te  
e in e  vo llkom m ene U m ste llu n g  des B lu tb ild e s . D ie Z ahl der G ran u lo zy ten  e r ­
h ö h te  sich von  3800 a u f  7200, w äh ren d  die L y m p h o zy ten zah l v o n  11 000 a u f  
6300 san k . D iese E rsc h e in u n g  ergab  eine c h a ra k te ris tisch e  K reu zu n g  in  der 
B lu tb ild k u rv e . D ie E rg eb n isse  w erden  a u f  A b b . 4 v e ra n sc h a u lich t.

Ä hnliche E rsc h e in u n g e n  w u rd en  v o n  W a c h h o l d e r  u n d  M ita rb e ite rn  [9] 
a u f  W irkung  v o n  A C T H  beschrieben . A u ch  in  diesem  F a ll e rfo lg te  die U m ­
s te llu n g  des B lu tb ild e s . V on der 4. S tu n d e  a n  w ar h a u p tsäch lich  die E rh ö h u n g  
d e r L y m p h o zy ten zah l v o rh errsch en d .

Die a u f  W irk u n g  v o n  großen  D osen  T ry p to p h a n  — 50 m g/100 g i. p . — 
e in tre te n d e  V e rä n d e ru n g  w urde an  10 T ie re n  u n te rsu c h t. K en n ze ich n en d  w ar 
— wie aus A bb. 5 e rs ich tlich  — die m it d e r an fän g lich en  L y m p h o p en ie  e in ­
h e rg eh en d e  G ran u lo zy to se  u n d  die n ach fo lg en d e  a n h a lte n d e  U m ste llu n g  des 
B lu tb ildes (A bb. 5).
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D ie in den e rs ten  S tu n d e n  a u f tre te n d e  E rsch e in u n g  k ann  je d o c h  n ic h t 
als spezifisch  fü r T ry p to p h a n  angesehen  w erden , «la einerseits auch  n a c h  V er­
ab re ich u n g  von an d eren  A m in o säu ren  (Iso leucin , M ethionin) ähnliche E rs c h e i­
n u n g en  b e o b ach te t w u rd en , u n d  H a r r is  u n d  L a n g  [5] a u f W irk u n g  v o n

Abb. 5 . W irk u n g  von 50 m g/100 g in tra p e rito n e a l gegebenem  T ry p to p h an  a u f  d a s  L e u k o ­
zy ten b ild

A b b . 6. W irk u n g  von  10 m g/100 g su b c u ta n  in jiz ie rtem  T ry p to p h a n  a u f  das L eu k o z y te n b ild  
n a c h  zw eiseitiger N eb en n ie ren e x stirp a tio n

A sp arag in  u n d  G lu tam in säu re  L ym phopen ie  b e o b a c h te n  k o n n ten . D ie  g le ich ­
zeitig  m it d er L y m p h o p en ie  a u f tre te n d e  L eu k o zy to se  k an n  als S tre sso re ffe k t 
angesehen  w erden . D ie d u rc h  A s c h k e n a s y  [1] in  der 4. S tu n d e  n a c h  A m in o ­
säu rev e rab re ich u n g  b e o b a c h te te  V erän d eru n g  d er E o sin o p h ilen zah l k a n n  
g leichfalls in  d iesem  S inne au fg e faß t w erden . A n 7 T ieren  von  je  120 — 150 g 
G ew ich t w urde in  Ä th e rn a rk o se  zw eiseitige N e b e n n ie re n ex s tirp a tio n  v o r­
genom m en  u n d  den  R a t te n  24 S tu n d e n  n ach  d e r O pera tion  10 m g/100  g T ry p ­
to p h a n  su b c u ta n  gegeben . D ie a u f A bb . 6. zu sam m en g efaß ten  E rg eb n isse



88 J . RIGÓ, F. TAKÄCS u n d  J .  SÓS

zeigen , daß  — o b w o h l e ine  gewisse L y m p h o p e n ie  a u f tra t  — die U m ste llu n g  
d es  B lu tb ildes u n te rb lie b , doch konn te  in  d e r  24 . S tu n d e  ebenfalls L eu k o zy to se  
b e o b a c h te t w erd en . E s  sch e in t dem nach , d a ß  d u rc h  N eb en n ie ren ex stirp a tio n  
d ie  infolge der T ry p to p h a n g a b e  a u f tre te n d e  anfäng liche  V e rä n d e ru n g  der 
L eu k o zy ten zah l a b g e w e h r t w erden k a n n , d o ch  die spätere  — als spezifisch  
g e lte n d e  — V e rä n d e ru n g  indessen u n b e e in f lu ß t b le ib t.
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(E in g eg an g en  am  21. J u l i  1958)

B ila te ra le  e lek tro ly tisch e  L äsionen  des H y p o th a la m u s  fü h r te n  in e tw a e inem  D ritte l  
de r R a tte n  zu e inem  A usb le ib en  d e r h y p e rth e rm isch en  S te ig e ru n g  de r W ärm ep ro d u k tio n , 
die u n te r  g leichen V ersu ch sb ed in g u n g en  u n d  gleicher H y p e rth e rm ie  hei in ta k te n  T ie ren  
n iem als au sb le ib t. Ä hnliche S tö ru n g en  können  au ch  n a ch  u n ila te ra le n  L äsionen  b e o b a c h te t 
w erden. Die h y p e rth e rm isc h e  U m sa tze rh ö h u n g  k an n  bei e rh a lte n e r  chem ischer R eg u la tio n  
ausb le ib en , k an n  ab er a u ch  m it e inem  Fehlen  derselben  e in h erg eh en  ; a n d ere rse its  k a n n  
a u ch  beim  A usbleiben d e r  chem ischen  R egula tion  die h y p e rth e rm isc h e  U m sa tzs te ig eru n g  
voll e rh a lte n  b leiben . L o k a lisa tio n , sowie sich ergebende  F o lg e ru n g en  w erden b esp ro ch en .

Im  Z u sam m en h an g  m it U n te rsu ch u n g en  ü b e r  den  M echanism us d e r 
h y p e rth e rm isch en  U m sa tz s te ig e ru n g  [1, 2, 3, 5, 6] w u rd e  bere its  k u rz  d a ra u f  
h ingew iesen, d aß  n a c h  L äsionen  des H y p o th a la m u s  diese v e rm iß t w erd en  
k a n n  [4]. Die b u n te  V ie lfa lt d er S tö rungen  des E nerg iew echsels u n d  der K ö r­
p e r te m p e ra tu r  in  th e rm o n e u tra le r  [10] u n d  in  k ü h le r  U m gebung n ach  L äsio ­
nen  des H y p o th a la m u s  [9], ließ  es w ü n schensw ert e rscheinen , die R e a k tio n  
des U m satzes a u f  e ine , zu  H y p e rth e rm ie  fü h re n d e  w arm e  U m gebung  an  einem  
größeren  V ersu ch sm a te ria l e tw as eingehender zu  p rü fen  u n d  an  denselben  
T ieren  auch  das V e rh a lte n  bei V ersetzung  in  e ine  k ü h le  U m gebung zu b eo b ­
ac h te n .

Versuchsanordnung. L äsionen , B estim m u n g en  des 0 2-V erbrauches u n d  
histo log ische U n te rsu c h u n g e n  w urden  a u f d ieselbe W eise a u sg e fü h rt, w ie d ies 
in frü h eren  M itte ilu n g en  b e re its  beschrieben w u rd e  [9, 10]. Es sei je d o c h  
nochm als b e m e rk t, d a ß  die L u ft der S to ffw echse lkam m er p rak tisch  m it W as­
se rd a m p f g e sä ttig t w ar, dem zufolge sich bere its  be i e iner T e m p e ra tu r  von  35°C 
ausnahm slos eine so b e trä c h tlic h e  H y p e rth e rm ie  en tw ick e lte , die z. B . in  
einem  g u t d u rc h lü f te te n  T h e rm o sta ten  n u r  bei h ö h e ren  U m g eb u n g stem p era ­
tu re n  b e o b ach te t w ird .

Die einzelnen S äu len  der A bbildungen  w iedergeben  auch  in d ieser A r­
b e it — w enn n ich t a n d e rs  angegeben  — den M itte lw e rt d re ier g u t ü b e re in ­
s tim m en d en  P erio d en  von  je  15 m in. Da e tw a  20 m in . zum  T e m p e ra tu ra u s ­
gleich zw ischen W asse rb ad  u n d  K am m er b e n ö tig t w erden , w urde die e rs te  
B estim m ung  des 0 2-V erb rauches e rs t nach  diesem  Z e itp u n k t v o rg en o m m en .
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D ie  R a tte n  b e fan d en  sich  d a h e r  m eistens e tw a  70 — 90 m in. in  d e r  angegebenen  
U m g e b u n g s te m p e ra tu r  a ls die K ö rp e r te m p e ra tu r  gem essen w u rd e .

V ersuchsergebnisse

Y on dem  170 R a t te n  m it H y p o th a lam u slä s io n en  u m fassen d en  G esam t­
m a te r ia l  w urden  in sg e sa m t 55 T iere  in  73 V ersuchen  einer zu r H y p e rth e rm ie  
fü h re n d e n  w arm en  U m g eb u n g  a u sg ese tz t. Y on diesen 55 R a t te n  re a g ie r ten  33 
n a c h  d e r L äsion n o rm a l: in  d e r w arm en  U m gebung  stieg  d er U m sa tz  in  dem ­
se lb e n  A usm aß  wie in  in ta k te n  T ie ren . D ie au sg ep räg te re  H y p e rth e rm ie  zeigt, 
d a ß  w enigstens in  d er M eh rzah l d ieser T ie re  doch eine th e rm o re g u la to risch e  
S tö ru n g  b es tan d en  h a b e n  m u ß . B ei in ta k te n  T ie ren  ko m m t es u n te r  an so n sten  
g le ich en  B ed ingungen  n u r  in  e iner U m g eb u n g  von  36—37°C zu  e in e r H y p e r­
th e rm ie  gleichen G rades.

Tabelle I

K örpertem pera tur und  O^-Verbrauch in takter R atten  und  Tieren m it bilateralen L äsionen  des 
H yp o th a la m u s m it norm al erhaltener chemischer Regulation  und hypertherm ischer U m satz­

erhöhung

M: 1 Ге а х * 
P " ( re— i)

0 2-Verbrauch
„ t ”

T es t

Körpertemperatur
„ t ”

T est
Intakt 
n = 26

Lädiert
n=  33

Intakt
n=r26

Lädiert
n=33

29 C° 7 1 ± 1 7 4 ± 1 P > 0 .1 3 7 .3 ± 0 .1 3 7 .7 ± 0 .1 P > 0 .0 5

35 C° 9 2 ± 1 9 6 ± 1 P > 0 .1 3 9 .2 ± 0 .1 4 0 .5 ± 0 .1 p < o .o o i

T ro tz  H y p e rth e rm ie  w u rd e  bei 18 R a t te n  in  40 V ersuchen eine S te igerung  
d es  U m satzes  vo llkom m en  v e rm iß t. E s sei b e m e rk t, d aß  sich die h y p e rth e r-  
m isch e  U m sa tzste ig e ru n g  n a c h  ein igen  T ag en  oder W ochen au c h  bei diesen 
T ie re n  w ieder auslösen  ließ . D iese S tö ru n g  is t also geradeso rev e rs ib e l, wie 
d ies b e i S tö rungen  in  d e r K ä lte  bei g en ü g en d  langer B e o b ach tu n g sd au e r 
m e h rfa c h  festg este llt w u rd e  [7, 9, 12, 13].

In  allen 55 T ie ren , die e in er w arm en  U m g eb u n g  ausg ese tz t w o rd en  w aren , 
w u rd e  auch  die R e a k tio n  a u f  eine k ü h le  U m gebung  u n te rs u c h t. V on den 
18 R a t te n ,  bei denen  eine h y p e rth e rm isc h e  U m sa tzste ig e ru n g  v e rm iß t w urde, 
k a m  es in  6 auch  in  e iner k ü h le n  U m g eb u n g  (20—22°C) zu k e in e r E rh ö h u n g  
des 0 2-V erbrauches ; es fie l also  g leichzeitig  m it d er h y p e rth e rm isc h e n  U m sa tz ­
s te ig e ru n g  auch die chem ische  R e g u la tio n  aus. I n  den  ü b rig en  12 R a tte n  
b lie b  d ie chem ische R e g u la tio n  bei A usfa ll d er h y p e rth e rm isch en  S to ffw echse l­
s te ig e ru n g  e rh a lten : d er U m sa tz  e rh ö h te  sich  in  e iner U m gebung  v o n  2 0 —22°C
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•wie bei in ta k te n  T ieren . Bei 18 w eiteren  H a t te n  kam  es bei voll e rh a lte n e r  
h y p e rth e rm isc h e r U m sa tz s te ig e ru n g  in e iner k ü h len  U m gebung zu k e in em  A n­
s tie g  des O a-V erbrauches u n d  bei 19 T ie ren  b lieb en  nach  der L äsio n  so die 
chem ische R eg u la tio n  wie d ie  h y p e rth e rm isc h e  U m sa tzste ig e ru n g  e rh a lte n  
•{Tab. I I ) .

Tabelle II
H ypertherm ische U m satzsteigerung und chemische Regulation bei 55 R a tten  

m it H ypothalam usläsionen

Hyperthermiache
Umaatzsteigerung

Chemische
Regulation

Anzahl der 
Tiere

e rh a lte n e rh a lte n 19

feh lt feh lt 6

feh lt e rh a lten 12

e rh a lten feh lt 18

D a eine ausfü h rlich e  M itte ilu n g  a lle r V ersuche die gegebenen  R a h m e n  
ü b e rsch re iten  w ürde , w erden  b loß  einige V ersu ch e  zu r E rlä u te ru n g  d e r  E rg e b ­
nisse h e ran g ezo g en .

A b b . 1 w iederg ib t zwei V ersuche. I n  d em  einen  t r a t  n ach  b ila te ra le r  L ä ­
sion  eine n o rm ale  h y p e rth e rm isch e  U m sa tz e rh ö h u n g  au f, in dem  a n d e re n  b lieb

Abb. 1. 0 2-V erb rau ch  und K ö rp e r te m p e ra tu r  be i 29°C (weiß) u n d  bei 35°C (sch w arz )
A  R a t te  No 473. L äsion  : 14. X . 1951 ; V e rsu ch  : 16. X . 1951 ; g e tö te t  : 6. X I . 1951. 
L o k a lisa tio n  : Sym m etrische  L äsio n en  im  m itt le re n  vo rd eren  Teil d e r  R egio  tu b e ra lis ,  die 
b is a n  d ie  H irn b a s is  re ichend  d ie  N uclei v e n tro m ed ia le s  u n d  die A reae h y p o th a la m ic a e  la te ­

ra les  erfassen  (D ia g ra m m  : m itt le re s  N iv eau  de r Regio tu b e ra lis )
В  R a t te  N o . 501. L äsion  : 20. I I .  1952 ; V ersu ch  : 21. I I .  1952 ; w eite res s iehe  A b b . 6/A
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d a g e g e n  nach  einer p ra k tis c h  u n ila te ra len  L ä s io n  die U m sa tze rh ö h u n g  völlig  
a u s . I n  beiden  w ar d e r G ru n d u m sa tz , w ie d ies n ach  L äsionen des H y p o ­
th a la m u s  öfters b e o b a c h te t w urde [8, 10], u m  m eh r als 30 P ro z e n t e rh ö h t .  
D iese  B eo b ach tu n g  ze ig t, d a ß  das A u sb le iben  e iner h y p e rth e rm isch en  U m ­
s a tz s te ig e ru n g  n ic h t d a m it e rk lä r t w erden  k a n n , d aß  der U m satz  b e re its  in

A b b . 2 . 0 2-V erb rauch  u n d  K ö rp e r te m p e ra tu r  bei 29°C (w eiß ), bei 35° C (schw arz) u n d  b e i
20° C (g estrich e lt)

A  R a t t e  N o. 289. L ä s io n :  15. V II . 1950 ; V e rsu c h : 18. V II. 19 5 0 ; g e tö te t :  Z e itp u n k t 
n ic h t  fe s ts te llb a r . L o k a lisa tio n  : b ila te ra le  s te ck n a d e lk o p fg ro ß e  L äsionen des M esence­

p h a lo n  h in te r  d en  K ernen  de r C o rp o ra  m am illa ria  
В  R a t t e  N o. 500. L äsion  : 11. I I .  1952 ; V e rsu c h : 16. I I .  1952 ; w eiteres siehe bei A b b . 4.

th e rm o n e u tra le r  U m g eb u n g  so hoch  is t, w ie im  in ta k te n  T ier in  H y p e rth e rm ie . 
D a sse lb e  geh t aus A bb. 2 h e rv o r: bei n ied rigen  G ru n d u m sa tz  feh lt in  dem  einen  
V e rsu c h  bei gleicher H y p e rth e rm ie  die U m sa tz s te ig e ru n g  vollkom m en (a u ß e r-  
h y p o th a la m isc h e  L äsion), d ag eg en  ist sie im  a n d e re n  w eit ü b e rd u rc h s c h n itt­
lich  a u sg e p rä g t.

A b b . 3 w iederg ib t e in en  V ersuch in  w elch em  sogar zwei W ochen  n a c h  
d e r L ä s io n  die h y p e rth e rm isc h e  U m sa tze rh ö h u n g  noch  vollkom m en a u sb lie b , 
w ä h re n d  in  eine küh le  U m g eb u n g  ve rse tz t d ie  R a t t e  m it n o rm aler E rh ö h u n g  
d e r  W ä rm e p ro d u k tio n  re a g ie r te . Es fä llt au f, d a ß  bei R ü ck v erse tzu n g  au s  d er 
W ä rm e  in  eine th e rm o n e u tra le  U m gebung d er U m sa tz  w eit u n te r  das N iv e a u  
des G ru n d u m sa tz e s  s in k t. S e lb s t eine seh r a u sg e p rä g te  „zw eite  chem isch e  
R e g u la t io n ”  is t also keinesw egs an  eine h y p e rth e rm isc h e  U m satzsteigerung^ 
g e b u n d e n , wie dies au ch  a u f  G ru n d  von V ersu ch en  an  h y p o p h y se k to m ie rte n  
R a t t e n  schon  vor ein igen J a h r e n  b e to n t w u rd e  [3]. D a der F rage der „ z w e ite n  
ch e m isc h e n  R eg u la tio n ”  [11] in  d ieser V ersuchsre ihe  keine besondere A u fm e rk ­
s a m k e it  gew idm et w u rd e , u n d  so m anchm al a u c h  6 0 —90 m in. verg ingen  b is 
n ach  R ü c k v e rse tz u n g  in  eine th e rm o n e u tra le  U m g e b u n g  m it der B es tim m u n g  
des O a-V erb rauches b eg o n n en  w u rd e , oder a b e r  v o n  einer solchen R ü c k v e r ­
s e tz u n g  au ch  abgesehen w u rd e , lä ß t sich über d e re n  V erh a lten  n ich ts  g en au eres  
a u ssa g e n ; im m erh in  w urde  be i 5 T ieren n eb en  vo llkom m enem  F eh len  e in e r
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h y p e rth e rm isch en  U m sa tz s te ig e ru n g  eine rech t a u sg e p rä g te  „zw eite  chem ische 
R e g u la tio n ”  b e o b a c h te t.

A bb . 4 w ied erg ib t V ersuche an  derselben  R a t te  deren  B eo b ach tu n g  
au ch  A bb . 2/B zu G ru n d e  lag . A m  Tage n ach  der L äsio n  (A) feh lt bei s ta rk  e r ­
h ö h tem  G ru n d u m sa tz  die h y p erth e rm isch e  U m sa tz s te ig e ru n g , w äh ren d  bei 
V erse tzung  in  eine k ü h le  U m gebung  die W ä rm e p ro d u k tio n  an s te ig t; die K ö r­
p e r te m p e ra tu r  lieg t ü b e r d e r N orm  u n d  w ird  a u f  d iesem  N iv eau  au ch  in  d e r 
küh len  U m gebung  u n v e rä n d e r t  e rh a lten . Zwei T age s p ä te r  (B) k o m m t es bei

0 ,
-c
A0

39 
38 

37  
ü  J  I CI
I -35
I b

A bb . 3. Q2-V erb rau ch  u n d  K ö rp e r te m p e ra tu r  bei 29° C (w eiß), bei 35° C (schw arz), bei 37° C 
(p u n k tie r t)  u n d  bei 20° C (g e s trich e lt) . Säu len  4 bis 7 des 0 2-V erb rau ch es w iedergeben  E in z e l­
pe rio d en  von  15 m in . D ie K ö rp e r te m p e ra tu r  w urde n a ch  je  zw ei d ieser P e rio d en  gem essen 
(Säu le  4 u n d  5 d e r K ö rp e r te m p e ra tu r) .  Zw ischen dem  E n d e  d e r  in  Säu le  5, u n d  dem  B eg in n  
de r in  Säule 6 w ied ergegebenen  B estim m u n g  des 0 2-V erb rau ch es verg ingen  e tw a  25 m in . 
R a tte  N o. 484. L äsion  : 1. X I . 1951 ; V ersuch  : 13. X I . 1951 ; g e tö te t  : 2. I .  1952. L o k a ­
lisa tio n  : L a te ra le  L äsio n en , d e ren  größere  von dem  h in te re n  N iv e a u  de r R egio su p ra o p tic a  
b is in d as m ittle re  N iv eau  d e r R egio tu b e ra lis  re ic h t u n d  d en  N uc leu s su p rao p ticu s d iffu su s, 
sowie d ie A rea h y p o th a la m ica  la te ra lis  e rfa ß t. Die gegenseitige , k le inere  L äsion  s itz t zw ischen 
dem  v o rd e re n  u n d  m it t le re n  N iv e a u  de r Regio tu b era lis . D e r S tich k a n a l v e ru rsac h te  b e id e r­
se itig  im  N iveau  d e r R egio in fu n d ib u li, an  de r d o rsa len  O b e rfläch e  des T h alam u s la te ra l  
k leine Z ers tö ru n g sh erd e , de ren  g rö ß e re r S teck n ad elk o p fg rö ß e  e rre ic h t (D iag ram m  : p a ra -  

m ed ia n -sag itta le  E bene des H y p o th a la m u s)

u n v e rä n d e rt hohem  G ru n d u m sa tz  auch  in  k ü h le r  U m gebung  zu  ke iner E r ­
h ö h u n g  der W ä rm e p ro d u k tio n . D asselbe s ieh t m a n  d re i T age n a c h  d er L äsion  
bei e tw as n ied rig e rem  a b e r im m er noch  e rh ö h te m  G ru n d u m sa tz  (C). A m
4. T age (D) liegen K ö rp e r te m p e ra tu r  u n d  G ru n d u m sa tz  an  der u n te re n  G renze 
•des N o rm alb ere ich es, es k o m m t zu einer n o rm a le n  h y p e rth e rm isch en  U m ­
sa tz e rh ö h u n g , in  k ü h le r  U m g eb u n g  b le ib t jed o ch  d ie  S te igerung  d er W ârm è-
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A b b . 4 . 0 2-V erbrauch  u n d  K ö rp e r te m p e ra tu r  be i 29° C (w eiß), bei 35° C (sch w arz) u n d  bei 1
20° C (g e s tr ic h e lt)

R a t t e  N o . 500. L äsion  : 11. I I .  1952 ; V ersuche  : 12— 16. I I .  1952 ; g e tö te t  : 22. I I .  1952.. 
A  a m  T ag e  nach  der L äsio n , В  2 T age , C 3 T ag e , D  4 T age n ach  d e r L äs io n . D en  V ersuch 

5 T ag e  n a ch  d e r L äsio n  siehe in  A bb. 2/B.
L o k a lisa tio n  : D er M itte lp u n k t b e id e r  L äsio n en  lie g t im  v o rd eren  N iv eau  d e r  R egio  tu h era lis  
u n d  b e id e  re ichen  bis a n  d ie  H irn b a sis . A u f de r e in en  Seite  d e h n t sich  d ie L äs io n  n a ch  vorne  
in  d ie  R egio  su p rao p tica  au s , a u f  d e r a n d e re n  z ie h t sie n ach  h in te n  b is a n  d ie  G renze des 
m it t le r e n  u n d  h in te ren  N iv e au s  d e r R egio tu b e ra lis . D ie A rea h y p o th a la m ic a  la te ra lis  is t 
b e id e rse its  e rfaß t, h iezu  g ese llt sich  a u f  d e r e inen  Seite die L äsion  des N u c leu s  su p rao p ticu s  

(D ia g ra m m  : v o rd e re s  N iv eau  d e r R egio tu b e ra lis )
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P ro d u k tio n  au ch  je tz t  au s , u n d  die K ö rp e r te m p e ra tu r  fä llt e rstm alig  a u f  a u s ­
gesprochen  su b n o rm a le  W e rte . N och a u sg e p rä g te r  t r i t t  dies bei noch  s tä rk e r  
gesenk tem  G ru n d u m sa tz  am  n äch sten  T age in  E rsch e in u n g  (A bb. 2 /B ).

A b b . 5 ze ig t d en  A u sfa ll u n d  die R e s ti tu t io n  d er h y p e rth e rm isch en  U m ­
sa tz s te ig e ru n g  bei p ra k tis c h  norm alem  G ru n d u m sa tz . 2 Tage n ach  d e r L äsio n  
(A) b le ib t d e r U m sa tz  se lb st in  e iner U m g eb u n g  v o n  37°C u n v e rä n d e r t  u n d

Abb. 5. 0 2-V erb rau eh  u n d  K ö rp e r te m p e ra tu r  bei 29° C (w eiß), bei 35° C (sch w arz ) u n d  bei 
37° C (p u n k tie r t) .  D ie S äu len  4 bis 6 in  A  w iedergeben  E in zelb estim m u n g en  v o n  je  15 m in . 
R a tte  N o. 492. L äsio n  : 17. I .  1952 ; V ersuche : 18. I .— 15. I I .  1952 ; g e tö te t : 29. I I .  1952. 
A  V ersuch  2 T age n a c h  d e r  L äsion , В  18 Tage, C 29 T ag e  n ach  der L äsion. L o k a lisa tio n  : 
L äsionen  im  m ittle re re n  N iv eau  de r Regio tu b e ra lis  ; a u f  d e r einen Seite e r fa ß t  d iese  die 
A rea h y p o th a la m ica  la te ra lis  u n d  den dorsom edialen  K e rn  des H y p o th a lam u s, a u f  d e r  a n d e re n  
Seite is t  d e r  do rsa le  T eil d e r  A rea  h y p o th a lam ica  la te ra l is  z e rs tö r t . B lu tung  in  d ie  I I I .  K a m ­

m er (D iag ram m  : vo rderes N iv eau  d e r  R egio tubera lis)

auch  18 T age (B), sow ie 21 Tage n ach  der L äs io n  k o m m t es tro tz  a u sg e p rä g te r  
H y p e rth e rm ie  zu k e in e r U m sa tzste ig e ru n g , u n d  e rs t am  29. T age n a c h  d er 
L äsion w ird  eine solche b e o b a c h te t (C).

A n h a ltsp u n k te  fü r  eine feinere L o k a lisa tio n  lassen sich aus d ie sen  V er­
suchen  t ro tz  des z iem lich  großen  V ersu ch sm a te ria ls  kaum  gew innen . E in e r ­
seits s in d  die L äsionen , w ie d a ra u f  bere its  h ingew iesen  w urde [9 ,1 0 ] , im  V er­
h ä ltn is  zum  R a tte n h y p o th a la m u s  doch z iem lich  g roß , andererse its  k ö n n e n  bei 
ganz äh n lich en  L äsio n en  eine S tö rung  d er ch em isch en  R egu la tion  b e i e rh a l-
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t e n e r  h y p e rth e rm isc h e r U m sa tzste ig e ru n g , o d e r eine norm ale chem isch e  R e ­
g u la t io n  hei feh len d er h y p e rth e rm isch e r U m sa tz s te ig e ru n g  b e o b a c h te t w erden , 
a u c h  können  beide R e a k tio n e n  fehlen o d er e rh a lte n  bleiben.

E ine  e ing eh en d ere  R esprechung  e r fo rd e r t  die B eob ach tu n g , d a ß  auch  
u n ila te ra le  L äsionen  des H y p o th a lam u s zu  au sg ep räg ten  S tö rungen  d e r  R eak-

А Ь Ь .б .А  R a tte  No. 501. L äs io n  : 20. I I .  1952 ; g e tö te t  17. I I I .  1952. F u n k tio n ss tö ru n g  : A u s­
b le ib e n  d e r U m sa tzs te ig e ru n g  in  H y p e rth e rm ie . L o k a lisa tio n  : Große L äsio n  m it  M itte l­
p u n k t  a n  de r G renze d e r R egio  tu b era lis  u n d  d e r  R eg io  m am illa ris  k n ap p  a n  d e r  M itte llin ie . 
N a c h  v o rn e  d e h n t sich  d ie L äs io n  bis in  das v o rd e rs te  N iv eau  der Regio tu b e ra lis  au s  u n d  
t r i f f t  e in seitig  d ie I I I .  K a m m e r , n a ch  rü ck w ärts  lä ß t  s ich  d ie, in ih rer ganzen  A u sd eh n u n g  
a u f  d e r  H irn b asis  v e rlau fen d e  L äsio n  bis zum  h in te re n  N iv e a u  der C orpora m a m illa ria  v e r­

fo lgen (D ia g ra m m  : h in teres N iv e a u  d e r  R egio tubera lis)
В  R a t t e  N o. 447. L äsion  : 4 . V . 1951 ; g e tö te t : Z e ita n g a b e  feh lt. F u n k tio n ss tö ru n g  : A u s­
b le ib e n  d e r chem ischen  R e g u la tio n  bei 20° C u n d  F e h le n  d e r h y p e rth e rm isch en  U m sa tz ­
e rh ö h u n g . L o k alisa tio n  : U n ila te ra le  Läsion d ie  d en  T h a la m u s  im  N iveau  d e r R egio  su p ra - 
o p t ic a  d u rch q u eren d  d en  N u c leu s  p a rav en tricu la ris  e r re ic h t  u n d  im  h in te ren  N iv e a u  lä d ie rt .  
D e r  S tich k a n a l v e r lä u f t  d a n n  w e ite r im  vo rd erem  N iv e a u  derselben R egion n e b e n  d e r  I I I .  
K a m m e r  bis zu r H irn b asis . E in e  gröbere L äsion  i s t  n ic h t  v o rhanden , m an  f in d e t b lo ß  in 
d e r  n ä c h s te n  U m gebung  des S tich k an a ls  eine In f i l t r a t io n  in  dem  N ucleus d o rso m ed ia lis , 
d e m  N ucleus v en tro m ed ia lis  u n d  dem  N ucleus a rc u a tu s  (D iag ram m  : v o rd eres  N iv e a u  de r

Regio tu b e ra lis )
C  R a t t e  N o. 497. L äsion  : 5. I I .  1952 ; g e tö te t : 17. I I I .  1952. F u n k tio n ss tö ru n g  : F eh len  
d e r  h y p e rth e rm isc h e n  U m sa tzs te ig e ru n g . L o k a lisa tio n  : U n ila te ra le  Läsion im  N iv e a u  de r
R eg io  su p ra o p tic a , d ie bis a n  d ie  H irnbasis re ich en d  d e n  N ucleus su p rao p ticu s, d e n  N ucleus 
su p ra o p tic u s  d iffusus, sowie d e n  la te ra len  Teil d e r  A re a  h y p o th a lam ica  a n te r io r  e r fa s s t  und  
a n  d a s  C hiasm a o p tic u m  h e ra n re ic h t  (D iagram m  : v o rd e re s  N iveau  der R egio su p ra ch ia s -

m atica )

t io n e n  des U m satzes a u f  Ä nderungen  d er U m g e b u n g s te m p e ra tu r  fü h re n  k ö n ­
n e n . N ach  in sg esam t 9 e in se itigen  L äsionen  w u rd e  bei zwei T ieren  in  w a rm e r 
U m g e b u n g  ein A nstieg  des U m satzes v e rm iß t, in  e inem  Tiere b lieb  d ie  W ä rm e ­
p ro d u k tio n  so in  k ü h le r , w ie in  zu H y p e r th e rm ie  fü h ren d er w a rm er U inge-
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b u n g  g eg en ü b er der bei th e rm o n e u tra le r  T e m p e ra tu r  b e o b a c h te ten  v o ll­
k om m en  u n v e rä n d e rt. In  e inem  F alle  k am  es bei e rh a lte n e r  h y p e rth e rm isc h e r  
U m sa tz s te ig e ru n g  in  kü h le r U m gebung  zu  ke iner E rh ö h u n g  der W ä rm e p ro ­
d u k tio n , in  einem  anderen  s a n k  die K ö rp e rte m p e ra tu r  tro tz  no rm alem  A nstieg  
des E n erg ie  Wechsels. Zwei w eitere  R a t te n  reag ie rten  zw ar so a u f  die W ärm e 
w ie a u f  K ä lte  m it einer S te ig e ru n g  der W ärm ep ro d u k tio n , h a t te n  a b e r  e inen  
e rh ö h te n  G ru n d u m sa tz  u n d  eine hohe K ö rp e rte m p e ra tu r , ein an d e re s  T ie r 
m it eben fa lls  e inseitiger L äsion  h a t te  bei n o rm ale r K ö rp e r te m p e ra tu r  e inen  
e rh ö h te n  G ru n d u m sa tz . B ei e in er e tw as e ingehender A nalyse ze ig t sich 
a lso , d a ß  n ach  einseitiger L äsion  b loß  in  einem  einzigen T ie r keine S tö ru n g e n  
des E nerg iew echsels und  d e r K ö rp e r te m p e ra tu r  b e o b a c h te t w erden  k o n n te n .

Ü b e rb lick t m an  die L o k a lisa tio n  d ieser u n ila te ra le n  L äsionen , so m u ß  
w o h l bei den  an  die M itte llin ie  h e ran re ich en d en  die M öglichkeit in  B e tra c h t 
gezogen w erden , d aß  fu n k tio n e ll au ch  die an d ere  Seite fü r  k ü rzere  o d er län g ere  
Z eit d u rch  ein perifokales Ö dem  oder eine perifokale  In f il tra tio n  g esch äd ig t 
w u rd e  (A bb . 6, A und  B ), jed o ch  k a n n  es wie bei R a t te  N o. 497 (A bb . 6,C) 
a u c h  bei w eite r la te ra l gelegenen e in se itigen  H erd en  zu  einem  A u sb le iben  d er 
b v p e rth e rm isch en  U m sa tzs te ig e ru n g  kom m en . A uch is t die d u rch  u n ila te ra le  
L äsionen  hervorgeru fene  S tö ru n g  n ic h t im m er ganz f lü ch tig ; in  e in em  F a lle  
w ar sie am  8. Tage nach  d e r L äsion  noch  nachw eisbar.

B esprechung

Ü b erb lick t m an  das ganze  V ersu ch sm ate ria l von  H y p o th a la m u s lä s io ­
n en , so lä ß t  sich fests te llen , d a ß  sich d as  V erh a lten  des E nerg iew echsels u n d  
d e r K ö rp e rte m p e ra tu r  au ch  in  e iner zu  H y p e rth e rm ie  fü h re n d e n  w arm en  
U m g eb u n g  dem  in ta k te n  T ie r g eg en ü b er v e rä n d e r t . D ie h y p e rth e rm isc h e  
E rh ö h u n g  des U m satzes b lieb  zw ar b loß  in  18 von  55 R a tte n  a u s , doch  
d e r s ta tis tisc h  h o ch sig n ifik an t h ö h ere  A nstieg  d er K ö rp e r te m p e ra tu r  zeu g t 
au ch  in  d en  üb rigen  V ersuchen  fü r  eine v e rä n d e rte  R eg u la tio n  in  d e r  W ärm e . 
D as A usb le iben  der e rh ö h te n  W ärm e p ro d u k tio n  in  lä d ie rte n  T ie ren  be i e iner 
H y p e rth e rm ie , die in  d er in ta k te n  R a t te  ohne A usnahm e m it e in er g an z  b e ­
d e u te n d e n  S teigerung  des U m satzes e in h e rg eh t, bew eist au sd rü ck lich  — wie 
d a ra u f  be re its  ku rz  h ingew iesen  w urde  [4] —, d a ß  d er A nstieg  n ic h t, w ie z iem ­
lich  allgem ein  angenom m en w ird , e in fach  eine d u rch  die V a n 4  H oFFsche R egel 
b ed in g te  E rscheinung  is t , so n d ern  e in er zen tra ln e rv ö sen  S teu eru n g  u n te r lie g t.

V on besonderem  In te re sse  is t, d a ß  der A usfall der h y p e rth e rm isc h e n  
U m sa tz s te ig e ru n g  sow ohl m it e iner e rh a lte n e n , wie auch  m it e in er feh len d en  
chem ischen  R egu la tion  e inhergehen  k a n n , u n d  d aß  an d ere rse its  be i feh len d er 
ch em isch er R egu la tion  die h y p e rth e rm isch e  U m sa tzste ig e ru n g  vo ll e rh a lte n  
sein  k a n n , sowie, d aß  bei dem  A usfall b e ider R eak tio n en  die R e s ti tu t io n  d er

7 Acta Phyuologioa XV/I.
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chem ischen  R e g u la tio n  u n d  der h y p e rth e rm isc h e n  R e a k tio n  g e tre n n t erfo lgen  
k a n n . Diese B e o b a c h tu n g e n  bew eisen, d a ß  d ie  S te ig eru n g  d er W ä rm e p ro d u k ­
tio n  in  H y p e rth e rm ie  u n d  in  der K ä lte  d u rc h  u n ab h än g ig e  zen tra le  M echa­
n ism en  v e rm itte lt  w e rd e n , u n d  sp rechen  a u c h  gegen die E x is ten z  eines e in fa ­
ch en  (efferen ten) th e rm o g en e tisch en  Z e n tru m s  im  H y p o th a la m u s , u n d  fü r  die 
A n n ah m e, d aß  es sich  in  allen  F ällen  um  L äsio n en  h a n d e lt, die den  zen tra len  
S te u e ru n g sa p p a ra t des E nerg ieum satzes v o r d en  e igen tlichen  zen tra len  E ffe k to r­
m echan ism en  tre ffe n . I n  dieser H in s ich t b e s tä rk e n  die V ersuche in  der W ä r­
m e die F o lgerung , zu  w elcher schon das V e rh a lte n  d er chem ischen  R eg u la tio n  
in  kü h le r U m g eb u n g  zw ang  [9], näm lich , d a ß  au ch  eine zen tra le  S tö ru n g  der 
A n aly se  der A ffe ren zen  in  B e tra c h t gezogen w erd en  m uß .

In  einer k ü h le n  U m gebung  w ar d as  A u sb le iben  einer e rh ö h ten  W ärm e­
p ro d u k tio n  keinesw eges zw angsm äßig  m it e in e r  S tö ru n g  d er R eg u la tio n  d er 
K ö rp e r te m p e ra tu r  v e rb u n d e n  [9], u n d  au ch  d as  A usbleiben  e iner S te igerung  
des U m satzes in  H y p e rth e rm ie  bei th y re o id e k to m ie r te n  oder m it M eth y l- 
th io u ra c il b e h a n d e lte n , sow ie bei h y p o p h y se k to m ie r te n  R a tte n  [2, 6] w ar m it 
k e in e r Ä n d eru n g  im  V erh a lten  der K ö rp e r te m p e ra tu r  v e rb u n d e n  [5]. Die 
F ra g e , ob H y p o th a la m u slä s io n e n , n ach  w elchen  keine h y p erth e rm isch e  U m ­
sa tz s te ig e ru n g  a u f t r i t t ,  u n b ed in g t m it a n d e re n  th e rm o reg u la to risch en  S tö ­
ru n g e n  in  der W ä rm e  einhergehen , w ird  im  Z u sam m en h an g  m it L äsionen  
ep ith a lam isch er G eb ie te  in einer anderen  A rb e it besprochen .
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ÜBER DIE HERSTELLUNG 
DES PHOSPHOGLUKOMUTASE-ANTISERUMS 

UND SEINE EIGENSCHAFTEN
Von
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PATHO PHY SIOLOG ISCHES IN ST ITU T D ER  M ED IZIN ISCH EN  U N IV ERSITÄ T, DEBRECEN

(E in g eg an g en  am  21. J u l i  1958)

E s w urde aus H ah n en m u sk e l ein  hochgrad ig  g e re in ig tes  P h o sp h o g lu k o m u ta se -P rä p a ra t 
h e rg es te llt  u n d  m it d iesem  —  u n te r  A nw endung  eines A d ju v a n s  —  die Im m u n isie ru n g  v o n  
K a n in ch e n  vorgenom m en .

D as Serum  der b e h an d e lte n  K an in ch en  zeigte am  16. T ag e  geringe, am  28. T ag e  s ta rk e  
p h o sp h o g lu k o m u taseh em m en d e  W irk u n g . Z ur q u a n ti ta t iv e n  B estim m u n g  des A n tim u ta se -  
g eh altes  de r Sera  w urde  eine M ethode au sg earb e ite t. D ie  A n tim u ta se  h em m t d ie M u ta se - 
a k t iv i tä t  bei G eflü g elarten  (H a h n , T au b e , E n te )  n ic h t  n u r  im  M uskel-, sondern  a u c h  im  
H erz- u n d  L e b e re x tra k t, so d a ß  also die P h o sp h o g lu k o m u tase  n ic h t über O rg a n sp e z if itä t 
v e rfü g t. D ie M u ta se a k tiv itä t  von  S äu g e tie ren  u n d  F rö sch e n  w u rd e  vom  A n tise ru m  n ic h t  
g eh em m t, so d a ß  die P h o sp h o g lu k o m u tase  der H ä h n e  G eflügel- ( =  K lassen-) S p e z if i tä t  
au fw eist.

N eu esten s h a t  m an  die im m unolog ischen  E ig en sch aften  m eh re re r am  
K o h len h y d ra ts to ffw ech se l te iln eh m en d er E n zy m e  u n te rsu c h t. So b e r ic h te te n  
H e n i o n  u n d  S u t h e r l a n d  [1] ü b e r die H e rs te llu n g  u n d  E ig en sch aften  des 
P h o sp h o ry lase -A n tise ru m s aus L eber u n d  H erz , J ó k a y , B ot  u n d  Sz i l á g y i  [2] 
ü b e r die H e rs te llu n g  u n d  im m unologische S p e z if itä t des M uskelphosphory lase- 
A n tise ru m s, L i p z e t t , R e i s b e r g  u n d  B o d a n s k y  [3] ü b er den A n tig e n c h a ra k ­
te r  d e r aus L eber gew onnenen  P hosph o h ex o iso m erase , B u e d i n g  [4] ü b e r  
die S p e z if itä t der aus S ch isto som a M ansoni h e rg es te llten  Isom erase  sow ie 
B o z s ó k i  u n d  E l ő d i  [5] ü b e r die im m uno log ischen  E ig en sch aften  der P h o sp h o - 
g ly ze rin a ld eh y d -D eh y d ro g en ase . M it H ilfe v o n  P h o sp h o ry lase -A n tise ra  k o n n te  
nachgew iesen  w erden , d a ß  sich die aus v e rsch ied en en  Geweben d esse lb en  
T ieres s tam m en d en  P h o sp h o ry la sen  v o n e in a n d e r  un te rsch e id en  [1, 2 ] , w as 
ih rem  abw eichenden  physio log ischen  u n d  ch em isch en  V erhalten  e n ts p r ic h t .

I n  den  h ier besp rochenen  U n te rsu ch u n g en  w ü n sch ten  wir vo r a llem  zu 
k lä ren , ob ebenso wie bei d en  P h o sp h o ry lasen  au c h  zw ischen den P h o sp h o g lu -  
k o m u ta se n  in  den e inzelnen  G ew eben desse lben  T ieres u n d  den P h o sp h o g lu - 
k o m u ta se n  v ersch ied en er A rten  im m unologische U n tersch iede  b es teh en .

Die P h o sp h o g lu k o m u tase  k a ta ly s ie r t die U m w an d lu n g  G -l-P ^ = ^ G -6 -P  
u n d  sp ie lt im  G lykogenstoffw echsel eine große R olle. Es schien d a h e r  n ic h t 
u n w ich tig  zu  u n te rsu ch en , ob zw ischen den  P h o sp h o g lu k o m u tasen  d e r  e in ­
zelnen  Gewebe u n d  Spezies im m unologische D iffe renzen  bzw . dam it z u sa m m e n ­
h än g en d e  physio logische u n d  chem ische A bw eichungen  vo rhanden  sind .

7*
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M ethoden

W ir im m u n is ie rten  d re i 3 kg  schw ere K an in ch e n m ä n n c h en  m it e inem  au s  d e r  B ru s t­
m u s k u la tu r  eines H ah n es  e x tra h ie r te n  u n d  h o c h g rad ig  gerein ig ten  P h o sp h o g lu k o m u tase - 
P r ä p a r a t .  Die P rä p a ra t io n  u n d  R einigung d e r PG M * erfo lg te  nach  de r fü r  K an in ch e n m u sk e l 
a u sg e a rb e ite te n  N A jjA R schen M ethode [6]. D en  T ie re n  gaben  w ir in  A b s tä n d e n  v o n  3 Tagen 
in sg e sa m t 8m al (3m al i. v . u n d  5m al i. m . n a c h  d e r  FREUNDschen A d ju v a n s te c h n ik )  16 m l 
P G M -P rä p a ra t,  in sg esam t 300 PG M -E inheiten  (d . h . e tw a  16 m g P G M -P ro te in ). Am  16. 
T a g e  w u rd en  B lu tp ro b e n  e n tn o m m en , am  30. T ag e  ließ en  w ir die T iere v e rb lu te n  u n d  gew an­
n e n  ste rile  S era , d ie 30 M in u ten  bei 56° C in a k t iv ie r t  w urden. Als K o n tro lls e ru m  w urden  
d ie  ebenso  gew onnenen  S era  u n b e h an d e lte r  K a n in c h e n  verw endet.

D ie H em m u n g sw irk u n g  de r Sera u n te r s u c h te n  w ir fo lgenderm aßen  : 0 ,2  m l Serum  
(o d e r  physiologische N aC l-L ösung) w u rd en  m it  0 ,3  m l en tsp rech en d  v e rd ü n n te m  E nzym  
2 M in u ten  bei 30° C in k u b ie r t ,  0,5 m l S u b s tra t  z u m  G em isch gegeben u n d  die P G M -A k tiv itä t 
b e s t im m t, die w ir n a c h  d em  teilw eise  m o d ifiz ie rten  [7] NAjjARschen V erfah ren  [6] a u f  G rund  
d e r  S en k u n g  des sä u re lab ilen  P -G ehaltes im  G - l -P  b es tim m ten . D as zu r A k tiv itä tsm e ssu n g  
v e rw e n d e te  In k u b a t  h a t t e  im  E n d v o lu m en  fo lg en d e  Z usam m ensetzung  : 0 ,005 M  G -l-P , 
0 ,0015  M  M gS04, 0,002 M  8 -H y d ro x y ch in o lin , 0 ,02  M  N a-g ly ze ro p h o sp h a t (p H  —- 7,4). 
In k u b a t io n  bei 30° C. D ie A k t iv itä t  geben  w ir  in  E in h e ite n  an , w obei w ir d ie jen ig e  PGM - 
M enge als E in h e it a n n eh m en , welche 1 m g sä u re la b ile s  P  in  5 M inu ten  zu  s ta b ile m  P  u m ­
g e s ta l te t .

D ie Z u b ere itu n g  d e r ro h e n  G ew eb sex trak te  (M uskel, H erz, L eb er) e rfo lg te  aus den 
m it  K oh len säu resch n ee  g e fro ren en  G ew eben d u rc h  Z erre iben m it Q u a rzsan d  u n d  k a ltem  
d e s til l ie r te m  W asser bei 0° C.

E rgebnisse und  B esprechung

Q uantitative B estim m u n g  des P G M -hem m enden  E ffektes der A n tisera

Z ur q u a n ti ta t iv e n  B estim m u n g  d e r P G M -hem m enden  W irk u n g  d er A n ti­
se ra  h a b e n  wir eine M ethode  a u sg e a rb e ite t. W ir geben n ich t die V e rd ü n n u n g  
des als A ntigen  b e n u tz te n  P rä p a ra te s  u n d  d ie  p ro zen tu a le  K o n z e n tra tio n  des 
A n tise ru m s  sowie den  P ro z e n tsa tz  der a u f tre te n d e n  H em m ung  an , -weil dieses 
V e rh ä ltn is  re la tiv  is t u n d  von  der A n tig e n k o n z e n tra tio n  a b h ä n g t:  d ie  in  P ro ­
z e n t au sg ed rü ck te  H em m u n g sw irk u n g  d esse lb en  A ntiserum s is t be i k o n zen ­
t r i e r t e r  E nzym lö su n g  g erin g er als bei s tä rk e r  v e rd ü n n te r . D u rch  B ezeichnung  
d e r  E n zy m h em m u n g sfäh ig k e it des A n tise ru m s  in  P G M -E in h e iten  lä ß t  sich 
d ie se r  F eh le r v e rm eid en . W enn  w ir die in  A nw esenheit von  K o n tro llse ru m  
u n d  A n tise ru m  gem essenen  A k tiv itä te n  in  P G M -E inheiten  a u sd rü c k e n , so 
e rg ib t  die D ifferenz d er be id en  M essungen d ie  H em m u n g sw irk u n g  des an g e­
w a n d te n  A ntiserum s in  P G M -E inhe iten . W ird  der H em m u n g seffek t a u f  1 m l 
S e ru m  errech n e t, so c h a ra k te ris ie r t d ieser W e rt q u a n ti ta t iv  die e n z y m h em ­
m e n d e  F äh igkeit d e r A n tise ra .

T abelle  I  e n th ä lt  d ie in  A nw esenheit v o n  physio logischer N aC l-L ösung , 
K o n tro llse ru m  u n d  A n tise ru m  gem essene P G M -A k tiv itä t des H a h n e n m u sk e l­
e x tra k te s .

* E s w erden  fo lgende A b k ü rzu n g en  b e n u tz t  :
PGM  =  P h o sp h o g lu k o m u tase  
G -I-P  =  G lu kose-1 -phosphat 
G-6-P =  G lukose-6 -phosphat
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Tabelle I
P G M -A k tiv itä t  des H ahnenm iiskelexlrakles in  A n w esen h e it von N aC l, K ontroll- und

A n tiseru m

PGM
Einheiten X 10-3/ml

Physiologische N aC l-Lösung 75

1. K ontro llseru in 7 t

2 . 77

3 . 75

A ntiserum  А 20

„  В 26

О С 29

0,2 m l NaCl (bzw . K o n tro ll-  oder A n tise ru m ) +  0,3 m l H a h n en m u sk e lex tra k t, In k u b a ­
tion  2 M in u ten  bei 30° C, +  0,5 m l S u b s tra t  u n d  A k tiv itä tsm e ssu n g .

W ie T abelle  I  zeig t, w ird  die P G M -A k tiv itä t vom  1., 2. u n d  3. K o n tro ll-  
serum  n ic h t  g eh em m t, w äh ren d  die A n tise ra  А , В u n d  C b e trä c h tlic h e  PG M - 
H em m u n g  h e rb e ifü h ren . D as A usm aß  der H e m m u n g  erg ib t sich aus d e r  V er­
sch ied en h e it d er M essungen. Die einzelnen  A n tise ra  bew irken fo lgende H e m ­
m ungen:

0,2 ml A n tise ru m  А 75 — 20 =  55 E in h e iten  X 10~3
0,2 ml „  В 75 -  26 =  49  „  X  10“ 3
0,2 m l „  C 75 -  29 =  46 „  X 10~3

W ie au s d iesen  A ngaben  e rrech n e t w erden  k a n n , ü b t  1 m l A n tise ru m  275, 245
und 230 E in h e ite n  X  10~3 P G M -H em m ung  au s . T abelle I  zeigt fe rn e r , d a ß  
z. B . 0,2 m l A n tise ru m  A  a u f  die a n g e w a n d te  E nzym m enge 7 5 % ige  H e m ­
m u n g  a u sü b e n . W enn  w ir n u r  50 s ta t t  75 P G M -E nzym einhe iten  b e n u tz e n  
w ü rd en , so m ü ß te  dieselbe Serum m enge 100% ige  H em m ung  b ew irk en . Z u r 
B e s tä tig u n g  d ieser A n n ah m e u n te rsu c h te n  w ir im  w eiteren , wie d a s  H e m ­
m u n g sau sm aß  d u rch  V erän d eru n g  der E n z y m - u n d  A n tise rum m enge  b ee in ­
f lu ß t w ird  (T abelle I I ) .

W ie sich  aus T abelle  I I  e rg ib t, w ird  d ie  H em m ungsw irkung  des A n tise ­
rum s d u rc h  V erän d e ru n g  d er E nzym m enge  n ic h t w esentlich  v e rä n d e r t .  D a ­
gegen e rh ö h t sich das A u sm aß  der H em m u n g  im  geraden  V erh ä ltn is  z u r  V er­
m eh ru n g  d e r A n tise ru m m en g e  (A bb. 1).

A u f  G ru n d  d er in  A bb . 1 angegebenen  G esetzm äß igkeit lä ß t s ich , w enn 
die a n g e w a n d te n  A n tise ra  noch  n ich t 100% ige  H em m ung  v e ru rsa c h e n , die 
H em m u n g sw irk u n g  von  1 m l A n tiserum  au s d e r  in  A nw esenheit v o n  K o n tro ll­
und  A n tise ru m  (oder von  zwei v e rsch iedenen  A ntiserum m engen) gem essenen  
A k tiv itä tsd iffe re n z  e rrech n en . N ach  den  A n g ab en  der Tabelle I I  r u f t  1 m l 
A n tise ru m  А 260 P G M -E in h e iten  X  10~3 H e m m u n g  hervor.
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Tabelle II
E ffe k t  der Veränderung der E n zy m - und A n tiseru m m en g e  a u f  das A u sm a ß  der H em m u n g

Zur Anwendung gelangten

PGM
Einheiten x  10 3

A ntiserum
m l

Hemmung
PGM -Einheiten x  10-"3

2 0 0 ,0 6 15

2 0 0 ,0 8 17

2 0 0 ,1 0 2 0

2 0 0 ,1 1 2 0

2 0 0 ,1 2 2 0

2 5 0 ,1 0 2 5

3 7 0 ,1 0 3 0

5 0 0 ,0 6 19

5 0 0 ,0 8 22

5 0 0 ,1 0 3 0

5 0 0 ,1 5 41

5 0 0 ,2 0 5 0

5 0 0 ,3 0 5 0

7 0 0 ,1 0 2 3

7 0 0 ,1 5 3 4

7 0 0 ,2 0 4 8

7 5 0 ,2 0 55

D ie Z u sam m en se tzu n g  d er P ro b en  is t d iese lbe  wie in  T abelle I ,  in  1 m l 
G e sa m tv o lu m e n  sind  die E n zy m - u n d  A n tise ru m m en g en  a u f  die an g eg eb en e  
W eise  v a r iie r t.

'S

A b b . 1. PG M -hem m ende W irk u n g  versch iedener M engen  v o n  A ntiserum . D ie A n g a b en  
ste llen  d ie  M itte lw erte  d e r  T a b . I I .  d a r .
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D er v e rh ä ltn ism ä ß ig  große A n tie n z y m g e h a lt des A ntiserum s e rg ib t s ich  
■daraus, d a ß  die H em m u n g  in  A nw esenheit v o n  0 ,06  m l A ntiserum  n o ch  g u t 
m e ß b a r w ar (d . li. bei 6 % ig e r A n tise ru m k o n z e n tra tio n ) und  ebenso in  A n ­
w esenhe it von  0,03 m l A n tise ru m  (3% ige K o n z e n tra tio n ) . Mit H ilfe  d iese r 
q u a n t i ta t iv e n  M ethode lä ß t  sich die H em m u n g sfäh ig k e it der am  16. u n d  
30 . T ag e  gew onnenen  A n tise ra  verg leichen:

A B C
16. T ag  100 125 75 E in h e iten  X  10“ 3 H em m ung
30. „  275 245 230 „  X  I O - 3

D ie S p ez ifitä t des aus dem H ahnenm uskel stam m enden  P G M -A n tiseru m s

Z u r N ach p rü fu n g  d e r S p ez ifitä t des A n tise ru m s u n te rsu ch ten  w ir, ob  die 
P h o sp h o g lu k o m u tase  sog. O rg an sp ez ifitä t au fw e is t. D as M uskelphosphory lase- 
A n tise ru m  ü b t b e k a n n tlic h  a u f  die L eb erp h o sp h o ry lase  keine W irkung  au s  u n d  
h em m t die H erzm uske lphosphory lase  n u r  seh r w en ig  [2], ferner w ird die M uskel- 
p h o sp h o ry la se  vom  L eb erp h o sp h o ry lase -A n tise ru m  n ich t und  die H e rz ­
m u sk e lp h o sp h o ry lase  n u r  in  geringem  A usm aß  g eh em m t [1].

D ie E rgebnisse  d e r m it P G M -A ntiserum  d u rc h g e fü h rte n  S p e z if itä tsv e r-  
suche  sin d  in  T abelle I I I  e n th a lte n .

Tabelle I I I

H em m ungsw irkung  des aus H ahnenm uskel stam m enden P G M -A n tiseru m s a u f  die A k t iv i tä t  
der H erz- und Leber-P G M  des H ahnes

Z ur A nw endung  g e la n g ten

PGM
Einheiten x 10 3

Antiserum
ml

Hemmung 
PGM-Einh. x 10"3

Hemmungsfähigkeit 
von 1 ml 
Antiserum 

PGM-Einh. x 10 "3

H ah n en h e rz 54 0,025 15 600

54 0,05 24 480

53 0,05 23 460

57 0,10 47 470

57 0,20 5-7 —

H ah n en leb er 53 0,025 9 360

53 0,05 19 380

53 0,10 39 390

69 0,10 51 510

H ahnenm uskel
69 0,20 69 —

(T ab . II) 70 0,10 23 230

70 0,20 48 240
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A us den R e su lta te n  g eh t h e rv o r, d a ß  d as  M uskel-PG M -A ntiserum  auch  
a u f  d ie  A k tiv itä t  d e r H erz- u n d  L eb er-P G M  ausgesprochene H e m m u n g s­
w irk u n g  au sü b t.

E ine  in te re ssa n te  q u a n ti ta t iv e  D iffe ren z  zeig t sich im  A u sm aß  d e r  H em - 
m u n g sfä h ig k e it, in d em  d ie  H erz- u n d  L eb er-P G M  vom  M uskel-PG M -A ntise- 
r u m  s tä rk e r  geh em m t w ird  als die M uskel-P G M . Diese R e su lta te  la ssen  den 
S c h lu ß  zu, d aß  die PG M  —  im  G egensatz zu  d e n  P hosphory lasen  — ke in e  g ru n d ­
le g e n d e n  o rg an sp ez ifisch en  im m u n o lo g isch en  U n tersch iede  au fw e is t.

D ie H em m u n g sw irk u n g  des H ah n en -P G M -A n tise ru m s u n te rs u c h te n  wir 
a u c h  an  an d eren  G eflügel-, Säuger- u n d  F ro sch g ew eb sex trak ten . D ie E rg e b ­
n isse  sind  in T abelle  IV  w iedergegeben.

Tabelle IV

S p e z ifitä t des H ah n en m u ske l-P G M -A n tiseru m s

Extrakt
Ausmaß der Hemmung 

in %

H ah n en m u sk el 10 0

E n ten m u sk e l 100

E n ten leb e r 100

T au benm uskel 100

H u n d em u sk e l 0

JR attenm uskel 1,5

F ro sch m u sk e l 0

F ro sch leb er 0

W ie die E rgebn isse  zeigen, is t das H ah n en m u sk e l-P G M -A n tise ru m  im ­
s ta n d e ,  die M u ta se a k tiv itä t  des M uskels u n d  d e r  L eber auch a n d e re r  G eflügel­
a r te n  zu  hem m en. D agegen  h em m t sie n ic h t  d ie  P G M -A k tiv itä t des M uskels 
b zw . d e r  L eber von  S äu g ern  u n d  F röschen . D ie H ahnen-P G M  v e rfü g t d em n ach  
ü b e r  G eflügel- ( =  K lassen -) S p ez ifitä t.

Schließlich u n te rsu c h te n  w ir, ob P G M -A n tise ru m  au f andere  E n z y m e  des 
H a h n e n m u sk e le x tra k te s  h em m en d  w irk t. E in e  A ntiserum m enge, w elche die 
P G M -A k tiv itä t  völlig  h e m m te , ü b te  a u f  die P h o sp h o ry la se -A k tiv itä t des M uskel­
e x t r a k te s  ü b e rh a u p t k e in e  H em m w irk u n g  a u s . Die P hosphohexo isom erase- 
A k t iv i tä t  des H a h n e n m u sk e le x trak te s  w u rd e  v o m  A ntiserum  eb en fa lls  n ich t 
g e h e m m t. Diese A ngaben  bew eisen, d a ß  d a s  PG M -A ntiserum  w ed e r A nti- 
p h o sp h o ry la se  noch A n tip h o sp h o h ex o iso m erase  e n th ä lt .  Zu gleicher Z e it b e s tä ­
t ig e n  sie den enzym spez ifischen  C h a ra k te r  des H em m ungseffek tes d e r  A n ti-  
m u ta s é .
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T h e  analgesic , h y p erg lycaem ic  an d  h y p e rm o tility -in d u c in g  effects an d  th e  to le ra n c e  
t o  th ese  e ffec ts  o f  D -2 ,2 -d ip h en y l-3 -m eth y l-4 -m o rp h o lin o -b u ty ril-p y rro lid in e  (P a lf iu m , R -875), 
a  new  an alg es ic  h av e  been  in v es tig a te d  in  co m p ariso n  w ith  m orphine.

A s a  conclusion , i t  can  be s ta te d  t h a t  o f  all th e  analgesics know n R -875 is th e  m o st 
p o te n t  co n cern ing  th e  analgesic , h y p erg ly caem ic  a n d  m o to r a c tiv ity  e n h an c in g  e ffec ts .

T o le ran ce  develops fa s te s t to  th e  h y p e rg ly caem ic  e ffe c t (w hich is h y p o th a la m ic  in  
o rig in ) o f  m o rp h in e  an d  R-875 a like , w ith  th e  an alg es ic  e ffe c t o f m o rph ine  co m in g  n e x t.  
No to le ran c e  develops in  e ith e r case to  th e  c o rtica l h y p e rm o ti li ty  an d  to th e  sp in a l H e r m a n n —  
Stra u b  re ac tio n .

P . A. J .  J a n s s e n  et al. [1, 2, 3] h av e  p re p a re d  a sy n th e tic  an a lg es ic , 
D -2 ,2 -d ip h en y l-3 -m eth y l-4 -m o rp h o lin o -b u ty ril-p y rro lid in e  (R-875, P a lf iu m ), 
w hich  is fa r  m ore ac tiv e  th a n  th e  fo rm erly  k n o w n  analgesic ag en ts , in c lu d in g  
th e  n u m ero u s  b u ty ra m id e  d e riv a tiv e s . T h e  sign ificance o f th e  d isc o v e ry  is 
in c rea sed  b y  th e  fac t th a t ,  acco rd in g  to  J a n s s e n  et al. [2], th e  r a t  w o u ld  
develop  h a rd ly  a n y  to le ran ce  to  th e  analgesic  e ffec t o f  th e  co m p o u n d . S im ila r 
o b se rv a tio n s  h av e  been m ade on chron ic  a d m in is tra tio n  in  m an  b y  S o u p a u l t  et 
al. [4], as well as b y  D á v id  et al. [5]. T h e  chem ical s tru c tu re  of th e  c o m p o u n d  is

D -2,2 -d ip h en y l-3 -m ethy l-4 -m orpho lino - L -4 ,4 -d ipheny l-6 -d im ethy l-am m o-3
b u ty ril-p y rro lid in e  h ep tan o n  HC1
(R -875, P a lf iu m ) (M ethadone)

T h e  com pound  is chem ica lly  s im ila r to  M eth ad o n e , d iffering  fro m  th e  
la t te r  in  th e  presence of a m o rp h o lin e  g ro u p  in s te a d  of th e  d im e th y la m in o  
one a n d  in  th e  acid  am ide  ty p e  o f th e  oxo g ro u p , w hich in  M e th a d o n e  is ke- 
ito n -ty p e . T he presence of p y rro lid in e , a cyclic am in e  in  acid am id e  b o n d , is
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c h a ra c te r is tic  of R -875 . F u rth e rm o re , th e D -iso m e r o f R-875 is a c tiv e , w h e re a s  
in  th e  case of M e th ad o n e  th e  1-isom er is th e  a c tiv e  one.

W e have in v e s tig a te d  th e  analgesic e ffec t o f  R-875 in  m ice a n d  r a ts ,  th e  
h y p e rg ly caem ic  e ffec t in  ra b b i ts  an d  th e  h y p e rm o tility - in d u c in g  e ffec t in  m ice^ 
A n o th e r  prob lem  to  be  in v e s tig a te d  was th e  to le ra n c e  to  these  effects on ch ron ic  
a d m in is tra tio n . A ll th e se  effects were co m p a re d  w ith  tho se  of m o rp h in e .

M ethods

Analgesic effect a n d  the tolerance to it. T he a n a lg es ic  e ffe c t was m easu red  b o th  in  th e  
m o u se  a n d  th e  r a t  b y  th e  c o n ta c t  h e a t m eth o d  d e v e lo p ed  b y  P órszász an d  H e r r , J a n s s e n ». 
a n d  m od ified  b y  us [2, 6, 7 ]. T h e  m odification  w as t h a t  a f te r  de te rm in in g  tw ice  th e  n o rm al 
re sp o n se  tim e  we in je c te d  th e  d ru g  to  be te s te d  su b c u ta n e o u s ly , th e n  th e  p a in  resp o n se  tim e  
w a s  a g a in  d e te rm in ed  15, 30, 45 a n d  60 m in u te s  la te r . A p p ly in g  th e  p rincip le  o f  “ a ll o r  n o th in g ” , 
th e  re sp o n se  was considered  p o sitiv e  on ly  w hen th e  a n im a l’s n o rm al response tim e  is pro longed  
b y  150 p e r  cen t. D id  th is  n o t  ta k e  p lace, th e  re sp o n se  w as considered  n e g a tiv e . A t le a s t  4 
doses o f  each  co m p o u n d  w ere  te s te d ,  using  fo r e ac h  dose  25 a lb ino  m ice w eigh ing  16 to  24 
g  o r  15 w h ite  W is ta r  r a t s  w e ig h in g  120 to  180 g. T h e  re su lts  w ere an a ly sed  s ta tis t ic a l ly  b y  
th e  p r o b i t  m e th o d  o f  L it c h f ie l d  an d  W ilc o x o n  [8].

T h e  d ev elo p m en t o f  to le ra n c e  was s tu d ied  in  ra ts .  T h e  E D 98 dose ( th e  dose e x e rtin g  
a  98 p e r  cen t analgesic e ffe c t)  w as ad m in iste red  ; o f  m o rp h in e  also th e  e ig h tfo ld  E D 50 w as 
te s te d  in  som e cases. G ro u p s o f  15 r a ts  w eighing 120 to  180 g each  were t r e a te d  w ith  th ese  
do ses su b cu tan eo u sly , b e tw e e n  8 an d  10 o’clock in  th e  m o rn in g , over a  p e rio d  o f  30 d a y s . 
E v e r y  o th e r  d a y  th e  re sp o n se  t im e  to  p a in  w as d e te rm in e d  a n d  th e  analgesic  e ffe c t w as 
m e a su re d  as described  a b o v e .

H yperglycaem ic effect a n d  the tolerance to it. T h e  h y p erg ly caem ic  e ffe c t w as s tu d ie d  
a f te r  18 ho u rs  o f fa s tin g  in  30 ra b b its  w eighing b e tw e e n  1.8 an d  2.5 kg. A fte r  d ra w in g  a  
c o n tro l sam ple  o f b lood , th e  d ru g  w as in jec ted  su b c u ta n e o u s ly  an d  1 and 2 ho u rs  la te r  a second 
b lo o d  sam p le  was ta k e n . B lood  su g a r  was d e te rm in ed  b y  th e  m eth o d  of Som o g yi an d  N el so n
[9, Ю ].

T h e  to lerance  d ev elo p in g  to  th a t  effect w as in v e s tig a te d  in  groups o f 6 ra b b its ,  e ach  
a n im a l w eighing 1.5 to  2 .2  kg . T h e  an im als w ere t r e a te d  su b c u tan e o u sly  w ith  eq u a lly  e ffec tiv e  
d o ses o f  m o rph ine  h y d ro c h lo r id e  a n d  R-875, o v e r a  p e rio d  o f 28 days. O nce e v e ry  w eek 
( a f te r  18 h o u rs  o f fa s tin g )  a  c o n tro l blood sam ple  w as d ra w n . S ub seq u en tly , th e  u su a l dose 
w as in je c te d  and  th e  b lo o d  su g a r  level was d e te rm in e d  1 a n d  2 hours la te r.

T he effect causing central nervous motor excita tion  ( hyperm otility)  and  the tolerance 
to it. T h e  e x c ita to ry  a c tio n  w as s tu d ied  in m ice, b y  th e  m e th o d  o f D ew s  [11]. G roups o f 
5 m ice  e ach  were used . T he a c t iv i ty  o f th e  c o n tro ls  a n d  o f  th e  e x p erim en ta l a n im a ls  w as 
d e te rm in e d  a t  15 -m inu te  in te rv a ls .  In  th e  30 th  m in u te  p h y sio log ica l saline o r  th e  d ru g  to  be 
te s te d  w as in jec ted  in tra p e r i to n e a l ly  an d  th e  ch an g es in  e x c ita tio n  w ere m ea su re d  fo r 60 
m in u te s .  A to ta l  o f  90 a lb in o  m ice  were invo lved  in  th e se  experim en ts .

T h e  to le ran ce  w as s tu d ie d  in  6 groups o f 5 m ice  e ach . T h ree  groups w ere t r e a te d  i n t r a ­
p e r ito n e a lly  w ith  m o rp h in e  h y d ro c h lo rid e  an d  3 g ro u p s  w ith  R -875, over a  p e rio d  o f  28 
d a y s . T h e  degree o f e x c ita tio n  w as estim a ted  once e v e ry  w eek , by  th e  m eth o d  o u tlin e d  ab o v e.

R e su lts

A nalgesic effect in  the mouse and the rat. T h e  d a ta  for th e  analgesic  e ffec ts  
o f m o rp h in e  an d  R -875 in  th e  r a t  are p re se n te d  in  T ab le  I.

As it  can  be seen in  T ab le  I ,  th e  E D 50 o f  m orph ine  was fo u n d  to  be 
3.1 m g /k g  in  th e  m ouse  (19/20 confidence l im its , 2 .21—4.34), w hereas th e  
E D 50 o f  R-875 was 0.15 m g /k g  (19/20 con fidence  lim its , 0.133 — 0.169). R-875 
p ro v e d  to  be 20.7 tim es  m o re  p o te n t th a n  m o rp h in e  (19/20 confidence lim its , 
1 4 .4 - 2 9 .8 ) .



T H E PHARMACOLOGY' OK P A L F R  M 1H9

Table I

A nalgesic action o f  morphine-HC.l and  R -875 in  mice and rats

N u m b e r  E D .,0 j  19/20 c o u f i d  l i m i t »  _  |  { X X  |
( i f  m i r / k i r  -  Ц А *Compound Species of

animals
mg/k*

8 . C. lower upper
SÄ s. I*. R 7

lower upper
s.R ; + *>. R.

Morphine-HC1 m ouse 100 3.1 2.21 4.34 2.63 1.9 1.0 _ _ _
R-875 mouse 125 0.15 0.133 0.169 1.4 1.19 20.7 14.4 29.8 1.88 2.46
Morphine-1 ICI ra t 60 2.9 2.21 3.8 1.47 1.24 1.0 — — — —

R-875 rat 85 0.15 0.103 0.217 2.75 1.51 19.4 12.3 .30.6 1.87 1.6

S x slope
fg X — slope fa c to r
P . R . =  p o ten c y  ra tio
S. R . =  slope ra tio
fg. r . =  fac to r slope ra tio

In  th e  r a t ,  th e  E D S0 for m orph ine  w as 2 .9  m g/kg (19/20 con fidence  
lim its, 2.21 — 3.8), th a t  fo r R-875, 0.15 m g/kg (19/20 confidence lim its , 0.103 —
0.217), an d  its  re la tiv e  p o te n c y  as co m p ared  to  m orphine, 19.4 (19/20 
confidence  lim its , 12 .3—30.6).

A com parison  o f  th e  va lu es  fo r th e  E D 50 show ed  R-875 to  be n e a r ly  
20 tim es m ore ac tiv e  th a n  m o rp h in e  in m ice a n d  ra ts .  As regards th e  E D 98, 
for R-875 th is  was in  m ice 0.3 m g/kg a n d  fo r m o rp h in e , 8 m g/kg, i.e. th e  
p o ten cy  ra tio  w as 26.6. In  c o n tra s t  w ith  th is , in  th e  r a t  th e  EDj>g fo r m o rp h in e  
was fo u n d  to  be 6 m g /kg  a n d  for R-875 1.2 m g/kg. T h is m eans th a t  in  th e  ra t  
th e  p o ten cy  ra tio  w as o n ly  fivefo ld .

T he tim e  o f th e  m a x im u m  effect is show n in  T ab le  I I .

Table II

D uration o f  analgesic action o f  morpliine-H Cl a n d  R -875 in  the mouse

„ г •1 ercentage oi positive reactions.
Number minutes after treatment

Compound s. c. of j j
animals 15 30 45 60

M orpliine-HCl 8.0 25
I

20 ! 78.5 64 32

R-875 0.2 20 60 25 10 10

v* As seen in  T ab le  I I ,  th e  m ax im um  analgesic  effect of 8 m g/kg m o rp h in e  
fell to  30 m inu tes a n d  b y  th e  60 th  m inu te  th e  e ffec t w as considerab ly  re d u c e d . 
W ith  R-875 m ost o f  th e  po sitiv e  reactions o ccu rred  in  15 m inu tes a n d  in  30 
m in u tes  th e  effect w as m u ch  w eakened .

Tolerance to the analgesic effect. To s tu d y  th is  e ffec t, an im als w ere s u b je c t­
ed  to  ch ron ic  tr e a tm e n t w ith  th e  respective  E D 98 o f  th e  drugs. T he E D 9g was
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c o m p u te d  from  th e  dose-response  cu rves, a n d  w as 6 m g/kg fo r m o rp h in e  and  
1 .2  m g/kg  for R -875. T h e  la t te r  dose b e in g  8-fo ld  th e  E D 50, a s im ila r  dose o f  
m o rp h in e , i. e. 24 m g /k g  w as also te s te d .

T he d a ta  fo r th e se  ex p erim en ts  a re  show n in Fig. 1. I t  is c lear th a t  
d u r in g  th e  30 d ay s  o f  t r e a tm e n t  th e  an im a ls  g rad u a lly  becam e accu sto m ed  to  
m o rp h in e  an d  a f te r  27 d a y s  th e  E D B8 h a d  no  analgesic effect in  an y  o f th e  
a n im a ls .

Fig. 1. A nalgesic  to le ran ce  o f m o rp h in e -H C l a n d  R-875 in  th e  r a t  
1: 1.2 m g /k g  o f  R -875, su b c u tan e o u s ly , p e r day .
2: 24 m g /k g  o f  m orph ine-H C l su b c u tan e o u sly , pe r d ay .
3: 6 m g /k g  o f  m orph ine-H C l su b c u tan e o u s ly , pe r d ay

E ven th e  effect o f  th e  h igher dose o f m o rp h in e  was co n sid e rab ly  reduced  
b y  th e  end of th e  e x p e rim e n ta l period ; 79 p e r cen t of th e  an im a ls  developed 
to le ra n c e  to  it. In  c o n tra s t  w ith  th is , th e  an im a ls  d id  no t develop  to le ran ce  to  
R -8 7 5  during  th e  e x p e rim e n ta l period , th o u g h  som e m inor v a r ia tio n s  occu r­
r e d . T he anim als e x h ib ite d  also k a ta to n ia ,  sed a tio n  and  e x o p h th a lm u s . On 
th e  o th e r  han d , th e  a n im a ls  tre a te d  w ith  th e  sm alle r dose of m o rp h in e  e x h ib it­
e d  th e se  sym ptom s o n ly  fo r 4 to  6 d ay s , w hile  th o se  su b jec ted  to  t re a tm e n t 
w ith  th e  larger dose, fo r  22 to  25 days.

Hyperglycaem ic effect in  the rabbit. T h e  d e riv a tiv es  of o p iu m  a n d  M e th a ­
d o n e  are  know n to  g ive  rise  to  h y p e rg ly caem ia  [12, 13, 14, 15, 16]. A cco rd ing  
to  D . T . W a t t s , a c o rre la tio n  ex ists b e tw een  th e  analgesic a n d  th e  h y p e r­
g ly caem ic  effects. M orp h in e  an d  M eth ad o n e  cause  hy p erg ly caem ia  b y  ac tin g  
o n  th e  su p rasp in a l c e n tre s  a n d  m obiliz ing  ad ren a lin e . T his e ffec t can  be in ­
h ib ite d  b y  p e n to b a rb ita l  [15].

T he hyp erg ly caem ic  p o ten cy  of m o rp h in e  an d  R-875 w as in v e s tig a te d  
in  ra b b its , to  d e te rm in e  w h e th e r th e  g re a t difference ex is tin g  be tw een  th e  
an a lg es ic  effect o f  th e  tw o  drugs w ould  be re fle c ted  in  th e ir  hyp erg ly caem ic  
e ffe c ts , and  to  e s tim a te  th e  ra tio  of th e  an a lg esic  effect to  th e  h y p erg ly caem ic
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one. W e Avished to  f in d  th e  dose of R -875 ra is in g  th e  blood su g ar level in 
a p p ro x im a te ly  th e  sam e m easu re  as 10 m g/kg o f m orph ine-H C l does. T h e  re su lts  
a re  p re sen ted  in  T ab le  I I I .

Table I I I

H yperglycaem ic effect o f  m orphine-H C l and  R -8 7 5  in  rabbits

Compound mg /kg Number
of

animals

Blood sugar mg per 100 ml mean ±  S. E., 
hours after treatment Maximum

B. c.
0 1 2 hours

chang«-

M orphine-H C l 10.0 15 112.5 ± 6 .3 5 165. ±  10.2 195.5 ± 1 1 .3 7 83.0 ±  9.7
R-875 0.25 6 116.0 ±  11.1 207.0 ±  19.8 167.0 ±  12.1 91.0 ±  14.3

R-875 0.5 9 105.0 ±  9.32 270.0 ±  18.9 160.0 ± 1 2 .1 8 165.0 ± 1 1 .1

O n su b cu tan eo u s  a d m in is tra tio n , 0.25 m g/kg  of R-875 w as fo u n d  to  
h a v e  th e  sam e h y perg lycaem ic  effect as 10 m g /kg  o f m orphine. 0.5 m g /k g  of 
R -875 w as a b o u t tw ice as p o te n t as 10 m g /kg  o f m orph ine . T hus, th e  h y p e r ­
g lycaem ic  effect o f R-875 was found  to  be a b o u t 40 tim es s tro n g e r t h a n  t h a t  
o f  m o rp h in e .

T h e  h yperg lycaem ic  effect o f m o rp h in e  re a c h e d  th e  m ax im um  in  2 h o u rs , 
w hereas th e  effect o f R-875 developed  fa s te r; th e  m ax im um  was a t ta in e d  in  
th e  f ir s t  h o u r. D urin g  th e  second h o u r  th e  effect of b o th  th e  0.25 a n d  th e
0.5 m g /kg  doses of R -875 show ed a de fin ite  decline.

Tolerance to the hyperglycaemic effect. I t  is know n  th a t  in  ch ron ic  e x p e r i­
m en ts  to le ran ce  develops to  th e  h y p erg ly caem ic  e ffec t of th e  op ium  a lk a lo id s  
a n d  o f  th e  sy m p a th e tic  analgesics [17, 18, 19, 20, 21]. P h a t a k  et al. [21] h a v e  
reco m m en d ed  th is  m eth o d  for te s tin g  th e  to le ran ce  to  analgesics. T h e  re su lts  
a re  show n in F ig . 2 an d  Fig. 3.

I t  is c lear from  F ig . 2 th a t  a f te r  one w eek  o f  su b cu tan eo u s t r e a tm e n t  
th e re  w as h a rd ly  a n y  m ore of a h y perg lycaem ic  response to  10 m g/kg  o f  m o r­
p h in e . F ig . 3 show s th a t  th e  to le rance  to  R -875 in  d a ily  su b cu tan eo u s  doses 
o f 0.25 m g/kg  developed  less rap id ly . A fte r one w eek o f tre a tm e n t th e  h y p e r ­
g lycaem ic  response  w as still increasing , to  decline a fte r  tw o Aveeks. S u b ­
se q u e n tly , th e  b lood  su g ar level was ra ised  m u ch  less, th a n  in itia lly .

T h u s , th e  an im als  developed  to le ran ce  to  th e  h y perg lycaem ic  effect o f  
m o rp h in e  sooner th a n  to  th a t  o f R-875. In  c o n tra s t  Avith w h a t h a p p e n e d  in 
th e  case of th e  analgesic  effect, in  th e  la te  p h ase  o f  th e  te s t  period  th e re  d id  
deve lop  a to le ran ce  to  th e  hyperg lycaem ic  e ffec t o f R-875.

H yp erm o tility  in  mice. I t  is Avell-known t h a t  an a lg e s ic s  ca u se  e x c i t a t i o n  
in  t h e  m o u s e  [22, 23, 24]. T h is  e ffec t ca n  b e  Avell m e a s u r e d  q u a n t i t a t i v e l y  b y  
t h e  m e t h o d  o f  D eavs [11, 15].
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« C M

F ig . 2 . D ev elo p m en t o f to le ran ce  to  th e  F ig . 3. D ev elo p m en t o f  to le ran c e  to  th e
h y p e rg ly caem ic  e ffec t o f  10 m g/kg  o f  m or- h y p e rg ly c ae m ic  effect o f 0.25 m g/kg  o fR -8 7 5 ,
p h in e -H C l su b cu tan eo u sly . R a b b its . T he figu- su b c u tan e o u s ly . R a b b its . T he figures in d i­

res in d ic a te  th e  w eeks cate  th e  weeks

W e h av e  in v e s tig a te d  th e  re la tio n  o f  th e  h y p e rm o tility  caused  b y  R-875 
to  th e  ce n tra l n e rv o u s ex c ita to ry  effect o f  m o rp h in e , as well as th e  q u a n t i ta t iv e  
c o rre la tio n  b e tw een  th e  e x c ita to ry  an d  an a lg esic  potencies.

Fig. 4. H y p e rm o til ity  caused in  th e  m ouse b y  
in o rp h in e -H C l and  R -875, re sp ec tiv e ly . 
O rd in a ta  : n u m b er o f  in te r ru p tio n s  o f 
lig h t.
1: p h y sio log ica l NaCl, in tra p e r ite o n e a lly . 
2: M orphine-H C l, 20 m g/kg , in tra p e r ito -  
n ea lly .
3: R -8 7 5 , 1 m g/kg, in tra p e rito n e a lly . 
A rrow s in d ica te  in jec tions o f th e  d rugs

T h e  re su lts  a re  p re se n te d  in  Fig. 4.
T h e  a c tiv i ty  of th e  an im als tr e a te d  w ith  physio logical sa line  d ecreased  

g ra d u a lly  a n d  ceased  a lm o st com plete ly  b y  th e  e n d  of th e  ex p erim en t. F o llow ­
in g  th e  in tra p e r ito n e a l a d m in is tra tio n  o f  20 m g/kg  of m orph ine , a f te r  30 
m in u te s  a s ig n if ic a n t increase  o f a c tiv ity  o c c u rre d , w hich reach ed  its  m a x im u m  
45  m in u te s  a fte r  th e  in jec tio n , b u t was s ti l l  s ig n if ican t a f te r  60 m in u te s . In  a
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dose o f 1 m g/kg, in tra p e rito n e a lly , R-875 cau se d  ex c ita tio n  faste r th a n  m o r­
phine an d  th e  m ax im u m  occurred  15 m in u te s  a f te r  a d m in is tra tio n . S u b ­
seq u en tly , ex c ita tio n  ra p id ly  subsided . 1 m g/kg  o f  R-875 in jec ted  in t r a p e r i to -  
n eally  p roduced  a b o u t th e  sam e degree of e x c ita t io n  as th a t  caused b y  20  m g/ 
kg of m o rp h in e . T h u s , as reg a rd s  its  h y p e rm o tility -in d u c in g  ac tio n , R -875  is 
20 tim es m ore p o te n t th a n  m orph ine .

Tolerance to h yperm otility . I t  is know n t h a t  th e  forced m o to r a c t iv i ty  
caused  b y  m o rp h in e  in  m ice is th e  re su lt o f c o r t ic a l  s tim u la tio n  [26, 2 7 ]. No 
to lerance  develops e ith e r  to  th is  effect of m o rp h in e  o r to  th e  ta il re a c tio n  [26]. 
No co m p arab le  d a ta  a re  av a ilab le  for th e  s y n th e tic  analgesics.

In  F ig . 5 is show n th e  ex c ita tio n  cau sed  b y  th e  in tra p e rito n e a l in je c tio n  
o f  20 m g/kg  o f m o rp h in e . A fte r one w eek o f t r e a tm e n t  th e  e x c ita to ry  re sp o n se  
becam e s tro n g e r, th e n  its  in te n s ity  rem ain ed  th e  sa m e . No to lerance  d e v e lo p e d  
to  th is  effect.

In  F ig . 6 are  show n th e  m o to r ex c ita tio n  resp o n ses  to  th e  in tra p e r i to n e a l  
in jec tio n  of 1 m g /kg  o f  R -875. The sam e m ild  in crease  is observ ab le  w h ich  
occurred  w ith  m o rp h in e . L ike in th e  case o f  m o rp h in e , no to le ran ce  to  th is  
effect developed  d u rin g  28 d ay s  of t re a tm e n t. T h e  ta i l  reac tion  of H e r m a n n  —  

S t r a u b  w as n o t ab o lish ed  b y  e ith e r of th e  d ru g s .
T h u s , m ice d ev e lo p ed  no to lerance  to  th e  c e n tra l nervous e x c i ta to r y  

effect o f e ith e r  m o rp h in e  o r R-875.

D iscussion

In  b o th  th e  m ouse  a n d  th e  r a t ,  D -2 ,2 -d ip h en y l-3 -m eth y l-4 -m o rp h o lin o - 
b u ty ril-p y rro lid in e  h a s  a m ore  p o ten t analgesic  e ffec t th a n  any  o f th e  d e r iv a ­
tives o f  m o rp h in e  or M eth ad o n e  th u s  fa r k n o w n . T h e  re la tiv e  p o ten cy  d a ta  for 
m ice are  closely s im ila r to  th o se  o b ta in ed  b y  J a n s s e n  et al. [2, 3], w ho  fo u n d  
R-875 to  be 18.5 tim es  m ore  ac tiv e  th a n  m o rp h in e . O n th e  o ther h a n d , in  th e  
r a t  th ese  a u th o rs  fo u n d  R-875 to  be 40.5 t im e s  m ore  p o ten t th a n  m o rp h in e . 
We observed  no such  d ifference betw een th e  tw o  an im al species. I f  th e  E D 5n 
values w ere c o m p ared , R -875 p roved  to  be  a b o u t  20 tim es m ore p o te n t  th a n  
m orph ine  in  b o th  species, b u t  w hen te s tin g  th e  E D 9g, th e  difference in  p o te n c y  
was 26.6-fo ld  in  m ice a n d  o n ly  5-fold in  ra ts .

T ests  in  ra b b its  show ed  R-875 to  ra ise  th e  b lood  sugar level. B o th  th e  
op ia tes  a n d  th e  s y n th e tic  analgesics are  k n o w n  to  raise  th e  blood s u g a r  level 
[12, 13, 15, 16]. T he s im ila r ity  of its  s tru c tu re  to  t h a t  of M ethadone su g g ests  
th a t  R-875 m ig h t h a v e  ra ised  the  blood s u g a r  leve l b y  ac ting  on th e  s u p ra ­
sp in a l cen tres , m a in ly  on th e  h y p o th a la m u s . L ik e  in  th e  case of m o rp h in e  an d  
M ethadone d e riv a tiv e s , th e  ex c ita tio n  of sy m p a th e tic  centres causes a d re n a lin e  
m o b iliza tion , xvhich, in  tu r n ,  lowers th e  g lycogen  co n ten t of th e  l iv e r  [16]. 
A ccordingly , h y p e rg ly caem ia  induced  b y  R -875 p ro b ab ly  also d ev e lo p s as a 
resu lt o f  sy m p a th ic o -a d re n a l s tim u la tio n . In  th e  ra b b it ,  R-875 w as fo u n d  40

8  A ria  Phyeiologica XV I.
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Fig. 5. T o lerance  to  th e  h y p e rm o tili ty  cau sed  b y  m o rph ine-H C l in  th e  m ouse.
O rd in a ta  : n u m b er  o f  in te rru p tio n s  o f  lig h t 

A rrow s in d ic a te  th e  in jec tio n  q f  20 m g/kg  o f  m o rph ine  in tra p e rito n ea lly
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Fig. 6. T o lerance to  th e  h y p e rm o tility  caused  b y  R -875 in  th e  m ouse. 
O rd in a ta  : n u m b er o f in te rru p tio n s  o f  lig h t.
A rrow s in d ica te  th e  in jec tio n  o f  1 m g/kg  o f R -875 in tra p e rito n ea lly
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t im e s  m ore p o te n t  t h a n  m orphine as fa r  as th e ir  h yperg lycaem ic  effect is 
concerned .

In  th e  m ouse, R -875  caused h y p e rm o til i ty , ju s t  like m o rp h in e  or M e th a ­
d o n e . In  th is  re sp e c t i t  w as 20 tim es m ore  a c tiv e  th a n  m o rp h in e . T h is c e n tra l 
e x c ita to ry  effect sh o w ed  th e  sam e q u a n t i ta t iv e  values as th e  analgesic  effect in  
m ice . The ce n tra l n e rv o u s  s tim u la tin g  e ffec t b e in g  ch a ra c te ris tic  o f analgesics, 
th is  m ethod  m a y  p ro v e  usefu l in  th e  d e te rm in a tio n  o f th e  p o te n c y  ra tio .

As to  th e  d u r a t io n  o f analgesic, h y p e rg ly caem ic  a n d  m o to r  e x c ita to ry  
e ffe c ts  of R-875 i t  h a s  b een  observed t h a t  th e se  effects developed  fa s te r  an d  
d isa p p e a re d  fa s te r  t h a n  th o se  of m o rp h in e . T h e  m ax im u m  of th e  analgesic  
e ffe c t o f m orph ine  w as re a c h e d  in  30 m in u te s  a n d  th e n  th e  a c t iv i ty  declined  
slow ly , w hereas th e  sam e  effect of R -875 a t ta in e d  th e  p eak  in  15 m in u te s , to  
d is a p p e a r  th e re a f te r  ra p id ly . The d a ta  o b ta in e d  for th e  d u ra tio n  o f th e  a n a l­
gesic  effect of R -875 a g ree  well w ith  th o se  re p o r te d  b y  J a n s s e n  et al. [3], b u t  
in  o u r te s ts  w ith  m o rp h in e  the  m ax im u m  e ffec t was o bserved  to  occur no t 
a f te r  60, b u t in 30 m in u te s . This f in d in g  is in  ag reem en t w ith  th e  re su lts  o f 
E d d y  et al. co n cern in g  th e  d u ra tio n  of th e  m o rp h in e  effect [28].

The m ax im u m  o f th e  hyperg lycaem ic  e ffec t of R-875 w as also reach ed  
e a r lie r  th a n  th a t  o f m o rp h in e . T he sam e ap p lie d  to  th e  h y p e r m o tility -in d u c in g  
e ffe c t. T hus, as fa r  as th e  d u ra tio n  an d  m a x im u m  o f th e  effect are concerned , 
th e s e  phenom ena c h a n g e d  in  parallel. T h is p ro v es th a t  these  effects of R-875 
d ev e lo p  faste r a n d  d is a p p e a r  fas te r, o b v io u sly  b ecau se  of th e  ra p id  ab so rp tio n  
a n d  fa s t e lim in a tio n  o f  th e  drug .

In  the  to le ran ce  o f  th e  ra t  to  th e  an a lg es ic  ac tion , d ifferences w ere n o ted  
b e tw e e n  R-875 a n d  m o rp h in e . A ll th e  an im a ls  developed  to le ran ce  to  th e  a n a l­
gesic  effect of 6 m g /k g  m o rp h in e  by  th e  e n d  o f  t r e a tm e n t  (27 d ay s), an d  even 
th e  8-fold E D 50 w as to le r a te d  b y  79 p er c en t o f  th e  an im als d u rin g  th e  30 days 
o f  tre a tm e n t .  In  c o n tra s t  w ith  th is , v ir tu a l ly  no  to le ran ce  developed  to  th e  
an a lg es ic  effect o f R -875 , excep t in one o f  15 an im als . These d a ta  agree well 
w ith  tho se  re p o rte d  b y  J a n s s e n  etal. [2]. I n  a d d itio n  to  its  analgesic  ac tions, 
th e  d ru g  re ta in ed  i ts  e ffec ts  inducing  se d a tio n , k a ta to n ia  an d  ex o p h ta lm u s.

I n  th e  ra b b it , th e  in c rea se  in  the  b lood  su g a r  co n ten t caused  b y  eq u iv a len t 
d oses o f th e  tw o d ru g s  d ec reased  s ig n ifican tly  in  th e  course of tre a tm e n t .  M it h 
m o rp h in e , to le rance  d ev e lo p ed  w ith in  1 w eek , w hen  th e  hy p erg ly caem ic  re ­
sp o n se  to  R-875 w as s t i l l  increasing . A fte r  tw o  w eeks of tre a tm e n t ,  how ever, 
to le ra n c e  developed  to  th e  hyperg lycaem ic  a c tio n  of R-875, too . P i i a t a k  et al. 
[21] m ade sim ilar o b se rv a tio n s  w ith  M e th ad o n e . A ccording to  F i n n e g a n  et 
al. [15] an d  W a t t s  [16], th e  analgesics ra ise  th e  b lood  su g ar level b y  s tim u ­
la t in g  f irs t the  su p ra s p in a l au tonom ic cen tre s  ( th e  h y p o th a la m u s , in  th e  first 
p lace )  an d  by  a c o n se c u tiv e  m obilization  o f ad re n a lin e . T olerance to  th is  effect 
d ev e lo p s  faste r th a n  to  th e  analgesic effec t, a n d  m a y  a lread y  be p resen t w hen 
th e  analgesic effect is s t i l l  dem onstrab le . H o w ev er, species d ifferences m igh t
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p lay  a role a n d  te s ts  in  som e ph ilogenetica lly  h ig h er an im al w ould  p e rh a p s  
su p p ly  m ore in fo rm a tio n  as to  th e  response ex p ec tab le  in  m an . The d a ta  co n ­
cern ing  b o th  th e  analgesic  a n d  hyperg lycaem ic  effec ts ap p e a r to  in d ic a te , 
how ever, th a t  m a n  will also develop  to lerance  to  th e  new  analgesic , a lth o u g h  
a t  a slow er ra te  th a n  to  m o rp h in e  or M ethadone.

T he m o to r e x c ita tio n  w as increasing  in  in te n s ity  d u rin g  tre a tm e n t an d  
no to le ran ce  to  th a t  e ffect developed  in th e  m ice tr e a te d  w ith  e ith e r  o f th e  
tw o d rugs. N o t on ly  h y p e rm o til i ty , a cortical p h en o m en o n , b u t  also th e  H e r ­

m a n n — S t r a u b  ta i l  re a c tio n , due  to  sp in a l ex c ita tio n  [30], w as u n a ffe c ted .T h u s , 
accord ing  to  o u r re su lts , no  to le ran ce  develops d u rin g  th e  te s t  period  to  th e  
co rtica l a n d  sp in a l s t im u la tin g  effects of m orph ine a n d  R -875.

T he re su lts  o f th e  to le ran ce  s tud ies m ade in  th re e  d iffe ren t an im al species 
in d ic a te  t h a t  o f th e  effects te s te d  i t  is th e  hyp erg ly caem ic  one (w hich is o f 
h y p o th a la m ic  orig in), to  w h ich  to le ran ce  is developed  a t  th e  fa s te s t ra te . T he 
analgesic  ac tio n  o f m o rp h in e  on th e  p o s tc e n tra l g y ru s com es n e x t. No to le ran ce  
develops, how ever, to  th e  c o rtic a l effect responsib le  for m o to r ex c ita tio n  a n d  
to  th e  H e r m a n n — S t r a u b  p h en o m en o n , w hich is sp in a l in  origin.
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W e are  in d e b te d  to  Miss É . Má r iá ssy  and  Miss K . P éc z er  fo r tech n ica l a ssistan ce .
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Recensio

P rof. Dr. E ugen  E rn st
(D ire k to r  des B io p h y sik a lisch en  In s t i tu te s  d e r M edizin ischen  U n iv e rsitä t, P écs)

»D ie M uskeltä tigkeit, Versuch einer B iop h ysik  des quergestreiften M u sk e ls«.

355 Seiten , 204 A b b ild u n g en , V erlag  de r U n g arisch en  A kadem ie  de r W issen sch aften ,
B u d ap es t, 1958.

D er V erfasser de r sich se it v ie r  J a h r ­
zeh n ten  m it d em  T h em a  b e sc h ä ftig t, b eh an d e lt 
n a ch  e iner k u rz en  h is to risch en  E in le itu n g  das 
P ro b lem  in  zw ei H a u p tte i le n  u . zw. »Z u­
s ta n d sfo rm en  d e r A u fb a u b es ta n d te ile«  u n d  
»M echanik  d es M uskels«. D e r e rs te  A b sch n itt, 
» S tru k tu r  des q u e rg es tre if te n  M uskels, D ie 
F a se r als d ie  k le in s te  fu n k tio n e lle  E in h e it«  
b e h an d e lt d ie  s tru k tu re lle n  E ig en sch aften  
des M uskels. Im  zw eiten  A b s c h n it t,  »Z u­
s ta n d sfo rm en  d e r e inzelnen  M u sk elb estan d ­
te ile«  w erd en  R olle  u n d  B ed eu tu n g  des M yo­
sins, W assers u n d  K alium s besp ro ch en . D er 
d r i t te  A b s c h n itt,  »M uskelerregung«  b e faß t 
sich  h a u p tsä c h lic h  m it d e r V olum verm in- 
d e ru n g  be i d e r  M u sk e lk o n trak tio n , fe rn e r m it 
dem  A k tio n ss tro m , M uskelschall u n d  m it 
d e r  B e d e u tu n g  w e ite re r  B eg le ite rsch ein u n ­
g en , m it d e r E le k tro n e n b e tra c h tu n g  u n d  der 
H a lb le ite r th e o rie  im  E rreg u n g sp ro b lem . Im  
v ie r te n  A b s c h n it t,  »S p an n u n g  des M uskels« 
w erd en  d ie  Z u stan d sfo rm en  des M yosins bei 
S p an n u n g  u n d  D ru ck  besp ro ch en . D er fü n fte  
A b sch n itt, »D ie  m echan ische  Se ite  de r M us­
k e ltä tig k e it«  b e sc h ä ftig t sich m it d e r L a ten z ­
ze it, m it d e r  sp an n u n g sfre ien  u n d  sp an n u n g s­
lie fern d en  K o n tra k tio n , A rb e its le is tu n g  u n d  
W irk u n g sg rad . D er sechste  A b sc h n itt,  »Spezi­
fische F u n k tio n  u n d  S toffw echsel des M us­
kels«  g ib t e in e  Ü b e rs ich t ü b e r  d ie  R olle des 
M uskels im  G esam tsto ffw ech se l, A rb e it u n d  
S toffw echsel des iso lie rten  M uskels u n d  d ie 
m it d e r m ech an isch en  T ä tig k e it  zu sam m en ­
h ä n g en d en  S toffw echselprozesse . Z um  Schluss 
w e rd en  im  A b sc h n itt  »M uskelm asch ine«  die 
N a tu r  d e r M uskelcrregung  u n d  d ie  n eu eren  
K o n tra k tio n s th e o rie n  au sfü h rlich  b e h an d e lt.

N ach  je d e m  A b sc h n itt  w ird  d ie  L ite ra tu r  
an g egeben , am  E n d e  d e r  M onograph ie  ein  
au sfü h rlich es N am en- u n d  S achverzeichn is .

D ie  M onograph ie  b e d e u te t in  d e r L ite ra ­
tu r  u n se re r  m ediz in isch-b io log ischen  W issen­
sc h a ft  e ine  in  ih re r  A r t  e inz ig  d a s teh e n d e , 
a u ß e ro rd e n tlich  in te re s sa n te  F a c h sc h rif t  m it  
au sd rü ck lich  in d iv id u e lle r D e n k a r t  u n d  is t  
e ine  W ied erg ab e  e in e r b e in ah e  4 0 jäh rig en ,

a u f  e in  P ro b lem k re is  b e sc h rä n k te r  k o n s e ­
q u e n te r  F o rsch u n g sa rb e it. D er L eser e rh ä l t  
n ich t n u r  e in e  g ründ liche  Ü b e rs ich t ü b e r  d ie  
P hysio log ie  d e r  M u sk e ltä tig k e it, so n d e rn  
au ch  e in e  O rien tie ru n g  ü b e r  d ie p re z ise  
M ethod ik  d es F orsch ers , seine e ig e n a rtig e  

• A uffassung  u n d  originelle  D e n k a rt.
Die m it v e rsch ied en en  M ethoden  e rh a lte n e  

A n g ab en  w e rd en  s te ts  vom  G e s ic h tsp u n k t 
de r s tru k tu re l le n  u n d  fu n k tio n e llen  E in h e i t  
b e tra c h te t .  D ie  s tän d ig e  V erv o llk o m m u n g  
u n d  Z e itg em äß h e it de r au ß ero rd en tlich  p re -  
zisen M e th o d ik  erm öglich te  dem  V e rfa sse r , 
M a n g e lh a ftig k e ite n  o der F eh le r zu  e n t ­
decken , d ie  d e r  A u fm erk sam k eit g u t  b e k a n n ­
te r  F o rsch e r dieses G ebietes en tg in g en . D ie  
d ia lek tisch e  D e n k a r t  m it de r in v e n tio n e ile n  
B e re itsch a ft fü r  M ethod ik  v e re in t fü h r te n  
zu r F e s ts te llu n g  d e ra rtig e r g ru n d le g e n d e n  
n eu en  T a tsa c h e n , d ie d ogm atisch  h e rrs c h e n d e  
A n s ich ten  w id e rleg ten  u n d  dieses P ro b le m  
in  v o llk o m m en  neue B e leu ch tu n g  se tz te n . 
E s soll n u r  a ls  B eispiel d ie vom  V e rfa sse r  
a u sg e a rb e ite te  M ethode de r V o lu m m essu n g  
des M uskels e rw ä h n t w erden . D ie  g ro ß e  
E m p fin d lic h k e it  d ieser M ethode e rm ö g lic h t 
—  g le ich ze itig  m it  dem  A k tio n ss tro m  —  d ie  
R e g is tr ie ru n g  schneller u n d  a u ß e ro rd e n tlic h  
g e rin g er V o lu m v erm in d eru n g en , sow ie b e i 
de r te ta n is c h e n  K o n tra k tio n  a u f  d ie  la n g sa m e  
größere  V o lu m  V erm inderung sich  a u f  la g e rn ­
d en  g e rin g e ren  u n d  schnellen  V o lu m v erä n - 
d e ru n g en .

C h a ra k te r is tisc h  fü r  die k o n se q u e n te  
D e n k a r t  des V erfassers is t ,  d aß  d ie  B e a n t ­
w o rtu n g  d ieses P ro b lem s aussch ließ lich  a u f  
G ru n d  re g is tr ie rb a re r  T a tsa ch e n  u n d  R e su l­
ta te n  v o n  B e rech n u n g en , m it  e in e r ä u ß e r s t  
sch arfen  u n d  u n b e rü ck sic h tig e n d en  L o g ik  
a u f  e in  b e s tim m te s  » Ja «  oder »N ein «  e in ­
g een g t w ird , o h n e  irg en d  w elche A u s f lü c h te  
o d er K o m p ro m isse .

E s  e rsc h e in t v ie lle ich t u n g e w o h n t, in  
e in e r d e ra r t ig e n  M onographie d ie v o r  J a h r ­
zeh n ten  p u b liz ie r te n  V ersuche au fs  N eu e  
e ingehend  zu  b esp rechen , oder ü b e r  sc h e in ­
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b a r  ü b e rw u n d en e  P ro b le m e  m it  b e re its  v e r ­
s to rb e n e n  A u to ren  zu  d isp u tie re n . N ach  der 
so rg fä ltig e n  D u rch lesu n g  d e r  g anzen  M ono­
g ra p h ie  sch e in t das B e s tre b e n  zu  d ieser V oll­
k o m m e n h e it  ab e r n ic h t  ü b e rflü ss ig , d a  sich 
d ie  B ed eu tu n g  u n d  d e rze itig e  G ü ltig k e it der 
v o rh e r  verschw iegenen  o d er u n rich tig  in te r ­
p r e t ie r te n  T a tsa ch e n  in  v o lle r  S tä rk e  n u r  in  
d ie sem  h isto risch en  Ü b e rb lic k  e rh eb t. D em  
k o n v e n tio n e lle n  o b e rfläch lich en  Leser k a n n  
a u c h  d ie  W iedererw eckung  frü h e re r  P r io r i­
tä t s d e b a t te n ,  sowie die d o k u m e n tie r te  A uf­
z ä h lu n g  de r u n rich tig en  Z ita te ,  das V er­
sc h w e ig en  des N am en s des V erfassers u n d  
se in e r  E rgebn isse , d ie  R ü c k se n d u n g  seiner 
a n  v e rsch iedene  R e d a k tio n e n  g esan d ten  
M a n u sk r ip te , usw . eb en fa lls  u n in te re s sa n t 
u n d  überflü ssig  erscheinen . W en n  m an  ab er 
in  B e tra c h t  n im m t, w ie leh rre ic h  eben  das 
f ü r  ä lte re , h a u p tsäc h lic h  a b e r  fü r  jü n g ere  
F o rs c h e r  is t ,  so is t  es v ie lle ich t besonders 
b e g rü n d e t ,  e inm al a u ch  ü b e r  diese F rag e , 
a b w e ic h en d  v o n  d e r a llg em e in en  S itte  ein 
u n v e rh ü ll t  a u frich tig e s  B ild  zu e rh a lten . 
S e lb s t  d u rch  das a u ß e ro rd e n tlich  große 
A n w ach sen  de r p h y sio log ischen  L ite ra tu r  in  
d e n  le tz te n  J a h rz e h n te n  lä ß t  sich  die b e inahe  
a llg em e in e  E rsch ein u n g  d e r  P o la risa tio n  au f 
sp ra c h lic h e m  u n d  so n stig em  G eb iet bei der 
B e tra c h tu n g  u n d  be im  Z itie re n  d e r L ite ra tu r  
n ic h t  b e rech tig en . M an m u ß  allerd ings a n ­
n e h m e n , daß  die o ffene u n d  au frich tig e  
B e k a n n tg a b e  d e r E reig n isse  d e r  3 5 jäh rig en

ex p e rim e n te llen  T ä tig k e it  des V erfassers 
n ic h t  allgem ein m it F reu d e  e m p fan g en  w ird .

D ie  m ethod ische  E n tw ic k lu n g  u n d  v e r ­
ä n d e r te  B e tra ch tu n g  de r le tz te n  J a h re  b ra c h te  
es m it  sich , daß  d ie b ish e r als fe s ts teh e n d  
e rsch e in en d e  K o n zep tio n en  u n d  T h eo rien  
a u c h  a u f  engerem  G ebiet d e r M u sk e ltä tig k e it  
m o d if iz ie r t,  bzw. neue W ege g e su c h t w erd en  
m ü sse n . D ie völlige L iq u id ie ru n g  de r b is­
h e r ig e n  T heo rien  k a n n  a b e r  n a tü r l ic h  n u r  
d a n n  e rw a r te t  w erden , w en n  d ie  neue A n ­
n a h m e  restlo s  au f b re ite re m  G eb ie t m e h r  
d a rb ie te n  w ird . H ier m ö ch te  ich  e rs ten s  au f d ie 
F e s ts te llu n g e n  des V erfassers ü b e r das 
»A lles-oder-N ich ts-G esetz«  o d e r  » M em b ran ­
th e o rie «  de r E rreg u n g  h in w eisen .

D e r V erfasser g ib t eine b re ite  u n d  k ü h n e  
P e rsp e k tiv e  zur w eiteren  F o rsc h u n g  als er 
z. B . s t a t t  de r Io nen-T heorie  d ie  E le k tro n en - 
T h e o rie  in  den  V o rd e rg ru n d  s e tz t ,  oder a u f  
d ie  b iologische A nw endung  d es H a lb le ite r ­
p r in z ip s  h inw eist.

D ie  A bb ild u n g en  der M on o g rap h ie  geben  
e in e  d id ak tisc h e  E rg än zu n g  zu  d em  T ex t de r 
p re z ise n  M ethoden  des V erfasse rs . D ie v o r­
z ü g lich  a u sg e s ta tte te  (P a p ie r , D ru ck  u n d  
R e p ro d u k tio n  der A b b ild u n g en ) M onograph ie  
w ird  e in  h e rv o rrag en d es , in  T ra d itio n e n  
re ic h es  G eb iet der u n g a risch en  e x p e rim e n te l­
le n  W issen sch aft auch a u f  in te rn a tio n a le m  
N iv e a u  en tsp rech en d  re p re se n tie ren .
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ACTA P H Y S I O L O G I C A

A C A D  К MI A  E S C I E N T I A R U M  H U N G A R I C A E

T O M  U S X  V.  F A S C I C U L U S  1

Р Е З Ю М Е

О ФУНКЦИИ ДЕНЕРВИРОВАННОЙ ПОЧКИ
П.  Б А Л И Н Т ,  А . Х А Й Д У , Е . К И Ш  и  Й . Ш Т У Р Ц

Физиологический институт Медицинского университета, Будапешт

1. У наркотизированного животного выделение натрия и воды почкой, денервиро- 
ванной путем пересечения чревного нерва больше, чем иннервированной почкой противо­
положной стороны.

2. Гиперсалурия и полиурия в большинстве случаев сопровождаются большим 
инулиновым, или креатиновым клиренсами.

3. Между выделением натрия и разницей в инулиновом клиренсе не наблюдается 
корреляции. В отдельных периодах повышенное выделение натрия связано с меньшим 
инулиновым клиренсом. Повышенный диурез денервированной почки технически пред­
располагает к более высоким клиренсам. На этой основе авторы считают одним фактором, 
вследствие денервации появляющихся гиперсалурии и полиурии, снижение канальце­
вой реабсорбции натрия.

4. Характерным для денервированной почки является то обстоятельство, что на 
натрий падает большая процентная ставка всех выделенных осмолов, чем в случае 
иннервированной почки.

5. У ненаркотизированного животного нет сигнификантной функциональной раз­
ницы между иннервированной и денервированной почками.

НАКОПЛЕНИЕ ИНУЛИНА И ПАГ В ПОЧЕЧНОЙ ТКАНИ
П . Б А Л И Н Т  и И . Ф О Р Г А Ч

Физиологический институт Медицинского университета, Будапешт
1. При непрерывном вливании инулина и ПАГ и неизменной концентрации ину­

лина и ПАГ в плазме, выделенное в одну минуту в моче количество меньшие, чем влитые 
дозы этих веществ. Следовательно, одна часть введенного количества инулина и ПАГ 
отлагается в организме или же употребляется иным путем. Меньшую часть исчисленной 
разницы авторы обнаружили в почках, где вещества накоплялись.

2. Кровопусканием вызывалась у собак анурия, а затем у них проводилось внут­
ривенное вливание инулина и ПАГ. После двухчасовой анурии левая почка пересажива­
лась в шею собаки-реципиента, после чего авторы установили количества инулина и 
ПАГ в выделенной моче пересаженной почки, в моче собаки-реципиента, и количество, 
оставшееся в ткани пересаженной почки. Далее было установлено также содержание 
инулина и ПАГ в другой, непересаженной и «непромытой» почке. Оказалось, что «про­
мытая» левая почка также содержит инулин и ПАГ.

3. Количество депонированного инулина и ПАГ не объясняет разницы, получен­
ной обычными мочевыми или другими клиренсами. Полученных результатов нельзя 
рассматривать доказательством инулиновой секреции.

ДАННЫЕ К СПЕЦИФИЧЕСКОЙ ФУНКЦИОНАЛЬНОЙ АДАПТАЦИИ КОРЫ
НАДПОЧЕЧНИКОВ 

Э. Э Н Д Р Е Ц И  и К .  Л И Ш Ш А К

Институт патофизиологии Медицинского университета, Печ

Авторы дают общий обзор о своих исследованиях, проведенных в области произ­
водства гормонов корой надпочечников, и указывают на известные связи относительно



межжелезистой регуляции или ж е специфической гомеостатической функции коры над­
почечников. Результаты их исследований можно резюмировать в нижеследующем :

1. В ходе биосинтеза наблюдались 19 таких кортикоидов, которые оказались 
Д 4-3-кетокортикоидами с а-кетол-боковой цепью на 17-ом С-атоме. Из этих кортикоидов 
6 соединений выявляли более сильную полярность, чем гидрокортизон, 3 соединения 
обладали полярностью между гидрокортизоном и кортизоном ; дальнейшие 3 между 
кортизоном и кортикостероном, в то время как полярность 4 соединений была меньше 
той кортикостерона.

2. Среди соединений, более полярных чем гидрокортизон, лимфолитическая актив­
ность двух соединений (HL, IV.) была у крыс и мышей с удаленными надпочечниками 
выше активности гидрокортизона и кортизона, но их способность к накоплению глико­
гена была низкой.

3. Кортикоиды, наблюдящиеся. в связи с биосинтезом, встречаются в венозной 
крови надпочечников различных видов животных, а также в ходе так наз. специфической 
адаптации.

Адаптационные изменения специфического характера при секреци надпочечников

а Половые стероиды вызывали качественные изменения в составе кортикоидов 
венозной крови надпочечников. У собак фолликулин (бензоат эстрона) в значительной 
мере уменьшает секрецию гидрокортизона, причем, в то же время появляется 17-гидрокси- 
прогестерон. У кошек на действие фолликулина можно было выявить 2 новых соеди­
нения, а имейно Д 4-3-кетокортикоида, полярность которых ниже той кортикостерона.

б При гипертиреозе в венозной крови надпочечников кошек появляются 5 новых 
кортикоидов ; два из этих соединений задерживают секрецию тиреотропного гормона в 
большей степени, чем все известные нам кортикоиды. Проведенные наблюдения над чело­
веческим материалом показали, что при гипертиреозе эти соединения выявляемы также и 
в моче. У собак с удаленной щитовидной железой, получившых метилтиоурацил удалось 
выявить повышение секреции кортикоидов и повышение соотношения гидрокортизон : 
кортикосте'рон.

в В венозной крови надпочечников различных видов животных, так например у 
диких и одомашенных крыс и у лисиц в секреции при покое наблюдаются такие корти­
коиды, каких нельзя выявить в венозной крови надпочечников собак и кошек.

г  Возбудители общего адаптационного синдрома, в том числе и успокаивающие 
средства, обусловливают специфическую реакцию, причем наблюдается лишь крайне 
повышенная секреция гидрокортизона. По мнению авторов, повышенная секреция корти­
коидов объясняется процессами обмена веществ и потребностью организма в кортикоидах, 
ибо полярные кортикоиды сильно повышают центральную возбудимость и одновременно 
также вегетативный симпатический тонус. В случае применения успокаивающих средств, 
данное действие проявляется в качестве компенсаторного гомеостатического механизма. 
Подобное явление наблюдается в связи с изменением поведения после известных хирур­
гических вмешательств в нервную систему (удаление ядра миндалины, фронтальная 
лейкотомия).

Резюмируя исследованные явления, авторы приходят к тому заключению, что кора 
надпочечников — сверх рамок общего адаптационного синдрома — участвует со специ­
фической реакцией в поддержании гомеостаза организма. Наблюдаемые у различных 
видов животных явления указывают на то, что эта специфическая адаптация модифици­
руется также отклонениями отдельных видов, обусловленными разницами в тканевом 
обмене веществ коры надпочечников.

С Е К Р Е Ц И Я  К О Р Т И К О С Т Е Р О И Д А  В  П Р И Д А Т О Ч Н Ы Х  Н А Д П О Ч Е Ч Н И К А Х
П . В Е Й С , Л .  Х О Р В А Т  и Т . К А Д А Ш  

Патофизиологический институт Медицинского университета, Будапешт

Авторы проводили в экспериментах над крысами с удаленными надпочечниками 
в различные сроки после операции определения кортикостерона в вытяжке венозной 
крови надпочечников. Взятием венозной крови надпочечников они хотели собирать кровь 
из ткани придаточных надпочечников, расположенных в жировой ткани, окружающей 
удаленные надпочечники. Согласно их результатам уже в первые дни после удаления



надпочечников можно выявить известное выделение кортикостероид, которое впослед­
ствии дальше повышается. Следовательно, нельзя говорить об отсутствии гормона, а 
лишь о состоянии гипофункции.

ИЗМЕНЕНИЕ УГЛЕВОДНОГО ОБМЕНА ГОЛОВНОГО МОЗГА У КРЫС
НА ДЕЙСТВИЕ РАБОТЫ

В. М А Т Е , Д Ь . КАШ Ш АИ, Б . Х У Н К А Р , и Л . К И Ш

Биохимическая лаборатория Государственного нервопсихиатрического 
института

Авторы исследовали у крыс обоих полов, не достигших половой зрелости, после их 
плавания в течение 3 часов, содержание гликогена, глюкозы, молочной кислоты й пиро- 
виноградной кислоты в мозге.

При сигнификантно повышенном содержании гликогена, в количестве остальных 
исследованных веществ сигнификантной разницы не наблюдалось.

Из результатов авторов следует, что общераспространенный взгляд о стабильности 
гликогена нуждается в проверке. По крайней мере в известных условиях между функ­
циональной нагрузкой нервной системы и изменением содержания гликогена в мозге 
наблюдается параллельность.

ДЕЙСТВИЕ ГИПОТЕРМИИ НА ОСВОБОЖДЕНИЕ ГИСТАМИНА
Т. С И Л А Д Ь И , X . Ч Е Р Н Ь Я Н С К И , О. В Е Р Е Ш  и Б . Ц Е Н К А Р

Патофизиологический и Патологоанатомический институты Медицинского университета,
Дебрецен

Авторы, применяя методику Янчо, установили, что накопление красящих веществ 
уменьшается по мере снижения темперагуры тела ; данный эффект можно отнести к сни­
жению освобождения гистамина. Большие дозы кортизона или ларгактила —  главным 
образом последнег о — уменьшают накопление красящих веществ, однако, их действие 
не обусловливается задержкой освобождения гистамина.

ДЕЙСТВИЕ НЕОРГАНИЧЕСКИХ ИОНОВ НА АДРЕНАЛИНОВЫЕ РЕАКЦИИ
Т . С И Л А Д Ь И , И. СА ТА И  и Б . Ч А Б А  

Патофизиологический институт Медицинского университета, Дебрецен

Авторы исследовали задерживающее адреналиновые эффекты действие ионов кад­
мия, марганца, никкеля, олова и ванадия. Самыми эффективными из названных ионов 
оказались ионы кадмия —  они задерживали адреналиновую реакцию на сердце лягушек, 
на Тренделенбургской лягушке, на кровяном давлении и селезенке собак. Авторы выя­
вили, что задерживающий эффект не основывается на блокировании одновалентной груп­
пы (SH). По их имению в антиадреналитическом действии неорганических ионов важную 
роль играет изменение пермеабильности клеток.

ДЕЙСТВИЕ ТРИПТОФАНА НА ЧИСЛО ЛЕЙКОЦИТОВ
Я . Р И Г О , Ф . Т А К А Ч , и Й . Ш ОШ

Патофизиологический институт Медицинского университета, Будапешт

Авторы исследовали у крыс действие триптофана на число лейкоцитов и на каче­
ственную картину крови. Они установили :

1. Недостаток в триптофане вызывает лейкопению, которая после парентеральной 
подачи 10 мг/100 г. триптофана прекращается.



2. У нормальных животных введенные парентерально 10 мг/100 г триптофана вызы­
вает в 24 час выраженный лейкоцитоз. Данного явления нельзя вызвать 6 другими амино­
кислотами, и поэтому авторы считают вероятным, что в данном случае речь может быть 
о специфическом действии триптофана.

3. На действие триптофана в первые часы возникают лимфопения и гранулоцитоз, 
проявляющиеся выражение всего от 2— 4 часов. Данное действие можно вызвать и дру­
гими аминокислотами (Стрессор эффект).

4. Путем экстирпации надпочечников удалось отражать возникающее на действие 
триптофана ранее изменение картины крови, однако, появляющийся в 24-ый час лейко­
цитоз неизменно наблюдался и в этом случае.

ПОВЕДЕНИЕ ОБМЕНА У КРЫС ПОСЛЕ ПОВРЕЖДЕНИЯ ГИПОТАЛАМУСА В 
ТЕПЛОТЕ И ЕГО ОТНОШЕНИЯ К ТЕРМОРЕГУЛЯЦИИ В ХОЛОДНОЙ СРЕДЕ

Д Ь . М Е Ш Т Ь Я Н , Б .  М Е Ш , Д Ь .  С Е Г В А Р И  и С . Д О Н Х О Ф Ф Е Р

Патофизиологический институт Медицинского университета, Печ

Двусторонние электролитические повреждения гипоталамуса препятствовали у 
приблизительно одной третьи подопытных крыс гипертермическому повышению тепло­
образования, которое при одинаковых экспериментальных условиях и одинаковой гипер­
термии у  неповрежденных животных всегда состоится. Подобное явление наблюдается 
и после односторонних повреждений. Гипертермическое повышение обмена может не 
проявляться при сохранении химической регуляции, однако, оно может образоваться 
также в случае отсутствия последнего. С другой стороны, гипертермическое повышение 
обмена может полностью сохраняться также в случае отсутствия химической регуляции. 
Обсуждаются, далее, локализация, также как и результирующиеся заключения и выводы.

О ПОЛУЧЕНИИ ПРОТИВОСЫВОРОТКИ ФОСФОГЛЮКОМУТАЗЫ И ЕЕ
СВОЙСТВАХ

Д Ь .  Б О Т  и И . Р Е Д А И

Патофизиологический институт Медицинского университета, Дебрецен

Авторы изготовили из мышцы петуха в высшей степени очищенный препарат 
фосфоглюкомутазы. С этим препаратом они — при помощи подсобного средства —  имму­
низировали кроликов.

Сыворотка обработанных кроликов показала на 16 день незначительное, а на 28 
день значительное тормозящее фосфоглюкомутазу действие. Далее они разработали 
методику для количественного измерения содержания антимутазы в сыворотках. Антн- 
мутаза тормозит мутазную активность домашних птиц (петухов, голубей, уток) не только 
в вытяжках мышц, но и сердца и печени, и следовательно фосфоглюкомутаза не обладает 
специфичностью по отношению к органам. Полученная авторами противосыворотка не 
тормозила мутазной активности у млекопитающих и лягушек, значит, фосфоглюкомутаза 
петухов обладает специфичностью по отношению к домашним птицам (== классовая 
специфичность).

БОЛЕУТОЛЯЮЩЕЕ, ГИПЕРГЛИКЕМИЧЕСКОЕ И ВЫЗЫВАЮЩЕЕ ДВИГАТЕЛЬ­
НОЕ ВОЗБУЖДЕНИЕ ДЕЙСТВИЯ Д-2,2-ДИФЕНИЛ-3-МЕТИЛ-4-МОРФОЛИНО- 
БУТИРИЛПИРРОЛИДИНА (П-875, ПАЛФИУМ) И ИССЛЕДОВАНИЯ ТЕРПИМО­

СТИ В ОТНОШЕНИИ ЭТИХ ДЕЙСТВИЙ
Й . Б О Р Ш И , Э . Ч А Н Ь И ,  Г. Л А З А Р  и Ж . Ч А К  

Фармакологический научно-исследовательский институт, Будапешт

Авторы исследовали по сравнению с морфином болеутоляющее, гипергликеми- 
ческое и вызывающее повышенную подвижность действия нового болеутоляющего сред-



стна д-2,2-дифенил-3-метил-4-морфолинобутирилпирролидин (Палфиум, П-875) и терпи­
мость в отношении этих действий.

1. Как у мышей, так и у крыс П-875 оказался почти 20 раз более эффективны,м в 
своем болеутоляющем действии, чем морфин. Действие П-875 достиг своего максимума 
быстрее чем морфин, но оно снизилось быстрее.

2. У кроликов обусловленная 10 мг/кг морфина гипергликемия была вызвана 
40 раз меньшим количеством П-875, а именно введенными подкожно дозами в 0,25 мг/кг. 
Его действие проявлялось быстрее чем в случае морфина.

3. У мышей П-875 вызывал 20 раз более интенсивную повышенную подвижность 
чем морфин. В данном случае соотношение эффективности действия то же самое, как в 
случае болеутоляющего эффекта. Действие П-875 быстро развивалось и также быстро 
прекращалось.

4. Все крысы, получившие ED98 (6 мг/кг) морфина, показали терпимость к боле­
утоляющему действию на 27 день обработки. На 30 день обработки 79 процентов живот­
ных показали терпимость к морфину в дозах 24 мг/кг (8 ED-0), в то время как интенсив­
ность болеутоляющего действия ED08 (1,2 мг/кг) П-875 не уменьшалась в течение 30 
дневной обработки животных.

5. У кроликов терпимость к гипергликемическому действию 10 мг/кг хлористово­
дородного морфина и 0,25 мг/кг П-875 проявлялась одинаковым образом. Терпимость к 
морфину развивалась в течение одной недели, тогда как гипергликемическое действие 
П-875 в это время еще повышалось ; терпимость к действию этого средства развивалась 
лишь после двунедельной обработки.

6. Обусловленная внутрибрюшинным впрыскиванием 20 мг/кг ,морфина или 1 
мг/кг П-875 повышенная подвижность повышалось у мышей в течение хронической обра­
ботки. В течение 28 дневной обработки терпимости к этому действию не проявлялось.

Реакция Херрманна—Штрауба также осталась неизменной.
Авторы пришли к тому заключению, что из всех известных до сих пор болеутоля­

ющих средств П-875 является в отношении болеутоляющего, гипергликемического и 
повьштющего подвижность действий наиболее эффективным средством.

Терпимость развивается быстрее всего в отношении гипергликемического действия 
(которое исходит от гипоталамуса), равным образом, как в случае морфина, так и П-875. 
Затем следует болеутоляющее действие морфина. Ни при одном из исследованных средств 
не развивается терпимости по отношению к корковой повышенной подвижности и к 
спинной реакции Херманна—Штрауба.
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РОЛЬ КАЛЬЦИЯ В ПРОНИЦАЕМОСТИ ЧЕЛОВЕЧЕСКИХ ЭРИТРОЦИТОВ
ДЛЯ КАЛИЯ

Д Ь . ГА РД О Ш
Х имический и нститут М едицинского университета, Б удапеш т

В присутствии N aF , N a F - f  Na.2H A s0 4, также как и моноиодуксусной кислоты 
<MJE) +  аденозина, калий с большой скоростью выходит из эритроцитов в сыворотку. 
Этот выход калия состоится лишь в том случае, если в системе присутствуют ионы каль­
ция. На этой основе можно предполагать, что кальций играет важную роль в регуляции 
ионного транспорта эритроцитов.

ИССЛЕДОВАНИЕ РАЗЛИЧИЙ МЕЖДУ 
МЕТАКОЛЛАГЕНОМ И КОЛЛАСТРОМИНОМ

И. В А Н Г А  и Й . Б А Л О
1. И нсти тут П атологической анатом ии  и Э ксперим ентальной-онкологии  М едицинского у н и в ер си тета ,

Б удапеш т

1. Авторы исследовали коллагенные фракции, полученные из Ахиллесова сухо­
жилия рогатого скота. Было установлено, что метаколлаген и колластромин, несмотря 
на то, что оба вещества представляют собой нерастворимые компоненты коллагена, все 
же не идентичны.

2. Различия между метаколлагеном и колластромином можно выявить кислотным 
набуханием, способностью присоединить серебро, и сопротивлением против протеолити­
ческих групп. Результаты одновременно служат и доказательством того, что нераство­
римые фракции не идентичны с исходным нативным коллагеном.

3. Авторы объясняют различия между нативным коллагеном, колластромином и
1.мстаколлагеном на основе содержания проколлагена, мукоида, и мукоида2.

АКТИВИЗАЦИЯ ПРЕКОРТИКОТРОПИНА
X. Б. Ф. ДИКСОН, Э. ГОТ и Ф . г. ю н г  

Б иохи м и ческий  институт, К ем бридж

Изготовленная методом Юнга (Young) вытяжка передней доли гипофиза при 20- 
кратном разбавлении не уменьшает содержания аскорбиновой кислоты в надпочечниках 
у крыс с удаленным гипофизом. Однако, эта вытяжка активизируется, если ее pH с по­
мощью соляной кислоты устанавливается на 3, или если к ней прибавляют раствор моче­
вины. Результаты опытов подтверждали предположение Дасгупта (Dasgupta) и Юнга 
о существовании ирекортикотропина. Вытяжкой гипоталамуса при примененных авто­
рами методах не удалось активизировать прекортикотропина.



ДЕЙСТВИЕ ПОВРЕЖДЕНИЯ ПАРАВЕНТРИКУЛЯРНОГО ЯДРА 
НА ФУНКЦИЮ СИСТЕМ ГИПОФИЗ—ЩИТОВИДНАЯ ЖЕЛЕЗА—КОРА 

НАДПОЧЕЧНИКОВ И ПОЛОВЫХ ЖЕЛЕЗ
Ш , К О В А Ч , К . Л И Ш А К И , Э. Э Н Д Р Е Ц И  

Ф изи ологи чески й  институт М едицинского у н и в ерси тета , Печ

Авторы установили в своих опытах, что после повреждения паравентрикулярного' 
ядра у крыс накопление J131 щитовидной железой и радиоактивность осаждаемого J131 
в плазме уменьшаются, хотя потеря в весе наблюдалась лишь у самцов. Содержание 
кортикоидов в ткани надпочечников подопытных животных после операции выраженно 
уменьшается, что указывает на гиперактивность надпочечников. Метротрофная активность 
передней доли гипофиза повышается у обоих полов, однако, у самок повышение более 
выраженное чем у самцов.

О ДЕЙСТВИИ ПОВРЕЖДЕНИЙ НАДБУГОРЬЯ (EPITHALAMUS) НА ОБМЕН 
И ТЕМПЕРАТУРУ ТЕЛА У КРЫС, И СРАВНЕНИЕ С ПОВЕДЕНИЕМ 

ПОСЛЕ ПОВРЕЖДЕНИЙ ПОДБУГОРЬЯ (HYPOTHALAMUS)
С. Д О Н Х О Ф Ф Е Р , Д Ь . М Е Ш Т Ь Я Н , Б . М ЕСС, Д Ь . С Е Г В А Р И  и И. Я Р А И  

П атоф изиологи ческий  институт М едицинского ун иверситета , Печ

На электролитические повреждения надбугорья у крыс в большом процентном 
соотношении возникают нарушения регуляции обмена и температуры тела. Частота и 
комбинации отдельных нарушений показывают в своей совокупности характерную для 
повреждений надбугорья картину, которая отклоняется от той, наблюдаемой после по­
вреждений подбугорья.Самые значительные отклонения по сравнению с повреждениями 
подбугорья суть следующие : а) гораздо чаще наблюдаемое отсутствие гипертермического 
повышения обмена, б) повышенный основной обмен реже сопровождается лихорадочно 
повышенной температурой тела, в) отсутствие снижения основного обмена до субнормаль­
ных величин, г) в окружающей среде 20—22° С в большинстве случаев наблюдается нор­
мальная температура тела, даже при отсутствии химической регуляции, д) нарушение 
химической регуляции никогда не имеет места без одновременного отсутствия гипертер­
мического повышения обмена. Сигнификантной разницы между повреждениями надбу­
горья и повреждениями подбугорья не наблюдалось : а) в частоте нарушения химиче­
ской регуляции, б) в частоте отсутствия гипертермического повышения обмена при отсут­
ствии и при сохранении химической регуляции, и в ) в степени гипертермии в окружаю­
щей среде 35° С при сохраненном, отсутствующем и восстановленном гипертермическом 
повышении обмена. «Вторая химическая регуляция» температуры наблюдается также при 
отсутствии гипертермического повышения обмена. Авторы приписывают области надбу­
горья непренебрегаемое значение в регуляции обмена и температуры тела.

НЕМЕДЛЕННОЕ ДЕЙСТВИЕ Л-ТИРОКСИНА, Л-ТЕТРАИОДОТИРОУКСУСНОЙ 
КИСЛОТЫ, ДИИОДОТИРОНИНА, ДИИОДОТИРОУКСУСНОЙ КИСЛОТЫ и  

Л-ТИРОНИНА НА ПОТРЕБЛЕНИЕ КИСЛОРОДА И НА ТЕМПЕРАТУРУ ТЕЛА 
У КРЫС С УДАЛЕННЫМ ГИПОФИЗОМ. ДЕЙСТВИЕ КОРТИЗОНА

И . В А РН А И  и М. Ф А Р К А Ш
П атоф изиологи ческий  институт М едицинского ун иверси тета , Печ

Следующие препараты вызвали у крыс с удаленным гипофизом острую реакцию 
подобно ответу, вызванному трииодотиронином и его уксуснокислотным аналогом : 
л-тироксин (лаб. Гл а к с о ), л-тетраиодтироуксусная кислота (лаб. Гл а к с о ), л-дииод- 
тиронин (лаб. Гл а к с о ), 3,5-дииодтиронин (Го ф ф м а н н  л а  р ош ), л-дииодгироуксусная 
кислота (лаб. Гла к со ). Л-тиронин (Г о ф ф м анн  л а  Р ош ) оказался совершенно недействую­
щим Кортизон отражал немедленный ответ на все исследованные иодтиронины. Авторы



излагают и оценивают различия, проявляющиеся в реакциях на различные препараты. 
Точную природу действующих веществ до тех пор нельзя выяснить, пока не будут 
получены чистые соединения, ибо дииодтиронин содержит больше, чем одно из иоди­
рованных соединений.

О ЗНАЧЕНИИ ГИПЕРТЕРМИЧЕСКОГО ПОВЫШЕНИЯ ОБМЕНА 
В ТЕРМОРЕГУЛЯЦИИ. ОПЫТЫ С ПОВРЕЖДЕНИЕМ ГИПОТАЛАМУСА 

И ЭПИТАЛАМУСА НА КРЫСАХ
С. Д О Н Х О Ф Ф Е Р , Д Ь . М Е Ш Т Ь Я Н , Д Ь . С Е Г В А Р И  и И . Я Р А И  
П атоф изиологический институт М едицинского ун иверситета, Печ

Авторы получили на основе своих опытов следующие результаты : у животных с 
наличием и с отсутствием гипертермического повышения обмена после повреждения 
гипоталамуса или эпиталамуса нельзя выявить разницы температуры тела в теплой среде. 
Из этого наблюдения следует: а) что гипертермическое повышение обмена не служит 
удовлетворению потребности в энергии теплоотдающих механизмов, ибо в этом случае 
отсутствие должно было бы сопровождаться более интенсивным повышением темпера­
туры тела, и б) что вызванная теплой средой гипертермия в известных пределах не может 
быть приписана пассивному удерживанию тепла, так как при повышенном теплообразо­
вании следовало бы наблюдать и повышенную температуру тела. Следовательно, с одной 
стороны гипертермическое повышение обмена не является обусловленным повышением 
температуры тела (значит оно не находится в соответствии с правилом ван’т Гоффа), а 
с другой стороны, повышение температуры тела, в известных пределах, независимо от 
повышения обмена энергии. Оба явления представляют собой феномены, регулируемые 
центральной нервной системой, однако, они не находятся во взаимной тесной причинной 
связи.

ДЕЙСТВИЕ ПРЕПАРАТОВ ДЕКСТРАНА РАЗЛИЧНОГО МОЛЕКУЛЯРНОГО ВЕСА 
НА КРОВЯНОЕ ДАВЛЕНИЕ И ДЛИТЕЛЬНОСТЬ ВЫЖИВАНИЯ КОШЕК 

В ГИПОВОЛЕМИЧЕСКОМ ШОКЕ
Ш . Ш И М О Н  и Ш . В А Р Г А

К онтрольн ая  лаб о р ато р и я  ф арм ацевтической  промы ш ленности, Б удап еш т

Авторы исследовали действие различных препаратов декстрана на кровяное дав­
ление кошек в гиповолемическом шоке, вызванном кровопотерей в 25 мл/кг в наркозе 
эвипан-натрия. Не было найдено разницы между измеренном в течение трех часов прессор­
ным эффектом декстравена (препарата декстрана большого молекулярного веса) и изме­
ренным таким же способом действием плазмодекса (препарата декстрана более низкого 
молекулярного веса). У декстравена, однако, летальное количество вторичного крово­
пускания было значительно больше. У кошек, содержанных после кровопускания такого 
же размера в течение одного часа в состоянии пониженного кровяного давления без по­
дачи заменяющего плазму средства, жизнеспасающее действие обоих препаратов распро­
странялось только на несколько часов, а не на дни. Если однако, после кровопотери 
такого же размера количество крови возмещалось в пределах приблизительно 15 минут 
с препаратами большого молекулярного веса (интрадекс) или более низкого молекуляр­
ного веса (плазмодекс) то жизнеспасающее действие обоих препаратов декстрана про­
являлось у приблизительно двух третьей части животных еще и 48 часов спустя, тогда 
как в случае введения физиологического раствора поваренной соли только 17% кошек 
выживали тяжелую потерю крови.

В последних опытах при измерении кровяного давления кошек 3 ,6 , 12 и 22 часов 
после введения препаратов декстрана не наблюдалось значительной разницы между про­
должительностью и интенсивностью повышающего кровяное давление действия двух 
видов препаратов. Ни препарат с большим молекулярным весом, ни тот с низким моле­
кулярным весом не могли вызвать длительного восстановления кровяного давления у 
кошек, потерявших большое количество крови.



ФАРМАКОЛОГИЧЕСКОЕ ИССЛЕДОВАНИЕ 
НОВОГО ПРОТИВОСПАЗМАТИЧЕСКОГО СОЕДИНЕНИЯ

Л . Д Ь Е Р Д Ь ,  Л . Б О Р Б Е Л Ь , М. К Е Р Т Е С , Т . Ш О М К У Т И  
Ф арм ак ологи ч ески й  институт М едицинского ун иверситета , Б удап еш т

1. Авторы исследовали в своих опытах новое соединение завода Хиноин, аналогич­
ное соединение папаверину : хинопарин (1— (3'—4'-диметоксифенил-)6—7-диметокси- 
изохинолин).

2. Хинопарин проявляет одинаковое с папаверином спазмолитическое действие на 
коронарные сосуды у кошек, на изолированные легкие и двенадцатиперстную кишку in 
situ морских свинок, также как и на матку крыс. Его понижающее кровяное давление 
действие на 30% сильнее действия папаверина.

3. Хинопарин при примененных авторами дозах не повышает венозного давления, 
в то время как папаверин — при одинаковых дозах —  значительно повышает его.

4. В исследованиях над сердцем кошек in situ (с помощью кардиометра Хендер­
сона) ослабляющее сердце действие папаверина значительно сильнее действия хино- 
парина.

5. У крыс, при внутрибрюшинном и внутривенозном введении, хинопарин оказался 
2 раза или же 2,8 раз меньше токсическим чем папаверин.

ИССЛЕДОВАНИЕ НЕКОТОРЫХ ФАРМАКОДИНАМИЧЕСКИХ СВОЙСТВ 
ГИДРОКСИЗИНА (ATARAX)

Н . Р А И Ч И У Л Е С К У , Е . Б И Т Т М А Н Н  и Р . Б А Р Т Е Л  
Ф и зи ологи чески й  и патоф и зи ологи ческий  институт имени П роф . Д р . Д . Д ан и о ло п о л у  при Академии 

Н а у к  Р ум ы нской  Н ародной Р есп у б л и к и , Б ух ар ест

В первой серии опытов авторы исследовали действие гидроксизина (внутривенно 
5— 36 мг/кг) на вызванные раздражением гипоталамуса и прочих центральных частей 
вегетативной нервной системы изменения кровяного давления и электрокардиограммы. 
Подопытными животными были 8 кошек и 4 собаки. Электрическому раздражению одно­
полюсными электродами подвергались 45 отдельных точек базальной области мозга. 
Раздражение 14 из этих точек вызвало изменения кровообращения. Вызванное раздра­
жением гипоталамуса выделение адреналина удалось предотвратить рассечением спин­
ного мозга (С7— О;, или D2— D3).

Полученные главные результаты следующие :
1. Гидроксизин снижает, и даже полностью прекращает, явления повышенного 

и пониженного кровяного давления, вызванные раздражением гипоталамуса и прочих 
центральных частей вегетативной нервной системы.

2. Гидроксизин оказывает меньшее действие на снижение кровяного давления, 
предшествующее вызванному раздражением гипоталамуса повышению кровяного дав­
ления, также как и на выделение адреналина, обусловленное раздражением гипотала­
муса или обонятельного мозга.

Во второй серии опытов авторы исследовали над 9 кошками и 6 собаками (после 
подачи кураре) действие гидроксизина на электрокардиограмму в отношении стандарт­
ного и предсердечного верхушечного отведений. Эта серия опытов показала, что внутри­
венная подача гидроксизина в дозах 5— 10 мг/кг способствует реполяризации сердечной 
мышцы : повышение амплитуды зубца Т или переход отрицательного зубца Т в поло­
жительный. Данное действие не находится в связи с вызванным гидроксизином изменением 
кровяного давления.

В третьей серии опытов авторы исследовали действие гидроксизина на изолирован­
ное сердце лягушки. Опыты показали, что большие дозы оказывают отрицательное ино- 
тропное влияние. Гидроксизин снижает или даже совершенно отражает отрицательное 
инотропное влияние ацетилхолина и калия. В противоположность этому гидроксизин не 
имеет действия на положительное инотропное влияние адреналина и кальция.
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In  th e  p resence  of N a F , N a F  -f- N a 2H A s0 4, as w ell as iodoacetic  acid  +  aden o sin e , 
К  ra p id ly  leaves th e  e ry th ro c y te s . T h is К  o u tflo w  in to  th e  se ru m  ta k e s  p lace exclu siv e ly  in  
th e  p resence  o f Ca ions. T his allow s to  conclude to th e  im p o r ta n t  ro le o f Ca in  th e  re g u la ­
t io n  o f th e  ion tra n s p o r t  o f e ry th ro c y te s .

In  th e  h u m an  e ry th ro c y te s  as in  all a n u c le a r  red  blood corpuscles, 
g lycolysis is responsib le  fo r  th e  m a in ten an ce  o f u n e q u a l ion  d is tr ib u tio n  an d  
o f  th e  a p p a re n t im p e rm e a b ility  to  ca tions. T h is u n e q u a l d is tr ib u tio n  o f ions 
w ill cease an d  th e  exch an g e  o f ions betw een  e ry th ro c y te s  and  se ru m  will 
s ta r t  if  glycolysis is b locked  b y  som e in h ib ito r, fo r in s ta n c e  N a F  or iodoacetic  
ac id  (IA ). A t h ig h er c o n cen tra tio n s  of N a F , N a F  -|- N a2H A s 0 4, as well 
as IA  -(- adenosine, th e  r a te  o f К  ou tflow  from  th e  cells (and  th a t  o f  N a in flux) 
is v e ry  h igh , 70 to  170 m g K /100 m l e ry th ro c y te s /h o u r  [1, 2]. T h is ra p id  o u t­
flow  o f К  can be p re v e n te d  w ith  e th y le n e d ia m in e  te t r a a c e ta te  (E D T A ), 
in  th e  p resence of w hich  th e  ra te  o f К  o u tflo w  is red u ced  to  6 m g/100 ml 
e ry th ro c y te s /h o u r  [3].

In v e s tig a tio n s  on th e  effect o f E D T A  show ed  th a t  th e  p resence  o f Ca 
is essen tia l fo r th e  h igh  ra te  of К  outflow . E x p e r im e n ts  ca rried  o u t in  th is  
fie ld  will be described  in  th e  p re sen t re p o rt.

Methods

F re sh  d e f ib r in a te d  h u m a n  blood  was used. T he e x p e rim e n ts  were ca rried  o u t  in  vitro , 
a t  37° C, on  w hole b lood  o r o n  e ry th ro c y te s  suspended  in  iso to n ic  NaCl so lu tio n . К  was d e te r ­
m in ed  b y  flam e  p h o to m e te r  a f te r  d e p ro te in iza tio n . E D T A -C a  was p rep ared  accord ing  to  
P f e if f e r  an d  Of fe r m a n n  [4].

E xperim ental

I t  w as in v e s tig a te d  w h e th e r the in h ib ito ry  ac tio n  of 2 • 10—3 M  o f E D T A  
w as su sp en d ed  b y  M gCl2. As it  is clear from  F ig . 1, 10~“2 M  o f MgCl2 h ad  no 
e ffec t on К  tra n s p o r t  u n d e r  the  ex p e iim e n ta l co n d itions em ployed .

In  c o n tra s t w ith  th is , CaCl2 com ple te ly  b locked  th e  ac tio n  o f E D T A . 
A s i t  is show n in  F ig . 2, th e  in h ib ito ry  e ffec t o f  E D T A  on К  ou tflo w  was

1 Acta Physiologie« XV/2.
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F ig . 1. E ffect o f  Mg o n  th e  К  p e rm eab ility  o f b lood  co n ta in ing  IA  +  adenosine  
1 : 10-3 M  IA  +  Ю-2 M  ad en o s in e . 2 : 10~3 M  IA  +  Ю-2 M  ad en o sin e  +  2 • 10~3 M
E D T A . 3 : 1 0 3 M  IA  +  1 0 2 M  adenosine  +  2 • 10~3 M  E D T A  +  10~2 M  MgCI2. 4 : 10 3 M  

IA  +  10~2 M  adenosine  +  10~2 M  MgCl2

F ig . 2. E ffect o f Ca on th e  К  p e rm e ab ility  o f b lood  co n ta in in g  IA  +  aden o sin e  
1 : 10~3 M  IA  -f- 10-2 M  ad en o s in e . 2 : 10~3 M  IA  -f- 10“ 2 M  adenosine  +  2 • 10“ 3 M
E D T A . 3 : 10~3 M  I A +  10 2 M  adenosine  +  2 • 10 3 M  E D T A  +  5 • 10 3 M  CaCl2.

4 : 10-3 M  IA  +  10“2 M  adenosine  +  5 • 10-3 M  CaCl2
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Fig. 3. E ffec t o f Calgon and  N a  o x a la te  on  th e  К  p e rm e a b ility  o f  blood tre a te d  w ith  N a F  
1 : 1.6 • I O '2 M  N a F . 2 : 1.6 • 10"2 M  N a F  +  2 • 1 0 '3 M  E D T A . 3 : 1.6 • 1 0 '2 M  N a F  +  

+  5 .10-3 M  C algon. 4 : 1.6 • 10"2 M  N a F  +  10-2 M  N a oxala te

F ig . 4. E ffec t o f  d iffe re n t co n cen tra tio n s o f E D T A  on th e  К  p e rm e a b ility  
o f  N a F -tre a te d  blood

1 : 1.6 IO 2 M  NaF. 2 : 1.6 • 10 2 Л / N a F  +  5 Ю  4 M  EDTA. 3 : 1.6 10 2 M  N a F  +  
- f  10 3 M  EDTA. 4  : 1.6 • 10 2 M  N a F  +  2 • 10 3 M  EDTA

1*
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to t a l l y  absen t in  th e  p resence  o f 5 • IO“ 3 M  o f  CaCl2. On th e  o th e r h an d , 
C aC l2 increased  th e  r a te  o f  К  ou tflow  in  b lo o d  conta in ing  IA  -j- adenosine.

A n effect s im ila r  to  t h a t  of E D T A  c a n  b e  ach ieved  also b y  o th e r  agents 
fo rm in g  a com plex w ith  Ca. Calgon (N a -h e x a m e ta p h o sp h a te )  a n d  h ig h e r con­
c e n tra t io n s  of so d ium  o x a la te  likew ise in h ib i t  К  outflow  (F ig . 3). A t a concen­
t r a t i o n  o f 10~2 to  10“ 3 M  sodium  c itra te  h a s  no effect on К  p e rm e a b ility .

As to  the  re la t io n  o f  in h ib itio n  b y  E D T A  to  its  c o n c e n tra tio n , 10—3 M  
w a s  ineffec tive, w h e reas  2 -1 0 ~ 3 M  w as fu lly  effective (F ig . 4 ). In h ib itio n

Fig. 5. E ffec t o f E D T A -C a  on th e  К  p e rm e a b il i ty  o f N a F -trea ted  b lo o d  
1 : 1.6 • 10 2 M  N aF . 2  : 1 .6  • 1(E 2 M  N a F  +  2 • 1 0 "3 M  E D T A . 3 : 1.6 • l O '2 M  N a F  - f

+  2 • 10~3 M  E D T A -C a

s t a r t e d  a t  a m uch lo w er c o n cen tra tio n  in  th e  case of w ashed  e ry th ro c y te s , 
a s  w ash in g  rem oves a co n siderab le  p a r t  o f  se ru m  Ca.

F ig . 5 shows th e  e f fe c t o f th e  Ca co m p lex  o f  E D T A  on К  p e rm e a b ility . 
T h is  com pound  w as o b v io u s ly  ineffective.

D iscu ssio n

A ccording to  th e  e x p e rim e n ts , th e  e ffec t o f  E D T A  is b ased  on a b ind ing  
o f  th e  ionized Ca o f se ru m . T h is was p ro v e d  f i r s t  of all b y  th e  fa c t th a t  the  
in h ib i t io n  caused b y  E D T A  w as su spended  b y  CaCl2. M oreover, C aC l2 gave 
r is e  to  an  effect oppo site  to  th a t  of E D T A , b e c a u se  i t  increased  th e  r a te  of К  
o u tf lo w . A fu rth e r  ev id en ce  confirm ing  th e  ro le  o f  Ca is th a t  o th e r  C a-b ind ing
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a g e n ts , such  as Calgon an d  o x a la te , h av e  a sim ilar effec t. T he low est in h ib ito ry  
co n c e n tra tio n s  a re , E D T A  2 • 10~3 M  ; Calgon 5 • 10“ 3 M  ; so d iu m  o x a la te  
10~2 M ,  w hen  th e  o rd er o f  a c t iv i ty  co rresponds to  th e  o rd e r o f th e  d isso c ia tio n  
c o n s ta n ts  o f  Ca com plexes. No in h ib itio n  tak es  p lace in  th e  p resence  o f  c itra te , 
because  even  a t  h igh  c itra te  c o n cen tra tio n s  th e re  m a y  be p re se n t su ch  am o u n ts  
o f  Ca ion  as suffice fo r s ta r t in g  К  ou tflow .

I t  is genera lly  assu m ed  t h a t  th e  serum  co n ta in s  a b o u t 10 m g p e r  100 m l 
(2 .5 -1 0 —3 M ) of Ca a n d  65 p e r cen t (1 .6 -1 0 - 3 M ) is p re se n t in  th e  ionized 
fo rm . F ig . 4 shows th a t  th e  E D T A  effect develops w hen  th e  q u a n t i ty  o f  E D T A  
p re se n t in  th e  sy stem  can  b in d  all th e  ionized Ca p re sen t.

T he ineffectiveness o f  E D T A -C a is a n o th e r  p ro o f  o f th e  ro le o f  Ca. 
T h is com pound  can  no lo n g er com bine  w ith  Ca an d  th u s  h as  no  e ffec t in  К  
p e rm e a b ility .

In  o u r ex p erim en ts  su ch  con d itio n s w ere c re a te d  w hich  a llow ed  a s e p a ra ­
tio n  o f th e  in h ib ito ry  a c tio n  on g lycolysis from  th a t  on К  t r a n s p o r t .  E D T A , 
C algon an d  sod ium  o x a la te  h av e  n am ely  no effect a t  all on th e  in h ib itio n  of 
g lycolysis b y  N aF , w hereas th e y  com plete ly  in h ib it К  ou tflow  [3]. B y  sep e ra t-  
ing  th e  doub le  effect o f  th e  g ly co ly tic  in h ib ito rs  we h av e  com e n e a re r  to  th e  
e lu c id a tio n  o f th e  m ode o f  ac tio n  o f  ion  tra n s p o r t .

T he ex p erim en ts  h a v e  show n th a t  in  response  to  g ly co ly tic  in h ib ito rs  
К  ions w ill s ta r t  th e ir  ra p id  ou tflo w  from  th e  e ry th ro c y te s  o n ly  w hen  th e  
sy s te m  co n ta in s  Ca ions. T h is  le ts  to  conclude on th e  s ig n ifican t ro le o f  Ca in  
th e  m a in ten an ce  o f th e  physio log ica l ion b a lance  o f b lood.
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C ollagen frac tio n s p re p a re d  fro m  th e  Achilles ten d o n  o f  th e  ca ttle  hav e  b een  su b je c te d  
to  analysis. I t  h a s  been fo u n d  t h a t  m e ta co lla g e n  is d iffe ren t f ro m  co llastro m in , a lth o u g h  b o th  
su b s ta n c es  re p re se n t th e  in so lu b le  co m p o n e n t o f collagen.

D ifferences be tw een  m eta co lla g e n  a n d  co llastrom in  w ere  d e m o n s tra ted  in  re g a rd  to  
sw elling  in  ac id , s ilver-b ind ing  c a p a c ity , a n d  in  th e  re sis tan ce  to  p ro teo ly tic  en zym es. A t th e  
sam e  tim e , th e  in so lub le  frac tio n s  a re  n o t  id en tica l w ith  th e  o rig in a l n a tiv e  collagen.

T he d ifferences b e tw een  n a tiv e  co llagen , co lla stro m in  a n d  m etaco llag en  h a v e  b een  
e x p la in ed  on  th e  basis o f th e  p ro co llag en , m u co id j, a n d  m ucoid», co n ten ts .

*

T he subm icroscopic  s tru c tu re  o f the collagen f ib re  suggested  th e  h y p o ­
thesis  [6, 2] th a t  collagen w as com posed  n o t o f a sing le  hom ogeneous p ro te in , 
b u t  o f a t  le a s t tw o d iffe ren t p ro te in  com ponen ts.

T u s t a n o v s k i , Z a i d e s ,  O r l o v s k a y a  an d  M i k h a i l o v  [11] w ho a rr iv e d  
a t  a s im ila r conclusion, h a v e  se p a ra te d  tw o co m p o n en ts  o f collagen : p ro c o lla ­
gen , d isso lved  w ith  a c itra te  b u ffe r  o f p H  4, an d  th e  re s id u e  inso luble  in  c i t r a te ,  
c o lla s tro m in . A ccording to  th e se  au th o rs , th e  co m p le te  iso la tion  o f c o lla s tro ­
m in  from  procollagen  re q u ire s  h ea tin g  a t  50° C fo r 1 h o u r 30 m in u te s . B y  
th is  t r e a tm e n t ,  how ever, th e  p ro p e rtie s  o f co lla s tro m in  are a lte re d .

T he inso luble  co m p o n en t o f  collagen, w hich  rem ain s a f te r  th e  th e rm a l 
a n d  chem ical re la x a tio n  fo llow ing  th e  th e rm a l a n d  chem ical c o n tra c tio n  of 
th e  collagen fib re , is ca lled  m etaco llag en  [7, 8]. I t  is q u estio n ab le , h o w ev er, 
w h e th e r th is  su b stan ce  is id e n tic a l w ith  co llas tro m in . I n  th e  course o f  chem ica l 
c o n tra c tio n , co llastrom in  a n d  m etaco llagen  p re p a re d  from  r a t  t a i l  te n d o n  
b eh av e  in  th e  sam e w ay . O n th is  basis was co n c lu d ed  to  th e  id e n t i ty  o f 
th ese  tw o  k inds o f in so lu b le  co llagen . H ow ever, to  t re a tm e n t w ith  e la s ta se  
th e y  re sp o n d  d iffe ren tly , in d ic a tin g  th a t  th e y  m ig h t s till d iffer f ro m  each  
o th e r.

To decide th e  p ro b lem , we p rep a red  c o lla s tro m in  an d  m etaco llag en  from  
th e  A chilles ten d o n  o f th e  c a tt le , a tissue w hich c o n ta in s  so-called “ m a tu re ” 
collagen  fib res , an d  w hich  is av a ilab le  in  q u a n titie s  su ffic ien t fo r th e  iso la tio n  
o f  th e  above  k inds o f  co llagen .
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To s tu d y  th e  p ro p e r t ie s  o f th e  tw o su b s ta n c e s  in  q u estio n , we exam ined  
th e m  fo r swelling in  w a te r ,  resp . acid , s ilv e r-b in d in g  c a p a c ity  a n d  lysis b y  
e la s ta s e .

A ccording to  o u r  th e o ry , in  a d d itio n  to  th e  soluble p ro co llag en , tw o 
so lu b le  m ucopro te ins also  ta k e  p a r t  in  th e  b u ild in g  up  o f n a tiv e  co llagen . These 
h a v e  b een  called m u c o p ro te h ^  (m ucoidj) a n d  m u co p ro te in 2 (m u co id 2) [3]. 
M u c o id x is d issolved d u r in g  h y d ro th e rm a l h e a t  c o n tra c tio n  [1], w hereas 
m u c o id 2 is dissolved b y  a  specific  enzym e, co llagen  m u co p ro te in ase , iso la ted  
f ro m  th e  pancreas. W e in v e s tig a te d  th e  ra t io  o f  th e  single so luble com ponen ts 
in  th e  d iffe ren t co llagen  p re p a ra tio n s  ; th e  com p o sitio n  o f th e  l a t te r  w ill be 
g iv e n  on  th is  basis.

M ethods

N ative  collagen. T h e  A ch ille s  ten d o n  of y o u n g  (1 to  2 -y ear o ld) c a tt le  w as freed  from  
th e  a d ja c e n t  cartilage, m in c e d  in to  pieces 2 to  3 m m  th ic k  an d  p laced  w ith o u t  d e lay  in to  
a  la rg e  a m o u n t o f ace to n e . A f te r  severa l days, th e  a ce to n e  was re p e a te d ly  ch an g ed , u n til  
th e  sa m p le  h ad  becom e b o n e -h a rd  a f te r  d ry ing. T he re s id u e  d ried  a t  60° C w as g ro u n d . A fin e  
c o tto n - l ik e  m a te ria l w as th u s  o b ta in e d .

Collastromin. W et A ch ille s  te n d o n  was f in e ly  g ro u n d  in  a  T o u rm ix  a p p a ra tu s  an d  
e x t r a c te d  six  tim es in  su ccess io n  w ith  a five-fo ld  v o lu m e  o f a 0.1 M  c i t r a te  b u ffe r  o f p H  4. 
E a c h  e x tra c t io n  las ted  24 h o u rs . T h e  single c itra te  e x tr a c ts  w ere rem oved  b y  f i l t r a t io n  th ro u g h  
c lo th  u n d e r  p ressure. F ro m  th e  6 th  residue th e  c i t r a te  b u ffe r  w as w ashed  o u t  w ith  w ater. 
T h is  w a s  follow ed b y  d e h y d ra t io n  w ith  acetone a n d  d ry in g .

M etacollagen. T he c o tto n - l ik e  ace to n e-d ried  a n d  m in ced  ten d o n  w as a llo w ed  to  s ta n d  
fo r  10 m in u te s  a t  75° C in  th e  p re sen ce  of 25 v o lu m es o f  d is tilled  w a te r. A f te r  cooling an d  
f i l t r a t i o n  th e  residue w as w a sh e d  in  w a te r  an d  d ried  in  ace to n e , o b ta in in g  in  th is  w ay  th e  
m e ta c o lla g e n  frac tion .

D eterm ination  o f  aqueous a n d  acetic acid sw elling. T o 250 m g o f th e  co lla s tro m in , m e ta ­
c o lla g e n  a n d  contro l p re p a ra tio n s  in  w eighed (13 m l) c en tr ifu g e  tu b es  w ere ad d ed  10 m l volum es 
e a c h  o f  w a te r  or 0.1 M  a ce tic  a c id  resp . A fter re p ea te d  sh a k in g , th e  a b ility  to  a b so rb  w a te r  w as 
t e s te d  24 h o u rs  la te r. T he tu b e s  w ere  cen trifu g ed , th e  s u p e rn a ta n t  was d e c a n te d , th e  tu b es 
w e re  tu r n e d  upside dow n fo r 10 m in u te s  to  allow th e  f lu id  to  flow  o u t. A fte r  w ip ing  th e  tu b es  
d r y  t h e y  w ere w eighed b y  a n a ly t ic a l  scales. As co llag en  b in d s  8 to  24 tim es  i ts  ow n  w eigh t 
o f  w a te r ,  th e  erro r o f m e a s u re m e n t is sligh t an d  th e  re su lts  a re  rep ro d u c ib le .

D eterm ination  o f  bound silver. 250 m g a m o u n ts  o f  th e  d ried  collagen p re p a ra tio n s  were 
s h a k e n  fo r  1 hour in  d a rk  f la s k s  in  th e  p resence o f 0.001 N  A g N 0 3 d issolved in  50 m l o f  a p H  
6 .2  a c e ta te  b u ffer (e q u iv a le n t to  5 .39 m g of Ag), as d e sc rib ed  b y  Gkassmann  a n d  K usch  [9]. 
A f te r  f i l t r a t io n  in  th e  d a rk , 20 m l a liq u o ts  o f th e  f i l t r a te  w ere  t i t r a te d  w ith  0.01 N  N H 4SCN, 
in  th e  p resen ce  of Fe a m m o n iu m  a lu m , as in d ic a to r  (S ilv e r d e te rm in a tio n  acco rd in g  to  V ol- 
h a r d ). A s th e  co n tro l, 250 m g  f in e ly  m inced  f i lte r  p a p e r  (Schleicher an d  S chü ll 2043/B ) w as 
t r e a te d  in  th e  sam e w ay. T h is  se rv e d  to  d e te rm in e  th e  su rface -ad so rb ed  s ilv e r, w h ich  w as 
th e n  s u b s tra c te d  from  th e  v a lu e s  o b ta in e d . T he a m o u n t o f  silver b o u n d  b y  1 g o f  collagen 
w as c o m p u te d  from  th e  d iffe re n ce .

L y s is  by elastase. 50 m g  q u a n ti t ie s  o f  the  collagen p re p a ra tio n s  w ere in c u b a te d  in  weighed 
tu b e s  a t  37° C w ith  5 m l o f  a  p H  8.8 0.025 M  v e ro n a l a c e ta te  so lu tio n  (c o n tro l)  a n d  1 m g 
e la s ta s e  (d e sig n ated  213/F, w ith  a n  a c t iv ity  of 140 e la s ta se  u n its )  fo r v a rio u s  le n g th s  o f tim e . 
T h e  a m o u n t  o f dissolved p ro te in  in  th e  su p e rn a ta n t w as e s tim a te d  b y  F o l in ’s p h e n o l m eth o d  
[10 ]. A s th e  con tro l, th e  n o n -so lu b le  p a r t  was w eighed. I n  th is  w ay , th e  lysis o f  collagen was 
c o n tro l le d  b y  tw o m eth o d s.

L y s is  o f  mucoid2. T h e  d i f f e re n t  collagen p re p a ra tio n s  w ere tre a te d  fo r 15 m in u te s  a t 
37° C w i th  p an crea tic  co llagen  m u co p ro te in a se  [4], a d d in g  to  100 m g o f co llagen  5 m l o f  a 
p H  7 .4  v e ro n a l ace ta te  b u ffe r  a n d  0.1 m g of enzym e. T h e  su p e rn a ta n t  w as te s te d  fo r p o ly ­
s a c c h a r id e  b y  th e  a n th ro n e  m e th o d .

T h e  q u a n titie s  o f th e  s in g le  c o m p o n e n ts  are g iv en  in  te rm s  o f  m g o f p ro te in  N  p e r  100 m g 
o f  c o lla g en .
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R esults

T he d a ta  for th e  sw elling in  w a te r  or ace tic  ac id , for th e  s ilv e r b in d in g  
c a p a c ity , a n d  lysis b y  e la s ta se  o f  th e  n a tiv e  co llagen , co llas tro m in  a n d  m e ta ­
collagen  p re p a re d  from  A chilles te n d o n  are  su m m arized  in  T ab le  I  a n d  T ab le  I I . 
A ccord ing  to  th e  re su lts , co lla s tro m in  differs from  m etaco llag en  in  th e  p ro p ­
e rtie s  exam in ed . H ow ever, i t  also differs from  th e  co n tro l co llagen . Collas­
tro m in  sw ells m ark ed ly  in  w a te r  an d  th is  sw elling is u n a ffec ted  b y  ace tic  acid. 
T h e  co n tro l A chilles te n d o n  sw ells only  slig h tly  in  w a te r, b u t  m a rk e d ly  in 
ace tic  acid . M etacollagen show s on ly  slight sw elling in  w a te r  as w ell as in 
ace tic  acid. As fa r as th e  a b ility  to  b in d  silver is concerned  (T ab le  I I ) ,  collas­
tro m in  b in d s  th e  m o st, th e n  follow s th e  con tro l A chilles te n d o n . As co m p ared  
to  th e  co n tro l, m etaco llag en  b in d s  a b o u t h a lf  th e  a m o u n t b o u n d  b y  th e  con tro l 
te n d o n . O n th e  o th e r h a n d , m etaco llag en  alone is ly sed  w ith o u t res id u e  by  
e lasta se . W e succeeded in  d e m o n s tra tin g  th e  p resen ce  o f a su b s ta n c e  show ing 
g reen  fluorescence in  th e  so luble  frac tio n  o f A chilles te n d o n , in  th e  proco llagen . 
S u lp h u ric  acid  an d  th e  w a te r-so lu b le  M olisch re a g e n t (1 n a p h th o l 2 s td p h a te ) 
increase  th e  in te n s ity  o f  th e  fluorescence, so t h a t  i t  is c learly  v isib le  b y  th e  
n a k e d  eye.

T h e  ex p erim en ts  w ith  th e  enzym e co llag en -m u co p ro te in ase  in d ic a te d  
t h a t  m etaco llagen  co n ta in s  th e  sam e a m o u n t o f th e  m uco id2 fra c tio n  as n a tiv e  
co llagen  does, w hereas co lla s tro m in  m uch less. A lth o u g h  our co llagen-m uco-

Table I

Swelling o f  collagen fractions in  water and acetic acid

Swelling
bound g H20/g collagen

in water in acetic acid

C ontrol Achilles tendon  ..................... 8 .7 ± 1 2 5 ± 2
C ollastrom in ............................................... 2 5 .0 ± 2 25 +  2
M e ta c o lla g e n ............................................... 6 .8 ± 1 1 0 ± 1

Table II

B in d in g  o f  silver and lysis by elastase o f  collagen fractions

Bound mg Ag 
per g collagen

Lysis by elastase 
in 24 hours

Control Achilles t e n d o n ........................ 8 .6 ± 1 15 p e r cen t

C ollastrom in ............................................... 2 0 .0 ± 4 4 p e r  cen t

M e ta c o lla g e n ............................................... 4 .0 ± 1 100 p e r  cen t
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Table III

Composition o f  A ch ille s  tendon, collastromin and metacollagen

Procollagen 
per cent

Mucoidx 
per cent

Mucoid a 
per cent

C o n tro l Achilles tendon  . . . 2 0 5 1 5

C o lla s tro m in  .............................. 0 5 4

M e ta c o lla g e n .............................. 0 0 15

p ro te in a s e  enzym e w as n o t  p u re , in  T able I I I  we v e n tu re  to  p re se n t th e  q u a n ­
t i t a t i v e  co rrelation  o f  th e  sin g le  com ponen ts, as e s tab lish ed  in  th e  above 
e x p e r im e n ts . A ccording to  th e  d a ta  in  T ab le  I I I ,  co llastrom in  differs from  
m e ta c o lla g e n  in  th a t  th e  l a t t e r  con ta in s no m u co id j, w hereas co llastrom in  
d o es . N e ith e r  of th em  c o n ta in s  procollagen. M etaco llagen  co n ta in s  th e  full 
a m o u n t  of m ucoid2, w h e re a s  co llas tro m in  co n ta in s  o n ly  a m in im u m  q u a n tity .

D iscussion

O u r earlier d a ta  [8, 5] a lre a d y  in d ica ted  th a t  co lla s tro m in  w as no t 
id e n t ic a l  w ith  m e taco llag en , a lth o u g h  b o th  c o n ta in  th e  so-called  insoluble 
f r a c t io n  o f collagen. T h e  e x p e r im e n ts  described  in  th e  p re se n t r e p o r t ,  w hich 
in v o lv e d  th e  use of m a tu re  A chilles ten d o n  f ib re s , rev ea led  s ig n ifican t d iffer­
en c e s  b e tw een  co lla s tro m in  a n d  m etaco llagen  in  th e ir  responses to  tre a tm e n t 
w i th  w a te r  and  acetic a c id , s ilv e r  an d  e lastase . T h ese  d ifferences can  be ex ­
p la in e d  on ly  by  th e  p re sen ce  o r absence of th e  v a rio u s  co m p o n en ts  bu ild ing  
u p  co llag en . A t th e  sam e t im e ,  i t  has been  p ro v e d  th a t  b o th  co llas tro m in  
a n d  m etaco llag en  d iffer f ro m  th e  orig inal n a tiv e  collagen.

A s com pared w ith  t h e  co n tro l A chilles te n d o n , co lla s tro m in  shows 
e x c e ss iv e  swelling in  w a te r . A ccord ing  to  our u n p u b lish e d  e x p e rim e n ts  w ith  
is o la te d  r a t  ta il ten d o n , th e  f ib re s  ex h ib it m a rk e d  sw elling in  w a te r , while 
in  4 0  p e r  cen t K I th e y  are  c o n v e r te d  to  m etaco llag en . A fte r  d ry in g , how ever, 
m e ta c o lla g e n  loses th is  p r o p e r ty ,  as it  is in d ic a te d  also b y  th e  d a ta  in  T ab le  I. 
T h e  excessive  swelling in  w a te r  show n b y  co lla s tro m in  is a p h en o m en o n  w hich 
a t  p r e s e n t  we are u n ab le  to  ex p la in .

A s regards swelling in  a c e tic  acid, co llas tro m in  does n o t d iffer from  th e  
o r ig in a l Achilles ten d o n  co llag en . We ascribe th is  p ro p e r ty  to  i ts  m uco idx 
c o n te n t .  O n th e  o th e r h a n d , m e taco llag en  does n o t  sw ell in  ace tic  ac id , because 
h y d ro th e rm a l  tre a tm e n t d isso lv es  th e  frac tio n  mucoidj^ from  th e  co llagen  tissue . 
T h e  p resen ce  of m uco id j is  e sse n tia l fo r th e  b in d in g  o f w a te r  m olecides a t 
a c id  re a c tio n  b y  th e  e le c tro v a le n t bonds in  th e  co llagen  f ib re . O ur ex p erim en ts
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on r a t  ta il  ten d o n  y ie ld ed  s im ila r re su lts  [5]. T h e  sam e  m uco id j co m p o n en t 
is la rg e ly  responsib le  fo r th e  b in d in g  o f  silver. T h is  ex p la in s  th e  fa c t th a t  
m etaco llag en  b inds o n ly  50 p er c e n t as m uch s ilver as is b o u n d  b y  th e  n a tiv e  
A chilles te n d o n . I t  is n o t q u ite  c lear w h y  th e  s ilver b in d in g  cap ac ity  o f  collas- 
tro m in  increases m ore  th a n  100 p e r  c en t as co m p ared  w ith  th e  n a tiv e  A chilles 
te n d o n  an d  a t  th e  sam e tim e , also  th e  e x tra c te d  p roco llagen  b inds a h igh  
a m o u n t o f  silver. (U n p u b lish ed  ex p erim en ts .)  W e assum e th a t  p ro co llag en  
is d isso lved  as a re s u lt  o f  sp littin g , th ro u g h  w hich  A g -b in d in g  groups becom e 
free in  th e  re sid u a l co llas tro m in  s im ila rly  as in  p ro co llag en . In  co lla s tro m in  
th e  A g-b ind ing  g roups th u s  l ib e ra te d  are  co n ta in ed  b y  a m olecule g ro u p  d is ­
solved in  w a te r  a t  50° C. As a re su lt , a f te r  h e a tin g  in  w a te r  a t  50° C c o lla s tro ­
m in  b inds only  a sm all a m o u n t o f  silver, w h ereas  th e  substance  d isso lved  
in  w a te r  h as  a m a rk e d  silv er-b in d in g  cap ac ity .

W e h av e  o bserved  years  ago [1, 3] th a t  m e taco llag en  w as lysed b y  e la s ta se , 
an d  co llastrom in  w as n o t. This also in d ica tes  th a t ,  as a re su lt of the  d isso lu tio n  
o f m u co id ^  th e  m olecule is so a lte re d  th a t  co llagen  becom es d igestib le  b y  
p ro te o ly tic  enzym es (try p s in , to o , lyses m e taco llag en ).

As reg ard s th e ir  am ino  acid com position , th e re  is no difference b e tw een  
n a tiv e  collagen an d  m etaco llag en  (personal co m m u n ica tio n  b y  J . H . B o w e s ) .  

N e ith e r is th e re  a d ifference in  th e  m a in  am ino ac id  co m p o n en ts  (g lycine, oxy- 
p ro line , a lan ine , leuc ine). T hises p ro v es  th a t  th e  p ro p e r tie s  p ecu liar to  co llagen , 
such  as sw elling in  ace tic  acid , b in d in g  o f  silver, a n d  d ig es tib ility  b y  p ro te a se , 
d ep en d  on th e  m in u te  am o u n ts  o f  p o ly sacch arid e-co n ta in in g  co m p o n en ts  
th a t  ta k e  p a r t  in  th e  b u ild -u p  o f  th e  m olecule n o t  as c o n ta m in a n ts , b u t  
as in te g ra l p a r ts  o f  collagen.
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THE ACTIVATION OF PRECORTICOTROPIN
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DEPARTM ENT OF B IO C H E M ISTR Y , U NIV ERSITY  OF CAM BRIDGE, ENGLAND 

(R ece iv ed  N ovem ber 12, 1958)

D a s g u p t a  & Y o u n g  [1] fo u n d  th a t  ce rta in  p re p a ra tio n s  o f ox p i tu i ta ry  
g lands h a d  li ttle  or no a c t iv i ty  in  th e  ascorb ic-acid  d ep le tio n  te s t  fo r co rtico ­
tro p in  [2] b u t  acqu ired  su ch  a c tiv i ty  w hen th e  so lu tio n  w as ac id ified  (p H  3). 
T h ey  fo u n d  also th a t  t r e a tm e n t  w ith  6 M  u rea  so lu tio n  for te n  m in u te s  sim i­
la rly  a c tiv a te d  such p re p a ra tio n s . T he m a te ria l, t h a t  w as p re se n t in  such 
p re p a ra tio n s  in  a fo rm  in a c tiv e  in  th e  ascorbic acid  d ep le tio n  te s t  b u t  w hich 
becam e ac tiv e  on m ild  t r e a tm e n t ,  w as called “ p re c o rtic o tro p in ”  b y  D a s g u p t a  

& Y o u n g  [1].
P reco rtico tro p in  cou ld  b e  a physiological p recu rso r o f co rtico tro p in  

or i t  m ig h t be p ro d u ced  d u rin g  e x trac tio n , fo r ex am p le  b y  th e  b in d in g  of 
c o rtic o tro p in  to  som e o th e r  su b stan ce  in th e  e x tr a c t  to  fo rm  a com plex  th a t  
is in a c tiv e  u n til  th e  c o r tic o tro p in  is lib e ra ted  b y  t r e a tm e n t  w ith  ac id  or u rea . 
I f  p re c o rtic o tro p in  w ere a physio log ica l p recu rso r, th e  an im al shou ld  have  
a sy s te m  fo r its  a c tiv a tio n . T h e re  is m uch ev idence  [3— 8] th a t  th e  h y p o ­
th a la m u s  con ta in s a su b s ta n c e  th a t  causes th e  re lease  o f c o rtic o tro p in  from  
th e  p i tu i ta ry  g land b u t  som e o f th is  evidence m ig h t also be in te rp re te d  as th e  
a c tiv a tio n  o f a p recu rso r. W e th ere fo re  decided  to  search  for an  a c tiv a tin g  
sy s tem  fo r p re c o rtic o tro p in  in  h y p o th a lam ic  tissu e . W e also in v e s tig a te d  th e  
p o ss ib ility  th a t  p re c o rtic o tro p in  could be a c t iv a te d  b y  ad ren a l e x tra c ts .

O x p itu i ta ry  g lands w ere hom ogenized  an d  cen tr ifu g ed . T he su p e rn a ta n t , 
e q u iv a le n t to  10 m g d ry  p i tu i ta r y  tissue p er m l, w as in ac tiv e  in  th e  Sayers 
t e s t  w hen  d ilu ted  1 : 20 w ith  saline, b u t ac tiv e  i f  t r e a te d  for 10 m in . w ith  
6 M  u re a  or acid ified  to  p H  3 before  d ilu tion . S pecim ens o f th e  s u p e rn a ta n t  
were m ix ed  w ith  h y p o th a la m ic  hom ogenate  from  ox  or r a t  fo r v a ry in g  tim es. 
In  som e ex p erim en ts  th e  p i tu i ta r y  and  h y p o th a la m ic  e x tra c ts  w ere se p a ra te ly  
p re p a re d  an d  m ixed  one h o u r  before d ilu tion  ; in  one e x p e rim en t th e y  were 
in c u b a te d  for four h o u rs  a t  37° C. In  o th e r e x p e rim e n ts  th e  p i tu i ta ry  and 
h y p o th a la m ic  tissues w ere hom ogenized  to g e th e r. T he h y p o th a la m ic  tissue 
o f one o x  or of fo u r to  e ig h t r a ts  was used in  each  e x p e rim e n t. Since S l u s h e r  

& R o b e r t s  [8] fo u n d  th a t  th e  p i tu ita ry -s tim u la tin g  a c tiv ity  o f th e  h y p o ­

* Já n o s-H o sp ita l, I I .  M edical D e p a rtm en t, B u d a p es t.
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th a la m u s  is co m p le te ly  lo s t  45 m in. a f te r  th e  d e a th  o f th e  an im a l, in  our 
e x p e r im e n ts  w ith  r a t  h y p o th a la m u s  th e  p re p a ra tio n  w as m ad e  im m ed ia te ly  
a f t e r  d ecap ita tio n  o f  th e  r a t .

I n  all ex p e rim en ts  c o n tro l te s ts  w ere m ad e  w ith  u re a  o r ac id ifica tion  
a n d  in  every  in s tan ce  th e  ex p ec ted  a c tiv a tio n  w as seen , w h ich  in d ic a te d  th e  
p re se n c e  of p re c o r tic o tro p in  in  th e  p i tu i ta ry  su p e rn a ta n t  f lu id  (T able I).

Table I

Response in  S a y e r s  test o f  p itu ita ry  extract treated in  various ways 

T h e  su p e rn a ta n t  of a h o m o g e n a te  o f  10 m g/m l ox p i tu i ta r y  g land  w as d ilu te d  1:20 fo r each te s t

T re a tm en t N o n e p H  3
U re a
(6 M )

O x
h y p o th a la ­

m u s

R a t
h y p o th a la ­

m u s

R a t
ad ren a l

A sco rb ic-ac id  change 
m g /1 0 0  g adrenal zb S. E . M. — 2 ± 4 — 3 7 ± 1 0 — 64 ± 8 — 6 ± 7 — 1 1 ± 5 + 4 ± 1 0

(n o . o f ra ts ) (25) (8) (19) (9) (13) (9)

U re a  solutions of 6 M  a n d  3 M  co n cen tra tio n s , b u t  n o t t h a t  o f  1 M  concen­
t r a t i o n ,  ac tiv a ted  p re c o r tic o tro p in  (T able I I ) .  T he a c tiv a tio n  o f  p reco rtico ­
t r o p in  b y  urea an d  a c id if ic a tio n  [1] was th u s  co n firm ed , a n d  u re a  w as found  
to  a c t  a t  3 M  as w ell as 6 M  c o n cen tra tio n , h u t  n o t a t  1 M  co n cen tra tio n .

Table II

Effect o f  urea concentration on the activation o f  precorticotropin

T h e  s u p e rn a ta n t  o f a h o m o g e n a te  o f 10 m g/m l ox  p i tu i ta r y  g lan d  w as d ilu te d  1:20 a f te r  
10 m in . t r e a tm e n t  w ith  u re a  so lu tio n

U r e a  co n cen tra tio n 0 1 M 3 M 6JVÍ

S a y e rs  te s t  responses 
A sco rb ic-ac id

c h a n g e
m g /1 0 0  g adrenal

— 6 1 ,— 7 ,— 9 , — 8 — 26, + 3 — 4 8 ,— 3 5 ,— 104 ,— 13 - 6 9 , - 3 8 , - 4 9

M e a n  response — 2 1 - 1 2 — 50 — 52

T h e  resid ts fa iled  to  sh o w  sign ifican t a c tiv a tio n  o f p re c o rtic o tro p in  b y  
h y p o th a la m ic  or a d re n a l e x tra c ts  (Table I). T h u s  we fo u n d  no  ev idence for 
th e  p resence  in  h y p o th a la m ic  o r ad ren a l tis su es  o f an  enzym e capab le  o f  
c o n v e r tin g  p re c o rtic o tro p in  in to  a  su bstance  cap ab le  o f  red u c in g  th e  adrenal- 
a sc o rb ic  acid in  h y p o p h y se c to m iz e d  ra ts , a lth o u g h  th e  a c tiv a tin g  effect o f  
t r e a tm e n t  w ith  u re a  o r a c id  w as confirm ed .
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T h e  e ffec t on  endocrine  fu n c tio n  o f  th e  lesion  o f  th e  p a ra v e n tr ic u la r  nuc leus h a s  b e en  
in v e s tig a te d  in  th e  r a t .  I 131 u p ta k e  b y  th e  th y ro id  w as decreased  a f te r  th e  o p e ra tio n . T h e  
a c t iv ity  o f p ré c ip ita b le  I 131 in  th e  p la sm a  sim ila rly  d im in ish ed . T h y ro id  w eight c h an g e d  o n ly  
in  m ale  a n im a ls . T he cortico id  c o n te n t  o f  th e  a d ren a ls  u n d e rw e n t a m ark ed  d ecrease , as a 
sign o f a d ren a l h y p e ra c tiv ity . T he m e tro tro p h ic  a c t iv i ty  o f  th e  a n te rio r  p i tu i ta ry  w as e le v a te d  
in  b o th  sexes, b u t  th e  increase  w as m o re  m ark e d  in  fem ale  th a n  in  m ale ra ts .

*

A g r e a t  n u m b e r  o f  o b s e rv a t io n s  a g re e  t h a t  th e  h y p o th a la m u s  p la y s  
a f u n d a m e n ta l  ro le  in  th e  r e g u la t io n  o f  p i t u i t a r y  h o rm o n e  se c re tio n . U o t il a  
[24 ], B o g d a n o v e , S p ir t o s  a n d  H a l m i [1 ], W e s t m a n  a n d  J a c o b s o h n  [2 5 ], 
D e y  [5, 7 ] , D e G r o o t , Co l f e r  a n d  H a r r is  [4 ], H u m e  a n d  W it t e n s t e in  [2 0 ], 
E n d r ő c z i, K o vá cs  a n d  S z a l a y  [8 ], a s  w ell a s  m a n y  o th e r  a u th o r s  h a v e  
p o in te d  o u t  t h a t  b o th  t r a n s s e c t io n  o f  th e  p i t u i t a r y  s ta lk  a n d  e le c tro c o a g u la ­
t io n  o r  s t im u la t io n  o f  c e r ta in  h y p o th a la m ic  n u c le i  a l te re d  th e  r e g u la to r y  
in f lu e n c e s  e x e r te d  b y  th e  h y p o th a la m u s  o n  th e  p i t u i t a r y  se c re tio n  o f  a d r e n o -  
c o r t ic o tro p h ic ,  th y r e o t ro p h ic ,  g o n a d o tro p h ic  a n d  s o m a to tro p h ic  h o r m o n e s .

I n  s p i te  o f  th e  f a c t  t h a t  a  v a s t  l i t e r a tu r e  h a s  a c c u m u la te d  c o n c e rn in g  
th e  ro le  p la y e d  b y  c e r ta in  h y p o th a la m ic  n u c le i  in  th e  re g u la tio n  o f  e n d o c r in e  
fu n c tio n s ,  th e  d e m o n s tr a t io n  o f  a d ir e c t  h y p o th a la m ic  r e p r e s e n ta t io n  o f  a n y  
e n d o c r in e  f u n c t io n  is  s ti l l  la c k in g . T h is  la c k  is  to  b e  a c c o u n te d  fo r  p r im a r i l y  
b y  th e  f a c t  t h a t  th e  v e ry  s a m e  s u b c o r t ic a l  n u c le i  a re  c a p ab le  o f  i n i t i a t i n g  
c o m p le x  c h a n g e s  in  b o th  th e  e n d o c r in e  f u n c t io n s  a n d  th e  v e g e ta t iv e  p ro c e s s e s  
s im u lta n e o u s ly .  T h e  p re s e n t  r e p o r t  w ill d e a l  w ith  th e  s im u lta n e o u s  c h a n g e s  
in d u c e d  b y  e le c tro c o a g u la tio n  o f  th e  p a r a v e n t r ic id a r  n u c leu s  in  th e  f u n c t io n  
o f  th e  p i tu i t a r y ,  th y r o id ,  a d r e n a l  c o r te x  a n d  g o n a d s , re sp e c tiv e ly .

M ethods
T h e  e x p e rim e n ts  w ere p e rfo rm e d  on 78 a lb ino  r a ts  o f  th e  sam e breed  e ac h  w eig h in g  

200 to  250 g. T he ra ts  w ere se p a ra te d  acco rd ing  to  sex  a n d  d iv id e d  in to  groups o f  te n  to  fo u r ­
tee n  a n im a ls . T h e  ex p erim en ts  b eg an  fo u rte e n  to  f if te e n  d ay s  follow ing th e  o p e ra tio n . H y p o ­
th a la m ic  les io n  w as in d u ced  u n d e r  in tra p e r i to n e a l  Sod ium  E v ip a n  an aesthesia  (10 m g /1 0 0  g 2

2 Acta Pbysiologica XV/2.
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b o d y  w eight), w ith  th e  a id  o f  a  H orsley-—Clark  s te re o ta x ic  in s tru m e n t a d a p te d  to  th e  r a t .  
E le c tro c o ag u la tio n  w as m a d e  w ith  a cu rren t in te n s i ty  o f  4 m A , for te n  seconds. A fte r  e x p eri­
m e n ta tio n  th e  b ra in  o f  th e  an im a ls  was f ix ed  in  10 p e r  c en t form ol, em b ed d ed  in  p a ra f f in e  
a n d  s ta in ed  w ith  c re sy l v io le t .  The lesions w ere lo ca liz ed  in  th e  fro n to -o cc ip ita l p lan e .

S tu d y  o f  thyroid fu n c tio n

24 hours b e fo re  e x p e rim en ta tio n  th e  an im als w ere s u b je c te d  to  
in tra p e r ito n e a l in je c tio n  o f  po tassium  io d id e  co n ta in in g  5.0 p,C I 131. T h e  th y ­
ro id s  were rem o v ed  u n d e r  b a rb itu ra te  a n a e s th e s ia  and  w eighed  on  a to r ­
sion  balance w ith  an  accu racy  of 0.5 m g . P ré c ip ita b le  (p ro te in -b o u n d ) and  
n o n -p rec ip itab le  I 131 in  th e  p lasm a w ere d e te rm in e d  as follows. A fte r  a d m in is ­
te r in g  h ep arin e  in  a dose of 2 m g/100 g b o d y  w eigh t, b lood w as w ith d ra w n  
b y  p u n c tu re  o f th e  a o r ta .  A fte r c e n tr ifu g a tio n  w ith  3000 r . p . m . fo r te n  m in u te s  
th e  p lasm a  w as t r e a te d  w ith  tw o vo lum es o f  tw e n ty  per cen t tr ic h lo ro a c e tic  
ac id  an d  th e n  c e n tr ifu g a te d  again , th e  l a t t e r  p ro ced u re  allow ing th e  s e p a ra tio n  
o f  b o u n d  an d  o f  p ré c ip ita b le  I 131, re sp e c tiv e ly . R a d io a c tiv ity  in  th e  p la sm a  
a n d  th y ro id  w as m e a su re d  b y  th e  m e th o d  o f  W o l l m a n  an d  S co w  [26] using  
a 3.0 m g/cm 2 en d  w in d o w  GM tu b e  a n d  a  sc in tilla tio n  co u n te r w ith  a scale 
to  1024.

S tu d y  o f  adrenocortical fu n c tio n

The ad ren a ls  w ere rem oved , w eighed  w ith  accu racy  of 0.5 m g, a n d  th e  
poo led  g lands fro m  te n  to  fourteen  a n im a ls  w ere hom ogenized in  ace to n e . 
E x tra c tio n  an d  d e te rm in a tio n  of co rtico id s  w ere  perfo rm ed  b y  th e  m e th o d s  
a lre a d y  described  ( E n d r ő c z i , B a t a  a n d  M a r t i n  [11] ; E n d r ô c z i ,  B a t a  

a n d  M a r t i n  [12] ; E n d r ő c z i  and  L i s s á k  [13] ; L i s s á k , E n d r ő c z i  an d  
M e d g y e s i  [22]. F o r  se p a ra tio n  of th e  c o m p o n e n ts  b y  p ap er c h ro m a to g ra p h y , 
th e  m eth o d  o f B u r t o n ,  Z a f f a r o n i  a n d  K e u t m a n  [2] was u sed . E v a lu a tio n  
w as m ade acco rd in g  to  th e  alkaline flu o re scen ce  techn ique  o f B u s h  [3].

S tu d y  o f  the gonadotropic hormone

The p itu ita r ie s  w ere  rem oved a n d  w eig h ed . The a n te r io r  lobes w ere 
iso la te d  an d  h o m o g en ized  in  tw o m l p h y sio lo g ica l saline. T he e x tra c ts  w ere 
s to re d  a t  — 15° C u n t i l  ex p e rim en ta tio n . M e tro tro p h ic  a c tiv ity  w as m easu red  
o n  in fan tile  m ice, acco rd in g  to  the  m e th o d  o f K l i n e f e l t e r , A l b r i g h t  an d  
G r i s w o l d  [21].

T he gonads fro m  b o th  contro l r a ts  a n d  th o se  w ith  h y p o th a la m ic  lesion 
w ere  rem oved  a n d  w eig h ed  on torsion  b a la n c e .

R esu lts

E le c tro c o ag u la tio n  led  to  b ila te ra l d e s tru c tio n  of th e  p a ra v e n tr ic u la r  
nu c leu s, an d  re a c h e d  occasionally  also th e  b a so m e d ia l bo rder o f th e  th a la m u s . 
I n  m o st cases th e  le s io n  ex ten d ed  in  th e  fro n to -o c c ip ita l p lane  fro m  th e  o p tic
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chiasm  to  the  m ed ia l n iv e a u  o f the  tu b e r . A tip ic a lly  localized lesion is show n  
in F ig . 1.

C hanges in  th e  w e ig h t o f th e  endocrine o rg a n s  a f te r  h y p o th a lam ic  lesion  
w ere fo u n d  to  d e p e n d  on th e  sex of th e  an im a ls . F em ale  ra ts  show ed n a m e ly  
no change in  th y ro id  w e ig h t a fte r  th e  o p e ra tio n , w hile m ale an im als r e a c te d

Fig. 1. Sec tion  in  th e  fro n to -o cc ip ita l p lane. T he a rro w  show s th e  site  o f th e  e le c tro c o ag u la tio n , 
w hich  in vo lved  th e  n u c leu s p a rav e n tric u la ris  on  b o th  s id es, ex tend ing  from  th e  a n te r io r  

n iv eau  o f th e  tu b e r  to  th e  an te rio r b o rd e r o f  th e  p o ste rio r  h y p o th a la m u s

w ith  a consid erab le  a lte re d  th y ro id  w eigh t ( P  >■ 0.001). On th e  c o n tra ry , 
ad ren a l w eigh t d id  n o t  change e ith e r in  th e  m a le  o r in  the  fem ale r a ts .

Table I

Thyroid gland, mg/100 g body weight

N orm al (10) t  : 6.53
(m ales) .............. 11.2 ± 1 .1 P > 0 .0 0 1

O p era ted  (14) D F  : 22

(m ales) .............. 8 .6 5 ± 1 .3 3

N orm al (10) 10 .2 2 ± 1 .2 9 t  • 1 68
(fem ales) ............ P < 0 .1

O p era ted  (10) 
(fem ales) ............

10 .29± 1 .22 D F  : 18

A fte r  d e s tru c tio n  o f  th e  p a ra v e n tr ic u la r  n u c leu s, s ign ifican t ch an g es 
occurred  in  th e  I 131 a c t iv i ty  o f b o th  p ré c ip itab le  a n d  n o n -p rec ip itab le  f ra c tio n s  
o f th e  p lasm a . A c tiv ity  o f  I 131 p réc ip itab le  w ith  tr ich lo ro ace tic  ac id  w as n a m e ly

2 *
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Table II

A d re n a l g lan d , m g/100  g  b o d y  w e ig h t

N o rm al (14)
(m ales) .............. 2 0 .0 ± 3 .0 5 t  : 0.72 

P<^0.1

O p era ted  (10) D F : 22

(m ales) ............... 2 1 .5 ± 3 .6 3

N orm al (10)
(fem ales) ............ 2 6 .0 ± 4 .1 t  : 0.98 

P  0.05

O p era ted  (10) O F : 18

(fem ales) ............ 2 7 .6 ± 3 .4 5

c o n s id e ra b ly  d ecreased , a f in d in g  in d ica tin g  t h a t  b y  th e  th y ro id  less ano rg an ic  
io d in e  w as co n v erted  in to  th e  organic fo rm . T h e  ra d io a c tiv ity  o f  th e  to ta l  I 131 
w a s  s im ila rly  s ig n if ic a n tly  h ig h er in  th e  c o n tro ls  th a n  in  the  o p e ra te d  an im als .

Table III

P ré c ip i ta b le  I 131 24 h o u rs  a f te r  rad io io d in e  in jec tio n

N orm al (10)
(m ales) ............... 1 9 3 ± 1 3 8 t  : 2.92

O p erated  (14) 
(m ales) ............... 8 2 ±  39

P > 0 .0 1  
D F  : 22

N orm al (10)
(fem ales) ............ 2 1 8 ±  95 t  : 6.33

O p erated  (10) 
(fem ales) ............ 61 ±  13

P>0.001 
D F  : 18

T o ta l  I 131 24 h o u rs  a f te r  ra d io io d in e  in jec tio n

N orm al (10)
(m ales) ............... 354 ± 1 4 0 t : 3.63 

P  >0.001
O p era ted  (10) D F : 18

(m ales) ............... 2 1 6 ±  68

N orm al (10)
(fem ales) ............ 3 2 7 ± 1 2 1 t  : 4.89 

P  >0.001
O p era ted  (10) D F  : 18

(fem ales) ............ 1 4 6 ±  31



EFFECT OF THE LESION OF PARAVENTRICULAR NUCLEUS 141

L esion o f  th e  p a ra v e n tr ic u la r  nucleus evoked  a considerab le  d ec rease  
in  th e  I 131 u p ta k e  o f th e  th y ro id  in  b o th  m ale an d  fem ale  ra ts . T hese f in d in g s  
co n firm  th e  re su lts  o b ta in ed  b y  m easu rin g  th e  p réc ip itab le  I 131 c o n te n t  o f  
th e  p la sm a . T he difference w as p re se n t also in fem ale ra ts , even th o u g h  th e se  
an im als  fa iled  to  show  an y  change in  th y ro id  w eigh t.

Table IV

Total I 131 in the thyroid gland, 24 hours* after radioiodine injection

N orm al (10)
(m ales) .............. 26 2 0 0 ± 2  320 t  : 3.93 

P > 0 .0 0 1

O perated  (14) D F  : 22

(m ales) .............. 19 0 0 0 ± 4  400

N orm al (10)
(fem ales) ............ 30 3 2 0 ± 7  200 t  : 2.62 

P >  0.05

O perated  (10) D F  : 18

(fem ales) ............ 22 7 5 0 ± 5  700

* C alculated  p e r w eight of thy ro id  gland/100 g body w eight

To s tu d y  th e  fu n c tio n  o f the  ad ren a l co rtex , th e  tissue  co rtico id  c o n te n t  
was an a lized  b y  p a p e r c h ro m a to g ra p h y . T h is m e th o d  y ie ld ed  in fo rm a tio n  
n o t m ere ly  as reg ard s  th e  q u a n ti ta t iv e  asp ec ts , b u t  also to  th e  q u a li ta t iv e  
co rtico id  p a tte rn .  T he q u a lita tiv e  co rtico id  p a t te rn  o f  th e  ad ren a ls  w as n o t 
s u b s ta n tia lly  a lte re d  b y  th e  o p e ra tio n . T he m ain  co m p o n en t w as a lw ays 
co rtico s te ro n e . I n  ad d itio n , t ra c e  am o u n ts  o f tw o  new  d é riv â te s  a p p e a re d . 
One o f  th o se  com ponen ts w as less p o la r  th a n  co rtico ste ro n e , w hile th e  o th e r  
w as m ore p o la r, as a lread y  d esc rib ed  b y  B u s h  [3] as well as b y  E n d r ő c z i  

an d  L i s s Á k  [13]. T he changes in  th e  tissu e  co rtico id  c o n te n t in d u ced  b y  p a r a ­
v e n tr ic u la r  lesion show ed a spec ia l re la tio n  to  th e  a c tiv ity  o f th e  a d re n a l 
co rtex . As i t  can  be seen from  T ab le  V , th e  f i r s t  a d m in is tra tio n  o f  A C T H  
re su lte d  in  a m ark ed  increase o f th e  co rtico id  c o n te n t, w hereas w hich , h o w ev er, 
d im in ish ed  on th e  m a in ten an ce  o f  th e  h y p e rfu n c tio n a l s ta te . T h is f in d in g  
agrees w ith  th e  recen t o b se rv a tio n s  o f H o l z b a u e r  an d  A o g t  [19]. I n  our 
o p e ra te d  an im als , th e  co rtico id  c o n te n t o f th e  ad ren a ls  u n d e rw en t a m a rk e d  
decrease, as an  in d irec t sign o f  co n tin u o u s ad ren a l h y p e ra c tiv ity . T h is  la t te r  
w as d e m o n s tra te d  fu r th e r  b y  th e  fin d in g  th a t ,  as fa r as ad ren a l w e ig h t is 
concerned , th ere  was no in d ic a tio n  o f a h y p o fu n c tio n a l decrease ; in  fa c t, 
s lig h t signs o f h y p e rtro p h y  cou ld  be observed .

D e te rm in a tio n  o f  th e  m e tro tro p h ic  a c tiv ity  o f th e  a n te r io r  p i tu i ta r y  
rev ea led  p rim a rily  th e  p resence o f  g o n ad o tro p h ic  h o rm one , even th o u g h  th e
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Table V

The amount of corticoids in . the adrenal gland, expreseed in pg/100 g adrenal tissue

N orm al (m ales, 10) ......................... 820
(m ales, 10) ......................... 745

Г  (fem ales, 1 0 ) ...................... 980
(fem ales, 8 ) ......................... 864

O perated  (m ales, 14) .................... 282
(fem ales, 1 0 ) ...................... 320

T rea tm e n t w ith  A C TH P ercen tu a l changes in  th e
1.0 1U/100 g b o d y  w eight w eigh t of ad ren a l gland

3 d a y s  ( 8 ) ...................... 1860 0
6 d ay s ( 6 ) ..................... 720 +  11.4

11 d ay s  ( 1 0 ) .................... 345 + 1 4 . 0

m e th o d  o f K l i n e f e l t e r , A l b r i g h t  a n d  G r i s w o l d  [21] is n o t ab so lu te ly  
specific  for th e  d e te rm in a tio n  of th a t  h o rm o n e . T ab le  V I shows th a t  th e  m etro - 
t ro p h ic  a c tiv ity  o f  th e  o p e ra te d  m ale a n d  fem ale  r a ts  w as m ore in ten s iv e  th a n  
th a t  o f  n o rm al an im a ls . T ab le  V I d e m o n s tra te s , fu r th e r , th a t  fem ale ra ts  
e x h ib ite d  a s ig n if ic a n tly  g re a te r  m e tro tro p h ic  a c t iv i ty  th a n  d id  m ale an im als.

Table VI

Metrotrophic activity of the anterior pituitary from normal 
and operated rats

U te rin e  w eight, m g/100 g b o d y  w eight

U n tre a te d  contro l mice . 127 ± 1 8

N o rm al (10) (m ales) . . . . 156 ± 1 6

N o rm al (10) (females) . . 169 ± 1 8

O p era ted  (14) (m ales) . . . 178 ± 2 2

O p era ted  (10) (females) 194 ± 2 3

Discussion

N um erous a u th o rs  h av e  in v e s tig a te d  th e  ro le  p lay ed  b y  th e  p a ra v e n tr ic ­
u la r  nucleus in  th e  re g u la tio n  o f v e g e ta tiv e  processes. As fa r  as endocrine 
sy s te m s  are co n cern ed , no  specific  re g u la to ry  fu n c tio n  w as, how ever, d em o n ­
s t r a te d  to  be co n n ec ted  to  th a t  nucleus. G r e e r  [14, 15], as w ell as G r e e r  

a n d  E r w i n  [16], p la c e d  lesions in  th e  p a ra v e n tr ic u la r  nucleus a n d , v e n tra l  
to  i t ,  in  th e  a n te r io r  h y p o th a la m u s . T h e y  fo u n d  th a t  th e  s to rag e  o f  iodine b y  
th e  th y ro id  was u n a lte re d , only th e  p ro life ra tio n  o f  th y ro id  tissu e  w as de-
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creased . T h e  fu n c tio n  o f  th e  a d ren a ls  was e ssen tia lly  n o rm a l a fte r  s t im u la tio n  
o r  e lec tro co ag u la tio n  o f th e  ab o v e  areas ( H a r r i s  [18] ; E n d r ő c z i  a n d  M e s s  

[10] ; E n d r ő c z i ,  K o v á c s  a n d  L is s Ák  [9 ]). T hese  o b se rv a tio n s, h o w ev er, 
re fe rre d  to  th e  r e a c tiv ity  o f  th e  p itu ita ry -a d re n o c o rtic a l system  a n d  to  th e  
sen s ib ility  o f  a n te r io r  p i tu i ta ry  to  s tim u li in itia tin g  A C T H  secretion , b u t  gave 
no  in fo rm a tio n  concern ing  a n  e v e n tu a l chronic a d re n a l h y p e rfu n c tio n .

H il l a r p  [17] w as th e  f i r s t  to  p o in t ou t th a t  th e  lesion  o f the  p a ra v e n tr ic ­
u la r  nucleus o r o f th e  a rea s  s i tu a te d  v e n tra l o f  i t ,  in d u ces c o n s ta n t o e s tru s  
an d  decreases th e  sec re tio n  o f  lu te in iz ing  h o rm o n e  (D e y  et al. [5 , 6 , 7 ]). 
O ur p re se n t in v es tig a tio n s  d e m o n s tra te d  an  in c rea sed  m e tro tro p h ic  a c t iv i ty  
in  th e  p i tu i ta ry  a f te r  o p e ra tio n . A lthough  no ch an g e  w as found  in  th e  w e ig h t 
o f  th e  u te ru s , th e  ovaries or th e  m ale gonads a f te r  th e  surg ical in te rv e n tio n , 
th e  p o ss ib ility  can n o t be  exc luded  th a t  th e  fu n c tio n a l changes o b se rv ed  in  
th e  ex p e rim en ts  of D e y  an d  H il l a r p  occurred also in  o u r cases, and  m a n ife s te d  
th em se lv es  w ith  an  m e tro p h ic  a c tiv ity .

A ccord ing  to  m o rpho log ica l stud ies th e  les io n  o f  th e  p a ra v e n tr ic u la r  
nucleus does n o t lead  to  a n y  su b s ta n tia l  a lte ra tio n  in  th e  fu n c tio n  o f th e  e n d o ­
crin e  organs (O l iv e c r o n a , [2 3 ]). O ur fu n c tio n a l in v es tig a tio n s , h o w ev er, 
rev ea led  th a t  th e  above lesion  in d u ced  a h y p o fu n c tio n  o f  th e  th y ro id , a d re n a l 
h y p e rfu n c tio n  an d  an  in crease  o f  th e  m e tro tro p h ic  a c t iv i ty  o f th e  a n te r io r  
p i tu i ta ry . O n th e  o th e r h a n d , i t  c an n o t be s ta te d  fo r ce rta in  w h e th e r  th e  
changes o bserved  in  th e  en d o crin e  organs a fte r  d e s tru c tio n  of th e  p a ra v e n tr ic ­
u la r  nucleus w ere consequences o f a d is tu rb e d  re g u la tio n  o f th e  p i tu i ta r y  
secre tio n  o f  tro p h ic  h o rm o n es o r w h e th e r th e  a lte re d  fu n c tio n  o f one single 
o rgan  h ad  in itia te d  a fu n c tio n a l change in th e  o th e r  organs.

LITERATURE

1. B ocdanove, E . M., Spirto s, B. N ., H almi, N. S.: E n d o crin o lo g y  57, 302 (1955).
2 .  B u r t o n ,  R .  B . ,  Z a f f a r o n i , A ., K e u t m a n n , E .  H . :  J .  B io l .  C hem . 1 8 8 , 7 6 3  ( 1 9 5 1 ) .
3. B usch , I .  E .: B iochem . J .  50 , 370 (1952).
4. D eGroot, J . ,  H arris, G. W .: J .  P hysio l. I l l ,  335 (1950).
5. D e y , F . L .: A m . J .  A n a t. 69, 61 (1941).
6. D e y , F . L ., F ish er , C., B er r y , C. M., R anson, S. W .: A m . J .  Physio l. 129, 39 (1940).
7. D ey , F . L .: E n d o crino logy , 33, 75 (1943).
8. E ndrőczi, E ., K ovács, S., Szalay, G.: E ndokrino log ie  34 , 168 (1957).
9. E ndrőczi, E ., Szalay, S., L issÁk , К .: E ndokrino log ie  34 , 271 (1957).

10. E ndrőczi, E ., Mess, B .: E n d o k rin o lo g ie  33, 1 (1955).
11. E ndrőczi, E ., В ата, G., Ma r tin , J . :  K íséri. O rv o s tu d . 10 , 84 (1958).
12. E ndrőczi, E ., В ата, G ., Ma rtin , J . :  E ndokrino log ie  35 , 280 (1958).
13. E ndrőczi, E .,  L issÁk , K .: A c ta  Physio l. H ung . In  th e  P ress .
14. Gr e er , M. A .: P roc . Soc. E x p . B iol. Med. 77, 603 (1951).
15. G r e e r , M .:  J .  Clin. E n d o crin o l. 1 2 ,  1259 (1952).
1 6 . G r e e r , M . A .,  E r w i n , H . :  J .  Clin. E ndocrino l. 3 3 ,  9 3 8  ( 1 9 5 4 ) .
17. H illarp , N . A .: A c ta  E n d o crin o l. 2, 11 (1949).
18. H arris, G. W .: N eu ra l C o n tro l o f  th e  P itu ita ry  G land . A rn o ld , L ondon , 1955.
19. H olzbauer, M., V ogt, M .: J .  P h y sio l. 1 3 8 , 460 (1957).



144 S. KOVÁCS, K. LISSÁK and  E . ENDRÖCZI

20 . H u m e , D. M., W it t e n s t e in , G. J .:  P roceed ings o f  th e  1st Clinical A C T H  Conference,
B lak iston , P h ila d e lp h ia , p . 134— 136.

21 . K l in e f e l t e r , H . F . ,  A l b r ig h t , F ., Gr is w o l d , G. C.: J .  Clin. E n d o crin o l. 3 , 529 (1943).
22. L issAk , K ., E ndrőczi, E .,  Medgyesi, P .: A rc h . ges. Physio l. 265, 117 (1957).
23 . O liv ecro n a , H .: A c ta  P h y s io l. Scand. 40 , S u p p l. 136 (1957).
24 . TJo tila , U. U.: E n d o c r in o lo g y  25, 605 (1939).
25 . W estm an , A ., J a c o b s o h n , D .: A cta  p a th o l. m ic ro b io l. Scand. 15, 435 (1938).
26 . W olman , S. H ., S c o w , R . O .: E ndocrino logy  52 , 339 (1953).



ÜBER DIE THERMOREGULATOR ISCHE BEDEUTUNG 
DER HYPERTHERMISCHEN UMSATZSTEIGERUNG. 

VERSUCHE AN RATTEN MIT LÄSIONEN DES 
HYPOTHALAMUS UND DES EPITHALAMUS.

Von

Sz. D o n h o f f e r , G y . M e s t y á n , G y . S z e g v á r i  u n d  I . J á r a i

PATHO PHY SIOLOG ISCHES IN ST IT U T  D ER  M ED IZIN ISC H EN  U NIV ERSITÄ T, PÉCS 

(E in g eg an g en  am  3. S e p tem b e r 1958)

D u rc h  V ersuche w u rd e  fe s tg e s te llt , daß  d ie K ö rp e r te m p e ra tu re n  v o n  T ie ren  m it 
e rh a lte n e r  u n d  m it feh len d er h y p e rth e rm isc h e r U m sa tz s te ig e ru n g  lassen  in  w a rm er U m g e­
b u n g  sow ohl n ach  H y p o th a la m u s-  a ls au ch  nach  E p ith a la m u s lä s io n e n  keinen  U n te rsch ied  
e rk en n en . D a rau s  fo lg t, d a ß  a )  d ie h y p e rth e rm isch e  U m sa tz s te ig e ru n g  n ich t d em  E n e rg ie ­
b e d a rf  d e r w ä rm eab g eb en d en  M echanism en d ien t, da  in  d iesem  Falle  ein  F eh len  d e rse lb en  
m it e inem  s tä rk e re n  A n stieg  d e r  K ö rp e r te m p e ra tu r  v e rb u n d e n  sein m ü ß te ;  b) d a ß  d ie  
d u rc h  eine w arm e  U m g eb u n g  ausgelöste  H y p e rth e rm ie  in n e rh a lb  gew isser G renzen  k e in e r 
p a ssiv en  W ärm es ta u u n g  zug esch rieb en  w erden  k a n n , d a  m a n  bei hö h erer W ärm ep ro d u k tio n  
au ch  eine höhere  K ö rp e r te m p e ra tu r  b eo b ach ten  m ü ß te .

*

D ie E rh ö h u n g  d e r W ärm ep ro d u k tio n  b e i U m g e b u n g s te m p e ra tu ren  
ü b e r d er th e rm o n e u tra le n  Zone [16] w ird  a llg em ein  m it der VA n ’t  H oFFschen  
R egel e rk lä r t  u n d  so als d ire k te  Folge der H y p e r th e rm ie  angesehen  [4, 10, 
17, 18]. D iese A uffassung  lä ß t  sich  jed o ch  n ic h t  a u fre c h te rh a lte n , da  bei 
u n te r  U re th a n  oder C h lo ra lh y d ra tw irk u n g  s te h e n d e n  in ta k te n  R a t te n  [8], 
sowie n ach  E n tfe rn u n g  d e r Sch ilddrüse , d er H y p o p h y se , oder w ä h re n d  T hio- 
u rac ilb e lian d lu n g  [2, 3, 6, 9], bei gleich h o h en  o d e r g a r noch h ö h eren  U m g e­
b u n g s te m p e ra tu re n  bei g le icher H y p e rth e rm ie  k e in e  E rh ö h u n g  d e r W ä rm e ­
p ro d u k tio n  b e o b a c h te t w u rd e , u n d  auch  L äsio n en  des H y p o th a la m u s  u n d  
des E p ith a la m u s  die h y p e rth e rm isch e  U m sa tz s te ig e ru n g  au ssch a lten  k ö n ­
n en  [6, 8, 13, 15]. E in e  a n d e re , w eit w eniger v e rb re ite te  A nsich t fü h r t  die 
S te ig eru n g  d er W ä rm e p ro d u k tio n  in  H y p e rth e rm ie  a u f  den e rh ö h te n  E n e rg ie ­
b e d a rf  d er w ärm eab g eb en d en  M echanism en (e rh ö h te s  M inu ten v o lu m en , etc .) 
zu rü ck , u n d  sp ric h t d a m it d e r U m sa tze rh ö h u n g  in  d er W ärm e eine —  w enn  
au ch  in d ire k te  —  Rolle in  d e r T h erm o reg u la tio n  zu  [18]. B esonders au sfü h rlich  
b e fa ß te n  sich  T h a u e r  u n d  W e z l e r  [19] m it d ie se r  F rag e . N ach  ih re r  S c h ä t­
zung  en tfie len  a u f  diese spezifische, im  D ie n s te  d e r  T h erm o reg u la tio n  s te ­
h ende  O rg an a rb e it, v o n  d e r  in  ih ren  V ersuchen  a n  v ie r  S tu d e n te n  b e o b a c h te te n  
h y p e rth e rm isch en  U m sa tz s te ig e ru n g  von  110 m l 0 2/m in, m in d esten s 50 
m l Og/min. D a sich  fü r  die re stlichen  60 m l 0 2/m l ein T e m p e ra tu rk o e ff i­
z ien t v o n  b lo ß  1,9 e rre c h n en  ließ , k am en  sie zu m  S chluß, d aß  sich  h in te r  
d er h y p e rth e rm isch en  U m sa tzs te ig e ru n g  eine m in d esten s  5 P ro z e n t b e t r a ­
gende reg u la tiv e  S en k u n g  verberge . D ieser A u ffassu n g  gem äß  w äre  also die 
h y p erth e rm isch e  U m sa tz s te ig e ru n g  die R e su lta n te  d er durch  diese re g u la tiv e
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S e n k u n g  geringen U m fan g es  v e rm in d e rte n  S um m e des d u rc h  spezifische 
O rg a n a rb e it  b ed in g ten  M eh rb ed arfes  u n d  d e r d u rch  die v a n ’ t  H oFFsche R egel 
b e d in g te n  E rhö h u n g  des U m sa tzes .

U n ser ansehnliches Y e rsu c h sm a te ria l an  R a tte n  m it H y p o th a la m u s-  
u n d  E p ith a lam u slä s io n en  e ig n e t sich g u t zu  e in er e rn eu ten  Ü b e rp rü fu n g  des 
P ro b le m s  der h y p e rth e rm isc h e n  U m sa tz s te ig e ru n g , da  falls die e rh ö h te  W ärm e­
p ro d u k t io n  —  w enn au c h  in d ire k t —  im  D ien ste  d er R eg u la tio n  s te h t ,  ein 
F e h le n  derselben  ein A u sb le ib en  d er F u n k tio n ss te ig e ru n g  d er M echan ism en  
d e r  W ärm eab g ab e  a n d e u te n  w ü rd e , u n d  dies zu  e iner s tä rk e ren  H y p e rth e rm ie  
fü h re n  m ü ß te . S teh t je d o c h  die S te ig eru n g  d er W ärm e p ro d u k tio n  n ich t im  
D ie n s te  d er T h e rm o reg u la tio n , so w äre  zu  e rw a rte n , d aß  ein A u sb le ib en  dieser 
m i t  e in e r  geringeren H y p e r th e rm ie  einherg inge .

E in e  diesbezügliche A n aly se  d er V ersuche an  sch ild d rü sen lo sen , sowie 
a n  h y p o p h y se k to m ie r te n  R a t te n ,  u n d  d e r an  t in te r  U re th an - o d e r Chloral- 
h y d ra tw irk u n g  s te h e n d e n  T ie ren  gew onnenen  E rgebnisse  ze ig te n  jed o ch , 
e n tg e g e n  dem  E rw a rte n , e ine  H y p e rth e rm ie  g leichen  G rades b e i feh len d er 
u n d  e rh a lte n e r  S te ig e ru n g  d er W ä rm e p ro d u k tio n  [6, 7]. E s sch ien  d ah er 
a n g e z e ig t ,  diese F rage  a u c h  an  R a tte n  m it H y p o th a lam u s- u n d  E p ith a la m u s ­
lä s io n e n  zu p rü fen , um so  m e h r, da  in  den  U re th a n - u n d  C h lo ra lh y d ra tv e r-  
s u c h e n  die K ö rp e r te m p e ra tu re n  in  d er th e rm o n e u tra le n  U m gebung  s ig n if ik an t 
u n te r h a lb  jen e r d er K o n tro ll  versuche lag en , u n d  die th v re o id e k to m ie r te n  
u n d  h y p o p h y se k to m ie r te n  R a t te n  n a tu rg e m ä ß  eine niedrige K ö rp e r te m p e ra ­
t u r  u n d  einen  s ta rk  e rn ie d r ig te n  G ru n d u m sa tz  h a tte n .

V ersuch san o rd n u n g

D e r 0 2-V erbrauch  w u rd e  in  e in e r th e rm o n e u tra le n  (29° C), sowie in  e in e r zu r H y p e r­
th e r m ie  fü h ren d e n  w arm en  (35° C) U m gebung  in  3 —4 P e rio d en  von  je  15 m in  in  e inem  m o d i­
f iz ie r te n  [1] A p p a ra t v o n  B é l á k  u n d  I l l é n y i [5] b e s t im m t ; die K ö rp e r te m p e ra tu r  w urde 
n a c h  d e r  le tz te n  B estim m u n g  des 0 2-V erb rau ch es bei d e r gegebenen U m g e b u n g s tem p era tu r  
r e k ta l  m it  einem  Q u eck s ilb e rth e rm o m ete r gem essen. D ie T iere  w urden  w ä h ren d  des ganzen 
V e rsu c h e s  sorgfältig  b e o b a c h te t u n d  P erio d en , in  w elchen  sieh  die R a tte n  b ew eg ten , w urden  
a u ß e r  B e tra c h t  gelassen. D a  z u m  v o lls tä n d ig en  T em p era tu rau sg le ic h  zw isch en  W asserb ad  
u n d  K a m m e r  e tw a 20 m in  b e n ö tig t  w erden , b e fan d e n  sich  d ie T iere m eis ten s  e tw a  90 m in  
in  d e r  gegebenen  U m g e b u n g s te m p e ra tu r , als die K ö rp e r te m p e ra tu r  gem essen w u rd e . D ie L u ft 
d e r  K a m m e r  w ar p ra k tisc h  m it  W asse rd a m p f g e sä tt ig t,  u n d  dies e rk lä r t,  d a ß  schon  hei 
35° C e in e  b e träch tlich e  H y p e r th e rm ie  b e s ta n d . E s sei b e m e rk t, daß  u n te r  d e n  g le ich en  Ver- 
su c h sb e d in g u n g e n  bei in ta k te n  R a t te n  eine E rh ö h u n g  d e r W ärm ep ro d u k tio n  n ie m a ls  v e rm iß t 
w u rd e . D ie  V ersuche w u rd en  f rü h e s te n s  24 S tu n d e n  n a c h  d e r L äsion  a u sg e fü h rt, u n d  in  v ielen  
F ä l le n  n a c h  einigen T agen , m a n c h m a l a u ch  n a c h  m eh re ren  W ochen —- je  n a c h  D a u e r der 
S tö ru n g  —  w iederholt. D ie e le k tro ly tis c h e n  L äsio n en  (4— 6 m A  fü r  5— 6 sec) w u rd e n  m it 
e in e m  a u f  dem  H o rsley  u n d  CLARKEschen [11] P r in z ip  b e ru h en d en  Z ie lg erä t, m it  w enigen 
A u s n a h m e n , b ila te ra l g e se tz t. D ie  H y p o th a la m u slä s io n e n  b e tra fe n  versch ied en e  G eb iete  des 
H y p o th a la m u s , die e p ith a la m isc h e n  L äsionen  b e sc h rä n k te n  sich in  de r ü b erw ieg en d en  
M e h rz a h l de r Fälle  a u f  d as G e b ie t d e r Ggl. h a b en u lae . N äh eres ü b er L o k a lisa tio n , sowie 
ü b e r  a n d e re  sich aus d ie se r  V e rsu c h en  ergebende  F ra g e n  wdrd a n  a n d ere r  S te lle  b e rich ­
t e t  [12 , 13, 14, 15].
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Versuohsergebnisse

a) L äsionen des H ypo tha lam us

In sg e sa m t w u rd e n  55 R a t te n  m it H y p o th a lam u slä s io n en  in  73 V e r­
suchen  e in er U m g eb u n g  von  35° C au sg ese tz t. V on  d iesen  reag ie rten  33 T ie re  
n o rm a l : d ie W ä rm e p ro d u k tio n  e rh ö h te  sich  m it  d e r H y p e rth e rm ie  w ie in  
d e r  in ta k te n  R a t te .  B ei 18 R a t te n  b lieb  dagegen  in  30 V ersuchen t r o tz  a u s ­
gesp ro ch en er H y p e rth e rm ie  d ie  E rh ö h u n g  d er W ärm e p ro d u k tio n  v o llk o m m e n  
aus. D ies b ie te t  die M öglichkeit, das V erhalten  d e r  K ö rp e rte m p e ra tu r  le tz te r e r  
G ru p p e  a )  m it je n e m  d er lä d ie r te n  R a tte n  m it e rh a lte n e r  U m sa tz s te ig e ru n g , 
u n d  b) m it dem  V e rh a lte n  in ta k te r  R a tte n  zu  v erg le ich en . L etz te re  M ög lich ­
k e it  sch e id e t als G ru n d lag e  eines d ire k te n  V erg leiches aus, da die K ö rp e r ­
te m p e ra tu r  in  w a rm e r U m g eb u n g  auch  bei lä d ie r te n  T ieren  m it e rh a lte n e r  
U m sa tz s te ig e ru n g  h o c h s ig n if ik a n t (P  <  0,001) ü b e r  je n e r  in ta k te r  R a t te n  
(39,2 ±  0,10) lieg t [13].

Tabelle I

0 2-Verbrauch und  Körpertem peratur nach Läsionen des H ypothalam us bei Umgebungstemperaturen  
von 29° und 35° C, bei erhaltener und  bei fehlender hyperthermischer Umsatzsteigerung

M  ±  ]/ 2/1x2
I n (n— 1)

0 2-Verbrauch 
ml/dm*/St unde Körpertemperatur °C

bei 29= C bei 35° C bei 29°C bei 35° C

H ypertherm ische  U m sa tzs te ig eru n g  e rh a lten  
(n -  3 6 ) .................................................................. 7 1 ± 2 ,3 9 4 ± 2 ,8 3 7 ,3 ± 0 ,1 ] 3 9 ,9 ± 0 .1 3

H ypertherm ische  U m satzs te ig eru n g  feh lt 
(n -  3 0 ) .................................................................. 7 7 ± 3 ,3 7 7 ± 3 ,2 37 ,6±0,17 39,9 ± 0 ,1 4

D ie E rgebn isse  in  T abelle  I  sind  ganz e in d e u tig : obw ohl die W ä rm e p ro d u k ­
tio n  in  d er G ru p p e  m it e rh a lte n e r  U m sa tz s te ig e ru n g  m it m ehr als 30 P ro ­
z en t a n s te ig t u n d  h o ch sig n if ik an t (P  < 0 ,0 0 1 ) h ö h e r lieg t als d e r U m sa tz  
b e i feh len d e r S te ig e ru n g  d er W ä rm ep ro d u k tio n , k o m m t es zu e in er H y p e r ­
th e rm ie  gleichen G rades.

b) Läsionen  des E p ith a lam us

In sg e sa m t w u rd en  56 R a t te n  m it e p ith a la m isc h e n  Läsionen e in e r  U m g e ­
b u n g  von  35° C a u sg ese tz t. 20 T iere  v e rh ie lte n  sich  norm al : d e r E n e rg ie ­
u m sa tz  e rh ö h te  sich  in  d er W ärm e  wie bei in ta k te n  R a tte n . In  104 V ersu ch en  
an  36 T ie ren  b lieb  jed o ch  die U m sa tz s te ig e ru n g  u n te r  den g leichen B ed in -
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Tabelle II

О ̂ -Verbrauch und K örpertem peratur nach Läsionen des Epithalam us bei Umgebungstemperaturen  
von 29° und 35° C, bei erhaltener und bei feh lender hyperthermischer Umsatzsteigerung

n (n  —  1)
2  А X*

0 2-Verbrauch 
ml /dm2/ Stunde

Körpertemperatur

bei 29° C bei 35° C bei 29° C bei 35° C

H y p e rth erm isch e  U m sa tzs te ig eran g  erhalten  
(n =  2 0 )...................................................... 7 2 ± 1 ,8  93±1,8  37,4±0,10 40,1±0,14

H y p erth e rm isch e  U m sa tzs te ig eru n g  fehlt 
(n  =  1 0 4 ) ............................................................. 8 0 ± 1 ,0  79±1,5  37,4±0,06 39,9±0,05

g u n g e n  aus. D a b e i e in e r  U m g e b u n g s te m p e ra tu r  von 35° C au ch  d ie  K ö rp e r­
te m p e ra tu re n  d er T ie re  m it e rh a lten e r U m sa tz s te ig e ru n g  s ig n if ik a n t h ö h er 
lieg en  als in  der in ta k te n  R a tte  (P  <  0 ,001), können  auch  b e i L äs io n en  des 
E p ith a la m u s  n u r  die b e id e n  G ruppen  d e r  lä d ie r te n  T iere d ire k t verg lichen  
w e rd e n .

R a t te n  m it L äs io n en  des E p ith a la m u s  v e rh a lte n  sich also b e tre ffs  des 
g e s te ll te n  P rob lem s g an z  w ie die T iere m it  H y p o th a lam u slä s io n en . I n  e iner 
U m g e b u n g  von  35° C b e s te h t  in  der K ö rp e r te m p e ra tu r  kein  U n te rsc h ie d  zw i­
sc h e n  den  G ru p p en  m it  e rh a lten e r u n d  feh le n d e r S teigerung  d e r  W ä rm e ­
p ro d u k tio n , obw ohl d e r  U m sa tz  in  d er e rs te re n  m ehr als 30 P ro z e n t  anstieg , 
u n d  d ie  W ä rm e p ro d u k tio n  h o ch sig n ifik an t ( P  <  0,001) h ö h er lag  als in  der 
G ru p p e  m it feh len d er U m sa tzs te ig e ru n g .

D ie höhere  W ä rm e p ro d u k tio n  hei fe h le n d er h y p e rth e rm isc h e r U m sa tz s te ig e ru n g  in 
therm oneutraler  U m gebung  i s t  im  F alle  de r e p ith a la m isc h e n  L äsionen (T ab . I I )  s ta tis t is c h  
g e s ic h e r t  ( P >  0,001), d ie n a c h  H y p o th a la m u slä s io n e n  (T ab . I )  b eo b ach te te  D ifferen z , sowie 
d e r  in  th e rm o n e u tra le r  U m g eb u n g  b eo b ach te te  U n te rsc h ie d  in  der K ö rp e r te m p e ra tu r  der 
b e id e n  G ru p p en  m it L äs io n en  d es H y p o th a lam u s (T a b . I ) ,  i s t  n ich t s ig n ifik an t.

c) Verhalten nach W iederherstellung der hypertherm ischen U m satzsteigerung

S in d  die b e sc h rie b e n en  E rgebn isse  a u c h  noch  so e in d eu tig , so schien 
es d o ch  n ich t ü b e rflü ss ig  die W irkung  d e r  h y p e rth e rm isch en  U m sa tz s te ig e ­
ru n g  u n d  deren  F eh len  a m  selben  T iere zu  v erg le ichen . D ie M öglichkeit dazu  
w ird  d a d u rc h  g eb o ten , d a ß  frü h er oder s p ä te r  die h y p erth e rm isch e  U m sa tz ­
s te ig e ru n g  auch  b e i d en  R a t te n  w ieder b e o b a c h te t  w erden k a n n , b e i w elchen 
d ie se  n a c h  der H y p o - o d e r E p ith a la m u slä s io n  n ic h t ausgelöst w e rd en  k o n n te . 
In s g e s a m t s ta n d e n  zu  e in em  solchen V erg le ich  10 R a tte n  m it H y p o th a la m u s ­
lä s io n e n , u n d  22 T ie re  m it  E p ith a la m u s lä s io n e n  zu V erfügung. T ab e lle  I I I
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e n th ä l t  d ie W erte  bei an  die L äsion  sich ansch ließendem  to ta le m  A usfa ll, 
u n d  n a c h  vo llkom m ener W ied erh e rs te llu n g  d e r h y p e rth e rm isch en  U m s a tz ­
s te ig e ru n g .

T abe lle  I I I  zeig t, d a ß  d e r G rad  d er H y p e rth e rm ie  von  d er R e s ti tu t io n  
d e r  h y p e rth e rm isch en  U m sa tz s te ig e ru n g  n ich t b e rü h r t  w ird  ; bei d e r g le ichen  
U m g e b u n g s te m p e ra tu r  e r re ic h t die K ö rp e r te m p e ra tu r  die gleiche H ö h e , 
u n a b h ä n g ig  davon , ob sich  h ieb e i die W ä rm ep ro d u k tio n  e rh ö h t o d e r n ic h t, 
u n d  au ch  die A u sg a n g s te m p e ra tu r  bei 29° C h a t  k e in en  E in fluß .

Tabelle III

0 2-Verbrauch und Körpertemperatur nach Läsionen des H ypo- und E pithalam us bei totalem  
A u s fa ll , und  nach vollkommener W iederherstellung der hyperthermischen Um satzsteigerung

M ± S A  X2 
n ( n  —  1)

0 2-Verbrauch
ml;dm*/Stunde

Körpertemperatur
°C

bei 29° C bei 35° C bei 29° C bei 35° C

H y p o th a lam u släs io n , U m sa tzste igerung  feh lt
(n  -  1 0 ) ................................................................. 9 0 + 4 ,0 9 0 ± 4 ,2 3 8 ,2 ± 0 ,3 0 40,1 ± 0 ,3 3

D ieselben  T iere  nach W iederherste llung  der 
U m sa tz s te ig e ru n g ............................................... 65 ± 3 ,5 8 9 ± 3 ,6 3 7 ,0 ± 0 ,1 8 4 0 ,0 ± 0 ,2 4

E p ith a lam u släs io n , Ü m satzste igerung  feh lt 
(n  =  2 2 ) ................................................................. 8 7 ± 2 ,2 8 5 ± 1 ,7 37 ,8±0 ,11 40,0 ± 0 ,1 2

D ieselben T iere nach W iederherste llung  der 
Ü m sa tz s te ig e ru n g ............................................... 7 5 ± 1 ,4 9 0 ± 2 ,3 3 7 ,3 ± 0 ,1 0 3 9 ,9 ± 0 ,1 5

D ie W ärm ep ro d u k tio n  i s t  bei v o lle r M an ifes ta tio n  de r S tö ru n g  in  th e rm o n e u tra le r  
U m g eb u n g  e rh ö h t, und  g le ich t je n e r , w elche n ach  R e s titu t io n  d e r h y p e rth e rm isc h e n  U m sa tz ­
s te ig e ru n g  bei 35° C b e o b ac h te t w u rd e . M an k ö n n te  d a h e r g en eig t sein, die e ig en tlich e  S tö ru n g  
in  d em  schon  in  th e rm o n e u tra le r  U m g eb u n g  e rh ö h ten  U m sa tz  zu erb licken . D o ch  i s t  dies 
n ic h t  d e r F a ll  : die h y p e rth e rm isc h e  Ü m sa tzs te ig eru n g  k a n n  so bei e rh ö h tem , w ie b e i n o r ­
m ale m , o d er —  n ach  H y p o th a la m u slä s io n e n  —  auch  bei e rn ied rig tem  G ru n d u m sa tz  v o l l ­
k o m m e n  feh len , o der voll e rh a lte n  se in  [13, 15]. D er U n te rsch ied  zw ischen T ab e lle  I  u n d  I I  
e in e rse its , u n d  T abelle  I I I  a n d e re rse its , f in d e t  seine E rk lä ru n g  d a rin , d aß  in  den  b e id e n  e rs te re n  
zah lre ich e  T iere  m it m eh re ren  V ersu ch en  re p rä se n tie r t  s in d , dagegen is t  in  T ab e lle  I I I  von  
je d e m  T ie r n u r  je  ein  V ersu ch  v o r , u n d  ein  V ersuch  n a c h  d e r R e s titu tio n  a u fg en o m m en . 
D a E rh ö h u n g en  des U m sa tzes u n d  d e r K ö rp e r te m p e ra tu r  in  th e rm o n e u tra le r  U m g eb u n g  
m e h r  v o rü b e rg eh en d er N a tu r  s in d  a ls de r A usfall der h y p e rth e rm isc h e n  U m sa tz s te ig e ru n g , 
u m fa ß t  T ab e lle  I und  I I  einen b e d e u te n d  hö h eren  P ro z e n ts a tz  v o n  V ersuchen m it  in  th e rm o ­
n e u tr a le r  U m gebung  n o rm aler K ö rp e r te m p e ra tu r  und  n o rm alem  G ru n d u m sa tz  w ie T ab e lle  I I I .

I n  th e rm o n e u tra le r  U m g eb u n g  liegen K ö rp e r te m p e ra tu re n  so n a ch  H y p o - w ie n ach  
E p ith a la m u s lä s io n e n  s ig n if ik a n t h ö h e r als n a c h  der R e s t itu t io n  (P  < 0 ,0 1 ) ,  d a b e i u n te r ­
sch e id en  sieh  die in  T abelle  I u n d  I I I  zu sam m en g efaß ten  V ersuche (H y p o th a la m u s lä s io n e n ) 
n ic h t  s ig n if ik a n t ( P >  0,05). Im  F a lle  d e r E p ith a lam u släs io n en  (T ab . I I  u n d  I I I )  i s t  d ie  D iffe ­
re n z  w ohl s ig n ifik an t ( P  < 0 ,0 1 ) ,  f in d e t  ab er d ie gleiche E rk lä ru n g  wie d e r h ö h e re  G ru n d ­
u m sa tz .



1 5 0 SZ. D O N H O FFER , GY. MESTYÄN, GY. SZEGVÁRI und J. JÁRAI

B esp rech u n g  und  Z u sam m en fassu n g

D ie Y ersuchsergebn isse  sind e in d e u tig  : d ie  K ö rp e r te m p e ra tu re n  v o n
T ie re n  m it e rh a lte n e r  u n d  m it feh lender h y p e rth e rm isc h e r  U m sa tz s te ig e ru n g  
la s se n  in  w arm er U m g e b u n g  sowohl n a c h  H y p o th a la m u s-  w ie n a c h  E p ith a ­
lam u släsio n en  k e in e n  U n te rsch ied  e rk en n en . A us d ieser B e o b a c h tu n g  fo lg t :
a )  d aß  die h y p e r th e rm isc h e  U m sa tz s te ig e ru n g  n ich t dem  E n e rg ie b e d a rf  
d e r  w ärm eab g eb en d en  M echanism en d ie n t, d a  in  diesem  F a lle  e in  F ehlen  
d e rse lb en  m it e inem  s tä rk e re n  A nstieg d e r K ö rp e r te m p e ra tu r  v e rb u n d e n  sein 
m ü ß te ,  und  b) d a ß  d ie  d u rc h  eine w arm e U m g eb u n g  ausgelöste  H y p e rth e rm ie  
in n e rh a lb  gew isser G ren zen  keiner p a ss iv en  W ä rm e s ta u u n g  zugeschrieben  
w e rd e n  kann , da  m a n  d a n n  bei höherer W ä rm e p ro d u k tio n  au ch  eine höhere 
K ö rp e r te m p e ra tu r  b e o b a c h te n  m üß te . E s is t also  e inerseits die h y p e r th e rm i­
sch e  U m sa tze rh ö h u n g  n ic h t  du rch  den  A n s tie g  d er K ö rp e r te m p e ra tu r  (also 
n ic h t  durch  die V A n ’ t  H o F F s c h e  Regel) b e d in g t, an d ererse its  is t  auch  der 
A n s tie g  der K ö rp e r te m p e ra tu r , in n erh a lb  gew isser G renzen, u n ab h än g ig  von  
d e r  E rhöhung  des E n e rg ieu m sa tzes . B eide  s in d  zen tra ln e rv ö s reg u lie rte , 
je d o c h  ursächlich  n ic h t  s tre n g  m ite in an d e r v e rb u n d e n e  P h än o m en e .
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THE IMMEDIATE ACTION OF L-THYROXINE, 
L-TETRAIODOTHYROACETIC ACID, 

DIIODOTHYRONINE, DIIODOTHYROACETIC ACID AND 
L-THYRONINE ON OXYGEN CONSUMPTION 

AND BODY TEMPERATURE IN THE 
HYPOPHYSECTOMIZED RAT.

THE ACTION OF CORTISONE

By

I. V á r n a i  a n d  M .  F a r k a s

IN ST ITU TE O F PATHO PHY SIOLOG Y , M EDICAL U N IV E R SIT Y , PÉCS 

(R e c e iv e d  S ep tem b er 13, 1 958)

T h e fo llo w in g  p rep a ra tio n s w ere fou n d  to  b e  fo llo w e d  in  th e  h y p o p h y se c to m iz e d  
rat b y  an  a cu te  resp on se  s im ila r  to  th a t  e lic ited  b y  tr iio d o th y r o n in e  an d  i t s  a c e t ic  acid  
a n a lo g u e  : L -thyrox ine (G l a x o ), L -te tr a io d o th y ro a ce tic  a c id  (G la x o ), L -d iio d o th y ro n in e  
(G l a x o ), 3 ,5 -d iio d o th y ro n in e  (H o ffm a n n — L a R o c h e), L -d iio d o tliy ro a eetic  a c id  (G l a x o ). 
L -thyron in e (H o ffm a n n — L a R o c h e) w as c o m p le te ly  in a c t iv e . C ortisone a b o lish ed  th e  
im m e d ia te  resp on se  to  a ll th e  io d o th y ro n in es  in v e s t ig a te d . D iffe r e n c e s  in  th e  resp o n se  to  th e  
v a r io u s p rep a ra tio n s h a v e  b e e n  d iscu ssed  and  e v a lu a te d . T h e  e x a c t  n atu re  o f  th e  a c t iv e  su b ­
sta n c e s  rem ain s in  d o u b t u n til  p u re  co m p ou n d s are a v a ila b le , s in ce  all con ta in  m ore th a n  on e  
io d in a te d  co m p ou n d .

*

D o n h o f f e r  et al. h a v e  d e m o n s tra te d  t h a t  th e  in trav en o u s  a d m in is tra ­
tio n  o f  a few  m icrog ram s o f tr iio d o th y ro n in e , i ts  ace tic  acid d e r iv a tiv e , an d  
w ith  lesser re g u la r ity  also  th e  a d m in is tra tio n  o f  som e th y ro x in e  p re p a ra tio n s  
are  follow ed in  th e  case o f  th e  triio d o -d e riv a tiv e s  w ith in  2 ho u rs , in  th e  case 
o f th y ro x in e  u su a lly  in  th e  th ird  or fo u r th  h o u r , b y  a m ark ed  in c rease  in  
oxygen  co n sum ption  a n d  a rise  in  b o d y  te m p e ra tu re  in  th e  h y p o p h y sec to ­
m ized r a t  [4, 5, 6, 7, 12]. T he im m ed ia te  re sp o n se  to  tr iio d o th y ro n in e  an d  
tr iio d o th y ro a c e tic  acid  could  be abolished  b y  a p p ro p r ia te  p re tre a tm e n t  w ith  
a d ren o co rtico tro p h ic  h o rm o n e  or co rtisone  [4, 5, 7]. I t  seem ed  th e re fo re  
d esirab le  to  te s t  in  s im ila r  ex p erim en ts  som e o th e r  io d o th y ro n in e  d e riv a tiv e s  
an d , as a con tro l, n o t io d in a te d  th y ro n in e .

M ethods

1 m g  o f  th e  su b sta n ces  stu d ied  [L -th yroxin e (G l a x o ), L -te tr a io d o th y ro a ce tic  acid  
(G l a x o ), 3 ,5 -d iio d o th y ro n in e  (G la x o  an d  H o ffm a n n — L a  R o c h e), L -d iio d o th y ro a cetic  acid  
(G l a x o ), and L -thyronine (H o ffm a n n -— L a  R o che)] w as d isso lv ed  in  2 drops o f  0 .1  N  N a O H  
an d  im m e d ia te ly  m ade u p  to  5 m l w ith  b id istilled  w a ter . B efo re  u se  an  a liq u o t  p a r t o f  th is  
so lu tio n  w as fu r th er  d ilu ted  w ith  p h y sio lo g ica l sa lin e  to  c o n ta in  th e  required  a m o u n t in  0 .1 m l. 
T h e so lu tio n s  w ere k e p t in  a refr igerator  and n o t u sed  for  m ore th a n  a few  d a y s . T h e  so lv e n ts  
w ere  te s te d  for p yro g en s. T h e th y r o n in e  d er iv a tiv es  w ere  in je c te d  in tr a v en o u s ly ;  cortiso n e  
(C i b a ) w as ad m in istered  su b c u ta n e o u sly  in  d oses o f  1 m g  th e  p rev io u s ev e n in g , an d  an o th er
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m g  o n  th e  m orning o f th e  e x p e r im e n t, a p p ro x im a te ly  3 h o u rs  p rio r to  th e  in je c tio n  o f th e  
io d o th y ro n in e .

O xygen co n su m p tio n  w as m easu red  in  a  c losed sy s te m , evo lved  fro m  th e  a p p a ra tu s  
o f  B é l á k  and  I l l é n y i [2] in  th is  la b o ra to ry  [1, 10], fo r a t  le a s t th ree  15 m in  p e rio d s  before  
in je c t in g  th e  m ate ria l u n d e r  in v e s tig a tio n , and  fo r six  h o u rs  th e re a f te r  in  tw o  o r th re e  15 m in  
p e r io d s  ev ery  hour, w ith  th e  e x c e p tio n  o f th e  f irs t  h o u r  fo llow ing th e  in je c tio n , in  w h ich  e ith e r 
o n e  s in g le  estim a tio n  w as c a r r ie d  o u t, o r e s tim a tio n s  w ere s ta r te d  a f te r  one h o u r  h a d  e lapsed. 
T h e  d a ta  concerning th e  f i r s t  h o u r  hav e  th ere fo re  b een  o m itte d  from  som e o f  th e  T ables. 
E n v iro m e n ta l  te m p e ra tu re  w as k e p t  be tw een  29— 30° C th ro u g h o u t th e  e x p e rim e n t, and  
b o d y  te m p e ra tu re  was m e a su re d  w ith  a m ercu ry  th e rm o m e te r  6 cm from  th e  a n u s . A ll ra ts  
w e re  accustom ed  to  th e  la b o ra to ry  an d  to  han d lin g . H y p o p h y sec to m y  h a d  b een  p e rfo rm ed  
a t  le a s t  tw o or th ree  w eeks b e fo re  th e  e x p erim en ts  w ere carried  ou t.

A ll figures fo r o x y g en  co n su m p tio n  are based  on  tw o  or th ree  closely  ag ree ing  e s tim a ­
t io n s  o f  15 m in, on ly  in  th e  h o u r  o f  th e  m ain  rise w as th e  ag reem en t less close an d  in  th is

th e  m e a n  m ay  rep re sen t c o n s ta n tly  rising  figures. S ta n d a rd  e rro r o f th e  m ean:

s ig n ific a n ce  : St u d e n t ’s “ t ” - te s t.  T ab le  V III  is based  on  y 2, ca lcu la ted  w ith  Y a t e s ’ m o d i­
f ic a t io n  fo r sm all series [11].

1/  Z A x 2
\ n (n  — 1)’

R esults

a )  L - t h y r o x i n e

Table I

E ffe c t o f  10 fig l-th yro x in e  (Gl a x o ) on oxygen consum ption  and body temperature in  the 
hypophysectomized rat, without and after pretreatm ent w ith cortisone

Oxygen consumption ml/dm2/h, and body temperature

Rat Treatment Before Hour after thyroxine Maximum
rise

thyroxine 2nd 3rd 4th 5th 6th

w ithou t / 0 , 47 46 48 48 58 58 2 3 %

63
cortisone V C 36.9 36.6 — 37.1 37.5 0 .6  cc

w ith / 0 , 51 51 51 52 52 50 2 %
cortisone \ ° c 37.0 36.5 36.0 — 36.0 —

w ith o u t / 0 , 47 47 50 55 60 70 49%

65
cortisone \ ° c 35.8 35.8 — 36.8 37.4 38.0 2.2 CC

w ith / 0 2 50 50 49 49 49 48 0%
cortisone \ ° c 36.0 36.5 — 36.3 36.8 0.8 °C

w ith o u t / 0 , 38 37 53 58 56 — 53°/oo /о

67
cortisone V c 36.0 36.0 — 36.8 37.3 — 1.3°C

w ith / ° 2 50 50 48 50 51 50 2%
cortisone \ ° c 36.0 - 36.4 36.8 36.7 36.5 0 .4 'C

T ab le  I  shows t h a t  a ll th ree  h y p o p h y sec to m ized  ra ts  re sp o n d ed  to  th e  
in tra v e n o u s  in jec tio n  o f  10 jug L -thyrox ine  w ith  an  increase in  oxy g en  co n ­
s u m p tio n  and  tw o o f th e m  w ith  a rise in  b o d y  te m p e ra tu re  ex ceed ing  1.0° C.
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C ortisone abo lished  b o th  effects : o x y g en  c o n su m p tio n  w as p ra c tic a lly
u n ch an g ed  in  all th re e  r a t s ,  and  th e  rise  in  b o d y  te m p e ra tu re  w as re d u c e d  
to  0.4 a n d  0.8 °C in tw o , a n d  rep laced  b y  a  fa ll in  th e  th ird  r a t .  T he a u g m e n te d  
m etab o lic  r a te  in  th e  co rtiso n e  e x p e rim en t in  r a t  N o 67 was due to  th e  a n im a l 
h av in g  rece iv ed  th y ro x in e  4 days e a r lie r . P r e tr e a tm e n t  w ith  th y ro x in e  is 
know n n o t  to  in te rfe re  w ith  th e  acu te  a c tio n  o f  th e  io d o th y ro n in es  [4, 5]_

b)  L -te tra io d o th y ro ace tic  acid  (T etrac)

Table I I

The effect o f  5 jug tetraiodothyr о acetic acid (Gl a x o ) on oxygen consum ption and body tem perature
in  the hypophysectom ized rat

(n =  16)

O x y g en  c o n su m p tio n  a n d  b o d y  tem p e ra tu re

B efo re
H o u r  a f te r in je c tio n  o f T e tra c

in je c tio n 1st 2 n d 3 rd 4 th 5 th 6 th

Oxygen consum ption  
m l/dm 2/h  ....................... 3 7 ± 1 .5 3 8 ± 1 .3 4 2 ± 2 .1 4 8 ± 2 .3 5 0 ± 2 .4 5 1 ± 2 .0 5 1 ± 2 .4

C om pared w ith  in itial 
level ................................. — P  0.6 P  0.05 P  0.001 P < 0 .0 0 1 P  0.001 P < 0 .0 0 1

B ody te m p e ra tu re  °C . . . 36.2
± 0 .1 2

— 36.2
± 0 .1 3

36.6
± 0 .2 5

36.6
± 0 .3 0

36.7
± 0 .2 0

36.4
± 0 .3 0

C om pared w ith  in itial 
level ................................. — — P  0.9 P  0.1 P >  0.2 P  0.05 P > 0 .3

T ab le  I I  d e m o n s tra te s  th a t  the  a d m in is tra tio n  of te tra io d o th y ro a c e tic  
ac id  (T e trac ) w as follow ed b y  a h igh ly  s ig n if ic a n t increase  in  oxygen  c o n su m p ­
tio n  in  th e  th ird  ho u r ; th e  level reach ed  b e in g  m a in ta in ed  u n til  th e  e n d  o f 
th e  e x p e rim e n ts . In  c o n tra s t  w ith  th e  e ffec t o f  tr iio d o th y ro n in e  (T IT ) an d  
tr iio d o th y ro a c e tic  acid (T riac), th e  av e ra g e  increase  in body  te m p e ra tu re  
w as sm all, and  a p p ro ach ed , b u t  did n o t  re a c h , significance in  th e  f i f th  
h o u r. D e ta ile d  analysis rev ea led  th a t  o x y g en  co n su m p tio n  resp o n d ed  in  15 
o u t o f 16 ex p erim en ts  w ith  a rise g re a te r  th a n  20 p e r  cen t, th e  sm a lle s t rise  
o bserved  am o u n tin g  to  27 p er cen t, th e  g re a te s t  to  97 p er c en t. B o d y  
te m p e ra tu re  rose by  m ore  th a n  1.0 °C in  one , a n d  b y  1.0 °C in th re e  e x p e r i­
m en ts ; in  9 th e  change w as less th a n  0.5 °C. F ig . 1 shows a fa ir ly  ty p ic a l 
e x p e rim e n t in  de tail.

c ) D iio d o th y ro n in e  (D IT )

8 o f  th e  ex p erim en ts  in  T able I I I ,  an d  3 in  T ab le  IV  were p e rfo rm e d  
w ith  3 ,5 -d iio d o th y ro n in e  H o f f m a n n — L a  R o c h e  a n d  th e  re s t w ith  L -diiodo 
th y ro n in e  G l a x o . T he re su lts  being id e n tic a l th e re  is no need to  t r e a t  th e m  
se p a ra te ly . T h e  rise in  o x ygen  co n sum ption  w as s ig n ifican t by  th e  th ird  h o u r,

3  A cta Physiologien XV/2.
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F ig . 1. T he response  o f  a  h y p o p h y sec to m ized  r a t  to  th e  in tra v en o u s  in je c tio n  
o f  5 fig  te tra th y ro a c e tic  ac id  

1 : o x y g e n  co n su m p tio n  ; 2 : b o d y  tem p e ra tu re

Table I I I
The effect o f  10 fig diiodothyronine  (Glaxo  or H o ff m a n n  — L a  R oche) on oxygen consum ption  

and body temperature in  the hypophysectom ized rat 
(n =  15)

O x y g en  c o n s u m p t io n  an d  b o d y  te m p e ra tu re

B efo re
H o u r  a f te r  in je c tio n  o f  d iio d o th y ro n in e

in je c tio n
1st 2 n d 3 rd 4 th 5 th 6 th

O x y g en  consum ption  
m l/d m 2/h  ....................... 45 ± 1 .7 4 9 ± 4 .9 4 9 ± 2 .5 5 4 ± 2 .2 5 9 ±  2.1 5 9 ± 1 .5 5 9 ± 1 .4

C o m p ared  w ith  in itia l 
lev e l ................................. — P > 0 .4 P  > 0 .2 P  0.01 P  0.001 P  0.001 P '0 . 0 0 1

B o d y  tem p e ra tu re  °C . .
36.2

± 0 .1 4
— 36.8

± 0 .1 9
37.0

± 0 .1 7
37.3

± 0 .1 5
37.2

± 0 .2 7
37.4

± 0 .1 8

C o m p ared  w ith  in itia l 
lev e l ................................. — — P  0.05 P  0.01 P  0.001 P  0.001 P  0.001

Table IV
The effect o f  diiodothyronine ( D I T )  on oxygen consum ption  and body temperature in  

hypophysectom ized rats pretreated w ith cortisone 
(n =  6)
O xygen  c o n s u m p tio n  a n d  b o d y  te m p e ra tu re

'■ B efo re
H o u r  a f te r in jec tio n  o f  D IT

in je c tio n
l e t 2 n d 3 rd 4 th 5 th 6 th

O x y g en  com sum ption 
m l/d m 2/h  ....................... 5 0 ± 3 .9 — 4 9 ± 3 .4 5 0 ± 3 .9 5 0 ± 5 .0 5 0 ± 3 .7 4 9 ± 3 .8

C o m p ared  w ith  in itia l 
lev e l ................................. unchanged

B o d y  te m p e ra tu re  °C. . . 36.4
± 0 .1 8

— 36.5
± 0 .1 0

36.1
± 0 .1 1

36.5
± 0 .21

36.4
± 0 .1 3

36.3
± 0 .1 8

C o m p ared  w ith  in itia l 
leve l ................................. unchanged
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th e  rise  in  bo d y  te m p e ra tu re  a lread y  by  th e  second . B o th  effects were c o m p le te ­
ly  abo lish ed  b y  p rev ious t r e a tm e n t  w ith  co rtiso n e . A nalysis o f th e  in d iv id u a l 
e x p e rim e n ts  revealed  a fa ilu re  to  respond  w ith  an  increase in  o x y g en  co n ­
su m p tio n  an d  b o d y  te m p e ra tu re  in  one case ; in  a n o th e r  four e x p e r im e n ts  
th e  rise  in  b o d y  te m p e ra tu re  d id  n o t exceed 1.0 ° C ,b u t  increased  n e v e rth e le ss

q  °c

/cure

Fig. 2. T he response o f a hyp o p h y sec to m ized  r a t  to  th e  in trav en o u s  in je c tio n  
o f 10 p  g diio do th y ro n in e

1 : oxygen  co n su m p tio n  ; 2 : b o d y  te m p e ra tu re

in  tw o  o f th ese  b y  0.9 °C an d  in  th e  o th e r tw o  b y  0.6 an d  0.7°, re sp e c tiv e ly . 
In  each  o f  th e  six  co rtisone ex p e rim en ts  o x ygen  consum ption  v a r ie d  on ly  
w ith in  5 p e r  cen t of th e  in itia l level, an d  b o d y  te m p e ra tu re  w ith in  0 .4  °C. 
F ig . 2 d e m o n s tra te s  one o f th e  d iio d o th y ro n in e  ex p erim en ts  in  d e ta il.

d)  D iio d o th y ro ace tic  acid (Diac)

T h e  s ta tis t ic a l  analysis o f  th e  response to  D iac  (Table V) re v e a le d  a 
h ig h ly  s ig n ifican t and  su s ta in e d  increase in  o x y g en  consum ption  f ro m  th e

Table V

The effect o f  5 pg  l -diiodothyroacetic acid  (Gla x o ) on oxygen consum ption and body tem perature
in  the hypophysectomized rat

(n =  12)
Oxygen consumption and body temperature

Before Hour after injection of diiodotbyro icetic ari l
injection 1st 2nd 3rd 4th 5th 6th

O xygen
m l/dm 2/h

C om pared 
level . .

consum ption  

w ith  in itia l

4 8 ± 1 .2 4 6 ± 1 .5  

P  0.3

5 7 ± 2 .0  

P  0.01

6 2 ± 1 .5  

P  0.001

62 ± 1 .2  

P  0.001

6 4 ± 1 .4  

P  0.001

61 ± 1 .6 

P  0.001

B ody tem p e ra tu re  °C. . . 36.0 36.6 37.1 36.7 36.8 37.0

Com pared 
level . .

w ith  in itial

± 0 .1 3 ± 0 .2 6  

P  0.05

± 0 .3 1  

P  0.01

± 0 .2 2  

P  0.02

± 0 .3 7

P > 0 .0 5

± 0 .2 0  

P <  0.001

3 *
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se c o n d  h o u r. T he rise  in  b o d y  te m p e ra tu re  seem s to  have b een  less reg u la r, 
b u t  th is  is due p a r t ly  to  th e  fa c t th a t  i t  w as n o t  m easu red  ev e ry  h o u r  in  every  
a n im a l. O xygen c o n su m p tio n  failed to  in c re a se  in  one e x p e rim e n t on ly  ; 
in  th e  o th e r 11 th e  m a x im u m  increase ra n g e d  be tw een  28 a n d  57 p e r  cen t. 
B o d y  te m p e ra tu re  rose b y  m ore th a n  1.0 °C in  7 ex p erim en ts , in  one th e re  
w as  a n  increase o f  0.9  ; th e re  was no re sp o n se  (< [ 0.5 °C) in  4 . F ig . 3 d em o n ­
s t r a te s  an  e x p e rim en t in  d e ta il.

0} °C

hours

F ig. 3. T he resp o n se  o f  a hyp o p h y sec to m ized  r a t  to  th e  in trav en o u s  in je c tio n  
o f 5 fig  d iio d o th y ro ace tic  acid  

1 : o x y g e n  consum ption  ; 2 : b o d y  tem p e ra tu re

T hree  ra ts  p r e tr e a te d  w ith  co rtisone fa ile d  to  respond  to  d iio d o th y ro ­
a c e tic  acid  w ith  an  in c rea se  in  oxygen c o n su m p tio n  an d  a rise in  b o d y  te m p e r­
a tu r e  ; th e  g re a te s t d e v ia tio n s  from  th e  in i t ia l  level were in  o x y g en  co n ­
su m p tio n  — 8 a n d  -)-8 p e r  cen t ; in  b o d y  te m p e ra tu re , — 0.3 a n d  + 0 .5  °C.

e )  L - th y r o n i n e

T he v a r ie ty  o f io d o th y ro n in es  ca p a b le  o f  eliciting  a re sponse  in  th e  
h y p o p h y sec to m ized  r a t  m ad e  i t  desirable to  ob serv e  w heth er th is  is confined  
to  io d in a te d  co m p o u n d s, o r shared  also b y  th e  non -io d in a ted  m o ie ty .

T ab le  V I d e m o n s tra te s  th a t  the  in tra v e n o u s  in jec tion  o f L -th y ro n in e  
fa ile d  to  elicit a re sp o n se  in th e  h y p o p h y sec to m ized  ra t .

f )  C om parison o f  th e  ac tio n  of the  v a rio u s  iodo thyron ines

T he acu te  re sp o n ses  in  th e  h y p o p h y sec to m ized  r a t  to  th e  v a rio u s  b ran d s  
o f  th y ro x in e s  on th e  one  h a n d , and  to  tr iio d o th y ro n in e  and  its  ace tic  acid 
d e r iv a tiv e  on th e  o th e r  [6], a lready  su g g e s te d  th a t  th e  tim e  course o f th e  
re sp o n se  depends on th e  n a tu re  of the  io d o th y ro n in e  used, th e  rise  b e in g  m ore 
r a p id  an d  su s ta in ed  a f te r  th e  triio d o -co m p o u n d s th a n  a fte r th e  th y ro x in e s . 
T h e re fo re , a so m ew h at m ore  detailed  a n a ly s is  seem ed desirab le .

R esponses in  a sing le  ex p erim en t m a y  se t in  early  (1st or 2 n d  hour) 
o r  la te  (3rd or 4 th , r a re ly  in  th e  5 th  h o u r)  ; th e  m ax im um  re a c h e d  m a y  be
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Table VI
The action o f  10 /ig L-thyronine ( H o f f m a n n — L a R o c h e )  on oxygen consumption and  body 

tem perature in  the hypophysectomized rat

O xygi n  c o n su m p tio n  a n d  b o d y  te m p e ra tu re
M ax i­
m u m

R a t
N o .

B efore H o u r  a f te r  th e  in je c tio n  o f  th y ro n in e
in je c ­
t io n b t 2nd 3 rd 4 th 5 th 6 th

ch u n g e

l

O xygen consum ption  .......... 60 55 60 59 59 60 61 8%

B ody  t e m p e ra tu r e ................. 36.3 — 36.9 36.9 — 36.5 0 .6  °c

61 61 59 62 62 62 3%

B ody te m p e ra tu r e ................. 37.0 36.5 — 36.5 — 36.5 36.5 0.5 °C

3
O xygen consum ption  .......... 48 48 48 49 48 47 48 2 %

B ody  te m p e ra tu r e ................. 36.4 36.9 — 36.6 — 36.6 0.5 °C

4
O xygen consum ption  .......... 49 49 51 53 52 51 49 8 %

B ody  te m p e ra tu r e ................. 36.5 — 36.5 36.5 36.8 — 36.8 0.3 °c

m a in ta in e d  th ro u g h o u t th e  e x p e rim en t, or o x y g en  co n sum ption  m a y  s ta r t  
to  decline soon a f te r  re a c h in g  a p eak  level, w h ich ev e r o f th e  io d o th y ro n in es  
or th e ir  ace tic  acid  ana logues h a v e  been  in jec ted . T h e  sam e applies to  changes 
in  b o d y  te m p e ra tu re . C o m parison  h a d  there fo re  to  be  b ased  on th e  freq u en c ies  
o f c e r ta in  c h a rac te ris tic s , a n d  th e  tim e  of onset o f  th e  rise  in  oxygen co n su m p ­
tio n  or th e  failu re  to  do so, a n d  a rise  in  b o d y  te m p e ra tu re  of 1.0 °C o r m ore , 
w ere chosen  for th is  p u rp o se  (T able  V II).

T ab le  V III  co n ta in s  th e  s ta tis t ic a l  e v a lu a tio n  o f  th e  d a ta  of T ab le  V II . 
T he ex p erim en ts  w ith  th e  v a r io u s  io d o th y ro n in es  a n d  th e ir  acetic  ac id  d e r iv ­
a tiv e s  h av in g  b een  p e rfo rm e d  w ith  in te rv a ls  ra n g in g  from  a w eek  o r  tw o  
to  sev era l m o n th s, e x tra  c a u tio n  seem s to  be w a rra n te d  in  draw ing  conclusions. 
A p a r t  fro m  th e  d ifference in  th e  dosage of th e  io d o th y ro n in es  (10 fig) a n d  th e ir  
ace tic  ac id  analogues (5 fig ), a clear d ifference em erges betw een  th e  te t r a -  
an d  th e  triio d o -co m p o u n d s, a n d  is ra th e r  p ro b ab le  b e tw een  th e  tr i-  a n d  th e  
d iiodo-analogues, th e  rise in  oxygen  con su m p tio n  se tt in g  in  earlie r a f te r  th e  
a d m in is tra tio n  o f th e  triio d o -an a lo g u es. T he freq u en cy  o f failure to  re sp o n d  
w ith in  6 hours w ith  a rise  in  oxygen  co n su m p tio n  w as s ig n ifican tly  g re a te r  
a f te r  th e  in jec tion  o f  th y ro x in e , th a n  a fte r th e  a d m in is tra tio n  o f th e  triio d o - 
analogues ; com pared  w ith  th e  incidence o f  fa ilu re  to  respond  to  a n y  o f 
th e  o th e r  com pounds, th e  d ifference was fa irly  e v id e n t, th o u g h  s ta tis t ic a lly  
n o t sign ifican t.
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Table V II

C om parison o f the acute action o f  various iodothyronines and  their acetic acid derivatives on oxygen 
consum ption a n d  body temperature in  the hypophysectomized rat

No. of 
experi­
ments

Rise of oxygen consump­
tion by more than 20 per 

cent Failure to 
respond within 

six hours

Body temperature

within 
first two 

hours

in the 
3rd to 

5th hour
rise

^1.0 °C
change 

<1.0 °C

D iio do thyron ine  (D IT ) 15 4 10 l 9 6

T riio d o th y ro n in e  (T IT ) . . . . 29 19 9 l 21 8

T h y ro x in e  ................................. 70 17 32 21 45 25

D iiodo thyroace tic  acid
( D i a c ) ..................................... 12 6 5 1 7 5

T riio d o tliy ro ace tic  acid
(T riac ) ................................... 37 27 10 0 32 5

T etra io d o th y ro ace tic  acid
(T e trac ) ................................ 16 5 10 1 4 12

Table V III

S ta tis tica l evaluation o f  the differences between the acute responses to various iodothyronine analogues
recorded in Table V I I

Probability of null hypothesis (P)

Between O n set o f  r is e  in  oxygen  
c o n su m p tio n

C hange  in b o d y  te m p e ra ­
tu re

T I T  a n d  D I T ............................................. P < 0 .0 2 P  > 0.1

T r ia c  a n d  DIT ......................................... P < 0 .0 2 P >  0.05

T I T  a n d  Thyroxine ............................... P  0.001 P >  0.5

T r ia c  an d  Thyroxine ............................. P  0.001 P  0.05

T IT  a n d  D iac ........................................... P  > 0 .7 P > 0 .7

T r ia c  an d  Diac ........................................ P < 0 .0 5 P  > 0 .0 5

T I T  a n d  T riac ......................................... P > 0 .7 P > 0 .3

T I T  a n d  T e t r a c ......................................... P > 0 .0 5 P < 0 .0 1

T r ia c  a n d  T e t r a c ...................................... P <  0.05 P < 0 .0 0 1

T I T  -f- T riac  and D IT  -f- D iac  .......... P < 0 .0 1 P >  0.05

T I T  +  T riac  and T hyrox ine  +
+  T e tra c  ............................................... P  0.001 p  c o .o i

T h y ro x in e  +  T etrac  and  D IT  -f- 
D iac  ........................................................... P  0.2 P  0.9
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D iscussion

T he ex p e rim en ta l d a ta  leave no d o u b t t h a t  th e  acu te  response o f  o x y g en  
c o n su m p tio n  in  th e  h y p o p h y sec to m ized  r a t  is n o t  confined to  th e  tr iio d o - 
ana logues (T IT  an d  T riac ), b u t  can  be o b se rv e d  w ith  a sim ilar re g u la r i ty  
a f te r  th e  in tra v e n o u s  in je c tio n  o f th e  d iiodo -ana logues an d  th e  a c e tic  ac id  
d e r iv a tiv e  o f  th y ro x in e  (T e trac ). The a d m in is tra tio n  o f th y ro x in e  i tse lf , as 
a lre a d y  re p o r te d  [6], is less reg u la rly  fo llow ed w ith in  6 hours b y  a rise  in  
o x ygen  co n su m p tio n . A lth o u g h  in  th e  single e x p e rim e n t th e  tim e  o f  o n se t 
w as n o t s tr ic tly  c h a rac te ris tic , s ta tis tic a l an a ly s is  rev ea led  clearly  th e  g re a te r  
r a p id ity  o f  ac tion  o f th e  triiod o -an a lo g u es. T h e  rem ark ab le  a c t iv i ty  o f  th e  
d iiodo -com pounds w as r a th e r  u n ex p ec ted , b ecau se  in  m ore ch ron ic  ty p e s  o f 
e x p e rim e n ts  fo r in s tan ce  3 ,5 -d iio d o th y ro n in e  is considered  to  be o n ly  l /2 5 th  
as ac tiv e  as th y ro x in e .

T h e  increase  in  b o d y  te m p e ra tu re  w as —  accep tin g  th e  a rb itra ry  d iv id in g  
line o f a rise  o f 1.0 °C or m o re — less reg u la r  in  all ty p e s  of e x p e rim e n ts . T h e  
s ign ificance  o f th e  d ifference b e tw een  T riac  a n d  th y ro x in e  is due to  th e  fa c t 
t h a t  b o th  oxygen  co n su m p tio n  an d  b o d y  te m p e ra tu re  failed to  re sp o n d  to  
th y ro x in e  w ith  a rise in  a b o u t one th ird  o f th e  ex p erim en ts , an d  so th is  d if­
ference  c a n n o t be considered  in d ep en d en tly . A  m o st convincing d isso c ia tio n  
o f  th e  e ffec ts  on oxygen  co n sum ption  an d  b o d y  te m p e ra tu re  w as o b se rv e d  
a f te r  th e  in jec tio n  o f T e tra c :  oxygen  co n su m p tio n  failed to  in c rea se  on ly  
in  1 o f 16 ex p erim en ts , w hile a rise in  b o d y  te m p e ra tu re  was m issed  in  12. 
T h is re m a rk a b le  d issocia tion  o f  th e  effects on o x ygen  consum ption  a n d  b o d y  
te m p e ra tu re  ra ises a n u m b e r o f  questions re g a rd in g  th e  n a tu re  o f  th e i r  asso ­
c ia tio n  ; th e se  m u st fo r th e  p re se n t re m a in  u n an sw ered .

L ike  th e  ac tio n  o f  th e  triio d o -an a lo g u es [4, 5, 7], th e  acu te  e ffe c t o f 
a ll th e  o th e r  io d o th y ro n in es  an d  th e ir  ace tic  ac id  analogues w as co m p le te ly  
ab o lish ed  b y  prev ious a d m in is tra tio n  o f co rtiso n e . (In  som e in stan ces 2 x 1  m g 
m ay  n o t  su ffice , as in  m ore re c e n t ex p e rim en ts  so m ew h at m ore c o rtiso n e  w as 
n eed ed  to  suppress th e  im m e d ia te  ac tio n  o f  T ria c  com pletely .)

T h e  o b se rv a tio n  th a t  in  th e  h y p o p h y sec to m ized  r a t  co rtisone ab o lish es  
th e  a c u te  effects o f  th e  in v e s tig a te d  diiodo- a n d  te tra io d o -an a lo g u es , fu rn ish es  
fu r th e r  su p p o rtin g  ev idence o f  th e  in te ra c tio n  o f  io d o th y ro n in es  an d  th e  a d re n a l 
c o r te x , p o s tu la te d  a lre a d y  in  th e  course o f a n  analysis  of th e  a c tio n  o f  th e  
triio d o -an a lo g u es  o f th y ro x in e  [4, 5, 7].

T h e  fa c t th a t  all in v e s tig a te d  p re p a ra tio n s  w ere found  by  p a p e r  c h ro m a to ­
g ra p h y  [3, 8, 9] to  c o n ta in  m ore th a n  one io d in a te d  com ponen t (D IT  : 3 ; 
D iac 3 ; L -thy rox ine  : 3 ; T e tra c  : 3), ra ises  th e  question  w hich  o f  th e se , 
or ho w  m a n y  o f th ese , a re  ac tiv e , an d  w h e th e r  th e re  are m ore th a n  sim ple  
q u a n t i ta t iv e  d ifferences in  th e ir  a c tiv ity . T h e  p ro b lem  can n o t he  an sw ered  
d e f in ite ly  before ab so lu te ly  p u re  com pounds h a v e  been  s tu d ied , a n d  w ith



160 I . VÁRNAI and M. FA R K A S

d u e  rese rv e  on ly  so m u ch  can  be said t h a t  a t  p re se n t it  seem s p ro b a b le  t h a t  
th e  im m e d ia te  response  is n o t confined  to  a single com pound  c o n ta in e d  in  
a ll p re p a ra tio n s , an d  th a t  m ore th a n  a s im p le  q u a n ti ta t iv e  d ifference is needed  
to  e x p la in  th e  d ifferences in  th e  tim e o f o n se t o f  th e  rise in  oxygen  c o n su m p ­
t io n ,  a n d  in  th e  b e h a v io u r  o f  body  te m p e ra tu re .  T he u n eq u iv o ca lly  n eg a tiv e  
r e s u lts  w ith  L -th y ro n in e  show  conclusively  t h a t  th e  described  e ffec t is a t  
le a s t  con fined  to  io d in a te d  com pounds.

*
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ÜBER DIE WIRKUNGEN VON EPITHALAMUSLÄSIONEN 
AUF UMSATZ UND KÖRPERTEMPERATUR DER RATTE 
UND DEREN VERGLEICH MIT DEM VERHALTEN NACH 

LÄSIONEN DES HYPOTHALAMUS
V on

Sz. D o n h o f f e r ,  G y . M e s t y á n ,  В . M e s s ,  G y . S z e g v á r i  und I .  J á r a i

PATHOPHYSIOLOGISCHES IN STITU T D E R  M ED IZIN ISC H EN  U N IV ERSITÄ T, PÉCS 

(E in g eg an g en  am  29. S e p tem b e r 1958)

E le k tro ly tisch e  L äs io n en  des E p ith a la m u s  d e r  R a t te  w erden  in  einem  h o h e n  P ro z e n t­
sa tz  v o n  S tö rungen  d e r R e g u la tio n  des U m sa tze s  u n d  d e r  K ö rp e r te m p e ra tu r  g e fo lg t. D ie 
H ä u fig k e it  u n d  die K o m b in a tio n  d e r e in zelnen  S tö ru n g en  ergeben  in  ih re r  G e sa m th e it  ein 
fü r  d ie  ep ith a lam isch en  L äs io n e n  c h a ra k te r is tisch e s , v o n  d em  nach  H y p o th a la m u slä s io n e n  
b e o b a c h te te n , abw eichendes R ild . Die w ic h tig s te n  U n te rsch ie d e  gegenüber H y p o th a la m u s ­
läsionen  s in d :  a) b e d e u te n d  häu fig e res F eh len  d e r h y p e rth e rm isc h e n  U m sa tz s te ig e ru n g ,
b) se lte n ere  V erg esellschaftung  eines e rh ö h te n  G ru n d u m sa tz e s  m it e iner f ie b e rh a f t  e rh ö h te n  
K ö rp e r te m p e ra tu r , c) F e h len  e ines A bsinkens des G ru n d u m sa tze s  a u f  su b n o rm a le  W erte , 
d )  m e is ten s  norm ale  K ö rp e r te m p e ra tu r  in  e in e r U m g eb u n g  v o n  20— 22° C se lb st b e i feh lender 
chem isch er R eg u la tio n , e) k e ine  S tö rung  d e r  ch em isch en  R eg u la tio n , ohne  g leichzeitiges 
A usfallens d e r h y p o th erm isch en  U m sa tzs te ig e ru n g . K e in  s ig n if ik a n te r  U n te rsch ie d  k o n n te  
zw ischen E p ith a la m u s  u n d  H y p o th a la m u slä s io n e n  fe s tg e s te ll t  w erden a)  in  d e r  H ä u fig k e it 
d e r  S tö ru n g  d e r chem ischen  R e g u la tio n , b) in  d e r  H ä u fig k e it  des F e h len s  d e r  h y p e r­
th e rm isc h en  U m sa tzs te ig e ru n g  bei feh lender u n d  b e i e rh a lte n e r  chem ischer R e g u la tio n , und
c)  in  d e m  G rad  de r H y p e rth e rm ie  in e iner U m g eb u n g  v o n  35° C bei e rh a lte n e r , feh len d er, 
u n d  w ie d erh e rg es te llte r h y p e rth e rm isc h e n  U m sa tz s te ig e ru n g . D ie »zw eite ch em ische  W ärm e ­
re g u la tio n «  w ird  auch bei feh len d er h y p e rth e rm isc h e r  U m sa tzs te ig e ru n g  b e o b a c h te t.  D em  
e p ith a la m isc h e n  G ebiet w ird  eine n ich t zu v e rn ach lä ss ig en d e  R ed eu tu n g  in  d e r  R eg u la tio n  
v o n  U m sa tz  u n d  K ö rp e r te m p e ra tu r  zu gesp rochen .

A n m erku n g . In  e in em  Teil d e r  V ersuche e r f re u te n  w ir u n s  d e r M ita rb e it  von  
D r . I. T ó th -N agy , D r . E . O brin c sä k -P a p  u n d  D r . L . N a g y .

*

D  ie V ielfalt d er b e i R a tte n  n ach  L äsio n en  des H y p o th a la m u s  b e o b ach ­
te te n  th e rm o reg u la to risch en  S tö ru n g en  (12— 15) ließ  es w ü n sch en sw ert 
e rsch e in en  diese V ersuche auch  a u f  b e n a c h b a r te  G ebiete  au szu d eh n en , w enn 
au ch  d iesen  gew öhnlich  keine b esondere  R olle in  den th e rm o reg u la to risch en  
V orgängen  zugesprochen  w ird . Von b eso n d e rem  In te re sse  sch ien  d as  ep ith a -  
lam isch e  G ebiet, da  n a c h  L äsionen  des A reales d er T rig , h a b e n u la e  ö fters 
e in  A usfa ll der h y p e rth e rm isc h e n  U m sa tz s te ig e ru n g  u n d  d er h y p o x isch en  
U m sa tzsen k u n g  b e o b a c h te t w urde [3, 4, 17].

V ereuchsanordnung

L äsio n en , B estim m u n g en  des 0 2-V erb rau ch es u n d  histo logische U n te rsu ch u n g e n  
w u rd en  a u f  dieselbe W eise au sg e fü h rt, wie d ies in  f rü h e re n  M itte ilungen  b e re its  besch rieb en  
w u rd e  [13, 14]. Da die L u f t  d e r S to ffw echsclkam m er p ra k tis c h  m it W asse rd a m p f g e sä ttig t  
is t ,  e n tw ic k e lt sich b e re its  be i e iner T e m p e ra tu r  v o n  35° C ausnahm slos e in e  b e trä ch tlic h e  
H y p e rth e rm ie , wie sie z. B . in  einem  g u t d u rc h lü f te te n  T h e rm o s ta te n  n u r  be i h ö h e ren  U m ge­
b u n g s te m p e ra tu re n  b e o b a c h te t  w ird .
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D ie einzelnen S äu len  d e r  A b b ild u n g en  w iedergeben  a u c h  in  d ieser A rb e it —  w en n  n ic h t  
a n d e r s  angegeben —  den  M itte lw e r t  d re ie r g u t ü b e re in s tim m en d e r  P erio d en  v o n  je  15 m in . 
D a  e tw a  20 m in  zum  T e m p e ra tu ra u sg le ic h  zw ischen W a sse rb a d  u n d  K am m er b e n ö tig t  w erd en , 
w u rd e  d ie  erste  B estim m u n g  d e s  0 2-V erbrauches e rs t  n a c h  d iesem  Z e itp u n k t v o rg en o m m en . 
D ie  R a t te n  befanden  sich d a h e r  m eisten s e tw a 70— 90 m in  in  de r angegebenen  U m g e b u n g s­
te m p e r a tu r  als die K ö rp e r te m p e ra tu r  gem essen w u rd e . D ie  S ch em a ta  w u rd en  n a c h  dem  A tlas  
v o n  S zen ta g o th a i [20] g e z e ic h n e t. S ta tis tisch e  A u sw e rtu n g  : in  T abelle  V II .  S t u d en ts  
» t« -T e s t ,  ansonsten  m it d e r  YATESschen M o difikation  fü r  k leine  V ersuchsre ihen  [24].

D ie V ersuche w u rd e n  in sg e sa m t an  56 R a tte n  a u sg e fü h r t ,  deren  jed e  bei th e rm o n e u tra le r  
(2 9 — 30° C), und  bei zu r H y p e r th e rm ie  fü h ren d en  w a rm en  U m g e b u n g s tem p era tu r  (35° C), 
in  e in ig e n  V ersuchen a u ch  n o c h  bei 36 u n d  37° C b e o b a c h te t  w urde ; 23 T ie re  w u rd e n  zu r 
P rü f u n g  de r chem ischen W ä rm e re g u la tio n  auch k ü h len  U m g e b u n g s tem p era tu ren  (20— 22° C) 
a u s g e s e tz t .  D er erste  V e rsu ch  w u rd e  gew öhnlich  24, se lte n e r  48 S tu n d en  n a c h  d e r  L äsio n  
a u s g e fü h r t ,  und  in den fo lg e n d e n  T agen , bei e in igen T ie re n  au ch  d u rch  m e h re re  W ochen , 
ö f te r s  w iederho lt. B loß v o n  4 R a t te n  s te h t n u r  ein  e in z ig er V ersuch  zur V e rfü g u n g  ; in  3 
w u rd e  ke ine  A bw eichung v o n  d e m  V erh a lten  in ta k te r  T iere  b e o b a c h te t,  in  e in e r b lie b e n  h y p e r ­
th e rm is c h e  U m sa tzs te ig eru n g  u n d  chem ische R e g u la tio n  a u s , doch  ging das T ie r  72 S tu n d e n  
n a c h  d e r  L äsion , ehe de r V e rsu c h  w ied erh o lt w u rde , e in . In sg e sa m t w u rd en  d ie  56 R a t te n  in  
124 V ersu ch en  einer w arm en , u n d  23 T iere  in  63 V ersuchen  e in e r k ü h len  U m g eb u n g  a u sg e se tz t.

V ersuchsergebnisse

a ) U m satz und K örpertem pera tur in therm oneutraler Umgebung

Ä hnlich  dem  n a c h  L äs io n en  des H y p o th a la m u s  b e o b a c h te te n  V e rh a l­
t e n ,  s ie h t m an auch  n a c h  ep ith a lam isch en  L äsio n en  re c h t h äu fig  e in en  e rh ö h ­
t e n  G ru n d u m sa tz . V on d e n  56 R a tte n  lag  d e r G ru n d u m sa tz  in  37 m in d e s te n s  
15 , in  den  m eisten  20— 30 P ro z e n t ü b e r d er N o rm  ; die K ö rp e r te m p e ra tu r  
v e rb lie b  dabei in  33 in n e rh a lb  des N o rm alb ere ich es, u n d  b loß  in  4 T ie ren  
w u rd e n  in  th e rm o n e u tra le r  U m gebung  K ö rp e r te m p e ra tu re n  von  ü b e r  38,5° C 
b e o b a c h te t .  In  v ielen  F ä lle n  k e h r t  der e rh ö h te  U m sa tz  be re its  am  2. o d er
3 . T a g  nach  der L äsion  z u r  N orm  zurück . D ies k ö n n te  als ein  H in w eis  a u f  
e in e  unspezifische N a tu r  g e w e r te t  w erden ; d ag eg en  sp rich t, d a ß  —  w enn  
a u c h  ausnahm sw eise —  a u c h  v ie l länger w äh ren d e  U m sa tze rh ö h u n g en  b e o b a c h ­
t e t  w u rd en , und  zw ar o h n e  d a ß  diese m it e in e r E rh ö h u n g  der K ö rp e r te m p e ­
r a t u r  v e rb u n d en  gew esen w ä re n  (T a b .I ) .

Tabelle I

R a tte  N o . 547. Umsatz und  K örpertem peratur in  thermoneutraler Umgebung (29°) nach der Läsion . 
(L o ka lisa tio n  der Läsion  : I n  der M itte  zusam m enfließende Herde m it einem antero-posteriorem  
D urchm esser von 1,1 m m  vom h in teren  N iveau der Regio supraoptica bis zum  vorderen N ivea u  der 
R eg io  in fund ibu li. D ie Läsion  u m fa ß t  die beiden N . habenulae, die dorsalen K erne des Tha lam us  

und berührt durch das Dach der I I I .  K am m er deren P lexus chorioideus.)

Vor
der

Läsion

Nach der Läsion

1.
Tag

2.
Tag

9.
Tag

15.
Tag

18.
Tag

21.
Tag

22.
Tag

42.
Tag

43.
Tag

53.
Tag

0 2-V erb rauch
m l/d m 2/Stunde ......... 68 82 79 84 90 91 93 90 72 65 69

K ö rp e rte m p e ra tu r  . . . . 37,5 37,7 37,2 36,9 36,8 37,1 37,0 37,0 37,1 37,3 37,0
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In  der H ä u fig k e it d e r  G ru n d u m sa tze rh ö h u n g  b e s te h t kein  s ig n if ik a n te r  
U n tersch ied  zw ischen H y p o th a la m u s-  u n d  E p ith a la m u slä s io n e n  (T ab . I I )  ; 
bei e tw as e ingehenderem  V ergleich  fä llt ab e r au f, d a ß  n ach  E p ith a la m u s ­
läsionen  die E rh ö h u n g  des G ru n d u m sa tzes  v iel s e lte n e r  m it e iner f ie b e rh a f ten  
E rh ö h u n g  d er K ö rp e r te m p e ra tu r  v e rg ese llsch a fte t is t  (T ab . I I ) ,  u n d  d a ß  
—  im  G egensatz  zu H y p o th a la m u slä s io n e n  —  n iem a ls  eine E rn ied rig u n g  des 
G ru n d u m satzes  b e o b a c h te t w urde  (T ab . I I I ) .

E in  U n te rsch ied  v o n  äh n lich er S ign ifikanz  g e h t auch  aus T abelle  I I I  
h e rv o r. N ach H y p o th a la m u slä s io n e n  sieh t m an  o f t  e in  m eh r oder w eniger 
rasches A bsinken  des G ru n d u m sa tze s  a u f  au sg esp ro ch en  su b n c rm a le  W e rte , 
w ogegen nach  E p ith a la m u s lä s ic n e n  dies n iem als b e o b a c h te t w urde . D a au ch  
ein in  den  e rs te n  1— 2 T ag en  e rh ö h te r  U m sa tz  in  den  fo lgenden  T agen  a u f

Tabelle II
Zahl der Ratten m it erhöhtem G rundum satz nach Läsionen des H ypothalam us und des E pitha lam us  

und das Verhalten der Körpertemperatur in  thermoneutraler Umgebung

Grundumsatz erhöht

Läsion Zahl der 
Ratten Insgesamt

Körpertemperatur P

<^38,5 >38,5

H y p o tha lam us ........................ 91 73

P . 0,2

27 46

P <  0,001

E p i th a la m u s ............................... 56 40 35 5

subnorm ale  W erte  s in k en  k a n n , sind  in  T abelle  I I I  n u r  solche T iere  b e rü c k ­
s ic h tig t, in  denen  au ch  am  v ie r te n  Tage n ach  d e r  L äsio n , oder noch  sp ä te r , 
B estim m u n g en  des G ru n d u m sa tz e s  Vorlagen.

Tabelle III
Zahl der Ratten m it erniedrigtem Grundum satz (unter 60 m l O2 pro  dm 2 und  Stunde)  nach H ypo tha­
lam us-, und nach E pithalam usläsionen nach einer Beobachtungsdauer von mindestens 4 Tagen

G rundum satz

Zahl derLäsion erhöh t oder
erniedrigt norm al

H y p otha lam us ..................... 2 4  12 12
P 0 ,0 1

E p ith a lam u s .......................... 1 8  и 18

E s sei noch  h in z u g e fü g t, d aß  nach  E p ith a la m u slä s io n e n  in  th e rm o ­
n e u tra le r  U m gebung  n iem als  K ö rp e r te m p e ra tu re n  ü b e r  38,5° C ohne e in er 
g leichzeitigen  E rh ö h u n g  des G ru n d u m sa tzes  b e o b a c h te t w u rd en , auch  b e o b ach ­
te te n  w ir in  th e rm o n e u tra le r  U m gebung  b loß  e in m a l eine sub n o rm ale  K ö rp e r­
te m p e ra tu r  (35,6° C), dagegen  kam  n ach  H y p o th a la m u slä s io n e n  beides 
ö fte rs  vor.
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b) U m satz und  K örpertem peratur nach Versetzen in  eine kühle Umgebung

V on 23 R a tte n , d ie  e in e r U m g eb u n g  v o n  20— 22° C a u sg e se tz t w u rd en , 
z e ig te n  6 keine E rh ö h u n g  des 0 2-V erb rau ch es, u n d  in  4 w e ite re n  w urde  ein 
s t a r k  v e rzö g ertes  E in se tz e n  d e r chem ischen  R eg u la tio n  b e o b a c h te t.

D as F eh len  eines s ig n if ik a n te n  U n te rsch ied es in  d e r H ä u f ig k e it des 
A u sb le ib en s  d er U m sa tz s te ig e ru n g  in  k ü h le r  U m gebung  is t  au ffa llen d  (Tabelle 
IV ), b e s te h t  doch zw ischen  den  Z e n tre n  d e r epi- u n d  d er h y p o th a la m isc h e n  
L ä s io n e n  ein  T ie fen u n te rsch ied  v o n  3,5— 4,5 m m . D a  sich  d ie  S tö ru n g  der

Tabelle IV

Verhalten der chemischen W ärm eregulation in  einer Umgebung von 20— 22° C nach H ypothalam us-
und  nach E pithalam usläsionen

Läsion Zahl der Chemische Regulation
PTiere fehlt erhalten

H y p o th a la m u s  ..................... 91 32 59

43 V © Ol

E p ith a la m u s  .......................... 23 6 17

ch em isch en  W ä rm ereg u la tio n  n a c h  E p ith a la m u slä s io n e n  a u f  d ie  e rs te n  T age 
n a c h  d e r  L äsion b e sc h rä n k t, k ö n n te  w ohl angenom m en w erd en , d aß  diese 
a u f  e in e r  a k u te n  F e rn w irk u n g  b e ru h e . D as F eh len  eines U n te rsch ied es  in  
d e r  H ä u f ig k e it sch e in t gegen  diese A n n ah m e  zu sp rechen , da  ö d e m , usw . bei 
H y p o th a la m u slä s io n e n  v ie l h ä u fig e r  zu  e inem  A usfall d er chem ischen  R eg u la­
t io n  fü h re n  sollte  als b e i d en  e n tfe rn te re n  ep ith a lam isch en  L äsio n en . E ine 
s ich e re  E n tsch e id u n g  w äre  w ohl schw er zu  fällen .

E in  e tw as anderes B ild  e rg ib t sich , w enn  m an  das V e rh a lte n  d e r K ö rp e r­
te m p e ra tu re n  v e rg le ich t : n a c h  H y p o th a la m u slä s io n e n  s ie h t m a n  in  e iner
U m g e b u n g  von  20— 22° C se lb s t b e i e rh a lte n e r  U m sa tz s te ig e ru n g  ö fte rs  ein 
A b s in k e n  d er K ö rp e r te m p e ra tu r  a u f  ausgesp rochen  su b n o rm a le  W erte . E in  
äh n lic h e s  V erh a lten  w u rd e  n a c h  ep ith a lam isch en  L äsionen  n iem als  b eo b ­
a c h te t ,  u n d  se lb st b e i feh len d e r chem ischer R eg u la tio n  b lieb  die K ö rp e r te m ­
p e r a tu r  in  2 R a tte n  u n v e rä n d e r t ,  in  2 a n d e ren  san k  sie zw ar e in ige Z ehn te l 
°C, b lieb  ab er in n e rh a lb  n o rm a le r  G renzen , u n d  b loß  in  2 k a m  es zu  H y p o ­
th e rm ie  (A bsinken d er R e k ta l te m p e ra tu r  v o n  36,6 a u f  35,8° C, bzw . von 
35 ,5  a u f  33,2° C.)

V on  den  beid en  R a t te n ,  in  w elchen  es in  e iner k ü h len  U m g eb u n g  zur 
H y p o th e rm ie  k am , san k  in  d er e inen  die K ö rp e r te m p e ra tu r  b lo ß  m it 0,8° C 
a u f  35,8° C, u n d  d er T e m p e ra tu ra b fa ll b lieb  von  d er selben  G röße auch  nach
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Tabelle V

Hypotherm ie , bzw. S inken  der Körpertem peratur um  mehr als 1,0° C nach Versetzen  
in  eine Umgebung von  20— 22°C

Läsion Zahl der Körpertemperatur
Tiere fällt unverändert

H y p o th a lam u s ..................... 91 30 6i P  0,05
E p i th a la m u s .......................... 23 2 21

W ied e rh e rs te llu n g  d e r chem ischen  R e g u la tio n  (A bb . 1). D ie V ersuche a n  d e r 
zw e iten  R a t te  w erden  sp ä te r  e in g e h e n d e r d a rg e s te ll t  (A bb. 3).

A bb . 2 d ie n t als B eispiel e ines v e rz ö g e rten  E inse tzens der ch em isch en  
W ärm ereg u la tio n . In  keinem  d e r 4 T ie re  w a r dieses V erhalten  m i t  e in em  
A bfall d er K ö rp e r te m p e ra tu r  v e rb u n d e n , w ogegen  dies nach  L ä s io n e n  des 
H y p o th a la m u s  m eh rm als  b e o b a c h te t w u rd e .

c) U m satz und  K örpertem peratur bei Versetzen in  eine warme, zu H yp erth erm ie  
führende  Umgebungstemperatur

V on den  56 R a t te n  die n a c h  L äsio n en  des E p ith a lam u s e in e r  U m g e ­
b u n g s te m p e ra tu r  v o n  35° C a u sg e se tz t w u rd en , re a g ie rten  20 n o rm a l : d er 
U m sa tz  e rh ö h te  sich  w ie in  der in ta k te n  R a t te  ; he i 36 T ieren  b lie b  je d o c h  
tro tz  au sgesp rochener H y p e rth e rm ie  eine U m sa tze rh ö h u n g  v o llk o m m e n  aus. 
In  e in igen  V ersuchen  w urden  m e h re re  d ieser R a t te n  auch h ö h e re n  U m g e ­
b u n g s te m p e ra tu re n  (36,0 bis 37,5° C) au sg e se tz t, ohne daß  es zu e in e r  E rh ö ­
h u n g  des U m satzes gekom m en w äre . E in  A u sb le ib en  der h y p e r th e rm isc h e n  
U m sa tz s te ig e ru n g  w urde  auch n a c h  H y p o th a la m u slä s io n e n  b e o b a c h te t ,  doch  
b e s te h t  in  d er H ä u fig k e it d ieser S tö ru n g  —  im  G egensatz zu r S tö ru n g  d er 
chem ischen  R eg u la tio n  —  zw ischen  d en  b e id en  G ruppen  ein p r ä g n a n te r  
U n te rsc h ie d  (T ab . V I).

Tabelle VI

Verhalten des Umsatzes bei Versetzung in  eine w arm e, zu Hyperthermie fü h re n d e
Um gebungstemperatur

Ifypcrthermisehc
Läsion Zabi der 

Tiere
Umsatzerböhung

P

fehlt erhalten

H y p o th a lam u s ................... 51 18 33
P ^  0,01

E p ith a la m u s ....................... 56 36 20
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E s m ag auffallen , d a ß  d ie  Z ah l d e r in  th e rm o n e u tra le r  U m g eb u n g  einen  
e rh ö h te n  U m satz  au fw eisenden  R a t te n  (T ab . I I )  m it d er Z ah l d e r  T ie re  
ü b e re in s tim m t, in w elchen d ie  h y p e rth e rm isch e  U m sa tz s te ig e ru n g  au sb lieb . 
D ie  b e id en  P hänom ene s ind  je d o c h  keinesw egs g e k o p p e lt; ein  e rh ö h te r  G ru n d ­
u m sa tz  k a n n  auch be i e rh a lte n e r  h y p e rth e rm isc h e r U m sa tz s te ig e ru n g  
b e o b a c h te t w erden, u n d  d ie  h y p e rth e rm isc h e  U m sa tze rh ö h u n g  k a n n  ausb le i- 
b e n , ohne d aß  der G ru n d u m sa tz  ü b e rh a u p t e rh ö h t gew esen w äre. D e r G ru n d ­
u m sa tz  k e h r t  auch in d e r g ro ß en  M ehrzahl d er F ä lle  viel ra sc h e r z u r  N orm  
z u rü c k , ehe sich die h y p e rth e rm isc h e  U m sa tzs te ig e ru n g  w ieder e in s te llen  
w ü rd e . E s sei noch h in zu g efü g t, d a ß  v o n  den 104 V ersuchen  in  w elchen  eine 
h y p e rth e rm isc h e  U m sa tz s te ig e ru n g  v e rm iß t  w urde , d er G ru n d u m sa tz  in  36 
zw ischen  65 und  75 ml 0 2 p ro  d m 2 u n d  S tu n d e  b e tru g .

D ie D au er des A usfallens d er h y p e rth e rm isc h e n  U m sa tz s te ig e ru n g  w ar 
b e i den  e inzelnen  T ieren  v ersch ied en  ; m eistens k a m  es b in n en  8— 10 T ag en , 
ö f te rs  au c h  schon nach  2— 3 T ag en  zu r R e s titu tio n , doch  w urde  in  2 R a t te n  
n o ch  32 T age nach  der L äsio n , u n d  in  e in er R a tte  sogar 43 T age n a c h  d e r 
L äsio n  eine  h y p erth e rm isch e  U m sa tze rh ö h u n g  v e rm iß t. Sch ließ lich  k a m  es 
a u c h  in  d ieser R a tte  zu r R e s titu tio n , 47 Tage n ach  d er L äsion  w u rd e  eine

A bb . 1. 0 2-V erb rauch  [m l/dm 2/S tu n d e ]  u n d  K ö rp e r te m p e ra tu r  bei 29° C (w eiß ), bei 35° C 
(sch w arz), u n d  b e i 21° C (g estrich e lt) .

R a tte  No. 574. L äsion  : 17. I I I .  1953 ; V ersuch  A  : 19. I I I .  1953 ; V e rsu ch  В  ; 23. 
I I I .  1953, eingegangen : 8. IV . 1953. L o k a lisa tio n  : In  de r M itte llin ie  zu  e inem  e in z igen  H erd e  
zu sam m en fließ en d e  a sy m m etrisch e  L äsio n en  im  m ittle re n  N iv eau  d e r R eg io  tu b e ra lis .  
D e r H e rd  l ie g t vorw iegend a u f  d e r  e inen  Seite , u n d  e rfa ß t b e id e rse its  die N . h a b e n u la e , e in ­
se itig  den  H ip p o cam p u s, u n d  e r re ic h t d ie W an d  der I I I .  K am m er.

D iag ram m  : N iveau  des In fu n d ib u lu m .
V ersu ch  A  : 2 Tage n a c h  d e r  L äsio n  feh len  so die h y p e rth e rm isc h e  U m sa tz s te ig e ru n g , 

w ie d ie chem ische R eg u la tio n . D ie K ö rp e r te m p e ra tu r  fä ll t  in  de r k ü h len  U m g eb u n g  0,8° C, 
u n d  s in k t d a m it  a u f  35,8° C.

V ersu ch  В  : 6 T age n a c h  d e r L äsio n  is t ,  hei w e ite rh in  feh lender h y p e rth e rm isc h e r  
U m sa tzs te ig e ru n g , die chem ische W ärm ere g u la tio n  w ieder in ta k t .  Die W ä rm e p ro d u k tio n  
lie g t in  k ü h le r  U m gebung m eh r als 40 P ro z e n t ü b e r de r in  V ersuch  A  b e o b a c h te te n , d en n o ch  
fä ll t  d ie K ö rp e rte m p e ra tu r  g eg en ü b er den  in  th e rm o n e u tra le r  U m gebung  gem essenen  37 ,4 , 
36,8 u n d  37,1° C a u f  36,3° C, u n d  u n te rsc h e id e t sich  d ah er k a u m  von  dem  A b sin k en  d e r K ö r ­
p e r te m p e ra tu r  in  V ersuch A .
A bb . 2. 0 2-V erb rau ch  [m l/dm ?/S tu n d e ]  u n d  K ö rp e rte m p e ra tu r  bei 29° C (w eiß ), u n d  be 

20,5° C (gestrichelt). D ie Säu len  w iedergeben  E in ze lb estim m u n g en  v o n  je  15 m in .
R a tte  No. 554. L ä s io n :  3 1 .1 .1 9 5 3  ; V e rsu c h : 2. I I .  1953 ; g e tö t e t :  13 .11 . 1953. 

L o k a lisa tio n  : B ila tera le , e tw as a sy m m etrisch e , zu  einem  einzigen  H erde  zu sam m en fließ en d e  
L äsio n en . D er H erd  re ich t vom  v o rd e rs te n  N iv eau  de r R egio su p ra o p tic a  bis zu m  k a u d a le n  
N iv e a u  d e r  R egio tu b era lis . I n  d e r  R egio  su p ra o p tic a  e rfa ß t d ie L äsion  u n ila te ra l  d en  e inen  
S e ite n v e n tr ik e l u n d  dessen P lex u s  ch o rio id eu s , das S ep tu m  p e llu c id u m , d as  D ach  d e r I I I .  
K a m m e r  u n d  deren  P lexus ch o rio id eu s , sowie die do rsa len  K erne  des T h a lam u s . I n  d e r R egio  
tu b e ra lis  t r i f f t  die Läsion den H ip p o c am p u s, d ie I I I .  K am m er u n d  d ie be id en  N . h a b e n u la e , 
sow ie  d ie  d o rsa len  K erne des T h a lam u s . Im  k a u d a len  N iv eau  der R egio tu b e ra lis  i s t  de r 
N . h a b e n u la e  a u f  de r einen S e ite , im  N iv eau  d e r R egio m am illa ris  a u f  be iden  S e iten  u n v e rse h rt .

D iag ram m  : N iveau des C h iasm a o p ticu m  (a) u n d  des In fu n d ib u lu m  (6).
V erzögertes E insetzen  d e r  ch em isch en  W ärm ereg u la tio n , ohne n ach w e isb a re  S tö ru n g  

im  V e rh a lten  der K ö rp e rte m p e ra tu r. G leichzeitig  w urde a u ch  d ie h y p e rth e rm isc h e  U m sa tz ­
s te ig e ru n g  v e rm iß t. T ro tz  d e r se h r au sg e d eh n ten  L äsion  w urde  b e re its  am  n ä c h s te n  T ag e  e in  
p ro m p te s  E in se tzen  der chem ischen  R e g u la tio n , u n d  7 T age  sp ä te r  eine n o rm ale  h y p e r th e r ­
m isch e  U m sa tze rh ö h u n g  b e o b ac h te t.
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Tabelle VII

Körpertemperaturen bei 35° C  Umgebungstemperatur bei erhaltener, fehlender, und bei u’ieder- 
hergestellter hyperthermischen Umsatzsteigerung,

im  Vergleich m it der intakten Ratte M  ± У■Г А х г I 
n ( n  —  l] I

Läsion
Hyperthermische
Umsatzsteigerung

Körpertemperatur
°C

Vergleich m it 
intakten Ratten

E p ith a lam u s

e rh a lte n  (n — 20) .........................

fe h lt (n  — 1 0 4 ) .................................

w iederhergeste llt (n  =  22) . . .

40,1 ± 0 ,1 4  

3 9 ,9 ± 0 ,0 5  

3 9 ,9 ± 0 ,1 5

P <  0,001 

P  0,001 

P < 0 ,0 0 1

e rh a lte n  (n — 36) ......................... 3 9 ,9 ± 0 ,1 3 P  0,001

H y p o th a lam u s fe h lt (n =  3 0 ) ...................................

w iederhergeste llt (n 10) . . .

3 9 ,9 ± 0 ,1 4

4 0 ,0 + 0 ,2 4

P  0,001 

P < 0 ,0 1

I n ta k t (n  =  2 6 ) ............................................... 3 9 ,2 ± 0 ,1 0 —

a n g e d e u te te , am  54. T a g e  eine ausgesprochene h y p e rth e rm isc h e  U m sa tz s te i­
g e ru n g  b eo b ach te t. Y e n  d en  beiden  an d e ren  T ie ren  s te llte  sich bei einem  die 
h y p e rth e rm isch e  U m sa tz e rh ö h u n g  auch  w ied er e in , das an d ere  w urde  n ach  
d e m  32. Tag n ich t m e h r  u n te rsu c h t.

V ergleicht m a n  d a s  V erh a lten  d er T ie re  m it E p ith a lam u slä s io n en  m it 
d e m  in ta k te r  T ie re , so s ie h t m an , d a ß  das F eh len  d er h y p e rth e rm isch en  
U m sa tz s te ig e ru n g  n ic h t  d ie  einzige V e rä n d e ru n g  in  der W ärm e  d a rs te llt , 
d a sse lb e  g ilt fü r  R a t te n  m it  H y p o th a lam u slä s io n en .

D ie K ö rp e r te m p e ra tu re n  der lä d ie r te n  T ie re , u n d  zw ar g leichgültig  
ob  die Läsion im  H y p o th a la m u s  oder im  E p ith a la m u s  s itz t , s ind  in  einer 
g le ich  w arm en U m g e b u n g  s ig n if ik an t h ö h e r w ie die in ta k te r  T iere . Dieses 
V e rh a lte n  ist k e inesw egs an  die h y p e rth e rm isc h e  U m sa tzste ig e ru n g  oder 
d e re n  Fehlen  g e b u n d e n , so n d ern  b le ib t n a c h  d e r R e s titu tio n  der U m sa tz ­
s te ig e ru n g  noch w e ite r  b e s te h e n  und  w ird  au ch  n a c h  L äsionen  b e o b a c h te t, 
b e i  den en  die h y p e rth e rm isc h e  U m sa tzs te ig e ru n g  vo ll e rh a lte n  b lieb  (A bb. 4—6).

D ie sogennan te  » zw eite  chem ische W ä rm e reg u la tio n «  [18] w urde  n ich t 
sy s te m a tis c h  u n te rs u c h t , d a  in  einem  Teile d e r V ersuche n ach  R ü ck v erse tzu n g  
in  d ie  th e rm o n eu tra le  U m g e b u n g  sogar eine S tu n d e  verg ing  bis m it der B estim ­
m u n g  des 0 2-V erb rau ch es b egonnen  w u rd e . Im m e rh in  fan d  sich bei 12 R a tte n  
in  17 V ersuchen eine d e u tlic h e  »zw eite chem ische  R eg u la tio n « , ohne d aß  
es v o rh e r  in  der W ä rm e  z u  e iner h y p e rth e rm isc h e n  U m sa tzs te ig e ru n g  gekom ­
m e n  w äre. Diese B e o b a c h tu n g  s tim m t m it d en  a n  th y re o id e k to m ie r te n  u n d  
a n  h y p o p h y se k to m ie r te n  R a tte n , sowie m it n ach  H y p o th a lam u släs io n en  
g ew o n n en en  E rfa h ru n g e n  ü b ere in  [1, 2, 15].
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Tabelle VIII
Verhallen der hyperthermischen Umsatzsteigerung bei fehlender chemischer W ärm eregulation

Chemische Wärmeregulation fehlt

Läsion
Insgesamt

Hyperthermische Umsatzsteigerung P

erhalten fehlt

H y p o th a la m u s ................... 24 18 6
P < 0 ,0 1

E p ith a la m u s ....................... 6 0 6

d) Z usam m enhang  zwischen den Störungen der chemischen Regulation u n d  der 
hypertherm ischen U m satzsteigerung

I n  d e r  H äu fig k e it des A usfallens d er chem ischen  R eg u la tio n  k o n n te  
zw ischen H y p o th a lam u s- u n d  E p ith a la m u slä s io n e n  k e in  s ig n if ik a n te r  U n te r ­
sch ied  fe s tg e s te llt w erden (T ab . IV ) ; u n te rsu c h t m an  jed o ch  das g egense itige  
V e rh ä ltn is  d e r  chem ischen R e g u la tio n  u n d  d er h y p e rth e rm isch en  U m s a tz ­
s te ig e ru n g , so zeig t sich ein  b e m e rk e n sw e rte r  U n te rsc h ie d  (T abelle V I I I ) .

V erg le ich t m an  das V e rh a lte n  d e r chem ischen  W ä rm ereg u la tio n  be i 
feh len d e r h y p e rth e rm isch e r U m sa tz s te ig e ru n g , so e rg ib t sich b loß  e in  s t a t i ­
stisch  n ic h t s ig n ifik an te r U n te rsc h ie d  (T ab . IX ).

Tabelle IX
Verhalten der chemischen W ärmeregulation bei fehlender hyperlhermischer U m satzsteigerung

Hyperthermische Umsatzsteigerung fehlt

Läsion
Insgesamt

Chemische Wärmeregulation P

erhalten fehlt

H y p o th a la m u s ................... 18 12 6
P >  0,2

E p ith a la m u s ....................... 36 30 6

e) E in ig e  Einzelversuche

L assen  sich  auch aus e in em  ziem lich  g roßen  V ersu ch sm a te ria l, wie 
das v o rlieg en d e , die g ru n d leg en d en  V erän d eru n g en  u n d  B ez ieh u n g en  m it 
e in fach en  s ta tis tisc h e n  M itte ln  sc h a rf  h e rv o rh eb en  u n d  s ich erste llen , so is t 
d a m it n o tg ed ru n g en  ein V e rlu s t v ie le r E in ze lh e iten  v e rb u n d en , d ie  au ch  
n ic h t je d e s  In te resses  en tb eh ren . E s sch ien  d ah e r a n g e b ra c h t den b e re its  w ie d e r­
gegebenen  E inzelversuchen  (A bb. 1 u n d  2) noch  einige w eitere  folgen zu  lassen .

A bb . 3 w iederg ib t 6 V ersuche aus den  d e r L äsion  fo lgenden 15 T ag en . 
D ies w a r d ie  einzige R a tte , in  w elcher sich  n ach  an fäng lich  e rh a lte n e r  c h e m i­
scher R e g u la tio n  ein V erlu st derse lb en  e in s te llte , u n d  auch  die e inzige, in  w el­
ch er es in  k ü h le r  U m gebung  zu  e in e r ausgesp rochenen  H y p o th e rm ie  k a m .

4 A cta Physiologica XV/2.
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All d ies m ag  a u f  eine v o rü b e rg eh en d e , se k u n d ä re  W irkung  a u f  d en  H y p o ­
th a la m u s  d e u te n , doch w ar d ie L äsion  w eder a u sg ed eh n te r , noch m e h r  v e n tra l  
gelegen als v iele andere .

A b b . 4 u n d  5 w iedergeben  V ersuche v o r u n d  n a c h  R e s titu tio n  d e r  h y p e r ­
th e rm isc h e n  U m sa tz s te ig e ru n g , u n d  zeigen au ch  im  E inzelversuch  d ie  re la tiv e  
U n a b h ä n g ig k e it d er H y p e rth e rm ie  u n d  des U m sa tze s , wie dies sch o n  aus 
T abelle  V I I  s ta tis t is c h  ü b erzeu g en d  herv o rg in g .

A b b . 6 d e m o n s tr ie rt e in en  d er V ersuche, in  w elchen  nach  d e r  L äsio n  
die h y p e rth e rm isc h e  U m sa tz s te ig e ru n g  vo ll e rh a lte n  b lieb , u n d  b lo ß  d e r 
e rh ö h te  G ru n d u m sa tz  u n d  d e r  G rad  d e r H y p e rth e rm ie  a u f eine S tö ru n g  h in- 
w eisen. D ie G eringfüg igkeit d ieser S tö ru n g  is t  au ch  im  V ergleich m it  d e r  re c h t 
a u sg ed eh n ten  L äsion  b e a c h te n sw e rt.

f) L oka lisa tion  der Läsionen

Im  V erg leich  zu  den  L äsio n en  des H y p o th a la m u s  (12— 15), d ie  re c h t 
v e rsch ied en e  T eile dieses H irn a b sc h n itte s  tra fe n , w eis t die L o k a lisa tio n  der 
E p ith a la m u slä s io n e n  eine geringere  V a ria b ili tä t  au f. W ie es aus d e n  b e re its  
a n g e fü h rte n  E inzelbeisp ie len  h e rv o rg in g , flössen  d ie b ila te ra len  L äsio n en  
—  v o n  w en igen  A usn ah m en  ab g eseh en  —  in  d e r M itte llin ie  zu e in em  einzigen  
H e rd  zu sam m en . D ieser u m fa ß te , o d e r w en igstens b e rü h rte  in  a lle n  T ie ren  
das A rea l d e r N . h ab en u lae , e rre ic h te  m e istens das D ach  des I I I .  V e n trik e ls , 
d en  d o rsa len  T h a lam u s u n d  d ie  H ip p o cam p i. D a die L äsionen in  d e n  m e is te n  
F ä llen  au ch  die dorsa len  K ern e  des Thalam txs m e h r oder w eniger b e rü h r te n , 
is t es w ohl n ic h t ganz g e re c h tfe r tig t v o n  ep ith a lam isch en  Läsionen zu  sp rech en , 
doch  d e r K ü rze  h a lb e r sei es e r la u b t d iesen, das Z e n tru m  der L äsion  bezeich-

Abb. 3. 0 2-V erb rau ch  [m l/dm 2/S tu n d e ]  u n d  K ö rp e r te m p e ra tu r  bei 29° C (w eiß), be i 35° C 
(schw arz), u n d  bei 20° C (g estrich e lt) .

R a tte  N o. 573. L ä s io n : 10. I I I .  1953 ; V ersuch  A :  11. I I I .  1953 ; V e rsu c h  В : 12. 
I I I .  1953 ; V e r s u c h e :  13. I I I .  1953 ; V ersuch  D  : 14. I I I .  1953 ; V e rs u c h !? :  17. I I I .  1953 ; 
V ersu ch  F  : 25. I I I .  1953 ; g e tö te t  : A nfang  A pril, 1953. L o k a lisa tio n  : in  d e r  M itte llin ie  
zu  e inem  e inzigen  H e rd  zusam m en fließ en d e  b ila te ra le  L äsionen . D er H erd  r e ic h t  v o n  de r 
G renze de r R egio su p ra o p tic a  u n d  d e r R egio tu b e ra lis  bis zu r R egio  m am illaris , t r i f f t  d ie  H irn ­
rin d e , d ie H ip p o c am p i u n d  b e rü h rt  a n  e iner k le in en  S te lle  das D ach  des I I I .  V en trik e ls . I n  der 
R egio  m am illa ris  e r fa ß t die L äsion  e b en  no ch  das k a u d a le  E n d e  d e r N. h ab en u lae . D ia g ra m m  : 
N iv eau  des C hiasm a o p ticu m  (o) u n d  des In fu n d ib u lu m  (6). A m  e rsten  T ag n a c h  d e r  L äsio n  
is t  bei feh len d er h y p e rth e rm isch e r U m sa tzs te ig e ru n g  u n d  e rh ö h te m  G ru n d u m sa tz  d ie  ch em i­
sche R e g u la tio n  e rh a lte n , u n d  a u ch  das V erh a lten  de r K ö rp e r te m p e ra tu r  zeig t k e in e  g rö b ere  
S tö ru n g  (V ersuch  A ).  E in en  T ag sp ä te r  fe h lt d ie chem ische W ärm ereg u la tio n  u n d  a u c h  die 
R e g u la tio n  de r K ö rp e rte m p e ra tu r  is t  schw er g e s tö r t (V ersuch  B ). Am  d r i t te n  T a g  i s t  der 
G ru n d u m sa tz  bei w e ite rh in  feh len d er h y p e rth e rm isc h e r U m sa tzs te ig eru n g  w ie d e r n o rm a l 
(V ersuch  C). Am  folgenden T ag is t  d ie  chem ische R e g u la tio n  w ieder vo llkom m en n o rm a l u n d  
a u ch  das V e rh a lten  d e r K ö rp e r te m p e ra tu r  zeig t keine  S tö ru n g . Bei R ü c k v erse tzu n g  a u s  d e r 
W ärm e in  eine th e rm o n eu tra le  U m g eb u n g  k o m m t es t ro tz  F eh len  de r h y p e rth e rm isc h e n  
U m sa tzs te ig e ru n g  zu  e iner d eu tlich en , län g e r als 90 m in  d a u e rn d e n  »zw eiten  ch em isch en  
W ärm ereg u la tio n «  (V ersuch  D). 7 T ag e  n a ch  d e r L äsion  k o m m t es in  der W ärm e n o c h  im m er 
zu  k e in e r h y p e rth e rm isc h e n  U m sa tzs te ig e ru n g  (V ersuch  E )  ; n a c h  w eiteren  8 T a g e n  w u rd e  
en d lich  e rs tm a lig  w ied er eine d eu tlich e  U m sa tzs te ig e ru n g  bei 35° C b eo b ac h te t (V e rsu c h  F ).

4*
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n en d e n  A usdruck  zu g eb rau ch en . Die B eo b a c h tu n g , d aß  sich n a c h  u n se re n  
» ep ith a lam isch en «  L äsionen  n u r  se lten  eine H y p e rth e rm ie  en tw ick e lte  (T abe lle  
I I ) ,  sp r ic h t gegen eine b e d e u te n d e re  B ete iligung  des T ha lam u s an  d en  F o lgen  
d e r  L äsion , und  g leichzeitig  au ch  gegen eine W irk u n g  dieser a u f  e n tfe rn te re  
G eb ie te , da ja  gerade L äsionen  des T h a lam u s besonders h äu fig  zu  f ie b e r­
h a f te n  T e m p e ra tu rs te ig e ru n g e n  füh ren  [8, 9, 16, 19, 21— 23].

D er D urchm esser d e r zusam m engeflossenen  H erd e  sch w an k te  m e is ten s  
zw ischen  1,0 und  1,6 m m  ; in  e in igen  w ar er, n am e n tlic h  in  s a g i t ta le r  R ic h ­
tu n g , au ch  b ed eu ten d  g rö ß er, u n d  e rre ich te  in  einem  F all 2,2 m m , in  e inem  
a n d e re n  nah ezu  3 m m . D ie den  A bbildungen  be ig efü g ten  S c h e m a ta  geben  
e in en  g u te n  Ü berb lick  ü b e r  die große M ehrzahl d e r L äsionen.

E in  Z u sam m en h an g  zw ischen  L ok alisa tio n  u n d  A usdehnung  d e r  L äsion  
e in e rse its , u n d  dem  V e rh a lte n  d er K ö rp e r te m p e ra tu r  u n d  des U m satzes  a n d e re r­
se its , k o n n te  u n te r  d en  an g e w a n d te n  V ersuchsbed ingungen  n ic h t fe s tg e s te llt  
w erd en . D iesbezüglich  g le ichen  die nach  ep ith a lam isch en  L äsionen  g e m a c h te n  
B eo b ach tu n g en , den m it H y p o th a lam u slä s io n en  gew onnenen  E rfa h ru n g e n .

Abb. 4. 0 2-V erb rauch  [m l/dm 2/S tu n d e ]  u n d  K ö rp e r te m p e ra tu r  bei 29° C (w eiß ), b e i 35° C 
(schw arz), u n d  bei 20° C (g es tr ich e lt) . D ie Säulen  3— 7 in  A u n d  В w ied erg eb en  E in z e l­

b estim m u n g en  von  je  15 m in .
R a tte  No. 544. L äsion  : 7 .1 .1 9 5 3  ; V e r s u c h t :  9 .1 .1 9 5 3  ; V ersuch В  : 1 3 .1 .1 9 5 3 ;  

g e tö te t  : 10. I I I .  1953. L o k a lisa tio n  : B ila tera le , in  d e r M itte llin ie  zu  einem  e in z ig en  H erd  
zu sam m en fließ en d e  L äsionen . D er H erd  e rs trec k t sich  v o m  m ittle re n  N iveau  d e r  R eg io  tu b e -  
ra lis  bis in  das dorsale M esencephalon , und  e rfa ß t das D ach  de r I I I .  K am m er, d e re n  P lex u s 
chorio ideus, die dorsale Sch ich t des T h a lam u s , sowie im  N iv e au  de r R egio m am illa ris  d e n  k a u d a ­
len  T eil de r N. h ab en u lae . D iag ram m  : N iv eau  des In fu n d ib u lu m .

V ersuch  A  : 2 T age n a c h  d e r L äsion  is t de r G ru n d u m sa tz  b e trä c h tl ic h  e rh ö h t ,  die 
h y p e rth e rm isc h e  U m sa tzs te ig eru n g  fe h lt, die chem ische R e g u la tio n  se tz t  v e rz ö g e r t  ein . 
D as V e rh a lten  der K ö rp e r te m p e ra tu r  zeig t, von der h ö h e ren  H y p e rth erm ie  ab g eseh e n , keine 
A bw eichung  von  der N orm . N ach  R ü ck v erse tzu n g  au s d e r W ärm e in  eine th e rm o n e u tra le  
U m g eb u n g  eine eben a n g ed e u te te  »zw eite  chem ische W ärm ereg u la tio n « .

V ersuch  В  : 6 T age n a c h  d e r L äsion  is t der G ru n d u m sa tz  no rm al, d ie h y p e rth e rm isc h e  
U m sa tzs te ig eru n g  is t w ieder h e rg e s te llt , u n d  auch  die chem ische  R eg u la tio n  se tz t  p r o m p t  ein . 
D ie K ö rp e rte m p e ra tu r  e rre ich t in  de r W ärm e in  V ersu ch  A  und В  p ra k tisc h  d ie  gleiche 
H ö h e , obw ohl im  le tz te ren  d ie W ärm ep ro d u k tio n  a n s te ig t.  D ie »zw eite ch em ische  W ärm e ­
re g u la tio n «  is t rech t au sg esp rochen .

Abb. 5. 0 2-V erbrauch  [ml d m -\S tu n d e] u n d  K ö rp e r te m p e ra tu r  hei 29° C (w eiß ), be i 35° C 
(schw arz), u n d  bei 22° C (g estrich e lt) . D ie schm alen  S äu len  in  A und  alle in В w ied erg eb en

E in ze lb estim m u n g en  von  je  15 m in.
R a tte  No. 540. L äsion  : 5. I. 1953 ; V ersuch A :  6. I. 1953 ; V ersuch В  : 23. I .  1953 ; 

g e tö te t  : 10. I I I .  1953. L o k a lisa tio n  : B ila te ra le , in  d e r M itte llin ie  zu einem  H e rd e  z u sa m m e n ­
fließ en d e  Läsionen. D er H e rd  e rs tre c k t sich vom  k a u d a le n  N iveau  der R egio  su p ra o p tic a  
bis zu m  m ittle re n  N iveau  de r R egio  tu b e ra lis , u n d  e r fa ß t in  der e rs te ien  das S e p tu m  pellu - 
c id u m  u n d  den  dorsalen  T h a lam u s , in  d e r le tz te ren  das D ach  de r I I I .  K a m m e r, d e re n  P lex u s 
ch orio ideus, sowie die v o rd e re n  T eile de r N. h ab en u lae . K a u d a l vom  m itt le re n  N iv e a u  der 
R egio  tu b e ra lis  sind die N . h a b en u lae  in ta k t .  D iag ram m  : N iveau  des C h iasm a  o p tic u m .

A m  T age n ach  de r L äsio n  feh len  so die h y p e rth e rm isc h e  U m sa tz s te ig e ru n g , w ie die 
chem ische W ärm ereg u la tio n  ; d ie  »zw eite  chem ische R eg u la tio n «  is t dabei e rh a l te n  (V er­
su ch  A ).  17 Tage sp ä te r  v e rh ä lt  sich  de r U m satz  vo llkom m en  n o rm al, b loß de r G ra d  d e r  H y p e r­
th e rm ie  in  der W ärm e k a n n  n o ch  als Zeichen einer S tö ru n g  g ed eu te t w erd en  (V e rsu c h  B).
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02 °C

АЪЬ. 6. 0 2-V erbrauch [m l/d m 2/S tu n d e ]  und K ö rp e r te m p e ra tu r  bei 29° C (w eiß), b e i 35° C 
(sc h w a rz ) , und  bei 21.5° C (g es tr ic h e lt) .

R a tte  No. 556. L äs io n  : 10. I I .  1953 : V ersuch  : 11. I I .  1953 ; g e tö te t : 10. I I I .  1953- 
L o k a lis a tio n  : B ila tera le  L ä s io n , d ie in  der M itte llin ie  zu sam m en fließ en d  e inen  g ro ß en , von  
d e m  v o rd e rs ten  N iv eau  d e r  R eg io  su p rao p tica  b is  z u r  R egio  m am illa ris  re ic h en d e n  H erd  
b i ld e n .  D ieser e rfa ß t in  d e r  R eg io  sup raop tica  d as S e p tu m  pelluc idum , d ie S e iten v en trik e l 
u n d  b e rü h r t  v e n tra l d ie C o m m issu ra  an terio r. In  d e r R eg io  tu b e ra lis  e rs trec k t sich  d ie  L äsion  
a u f  d a s  D ach des I I I .  V e n tr ik e ls  u n d  dessen P lexus ch o rio id eu s , e rfaß t u n ila te ra l  d e n  H ip p o ­
c a m p u s  u n d  den d o rsa len  T h a la m u s , sowie be id e rse its  d e n  v o rd e rs ten  Teil de r N . h ab en u lae . 
K a u d a l  von  der Grenze des v o rd e re n  und  des m it t le re n  N iv e au s  de r Regio tu b e ra lis  sin d  die 
N . h a b e n u la e  in ta k t. D ia g ra m m  : N iveau  des C hiasm a o p tic u m  (a) u n d  des In fu n d ib u lu m  (6).

A usgedehnter H e rd  b e i e rh a lte n e r  h y p e rth e rm isc h e r  U m sa tzs te ig eru n g  u n d  in ta k te r  
c h e m isc h e r  R egu la tion . B lo ß  d e r  le ich t e rhöhte  U m sa tz  u n d  die hohe H y p e rth e rm ie  in  de r 
w a rm e n  U m gebung d e u te n  a u f  eine S törung des U m sa tz e s  u n d  der K ö rp e r te m p e ra tu r. D en 
n ä c h s te n  Tag verlief de r V e rsu c h  be i etw as höherem  G ru n d u m sa tz  (83 m l p ro  d m 2 u n d  S tu n d e) 
a u f  g a n z  ähnliche W eise.

Besprechung

E igentlich  is t d ie  V ie lfa lt der S tö ru n g en  des W ärm eh au sh a lte s  d ie  nach  
L ä s io n e n  des E p ith a la m u s  b eo b ach te t w u rd e n , ein  rech t b em erk en sw erte r 
B e fu n d , h ande lt es sich  d o c h  u m  ein G eb ie t, d e m  gew öhnlich  k eine  besondere  
R o lle  in  der R eg u la tio n  d es  U m satzes und  d e r  K ö rp e r te m p e ra tu r  zugesch rieben  
w ird , u n d  welches v o m  H y p o th a la m u s , also d e m  z e n tra le n  R e g u la tio n sa p p a ra t
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des W ä rm e h a u sh a lte s , ziem lich fe rn e  lieg t. L e tz te res  sp rich t auch  gegen  eine 
u n spez ifische  W irk u n g  au f den H y p o th a la m u s . In  dem selben S inne m u ß  d er 
B efu n d  g ew erte t w erden , d aß  f ie b e rh a f te  S tö ru n g en  der K ö rp e r te m p e ra tu r  
v ie l s e lte n e r  b e o b a c h te t w erden a ls  n a c h  H y p o th a lam u slä s io n en , o b w o h l d er 
T h a la m u s , dessen  L äsionen b eso n d ers  h ä u fig  zu H y p erth e rm ie  fü h re n , v iel 
n ä h e r  lieg t u n d  dessen  dorsale K e rn e  in  v ie len  F ä llen  in  die L äsion e in b ezo g en  
s in d . A uch  die m ehrw öchige D a u e r  e in ze ln e r S tö ru n g en  ließe sich  schw er 
m it d e r A n n ah m e e iner unsp ez ifisch en  F e rn w irk u n g  in E in k lan g  b rin g e n . 
S ie h t m a n  ab er eine solche u n sp ez ifisch e  W irk u n g  v ia  H y p o th a la m u s  als

Tabelle X

Zusam m enfassender Vergleich des Verhaltens nach Läsionen des E pithalam us und des H ypotha lam us

U n te rsc h ied  s ig n ifik an t K e in  s ig n ifik an ter  U n te rsc h ie d

V ergesellschaftung eines erhöh­
te n  G rundum satzes m it H y ­
p erth e rm ie  (Tabeile I I )  . . . . P < 0 ,0 0 1

H ä u fig k e it de r G rundum satzer­
höhung  (Tabelle I I ) ................ P > 0 ,2

A b sinken  des G rundum satzes auf 
subnorm ale  W erte  (T abelle III) P < 0 ,0 1

H ä u fig k e it d e r  S törung der che­
m ischen  R egulation  
(T abelle  IV ) .............................. P 0,5

A bsinken  de r K ö rp e rtem p era tu r 
in  e in e r U m gebung  von  20—  
22° C (Tabelle V) ................... P  0,01

G rad  de r H y p ertherm ie  in  w a r­
m er U m gebung  (Tabelle V II) P > 0 ,9

H ä u fig k e it des A usfallens der 
hyperth e rm isch en  U m satzs te i­
gerung  (Tabelle V I) .............. P < 0 ,0 1

V erh a lten  d e r chem ischen R eg u ­
la tio n  bei fehlender h y p e rth e r­
m ischer U m satzsteigerung 
(T abelle  I X ) .............................. P 0,2

V erh alten  der hypertherm ischen  
U m satzste igerung  bei fehlen­
der chem ischer R egulation  
(T abelle  V I I I ) ............................ P < 0 ,0 1

u n w ah rsch e in lich  an , so is t m an  g ezw ungen  anzu n eh m en , d aß  d em  lä d ie r te n  
G eb ie t eine b e d e u tsa m e  Rolle in  th e rm o re g u la to r isch e n  R eak tio n en  z u k o m m t.

E in e  solche A nnahm e w ü rd e  eine s ta rk e  S tü tze  f in d e n , w e n n  sich 
d ie  n a c h  E p ith a lam u slä s io n en  b e o b a c h te te n  S tö rungen  v o n  d e n  n ach  
H y p o th a la m u slä s io n e n  re g is tr ie r te n  k la r  u n te rsch e id en  w ürden . Im  e rs ten  
A ugenb lick  sch e in t dies n ich t d e r  F a ll zu  se in , d enn  alle nach  E p i th a la m u s ­
läsio n en  b e o b a c h te te n  S tö rungen  (U m sa tz s te ig e ru n g , H y p e rth e rm ie  in  th e rm o - 
n e u tra le r  U m g eb u n g , A usfallen d e r  chem ischen  R eg u la tio n , F eh len  d e r  h y p e r ­
th e rm isc h e n  U m satzste ig eru n g ) k o m m en  auch  n ach  L äsionen  d es  H y p o ­
th a la m u s  v o r [12— 15]. E in , d u rc h  s ta tis tisc h e  V erarb e itu n g  d e r  B e o b a c h ­
tu n g e n  e rm ö g lich te r, e ingehender V erg leich  fö rd e r t jedoch  b e m e rk e n sw e rte
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U n te rsch ied e  zu  T a g e . Z u r  besseren  Ü b e rs ic h t s in d  die in  den v o ran g eh en d en  
T a b e lle n  au sfü h rlich  d a rg e s te llte n  E rg eb n isse  in  T abelle  X  k u rz  z u sa m m e n ­
g e fa ß t.

D ie viel s e lte n e re  V ergesellschaftung  e ines e rhöh ten  G ru n d u m sa tze s  
m it  H y p e rth e rm ie , d a s  F e h le n  einer E rn ie d r ig u n g  des G ru n d u m sa tzes , das 
v ie l  se ltenere  A b s in k en  d e r K ö rp e r te m p e ra tu r  in  einer kü h len  U m g eb u n g  
n a c h  ep ith a lam isch en  L äsio n en , w ären  in  s ich  a lle in  schw er zu  b e w e rte n , da 
s ich  in  diesem  V erg le ich  im m er die S tö ru n g e n  n a c h  H y p o th a lam u slä s io n en  
als d ie  a u sg ep räg te ren  erw eisen . D agegen f ä l l t  d ie  h y p erth e rm isch e  U m sa tz ­
s te ig e ru n g  nach  E p ith a la m u s lä s io n e n  b e d e u te n d  h äu fig e r  aus, als n a c h  H y p o ­
th a lam u slä s io n en . D iese B eo b ach tu n g  sp r ic h t sch o n  in  sich allein  en tsch ied en  
d a fü r , daß  im  Z u s ta n d e k o m m e n  der h y p e rth e rm isc h e n  U m sa tzste ig e ru n g  den  
lä d ie r te n  ep ith a la m isc h e n  G eb ie ten  eine b e so n d e re  R olle zukom m t. E in  w e ite re r  
au ffa llen d er, u n d  a u c h  s ta tis t is c h  s ig n if ik a n te r  U n te rsch ied  is t, d a ß  n a c h  den  
E p ith a la m u slä s io n e n  n ie m a ls  ein F eh len  d e r  chem ischen  R eg u la tio n  ohne 
g le ichzeitigem  A u sfa llen  d e r  h y p e rth e rm isch en  U m sa tzste ig e ru n g  b e o b a c h te t 
w u rd e , w ährend  n a c h  H y p o th a la m u slä s io n e n  d ie  h y p erth e rm isch e  U m sa tz ­
s te ig e ru n g  bei fe h le n d e r chem ischer R eg u la tio n  in  18 von 24 R a t te n  e rh a lte n  
b lieb  (Tabelle V III) .

Ü b erb lick t m a n  d ie  G egenüberste llung  d e r  Folgen  von H y p o th a la m u s-  
b zw . v o n  E p ith a la m u s lä s io n e n  in  ih re r G e sa m th e it , so en thü llen  sich  b eze ich ­
n e n d e  U n tersch iede . S in d  au ch  die einzelnen  S tö ru n g e n  keine au ssch ließ lichen  
E ig en sch a ften  d er e in e n , oder der an d eren  L o k a lisa tio n , so k o m m t es doch  
d u rc h  die H ä u fig k e it u n d  die K o m b in a tio n  d e r  versch iedenen  S tö ru n g en  zu  
e in e m  ch a rak te risch em  B ild  (»pattern«) d e r  F o lg en  von ep ith a lam isch en  
L äsio n en . Jed en fa lls  m u ß  m an  diesem  G e b ie t e in e  w eit größere B e d e u tu n g , 
a ls allgem ein  ü b lich , in  d e r  R egu la tion  des U m sa tz e s  und  der K ö rp e r te m p e ­
r a t u r  zusprechen.

D ie B ed eu tu n g  d ieses G ebietes in  d e r  R eg u la tio n  w ird n och  e rh ö h t, 
w e n n  m an  in B e tra c h t  z ie h t, daß  die im  v o ra n g e h e n d e n  b esch riebenen  V e r­
ä n d e ru n g en  im  V e rh a lte n  des U m satzes u n d  d e r  K ö rp e rte m p e ra tu r  n ic h t die 
e in z ig en  sind, die n a c h  L äsio n en  des E p ith a la m u s  b eo b ach te t w u rd en . A us 
e in e m  größeren V e rsu c h sm a te r ia l w urde in  7 R a t t e n  m it Läsionen des E p i th a ­
la m u s  in  insgesam t 20 V ersu ch en  in  einer U m g e b u n g  von  20— 22° C u n d  e in em  
L u f td ru c k  von 450 m m  H g  eine, bei in ta k te n  R a t te n  nie fehlende, hyp o x isch e  
S e n k u n g  des U m sa tzes  u n d  d e r K ö rp e r te m p e ra tu r  vo llkom m en v e rm iß t [3, 17].

I n  einer b e trä c h tl ic h e n  A nzahl von  R a t t e n  m it E p ith a lam u slä s io n en  
w u rd e n  auch die e n d o k r in e n  D rüsen  h is to lo g isch  u n te rsu c h t. D ab e i w u rd en  
B e fu n d e  erhoben , d ie  f ü r  eine B ee in flu ß u n g  d e r  S ch ild d rü sen fu n k tio n  zu 
sp re c h e n  schienen. M e s s  [10, 11] u n te rsu c h te  d a n n  diese Frage au sfü h rlich e r 
u n d  k a m  zu dem  S c h lu ß , d aß  b ila tera le  L äs io n en  der N. h ab en u lae  1. die 
s tru m ig e n e  W irk u n g  k le in e r  M eth y lth io u rac ilg ab en  verh in d ern , die W irk u n g



Ü BER D IE  W IR K U N G EN  VON EPITH A LA M U SLÄ SIO N EN 1 7 7

g ro ß er D osen ab er k au m  hem m en , 2. das h isto log ische  Bild von  J o d m a n g e l­
sch ild d rü sen  n o rm alisieren , 3. n ach  E n tfe rn u n g  d e r S childdrüse das A bsin k en  
des G eh a lts  an th y re o tro p e m  H orm on  in  d e r  H y p o p h y se  h em m en . D ieser 
B efund  k ö n n te  d ah in  g ed e u te t w erden , d a ß  d em  A usfallen  d er h y p e r th e rm i­
sch en  U m sa tz s te ig e ru n g  eine v e rm in d e rte  S ch ild d rü sen sek re tio n  zu g ru n d e  
lie g t, da  n a c h  E n tfe rn u n g  d er S ch ildd rüse , o d e r d e r H y p o p h y se , sow ie n ach  
M e th y lth io u rac ilb eh an d lu n g  die h y p e rth e rm isc h e  U m sa tz s te ig e ru n g  aus- 
b licb  [1, 2, 5]. D er o ft e rh ö h te , u n d  n iem als  su b n o rm ale  G ru n d u m sa tz , das 
so fo rtige  A usfallen  der h y p e rth e rm isch en  U m sa tze rh ö h u n g  n ach  d e r  L äsion , 
das F eh len  e in er S enkung des G ru n d u m sa tzes  se lb s t bei w ochenlang v e rm iß te r  
h y p e rth e rm isc h e r  U m sa tz s te ig e ru n g , lassen  je d o c h  eine solche E rk lä ru n g  
n ic h t  zu.

D ie au ffa llen d ste  Folge d e r L äsionen  des E p ith a la m u s , das h äu fig e  
F eh len  d e r  h y p e r th e rm isc h in  U m sa tz s te ig e ru n g , b ie te t  auch  G eleg en h e it zu  
e in e r  e ingehenderen  A nalyse des M echanism us u n d  der th e rm o re g u la to risch e n  
B e d e u tu n g  d ieser E rsch e in u n g . D a diese, u n d  d ie  d a m it ve rb u n tlen en  P ro b lem e  
b e re its  au sfü h rlich  b e h a n d e lt w u rd en  [6, 7], w ird  an  d ieser S telle v o n  e in er 
B esp rech u n g  d ieser F rag e  abgesehen .
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T he e ffec t o f  d iffe ren t d e x tra n  p re p a ra tio n s  has been  in v e s tig a te d  on th e  b lo o d  p re ssu re  
o f  ca ts  in  h y p o v o laem ic  shock, in d u ce d  b y  th e  w ith d raw a l o f  25 m ]/kg blood. No d iffe ren ce  
w as fo u n d  b e tw ee n  th e  pressor e ffec t o f  D e x trav e n , a p re p a ra tio n  o f h igh  m o lecu la r w e ig h t, 
a n d  o f P la sm o d ex , a blood s u b s ti tu te  o f  low  m o lecu la r w e ig h t. T he le th a l reb leed in g  v o lu m e 
w as con sid erab ly  g re a te r  w ith  D e x tra v e n . In  c a ts  m ad e  h y p o ten s iv e  fo r one h o u r , th e  life ­
sav in g  effec t o f  th ese  p re p ara tio n s  w as re s tr ic te d  to  a few  h o u rs . W hen  th e  h y p o te n s io n  w as 
m a in ta in ed  fo r 15 m in u te s  on ly , b o th  la rg e  an d  sm all m o le c u la r  w eigh t d e x tra n s  ( I n t r a d e x  
a n d  P lasm o d ex ) p ro d u ced  a 4 8 -hour su rv iv a l in  a b o u t tw o  th ird s  o f  th e  an im als, w h ile  p h y s ­
iological sa lin e  w as effective in  17 p e r  cen t o n ly . T h ree , 6, 12 an d  22 hours fo llo w in g  th e  
in fu sio n , b o th  d e x tra n s  ex h ib ited  a p re sso r  effect o f  id en tica l d u ra tio n , th o u g h  n e ith e r  o f  th e m  
w as ab le  co m p le te ly  an d  p e rm a n e n tly  to  resto re  b lood  p re ssu re .

T he b lo o d  su b s titu te  d e x tr a n  is know n  to  be a m ix tu re  o f n u m e ro u s  
frac tio n s d iffe rin g  in  m olecu lar w e ig h t. Tw o ty p e s  o f  d e x tra n  p re p a ra tio n  are  
com m ercia lly  availab le . T h e  Sw edish , A m erican  an d  H u n g arian  d e x tra n s  
consist o f p a r tic le s  w ith  a m o lecu la r w eigh t from  50 000 to  80 000 a n d  w ith  
an  in trin s ic  v isco s ity  of 0.18 to  0.28. In  24 h o u rs  30 to  50 p er c e n t o f  th e  
am o u n t a d m in is te re d  is e x c re te d  in  th e  u rin e . O n th e  o th e r  h an d , th e  B r it is h  
p re p a ra tio n s  h av e  a h ig h er m o lecu la r w eig h t, g en era lly  betw een  170 000 
an d  250 000. T h e ir  in trin sic  v isc o s ity  is 0.32 to  0 .37. C orrespond ing ly , th e  
u r in a ry  ex c re tio n  during  24 h o u rs  o f th ese  p re p a ra tio n s  does n o t e x ceed  25 
p e r cen t o f th e  am o u n t in tro d u c e d .

I t  is s t i l l  questionab le  w h e th e r  or n o t th e  d e x tra n s  of h igh  m o lecu la r 
w eigh t offer som e ad v an tag e  as to  th e ir  th e ra p e u tic  e ffec t [1]. H igh m o lecu la r 
w eigh t d e x tra n s  are genera lly  supposed  to  h a v e  a pro longed  ac tio n . A t th e  
sam e tim e  th e y  increase th e  s e d im e n ta tio n  ra te  o f  th e  e ry th ro cy te s  to  a g re a te r  
degree th a n  do  d ex tran s  o f low  m olecu la r w eig h t, an  effect p ro b ab ly  n o t in d if ­
fe ren t for th e  organism . T h e  d o u b tle ss  th e ra p e u tic a l v a lue  o f low m o lecu la r 
w eigh t d e x tra n s  is show n b y  th e  o b se rv a tio n s t h a t  a)  th e  Sw edish d e x tra n  
p ro te c te d  dogs from  an  o th e rw ise  le th a l h aem o rrh ag ic  shock [2] ; b)  w hen  
a d m in is te red  to  m an a fte r a b lo o d  loss o f  1000 m l, an  A m erican  p re p a ra t io n  
w as capab le  o f  m a in ta in in g  fo r 24 hou rs  70 to  86 p e r  c en t o f the  e le v a te d  p la sm a  
vo lum e [3].
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T h e p re se n t e x p e r im e n ts  were d e v o te d  to  a fu r th e r  s tu d y  o f  th e  above 
q u e s tio n . Two h igh  m o lecu la r  w eight d e x tr a n  p rep a ra tio n s  w ere u sed , th e  
E n g lis h  m akes D e x tra v e n  an d  In tra d e x . T h e  H u n g a rian  P la sm o d ex , h av in g  
a  m u c h  low er m o lecu la r w e ig h t, served  as co m p ariso n . The in tr in s ic  v isco sity  
a t  25° C of th is  l a t te r  p re p a ra tio n  lay  b e tw e e n  0.19 and  0.22, v a ry in g  w ith  
th e  d iffe ren t p ro d u c tio n  lo ts  o f the  p a s t  y e a rs . 35 p er cen t o f  th e  a m o u n t 
a d m in is te re d  to  r a b b its  ap p e a rs  in  th e  u r in e  d u rin g  th e  f irs t  24 h o u rs .

E xperim ents w ith  D ex tran

D ex trav en , B a tc h  N o . 3755 (1955), w ith  an  in trin sic  v isc o s ity  o f 0.38 
a t  25° C was used , a p re p a ra t io n  f ra c tio n a te d  w ith in  narrow  lim its . A ccord­
in g ly , on ly  a sm all p a r t  o f  i t  has a m o lecu la r w eight low er th a n  40 000 and  
is , th e re fo re , ex c re ted  w ith  u rin e . The b u lk  o f  th e  frac tions lies b e tw een  100 000 
a n d  250 000 [4].

■30m/

■20

■10

In  th e  f irs t e x p e r im e n ts , p erfo rm ed  in  8 ca ts , th e  m e th o d  described  
p re v io u s ly  was used  [5]. U n d e r  S o d iu m -E v ip an  an aesth esia , b lo o d  a m o u n tin g  
to  25 m l/kg  was su ccessive ly  w ith d raw n  fro m  th e  anim als. T h is a m o u n t g en er­
a l ly  su fficed  to  in d u ce  a con tinuous d rop  in  b lo o d  pressure  to  60 m m  H g or 
b e lo w . I f  it did n o t, f u r th e r  5— 5 ml b lood w as w ith d raw n . Som e m in u te s  a fte r  
th e  d es ired  h y p o te n s io n  h a d  been reach ed  th e  p lasm a s u b s titu te  w as in tro ­
d u c e d  in trav en o u sly . B lo o d  pressure w as su b se q u e n tly  reco rd ed  fo r th ree  
h o u rs  a n d  th en  th e  a d d itio n a l blood vo lu m e to  be  w ith d raw n  to  in d u ce  d e a th  
w as  d e te rm in ed . T he re s u lts  o b ta ined  w ith  P lasm o d ex  [5] on 31 ca ts  in the  
sa m e  y e a r  served as co m p ariso n . M ean v a lu e s  o f  th e  resu lts  w ith  D e x tra v e n  
a re  i l lu s tra te d  in  F ig . 1.

F ig . 1 d e m o n s tra te s  th a t ,  in  th e  f ir s t  th r e e  h ou rs follow ing h aem o rrh ag e , 
th e re  w as no d ifference b e tw e e n  the b lood  p re ssu re  effect o f D e x tra v e n  an d  of
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P lasm o d ex . T he le th a l reb leed in g  volum e w as, how ever, s ig n ifican tly  
m ore w ith  D e x tra v e n  th a n  w ith  P lasm odex , a fa c t in d ic a tin g  th a t  th e  c ircu ­
la tio n  o f  th e  ca ts  t r e a te d  w ith  D e x tra v e n  rem a in ed  in  a b e t te r  cond ition  
th a n  th a t  o f th e  an im als  tr e a te d  w ith  th e  low  m o lecu la r w eigh t d e x tra n .

A n o th e r q u es tio n  to  be  decided  was w h e th e r  th e  m ore ad v an tag eo u s  
c irc u la to ry  in fluence  o f  D e x tra v e n  h a d  been acco m p an ied  b y  a h ig h er su rv iv a l 
r a te . T he effect o f D e x tra v e n  on su rv iv a l w as, th e re fo re , co m p ared  to  th a t  
o f  P la sm o d ex  an d  physio log ica l saline, re sp ec tiv e ly . In  th ese  ex p erim en ts  
p ro tra c te d  h y p o ten sio n  w as p ro d u ced  b y  th e  fo llow ing  tech n iq u e . U n d er 
S o d iu m -E v ip an  an a e s th e s ia , 25 m l/kg  b lood w as w ith d ra w n  from  th e  an im als. 
A  10 m l p o rtio n  o f th is  b lood  w as saved  a f te r  h ep arin iza tio n . I f  th e  blood- 
p ressu re  h ad  n o t sunken  to  50 m m  H g or below , a f te r  h a lf  an  h o u r fu r th e r  
5 m l/kg  w as le t  a t  te n  m in u te  in te rv a ls  u n til  th e  d esired  level (50 m m  H g) 
w as reach ed . In  th e  case o f  a fa ll below  30 m m  H g , 5 to  10 m l/kg  o f th e  
h ep a rin ized  b lood  w as re in fu sed . I t  was ou r experience  th a t  ca ts  w ith  blood 
p ressu re  below  30 m m  H g coidd live b u t 15 m in u te s . H y p o ten sio n  w as th e n  
m a in ta in e d  for one h o u r, w ith o u t p lasm a s u b s ti tu te .  T h e re a f te r , th e  p re p a ­
ra tio n  u n d e r  in v e s tig a tio n  w as in tro d u ced  an d  th e  b lood  p ressu re  reco rded  
th ro u g h  30 m in u tes . Som e m in u te s  a fte r  ad m in is te rin g  th e  p lasm a  su b s titu te , 
th e  an im als received  a la s t  dose o f  E v ip an  (20 m g), 30 m in u tes  a fte r  th e  
in fusion  th e  cannu las w ere rem o v ed , th e  w ound  w as tr e a te d  w ith  an tib io tic  
an d  closed. T he an im als  w ere th e n  carefu lly  w ra p p e d  u p  an d  k e p t in th e  
la b o ra to ry  a t  a te m p e ra tu re  be tw een  17 an d  24° C. 19 co n tro l c a ts  w ere 
tr e a te d  sim ilarly , b u t  w ith o u t a n y  p lasm a s u b s ti tu te  an d  th e  su rv iv a l of 
th e  tw o  g roups w as co m p ared . T he resu lts  o f  th e se  ex p e rim en ts  are su m ­
m arized  in T ab le  I.

Table I

Effect o f  dextrans o f  different molecular weight on blood pressure and  survival o f  hypovolaemic cats. 
H ypotension m ain ta ined  fo r  one hour before g iving  dextran

P reparation
N um ber

of
animals

Blood
w ithdraw n

ml

Mean blood pressure, mm 
after dextran

Hg Survival

initial before
dextran

O' 30' 4 24 48 h

l 8 12
D ex trav en  ............ 16 2 6 .1 1 3 3 и 100 1 1 9 — —

16 16 16

2 9 10
P la sm o d e x ................. 15 26.2 121 3 4 9 7 116 — —

15 15 15

4 8 10
Phys. saline .......... 15 25.3 1 2 7 3 7 H2 62 — —

15 15 15

14 16 16
C o n tr o l ..................... 19 25.3 121 _ _ _

19 19 19



182 S. SIMON and S. VARGA

T ab le  I  shows th a t  14 o f  th e  19 an im als n o t t r e a te d  w ith  p la sm a  su b ­
s t i t u t e  d ied  w ith in  fo u r h o u rs . A fte r  24 h ours fu r th e r  tw o  ca ts  d ied  so th a t  
o n ly  3 rem ain ed  alive. T h e  e ffec t o f  th e  p la sm a  s u b s titu te  m a n ife s te d  i tse lf  
m a in ly  in  th e  f irs t four h o u rs  fo llow ing  h aem o rrh ag e . A t th is  t im e  even  p h y ­
sio lo g ica l saline p ro d u ced  a  s ig n if ic a n tly  longer (P  =  0.01) su rv iv a l th a n  th a t  
o f  th e  u n tre a te d  co n tro ls . W h en  e v a lu a te d  24 h o u rs  a f te r  th e  tre a tm e n t ,  
D e x tr a v e n  led to  50 p e r  c e n t su rv iv a l, saline to  53.5 p e r c en t a n d  P lasm o d ex  
to  6 0 .6  p e r cen t. T he in c rea se  in  th e  p ercen tag e  o f su rv iv o rs  ev o k ed  b y  D e x tra ­
v e n  w as  s ta tis tic a lly  s ig n if ic a n t (P  =  0.05), w hile th a t  p ro d u ced  b y  th e  o th e r 
tw o  m a te ria ls  was n o t s ig n if ic a n t. A fte r 48 h o u rs  th e  n u m b e r o f  su rv iv o rs  
w a s  less and , if  ju d g e d  a t  t h a t  tim e , n e ith e r  o f  th e  p re p a ra tio n s  en su red  a 
s u rv iv a l  ra te  s ig n ifican tly  g re a te r  th a n  th a t  o f th e  co n tro ls , in  sp ite  o f som e 
n u m e r ic a l  im p ro v em en t.

H y p o ten sio n  o f one h o u r  d u ra tio n  w ith o u t a d d ed  p la sm a  s u b s ti tu te  
se e m s , therefo re , su ff ic ie n t to  re n d e r  th e  shock  irrev ersib le . T h u s , in  m ost 
c a se s  th e  effect of p la sm a  s u b s ti tu te s  w as re s tr ic te d  to  a few  h o u rs , an d  no 
life -sa v in g  effect was e v id e n t  48 h o u rs  a f te r  b leed ing . T h is irre v e rs ib ility  o f the  
s h o c k  is p ro b ab ly  a p ro cess  dev e lo p in g  slow ly. I t  is d iffe ren t fro m  th a t  ty p e  
o f  ir re v e rs ib ility , in  w h ich  n o t  ev en  a tra n s ie n t effect is e x e rte d  b y  p la sm a  su b ­
s t i t u t e s  an d  th e  an im als  d ie  o f  re sp ira to ry  fa ilu re  an d  h y p o te n s io n  w ith in  
a few  m inu tes. T his la t t e r  p h en o m en o n  has been  re p e a te d ly  o b se rv ed  d u ring  
th e  th r e e  years w hen th e  b io lo g ica l e ffect o f v a rio u s p ro d u c tio n  lo ts  o f P la s ­
m o d e x  w as contro lled .

E x p e rim e n ts  w ith  In trad ex

I n  o rder to  e s ta b lish  th e  co rrec tn ess  o f th e  above fin d in g , i.e. w h e th e r 
t h e  p ro tra c te d  h y p o te n s io n  h a d  caused  th e  lack  o f  an y  p e rm a n e n t life-sav ing  
e f fe c t  o f  th e  p lasm a s u b s t i tu te s ,  a so m ew hat d iffe ren t w ay  w as chosen  fo r the  
in v e s t ig a tio n  of In tra d e x . B lo o d  w ith d raw a l w as th e  sam e as ab o v e , b u t  w hen 
th e  60 m m  H g pressure  le v e l w as a t ta in e d  an d  m a in ta in e d  fo r a few  m in u tes , 
th e  p la sm a  su b s titu te  w as in tro d u c e d  im m ed ia te ly , in  a vo lum e co rrespond ing  
to  t h a t  o f  th e  lost b lood . T h is  w as m ade to  rev ea l an  e v e n tu a l d ifference b e ­
tw e e n  th e  ac tion  of sa line  a n d  o f  th e  d e x tra n s  em ployed . A ccord ing ly , in  these  
e x p e r im e n ts  ca ro tid  p re ssu re  w as m easu red  also 3, 6, 12 a n d  22 h o u rs  a fte r  
th e  a d m in is tra tio n  o f th e  m a te r ia ls . In  th e  in te rv a ls  th e  an im als w ere covered 
w ith  b la n k e ts  and  w ere k e p t  ly in g  on a cush ion  in  th e ir  cages. B lood  p ressu re  
w a s  e a sy  to  m easure in  th e se  an im als  even  w ith o u t a n aes th es ia . H ow ever, 
w h e n  th e  ca t show ed so m e re s is tan ce  or p a in  re a c tio n , a sh o rt an aes th es ia  
w a s  c a rr ie d  ou t b y  m eans o f  10 to  40 m g S o d iu m -E v ip an  g iven  in tra v e n o u s ly . 
T h e  fa c t  was n a tu ra lly  t a k e n  in to  acco u n t th a t  E v ip a n  m ay  so m etim es induce 
a  t r a n s ie n t  fall in  blood p re s su re . A fte r  th e  22 -hour b lood  p ressu re  reco rd ing ,
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th e  w o u n d s o f  th e  an im als w ere closed. S u b se q u e n tly , th e  cats were re p la c e d  
in to  th e ir  cages an d  su rv iv a l w as reco rd ed  fo r 48 h o u rs  under id en tica l la b o ­
ra to ry  c ircu m stan ces .

T h e  In tr a d e x  used  in  o u r ex p erim en ts  w as s ig n ed  as B a tch  N o. 54 /047 . 
I t  h a d  an  in tr in s ic  v isco sity  o f 0.31 a t  35° C. T h e  m e a n  blood p ressu re  v a lu e s  
o b se rv ed  a f te r  In tra d e x  a d m in is tra tio n  are sh o w n  in  F ig . 2, w hile th e  in d i ­
v id u a l d a ta  are  d e m o n s tra te d  in  T ab les I I  to  IV . S ta tis t ic a l  analysis is sh o w n  
in  T ab le  V ( te s t  ^2).

As seen in  F ig . 2, m ean  b lood  p ressu re  a f te r  th e  blood w ith d ra w a l w as 
p ra c tic a lly  id en tica l in  th e  th re e  series (51— 53 m m  Hg). This d e c re a se d

p re ssu re  level was e lev a ted  b y  th e  d iffe ren t p la sm a  su b stitu te s  to  v a ry in g  
h e ig h ts  an d  fo r v a ry in g  tim es . P hysio log ica l sa lin e  h ad  the  s lig h te s t e ffec t 
(87 m m  H g). One h a lf  h o u r a f te r  th e  h a e m o rrh a g e  th e  pressure d e c re a sed  
to  55 m m  H g , w hile a f te r  3, 6, 12 an d  22 h o u rs  i t  was so m ew h at h ig h e r  
(62— 75 m m  H g).

M uch g re a te r  an d  m ore p ro longed  ac tio n s w ere  observed w ith  th e  d e x tr a n  
p re p a ra tio n s . Im m e d ia te ly  a f te r  th e  in fusion , b lo o d  pressure w as 27 to  28 m m  
H g  h ig h e r th a n  in  th e  saline con tro ls.

O ne h a lf  h o u r, as w ell as th re e  ho u rs , a f te r  th e  infusion, b lo o d  p re ssu re  
in  th e  P lasm o d ex  g roup  w as th e  sam e as im m e d ia te ly  following th e  in fu s io n . 
T h o u g h  In tra d e x  w as so m ew h at m ore e ffec tiv e , th e  difference b e tw e e n  th e  
tw o  g roups was s ta tis tic a lly  in sig n ifican t a n d  6 a n d  12 hours a fte r  th e  in fu s io n  
b lo o d  p ressu re  w as decreased  to  th e  sam e e x te n t  w ith  bo th  d e x tra n  p r e p a r a ­
tio n s . B lood  pressure  a f te r  12 hours w as s ig n if ic a n tly  higher in  th e  d e x tra n  
c a ts , th a n  in  th e  saline g roup  (90— 95 a n d  67 m m  H g, re sp ec tiv e ly ). T h e re -
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a f te r , b o th  d e x tra n  ty p e s  led  to  a s lig h t e le v a tio n  (108 to  102 m m  H g) w hich, 
h o w ev er, did n o t  re a c h  th e  in itia l n o rm a l le v e l (123— 128 m m  H g ).

T he su rv iv a l r a te  o f  these anim als is sh o w n  in Tables I I  to  IV . S ix ty  five 
p e r  cen t of th e  c a ts  t r e a te d  w ith  p h y sio lo g ica l saline died w ith in  24 ho u rs , 
a n d  83 p er cen t in  48 h o u rs . In  the  P la sm o d e x  group , the  2 4 -h o u r v a lu e  was 
33 p e r cen t. T h is w as u n ch an g ed  a fte r  48 h o u rs . O nly 21 per c e n t o f  th e  a n i­
m als  tre a te d  w ith  I n t r a d e x  died in th e  f i r s t  24 hours. This r a te  in c re a se d  to  
36 p e r  cen t b y  n e x t  d a y .

Table II

E ffect o f  Plasmodex on blood pressure and survival o f  hypovolaem ic cats. H ypotension m a in ta in ed  fo r
a fe w  minutes before g iv in g  Plasm odex

Date
Blood
with­
drawn

ml
Initial Before

dextran
Blood pressure mm H g after dextran Survival

O' 1/2 3 6 12 22 24 48 b

J u ly 3 . 3 0 .8 1 5 6 5 2 1 34 1 3 0 6 4 4 - — — + +
99 1 7 . 1 8 .5 1 3 4 4 6 1 06 7 6 1 2 0 1 0 4 8 6 9 6 alive alive

, , 1 9 . 2 5 .0 1 2 2 5 6 96 1 1 2 1 2 0 1 0 0 — 1 0 0 9 9 99

99 2 5 . 2 5 .0 1 1 0 5 0 1 10 1 1 0 1 3 4 1 1 2 1 0 0 1 1 6 99 99

, , 3 1 . 2 5 .0 1 2 0 5 6 1 00 1 3 6 1 1 2 1 1 2 80 8 8 , , 99

A ug. 7 . 2 7 .0 1 4 0 5 4 1 1 0 1 1 4 1 0 8 + — — + +

99 8 . 2 5 .0 1 1 4 5 4 1 0 4 9 6 1 0 0 3 4 2 6 + + +

9 9 1 4 . 2 5 .0 1 1 4 4 6 1 14 1 0 2 1 0 6 9 6 90 1 1 0 alive alive

99 1 6 . 2 5 .0 1 2 0 5 6 1 28 1 3 0 1 2 0 1 0 4 90 1 2 0 9 9 , ,

S e p t. 3 . 2 5 .0 1 2 6 6 0 1 12 1 0 2 6 2 6 2 + — + +

99 4 . 2 5 .0 1 3 0 5 2 128 1 1 6 1 2 4 1 1 0 1 00 1 1 4 alive alive

9 9 5 . 2 2 .0 1 4 0 5 4 1 1 4 1 3 0 1 5 0 1 5 0 1 10 1 2 8 99 99

O ct. 2 1 . 2 5 .0 1 1 1 5 0 1 3 4 1 2 0 1 3 4 1 2 2 1 00 9 4 99 „

99 2 2 . 2 8 .7 1 3 4 5 6 110 1 2 8 1 3 8 1 2 0 1 0 0 1 0 0 , , , ,

99 2 3 . 2 6 .8 1 4 6 1 6 0 1 30 1 3 6 1 4 0 1 3 6 1 04 + + +
1 5 5

M ean value 2 5 .2 1 2 8 5 3 115 1 1 5 1 1 5 1 0 5 90 1 0 8 — —
1 5 15

All th e  above d a ta  in d ica te  th a t  b o th  d e x tr a n  p rep a ra tio n s  p ro d u c e d  
a  g re a te r  su rv iv a l r a te  a f te r  haem o rrh ag ic  sh o ck  th a n  did ph y sio lo g ica l 
sa lin e . In  th is re sp e c t no  d ifference was fo u n d  b e tw e e n  the  tw o p re p a ra tio n s . 
S ta t is t ic a l  analysis o f  th e  re su lts  w ith th e  y 2 t e s t  as co rrec ted  b y  Y a te s  re v e a le d  
t h a t  th e  increase in  th e  2 4 -h o u r surv ival in  th e  P la sm o d ex  group w as s ta t i s t i ­
c a lly  in s ig n ifican t w h en  co m p ared  to  th e  sa lin e  g roup . On the  o th e r  h a n d , 
th e  48 -hour su rv iv a l w as sign ifican t (P  =  0 .0 2 ). 24 hours’ su rv iv a l in  th e  
I n t r a d e x  group w as g re a te r  th a n  in th e  sa lin e  g roup . This d ifference  w as 
s ig n if ic a n t s ta tis t ic a lly  a t  th e  5 per cent lev e l, s im ila rly  as on th e  seco n d  d ay .
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Table III

Effect of Intradex on blood pressure and survival of hypovolaemic cats. Hypotension maintained 
for a few minutes before giving Intradex

B lo o d
w i th ­
d raw n

m l
I n i t ia l B efore

d e x tr a n

Blood p ressu re m m  H g

D ate A f te r  d e x tr a n

0 1/2 3 6 12 22 24 48 b

Nov. 6. 33.3 102 60 no 142 114 122 122 46 + +
99 7. 26.8 — 56 114 116 104 102 76 106 alive alive

99 12. 25.0 102 54 112 100 116 108 80 106 99 +
99 13. 25.0 140 56 106 104 94 80 26 + + +

99 14. 25.0 104 52 102 106 126 112 98 108 alive alive

99 18. 25.0 150 52 120 106 130 114 104 58 99 99

99 19. 28.8 132 56 114 126 136 136 114 124 99 9 9

20. 25.0 110 36 110 100 110 112 40 + + +

99 21. 25.0 144 56 120 114 140 126 112 100 alive alive

99 25. 27.0 110 60 106 112 136 126 114 134 99 99

99 26. 25.0 130 52 130 128 142 130 110 130 99 99

99 27. 25.0 110 52 124 102 124 122 102 118 99 99

99 28. 25.0 150 52 122 136 142 130 130 134 99 99

Dec. 3. 27.1 116 50 114 124 142 110 100 66 99 4 “

Mean value 26.3 123 53 114 116 125 116 95 102
3

14
5

14

H a e m o d ilu tio n  w as follow ed b y  m easu rin g  th e  haem oglobin  c o n c e n tra ­
tio n . T h e  re su lts  o f  th e se  in v estig a tio n s are  sh o w n  in  F ig . 3.

Mb per cent

T h e  g re a te s t h aem o d ilu tio n  occurred  a lw ay s im m ed ia te ly  a f te r  th e  in ­
fusion h a d  been  b ro u g h t to  an  end . As it has b een  ex p ec ted , physio logical sa line

5 A c ta  Physiologies X V /2 .
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Table IV

E ffec t o f  ph ysio lo g ica l sa lin e  on blood pressure  a n d  su rv iv a l  o f  hypovolaem ic cats. H yp o ten sio n  
m a in ta in ed  fo r  a few  m in u tes before g iv in g  saline

B lo o d
w i th ­
d ra w n

m l
I n it ia l B efo re

d e x tr a n 0

B lo o d  p r e s s u r e  m m  H g

12 22

D a te

1/2

A f t e r  d e x tr a n
s u rv iv a l

3 6 24 48 h

Apr. 5. 26.8 150 52 86 60 66 82 _ 100 alive _1_

„ 8. 25.0 136 58 94 50 + — — — + +

99 9. 21.0 104 40 86 62 100 108 — 98 alive alive

99 10. 30.6 146 40 86 70 62 56 — _L -f -f
99 11. 28.7 120 48 98 48 + — — — + +

May 2. 28.7 102 50 90 55 78 74 — 134 alive alive

99 3. 28.9 130 40 100 52 40 + — — + +

99 6. 25.0 142 56 90 46 46 24 — + +
99 7. 20.8 104 46 70 56 74 60 — + + +
99 8. 26.9 130 54 100 74 108 92 — 114 alive alive

99 23. 26.8 160 50 110 62 — 80 54 46 -f- +
99 28. 25.0 110 30 64 40 — 84 60 + +

Sept. 14. 25.0 146 54 90 56 86 82 82 80 alive +
99 20. 25.0 120 60 80 72 52 60 54 + +

Oct. 10. 26.5 134 58 94 54 94 82 90 50 alive +
99 14. 25.0 102 50 70 32 26 28 52 22 + +
99 15. 27.0 130 58 76 46 94 90 74 36 -f +

Mean value 26.0 127 51 87 55 71 72 67 75
и
17

14
17

Table V

Sta tis tica l e va lu a tio n  t  P

1. Dextraven, as compared to Plasmodex. Lethal bleeding volume............  4.301 <  0.01
2. Plasmodex as compared to physiological saline. 6-hour blood pressure . 3.87 <  0.01
3. Plasmodex as compared to physiological saline. 12-hour blood pressure 2.298 <  0.05
4. Plasmodex as compared to Intradex. 3-hour blood pressure....................  1.266 >• 0.20
5. Plasmodex as compared to Intradex. 6-hour blood pressure....................  1.319 >  0.10
6 . Plasmodex as compared to saline. 3-hour haem oglobin..............................  4.051 <  0.01
7. Plasmodex as compared to saline. 6-hour haem oglobin..............................  2.132 <  0.05
8 . Intradex as compared to saline. 12-hour haem oglobin................................  1.468 >  0.10
9. Saline as compared to control. 4 hours’ survival ......................................... 9.207 <  0.01

10. Dextraven as compared to control. 24 hours’ survival ..............................  3.926 <  0.05
11. Saline as compared to control. 24 hours’ su rv iv a l.......................................  3.133 <  0.10
12. Plasmodex as compared to saline. 24 hours’ su rv iv a l................................  2.09 >  0.10
13. Plasmodex as compared to saline. 48 hours’ su rv iv a l................................  6.036 <  0.02
14. Intradex as compared to saline. 24 hours’ survival ....................................  4.18 <  0.05
15. Intradex as compared to saline. 48 hours’ survival ....................................  5.210 <  0.05
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p ro d u ced  th e  slig h test h aem o d ilu tio n . In  th is  re sp e c t, all d e x tra n  p re p a ra tio n s  
b e h a v e d  iden tica lly . A fte r  a tra n s ie n t  decrease in  th e  th ird  h o u r, h a e m o d ilu ­
tio n  in  th e  saline g roup  u n d e rw e n t a con tinuous increase so th a t  th e  h a e m o ­
glob in  co n te n t a f te r  22 h o u rs  w as p rac tica lly  th e  sam e in b o th  th e  saline 
an d  th e  d e x tra n  g roups ; in  th e  la t te r  i t  c o n tin u ed  fu r th e r  to  a u g m e n t, sho w ­
ing  th a t  th e  in itia l h a e m o d ilu tio n  was slow ly su b sid ing . T he d isa p p e a ra n ce  
o f h aem o d ilu tio n  w as slow er in  th e  In tra d e x  g ro u p  th a n  in  th e  P la sm o d e x  
g ro u p . H ow ever, h aem o d ilu tio n  a f te r  6 hours w as s ig n ifican tly  g re a te r  even  
in  th e  P lasm o d ex  g roup  th a n  in  th e  saline one, w hile  12 hours a fte r  th e  in fu s io n  
th e  haem oglob in  c o n c e n tra tio n  w as a lready  th e  sam e as in  th e  I n t r a d e x  an d  
th e  sa lin e - tre a ted  an im als .

D iscussion

T he above e x p e rim e n ts  in d ica te  th a t ,  in  th e  ca t, w ith d raw al o f  a b o u t 
2b m l/kg  b lood  w ith o u t a d m in is tra tio n  o f p la sm a  su b s titu te  is n o t co m p a tib le  
w ith  life (84.3 p er c en t m o r ta li ty ) . This o b se rv a tio n  co rrobora tes th e  re su lts  
o f o th e r  in v es tig a to rs  (B a y l is s  et al., D u b r o w s k i an d  P a n a s e w ic z  [6 ]). 
H a d  th e  d e x tra n  p re p a ra tio n s  b een  ad m in is te red  w ith in  15 m in u tes  fo llow ing 
th e  h aem o rrh ag e , th e y  w ere capab le  of p re v e n tin g  th e  serious sh o ck  in  tw o 
th ird s  o f  th e  an im als. In  th is  re sp ec t there  w as no difference in  th e  life -sav in g  
e ffec t o f  sm all an d  la rg e  m o lecu lar w eight d e x tra n s . H ow ever, w h e n  th e  
h y p o ten sio n  h ad  la s te d  one h o u r , th e  p lasm a s u b s titu te s  ach ieved  o n ly  te m p o ­
ra ry  rem ission . 24 h ours a f te r  th e  infusion , D e x tra v e n  s till ex h ib ited  a  s ta t i s t i ­
ca lly  s ig n ifican t p ro te c tiv e  e ffec t (P  — 0.05), w hile th e  sm all m o lecu la r w eig h t 
d e x tra n  failed  to  do so. S u rv iv a l a f te r  48 hours w as n o t s ign ifican tly  a m e lio ra te d  
b y  th e  use o f  th e  d e x tra n  p rep a ra tio n s .

A n o th e r in te re s tin g  f in d in g  was the fa ilu re  o f  th e  reg u la to ry  m ech an ism  
o f th e  c a t to  m a in ta in  th e  b lo o d  pressure a t  th e  n e a rly  no rm al lev e l w hich  
h a d  been  reached  im m e d ia te ly  a fte r  th e  in fu sio n  o f d e x tra n  p re p a ra tio n s . 
T h e  m ax im u m  fall in  b lo o d  p ressu re  w as o b se rv ed  a fte r  12 h o u rs . A f te r  22 
h o u rs  th e  b lood  p ressu re  leve l show ed a sligh t increase  to  a level w h ich , th o u g h  
h ig h e r th a n  th e  12-hour v a lu e , s till d id  n o t re a c h  th e  no rm al. T h is s ta te m e n t  
is p ro b a b ly  va lid  also fo r o th e r  an im al species, since P ir a n i , J u s t e r  et al. [2] 
m ad e  sim ilar o b se rv a tio n s on  th e  dog.

I n  th e  p re sen t e x p e rim e n ts  no sig n ifican t difference has been  fo u n d  b e ­
tw een  large an d  sm all m o lecu la r w eight d e x tra n s  in th e ir  effect on  b lood  
p re ssu re  an d  su rv iv a l r a te .  I n  th is  connection  th e  question  arises w h e th e r  
a d e x tra n  p re p a ra tio n  w ith  an  even low er m o lecu la r Aveight w o u ld  h a v e  a 
s a tis fa c to ry  th e ra p e u tic a l e ffec t. A ccording to  th e  experience o f  A m erican  
m ili ta ry  surgeons in  K o rea  [7], a d e x tra n  p re p a ra tio n  w ith  a m o lecu la r w eig h t 
o f  42 000 ac tu a lly  in d u ced  an  im p ro v em en t o f  th e  c irc ida tion , b u t  th is  was

5*
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r e s t r ic te d  to  a few  h o u rs , due  to  the  ra p id  e lim in a tio n  o f th is  d e x tra n  ty p e . 
S i m o n  [ 8 ] ,  s tu d y in g  a S o v ie t d ex tran  p re p a ra t io n  w ith  a sim ila rly  low  m ole­
c u la r  w eight (v isco sity  =  0.15), found t h a t  th e  p resso r effect o f  t h a t  p re p a ­
r a t io n  surpassed th a t  o f  physio logical saline o n ly  in  th e  f irs t th re e  h o u rs , while 
i t  com plete ly  fa iled  to  im p ro v e  the  su rv iv a l r a te .  A ccordingly , p re p a ra tio n s  
o f  th e  above m o lecu la r w e ig h t and v isco s ity  h a v e  no p ro tra c te d  effec t. T hey  
m a y  serve for in c re a s in g  th e  p lasm a vo lu m e fo r  a few  ho u rs , b u t  th e re a f te r  
t ra n s fu s io n  of b lood  is n eed ed .

L IT E R A T U R E

1. Sq u ir e , J . R ., B ull , J .  P . ,  Maycock, W. d ’A, R icketts , C. R .: D e x tra n . Blackwell,
O xford , 1955.

2. P ir a n i, C. L ., J u ster , R .,  F ro eb , A. F ., Consolazio , C. F ., I ngraham, R . C.: J .  A ppl.
Physio l. 8, 193 (1955).

3 . H ammarsten, J .  F . ,  H e l l e r , B. I . ,  E bert, R . V .: J .  C lin. In v est. 32, 340 (1953).
4 . B oyd , A. M., F letch er , F . ,  R atcliffe, A. H .: L a n c e t  264, 58 (1953).
5 . S im on , S.: A cta  P h y s io l. H u n g . 10, 367 (1956).
6 . B ay liss, W. M.: J .  P h a rm a c o l.  E x p . T h erap . 15, 29 (1920).

B uttle, G. A. H ., K e k w ic k , A ., Schw eitzer , A .: L a n c e t 239, 507 (1940). 
D ubrowski, J . ,  P a n a sew ic z , J .:  A cta  P h y s io l. P o l. 4 , (1953).

7 . F haw ley , J . ,  Arta , C. P . ,  H oward, J . M.: S u rg e ry  37 , 384 (1955).
8 . S im o n , S.: R ep o rt fo r  th e  N a tio n a l In s titu te  o f P u b lic  H e a lth . B u d a p es t, 1957.



PHARMACOLOGY OF A NEW SPASMOLYTIC DRUG

B y

L . G y ö r g y , L. B o r b é l y , M. K e r t é sz  and T . S o m k u t i, 

with the technical assistance of E . S e r e s s  

IN ST IT U T E  OF PHARM ACOLOGY, T H E  MEDICAL U N IV E R S IT Y , BUDAPEST 

(Received September 24, 1958)

A new  p ap av e rin e -an a lo g u e  sy n th e tiz e d  in  th e  C hinoin  lab o ra to r ie s  has been in v e s ti­
g a te d . T he co m p o u n d , kno w n  ch em ica lly  as l-(3 '-4 '-d im e th o x y p h e n y l)-6 -7 -d im e th o x y  
isoqu ino line , b ea rs  th e  p ro p r ie ta ry  n a m e  C hinoparine.

C h inoparine  show ed a sp a sm o ly tic  a c tiv ity  id en tica l w ith  t h a t  o f p ap av e rin e , as te s te d  
on  th e  co ro n ary  flow  o f  th e  iso la ted  c a t  h e a r t ,  excised g u in e a  p ig  lu ng , c a t in te s tin e  in  s itu  
a n d  r a t  u te ru s  in  s itu . C hinoparine  decreased  b lood  p re ssu re  30 p e r cen t m ore th a n  d id  p a p a ­
v e rin e .

V enous p re ssu re  w as n o t  a ffe c te d  b y  C h inoparine , w hile  i t  w as m ark ed ly  e le v a te d  
b y  p ap av e rin e .

T he im p a irin g  e ffec t on  th e  c a t  h e a r t  in  s itu , as m e a su re d  b y  m eans o f a  H en d erso n - 
ty p e  c a rd io m e te r, w as co n sid e rab ly  g re a te r  w ith  p a p a v e rin e  th a n  w ith  C hinoparine .

C hinoparine  p ro v e d  to  be  h a lf  as to x ic  th a n  p a p a v e r in e  w hen  a d m in is te red  to  r a t s  
in tra p e r ito n e a lly  ; a n d  2.8 tim es  less to x ic , w hen  a d m in is te re d  in tra v en o u s ly .

*

P ap a v e rin e  is s till one o f  th e  m ost com m only  used  spasm oly tics. S om e­
tim es , how ever, th e  d rug  e x e rts  side effects w h ich  necessarily  lim it its  use. 
O f th ese , th e  h e a rt- im p a ir in g  e ffec t has been  esp ec ia lly  s tu d ied . T h u s, H a n z - 
l ik  [3], as w ell as I s s e k u t z  [5] observed  in  cold  b lo o d ed  an im als th a t  h ig h e r 
co n cen tra tio n s  o f  p a p a v e rin e  w ere  w eakening  th e  h e a r t  an d  evoked  d ias to lic  
s ta n d s till . S a k u s s o w  [9] d e m o n s tra te d  th e  n e g a tiv e  in o tro p ic , ch ro n o tro p ic , 
b a th m o tro p ic  an d  d ro m o tro p ic  ac tions o f p a p a v e r in e  on b o th  th e  frog  a n d  
th e  m am m alian  h e a r t .  T h e  ca rd ia c  ac tion  o f p a p a v e r in e  has been  an a ly sed  
in  g re a t d e ta il b y  E l e k  a n d  K a tz  [1], who fo u n d  low  co n cen tra tio n s o f  th e  
d ru g  to  im p ro v e  co n d u c tio n  in  th e  dog h e a r t ,  w h ile  h ig h er c o n cen tra tio n s  
to  cause b lock , decrease m y o ca rd ia l e x c ita b ility  a n d  to  induce  v e n tr ic u la r  
fib rilla tio n  or ca rd iac  a r re s t . T a r d o s  [12] d e m o n s tra te d  th a t  p a p a v e rin e  
decreased  th e  oxygen  co n su m p tio n  of th e  ca rd iac  m uscle , an  effect w hich  he  
m ade responsib le  fo r th e  d ru g ’s depressive a c tio n  on  th e  c o n tra c tility  o f  th e  
excised  p a p illa ry  m uscle.

T h e ra p e u tic  an d  to x ic  ac tio n s o f sp asm o ly tic  d rugs do n o t a lw ays go 
h a n d  in  h a n d . T h u s , T sa t s a s  an d  F o u r n e l  [13] fo u n d  th a t  th e  ch em ica lly  
re la te d  l-(2 '-3 '-d im e th o x y  p h en y l)6 -7 -d im eth o x y  isoqu ino line h ad  a 50 p e r c en t 
m ore a d v an tag eo u s  th e ra p e u tic  index  th a n  h as  p ap av e rin e . I s s e k u t z  [4] 
re p o rte d  th a t  th e  an tisp asm o d ic  action  o f p e rp a r in e  was s tro n g er th a n  t h a t  
o f  p a p a v e rin e , w hile its  to x ic i ty  w as 2.4 tim e s  low er.
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S l o t t a  an d  H a b e r l a n d  [10] sy n th e tiz e d  som e p a p a v e rin e  analogues 
w i th  a n  iso q u in o lin e -p h en y l g ro u n d  s tru c tu re  in s te a d  o f th e  isoqu ino line- 
b e n z e n e  p resen t in  p a p a v e r in e . One o f  th e  com pounds d iffe rin g  fro m  p a p a ­
v e r in e  on ly  in  th e  la ck  o f  th e  C H 2 g roup  w as l-(3 '-4 '-d im e th o x y -p h en y l-)6 -7 - 
d im e th o x y  isoqu ino line . T h is  com pound  h as  n o t been  in v e s tig a te d  in  deta il 
as  to  i ts  pharm aco log ical ac tio n s  ; I s s e k u t z  et al. [6] s tu d ied  o n ly  th e  surface 
a c t iv i ty  and  sp asm o ly tic  a c tio n , w hich th e y  found  to  be id e n tic a l w ith  those  
o f  p ap av e rin e .

R ecen tly , th is  d e r iv a tiv e  has b een  sy n th e tiz e d  aga in , in  th e  Chinoin 
la b o ra to r ie s  b y  B u k o s z a  et al. T he p re p a ra tio n  w ith  th e  p ro p r ie ta ry  nam e 
C h in o p a rin e  is closely r e la te d  to  th e  ab o v e-m en tio n ed  co m p o u n d  o f T sa tsa s  
a n d  F o u r n e l  [13 ], f ro m  w h ich  i t  d iffers o n ly  in  th e  p o sition  o f  th e  m e th y l 
g ro u p s . T he sp asm o ly tic  a c t iv i ty  o f th e  2 -3 -pheny l d e riv a tiv e  Was w eaker 
t h a n  t h a t  o f p a p a v e rin e , w hile C h inoparine  p ro v ed  to  he o f id e n tic a l if  n o t 
o f  h ig h e r  effectiveness.
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M ethods

T h e  ex p erim en ts w ere p e rfo rm e d  on  c a ts  u n d e r  com bined  chw ralose  u re th a n e  50 /ag /kg  
a n d  400 m g/kg , re sp ec tiv e ly  o r  u re th a n e  (800 m g /k g ) anaesth es ia . A rte ria l p re ssu re  in  th e  
l e f t  fe m o ra l a rte ry  was re c o rd e d  b y  m eans o f  a  m e rc u ry  m an o m e te r. V enous p re ssu re  was 
m e a s u re d  th ro u g h  a p o ly e th y le n e  c a th e te r  in se r te d  in to  th e  le f t  ju g u la r  v e in  a n d  connected  
to  a  M a rey  capsule. M otions o f  th e  d u o d en u m  w ere  reco rd ed  b y  in se rtin g  in to  th e  duo d en u m  
a  w a te r - in f la te d  ba lloon  a n d  c o n n ec tin g  i t  to  a M arey  capsule . T he to p  o f th e  w a te r  colum n 
la y  80 to  120 m m  above th e  in te s t in e .

T h e  drugs dissolved in  p h y sio log ica l sa line  w ere in je c te d  in to  th e  r ig h t  fe m o ra l vein.
I n  som e experim en ts  c a rd ia c  fu n c tio n  w as reg is te red  b y  m eans of a  H e n d e rso n -ty p e  

c a rd io m e te r .  In  these  cases th e  ch es t w as op en ed  a n d  a rtif ic ia l re sp ira tio n  w as ca rried  o u t.
T h e  d ila ta tin g  effec t o f  C h in o p arin e  on  th e  co ro n ary  vessels was in v e s tig a te d  on  ca t 

h e a r t s  iso la ted  according to  L a n g en d o rff . T he h e a r t  w as perfused  w ith  o x y g e n a te d  Locke 
s o lu t io n  a t  37° C. C oronary  f lo w  w as reg is te red  b y  m ean s o f an  o rd in a te  reco rd e r.
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Iso la te d  gu inea  pig lu n g s  se rv ed  fo r in v es tig a tin g  th e  b ro n c h o d ila to r  e ffec t o f  th e  d ru g s. 
F o r  th is  p u rp o se  th e  tech n iq u e  o f  So llm a n n  [11] was u sed , as m o d ified  b y  L . I s s e k u t z  [7]. 
T h ro u g h  a c an n u la  in se rted  in to  th e  tra c h e a  th e  lungs w ere p e rfu sed  w ith  o x y g e n a te d  L ocke 
so lu tio n  a t  37° C and  a t  a  p e rfu s io n  p re ssu re  o f 80 m m  H g. 25 to  30 sm all holes se rv in g  fo r 
th e  leak ag e  o f  th e  perfusion  f lu id  w ere m ad e  on th e  lung  w ith  a  20-gauge h y p o d e rm ic  sy rin g e . 
P e rfu s io n  r a te  was m easu red  b y  m ea n s  o f  an  o rd in a te  reco rd er.

T h e  m e th o d  of E n g e l h o r n  a n d  S ch m id t  [2] w as em p lo y ed  to  m easu re  th e  ac tio n s 
o n  th e  r a t  u te ru s  in  situ . T he u te ru s  h o rn s  ex p lo red  u n d e r u re th a n e  an ae s th es ia  (0 .8  to  1.2 g/kg) 
w ere c o n n ec te d  to  an  iso to n ic  le v e r  a n d  th e  m o tio n s were reg is te red  k y m o g rap h ica lly . T he 
u te r in e  h o rn s  w ere enclosed in to  a  g lass vessel, in  w hich  K reb s p h o sp h a te  so lu tio n  w as k e p t 
c irc u la tin g  a t  37° C. The co m p o u n d s w ere ad m in iste red  th ro u g h  a  can n u la  in se r te d  in to  th e  
ju g u la r  ve in .

T o x ic ity  o f th e  co m p o u n d s w as d e te rm in ed  in  th e  a lb ino  r a t ,  b o th  a f te r  in tr a p e r i ­
to n ea l a n d  in tra v en o u s  a d m in is tra tio n .

C h inoparine , em ployed  as i ts  h y d ro ch lo rid e  sa lt,  was d isso lved  in phy sio lo g ica l saline 
u n d e r  w arm in g . In  all th e  e x p e rim e n ts  p ap av e rin e  served  fo r co m parison .

F ig. 1. C a t, 2000 g. Chloralose +  u re th a n e  an aesthesia . A rte ria l b lood  p ressu re  a n d  tim e  signal 
on th e  0 line . Ch =  C hinoparine, P  =  P a p a v e rin e

Results

1. A rteria l blood pressure

0.5 to  2.0 m g/kg  C h in o p arin e  ad m in is te red  in tra v e n o u s ly  to  th e  ca t 
in d u ced  a g rea te r  fa ll in  b lo o d  p ressu re  th a n  d id  id e n tic a l doses o f  p a p a v e rin e . 
H o w ev er, w hen  h ig h e r doses w ere em ployed , p a p a v e rin e  su rp a sse d  C hino­
p a rin e . T h e  fall in  b lood  p re ssu re  evoked b y  large  doses o f  p a p a v e rin e  (3 to  
10 m g/kg) w as also o f lo n g er d u ra tio n  th a n  th a t  in d u ced  b y  C h inoparine . 
F ig . 2, w hich  sum m arizes th e  re su lts  o f these  ex p e rim e n ts , show s th a t  for
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e v o k in g  iden tical d e p re sso r  responses, som e 30 p e r cen t less su fficed  o f Chino- 
p a r in e  th a n  of p a p a v e r in e .

2. Venous pressure

F ig . 3 d e m o n s tra te s  t h a t  th e  p ressu re  in  th e  ju g u la r  v e in  w as h a rd ly  
a f fe c te d  by  1.0 mg a n d  1.5 m g/kg  C h inoparine , w hile id en tica l doses o f p a p a ­
v e r in e  increased i t  c o n s id e ra b ly  (30 and  32 m m  w a te r , re sp ec tiv e ly ).

F ig . 2 . V asodepressor e ffec t o f  C h in o p arin e  and  p a p av e rin e . E a c h  v a lu e  rep re se n ts  th e  m ean  
f ro m  14 experim ents. A b sc issa  : doses in  m g/kg. O rd in a te  : fa ll in  b lo o d  p ressu re , m m  H g .

3. Cat heart in  s itu

In  co n trast w ith  p a p a v e r in e ,  C hinoparine im p a ire d  ca rd iac  fu n c tio n  only  
a t  v e r y  h igh  dose leve ls , i f  a t  all. As F ig . 4 show s, 3 m g/kg  C h inoparine  h a d  
a  p o s it iv e  ino tropic  a n d  to n o tro p ic  ac tion , w hile  th e  sam e dose o f p ap av erin e  
a  p o s it iv e  ino tropic  b u t  n e g a t iv e  to n o tro p ic  one. 6 m g/kg  p a p a v e rin e  caused 
m a rk e d  d ila ta tio n  o f th e  v e n tr ic le s . 10 m g/kg  C h in o p arin e  e x e rte d  a tra n s ie n t 
n e g a t iv e  ino tropic e ffec t w h ic h  w as qu ick ly  fo llow ed b y  a po sitiv e  in o tro p ic  
a n d  to n o tro p ic  ac tio n . I d e n t ic a l  doses o f  p a p a v e rin e  m ark e d ly  depressed  
c a rd ia c  function  an d  c a u se d  b ra d y c a rd ia , w hile  C h in o p arin e  d id  n o t  in fluence  
h e a r t  frequency . These d a t a ,  to g e th e r  w ith  o th e r  s im ila r o b se rv a tio n s , in d ica te  
t h a t  ev en  large doses o f  C h in o p a rin e  h a rd ly  in flu en ce  ca rd iac  fu n c tio n  ; th e y  
m a y  ev en tu a lly  im p ro v e  i t .  O n th e  c o n tra ry , p a p a v e rin e  im p a irs  th e  h e a r t 
m a rk e d ly . This m ig h t b e  re sp o n sib le  also fo r th e  f in d in g  th a t  in  large doses 
p a p a v e r in e  causes a g re a te r  a n d  m ore p ro tra c te d  fall b lood  in  p ressu re  th a n  
d o e s  C hinoparine.



PHARMACOLOGY OF A NEW  SPASMOLYTIC DRUG 193

4. Coronary f lo w

N o difference w as fo u n d  be tw een  C h inoparine  an d  p ap av e rin e  in  th e ir  
e ffec t on  th e  co ro n ary  flow  in L an g en d o rff h e a r ts . F ig . 5 d e m o n s tra te s  th e

Fig. 3. C a t, 3400 g. U re th a n e  +  ch loralose  a n aesth es ia . V enous an d  a r te r ia l  p re ssu re .
T im e signal on  th e  0 line

ac tio n  o f  1 mg p a p a v e rin e  and  3 m g  C h in o p arin e , resp ec tiv e ly . T h e  m ean  
va lu es  in  15 ex p erim en ts  w ere,

1 m g p ap av erin e  : increase in  th e  flow  ra te  from  25.4 m l/m in  to  57.6 
m l/m in  (-(- 127 p e r cen t) ,



s

Fig. 4. C a t, 2500 g. U re th an e  +  chloralose anaesth es ia . R ecord  o f H enderson  c ard io m eter. 
U p w ard  d ev ia tio n s co rrespond  to  v e n tr ic u la r  d ila ta tio n , d ow nw ard  d ev ia tio n s to  re in fo rce­
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1 m g C hinoparine  : in c rea se  in  the flow  ra te  fro m  24.8 m l/m in  to  57.2 
m l/m in  (-|- 131 p e r cen t).

As seen , th e  tw o  co m p o u n d s d ila ted  th e  c o ro n a ry  vessels to  th e  sam e 
e x te n t.

F ig . 5. C at h e a r t  iso la ted  according to  L a n g e n d o r ff . C o ro n ary  flo w , as reg is te red  b y  a n  o rd i­
n a te  reco rd er. T o p  : tim e  signal in  m in u te s . B o tto m  : reco rd  o f  th e  o rd in a te  reco rd e r. U p p e r 
n u m b ers  : co ro n a ry  flow , m l/m in . L o w er num bers : in crease  in  co ro n ary  flow , ex p ressed  as

p e r  c e n t  o f  in itia l v a lu e

5. Isolated guinea  p ig  lung

T h e lu n g s  w ere p erfu sed  w ith  a Locke so lu tio n  c o n ta in in g  20 //g/m l 
h is ta m in e . A  ty p ic a l e x p e rim e n t is show n in  F ig . 6. D u rin g  p e rfu sio n  w ith  
h is ta m in e , th e  out-flotx ra te  w as  5.7 to  6.1 m l/m in . 1 m g p a p a v e rin e  g iven 
in to  th e  can n u la  increased  th is  v a lu e  to  20.4 m l/m in . 0.2 m g o f an y  o f  p a p a ­
verine  an d  C hinoparine  e le v a te d  th e  perfusion  ra te  to  16.1 re sp ec tiv e ly  14.7 
m l/m in . A ll o u r sim ilar e x p e rim e n ts  show ed th e  tw o  com pounds to  possess 
an  e ssen tia lly  id en tica l b ro n c h o d ila tin g  a c tiv ity .
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6. M otility  o f  the duodenum  in  situ

Id en tica l doses o f  p a p a v e rin e  an d  C h inoparine  in h ib ite d  th e  m otions 
o f  th e  ca t duodenum  fo r a n  id en tica l period  o f  tim e . F ig . 7 show s th e  effects 
o f  0 .1 , 0.2, and  0.4 m g /k g  C hinoparine  an d  p a p a v e rin e .

F ig . 6. G uinea pig lu n g , iso la te d  acco rd in g  to  S o llm a n n— L. I sse k u t z . R a te  o f  flo w  th ro u g h  
th e  b ro n c h ia  reg is te red  b y  m e a n s  o f an  o rd in a te  reco rd e r. T im e signal in  m in u te s . S ta rtin g  

from  th e  sign a t  le f t ,  th e  perfusion  f lu id  c o n ta in ed  20 /<g/ml h is tam in e

7. Uterine m otions in  situ

O n the  effect o f 5 to  10 m g/kg C h inoparine  or p ap av e rin e  ad m in is te red  
to  r a t s  by  th e  in tra v e n o u s  ro u te , u te rin e  m o v em en ts  ceased fo r a certa in  
p e r io d  (F ig. 8). T he c o m p o u n d s  were id e n tic a lly  effective.
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F ig .  7. C at, 4200 g. U re th an e  a n a e s th e s ia . M otions o f th e  d u o d en u m  in  situ . D oses in  m g/kg

F ig. 8. M o t i o n s  o f  r a t  u t e r u s  in  s itu  ( E n g e l h o r n — S c h m i d t ) . D o s e s  i n  m g / k g .
P  =  P a p a v e r in e , Ch =  C hinoparine

8. Toxic ity

T he to x ic ity  o f C h inoparine  w as com pared  w ith  th a t  o f p a p a v e rin e  in  
th e  r a t ,  on in trav en o u s  an d  in tra p e r i to n e a l  a d m in is tra tio n . In  le th a l doses 
b o th  com pounds caused deep  n a rco sis . W hen th e  p re p a ra tio n s  w ere g iven  
in tra p e r ito n e a lly , th e  an im als d ied  o f  re sp ira to ry  fa ilu re , w hile in tra v e n o u s
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a d m in is tra tio n  r a th e r  le d  to  card iac a r re s t . T h e  L D 50 o f p a p a v e rin e  w as 
26 .25  m g/kg in tra v e n o u s ly , th a t  of C h in o p a rin e , 73.33 m g/kg . O n in tra p e r i­
to n e a l  a d m in is tra tio n  th e  va lu es  Were 107.0 m g /k g  an d  215.0 m g/kg . A ccord ­
in g ly , pap av erin e  w as fo u n d  to  be 2.0 to  2.8  tim es  m ore to x ic  th a n  Chino- 
p ^ r in e .

D iscussion

The above d a ta  sh o w ed  C hinoparine to  h e  eq u a l in  sp asm o ly tic  ac tion  
to  p ap av erin e , as o b se rv e d  on th e  co ro n ary  vessels o f th e  iso la ted  c a t h e a r t ,  
o n  th e  b ronch ia  o f  g u in e a  p igs, in  th e  in te s tin e  in  situ  o f  th e  c a t, an d  on th e  
u te ru s  in  situ  o f th e  r a t .  T h e  v aso d ep resso r a c t iv i ty  o f C h inoparine  was 30 
p e r  cen t stro n g er t h a n  t h a t  o f p a p a v e rin e . I n  th e  r a t ,  C h inoparine  w as h a lf  
as to x ic  th a n  p a p a v e r in e , w hen  ad m in is te red  in tra p e rito n e a lly  ; an d  2.8 tim es 
le ss  tox ic , w hen g iv e n  in tra v e n o u s ly .

T he to x ic ity  o f  C h in o p arin e  was d ec reased  b y  th e  lack  o f th e  C H 2 g roup  
b e tw e e n  the  rings, a f a c t  s im ilarly  o b serv ed  w ith  T s a t s a s ’ a n d  F o u r n e l ’s 

p ap av e rin e -an a lo g u e  [13]. As a ru le , th e  ab sen ce  o f th e  C H 2 group  seem s 
to  decrease th e  to x ic i ty  o f  th e  m olecule, since  K r e i t m a r  [ 8 ]  fo u n d  th e  C H 2- 
f re e  analogue o f E u p a v e r in e  (com pound  N o. 92) to  be less to x ic , b u t  to  ex e rt 
a  te n  tim es g re a te r  sp a sm o ly tic  a c tiv ity , th a n  th e  p a re n t com pound .

W hat fe a tu re  c a n  b e  accoun ted  fo r th e  fa c t  th a t  C h inoparine  is m uch 
less to x ic  th a n  p a p a v e r in e ,  especially  w h en  a d m in is te re d  b y  th e  in trav en o u s  
ro u te ?  A ccording to  o u r  fin d in g s, th e  h e a r t- im p a ir in g  effect o f  p ap av erin e  
is considerab ly  g re a te r  th a n  th a t  o f C h in o p arin e . T his w as show n b y  th e  
ex p e rim en ts  on v e n o u s  p ressu re  and  b y  th o se  m ade w ith  th e  ca rd io m ete r. 
T h ese  in v estig a tio n s re v e a le d  n am ely  t h a t  C h in o p arin e  fa iled  to  cause an y  
m a rk e d  d ila ta tio n  o f  th e  v en tric les, ev en  a t  th e  6 to  10 m g/kg  dose level, 
w h ile  pap av erin e  im p a ire d  th e  h e a r t co n sid e rab ly . M ost p ro b a b ly  i t  is th e  
h ea rt-w eak en in g  a c tio n  w h ich  causes la rg e  doses o f p a p a v e rin e  to  induce  a 
g re a te r  and  lo n g e r- la s tin g  fa ll in  blood p re ssu re  th a n  th a t  evoked  b y  id en tica l 
doses of C h inoparine. T h e  reduced  to x ic ity  a n d  th e  decreased  h ea rt- im p a irin g  
e ffe c t of C h inoparine  m a y  prove o f v a lu e , since p ap av e rin e  is o ften  being  
p re sc rib ed  to  p a t ie n ts  w ith  narrow ed  co ro n arie s  an d  w ith  an  a ffec ted  m yo­
ca rd iu m . In  such  cases p a p a v e rin e  m a y  be de le te rio u s. C h inoparine , on th e  
o th e r  h an d , h av in g  a n  id e n tic a l sp asm o ly tic  a c tiv ity , m ig h t p e rh ap s  be to le r ­
a te d  in  am oun ts c o n s id e ra b ly  g rea te r th a n  p a p a v e rin e .

F inally , o u r e x p e r im e n ts  b ro u g h t ev id en ce  th a t  th e  sp asm o ly tic  a c tiv ity  
o f  a  com pound a n d  i t s  h e a rt- im p a ir in g  to x ic  a c tio n  are n o t closely connected , 
a  fa c t offering th e  o p p o r tu n ity  of sy n th e tiz in g  new , m ore ac tiv e  an d  less 
to x ic  derivatives.
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RECHERCHES SUR QUELQUES PROPRIÉTÉS 
PHARMACODYNAMIQUES DE L’HYDROXYZINE

(ATARAX)

N . R a i c i u l e s c u , E . B i t t m a n  et R .  B a r t e l

(INSTITUT DE PHYSIOLOGIE NORMALE ET PATHOLOGIQUE «PROF. Dr. D. DANIELOPOLU» 
DE L'ACADÉMIE DE LA RÉPUBLIQUE POPULAIRE ROUMAINE, BUCAREST

(R eçu  : le 22 octob re  1958)

D an s une prem ière  série  d ’ex p érien ces, on a é tu d ié  l ’a c t io n  de  l ’hydro x y z in e  a d m in is trée  
p a r  voie in tra v e in e u se , d an s des doses v a r ia n t  en tre  5 e t 36 m g /k ilo co rp s , su r les m o d ific a tio n s  
tensionnelles e t é le c tro ca rd io g rap h iq u es  p ro d u ite s  p a r  l’e x c ita t io n  de l’h y p o th a la m u s  e t 
d ’a u tre s  s tru c tu re s  v é g é ta tiv e s  c en tra le s . Les expériences o n t  é té  effectuées su r 8 c h a ts  e t 
4 chiens. On a excité  é le c tr iq u em e n t (2— 10 V) 45 p o in ts  d iffé re n ts  situ és dans les rég io n s basa les 
d u  ce rv e au , p a r  des é lectrodes m ono- e t  b ipo la ires, d o n t l ’em p la ce m e n t a é té  v é rif ié  a n a to m i­
q u e m e n t. Q u a to rze  de ces p o in ts  o n t  p ro d u it,  après l’e x c ita t io n , u n  e ffe t c a rd io -v ascu la ire . 
L ’ad rén a lin o -séc ré tio n  déclanchée  p a r  l’ex c ita tio n  h y p o th a la m iq u e  a  é té  su p p rim ée , d an s 
q u elques expériences, p a r  u n e  sec tio n  m édu lla ire  p ra tiq u é e  a u  n iv eau  C,— Dj ou I b — D 3.

O n a o b ten u  les r é su lta ts  su iv a n ts  :
1. L ’hydro x y z in e  d im in u e , ju s q u ’à suppression  p re sq u e  to ta le ,  les e ffe ts  h y p e r-  e t 

h y p o ten s ifs  p ro d u its  p a r  l’e x c ita tio n  de  l’hy p o th a lam u s e t d ’a u tre s  s tru c tu re s  v é g é ta tiv e s  
c en tra le s .

2. L ’hy d ro x y z in e  a u n e  in flu en ce  p lu s ré d u ite  su r l ’e f fe t  h y p o ten s if  qu i p récèd e  ou 
succède l ’effe t h y p e rte n s if  de l’e x c ita tio n  h y p o th a lam iq u e , d e  m êm e que  sur l’ad rén a lin o - 
sé c ré tio n  déclanchée p a r  l’e x c ita tio n  h y p o th a lam iq u e  ou rh in o en cép h a liq u e .

D an s une deuxièm e série  d ’expériences on a é tu d ié , s u r  9 ch a ts  e t  6 ch iens c u ra risé s , 
l ’a c tio n  de  l ’h y d ro x y z in e  su r l ’élec tro card io g ram m e, e n reg is tré  d a n s  les d é riv a tio n s  s ta n d a rd  
e t la  p réco rd ia le  de l’apex . O n a  c o n s ta té  que l’h y d ro x y z in e  (5— 10 m g/kg . i. v .)  p ro v o q u e  
l ’a u g m e n ta tio n  de l ’am p litu d e  de l ’onde T  ou la p o s it iv a tio n  d ’une  onde T  n é g a tiv e , ce q u i 
t r a d u i t  une  fav o risa tio n  de la  ré p o la r is a tio n  card iaque . Ces m o d ific a tio n s  ne so n t p a s  en  r a p ­
p o r t  avec les m o d ifica tio n s tens io n n e lle s  p ro d u ite s  p a r  l ’h y d ro x y z in e .

D an s une  tro is ièm e série  ex p érim e n ta le  on a é tu d ié  l ’a c tio n  de l’h y d ro x y z in e  su r le 
co eu r isolé de g renouille. Les r é su lta ts  o n t m o n tré  que  les g ra n d e s  doses d ’h y d ro x y z in e  o n t 
u n e  ac tio n  in o tro p e  n ég a tiv e . L ’hy d ro x y z in e  d im inue , ju s q u ’à su p p ress io n  to ta le , l ’e ffe t ino- 
tro p e  n é g a tiv e  de l’acé ty lcho line  e t  d u  po tassium . P a r  c o n tre , l ’hy d ro x y z in e  n ’a au cu n e  ac tio n  
s u r  l’e ffe t in o tro p e  p o s it if  de  l’a d rén a lin e  e t d u  calcium .

*

L ’h y d ro x y z in e  (A ta ra x , UCB 4492) e s t u n  d é riv é  de la  p ip é raz in e , 
sy n th é tis é  d ans les d e rn iè res  années e t qui ré p o n d  à la  form ule su iv a n te  :

C l /  V / С Н 2- С Н г ч
N 4 ,N —C H 2— C II2— C H 2 • C H 2OH ■ 2 HCl

^ ~ Ч /  \ с н 2- с н /

L ’hy d ro x y z in e  p ré se n te  u n e  to x ic ité  trè s  ré d u ite  e t  possède de n o m b re u ­
ses ac tio n s p h a rm a c o d y n a m iq u es  [9] don t les p lu s im p o r ta n te s  son t : l ’a c tio n  
a n tih is ta m in iq u e , an a lg ésiq u e , an tisp asm o d iq u e , a n es th és iq u e  locale , a n ti-  
é m é tisan te , éosinopén ique, an tip h lo g is tiq u e  e t v a so d ila ta tr ic e . In tro d u ite  p a r  
vo ie  in trav e in eu se , l ’h y d ro x y z in e  p ro d u it une  c h u te  b ru sq u e  de la  p ression

6  Acta Physiologie« XV/2.
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sa n g u in e , qui re v ie n t ra p id e m e n t aus n iv e a u  in it ia l . L ’h y d ro x y z in e  ne  possède  
p a s  u n e  action  g an g lio p lég iq u e  [9].

D an s  les d e rn ie rs  te m p s , l ’h y d ro x y z in e , q u i m an ifeste  u n  re m a rq u a b le  
e f fe t  neu ro -séda tif, e s t u tilisé e  de p lus en  p lu s  fréq u em m en t d an s le  tra i te m e n t 
d e s  a ffec tions p sy ch iq u es . M ais, b ien  que les in d ica tio n s  c lin iques de l ’h y d ro ­
x y z in e  o n t été —  en  g é n é ra l —  précisées, on  n e  co n n a ît p re sq u e  r ie n  su r le 
l ie u  e t  le  m écanism e d ’a c tio n  de c e tte  su b s ta n c e  dans le sy s tè m e  n e rv eu x  
c e n tr a l .  A insi, L a  B a r k e  [1] a ff irm e  —  é ta n t  d o n n é  que l ’h y d ro x y z in e  d im i­
n u e  l ’in fluence  de l ’h y p o g ly cém ie  in su lin iq u e  su r les c e n tre s  h y p o th a la m i­
q u e s  —  que la  s u b s ta n c e  d im inue  l’e x c ita b ilité  des régions de la  b a se  du  
c e rv e a u .

A y a n t en v u e  la  p a r tic ip a tio n  ac tiv e  de l ’h y p o th a la m u s  t a n t  d ans la 
ré g u la t io n  des fo n c tio n s v ég é ta tiv e s , que d a n s  les processus p sy ch iq u es , nous 
a v o n s  é tud ié  l ’in flu en ce  de  l ’h y d ro x y z in e  su r c e tte  région d u  sy s tè m e  n e rv eu x  
c e n tr a l .  Nous avons u tilis é  com m e in d ic a te u r  les m od ifica tio n s ca rd io -v ascu ­
la ir e s  p ro d u ites  p a r  l ’e x c ita tio n  de l ’h y p o th a la m u s . Nous avons ex p lo ré  aussi 
p a ra llè le m e n t que lques p o in ts  situés d an s  le rh in en cép h a le , d a n s  la  fo rm atio n  
ré tic u lé e  m ésen cép h a liq u e , d an s le th a la m u s  e t  le so u s-th a lam u s.

A u  cours de ces re c h e rch e s , nous av o n s re m a rq u é  au ssi que  la  su b stan ce  
m a n ife s te  une ac tio n  p ro p re  su r le coeur, a c tio n  qui p a ra is sa it  ê tre  in d ép en ­
d a n te  de celle exercée p a r  l ’h y d ro x y z in e  su r  la  ten sio n  a rté rie lle . Ce fa i t  nous 
a  in c ité  à fa ire  des é tu d e s  spéciales su r l ’a c tio n  card iaq u e  de l ’h y d ro x y z in e . 
D a n s  la  l i t té ra tu re , n o u s  n ’avons tro u v é  que d e u x  tr a v a u x  où  on f a i t  m en tio n  
d ’u n e  pareille  ac tio n  : C a m p o — R o d r i g u e z  [4] m e t en év id en ce , d an s  le  
c o e u r  d u  c rapaud , u n  ch ro n o tro p ism e  n é g a tif  e t  u n  in o tro p ism e  p o s itif  à  des 
c o n c e n tra tio n s  fa ib les  e t  m odérées de l ’h y d ro x y z in e  e t u n  e ffe t to x iq u e  a u x  
h a u te s  co n cen tra tio n s, ta n d is  que W e y n e  e t  R o u s s e l  [13] n ’o n t p u  observer 
a u c u n  effet de l’h y d ro x y z in e  su r l ’é lec tro card io g ram m e chez l ’h o m m e.

M éthode

L a  prem ière série  d ’ex p érien ces a  é té  e ffec tu ée  su r  8 ch ats e t 4 ch iens c u ra risé s  p a r  vo ie  
in tra m u sc u la ire  avec 2 m g /k ilo co rp s  de  c u ra re  ; d a n s  d e u x  cas, on a  a jo u té  7 c tg /k ilo co rp s 
d e  chloralose. On a p ra t iq u é  la  re sp ira tio n  a rtif ic ie lle . P o u r  su p p rim er l ’ad rén a lin o -séc ré tio n  
p ro d u i te  p a r  la  s t im u la tio n  h y p o th a la m iq u e , on  a  sec tio n n é  dans q uelques cas  la  m oelle ép i­
n iè re  a u  n iveau  C7— D j ou D 2— D 3, 5— 6 heures a v a n t  l ’ex p é rim e n ta tio n . P o u r  l ’ex c ita tio n  
é le c tr iq u e  de l’h y p o th a la m u s , on  a  u tilisé  des é lectro d es d e  cu ivre  ém aillées ; l ’iso la tio n  é lec tri­
q u e  é ta i t  supprim ée à la  p o in te  des é lectrodes su r u n e  lo n g u eu r de 1 m m . O n a  u tilisé  des élec­
t r o d e s  m onopolaires e t  b ip o la ire s . Les é lectrodes m o n o p o la ires  a v a ien t u n  d ia m è tre  de  0,3 m m . 
L es  é lectrodes b ipo la ires  é ta ie n t  co n stitu ées p a r  d e u x  fils  solidarisés av ec  u n e  so lu tio n  de 
p le x ig la s s  e t d o n t les p o in te s  é ta ie n t  situées à  en v iro n  1 m m  l ’une de l’a u tre  ; u n  f i l  a v a it  le 
d ia m è tre  de 0,3 m m  e t  l ’a u tr e ,  0,1 m m . P o u r l ’e x c ita t io n  é lec triq u e , on  a  u til is é  u n  c o u ran t 
a l t e r n a t i f  de 2— 10 V , a p p liq u é  p e n d a n t  10— 15 secondes. D ans q uelques c as , on  a  u tilisé  u n  
c o u r a n t  rec tan g u la ire , de  10— 50 H z , la  du rée  de ch aq u e  pouls é ta n t  de 0,5 m illisecondes. 
O n  a  enreg istré  la  p re ss io n  san g u in e  a u  n iv eau  de l’a r tè re  caro tid e  p r im it iv e  ou  de l’a r tè re  
fé m o ra le , p a r  la  m é th o d e  L u d w i g . O n a  e n reg is tré  to u jo u rs  l ’é le c tro ca rd io g ram m e, a v a n t 
e t  a p rè s  la  s tim u la tio n , e t  p a r fo is , aussi p e n d a n t  la  s t im u la tio n  ; on  a  u tilisé  d a n s  ce b u t  u n  
é lec tro en cép h alo g rap h e  S c h w a r z e r  à q u a tre  can a u x . O n a  en reg istré  les d é r iv a tio n s  s ta n d a rd
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e t la  p réco rd ia le  de l’apex , en u til is a n t com m e é lectrodes de  d é r iv a tio n  des a igu illes im p la n té e s  
sous la  p e au  de l’an im al. A près l’ex p érien ce , le cerv eau  é ta i t  f ix é  dans une so lu tio n  d e  fo rm o l, 
p a rfo is  ap rès  u n e  p e rfusion  p réa lab le  avec une  so lu tio n  sa line  physio logique e t e n su ite  a v ec  
du  form ol. L a  p o sitio n  de la  p o in te  des é lectrodes a  é té  v é r if ié e  an a to m iq u e m e n t ; p o u r  le 
c h a t  on  a u tilisé  l’a tla s  de Winkler e t Poter [14]. L ’h y d ro x y z in e  hyd ro ch lo riq u e  a  é té  a d m i­
n is tré e  p a r  vo ie  in tra v e in e u se , à la dose de  5— 30 m g /k ilo co rp s , en  so lu tion  de  2 %  e t 2 0 % .

D an s u n e  deuxièm e série  ex p é rim e n ta le , e ffec tu ée  su r 9 c h a ts  e t  6 ch iens, n o u s  av o n s  
é tu d ié  l’a c tio n  de l’hy d ro x y z in e  su r l’é le c tro ca rd io g ram m e  (E C G ). Les an im au x  o n t  é té  c u ra -  
risés avec 2 m g/k ilocorps de cu ra re , in jec tée  in tra m u sc u la ire . O n a en reg istré  les t ro is  d é r i­
v a tio n s  s ta n d a rd  e t la  p réco rd ia le  de l’ap ex  ; p a ra llè lem e n t, on  a en reg istré  to u jo u rs  la  p re ss io n  
san g u in e  au  n iv ea u  de l’a r tè re  c a ro tid e  p rim itiv e  p a r  la  m é th o d e  de Ludwig. L ’h y d ro x y z in e , 
en  so lu tio n  de  2 %  e t 2 0 % , a  é té  in jec tée  p a r  la  voie in tra v e in e u se , en doses f ra c tio n n é e s  —  
5, 10 e t 20 m g/k ilocorps.

D an s u n e  tro is ièm e série  ex p érim en ta le , c o m p re n an t 26 expériences, nous av o n s  é tu d ié  
l ’a c tio n  de l ’hy d ro x y z in e  su r le coeur de g renouille  (R a n a  aescu len ta , R a n a  te m p o ra r ia ) ,  
isolé su r u n e  canule  S t r a u b  e t perfusé  avec d u  ser R i n g e r . D e m êm e, dans ces ex p é rien c e s , 
n o u s av o n s é tu d ié  l’ac tio n  de  l’h y d ro x y z in e  su r l ’e ffe t c a rd iaq u e  de l’acé ta lch o lin e  (A ch ), 
de  l ’ad rén a lin e  (A dr), du  po tassiu m  (K ) e t du  calcium  (C a), ces substances é ta n t  in tro d u i te s  
d an s  la  can u le  ap rès  av o ir in tro d u it  l’h y d ro x y z in e , selon  la  m éth o d e  de D a n i e l o p o l u  [5 ] .

R ésu lta ts

A) A ctio n  de Г hydroxyzine sur les effets cardio-vasculaire produits p a r  l'exc ita tion  
électrique des structures végétatives centrales

N ous avons excité  45 p o in ts  d ivers s itu és  d an s  l ’h y p o th a la m u s  e t  a u tre s  
s tru c tu re s  v ég é ta tiv e s  cen tra le s . N ous av o n s o b te n u  des effets h y p e r-  ou 
h y p o ten sifs  e t é lec tro card io g rap h iq u es seu lem en t à l ’excita tio n  de q u a to rz e  
de ces p o in ts , e t c’est su r ces effe ts que nous av o n s é tu d ié  l ’ac tion  de l ’h y d ro ­
xy z in e . L ’effe t p resseu r p ro d u it p a r  l’e x c ita tio n  de ces p o in ts  a v a r ié  —  p a r  
r a p p o r t  à la  rég ion  excitée  e t a u x  p a ra m è tre s  d u  c o u ra n t s t im u la n t —  e n tre  
0,6— 19 cm  H g. L ’h y d ro x y z in e , a d m in is trée  p a r  voie in trav e in eu se , d im in u e  
b eau co u p  —  ju s q u ’à la  su p pression  p resq u e  to ta le  —  la réponse h y p e r te n s iv e  
de l ’ex c ita tio n  des s tru c tu re s  v é g é ta tiv e s  c e n tra le s  (fig. 1— 3). L ’ac tio n  de  la  
su b s ta n c e  e s t, en généra l, p ro p o rtio n n e lle  à la  dose in jec tée . A insi, la  dose 
de 10 m g h y d roxyz ine /k iloco rps d im inue la  rép o n se  h y p e rten s iv e  de 25— 4 0 % , 
la  dose de 18— 22 m g/k ilocorps —  de 67%  en v iro n , la  dose de 27— 30 m g /k ilo ­
corps —  de 81%  en v iron  e t la  dose de 36 m g /k ilocorps dim inue l’e ffe t p re sse u r  
de l’e x c ita tio n  h y p o th a la m iq u e  de 83— 8 5 % . N ous n ’avons re m a rq u é  a u c u n e  
re la tio n  e n tre  la  v a leu r in itia le  de l ’h y p e rte n s io n  p ro d u ite  p a r  la  s t im u la tio n  
de l’h y p o th a la m u s  e t l ’ac tio n  d é p rim a n te  de l ’h y d ro x y z in e . L a  su b s ta n c e  
a é té  a d m in is tré e  en doses frac tio n n ées (5— 10 m g/kilocorps) afin  q u e  son  e ffe t 
h y p o te n s if  so it fug itif. M ais m êm e q u an d  n o u s av ions a d m in is tré  u n e  dose 
fo r te  e t  u n iq u e  (20 m g/kilocorps) e t q u ’il s’é ta i t  p ro d u it une  h y p o te n s io n  
a rté rie lle  d u rab le , celle-ci n ’a p as  in flu en cé  le deg ré  de l ’in h ib ition  de la  rép o n se  
h y p e rte n s iv e  p ro d u ite  p a r  l ’ex c ita tio n  de la  su b stan ce  grise p é r i-a q u é d u c -  
tu la ire .

D an s les cas où l ’ex c ita tio n  h y p o th a la m iq u e  ou rh in en cép h a liq u e  d éc len ­
che seco n d a irem en t u n e  ad rén a lin o -sécré tio n  (que nous avons év ité e  d a n s  la  
m a jo r ité  des expériences p a r  u n e  sec tion  sp in a le  a u  n iveau  C7— D j ou  D 2— D 3)

6 *
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q u i p ro d u it un  d eu x ièm e  cro ch e t h y p e rte n s if , av ec  une p en te  d e scen d en te  trè s  
le n te ,  nous avons re m a rq u é  que l’h y d ro x y z in e  in fluence  b eau co u p  m oins 
c e t te  a d ré n a lin o -séc ré tio n  (fig . 1).

Fig. 1. —  C hien  no . 17.
о— 2 : E x c ita tio n  de l ’é lec tro d e  no. 5, 50 H z , 10 v . durée  =  15 secondes

b —  A près 46 m g/k ilo co rp s d ’hydroxyzine, a d m in is tré e  i. v ., en doses frac tio n n ées
à 9 m g/k ilocorps 

17 : m êm e ex c ita tio n  q u ’à A — 2

D an s un seul cas l ’e x c ita tio n  é lec triq u e  d es  s tru c tu re s  v é g é ta tiv e s  cen ­
t r a le s  a p ro d u it u n e  lég è re  h y p o ten sio n . A p rès  l ’a d m in is tra tio n  de l ’h y d ro ­
x y z in e , ce t effet d is p a ra î t  (fig . 4).

P o u r  pouv o ir in te r p r é te r  nos ré s u lta ts , n o u s  avons considéré  nécessa ire  
d ’é tu d ie r  l’in fluence  de l ’h y d ro x y z in e  su r  l ’e ffe t h y p e rte n s if  de l ’ad ré n a lin e  
in t r o d u i te  dan s la  v e in e . N o u s avons re m a rq u é  q u ’ap rès  l ’h y d ro x y z in e  l ’h y p e r ­
te n s io n  ad rén a lin iq u e  d im in u e  en général de 8— 19%  p a r  ra p p o r t à la  v a leu r



a b с

F ig . 2. —  C hat no. 4.
« —  17 : excita tio n  de l ’é lectrode no. 1, 50 Hz, 2 v. durée  =  15 secondes

—  18: idem , avec 4 v.
—  19 : id em , avec 4 v.

b —  après 5 m g/kilocorps d ’hydro x y z in e  i. v.
—  35 : m êm e ex c ita tio n  q u ’à a —  17

c —  A près encore 10 m g/kilocorps d ’hydro x y z in e  i. v. (dose to ta le  — 15 m g/kilocorps)
—  4 6 : m êm e ex cita tio n  q u ’à a  —  18
—  47 : m êm e ex c ita tio n  q u ’à a —  19
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F ig . 3. —  C hat no . 2. Section m édu llaire  D 2— D 3 (sous e th e r) 5 heures a v a n t l ’expérience 
a —  9 :  ex c ita tio n  de l ’é lectrode  no. 1, 50 H z, 5 v . durée  =  15 secondes

b —■ 10 : ex c ita tio n  de l ’é lectrode  no. 2, idem , 4 v. 
с —  après 10 m g/kilocorps d ’hydro x y z in e  i. v.

—  25 : m êm e ex c ita tio n  q u ’à  a —  9 (m ais avec 4 v .)
—  26 : m êm e e x c ita tio n  q u ’à b  —  10

d  —  A près encore 10 m g/kilocorps d ’h y d ro x y z in e  i. v .,  ad m in istrée  en  deux  reprises 
à 5 m g/k ilocorps (dose to ta le  =  20 m g/k ilocorps).
— 36 : m êm e e x c ita tio n  q u ’à a —  9 e t  c —  25
—  37 : m êm e ex c ita tio n  q u ’à b —  10 e t c —  26
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in itia le . L a  d im in u tio n  e s t p lu s g ran d e  e t  a t te in t  u n  m ax im u m  de 43%  
q u a n d  l’ad rén a lin e  e s t  a d m in is tré e  im m é d ia te m e n t ap rès  l ’in je c tio n  de 
l ’h y d ro x y z in e .

E n fin , nous dev o n s a jo u te r  que l ’h y d ro x y z in e  (doses to ta le s  =  17,5 m g 
e t  22 m g/kilocorps) n ’a p a s  m odifié , d an s  n os ex p érien ces, que trè s  p e u  les 
e ffe ts  ca rd io -v ascu la ire s  p ro d u its  p a r  l ’e x c ita tio n  d u  b o u t ce n tra l ou p é rip h é ­
riq u e  des nerfs  v ag u es, de  m êm e que les ré flex es  card io -v ascu la ire s  déclenchés 
p a r  l ’occlusion  te m p o ra ire  des d eu x  a r tè re s  c a ro tid e s  p rim itiv e s .

F ig .  4 . —  Chat no. 5. Section médullaire C,—Dj (sous ether), 7 heures avant l’expérience. 
a —  2 : excitation de l’électrode no. 1, 50 Hz, 4 v. durée =  15 secondes.

b — Après 10 mg/kilocorps d’hydroxyzine i. v ., administrée en deux reprises à
5 mg/kilocorps.

— 20 : meme excitation qu’à « —  2.

L es m o d ifica tio n s é lec tro card io g rap h iq u es p ro d u ite s  p a r  l’e x c ita tio n  de 
l ’h y p o th a la m u s  so n t b eau co u p  m oins in flu en cées p a r  l ’h y d ro x y z in e  e t elles 
p e rs is te n t, parfo is , m êm e a lo rs que l ’effe t p re sse u r co n sécu tif  à  l ’ex c ita tio n  
h y p o th a la m iq u e  d is p a ra î t  sous l ’action  de l’h y d ro x y z in e  (fig. 5). N ous avons 
re m a rq u é  aussi q u ’il n ’ex is te  p as  to u jo u rs  u n  p a ra llé lism e  p a rfa it  e n tre  l ’ac tio n  
de l ’h y d ro x y z in e  su r les e ffe ts  v ascu la ires  de l’ex c ita tio n  h y p o th a la m iq u e  e t 
l ’ac tio n  su r les e ffe ts  c a rd ia q u e s  de la  m êm e e x c ita tio n .

D an s le ta b le a u  ci-dessous nous p ré se n to n s  les données fo u rn ies  p a r  le 
con trô le  an a to m iq u e  de l’em placem en t des é lec tro d es.

Obs. On a o b te n u  u n e  h y p e rten s io n  à l ’e x c ita tio n  de to u s  ces p o in ts , 
e x c e p ta n t l ’é lec trode  N o. 1 d u  c h a t No. 5 qu i a p ro v o q u é  une  h y p o te n s io n  
a rté rie lle .
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Tableau
Animal Électrode Siège

1 2 3

Chien No. 16 No. 3, bipolaire Dans la corne d’Ammon, sur une section vertico- 
frontale passant à 2 mm en arrière de la commissure 
blanche antérieure et par les noyaux antérieurs 
du thalamus.

Chien No. 16 No. 5, bipolaire Dans la région hypothalamique, médial par rapport au 
corps de Luys droit, sur une section vertico-frontale 
passant immédiatement en arrière du N. reuniens 
et par les noyaux du tuber.

Chien No. 17 No. 4, bipolaire A 2 mm latéral droit et plus bas que l’aquéducte, 
médial par rapport au noyau rouge, sur une section 
vertico-frontale passant immédiatement en arrière 
des corps mamilaires.

Chien No. 17 No. 5, bipolaire Dans l’extrémité médiale, juxta-hypothalamique, 
de la région periforme droite, sur une section vertico- 
frontale passant par la région infundibulo-tubérienne 
et par le tiers antérieur du thalamus.

Chien No. 18 No. 1, bipolaire Dans la région sous-thalamique, dans le corps de 
Luys droit, sur une section vertico-frontale passant 
à 0,5 mm en arrière de la tige pituitare.

Chien No. 18 No. 2, bipolaire Dans l’espace perforé postérieur, sur une section 
vertico-frontale passant immédiatement en arrière 
des corps mamilaires.

Chien No. 18 No. 3, bipolaire Même section. L’électrode se trouve dans le thalamus 
ventro-latéral, immédiatement au-dessus de la 
capsule interne droite.

Chien No. 18 No. 4, bipolaire Dans la substance grise périaquéductulaire, sur la 
ligne médiane, sur une section vertico-frontale 
passant par les tubercules quadrijumeaux antérieurs 
et par le pied du pédoncule cérébral.

Chien No. 18 No. 5, bipolaire Dans le plancher du HI-е ventricule, sur la ligne 
médiane (région tubéroinfundibulaire) ; même sec­
tion vertico-frontale que l’électrode no. 1.

Chien No. 18 No. 6, bipolaire Dans l’hypothalamus antérieur, dans la région pré- 
optique, sous la commissure blanche antérieure.

Chat No. 2 No. 1, monopolaire Dans le noyau central du thalamus, au niveau de la 
commissure moyenne, à 1,5 mm paramédial, en 
droite. Section XII W in k le r — P o te r  (W. P.)

Chat No. 2 No. 2, monopolaire Dans le noyau infundibulaire médial droit, juxta- 
médian. Section X W. P.

Chat No. 4 No. 1, monopolaire Dans l’hypothalamus antérieur, dans la région 
préoptique, paramedian droit. Section У W. P.

Chat No. 5 No. 1, monopolaire Electrode située immédiatement en haut du corps 
mamilaire droit, à 1 mm en dehors de la ligne médiane, 
sous le noyau hypothalamique médial. Section XIV 
W . P.

B) A c tio n  de Г hydroxyzine sur VECG  
L a  m od ifica tio n  é le c tro c a rd io g ra p h iq u e  la  p lu s co n s ta n te  ob serv ée  sous 

l ’a c t io n  de l ’h y d ro x y z in e  e s t  l ’a u g m e n ta tio n  de l ’am p litu d e  de l ’onde T.
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Cet e ffe t de la  su b s ta n c e  e s t t rè s  n e t s u r to u t  chez  les an im au x  qui p r é s e n te n t  
au  co m m en cem en t de l ’expérience  une o n d e  T  n ég a tiv e  ; ap rès l ’in je c tio n  
d ’h y d ro x y z in e , l ’onde T  d e v ie n t positive . C e tte  ac tio n  de l’h y d ro x y z in e  e s t

D, y  y- V -------  ~ v

R

-— l  1  - A
b

F ig . 5. —  Chat no. 4. L’animal a reçu déjà 2 x 5  mg/kilocorps d’hydroxyzine i. v.
T. A. revenue au niveau initial. 

a  — ECG : T(—) en D2, D3 et CR4 et T( +  ) en D2.
Rythme =  144/1 min.

b — ECG après l’excitation de l’électrode no. 1 (voyez fig. 3), ~ ,  50 Hz, 4 v., 15 secondes. 
T. A. ne se modifie pas. L’onde T devient positive dans toutes les dérivations.

Rythme =  133/minute.

a d d itiv e  de so rte  q u ’u n  an im a l qu i p ré sen te  in it ia le m e n t une onde T  n é g a tiv e , 
ap rès 3— 4 heu res d ’ex p érien ce  (tem ps p e n d a n t  leq u e l on a in je c té  d e s  doses 
rép é tée s  d ’hy d ro x y z in e ) p ré se n te  c o n s ta m m e n t u n e  onde T  p o sitiv e .

Les a u tre s  m o d ifica tio n s é lec tro ca rd io g rap h iq u es  p rodu ites p a r  l ’h y d ro ­
xyzine  so n t m oins c o n s ta n te s  ; de m êm e, les m o d ifica tio n s du ry th m e  c a rd ia ­
que q u i p e u t re s te r  in ch an g é , il s ’accélère ou  se ra le n t i t ,  m ais dan s u n e  m esu re  
assez ré d u ite .

N ous devons re m a rq u e r  que les m o d ifica tio n s  é lec tro ca rd io g rap h iq u es  
observées p a r  nous, b ien  q u ’elles a p p a ra is se n t p e n d a n t la  chu te  te n s io n n e lle  
p ro d u ite  p a r  l ’h y d ro x y z in e , n ’on t aucune re la tio n  avec celle-là, p u is q u ’elles 
p e rs is te n t long tem ps ap rè s  le re to u r  de la  p re ss io n  sangu ine  à la  v a le u r  in itia le . 

P o u r  illu s tre r  nos o b se rv a tio n s nous p ré se n to n s  un  exem ple :
C h at N o. 7, 3,3 kg . C urare  2 m g /k ilocorps i. m . - f  1 m g /k iloco rps i. v . 

R e sp ira tio n  artific ie lle  75 cc a ir  (fig. 6).
a  —  EC G  a v a n t l’in jec tio n  de l’h y d ro x y z in e . Segm ent ST so u sd én iv e lé  

dan s D jj, D 3 e t  C R 4 ; onde T  nég a tiv e  d a n s  les m êm es d é riv a tio n s . R y th m e  
c a rd ia q u e  =  133/1'. T . A. =  8 cm  Hg.
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b —  A près 5 m g /k ilo co rp s h y d ro x y z in e  i. v . L a te n s io n  a rté rie lle  d im in u e  
a v e c  2 cm  H g e t r e v ie n t e n su ite  len tem en t a u  n iv e a u  in itia l. EC G  en reg is trée  
a p rè s  le  re to u r  de la  T . A . à  la  norm ale  : s e g m e n t ST  isoélectrique d a n s  to u te s  
le s  d é riv a tio n s  ; onde T  p o s itiv e  en D a, D 3, C R 4. R y th m e  =  112/1 '.

F ig .  6 . —  Action de l’hydroxyzine sur l’ECG du chat. 
a  —  ECG avant l’hydroxyzine. 

b —  après 5 mg/kg. hydroxyzine i. v.

C) A ctio n  de Г hydroxyzine su r  le coeur isolé et perfusé

1°. L ’étu d e  de F a c tio n  p rop re  de l ’h y d ro x y z in e  (3 expériences) su r  les 
c o n tra c tio n s  c a rd iaq u es , n o u s a m on tré  q u e  le s  doses faibles (0,1 p g , 1 pg) 
n e  m o d if ie n t pas la  fo n c tio n  con trac tile  d u  c o e u r ; à p a r tir  de la  dose de 5 pg, 
o n  c o n s ta te  un  e ffe t in o tro p e  négatif, qu i e s t  t r è s  m arqué  à la  dose de  50 p g

(fig - V -
2°. A d m in is trée  a v a n t  l’A ch (7 ex p érien ces) e t le p o ta ss iu m  (6 ex p é ­

r ie n c e s ) , l ’h y d ro x y z in e  em pêche leu r a c tio n  in o tro p e  n ég a tiv e  (fig . 8, 9).
3°. A dm in is trée  a v a n t  l’A dr (4 expériences) e t  le calcium  (6 expériences), 

l ’h y d ro x y z in e  n ’a a u cu n e  in flu en ce  su r le u r  a c tio n  ino trope  p o sitiv e .

D iscussion

N os recherches d é m o n tre n t que l’h y d ro x y z in e  d im inue les e ffe ts  c a rd io ­
v a sc u la ire s  p ro d u its  p a r  l ’exc ita tio n  é le c tr iq u e  d irec te  de l’h y p o th a la m u s .

D an s nos ex p érien ces , l ’h y d ro x y z in e  a u r a i t  p u  exercer son a c tio n  t a n t  
s u r  l ’o rgane e ffec teu r q u e  su r les po in ts s u iv a n ts  de la voie effé ren te  ex c itée  :
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F ig .  7 . — Action propre de l’hydroxyzine sur le coeur isolé de grenouille

М3 М3

T= 10"
1111 II 1111111111111111111111 II 11111111111111111111111111 HI  1111111

F ig . 8 . — Suppression de l’effet inotrope négatif de l’acétylcholine, par l’hydroxyzine
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c e n tre  n e rv eu x  h y p o th a la m iq u e  ou a u tre  s t ru c tu re  v é g é ta tiv e  c e n tra le , fib res 
n e rv e u se s  efféren tes, sy n a p se s  gang lio n n a ires .

A y an t en v u e  les f a i t s  su iv a n ts  :
—  l’hy d ro x y z in e  a d m in is tré e  p a r  la  voie in trav e in eu se  n ’a pas une  

a c t io n  ganglioplégique (9) ;
—  l’h y d ro x y z in e  n ’a  p a s  une ac tio n  de blocage de la  c o n d u c tio n  su r la 

f ib r e  nerveuse (10) ;
—  l’h y d ro x y z in e  em p êch e  dans une  m esu re  assez ré d u ite  l ’ac tio n  h y p e r­

te n s iv e  de l’ad rén a lin e  (L e v is  et al. [9] ; R e u s e  [11, 12] ; n os recherches) ;

i ii i iimii i imiii i i i i i i i i i i i imiii i i i i i i i i i i i i i i i imii i i i

F ig . 9. — Diminution de l’effet inotrope négatif du potassium, par l’hydroxyzine

—  l'h y d ro x y z in e  n e  m odifie  q u ’assez p eu  les réflexes h y p e rte n s ifs  sino- 
c a ro tid ie n s  et les e ffe ts  ca rd io -v ascu la ire s  de l ’ex c ita tio n  d u  b o u t cen tra l et 
p é rip h é riq u e  du  p n e u m o g a s tr iq u e  (R e u s e  [11 , 12] ; nos rech erch es) ;

—  l’hy d ro x y z in e  n e  m odifie  pas l ’h y p e rten s io n  p ro d u ite  p a r  l ’excita tio n  
d u  b o u t périphérique  d u  sy m p a th iq u e  q u ’à de trè s  g ran d es doses  qu i su p p ri­
m e n t l ’action  de l’a d ré n a lin e  ( R e u s e  [11] ; D o n n e t  et al. [6]) ;

—  l’h y d ro x y z in e  n ’e s t p a s  sy m p a th ic o ly tiq u e  e t p a ra sy m p a th ic o ly ti-  
q u e  ( R e u s e  [11]) ;

n o u s  croyons que n o u s p o u v o n s  conclure que l ’h y d ro x y z in e  d im in u e  l ’ex c ita ­
b i l i té  des cen tres ca rd io -v ascu la ire s  s itu é s  d an s l’h y p o th a la m u s  e t dim inue 
a u s s i  l ’ex citab ilité  des a u tr e s  s tru c tu re s  v é g é ta tiv e s  cen tra le s  q u e  nous avons 
ex c ité e s .

Nous a jo u to n s  q u e  B ő v e t  [3], en é tu d ia n t  l ’ac tion  de l ’hyd roxyzine  
ch ez  le lap in , en doses d e  10— 20 m g/k ilocorps, conclue que la  su b s ta n c e  aug­
m e n te  légèrem ent le seu il de l ’ex c itab ilité  des s tru c tu re s  sous-co rtica les.
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Les e ffe ts  de l ’h y d ro x y z in e  ont é té  sem b lab le s , quelle que so it la  s t ru c ­
tu re  v é g é ta tiv e  cen tra le  excitée .

E n  ce qu i concerne la  sim ilitude  d es  e ffe ts  de l ’hyd roxyzine  su r  l ’h y p o ­
th a la m u s  e t  le rh in en cép h a le , nous c royons que  ce fa it  p o u rra it ê tre  e x p liq u é  
p a r les v a s te s  connexions an a to m iq u es  q u i e x is te n t e n tre  ces d eu x  rég ions, 
su r to u r  p a r  le systèm e d u  trig o n e .

A l ’ e x c i t a t i o n  d e  l a  f o r m a t i o n  r é t i c u l é e  n o u s  a v o n s  p r o b a b l e m e n t  e x c i t é  

l e s  c e n t r e s  v é g é t a t i f s  s i t u é s  d a n s  c e t t e  r é g i o n  o u  l a  V o i e  d e s c e n d e n t e  d e  l ’ h y p o ­

t h a l a m u s  ( f a i s c e a u  d e  S c h ü t z ) .

E n  ce qu i concerne l’effe t égal de l ’h y d ro x y z in e  su r les d iffé ren ts  p o in ts  
du d ien cép h a le  (h y p o th a lam u s , so u s-th a la m u s , th a la m u s), nous devons re m a r ­
q u er que  les au teu rs  qu i o n t é tu d ié  les e ffe ts  v é g é ta tifs  p ro d u its  p a r  l’ex c i­
ta t io n  de c e tte  région n ’o n t pu  fa ire  a u cu n e  d is tin c tio n  en tre  les sous-d iv isions 
du  d ien cép h a le  ; ces a u te u rs  n ’on t p as  t ro u v é  des po in ts  spéc ifiques, m ais 
des zones de re p ré se n ta tio n  v ég é ta tiv e  ( H e s s  ;  R a n s o n  ;  B e a t t i e ,  G r a s -  

t y Á n  e t  a l .  [ 8 ] ) .

T ous ces fa its  nous m èn en t à la co n c lu sio n  que l’h y d ro x y z in e  d im in u e  
l ’e x c ita b ilité  des voies v é g é ta tiv e s  p lu r isy n a p tiq u e s  e t des s tru c tu re s  v é g é ta ­
tiv e s  c e n tra le s  ; d ’a u tre  p a r t ,  elle a u n e  in flu en ce  trè s  peu  m arq u ée  su r  les 
voies v é g é ta tiv e s  plus co u rte s  (l’h y d ro x y z in e  a u n e  ac tio n  faib le  su r les ré flex es  
p resseu rs s inocaro tid iens e t  les effets c a rd io -v ascu la ire s  de l’ex c ita tio n  vagale) 
de m êm e que sur les e ffec teu rs  v ascu la ire s .

Les doses d ’h y d ro x y z in e  utilisées p a r  n o u s o n t m odifiée la  p ressio n  s a n ­
guine seu lem en t p ou r qu e lq u es d izaines de  secondes, im m é d ia te m e n t ap rès  
l ’a d m in is tra tio n . Ce fa it d ém o n tre  que les m écan ism es élém enta ires qu i règ len t 
le n iv e a u  de la  ten s io n  a rté rie lle  ne p ré s e n te n t  p lus aucune m o d ific a tio n  à 
qu e lq u es m in u tes  ap rès  l ’ad m in is tra tio n  de  la  su b stan ce .

D a n s  la  deuxièm e série  d ’exp érien ces, n o u s avons v u  que l ’h y d ro x y z in e  
a la  p ro p r ié té  d ’a u g m e n te r  l ’am p litu d e  d e  l ’onde T  de l ’ECG e t de p o s itiv e r  
une  onde  T  néga tive . D an s l’in te rp ré ta t io n  vec to rie lle  de l’ECG, la  p résen ce  
d ’une onde T  négative  su r  les d é riv a tio n s in sc r ite s  p a r  nous, t r a d u i t  u n  tro u b le  
de ré p o la r isa tio n , p ré d o m in a n t su r to u t a u  n iv e a u  de la  région a p e x ie n n e  qui 
est la  p lu s  sensib les de to u t  le coeur a u x  d iv e rse s  in fluences. L a p o s it iv a tio n  
de l’onde  T  sous l ’in flu en ce  de l’h y d ro x y z in e  d ém o n tre  que la  s u b s ta n c e  es t 
c ap a b le  d ’am élio rer le tro u b le  de ré p o la r isa tio n . L ’h y droxyz ine  fa v o rise  donc 
la  p h a se  de rép o la risa tio n  card iaq u e . L ’a u g m e n ta tio n  de l ’a m p litu d e  d ’une 
o nde  T , p o s itiv e  a u p a ra v a n t, m ais a p p la t ie , a —  selon nous —  la m êm e sig n i­
f ic a tio n . N ous devons re m a rq u e r  que l ’a c tio n  de l ’h y d roxyz ine  su r  l ’EC G  
es t t r è s  re ssem b lan te  a u x  effe ts é lec tro ca rd io g rap h iq u es  de l’e x c ita tio n  sy m ­
p a th iq u e  ( F o g e l sON [7 ]), é tu d iés  en d é ta i l  p a r  l’un  de nous [2] d a n s  des 
rech e rch es  an té rieu res .
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C et effe t s y m p a th iq u e  n ’e s t pas u n e  conséquence  de l’h y p o te n s io n  p r o ­
d u ite  p a r  l’h y d ro x y z in e , p u isq u ’il p e rs is te  a u ss i ap rès  le re to u r  de la  p re ss io n  
sa n g u in e  au  n iv e a u  in i t ia l .  C’es t p o u rq u o i, c royons-nous, l ’h y d ro x y z in e  n e  
su p p rim e  qu ’avec  d iff ic u lté  l ’effet sy m p a th iq u e  card iaq u e  de l ’e x c ita t io n  
h y p o th a la m iq u e . Le fa i t  que l ’h y d ro x y z in e  p ro d u it  des effe ts d iffé ren ts  su r  
les v a is se a u x  e t su r  le coeu r p o u rra it ex p liq u e r la  d iscordance q u ’on o b se rv e  
p a rfo is  e n tre  l’a c tio n  de l ’h y d ro x y z in e  su r  les e ffe ts  vascu la ires de l’e x c ita tio n  
h y p o th a la m iq u e  e t son a c tio n  su r les e ffe ts  c a rd ia q u e s  de la  m êm e e x c ita tio n .

E n  ce qu i co n cern e  l ’ac tio n  sur le coeu r iso lé , l ’h y d ro x y z in e  ne  p ré s e n te  
des e ffe ts  m an ifes te s  q u ’a u x  g ran d es doses. M ais, elle a la p ro p rié té  de d im in u e r  
e t  m êm e de su p p rim er l ’e ffe t in o tro p e  n é g a tif  de  l ’A ch e t d u  K , san s in f lu e n c e r  
l ’e f fe t  in o tro p e  p o s it if  d e  l ’A d r e t d u  Ca. L ’h y d ro x y z in e  a donc u n e  a c tio n  
a n ti-a c é ty lch o lin iq u e  e t  a n ti-p o ta ss iq u e . P e u t-ê tr e  q u ’a insi s’ex p liq u e  l ’e ffe t 
de sens sy m p a th iq u e  q u ’on  observe  su r l ’E C G  a p rè s  l ’a d m in is tra tio n  d ’h y d ro -  
x y z in e .

I l  e s t im p o r ta n t  de sou ligner que les doses d ’hy d ro x y z in e  qu i in f lu e n c e n t 
les p h én o m èn es é lec tr iq u es  ca rd iaq u es, donc les phénom ènes m é ta b o liq u e s  ■—- 
en d e rn iè re  in s ta n c e , o n t u n  e ffe t trè s  p eu  m a n ife s te  sur le ry th m e  c a rd ia q u e .

I l se ra it, p e u t-ê tre , u tile  d ’é tu d ie r  l ’a c tio n  de l ’h y d roxyz ine  chez les m a la ­
d es  p ré s e n ta n t des tro u b le s  d ’irrig a tio n  m y o ca rd iq u e .

Conclusions

A) E n  ce qu i concerne  l ’ac tio n  su r les s tru c tu re s  v é g é ta tiv e s  c e n tra le s  :
1. L ’h y d ro x y z in e  d im in u e  ju s q u ’à su p p re ss io n  p resque to ta le  les e ffe ts  

h y p e r-  e t  h y p o ten sifs  p ro d u its  p a r  l ’e x c ita tio n  de l ’h y p o th a lam u s e t d ’a u tre s  
s t ru c tu re s  v é g é ta tiv e s  cen tra le s .

2. L ’h y d ro x y z in e  a u n e  in fluence  p lu s  ré d u ite  su r l ’effe t h y p o te n s if  
q u i p récèd e  ou succède l ’effet h y p e r te n s if  de l ’ex c ita tio n  h y p o th a la m iq u e , 
de  m êm e que su r l ’ad rén a lin e -séc ré tio n  déc len ch ée  p a r  l ’ex c ita tio n  h y p o th a la ­
m iq u e  ou rh in e n c é p h a liq u e .

3. L ’h y d ro x y z in e  in flu en ce  p ro b a b le m e n t les voies n e rv eu ses  p lu r i-  
sy m p a th iq u e s .

B) E n  ce qu i concerne  l ’ac tio n  c a rd ia q u e  :
1. L ’h y d ro x y z in e  p ro v o q u e  l ’a u g m e n ta tio n  de l ’am p litu d e  de l ’o n d e  T  

de l ’e lec tro ca rd io g ram m e  ou la  p o s itiv a tio n  d ’u n e  onde T n ég a tiv e . L ’h y d r o ­
x y z in e  favorise  donc la  rép o la risa tio n  c a rd ia q u e . Cet effet e s t in d é p e n d a n t 
des m o d ifica tio n s ten s io n n e lle s  p ro d u ite s  p a r  l ’h y d roxyz ine .

2. L ’h y d ro x y z in e  p ro v o q u e  des m o d if ic a tio n s  in c o n s ta n te s  d u  ry th m e
c a rd ia q u e  : celu i-ci p e u t  s’accélérer ou se ra le n t i r ,  ou b ien  il p e u t r e s te r
in c h a n g é .
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3. L es doses fo rte s  d ’h y d ro x y z in e  o n t u n e  ac tio n  in o trope  n é g a tiv e  s u r  
le coeur de  grenouille  isolé.

4. L ’h y d ro x y z in e  d im inue, ju s q u ’à  su p p re ss io n  to ta le , l ’effet c a rd ia q u e  
in o tro p e  n é g a tif  de l ’acé ta lclio line  e t d u  p o ta ss iu m .

5. L ’h y d ro x y z in e  n ’a aucune in flu e n c e  —  m êm e dan s de g randes d o ses  —  
su r l ’effe t in o tro p e  p o s itif  de l’ad ré n a lin e  e t  du  calcium .
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A C T A  PH Y SIO L O G IC A

Том XV. вып. 2 

РЕЗЮМЕ

КРОВООБРАЩЕНИЕ И ОБМЕН ВЕЩЕСТВ ГОЛОВЫ У СОБАК 
В ИШЕМИЧЕСКОМ ШОКЕ

А. Г. Б .  К О В А Ч ,  П . Ш .  Р О Х Е Й М ,  М .  И Р А Н Ь И ,  Э. Ч Е Р Х А Т И ,  Д Ь .  Г О С Т О Н Ь И  и Э. К О В А Ч

Авторы исследовали у собак при ишемическом шоке кровообращение и обмен 
веществ головы.

Они установили, что при шоке кровообращение головы уменьшается, сопротивле­
ние головных сосудов остается без изменения, а в то же самое время сопротивление 
в системном кровообращении повышается. Фракция минутного объема кровообращения 
головы в шоке сигнификантно выше нормального.

При уменьшающемся кровообращении головы повышается артерио-венозная раз­
ница 0 2 сильнее, чем это исчисляется на основе снижения кровообращения. Следова­
тельно, прием 0 2 в голове в условиях шока значительно повышается, за исключением 
терминального состояния, при котором он значительно ниже нормального приема. Вместе 
со снижением терминального потребления 0 2 уменьшается также и прием глюкозы 
в голове.

РЕГИСТРАЦИЯ ТОКОВ ДЕЙСТВИЯ НА МАГНЕТОФОНЕ И ИХ ВЫПРЯМЛЕНИЕ
ГЕРМАНИЕВЫМ ДИОДОМ

Я .  П О Р С А С  и Ф .  С А Б О

Авторы описывают методику, с помощью которой токи действия нервов можно 
регистрировать на магнетофоне и затем при передачи на осциллоскоп сфотографировать.

Шум можно устранить и получить «монофазные» токи действия при помощи гер­
маниевого диода с изменяемым предварительным напряжением, включенным между 
выходом усилителя и осциллоскопом.

Методика авторов предоставляет также возможность анализировать весьма тон­
кие волокна.

МИНУТНЫЙ ОБЪЕМ И КРОВООБРАЩЕНИЕ ПОЧЕК 
ПРИ ОСТРОЙ ГИПОТОНИИ

П. Б А Л И Н Т ,  Е. К И Ш  и Я .  Ш Т У Р Ц

Авторы в большой серии опытов исследовали на наркотизированных собаках 
величины кровяного давления, минутного объема, кровообращения почек, клубочковой 
фильтрации и диуреза, с одной стороны, при нормальном уровне кровяного давления, 
а с другой, в острых гипотонических состояних, возникавших в связи с опытами.

Исследование гемодинамики почек проводилось отчасти путем непосредственного 
измерения количества вытекающей из почечной вены крови, а отчасти на основе класси­
ческой техники клиренса.



Авторы установили, что минутный объем и непосредственно измеренное количество 
почечного кровотока практически уменьшаются параллельно с кровяным давлением, 
значит, при гипотонии исчисленные общепериферическое и почечное сопротивления не 
меняются. В соответствии с этим так наз. почечная фракция кровообращения остается 
без изменения.

На основе техники клиренса проводились сообщенные в литературе опыты, согласно 
результатам которых предпочтительно повышается сопротивление почек. При олигурии 
низкие величины клиренса являются техническим следствием самой олигурии, и на 
взгляд авторов, в таком состоянии из значений клиренса нельзя делать выводов относи­
тельно почечного кровотока.

ДЕЙСТВИЕ ВЗЯТИЯ НЕБОЛЬШИХ КОЛИЧЕСТВ КРОВИ НА МИНУТНЫЙ ОБЪЕМ 
И НА КРОВООБРАЩЕНИЕ ПОЧЕК

П . Б А Л И Н Т ,  Е .  К И Ш  и Я .  Ш Т У Р Ц

Авторы вызывали путем постепенного взятия небольших количеств крови, у нар­
котизированных собак олигемию причем кровяное давление уменьшалось лишь в незна­
чительной степени. В олигемическом состоянии измерялись минутный объем, количество 
почечного кровотока, клубочковая фильтрация, и выделение натрия.

Измерение почечного кровотока, как и клубочковой фильтрации проводились 
путем непосредственного измерения вытекающей из почечной вены крови, также как 
и на основе классической техники клиренса. Согласно установлениям авторов непо­
средственное измерение показывает, что абсолютные величины РБФ вследствие взятия 
крови уменьшаются, однако, уменьшение пропорционально уменьшению кровяного 
давления, и следовательно, почечное сопротивление не меняется. Подобным образом 
почечная фракция минутного объема также остается без изменения. На основе техники 
клиренса следовало бы ожидать выраженную почечную ишемию, повышение почечного 
сопротивления и сильное снижение почечной фракции минутного объема.

Авторы устанавливают, что олигемия приводит к снижению выделения соли и 
воды, и низкие величины клиренса являются техническим следствием олигурии.

Значит, в олигемическом состоянии не состоится диверсии крови в ущерб почек 
и в пользу других органов.

ИССЛЕДОВАНИЕ ФУНКЦИИ КОРЫ НАДПОЧЕЧНИКОВ 
ß СОСТОЯНИИ РЕГЕНЕРАЦИИ

П . В Е Й С ,  Л .  Х О Р В А Т ,  Т .  К А Д А Ш ,  П . К Ё В Е Ш  и Л .  Р И Т Т Е Р

Авторы исследовали у крыс с удаленным мозговым слоем надпочечников диастоли­
ческое кровяное давление и подробно анализировали в процессе регенерации кортикаль­
ного слоя надпочечников выделение кортикостероидов. Скелтон описал, что у таких живот­
ных развивается гипертония (он регистрировал только систолическое кровяное давле­
ние) и предполагал, что повышение кровяного давления обусловливается перепроизвод­
ством минералокортикоидов. Результаты авторов следующие :

1. У животных с удаленным мозговым слоем надпочечников повышается не только 
систолическое, но и диастолическое кровяные давления.

2. Секреция гормона : кортикостерона, выделяемый у крыс в самом большом 
количестве, после начального колебания впоследствии уменьшается.

3. Секреция алдостерона не повышается.
4. Повышенной секреции прочих кортикостероидов также не удалось выявить.
5. Из сказанного кажется вероятным, что в патогенезе гипертонии Скелтонщкорти- 

костероиды не играют значительной роли.



О КОМПЕНСАТОРНОЙ ФУНКНИИ АФФЕРЕНТНОЙ СИСТЕМЫ 
ПОЧЕЧНЫХ ПОЛОСТЕЙ

Д Ь .  А Д А М ,  X .  Б О Д А Н С К И ,  Э. М А Т Ь Ю Ш ,  И .  М Е С А Р О Ш  и К .  Н А Д Ь

Авторы выявили в своих опытах, проведенных на собаках методом интеро- 
цептивных условных рефлексов почечной лоханки, что в случае одностороннего экспери­
ментального гидронефроза, или одностороннего удаления почки, полостная система 
другой почки показывает повышенную деятельность афферентного возбуждения. Интеро- 
цептивная система неповрежденной почки компенсирует этим путем уменьшенную 
афферентную импульсацию.

ИССЛЕДОВАНИЕ ЗАДЕРЖИВАЮЩЕГО РОСТ ДЕЙСТВИЯ НЕКОТОРЫХ ПРОИЗ­
ВОДНЫХ ТИОПРОПИОНОВОЙ КИСЛОТЫ НА КЛЕТОЧНЫХ КУЛЬТУРАХ ГЕЛА

И .  Ф Е Х Е Р ,  А .  Л Е Н Д Ь Е Л ,  И .  Н А С ,  В. Ш Е Л М Е Ц И  и Я .  Б О Р В Е Н Д Е Г

В прежних работах авторы выявили, что тиопропионовая кислота является 
эффективным антагонистом метионина, цистина и глютаминовой кислоты. В настоящих 
опытах они получили некоторые тиоэфиры тиопропионовой кислоты (S-метил) про- 
пионовая кислота, (S-этил) пропионовая кислота, (S-пропил) пропионовая кислота, 
(S-CH2COONa) пропионовая кислота (S-C3H40 2Na) пропионовая кислота Na и исследо­
вали действие последних на клеточных культурах Гела. Они установили, что вышепри­
веденные производные задерживают рост культур, подобно этионину и метионсульфокси- 
мину. Задерживание отчасти удалось отражать метионином и глютаминовой кислотой. 
Эффективность производных повышается по мере роста длины алкилирующей цепи. 
Соединения типа дикарбоновой кислоты были неэффективными.
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CIRCULATION AND METABOLISM IN THE HEAD 
OF THE DOG IN ISCHAEMIC SHOCK

By

A. G .  B. K o v a c h , P . S .  R ó h e i m , M. I r á n y i , E .  C s e r h á t i , G .  G o s z t o n y i

and  E . K O V Á C H

INSTITUTE OF PHYSIOLOGY, MEDICAL UNIVERSITY, BUDAPEST 

(R ece iv ed  Ju n e  17, 1958)

H ead  c irc u la tio n  an d  m etab o lism  h a v e  b een  in v e s tig a te d  in  dogs in  ischaem ic  sh o ck . 
I t  was found  t h a t  in  sh o ck  head  c ircu la tio n  d im in ishes, v a sc u la r  resistance  in  th e  h ead  re m a in s  
u n ch an g ed , w hile in  th e  to rso  i t  increases. T he h ead  f ra c tio n  o f th e  m in u te  vo lum e is s ig n i­
f ic a n tly  g re a te r  in  sh ock  th a n  u n d e r n o rm a l co n d itions.

W ith  th e  d ecrease  o f head  c irc u la tio n  th e  a r te r io -v e n o u s  oxygen  d ifference in  th e  h e ad  
grow s m ore th a n  i t  w ou ld  follow  from  th e  decrease  in  th e  r a te  o f  blood flow. T hus th e  o x y g e n  
co n su m p tio n  in  th e  h ead  increases d ec id ed ly  in  shock , e x c e p t a t  th e  fin a l s tage  w h e n  i t  is 
m u ch  low er th a n  n o rm a l. S im ultaneously  w ith  th e  te rm in a l  d ro p  in  oxygen c o n su m p tio n  th e re  
is  a  decrease  in  g lucose  co n sum ption  in  th e  h ead .

*

In  th e  d ev e lo p m en t of shock  a n d  th e  g en e ra liza tio n  of th e  ch an g es in ­
vo lved , in ju ry  to  th e  cen tra l n e rv o u s sy stem  p la y s  a decisive ro le. As p re v i­
ously  d e m o n s tra te d  b y  K o v á c h , R ó h e i m , I r á n y i , K i s s  an d  A n t a l  [1 ], th e  
iso la ted  p e rfu sio n  o f  th e  head  e x e rts  a ben efic ia l e ffec t on th e  course o f  b o th  
ischaem ic a n d  h aem o rrh ag ic  shock . T here  a re  m a n y  d a ta  in  th e  l i te r a tu r e  to  
prove th e  o ccu rren ce  in  shock o f a b iochem ical in ju ry  to  cerebral tissu e , w h ere  
sig n ifican t changes a re  b ro u g h t ab o u t in  m acro erg  p h o spha te  m e ta b o lism  
[2, 3, 4], a ce ty lch o lin e  con ten t [5], oxygen  c o n su m p tio n  in  vitro [6, 7, 8 ].

In fo rm a tio n  is, how ever, la c k in g  as re g a rd s  th e  m etabo lism  o f  th e  
h ead  or b ra in  o f  th e  an im al in  sh ock . B l a l o c k  [9] a n d  also T c h e r k a s s o v a  

an d  M e r e z h i n s k y  [30] s tu d ied  th e  a rte rio v en o u s  oxygen  difference in  th e  
h ead  du ring  sh o ck  b u t  since none o f  th ese  a u th o rs  m easured  th e  b lood  flo w  in  
th e  head , th e y  cou ld  no t d e te rm in e  th e  oxy g en  consum ption  in  t h a t  a re a . 
F rom  th e  in c rease  in  th e  a rte rio -v en o u s oxygen  difference b o th  B l a l o c k  a n d  
T s c h e r k a s s o v a  concluded  th a t  th e re  w as a decrease  in  blood flow  in  th e  h e a d .

The p u rp o se  o f th e  p resen t in v e s tig a tio n s  w as to  estab lish  th e  c irc u la to ry  
a n d  m etab o lic  changes occurring  in  vivo, in  th e  h e a d  o f dogs in  sh o ck  a n d  to  
com pare th e se  w ith  th e  c ircu la to ry  an d  b iochem ica l a lte ra tio n s  b ro u g h t a b o u t 
in  th e  w hole o rgan ism .

M ethods

T he e x p e rim e n ts  w ere carried  o u t  on  13 dogs in  sh o ck  an d  11 con tro ls, e a c h  o f  10 to  
12 kg w eigh t, u n d e r  chloralose a n aesth es ia  (0.1 g /kg). Shock w as induced  by  a p p ly in g  a to u r n i ­
q u e t  to  th e  tw o  h in d  lim bs for 5 h o u rs  [10].

1 Acta Physiologic» XV/3.
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As in  o u r p re v io u s  s tu d ie s , c ircu la tio n  b e tw e e n  h ead  and to rso  w as m a in ta in e d  on ly  
th ro u g h  th e  tw o c a ro tid s  a n d  th e  two ju g u la r  v e in s . T h e  sp ina l cord and  th e  v a g o sy m p a th e tic  
w e re  n a tu ra lly  le f t  in ta c t  [11, 12]. H ead  c irc u la t io n  w as c o n stan tly  m easu red  b y  m ea n s  o f a 
r o ta m e te r .  The u p ta k e  o r re lease  o f oxyxen , g lu co se , la c t ic  acid  and  in o rg an ic  p h o sp h a te  w ere 
d e te rm in e d  b y  s im u lta n e o u s ly  tak in g  blood fro m  th e  c a ro tid  and  the  ju g u la r  v e in . O x ygen  was 
d e te rm in e d  b y  th e  m e th o d  o f  I s s e k u t z ,  j r . et al. [13 ], glucose by  S o m o g y i ’s  [14], la c tic  acid  
b y  B a r k e r  a n d  S u m m e r s o n ’s  [15], in o rg an ic  p h o sp h a te  b y  F i s k e  a n d  S u b b a h o w ’s  [16] 
m e th o d , and  th e  h a em o g lo b in  co n te n t b y  a  Z eiss  h a e m o m e te r . M inute vo lu m e w as d e te rm in ed  
o n  th e  basis o f  th e  F i c k  p rin c ip le  ; th e  to ta l  p e r ip h e ra l  resis tan ce , o r t h a t  o f  th e  h e ad  area , 
b y  th e  ra tio  o f m ean  a r te r ia l  pressure  and  th e  q u a n t i ty  o f  perfusing  b lood.

S ta tis tic a l c a lc u la tio n s  w ere m ade on  th e  b a s is  o f S t u d e n t ’s  “ t”  te s t  [17].

R esults

a) H aem odynam ic and biochemical changes in  the blood o f  dogs in  ischae­
m ic  shock

The follow ing haem o d y n am ic  c o n d itio n s  were observed  in  dogs in  is ­
ch aem ic  shock (T ab le  I ) .

50 100 150 cerebral
arc. ml /min

F ig . 1. C onditions in  h e a d  c irc u la tio n  of dogs in  isc h ae m ic  shock, as a fu n c tio n  o f  m in u te
v o lu m e

A b scissa  : h ead  c ircu la tio n  m l/m in u te .
Q rd in a te  : m in u te  v o lu m e /m 2 b o d y  surface- 
ф  — n o rm a l values 
О  =  a f te r  5 h o u rs’ lig a tio n  

- in  ischaem ic shock

In  arterial blood pressure  th e re  w as no  s ig n ifican t change d u rin g  lig a tio n  
b u t  i t  decreased  d e c id e d ly  an d  oscilla ted  a ro u n d  a m ean  o f 70—80 m m  H g 
a f te r  th e  to u rn iq u e t h a d  been  released. I n  th e  te rm in a l stage  b lood  p ressu re  
d e c re a sed  fu r th e r  a n d  in  th e  la s t 15 m in u te s  av erag ed  45 m m  H g  (T ab le  I) .

T he haemoglobin c o n te n t o f th e  b lo o d  in c rea sed  sh a rp ly  a f te r  ta k in g  o ff
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th e  to u rn iq u e t an d  rose to  a m ax im u m  o f 18.4 g p e r 100 m l, as a sign  o f p ro ­
nounced  h aem o co n cen tra tio n  (t =  5.672, P  <C 0.01).

T he m inute  volum e  b eg an  to  fa ll s ig n if ic a n tly  d u rin g  th e  lig a tio n  
(t =  2.534, P<C. 0.05) an d  co n tin u ed  to  do so a f te r  th e  release (T able I) . T o ta l 
p e rip h era l re s is tan ce  in c reased  u n d e r lig a tion  a n d  in c reased  s till m ore fo llow ­
ing its  re lease , th e n  s tab iliz ed  a t  above th e  n o rm a l v a lu e  (F ig . 1).

Oxygen consum ption  show ed a co n sis ten t d ro p  w ith  th e  d ev e lo p m en t o f  
shock  (i =  4.762, P  <  0.02).

T he glucose c o n te n t o f  a r te r ia l  blood in c rea sed  slig h tly  d u rin g  lig a tio n  
an d  rem ain ed  au g m en ted  to  th e  end , n o t reach in g  th e  lim it o f s ta t is t ic a l  
significance.

T he inorganic phosphate  co n ten t o f a r te r ia l  p la sm a  increased  s ig n ifi­
c a n tly  d u rin g  lig a tio n  a n d  follow ing its re lease . F ro m  th e  in itia l 3.5 m g p e r 
100 m l i t  rose to  9 m g p e r 100 m l a fte r  re lease a n d  rem ain ed  h igh u p  to  th e  
f in a l s ta te  o f  shock (i == 5.763, P  <C 0.001).

T he lactic acid  c o n te n t o f a r te r ia l b lood  rose  d u rin g  lig a tio n  fro m  th e  
in itia l v a lu e  o f  17.4 m g to  33 m g p er 100 m l. A fte r  re lease o f th e  to u rn iq u e t  
it  increased  to  50.7 m g p e r 100 m l (t =  5.342, P  <C. 0.001).

b) C irculation and  metabolism  o f  the head in  dogs in  ischaemic shock.
The am ount o f  blood p er fu s in g  the head  w as 108 m l/m in  in  o u r  n o rm a l 

con tro l. T h is v a lue  d id  n o t change p ra c tic a lly  u n ti l  th e  en d  o f th e  to u rn iq u e t  
period , w hen  105 m l o f b lood  perfused  th e  h e a d  p e r m in u te . Im m e d ia te ly  a f te r  
re lease , con fo rm ab le  to  o u r p rev ious ex p erim en ts  [1], th is  vo lum e in c rea sed  
for a sh o rt tim e  b u t a f te r  a few  m inu tes a decrease  se t in  (t =  3.008, P<C 0 .01). 
T he v a sc u la r  res is tan ce  in  th e  h ead  decreased  s lig h tly  follow ing th e  re lease  
o f th e  to u rn iq u e t b u t  th is  change did n o t reach  th e  lim it o f s ign ificance  
(T ab le  I).

The head fraction  o f  m inute volum e  a lre a d y  doub led  d u rin g  lig a tio n  
(t =  4.632, P < 0 .0 0 1 ) , to  rem a in  considerab ly  h ig h e r th a n  no rm al u p  to  th e  f in a l 
s tag e  (t =  4.4278, P  <C 0.001). T he decline in  m in u te  vo lum e does n o t im p ly  
a d ro p  in  h e a d  c ircu la tio n  ; in  fac t, th e  a m o u n t o f b lood  perfusing  th e  h ead  
w as p e rc e n tu a lly  increased  (T able I).

Oxygen consum ption o f  the, head. T he  a rte rio -v en o u s  oxygen  d ifference 
d id  no t change d u rin g  lig a tio n  b u t it  rose im m ed ia te ly  a fte r  th e  to u rn iq u e t 
h a d  been  released  a n d , in s te a d  o f th e  n o rm al m ean  difference o f 7.2 vo lum e 
p e r cen t, i t  m oved a t  a b o u t 12 p er cen t u n til  th e  te rm in a l s tage . T h is increase  
w as h ig h ly  sign ifican t s ta tis t ic a lly  (t =  5.195, P  <C 0.001). The a rte rio -v en o u s  
oxygen  difference in c reased  para lle l w ith  th e  decrease  o f h ead  c ircu la tio n . 
In  th e  te rm in a l s tag e , in  sp ite  o f a fu r th e r  d ro p  in  h ead  c ircu la tio n , th e  a r ­
te rio -v en o u s oxygen  d ifference d id  no t increase .

In  th e  period  o f  lig a tio n  th e  oxygen c o n su m p tio n  o f th e  h ead  w as n o rm al. 
A fte r re lease it  rose from  th e  in itia l va lue  o f 7.65 m l/m in  to  10 m l/m in . T his

1*



Table I

Circulation, me.abolism and biochemical changes in  the blood o f  dogs in  ischaemic shock (averages fo r  13 experim ents)

N o rm al
I

B efore
release

I I I I I IV V V I
B efore d e a th

V I I

D e a th S ta tis t ic a l  differenceA f te r  re lease

10 ' 30 ' 6 0 ' 1 80 ' 30 '— 6 0 ' 5 '— 15

M ean a r te r ia l  blood pressure 
m m /H g

117
± 1 2

104
± 1 1

72
± 7

77
± 4

74
± 7

71
± 9

66
± 3

45
± 1 2

H aem oglobin , p e r cen t 13.3
± 0 .3

14.4
± 0 .5

15.8
± 0 .8

16.5
± 0 .5

16.6
± 1 .2

18.4
± 0 .7

17.0
± 0 .5

17.2
± 0 .5

M inute  vo lum e, m l/m in 2380
± 2 4 0

1260
± 2 1 0

1010
± 1 8 0

1050
± 1 0 0

780
± 2 0 0

670
± 3 0

770
± 1 0 5

— N orm al-shock  I I I .  
t =  3.574, P <  0.01

P e rip h era l resistance 0.049
± 0 .0 0 3

0.084
± 0 .0 0 2

0.071
± 0 .0 0 3

0.073
± 0 .0 0 5

0.095
± 0 .0 0 2

0.106
± 0 .0 0 3

0.085
± 0 .0 0 3

—

P e rip h era l A— У 0 2 difference 
vo l. p e r  cen t

5.30
± 0 .1 2

8.30
± 0 .2 0

9.20
± 0 .1 5

9.40
± 0 .2 0

11.60
± 0 .3 2

12.20
± 0 .3 0

11.70
± 0 .1 8

11.50
± 0 .5 0

0 2 consum ption  m l/m in 127
± 2 1

105
± 1 4

93
i  5

99
± 3

90
± 8

82
± 7

87
± 5

74
± 6

A m ount o f blood perfusing  head 
m l/m in

108
± 8

105
± 1 0

82
± 8

86
± 7

83
± 1 0

74
± 1 0

74
± 4

43
zb5

N orm al-shock  I I I .  
i =  3.008, P <  0.01

V ascu lar resistance  in  head 1.06
± 0 .0 5

1.00
± 0 .0 2

0.90
± 0 .0 4

0.90
± 0 .0 5

0.90
± 0 .0 2

1.00
± 0 .0 4

0.92
± 0 .0 4

1.12
± 0 .0 5

M inute volum e frac tio n  o f head  
perfusion

4.20
± 0 .2 0

8.30
± 0 .5 0

8.10
± 0 .3 2

8.20
± 0 .5 0

10.70
± 0 .4 0

11.20
± 0 .2 0

9.30
± 0 .0 5

6.20
± 0 .1 2

N orm al-shock  I I I .
before release 

( =  4.4278, 
P < 0 . 0 0 1 , t =  4.632; 
P  <  0.001
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H ead  A— V 0 2 difference 7.60
± 0 .2 0

7.70
± 0 .4 1

11.0
± 0 .3 8

11.90
± 0 .5 4

10.80
± 0 .4 0

12.70
± 0 .4 2

11.90
± 0 .5 5

12.0
± 0 .5 5

H ead  0 2 consum ption , m l/m in 7.50
± 0 .1 5

8.10
± 0 .3 0

9.0
± 0 .3 5

10.0
± 0 .5 2

9.60
± 0 .5 0

9.30
± 0 .5 4

8.0
± 0 .5 0

5.20
± 0 .4 5

N orm al-shock I I I — 
IV . —  te rm in a l 

t =  2.988; P c O .O l 
t =  2.805; P  <  0.01

H ead frac tio n  o f body  0 2 
consum ption

6.70
± 0 .2 0

7.70
± 1 .2 0

9.62
± 0 .8 2

10.10
± 0 .7 4

10.60
± 0 .8 5

11.30
± 0 .4 0

9.20
± 0 .3 0

6.50
± 0 .1 1

A rte ria l glucose m g p e r 100 ml 70
± 8 ,5

90
± 5

84
± 1 0

82
± 8

71
± 1 4

80
± 1 2

81
± 1 0

82
± 8

H ead A— V glucose diff. 8.61
± 0 .3 5

9.42
± 0 .4 2

13.40
± 0 .5 4

11.60
± 0 .3 0

10.0
± 0 .4 0

12.90
± 0 .2 0

12.90
± 0 .2 2

10.0
± 0 .4 0

H ead  glucose u p tak e  m g/m in 9.30
± 0 .3 0

9.90
± 0 .1 1

11.0
± 0 .2 4

10.0
± 0 .1 5

8.20
± 0 .3 4

9.50
± 0 .3 2

9.50
± 0 .1 4

4.30
± 0 .2 2

N orm al-shock
te rm in a l
t =  3.646; P < 0 .0 1

A rt. blood inorgan ic  p h ospha te  
m g per 100 m l

3.50
± 0 .3 5

5.40
± 0 .5 0

8.10
± 0 .8 0

9.0
± 0 .7 0

8.90
± 0 .7 0

8.70
± 0 .6 2

9.50
± 0 .7 0

10.40
± 0 .7 2

A rt. blood lac tic  acid  m g per 
100 m l

— 0.06
± 0 .0 0 2

+ 0 .0 4
± 0 .0 2

+  1.07 
± 0 .2 4

+  0.91 
± 0 .2 0

+ 0 .4 9
± 0 .2 0

+ 0 .5 3
± 0 .1 1

± 1 .5 4
± 0 .6 2

+  1.87 
± 0 .5 0

17.10
± 2 .5 0

33
± 5

52
± 7

50
± 7

51 48
± 8

54
i 5

H ead  lac tic  acid A— Y 
m g per 100 ml

— 2.70
± 0 .4 1

— 2.33
0.30

+  6.65 
± 0 .8 2

— 0.10 
•4~ 0.0d

81
± 0 .0 8

— 2.27
± 0 .5 0

0.30
± 0 .1 2
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r is e  w as s ta tis tic a lly  s ig n if ic a n t (t =  2 .988 , P  <C 0.01). P a ra lle l w ith  th e  in ­
c re a s in g  severity  o f sh o ck , th e  oxygen co n su m p tio n  again  d ec reased , to  a p re ­
te rm in a l  8.0 m l/m in  a n d  a te rm in a l 5.2 m l/m in . As com pared  w ith  th e  in itia l 
v a lu e ,  th e  decrease w as s ta tis t ic a lly  s ig n ifican t (t =  2 .805, P  <C 0.01) 
(T a b le  I).

T he frac tio n  o f  t o t a l  oxygen c o n su m p tio n  falling  to  th e  h e a d  increased  
c o n s id e ra b ly  w hile th e  to u rn iq u e t w as in  its  p lace an d  w as s ig n ifican tly  
h ig h e r  th a n  no rm al d u r in g  th e  w hole course  o f shock (t =  5.221, P  <7 0.001).

150-

G

ÍC 100-

■ъоCi
о

50-

50 100 ÍEÖ~ cerebral
cire, ml/min

F ig . 2. H ead c irc u la tio n  o f  dogs in ischaem ic  sh o ck  as a fu n c tio n  o f b lo o d  p re ssu re  
A b scissa  : head  c irc u la tio n  m l/m inu te .
O rd in a te  : b lood p re ssu re .
9  =  n o rm a l v a lues 
О  =  a t  end  o f 5 h o u r s ’ lig a tio n  
ж. =  in ischaem ic  sh o ck

Glucose uptake o f  the head. The a rte rio -v e n o u s  glucose d ifference rose from  
a n  in i t i a l  8.6 mg to  9.4 m g  p e r  100 m l d u rin g  lig a tio n  an d  to  13.4 m g  p er 100 
m l a f te r  its  release. I t  re m a in e d  h igher th a n  n o rm a l during  th e  w hole course 
o f  s h o c k  ; differences o f  1 0 — 12.9 m g p er 100 m l were observed.

G lucose u p tak e  rose  fro m  9 m g/m in  to  11 m g/m in  a fte r  re lease , in  sp ite  
o f  a  s im u ltan eo u s low ering  o f head  c irc u la tio n , th e n  changed  in  th e  sam e 
d ire c t io n  as head  c irc u la tio n . T erm in a lly , g lucose u p ta k e  d ropped  to  4 .3m g/m in . 
C o m p a re d  w ith  th e  in i t ia l  v a lu e , th is  d ifference  was s ta tis t ic a lly  s ign ifican t 
(i =  3 .645 , P <  0.01) (T ab le  I).

T h e  arterio-venous difference in  inorganic phosphate  o f th e  h e a d  is n o rm ally  
a r o u n d  zero . This d iffe rence  becam e co n sid erab le  a fte r  releasing  th e  to u rn i­
q u e t ,  re a c h in g  1.07 m g p e r 100 m l, th e n  fo r one o r tw o hours i t  g ra d u a lly  de­
c re a se d , th o u g h  qu ite  to  th e  en d  th e re  re m a in e d  an  a rte rio -venous d ifference.
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la x  2000 3000 4000 5000min. VOL
ml/m2

F ig . 3. M inute vo lum e in  dogs in  ischaem ic  shock as a fu n c tio n  o f  blood p ressu re  
A bscissa  : m in u te  vo lum e/m 2 b o d y  su rface .
O rd in a te  : m ea n  a r te r ia l  p ressu re  in  m m  H g.
0 -  n o rm al
О  Rt th e  end  o f 5 h o u rs’ lig a tio n  
a . - - in  shock

4. A rterio - venous o x y g en  d ifference  in  heads o f  dogs in  isch aem ic  shock ; d iffe ren t h ead
c ircu la tion  va lues

A bscissa : a r te rio -v e n o u s  oxygen (e x te rn a l  ju g u la r  caro tid ).
O rd in a te  : b lo o d  p ressu re  in  h ead , m l/m in u te .
0  — n o rm a l 
О  = sh o ck
ж. =  in  th e  te rm in a l  s tage  of shock
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P re te rm in a lly  a n d  in  th e  f in a l s tag e  th e  difference ag a in  ro se  considerab ly . 
O n  ca lcu la tin g  th e  u p ta k e  o f p h o sp h a te  in  th e  h ead  i t  w as fo u n d  th a t  a fte r 
th e  to u rn iq u e t h a d  b een  re leased  th e  h e a d  c o n s ta n tly  to o k  u p  in o rg an ic  phos­
p h a te  from  th e  p la sm a . T h e  increase  in  p h o sp h a te  u p ta k e  w as s ta tis tic a lly  
h ig h ly  s ign ifican t (t =  8.570, P  <C. 0.01).

The arterio-venous difference in  lactic acid in  the head  is n o rm a lly  abou t 
2 .5  to  3.5 m g p er 100 m l, th e  venous b lood  co n ten t be ing  t h a t  m u ch  g rea te r 
t h a n  th e  a rte ria l. D u rin g  lig a tio n  th is  d id  n o t change s ig n if ican tly , b u t  im m e­
d ia te ly  a fte r  th e  release m a rk e d  la c tic  ac id  u p ta k e  o ccu rred . H a lf  a n  hour 
a f te r  th e  lim bs h a d  been  se t free th e re  ag a in  beg an  a re lease o f  la c tic  acid  which 
c o n s ta n t ly  increased  q u ite  to  th e  te rm in a l period  w hen i t  ceased  a n d  in  h a lf  
o f  th e  cases u p ta k e  was a g a in  to  be observed .

C) N orm al control experim ents

I n  our n o rm a l c o n tro l ex p e rim en ts  (on 11 dogs), in  a d d itio n  to  a ll th e  
o p e ra tio n s  perfo rm ed  on  th e  an im als  in  shock  (excepting  th e  to u rn iq u e t on 
th e  tw o  h ind  lim bs), we in v e s tig a te d  th e  h e a d  c ircu la tio n , o x y g en , glucose, 
in o rg a n ic  p h o sp h a te  a n d  la c tic  ac id  u p ta k e . T he m easu rem en ts  w ere begun 4 
h o u rs  a fte r  b ind ing  th e  an im als  to  th e  ta b le , as in  th e  ischaem ic  ex p erim en ts , 
a n d  w ere contro lled  for 4 h o u rs . A n aesth es ia , th e  b ind ing  a n d  th e  opera tions 
th e m se lv e s  d id  n o t cause  chan g es co m p arab le  to  those  in  sh o ck  a n d , except 
fo r  s lig h t oscilla tion , no s ig n if ic a n t a lte ra tio n s  w ere observed  (T ab le  I I ) .

Discussion

I t  was found  th a t  in  isch aem ic  shock  th e  am o u n t of b lood  p e rfu sin g  th e  
h e a d  decreases co n sid erab ly , oxygen  co n su m p tio n  of th e  h e a d  d u rin g  th e  
c o u rse  o f shock is h ig h er t h a n  th e  n o rm a l, ex cep t a t  th e  f in a l s ta g e  w hen, in 
s p ite  o f  a w eakening o f th e  c irc id a tio n , th e  arte rio -v en o u s o x ygen  difference 
n o  lo n g e r increases, hence te rm in a lly  o x ygen  consum ption  in  th e  h e a d  d im in ­
ish e s .

T h e  decrease in  m in u te  vo lum e being  m ore m ark ed  th a n  th e  decrease 
in  h e a d  c ircu la tion , in  sh o ck  th e  fra c tio n  o f  th e  m in u te  vo lum e fa llin g  to  th e  
h e a d  is g rea te r. T he p e r ip h e ra l re s is tan ce  o f th e  h ead  does n o t ch an g e , in 
f a c t  i t  s lig h tly  decreases ju s t  w hen  a considerab le  rise occurs in  t o ta l  p e rip h era l 
re s is ta n c e . F rom  a c e r ta in  a sp ec t th is  does n o t agree w ith  th e  re su lts  of 
P o u p a ’s X -ra y  s tu d ies  [18, 19] n o r w ith  th o se  o b ta in ed  b y  m ean s o f  th e  ce­
r e b ra l  w indow  m eth o d  b y  J o u r d a n  [20 ], w ho fo u n d  v aso co n stric tio n  in  shock. 
T h e  re su lts  of P o u p a  re la te  on ly  to  th e  c o n tra c tio n  of th e  in te rn a l  c a ro tid  
a r t e r y  ; th e y  th ro w  no lig h t o n  th e  c ircu la tio n  o f th e  w hole h e a d  o r th e  b ra in , 
fo r i t  is know n th a t ,  as re g a rd s  ce reb ra l b lood  su p p ly  in  th e  dog , th e  signif-
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Tahli- II

Circulation and metabolism o f  control dogs bound fo r  8 hours (average fo r  11 experim ents)

I II III IV

4 h— + 3 0 '
T im e  e lap sed  a fte r  b ind ing  do g s to  t a b le

5h — 5 h3 0 ' 6h— 6h30 ' 7 h— 7 h 3 0 '

A rte ria l blood pressure, m m /H g 117
± 1 2

102
± 8

113
± 1 1

111
± 1 7

H aem oglobin , pe r cent 13.3
± 0 .3

13.2
± 0 .5

13.1
± 0 .4

12.9
± 0 .5

M inute volum e m l/m in 2380
± 2 4 0

2540
± 1 7 0

2420
± 1 8 0

2560
± 2 1 0

P erip h era l resistance 0.049
± 0 .0 0 3

0.042
± 0 .0 0 2

0.047
± 0 .0 0 4

0.045
± 0 .0 0 4

P erip h era l A— V 0 2 d ifference  vol. per cen t 5.30
± 0 .1 2

5.20
± 0 .1 5

5.90
± 0 .2 0

4.80
± 0 .1 2

0 2 consum ption  m l/m in 127
± 2 1

130
± 1 8

143
± 1 2

125
± 1 4

A m ount o f  blood perfusing  h ead  m l/m in 108
± 8

110
± 1 2

113
± 1 4

110
± 1 2

H ead  resistance 1.06
± 0 .0 5

1.03
± 0 .0 8

1.00
± 0 .0 7

1.00
± 0 .0 8

F ra c tio n  o f m inute  vo l. p e rfu s in g  head 4.20
± 0 .2 0

4.10
± 0 .2 5

4.50
± 0 .1 8

4.30
± 0 .1 8

H ead A— V 0 2 difference 7.60
± 0 .2 0

6.90
± 0 .2 0

7.30
± 0 .2 5

6.70
± 0 .3 2

H ead O f  consum ption  m l/m in 7.50
± 0 .1 5

7.80
± 0 .2 2

8.30
± 0 .1 8

7.60
± 0 .2 5

H ead  frac tio n  of body  0 2 consum ption 6.70
± 0 .2 0

7.30
± 0 .3 2

6.30
± 0 .1 5

6.10
± 0 .2 0

H ead  glucose up tak e 9.30
± 0 .3 0

8.80
± 0 .2 0

11.60
± 0 .3 5

10.20
± 0 .2 8

In o rg an ic  phosphate  A— У m g per 100 m l — 0.06
± 0 .0 0 2

+  0.06 
± 0 .0 1

+ 0 .0 3
±0 .0 0 2

— 0.03
± 0 .0 0 5

A rte ria l blood lactic  acid  m g p e r 100 ml 17.10
± 2 .5 0

18.40
± 3 .5 0

18.10
± 1 .8 0

17.60
± 2 .7 0

H ead  lac tic  acid A— V m g p e r  100 m l — 2.70
± 0 .4 1

— 5.50
± 0 .7 2

— 1.60
± 0 .3 4

— 3.30
± 0 .2 7
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ic a n c e  of th e  in te rn a l c a ro tid  is su b o rd in a te  to  th e  v e r te b ra l a n d  o rb ita l a r te ­
r ie s . I t  is n a tu ra lly  a p ro b lem  w h a t p a r t  o f th e  head  c ircu la tio n  m easu red  in  
vivo  fa lls to  th e  c e n tra l  nervous sy s tem  a n d  how  m uch to  th e  o th e r  areas ; 
fu r th e rm o re , how  th e  b lo o d  is d is tr ib u te d  th ro u g h o u t th e  b ra in  u n d e r  cond i­
t io n s  of shock, e sp ec ia lly  considering  t h a t  u n d e r  ce rta in  c o n d itio n s  changes 
in  th e  d is tr ib u tio n  o f b lo o d  m a y  ta k e  p lace  [21, 22].

W hen head  c irc u la tio n  is p lo tte d  in  a g ra p h  according to  m in u te  volum e, 
re sp . a r te ria l blood p re ssu re , as m ay  be seen in  F igs. 1 an d  2, i t  m a y  be s ta te d  
t h a t  h ead  c ircu la tio n  d im in ishes to  a sm alle r e x te n t b u t p a ra lle l w ith  th e  d e ­
c rea se  in  m inu te  v o lu m e, th o u g h  a r te r ia l b lood  pressure, v a ry in g  b e tw een  100 
a n d  180 m m  H g, does n o t  affect th e  c irc u la tio n  of th e  h ead  ; a t  low er p res­
su re  levels, how ever, ev e n  a sm all decrease  in  blood pressure  causes a sh arp  
d ec lin e  in  head  c irc u la tio n . In  F ig . 3, a r te r ia l  b lood  pressure is sh o w n  as a fu n c­
tio n  o f m inu te  v o lum e. I t  m ay  be seen th a t  no rm ally , an d  in  th e  an im als  b e ­
fo re  re leasing  th e  to u rn iq u e t ,  b lood  p ressu re  does no t fa ll in  sp ite  o f a d rop  in 
m in u te  volum e. In  sh o ck , how ever, w ith  a s im ila r low m in u te  v o lu m e  low er 
b lo o d  pressure va lu es  a re  reg is te red . In  sp ite  o f th is , th e  p e rip h e ra l res is tan ce  
is h ig h e r th a n  n o rm a l in  shock.

In  shock, th e  m ore  sa tis fa c to ry  c irc u la tio n  in  th e  h ead  as co m p a re d  w ith  
th e  o th e r organs m a y  be  a t tr ib u te d  to  re g u la tin g  m echan ism s. O ne of th e  
possib ilities  for th e  m a in te n a n c e  of h ead  c ircu la tio n  is th e  kn o w n  ad ren a lin ae- 
m ia  in  shock. I t  h a s  p rev io u sly  been d e m o n s tra te d  th a t ,  th o u g h  ad ren a lin e  
c au ses  d irect v a so c o n s tr ic tio n , i t  n ev erth e less  augm ents th e  c irc u la tio n  of 
th e  h e a d  by  re flec to ry  v a so d ila tio n  b ro u g h t on from  th e  p e r ip h e ry  [23].

As a lready  m e n tio n e d , accord ing  to  o u r previous e x p e rim e n ts  perfusion  
o f  th e  head  w ith  n o rm a l b lood  affords a c e r ta in  im provem en t o f th e  shock  [1]. 
F ro m  th is  and  th e  o b se rv a tio n  th a t  in  ischaem ic  shock c irc id a tio n  in  th e  bra in  
does n o t decrease to  a c ritic a l va lue , so t h a t  g rave  s ta g n a tin g  h y p o x ia  does 
n o t  occur before th e  te rm in a l  s tag e , i t  follow s th a t  in  th e  g e n e ra liz a tio n  of 
sh o c k , in  add itio n  to  th e  h y p o x ic  in ju ry  to  th e  nervous sy stem , a n  im p o r ta n t 
ro le  m u s t be a t t r ib u te d  to  th e  h u m o ra l fa c to rs  released in  th e  to rso .

As b ra in  c irc u la tio n  d im in ishes less th a n  m ight be e x p e c te d  from  th e  
in c re a se  in  th e  a rte rio -v e n o u s  oxygen  d ifference, we m u st conc lude  — in  con­
tr a d ic t io n  to  th e  f in d in g s  o f  B la l o c k  [9] — t h a t  in  shock th e  a rte rio -v e n o u s  
d iffe rence  is no t a re liab le  q u a n tita tiv e  m easu re  of head  c irc u la tio n . I t  is a 
q u e s tio n  to  w hat e x te n t  th e  tw o follow  a p a ra lle l course in  o th e r  p a th o lo g ica l 
co n d itio n s .

N um erous e x p e rim e n ts  h av e  been  m ad e  in  vitro to  c lear th e  question  
o f  o x y g en  co n sum ption  o f  th e  b ra in  in  sh ock . In  ca ts  in  h ae m o rrh a g ic  shock, 
B e c h e r  and  Cr a ig  [7] fo u n d  no change in  th e  oxygen co n su m p tio n  o f the 
c e re b ra l cortex , th e  k id n e y s , liver or h e a r t  m uscle . In  th e  b ra in  h o m o g en iza te  
f ro m  c a ts  in  severe h a e m o rrh a g ic  shock  R o s e n t h a l , S h e n k in  a n d  D r a b k in [24]
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f o u n d  n o  c h a n g e  in  o x y g e n  c o n s u m p tio n . W il h e l m i , R u s s e l  a n d  L o n g  [8] 
o b s e rv e d  a te rm in a l  d e c re a s e  in  so m e  r a t s  s u b je c te d  to  h a e m o rrh a g ic  sh o c k , 
th o u g h  in  o th e rs  th e y  o b ta in e d  n o rm a l v a lu e s . K o v a c h , F o n y ó , Y it t a y  a n d  
P o g a t sa  [6] fo u n d  n o  d e c re a s e  in  o x y g e n  c o n s u m p tio n  in  vitro, in  b r a in  
s lice s  f ro m  r a t s  ; in  f a c t ,  a s ta t i s t ic a l ly  s ig n if ic a n t r ise  in  o x y g en  c o n s u m p tio n  
w a s  a p p a r e n t .

F ro m  resu lts  in  vitro  i t  is n a tu ra l ly  d ifficu lt to  d raw  conclusions on  th e  
o x y g en  co n sum ption  o f th e  b ra in  in  vivo. T he m ed iu m  is changed  in  e x p e r i­
m e n ts  in  vitro  and , in  consequence , som e o f th e  su b stan ces  lose m uch  o f th e ir  
a c t iv i ty . T his m ay  give a fa ls if ic a tio n  of th e  co n d itions in  vivo. A ccord ing  
to  th e  p re sen t find ings, th e  oxygen  req u irem en ts  o f  b ra in  tissu e  does n o t  d i­
m in ish  in  shock  b u t inclines to  au g m en t a n d  th is  con tinues q u ite  u n t i l  th e  
f in a l  s tag e . In  th a t  period , in  sp ite  o f a fu r th e r  w eaken ing  in  th e  c ircu la tio n , 
th e  arterio -v en o u s oxygen  d ifference does n o t co n tin u e  to  rise. I n  consequence  
o f  a r te r ia l  anox ia , th e  a rte rio -v en o u s  oxygen d ifference increases n o t o n ly  in  
p ro p o rtio n  to  the  slow ing dow n o f th e  c ircu la tio n , as m ay  be seen fro m  F ig . 4. 
T h e  increase  is g rea te r  th a n  th e  decline in flow . I t  is a questio n  w h a t ro le  s ta g ­
n a tin g  h y p o x ia  m a y  p la y  in  th is  phenom enon . In  no rm al c a ts , H ir s c h , 
K r e n k e l , S c h n e id e r  a n d  S c h n e l l b ä c h e r  [25] found  a lin ea r  c o rre la tio n  
b e tw een  b ra in  c ircu la tio n  a n d  th e  change in  a rte rio -v en o u s  oxygen  d ifference. 
H ence, in  sp ite  of th e  chan g in g  c ircu la tio n , oxygen  con su m p tio n  rem a in s  con­
s ta n t .  On th e  basis o f th ese  d a ta  s ta g n a tin g  h y p o x ia  c an n o t be considered  
responsib le  for th e  in crease  in  oxygen  co n su m p tio n  in  shock, a n d  th is  m u st 
be a t t r ib u te d  to  o th e r  fa c to rs . M u u s an d  H a r d e n b e r g  [26] an d  Co o k , J e n s e n  
a n d  S o u t h  [27], fo u n d  th a t  th e  oxygen con su m p tio n  o f liver slices o f  n o rm a l 
r a ts  in c u b a te d  in  th e  serum  o f an im als in  shock  show ed a rise  o f 25 to  40 per 
c en t. T his m eans th a t  som e h u m o ra l fac to r  c ircu la tes  in  th e  b lood  o f  an im als  
in  shock  w hich au g m en ts  th e  o x id a tiv e  processes o f liv er tissu e . I t  is possible 
t h a t  th e  sam e fac to r  is responsib le  for th e  increased  oxygen  co n su m p tio n  fo u n d , 
in  vivo  in  th e  b ra in  o f an im als  in  shock. Since in  th is  s tage  oxygen  c o n su m p ­
tio n  is increased  a n d  m acro erg  p h o sp h a te  sy n th es is  is decreased  in  th e  b ra in  
[31], th e  p o ssib ility  o f a change in  o x id a tiv e  p h o sp h o ry la tio n  in  sh o ck  m a y  be 
considered . T erm in a lly , th e  a rte rio -v en o u s oxy g en  d ifference d im in ishes ; 
in  o th e r  cond itions th is  w ould  be a sign o f a decline in oxygen  re q u ire m e n t. 
In  th is  case, how ever, th e  a r te r ia l blood is n o t a n y  m ore fu lly  s a tu r a te d  w ith  
ox y g en , so th a t  th is  te rm in a l phenom enon  is b u t  a seco n d ary  consequence  of 
a r te r ia l  h y p o x ia . I t  is in te re s tin g  th a t  in  shock  in  sp ite  of a decline in  oxygen 
c o n su m p tio n  th ro u g h o u t th e  w hole o rgan ism , th e  oxygen  co n su m p tio n  of th e  
b ra in  tissu e  increases, w hich  m a y  in  p a r t  be ex p la in ed  by  th e  c irc u la to ry  con­
d itio n s  being  th e re  m ore  fav o u rab le .

T h e  in c re a se  in  h e a d  o x y g en  c o n s u m p tio n  m a y  also  b e  a t t r i b u t e d  to  
h o c k  a d re n a lin a e m ia ,  in a s m u c h  as K in g , S o k o l o f f  a n d  W e c h s l e r  [28]
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h a v e  shown th a t  on  a d m in is te rin g  a d re n a lin e  cereb ra l oxygen  co n sum ption  
increases.

In  shock th e  g lucose  consum ption  in  vitro  o f n o n -in ju red  m uscle (d ia ­
p h rag m ) decreases. T h is  m a y  be due to  th e  h ex o k in ase  in h ib itio n  [29]. In h ib i­
t io n  of th e  glucose c o n su m p tio n  of b ra in  tis su e  in  vitro, or a d im in u tio n  o f its  
hexo k in ase  a c t iv i ty  w ere  n o t  observed [6].

A ccording to  o u r  p re se n t resu lts, in  sh o ck  th e  glucose c o n su m p tio n  of 
b r a in  tissue in  vivo  in c re a se s  sligh tly , b u t  i t  is in te re s tin g  to  n o te  t h a t  a t  th e  
e n d  th e re  is a c o n s id e ra b le  d im inu tion , p a ra lle l  w ith  th e  decrease in  oxygen 
co n su m p tio n . T he g lucose  consum ption  before  re leasin g  th e  to u rn iq u e t am o u n ts  
to  80 per cent o f th e  o x y g e n  consum ption . A fte r  re lease th is  v a lu e  g ra d u a lly  
declines and  in  severe  sh o c k  th e  glucose loss is o n ly  66 per cen t o f th e  v alue  
o f  oxygen c o n su m p tio n .

The increase in  la c t ic  acid  an d  in o rg a n ic  P 0 4 u p ta k e  reco rd ed  a fte r  
re lea s in g  th e  to u rn iq u e t  is p ro b ab ly  re la te d  to  th e  g rea t q u a n t i ty  o f these  
su b s ta n c e s  lib e ra ted  in  th e  lig a ted  lim bs a n d  th e n  in v ad in g  th e  e x tra c e llu la r  
sp a c e  of the  h e a d  fro m  th e  a rte ria l b lood . I n  re a li ty , som e tim e  a f te r  th e  
e q u ilib ra tio n  of th e  d iffe ren ces in c o n c e n tra tio n , u p ta k e  of th e  m a te ria ls  in 
q u e s tio n  becom es m a rk e d ly  less b u t q u ite  to  th e  en d  th e re  is a d ifference b e ­
tw e e n  th e  lac tic  ac id  a n d  inorganic p h o sp h a te  co n su m p tio n , so t h a t  th is  
is n o t  purely  a q u e s tio n  o f  an  equilib rium  b e in g  estab lish ed .

*

T hanks are due  to  G. Szilassy for skilled te c h n ic a l h e lp .
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A method has been devised by which nervous action currents can be recorded on 
magnetic tape and thence transmitted to an oscilloscope, facilitating photographic recording. 
Noise can be eliminated and “monophasic” action currents can be obtained by placing a bi­
ased diode between the amplifier output and the oscilloscope. The method facilitates precise 
fibre analysis.

*

W hen  record ing  ac tio n  p o te n tia ls  o f nerves, th e  follow ing d ifficu ltie s  are 
u su a lly  encoun tered .

1. C ontinuous p h o to g ra p h y  or con tin u o u s lis ten in g  to  so u n d s from  a 
lo u d sp eak e r is costly , an d  tiresom e.

2. T he so-called va lv e  noise is a ro u n d  2 to  4 /tV , even  w ith  th e  b e s t de­
vices.

3. T he m onophasic  lead  in  s itu  requ ires t h a t  th e  nerve  be lesioned  a t 
th e  s ite  o f one e lectrode. T h e reb y  co n d u ctio n  is in te r ru p te d  a n d  th e  responses 
(re sp ira to ry , c ircu la to ry , etc.) to  th e  im pulses tra n s m itte d  b y  th e  f ib re  c a n n o t 
be observed .

In  th e  following we sh a ll o u tline  a m e th o d , b y  w hich th e  a b o v e  d iffi­
cu lties  m a y  be overcom e.

1

C ontinuous p h o to g ra p h y , as well as v isu a l an d  a u d ito ry  o b se rv a tio n  
a re  g re a tly  fa c ilita ted  b y  th e  use o f a m ag n etic  ta p e  reco rder, b ecau se  th e  p h e ­
n o m en a  recorded  on th e  ta p e  c a n  be p lay ed  b a c k  an d  p h o to g ra p h e d  a t  will. 
E x a c t  records can  be m ad e  from  ex p erim en ts , inc lu d in g  e x p e rim e n ts  la s tin g  
sev era l hou rs. In  th e  l i te ra tu re  ava ilab le  we h a v e  fo u n d  o n ly  one re p o r t  of 
th is  ty p e  o f record ing  [1 ], b u t th e  a u th o r , Zip f , did  n o t describe  th e  a p p a ra ­
tu s  he h a d  used. T he m e th o d  developed  b y  us is show n in F ig . 1, w here  th e  
fo llow ing signs are  used.

I . R ecord ing  e lec trode .
I I .  A lte rn a tin g  c u rre n t d iffe ren tia l am plifier.

I I I .  Sw itch box.
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IV . Oscilloscope, fo r  co n tin u o u s  o b se rv a tio n  (O rion, T ype  1538).
Y. Tape reco rder (T y p e  R S 86—001/A).

V I. Oscilloscope, w ith  p h o to g rap h ic  a d a p te r  ( Orion, T ype  1538 an d  Orion, 
T y p e  1578/1).

T he signals fro m  th e  reco rd ing  e lec trode  (I) a re  am plified  b y  an  am p li­
f ie r  ( I I ) , reach th e  oscilloscope (IV ), w here th e y  a re  fu r th e r  am plified  an d  th e  
sw itc h  box  (III) . T hence  th e  im pulses are c o n d u c te d  in to  th e  reco rd ing  oscillo­
sco p e  (VI) and  th e  ta p e  re c o rd e r  (V), if  th e  c e n tra l  sw itch  is in  positio n  F . 
S h o u ld  any  change o ccu r, o r i f  some e x p e rim e n ta l in te rv e n tio n  ta k e s  p lace, 
t h e  ce n tra l sw itch is tu r n e d  to  position  M i, a n d  th e  o b se rv a tio n  can  be spoken  
in to  a m icrophone, a n d  th u s  reco rded  on th e  m a g n e tic  ta p e . W hen  th e  sw itch

Fig. 2
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is in  p o sitio n  L , th e  phenom ena o b se rv e  d reach , th ro u g h  th e  sw itch  M  o u t ,  
th e  oscilloscopes, a n d  we m ay  co n tro l v isu a lly  w h a t we are  p h o to g ra p h in g  
in  th e  o th e r  oscilloscope. In  th is  w ay e x p e rim e n ts  la s tin g  severa l h ou rs ca n  be  
reco rd ed , a n d  th e  p h en o m en a  p layed  b a c k  from  th e  ta p e  can  be reco rd ed  b y  
film , a lm o s t w ith  p e rfec tio n .

F ig .  3 . Action currents from a nerve fibre about 0.05 mm in diameter, supplying the ear of 
a rat. In response to heating, chiefly the slow-conducting fibres of low amplitude are activated. 
Occasionally, discharges from “pain fibres” of higher amplitude occur. Time signal, 0.1 sec

F ig .  4 . Action currents in response to touching the skin, in the neurogram of the rat saphe­
nous nerve. Even a film rate of 9cm/sec is insufficient for a precise analysis of the single action 

currents, because the lead was made from a fibre thicker than 0.1 mm

T h e sound freq u en cy  tap e  re c o rd e r , because o f its  d is to rtio n , is n o t  s u i t ­
a b le  fo r  slow w ave sh ap e  analysis b u t  em in en tly  so fo r co u n ting  fa s t  im p u lses  
a n d  fo r  a perfect rep ro d u c tio n  of th e  size of im pulses.

T h e  d ifficu lties ou tlined  in p o in ts  2 an d  3 m a y  be overcom e s im u lta n e ­
o u sly , b y  a noise c lipp ing  stage (F ig . 2). This consists o f a g e rm an iu m  d iode  
(G) so a d ju s ted  as to  perm it th e  f lo w  o f c u rre n t on ly  w hen i t  exceeds th e  v o l­
ta g e  s e t  b y  th e  p o ten c io m ete r P . F o r  in s ta n c e , if  5 Y noise im pulses re a c h  th e  
d io d e  from  th e  am p lifie r and  th e  p o te n c io m e te r  is set to  6 Y, no noise s igna ls

2 Acta Physiologica XV/3.
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w ill pass th ro u g h  th e  d iode. T hus, th e  p a r t  above 6 V o f th e  usefu l s ig n a ls  
(ac tio n  p o te n tia ls )  m a y  fu r th e r  be a m p lif ie d  to  th e  fu ll size o f th e  oscilloscope 
screen  an d  th e  s ig n a l/n o ise  ra tio  can  b e  im p ro v e d  to  m eet th e  re q u ire m e n t.

The noise c lip p e r  stage  is co n n ec ted  b e tw een  th e  o u tp u t  o f  th e  a m p li­
f ie r  an d  th e  o scilloscope or th e  ta p e  re c o rd e r . W ith  sw itch  К г off, th e  fu ll 
cu rv e  A  will p a ss , b u t  i f  K l is on a n d  K 2 is  off, an d  th e  p o ten c io m ete r is ad -

F ig .  5 . Detailed analysis of the action currents shown in F ig .  4 . Biphasic recording, rectified 
on playing back by germanium diode. In response to touch, fibres of 4 different amplitudes 
are activated, with those of lower amplitude preponderating. This explains the relatively thick 

“base line” 9 cm/sec on the record. (Photographed with “Exa”, 1 : 2.9, 1/25 sec)

ju s te d  to  the  a d e q u a te  v o ltag e , curve В  w ill be  o b ta in ed  w ith  h a lf  o f th e  os­
c illa tio n s , because th e  d iode  conducts in  one d irec tio n  only . T his a rra n g e m en t 
h a s  th e  following a d v a n ta g e s .

a )  The sig n a l/n o ise  ra tio  can be a d ju s te d  a t  will.
b)  W hen u s in g  a lo u d sp eak er for o b se rv a tio n , th e  o sc illa tion  d eve lop ­

in g  ow ing to  a co u stic  feed b ack  of th e  a m p lif ie r  can  be e lim in a ted .
c) The c o n tin u o u s  sizzling noise is g re a tly  red u ced , th e  im pulses so und  

c le a r  from  th e  lo u d sp e a k e r  a n d  th e  changes ca n  be h ea rd  m uch b e tte r , f a c i l i ta t­
in g  th e  w ork of th e  o b se rv e r.

W e p resen t se v e ra l figu res to  i l lu s tra te  th e  usefulness o f th e  m e th o d . 
F ig . 3 shows th a t  in  re sp o n se  to  h ea tin g  ch ie fly  th e  sm a ll-am p litu d e , slow
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co n d u c tin g  fib res are  a c tiv a te d , Avhile a t  tim es d ischarges from  sing le  f a s t ­
co n d u c tin g , i. e. h igher a m p litu d e , “ p a in  f ib re s”  occur. T he im pulses o b ta in e d  
b y  h e a tin g  correspond  in  ev e ry  resp ec t to  th e  fin d in g s  rep o rted  b y  D o d t  [2 ], 
accord ing  to  w hom  in  response to  a b u rn in g  sen sa tio n  th e  fa s t-c o n d u c tin g  
“ p a in  f ib re s”  an d  th e  cold fib res o f low er a m p litu d e  are a c tiv a te d . F ig . 4 
show s th e  a c tio n  cu rren ts  in  response to  to u c h in g  th e  sk in , in  th e  e le c tro n e u ­
ro g ram  o f th e  saphenous nerve . T he d e ta iled  an a ly s is  o f th e  e lec tro n eu ro g ram  
is i l lu s tra te d  in  F ig . 5, w here it  can  be seen t h a t  fib res  o f fo u r d iffe ren t a m p li­
tu d e s  are  a c tiv a te d  b y  to u ch in g  th e  sk in .
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In extensive experiments on anaesthesized dogs, blood pressure, cardiac output, renal 
blood flow, glomerular filtration rate, sodium and water output has been investigated at nor­
mal blood pressure levels and during acute hypotensive states.

Renal haemodynamics were analysed partly by direct determination of the renal ve­
nous outflow and partly on ground of the classic clearance technique.

It has been found that the cardiac output and the directly measured renal blood flow  
decrease practically in direct proportion with the drop in blood pressure, so that the calculated 
total peripheral and renal vascular resistance do not change in hypotension. Correspondingly, 
there is no change in the so-called renal fraction of cardiac output, either.

The results published in the literature, according to which during hypotension there 
is a preferential increase in renal resistance, were all obtained by the clearance technique. 
In oliguria the low clearance is a technical consequence of the oliguria itself and in this condi­
tion no conclusions should be drawn from the clearance values as to the rate of renal blood 
flow.

*

A ccording to  th e  gen era l v iew , c ircu la to ry  fa ilu re , w h e th e r, a c u te  or 
ch ron ic , is a sso c ia ted  w ith  a s ig n if ic a n t decrease in  re n a l b lood flow  (R B F ) , 
g lo m eru la r f i l t ra t io n  ra te  (G F R ) a n d  sa lt an d  w a te r  ex cre tio n . B u l l  [5] d e ­
scribed  a d isp ro p o rtio n a te ly  g re a t red u c tio n  in  re n a l b lood  flow  on th e  a p p lic a ­
t io n  o f  a venous to u rn iq u e t on  th e  lim bs fu r th e r  in  th e  v a rio u s form s o f  sh o ck , 
in  d e h y d ra tio n , o rth o sta s is , co n g estiv e  h e a r t  fa ilu re  an d  m u scu la r  w ork . 
C o r c o r a n  a n d  P a g e  [6] fo u n d  in  th e  dog an  e x tre m e ly  low  R B F  d u r in g  p o s t-  
h aem o rrh ag ic  h y p o ten sio n . A cco rd in g  to  P h il l ip s , D o l e , H a m il t o n , E m e r ­
s o n , A r c h ib a l d  a n d  V an  S l y k e  [16], ren a l b lood  flow  m a y  cease co m p le te ly  
fo llow ing m a jo r b lood  losses, e v e n  w ith  a considerab le  a r te r ia l p ressu re  (e. g. 
90 m m  H g). L a u s o n , B r a d l e y  a n d  Co u r a n d  fo u n d  a f te r  in ju ry  e x tre m e ly  
low  R B F  values in  m an  [13]. K e r p e l -F r o n iu s , V a r g a , K u n  an d  V ö n ö c z k y  
[12] rep o rted  t h a t  in  d e h y d ra te d  a n d  u n d ern o u rish ed  in fa n ts  th e  re n a l  h a e ­
m odynam ics w ere d isp ro p o rtio n a te ly  reduced , as co m p ared  to  th e  sy s tem ic  
c ircu la tio n . G ö m ö r i, R o m h á n y i, F ö l d i an d  S za bó  [8] d e m o n s tra te d  in  th e  
dog d e h y d ra te d  b y  pyloric l ig a tio n  a d isp ro p o rtio n a te  decrease in  re n a l  b lood  
flow .

I n  th e  a b o v e  c o n d itio n s  m a rk e d  o lig u r ia , o r  a n u r ia  is a c h a r a c te r is t i c  
f e a tu r e .  St u d y  a n d  S h ip l e y  [2 3 ] o b se rv e d  w h en  s t im u la t in g  th e  r e n a l  n e rv e s
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t h a t  d u ring  th e  o lig u ric  perio d  th e  R B F  v a lu e s  co m p u ted  from  th e  clearances 
w ere  considerab ly  lo w er th a n  those  o b ta in e d  b y  th e  d irec t d e te rm in a tio n  of 
r e n a l  venous o u tf lo w  b y  m eans o f a ro ta m e te r .  A sim ilar p h en o m en o n  has 
b e e n  observed  b y  S e l k u r t  [18, 19] in  o lig u ria  follow ing a te m p o ra ry  clam ping  
o f  th e  ren a l a r te ry , as w ell as in h a em o rrh ag ic  shock  B á l in t , F e k e t e , H a j d ú , 
L á sz l ó  and  P in t é r  [1 ] observed  th e  sam e  phenom enon  in  th e  dog du ring  
p o sth aem o rrh ag ic  h y p o te n s io n , an d  B á l in t , K is s  an d  S z a l a y  [3] in  oliguria 
in d u c e d  b y  w a te r  d e p riv a tio n .

In  the  e x p e rim e n ts  m en tioned  in  th e  f i r s t  p a ra g ra p h , re n a l blood flow  
w as d e te rm in ed  b y  th e  classic clearance te c h n iq u e . I t  has been  suggested  th a t  
th e  low  R B F  m ig h t be  a tech n ica l consequence  o f o liguria in  w hich  s ta te  th e  
c lea ran ces c an n o t b e  re lie d  upon  in  assessing  ren a l b lood  flow . B á l in t  [2], 
in  p o s th aem o rrh ag ic  h y p o te n s io n , B á l in t  a n d  S tu r c z  [4] in  d e h y d ra tio n  in ­
d u c e d  b y  pyloric  l ig a t io n , found  th a t  th e  re d u c tio n  in  re n a l v en o u s ou tflow , 
as d e te rm in ed  b y  d ire c t  m easu rem en t, w as b y  fa r  n o t so g rea t as i t  w as suggest­
e d  b y  th e  re su lts  o f  th e  c learance  te s ts . T h u s , in  th e  cond itions m en tio n ed  ab o ­
v e , ev en  i f  th e re  occu rs a  red u c tio n  in  re n a l b lo o d  flow , th e  re d u c tio n  is no t so 
g r e a t  as to  ex p la in  a n  a lm o s t com plete  re n a l  ischaem ia .

I t  follows fro m  th e  above th a t  th e  v iew  accord ing  to  w h ich  th e  ren a l 
p o r t io n  of th e  c a rd ia c  o u tp u t ,  th e  so -ca lled  re n a l frac tio n , w ou ld  decrease 
s ig n if ic a n tly , sh o u ld  be  rev ised . L a u s o n  et al. [13 ], K e r p e l  et al. [12], as well 
as  T a k á c s  an d  K Á l l a y  [24] d ete rm in ed  th e  re n a l b lood  flow  b y  th e  c lea­
ra n c e  tech n iq u e , in  a d d i t io n  to  e s tim a tin g  th e  ca rd iac  o u tp u t . S e l k u r t  [19] 
d e te rm in e d  th e  r e n a l  b lo o d  flow  d ire c tly  in  h aem o rrh ag ic  sh o ck  an d , com ­
p a r in g  his d a ta  w ith  th e  v a lu es  for ca rd ia c  o u tp u t  re p o rte d  b y  W ig g e r s  an d  
M id d l e t o n  [28], s ta te d  t h a t  th e  re n a l f ra c t io n  was red u ced . I n  ou r ow n in ­
v e s tig a tio n s  we fo u n d  t h a t ,  if  th e  re n a l b lo o d  flow  was d e te rm in e d  b y  d irect 
m ea su re m e n t, v e ry  l i t t l e  o r no decrease in  th e  re n a l fra c tio n  o f  ca rd iac  o u tp u t 
to o k  place in  p o s th a e m o rrh a g ic  h y p o te n s io n  a n d  in  d e h y d ra tio n  follow ing 
p y lo ric  liga tion .

N ex t, we e n d e a v o u re d  to  e lu c id a te  th e  re la tio n  of ca rd iac  o u tp u t  to  ren a l 
b lo o d  flow  in a n u m b e r  o f  n o rm al dogs, as w ell as in  dogs in  th e  s ta te  of “ acu te  
h y p o te n s io n ” . “ N o rm a l”  dogs shou ld  be  u n d e rs to o d  to  m ean  th e  anim als 
p re p a re d  for su rg e ry  as described  u n d e r  “ M eth o d s” , w ith  th e  a r te r ia l  blood 
p re ssu re  above th e  a c c e p te d  n o rm al level o f  100 to  110 m m  H g. T h e  te rm  “ acu te  
h y p o te n s io n ”  d en o te s  th e  s ta te  w hen  b lo o d  p ressu re  d ro p p ed  sp o n tan eo u sly , 
o r , m ore  co rrec tly , w i th o u t  a n y  e x p e rim e n ta l t re a tm e n t in te n d e d  to  cause a 
d ro p  in  blood p re ssu re . I t  is w ell-know n t h a t  in  som e an aes th es ized  an d  
o p e ra te d  dogs a r te r ia l  p re ssu re  decreases ev en  w hen no consid erab le  loss of 
b lo o d  h as  occu rred . I t  is n o t th e  aim  o f th e  p re se n t re p o rt to  d iscuss th e  de­
f in i t io n  an d  p a th o m e c h a n ism  of shock, a n d  fo r  th is  reaso n  is W ig g e r s ’ [27] 
te rm  acu te  h y p o te n s io n  u se d  to  deno te  th e  p h en o m en o n  w hen  th e  b lood pres-
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sure o f th e  an aes th es ized  an d  o p era ted  an im a l decreases w ithou t o lig aem ia . 
T he liv ing  co n d itions o f  th e  an im al before e x p e rim e n t, uncon tro llab le  e x p e r i­
m e n ta l f ra c to rs , as w ell as th e  u n to w ard  consequences of th e  re p la c e m en t o f 
blood ta k e n  fo r an a ly s is  b y  th e  blood of a n o th e r  an im a l m ay  u n d o u b te d ly  
all p la y  a role in  i t .

Methods

Mongrel dogs of both sexes, weighing 10 to 20 kg each, were used, mostly animals that 
had been kept at our Institute for not less than a week. The number of the experimental dogs 
totalled 61. Most of the animals were deprived of food for 16 hours and of water for 2 to 14 
hours before the experiment, but previously were allowed water ad libitum . In a few cases 
fasting and water deprivation lasted 48 to 72 hours. This factor by itself having caused no 
hypotension, the data for these dogs have been included in the evaluation.

Surgical procedure. General anaesthesia was induced by the slow intravenous injection 
of 0.1 g/kg of chloralose, in the form of a 1 per cent solution. The appropriate veins and arteries 
were cannulated in order to administer the various infusions, to measure blood pressure and 
to take samples of blood. The left kidney was exposed from a lumbar incision and the renal 
vein was connected with the external jugular vein by means of a plastic tube. A T-extension 
in the plastic tube made it possible to make direct measurements of renal venous outflow and 
to take samples of renal venous blood for analysis. The maximum duration of ischaemia during 
surgery was 3 minutes. Urine was collected by means of an ureter catheter introduced up to 
the renal pelvis. The plasma inulin and PAH concentrations for the determination of clearance 
and extraction were provided for by giving a priming dose (0.15 g/kg of inulin and 0.015 g/kg 
of PAH, dissolved in 50 ml of 0.9 per cent NaCl solution) and a maintenance dose (1.5 per 
cent inulin and 0.15 per cent PAH, dissolved in 0.9 per cent saline, infused at a rate of about 
1 ml/minute throughout the experiment).

The actual experiment began about 20 to 30 minutes after the surgical intervention 
had been completed and the maintenance infusion had been started. Urine was collected in 
15-minute periods, by the end of which blood was taken for analysis and the cardiac output 
was determined. Renal blood flow was measured directly, 2 or 3 times during the 15-minute 
periods. The volume of blood taken for analysis was around 50 ml, and this was replaced by 
the infusion of an equal volume of dog’s blood. In most cases two such periods were registered. 
If blood pressure dropped during the second period, or was low in the first one already, in 
some cases more than two “hypotensive” periods were analysed. The total number of periods 
studied in the 61 animals was 139.

Technique o f  determ inations. Arterial blood pressure was measured in the femoral ar­
tery, by means of a mercury manometer. Cardiac output was determined by the Evans blue 
dilution method of Hamilton, Moore, Kinsman and Spurling [10]. Renal blood flow was 
measured directly, by means of a graded cylinder and stop watch. The inulin concentration 
of plasma and urine was estimated according to Harrison [11], the PAH concentration by 
the technique of Smith, Finkelstein, Aliminosa, Crawford and Gräber [22]. Sodium con­
centration was determined in a Zeiss flame-photometer, the haematocrit was estimated by the 
copper sulphate method of Phillips, Van Slyke, Hamilton, Dole, Emerson and Archi­
bald [17].

Abbreviations, calculations. In the Figures and Tables the arterial pressure is given in 
mm Hg, the cardiac output in litre/minute, the renal blood flow (RBF), glomerular filtration 
rate (GFR) and minute diuresis in ml/minute, sodium excretion in /raeq/minute. RBFdir 
means the directly determined renal blood flow, and RPF.E;,, is the inulin clearance computed 
from the RBFdir, haematocrit and Ein. R BFc/e  means the renal blood flow as computed by 
the classic clearance technique, emphasizing that the PAH clearance was divided in every 
case by the PAH extraction, i. e. we computed not the so-called effective, but the so-called 
true RBF.

Total peripheral resistance (TPR) and renal vascular resistance (R) were computed by 
dividing the arterial pressure by the cardiac output in ml/inin, resp. the renal blood flow. It 
seemed suitable to present the reciprocals of these values (1/TPR and 1/R), thus an increase in 
the numerical value of the ratio means a decrease in resistance and vice versa. 1/Rdir means 
that RBF was determined by direct measurement, 1/R c/e means that it was estimated on the 
basis of clearance and extraction. The percentage ratio of renal blood flow and cardiac out­
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p u t  re p re se n ts  th e  so-called  re n a l frac tio n  (R F ) o f  th e  c a rd ia c  o u tp u t. A ccord ing  to  th e  m eth o d s 
o f  R B F  d e te rm in a tio n  em p lo y ed , we shall sp e a k  o f  R F d ir an d  R F c/е  v a lues.

S ta tis t ic a l  ana ly sis  w as m ad e  b y  Fisher’s t - te s t  [7].

R esu lts

T he re su lts  a re  p re se n te d  in  F igs. 1 to  5 a n d  in  T able I .  I n  e a c h  F igu re  
b lo o d  p ressu re  is show n on th e  abscissa . I n  T ab le  I  are show n th e  m ean s  for 
th e  single b lood  p ressu re  ran g es, w ith  s ta n d a r d  d ev ia tio n  an d  n u m b e r  o f  cases.

F ig . 1 show s th e  co rre la tio n  b e tw een  b lo o d  pressure a n d  c a rd ia c  o u tp u t. 
T h e  d iag o n a l lines re p re se n t th e  to ta l  p e r ip h e ra l resistance (T P R ), th e  p o in ts  
fa llin g  in  th e  sam e line co rrespond  to  id e n tic a l  T P R  values. L ine 3 o f  T ab le  
I  show s th a t  th e  m ean  ca rd iac  o u tp u t fa llin g  to  th e  single b lood  p re ssu re  r a n ­
ges decreased  ra th e r  p ro p o rtio n a te ly . T h e  1 /T P R  values in d ica te  t h a t  in  th e  
ra n g e  o f  111 to  160 m m  H g, considered  to  be  norm al, an d  in  th e  v e ry  low  
ra n g e  o f 30 to  70 m m  H g  th e  to ta l  p e rip h e ra l re s is tan ce  was id e n tic a l w hereas

Tabic I

C ardiac output and renal fu n c tio n  in  normal blood pressure  and in  “acute” hypotension

I II III IV V VI

1. Blood
pressure 30—50 51—70 71— 90 91—110 111— 130 131—160

2. Blood
pressure, mean 42±7 60±5 84 ± 6 103±6 122±4 143±9

3. Cardiac 
output 1.16±0.48 1.39±0.66 1.77±1.06 2.24±0.93 3.13 ±  1.42 3.60±1.35

4. 1/TPR 27.6 ±  10.8 26.0±2.3 21.4±13.7 21.9±8.2 25.8±12.0 25.1 ±9.1
5. RBFd r 135±66 235±83 299±99 443 ±141 535 ±201 528±126
6. RBFc/e 2 ± 5 29±49 74±100 308±267 498±236 508±252
7. 1/Rdir 3.16±1.40 3.88±1.31 3.56±1.19 4.26±1.29 4.45± 1.67 3.69±0.78
8. 1/Rc/e 0.04±0.10 0.46±0.82 0.88±1.19 2.89±2.46 4.10±2.00 3.45±1.62
9. RFdir 11.7±3.2 19.0 ±  14.3 18.3±6.7 19.7±7.9 19.3±7.0 18.6±8.5

10. RFc/e 0.1±0.3 3.4±7.9 4.9 ±7.1 14.9 ±14.5 15.8±8.2 16.3±9.6
11. RPF • Ein 10±10 25 rh 18 28±20 47 ±32 69 ±44 71 ±35 .
12. Cin 0±1 2± 4 19 ± 40 29±23 49±22 54 -f~ 25
13. V/miii 0.02±0.06 0.03±0.05 0.24±0.46 0.51±0.49 0.71 ±0.37 0.98 ±0.26
14. Na excr./ 

/min 1± 6 4 ± 6 11 ±  11 51±66 77±95 139±123
15. Ein 6±12 18±8 16±7 18±9 21 ±  10 21 ± 8
16. Ерли 36 ±21 51±20 48±  13 55 ±12 61 ±13 63±12
17. Haematocrit 39 40 41 40 41 39
18. Number of

cases 8— 11 7—8 18—21
i

33—38 30—36 17
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i t  was som ew hat (n o t s ig n ifican tly ) h igher in  th e  b lo o d  pressure  range  o f 
from  71 to  110 m m  H g . T h u s, in  th is  fo rm  of h y p o te n s io n  T P R  w as essen tia lly  
u n ch an g ed .

In  F ig . 2 is show n th e  c o rre la tio n  betw een R B F  a n d  a r te r ia l p ressu re . 
O n th e  le ft side are  th e  values o b ta in e d  b y  d irec t m e a su re m e n t, on th e  r ig h t 
th o se  co m p u ted  from  clearance a n d  e x tra c tio n . T he d iag o n a ls  rep re sen t th e  
ren a l v a scu la r  re s is tan ce . T he p o in ts  falling  in  th e  sam e line co rrespond  to  
id en tica l R  values. As i t  can  be seen , R B F dir d ecreased  n e a rly  p ara lle l w ith

Fig. 1. Relation of cardiac output to blood pressure. The diagonals correspond to the recipro­
cals of total peripheral resistance (1/TPR)

th e  fa ll in  blood p ressu re , w h ereas  R B F C;,E w as g re a tly  red u ced , o ften  to  О 
a t  low er b lood p ressu re  levels. T h is  is re flec ted  also b y  th e  m ean  R E F  values 
in  T ab le  I .  The 1 /R dir values (rec ip ro cal ren a l v a sc u la r  re s is tan ce  co m p u ted  on 
g ro u n d s o f d irec t m easu rem en t) h a v e  th e  h ighest n u m erica l v a lue  in  co lum n
V ., decrase  slig h tly  in  co lum n V I. an d  decrease g ra d u a lly  from  colum ns IV . 
to  I . T h e  d ifference betw een  th e  single colum ns is n o t s ig n ifican t. In  c o n tra s t 
w ith  th is , th e  v a lu e  o f 1/Rc/e (rec ip rocal ren a l v a sc u la r  res is tan ce  co m p u ted  
from  th e  clearance) was m a rk e d ly  red u ced  a t  low er b lood  p ressu res, as a n a tu ­
ra l re su lt o f th e  s im ila r re d u c tio n  in  r b f c/e.

In  Fig. 3 are  show n th e  v a lu e s  for R F  a t d iffe ren t b lood  p ressu re  levels, 
on  th e  left side on g rounds of R B F dir an d  on th e  r ig h t side of R B F C/E. E x c e p t 
in  th e  low est b lood  p ressu re  ra n g e , th e  n u m erica l v a lu e  o f R F dir was un
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F ig . 2. Relation of renal blood flow to blood pressure. Left side : renal blood flow as deter­
mined by direct measurement. Right side : renal blood flow, computed from PAH clearance 

and extraction. The diagonals correspond to the reciprocals of renal resistance (1/R)
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F ig . 3. Relation of the renal fraction of cardiac output to blood pressure. On the left : directly 
measured renal blood flow. On the right : renal blood flow computed from PAH extraction

and extraction
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c h a n g e d , in d ica tin g  th a t  th e  re n a l frac tio n  of ca rd iac  o u tp u t  w as th e  sam e in  th e  
w hole b lood  pressure ran g e  o f  from  50 to  160 m m  H g . In  c o n tra s t w ith  th is , 
th e  v a lu e  o f R F C/E decreased  s h a rp ly  an d  was v e ry  low  below  th e  b lood  p re s ­
su re  leve l o f 90 m m  H g.

F ig . 4 illu s tra te s  th e  c o rre la tio n  betw een  G F R  a n d  blood p ressu re . O n 
th e  le f t side is given th e  R P F , as com p u ted  on g ro u n d s  o f  th e  h a e m a to c rit 
v a lu e  fro m  th e  d irec tly  m easu red  R P F . This w as th e n  m u ltip lied  b y  th e  in u - 
lin  e x tra c tio n  for th e  co rresp o n d in g  period  (R P F . F,in). O n th e  r ig h t side , th e

RPEEin
180

C in 
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160 160
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1 4 0 1 

120 

100- 

8 0  

60- 

40- 

20 -

u-
b:

0J * o - r f  * *
3 0  5 0  70 9 0  110 130 150 3 0  5 0  70 9 0  110 130 150 mmHg

Fig. 4. R e la tion  o f  g lo m eru lar f i l t r a tio n  ra te  to blood p re ssu re . On th e  left : on  th e  b asis  o f  
re n a l b lood  flow , m easu red  d ire c tly , h a em a to c rit and  in u lin  e x tra c tio n . On th e  r ig h t : c lassic

u r in a ry  c learance

in u lin  c learance (Cin) d e te rm in e d  b y  th e  classic te c h n iq u e  >'s v isib le . F ig . 4, 
as w ell as lines 11 an d  12 in  T ab le  I , in d ica te  t h a t ,  as d e te rm in ed  b y  d irec t 
m easu rem en t, G F R  decreased  slow ly, b u t w as ap p rec iab le  even a t  v e ry  low  
b lood  p ressures. In  th e  b lo o d  p ressu re  range  o f from  50 to  160 m m  H g  th e  
d ire c tly  dete rm in ed  in u lin  c lea ran ce  decreased  p ra c tic a lly  in  p ro p o rtio n  to  th e  
re d u c tio n  in  R B F dir, as th e  h a e m a to c rit v a lu e  d id  n o t change a n d  E in w as 
also p ra c tic a lly  u n ch an g ed . T he low  R B F  (m easu red  d irectly ) a t  th e  low est 
b lo o d  p ressures (30 to  50 m m  H g) was a re su lt o f  a sim u ltan eo u s re d u c tio n  
in  R B F  an d  E in. T he in u lin  c learance  values show n  on th e  r ig h t side o f  F ig . 
4 decreased  s teep ly  w ith  th e  decline of b lood  p ressu re  and  were n eg lig ib ly  
low  below  th e  70 m m  H g  p ressu re  level.
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Fig. 5 show s h o w  diuresis (left side) a n d  sodium  ex c re tio n  (righ t side) 
d e p e n d  on blood  p re ssu re . A bove a p re ssu re  o f  100 m m  H g , so d ium  excre tion  
a n d  w ater d iu resis  a re  v a riab le , b u t a t  low er b lood  p ressu re  levels com plete 
a n u r ia  is com m on a n d  th e  m ean  ex c re tio n  ra te s  (Table I) are  co rrespond ing ly  
low .
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F ig . 5. R ela tion  o f d iu re s is  (m l/m in ) an d  so d iu m  ex c re tio n  (fiaeq /m in ) to  b lood  pressu re

D iscussion

The m ost im p o r ta n t  p rob lem  to  be  d iscussed  is w h e th e r th e  v iew  pu t 
fo rw a rd  in  th e  l i te r a tu r e  t h a t  in  h y p o ten s iv e  s ta te s  th e  decrease in  renal 
b lo o d  flow  is d isp ro p o r tio n a te  to  th e  re d u c tio n  in  blood p ressu re  a n d  card iac 
o u tp u t ,  is s till te n a b le . To fac ilita te  e v a lu a tio n , we p resen t F ig . 6, show ing 
th e  ca rd iac  o u tp u t, re s is ta n c e s , an d  ren a l fu n c tio n  a t v a rious b lood  pressure 
le v e ls , on th e  basis o f  th e  m eans of all d a ta .

T he decrease o f  c a rd ia c  o u tp u t goes p a ra lle l w ith  th e  decrease o f blood 
p re ssu re . I t  is th o u g h t t h a t  a decrease in  v en o u s backflow  is responsib le  for 
th e  fa ll in  card iac o u tp u t  a n d  th e  drop in  a r te r ia l  b lood  p ressu re  is a secondary  
se q u e l to  it.

T he value o f 1 /T P R  show s th e  n u m erica l re la tio n  of ca rd iac  o u tp u t  to  
a r te r ia l  p ressure, a t  d iffe re n t levels o f b lo o d  p ressu re . This ra tio  is u su a lly  
a c c e p te d  as being th e  m easu re  of th e  so -ca lled  to ta l  p erip h era l re s is tan ce . I t  
w o u ld  nevertheless be e rro n eo u s to  d raw  conclusions as to  a co n str ic tio n  or
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d ila ta t io n  o f a rte rio les  d irec tly  from  th is  n u m erica l v a lu e . As it  has been p o in t ­
ed o u t b y  G r e e n , L e w i s , N i c k e r s o n  a n d  H e l l e r  [9], th e  ra tio  is in flu e n c e d , 
besides th e  co n d itio n  o f th e  a rte rio les , also b y  th e  p assive  d ila ta tio n  o f  b lood  
vessels a n d  b y  th e  opening  up o f new  c a p illa ry  beds. A ccord ingly , we co n sid e r 
th is  r a t io  m ere ly  a num erica l exp ression  o f th e  re la tio n  o f  a given blood p re ssu re  
to  c a rd ia c  o u tp u t .

F ig . 6. R e la tio n  o f card iac  o u tp u t  a n d  o f  re n a l fu n c tio n  to  b lo o d  p ressu re . T he c u rv es  h a v e  
b een  p lo tte d  fro m  th e  m eans o f th e  p o in ts  be longing  to  th e  single blood p re ssu re  v a lu e s

In  th e  tw o  h ighest b lood  p ressu re  ranges th e  curve for R B F dir ru n s  
h o riz o n ta lly , th e n  w ith  th e  d ro p  in  b lood  p ressu re  declines g ra d u a lly . T h e re  
is no  sig n ifican t difference b e tw een  th e  n u m erica l v a lu e  of 1/Rdir a t  th e  d iffe r­
e n t b lood  p ressu re  levels, b u t  th e re  is no d o u b t t h a t  1 /R dir decreases g ra d u a lly  
a t  th e  levels low er th a n  111 to  130 m m  H g , considered  norm al. T he c o n s id e ra ­
tio n s  a b o u t T P R  ap p ly  even m ore  to  th e  so-called  re n a l resistance . W e be lieve  
t h a t  from  th e  ra tio  R B F  to  b lood  p ressu re  no d ire c t conclusion can  b e  d ra w n  
as to  a co n str ic tio n  or d ila ta tio n  o f ren a l blood vessels. As it  has b een  p o in te d  
o u t also  b y  W h i t t a k e r  a n d  W i n t o n  [26], th e  v isco s ity  of b lood, to o , m a y  
in flu en ce  th e  va lu e  of blood p re ssu re /R B F . In  th is  case we again  re s tr ic t  o u r­
selves to  s ta t in g  th a t  th e  n u m erica l va lu e  o f th e  so-called  renal re s is ta n c e  e x ­
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presses th e  r e la t io n  o f  blood pressure to  re n a l  blood flow . T he increase  in  th e  
v a lu e  of th e  ra t io  b lo o d  p ressu re /R B F  w ith  th e  low ering of b lood  p ressu re  does 
n o t necessarily  in d ic a te  th a t  th e  vessels h a d  co n stric ted , b ecau se  an  increase  
in  th e  v iscosity  o f  b lo o d  or a re -a rran g e m e n t o f  in tra re n a l c irc u la tio n  m a y  also 
effect th is  in c rea se .

The curve fo r  R F dir (the renal f ra c tio n  o f card iac  o u tp u t)  is in  fu ll ag ree­
m e n t w ith th o se  o u tlin e d  above. T his c u rv e  ru n s  low exclusively  in  th e  low est 
b lood  pressure r a n g e , an d  is seen to  m a in ta in  th e  sam e h e ig h t b e tw een  51 
a n d  160 m m  H g . T h is  m eans th a t  in  th is  fo rm  o f hy p o ten sio n  ca rd iac  o u tp u t  
a n d  R B F  decrease  p ro p o rtio n a te ly , so t h a t  th e re  is no p re fe re n tia l re d u c tio n  
in  ren a l blood flo w .

Should we d e r iv e  th e  values for re n a l c irc u la tio n  from  th e  P A H  clearance  
a n d  ex trac tio n  (R B F C/E, 1/RC/E a n d  R F C/E) we w ould a rr iv e  a t  q u ite  th e  
opposite  conclusions. T h e  value of re n a l b lo o d  flow  com pu ted  from  th e  c lea ­
ra n c e  decreases s h a rp ly  w ith  th e  decline o f  b lood  pressure. T h e  sam e applies 
to  th e  values fo r re c ip ro c a l resistance a n d  fo r th e  renal frac tio n  o f the ca rd iac  
o u tp u t .  In  th e  tw o  h ig h e s t blood p ressu re  ra n g e s  th e re  is no sign ifican t d iffe r­
ence betw een th e  v a lu e s  de term ined  d ire c tly  an d  tho se  co m p u ted  on th e  
basis  of c learance a n d  e x trac tio n , b u t be low  110 m m  H g (co lum ns IV  to  I.) 
th e  difference is h ig h ly  sign ifican t.

I f  there  is a d isc re p a n c y  betw een th e  d ire c tly  m easured  R B F  v alue  an d  
t h a t  determ ined  fro m  th e  clearance, th e re  is l i t t le  do u b t as to  w hich  of th em  
is re liab le . O bv iously , i t  is th e  d irec tly  m e a su re d  v alue  th a t  h as  to  be accep ted . 
P h i l l i p s  et al. [16] p o in te d  out th a t  in  h y p o te n s iv e  s ta te s  th e  r a te  of P A H  
e x tra c tio n  is c o n s ta n t , ev en  a t very  low  c lea ran ces , an d  th e y  concluded  th a t  
СрАн is a correct m e a su re  of renal p lasm a  flo w  even  in  m ark ed  isch aem ia . We 
ag ree  w ith  th e  f i r s t  p a r t  o f th is  s ta te m e n t, b ecau se  line 15 o f T ab le  I show s 
t h a t  E pah decreases b u t  sligh tly  w ith  th e  d ro p  in blood p ressu re . O ur d a ta , 
how ever, suggest t h a t ,  d esp ite  th e  c o m p a ra tiv e ly  sm all decrease in  E PAH, no 
re liab le  conclusions c a n  be  draw n from  th e  P A H  clearance in  th e  h y p o ten siv e  
p e rio d .

We should  be c a u tio u s  when e v a lu a tin g  th e  so-called d ire c tly  m easu red  
G F R  (R P F .E in). T h e  h a e m a to c rit value ca n  be  de te rm ined  prec ise ly  an d  th u s  
th e  d e te rm in a tio n  o f  R P F dir is ju s t as re liab le  as t h a t  of th e  R B F dir. H ow ever, 
fo r  m ethod ica l rea so n s  E in canno t c o rre c tly  be de te rm in ed . L e t us suppose 
fo r  exam ple th a t  th e  in u lin  co n cen tra tio n  o f  a r te r ia l  p lasm a is 50 m g per 100 
m l a n d  th a t  of re n a l  v en o u s  p lasm a 40 m g p e r  100 m l, th e n  E jn equals 0.2. 
S h o u ld  th e  a n a ly tic a l e s tim a tio n  yield 48 re sp . 42 m g for these  v a lu es , e x tra c ­
t io n  were as low as 0.12 a n d  th e  com pu ted  G F R  o n ly  60 per cen t o f  th e  va lu e  
w e w ould  have o b ta in e d  b y  ca lcu la ting  w ith  a n  E in of 0.2. This is th e  cause 
o f  th e  wide sc a tte r in g  o f  th e  resu lts in  th e se  te s ts  a n d  it  is for th is  reaso n  th a t  
th e  curve for R P F .E in m a y  serve q u a lita tiv e  e v a lu a tio n  only. A t a n y  ra te , it
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is c lear th a t  th e  decline o f th e  curve lags b eh in d  th e  changes in  th e  Cin v a lu es  
de te rm in ed  b y  th e  classic c learan ce  te c h n iq u e . A t a low blood pressure  th e  
c learance is neg lig ib ly  low .

W h a t ex p la in s  th e  u n re lia b ility  o f  c lea ran ce  d a ta  in  h y p o te n s io n ?  
C o r c o r a n  a n d  P a g e  [6], as w ell as L a u s o n  et al. [13] suggested  t h a t  in  
h y p o tension  th e  tu b u la r  e x tra c tio n  of P A H  (d io d ra s t)  is g re a tly  h indered  a n d  
th e  tu b u la r  ep ith e liu m  becom es perm eab le  fo r in u lin . E xperience  h as  show n  
th a t  in  m an y  a h y p o ten siv e  period  th e re  is no decrease  w h a tev er in  E PAH a n d  
E ln, as co m p ared  w ith  th e  co n tro ls , a n d  y e t th e  c learances are u n re liab le . A  
look a t F ig . 5, a n d  th e  r ig h t  side o f F igs. 2 to  4 m ak es i t  obvious t h a t  th e re  
th e  single p o in ts  a re  a rra n g e d  sim ilarly . T h u s, th e  c lea ran ce  is u n d e te rm in a b ly  
low in th e  periods w hen  d iu resis is low . T his con firm s th e  view  th a t  o lig u ria  is 
responsib le  fo r th e  low  c lea ran ce . A nd  since th e  a b so lu te  values fo r R B F dir 
an d  R P F .E in also decrease w ith  th e  fa ll o f a r te r ia l  p ressu re , ou r d a ta  do n o t 
d isc red it th e  v iew  accep ted  b y  m a n y  a u th o rs  (S m it h , [21], S e l k u r t , [20]) 
th a t  a v e ry  s lig h t, h a rd ly  d e te rm in ab le  decrease in  f i l tra tio n  m ay  re su lt in  a 
considerab le  re d u c tio n  o f w a te r  a n d  sodium  ex c re tio n . As i t  h as  been  sh o w n  
b y  O ’Co n n o r  [15] for th e  u n a n a e s th e s iz ed  dog , how ever, a r te ria l b lood  p re s ­
su re  m u st be reg a rd ed  as one o f th e  m ost im p o r ta n t  d e te rm in an ts  o f  so d iu m  
(an d  w ater) ex c re tio n . W h en  i t  rises, sod ium  a n d  w a te r  excre tion  in c rea se . 
T he p resen t m e th o d s  do n o t m ake i t  possible to  d e te rm in e  th e  e x te n t to  w h ich  
th e  changes o f  G F R  p la y  a ro le in  th a t  process. W e th ere fo re  th in k  t h a t  h y p o ­
ten sio n  is responsib le  fo r th e  ex trem e  o liguria  or th e  a n u ria , a te ch n ica l co n ­
sequence o f w hich  is th e  ex trem e  low ness o f th e  c learances.

W e h a v e  fo u n d  in  th is  form  o f h y p o te n s io n , w hich  w as d es ig n a ted  b y  
th e  te rm  “ a c u te  h y p o te n s io n ” , th a t  b o th  th e  to ta l  p e rip h era l an d  th e  re n a l 
res is tan ce  increase  v e ry  s lig h tly  an d  ru n  p a ra lle l u n til  b lood pressure h a s  f a l ­
len to  50 m m  H g. T his m ean s th a t  th e  re n a l f ra c tio n  of ca rd iac  o u tp u t  does 
no t change. C o nsequen tly , like i t  h as  been  show n fo r p o sth aem o rrh ag ic  h y p o ­
tension  a n d  for severe d e h y d ra tio n  [2, 4 ], th e re  is no p re fe ren tia l s h u ttin g -o f f  
o f ren a l b lood  flow  in  th is  fo rm  o f h y p o ten sio n , a n d  th e re  seems to  be n o  ju s ­
tif ic a tio n  fo r th e  claim  t h a t  th e  blood w ould  be d iv e r te d  to  organs m o m e n ta ­
rily  m ore v ita l .  In  ou r op in ion , th e  c o n tra d ic tio n  in  th e  l ite ra tu re  is due  to  th e  
fa c t th a t  re n a l b lood  flow  w as d e te rm in ed  b y  th e  c learance  tech n iq u e .

L et us now  consider b rie fly  th e  re lia b ility  o f  o u r m eth o d . T he e x p la n te d  
k idney  o f th e  an aes th es ized  an im al is u n d o u b te d ly  n o t eq u iv a len t to  th e  o rg an  
in  situ  of th e  conscious an im al. M ost o f th e  p u b lish ed  evidence has been  d e riv ed  
from  ex p erim en ts  on an aesth esized  an im als . I f  we w an t to  d e te rm in e  re n a l 
venous o u tflo w  d irec tly , we h av e  to  expose th e  re n a l vein . The m e th o d  we 
described  does n o t seem  to  be less “ g en tle”  t h a t  th e  tech n iq u e  of S e l k u r t  [18] 
in  w hich a m e ta l tu b e  is in tro d u ced  th ro u g h  th e  ju g u la r  vein  an d  th e  h e a r t  
in to  th e  in fe rio r v en a  cav a  an d  is lig a ted  in to  th e  ren a l vein  u n d e r m a n u a l
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c o n tro l th ro u g h  a la p a ro to m y  w o u n d . T h e  on ly  d a tu m  su g g estin g  t h a t  o u r 
k id n e y s  suffer fu n c tio n a l lesion is t h a t  ev en  during  th e  c o n tro l p e rio d  P A H  
e x tra c tio n  is c o m p a ra tiv e ly  low  (61 — 63), low er th a n  th e  v a lu es  o b ta in e d  
b y  venous c a th e te r iz a tio n  o f k idneys in  s itu . W ith  S e l k u r t ’s te c h n iq u e  [19], 
P A H  e x trac tio n  in  th e  co n tro l period  is 73, i .  e. low er th a n  th e  m ean s fo r th e  
k id n e y  in  situ . W e do n o t  th in k  th a t  th e  s lig h tly  low er E PAH w o u ld  seriously  
in flu e n c e  th e  d irec t d e te rm in a tio n  o f R B F  a n d  th e  conclusions d ra w n  from  i t .

I t  m ay  be ask ed  w h e th e r  in  h y p o te n s io n  som e k in d  of a sh u n t m ech an ism  
is  fu n c tio n in g  in  th e  k id n e y . W e agree w ith  M a x w e l l , B r e e d  a n d  S m it h  [14], 
in  t h a t  th e  presence o f  a sh u n t of th e  T r u e t a  ty p e  [25] w ould  lead  to  an  e x ­
tr e m e  red u c tio n  in  in u lin  e x tra c tio n . O u r ex p erim en ts  h av in g  n o t d e m o n s tra ­
t e d  a n y  appreciab le  d ro p  in  E in, we do n o t th in k  th a t  a sh u n t w ou ld  be in v o lved  
in  th e  process, b u t o u r f in d in g s  n e ith e r  c o n firm , nor d isprove th e  in v o lv em en t 
o f  a sh u n t m echan ism .
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O liguria  has been in d u ce d  in  anaesth es ized  dogs b y  g ra d u a lly  w ith d raw in g  sm a ll v o ­
lu m es o f  b lood . B'.ood p ressu re  decreased  o n ly  sligh tly . In  th e  o ligaem ic s ta te  th e  c a rd ia c  o u t ­
p u t ,  re n a l b lood  flow , g lo m e ru la r  f i l t r a tio n  ra te  and  so d iu m -w a te r ex cre tio n  w ere  m easu red .

R en a l blood flow  an d  g lo m eru la r f i lt ra tio n  r a te  w ere d e te rm in ed  b o th  b y  d ire c t m e a ­
su re m e n t a n d  b y  th e  classic c learan ce  tech n iq u e . I t  w as fo u n d  th a t  acco rd ing  to  th e  re su lts  
o f  d ire c t  m easu rem en t th e  a b so lu te  v a lu e  o f  R B F  decreased  in  response to  b leed in g , b u t  th e  
d ecrease  w as p ro p o rtio n a te  to  th e  d ro p  in  blood p ressu re . T his m eans th a t  re n a l  re s is tan c e  
d id  n o t  ch ange . The ren a l f ra c t io n  o f  card iac  o u tp u t  also re m a in e d  unch an g ed . A t th e  sam e 
tim e  th e  re su lts  o b ta in ed  b y  th e  c learance  tech n iq u e  su g g ested  th e  p resence o f m tr k e d  re n a l 
isc h ae m ia , a n  increase  in  re n a l  re s is tan ce  a n d  a considerab le  re d u c tio n  in  th e  re n a l  f ra c tio n .

I t  m ay , accord ing ly , be  s ta te d  t h a t  o ligaem ia causes a  re d u c tio n  in  sa lt a n d  w a te r  e x ­
c re tio n  a n d  th a t  th e  low c lea ran ce  va lues a re  a tech n ica l consequence o f o ligu ria .

T h u s , in  th e  o ligaem ic s ta te  no  d iv ers io n  of b lood tak e s  p lace, a t  th e  ex p en se  o f  th e  k id ­
n e y  a n d  in  fav o u r o f  o th e r  o rg an s.

*

T here  is am ple e x p e rim e n ta l an d  clin ical ev idence to  show  t h a t  a re d u c ­
tio n  in  th e  volum e o f c irc u la tin g  b lood  an d  of th e  e x tra c e llu la r  sp ace  lead s to  
a decrease  in  sodium  a n d  w a te r  o u tp u t . (F or th e  l i te ra tu re  th e  re a d e r  shou ld  
co n su lt references [4, 5, 6, 7, 8, 15] an d  [17]. T he role o f th e  k id n e y  in  th is  
p rocess is n o t clear. O ne te a m  considers a red u c tio n  in  th e  g lo m eru la r f i l t r a t io n  
ra te ,  i. e. a decrease in  h aem o d y n am ics to  be o f p r im a ry  s ign ificance , th e  o th e r 
te a m  an  increase of tu b u la r  N a reab so rp tio n . T he sim plest w ay  to  re d u c e  p la s ­
m a vo lum e is to  d raw  b lood . T his, how ever, b y  cau sin g  a drop  in  b lo o d  p ressu re , 
lead s to  p ro found  c irc u la to ry  a lte ra tio n s . F o r th is  reason  a t te m p ts  h a v e  been 
m ad e  to  lessen th e  p la sm a  volum e b y  ta k in g  so l i t t le  blood th a t  b lo o d  p ressu re  
d id  n o t change su b s ta n tia lly . In  th is  w ay  th e  e x tra c e llu la r  space  w as red u ced  
w ith o u t a lte rin g  th e  o sm otic  re la tio n s , i. e. isoosm otic  h y p o v o laem ia  w as p ro ­
d u ced .

L o m b a r d o , E i s e n b e r g , O l i v e r , V i a r , E d d e l m a n  an d  H a r r i s o n  [14] 
re p o r te d  th a t  in  m an  fo llow ing th e  w ith d raw a l o f sm all volum es o f  b lood  salt 
a n d  w a te r excre tion  ch an g ed , b u t  th e  g lo m eru la r f iltra tio n  r a te  d id  no t. 
Y o u m a n s  an d  H u c k i n s  [19] fo u n d  a decrease in  f i l tra tio n  an d  in  so d iu m  ex ­
c re tio n  following m in o r b lood  loss in  th e  dog. S im ilar resu lts  h a v e  b e e n  re p o r t­
ed  b y  W a t s o n , G u l l i x s o n , R e n n i e  an d  Y o u m a n s  [18]. H e i n e m a n n , S m y t h e

3  Acta Physiologica XV/3.
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a n d  M a r k s  [13] h a v e  sh o w n  th a t  re n a l b lo o d  flow , as d e te rm in ed  b y  th e  
c le a ra n ce  techn ique , d e c re a se d  a fte r w ith d ra w a l o f  m o d e ra te  vo lum es o f b lood . 
G o o d y e r  and  J a e g e r  [12] red u ced  blood  p re ssu re  b y  20 m m  H g  b y  ta k in g  
b lo o d  from  a saes th es ized  dogs and  n o te d  t h a t  in  response to  th e  re d u c tio n  
so d iu m  excretion  d e c re a se d  sig n ifican tly  w hile  f i l t ra t io n  h a rd ly  d ecreased . 
A  decrease in b lood  p re s s u re  sim ilar to  t h a t  p ro d u ced  b y  h e x a m é th o n iu m  
b lo c k a d e  did no t in f lu e n c e  sod ium  ex cre tio n  a n d  re n a l blood flow . F ro m  th is  
th e  above au tho rs c o n c lu d e d  th a t  it is n o t th e  decrease  in  b lood p ressu re , b u t 
t h e  red u c tio n  in th e  b lo o d  v o lu m e  w hich is re sp o n sib le  for th e  changes m en tio n ­
e d . Z u i d e m a , C l a r k e , R e e v e s , G a u e r  a n d  H e n r y  [20] fo u n d  in  th e  dog a 
s ig n if ic a n t decrease in  d iu re s is  in  response to  a re d u c tio n  of th e  ca lcu la ted  
b lo o d  volum e b y  10 to  30 p e r  cent.

In  th e  a b o v e -m e n tio n e d  in v estig a tio n s re n a l  h aem o d y n am ics w ere s tu ­
d ie d  b y  th e  clearance te c h n iq u e . In  our ea rlie r  re p o r ts  i t  has been  p o in ted  ou t 
t h a t  in  p o s t-h aem o rrh ag ic  h y p o tension  [1], a c u te  h y p o ten sio n  [2], a n d  in 
th e  f irs t  phase of h a e m o rrh a g ic  shock [3], th e  re d u c tio n  in ren a l b lood  flow , 
as d e te rm in ed  b y  d ire c t m e a su re m e n t, is b y  fa r  n o t  so g rea t as th a t  suggested  
b y  th e  resu lts o b ta in e d  b y  th e  clearance te c h n iq u e  in  th e  sam e ex p erim en ts . 
A t th e  sam e tim e, th e  so -c a lle d  ren a l f ra c tio n  o f ca rd iac  o u tp u t (R F ), as de­
te rm in e d  on the  basis  o f  d ire c t R B F  m e a su re m e n t, rem ains p ra c tic a lly  u n ­
c h a n g e d  in  h y p o ten sio n , w h e reas  th e  re su lts  o f  th e  clearance te s ts  in d ica te  
t h a t  th e  k idney  is p r a c t ic a l ly  ischaem ic an d  re n a l v a so c o n s tr ic tio n  h as  d iv e rted  
t h e  b lo o d  to  o ther o rg a n s . I n  th e  p resen t series o f  ex p e rim en ts  we h a v e  in v e s ti­
g a te d  th e  effect of r e p e a te d  w ith d raw al o f sm a ll vo lum es of b lood on th e  c a r­
d ia c  o u tp u t, renal b lo o d  f lo w  (R B F ), g lo m eru la r f i l t r a t io n  ra te  (G F R ), as well 
as o n  th e  excretion  o f  N a  a n d  w a te r. We h a v e  co m p a re d  th e  values y ie lded  b y  
th e  d ire c t  d e te rm in a tio n  o f  R B F  w ith  th o se  o b ta in e d  b y  th e  classic c learance  
te c h n iq u e .

M e t h o d s

A  to ta l  of 11 e x p e r im e n ts  w as carried  ou t on  m o n g re l dogs o f b o th  sexes. P re p a ra tio n  
fo r  s u rg e ry ,  the  d e te rm in a tio n  o f  th e  d a ta  for card iac  o u tp u t  a n d  re n a l haem o d y n am ics were 
c a r r ie d  o u t  exactly  as d e sc rib e d  p re v io u s ly  [2]. U rine  w as co llected  in  15-m inute  periods and 
b lo o d  fo r  analysis was ta k e n  b y  th e  end of each p e rio d . A p a r t  from  these  sam ples a vo lum e 
o f  b lo o d  w as w ithd raw n  to  cau se  a  to ta l  blood loss a m o u n tin g  to  0.5 p e r cen t o f th e  b o d y  w eight. 
I m m e d ia te ly  a fte r blood sa m p lin g  w as th e  n ex t 1 5 -m in u te  p e rio d  begun , d u rin g  w hich  th e  
b lo o d  v o lu m e was a lre ad y  r e d u c e d . (No blood w as tra n s fu se d  in  these  ty p e  ex p erim en ts). 
A t  th e  e n d  of the  second 1 5 -m in u te  period  again a v o lu m e o f  b lood  equalling  0.5 p e r  cen t o f 
th e  b o d y  w eight was w ith d ra w n  a n d  th is  procedure  w as re p e a te d  th re e  tim es. In  th e  F igures 
a n d  in  th e  T able, colum n I. m e a n s  th e  contro l period  ; c o lu m n  I I .  illu s tra te s  th e  changes fo l­
lo w in g  a  blood loss am o u n tin g  to  0 .5  p e r cent o f th e  b o d y  w e ig h t ; colum ns I I I . ,  IV ., a n d  V., 
th o s e  a f te r  losses of blood c o rre sp o n d in g  to 1.0, 1.5 a n d  2.0 p e r  cen t o f th e  b o d y  w eigh t, 
r e sp e c tiv e ly .

T h e  ab brev ia tions a n d  c a lc u la tio n s  are ex ac tly  th e  sam e  as those  used in o u r p rev io u s 
r e p o r t  [2].
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R esu lts

T he d a ta  o b ta in e d  in  e x p e rim e n ts  are p re sen ted  in  F igs. 1 to  7, th e  m e a n s  
(w ith  s. d.) in  T ab le  I . In  each  f ig u re  th e  single p o in ts  rep re sen t th e  r e s u lts  
o f  a ce rta in  e x p e rim e n ta l period a n d  th e  colum ns th e  m eans o f th e se  p o in ts .

As it  is v isib le  in  Fig. 1, b lo o d  p ressure  decreased  co n tin u o u sly  in  r e s ­
ponse  to  th e  g ra d u a l loss of b lood , b u t  its  m ean  w as s till  as h igh  as 90 m m  H g  
a f te r  th e  loss o f 1.5 p er cent. In  tw o  ex p erim en ts  in  period  IV ., a n d  in  tw o

Fig. 1. Changes in  a r te r ia l  pressure in  resp o n se  to  rep ea ted  b leed ings. T he single p o in ts  in d i ­
c a te  th e  single ex p e rim e n ta l periods, th e  co lum ns show  th e  m ean s. C olum n I. : co n tro l p e rio d . 
C olum ns II . to  Y. : a f te r  th e  loss o f  b lo o d  co rresponding  to  0 .5, 1.0, 1.5 an d  2.0 p e r  c e n t  o f

the  b o d y  w e ig h t, re sp ec tiv e ly

o th e rs  in period  V ., blood p ressu re  w as so low th a t  i t  w as u n reaso n ab le  to  c o n ti­
n u e  th e  ex p e rim e n t. Fig. 2 show s th e  values of th e  ca rd iac  o u tp u t (CO) a n d  
rec ip rocal to ta l  periphera l re s is ta n c e  (1 /T P R ). T he ca rd iac  o u tp u t d ec reased  
g ra d u a lly , w hile th e  to ta l  p e r ip h e ra l resistance  in c reased  s ligh tly .

In  F ig . 3 we fin d  th e  d ire c t ly  m easu red  va lu es  o f th e  re n a l b lo o d  flow  
(R B F dlr) on th e  left side, a n d  th o s e  de te rm ined  on th e  basis o f th e  P A H  c le a r­
an ce  an d  e x tra c tio n  (R B F C,E) on  th e  r ig h t. I t  is obvious th a t  th e  re d u c tio n  
in  R B F  w as m u ch  m ore m a rk e d  b y  th e  c learance  te c h n iq u e .

Fig. 4 illu s tra te s  th e  re la t io n  o f blood p ressu re  to  R B F . O n th e  le f t  we 
p re sen t th e  rec ip ro cal of th e  r e n a l  resistance , as d e te rm in ed  on th e  b as is  o f 
d irec t R B F  m easu rem en t (1 /R dir). O n th e  r ig h t a re  seen th e  va lu es  c o m p u te d  
from  R B F CyE ( 1 / R c/e )- I t  is  c le a r  t h a t  desp ite  th e  co n tin u o u s decrease in  b lood  
vo lum e a n d  b lood  pressure, re n a l  v a sc id a r re s is tan ce  d id  n o t c h an g e , i. e.

3 *
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Fig. 2. C ardiac o u tp u t  a n d  reciproca l p e r ip h e ra l  re s is tan ce  in  g ra d u a l bleeding.
Signs as in  F ig . 1

F ig .  3. R en a l blood flow  (m e a s u re d  d irec tly  an d  c o m p u te d  from  P A N  c learan ce  an d  e x trac  
tio n , re s p e c tiv e ly )  in  g radual b leed in g . S igns as in  Fig. 1
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Table I

Changes in  cardiac output and  remii fu n c tio n  in  response to gradual loss o f  blood

I II III IV V

1. T o ta l vo lum e o f 
b leed ing , in  p e rce n t­
age o f  b o d y  w eigh t 0.5 1.0 1.5 2.0

2. M ean blood  p ressure 1 2 4 ± 1 4 115 ± 1 7 101 ± 2 3 87 ± 2 5 7 3 ±  14

3. C ard iac  o u tp u t 3 .28± 0 .91 2 .5 8 ± 0 .7 9 2 .3 6 ±  1.27 2 .0 9 ± 0 .8 7 1.42 ± 0 .6 5

4. 1 /T P R 2 6 .3 ± 6 .2 2 2 .9 ± 7 .4 2 4 .0 ± 1 6 .6 22.1 ± 9 .1 1 7 .8 ± 8 .1

5. R B F d r 5 8 4 ± 1 5 4 536 ± 1 5 7 434 ± 119 372 ± 1 5 9 3 0 7 ± 1 2 8

6. R B F c/e 5 3 2 ± 2 2 4 344 ± 2 0 1 2 3 3 ±  166 107 ± 100 40 ± 9 3

7. 1/Rdir 4 .7 6 ± 1 .3 5 4.77 ± 1 .5 3 4 .4 3 ± 1 .5 9 4 .4 0 ± 2 .1 9 4.41 ± 2 .0 3

8- 1/R C/E 4 .3 5 ± 1 .8 8 3 .0 9 ±  1.87 2 .3 2 ±  1.70 1 .0 9 ± 0 .9 8 0 .5 3 ± 1 .2 4

9. RFdir 1 9 .0 ± 6 .4 2 1 .9 ± 8 .3 22.2 ± 1 0 .4 19 .7 ± 1 1 .9 2 3 .7 ± 1 1 .8

10. R F c/e 18.1 ± 9 .8 16.3 ±  10.2 1 0 .9 ± 1 4 .9 5.4 ± 6 .1 1 .9 ± 3 .7

11. R P F  • E in 5 7 ± 5 7 4 7 ± 3 7 43 ± 3 2 43 ± 3 8 32 ± 2 0

1 2 .  Cin 49 ± 1 6 37 ± 1 7 19 ±  14 8±  10 2±6
13. V /m in 0 .8 3 ± 0 .4 2 0 .4 9 ± 0 .3 0 0 .2 9 ± 0 .2 5 0.1 2 ± 0 .1 0 0 .0 3 ± 0 .0 6

14. N a e x cr./m in 108±120 40 ± 4 0 1 6 ± 1 6 6±6 1 ± 3

1 5 .  E in 1 7 ±  10 15 ±  12 1 4 ± 9 2 0 ± 1 3 1 9 ± 1 2

16. Е рдн 6 4 ±  10 6 7 ± 1 0 6 2 ± 1 0 69 ± 1 3 57 ± 1 8

17. N u m b e r o f  cases 11 11 11 9 7

th e  t ru e  R B F  decreased  in  e x a c tly  th e  sam e m easu re  as was e x p e c ta b le  on 
g ro u n d  o f P o ise u il l e ’s law , w ith  u n ch an g ed  v ascu la r calib re  a n d  v isco s ity , 
as a re su lt o f a d rop  in  blood p ressu re . T he c learance  resu lts  in d ic a te d  a n  e x ­
cessive in crease  in  ren a l v ascu la r re s is tan ce . I n  F ig . 5 are show n th e  v a lu es  for 
th e  re n a l fra c tio n  of card iac  o u tp u t , on  th e  le ft as d e te rm in ed  from  th e  d ire c tly  
m e a su re d  R B F  (R F dir), an d  on th e  r ig h t as co m p u ted  from  th e  R B F  show n 
b y  th e  c lea ran ce  an d  e x tra c tio n  re su lts . (R F C/E). A fte r th e  above i t  w as only  
n a tu ra l  t h a t  th e  d irec tly  m easu red , i. e. th e  t ru e  re n a l frac tio n  w as u n c h a n g e d , 
w hile th e  c learance  suggested  an  ex trem e  red u c tio n  in  th e  ren a l f ra c tio n .

O n th e  left in  F ig . 6 th e  in u lin  c learance  was com p u ted  b y  m u ltip ly in g  
th e  d ire c tly  m easu red  ren a l p lasm a  flow  b y  th e  in u lin  e x tra c tio n  ra te  (R P F .E jn) 
w hereas on  th e  r ig h t th e  re su lts  o f th e  classic c learance  te s ts  (Cin) a re  p re ­
se n te d . D e te rm in a tio n  b y  th e  d irec t te c h n iq u e  show ed a m o d era te  d ecrease  in 
th e  in u lin  c learance , th e  classic te c h n iq u e  suggested  a m uch m ore  m a rk e d  
decrease.
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F ig . 4. R ec ip ro ca l re n a l  v a sc u la r  re sis tan ce  (as d e te rm in e d  on  g rounds of R B Fdir a n d  R B F c/e 
re sp .)  in  g ra d u a l b leeding. S igns as in  Fig. 1

F ig . 5 . T h e  re n a l f ra c tio n  o f  c a rd ia c  o u tp u t  (on g ro u n d s  o f  R B Fdir an d  R B F c/e ) in  g ra d u a l
b leed ing . Signs as in  F ig . 1
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F ig . 6. G lom eru lar f i ltra tio n  ra te  (as c o m p u te d  from  R B F jn, l ia e m a to c rit an d  in u lin  e x tra c ­
t io n , a n d  from  th e  classic in u lin  c le a ra n c e , re sp ec tiv e ly ) in  g ra d u a l bleeding. Signs as in  F ig . 1

F ig. 7. D iuresis (V /m in) a n d  so d iu m  excre tion  (/reeq /m in) in  g ra d u a l b leed in g .
Signs as in  Fig. 1
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F ina lly , F ig . 7 show s th e  diuresis p e r  m in u te  an d  th e  r a te  o f sodium  e x ­
c re tio n , w hich ro u g h ly  corresponds to  d iu resis .

T able I  c o n ta in s  th e  m eans for th e  co rresp o n d in g  co lum ns, to g e th e r w ith  
th e ir  dispersion ra n g e s .

F ig . 8. Changes in  c a rd iac  o u tp u t  and ren a l fu n c tio n  in  resp o n se  to  g ra d u a l bleeding. T he 
c u rv e s  h a v e  been p lo tte d  o n  th e  basis o f th e  m eans b e lo n g in g  to  th e  single g rad es o f blood loss

Discussion

As to  th e  e v a lu a tio n  an d  re liab ility  o f  th e  m e th o d s em ployed , we refer 
to  w h a t has been e la b o ra te d  in  th e  p rev ious re p o r t  [2].

I n  colum n I  o f  T a b le  I  th e re  is no d ifference  betw een  th e  ren a l blood 
flo w  values o b ta in ed  b y  d ire c t d e te rm in a tio n  (R B F dlr) an d  tho se  o b ta in ed  from  
th e  c learance  an d  e x tra c t io n  (R B F C/E) ; in  co lum n  I I  th e  d ifference borders 
s ign ificance  and  in  co lu m n s I I I  to  Y i t  is h ig h ly  s ig n ifican t. T he sam e applies 
to  th e  1/R , R F , R P F .E in a n d  Cin values, d e te rm in e d  b y  th e  tw o  m ethods. 
W e w ish  to  em phasize once again  th a t  if  a d isc rep an cy  occurs b e tw een  th e  
R B F djr a n d  R B F c/e v a lu e s , i t  is th e  fo rm er t h a t  c an  be tru s te d . A ccordingly , 
in  ex p erim en ts  o f th is  ty p e  no conclusion as to  th e  R B F  can  be d raw n  from  
th e  c learance , even i f  e x tra c tio n , too , is ta k e n  in to  considera tion .
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T he sam e applies to  th e  G F R . As we h av e  a lre a d y  p o in ted  ou t [2], th e  
e rro r o f E ln d e te rm in a tio n  is g re a t, owing to  te c h n ic a l d ifficu lties . To th is  m a y  
he ascribed  th e  w ide v a r ia b il i ty  o f th e  single va lues, w hich  fo rb id  e v e ry th in g  
b u t a q u a lita tiv e  e v a lu a tio n . In u lin  c learance ( f i l tra tio n , according to  th e  
g en era lly  accep ted  view) is s till  d em o n strab le , even  in  cases in  w hich on th e  
basis o f c learance  th e  f i l t r a t io n  seem s to  h av e  ceased .

I f  we consider th e  d iu resis  values in F ig  7 a n d  com pare  th em  w ith  th e  
values on th e  rig h t side o f F ig s . 3 to  6, it  w ill be consp icuous th a t  in  th e  v a ­
rious F ig u res  th e  p o in ts  a re  a rra n g e d  in a ro u g h ly  s im ila r  m an n er. In  o th e r  
w ords, th e  values co m p u ted  from  th e  clearance a n d  e x tra c tio n  becom e im m e a ­
su ra b ly  low  in  such periods in  w hich diuresis is low . A n d  because in  th e se  p e ­
riods th e  values y ie lded  b y  th e  d irec t d e te rm in a tio n  o f  ren a l blood flow  are  
h igher, we see confirm ed  o u r ea rlie r view  [2] th a t  th e  low  clearance is a te c h n i­
cal consequence of o ligu ria .

I t  is a n o th e r q u es tio n  w h e th e r th e  decrease in  th e  abso lu te  va lues o f 
re n a l h aem o d y n am ics (R B F dir, R P F dir. E in) m ig h t n o t be th e  cause o f  th e  
re d u c tio n  in  d iuresis. A ccord ing  to  ce rta in  schools, s a lt  an d  w a te r d iu resis  
is co n tro lled  in  a decisive w ay  th ro u g h  th e  con tro l o f  th e  filte red  load , an d  a 
slig h t, m ethodo log ica lly  a lm o s t inaccessib le, decrease  in  f i ltra tio n  m a y  lead  
to  a s ig n ifican t red u c tio n  in  s a lt an d  w a te r d iu resis , ev en  w ith  an  u n c h an g ed  
tu b u la r  sod ium  re a b so rp tio n  (S e l k u r t  [16]). I f  we a d h e re  to  th is  v iew , we 
m a y  ascribe  th e  red u c tio n  in  d iuresis to  a decrease in  b o th  th e  d irec tly  m e a ­
su red  R B F  an d  th e  a b so lu te  v a lu e  o f G F R . M ore re c e n tly , how ever, th e re  is 
m ore an d  m ore ev idence t h a t  th e  tu b u la r  fac to rs , to o , h a v e  a decisive role to  
p la y . F a r r e l , R o s n a g l e  a n d  R a u s c h k o l b  [9], b leed in g  dogs th ro u g h  th e  
a d re n a l vein , found  an  in c rease  in  th e  a ldosterone  c o n te n t o f p lasm a. A cco rd ­
ing to  G o o d k i n d , B a l l  a n d  D a v is  [11], rep e a te d  m in o r haem orrhages in  th e  
dog lead  to  an  increase o f  a ld o ste ro n e  o u tp u t, w ith  th e  clearances u n ch an g ed . 
S im ilar re su lts  h av e  been  o b ta in e d  in  m an  b y  F i n e , M e is e l a s  an d  A u e r ­
b a c h  [10], who found  t h a t  a f te r  blood w ith d ra w a l th e  c rea tin ine  c learan ce  
was u n ch an g ed , sod ium  e x c re tio n  was reduced  a n d  th e  o u tp u t of a ld o ste ro n e  
increased .

W e h av e  found  t h a t  in  th e  dog rep ea ted , m in o r haem orrhages in d u ce  
o ligu ria . As d e te rm in ed  b y  d irec t m easu rem en t, th e  decrease in  R B F  is p ro ­
p o rtio n a te  to  th e  d rop  in  b lood  pressure, th u s  th e  ca lc u la ted  ren a l v a sc u la r  
re s is tan ce  an d  th e  re n a l f ra c tio n  o f ca rd iac  o u tp u t do n o t change. U n d er th e se  
ex p e rim en ta l cond itions th e  o liguria  is n o t a sso c ia te d  w ith  ren a l v a so co n ­
s tr ic tio n , b u t ,  of course, re n a l b lood  flow  an d  th e  a b so lu te  value of th e  g lom e­
ru la r  f iltra tio n  ra te  decrease. A ccording to  our v iew , i t  is p a r tly  a re d u c tio n  in  
haem o d y n am ics an d  p a r t ly  an  increase in tu b u la r  so d iu m  reab so rp tio n  w hich  
leads to  a decrease in  so d iu m  excre tion , to  w hich  o lig u ria  is a seco n d a ry  se ­
quel.
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UNTERSUCHUNGEN ÜBER DIE FUNKTION DER 
NEBENNIERENRINDE BEI REGENERATION*

Von

P . W e i s z , L . H o r v á t h , T . K á d a s , P . K öves  
und L. R it t e r

PA TH O PH Y SIO LO G ISCH ES IN S T IT U T  D E R  M ED IZIN ISCH EN  U N IV E R S IT Ä T , BUDAPEST 

(E in g eg an g en  am  9. O k to b er 1958)

Die H y p e rto n ie , d ie an  R a t te n  w äh ren d  der R e g en e ra tio n  de r d em edu llierten  N e b e n ­
niere a u f t r i t t ,  f ü h r t  zu r E rh ö h u n g  n ic h t n u r  des sy s to lischen , so n d e rn  auch  des d ias to lisch en  
D ruckes. N ach  in itia le n  S ch w an k u n g en  n im m t die C o rtico ste ro n sek re tio n  ab. E ine e rh ö h te  
A usscheidung  a n d ere r S te ro id e , in k lu s iv e  A ldosteron , k o n n te  n ic h t  nachgew iesen w erd en .

*

S k e l t o n  [1, 2, 3, 4] b esch rieb  die H y p e rto n ie  v o n  u n ila te ra l n e p h re k to -  
m isie rten  ju v en ilen  R a t te n ,  be i denen  eine N eb en n iere  en tfe rn t und die a n d e re  
d em ed iu lle rt w u rd e . D ie H y p e rto n ie  t r i t t  n u r  a u f  fa lls  die T iere K o c h sa lz ­
lösung  als T rin k flü ß ig k e it e rh a lte n . Seiner A n n a h m e  n a c h  w ird  diese H y p e r ­
to n ie  d u rch  einen  Ü b e rsch u ß  v o n  M inera loco rtico iden  v e ru rsach t, d ie  im  
L aufe  d er R eg en e ra tio n  d e r dem ed u llie rten  N e b e n n ie re  p ro d u z ie rt w e rd en . 
A ußer d ieser th e o re tisc h e n  F o lg eru n g  liegt eine au sfü h rlich e  A nalyse d ieses 
P rob lem s noch  n ich t v o r. Z u r K lä ru n g  dieser F ra g e  h ab en  wir die C ortico id - 
sek re tio n  der re g en e rie ren d en  N ebenniere  u n te rs u c h t . Diese V ersuche, sow ie 
einige neue A n g ab en  ü b e r d as  V erh a lten  des B lu td ru c k e s  u n te r  den o b e n e r­
w äh n te n  U m stä n d e n  s ind  in  d ieser A rbeit e n th a lte n .

M ethodik

D ie V ersuche w u rd en  a n  60— 80 g schw eren m än n lich e n  W is ta r-R a tte n  d u rc h g e fü h r t .  
Die O p e ra tio n en  erfo lg ten  n a c h  d e r M ethode von  Skelton [1, 2]. Als T rink flüssigkeit e rh ie l­
te n  d ie T iere  physio log ische  K ochsa lz lösung  ad lib itum . D ie  W ich tig k e it dieses U m sta n d e s  
w ird  a u ch  d u rc h  einige eigene E rfa h ru n g e n  u n te r s tü tz t .  D e r  B lu td ru c k  w urde zum  T eil n a c h  
dem  V erfah ren  von  Kersten [5], in  an d eren  V ersuchen  n a c h  de r von Rózsa, Gáti u n d  
Weisz [6] e in g e fü h rte n  M ethode  gem essen. W ie die KERSTENsche M ethode, b e n u tz t  a u c h  
diese le tz te re  das p h o to e le k trisc h e  P rin z ip , e rm öglicht je d o c h  -— d u rc h  E in sch a ltu n g  e in es D if­
fe ren z ia lv e rs tä rk e rs  —  eine g en au e re  E rfassung  des sy s to lisc h en  D ruckes, und  is t  so g a r a u c h  
fü r d ie u n b lu tig e  M essung des d ias to lisch en  D ruckes g ee ig n e t. M it dieser M ethode is t  es n ä m ­
lich  m öglich , d ie  G esch w in d ig k eit zu  m essen, m it w elcher d a s  B lu t in  die E x tre m itä t  n a c h  
A b lassen  d e r A b k lem m u n g  h in e in s trö m t. N ach den  o b e n e rw ä h n te n  A u to ren  w ird  a ls d ia s to ­
lischer D ru ck  derjen ige  n ied rig s te  M an sch etten d ru ck  b e tr a c h te t ,  u n te rh a lb  dessen  s ich  d ie  
F ü llu n g sg esch w in d ig k e it schon  n ic h t  m eh r e rh ö h t.

* E in  T eil d ieser A rb e it,  d e r  sich  a u f  die C o rtico s te ro n - u n d  A ldosteron -A nalyse  des 
ven ö sen  N e b en n ie ren b lu tes  b e z ieh t, w urde am  K o n g reß  d e r  U ngarischen  P hysio log ischen  
G ese llschaft (4— 6. J u l i  1958) v o rg e trag en .
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B ei einem  T eil d e r  T ie re  h ab en  w ir a u c h  h isto log ische U n te rsu ch u n g e n  d u rch g efü h rt. 
Z w eck s h istochem ischer A u sw e rtu n g  w u rd en  d ie  N eb en n ie ren  m it S u d a n  g e fä rb t , u n d  fü r 
N ach w eis  d o p p e lb rech en d en  F e tte s  u n te r  P o la r is a tio n so p tik  u n g e fä rb t u n te r s u c h t .

Z ur P rü fu n g  d e r  H o rm o n a u ssc h e id u n g  d e r  N ebenn ieren rinde  w u rd e  n a c h  Vogt [7] 
a u s  d e r  У. renalis B lu t e n tn o m m e n , u n d  d ie C o rtico ste ro id e  m it de r M e th o d e  v o n  Bush [8] 
b e s t im m t. Dieses V e rfah re n  b e s te h t  aus E x tr a k t io n  m it  A e th y la ze ta t, R e in ig u n g  u n d  n a c h ­
fo lg e n d e r  C hro m ato g rap h ie  in  T oluol : M e th an o l : W asser (4 : 3 : 1). D a s  C h ro m ato g ram m  
w u rd e  m it T e traz o liu m b lau  en tw ick e lt u n d  d ie . F leck e  m it Hilfe v o n  S ta n d a rd p rä p a ra te n  
id e n tif iz ie r t .  N ach  E lu ie ru n g  w u rd e  die q u a n ti ta t iv e  B estim m ung  e in ze ln e r K o m p o n en ten  
p h o to m e tr is c h  d u rc h g e fü h rt .

Die fluorometrischen Untersuchungen erfolgten nach der Methode von Sweat [9].

Ergebnisse

D a über den  d ia s to lisch en  B lu td ru c k  von  R a tte n  m it SKELTONscher 
H y p e rto n ie  keine L ite ra tu ra n g a b e  v o rlie g t, h ab en  w ir auch  diese F ra g e  u n te r ­
s u c h t .  A bb. 1 zeig t d ie  n a c h  der M ethode  von  R ó z s a , G á t i  u n d  W e i s z  [6 ]  

e rh a lte n e n  systo lischen  u n d  d iasto lisch en  D ru ck w erte  einiger T ie re .

A b b . 1. Systo lischer u n d  d ia s to lisc h e r D ruck  b e i K o n tro l lra t te n  (К ) u n d  be i o p e r ie r te n  T ieren  
in  v e rsch ied en en  Z e ita b s tä n d e n  n a ch  der O p e ra tio n . Säm tliche  G ruppen  z e ig en  eine sign ifi­
k a n te  D ifferenz zu  den  K o n tro lle n  (P  =  0,01). B ei zw ei R a tte n , die in  d e r  z w e iten  W oche 
e in e n  n ied rig en  systo lisch en  B lu td ru c k  au fw iesen , k o n n te  der d iasto lische D ru c k  aus te c h n i­
s c h e n  G ründen  n ich t g em essen  w erden , was d e n  D u rc h sc h n itt  o ffensich tlich  n a c h  oben v e r­

sch ieb

W ie aus d er A b b ild u n g  h e rv o rg e h t, liegen  die sy sto lisch en  B lu td ru c k ­
w e r te  schon zwei W o ch en  n a c h  der O p e ra tio n  s ign ifikan t h ö h e r a ls die de- 
K o n tro lle n . Am E n d e  d e r  sechsten  W oche e rh ö h t sich der B lu td ru c k  noch  wei-
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te r .  A uffällig  is t die T a tsach e , d aß  die T iere  in  ih rem  V erh a lten  n ich t vö llig  
m ite in a n d e r ü b ere in stim m en , u n d  obw ohl d e r  B lu td ru c k  im  D u rc h sc h n itt 
h ö h er lieg t, als d er d er K o n tro llen , f in d e n  w ir au ch  n ach  sechs W ochen  
noch  T iere  m it n o rm alem  B lu td ru ck . A u f äh n lich e  B eo b ach tu n g en  k ö n n e n  
w ir auch  aus den B em erkungen  von  G r o s s  [10 ] fo lgern . W eite rh in  ze ig t 
A bb. 1, d a ß  sich au ch  der d iasto lische  D ru ck  in  s ig n if ik an te r  W eise e rh ö h t. 
Im  a llgem einen  is t es zu bem erken , d a ß  in  a llen  solchen Fällen , w en n  ein  
A nstieg  des systo lischen  D rucks gefunden  w u rd e , auch  d er d iasto lische  D ru c k  
hö h er als bei den  K o n tro llen  lag .

Bei den  o p erie rten  T ieren  h ab en  w ir au ch  die h isto log ischen  K o n tro l­
len  ro u tin em ässig  d u rch g e fü h rt, deren  E rg eb n isse  m it den  A n g ab en  v o n  
S k e l t o n  [3] ü b e re in s tim m ten . In  ein igen F ä llen  w u rd en  die N eb en n ieren  a u s ­
ser S u d a n fä rb u n g  au ch  u n te r  P o la risa tio n sm ik ro sk o p  u n te rsu c h t.

N ach  den  h isto log ischen  E rg ebn issen  b e sc h rä n k t sich der f e t th a lt ig e ,  
fu n k tio n ie re n d e  Teil in  den  e rs ten  T agen  n a c h  der O p era tio n  a u f  die Z ona  
G lom erulosa. A ndere  Teile der N ebenn iere  s in d  zu  diesem  Z e itp u n k t m it B lu t 
u n d  n ek ro tisch en  G ew ebsresten  au sg efü llt. S p ä te r  t r i t t  eine R eg en e ra tio n  ein , 
die e tw a  v ie r W ochen  n ach  der O p e ra tio n  d a u e r t .

D ie S te ro id sek re tio n  der N eb en n ie ren rin d e  w urde  d u rch  A nalyse  des in  
e iner h a lb e n  S tu n d e  gesam m elten  venösen  B lu tes  v e rfo lg t. E s sollen h ie r h a u p t-

Tabelle I

Zahl der Tiere P- W ert№ V ersuchsgruppe /'g/kg/Stunde

l . K o n tro lle n  A 10 4 0 ,5 ± 4 ,7
1 0,05

1 T ag n ach  d e r O peration 8 2 6 ,6 ± 4 ,0 5
2 K o n tro lle n  A 10 40,5 ± 4 ,7

K o n tro lle n  В 12 4 7 ,0 ± 3 ,1 2

3— 6 T age n ach  de r O peration 18 4 1 ,2 ± 3 ,2

1 < 0 ,0 5  

)

3. K o n tro lle n  А 10 4 0 ,5 ± 4 ,7

K o n tro lle n  В 9 5 3 ,5 ± 3 ,2 4

13— 25 T age n ach  de r O peration 14 3 0 ,2 ± 2 ,8 ! < 0 ,0 1

4. K o n tro llen  А 16 26,9 ±  1,08
1 < 0 ,0 1

90 T age n ach  d e r O peration 8 1 7 ,3 ± 2 ,4

A .  K o n tro lle n  : u n o p e rie rte  T iere g leichen G ew ich ts wie die o p e rie rten  R a tte n
B . K o n tro lle n  : re ch tsse itig e  N ieren- u n d  N e b en n ie ren e n tfe rn u n g  ohne D em ed u llie ru n g , m it 
K ochsalz  als T rin k flü ss ig k e it. O p eratio n  zu  g le icher Z eit wie bei den  d e m e d u llie rte n  T ie ren  
Im  V ersu ch  No. 4 sch ien  die U n te rsu ch u n g  v o n  K o n tro llg ru p p e  B . u n n ö tig , da d ie  D ifferen z  
a u ch  zu  d e n  u n o p e rie r te n  T ieren  s ig n ifik a n t w ar.
D ie P -W e rte  w u rd en  n u r  angegeben , fa lls d ie A b w eich u n g  sig n ifik a n t w ar.
A us d e r T ab e lle  k a n n  en tn o m m en  w erden , d a ß  be i ä lte re n  T ie ren  die C o rtico s te ro n au ssch e i-  
d u n g  n ied rig e r lie g t, a ls bei den  jü n g eren .
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säch lich  die B efu n d e  ü b e r C orticosteron , d a s  H a u p th o rm o n  d er R a tte n n e b e n ­
n ie re , h e rv o rg eh o b en  w erden.

T abelle I  ze ig t e in d eu tig , d a ß  d ie  C o rtico ste ro n au ssch e id u n g  n a c h  
e in er ü b e rra sc h e n d  le ich ten  in itia len  A b n a h m e  rasch  reg en erie rt w ird , so d a ß  
sie am  3—6 T ag e  schon  norm ale  W erte  au fw e is t. S p ä te r k a n n  eine n eu e  A b ­
n ah m e  d er C o rtico ste ro n sek re tio n  b e o b a c h te t w erden .

O bw ohl d as  von  u ns v e rw en d ete  E n tw ic k lu n g sv e rfa h ren  m it T e tra z o - 
liu m b la u  eine d e r em p fin d lich sten  M eth o d en  d a rs te llt , k a n n  es die q u a n t i ta ­
tiv e  E rm ittlu n g  des bei den  R a tte n  n u r  in  re la t iv  k leinen M engen seze rn ie rten  
H y d ro co rtiso n s n ic h t erm öglichen . D och  is t es w ahrschein lich , te ils  au c h  a u f  
G ru n d  der s p ä te r  zu  e rw äh n en d en  V ersuche, d a ß  eine Z unahm e in d er H y d ro ­
co rtiso n sek re tio n  n ic h t a u f t r i t t .

Die A ld o ste ro n au ssch e id u n g  b le ib t eb en fa lls  u n v e rä n d e rt. N ach  S i n g e r  
[11] liegt der dem  A ldosteron  en tsp rech en d e  F leck  auch in  dem  von u n s  ver-

M ikrophotogram m  1. Reproduktion eines Chromatogrammes. In Richtung des Pfeiles zu
lesen .

Säule 1. Hydrocortison, Cortison und Corticosteron (Standardpräparate)
Säu le  2. S ta rk  v e rm in d e r te  C o rtico ste ro n au ssch e id u n g  in  einem  d em ed u llie rten  T ie r 
Säu le  3. S ta n d a rd p rä p a ra te
Säule  4. M äßig v e rm in d e r te  C o rtico ste ro n au ssch e id u n g  in  einem  d em ed u llie rten  T ie r 
Säu le  5. S ta n d a rd p rä p a ra te  
S äu le  6. K o n tro lltie r

w en d e ten  S ystem  zw ischen  H y d ro co rtiso n  u n d  C ortison . D och h a b e n  w ir a n  
d iesem  G ebiet ke in e  m eß b a re  M enge v o n  S te ro id en  gefunden , au ch  w enn  
E lu a te  aus fü n f  T ie ren  vere in ig t u n te rs u c h t  w u rd en , u m  H o rm o n m en g en  
zu  erfassen , die m it  dem  A uge v ielle ich t n ic h t e n td e c k t w erden  k ö n n en . E ine  
flu o ro m etrisch e  M ethode  fü r  die M ik ro b estim m u n g  von  S te ro iden  w u rd e  v o n  
S w e a t  [9, 12] em p fo h len . W ir v e rsu ch ten  a u c h  m it diesem  V erfah ren , eine 
ev en tu e lle  g e rin g g rad ig e  A ld o ste ro n v e rm eh ru n g  nachzuw eisen . D azu  w u rd e  
d as  z u r  C h ro m ato g rap h ie  b e n u tz te  F ilte rp a p ie r  (W h a tm a n  N o. 1) in  S ox le th - 
A p p a ra t m it E th a n o l e x tra h ie r t  u n d  n u r  d a n n  ve rtv en d e t. D as G ebiet zw ischen
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H y d ro c o rtiso n  u n d  C ortison  w urde ohne E n tw ic k e ln  e lu ie rt, das E lu a t rech ro - 
m a to g ra p h ie r t , u n d  das dem  A ldosteron  en tsp re c h e n d e  G ebiet w ieder e lu ie r t . 
In  d en  so e rh a lte n e n  E x tra k te n  w urde  d a n n  die a lkoholisch-schw efelsäurige 
f lu o ro m e trisch e  R e a k tio n  ausgelöst. O bw ohl eine m in im ale  Menge von  S te ro i­
den in  d ieser W eise nachgew iesen  w erden  k o n n te , h a b e n  w ir zw ischen d en  
K o n tro llen  u n d  o p erie rten  T ieren  keine D ifferenz  gefunden . (In  beiden  G ru p p en  
lag  die M enge d er S tero ide  u n te r  0,01 fig.)

Z u r K lä ru n g  w eite re r M öglichkeiten  h a b e n  w ir eine w eitere  V ersu ch s­
serie d u rc h g e fü h rt. W ir v ersu ch ten  n äm lich  die m it T e trazo liu in b lau  n ic h t e r ­
fa ß b a re n  Д -4 , 3 -K etostero ide  u n d  1 7 -K eto ste ro id e  nachzuw eisen . Zu d iesem  
Zw ecke d ien te  die von  B u s h  [13] e in g e fü h rte  R e a k tio n  m it N aO H  u n d  D in itro -  
benzol. D ie d u rch  N aO H  hervo rgeru fene  sog. »Soda-F luorescence«  is t a n  die 
Д -4 , 3 -K e to g ru p p e , w ährend  die D in itro b e n z o lre ak tio n  an  die 1 7 -K e to s te ro i- 
den  g e k n ü p ft. Z u r A usfüh rung  d ieser V ersuche w u rd en  10 R a tte n  n a c h  u n d  
9 w ä h re n d  d er b een d e ten  N eb en n ie ren reg en era tio n  e n tb lu te t . D as v e re in ig te  
B lu t w u rd e  e x tra h ie r t  u n d  c h ro m a to g ra p h ie r t. D am it w ollten  w ir au ch  k le in ­
ste  H o rm o n k o n z e n tra tio n en  nachw eisen . A uch  K o n tro lltie re  w u rd en  n a t ü r ­
lich  in  au sre ich en d er Z ah l p ara lle l u n te rs u c h t. D och gelang  es uns au c h  m it 
d iesem  V erfah ren  n ich t, einen, in  den  K o n tro llen  n ich t v o rh an d en en  n eu en  
S to ff nachzuw eisen .

E in  m it T e trazo liu in b lau  en tw ick e lte s  C h ro m ato g ram m  ein iger dem e- 
d u llie r te n  T iere  is t im  M ik ro p h o to g ram m  1 w iedergegeben .

B esprechung der E rgebnisse

U n seren  B efunden  über das V e rh a lte n  des B lu td ru ck es s in d  k e in e  
neuen  A n h a ltsp u n k te  zu en tn eh m en . A us L ite ra tu ra n g a b e n  ist näm lich  b e k a n n t 
[14, 15], d a ß  d er e rh ö h te  systo lische D ru ck  in  versch iedenen  F o rm en  d e r e x ­
p e rim en te llen  H y p e rto n ien  m it e iner E rh ö h u n g  des d iasto lischen  D ru ck es  
e in h e rg e h t. U nsere  A ngaben  lassen  d a ra u f  sch ließen , d a ß  auch  die S k e l t o n - 
sche H y p e rto n ie  von  dem selben C h a ra k te r  is t .

U n sere  h isto log ischen  B efunde u n te rs tü tz e n  in  je d e r  H insich t die E rg e b ­
nisse v o n  S k e l t o n  [3]. D a wegen des B lu te rg u sses , d e r sich einige T ag e  n a c h  
d e r O p e ra tio n  in  d er N ebenniere  b e f in d e t, die M essung des D rü sen g ew ich tes  
ir re a l is t , w 'urden die S te ro idw erte  au sn ah m slo s  a u f  K örpergew ich t bezogen .

D ie E rgebn isse  unserer S te ro id a n a ly se n  s ind  aus m ehreren  G esich ts­
p u n k te n  n e u a r tig  u n d  ü b errasch en d . A uffa llen d  is t die re la tiv  g e rin g g rad ig e  
in itia le  A b n ah m e der C o rtico ste ro n sek re tio n , sowie ih re nach fo lg en d e  Z u ­
n a h m e , die au ch  den  no rm alen  K o n tro llw e rt e rre ic h t, u n d  sich sogar v o n  d en  
W e rte n  derjen ig en  T iere n ich t s ig n if ik a n t u n te rsc h e id e t, die sich  — in fo lge  
e in e r e in se itigen  N ieren- u n d  N e b en n ie ren en tfe rn u n g  — im  Z u s ta n d  eine
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k o m p en sa to risch en  H y p e rfu n k tio n  b e fin d e n . Im  Z u sam m en h an g  m it d ieser 
F rag e  sollen n o ch  die B eo b ach tu n g en  v o n  A y r e s  [16] e rw äh n t w erden . D ieser 
V erfasser k o n n te  n ä m lic h  in in  vitro  V ersu ch en  nachw eisen , d a ß  die Z ona  Glo- 
m eru losa , w elche d u rc h  die D em ed u llie ru n g  en tw ed er n ich t oder n u r  w enig 
g eschäd ig t w ird , e ine  w ichtige R olle in  d e r C ortico ste ro n sek re tio n  sp ie lt. 
H ie r  is t noch  zu  b em erk en , d a ß  die T e c h n ik  der O p era tio n  a u ß e ro rd e n tlich  
e in fach  is t, u n d  d a ß  sich  keine b e d e u te n d e n  A bw eichungen  in  d er A u sfü h ru n g  
e rgeben  kö n n en . D asse lbe  P rob lem  b e s te h t  au ch  bezüglich  d er S tre u u n g  d er 
B lu td ru c k w e rte . W as das V erh a lten  d e r C o rtico ste ro n au ssch e id u n g  in  s p ä te ­
rem  Z e itp u n k t b e tr i f f t ,  stim m en  u n se re  E rgebn isse  m it den  A n gaben  von  
H o l z b a u e r  u n d  V o g t  [17] völlig ü b e re in . D iese V erfasser u n te rsu c h te n  die 
C o rtico s te ro n sek re tio n  n ach  der v o lls tä n d ig e n  R egen era tio n  (an d ere  S tero ide  
w u rd en  n ich t u n te rs u c h t)  u n d  fan d en  eine V erm inderung  der H o rm o n sek re ­
tio n , a u f  K ö rp e rg ew ich t um gerechne t. U n se re  B eo b ach tu n g  s tim m t au c h  m it 
d en  E rgebn issen  v o n  M a s so n  [18] ü b e re in , d e r in  einer k u rzen  B em erk u n g  
zu  seiner n e u e s te n  M itte ilu n g  gleichfalls ü b e r  eine h e rab g ese tz te  C o rtico s te ­
ro n sek re tio n  b e r ic h te te . Aus M a s so n s  A n g ab en  geht n ich t k la r  h e rv o r, 
in  w elchem  S ta d iu m  d er R eg en era tio n  die U n te rsu ch u n g en  d u rc h g e fü h rl 
w urden , doch d e u te n  seine in  vitro V ersuche a u f  das S p ä ts ta d iu m  d er R eg e­
n e ra tio n . Ü ber a n d e re  S tero ide h a t  a u c h  M a s s o n  keine A ngaben  m itg e te ilt , 
u n d  auch das v o n  ih m  verw endete  c h ro m a to g rap h isch e  S ystem  w ar h a u p t ­
säch lich  fü r  die A n a ly se  w eniger p o la re r  S te ro id e  (wie z. B . C orticosteron) 
geeignet. D ie E rg e b n isse  unserer C o rtico s te ro n b estim m u n g en  w id e rsp re ­
chen  aber sow ohl d en  a lte n  B efunden  v o n  I n g l e  [19], der eine e rh ö h te  Gly- 
k o c o r tic o id a k tiv itä t  g efu n d en  h a tte ,  w ie a u c h  d en  neuen  E rg eb n issen  von  
G i r a u d  [20], w o n ach  d ie C o rtico ste ro n sek re tio n  n a c h  der O p era tio n  a b n im m t, 
u n d  d an n  — e tw a  p a ra lle l m it der R eg e n e ra tio n  — am  E nde der v ie rte n  W oche 
w ieder n o rm a lis ie rt w ird .

Das E rg eb n is  u n se re r  U n te rsu ch u n g en  ü b e r A ldosteron  bzw . ev en tu e lle  
an d e re  S tero ide sc h e in t von  besonderem  In te re sse  zu sein. Es d e u te t n äm lich  
d a ra u f  h in , d a ß  k eine  d e r b ek a n n te n  C o rtic o s te ro id ty p e n  w äh ren d  d er R ege­
n e ra tio n  v e rm e h rt w ird , u n d  so keine fü r  die H y p e rto n ie  v e ra n tw o rtlic h  ge­
m a c h t w erden k a n n . D ies w urde auch  d u rc h  d as  folgende E x p e rim e n t u n te r ­
s tü tz t  : D rei W o ch en  n a c h  der O p era tio n  w u rd e  fü n f  n ach  S k e l t o n  o p e rie r­
te n  T ieren  venöses N eb en n ie ren b lu t e n tn o m m e n  u n d  in  der üb liche  W eise 
e x tra h ie r t .  D er E x t r a k t  — in  20% -igem  A e th a n o l gelöst — w urde  N o rm a l­
r a t te n  in trav en ö s  gegeben . W ährend  e in s tü n d ig e r  B eobach tungsze it k o n n te n  
w ir n u r  einen seh r le ic h te n  B lu td ru c k a n s tie g  u n d  zw ar n u r  in  einem  einzigen  
F a ll  b eo b ach ten . D iese r V ersuch sch ließ t zw ar die Rolle der S te ro ide  in  der 
E n ts te h u n g  d er H y p e r to n ie  n ich t völlig  a u s , m a c h t ab er diese seh r u n w a h r­
schein lich , b esonders w en n  auch  die o b e n e rw ä h n te n  A ngaben  ü b e r die S te ro id ­
sek re tio n  in  B e tra c h t  gezogen w erden . So s in d  w ir der M einung, d aß  in  dem
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B estreben , die U rsach e  der S K E L T O N sch e n  H y p e rto n ie  zu k lären , in die U n te r ­
suchungen  noch a n d e re  F ak to ren  einbezogen w erd en  m üssen.

*

Für die freundliche Überlassung von den Standardpräparaten Cortison, Hydrocortison 
und Corticosteron danken wir der Firma C 'iba , und für die von Aldosteron der Firma O r g a ­
n o n .

*

B e m e r k u n g . Nach der Zusammenstellung dieser Mitteilung wunde uns bekannt, daß 
P e l leg r in o  am Kongreß der Internat. Biochem. Ges. im Sept. 1958 — also nach unserem Vortrag 
am Kongreß der Ungarischen Physiologischen Gesellschaft —  Beobachtungen über die Steroid­
sekretion der regenerierenden Nebenniere veröffentlicht hatte. Seine Beobachtungen stimmen 
mit unseren Angaben in mancher Hinsicht überein.
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COMPENSATORY FUNCTION OF THE AFFERENT 
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IN S T IT U T E  O F  P H Y S IO L O G Y  A N D  D E P A R T M E N T  O F  U R O L O G Y , M E D IC A L  U N IV E R S IT Y , B U D A P E S T

(R ece iv ed  O ctober 14, 1958)

In  in te ro cep tiv e  re n a l p e lv ic  co n d itio n ed  re flex  e x p e rim e n ts  on  dogs i t  h as been  d e ­
m o n s tra te d  th a t  a f te r  u n ila te ra l  e x p e rim e n ta l h y d ro n ep h ro sis , o r a f te r  u n ila te ra l n ep h rec to m y  
th e  c o n tra la te ra l  re n a l p e lv is in creases i ts  a ffe re n ta tiv e  a c t iv ity . T he in te ro cep tiv e  sy s tem  o f 
th e  u n affec ted  k id n ey  co m p en sa te s  in  th is  w ay  th e  re d u c tio n  in  a ffe re n t im p u lsa tio n  re su ltin g  
from  th e  loss o f  a re c e p to r  a rea .

*

T he clinical o b se rv a tio n  th a t  in ju ry  o f one k id n e y  is follow ed b y  th e  
co m p en sa to ry  a c t iv i ty  o f th e  o th e r k idney , gave rise  to  ou r ex p e rim en ta l 
in v estig a tio n s. In  th e se  we h av e  show n [1] t h a t  an  e x c ita to ry  or in h ib ito ry  
process s ta r tin g  from  th e  pelv is o f one k id n ey  w o u ld  sp read  also to  th e  sy m ­
m e trica l co rtica l a rea  o f th e  o th e r k idney . W e h a v e  also d e m o n s tra te d  th a t  th e  
h igher nervous cen tres  can  ana lyse  an d  d is tin g u ish  b e tw een  th e  a ffe ren t im ­
pulses com ing from  th e  tw o  k idneys.

W e have  c o n tin u ed  th e  ex perim en ts an d  now  we w ish to  discuss th e  re s ­
ponse given b y  th e  a ffe ren t sy stem  o f one k id n ey  to  d am ag e  or rem oval o f th e  
o th e r. In  o th e r w ords, is th e re  a dem o n strab le  c o m p e n sa to ry  a c tiv ity  in  th e  
sy m m etrica l in te ro c e p tiv e  sy stem s?

M ethods

Fem ale dogs w ith  le f t  u re te ra l  f is tu la  and  sa liv a ry  f is tu la  w ere s tu d ied , in  a co n d itio n ­
ed re fle x  cage, u n d e r  ch ro n ic  cond itions.

In  th e  f i r s t  s te p  a le f t re n a l pelv ic  in te ro ce p tiv e  a lim e n ta ry  con d itio n ed  re fle x  w as 
e la b o ra te d  b y  o u r m e th o d  [2]. R h y th m ic  d ila ta tio n  o f th e  le f t  p e lv is b y  a special dev ice  
se rv ed  as th e  co n d itio n in g  s tim u lu s  and  th e  a lim en ta ry  resp o n se  served  as th e  con d itio n ed  
re fle x  re in fo rcem en t. T h e  r a te  o f  sa liva  ex cre tio n  w as ex p ressed  in  H a n ic k e— K upALOV 
u n its .

To co n tro l th e  in te ro c e p tiv e  signal fu n c tio n , th e  co n d itio n ed  a lim en ta ry  re fle x  w as 
e la b o ra te d  also to  an  e x te ro ce p tiv e  s tim u lu s sound . I n  e ach  e x p e rim e n t we em ployed  tw o  
in te ro ce p tiv e  an d  tw o e x te ro ce p tiv e  stim u li, in  s te reo ty p e  fo rm . T h e  n u m b er o f  e x p erim en ts  
m ad e  on  6 dogs w as 310.

A fte r th e  co n d itio n ed  re fle x  s te reo ty p e  h ad  been  e s tab lish e d , r ig h t hydro n ep h ro sis  w as 
in d u ced  ex p erim en ta lly  in  3 an im als , b y  lig a tin g  th e  r ig h t p e lv is  a b o u t 8 cm  below  th e  pe lvo - 
u re te ra l  ju n c tio n . In  th e  o th e r  3 dogs th e  r ig h t k id n ey  w as re m o v e d  a f te r  th e  re flex  h ad  been  
f irm ly  estab lish ed . S u b seq u e n tly , th e  course o f th e  ex te ro - a n d  in te ro ce p tiv e  re flexes w as a n a ­
lysed  fo r severa l w eeks.

4*
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Results

L eft renal pelvic conditioned reflex response to hydronephrosis o f  the right 
k id n ey

T he resu lts  are  p re se n te d  in  F ig . 1, from  w hich i t  is c lea r t h a t  follow ing 
th e  lig a tio n  of th e  r ig h t p y e lo -u re te ra l ju n c tio n  th e  values o f  th e  co n d itioned

F ig . 1. C onditioned  a lim e n ta ry  re fle x  responses w ith  hydro n ep h ro sis  o f  th e  r ig h t  k id n ey
I . : C onditioned re f le x  responses e lic ited  fro m  th e  le ft re n a l p e lv is
I I .  : C onditioned re f le x  responses e la b o ra te d  to  sound . O rd in a ta  : C on d itio n ed  re flex

re sp o n se , ex p ressed  in  p e r cen ts.
A b sc issa  : N um ber o f  w eeks d u rin g  e x p e rim e n t.
S h a d e d  colum n : M ean o f  10 e x p e rim e n ts  p reced in g  h y d ro nephrosis.
E m p ty  colum ns : R e su lts  o b ta in e d  a f te r  su rg ery . E ac h  colum n re p re se n ts  th e  m ea n  o f th e  

w eekly  re su lts , in  p e rce n ta g e  o f th e  re fle x  v a lu es o b ta in ed  before  o p e ra tio n

re flex es  elicited b y  th e  s tim u la tio n  o f th e  recep to rs  of th e  left re n a l pelv is were 
in c re a se d . The increase  re a c h e d  th e  m ax im u m  tw o  to  th ree  w eeks a f te r  oper­
a t io n  ; in  tw o dogs th e  va lu es  w ere m ore  th a n  double th e  o rig in a l. Subse­
q u e n tly , th e  values d ecreased . A t th e  sam e  tim e , th e  values o f th e  con d itio n ed  
re f le x  elicited  from  th e  a u d ito ry  recep to rs  d id  n o t change s u b s ta n tia l ly  a fte r 
o p e ra tio n , or show ed a d im in ish in g  te n d e n c y . T he sam e ru le  is v isib le  in  Fig. 
2, show ing  th e  re flex  cu rves fo r one o f th e  dogs.

L e ft renal pelvic conditioned reflex response fo llow ing right nephrectomy

T he resu lts  a re  i l lu s tra te d  in  F ig . 3. Follow ing th e  rem o v a l o f  th e  r ig h t 
k id n e y , th e  cond itioned  re flex  t r a n s m it te d  b y  th e  left ren a l a ffe ren t p a th w a y s  
w ere  increased , reach in g  th e  m a x im u m  in  3 to  5 weeks, w hen  th e  va lu es  were
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n ea rly  doubled  in  2 dogs. M eanw hile, th e  c o n d itio n e d  re flex  response e la b o ra ­
te d  to  sound  show ed  no s u b s ta n tia l  change. D og C igány  (the th ird  in  th is

F ig . 2. C onditioned  a lim en ta ry  re fle x  responses w ith  h y d ro n e p h ro s is  o f th e  r ig h t k id n e y , in
dog “ F a rka s”

O rd in a ta  : con d itio n ed  sa liv a ry  response, in  Hanicke— Kupalov u n its  
A bscissa : n u m b e r  o f  ex p erim e n ts

Fig. 3. C o n d itio n ed  a lim en ta ry  re fle x  responses fo llo w in g  rem o v a l o f th e  r ig h t  k id n e y .
S igns as in  F ig. 1

series) was lo s t 3 weeks a f te r  o p era tio n  (n o t as a re su lt of th e  e x p e r im e n ta ­
tio n ), an d  in  th is  an im al we cou ld  no t follow  u p  th e  increase in  th e  v a lu e s  of 
th e  pelvic re flex . D uring  th e  tw o  weeks fo llow ing  nep h rec to m y  th e  s o u n d  r e ­
flexes decreased  b y  abo u t 50 p e r  cent, w hereas th e  conditioned re flex  response
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e lic ite d  by  th e  s t im u la tio n  o f th e  ren a l p e lv is  reached  th e  p re -o p e ra tiv e  level. 
T h u s , th e  resu lts  fo r th e  dog C igány  s u p p o r t th e  evidence o b ta in e d  in  th e  o th e r 
d o g s.

D iscussion

T he evidence fo u n d  in  th e  l i te ra tu re  co ncern ing  th e  a ffe ren t in n e rv a tio n  
o f  th e  ren a l pelvis is c h ie fly  m orpho log ica l. B y  using  th e  m e th o d  o f  in te ro c e p ­
t iv e  cond itioned  re f le x  [2, 3], we h av e  e lu c id a te d  th e  higher n e rv o u s  connec­
t io n s  o f  th e  ren a l pe lv is  a n d  u re te rs  an d  d esc rib ed  th e  laws of th is  r e n a l  afferen- 
t a t i o n .  Also, we h a v e  d e m o n s tra te d  a close co rre la tio n  betw een  th e  sy m m e tr i­
c a l  co rtic a l p ro jec tio n s  o f  th e  afferen t sy s te m s  [1]. The p rob lem  th e n  arose, 
h o w  does th e  a ffe ren t sy s te m  o f one k id n e y  re sp o n d  to  th e  in ju ry  o f  th e  o th e r 
o rg a n . E x p e rim e n ta l h y d ro n ep h ro sis , s tu d ie d  in  d e ta il b y  B a b i c s  a n d  R É N Y I- 

V a m o s  [4], seem ed to  be  em in en tly  su ita b le  fo r  in ju rin g  th e  r e n a l  p e lv is . As 
o u r  re s id ts  ind ica te , th e  co n d itio n ed  s a liv a ry  re flex  elicited from  th e  le f t ren a l 
p e lv is  was g re a tly  in c re a se d  follow ing o p e ra tio n  on th e  r ig h t k id n e y . T he 
c o n tro l  reflex  e la b o ra te d  to  sound  h av in g  n o t  changed , i t  is c le a r  t h a t  th e  
u n c o n d itio n e d  a lim e n ta ry  re flex  cen tre  h a d  n o t  suffered . I t  is to  be  su rm ised , 
th e re fo re , th a t  a f te r  th e  ex p e rim en ta l o p e ra tio n  th e  afferen t im p u lsa tio n  from  
t h e  le f t  ren a l pelvis d id  in c rease  for som e re a so n .

Tw o e x p la n a tio n s  o ffer them selves.
a)  The a ffec ted  k id n e y  is co n tin u o u s ly  e m ittin g  p a th o lo g ica l im pu lses 

t o  th e  h igher cen tres, w h ere in  th e y  c rea te  a co n d itio n  sim ilar to  V e d e n s k y ’s 

h y s te r io s is  [5]. T h e re b y  th e  “ th re sh o ld ”  o f  th e  afferen t n erv o u s c en tre s  is 
lo w e re d , an d  th is  w o u ld  e x p la in  th e  in c rease  in  in terocep tive  im p u lsa tio n .

b)  The increase  in  th e  im p u lsa tio n  ru n n in g  upw ard  from  one k id n e y  in  
th e  p resence  of h y d ro n ep h ro s is  in  th e  c o n tra la te ra l  organ m ay  he  ex p la in ed  
a lso  b y  some k in d  o f  a “ d e a ffe re n ta tio n ”  in  th e  h y d ro n ep h ro tic  k id n e y , r e ­
s u l t in g  from  a d eg e n e ra tio n  o f tissues a n d  d e s tru c tio n  of re c e p to r  e lem en ts  
c a u s e d  b y  th e  com pression  la s tin g  for d ay s  a n d  w eeks. The o rgan ism  co m p en ­
s a te s  th e  loss of an  e x te n s iv e  recep to r a rea  b y  in ten sify in g  th e  a c t iv i ty  o f th e  
s t i l l  in ta c t  renal re c e p to r  sy s tem .

T o decide th is  p ro b lem  w ere the  ab o v e  n e p h re c to m y  ex p e rim en ts  ca rried  
o u t .  I f  hysteriosis cau sed  b y  th e  p a th o lo g ica l im p u lses  were resp o n sib le  fo r  th e  
in c re a se d  in te ro cep tiv e  re f le x  a c tiv ity , no in c re a se  in  th e  pelvic re f le x  a c tiv i ty  
w o u ld  re su lt a fte r n e p h re c to m y . B u t if  in  th e  case  o f hyd ronephrosis  th e  co n ­
t r a l a t e r a l  k idney  increases i ts  a c tiv ity  to  co m p e n sa te  for th e  loss o f  th e  r e ­
c e p to r  a rea , th e  a ffe ren t im p u lses  will in c rease  even  in  th e  n e p h re c to m y  e x ­
p e r im e n ts .

T h e  nep h rec to m y  e x p e rim e n ts  co n firm ed  th e  la t te r  view . As i t  h a s  been  
seen , a f te r  u n ila te ra l h y d ro n ep h ro sis  an d  a f te r  u n ila te ra l n e p h rec to m y  alike,
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th e  c o n tra la te ra l renal pe lv is  in c reased  its  a fferen t a c tiv ity . I t  is th e re b y  th a t  
th e  sy m m etrica l in te ro cep tiv e  sy s tem  com pensates fo r th e  decrease o f  i m p u t a ­
t io n  re su ltin g  from  a loss o f  p a r t  o f  th e  recep to r a rea .

*

T he a u th o rs  express th e ir  th a n k s  to  P r o f . A. B abics a n d  D r . F . R é n y i-Vá m o s  fo r 
th e i r  v a lu ab le  advices.
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T hiopropion ic  ac id , a(S-m ethyl) p ro p io n ic  acid N a , a (S -e th y l) propionic acid  IN a , 
a n d  a(S-propil) p ro p io n ic  acid were fo u n d  to  in h ib it  th e  g ro w th  of H eL a cells. T h e  in h i­
b ito ry  effect in creased  w ith  the  in c rease  of c o n ce n tra tio n . T h e  in h ib itio n  w as p a r t ia l ly  
p rev en ted  w ith  m e th io n in e  and g lu tam ic  acid  ; cyste in e , a sp a ra g in e  and serine were e ffe c tiv e .

*

E x p erim en ts  perform ed in  th is  In s t i tu te  on  b a c te r ia l cu ltures a n d  r a t s  
h a d  show n a -th io p ro p io n ic  acid to  be an  e ffec tive  m eth ion ine , cyste ine  a n d  
g lu tam in ic  acid a n ta g o n is t  [10, 11]. I t  seem ed th e re fo re  w orth  while e x a m in in g  
w h e th e r ce rta in  sim p le  th io e th e rs  derivab le  fro m  a-th iop rop ion ic  acid  a n t a ­
gonizing some a m in o  acids.

In  th e  p re su m p tio n  th a t  th e  su b stan ces w ill an tagon ize S -co n ta in in g  
am ino  acids, a H e L a  cell c u ltu re , sensitive  to  th e  absence of these  am in o  
acids, was chosen  as th e  te s t o b je c t [2]. F o r co m p ariso n , tw o m eth io n in e  a n ­
tag o n is ts  were u se d , m eth ionine su lphox im ine  (M eSOI) and  e th ion ine , b o th  
w ell-know n in th e  lite ra tu re  [4, 16, 5, 6], b u t  n e ith e r  o f th em  te s te d  in  th is  
respec t.

M aterials

MeSOI w as p re p a re d  acco rd ing  to  Bentley et al [1 ] .  I ts  m eltin g  p o in t, 2 1 0 — 2 1 6  
(decom p.) agreed  w ell w ith  th a t  fo u n d  in  th e  l i te ra tu re  ( 2 1 4 — 2 1 8 , decom p.).

T h io p ro p io n ic  acid  (T P) an d  i ts  d e riv a tiv e s  w ere  p re p a re d  as usual w ith  a lip h a tic  
th io ls  and th io e th e rs  [1 4 ] .  T P was th e  s ta r tin g  p o in t in  e ac h  case  ; i t  was b ro u g h t in to  re a c tio n  
w ith  a ca lcu la ted  a m o u n t o f N a -h y d ro x id e , w ith  a n  e q u iv a le n t  am o u n t o f a lk y l h a lo g en id e  
a n d  halogenized ca rb o n ic  acid, re sp ec tiv e ly .

T P  d isu lp h id e  w as p repared  as follow s. O xygen  w as s tream ed  th ro u g h  a so lu tio n  of 
th e  correspond ing  th io l  in ho t w a te r  u n til th e  su b s ta n c e  h a d  ceased to  reac t w ith  a lcaline  
n itro  prussic N a.

The end p ro d u c ts  were a lw ay s iso la ted  in th e  fo rm  o f  th e ir  N a sa lt, and  se v e ra l tim es  
recry sta llized  fro m  alcohol. The id e n t i ty  o f th e  su b s ta n c es  w as contro lled  by S d e te rm in a tio n .

T P  d isu lp h id e  d iN a  salt, co m p u te d  S c o n te n t : 2 5 . 2 0 % ,  o b ta in ed  S c o n te n t : 2 5 .4 1 % .  
a  (S -m ethyl) p ro p io n ic  acid Na (SM e), co m p u ted  S c o n te n t :  2 3 .2 0 % , o b ta in ed  S c o n te n t  
2 2 .9 1 %  a  (S -e th y l)  p rop ion ic  acid N a  (S E t), co m p u ted  S c o n te n t  : 2 0 .5 1 % , o b ta in e d  S co n ­
te n t  : 2 0 .7 8 % . a  (S -p ro p y l) p rop ion ic  acid  N a (SPr), c o m p u te d  S c o n ten t : 1 8 .8 5 % ,  o b ta in e d  
S c o n ten t : 1 8 .9 2 % .  a  (S—CH2.C O O N a) prop ion ic  acid  N a , com puted  S co n te n t : 1 5 .3 6 % ,  
o b ta in ed  S c o n te n t  : 1 5 .5 1 % . a (S — C3I I 40 2N a) p ro p io n ic  acid  N a, com puted  S c o n te n t :  
1 4 .4 1 % , o b ta in e d  S c o n ten t : 1 4 .3 3 % .
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M ethods

The “ H e L a ” tis su e  cu ltu re  (h u m an  e p id e rm o id  carcinom a cells) w as m a in ta in e d  as 
d e sc rib e d  elsew here [7]. T h e  cu ltu res  w ere g ro w n  in  1 o r 2 litre  R o u x  fla sk s . T h e  n u tr ie n t  flu id  
c o n s is te d  of 40 p e r  c e n t h u m a n  serum  an d  60 p e r  c e n t H a n k s’ so lu tion . T h e  p ro te in  c o n ten t 
o f  th e  h u m an  se ru m  m ix tu re  ad ded  to  th e  n u t r ie n t  f lu id  was in v a riab ly  th e  sam e. A fte r  th e  
d e v e lo p m e n t o f  a  su ita b le , o n e-lay er cell c u ltu re  in  th e  flasks, cu ltu res w ere  p re p a re d  in  te s t  
tu b e s  w ith  th e  u su a l t ry p s in iz in g  p ro ced u re , so t h a t  each  tu b e  c o n ta in  60 000 cells in  each  
m l  o f  th e  n u tr ie n t  f lu id .

T he te s te d  su b s ta n c es  w ere d issolved in  0 .1 — 0.2 m l o f sterile  d is tilled  w a te r  a n d  added  
to  th e  3-day c u ltu re  w h ich  co n ta in ed  1 m l o f  f re s h  n u tr ie n t  flu id . To th e  c o n tro l  tu b es  was 
a d d e d  th e  sam e a m o u n t o f  s te rile  physio log ical sa lin e  so lu tion . A fte r f u r th e r  3 d a y s ’ in cu b a ­
t io n  th e  n u tr ie n t  f lu id  w as p o u red  o u t an d  th e  cells  adhering  to  th e  w all o f  th e  tu b e  were 
w a sh e d  3 tim es w ith  p h y sio log ica l sa line  w h e re a f te r  th e y  were collected fro m  th e  tu b e  w all 
a n d  su b jec ted  to  L o w r y ’s  [6] p ro te in  d e te rm in a tio n . T his m eth o d  m akes i t  poss ib le  to  d is­
c a r d  th e  d e g en e ra ted , n e c ro se d  cells, as th e y  do  n o t  ad h ere  to th e  tu b e  w a ll a n d  a re  rem oved  
to g e th e r  w ith  th e  n u t r ie n t  f lu id . The effect o f th e  t e s t  su bstances was e s tim a te d  fro m  th e  m u l­
t ip l ic a t io n  of th e  cells a n d  b y  th e  n u m b er o f liv in g  cells, respec tive ly . T he c e llu la r  m ass is well 
c h a ra c te riz e d  b y  th e  t o ta l  p ro te in  co n te n t o f th e  c u ltu re  [15]. This m eth o d  w as th e re fo re  a p p ­
l ie d ,  in s te a d  of th e  t im e  con su m in g  an d  less e x a c t  m e th o d  of m aking  cell c o u n ts . C rysta llized  
h u m a n  a lb u m in  w as u sed  as th e  s ta n d a rd .

As ag a in st L o w r y ’s  o rig in a l d e sc rip tio n , th e  K N a - ta r ta ra te  w as n o t  d isso lv ed  in  a 
m ix tu r e  o f N a2C 0 3— N aO H , b u t  a sep a ra te  s ta n d a r d  so lu tio n  was p re p are d  o f  i t  w h ich  was 
m ix e d  w ith  a C uS04 so lu tio n  befo re  use. (2 %  K N a - ta r ta r a te  1 1%  C uS04, 1 : 1 ) .  T h e  so lu tion  
p re p a r e d  according to  th e  o rig in a l d esc rip tion  w as n o t  s tab le  and  was p re c ip ita te d  a f te r  1 o r 
2 d a y s ’ stan d in g .

E x p erim en ta l

W hen  ad d in g  th e  am ino acids to  th e  te s t  substances, th e  m e th io n in e  
a n d  cy stin e  c o n te n t o f th e  n u tr ie n t f lu id  w as also ta k e n  in to  co n sid e ra tio n . 
T h is  w as 2 .8 -1 0 —3 M  for m eth ion ine  a n d  1 .1 6 -1 0 “ 2 M  for c y s tin e , as com ­
p u te d  on th e  basis o f  E d s d a l l ’s d a ta  [3].

In  our f irs t  ex p e rim e n t we s tu d ie d  in  w h a t co n cen tra tio n  th e  know n 
m e th io n in e  a n ta g o n is ts , n a m e ly  M eSOI a n d  e th ion ine  w ould b r in g  a b o u t a 
d e f in i te  in h ib itio n  o f g ro w th . T he co n tro l t e s t  tu b e s  con ta ined  0.2 m l o f  p h y ­
sio lo g ica l saline a n d  w ere in cu b a ted  to g e th e r  w ith  th e  e x p e rim e n ta l tu b es . 
T h e  av e rag e  p ro te in  c o n te n t o f th e  co n tro ls  w as ta k e n  as 100 p e r  c e n t and  
th e  re su lts  o b ta in ed  fo r th e  te s t  su b stan ces  w ere com pared w ith  th is  value

(F ig - I)-
T h e  effective c o n cen tra tio n s  were u s u a lly  h igh. This w as a sc rib ed  to  

th e  su p p lem en tin g  effect o f  th e  (p ro te in -b o u n d ) m ethionine o f th e  n u tr ie n t 
f lu id .  T h ere  was a n o ta b le  difference in  e ffec t betw een  th e  tw o  m e th io n in e  
a n ta g o n is ts .

T P  in h ib ited  also  in  th is  sy stem . T h e  cu rv e  of in h ib itio n  r a n  close to  
t h a t  o f  M eSOI.

I n  th e  n e x t e x p e rim en ts , we a d d ed  th e  exam ined  th io e th e rs  in  an  in ­
c re a s in g  co n cen tra tio n  to  th e  cu ltu res (F ig . 1).

I n  th e  case o f SMe, S E t an d  Spr, a p a ra lle lism  betw een  th e  le n g th  of 
th e  a lk y liz in g  chain  a n d  th e  s tre n g th  o f  a c t io n  was observed. A t a low er
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T he va lues show  th e  p e rc e n tu a l decrease  o f p ro te in  as co m p ared  to  th e  co n tro l tu b e s . 
A t th e  0.5 • 10-2 M  c o n c e n tra tio n  o f SMe, th e  va lue  be low  th e  absc issa  m eans in c rease  o f  
p ro te in  c o n te n t. A b b re v ia tio n s  : E t  : e th io n in e , S P r : a (S -p ro p y l)  p rop ion ic  acid  N a , S E t : 
a  (S -e thy l) p rop ion ic  acid  N a , T P D  : a  th io p ro p io n ic  acid -d isu lp h id e -N a , MeSOI : m e th i-  
o n ine-su lphox im ine , SM e: a  (S -m eth y l) p rop ion ic  acid N a .

Table I

The growth-inhibitory effect o f  ( S — CH cfiO O Na) propionic acid and o f  ( S — (C H ij^C O O N a )
propion ic  acid in  H eLa cells

No. of 
experiment

Concentration 
of substance 

n-10~aM
Substance Inhibition 

per cent

14 2 (S— CH2— COONa) p ro p . 4

16 4 +  2
15 8 7
12 2 (S—  (CH2)2COONa) p rop . 0
15 4 3

16 8 8

c o n cen tra tio n , SMe p ro m o te d  g ro w th , w hereas d e fin ite  in h ib itio n  w as m a n i­
fest w ith  S E t a n d  S P r, even  a t  low er co n cen tra tio n s .

T he tw o su b stan ces  o f th e  d icarbonic  ac id  ty p e  w ere ineffec tive  ev en  a t 
h igh  co n cen tra tio n  (T ab le  I) .

N e x t, we a t te m p te d  to  p re v e n t th e  in h ib itio n  o f  g row th  b y  th e  a d d itio n  
of d iffe ren t am ino  ac ids (T able  II) .

Fig. 1. In h ib itio n  o f  g ro w th s  o f  H eL a  cells w ith  E t ,  M eSOI, T P , SMe, S E t a n d  S P r.
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Table II
Preventability o f  the grow th-inh ib iting  effect o f  E t, M e S O I, T P , S M e, S E t and  S P r w ith  amino acids

N o. o f A n t im e ta b o l i te A m in o  ac id P ro te in P ro te in P re v e n ta b il i ty
experim en t c o n e , n  • 10 '  2 M cone, n • 10 2 M Mg % o f  inh ib itio n *

m eth ion ine

14 — 127 100 —

18 T P D /2 2.67 112 88 45
11 SMe 4.8 118 90 76
12 — 142 100 —

9 S E t 0.8 137 97 21
16 1.63

3.07
91 64 0

9 — 125 100 —

11 S P r 0.3 106 85 16
14 1.8 5 5 44 0

8 — 120 100 —
12 M eSOI 0.6 108 90 56
14 E tio 0.92 98 82 66

cysteine
12 — 111 100 —

16 T P D /2 2.67 70 63 0
14 SMe 4.8 83 75 14

10 —
3.22 152 100 —

20 S E t 1.63 80 53 0

14 S P r 1.8 64 43 0

g lu tam ine
20 — 132 100 —
14 T P D /2 2.67 125 95 77

12 SMe 4.8 156 118 147

14 — 6.2 145 100 —
18 S E t 1.63 137 95 76

16 S P r 1.80 85 59 0

* Com puted on th e  b a s is  o f  th e  d a ta  in  F ig . 1.

M ethionine in  th e  c o n c e n tra tio n  of 3.07 • 10—2 M  successfu lly  p re v e n te d  
th e  in h ib ito ry  effect o f  T P  a n d  SMe, even  a t  h ig h  c o n cen tra tio n s  o f th e  an ti-  
m e ta b o lite s , b u t o n ly  3 to  4 tim es th is  a m o u n t w as capab le  of p re v e n tin g  in ­
h ib it io n  by  SE t a n d  S P r.

As regards th e  p r e v e n ta b il i ty  of th e ir  in h ib ito ry  effect, T P  a n d  SMe b e ­
h a v e d  like M eSOI, w h e reas  S E t an d  S P r like e th io n in e . C ysteine w as effective 
o n ly  in  p reven ting  SMe b y  in h ib itio n .
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In  o u r fo rm er ex p erim en ts  [10, 11], p e rfo rm ed  in b ac te ria l c u ltu re s , 
cyste ine  h a d  p ro v ed  m o st effective in  p re v e n tin g  in h ib itio n  b y  T P . T h is  r e ­
su lt could  n o t be rep ro d u ced  in  the p re se n t te s ts  ; m oreover, in  sev e ra l e x ­
p e rim en ts  th e  in h ib itio n  o f g ro w th  becam e s ig n if ic a n tly  m ore p ro n o u n ced  a f ­
te r  th e  ad d itio n  o f cy s te in e . T his m ight h a v e  been  d u e  to  an  ev en tu a lly  en su in g  
im b a lan ce  o f am ino  ac ids. T he sam e p h en o m en o n  w as show n b y  S E t a n d  S P r 
a t  a h igher (11.6 • 10 2 M )  co n cen tra tio n , a f te r  th e  ad d itio n  of m e th io n in e .

G lu tam ine  s ig n if ic a n tly  (147 per cen t) in c re a se d  g row th  in  th e  p resence  
o f 4.8 • 10—2 M  SM e. I t  p rev en ted  th e  in h ib ito ry  effect o f T P , while th a t  o f 
S E t o n ly  a t  3 to  4 tim es  t h a t  co n cen tra tio n  a n d  t h a t  o f S P r no t even  a t  a 4 
lim es h igher c o n c e n tra tio n .

Serine, glycine a n d  asparag ine  fa iled  to  p re v e n t th e  in h ib ito ry  a c tio n  o f  
e ith e r  o f th e  su b stan ces .

D iscussion

T he 3 th io e th e rs  exam ined  in h ib ite d  th e  g ro w th  o f I le L a  cells in  a s i­
m ila r degree a n d  a t  a s im ila r c o n cen tra tio n  as d id  M eSOI an d  e th io n in e  a n d , 
as reg ard s  th e  p re v e n ta b ili ty  of in h ib itio n , th e y  also show ed th e  sam e b e h a ­
v iou r.

T hese analogies, how ever, do no t y e t p ro v e  th e  id e n tity  of th e ir  m e c h a ­
nism  o f ac tio n  w ith  th a t  o f MeSOI a n d  e th io n in e .

T he m echan ism  o f g ro w th  in h ib itio n  m a y  a t  b e s t be a n tic ip a te d  fro m  th e  
chem ical s tru c tu re  o f th e  substances a n d  fro m  th e  an a lo g y  — d e m o n s tra te d  
in  th e  ex p erim en ts  — w ith  th e  tw o a n tim e ta b o lite s  o f w ell-know n m ech an ism  
o f ac tion .

T he g ro w th -in h ib ito ry  effect o f  e th io n in e  m a y  be due to  tw o  fa c to rs . 
A ccording to  R a b i n o v i t z ’ ex perim en ts p e rfo rm ed  in  ascites tu m o u r cells [ 8 ] ,  

th is  su b stan ce  is b e ing  b u ilt  in to  p ro te in s  a n d  som e u n n a tu ra l p ro te in s  are  
th u s  fo rm ed  ; th e  in h ib itio n  ex e rted  b y  e th io n in e  w ere th erefo re  of a c o m p e­
t i t iv e  c h a ra c te r . T h is does no t seem to  be th e  case w ith  th e  su b stan ces u n d e r  
d iscussion , since th e y  a re  n o t com pounds o f th e  am ino  acid  ty p e , possessing  
on ly  a ca rb o x y l g ro u p , so th a t  th e y  cou ld  be b u ilt  in to  p ro te in s  a t b e s t as en d  
groups.

T he o th e r w ay  o f ac tio n  of e th io n in e  [12, 13] is th e  forcing ou t o f  m e th i­
onine from  physio log ica l m ethy liz ing  p rocesses. T h is leads to  the  fo rm a tio n  
o f  u n n a tu ra l  co m pounds w hich b ring  a b o u t d iffe re n t k inds of in ju ry  in  e x p e r i­
m en ts in  vivo. T h is m ig h t be th e  m ech an ism  o f ac tio n  of S E t an d  S P r, to o .

A t a low c o n c e n tra tio n  SMe is s t im u la tin g  g ro w th , a fa c t sug g estin g  th a t  
the  H eL a  cell is ab le  to  u tilize  th e  su b s ta n c e  in  its  n o rm al m etabo lism . T h e re  is 
a th e o re tic a l p o ss ib ility  fo r its  being a m e th y l d o n a to r  as, on th e  basis  o f  its  
s tru c tu re , its  —C H 3 g ro u p  m ay  be co nsidered  as lab ile . This m ay  be th e  case
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also  w ith  S E t a n d  S P r, so t h a t  one m a y  assum e th a t  th e ir  in h ib ito ry  e ffec t, 
s im ila r ly  as t h a t  of e th io n in e , is b a sed  on  th e i r  en tran ce  in to  th e  ph y sio lo g ica l 
m e th y liz in g  processes. W e w ish to  e x a m in e  th is  p o ssib ility  in  e x p e rim e n ts  
in  vitro.

T h e in h ib ito ry  e ffec t o f M eSO I is n o t  co m p e titiv e , b u t is p ro b a b ly  b a se d  
o n  th e  in h ib itio n  of g lu tam in e  sy n th esis  [9] a n d  is w e ll-p rev en ted  b y  th e  a d ­
m in is tra t io n  o f g lu tam in e . C onsidering t h a t  g lu tam in e  was effec tive  in  p re v e n t­
in g  th e  g ro w th -in h ib ito ry  ac tio n  o f o u r su b s ta n c e s  as well, such  a m ech an ism  
o f  a c tio n  is — p er analogiam  — also p o ssib le .

T h e  ac tio n  o f o u r su b stan ces  w as fo u n d  to  be co rre la ted  w ith  th e  le n g th  
a n d  n a tu re  o f th e  a lky liz ing  chain . T he th io e th e rs  of acetic  acid  a n d  propionic- 
a c id  w ere ineffec tive. T h u s , if  th e  a lk y liz in g  ch a in  was a ca rbon ic  a c id , ineffec­
t iv e  d e riv a tiv e s  h a d  o rig in a ted  from  th e  effec tive  basic su b stan ces .

I f  th e  alky liz ing  p rocess was p e rfo rm ed  w ith  a lip h a tic  ra d ic a ls , e ffec tive  
co m p o u n d s  were o b ta in e d , th e  in h ib ito ry  c a p a c ity  of w hich in c rea sed  w ith  
th e  le n g th  o f th e  a lk y l chain .

T h iop rop ion ic  ac id , (S -m ethyl) p ro p io n ic  acid N a, a (S -e th y l) p ro p io ­
n ic  ac id  N a, an d  a (S -propyl) p rop ion ic  a c id  N a  were fo u n d  to  in h ib it  th e  
g ro w th  o f H eL a cells. T h e  in h ib ito ry  e ffec t increased  w ith  th e  in c rea se  o f 
c o n c e n tra tio n . T he in h ib itio n  was p a r t ia l ly  p rev en ted  w ith  m e th io n in e  an d  
g lu ta m ic  acid  ; cy ste in e , g lycine, a sp a ra g in e  a n d  serine w ere in e ffec tiv e .
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E. Ernst : D i e  M u s k e l t ä t i g k e i t  

V ersuch  einer B iophysik  des q u e rg e s tre if te n  M uskels

A cad em ic  Press, B u d a p e s t 1958. P p . 355, F igs. 204, Price

T his m on o g rap h , sum m ariz ing  th e  re su lts  
o f a lm ost four d ecad es o f th e  a u th o r’s re se ­
a rch  in  th is field , is , p e rh a p s  w ith  th e  e x ce p ­
tio n  of physical o p tic s  an d  acou stics , th e  
f i r s t  a tte m p t to  g ive  a com prehensive  view  
on th e  b iophysics o f  a  w hole organ o r o rg an  
sy s tem . T he w e ll-k n o w n  a u th o r s ta te s  a l­
re a d y  in  th e  in tro d u c to ry  c h ap te r  (A ) his 
view s on th e  c o rre la tio n  and  in te ra c t io n  of 
s tru c tu re , fu n c tio n  a n d  energetics, w h ich  are 
u su a lly  tre a te d  se p a ra te ly  in th e  l i te ra tu re .  
T h e  biological p h en o m en o n  of a u to - re s t i tu t ­
io n , very  often  n e g le c te d  in b iophysica l re se ­
a rch , is also b ro u g h t in to  th e  focus o f  a t t e n ­
tio n . In  th e  second  c h a p te r  (B) th e  s t ru c ­
tu ra l  p ro p e rtie s  o f m uscle are t r e a te d  in  
d e ta il an d  th e  re a d e r  w ill find som e im p o r­
t a n t  new d a ta  o f th e  a u th o r  and his a sso c ia tes  
on  Z -m em branes a n d  th e ir  physical p ro p e r t ­
ies clearly  d e m o n s tra te d  by  m ic ro m an ip u l­
a tio n , and a n u m b e r  o f o th er o b se rv a tio n s  
on  o p tica l p ro p e rtie s  o f living f ib r ils .  The 
m o st im p o r ta n t a ch iev e m n t, how ever, is th e  
confo rm ation  o f  th e  m uscle f ib r il  a s  th e  
sm allest fu n c tio n a l u n i t  by  d e m o n s tra tin g  
its  e lectrical e x c ita b ili ty  and re co rd in g  its 
ra p id  and  rev ersib le  con trac tio n . T h e  th ird  
chapiter (C) d ea ls  w ith  th e  s ta te  o f  th e  
m uscle c o n s titu e n ts . T he d isp u te  fo r  m an y  
y ears  ab o u t „ b o u n d  po tassiu m ” a n d  „ b o u n d  
w a te r”  seem s to  b e  resolved in  fa v o u r  o f 
Ernst’s view s expressed  m any  y e a rs  ago.

T he second p a r t  o f th e  book , d ev o ted  
to  th e  m echan ics o f  m uscle, c o n ta in s  in  th e  
4 th  ch ap te r  (D ) a com prehensive  d iscussion  
o f th e  p rob lem s o f  m u scu la r e x c ita tio n . T he 
a u th o r  h as m ad e  p r im a ry  and fu n d a m e n ta l

c o n tr ib u tio n s  to  th e  m ain  th re e  a sp ec ts  o f 
m uscle e x c ita tio n  : ax  by  prov ing  th e  in t im ­
a te  a n d  d ire c t re la tio n  of ac tio n  p o te n tia l  
a n d  vo lum e re d u c tio n  ; bx b y  d e m o n s tra tin g  
before  o th e rs  th e  p o tassium -sod ium  e x ch an g e ; 
a n d  cx b y  d isco v erin g  th e  e lectrica l e x c i ta b ­
ili ty  o f th e  m y o fib ril. Som e of th ese  a c h i­
ev em en ts  a n d  p rio rities  have  a lre a d y  b een  
ac jn ow ledged  in  th e  in te rn a tio n a l l i t e r a tu r e ,  
o th e rs  w ill c e r ta in ly  be sooner or la te r .  In  
th e  5 th  c h a p te r  (E ), dealing  w ith  m u sc u la r  
ten s io n , in te re s t  cen tres on  th e  c ry s ta ll is a tio n  
of m yosin  a n d  th e  n a tu re  an d  s ig n ifican ce  
o f  th e  in c rease  in  m etab o lism  in  th e  co u rse  
o f c o n tra c tio n . In  th e  6 th  c h a p te r  (F ) ,  on  
th e  q u a n ti ta t iv e  aspects o f m zu scu la r a c t iv ­
i ty ,  th e  co u rse  o f co n tra c tio n , fo rce , w o rk  
an d  effic ien cy  receive th o ro u g h  a n d  o rig in a l 
c o n sid e ra tio n  a n d  m a th e m a tic a l a n a ly s is . 
Som e p ra c t ic a l  aspects, as fa tig u e , m y o to n ia ,  
etc., a re  a lso  to u ch ed  up o n . T he 7 th  c h a p te r  
(G ), on  sp ec ific  fu n c tio n  and  m e ta b o lism , 
is d e v o te d  to  th e  criticism  o f th e  w id e ly  
c u rre n t e rro n eo u s  concep t co n n ec tin g  e le m ­
e n ta ry  m e ta b o lic  processes (lac tic  ac id  fo r ­
m a tio n , c rea tin in e -p h o sp h a te , A T P ) d ire c tly  
w ith  spec ific  fu n c tio n  i. e. c o n tra c tio n . T h e  
a u th o r  h a d  opposed  th is c o n ce p tio n  e v e r 
since th e  beg in n in g  of his sc ien tific  c a re e r  
an d  i t  a p p e a rs  th a t  recen t p ro g ress  w ill 
p rove  h is  v iew s to  be co rrec t in  p r in c ip le . 
In  th e  la s t  c h a p te r  (H ) th e  a u th o rs  v iew ’s 
on th e  „ m u s c u la r  m ach in e”  are  o u tlin e d . 
T he p e c u lia r i ty  and  b iologic p r in c ip le  o f 
th is  m ac h in e  is, th a t  if  an  e x te rn a l o b s ta c le  
m akes th e  m uscle  to  e x ert force, th is  a u to m ­
a tic a lly  e lic its  crystallisation, i. e. fo r t if ic a t io n
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o f  s tru c tu re , and  hyp ertro p h y , i. e. in creased  
re p ro d u c tio n  of liv in g  m a t te r .  A ccording to  
th e  a u th o r ’s e x p e rim e n ts , th e  w o rk  a p p a ­
re n tly  lo st du rin g  fo rced  s tre ch in g  of m uscle 
in  te ta n u s  is a t  lea s t p a r t ly  reco rvered  in  
th e  process o f m a in te n a n c e  an d  b u ild in g  
u p  o f  s tru c tu re .

T heories, view s, co n sid e ra tio n s  an d  c r it i ­
c ism s are  su p p o rted  b y  a w e a lth  o f e x p erim ­
e n ta l  d a ta ,  d e m o n s tra te d  w ith  a g re a t n u m ­
b e r  o f excellen t p h o to m ic ro g rap h s , c in em atic  
p ic tu re  series4 d iag ram s a n d  tab les . B esides 
th e  ea rlie r w ork  of th e  a u th o r  these  re p re se n t 
m a in ly  th e  re su lts  o b ta in e d  in  th e  In s t i tu te  
o f  B iophysics of the  M edical U n iv ersity , Pécs.

T h e  m ate ria l is p re se n te d  in  a s tim u la tin g  
a n d  o rig n a | m an n e r, s ta te m e n ts  are  som e­
t im e s  r a th e r  p ro v o ca tiv e , b u t  alw ays in te re s ­
t in g  an d  logical. T he a u th o r  gen era lly  m is t­
r u s ts  th eo ries assem bling  a g roup  of facts 
in to  a  well and  sm o tto h ly  f i t t in g  fram ew ork  
a n d  c laim ing ,,f in a l e x p la n a tio n ” in  any  
f ie ld  o f o u r know ledge. H e re lishes in  aim ing 
a t  th e  w eak p o in ts  o f th e  th eo ries  ,,en  
v o g u e ” , and one m u st confess th a t  he ra re ly

m isses his ta rg e t.  M any re a d e rs , w ho w ith  
th e  rev iew er read ily  acknow ledge  th e  e lec tro ­
n ica l e x c itab ility  of th e  m y o fib ril as a 
fu n d a m e n ta l new  fa c t, w ill p e rh ap s  n o t 
follow  th e  a u th o r  in  his a rg u m a n ta t io n  th a t  
th e  m em b ran e  th eo ry  tr ie s  o n ly  to  ex p la in  
th e  e x c itab ility , of ce llu la r u n its  or th e ir  
eq u iv a len ts  —  e. g. s tr ia te d  m uscle  f ib res  —  
as a w hole, and  th a t  e sp ecia lly  in  s tr ia te d  
m uscle  th e  m em brane  th e o ry  cou ld  n o t an d  
in d ee d  nev er has ex p la ined  th e  „ e x c ita tio n ” 
p f  th e  fib ril. T he a u th o r ’s new  ideas on 
ro ss ib le  m echanism s u n d e rly in g  th is  ,,f ib -  
o illa r ex c ita tio n ”  —  fo r th is  expression  th e  
rev iew er has to  b ear Ju li re sp o n sib ility  —  are 
e x tre m e ly  in te res tin g , th o u g h  th e  analog ies 
w ith  sem i-conductors m ay  seem  fa r-fe tch ed  
a n d  d a rin g  for th e  tim e  b e in g , b u t  m a y  
tu r n  o u t  co rrec t, or a t  le a s t f ru itfu l in th e  
fu tu re .

E x ce lle n t p r in tin g  and  re p ro d u c tio n  e sp i- 
c ia lly  o f th e  p h o to m ic ro g rap h s a re  a e red e t 
to  th e  A cadem ic P ress of B u d a p e s t.

J .  SZENTÁGOTHAI

A  k ia d á s é r t  fe le l az A k ad ém ia i K ia d ó  ig az g a tó ja
A k é z ira t n y o m d á b a  é rk e z e tt  : 1959. I I .
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COMPARATIVE STUDIES ON d  -GLYCERALDEHYDE-3- 
PHOSPHATE DEHYDROGENASES

V III . A ST U D Y  O F  T H E  E SSE N T IA L  Zn IO N S  O F  T H E  E N ZY M E

By

T . K e l e t i and M. T e l e g d i
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(Received October 16, 1958)

The inhibitory action of 1,10-phenanthrolene on the D-glyceraldehyde-3-pbosphate and 
D-glyceraldehyde oxidation by D-glyceraldehyde-3-phosphate dehydrogenases isolated in 
crystalline form from rabbit, bovine and pig muscle, from baker’s and brewer’s yeast, as 
well as from crayfish muscle, has been studied. All these enzymes were inhibited in about 
the same measure, irrespective of the substrate used. Inhibition was slower when the reaction 
mixture contained phosphate instead of arsenate. When alloxan was used instead of diphos- 
phopyridine nucleotide, D-glyceraldehyde-3-phosphate dehydrogenase did not oxidize 
D-glyceraIdehyde-3-phosphate and its oxidative action on D-glyceraldehyde was also ques­
tionable.

A ccording to  d a ta  in  th e  l i te ra tu re , th e  fo llow ing  dehydrogenases c o n ta in ­
ing essen tia l SH  groups a re  Z n -p ro te in s : b a k e r’s y e a s t  A D H * [1 — 7 ]; b rew er’s 
y e a s t A D H  [7, 8] ; h o rse  liv e r  A D H  [9, 10, 11] ; p ig  liv er g lu tam ic  acid  
dehydrogenase  [12] ; a n d  ra b b it  m uscle an d  b a k e r ’s y e a s t PG A D  [13].

O w ing to  th e ir  e sse n tia l Zn co n ten t, all th e se  enzym es m ay  be in h ib ited  
b y  chela te  fo rm ing  ag en ts .

I t  is know n th a t  n e ith e r  physicochem ical, n o r enzym ological, no r im m u ­
nological m ethods could d e m o n s tra te  any  d iffe rence  betw een  th e  PG A D s 
iso la ted  from  differen t m a m m a lia n  species [14— 18]. O n th e  o th e r h an d , 
d ifferences h av e  been d e m o n s tra te d  betw een m a m m a lia n , yeast an d  c rab  
PG A D s [19]. F o r th is  re a so n  we h av e  exam ined  a ll th e se  enzym es fo r in h i­
b itio n  b y  1 ,1 0 -p h en an th ro len e .

I t  has been re p o rte d  fo r  th e  A D H s iso la ted  fro m  y eas ts  th a t  th e  Zn 
ion  p a rtic ip a te s  in  b ind ing  th e  n a tu ra l  coenzym e (D P N , o r D P N H ) [20, 21, 22] 
an d  th a t  th e  Zn ion  b in d s  also  a lloxan , which m a y  a c t  as coenzym e [8]. I t  
w as th e re fo re  in v es tig a ted  w h e th e r  PG A D  w ould o x id ize  th e  su b s tra te  w hen 
in s te a d  o f D P N  alloxan  is  p re se n t. As bo th  th e  P G A D  [23] and  th e  A D H  
[24] use up  d ifferen t am o u n ts  o f  S H  groups w hen o x id iz ing  d ifferen t su b stra te s ,

* The abbreviations used are as follows :
A D H  =  a lco h o l dehydrogenase  
D P N  =  d ip h o sp h o p y rid in e  nucleotide 

D P N H  =  re d u ce d  d iphosphopyrid ine  n u c leo tid e  
GA =  D -g lycera ldehyde  

H D P  =  h ex o se  d ip h o sp h a te  
PGA =  D -g lycera ldehyde-3 -phosphate  

PG A D  =  D -g lycera ldehyde-3 -phosphate  d eh y d ro g en ase

1 Acta Physiologie« XV/4.

I
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w e s tu d ie d  th e  inh ib itio n  o f th e  enzym e by  p h en an th ro len e , o r i ts  a c t iv i ty  in 
th e  p re se n c e  of a lloxan in  e x p e rim e n ts  invo lv in g  a v a rie ty  of s u b s tra te s .

M ethods

a )  E n zym e  preparations

P G A D  p repared  from  r a b b i t ,  pig o r ox m uscle  accord ing  to  Szörényi a n d  D vorni­
kova  [25], as well as E lődi a n d  Szö rén yi [14] w as used. T he enzym es th u s  p re p a re d  were 
a c t iv e  e v e n  w ith o u t th e  a d d itio n  o f cysteine.

T h e  crystalline  enzym es fro m  b a k e r’s y e as t an d  b rew er’s y eas t w ere iso la te d  b y  our 
m e th o d  [26] and were a c t iv a te d  w ith  cysteine.

T h e  enzym e from  c ray fish  ( P otam obius astacus) w as crysta llized  acco rd in g  to  Szörényi, 
E l ő d i a n d  D évényi [19].

T h e  enzym es w ere re c ry s ta lliz e d  2 to  5 tim es an d  th e n  dissolved in  a n  IV/10 glycine 
b u f fe r  o r  in  an  M /2  p h o sp h a te  b u ffe r  (p H  8.5).

A ldo lase  was iso lated  fro m  ra b b it  m uscle  acco rd ing  to  Taylor, Green a n d  Cori [27], 
a n d  w a s  used  a fte r  2 re c ry s ta lliz a tio n s .

b ) M aterials and in stru m en ts

D P N  : 85 per cen t (L ig h t  &  Co).
1 ,10-phenan th ro lene  : (M e r c k )  w as used  d issolved in  distilled  w a te r.
A llo x a n : (M erck)  w as d isso lved  in  IV/20 N aO H .
D ia lu ric  acid : (P o lychem ia )  w as p re p a re d  from  alloxan  (M erck)  a n d  w as dissolved in 

iV/20 N a O H .
H D P  : was p rep ared  e n z y m a tic a lly  an d  w as k in d ly  supplied  b y  P ro fe sso r B. T a nkó .
GA : (F lu k a ) ,  w as d isso lv ed  in  d is tilled  w a ter.
T h e  m easurem ents w ere  m ad e  in  a H ilger U vispek  sp e c tro p h o to m ete r, u sin g  q u artz  

c u v e t te s ,  w ith  a ligh t p a th  o f 1 cm  a n d  0.5 cm , a t  room  tem p era tu re .

c) Technique o f  m easurem ent

T he enzym atic a c t iv ity  o f  th e  v a rio u s  P G A D s w as stud ied  b y  W a r b u r g ’s optical 
m e th o d , a t  340 m fi, as a lre a d y  desc rib ed  [19, 23].

T h e  op tical m eth o d  [8] w as em ployed  w hen  w ork ing  w ith  a llo x an  o r d ia lu ric  acid.
T h e  a c tiv ity  o f  a ld o lase  w as d e te rm in e d  m easu ring  a fte r 15 m in u te s  o f hydrolysis 

w 'ith  N  N aO H  a t room  te m p e ra tu re  th e  rised  trio sep h o sp h ates . T he in o rg a n ic  p h ospha te  
w a s  d e te rm in e d  according to Fiske an d  Subbarow [28] an d  Lowry a n d  Lopez [29].

P h en an th ro len e  w as a d d e d  to  th e  enzym e before m aking th e  m e a su re m e n t w ith o u t 
p re v io u s  incu b a tio n  b u t  b e fo re  ad d in g  th e  coenzym e an d  su b stra te .

E xperim en ta l

a) O xidation o f  P G A

W e in v estig a ted  th e  in h ib ito ry  action  of 1 ,1 0 -p h en an th ro len e  on the  
P G A  ox idation  b y  P G A D s o f d iffe ren t origin. PG A  was su p p lie d  b y  th e  H D P  
■ f- a ldo lase system  in  th e  reac tio n  m ix tu re . The in h ib itio n  o f  P G A D s from  
d iffe re n t m am m alian  m uscles is show n in Fig. 1 w hich m ak es i t  clear th a t  
p h e n a n th ro le n e  in h ib ite d  th em  p ra c tic a lly  to  th e  sam e e x te n t.

Likewise, p h e n a n th ro le n e  had  a b o u t th e  sam e in h ib ito ry  e ffec t on PGAD 
f ro m  b a k e r’s y eas t a n d  P G A D  from  b rew er’s y eas t (F ig. 2).

Fig. 3 reveals t h a t  th e  in h ib ito ry  ac tio n  of p h e n a n th ro le n e  on crayfish  
P G A D  was closely s im ila r  to  th a t  on m am m alian  m uscle a n d  y e a s t  PG A D s.

W hen in  th e  re a c tio n  m ix tu re  p h o sp h a te  w as used  in s te a d  o f  a rsena te , to  
s t a r t  th e  inh ib ition  o f  m am m alian  m uscle PG A D s th e  c o n c e n tra tio n  o f phenan-
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M  1 ,1 0 - p h e n a n th r o le n e , e n d  c o n c e n tr a t io n

F ig .  1 . PG A  oxidation . R a b b it ,  o x  an d  p ig  m uscle PG A D . In h ib ito ry  a c tio n  o f 1 ,10 -phenan-
th ro len e

A : pig PG A D  В : r a b b it  PG A D  C : ox PG A D
C urves p lo tte d  from  th e  d a ta  o f 16 d iffe re n t ex p erim en ts. V arious p re p a ra tio n s  h av e  b een  u sed  

and  th e  enzym e co n cen tra tio n  v a ried  from  5 to  15 /(g/inl in  th e  d iffe ren t e x p erim en ts

100

I  80

Qj
<5.60

M 1 ,1 0 - p h e n a n th r o le n e , e n d  c o n c e n tr a t io n

F ig .  2 . PG A  o x idation . PG A D  fro m  b a k e r’s y eas t an d  b rew er’s y eas t. In h ib ito ry  a c tio n  of
1,10 -p h en an th ro len e

A : b a k e r’s y eas t PG A D  В : b rew er’s y e a s t PG A D
C urve p lo tte d  from  7 ex p erim en ts . C onditions as in F ig .  1.

M 1 ,1 0 - p h e n a n th r o le n e , e n d  c o n c e n tr a t io n

F ig .  3 . PG A  o x id ation . PG A D  from  c ray fish  m uscle. In h ib ito ry  a c tio n  of 1 ,10 -p h en an th ro len e . 
C urve p lo tte d  from  4 e x p erim en ts , carried  o u t as specified  in  F ig . 1.

1*
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th ro le n e  h a d  to  be in c re a se d  b y  one o rd er o f m a g n itu d e . H ow ever, th e  in creas­
in g  o f  th e  in h ib itio n  w ith  in c reasin g  co n c e n tra tio n  o f p h e n an th ro len e  proceeded 
a t  th e  sam e ra te  as in  th e  presence  of a rse n a te  ion  (F ig . 4).

I n  th e  p resence  o f  p h o sp h a te  ion , fo r s ta r t in g  th e  in h ib itio n  of PG A D  
fro m  y e a s t a so m ew h at h ig h e r  c o n c e n tra tio n  o f p h e n an th ro len e  w as needed 
b u t  co m p le te  in h ib itio n  to o k  place a t  a lre a d y  a s lig h tly  low er co n cen tra tio n  as 
in  th e  p resence of a rse n a te  ion  (F ig. 5).

In h ib itio n  o f c ra y f ish  PG A D  in  th e  p resen ce  o f p h o sp h a te  ion  proceeded 
j u s t  as w ith  m am m alian  m uscle  PG A D  (F ig . 6).

W e exam ined  th e  e ffec t of p h en a n th ro le n e  on th e  a c tiv ity  o f aldo lase 
p ro d u c in g  th e  s u b s tra te  a n d  found  th a t  in  th e  co n cen tra tio n  em ployed 1,10- 
p h e n a n th ro le n e  h ad  no in flu en ce  on a ldo lase a c tiv ity .

b) G A oxidation

F ig . 7 m akes i t  c lea r  th a t  in  th e  case o f GA o x id a tio n  th e  P G A D s iso la ted  
f ro m  d iffe ren t m a m m a lia n  m uscles w ere in h ib ite d  in  p ra c tic a lly  th e  sam e 
m easu re .

W e d id  n o t s tu d y  th e  GA o x id a tio n  o f  y e a s t P G A D s because  a t  th e  
p ro te in  c o n cen tra tio n  re q u ire d  fo r GA o x id a tio n , p h en an th ro len e  p rec ip ita te s  
so m e o f th e  p ro te in s  a n d  th e  opalescence th u s  re su ltin g  in te rfe res  w ith  e v a lu a ­
t io n  b y  th e  op tica l m e th o d .

T h u s  fa r, o n ly  P G A  o x id a tio n  h as  been  d e m o n s tra te d  in  th e  case of 
P G A D  iso la ted  fro m  c ra y fish  m uscle [19]. W e now  found  th a t  n o t only th e  
m a m m a lia n  m uscle a n d  y e a s t PG A D s, b u t  also th e  cray fish  m uscle PG A D  
c a n  oxidize GA (T ab le  I ) .

T a b le  I

G A oxidation o f  c ray fish  muscle P G A D , as m easured by the optical method

Time
(sec)

Extinction at 340 m/t

GA oxidation in the 
presence of arsenate ion

GA oxidation in the 
presence of phosphate ion

0 0.051 0.026

30 0.068 0.058

60 0.082 0.086

120 0.108 0.132

180 0.137 0.168

240 0.161 0.196

300 0.189 0.215

T he com position  o f  th e  reac tio n  m ix tu re s  used  in  th e  m easu rem en ts  w as th e  sam e as 
t h a t  a lread y  described  [23].
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M  1 ,1 0 -p h e n a n th r o le n e , e n d  c o n c e n tr a t io n

F ig . 4 . PGA ox idation . P ig , r a b b it  an d  ox m uscle PG A D . In h ib ito ry  action  of 1 ,1 0 -p lien an - 
th ro le n e  in  th e  presence of p h o sp h a te  ion

C urve p lo tte d  from  3 ex p erim e n ts . T h e  resu lts for th e  d iffe re n t m am m alian  P G A D s h a v e
been com bined

M  1 ,1 0 - p h e n a n th r o le n e , e n d  c o n c e n tr a t io n

F ig . 5. PG A  o x id ation . PG A D  fro m  b a k e r’s and b rew er’s y e a s t.  In h ib ito ry  action  o f l f10- 
p h e n an th ro le n e  in th e  presence of p h o sp h a te  ion  

C urve p lo tte d  from  4 ex p erim en ts , show ing th e  com bined re su lts  fo r th e  d ifferen t y eas t PG A D e

M  1 ,1 0 - p h e n a n th r o le n e ,  en d  c o n c e n tr a t io n

F ig . 6. PG A oxidation . PG A D  from  c ray fish  m uscle. In h ib ito ry  a c tio n  o f 1 ,10 -phenan th ro lene  
in  th e  p resen ce  of ph o sp h a te  ion
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M  1,10-phenanthrolene, end concentration
F ig . 7 . GA oxidation . P ig , r a b b it  an d  ox m uscle  PG A D . In h ib ito ry  ac tio n  o f 1 ,10 -phenan

th ro len e
A  : p ig  PG A D  В : r a b b it  P G A D  C : ox  P G A D

C u rv e  p lo tte d  from  th e  re su lts  o f 8 d iffe ren t ex p erim e n ts , in  w hich several d iffe re n t p ré p ara  
t io n s  w ere used  an d  th e  c o n ce n tra tio n  o f enzym e v aried  from  0.5 to  3.0 m g /m l

M  1,10-phenanthrolene, end concentration]
F ig . 8 . GA oxidation . PG A D  fro m  c ray fish  m uscle. In h ib ito ry  action  of 1 ,1 0 -p h en an th ro len  * 

D a ta  from  4 e x p e rim e n ts , carried  o u t  as specified in  Fig. 7

M  1 ,10-phenanthrolene, end concentration
F ig . 9. GA ox idation . P ig , r a b b it  an d  ox m uscle  PG A D . In h ib ito ry  a c tio n  o f 1 ,10-phenan­

th ro le n e  in  th e  p resence  o f ph o sp h a te  ion .
T h e  cu rv e  shows th e  com b in ed  re su lts  o f 4 ex p erim e n ts  w ith  th e  d iffe ren t m a m m a lia n  PG A D -
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T h e d a ta  in  T ab le  I  show  th a t  GA was oxidized also by  c ra y fish  PG A D  
a n d  th a t  th is  reac tio n  p ro ceed ed  fa s te r  in  th e  presence o f p h o s p h a te  th a n  
in  th e  p resence o f a rse n a te  ions, ju s t  as w ith  P G A D s from  m am m alian  m uscle .

T h e  inh ib itio n  o f c ray fish  PG A D  b y  p h en an th ro len e  is show n  in 
F ig . 8. C om plete in h ib itio n  o f GA o x id a tio n  b y  cray fish  PG A D  re q u ire d  a 
s lig h tly  h igher co n c e n tra tio n  o f p h en an th ro len e  th a n  was necessary  w ith  th e  
m a m m alian  m uscle P G A D s.

W h en  in te s ts  w ith  P G A D s from  m am m alian  m uscle th e  re a c tio n  m ix tu re  
c o n ta in e d  p h o sp h a te  io n , in h ib itio n  increased  less rap id ly  w ith  th e  in crease

F ig. 10. GA ox idation . PG A D  fro m  c ray fish  m uscle. In h ib ito ry  ac tio n  of 1 ,1 0 -p h en an th ro len e
in  th e  p resence  of p h o sp h a te  ion 

C urve p lo tte d  fro m  th e  resu lts  o f 4 ex p erim en ts

in  c o n c e n tra tio n  of p h e n a n th ro le n e  th a n  in  th e  p resence  of a rsen a te  io n  a n d  a 
h ig h e r co n cen tra tio n  w as re q u ire d  fo r com plete  in h ib itio n  (Fig. 9).

T estin g  th e  action  o f p h en an th ro len e  on th e  o x ida tion  of GA in  th e  
p resence  o f PG A D  iso la ted  fro m  cray fish  m uscle i t  w as found  th a t  in  th e  
p resence  of p h o sp h a te  ion  a t  low  p h en an th ro len e  co n cen tra tio n s th e  en zy m e 
w as a c tiv a te d  and  in h ib itio n  to o k  place only  a t  h igher co n cen tra tio n s  o f 
p h e n a n th ro le n e  (Fig. 10).

I t  is a p p a re n t from  F ig . 10 th a t  in  th e  p resence  of ab o u t 4 • 10~3 M  
o f 1 ,10 -phenan th ro lene  th e  enzym e w as a b o u t 75 p e r  cen t m ore ac tiv e  th a n  
th e  o rig in a l p rep ara tio n . As com pared  to  th e  m am m alian  m uscle P G A D s, 
in h ib itio n  o f c ray fish  PG A D  begins a t  a h igher p h e n an th ro len e  c o n c e n tra tio n , 
b u t  in c reased  m ore s teep ly  an d  com plete  in h ib itio n  to o k  place a t  a low er 
c o n cen tra tio n .
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T h e p ro tec tiv e  e ffec t o f  th e  p h o sp h a te  io n  on  th e  in h ib ition  o f th e  enzym e 
w ith  p h en an th ro len e  m a y  be  s tud ied  w ell b y  follow ing th e  course  o f th e  
re a c tio n  a t  th e  p h e n a n th ro le n e  co n cen tra tio n  w h ich  in  th e  presence o f a rsen a te  
c a u se s  p rac tica lly  c o m p le te  in h ib ition . I n  th e  p resence of coenzym e and  
s u b s t r a te  th e  en zy m e-p h en an th ro len e  co m p lex  is d issociable, b u t  its  dissocia-

F ig . 11. D issociation  o f th e  P G A D -p h en an th ro len e  co m p lex  in  th e  presence o f coenzym e and 
s u b s tr a te ,  w ith  p h o sp h a te  o r w ith  a rsen a te  io n  

1 : a rsen a te  io n  2 : p h o sp h a te  ion
T h e  cu rv e  shows an  e x p e r im e n t m ade w ith  PG A D  iso la te d  from  ox m uscle. T h e  ex p erim en ts  

w ith  enzym es fro m  th e  o th er m am m alian  m uscles yielded sim ilar re su lts

t io n  tak es  place m u ch  f a s te r  in  th e  p resen ce  o f  p h o sp h a te  ion  th a n  in  th e  
p resen ce  of a rse n a te  ion s (Fig. 11).

c) E xperim ents w ith  alloxan

I t  was fo u n d  t h a t  in  th e  presence o f a llo x a n  th e  various P G A D s can n o t 
o x id ize  PGA. A t th e  sam e  tim e , h igher c o n c e n tra tio n s  of a llo x an  in h ib it th e  
P G A  o x ida tion  o b se rv a b le  in  th e  p resen ce  o f  excess D P N . T he re su lts  fo r 
G A  ox ida tion , w h en  a llo x a n  was used  in s te a d  o f  D P N , were n o t uneq u iv o ca l. 
I n  th e  presence o f b o th  p h o sp h a te  ions a n d  a llo x an , GA w as n e v e r oxidized, 
w h ereas  in  th e  p re sen ce  o f arsena te  a v e ry  s lig h t reac tio n  re su lte d  in  a few 
in s tan ces . In  te s ts  o f  th e  fa s te r opposite  p ro cess  by  th e  use o f d ia lu ric  acid , 
a  s lig h t reac tio n  w as observed .

Discussion

I t  has been  d e m o n s tra te d  th a t  th e  p ro te in s  o f c rysta lline  P G A D  iso la ted  
fro m  ra b b it m uscle  a n d  b a k e r’s y eas t c o n ta in  Zn ions. As th e  enzym e a c tiv ity  
is  inh ib ited  if  th e se  Z n  ions are m ade to  fo rm  a com plex w ith  ch e la te  form ing
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ag en ts , th e  Zn ions in  th e  p ro te in  m ay have som e ro le to  p lay  in  th e  a c t iv i ty  
o f th e  enzym e [13]. We h a v e  found  th e  c ry s ta llin e  PG A D s iso la ted  fro m  th e  
bovine a n d  p ig  m uscle, b re w e r’s y eas t an d  c ra y fish  m uscle to  be  in h ib ite d  
b y  p h e n a n th ro le n e  to  a b o u t th e  sam e e x te n t as th e  P G A D s iso la ted  fro m  ra b b it  
m uscle an d  fro m  b ak er’s y e a s t .  This suggests t h a t  all these  en zy m es are  
a p p a re n tly  Z n  p ro te in s a n d  th e  m eta l ion in  th e  p ro te in s  is e s se n tia l fo r 
enzym atic  a c tiv ity .

E v id en ce  has been o b ta in e d  to  show  th a t  th e  p ro te in -b o u n d  Z n  ion 
p lay s a role in  th e  o x id a tio n  o f  b o th  p h o sp h o ry la te d  an d  n o n -p h o sp h o ry la ted  
su b s tra te s . T h e re  was no d iffe ren ce  in  th is  re sp e c t be tw een  th e  v a rio u s  k in d s  
o f PG A D  te s te d  (isolated f ro m  m uscles of v a rio u s  m am m als, y easts  a n d  fro m  
the  m uscle o f  crayfish).

The p h o sp h a te  ion a ffo rd e d  a ce rta in  p ro te c tio n  against th e  in h ib ito ry  
ac tio n  of p h en an th ro len e . I n  th e  case of P G A D s iso la ted  from  m a m m a lia n  
m uscle th is  p ro te c tio n  m a n ife s te d  itse lf w ith  th e  fa c t th a t  th e  in h ib itio n  of 
PG A  o x id a tio n  b egan  a t a p h e n a n th ro le n e  c o n c e n tra tio n  one o rder o f  m a g n i­
tu d e  h igher th a n  in  the  p re se n c e  of a rsena te . H o w ev er, th e  increase  in  th e  
e x te n t of in h ib itio n  w ith th e  in c rea se  in  th e  c o n c e n tra tio n  of p h e n a n th ro le n e  
w as ju s t  as fa s t  as in  the  p re sen ce  o f a rsen a te  ions. I n  th e  case of GA o x id a tio n , 
in h ib itio n  s ta r te d  a t  ab o u t th e  sam e c o n c e n tra tio n  o f p h e n an th ro len e  as 
in  th e  presence  o f a rsena te , b u t  increasing  th e  c o n c e n tra tio n  of p h e n a n th ro le n e  
caused  a m uch  slow er increase  in  th e  e x te n t o f in h ib itio n . The p h o sp h a te  ion  
h ad  th e  sam e effec t on the P G A  o x id a tio n  of c ray fish  PG A D . On th e  o th e r  h a n d , 
in  GA o x id a tio n  th e  a c tiv ity  w as f irs t ex trem ely  en h an ced  an d  o n ly  s u b ­
seq u en tly  d id  th e  inh ib itio n  ta k e  place. All th e se  f in d in g s  d e m o n s tra te  t h a t  
d ifferences e x is t  betw een  th e  P G A D s from  m a m m a lia n  m uscle, y e a s ts  an d  
cray fish  m uscle , as i t  had  b een  suggested  [19].

T he p ro te c tiv e  action  o f  p h o sp h a te  ions m ay  in  p a r t  be due to  a p ro m o ­
tio n  o f th e  d isso c ia tio n  of th e  en zy m e-p h en an th ro len e  com plex. This sugg ests  
th a t  p h en a n th ro le n e  and  th e  p h o sp h a te  ion  link  u p  w ith  th e  enzym e m olecu le  
th ro u g h  th e  sam e site , th e  Z n  io n . W e shall d iscuss th is  problem  in d e ta il  in  
re p o rt on s tu d ies  on th e  o x id a tiv e  p h o sp h o ry la tio n  c a ta ly se d  b y  PG A D  [30].

T he s tro n g  ac tiv a tio n  o f  G A  ox ida tio n  of c ra y f ish  PG A D  b y  low  c o n ­
c en tra tio n s  o f  p h en an th ro len e  in  th e  presence o f  p h o sp h a te  is no t b e liev ed  
to  h av e  been d u e  to  a fo rm atio n  o f  com plex be tw een  p h en an th ro len e  a n d  th e  
h eav y  m e ta l co n ta m in a tio n  in  th e  p h o sp h a te , w hich  m ig h t have  in h ib ite d  th e  
enzym e. P e rfe c tly  id en tica l re su lts  a re  nam ely  ach iev ed  w ith  th e  use o f p h o s ­
p h a te  of a n a litic a l p u rity . T h e re  w ere p ro b ab ly  no tra c e s  of h eavy  m e ta l in  
the  enzym e p re p a ra tio n  or in  so m e com ponen t o f  th e  re a c tio n  m ix tu re  ; h a d  
th e re  been  such  tra c e s , a c tiv a tio n  w ould  have  o c c u rre d  in  th e  p resence  o f  
a rsen a te  as well. H ow ever, such  a c tiv a tio n  d id  n o t o ccu r in  an y  of the  e x p e r i­
m en ts  w ith  a rse n a te .
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I t  h a s  been e s ta b lis h e d  th a t  in  th e  p resen ce  o f a lloxan , P G A D  c an n o t 
o x id iz e  PG A . The GA o x id a tio n  d e tec ted  in  th e  p resence of a llo x an  in  a few 
in s ta n c e s  (and  its  fa ilu re  in  o thers) suggests  t h a t  u n d er th e  g iven  c ircum ­
s ta n c e s  th e  reaction  p ro c e e d s  a t  such a slow  r a te  th a t  th e  m in u te  q u a n t i ty  of 
r is e n  d ia lu ric  acid c a n n o t b e  m easured  b ecau se  i ts  reox ida tion  b y  a ir .
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V e ra tr in e  applied to  an  in ju re d  a rea  o f th e  sk in  has been found  to  fa c ili ta te  th e  effect 
o f to u ch in g  th e  area  un d er th e  lesion. A t a c o n cen tra tio n  of 1 : 1000, d in itro p h e n o l in h ib ited  
th e  fa c ilita tio n  b y  v e ra trin e . K +, N a b an d  L i+ ions w hen  applied  to  th e  in ju re d  sk in  area , 
e lic ited  rep e titiv e  responses by  a c tin g  on th e  axons and n o t on th e  recep tors . E th y le n e d ia m in e  
te t r a a c e ta te ,  w hich form s a com plex  w ith  Ca++, caused no re p e titiv e  d ischarges, in  c o n tra s t 
w ith  so d iu m  c itra te . F o r th is  reaso n  th e  a u to rh y th m ic  a c tiv ity  e lic ited  b y  so d iu m  c itra te  
a p p ea rs  to  be due to  a d irec t ac tio n  o f th e  c itra te  anion. D in itro p h en o l w as fo u n d  to  in h ib it 
th e  re p e tit iv e  responses to  ions. T h e  re su lts  ob ta in ed  hav e  been discussed in  th e  lig h t of 
recen t ev idence concerning th e  p rocesses o f nervous im pulse.

I t  has been know n fo r long  th a t  th e  iso la ted  m uscles an d  ax o n s o f  co ld ­
b looded  an im als respond  to  t r e a tm e n t  w ith  v a rio u s inorgan ic  io n  b y  re p e ti­
tiv e  d ischarges. S tudies o f th is  phen o m en o n , especially  in  w arm -b looded  an im als  
m e r it  a tte n tio n , because i t  h as  been  suggested  th a t  th e  m echan ism  o f im p u lse  
fo rm a tio n  is th e  sam e in  th e  recep to rs  and  axons [1, 2].

T h e re  is evidence to  show  th a t  in  th e  recep to rs  [3, 4, 5], axons [6, 7, 8, 9] 
a n d  even  in  th e  m yoneura l ju n c tio n s  [10, 11] a local response (g e n e ra to r  
p o te n tia l)  precedes th e  re p e titiv e  d ischarges. N o th in g  ce rta in  is k n o w n  a b o u t 
th e  genesis o f th e  local response  an d  it  is also possible th a t  ce rta in  re c e p to rs  
in i t ia te  a series o f im pulses even  w ith o u t g en e ra to r p o ten tia l [12]. A t a n y  
ra te , w h en  th e  action  p o te n tia l s ta r ts ,  th e  im pedance  of th e  nerve  m e m b ra n e  
decreases and  its  p erm eab ility  fo r sod ium  increases [13, 14, 15]. T h e  p rocess 
req u ire s  energy  only  for re s to rin g  th e  orig inal conditions. T his is m a in ta in e d  
b y  th e  so-called N a-pum p. A ccord ing  to  T eorell  [16], N a + m ay  b e  s u b s ti tu te d  
b y  th e  Li ion in  th e  m a in te n a n c e  of m em brane  p o ten tia l. B o th  cause 
rh y th m ic  changes in  the  frog skin p o ten tia l. As K  + , R b + an d  Cs+ h a v e  no 
such  p ro p e r ty , b u t  w hen in jec ted  in tra d e rm a lly  such  ions cause in te n se  
p a in  [17], i t  is surm ised th a t  th e  nerve  uses a m etabo lic  m echan ism  a g a in s t 
th e  chan g es in  th e  ionic m ilieu  a n d  th e  re p e titiv e  response is a re su lt o f  th is .

S ta r t in g  from  th e  above d a ta  we have  in v es tig a ted
a )  how  does th e  b locking  o f  th e  N a-p u m p  m echan ism  re q u ire d  fo r 

m a in ta in in g  th e  action  p o te n tia l, or
b)  an  en h an cem en t o f its  a c tiv ity , in fluence nervous e x c ita to ry  p rocesses,
c) do ions elicit th e  re p e titiv e  response in  w arm -b looded  an im als th ro u g h  

an  e x c ita tio n  o f recep to rs or th ro u g h  d irec t axonal effects?
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Methods

I n  ra ts  th e  in ju re d  sk in  a re a s  supplied b y  th e  sa p h e n o u s  ne rv e  w ere s tu d ied  u n d e r 
I n t r a n a r c o n  (sodium  c y c lo h e x e n y la lly l  th io b a rb itu ra te )  a n a e s th e s ia  in d u ced  b y  50 m g/kg , 
in tra p e r ito n e a lly . The lesion  in v o lv e d  an  ellipsoid a re a  3 to  4 m m  in  d iam ete r. T he p rep ared  
n e rv e  f ib re  was ab o u t 0.1 m m  th ic k .  I t  was fasten ed  to  a  th in  reco rd ing  e lectrode a n d  was 
c o a te d  w ith  a 6 per c en t io n -f re e  saccharose  so lu tion  to  a v o id  sh o rt-c ircu it. In  o th e r  ex p eri­
m e n ts  th e  action  p o ten tia ls  w e re  le d  o ff  b y  m eans o f p la t in u m  e lectrodes, b y  th e  w e t-ch am b er 
te c h n iq u e . The two m e th o d s  y ie ld e d  com parable re su lts . A n  u ltra th e rm o s ta t  w as u sed  to 
m a in ta in  th e  tem p e ra tu re  o f  th e  r a t  an d  of th e  n e rv e  a t  38° C. R e p ea te d  to u c h  co n tro l te s ts  
w e re  m ad e  to  ascertain  t h a t  t h e  p re p a ra tio n  was in ta c t.  N e rv o u s  fu n c tio n  p e rs is ted  fo r 3 to  4 
h o u rs .  T h e  ions and c o m p o u n d s  te s te d  were applied to  th e  in ju re d  skin  a rea  b y  m ean s o f c o tto n  
s w a b s  soaked  in  T y ro d e’s s o lu t io n  (com posed of 0.8 p e r  c e n t  N aC l ; 0.02 p e r cen t KC1 ; 0.02 
p e r  c e n t  CaCl2 ; 0.01 p e r  c e n t  M gCI2 ; 0.1 per c en t g lucose  ; 0.005 p e r cen t N a H 2P 0 4 ; 0.1 
p e r  c e n t  N a ll  CO,). T h e  a c t io n  p o ten tia ls  were t r a n s m i t te d  th ro u g h  a co n v en tio n al R . C. 
a m p lif ie r  to  a m agnetic  ta p e  re c o rd e r  and to  tw o  c a th o d e -ra y  oscilloscopes. T his m eth o d  
a llo w e d  sim ultaneous v isu a l  a n d  au d ito ry  ob se rv a tio n . T h e  fin d in g s w ere e v a lu a te d  a fte r  
p la y in g  back  several tim e s  th e  m a g n e tic  tapes, tak in g  p h o to g ra p h s  from  th e  im p o r ta n t  p a rts . 
T h e  m eth o d  has been  d e sc rib e d  in  de ta il in a p rev io u s p a p e r  [18]. A b o u t 100 an im als were 
in v o lv e d  in the  ex p erim en ts .

R esu lts

I .  T he action o f  vera trine  causing repetitive responses and its antagonism
with d in itrop hen ol

I t  is know n t h a t  in  response  to  v e ra tr in e  th e  p e rm eab ility  of th e  nerve 
m em b ran e  increases, so d iu m  inflow' and th e  O a u p ta k e  of th e  axon  are enhanced  
[19 , 20, 21]. The in c re a se  in  0 2 consum ption  is a sc rib ed  to  an  increased  a c tiv ity  
o f  th e  N a-pum p m e c h a n ism . For th ese  re a so n s  v e ra tr in e  seem ed su itab le  
fo r  use in  studies c o n c e rn e d  w ith  the  p ro b lem s o u tlin ed  in  th e  in tro d u c tio n  ; 
i t  w as applied to  th e  le s io n e d  skin area a t  a c o n c e n tra tio n  of 1 in  10 000, one 
w h ich  was found to  c a u se  no spon taneous n e rv o u s  ex c ita tio n , does n o t elicit 
re p e titiv e  responses a n d  does not b ring  a b o u t  d ep o la risa tio n , i.e. b locking 
o f  conduction . H o w e v e r , 5 to  8 m inu tes a f te r  th e  ap p lica tio n  of v e ra tr in e  a 
v e ry  long series o f  im p u lse s  was elicited i f  th e  v e ra tr in ized  area  u n d er th e  
les io n  was to uched . S u c h  a n  experim ent is i l lu s tra te d  in  Fig. 1, w hich shows 
t h a t  w ithout v e ra tr in e  t re a tm e n t to u ch in g  th e  area  u n d e r th e  in ju red  p a r t 
o f  th e  skin p ro d u ced  in  th e  e lec troneu rog ram  o f th e  saphenous nerve  spikes 
t h a t  lasted  only as lo n g  a s  th e  touch (0.3 sec) (p a r t  a. o f Fig. 1). On th e  o th e r 
h a n d , after t r e a tm e n t  w ith  v era trine , to u c h  o f  th e  sam e in te n s ity  e lic ited  n e r­
v o u s  ac tiv ity  w h ich  so m e tim es  lasted  as lo n g  as 40 sec. (p a rts  b., c., an d  d.). 
T h e  frequency o f th e  a c t io n  po ten tia ls in c re a se d  s teep ly  and  declined  th e re a f te r  
g rad u a lly  so t h a t  s ire n - lik e  sounds w ere h e a rd  from  th e  lo udspeaker. The 
am p litu d e  of th e  s in g le  discharges v 'as also  v a ria b le  ; an d  so was th e  size of 
th e  spikes in  th e  e lec tro n eu ro g ram . T hus, th e  effect o f to u ch  was “ fac ilita ted  
b y  veratrine. T h is  v e ra tr in e  fac ilita tion  p e rs is te d  long a fte r  th e  c o tto n  sw ab 
contain ing  th e  d ru g  h a d  been rem oved fro m  th e  sk in  an d  th e  effect began  to
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b. A fte r  8 m in u te s’ tre a tm e n t w ith  v e ra tr in e , a single to u c h  in d u ce s  long-lasting  re p e tit iv e
discharges

c. b . continued

d. c. con tinued

a b a te  in  ab o u t 30 m in u tes . I t  w as n o tew o rth y  th a t  su ch  la s tin g , syncnronized  
series o f d ischarges w ere no t e lic ited  b y  every  to u ch . I f  th e  a rea  was re p e a te d ­
ly  to u ch ed  in  ra p id  succession, th e re  occurred no e ffec t, b u t  2 or 3 m inu tes 
la te r  even th e  g e n tle s t tou ch  su fficed  to  induce a s tro n g  a c tiv ity . I f  the  v e ra t­
r in e  app lied  to  an  u n in ju re d  a rea  o f  th e  skin , even 25 m in u te s ’ exposure to  a 
te n fo ld  co n cen tra tio n  (1 in  1 000) fa iled  to  elicit a s im ila r  response.

a. T he sp ikes elicited b y  a single to u ch  last only as long as touch ing  lasts
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e. d. co n tin u e d .
F ig . 1. E x p e rim en t No. 75. R a t  w eighing 220 g. E ffe c t  o f v e ra tr in e  on  to u c h in g  p o ten tia ls . 
A c tio n  c u rre n ts  from  sap h en o u s nerve. T im e s ig n a l : 0.1 sec. a.; Spikes e lic ited  b y  a single 

to u c h , b. c., (I.. e . ;  R esponse to  a single to u c h  a f te r  8 m in u te s’ t r e a tm e n t w ith  v e ra tr in e

T hese  resu lts  in d ic a te  th e  in c rea sed  a c tiv i ty  of th e  N a -p u m p  m echan ism  
to  b e  responsib le  fo r th e  in creased  e x c ita b ili ty . To c o rro b o ra te  th is  view, 
a t te m p ts  w ere m ade to  lessen  th e  re sp o n se  b y  th e  use of d in itro p h e n o l (D N P ), 
o n  g ro u n d s  of th e  co n sid e ra tio n s  o u tlin e d  below .

T h e  fo rm atio n  of im pulses is in close connexion w ith  a su d d e n  increase 
in  th e  p e rm eab ility  o f th e  nerve m e m b ra n e . I t  is know n, th a t  f i r s t  N a en ters, 
th e n  d u rin g  th e  n e x t few  m sec. К  leav es  th e  axoplasm  [13, 15, 22]. T he N a- 
p u m p  m echan ism  is responsib le  fo r th e  re tu rn  to  the re s tin g  p h ase  and  its 
fu n c tio n  req u ires  h ig h -en erg y  p h o sp h a te  e s te rs . This view  is s u p p o r te d  b y  th e  
o b s e rv a tio n  m ade b y  H o d g k in  [23] : D N P  in h ib its  th e  re s tin g  N a 24 outflow  
a n d  relieves even th e  so-called p o s tte ta n ic  h y p e rp o la risa tio n [24]. T h e  im p o rta n t 
ro le  o f m etabo lism  in  nerve  in p u lse  h as  been em p h asized  also by  
V o g e l  [25] who fo u n d  th a t  in  th e  iso la te d  nerve of th e  frog  D N P  decreased 
th e  am p litu d e  o f action  p o te n tia l. F o r th ese  reasons we th o u g h t th a t  D N P 
w o u ld  be able to  in h ib it rep e titiv e  responses.

W e app lied  D N P  a t  a c o n c e n tra tio n  o f 1 in 1 000 to  th e  v e ra trin ized  
a re a , w ith  th e  re su lt th a t  th e  so-called  to u ch -fac ilita tio n  w as im m ed ia te ly  
abo lished . D N P  d id  n o t depolarize th e  n e rv e  m em brane, b ecau se  in  the  con­
tro l experim ents invo lv ing  11 an im als th e  sam e concen tra tion  cau sed  no block 
o f  conduction  even a f te r  5 to  8 m in u te s  o f tre a tm e n t. M oreover, D e tt b arn  
a n d  S tämpfli  [26] rep o rted  th a t  a t  p H  7.8 D N P reduces th e  m em brane 
p o te n tia l  of th e  frog’s nerve on ly  b y  3 mV.

I I .  S tud ies w ith N aC l, K C l, ЫС1, S o d iu m  Citrate and E D T A  ( ethylenediam ine
tetraacetate, K om p lexen  I I I )

These co m pounds have been  re p o r te d  to  elicit lo n g -la s tin g  rep e titiv e  
resp o n ses  [27, 28, 29]. W e found  in  th e  r a t  th e  low est e ffec tive  co n cen tra tio n s  
o f  th e se  ions to  b e  m u ch  h igher th a n  th o s e  rep o rted  in  th e  l i te r a tu r e  as effective 
fo r  cold b looded  an im als . F o r e x a m p le , o f  NaCl, KCl, a n d  LiC l 5 p er cen t 
so lu tio n s w ere ac tiv e . Sodium  c i t r a te  w as usually  e ffec tive  ev en  in  its  iso-
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a. S p o n tan eo u s a c tiv ity  o f th e  sap h en o u s  nerve

b. 40" a fte r  KC1

c. 120" a fte r  KC1

d. 121" a f te r  KC1
F ig. 2. E x ep rim en t No. 52. R a t  w eighing 160 g, desensitized  w ith  eapsaicine. E ffec t o f KC1 

on th e  e lec tro n eu ro g ram  of th e  sap h en o u s n e rv e  
T im e signal: 0.1 sec. B iphasic  lead . N ote  th e  s ign ifican t in c re ase  in  b o th  th e  a m p litu d e  an d  

th e  freq u en cy  o f restin g  a c tiv ity  in  resp o n se  to  KC1

to n ic  so lu tion . C o n cen tra tio n s low er th a n  those  m en tio n ed  w ere in a c tiv e . 
T he non-synchron ized  re p e tit iv e  responses o f m u sica l n a tu re  began  u su a lly  
a f te r  a la te n c y  of 20 to  40 sec, to  reach  th e  m ax im u m  leve l in  a b o u t 2 m in u te s , 
w ith  frequencies v a ry in g  from  100 to  600 H z, th en  th e  effect decreased g rad u a lly
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a n d  ceased  in  4 m in u tes  (F ig . 2). In  such  cases to u ch in g  th e  a rea  u n d e r  th e  
le s io n  caused  no change in  th e  e lec tro n eu ro g ram  : d ep o la risa tio n , co n d u c tio n  
b lo c k  developed . T h e  re p e ti t iv e  responses cau sed  b y  th e  ions show ed  a very  
s lig h t te n d e n c y  to  f lu c tu a t io n , th e  freq u en cy  ro se  steep ly . S iren -like  a c tiv ity  
w as  h e a rd  from  th e  lo u d sp e a k e r , b u t, th e  d isch arg es hav in g  b een  sy n ch ro ­
n iz e d  corresponding  to  th e  a c tiv ity  of d iffe ren t fib res , th e  so u n d s changed 
e v e n ly .

T h e  size (im pulse /sec) an d  th e  d u ra tio n  o f  re p e titiv e  re sp o n ses  caused 
b y  th e  ions varied  g re a tly  w ith  th e  skin  a reas . F o r in stan ce , KC1 h a d  h a rd ly  
a n y  e ffec t a t  th e  toes, w h e reas  i t  e lic ited  consid erab le  re p e titiv e  responenses 
w h e n  app lied  to  th e  b a c k  o f  th e  foot. T he s tro n g e s t response w as e lic ited  from  
th e  a re a  above th e  in te rn a l  ankle . T his m ig h t h a v e  been due n o t so m uch to  
d iffe ren ces in  th e  n u m b e r  o f  recep to rs  in  th e  d iffe ren t sk in  a rea s  as to  th e  
f a c t  t h a t  in  th e  an k le  a re a  th e re  are m ore a ffe ren t nerve  fib re s  th a n  a t  th e  
to e s .

E v en  iso ton ic  so lu tio n s  of sodium  c itr a te  u sua lly  gave rise  to  long- 
la s t in g , n o n -sy n ch ro n ized , n o n -flu c tu a tin g  d ischarges of m u sica l n a tu re . 
M o n n i e r  [29] ascribed  th e  c itra te  effect to  a b in d in g  of calcium , b u t  L o re nt e  
d e  N o  [30] a t t r ib u te d  th is  ac tion  to  th e  c itra te  itself. T h u s, th e  ro le of Ca 
is n o t  clear. To decide th e  issu e , we used  E D T A  w hich b inds Ca in  th e  form  of 
a co m p lex  [31], b u t  a t  a  co n cen tra tio n  o f 3.8 p e r  cen t (iden tica l w ith  th a t  of 
so d iu m  citra te ) E D T A  w as found  ab so lu te ly  ineffec tive. I t  is be lieved  therefo re

a. S p o n tan eo u s a c tiv ity  o f th e  saphenous nerve. T h e  w ide w hite a rea  m ark s  th e  o n se t of the
KCI effec t

6. Increasing  KCI effec t



ELECTROPH YSIOLOGICAL ANALYSIS OF R EPETITIVE RESPONSES 297

c. M axim um  of KC1 effec t

d. KC1 effect ab o u t to cease

e. S u b s ti tu tio n  o f KC1 swab w ith  one  soaked  in T y ro d e’s so lu tio n  resu lts  in  re a p p e a ra n c e
o f re p e titiv e  responses

F ig. 3. E x p e r im e n t No. 85. R a t  w eigh ing  200 g. A ction  c u rre n ts  from  sap h en o u s n e rv e . 
T im e signal: 0.1 sec. B iphasic lead . A fte r  th e  g radual cessatio n  of th e  re p e titiv e  re sp o n ses  
to  KC1, t r e a tm e n t  o f th e  in ju red  sk in  a rea  w ith  T y ro d e’s so lu tio n  gives once again  rise  to  s ig n if­

ic a n t  re p e titiv e  discharges

a. B asal a c tiv ity

2 A cta Physiologica XV/4.
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b. O n se t of sodium  c itra te  effec t

r. Sod ium  c itra te  e ffec t in creas in g

d. P eak  of sodium  c it r a te  effect

М и  1 __ 1

e. T h e  th ick  w hite line  in d ic a te s  th a t  the  sw ab so ak ed  in  sodium  c itra te  h a s  been  su b s titu te d
b y  one soaked in  T y ro d e ’s so lu tion

t h a t  the  re p e titiv e  re sp o n ses  elicited b y  t r e a tm e n t  w ith  sod ium  c itra te  are 
d u e  to  a d irect a c tio n  o f  th e  c itra te  an ion .

I f  the  KC1 o r N a  c itra te  so lu tion  w as s u b s titu te d  b y  T y ro d e ’s solution 
a f te r  the  re p e titiv e  resp o n ses  had  c o n sid e rab ly  decreased  or ceased, th ey  
reap p eared  again  (F ig . 3 , Fig. 4). T he e x p la n a tio n  for th is  w ill be d ea lt w ith 
in  the discussion.
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/ .  R ep e titiv e  sod ium  c itra te  effec t a f te r  w ashing

F ig. 4. E x p e rim en t No. 89. R a t  w eighing 180 g. A ction  c u rre n ts  from  sap h en o u s  n e rv e . 
T im e signal: 0.1 sec. The c o tto n  sw ab  soaked  in  3.8 p e r c e n t sod ium  c itra te , w hen  a p p lie d  to  
th e  in ju re d  skin  area , gives rise  to  m ark ed  re p e titiv e  responses (p a rts  b., c. an d  d.). S u b s t i tu t in g  
th e  sod ium  c itra te  sw ab w ith  one soaked  in  T y ro d e ’s so lu tio n  fu r th e r  enhances th e  re p e t i t iv e

responses

I I I .  The role o f  receptors in the repetitive responses

I t  is generally  believed th a t  ions cause p a in  or elicit rep e titiv e  re sp o n se s  
b y  s tim u la tin g  the  recep to rs . T his conclusion has been d raw n b y  G e s s l e h  

[27] from  experim en ts w ith  h y p e rto n ic  NaCl. H ow ever, a d irect a x o n a l e ffec t 
a p p e a rs  ju s t  as p robab le . T h e  chem ical d e sen sitiza tio n  described b y  J a n c s ó  

[32, 33] seem ed to  be su itab le  fo r decid ing  th is  p ro b lem . J a n c s ó  fo u n d  n a m e ly  
th a t  in  r a ts  tre a te d  for 2 or 3 day s w ith  in c reasin g  subcu taneous doses o f 
capsa ic ine  th e  skin and  m ucous m em b ran es becom e insensitive to  th e  w id es t 
v a r ie ty  o f  chem ical ir r i ta n ts , inc lud ing  h y p e rto n ic  (30 p er cent) N aC l ap p lied  
to  th e  eye. In  our ex p erim en ts , 30 p e r cen t N aCl con tinued  to  a c t  as  an  
i r r i ta n t  w hen  in  such d esensitized  an im als i t  w as app lied  to  th e  in ju re d  sk in  
a rea , th o u g h  i t  was ineffec tive  in  th e  eye ; th e  th re sh o ld  c o n c e n tra tio n  d id  
n o t change . I t  appears th e re fo re  th a t  ions elicit re p e titiv e  responses n o t  b y  
ex c itin g  th e  recep to rs, b u t  b y  ac tin g  on th e  axons an d  i t  is in  th is  w a y  t h a t  
th e y  cause  p a in  in  th e  lesioned sk in  area.

I V .  The antagonistic action o f  d in itrophenol on the effect o f  ions

In  analogy  to  th e  v e ra tr in e  ex p erim en ts , we in v es tig a ted  w h e th e r  th e  
re p e tit iv e  responses e lic ited  b y  ions could be an tag o n ized  b y  D N P . I n  th e se  
e x p e rim e n ts  we used m ain ly  KC1 (5 p e r cen t so lu tion ). F irs t, we e x a m in e d  th e  
effect o f KC1 a t  th e  in ju red  sk in  a rea , th e n  a fte r  8 to  10 m in u tes’ t r e a tm e n t  
w ith  D N P  we rep ea ted  th e  ex p e rim en t. C on tro l ex p erim en ts  p ro v e d  t h a t  
from  th e  sam e lesioned a rea  KC1 can  elicit re p e titiv e  responses sev era l t im e s  
in  succession . W e th e n  m ade ex p e rim en ts  a t v a rio u s  sites on b o th  legs o f  6 
an im als  an d  found th a t  D N P  b locked  th e  re p e titiv e  responses caused b y  KC1. 
L ikew ise, i t  in h ib ited  th e  re p e titiv e  responses in d u ced  b y  sodium  c i t r a te  a n d  
b y  h y p e rto n ic  NaCl. The in h ib ito ry  ac tion  was s lig h tly  reversib le.

2
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I t  rem ained  to  b e  ex am in ed  w h e th e r D N P  blocked the  so-called  d irec t 
re c e p to r  actions. In  10 r a t s  we determ ined  th e  closing tim e of th e  p a lp e b ra  in 
re sp o n se  to  th e  in s ti l la tio n  o f  20 per cen t N aCl b efo re  and  a fte r t r e a tm e n t  w ith  
1 : 1000 D N P, and  fo u n d  t h a t  i t  did n o t c h an g e  s ign ifican tly  a fte r  10 m inu tes 
o f  t r e a tm e n t w ith  D N P . I t  seems th e re fo re  ju s t if ie d  to  surm ise also on th is  
b a s is  th a t  i t  is b y  d if fe re n t  m echanism s th a t  th e  ions elicit series o f im pulses in  
th e  recep to rs an d  th e  ax o n s .

D iscussion

R ep e titiv e  e x c i ta t io n  o f nerve e lem en ts  h a s  been  induced  in  tw o  w ays, 
v iz .  b y  tre a tm e n t w ith  v e ra tr in e  an d  m o n o v a le n t cations (K  + , N a + , Li + ) 
a n d  b y  e lim inating  C a + + . On the basis o f  o u r  ow n find ings an d  those in  th e  
l i te r a tu r e ,  to u ch  f a c il i ta t io n  caused b y  v e ra tr in e  m ay  be ex p la in ed  in  th e  
fo llow ing  w ay. A t th e  s ite  of the  in ju ry  v e ra tr in e  increases th e  p e rm e a b ility  
o f  axons for N a + a n d  lessens at th e  sam e  tim e  accom m odation  [34]. T he 
lessen in g  of a c c o m m o d a tio n  usually increases th e  ten d en cy  to  re p e tit iv e  re sp o n ­
ses an d  th u s e x c i ta b i l i ty  increases [35]. F o r  th is  reason  th e  ac tio n  p o ten tia ls  
in d u c e d  by  to u ch in g  th e  in ju red  area e lic it a new  process o f im pu lses, as 
a re su lt of th e  d e c re a sed  accom m odation  o f  n e rv e  elem ents in  th e  lesioned 
a re a . D N P , w hich  b lo c k s  th e  N a-pum p m ech an ism  requ ired  in  th e  rejio laris- 
a t io n  of nerves, ab o lish es  th e  repetitive  re sp o n ses . A ccom m odation p re su m ab ly  
in c reases  in  re sp o n se  to  D N P , as in  th e  1 : 1000 concen tra tion  i t  causes no 
co n d u c tio n  b lock. D e p o la risa tio n  alone th u s  c a n n o t exp lain  th e  an tag o n ism  
b e tw e e n  D N P a n d  v e ra tr in e .  E th e r has b e e n  re p o r te d  to  enhance th e  accom m o­
d a t io n  of th e  fro g ’s n e rv e  [36], su g g estin g  th a t  a co rre la tio n  m ay  ex ist 
b e tw e e n  th e  m e ta b o lism  and  acco m m o d atio n  o f  nerves.

Likew ise, D N P , a m etabolic in h ib ito r , b locks th e  re p e titiv e  responses 
to  K  + , N a + , L i+ a n d  so d ium  c itra te  (Ca + + d ep riv a tio n ), in d ic a tin g  th a t  th e  
in ta c tn e s s  of n e rv e  m etab o lism  is e s se n tia l in  th e  e lic ita tion  o f  re p e titiv e  
responses. T he m e c h a n ism  by  w hich ions e lic it rep e titiv e  responses is s till 
u n c lea r. In  th is  p a p e r  w e do no t w ish to  d iscuss all d a ta  p e r ta in in g  to  th e  
p ro cess  of s t im u la tio n  a n d  im pulse fo rm a tio n , (the  in te res ted  re a d e r  should 
co n su lt references [37, 38 , 39 and 40]) le t  i t  su ffice  th a t  the  classical m em brane  
th e o ry  h ad  failed  to  e x p la in  why th e  a c tio n  p o te n tia l  is h igher th a n  th e  r e s t­
in g  one and h ad  to  b e  rev ised . The m e m b ra n e  p e rm eab ility  th e o ry  o f  H o dg k in  
a n d  H u x l e y  [41, 42] overcam e th is  p ro b le m  an d  show ed th a t  ex c ita tio n  
reverses the  p o la r i ty  o f  th e  m em b ran e  a n d  increases th e  N a  p e rm e­
a b ili ty  co n stan t. T h e  N a + entering th e  cell (axon) is driven ou t b y  N a-pum p 
[43]. H ow ever, e v e n  th e  revised  m e m b ra n e  th eo ry  could n o t ex p la in  all 
p e rta in in g  p ro b lem s, fo r  instance w h y  e lec tric  phenom ena are  d e tec tab le  
in  ce rta in  nerves e v e n  in  th e  absence o f  N a + [44]. More re c e n tly , b y  som e
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a u th o rs  th e  m em brane co n cep t has been ab an d o n ed  an d  it  has b een  c la im ed  
th a t  i t  is th e  physico-chem ical p ro p ertie s  th a t  d e te rm in e  the  u n e a q u a l d is ­
tr ib u tio n  of ions. A d é n a tu ra tio n  o f p ro te in , a p rocess u n d o u b te d ly  ta k in g  
p lace on  ex c ita tio n , m ay  a lte r  th e  f ix a tio n  o f ions an d  th is  m ay  e x p la in  how  
w ith o u t a m em brane th e  io n a l sh ifts  an d  electric  p h en o m en a  are b ro u g h t a b o u t 
in  th e  fu n c tio n in g  nerve [45, 38, 39]. A lthough  th e re  still rem ains co n sid e r­
ab le d isag reem en t as to  c e r ta in  a sp ec ts  of th e  p ro b lem , i t  is clear t h a t  a sig ­
n if ic a n t ad v an ce  has been  m ad e  to w ard  th e  e x p lan a tio n  o f th e  p ro cess  of 
n e rv o u s ex c ita tio n  and  th e  e lec tric  p h enom ena  connected  w ith  it.

I f  we w an t to  exp la in  th e  re p e titiv e  responses e lic ited  b y  ions ex c lu s iv e ly  
by th e  “ spon taneous in d ire c t reversib le  re a c tio n ”  of p ro te in s  (Se g a l , [38]) 
(i. e. w ith  a  reversib le d é n a tu ra tio n  of p ro te ins) caused  b y  e lec tro ly te  so lu tio n s , 
we sha ll en co u n te r d ifficu lties because  1./ th e  a u to rh y th m ic  a c tiv ity  ( re p e tit iv e  
response) con tinues u n d e r a c o n s ta n t ionic effect u n til  d ep o la risa tio n  h as  
ta k e n  p lace  and  2 ./ the  a u to rh y th m ic  a c tiv ity  co n tin u es to  increase fo r  a w hile  
even  a f te r  th e  no rm alisa tio n  o f ional p rep o n d eran ce , and  only th e n  does i t  
g ra d u a lly  cease and  is th e  fu n c tio n a l in teg rity  re s to red . O ur o b se rv a tio n s  
s ig n ifican tly  em phasize th e  ro le o f m etabo lic  processes, especially  t h a t  o f 
h ig h -en e rg y  p h o spha te  e s te rs , in  th e  process o f nervous exc ita tion .

I t  w ou ld  be te m p tin g  to  lig h t upon  a com m on d en o m in a to r in  re g a rd  
to  th e  N a-p u m p  m echanism  w ith  th e  rep e titiv e  responses caused b y  d iffe re n t 
ions. T h e re  is m uch in  su p p o rt o f  th is  view . C a++ d ep riv a tio n  is k n o w n  to  
increase  th e  p e rm eab ility  o f th e  m em b ran e  to  N a + (a c tiv a tin g  its  N a + m e ta ­
bolism  [46]). M oreover, th e  p rep o n d eran ce  of N a + in  th e  ex trace llu la r m ed iu m  
o v e rb u rd en s  th e  N a-pum p b y  m eans of th e  d iffusion  g rad ien t, in  re g a rd  to  
nervous m etabo lism  L i+ m ay  physicochem ically  su b s ti tu te  N a + . T he o u tf lo w  o f 
N a + fro m  th e  cell is increased  b y  30 p er cen t b y  a p rep o n d eran ce  o f K + [47]. 
H ow ever, th e  fac t th a t  E D T A  does no t cause sp o n tan eo u s nervous e x c ita tio n  
even w hen  p resen t in  m uch  h ig h e r am o u n ts  th a n  C a++ is in  c o n tra d ic tio n  
to  th is  a t tr a c t iv e  hypo thesis . A n y w ay , th e  role o f C a++ in  nerve  im p u lse  is 
r a th e r  u n c le a r , because for ex am p le  R o e d e r  [48], G o r d o n  and  W e l s h  [49], 
H e i l b r u n n  [39] claim  th a t  Ca 1 + ions are re leased  in  th e  m om en t o f e x c ita tio n , 
w hereas acco rd ing  to  K e y n e s s  an d  H o dg k in  [50] ex c ita tio n  d u rin g  C a+ + 
w ould e n te r  th e  axon.

O ur re su lts  for th e  an im als  desensitized  aga in st chem ical i r r i ta n ts  b y  
capsaic ine  t re a tm e n t in d ica te  t h a t  i t  is by  d iffe ren t m echanism s t h a t  th e  
ions give rise  to  im pulses in  th e  axons and  th e  recep to rs . O ur ex p e rim en ts  on 
th e  r a t ’s eye also su p p o rt th is  v iew .

S u m m in g  up , i t  m ay  be s ta te d  th a t  h igh co n cen tra tio n s  of K  + , N a + 
an d  L i+ ions o u tside  th e  nervous m em b ran e  a c tiv a te  th e  N a-pum p m ech an ism  
m a in ta in in g  th e  m em brane p o te n tia l. T he rep e titiv e  response , i.e. th e  ra p id  
de- an d  rep o la risa tio n , ceases w hen  th e  N a-pum p m echan ism  is in h ib ite d  b y
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D N P , w hich blocks o x id a tiv e  rep h o sp h o ry la tio n . T h e  reduced  accom m odation  
is  p ro b a b ly  bound  to  a n  increased  a c tiv ity  o f th e  N a-pum p m echan ism . Any 
in te rv e n tio n  in h ib itin g  m etab o lism  resu lts  in  a n  increase of acco m m o d a tio n . 
T h is , how ever, shou ld  be  p roved  by  fu r th e r  stu d ies .
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T h e  q u a n ti ty  o f arsenocholine b u ilt  in to  p h o sp h a tid e s  is sign ifican tly  in c re a sed  d u rin g  
24 to  48 h o u rs ’ fa stin g . In  ad ren a lec to m ized  ra ts  th e  m ark e d ly  enhanced  p h o sp h a tid e  m e ta ­
bo lism  se ttin g  in  a f te r  fa stin g  rem ains ab se n t. T hree  w eeks a f te r  e lectro ly tic  in ju r y  to  th e  
an te ro -m e d ia l a rea  o f th e  h y p o th a la m u s , th e  increase  o f  arsenocholine tu rn o v e r  re leased  
in  n o rm al an im als b y  fasting  does n o t occur. In  lesions to  o th e r  a reas o f th e  h y p o th a la m u s  and  
in  e x tra -h y p o th a la m ic  lesions, such  effec ts w ere n o t observed .

U n d e r conditions w here g lyconeogenesis an d  fa t  c o n su m p tio n  are  
increased  (as in  hunger or d iab e tes  m ellitus) th e re  is also an in c rease  in  th e  
p h o sp h a tid e  m etabo lism  in  th e  liv e r  [1, 2, 3]. T h e  horm ones w hich acc e le ra te  
glyconeogenesis and  fa t co n su m p tio n  (co rtisone , A C T H , adrenaline) o r  d im i­
nish  th em  (insulin) in fluence th e  p h o sp h a tid e  m etabo lism  of th e  liv e r  in  th e  
sam e w ay  [3, 4, 5, 6]. An ex p la n a tio n  fo r th is  m ay  be th a t  th e  p h o sp h o lip id s  
of th e  liv er are com ponents of enzym e sy stem s w hich are d irec tly  o r in d ire c tly  
invo lved  in  th e  ox idation  of fa t ty  acids [7]. In  th e  p re sen t w ork we in v e s tig a te d  
w hat nc iiro -hum oral fac to rs reg u la te  p h o sp h a tid e  m etabo lism  in th e  liv e r.

M ethods

T h e  e x p erim en ts  were carried  o u t on  m ale W is ta r  ra ts . Phospholip id  sy n th e s is  w as 
d e te rm in ed  by  th e  q u a n ti ty  o f a rsenocholine  b u ilt  up  in to  phosp h a tid es. T he a rsen o ch o lin e  
w as a d m in is te re d  in tra p e rito n ea lly  in  doses o f 4 m g/100 g bod y  w eight, and six  h o u rs  th e re ­
a f te r  th e  an im a ls  w ere d e cap ita ted . R em oving  th e  livers, to ta l  As was d e te rm in ed  a n d  th e  
fa t  e x tra c te d  acco rd ing  to  F o l c h  et al. [8 ] .  A fte r d igestion  o f th e  liver and th e  e x tra c te d  fa t,  
th e  As c o n te n t  w as d e term ined  b y  th e  m eth o d  o f J .  É . E a s t o e  and  B. E a s t o e  [9], th e  in o r­
ganic p h o sp h a te  by  F i s k e  and S u b b a r o w ’s [10] m ethod .

T h e  ad ren a ls  w ere rem oved  re tro p e rito n e a lly . F ro m  th e n  on th e  ra ts  w ere g iv en  1 pe r 
cen t N aC l to  d rin k  ad lib itum . T he ex p erim en ts  w ere m ade 8 to  12 days later.

L esion  o f th e  cen tra l nervous sy s tem  w as in flic ted  u n d e r E v ip a n  anaesth es ia  b y  m ean s 
of th e  s te re o ta x ic  a p p a ra tu s  as m odified  b y  Sze n t á g o th a i [11], w ith  5 mA fo r 3 seconds. 
T he second  w eek  a f te r  th e  lesions w ere m ad e , we d e te rm in ed  th e  an im als’ f lu id  c o n su m p tio n  
th e  d a ta  on w h ich  will be given in  100 g/24 ho u rs , a n d  carried  o u t  th e  T horn  te s t  b y  in je c tin g  
50 / /g ad ren a lin e  subcu taneously . T he changes in  eosinophil co u n t will be p re sen te d  in  p e r 
cen t o f th e  in it ia l  va lue . L iver m etab o lism  w as con tro lled  on  th e  th ird  week a f te r  in f lic tin g  
th e  lesions. T h e  e x ac t site  o f th e  lesion w as co n firm ed  histo log ically  in  all cases.

R esults

In  con fo rm ity  w ith  our p rev ious in v es tig a tio n s , th e  q u a n tity  o f a rse n o ­
choline b u ilt  in to  p hospha tides was fo u n d  considerab ly  to  increase on 24 o r
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48 h o u rs ’ fasting  ( P  <  0 .01) (Fig. 1). F ig . 2 show s th e  abso lu te  q u a n tita tiv e  
ch an g es in liver p h o sp h a tid e s . F asting  in d u ced  a decided  rise in  th e  q u a n ti ty  
o f  liv e r  ph o sp h a tid es  o n ly  a fte r  24 hours, in  sp ite  of th e  fac t th a t  th e  tu r n ­
o v e r  g rea tly  in c rea sed  b o th  a fte r 24 an d  48 h o u rs ’ fasting .

0  24 4 6  hours
fasting

F ig . 1. A rsenocholine b u i l t  in to  phosphatides on fa s tin g . O rd in a te  : A m oun t o f arsenocholine  
in  A s jUg/g liver w e t w e ig h t. A bscissa : D u ra tio n  o f fa s t in g , in  hours. T he com plete  colum ns 

show  th e  n o rm al v a lu e s , th e  b lack  ones th o se  fo r p re v io u s ly  adrenalec tom ized  an im als

D uring fa s tin g , glyconcogenesis an d  f a t  consum ption  are m a in ta in e d  
b y  th e  ac tiv ity  o f th e  a d re n a l cortex. W e th e re fo re  in v estig a ted  liv er p h o sp h a ­
tid e  m etabolism  in  ad ren a lec to m ized  an im als  b o th  before an d  a fte r  fas tin g .

I t  is to  be seen  f ro m  Figs. 1 and  2 t h a t  in  th e  ad renalectom ized  an im als, 
p h o sp h a tid e  m e ta b o lism  was no t enh an ced  b y  fasting .

Ill
0  2 4  4 8  hours

fasting

F ig . 2. Changes in  th e  a b so lu te  q u a n tity  o f p h o sp h a tid e s  on fasting . O rd in a te  : A m o u n ts 
o f phospholipids in  in o rg a n ic  P  m g/g liver w et w e ig h t. A bscissa : D u ra tio n  of fa s tin g , in  hours. 
C om plete colum ns sh o w  n o rm a l values, th e  b lac k  ones th o se  fo r p rev iously  ad ren a lec to m ized

an im als

I t  is kn o w n  fro m  the lite ra tu re  t h a t  th e  g lucocorticoid  secre tion  o f th e  
ad renal co rtex  is re g u la te d  b y  A CTH  re lease  b y  th e  h y p o th a la m u s-p itu ita ry  
system . T h erefo re , in  th e  nex t series o f ex p e rim en ts , we s tu d ie d  th e  effect 
o f  fasting  on th e  p h o sp h a tid e  m etab o lism  o f th e  liver in  an im als in  w hich
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h y p o th a la m ic  o r e x tra -h y p o th a la m ic  lesions h a d  been  b ro u g h t a b o u t. F ro m  
156 such  an im als tw o g ro u p s w ere selected  b y  m ean s o f th e  T horn  t e s t  a n d  on 
th e  basis  o f th e ir  daily  f lu id  co n su m p tio n . One g roup  was com posed o f  an im a ls  
w hich  d ra n k  a g rea t dea l a n d  w hose eosinophil c o u n t did no t d im in ish  on

40

control A В

F ig. 3. F lu id  co n su m p tio n  of n o rm al an im als  and  of those  w ith  h y p o th a lam ic  in ju ry . O rd in a te :  
F lu id  consum ed in  24 ho u rs , c a lcu la te d  p e r 100 g b o d y  w eigh t. Abcissa : W h ite  co lu m n s 
show  th e  va lues for co n tro l ra ts ,  th e  b lack  ones for th o se  w ith  h y p o th a lam ic  les ion  in  th e  
a n te ro -m ed ia l region, th e  sh ad ed  co lum ns th e  values for r a ts  in ju re d  in  o th er areas o f  th e  h y p o ­

th a lam u s . T he n u m b ers  inside  th e  colum ns in d ica te  th e  n u m b er of anim als s tu d ie d

Fig. 4. E osinophil co u n t (T h o rn  te s t)  in  no rm al ra ts  a n d  in  ra ts  w ith  h y p o th a la m ic  
lesion. O rd in a te  : P e rc en tu a l change  in  eosinophil coun t follow ing th e  su b cu tan eo u s in je c tio n  
o f 50 //g  ad renaline . 100 per c e n t m ean s th e  in itia l value . A bscissa  : W hite  colum ns sh o w  th e  
co n tro l, b lack  colum ns th e  an im als w ith  an te ro -m ed ia l lesion  of th e  h y p o th a lam u s , th e  sh a d e d  

colum ns th e  ra ts  in ju re d  before  or in  o th er a reas o f th e  h y p o th a lam u s

su b c u ta n e o u s ly  ad m in is te red  ad ren a lin e . 13 o f th e  156 anim als fell to  th is  
g roup . T he o th e r group  c o n ta in e d  th o se  anim als th e  d a ily  flu id  c o n su m p tio n  
o f w hich  d id  n o t m ark ed ly  d iffe r from  th a t  o f th e  n o rm a l con tro ls, a n d  in  
w hich th e  m ost p ro n o u n ced  d ecrease  in  eosinophil co u n t w as caused b y  a d r e ­
naline . O f th e  156 an im als 17 fell to  th is  group.

F ig . 3 shows th e  da ily  f lu id  co n sum ption  o f  th e  con tro l an im als a n d  o f  
th e  tw o  g roups m en tio n ed  above. I t  m ay  be seen th a t  th e  m ean v a lu e  fo r
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24 h o u rs  was 8.5 m l in  th e  co n tro l anim als, w h e re a s  in  th e  f irs t  in ju re d  group , 
37 m l ; in the  second  13.5 m l.

T he T horn te s t  v a lu e s  are  given in  F ig . 4 . I n  th e  con tro l an im als  ad re ­
n a lin e  caused th e  eo s in o p h il count to  drop  to  25 p e r  cen t o f th e  in it ia l  value.

F ig . 5. Arsenocholine b u i l t  in to  liver phosphatides in  co n tro l ra ts  and those  w ith  h y p o th a la ­
m ic  lesions. O rd inate  : A m o u n t  o f  arsenocholine in  A s fig /g  liver w et w eight. A bscissa : W hite  
co lu m n s show th e  c o n tro l, b la c k  colum ns the  a n im a ls  w ith  an te ro -m ed ial h y p o th a la m ic  lesion, 

th e  s h a d e d  colum ns the  ra ts  in ju re d  in  o th er areas

fasting fasting fasting

F ig . 6. Absolute q u a n t i ty  o f  phosphatides in  n o rm a l ra ts  and  those  w ith  h y p o th a lam ic  
lesion . O rdinate : A m o u n t o f  phospholipid in o rg a n ic  P  m g/g liver w et w eigh t. Abcissa : 
W h ite  columns show  th e  c o n tro l ra ts , b lack  co lu m n s th e  anim als w ith  a n te ro -m ed ia l lesion 
o f  th e  hy p o th alam u s, s h a d e d  colum ns th e  ra ts  in ju re d  before or in  o th e r a reas o f th e  h y p o ­
th a lam u s . The en c irc led  n u m b e rs  inside th e  co lu m n s show  th e  n u m b er o f  an im als stud ied

In  th e  firs t g roup  o f  in ju re d  anim als, in s te a d  o f  a decrease, a m ean  30 per cent 
increase occurred  in  th e  eosinophil c o u n t ; in  th e  o th e r group  a m ean  51 per 
c e n t decrease w as reg is te red .
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H istological co n tro l o f  th e  ex ac t s ite  o f th e  b ra in  lesion revealed  th a t  in  
ev e ry  an im al w here th e  d a ily  flu id  co n sum ption  w as h igh  and  th e  T h o rn  te s t  
n eg a tiv e , th e  lesion h ad  b een  in flic ted  in th e  a n te ro -m e d ia l p a r t  o f th e  h y p o ­
th a la m u s . In  th e  r a ts  d r in k in g  little  flu id  and  re a c tin g  n o rm ally  to  th e  T h o rn  
te s t ,  th e  lesion w as found  e ith e r  before or b eh in d  o f  th e  an tero -m ed ial p a r t  
o f th e  h y p o th a lam u s.

C om paring F igs. 5 an d  6, as well as T ab les I ,  I I  a n d  I I I  for g rea te r  d e ta il, 
i t  m ay be seen how , as effect o f fasting , th e  p h o sp h a tid e  m etabo lism  o f th e  
liv e r changed  in  th e  co n tro l an im als, in  th e  ra ts  in ju re d  in  th e  an te ro -m ed ia l 
a rea  o f th e  h y p o th a la m u s , an d  in  those  lesioned in  o th e r  areas.

Table I

N orm al control anim als 

N on-fasted

Series No. Weight of ani­
mal in g

Total As
pg/g

Lipid As
pg/g

Lipid P 
mg/g

l 126 91 16.1 1.07

2 104 105 — 1.16

3 108 80.5 14.3 —

4 125 118 16.5 1.08

5 125 105 30.3 1.05

6 110 107 25.3 1.23

7 138 101.5 18.9 1.28

8 112 83 17.8 1.22

9 125 92 13.8 1.17

10 120 178 9.2 1.05

11 116 131 29.5 1.16

108.3 19.1 1.15

± 8 .2 ± 2 .2 ± 0 .0 2

As m ay  be seen in  T ab le  I and  in  co n fo rm ity  w ith  o u r p rev ious re su lts , 
in  th e  con tro l an im als fa s tin g  caused  th e  lip id  As c o n te n t to  rise  from  19.1 ± 2 .2  
^ g /g  to  m ore th a n  tw ice as m uch , 49.2 ±  4.2 /tg/g. T h is increase is s ta t is ­
tic a lly  h ig h ly  sig n ifican t : t  =  6.510 ; P  <  0.01. I n  o th e r  w ords, in  th e  n o n ­
fa s tin g  an im als 42.0 ^g /g  arsenocholine was b u ilt  in to  phospho lip ids, an d  in  
th e  fa s tin g  anim als 108.2 /ig /g . T he lip id  P  c o n te n t also increased  on fastin g , 
th o u g h  th e  d ifference b e tw een  th e  fastin g  an d  n o n -fa s tin g  an im als w as less 
p ro n o u n ced  : t  =  2.226 ; P  <  0.02. I t  follows th a t ,  u n d e r  th e  g iven e x p e ri­
m en ta l conditions, in  th e  n o n -fas tin g  anim als 0.7 p e r c en t o f th e  h ep a tic  phos- 
p h a tid c s  con ta ined  arsenocho line , w hereas in th e  fa s tin g  an im als 1.6 p e r cen t.
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F asted

Series No. Weight of animal 
in g

Total As 
/«g/g

Lipid As
/'g./g

Lipid P 
mg/g

l too 1 28 44.4 1 .2 2

2 105 138 29.0 1.55

3 106 177 67.0 1.61

4 110 101 42.8 1.43
5 96 167 62.5 1.56
6 111 138 51.6 1.06
7 128 116 54.0 1.07
8 102 149 43.6 1.10

139.2 49.2 1.32

± 8 . 8 ± 4 .2 ± 0 .0 8

F asted , non-fasted , l ip id  As. t  =  6.510 ; P<C 0.01 
F asted , non-fasted , l ip id  P. t  =  2.226 ; 0.05 >> P  >>0.02

Table II

A n im a ls  with lesion to the medial p a rt o f  the supraoptic  region o f  the hypotha lam us

N o n -fasted

Series No. Weight of animal 
in g

Total As 
/‘g/g

Lipid As 
/‘g/g

Lipid P 
mg/g

l 138 129 31.4 1.23
2 175 135 25.4 1.26
3 148 106 7.3 1.16
4 103 124 18.6 1.07
5 128 153 26.2 1.25
6 125 117 29.2 1.26

127.3 ±  6.5 23.0 ±  3.6 1.20 ±  0.03

In  Table I I  a re  p re se n te d  th e  fa s tin g  an d  non-fasting  v a lu es  fo r an im als 
in ju re d  in  th e  a n te ro -m e d ia l a rea  o f th e  h y p o th a lam u s. T he lip id  As value 
fo r  th e  non-fasting  an im a ls  w as 23 i  3.6 p g /g , hence th e  a m o u n t o f  arseno- 
eho line  b u ilt in w as 50.6  /jg /g . In  th e  fa s tin g  an im als th e  q u a n t i ty  o f lip id  As 
w as 15.9 ±  1-8 I g/g, i.e. 34.9 f jg/g  arsenocho line  w as b u ilt  in to  liv er phos- 
p h a tid e s . There w as no s ta tis t ic a l  d ifference b e tw een  th e  v a lu es  fo r  fas tin g  and 
n o n -fa s tin g  an im als, fo r  t  =  1.34, 0.20 >• P  >  0.10. T he lip id  P  v a lu e  for n o n ­
fa s tin g  ra ts  was 1.20 ±  0.04 m g/g , an d  fo r th e  fastin g  ones 1.24 i  0.04 mg/g.
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Fasted

Series No. Weight of animul Total As Lipid As Lipid P
in g pg/g pg/g mg/g

l 98 104 7.5 1.09
2 135 190 18.6 1.26

3 148 — 21.1 1.22
4 162 139 17.3 1.26

5 104 115 14.6 1.20
6 110 170 19.9 1.26
7 98 109 12.2 1.42

137.8 15.9 1.24

±  14.4 ±  1.8 ±  0.04

N o n -fasted , fasted , lip id  As. t =  1.734 0.20 >  P  > 0 .1 0
N on-fasted , fasted , lip id  P . t  =  0.850 0.50 > P  > 0 .2 0

E v a lu a tin g  th e  tw o figu res s ta tis tic a lly , t  =  0.850, 0.50, >  P  >  0 .20. 
O f th e  to ta l  phospho lip id  c o n te n t o f th e  liv e r, arsenocholine c o n ta in in  
p h o sp h a tid e s  am oun ted  to  0.8  p e r  cen t in  the  n o n -fa s te d  an im als, a n d  to  0. 
p e r c en t in  th e  fasted  ones. I n  th is  g roup  of an im als, th e n , p h o sp h a tid e  m e ta ­
bolism  in  th e  liver was n o t a u g m e n te d  on fastin g  as in  th e  ad ren a lec to m ized  
an im als .

Tabie III

A n im a ls  w ith  hypothalamic and extra-hypothalam ic in jury  at sites other than to the antero-m edial
cell group

Non-fasted

Weight of animal Total As Lipid As Lipid P
m g pg/g pg/g mg/g

1 185 138 10.0 1.18
2 180 119 24.7 1.16

3 160 126 34.0 1.20

4 140 125 21.5 1.40

5 150 130 20.0 1.21

6 180 118 10.2 1.24

126.0 20.0 1.23

±  3.0 ±  3.7 ±  0.03

In  T ab le  I I I  m ay be seen th e  values for those an im als  in  w hich th e  lesion  
d id  n o t  fa ll to  th e  an te ro -m ed ia l a rea  o f th e  h y p o th a la m u s . T he effect o f  
fa s tin g  on th is  group of an im als  w as to  increase th e  in co rp o ra tio n  o f arsen o -

as
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Fasted

Series No. W eight of animal 
in g

Total As
iig/g

Lipid As
/j g/g

Lipid P 
mg/g

l 150 175 34.8 1.11

2 90 151 39.6 1.36

3 180 115 37.0 1.37

4 90 100 47.0 1.67

5 100 140 25.3 1.31

6 160 130 60.0 1.53

7 180 138 — —

8 180 — 48.6 1.42

9 180 128 36.6 0.89

10 150 125 35.3 1.65

11 150 — 52.2 1.74

133.5 ± 41.6 ±  3.2 1.40 ±  0.08

N on-fasted, fa s ted , l ip id  As. t =  4.053 P <  0.01
N on-fasted, fa s te d , l ip id  P . t =  1.409 P  <C 0.10

F ig . 7. Localization  o f  h y p o th a la m ic  lesion in h ib itin g  th e  fastin g -in d u ced  increase  of p h o s­
p h o lip id  synthesis. T h e  s ix  schem atic  figures sh o w  th e  localization  o f cells in  th e  d ifferen t 
leve ls of th e  h y p o th a la m u s . T h e  slices follow one a n o th e r  a t  a d is tan ce  o f  1 m m  according 
to  Szentágothai [11]. T h e  cell boundaries a re  sh o w n  b y  lig h tly  b ro k en  lines, th e  e x te n t of 
th e  lesion in th e  d if fe re n t  slices by  con tinuous b la c k  lines. T he a rea  in c lu d in g  all effective 
lesions has been sh a d e d . T h e  scale shown re sp re sen ts  m illim etres. A ll lesions are b ila tera l

in  ev ery  case.
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choline in to  liver p h o sp h a tid e s , ju s t  as in th e  c o n tro l an im als. T he d ifference 
betw een  th e  lip id  As v a lu e s  fo r non -fasting  ra ts  (20.0 i  3.7 /j g/g) a n d  tho se  
fasting  (41.6 i  3.2 f jg/g) w as s ta tis tic a lly  s ig n ifican t, t  =  4.053, P  <  0.01. 
As in  th e  co n tro l an im als, th e  q u a n ti ty  o f pho sp h o lip id s  w as n o t s ig n ifican tly  
e lev a ted , t  =  1.409, P  <  0 .10 since the  lipid P  am o u n te d  to  1.23 ^  0.03 m g/g 
and 1.40 i  0.08 m g/g, re sp ec tiv e ly . In  th e  n o n -fa s tin g  an im als, 0.7  p e r c e n t  
of th e  p h o sp h a tid es  c o n ta in e d  As ; in  th e  fa s tin g  an im als , 1.3 p er cen t.

F ig . 7 shows th e  lo ca liza tio n  of th e  h y p o th a la m ic  lesions w h ich  in h i­
b ited  th e  increase in  p h o sp h o lip id  syn th esis  d u rin g  fastin g . T he s ite s  o f all 
the  lesions in flic ted  in  th e  p re se n t ex p erim en ts  are  show n in  Fig. 7. T h e  a rea , 
the  in ju ry  o f which in  e v e ry  case decidedly  in h ib ite d  th e  en h an cem en t of 
p h ospho lip id  tu rn o v e r b y  fa s tin g , is show n b y  shadow ed lines. I t  m a y  be seen 
th a t  th e  a rea  in  q u es tio n  lies in  th e  an te ro -m ed ia l p a r t  o f th e  h y p o th a la m u s  
and  to u ch es  th e  su p ra c h ia sm a tic , filiform , a n te r io r , a rcu a te , p a ra v e n tr i­
cular, an d  m edial n uc le i.

Discussion

O u r earlie r in v e s tig a tio n s  h av e  show n th a t  th e  sh a rp  increase in  p h o s­
p h a tid e  sy n th es is  occu rring  a fte r  fasting  is d e te rred  b y  ad ren a lec to m y . A ccording 
to  th e  l i te ra tu re  and  o u r  ow n stu d ies , ce rta in  cell g roups o f th e  h y p o th a la m u s  
in fluence  ad ren o co rtica l fu n c tio n . A fter h y p o th a la m ic  lesion, th e  ad ren a l 
co rtex  fa ils  to  respond  to  d iffe ren t in fluences. As to  th e  qu estio n , w hich  of 
the h y p o th a lam ic  cell g ro u p s  is th e  m ost in flu e n tia l in  th is  re sp ec t, op in ions 
in  th e  l i te ra tu re  arc n o t u n ifo rm . Some a u th o rs  fo u n d  th e  increase in  ad re n o ­
cortica l a c t iv i ty  in h ib ite d  a f te r  lesioning th e  a n te r io r  h y p o th a la m u s , w hereas 
o thers a f te r  in ju ring  th e  m id d le  or poste rio r areas [12, 13, 14].

In  o u r previous in v e s tig a tio n s  in to  th e  reg u la tio n  o f a d ren o co rtica l 
a c tiv ity  ca rried  ou t in  m o re  th a n  500 ra ts  i t  w as show n th a t  lesion  o f  th e  
an te ro -m ed ia l cell g ro u p  o f  th e  h y p o th a lam u s affo rds th e  m ost effective 
p ro tec tio n  against th e  éosinopén ie  reac tio n  in d u ced  b y  ad ren a lin e  or th e  
decrease in  th e  ascorb ic ac id  co n ten t o f th e  a d re n a l co rtex  [15]. In  an im als 
w ith  in ju re d  h y p o th a la m u s  th e  sen s itiv ity  to  A C TH  decreases, b u t a t  th e  sam e 
tim e th e ir  sen s itiv ity  to  co rtisone  does n o t d iffer from  th a t  o f u n in ju re d  
con tro l an im als. Lesions o f  o th e r  cen tra l, p o s te rio r  o r la te ra l areas also in h i­
b it a c tiv a tio n , b u t in  th is  case th e  in h ib ito ry  e ffec t w ears off g ra d u a lly  in 
four to  six  weeks [16].

I t  is know n th a t  a f te r  lesions o f th e  a n te ro - la te ra l cell g roup  o f th e  
h y p o th a la m u s  th e  a n im a ls  develop d iab e tes  in sip id u s. T he a n te ro - la te ra l 
lesion — as has been m e n tio n e d  — is no t a specific  in h ib ito r  of a d ren o co r­
tica l a c tiv ity . W e h av e  show n in num erous ex p e rim en ts  th a t  in  som e o f th e
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a n im a ls  w ith  d iab e tes  in s ip id u s  b o th  th e  éosinopénie  reac tio n  to  ad rena line  
a n d  th e  ascorbic ac id  d e p le tio n  occur ju s t  as in  u n in ju red  an im als  [17].

I n  view  of th e  tw o  a b o v e  m en tio n ed  fa c ts  th e  an im als in  th e  p re sen t 
a rsen o ch o lin e  e x p e rim e n ts  w ere selected  on th e  basis o f th e ir  da ily  flu id  
c o n su m p tio n  as well as acco rd in g  to  th e  e x te n t  o f  th e ir  éosinopénie reac tio n .

T h e  in v es tig a tio n s  o n  liv e r  p h o sp h a tid e  m e tab o lism  m ade w ith  arseno ­
ch o lin e  w ere carried  o u t  in  th e  th ird  w eek a f te r  th e  h y p o th a la m ic  lesion had  
b e e n  in flic ted , as p re v io u s ly  i t  w as found  th a t  fo r  one or tw o w eeks a f te r  th e  
le s io n  th e  aspecific s tim u lu s  o f  th e  in ju ry  h ad  a d is tu rb in g  effect [15].

F ro m  the  p re se n t r e s u lts  i t  has been  concluded  th a t  i f  th e  lesion  is 
in f lic te d  so as to  a ffec t th e  an te ro -m ed ia l cell g roup  of th e  h y p o th a la m u s , 
p h o sp h o lip id  m etab o lism  in  th e  liver is th e  sam e as th a t  of ad ren a lec to m ized  
a n im a ls , i.e. th e  in c rea se  o f  phospho lip id  m e tab o lism  released  in  norm al 
a n im a ls  b y  fasting  re m a in s  en tire ly  ab sen t. In  ad d itio n  to  a h igh  d a ily  flu id  
in ta k e ,  i t  is ty p ica l o f th e s e  an im als th a t  th e  eosinophil co u n t is n o t decreased  
b y  su b cu tan eo u sly  a d m in is te re d  ad ren a lin e . H a d  som e h y p o th a la m ic  area 
o th e r  th a n  the  a n te ro -m e d ia l been in ju red , p h o sp h a tid e  m etabo lism  in  the  
l iv e r , th e  eosinophil re sp o n se  to  ad rena line  and  flu id  co n su m p tio n  w ere the  
sa m e  as in u n in ju red  a n im a ls .

O u r in v es tig a tio n s , th e re fo re , show th a t  th e  changes b ro u g h t a b o u t by 
f a s t in g  in  liver p h o sp h o lip id  m etab o lism  are  u n d e r  a n eu ro -h o rm o n al reg u la tio n , 
v ia  th e  h y p o th a lam u s, p i tu i ta ry ,  ad ren o co rtica l system .
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(Eingegangen am 27. O k to b e r 1958)

Im  V erlau f iso k a lo risch er H u n g e rzu s tän d e  is t  die Q u a litä t  der v e rb ra u c h te n  E iw eiß e  
fü r  A lb in o ra tten  v o n  großer B edeu tu n g .

Die Fo lgen  d es H u n g ern s w erden  d u rc h  V e rfü tte ru n g  v o n  W eizenkleber am  w e n ig sten  
v e rsch lech te rt. D u rc h  V e rfü tte ru n g  v o n  Leim , H efeeiw eiß  u n d  G elatine  -j- K a se in h y d ro ly sa t 
w ird  de r Z u stan d  d e r  T iere b e d eu ten d  versch lim m ert.

U n te r  g le ichen  V erh ältn issen  w ird  die schäd liche  W irk u n g  der K le b e rv e rfü tte ru n g  
d u rc h  V erab re ich u n g  e iner g rö ß eren  K leberm enge g e m ild e rt, w ährend  der P ro z e ß  n a c h  
D arre ich u n g  der d re i an d eren  m an g e lh aften  S tick s to ffq u e llen  p ro g red ie rt.

D urch  K o m p le ttie ru n g  k o n n te  v o n  den v ier E iw e iß m an g e ld iä ten  lediglich d ie  s c h ä d i­
gende W irkung  d e r  H efee iw e iß n ah ru n g  n ich t behoben  w erden .

H u n g er u n d  E iw eißm angel kom m en beim  M enschen gew öhnlich g le ich ­
zeitig  zu stan d e . D ie  m enschlichen  H u n g e rzu stän d e  gehen  im  a llgem einen  m it 
E iw eißm angel u n d  insbesondere  m it e rh ö h ten  M angel an  den sog. q u a l i ta t iv  
w ertvo llen  E iw eiß en  einher. Als beispielsw eise die K alo rien v erso rg u n g  in  
U n g a rn  in  den J a h re n  1 9 4 4 - 1945 infolge d er k rieg sb ed in g ten  S chw ierigkeiten  
im  V ergleich zum  N orm alen  a u f  80%  gesunken  w ar, b e tru g  nach den  U n te r ­
suchungen  von  S ó s d er G esam te iw e iß v erb rau ch  n u r  noch  50 — 60%  u n d  d e r 
V e rb rau ch  tie r isc h e r  E iw eiße b loß 20 — 30% . D ie F rag e , welche B e d e u tu n g  
den  m it H u n g ern  v e rk n ü p f te n  E iw eiß  v e rso rg u n g ss tö ru n g en  vom  p a th o lo g isch en  
G esich tsp u n k t z u k o m m t bzw . w elche W irk u n g  die A nw endung  v e rsch ied en er 
E iw eiße , die V e rän d e ru n g  u n d  K o m p le ttie ru n g  ih re r  M enge a u f die h u n g e r ­
b ed in g ten  K ran k h e itsp ro zesse  au sü b en , is t sow ohl th eo re tisch  wie in v o lk sg e ­
su n d h e itlich e r H in s ic h t sehr w esentlich .

M ethodik

Die U n te rsu ch u n g e n  w urden  a n  74 i  2 g schw eren  200 A lb in o ra tten  in  A n g r if f  g e ­
no m m en , die w ir in  20 V ersu ch sg ru p p en  zu je  10 T ieren  e in te ilten . D ie E rgebnisse a n a ly s ie r te n  
w ir a n  v ier a llgem einen  p a tho log ischen  E rscheinungen  : an  d e r V eränderung  des K ö rp e r ­
g ew ich ts, an  ä e r  G e s ta ltu n g  des re la tiv e n  G ew ichtes d e r O rg an e , an  der Z u sam m en setzu n g  
de r B lu tserum eiw eiße u n d  an  der V erän d e ru n g  des S a u e rs to ffv e rb ra u ch s  der L eberzellen . M it 
A usn ah m e einer n o rm a len  K o n tro llg ru p p e  (N ) w aren  die a n d e re n  sog. h a lbhungernde  G ru p p e n , 
die täg lich  eine der H ä lf te  ihres K a lo rienbedarfes e n tsp rech en d e  N ahrungsm enge e rh ie lte n . 
E in e r G ruppe , der h u n g e rn d en  K o n tro llg ru p p e  (N E ), g aben  w ir n o rm ale  N ahrung , den a n d e re n  
die experim en telle . D ie  n o rm alen  T iere  v e rzeh rten  täg lich  d u rc h sch n ittlich  10 g N a h ru n g , 
die a n d eren  5 g. Die Z u sam m en setzu n g  d e r einzelnen D iä ten  zeig t T abelle  I.

,1 Acta Physiologira XV/4.
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B ei der N o rm a ln a h ru n g  h a n d e lte  es sich u m  d as  18%  K asein  e n th a lte n d e  b e k an n te  
h a lb sy n th e tisch e  G em isch. V o n  den e inseitigen  N -Q u e llen  verw endeten  w ir  L eim , H efe, 
W eizen k leb er (G liadin), G e la tin e  u n d  ein säu reh y d ro ly s ie rte s , n eu tra lis ie rte s u n d  g e tro ck n e te s  
K ase in -A m in o säu ren g em isch .

Tabelle I

Prozentuale Zusam m ensetzung der einzelnen  Nalirmengen  

J e d e s  Gem isch e n th ie lt 4 %  kom plexe  Salzm ischung u n d  1 0 %  F e tt,  w ovon 2 %  L e b e rtra n  w aren

Bezeichnung 
der Diät D i ä t a r t Kasein Leim Kleber Gelatine Kasein-

Hydr.
Getr.
Hefe Starke

N n o r m a l ............................................. 18 — — — __ 4 64
F eiw eißreich ................................... 50 — — — — 4 32

M L e im ................................................. — 18 — — — 4 64
L K leber ............................................. — — 18 — — 4 64

S H e f e .................................................. — — — — — 26 60

T G el.-H v d r......................................... — — — 9 9 4 64

MD leim reich  ........................................ — 50 — — — 4 32

LD k le b e r re ic h ..................................... — — 50 — — 4 32

TD g el.-h y d r.-re ich  ......................... — — — 25 25 4 32

K M kom pi. L e i m ................................. 8 18 — — — 4 56

K L ,, K le b e r  ............................ 8 — 18 — — 4 56

K T ,, G e l.-H y d r ........................ 8 - — 9 9 4 56

K S ,, H efe  ................................. 8 — — — — 26 52

KM D ,, le im re ich  ....................... 8 50 — — — 4 24

K L D ,, k le b e r r e ic h .................... 8 — 50 — — 4 24

K SD ,, h e fe re ich  ....................... 8 — — — — 64 14

K T D ,, g e l . -h v d r .- r e ic h ........... 8 — — 25 25 4 24

E e iw e iß f re i ....................................... — — — — — 4 82

D er L eim  w a r e in  h a u p tsäc h lic h  m eth io n in fre ie s  E iw eiß  u n d  wies d a n eb e n  in  geringerem  
M aße auch  T ry p to p h a n m a n g e l au f [12, 14]. D as E iw eiß  des H efem ehles w a r v o n  nek ro g en er 
L eberw irkung  [6, 7, 14] u n d  v o r allem  a rm  a n  S -A m inosäuren  [14]. D e r W eizenk leber w a r 
ly s in a rm  [8, 9]. D ie  G e la tin e- u n d  K a se in h y d ro ly sa te  w aren  h a u p tsäc h lic h  try p to p h a n fre i  
[2, 3, 4, 14]; ih re  a n d e re n  M ängel rü ck ten  a u ch  d a d u rc h  in  den H in te rg ru n d , d a ß  w ir in  den 
D iä te n  ihre M ischung  im  gleichen V erh ältn is  a ls N -Q uelle  ben u tz ten .

Säm tliche N -Q u e llen  w urden  in  n o rm ale r M enge (18%  Eiw eiß e n tsp rec h en d ), w e ite rh in  
in  g rößerer M enge (5 0 % ) u n d  außerdem  a u ch  m it  8 %  K asein  k o m p le t tie r t  v e rw en d e t. D ie 
e rh ö h te n  M engen d e r  N -h a ltig en  S ub stan zen  w a n d te n  w ir in  den N a h ru n g e n  zu  L as te n  der 
S tä rk e  an, d. h. d ie  N -h a ltig e  S ubstanz  w a r zu  L a s te n  der K o h len h y d ra te  v e rm e h r t.

E rg e b n is se

D as G ew ich t d e r  norm al e rn ä h r te n  K o n tro lltie re  s tieg  in  d e r üb lichen  
W eise (Abb. 1, K u rv e  N). D as G ew icht d e r  m it N o rm aln ah ru n g  g e fü tte r te n , 
h a lb h u n g e rn d en  T ie re  san k  in  4 W ochen  u m  15%  (K urve  N E ). D as G ew icht 
d e r m it e iw eiß fre ier N ah ru n g  g e fü tte r te n , h a lb h u n g ern d en  R a tte n  zeigte
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3 6 % ig e  S enkung, und  d ie  H ä lfte  d er T iere g ing in  d e r 4. W oche zu g ru n d e  
(K u rv e  E ). D as G ew icht d e r m it L ysinm angele iw eißd iä t g e fü tte r te n  (L) u n d  
zug le ich  ha lb h u n g ern d en  R a t te n  lieg t e tw as u n te r  dem  d er an  N o rm a ln a h ru n g  
g e h a lte n e n  halb h u n g erd en  T iere . Vom  V erb rau ch  dieses E iw eißes w ird  jed o ch  
d e r  H u n g e rz u s ta n d  n ic h t w esen tlich  v e rsc h le c h te rt. D er V e rb ra u c h  d e r 
M eth ion inm angel und T ry p to p h an m an g e le iw e iß e  fü h r t  u n g e fäh r d iese lbe

Abb. 1. G ew ich tskurven  der R a tte n . O rd in a te :  G ew ich tsv erän d eru n g  in  % . N  =  n o rm a le
K o n tro lltie re  ; N E  =  m it N o rm a ln a h ru n g  g e fü tte r te  h a lb h u n g e rn d e  Tiere. D ie a n d e re n  
B eze ichnungen  s. T abele I. A nfangsgew ich t 74 ±  2 g. D ie K u rv e n  en tsp rech en  d e n  M itte l­
w e rten  v o n  je  10 T ieren. Die sen k rech te  L inie am  A nfang de r N -K u rv e  zeigt d ie G röße  d e r

S tre u u n g  (u) an

S itu a tio n  h e rb e i wie die A n w en d u n g  d er E iw eiß m an g eln ah ru n g . W ie die 
G ew ich tsk u rv en  S, M, E u n d  T  d e r A bb . 1 zeigen, k o m m t es in  diesen G ru p p e n  
zu s ta rk e r  u n d  nahezu  gleicher G ew ich tssenkung .

E s  is t  deu tlich  zu sehen, d aß  d ie  H u n g e rzu stän d e  in  d re i G ru p p en  g e te il t  
w erden  k ö n n en . U n te r den isoka lo rischen  H u n g e rz u s tä n d e n  is t d e r je n ig e  
am  w en ig sten  schädlich  bei dem  k e in  E iw eißm angel vo rlieg t (G ru p p e  F ). 
M itte lschw er is t der durch  N o rm a ln ah ru n g  (N E ) b ed in g te  H u n g e rz u s ta n d , 
in  dem  d as K alo rien - und  E iw e iß d e fiz it von  gleichem  A usm aß  is t, u n d  ä h n lic h  
v e rh ä lt  es sich  bei dem  d u rch  e in se itigen  K lebere iw eiß v erb rau ch  b e d in g te n  
H u n g e rz u s ta n d  (L). Schw erere W irk u n g en  zeigen die p artie llen  H u n g e rz u i 
s tä n d e , die d u rch  eiw eißfreie, fe rn e r  infolge T ry p to p h a n -  u n d  M eth ion inm angel 
e inseitige S ticksto ffverso rgung  ergebende  E rn äh ru n g sfo rm en  v e ru rsa c h t s in d .

3 *
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W eitere  A n a ly sem ö g lich k e iten  b ie te n  d ie  m itte ls  V erm eh ru n g  und  
K o m p le ttie ru n g  d e r M enge der einzelnen E iw e iß a r te n  d u rc lig efü h rten  V er­
s u c h e  (Abb. 2).

D ie Folgen des E iw e iß m an g e ls  des d u rc h  K le b e rd iä t b e w irk te n  H u n g e r­
z u s ta n d e s  lassen sich  d u rc h  E rhö h u n g  des K leb e rg eh a lte s  zum  Teil beheben  
(A b b . 2, A, K urve  L D ), n o c h  besser jed o ch  d u rc h  K o m p le ttie ru n g  m it K asein

A bb. 2 . Senkung der R a tte n g e w ic h te  im  F alle  5 0 % ig er K alo rien v erso rg u n g  m it v e rsch iedenen  
e iw eißhaltigen  D iä ten . D a s  +  a n  den G ew ich tsk u rv en  ze ig t den  B eginn de r sp o n ta n en  V eren ­
d u n g e n  an. A  =  G e w ic h tsk u rv e n  der K le b e rn a h ru n g  (L ysinm angel); В  =  G ew ich tsk u rv en  
d e r  L eim eiw eißnahrung  (M eth ion inm angel); C — G ew ich tsk u rv en  der H efee iw eißd iä t (S- 
A m inosäurenm angel); D  =  als S tickstoffquelle  d ien te  e in  G em isch von  G e latine  u n d  sä u re ­
h y d ro ly siertem  K a se in  (T ry p to p h a n m a n g e l) . D ie B eze ich n u n g en  der e inzelnen  K u rv e n  s.-

T ab e lle  1

(A bb. 2, A, K u rv e n  K L  u n d  K L D ). O ffen sich tlich  h an d e lte  es sich  um  einen 
e infachen , re in en  M an g e lzu stan d  (D efic ien tia  p u ra , vera). K leb e r is t fü r  
se in en  L ysin m an g el b e k a n n t ,  die S u b s ti tu t io n  is t  in  jed e r F o rm  erfolgreich . 
D ie  erzielte G e w ic h tsk u rv e  ü b erste ig t d ie  d e r  be i N o rm aln ah ru n g  g ehaltenen  
h a lb h u n g e rn d en  T ie re  (K urve  N E) u n d  e r re ic h t den  W ert, d e r dem  H u n g e r­
z u s ta n d  bei e iw e iß re ic h e r N ahrung  (A bb. 1, K u rv e  F) e n tsp r ic h t.

Die p a th o g e n e  L eim eiw eißw irkung  w ird  u n te r  gleichen B ed ingungen  
n ic h t  abgew ehrt, w e n n  m an  m ehr d a v o n  v e ra b re ic h t (A bb. 2, B , K u rv e  M D), 
doch  ü b t die K o m p le tt ie ru n g  m it K ase in  n o rm a lis ie ren d en  E ffe k t aus (K u rv e  
K M ). In te re s sa n te rw e ise  h a t jed o ch  d ie  K o m p le ttie ru n g  d e r  le im reichen  
N ah ru n g  (K M D ) d ie  L ag e  n ich t v e rb e sse r t, w as w ahrschein lich  d a ra u f  b e ru h en  
d ü rfte , daß die g rö ß e re  Leim m enge das A m inosäu reng le ichgew ich t der N ahrung  
d e ra r t  v e rä n d e rt ( im b a la n c e ), daß  es v o n  K a se in  n ich t m eh r w ied erh erg es te llt 
w erden  k an n . E s  i s t  a b e r  auch m ög lich , d a ß  dieses E iw eiß  einen  schw ach 
tox isch en  F a k to r  e n th ä l t ,  der bei A n w e se n h e it von  18%  L eim  noch la te n t 
b le ib t, aber b e i A n w e se n h e it von  50%  b e re its  schäd lich  w irk t.

Die A n w e n d u n g  v o n  H efeeiw eiß als N -Q uelle ru f t  beim  H u n g e rn  eben ­
falls einen sch w eren  M angelzustand  h e rv o r , d e r sich w eder d u rch  V erm ehrung
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d e r H efeeiw eißm enge (von 18%  a u f  50% ) noch d u rc h  K o m p le ttie ru n g  (B e i­
m ischung  von  8 %  K asein) noch  d u rc h  die K o m b in a tio n  d e r beiden  V e rfa h re n  
zu fried en ste llen d  verbessern  l ä ß t  (A bb. 2, K u rv en  des T eils C). D as K ö rp e r ­
gew ich t b le ib t in  allen  Fällen b e trä c h tlic h  u n te r  d em  d e r m it N o rm a ln a h ru n g  
g e fü tte r te n  h a lb h u n g e rn d en  R a t te n .  D ieser U m s ta n d  lä ß t  den S ch lu ß  zu , 
d a ß  n ich t n u r  e in fach er A m inosäu renm angel, so n d e rn  au ch  to x isch er M angel 
(D efic ien tia  to x ica )  V orkom m en k a n n . F ü r diese M öglichkeit zeugt a u c h , d a ß  
m eh rere  A u to ren  nach  V e rfü tte ru n g  g rößerer H efeeiw eißm engen  sch w ere  
L ebernek rosen  b e o b a c h te t h ab e n . B ei unseren  V ersu ch en  w ar m assive N ek ro se  
n u r  bei 2 d er 10 m it h efe re ich er N ahrung  g e fü tte r te n  R a tte n  e in g e tre te n . 
M ik ro h ep a to n ek ro sen  w aren in d e sse n  h istologisch b e i säm tlichen  T ie re n  d e r  
H efeversuche anzu tre ffen .

D as V eren d en  der m it L e im d iä t und  H efed iä t g e fü tte r te n  R a tte n  b e g a n n  
in  der 3. W oche, w oraus die S chw ere  dieser be id en  E iw e iß m an g e lh u n g erzu - 
s tä n d e  gegenüber der k le b e rg e fü tte r te n  G ruppe n o ch  s tä rk e r  h e rv o rg e h t. 
D ie V e rlu s tg e fah r beg in n t bei e tw a  30%  K ö p erg ew ich tsab n ah m e.

Bei A n w en d u n g  von G e la tin e  u n d  dem  m it säu reh y d ro ly s ie rtem  K ase in -  
gem isch h e rg e s te llte r  N ahrung  e rle id en  die R a tte n  schw ere G ew ich tsv erlu ste  
und  beginnen g leichfalls in der 3. W oche zug runde zu  gehen. Die V e rm e h ru n g  
d e r  m an g elh aften  N -Quelle (T D ) fü h rt keine B esse ru n g  herbei, w o h l a b e r  
d ie  K o m p le ttie ru n g  m it K asein  (A bb. 2, D , K u rv e  K T ). D ad u rch  e rre ic h e n  
flie R a tte n  die G ew ich tskurve d e r  T iere , w elche d ie  n o rm a l zu sam m en g ese tz te  
N ah ru n g  v e rb ra u c h en . W ird d a s  k o m p le ttie ren d e  K a se in  d er m it e iner g ro ß en  
G elatine- und  H y d ro ly sa tm en g e  (25 -)- 25% ) h e rg e s te llte n  N ah ru n g  zu g eg eb en , 
so b le ib t seine g ü n s tig e  W irkung  ebenso  wie bei den  vo ran g eg an g en en  2 G ru p ­
p en  auch  h ie r au s  (K TD ).

Die A nalyse  der G ew ich tsk u rv en  zeigt, d aß  d ie  F ü tte ru n g  m it  d en  
v ie r  v e rsch ied en en  Eiw eißen w ä h re n d  der iso k a lo risch en  H u n g e rz u s tä n d e  
jew eils  eine a n d e re  S itua tion  z u s ta n d e  b rin g t.

E ine allgem eine  o rg an pa tho log ische  A u sw ertu n g  erm öglich t d ie  a u f  
d as  K ö rp erg ew ich t bezogene V e rä n d e ru n g  der O rgangew ich te .

D as re la tiv e  Gc-wicht der N eb en n ie ren  w ar b e i a llen  h u n g ern d en  G ru p p e n  
w esentlich  e rh ö h t, w as au f e in e  allgem eine, u n sp ez ifisch e  S chäd igung  h in ­
w eist. D ieser U m s ta n d  e n tsp r ic h t dem  SELYEschen S tressp rin z ip  u n d  b ild e t  
se it den U n te rsu ch u n g en  von V e r z á r  und  B e z n a k  f l ,  16, 17] e in  b e k a n n te s  
S y m p to m  e in ze ln e r H u n g erfo rm en . In  dieser H in s ic h t w urde  die L ag e  w e d e r  
d u rch  v e rm e h rte  Z ugabe d e r E iw e iß a r t noch d u rc h  K o m p le ttie ru n g  m it  
K ase in  gebessert oder v e rsc h le c h te rt. Das N eben n ieren g ew ich t d er n o rm a le n  
K o n tro llen  b e tru g  25 ±  3 m g /100  g, w ährend  d as  d e r  T iere in  s ä m tlic h e n  
h a lb h u n g e rn d en  G ruppen  zw ischen  34—45 m g/100 g schw ank te .

Ganz äh n lich  w ar das re la tiv e  S ch ilddrüsengew ich t in  säm tlichen  G ru p p e n  
patho log isch  e rh ö h t. G egenüber d e m  W ert von 12 2 m g/100 g bei den  n o rm a -
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le n  K o n tro lltie ren  w a r  d a s  Sch ilddriisengew ich t d e r  T iere a ller V ersuchsg ruppen  
r e la t iv  höher (18—22 m g/100  g) und  k o n n te  w eder du rch  eine g rößere  Menge 
d e r  E iw eiß m an g eld iä t n o c h  durch  K o m p le ttie ru n g  n o rm a lis ie rt w erden .

B ew ertbare  D iffe re n z en  zeigten sich  in d essen  in  d er E n tw ic k lu n g  der 
L e b e r-  und  N ie ren g ew ich te . D as re la tiv e  L eb erg ew ich t der K o n tro lltie re  w ar 
4 ,8  ±  0,3 g/100 g, d a s  d e r  bei N o rm a ln ah ru n g  h u n g ern d en  4 ,0  -Ь 0,3 g/100g, 
d . h . verringert. D a s  re la tiv e  L ebergew ich t d e r bei e iw eiß re icher N ahrung  
h a lb  hungernden  R a t t e n  fä l l t  zwischen d iese  beiden  W erte . D ie K leb erd iä t 
f ü h r te  zu W erten , d ie  g e g e n ü b e r denen d er h u n g e rd e n  K o n tro lltie re  e rh ö h t und 
im  w esentlichen n o rm a l  w aren . Das L eb e rg ew ich t der m it L e im  u n d  Gela- 
t in e h y d ro ly sa t g e f ü t te r te n  h a lb h u n g ern d en  T iere  w ar b e trä c h tlic h  erhöh t 
(5 ,7  i  0,4 g), k o n n te  a b e r  d u rch  K o m p le ttie ru n g  n o rm alisie rt w erd en . Bei den 
m i t  Hefeeiw eiß e r n ä h r te n  G ruppen  zeigte d a s  L ebergew icht ke in e  b ew ertbare  
V e rän d e ru n g .

D as re la tiv e  N ie re n g e w ic h t h a t bei A n w en d u n g  der K leb er- u n d  H efe­
e iw e iß d iä t etw as, a b e r  im  V ergleich zu d en  n o rm a le n  K o n tro llen  (1,00 i  0,08 
g /1 0 0  g) und  h a lb h u n g e rn d e n  K on tro llen  (1,12 i  0,10 g/100 g) n ic h t signi­
f i k a n t  zugenom m en. M e th io n in  und T ry p to p h a n m a n g e ld iä t b e w irk te n  w esent­
lic h e  E rhöhung  (1,44 i  0,12 g/100 g). E in e  n o ch  s tä rk ere  O rg an h y p ertro p h ie  
t r a t  ein  (1,52 ^  0,12 g /100  g), wenn w ir g rö ß ere  M engen d ie se r S ticksto ff­
q u e lle n  gaben. D u rc h  K o m p le ttie ru n g  m it K a se in  w urde das re la tiv e  Gewicht 
d e r  N ieren fa s t v ö llig  no rm alis ie rt.

A us der G e s ta ltu n g  d e r  O rgangew ichte k a n n  dem nach  geschlossen  w erden, 
d a ß  von  den m a n g e lh a f t  zusam m en g ese tz ten  N -D o n a to r-N ah ru n g en  die 
K le b e r-  und  H efed iä t d ie  schw ächste sch äd ig en d e  W irkung au sü b e n , w ährend 
d ie  L eim  und  G e la tin e h y d ro ly sa t e n th a lte n d e  u n te r  g leichen B edingungen 
s c h w e r  schädigenden  E f f e k t  zeigen.

Die G esam tm enge  d e r  B lu tserum eiw eiße  is t  bei allen H u n g e rzu stän d en , 
w e n n  auch E iw e iß m an g e l e ingetre ten  is t, e rn ie d rig t. Bei den a n  eiw eißreicher 
D iä t  gehaltenen  h a lb h u n g e rn d e n  T ieren , d ie  also an K a lo rien d e fiz it ohne 
E iw eiß m an g el le id en , i s t  die Senkung d e r  S erum eiw eiße u n b e trä c h tlic h .

Säm tliche H u n g e rfo rm e n  b ew irk ten  d ie  Senkung d er A lb u m in frak tio n  
u n d  die E rh ö h u n g  d e r  G lobulin-, v o r a llem  die re la tive  S te ig e ru n g  der y- 
G lo b u lin frak tio n . D a ra u s  e rg ib t sich au ch  d ie  Senkung des A /G -Q uo tien ten . 
U n te r  den von d en  v ie r  versch iedenen  e in se itig en  E iw e iß d iä ten  bew irk ten  
H u n g e rzu s tän d en  r u f t  d ie  F ü tte ru n g  m it K le b e r  die gerin g ste  A bw eichung 

h e r v o r  (Tabelle I I ) .  N -re ic h e  D iät u n d  K o m p le ttie ru n g  m it L e im  bessern  die 
S itu a tio n . In  den  a n d e re n  Fällen  sind die A bw eichungen  n ic h t v o n  solchem 
A u sm a ß , daß die D iffe re n z  sign ifikant w äre . D eshalb  hab en  w ir die w eiteren 
A n g a b e n  in  der T a b e lle  n ic h t  angeführt.

Die A tm ung  d e r  L eberzellen  h aben  w ir  im  W arb u rg -A p p a ra t  a u f  übliche 
W eise  am 0 2-V e rb ra u eh  des Leberbreis gem essen . Zwecks V eran sch au lich u n g
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Tabelle II

Blutserum eiweiße bei verschiedenen H ungerzuständen

Die Gesamteiweißwerte entsprechen g/100 g, die Fraktionen der prozentualen Aufteilung dieser
Werte

Fütterungsform Gesamteiweiß
G 1 o b u 1 i n f r a k t i o n e n

Alb. a i «. ß У А/G

Normale Kontrolltiere .................... 6,6 ±  0,4 59,1 8,5 7,1 14,6 9,9 1,48
Halbhungernde bei Normaldiät .. . 5,8 ±  0,5 50,0 9,0 9,7 17,0 14,8 1,00
Halbhungernde bei eiweißreicher 

Diät ............................................... 6,5 ±  0,4 55,8 7,0 7,3 14,4 16,2 1,24
Halbhungernde bei Kleberdiät . . . . 6,2 ±  0,4 56,5 5,2 6,8 14,4 16,8 1,30
Leimdiät ............................................. 5,5 ±  0,5 51,7 7,4 11,4 15,8 13,5 1,07
Hefediät............................................... 5,6 ±  0,5 57,7 5,6 8,1 13,9 14,5 1,37
Gel.-Hydr.-Diät ................................ 5,8 ±  0,5 56,6 4,4 7,7 13,2 18,0 1,31

d er b e w e rtb a ren  A bw eichungen zeig t A bb . 3 die 6 ch a ra k te ris tisch s ten  d er 
v ielen  A n g ab en . D er 0 2-V erb rau ch  d e r n o rm alen  K o n tro llen  (N) w eist in  d e r 
20. — 70. M in u te  nach E x s tirp a tio n  d e r L eb er s inkende T endenz au f, u n d  die 
S enkung e r s tr e c k t  sich bis zu  4 0 % . B ei d en  h a lb h u n g e rn d en  (N E ) u n d  m it 
L eim m angeleiw eiß  h a lb h u n g ern d en  R a t te n  (MD) is t  der 0 2-In itia lv e rb ra u e h  
viel höher, s in k t  aber in 70 M in titen  a u f  denselben  W e rt wie bei den  n o rm a le n  
K o n tro ll ie re n . Die L ebern d e r  m it G ela tine  -f- h y d ro ly sa tre ich e r N a h ru n g

Abb. 3. S au e rsto ffv e rb rau ch  des L eb erb re is  in  v itro . O rd in a te  : 0 2-V erb rauch  m l/g  T ro ck en - 
su b s ta n z /S tu n d e . N  =  norm ale  K o n tro llra tte n . D ie sen k rech te  L inie am  A nfan g  d e r  K u rv e  
zeig t d en  S treu u n g sw ert (ff) an . N E  =  bei N o rm a ld iä t h a lb h u n g ern d e  T iere  ; T D  — m it 
s tick s to ffre ich e r T ry p to p h a n m an g e ld iä t g e fü tte r te  T iere  ; S D  =  m it H efeeiw eiß  g e fü tte r te  
T iere ; F D  —  m it kasein re ichem  N ä h rm itte l  g e fü tte r te  T iere  ; LD  — m it  k leb e rre ich em  

N ä h rm itte l  g e fü tte rte  T iere  : M D  =  m it le im reichem  N ä h rm itte l g e fü tte r te  T iere
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g e fü tte r te n  T ie re  (T D ) v erh a lten  sich  b ezü g lich  des 0 2-V erb rauchs a u f  ä h n ­
liche W eise. G anz äh n lich  is t auch  d ie S itu a tio n  der m it hefe re ich e r D iä t 
e rn ä h rte n  T iere . D ie W erte  der m it e iw e iß re ich er u n d  m it k leb e rre ich e r D iä t 
g e fü tte r te n  T ie re  fa lle n  anfangs zw ischen  d ie  d e r vorigen u n d  d er n o rm alen  
K o n tro llen  u n d  ze igen  sp ä te r a llm äh lich  d ie gleiche G röß en o rd n u n g . D er 
E ffek t d er K o m p le ttie ru n g e n  ließ sich n ic h t  fests te llen . D ie W erte  w aren  u m  
die en tsp rech en d e  eiw eißreiche K u rv e  v e r s t r e u t  u n d  von  d ieser n ic h t s ign i­
f ik a n t  v ersch ied en . A u ch  nach  diesen  U n te rsu ch u n g en  e rsch e in t die V er- 
fü tte ru n g  des G e la tin eh y d ro ly sa tes  am  m e is te n  path o g en  u n d  d er K le b e r­
v e rb rau ch  am  w e n ig s te n  schädlich. D ie D iffe ren z  is t bere its zw ischen d er N- 
u n d  F -G ru p p e  s ig n if ik a n t, P  <  0,01.

O bw ohl d e r  G ru n d u m sa tz  im  H u n g e rz u s ta n d  b e k an n tlich  s in k t, h a t 
d e r  0 2-V erb rau ch  b e i den  h a lb h u n g e rn d en  u n d  E iw eißm angelg ruppen  im  
V ergleich zu d en  K o n tro lle n  zugenom m en. D ie e rw äh n te  G ru n d u m sa tz sen k u n g  
bez ieh t sich je d o c h  a u f  den G esam to rg an ism u s. G r a n d e  et al. b e o b a c h te ten  
die Senkung des 0 2-V erb rauchs auch an  h a lb h u n g e rn d e n  M enschen (5). D er 
B rei des iso lie rten  O rg an s v erh ie lt sich u n te r  u n se ren  experim en te llen  B e d in ­
gungen  gegensä tz lich . Zw ischen den  e in ze ln en  H ungerfo rm en  en tw ick e lten  
sich  indessen  U n te rsc h ie d e .

Im  V e rla u f iso k a lo risch er H u n g e rz u s tä n d e  fü h r t  dem nach  die E iw e iß ­
q u a li tä t  sehr u n te rsc h ie d lic h e  S itu a tio n en  h e rb e i. D er K leber- bzw . C erealiaei- 
w eißm angel v e ru r s a c h t  die geringste p a th o lo g isch e  A bw eichung, u n d  die 
F o lgen  des M an g e lzu stan d es lassen sich  d u rc h  K o m p le ttie ru n g  u n d  V e ra b ­
re ich u n g  einer g rö ß e re n  K leberm enge b e h e b e n .

Die V e rfü tte ru n g  d er als S -A m in o säu rem an g e ld iä t b e k a n n te n  L e im ­
u n d  H efee iw eiß n ah ru n g  lö s t  bei n ich t h u n g e rn d e n  T ieren  u n g efäh r denselben  
p a tho log ischen  P ro z e ß  au s  (Vé g i i e l y i  et al. [15]). D ie c h a ra k te ris tisch s ten  
Z üge dieses K ra n k h e itsb ild e s  w aren P a n k re a s -  u n d  L eberdegenera tion  [13]. 
D ie  vorliegenden , m it  H u n g e rn  k o m b in ie rten  V ersu ch e  ergaben in  d e r W irk u n g  
d e r  be iden  E iw eiße  w esen tliche  U n te rsch ied e . D ie pa thogene  W irk u n g  des 
L e im eiw e iß v erb rau ch s k a n n  m an d u rch  K o m p le ttie ru n g  gu t ab w ehren , d en  
p a th o g en en  E ffe k t des H efeeiw eißes je d o c h  n ic h t. A m  s tä rk s te n  p a th o g en  
w irk t die G e la tin e h y d ro ly sa t e n th a lten d e  D iä t. Vom  G esich tsp u n k t d e r 
K ö rp e rg e w ic h tsa b n ah m e  fü h r te  ih re K o m p le ttie ru n g  zum  E rfo lg , ab er das 
re la tiv e  N ieren-, N eb en n ie ren -, S ch ild d rü sen g ew ich t u n d  d e r e rh ö h te  
S au e rs to ffv e rb rau ch  d e r L eb e r b lieben p a th o lo g isc h . Schon allein aus d iesem  
B e fu n d  geht h e rv o r, d a ß  neben  dem  V e rh a lte n  des K örpergew ich tes auch  
a n d e re  allgem eine p a th o lo g isch e  A nzeichen b e o b a c h te t w erden m üssen .
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R en al hyp erten sio n  h as b e e n  tran sfe rre d  Im m orally  in  ra ts ,  b y  m eans o f p a rab io s is . 
T h is is a n o th e r  p ro o f of th e  h u m o ra l  m echanism  of ren a l h y p e rten sio n . R en a l h y p e rte n s io n  
a n d  ren o p riv e  hypertension  in d u c e d  in  p a rab io tic  an im als show  differences in d ic a tin g  th a t  
th e  tw o k in d s  o f  hypertension  a re  based  on d ifferen t m echan ism s an d  th a t  th e  k id n ey  h as  an  
ac tiv e  p resso r function .

T he h u m o ra l m ech an ism  o f ren a l hy p erten sio n  has been  p ro v ed  b y  m ore 
th a n  f if ty  y e a rs ’research in to  th e  ren a l p ressor sy stem , as w ell as b y  th e  su c ­
cessful in d u c tio n  of h y p e rte n s io n  a fte r sy m p a th e c to m y  [1] or b y  p ro d u c ­
ing  ischaem ia  in  the tra n s p la n te d  k idney  [2].

On th e  o th e r hand , c o n tra d ic to ry  evidence h as  been  p u b lish ed  as to  
th e  h u m o ra l tra n sfe r  of r e n a l  h y p erten sio n . A ccord ing  to  B r a u n -M e n e n d e z  
an d  F a s c io l o  [3], blood f ro m  an im als w ith  ischaem ized  k id n ey  e lev a te s  th e  
b lood  p re ssu re  of norm al o n es , b u t  G o v a e r t s  [4] could  n o t confirm  th is  view . 
A ccording to  F a s c io l o , H o u s s a y  and  T a q u in i  [2], b lood  o f an im als  w ith  
ren a l h y p e rten s io n  exerts a  v aso co n stric to r ac tio n , b u t  M a s o n  [5] an d  
H e y m a n s  [6] d eny  this.

H u m o ra l tran sfe r is re n d e re d  d ifficu lt b y  th e  fa c t th a t  in  th e  n o rm a l 
k id n ey  ren a l p resso r agents a re  in a c tiv a te d . In  all an im al species b u t  th e  r a t  
e lev a tio n  o f  b lood  pressure in d u c e d  b y  the  ischaem ia o f  one k id n ey  is p re v e n t­
ed if  th e  o th e r  kidney is le f t  in ta c t .  T he fact th a t  one fu n c tio n in g  k id n e y  can 
p rev en t th e  developm ent o f r e n a l  hyperten sio n , m akes i t  clear th a t  th e  h u m o ra l 
t ra n s fe r  o f  h y p erten sio n  c a n n o t  be  b ro u g h t ab o u t w ith o u t b ila te ra l n e p h re c ­
to m y . H o w ev er, blood p re ssu re  increases sp o n tan eo u sly  in  th e  n ep h rec to m ized  
an im al, w hich  is therefore u n s u ita b le  for such ex p e rim en ts  [7].

A ccord ing  to  W il s o n  a n d  B y r o m , in  th e  r a t  u n ila te ra l ren a l isch aem ia  
s till gives rise  to  h y p e rten s io n . T h is m eans th a t  in  th is  an im al species th e  
presence o f one in ta c t k idney  d oes n o t p rev en t th e  d ev e lo p m en t o f h y p e rte n s io n  
[8 ].

On th is  basis  we su rm ise d  th a t  if  renal h y p e rte n s io n  is h u m o ra l in 
o rig in , i t  will be  tran sfe rab le  to  u n ila te ra lly  n ep h rec to m ized  ra ts .

U n itin g  su ch  anim als in  p a rab iosis  w ith  an im als suffering  from  ren a l 
h y p e rten s io n , w e succeeded in  tran sfe rrin g  high b lood  p ressu re  Im m orally .
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A c c o rd in g  to  Gr o l lm a n n  a n d  R ule  [9], in  r a ts  ren a l h y p e rte n s io n  canno t 
b e  tra n sfe rre d  b y  p a ra b io s is . T he difference b e tw een  th e ir  d a ta  a n d  ours 
is d u e  to  the  fac t t h a t  w e h a d  induced  m ore  m a lig n a n t h y p e rte n s io n  and 
c a r r ie d  ou t u n ila te ra l n e p h re c to m y  in th e  n o rm o ten s iv e  ra ts .

Methods

1. P arabiosis. A  to ta l  o f  102 coup les o f  a lb in o  ra ts  o f  th e  sam e se x , w e ig h in g  150 to  
2 5 0  g  each  and m a in ta in ed  o n  a  stan d ard  d iet, w a s u se d . U n d er  e th er  a n a e sth e s ia  sk in  and  
s c a p u la  sutures were p la c e d  a cc o r d in g  to  B unster an d  Me y e r  [1 0 ], fo llo w ed  b y  coelio a n a sto -  
m o s is  according to  Sau erbru ch  a n d  H eyde [11]. M o r ta lity  ra te  v a r ied  fro m  20 to  30 per cen t  
in  t h e  d ifferen t groups. S in ce  d a ta  in  th e  litera tu re  in d ic a te  th a t  ca p illa ry  co n n ec tio n s  are 
e s ta b lish e d  from  th e  th ir d  d a y  a fte r  u n itin g , th e  h y p e r te n s io n  o p era tio n  w a s perform ed  on  
t h e  fo u r th  day, in v a r ia b ly  o n  t h e  an im als on th e  le f t  s id e , d esig n a ted  b y  th e  le t te r  “ A ” , as 
o p p o se d  to  the an im als on  t h e  r ig h t  side, d esign ated  “ B ” . P a ra b io tic  c o n n e c tio n  w as con tro l­
le d  a t  th e  la st m ea su rem en t o f  b lo o d  pressure, w h en  N e m b u ta l in je c te d  in to  an im al “ B ”  
c a u se d  narcosis also in  a n im a l “ A ” .

2. H yperten sion  o p e ra tio n .  K en a l h yp erten sion  w a s  in d u c ed  b y  th e  o p era tio n  described  
b y  L őrinc and Gorácz [1 2 ]. I n  b rief, th is op era tio n  c o n s is ts  o f  p lacin g  b o th  k id n e y s  in to  a 
s l ig h t ly  tig h t rubber b a ll, w h ic h  ca u ses ischaem ia  b y  in crea s in g  th e  in tra ren a l p ressure. O f th e  
k n o w n  tech n iqu es, th is  m e th o d  ca u ses the  m ost ra p id  e le v a t io n  o f  b lood  pressu re . A s deter­
m in e d  in  30 anim als, th e  b lo o d  p ressu re  response w a s co m p a ra b le  to  th a t  c la im ed  b y  L őrincz 
a n d  G orácz. T he m o r ta lity  r a te  w a s 60 per cen t. U s in g  60 p a ra b io tic  co u p les, th e  op eration  
w a s  perform ed on th e  “ A ”  a n im a ls , rem ovin g  s im u lta n e o u s ly  th e  le f t  k id n e y  o f  th e  “ B ” 
a n im a ls . In  5 coup les w e  c o n tr o lle d  th e  effect o f  p a ra b io sis  on b lood  p ressu re , in  5 o thers a 
s h a m  operation  w as p er fo rm ed  ; th is  con sisted  in  p la c in g  a lo o se  rubber e n v e lo p  around th e  
sp le e n  through  an  in c is io n  s im ila r  to  th e  a b ove, an d  le f t  n ep h rec to m y  in  th e  “ B ” anim als.

I n  7 coup les b ila te r a l n e p h r e c to m y  w as p erfo rm ed  in  th e  “ A ” a n im a ls an d  u n ila tera l 
n e p h r e c to m y  in  th e  “ B ” a n im a ls . A ll these  in te r v e n tio n s  w ere carried o u t  u n d er  eth er  an a es­
t h e s ia .

3. M easurem ent o f  b lood  p re ssu re .  B lood  p ressu re  w a s m easu red  b y  th e  p h o to e lectro n ic  
d e v ic e  o f  R ózsa, Gáti a n d  W e i s z  [1 7 ], under 4 m g /1 0 0  g  o f  N e m b u ta l in je c te d  in traperi-  
to n e a l ly .

Results

One or tw o d ay s  a f te r  th e  L őrinc— Gorácz  o p era tio n  18 of th e  30 anim als 
d ie d  ; 2 developed u ra e m ia  an d  hy p o ten sio n  ; in  10 b lood  p re ssu re  rose in 
2 d a y s  from  100 to  130 m m  H g  to  160 to  238 m m  H g. A verage  b lo o d  p ressu re  
in  th e se  anim als w as 190 m m  H g. E x te n s iv e  re n a l in fa rc tio n  an d  excessive  
h y p e r tro p h y  of th e  a d re n a ls  were d e tec tab le  in  every  an im al.

In  5 couples th e  e ffe c t o f parab iosis on  b lood  p ressu re  w as s tu d ie d  for 
a p e rio d  com parab le  to  t h a t  o f th e  e x p e rim e n t. R efore u n itin g , blood 
p re ssu re  varied  b e tw e e n  104 and  138 m m  H g , averag in g  117 m m  H g. As 
d e te rm in ed  a t  2 d a y s  in te rv a ls  over one w eek , the m ax im u m  d ev ia tio n  was 
18 m m  Hg, in d ic a tin g  t h a t  no sign ifican t ch an g e  in  b lood  p re ssu re  h ad  ta k e n  
p la c e  in  any  of th e se  r a ts .

Two days a f te r  th e  sham  o p era tio n  th e  5 couples in v o lv ed  show ed 
a m ax im um  increase  o f  11 m m  Hg ; th u s , th e  sh am  o p e ra tio n  h a d  no sign if­
ic a n t  influence on b lo o d  p ressu re .

In  7 couples, b i la te r a l  n ep h rec to m y  w as p e rfo rm ed  in  an im a l “ A ” and  
u n ila te ra l  n e p h re c to m y  w as carried  o u t in  an im al “ B ” . In  2 day s 3 о
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th e  “ A ”  an im als show ed an  increase o f  b lood  p ressu re  b y  24, 34 and  39 m m  H g , 
re sp ec tiv e ly  ; 2 show ed no increase ex ceed in g  10 m m  H g  ; in  1 b lood p re ssu re  
d ro p p ed  b y  20 m m  H g. One couple w as lo st. I n  ag reem en t w ith  d a ta  in  th e  
l i te ra tu re  [16], th e  e lev a tio n  of b lood  p re ssu re  in  an im als “ B ”  did n o t fo llow  
th a t  in  an im als “ A ”  in  a n y  of the  cases.

I n  60 couples th e  L r i n c — G o r a c z  o p e ra tio n  w as perfo rm ed  in  an im a ls  
“ A”  a n d  u n ila te ra l n ep h rec to m y  in  an im als  “ B ” . E lev en  of th ese  co up les 
su ccu m b ed  one day , 35 tw o days a f te r  o p e ra tio n . T he 75 p er cen t m o r ta l i ty  
ra te  h a s  been  a t tr ib u te d  to  th e  e x tre m e ly  ra p id  rise  in  blood p ressu re , w h ich  
the an im als  w ere u n ab le  to  to le ra te  a f te r  th e  p a rab io sis  opera tion .

In  10 of th e  14 su rv iv ing  coup les b lood  p ressu re  o f “ A ”  rose p a ra lle l 
w ith  t h a t  o f “ B ” , in  “ A ”  from  th e  104 — 136 m m  H g  level (average 120 m m  
Hg) to  160 — 250 m m  H g (average 195 m m  H g), a n d  in  “ B ”  from  100 140 m m
H g (av e rag e  116 m m  H g) to  155 — 220 m m  H g  (average  178 m m  H g ). T h e  
m ax im u m  rise in th e  an im als “ A”  w as 138 m m  H g , th e  m in im um  40 m m  H g , 
an d  th e  average  rise w as 75 m m  H g. I n  th e  an im als  “ B ”  th e  m ax im u m  rise  
w as 96 m m  H g, th e  m in im um  45 an d  th e  av e rag e  62 m m  H g.

T h e  deta iled  d a ta  are  p resen ted  in  T ab le  I.

Table I

Changes in blood pressure in  parabiotic anim als 

A n im a ls  “ A ”  underw ent hyp erten sion  o p era tio n  ; a n im a ls “ B ” , u n ila tera l n ep h rectom y

Couple №

B lo o d  p ressu re o f a n im a l “ A ” B lo o d  pressu re o f  an im a l “ B ”

befo re  o p e ra tio n 2 d ay s  a f te r  op . b efo re  o p e ra tio n 2  d a y s  a f te r  op.

m m Hg m m Hg

l . 128 200 140 220

2. 112 250 126 200

3. 128 190 114 160

4. 104 220 124 220

5. 136 190 118 185

6 . 120 160 112 164

7. 120 185 100 160

8. 120 178 100 160

9. 135 190 120 165

10. 100 190 110 155

I t  is c lear from  th e  above th a t  th e  ren a l ischaem ia  in  2 days gives rise  
to sev ere  h y p e rten s io n  w hich  can be tra n s fe r re d  from  one p arab io tic  a n im a l 
to  th e  o th e r . D uring  th e  sam e period, in  2 d ay s , b ila te ra l n ep h rec to m y  ra ises  
b lood p ressu re  m uch less an d  th is h y p e rte n s io n  does n o t in fluence th e  b lood
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p re ssu re  of th e  o th e r  an im a l o f th e  p a ra b io tic  couple. As L e d i n g h a m  [16] has 
fa iled  to  tra n s fe r  g rav e  ren o p riv e  h y p e rte n s io n  in  p a rab io tic  an im a ls , i t  is 
o b v io u s  th a t  in  su ch  m odels th e  tw o k in d s  o f  h y p e rten s io n  b eh av e  d iffe ren tly . 
T h e  d ifference b e tw een  re n a l an d  re n o p riv e  h y p e rten s io n  is show n in  F ig . 1.
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F ig . 1. C om parison  o f  ren a l h y p er ten sio n  and  r e n o p r iv e  h yp erten sio n  in  p a r a b io tic  a n im a ls  
A n im a ls  “ A ” : b ila ter a l ren a l isch a em ia  or b ila te r a l n ep h recto m y . A n im a ls “ B ” : u n ila tera

n e p h r e c to m y

Two days a f te r  o p e ra tio n  th e  a n im a ls  were killed . H isto log ic  s tu d y  
rev e a le d  in  an im als  “ A ”  ex tensive  re n a l in fa rc tio n  an d  a th ick en in g  o f th e  
fa sc icu la te  zone o f  th e  ad ren a ls . The re su lts  o f  th e se  s tud ies h av e  been  describ ed  
in  d e ta il elsew here.

The left k id n ey s  rem oved  from  a n im a ls  “ B ”  averaged  in  w e ig h t 392.3 
m g/100 g. Tw o d ay s a f te r  opera tion  th e  av e rag e  w eight o f th e  r ig h t k id n ey s  
w as found  to  be  423.1 m g/100 g. This av e rag e  increase of 30.8 m g/100 g m eans 
a n  u n u su a l h y p e r tro p h y  w ith in  th e  sh o r t tim e  of tw o days.

Two days a f te r  o p e ra tio n  th e  av e rag e  a d re n a l w eight fo r an im als “ A ”  w as 
21.7 m g/100 g, a n d  fo r an im als  “ B ” , 15.7 m g /100  g. The average  fo r th e  co n tro ls  
fro m  th e  sam e s to ck  h a v in g  been  13.2 m g/100  g, h y p e rtro p h y  was v e ry  m ark ed  
in  an im als “ A ”  a n d  s lig h t in  anim als “ B ”  (T ab le  II) .

In  3 couples th e  h y p erten s io n  in  an im a ls  “ A”  was n o t fo llow ed b y  a n  
e lev a tio n  of b lo o d  p re ssu re  in  th e ir  “ B ”  c o u n te rp a r ts . A drenal h y p e r tro p h y  
in  th e  “ A”  an im als  a n d  th e  renal h y p e r tro p h y  in  th e  “ B ”  ones w ere c o m p a ­
ra b le  to  w h a t w as fo u n d  in th e  rest.
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Table II

Changes in  renal a n d  adrenal weight (in  m g /1 0 0  g o f  b o d y  w eigh t)

Couple №
A n im al “ A” A n im a l “ B ”

a d re n a l w eigh t le f t  k id n ey r ig h t  k id n ey a d re n a l weight

l . 19.0 340 380 14.2

2. 18.8 380 450 13.1

3. 22.0 330 360 14.0

4. 23.5 380 450 19.3

5. 21.0 370 401 14.5

6. 28.5 400 450 15.7

7. 31.2 455 466 25.3

8. 14.0 330 390 12.6

9. 16.5 344 420 13.1

10. 23.0 413 470 15.0

F in a lly , in  one case b lood  pressure  w as 135 m m  H g in  anim al “ A ”  a n d  
190 m m  H g in  an im al “ B ” . A nim al “ A ” died  a few  m in u te s  a fte r  blood p re ssu re  
h a d  b een  reco rded  ; th e  p a rad o x ica l difference b e tw e e n  th e  tAvo p a rtn e rs  w as 
a p p a re n tly  due to  a te rm in a l d rop  in  b lood p re ssu re .

D iscussion

F ro m  th e  ex p e rim en ts  i t  has been conc luded  th a t  th e  blood of a n im a ls  
su ffering  from  ren a l h y p e rten s io n  con ta ins p re sso r ag en ts  capable o f e lic itin g  
severe h y p e rten s io n  in  n o rm otensive  an im als. T h e  rise  in  blood p ressu re  in  
response  to  th e  h u m o ra l effect was so m arked  th a t  i t  m a y  be claim ed th a t  re n a l  
h y p e rte n s io n  develops on th e  basis of a h u m o ra l m echan ism . A ccord ing  to  
B l a c k e t  et al. [13], re n in  does n o t raise b lood  p re ssu re  b y  m ore th a n  40 m m  
H g. I n  ou r ex p e rim en ts  th e  m ax im um  rise w as 96 m m  H g  ; th is  suggested  th e  
c o n tr ib u tio n  o f som e e x tra re n a l fac to rs. In  ou r e x p e rim e n ts  on th e  role o f  th e  
a d re n a l co rtex , carried  o u t in  co-operation  w ith  G la z  an d  W e is z , it  has b een  
fo u n d  th a t  ad ren a l h y p e r tro p h y  accom pany ing  h y p e rte n s io n  is no t asso c ia ted  
Avith an  increased  co rtico ste ro n e  o u tp u t.

T he ren a l effects c a n n o t be d iffe ren tia ted  from  th e  e x tra re n a l ones 
an d  th e  p rob lem  req u ires  a m ore deta iled  s tu d y . I t  rem a in s  to  be in v e s tig a te d  
Avhether th e  b eh av io u r o f an im al “ B ” is co m p le te ly  p assive , or pressor a g e n ts  
a re  be ing  p roduced  d u rin g  th e  experim en t in  t h a t  an im a l, too.

G r o l l m a n n  [14] m ak es no d is tin c tio n  b e tw e e n  ren a l and  ren o p riv e  
h y p e rte n s io n , suggesting  th a t  an  ac tive  pressor fu n c tio n  o f th e  k idney  h as  no  
sig n ifican t role to  p lay , e ith e r  in  ischaem ia , or in  n e p h re c to m y  ex p e rim en ts . 
H y p e rten s io n  is in v a ria b ly  due to  a failure o f th e  k id n e y ’s a n tih y p e rten s iv e
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fu n c tio n . In  2 d a y s  tim e  on ly  h a lf  o f th e  n ep h rec to m ized  an im als in  p arab io sis  
sh o w ed  a rise in  b lood  p ressu re  an d  th is  w as never followed b y  h y p e rte n s io n  
in  th e  p a ra b io tic  c o u n te rp a r t. R en a l isch aem ia  induced g rav er h y p e rte n s io n  
in  ev e ry  “ A ” an im al, follow ed b y  an  e le v a tio n  of blood p ressu re  in  th e  “ B ” 
a n im a l. T he d ifference b e tw een  th e  tw o  e x p e rim e n ts  is, o bv iously , d u e  to  an 
a c tiv e  p ressor fu n c tio n  of th e  k idney .

B r a u n -M e n e n d e z  [15] u n ite d  n o rm a l ra ts  w ith  an im als  in  w hich 
h y p e r te n s io n  h a d  been  in d u ced  by  p e r in e p h r it is  ; a fte r p a rab io sis  th e  h y p e r­
te n s io n  ceased. (W e, to o , o b ta in ed  s im ila r  re s  ilts  w ith  G r o l l m a n n ’s o p e ra ­
tio n ) . I n  th e se  ex p erim en ts  b o th  k id n e y s  of th e  “ B ”  an im als re m a in e d  in  
p la c e  an d  th e  h y p e rte n s io n  was also s lig h t. T hus, th e  dep resso r fu n c tio n  of 
th e  in ta c t  k id n ey s  gained  p rep o n d e ran ce . I n  view  of th e  m ark ed  h y p e r tro p h y  
o f th e  k id n ey s in  th e  n o rm al an im a ls , B r a u n -Me n e n d e z  su g g ested  th a t  
“ re n o tro p ic ”  su b stan ces  w ould  be fo rm ed  in  th e  ischaem izcd or nep h rec to m ized  
a n im a ls  an d  th e se  wrould be responsib le  fo r  th e  hyperten sio n . T h e  excessive 
re n a l  h y p e r tro p h y  observed  in  ou r p re s e n t  experim en ts co rro b o ra te s  the  
ex is ten ce  of ren o tro p ic  su b stan ces. O n th e  o th e r han d , i t  does n o t seem 
p ro b a b le  th a t  th e se  should  induce  h y p e rte n s io n , because in  o u r ex p e rim en ts  
r e n a l  h y p e r tro p h y  developed  also in  th o se  anim als to  w hich h y p e rte n s io n  
co id d  n o t be tran sfe rred .

L I T E R A T U R E

1. F reem an , N . E ., P age, I. H .: Am. H e a r t  J . 1 4 , 405 (1937).
2. F asciolo, J . C., H oussay, B . A ., Ta q u in i, A . C.: J . P hysio l. 94 , 281 (1 9 3 8 ).
3 . B raun-Men en d ez , E ., F asciolo, J . C.: R e v . soc . argentina b io l. 15 , 161 (1 9 3 9 ).
4 . Govaerts, P.: C IB A  S y m p o siu m  on  H y p e r te n s io n , 1954. p . 136.
5. Mason, M. F .,  R ozell, J . D .: P roc. S oc. E x p . B io l. Med. 4 2 , 142 (1939).
6. H eymans, C., B ouckaert, J . J .: P roc. S o c . E x p . B io l. Med. 39, 94 (1 9 3 8 ).
7. B raun-Men en d ez , E.: N a tu re  1 6 0 ,  905 (1 9 4 7 ).
8. W ilson , C ., Byrom , F . B .: L a n ce t 1 , 136 (1 9 3 9 ).
9. Grollmann, A., Rule, C.: Am. J. Physiol. 1 3 8 ,  587 (1943).

1 0 . B un ster , E ., Mey er , R . K .: A n a t. R e c . 5 7 , 339  (1933).
11. Sauerbruch , F .,  H e y d e , М.: M ünch , m ed . W schr . 55 , 153 (1908).
12 . Lőrinc, J .,  Gorácz, Gy .: K ísér le tes O rv o s tu d o m á n y  6, 336 (1954).
13 . Blacket, R . B ., D epoorter , A ., P ic k e r in g , G .  W ., Sellers, A . L ., W ilso n , G .  M.:

Clin. S ei. 9 , 223 (1950).
14. Grollmann, A .: C IB A  S y m p o siu m  on  H y p e r te n s io n  1954, p. 122.
15. B raun-Men en d ez , E.: C ircu lation  1 7 , 696  (1958).
16. L edingham , J . M.: Clin. Sei. 1 0 ,  423  (1 9 5 1 ).
17. Gáti, T., W eisz , P ., R ózsa, S.: In tern . Z. a n g ew . P h ysio log ie . In  th e  P ress .



Phar niaco login

RELATION BETWEEN THE STRUCTURE AND ACTION 
OF MORPHINE AND ITS DERIVATIVES

By

J .  R a u s c h , J .  S z e g i , I . S z l a m k a  a n d  J .  N a g y

INSTITUTE OF PHARMACOLOGY, MEDICAL UNIVERSITY, BUDAPEST 

(R eceived  N ovem ber 4, 1958)

In  m orphine d e riv a tiv e s , q u a te rn a r iz a tio n  of th e  t e r t ia r y  N  enhances th e  analgesic  
ac tiv ity , a lth o u g h  E d d y  h as  c la im ed  th a t  th e  q u a te rn a ry  C a to m  lin k ed  to  th e  te r t ia ry  N  b y  
a  C H 2—C H 2 chain  is a n  essen tia l e lem en t o f analgesic ac tion . T h e  p o ten cy  of analgesic a c t io n  
does n o t change p a ra lle l w ith  to x ic ity , re sp ira to ry  d e p re ssan t a c tio n  or to lerance. T he te s te d  
effects o f th e  no r-com pounds w ere w eak. N -a lly l-norm orphine  an tag o n ize s  b e tte r  th a n  d iace- 
ty l-N -ally l-n o rm o rp h in e  th e  analgesic  ac tio n  of m orph ine  d e r iv a tiv e s  possessing a free  O H  
group , as com pared to  th o se  su b s ti tu te d  a t  th is  site. N -a lly l-n o rm o rp h in e  enhances, d iac e ty l-  
N -a lly l-norm orphine  red u ces re sp ira tio n . T he form er co m p o u n d  is 1.63 tim es m ore p o te n t  
in analgesic action  th a n  th e  la tte r .

S e r t ü r n e r , a y o u n g  G erm an  chem ist, p u b lish e d  a m ost s ig n ifican t 
p a p e r in  1806, in  T r o m m d o r f f s  Jo u rn a l d er P h a rm a z ie , u n d er th e  t i t le  : 
“ D arste llu n g  der re in en  M ohnsäure n eb st einer chem ischen  U n tersu ch u n g  des 
O pium s m it vo rzü g lich er H in s ich t a u f einen d a rin  n eu  en td eck ten  S to ff u n d  
d ah in  gehörigen B em erk u n g en ”  [1]. E v er since th e n , th e  pharm aco logy  
o f m orph ine  and  i ts  d e riv a tiv e s  has been th e  su b je c t o f con tinuous research . 
In  th e ir  w ork “ T h e  P h a rm aco lo g y  of th e  A lka lo ids”  K r u e g e r , E d d y  an d  
S u m w a l t  [2] lis ted  9069 p ap e rs  pub lished  before 1938. In  th is  rep o rt e n title d  
“ Sites an d  M echanism s of A ction  of M orphine a n d  R e la te d  D rugs in  th e  
C en tra l N ervous S y s te m ” , A b r a h a m  W i k e r  [3] m en tio n s  279 papers on 
m orph ine  pub lished  b e tw een  1938 and  1950. T he c o rre la tio n  betw een  th e  
s tru c tu re  and  effect o f  m o rp h in e  deriv a tiv es  has been  ex ten siv e ly  in v es tig a ted , 
fo r exam ple  b y  S c h a u m a n n  [4, 5], B r a e n d e n , E d d y  a n d  H a lb a c h  [6] in  
foreign  coun tries, an d  K e l e n t e y  et al. [7, 8] in  th is  c o u n try .

W e h av e  an a ly sed  th e  ac tions of th e  m orph ine  a n d  codeine d e riv a tiv es  
co n ta in in g  iden tica l rad ica ls  p rep ared  by  P ro fesso r B o g n á r  [9], of th e  
I n s t i tu te  o f O rganic C h em is try , D ebrecen. T he ac tio n s  o f these  com pounds 
on p a in  an d  re sp ira to ry  v o lum e, to lerance , to x ic ity , as well as th e  an tagon iza- 
b ility  o f th e  analgesic ac tio n  b y  N -a lly l-norm orph ine  a n d  d iacety l-N -ally l- 
n o rm o rp h in e  were ex am in ed . F ro m  th e  resu lts  conclusions h av e  been d raw n  
as to  th e  re la tio n  b e tw een  s tru c tu re  an d  effect an d  th e  n a tu re  of an tagon ism .

4 Acta Physiologica XV/4.
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M ethods

a )  A nalgesic ac tio n  w as m easu red  b y  th e  m eth o d  of W o lfe  a n d  Ma cD ona ld  [11] 
a s  m o d ified  by  H e r r  a n d  P órszász [10]. Mice w ere p laced  on a t in  cy lin d er f illed  w ith  w a te r  
o f  54° C and  by  m eans of a s to p p e r  w a tch  th e  a p p ea ran ce  of th e  p a in fu l re sp o n se  (licking, 
sh a k in g  of a leg, or ju m p in g )  w as recorded . T h is  n o rm al pa in  reac tio n  t im e  is d esignated  
b y  K n. T h ir ty  m in u tes  a f te r  th e  su b cu tan eo u s  in je c tio n  of th e  analgesic d ru g , th e  p ro lo n g atio n  
o f  th e  p a in  reac tion  tim e  w as d e te rm in ed . S to ck  so lu tio n s  w ere added  d ilu te d  w ith  physio logical 
N aC l to  co n ta in  th e  te s t  c o m p o u n d  in  a  c o n c e n tra tio n  o f 0.01 ml/g. A ccord ing ly , th e  p e rcen tag e  
o f  an alg es ic  effect w as c a lcu la te d  b y  th e  fo rm u la  (2.5 K „ — K n) : 100 =  ( К .ю— K n): x  where 
K n is  th e  n o rm al d u ra tio n  o f th e  response to  p a in  a n d  K M is th e  p ro lo n g ed  re a c tio n  tim e , as 
m e a su re d  30 m inu tes a f te r  th e  in je c tio n  o f th e  te s t  d rug . A 100 pe r cen t an alg es ic  e ffec t was 
a c c e p te d  to  he th a t  causing  a 2 .5-fold p ro lo n g a tio n  o f th e  norm al re a c tio n  tim e . E ac h  drug 
to  b e  te s te d  w as exam in ed  in  a t  le a s t fo u r doses, u sing  fo r each dose 25 m ice m a in ta in ed  on 
th e  sam e diet.

b) T he effect on  re sp ira to ry  vo lum e w as m easu red  by  th e  m eth o d  o f D r e s e r  [12], 
a s  m o d ified  by  H e r r  a n d  P órszász [13]. T he a n im a l inspires th ro u g h  a M üller v a lv e  and  the  
e x p ire d  a ir drives o u t an  eq u a l vo lum e o f w a te r  fro m  a vessel. A fter d e te rm in in g  th e  norm al 
re s p ira to ry  volum e, we m easu red  th e  changes re su ltin g  1/ i , x/2, 1 an d  2 h o u rs  a f te r  th e  in je c ­
t io n  o f  th e  te s t  d rug  b y  th e  su b c u tan e o u s  ro u te . E a c h  dose was te s te d  in  5 ra b b its , m aking 
5 m easu rem en ts  in  ev ery  case.

c) In  th e  to le ran ce  ex p erim e n ts , g ro u p s o f 25 m ice were given d a ily  near-100  p e r cen t 
an a lg es ic  doses (see T ab le  I )  o v e r a p e rio d  of 3 w eeks. F rom  th e  re d u c tio n  in  th e  analgesic 
a c t io n  conclusions w ere d ra w n  as to  th e  degree o f to le rance . A d m in is tra tio n  w as d iscon tinued  
i f  th e se  doses no longer h a d  a n  analgesic  e ffe t, o r  i f  th e  response was g re a t ly  re d u ce d .

d)  In  th e  s tu d ies on  an ta g o n ism , th e  near-1 0 0  p e r cen t analgesic dose  o f  th e  t e s t  drug 
a n d  a dose of N -a lly l-n o rm o rp h in e  or d iacety l-N -a lly l-n o rm o rp h in e  co rresp o n d in g  to  1/4 o f 
th e  near-100 p e r cen t analgesic  dose w ere in je c te d  to g eth e r, su b c u tan e o u sly . T h e  analgesic 
a c t io n  was m easu red  as spec ified  u n d e r  a ) .

e) In  th e  to x ic ity  te s ts , g roups of 10 m ice each  were tre a te d  w ith  su b c u tan e o u s  in jec ­
tio n s  o f  th e  d ifferen t doses. E v a lu a tio n  w as m ad e  b y  th e  m eth o d  of L it c h f ie l d —W il c o x o n [14].

f )  In  s ta tis tic a l an a ly sis  [15] th e  s ta n d a rd  e rro r o f th e  m ean  w as co m p u te d  from  th e  
fo rm u la

JT(*—*)2
n  (n  —  1)

w h ere  (* —  x)  is th e  d e v ia tio n  o f th e  single v a lu es fro m  th e  m ean and n  is  th e  n u m b er o f experi­
m e n ts . T he doses an d  th e  p e rce n ta g e  ac tiv itie s  belonging to  th em  w ere p lo tte d  on  log-probit 
p a p e r , from  w hich th e  E D 50 cou ld  be read . T he eq u a tio n  for the  curve is g iv en  as

Y =  b (x —  x )  +  у

w here  b is th e  regression  co effic ien t, co m p u te d , from  th e  fo rm ula

— * ) (y — ÿ)}
У(х -—  i )2

a n d  (x  —  л). ( у — у ) a re  th e  d ev ia tio n s fro m  th e  m ean  of th e  single doses a n d  effec ts , respec­
tiv e ly .

R esu lts

The d rugs te s te d  w ere m o rp h in e , d ih y d ro m o rp h in e , 6 -ace ty l-m o rp h in e- 
m eto b ro m id e , n o rm o rp h in e , codeine , d ihydrocodeine , 6 -acety l-codeine , 
6 -ace ty l-co d e in e-m eto b ro m id e , n o rcode ine , heroine, N -a lly l-n o rm o rp h in e  and 
d iace ty l-N -a lly l-n o rm o rp h in e . T h e  s tru c tu re s  of these  d e r iv a tiv e s  are  shown 
in  Fig. 1. R x m eans su b s ti tu t io n  a t  C o f  th e  3rd positio n , R 2 a t  C o f the  6 th  
positio n , and  R 3 a t  N . T h e re  is no do u b le  b o n d  betw een  C7 a n d  C8 in  d ihydro-



RELATION BETWEEN THE STRUCTURE AND ACTION OF MORPHINE 331

codeine  an d  d ih y d ro m o rp h in e . 6 -ace ty l-m o rp h in e-m eto b ro m id e  and  6 -ace ty l- 
co de ine-m etob rom ide  a re  q u a te rn a ry  d e riv a tiv es .

Fig. 1. S tru c tu re  o f m orphine d e riv a tiv e s

N" Compound
R a d ic a l

R, R, Ra

l . Morphine........................................... OH OH C H 3

2. Dihydromorphine............................. OH OH CR,

3. 6 -acetyl-morphine-metobromide . . OH CH3 COO - N - C H 3 H r -

4. Normorphine..................................... OH OH H

5. Codeine ............................................. CH30 OH CH3

6 . Dihydrocodeine ............................... CH,0 OH C H 3

7. 6 -acetyl-codeine ............................... CH30 CH3 COO CH3

8. 6 -acetyl-codeine-metobromide . . . . CH3 0 CH3 COO — N—CR, B r -

9. Norcodeine ....................................... CH3 0 OH H

10. Heroine ............................................. CH3COO CH3 COO CH3

11. N-allyl-normorphine ....................... OH OH CH2—CH=C H 2

12. D iacety l-N -a lly l-no rm orph ine  . . . . CH3 COO CH3COO — CH2—CH=  CH2

T h e  re su lts  for analgesic ac tio n  and  to x ic ity  a re  show n in T ab le  I .  As 
reg a rd s  th e ir  analgesic ac tio n , 6 -ace ty l-m o rp h in e-m eto b ro m id e  w as tw ice , 
6 -ace ty l-co d e in e  1.10 tim es, hero ine 3.64 tim es  as p o te n t as m orphine. O n 
th e  o th e r  h a n d , n o rm orph ine  w as 11.88 tim es, codeine 7.31 tim es, d ih y d ro ­
codéine 2.73 tim es, 6 -acety l-codeine-m etob rom ide 3.79 tim es, no rcodeine  
24.46 tim e s  an d  N -ally l-no rm orph ine  7.68 tim es less p o te n t  in analgesic a c tio n , 
as co m p ared  to  m orphine.

I t  is rem ark ab le  th a t  6 -ace ty l-m o rp h in e-m eto b ro m id e  w as fo u n d  
tw ice as p o te n t as m orph ine , an d  th e  sam e q u a te rn a ry  d e riv a tiv e  o f codeine 
1.87 tim e s  as ac tiv e  as codeine. Q u a te rn a riza tio n  h a d  no influence  on to x ic ity .

4*
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Table I

No. Compound dose
mg/kg

A n a l

effect

g e s i c 

AD„
mg/kg

Index 
Mo = 1

LD„
SC.

mg/kg

Equation of curve

% stand.
error

l . M o rp h in e .............. 2 23.4 5.1
4 34.1 2.3 5.21 l 225 y  =  8.41 X  +  6.14
7 75.0 4.2

10 85.5 3.1

1 26.8 5.1

2. D ihydrom orpliine 5 44.3 7.5 5.75 1.10 140 y =  4.34 X +  25.03
10 80.3 5.8
15 83.3 6.8

0.25 26.9 5.5

3. 6-acety l-m orphine- 0.5 51.2 4.9 0.31 0.06
m etobrom ide 1.0 71.9 6.6 2.62 0.50 228 у =  5.52 X +  48.26

5.0 87.5 7.2
10.0 96.2 5.4

20 38.5 5.2
4. N orm orphine . . . . 40 43.9 8.1 61.9 11.88 140 y =  0.27 X +  33.27

60 76.5 5.2

10 33.1 5.5
5. Codeine ................ 20 33.7 6.5 38.09 7.31 290 У  =  0.63 X +  26

40 60.3 7.1
80 73.3 2.4

5 45.2 7.8
6. D ihydrocodeine 40 71.0 6.4 14.23 2.73 215 y  =  0.78 X +  38.9

60 85.3 5.2

1 20.8 6.2
7. 6-acetyl-codeine 2.5 42.5 7.7 4.71 0.90 120 y =  6.40 X +  19.8

10.0 83.3 5.3

5 32.3 6.6
8. 6-acetyl-codeine- 10 47.8 5.7

m etobrom ide 40 73.5 6.9 19.74 3.79 282 y =  0.55 X +  39.14
80 77.3 5.8

60 16.5 5.5
9. N orcodeine ......... 80 26.0 6.6 126.27 24.46 150 y =  0.51 X —  14.4

160 67.4 7.3

0.5 42 7.7
10. H eroine ................ 1 42.6 6.9 1.43 0.27 50 y =  10.25 X  +  35-3

3 68.3 7.5
5 85.6 3.9

11. N -ally l-norm or- 5 10.4 2.5
phi ne ................. 20 17.5 4.1 40.40 7.68 500 y - 1.23 X +  0.30

40 52.7 7.0

12. D iacety l-N -ally l- 2.5 22.8 5.4
norm orph ine 20 60.2 6.8 24.79 4.76 185 y  =  0.73 X +  31.9

80 87.5 4.1
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Table II

Action on respiratory volume

N1 Compound dose effect stand. DRD5e Index Equation of curve Note
mg/kg % error mg/kg Mo = 1

I 38.5 1.7
l . M orphine 2

4
57.5
53.7

2.9
2.2 3.29 l y  =  7.11 X +  26.6 —

6 62.0 2.8

2. D ihydro- 1 12 1.4
m orph ine 2 44 2.6 2.97 0.9 y  =  16.8 X  +  0.07 —

4 65 2.4

3. 6-acety l- 0.5 26 2
m o rp h  ine- 
m etobrom ide

1
4

38
48

1.6
1.9 5.46 1.66 y  =  3.73 X  +  29.6 —

8 58 1.4

4. N orm o rph in e 16 23.8 3.6 70.45 21.41 y  =  0.48 X  +  16.1832 31.6 4.6

5. Codeine ......... — — — — — — —

6. D ihydrocodeine 4 16 6.0
8

16
30
46

3.4
2.6 17 5.16 y  =  2.5 X  +  7.5 —

24 68 1.0

7. 6-acetyl-codeine 4 17 1.9
8 27 2.5 31.42 9.55 y  =  1.11 X +  15.12 —

30 48 1.9

8. 6-acety l-codeine- 2 27.6 1.4
m etobrom ide 4 25 1.3 43.96 5.14 У =  0.58 X  +  24.512 30 2.8 —

16 35 2.8

9. N orcodeine - — — — — — —

10. H eroine 0.25 16 7.7
0.50 42 4.0 0.77 0.23 y  =  55.82 X +  6.98 —

1 60 1.4

11. N -allyl- 2 10.2 1.2 increases !
nor mo rph in e 4

8
12
19

1.2
0.9 37.2 y  =  1.14 X +  7.5 re sp ira ­

to ry
16 23 3.0 volum e

12. D iace ty l-N - 1 18 1.9
allyl-
norm o rph ine

2
8

0
25

2.1 17.57 5.34 y =  2.72 X +  2.2 —
16 39 5.0
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T h e  L D 50 of m orph ine  is 225 m g/kg, t h a t  o f its  q u a te rn a ry  d e r iv a tiv e  was 
2 2 8  m g/kg . The L D 50 o f codeine  is 290 m g/kg , th a t  of its  q u a te rn a ry  d e riv a ­
t iv e  w as 282 m g/kg. N -a lly l-n o rm o rp h in e  w as 2.22 tim es less to x ic , a n d  d iacety l-

N -a lly l-iio rm o rp h in e  1.27 tim es  m ore to x ic , th a n  m orph ine  in  in trav en o u s  
m o u se  tç s ts . D iace ty l-m o rp h in e  w as 3.7 tim es  m ore tox ic  th a n  d iace ty l-N -ally l- 
n o rm o rp h in e .

j

I

I
j
i

100% 100%

1007.

morphine dihydromorphine 6-acetylmorphine normorphine 
metobromide

100°% 100% 100% 100%

£ 150.6 522547
37 34

,58.4 FL
I

codeine dihydrocodeine aceiylcodeine heroine diacetyl N-
oliy/normorphine

F ig . 3

• T he effect on th e  re sp ira tio n  o f ra b b its  is show n in T ab le  I I .  T he p e r­
c e n ta g e  iof ac tion  m ean s th e  p e rcen tag e  increase or red u c tio n  in  re sp ira to ry  
v o lu m e , as d e te rm in ed  2 h o u rs  a f te r  th e  subcu tan eo u s in je c tio n  o f th e  te s t 
d ru g s . This p o in t o f tim e  w as chosen  because , accord ing  to  th e  evidence 
ob tainecj by  us an d  b y  o th e rs , fo r in s ta n c e  b y  B a r g e t o n  an d  K r u m m - H e l l e r



RELATION BETW EEN THE STRUCTURE AND ACTION OF MORPHINE 335

[16], th e  m ax im u m  re sp ira to ry  response to  su b c u ta n e o u s  doses of m o rp h in e  
an d  its  d e riv a tiv e s  m ay be  ex p ec ted  to  se t in a f te r  2 hours.

T he dose o f m o rp h in e  reducing  th e  in it ia l  re sp ira to ry  vo lum e b y  60 
per cen t w as 3.29 m g/kg. A sim ilar effect w as p ro d u ced  by  4.26 tim e s  less 
hero ine  an d  b y  1.10 tim es  less d ih y d ro m o rp h in e . T h e  o th e r d e riv a tiv e s  w ere  
less p o te n t th a n  m o rp h in e  as reg ard s  i ts  ac tio n  on  re sp ira to ry  volum e. N -a lly l- 
n o rm o rp h in e  au g m en ted  th e  re sp ira to ry  vo lum e. I n  th e  doses te s te d , co d e in e  
and  no r-codeine  h a d  no in fluence  on re sp ira to ry  vo lum e.

T he resu lts  o f th e  to le ran ce  s tu d ies  are  sh o w n  in  Fig. 2, w ith  th e  d a y s  
of a d m in is tra tio n  on th e  x , an d  th e  p ercen tag e  an a lg esic  action  on th e  y  a x is . 
To fa c ilita te  ev a lu a tio n , we p re sen t th e  cu rves fo r  hero ine, d ih y d ro co d e in e , 
6 -ace ty l-m o rp h in e-m eto b ro m id e  an d  d ih y d ro m o rp h in e  only. The to le ra n c e  
cu rv es fo r th e  o th e r  d e riv a tiv e s  te s te d  ran  b e tw een  those of m o rp h in e  a n d  
6 -ace ty l-m o rp h in e-m eto b ro m id e .

F ig . 2 m akes i t  c lear th a t  m ice developed  to le ra n c e  m ost easily to  h e ro in e  
an d  d ih y drocode ine . T he n e a r  100 p er cen t e ffec tiv e  analgesic dose o f th e  
fo rm er becam e in effec tive  a f te r  11, th a t  o f th e  la t t e r  a f te r  17 days. T o le ran ce  to  
d ib y d ro m o rp h in e  developed  th e  la te s t ; th e  an a lg esic  effect was s till 80 p e r  
cen t a f te r  20 d ay s. T he analgesic  p o ten cy  o f m o rp h in e , 6 ace ty l-m o rp h in e- 
m e to b ro m id e  an d  th e  o th e r  d e riv a tiv es  te s te d , b u t  n o t rep resen ted  in  F ig . 2, 
v a ried  b e tw een  30 and  50 p e r cen t on th e  23rd  d a y .

T he a n tag o n is tic  effect o f N -a lly l-n o rm o rp h in e  or d iace ty l-N -a lly l-  
n o rm o rp h in e  on th e  analgesic ac tion  is show n in  F ig . 3. The em p ty  c o lu m n s  
in d ica te  th e  effect o f th e  n ea r 100 per cen t analgesic  doses of m orphine a n d  its  
d e riv a tiv e s . T he solid an d  sh ad ed  colum ns show  th e  red u c tio n  caused in  t h a t  
effect b y  N -ally l-n o rm o rp h in e  and  d iace ty l-N -ally l-n o rm o rp h in e , re sp e c tiv e ly , 
a d m in is te red  in co rrespond ing  to  %  o f th e  n ea r 100 p e r  cen t analgesic q u a n t i ­
ties doses.

T h u s , w ith  the  ex cep tio n  of no rm o rp h in e  th e  analgesic effect o f  th e  
m o rp h in e  d e riv a tiv e s  w as in h ib ite d  m ore e ffec tiv e ly  b y  N -a lly l-n o rm o rp h in e  
th a n  b y  d iace ty l-N -a lly l-n o rm o rp h in e  (low er solid co lu m n s and h igher s h a d e d  
co lum ns, re sp ec tiv e ly ). As in d ica ted  by  th e  c o m p arab le  heigh ts of th e  so lid  
an d  sh ad ed  co lum ns, th e  tw o  an tag o n is ts  w ere a b o u t equally  ac tiv e  on  th e  
analgesic ac tio n  o f codeine de riv a tiv es .

D iscussion

Som e o f th e  resu lts  o f th ese  experim en ts ag ree w ith  th e  generally  a c c e p t­
ed know ledge on th e  re la tio n  betw een  th e  s tru c tu re  an d  action  of m o rp h in e  
d e riv a tiv e s , w hereas o th ers  a re  in  d isag reem en t w ith  earlie r claim s.

A ccord ing  to  B r a e n d e n  et al. [ 6 ] ,  h y d ra tio n  o f  th e  double bond  b e tw e e n  
C7 an d  C8 enhances th e  effect, th o u g h  no t in  every  case. W e found d ih y d ro m o r-
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p h in e  to  be 1.10 tim es  less p o te n t th a n  m o rp h in e  in  analgesic a c tio n , 1.6 tim es 
m o re  to x ic , and 1.17 tim e s  less ac tive  as a re sp ira to ry  dep ressan t. T h e  %  dose 
o f  N -a lly l-n o rm o rp h in e  an tag o n ized  th e  an a lg esic  action  of th e  tw o  com pounds 
in  a n  ap p ro x im a te ly  e q u a l m easure. T h e  sam e  w as th e  s itu a tio n  w ith  d iacety l- 
N -a lly l-n o rm o rp h in e . I t  is rem ark ab le  t h a t  m ice  developed to le ra n c e  to  m o r­
p h in e  in  18 days, a p e rio d  d u rin g  w hich th e  d ecrease  in  th e  effect o f  d ih y d ro m o r­
p h in e  w as still s lig h t.

D ihydrocodeine  e x e r te d  an  analgesic  a c tio n  2.73 tim es w eak er th a n  th a t  
o f  m o rp h in e , b u t  2.67 t im e s  s tro n g er th a n  t h a t  o f codeine. T h u s , in  th is  re ­
sp e c t th e re  w as no a n a lo g y  betw een  codeine-d ihydrocodeine  a n d  m orph ine- 
d ih y d ro m o rp h in e . O n th e  o th e r h a n d , th e re  w as a sim ilarity  b e tw e e n  th e  tw o 
coup les of drugs in  re g a r tl to  th e  a n ta g o n iz a b ili ty  of tox ic ity , a n d  to  th e  re ­
s p ira to ry  d ep re ssan t a n d  analgesic ac tio n s. T o le ran ce  to  d ih y d ro m o rp h in e  w as 
s lig h t, w hereas to le ra n c e  to  d ihydrocodeine  w as developed sooner th a n  th a t  to  
m o rp h in e .

L ikew ise, th e  ab o v e -c ited  a u th o rs  c la im  th a t  th e  m o rp h in e  d e riv a tiv e s  
c o n ta in in g  q u a te rn a ry  n itro g en  w ere in e ffec tiv e . In  co n tra s t w ith  th is , we 
fo u n d  6 -ace ty l-m o rp h in e-m eto b ro m id e  to  b e  an  analgesic tw ice as p o te n t as 
m o rp h in e , and  6 -ace ty l-co d e in e -m eto b ro m id e  an  analgesic 1.87 tim e s  m ore 
p o te n t  th a n  codeine. T h e  to x ic ity  o f tw o  q u a te rn a ry  d e riv a tiv e s  d id  n o t 
d iffe r  from  th e  co rresp o n d in g  te r t ia ry  ones. As a re sp ira to ry  d ep re ssan t, 
6 -ace ty l-m o rp h in e-m e to b ro m id e  was a b o u t h a lf  as p o ten t as m o rp h in e  ; th ere  
w as  no paralle lism  b e tw een  th e  ana lgesic  a n d  resp ira to ry  d ep resso r ac tions. 
L o w er to lerance , g re a te r  analgesic a n d  lo w er resp ira to ry  d ep resso r actions 
m a k e  6 -ace ty l-m o rp h in e-m eto b ro m id e  th e ra p e u tic a lly  superio r to  m orph ine .

T h ere  w as no  p a ra lle lism  b e tw een  th e  analgesic action  a n d  to x ic ity  o f 
n o rm o rp h in e  an d  n o rco d e in e , e ither. T h ese  com pounds were 11.88 tim es  resp . 
3 .34 tim es less p o te n t  analgesics th a n  m o rp h in e  and  codeine, re sp ec tiv e ly , 
w h ereas  th e y  w ere m o re  tox ic  th a n  th e  co rrespond ing  basic com pounds.

I t  should be em p h asized  th a t  N -a lly l-n o rm o rp h in e  was a m ore  p o te n t 
a n ta g o n is t of th e  an a lg esic  effect o f m o rp h in e  derivatives th a n  d iace ty l-N - 
a lly l-n o rm o rp h in e . B o th  N -ally l co m p o u n d s  decreased th e  an a lg esic  ac tions 
o f  codeine d e riv a tiv e s  in  ab o u t th e  sam e m easu re . The analgesic ac tio n  of th e  
m o rp h in e  d e riv a tiv e s  co n ta in in g  an  e s te r if ie d  phenolic h y d ro x y l g roup  w as 
re d u c e d  less e ffec tiv e ly  b y  N -a lly l-n o rm o rp h in e . I t  seems th a t  m o rp h in e  and  
i ts  deriv a tiv es  are  co n n ec ted  b y  th e ir  g ro u p s  on the  C atom s 3 a n d  6 to  th e  
pain -sen so ry  recep to rs  o f th e  body  an d  a x o n  o f nerve cells. P h en o lic  h y d ro x y l 
a n d  ace ty l g roups h a v e  th e  g rea test a f f in i ty  to  these  receptors. T h e  d e riv a tiv e s  
possessing  these  g ro u p s are th e  m ost p o te n t  analgesics. The ana lgesic  ac tion  
o f  th e  d e riv a tiv es  c o n ta in in g  a pheno lic  O H  is antagonized  m o s t effectively  
b y  N -a lly l-n o rm o rp h in e , w hich possesses a s im ila r group. N -a lly l-n o rm o rp h in e  
a n d  d iace ty l-N -ally l-n o rm o rp h in e  c o m p e te  a b o u t equally  in  th e  sep a ra tio n
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from  th e  recep to rs o f such  d e riv a tiv e s  as co n ta in  o th e r groups a t  C3 a n d  Ce. 
T his th eo ry  will be p ro v ed  o n ly  a f te r  m o rp h in e  and  N -a lly l-n o rm o rp h in e  
becom e d e tec tab le  on th e  b o d y  or th e  axon  o f th e  nerve  cell b y  h is to ch em ica l 
m ethods.

N -a lly l-no rm orph ine  w as 7.86 tim es less p o te n t in  its  analgesic  ac tio n  
th a n  m orph ine . T his f in d in g  is in  ag reem en t w ith  th e  evidence re p o r te d  by  
o th e r w orkers [17]. D iace ty l-N -ally l-n o rm o rp h in e  was only 4.76 tim e s  less 
p o te n t as an  analgesic th a n  m orph ine . T he fo rm er N -ally l d e riv a tiv e  b y  itse lf  
en h an ced , th e  la t te r  red u ced  th e  re sp ira to ry  vo lum e in  rab b its .

O n th e  basis o f  th e  above resu lts  a t te m p ts  have  been m ade to  assess th e  
th e ra p e u tic  value of th e  d e riv a tiv e s  te s te d  b y  com paring  th e  A D 30 (analgesic  
dose) w ith  th e  L D 30. T h e  A D 50 of 6 -acety l-m o rp h in e-m eto b ro m id e  w as found  
87 tim es, th a t  of m o rp h in e  43 tim es low er th a n  th e  L D 5(). T he tw o  d rugs 
being com parab le  in  re g a rd  to  to x ic ity , 6 -ace ty l-m o rp h in e-m eto b ro m id e  
m ay  be claim ed to  be  a b e t te r  analgesic th a n  m orph ine .

H ero ine  was fo u n d  to  h av e  th e  m ost p o te n t  analgesic ac tio n  in  m ice, 
y e t  we accep t 6 -ace ty l-m o rp h in e-m eto b ro m id e  as th e  b e tte r  analgesic  a g e n t, 
th e  la t te r  being 4.5 tim e s  less to x ic  th a n  th e  fo rm er. L ikew ise, am o n g  th e  
com pounds of sa tis fa c to ry  analgesic ac tion , 6 -ace ty l-m o rp h in e-m eto b ro m id e  
e x e rte d  th e  less d ep ression  on th e  re sp ira tio n  o f ra b b its . The doses cau sin g  
a 50 p er cen t red u c tio n  o f th e  re sp ira to ry  vo lum e w ere : 0.77 m g/kg  o f h e ro in e  ; 
3.29 m g/kg  o f m orph ine  : an d  5.46 m g/kg of 6 -ace ty l-m o rp h in e-m eto b ro m id e . 
To th is  m ay  be ad d ed  th a t  to le ran ce  to  6 -ace ty l-m o rp h in e-m eto b ro m id e  is 
o n ly  sligh t. T hese fav o u ra b le  p ro p ertie s  of th e  com pound  call fo r c lin ica l 
tr ia ls .
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II. A N T IH IS T A M IN IC  A C TIV ITY  O F IT S  O P T IC A L  ISOM ERS

By

J .  B o r s y , I. L á z á r , Z s . C s i z m a d i a  a n d  L .  T o l d y

INSTITUTE FOR PHARMACOINDUSTRIAL RESEARCH, BUDAPEST 

(R eceived  N ovem ber 20, 1958)

The o p tic a l isom ers of p ro m eth az in e  have been in v e s tig a te d  as to  tox ic ity , a n tih is ta m in ic  
a c tiv ity  and  a n aesth es ia  p o te n tia tin g  effect. T he to x ic i ty  o f  p ro m eth az in e  was fo u n d  to  be  
id en tica l w ith  t h a t  o f th e  ( + )  a n d  (— ) isom ers. T he sa m e  w as tru e  for th e  a n tih is ta m in ic  
action  (gu inea p ig  in te s tin e , b lood  pressure  o f th e  c a t a n d  h is tam in e-in d u ced  a s th m a  o f  th e  
guinea pig) as w ell as fo r th e  an aesth es ia  p o ten tia tin g  e ffe c t. A ccord ing ly , a d ifference  m u s t  
ex is t be tw een  th e  an tih is tam in ic  a c tiv ity  o f th e  s t ru c tu ra l  iso m ers o f p ro m eth az in e  ( iso ­
p ro m eth az in e) described  by  o th e r  a u th o rs  and th a t  o f th e  o p tic a l isom ers in v es tig a te d  in  th e  
p resen t s tu d y .

P ro m e th a z in e  (I) is w ell-know n as a p o te n t  a n tih is tam in ic  a g e n t [1, 2]. 
C h a r p e n t i e r  an d  D u c r o t  [3], in v estig a tin g  th e  an tih is tam in ic  a c t iv i ty  of 
th e  chain  iso m er (II) , s ta te d  th a t  th e  iso-form  w as 3 to  10 tim es less a c tiv e  
th a n  p ro m e th az in e . Also N. D .  E d g e  [4] fo u n d  p ro m eth az in e  to  be a m u ch  
m ore p o te n t a n tih is ta m in ic  ag en t th a n  th e  iso -fo rm , even though  n o t so 
specific.

Г . r V
/ V s \ / \  
1 II II !

xN / '\ \ / 4 N / V
1
CH2

. /CH3 
-CH—N< . HC1

1 /CH3 
CH—CH2-N<
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I. P ro m e th az in e II . Iso -p ro m e th az in e

On acco u n t o f th e  a sy m m etric  carbon  a to m  (C*) p rom ethazine  h as  tw o  
optica l isom ers (-f- an d  —  form s). U nlike th e  s t ru c tu ra l  isom ers, th e  o p tic a l 
isom ers h av e  n o t  been  iso la ted  an d  th e ir  b io logical a c tiv ity  is still u n k n o w n .

To s tu d y  th is  q u es tio n , racem ic p ro m e th a z in e  base  was reso lved  b y  
m eans o f d ib en zo y lic -D -ta rta ric  acid [5]. B o th  th e  ( + )  an d  (—) form s o b ta in e d  
in th is  m a n n e r decom pose a t  220 — 221°C. T he o p tic a l a c tiv ity , [а]го o f (4 ) 
p ro m eth az in e  is -(-7.6° ; th a t  o f  ( — ) form  —7.6°.

In  th e  p re se n t s tu d y  th e  to x ic ity  and  a n tih is ta m in ic  ac tiv ity  as w ell 
as th e  an a e s th e s ia  p o te n tia tin g  effect o f th e  o p tic a l isom ers of p ro m e th a z in e  
have been in v e s tig a te d , as com pared  to  th e  racem ic  fo rm .
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M ethods

1. Toxicity

T o x ic ity  was in v e s tig a te d  in  mice w eighing 16 to  20 g. The p re p a ra tio n s  d isso lv ed  
in  physio log ica l saline w ere  ad m in iste red  in tra v e n o u s ly  a t  five  dose levels. E v a lu a t io n  o f  th e  
re s u lts  a f te r  24 ho u rs  w as m ad e  b y  th e  p ro b it m e th o d  of L itch field  an d  W il c o x o n  [6]

2. A ntih is tan iin ic  a c tiv ity

a )  A n tih is tam in ic  a c t iv ity  was in v es tig a te d  o n  g u in ea  pig ileum , acco rd in g  to  th e  m e­
th o d  o f  Miller, Becker a n d  Tainter [7]. T he p D  o f  th e  p rep ara tio n s w as d e te rm in e d  w ith  
th e  m o d ifica tio n  t h a t  th e  b asis o f th e  d ilu tio n  q u o t ie n t  was expressed in  mg/1. T h e  E D 5n 
v a lu e s  w ere th e n  co m p u te d  fro m  th e  d a ta  o b ta in e d  in  th e  above m anner.

b) I n  cats u n d e r in tra p e rito n e a l ch lo ra lo se -u re th an e  anaesthesia  (50 m g /k g  an d  40 
m g /k g , resp .) i t  w as in v e s tig a te d  to  w h a t e x te n t th e  in d iv id u a l com pounds in h ib i t  th e  h y p o ­
te n s iv e  effect of h is tam in e . Follow ing tw o id e n tic a l h istam in e  reactions, th e  an im a ls  w ere 
t r e a te d  w ith  d iffe ren t doses o f th e  in h ib ito rs. T h e  a m o u n ts  causing 50 an d  100 p e r  cen t in ­
h ib it io n ,  resp ., w ere d e te rm in ed .

c) In h ib itio n  o f h is tam in e-in d u ced  a s th m a  in  th e  guinea pig : u n tr e a te d  g u in ea  p igs 
ex p o sed  to  a  0.4 p e r  c en t h is tam in e  aerosol in  a o n e -li te r  vessel developed w ith in  one m in u te  
g ra v e  d ispnoe and  cough , a n d  la y  on th is side fo r a s h o r t  tim e. W hen a fte r c a re fu l o b se rv a tio n  
th e  an im als  were ta k e n  o u t  o f th e  vessel a t  th is  s ta g e , m ost of them  su rv iv ed  a n d  could  be 
eas ily  in v es tig a ted  a t  30 m in u te s  in te rv a ls . G u in ea  p ig s p re trea ted  w ith  0.5 to  1.0 m g/kg 
p ro m e th az in e  isom er o r  th e  racem ic  drug  w ere e x a m in e d  a t 30 m inu tes in te rv a ls  th ro u g h  
3 h o u rs  an d  th e  incidence  o f a s th m a  was com p ared  to  t h a t  sim ultaneously  o b se rv ed  in  an im als  
p re tr e a te d  w ith  p hysio log ica l saline. The effect o f th e  d ru g  was considered p ro te c tiv e  w hen , 
d u rin g  an  exposure tim e  o f 3 m inu tes, no sign p re lim in a ry  to  shock had  dev elo p ed .

3. A naesthesia p o te n tia tin g  effect

I n  these  ex p erim e n ts  m ice rang ing  in  w e ig h t fro m  16 to 20 g were used .
F irs t ,  th e  H e x o b a rb ita l  dose was d e te rm in e d , th e  in travenous a d m in is tra tio n  o f w h ich  

re lia b ly  m ade all an im a ls  to  sleep b u t to  aw ak e  w ith in  th ree  m inutes (co n tro ls). T h is dose 
w as 37.5 m g/kg. T he m ice w ere p re tre a te d  w ith  lo g a rith m ica lly  increasing a m o u n ts  o f racem ic , 
( - )-and  (— )-p ro m eth az in e , respec tive ly , and  one h o u r  la te r , the  s ta n d a rd  H e x o b a rb ita l  dose 
w as ad m in istered . T h e  n u m b e r  o f anim als n o t a w a k in g  w ith in  th ree  m in u tes  w a s  d e te rm in ed . 
A ll d rugs were ad m in is te re d  a t  five  dose levels, to  a b o u t  40 mice each. F ro m  th e s e  d a ta  th e  
E D 50 v a lu e  was co m p u ted  b y  th e  m eth o d  of Litchfield and Wilcoxon [6].

R esu lts

1. T o x ic ity

The re su lts  a re  show n in T ab le  I .

Table I

Intravenous L D 50 values o f racemic, ( )- and  (— )- promethazine on m ice

Compound Number of 
animals

DL5u mg/kg 
intra­

venously
95% confidence limit

s* P
lower upper

R acem ic  p r o m e th a z in e .......... 80 67 62.6 71.6 1.14 —

(+ )-p ro m e th a z in e  ................... 80 70 66.2 72.4 1.34 > 0 .2
(— )-p rom ethaz ine  ' ................. 80 64 60.1 67.8 1.22 > 0 .2

S* =  Slope
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T h e L D 50 of racem ic p ro m eth az in e  w as found  to  be 67 m g/kg  (95 p e r 
c en t confidence lim it : 62.6 to  71.6) ; th a t  of th e  (-)-) isom er, 64 m g /kg  (60.1 
to  67.8) ; th a t  of th e  ( — ) isom er, 70 m g/kg (66.2 to  72.4). T he d ifferences 
be tw een  th e  in d iv id u a l va lu es  p roved  s ta tis tic a lly  in sig n ifican t (P  >  0.2).

Table II

A n tih is ta m in ic  activity o f  racemic, ( + ) -  en d  (— )- prom ethazine on guinea p ig  ileum

R acem ic  p ro m eth az in e ( +  )-p ro m eth azin e ( —)-p ro m eth azin e

P o s itiv e P ositive P ositive
p i)« In v e s t i ­

g a te d
% p ** pD* In v es ­

tig a ted
% P** pO * In v e s t i­

g a ted
% p**

7.46 4/12 33.3 4.56 7.46 4/16 25 4.33 7.46 4/12 33.3 4.56

7.28 10/16 62.5 5.32 7.28 12/16 75 5.67 7.28 9/12 75 5.67

EDjo R acem ic prom ethaz ine  IICI p l) 7.4 ±  0.45 4 • 10“ 8 mg/1
E D 50 (+ )-p ro m e th a z in e  HC1 = pD  7.35 ±  0.39 =  4.5 • 10—8 mg/1
E D 50 (— )-prom ethazine HC1 =  pD  7.35 ±  0.42 — 4.5 • 1 0 ~ 8 mg/1

*pD =  th e  d ilu tio n  value  expressed  in mg/1 
**P p roh it

2. A n tih is ta m in ic  activity

a) G u i n e a  p i g  i l e u m .  T he  a n tih is ta m in ic  a c tiv ity  o f  th e  
th re e  com pounds is show n in  T ab le  I I .  As i t  m ay  be  seen, th e  E D 50 of th e  iso m ers  
as w ell as th e ir  diffusion values (pD ) w ere e ssen tia lly  o f th e  id en tica l o rd e r 
o f m ag n itu d e .

Table III

E ffect o f  racemic , (-}-)- and (-)-p ro m e th a z in e  on the h istam ine-induced asthma

C om pound
m g/kg N u m b e r of P ro te c te d  an im a ls , p e r  cen t
s. c. an im als

3 0 ' 6 0 ' 9 0 ' 120' 150' 18 0 '

0 .9 %  N aC l 1 ml 12 0 0 0 0 0 0
R acem ic prom e- 0.5 12 33.3 33.3 33.3 33.3 25.0 16.7

th az in e 1.0 9 100 100 100 66.6 66.6 66.6

( +  )-p rom ethaz ine 0.5 12 50 33.3 33.3 33.3 33.3 16.7

1.0 9 100 100 100 100 66.6 66.6

(— )-p rom ethaz ine 0.5 12 33.3 50.0 33.3 33.3 33.3 16.7

1.0 9 100 100 100 100 55 55
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b) A n t a g o n i s t i c  e f f e c t  t o w a r d s  h i s t a m i n e  h y p o ­
t e n s i o n .  In  an  a m o u n t o f 50 p g /k g , b o th  racem ic p ro m e th az in e  an d  th e  
iso m e rs  abolished th e  d ep resso r effect o f th e  s ta n d a rd  h is ta m in e  dose. T he 
a p p ro x im a te  E D 50 w as 20 / g/kg w ith  e ith e r  o f th e  com pounds. A p a r tia l 
a n ta g o n is tic  ac tio n  is show n  in  F ig . 1.

F ig . 1. A n tih is tam in ic  e ffe c t  o f  p ro m eth az in e  isom ers. B lood p ressu re . C at w eighing 3 kg. 
C h lo ralose -u rethane  a n ae sth es ia . T im e : 1 m in u te . H  =  H is tam in e  d ich lo rh y d ra te

c) I n h i b i t i o n  o f  h i s t a m i n e - i n d u c e d  a s t h m a .  The 
r e s u lts  o f th ese  e x p e rim e n ts  are  p re se n te d  in  T ab le  I I I .  B o th  th e  p ro tec tiv e  
d o se  and  th e  d u ra tio n  o f ac tio n  w ere p ra c tic a lly  id en tica l w ith  e ith e r  o f th e  
th re e  p rep a ra tio n s  ; 0.5 m g/kg p ro te c te d  fo r 2 to  2.5 h o u rs  o n e -th ird  o f th e  
a n im a ls  while 1 m g /k g  afforded  100 p e r c e n t p ro tec tio n  fo r 1.5 to  2 hours.
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Table IV

Prolongation o f  Hexobarbital anaesthesia by racemic, ( +  )-and  (— )-promelhazine on mice

Compound Number of 
animals

ED5o mg/kg 
i. p.

95 per cent confidence limit
s* P

lower upper

R acem ic p r o m e th a z in e ......... 206 5.0 3.85 6.5 3.35 —

(-b )-p ro m eth az in e  ................... 228 4.8 3.62 6.35 3.08 > 0 .2

(— )-p rom ethaz ine  ................... 200 6.2 4.75 7.2 3.58 > 0 .2

S* Slope

3. A naesthesia-potentia ting  effect

A n tih is ta m in ic  d ru g s a re  know n to  p ro long  b a rb itu ra te  sleep  [8]. 
T he E D 50 o f th e  isom ers in v e s tig a te d  are show n in  T ab le  IV . T h e  op tica l 
isom ers d id  n o t differ in  th is  te s t  e ith e r  ; th e  v a lu e  w as 5 m g/kg in  th e  case of 
racem ic  p ro m e th az in e  ; 4.8 m g /kg  w ith  (- |-)-p ro m eth az in e  ; 6.2 m g /k g  w ith  
( — ) -p ro m eth az in e .

D iscussion

T he to x ic ity , a n tih is ta m in ic  a c tiv ity  and  c e n tra l nervous ac tio n  o f th e  
o p tica l isom ers of p ro m e th az in e  h av e  been in v e s tig a te d . U nlike th e  iso -p ro ­
m eth az in e  described  by  C h a r p e n t i e r  and  D u c r o t  as w ell as b y  N . D .  E d g e  

[3, 4 ], th e  o p tica l isom ers fa iled  to  show  any  d ifference in  e ith e r  o f th e  above 
te s ts . A ccord ing ly , th e  o p tica l an tip o d s  of p ro m e th az in e  do n o t re v e a l such 
differences in  a c tiv ity  as is u su a l w ith  o th e r k inds o f d ru g s  (e.g. th e  ana lg e tics). 
T he o b se rv a tio n  th a t  th e  o p tic a l isom ers of p ro m e th a z in e  differ n e ith e r  in 
a n tih is ta m in ic  effect n o r in  c e n tra l nervous ac tio n  in d ica te s  th a t  th e  sensi­
t iv i ty  to  th e  in d iv id u a l o p tica l isom ers of the  p e rip h e ra l h is tam in e  re c e p to rs  
is th e  sam e as th a t  of th e  c e n tra l nervous sy stem . A n o th e r  conclusion  from  
th e  above f in d in g s  is th a t ,  as fa r  as th e  pharm aco log ical e ffectiveness is con­
cerned , th e  sep ara tio n  o f p ro m e th az in e  in to  o p tica l isom ers is su p e rflu o u s .
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T he pharm aco log ica l p ro p e rtie s  o f pancreatic  e la s ta se  h a v e  b een  stu d ied  w ith  th e  
resu lts  as follows :

In  m ice and  ra ts  th e  in tra v e n o u s  to x ic ity  o f p rep ara tio n s  w ith  v a ry in g  e lasto ly tic  a c t iv i ty  
p ro v ed  to  b e  th e  fu n c tio n  of th e  e la s tase  con ten t. The m ore e la s to ly tic  a p re p a ra tio n  is th e  
h igher i ts  tox ic ity .

T h e  to x ic  and  su b to x ic  e ffects o f th e  enzym e a d m in is te re d  in trav en o u s ly  m an ife s ted  
them selves m ain ly  in  th e  lu n g s a n d  spleen , organs rich  in  e la s tic  fib res . T he enzym e p re su m ­
ably  p lay s a  ro le in  th e  m a in te n a n c e  o f th e  s ta te  of collagenic tis su e  a n d  i t  increases c a p illa ry  
p e rm eab ility .

In  ca ts  u n d e r ch lo ra lo se -u re th an e  anaesthesia , e la stase  d ec reased  blood p ressu re . T h e  
h y p o tensive  effect o f e la stase  w as an a lysed . T he find ings su g g est th e  hypo tensive  a c tio n  o f 
e lastase  to  be  due m ain ly  to  d i la ta t io n  o f th e  peripheral b lood  vessels a n d  capillaries. H o w ev e r, 
th e  in flu en ce  on  th e  v a so m o to r c e n tre  should  n o t be o v e rlo o k ed , e ither.

S tu d ies  perform ed on  iso la te d  organs suggested th e  b io log ical b eh av io u r o f  e la stase  
to  resem ble  th a t  of c ry sta llin e  try p s in .

B aló  and  B a n g a  [1, 2] in  1949 iso lated  from  ox  p an c reas  a new  enzym e 
w hich in  vitro  d isso lved  th e  e la stic  fib res of b lood  vessels. This p ro te o ly tic  
enzym e dissolving e la s tin  w as called  “ elastase” . T h e  b iochem ical p ro p e rtie s  
m ade i t  possible to  s e p a ra te  e la s ta se  from  th e  o th e r  p ro teo ly tic  enzym es 
( try p s in , chy m o try p sin ) p re se n t in  th e  pancreas [3]. F ro m  th a t  tim e  on n u m e ­
rous a u th o rs  have  d e a lt w ith  th e  pu rifica tion  a n d  b iochem ica l p ro p ertie s  o f  
e la s ta se  [4 — 10]. T hese in v es tig a tio n s  revealed  th e  enzym e to  co nsist o f 
d iffe ren t com ponents [9, 11], a fa c t v e ry  p ro b ab ly  resp o n sib le  for th e  m an ifo ld  
en zy m atic  ac tion . B a n g a  a n d  S c h u l e r  [12], as w ell as H a ll  et al. [4], 
d e m o n s tra te d  th e  m u co ly tic  a c tiv ity  of e lastase , w hile  a lipo ly tic  a c t iv i ty  
w as re p o rte d  b y  L a n s i n g  et al. [5]. A ccording to  S a x l  [13], the  enzym e is 
invo lv ed  in  th e  fo rm atio n  o f th e  “ clearing fac to r” .

T h e  physio logical a n d  pharm aco log ical p ro p e rtie s  o f  e lastase  have  h a rd ly  
been  s tu d ied . B aló  an d  B a n g a  [14] d em o n stra ted  t h a t  th e  elastase  c o n te n t 
o f th e  p an creas  w as c o n s id e ra b ly  low er a t th o se  w ho h a d  died w ith  g rav e  
arteriosc lerosis  th a n  in  o th e r  ind iv idua ls. L a n s i n g  et al. [15], in v es tig a tin g  
th e  sy stem ic  effects o f th e  en zy m e, s ta ted  th a t  in  cho lestero l-fed  ra b b its  th e  
d ev e lo p m en t of f a t ty  liv e r  a n d  a th ero m ato sis  w as in h ib ite d  b y  e lastase  t r e a t ­
m en t. O n th e  co n tra ry , T e n n e n t  et al. [16] found th a t  e la s ta se  failed to  p re v e n t 
in  ch icken  th e  d ev e lo p m en t o f arteriosclerosis.

5 Acta Phyeiologicu XV/4.
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T h e  an tia th e ro g en ic  ac tio n  o f the  e la s to ly tic  enzym e h as  b e e n  po in ted  
o u t  re c e n tly  b y  Co h e n  et al. [17]. B aló  et al. [18] d e m o n s tra te d  t h a t  in  the 
r a t ,  o n  in tra p e rito n e a l a d m in is tra tio n  o f to x ic  doses, th e  en zy m e produced  
e x tre m e  d ila ta tio n  o f th e  p e r ito n e a l cap illa ries an d  d iapedetic  b leed in g s in  the 
a b d o m in a l cav ity , w ith  subsecjuen t collapse a n d  d ea th . O n th e  o th e r  hand , 
c h ro n ic  ad m in is tra tio n  o f e la s ta se  induced  h y p e rtro p h y  and  h y p e rp la s ia  in the  
g la n d u la r  tissue o f th e  p a n c re a s , w ith  a com it.ant m arked  in c rease  o f th e  elas­
ta s e  co n ten t. K ovács  a n d  B a g d y  [30] a d m in is te red  h igh  doses o f  e lastase 
in tra b ro n c h ia lly  to  ra b b its , w ith o u t an y  u n to w a rd  consequences. L a n s i n g  et al. 
[19] d em o n stra ted  t h a t  e la s ta se  w as p ro d u c e d  in  fish  b y  p an crea tic-a -ce lls . 
C a r t e r  [20] found  th e  e la s ta se  c o n te n t o f th e  dog pan creas  to  d im in ish  on 
t r e a tm e n t  w ith  coba lt. In  th e  dog th e  p resence  of e lastase  in  th e  pan crea tic  
ju ic e  w as d em o n stra ted  b y  K o k a s  et al. [21] a n d , in  th e  r a t ,  b y  C o h e n  et al.
[17]. A ccordingly , e la s ta se  m ay  be ran g ed  am ong th e  d igestive  enzym es.

As i t  seem ed p ro b a b le  from  th e  l i te ra ry  d a ta  th a t  th e  new  enzym e m ay 
p la y  a p a r t  in  arterio sc le ro s is  [1, 2, 14, 15, 17], it  seem ed im p o r ta n t  to  inves­
t ig a te  its  p h arm aco lo g ica l p ro p e rtie s .

T he p resen t re p o r t  d eals  w ith  ex p e rim en ts  concerning th e  a c u te  to x ic ity  
o f  e la s ta se , as well as its  ac tio n  on blood vessels and  on v a rious sm o o th  m uscles.

M ethods

T he elastase used  in  th e  e x p erim en ts  was p re p a re d  according to  th e  a d so rp tio n  tech n iq u e  
o f  Bagdy an d  Banga [10]. T h e  p rep ara tio n s , v a ry in g  in  e lasto ly tic  a c t iv i ty  fro m  24 to  120 
u n its /m g , were dissolved in  1/15 M  p h o sp h a te  b u ffe r  a t  p H  7.2 and  d ilu te d  w ith  physio log ical 
sa lin e .

Toxicity. T he in v es tig a tio n s  concerning th e  acu te  to x ic ity  o f e la stase  w ere  p e rfo rm ed  
o n  w h ite  m ice w eighing 16 to  20 g, an d  on W is ta r  ra ts  ran g in g  in  w e ig h t f ro m  120 to  160 g. 
T h e  p re p ara tio n s  w ere a d m in is te re d  b y  th e  in tra v e n o u s  rou te. F ro m  th e  m o r ta l i ty  ra te  o b ­
se rv e d  a fte r  24 hours, th e  L D 50 va lues w ere c a lcu la te d  according to  th e  p ro b i t  m eth o d  of 
Litchfield and Wilcoxon [22]. T he w et w eigh t o f th e  organs was m ea su re d  on  a torsion  
b a la n ce .

E ffect on the circulation. T he effec t o f e la stase  on  blood p ressu re  w as in v es tig a te d  in  
45 c a ts  u n d e r ch lo ra lo se -u re th an e  (50 m g/kg a n d  40 m g/kg , resp .) an aesth es ia . B lood  p ressu re  
w a s  reco rded  from  th e  c a ro tid  a r te ry . T he p re p a ra tio n s  were in jec ted  in to  th e  fem ora l vein . 
T h e  ad ren o ly tic  a n d  n o ra d re n o ly tic  actions o f  th e  p rep ara tio n s  as well as th e ir  in flu en ce  
o n  b o th  th e  caro tid  sinus re fle x  an d  th e  sy m p a th e tic  ganglia  w ere s im ila rly  s tu d ie d  in  cats 
u n d e r  th e  above-described  a n ae sth es ia . In v e s tig a tio n  o f th e  caro tid  re fle x  w a s  m ad e  b y  com ­
p re ss in g  b o th  c a ro tid  a r te r ie s  fo r 30 seconds. I n  th ese  cases blood p re ssu re  w as reco rded  
fro m  th e  fem oral a r te ry . T o  in v es tig a te  th e  ad ren o ly tic  and  n o ra d re n o ly tic  ac tio n s , 5 to  10 
/(g /k g  adrenaline , resp . n o ra d re n a lin e  w as used . T h e  ganglionic b lock ing  a c t io n  w as m easured  
b y  reg iste ring  th e  c o n tra c tio n s  o f th e  n ic ti ta tin g  m em b ran e  a fte r e lectric  s t im u la tio n  of th e  
p reg an g lio n ic  fib res  o f  th e  su p e rio r  cerv ical gang lion  o f  th e  cat.

Direct vasodilator action. T hese  ex p erim en ts  w ere perform ed on  th e  iso la te d  h in d  lim b 
o f  th e  c a t u n d e r th e  ab ove  a n aesth es ia . T he le f t h in d  lim b  of th e  an im al w as iso la te d  from  th e  
b o d y  excep t for th e  fem ora l a r te ry  a n d  vein . B o th  vessels were c an n u la te d . T h e  b lood  flow ing 
th ro u g h  th e  iso la ted  lim b  w as co n d u c ted  from  th e  fem ora l vein  in to  a  d ro p -c o u n te r  an d  th en , 
a f te r  rew arm ing , re in fu sed  in to  th e  r ig h t fem o ra l v e in . T he v a so d ila to r  o r  v a so co n stric to r 
e ffe c t o f th e  p re p a ra tio n s  w as ju d g ed  b y  th e  changes in  th e  n u m b er o f b lo o d  d rops flow ing 
th ro u g h  the  lim b. T h e  p re p a ra tio n  in v es tig a te d  w as in tro d u c ed  in to  th e  c a n n u la  o f th e  fem oral 
a r te r y  in  a m ax im u m  v o lu m e o f 0.1 ml. These e x p erim en ts  involved te n  c a ts .
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C a p i l la r y  p e r m e a b i l i ty . These experim en ts  w ere carried  o u t on 8 ra b b its  ra n g in g  in  
w eigh t fro m  2 to  2.5 kg. U n d e r u re th a n e  a n aesth es ia  th e  ab d o m in a l wall o f th e  an im a l w as 
sh av ed  ; 1 p e r  c en t t ry p a n e  b lue  was ad m in iste red  in tra v e n o u s ly  a n d  th e n  th e  c lastase  d isso lv ed  
in 0.2 m l physio log ica l saline w as a d m in is te red  b y  th e  in tra d e rm a l ro u te . T he e x te n t  o f  d y e ­
b in d in g  w as reg is te red  h a lf-h o u rly  b y  m easu ring  th e  d iam e te rs  o f th e  sp o t for 3 h o u rs  a f te r  
th e  in tra d e rm a l in jec tio n  of th e  e lastase.

E ffe c t  o n  th e  h e a r t. T he effect o f th e  e lastase  on  h e a r t  fu n c tio n  was stu d ied  on  th e  frog  
h e a r t  iso la ted  accord ing  to  Straub. T he in fluence  o f th e  p re p a ra tio n  on  co ro n ary  flow  w as 
in v es tig a ted  on  ra b b it  h e a rts  iso lated  accord ing  to  Langendorff an d  b y  th e  m e th o d  o f  
Nieschulz, Popendiker a n d  Hoffmann [23] on  a live ra ts . T h e  an im als w eighing 120 to  
160 g w ere an ae sth e tize d  w ith  e th e r an d  lead  I I  w as reco rd ed  b y  m eans of “ O rion  E M G ”  
ty p e  e lec tro card io g rap h . W hen  1 U /kg p o ste rio r  p i tu i ta r y  to ta l-e x tra c t  was a d m in is te re d  
by  ra p id  in tra v en o u s  in jec tio n , th is  re su lted  in  th e  e lev a tio n  of th e  T -w ave, on a cc o u n t o f th e  
co n str ic tio n  o f th e  coronaries. T he e lastase  was im p e ted  in tra v en o u s ly  5 m inu tes p rio r  to  th e  
p i tu i ta ry  e x tr a c t  an d  th e  p e r cen t o f  an im als p ro te c te d  from  th e  e lev atio n  of th e  T -w av e  
was d e te rm in ed .

E ff e c t  o n  sm o o th  m u s c le s . T hese experim en ts  w ere m ade  on excised ra b b it  in te s tin e  a n d  
u te ru s , on gu inea-p ig  in te s tin e , an d  on th e  u te ru s  o f ra ts  p re tre a te d  w ith  100 /tg /k g  d ie th y l-  
stilb o estro l fo r 1 to  2 days. R a b b it  an d  guinea-p ig  in te s tin e s  w ere suspended  in  10 m l o x y ­
genized T y ro d e  so lu tion  of 38° C. W ith  th e  ra b b it  an d  r a t  u te r i  T y ro d e  so lu tion  poor in  c a lc iu m  
was used  a n d  th e  ex p erim en ts  were p e rfo rm ed  a t  3 0 3 C. T h e  c o n trac tio n s  evoked a t  8 m in u te s  
in te rv a ls  w ere  reg is te red  b y  m eans of a f ro n ta l reco rd er ( tran sm iss io n  1 : 5).

T he p re p a ra tio n s  used  in  th e  ex p erim en ts  i n  v i tr o  w ere h is tam in e  d ih y d ro ch lo r id e  
( C h i n o i n ) ; P a ren zy m e  aqueous (lyophilized  try p s in , N a t io n a l  D r u g  C o .) ; se ro to n in e -c rea tin in e  
su lp h a te  ( L i g h t  a n d  C o ., L t d . )  and  k a llik re in  (P a d u tin , B a y e r ) .

Results

T oxicity

I n  th e  m ouse, th e  in trav en o u s  L D -0 o f d iffe ren t e lastase  p re p a ra tio n s  
v a ried  fro m  2960 to  4240 u n its /k g , w ith  a m ean  o f 3455 i  207 U /kg. I n  th e  
ra t ,  one o f  th e  p re p a ra tio n s  show ed an  in tra v e n o u s  L D 60 of 4400 U /kg. T h is  
sam e p re p a ra tio n  gave , in  th e  m ouse, th e  id en tica l va lu e  of 4240 U /kg . T h e  
resu lts  o f th e se  ex p erim en ts  are  show n in T ab le  I.

Table I

LD -M v a lu e s  o f  e n z y m e  p r e p a r a t io n s  w i th  v a r y in g  e la s to ly tic  a c t iv i ty

Species
Number of 

animals
Elastolytic 

activity 
in unit/mg

LD60 i. V. 
in mg/kg

L D s o  i .  V.
in elastolytic 

unit/kg
в. e.*

m ouse 60 100 35 3500 ±  150

, , 50 72 41 2960 ±  275

, , 60 40 106 4240 ±  182

” 100 24 130 3120 ±  220

M ean 3455 U /kg ±  207

ra t 45 40 110 4400 U /kg ±  262

s. e. =  s ta n d a rd  e rro r

5*
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Som e m in u te s  follow ing th e  in tra v e n o u s  a d m in is tra tio n  o f e las tase , 
d e c re a sed  m o tility , a ta x ia  and  flacc id  p a ra ly s is  were observed  in  b o th  th e  
m o u se  an d  th e  r a t .  S ide p o sitio n  w as, h o w ev er, n o t to le ra ted . T hese effects 
d ev e lo p ed  a fte r  th e  in jec tio n  of ab o u t 800 to  1000 U /kg enzym e. A fte r  h ig h er 
doses som e an im als ex h ib ited  w ith in  a s h o r t  tim e  an  u n u su a l b lo o d y -fro th y  
d isch a rg e  from  th e  sn a res  and  th e  m o u th . T hese an im als soon d ied  u n d e r 
co nvu lsions. P o st m o rtem  th e  lungs show ed u n u su a l h y p eraem ia , oedem a and 
m a rk e d ly  increased  w eigh t. T he alveoli w ere  filled  m ain ly  w ith  b lood  or in  
so m e p laces w ith  p lasm a.

Table I I

E ffect o f  elastase on the weight o f  the lu n g s , liver and spleen in  the mouse

S ta n d a rd  dose = 1 8 0  m g/k g  in tr a v en o u sly , o f  a p rep a ra tio n  con ta in in g  24 e la s to ly t ic  u n its /m g
[ =  4320 u n its /k g ]

G r o u p

Num­
ber of 
ani­
mals

Weight 
of ani­
mals, g

Weight
of

lungs,
mg

Weight
of

liver,
mg

Weight
of

spleen,
mg

Weight change, per cent

lungs*

Index 

liver* * spleen
***

Spleen
mg

Lungs
mglungs liver spleen

T re a te d  an im als 
d ied  w ith in  30 
m in u te s  ......... 79 17.5 309.2 54 17.6

C o n tro ls ................ 52 17.4 2 0 2 .2 — — — — — 11.9 — — —

T re a te d  anim als 
d ied  w ith in  30 
m in u te s  ......... 29 17.7 311.5 941.5 198.8 +  56.0 —  7 0 17.6 53.1 11.3 0.64

T re a te d  anim als 
survived  30 
m in u te s  ......... 12 17.1 236 1281 485.5 +  18 +  30 +  144 13.8 75.5 28.4 2.05

C o n tro ls ................ 22 17.8 200 986.2 199.3 — — — 11.2 55.4 11.1 1.0

* L ung in d e x  =  

** L iver  in d e x  =  

*** Spleen  in d e x  =

w e ig h t o f  lu n gs, m g  
b od y  w e ig h t, g 

l iv e r  w eig h t, m g  
b o d y  w e ig h t, g 

sp leen  w e ig h t, m g  
b o d y  w e ig h t, g

T ab le  I I  show s th e  increase evoked  b y  tox ic  doses of e la s ta se  in  th e  
w e ig h t of th e  lungs. A fte r th e  in tra v e n o u s  a d m in is tra tio n  of 4320 U /kg enzym e, 
80 to  90 p er cen t o f th e  an im als died  u n d e r  th e  signs of p u lm o n a ry  oedem a and  
p u lm o n a ry  h aem o rrh ag e . The w eigh t o f  th e  lungs increased  on th e  average
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b y  54 p e r  c en t. T he p u lm o n ary  in d ex  rose from  11.9 to  17.6. In  an im als  d y in g  
w ith in  th e  sh o r te s t  tim e  follow ing th e  ab o v e  dose o f th e  e lastase , th e  w e ig h t 
o f th e  liv e r  a n d  spleen as well as th e  in d ex  liv e r  : spleen were h a rd ly  a lte re d . 
O n th e  o th e r  h a n d , in  mice su rv iv in g  th e  enzym e adm in iste red  m ore th a n  30 
m in u te s  i t  w as th e  spleen th e  w eigh t o f  w hich  au g m en ted  m ost (b y  114 p e r  
cen t) w ith  a co n co m itan t rise in  th e  sp leen  in d ex  from  11.1 to  28.4. I n  th e se  
an im als th e  liv e r  becam e 30 p e r c en t h e a v ie r  an d  th e  liver in d ex  in c rea sed  
from  55.4 to  75.5, changes co n sid e rab ly  less th a n  tho se  of th e  sp leen . A t th e  
sam  e tim e , o f  th e  th re  eorgans th e y  w ere th e  lungs w hich exh ib ited  th e  s lig h te s t 
increase  in  w e ig h t an d  the  lung  in d ex  w as au g m en ted  to  a considerab ly  sm alle r 
degree (from  11.2 to  13.8) th a n  in  th e  an im als  w hich died im m ed ia te ly  a f te r  
th e  a d m in is tra tio n  of elastase.

E ffects on the circulation

In  th e  c a t, th e  in trav en o u s  a d m in is tra tio n  o f e lastase  evoked  a fa ll in  
b lood p re ssu re , th e  e x te n t o f w hich d ep en d ed  on th e  dose em ployed. 5 m g /k g  
(120 U /kg) o f a p re p a ra tio n  w ith  an  enzym e c o n te n t o f 24 U/m g caused a d ec rea se  
of 15 to  50 m m  H g ; 10 ing/kg (240 U /kg) led to  a fall of 20 to  60 m m  H g.

r i g .  1. B lood p ressu re  decreasing effect o f d iffe ren t doses o f e lastase. Cat: 3.2 kg. C hlo ralose  
U re th an e  anaesth es ia . T : 130 m m  H g. E  E la s ta se  24 U/m g. T im e 1 m in u te

Fig. 2. E ffec t o f  v ag o to m y  on e lastase  h y p o ten s io n . C at : 2.8 kg. C h lo ralo se -U re th an e  a n ­
aes th esia . T  : 160 m m  H g. E la s ta se  72 U /m g. T im e 1 m inute
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In c re a s in g  the  dose to  20 m g/kg  (480 U /kg), th e  dep resso r response w as h a rd ly  
g re a te r  th a n  th a t  o b se rv e d  a fte r  10 m g/kg, ev en  th o u g h  th e  action  was p ro longed .

F ig ■ 3. B lood p re ssu re  d ec reas in g  effect o f e la stase  befo re  an d  a fte r  a tro p in e  t r e a tm e n t.  
C a t  : 2.6 kg. C h lo ra lo se -U re th a n e  anaesthesia . T  : 134 m m  Hg. E  =  E la s ta se  24 U /k g , 

A C h =  A cetylcholine, A tr  =  A tro p in e  su lp h a te

F ig . 4. E ffect o f p ro m e th a z in e  on elastase h y p o ten s io n . C a t : 2.9 kg. C h lo ralo se -U re th an e  
a n ae sth es ia . T : 160 m m  H g . T im e 1 m inu te

F ig . 5. E ffec t o t B O L -1 4 8  o n  th e  hypotensive  e ffe c t o f  e lastase  and  sero ton ine. C at : 2.8 k g ' 
C hloralose-U re thane  a n ae s th es ia . T : 160 m m  H g . T im e  1 m inute . E  =  E la s ta se  24 U /m g . 

BOL-148 =  B ro m e  lyserg ic  acid d ie th y lam id e , S =  Serotonine c rea tin in e  su lp h a te

I n  m ost cases sm a ll doses (2.5 to  10 m g /k g ) caused  only a tra n s ie n t fa ll in  
b lood  p ressu re , la s t in g  2 to  18 m in u tes , w h ile  th e  effect o f g re a te r  a m o u n ts  
(20 m g/kg i  480 U /kg ) was som etim es ir re v e rs ib le . The e x te n t a n d  d u ra tio n  
o f  th e  v aso d ep resso r a c tio n  m arkedly  v a r ie d  w ith  th e  sen sitiv ity  o f th e  an im als  .
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In  th e  g re a te r  p a r t  o f th e  e x p e rim e n ts  a b iphasic  re a c tio n , too , co u ld  be  
o b serv ed  w ith  a rise of 10 to  20 m m  H g som e seconds p rio r to  th e  fall o f  b lood  
p ressu re . T hese  effects are  d e m o n s tra te d  in  F ig . 1.

In  th e  follow ing e x p e rim e n ts , th e  m echanism  o f th is  h y p o ten s iv e  a c tio n  
had to  be stu d ied .

Fig. 2 show s th a t ,  a t  a dose leve l o f 1 m g/kg , th e  h y p o ten siv e  a c tio n  o f  a 
p re p a ra tio n  con ta in in g  72 U /m g e las ta se  Avas n o t in fluenced  b y  v a g o to m y , w hile 
Fig. 3 d e m o n s tra te s  th a t  2 m g /kg  a tro p in e , too , failed  to  affect th e  h y p o te n s iv e  
ac tio n  o f e lastase . A t th e  sam e tim e , th e  vasodepresso r effect o f th e  s ta n d a rd  
ace ty lch o lin e  dose was abo lished . C orrespondingly , th e  vaso d ep resso r a c tio n

Fig . 6. E ffec t o f A drenaline on  th e  blood p re ssu re  increasing  effect o f ad renaline  a n d  n o ra d re n ­
aline . C a t :  2.7 kg. C h lo ra lo se -U re th an e  anaesth es ia . A tro p in e  1 m g/kg. V ag o to m y . T
90 m m  H g. T im e 1 m inute. A =  A d ren alin e , N  =  N o rad ren a lin e , E  - E la s ta se  24 U /m g

o f  t h e  e l a s t a s e  w a s  n o t  d u e  t o  a  s t i m u l a t i o n  o f  t h e  p a r a s y m p a t h e t i c  n e r v e  

e n d i n g s .  N e i t h e r  w a s  t h i s  a c t i o n  o f  r e f l e x  o r i g i n  ( B E Z O L D - r e f l e x )  s i n c e  

v a g o t o m y  h a r d l y  i n f l u e n c e d  t h e  e x t e n t  o f  t h e  d e p r e s s o r  r e s p o n s e .

T he h y p o ten siv e  ac tio n  o f th e  enzym e differs from  th a t  o f h is ta m in e  in  
th a t  an tih is ta m in ic  drugs fa iled  to  c o u n te ra c t th e  e la sta se  ac tion  (F ig . 4 ).

F ig . 4 show s th a t  th e  h y p o te n s iv e  effect o f e la s ta se  m an ife s ted  i ts e lf  
also a f te r  th e  a d m in is tra tio n  o f 0.5 m g p ro m eth az in e  b y  w hich th e  d e p re sso r  
response  to  th e  s ta n d a rd  h is ta m in e  dose w as co m p le te ly  abo lished .

S ero to n in e  is know n to  in d u ce  a fa ll in  th e  b lood  p ressu re  o f th e  c a t. 
T he q u es tio n  arose w h e th e r i t  w as a co n tam in a tio n  w ith  se ro to n in e  t h a t  
caused th e  p re p a ra tio n  to  low er b lood  p ressu re . T his possib ility  w as ex c lu d e d  
b y  th e  fin d in g  th a t  the  ac tio n  o f  e la s ta se , un like th a t  o f se ro ton ine , w as n o t  
in h ib ite d  b y  B O L —148 (b rom o lyserg ic  acid d ie th y lam id e). T h is is  show n  
in F ig . 5.

I t  show s th a t  1 m g/kg B O L — 148, while decreasing  th e  h y p o te n s iv e  
effect o f sero to n in e , failed to  in h ib it th e  vasodepression  induced  by  10 m g /k g  
(240 U /kg) e lastase .

F ro m  th e  in v es tig a tio n s  o f  A b e l o n s  an d  B a r d i e r  [24], as w ell a s  
F r e y ,  K r a u t  an d  W e r l e  [25, 26, 27], i t  has been  know n fo r long t h a t  th e  
p an c reas  co n ta in s  a horm one w ith  h y p o ten siv e  ac tio n . T his ho rm one  w as
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c a lle d  ka llik re in  (P a d u tin ) . I t  h ad  to  be d ec id ed  w h e th e r or n o t th e  h y p o te n ­
s iv e  effect of e la s ta se  a n d  th a t  of k a llik re in  cou ld  be d isting u ish ed  from  each 
o th e r . F o r th is  p u rp o se  we relied  on th e  k n o w n  fa c t th a t  ka llik re in  is ad ren o ­
ly t ic  in  action .

A s i t  can  b e  seen  from  Fig. 6, e la s ta se  h ad  n e ith e r  ad ren o ly tic  nor 
n o ra d re n o ly tic  p ro p e r tie s . In  fac t, i t  t r a n s ie n tly  som ew hat p o te n tia te d  th e

F ig .  7. E ffec t o f k a llik re in  o n  th e  blood pressu re  in c re a s in g  effect of ad ren a lin e  an d  n o ra d re n ­
a lin e . C a t:  2.7 kg . C h lo ra lo se -U re th an e  a n aesth es ia . A tro p in e  1 m g/kg. V ag o to m y . T =  100

m in H g

e ffe c t o f b o th  p re sso r am in es, on the  o th e r  h a n d , Fig. 7 shows th a t  ka llik rein  
dec reased  th e  effect o f ad ren a lin e  and le ft u n c h an g ed  the  effect of no rad rena line . 
A f te r  th e  a d m in is tra tio n  of 1 U /kg k a llik re in  th e  vasopressor effect o f 10 
^ tg /kg  ad renaline  d ec rea sed , while th e  effect o f 10 y  g /kg n o rad ren a lin e  rem ained  
u n a lte re d .

Sum m ing u p  th e  ab o v e  resu lts , th e  h y p o ten siv e  action  o f e lastase  was 
n o t  c o u n te rac ted  e ith e r  b y  vago tom y  or b y  p rev io u s t re a tm e n t w ith  a tro p in e . 
T h e  se fac ts  in d ic a te  t h a t  th e  v aso d ep resso r effect is no t connected  to  an  
e x c ita tio n  of th e  p a ra sy m p a th e tic  n e rv e  en d in g s, or to  th a t  of th e  sensory- 
f ib re s  of th e  v ag a l n e rv e . T he action  o f e la s ta se  differed  from  th a t  of h is tam in e  
n o t  on ly  in  th e  c h a ra c te r  o f th e  blood p re ssu re  change b u t also in  the fa c t 
t h a t  an tih is ta m in ic  d ru g s  d id  no t abolish  i ts  effec t. N e ith e r w as th e  hyp o ten siv e  
a c tio n  due to  an  e v e n tu a l c o n ta m in a tio n  w ith  sero ton ine , since B O L —148, 
w h ich  in h ib ited  th e  e ffec t of sero tonine le f t u n ch an g ed  th a t  o f e lastase . E la s ­
ta s e  differs also fro m  k a llik re in , the  h y p o te n s iv e  horm one know n to  be p resen t 
in  th e  pancreas. E la s ta s e  p o ten tia ted  n a m e ly  th e  effect of ad ren a lin e  and  of 
n o rad ren a lin e , w hile k a llik re in  ex erted  an  ad ren o ly tic  action .

E ffec t on the carotid s in u s  reflex

C onsidering th a t  in tra v e n o u s ly  o r in tra p e r ito n e a lly  ad m in is te red  elas­
ta s e  w as found  to  cause  seda tion  and  a d ecrease  of sp o n tan eo u s a c tiv ity , th e  
ro le  p lay ed  b y  c e n tra l  m echan ism s in  th e  h y p o ten s iv e  ac tio n  o f e lastase  w as 
s tu d ie d .
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F o r th is  p u rp o se  we ex am in ed  th e  in fluence  o f e lastase  on b lood  p re ssu re  
rise  follow ing th e  com pression  o f b o th  ca ro tid  a rte rie s . I t  was fo u n d  t h a t  
th e  in tra v e n o u s  a d m in is tra tio n  o f  120 to  240 U /k g  e lastase  in h ib ite d  th e

Fig. 8. Effect of elastase on blood pressure increase caused by the compression of bilateral 
carotis. Cat : 3 kg. Chloralose-Urethane anaesthesia. T : 130 mm Hg. E =  Elastase 24 U/mg

cc =  carotis compression 30 sec

ca ro tid  re flex  b y  20 to  50 p e r cen t. T h is is show n in  Fig. 8. This e ffec t w as 
o bserved  especially  in  th e  case o f a p ro longed  h y p o ten siv e  ac tio n  (8 to  20 
m in u tes).

G anglionic blocking action

H y p o ten siv e  doses o f e la s ta se  (120 to  240 U /kg) failed  to  e x e r t  a n y  
gangbon ic  b locking  effect, as ju d g e d  from  te s ts  on  th e  n ic tita tin g  m e m b ra n e  
o f th e  ca t.

Table III

E f f e c t  o f  e la s ta se  o n  th e  iso la te d  h i n d  l im b  o f  th e  ca t

N u m b e r  o f 
e x p e rim e n t

S u b stan ce
in v es tig a te d

Dose d isso lved  
in  0.1 m l saline

C hanges in  th e  d ro p  n u m b e r  a f te r  th e  in je c tio n , p e r  c e n t

30 sec 60 вес 90  вес 180 вес 210 вес 240 вес

l . E la sta se 50 E . U. +  148 +  72 0 — 24 + 1 9 +  10
2. E lastase 50 E . U. +  68 +  12 — 20 — 12 +  12 +  5

3. E la s ta se 50 E . U. +  38 +  10 —  6 0 +  6 +  12
4. E la s ta se 50 E . U. +  25 — 15 — 10 — 15 — 10 —  5

5 . E lasta se 50 E . U. +  114 +  76 +  24 — 27 — 20 — 20
6. E la s ta se 50 E . U. +  56 +  24 — 20 — 12 — 10 +  1 0

7. 0 .9 %  NaCl 0.1 m l 0 0 0 +  2 —  2 +  5
H. 0 .9%  NaCl 0.1 ml 0 +  5 —  2 +  5 +  2 +  1

9. 0 .9%  N aCl 0.1 ml +  4 +  2 +  2 +  2 +  5 +  з
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E ffe c t on peripheral blood vessels

T able I I I  show s th e  re su lts  of th e  e x p e r im e n ts  perfo rm ed  on th e  iso la ted  
h in d  lim b of th e  c a t. T h ro u g h o u t the  e x p e r im e n ts  th e  in tra a r te r ia l  in jec tion  
o f  50 U /kg e lastase  e v o k e d  vaso d ila ta tio n  la s tin g  0.5 to  1 m in u te , m an ifesting  
i t s e l f  w ith  a 25 to  148 p e r  c en t increase o f th e  n u m b e r  of d rops. T h is v aso d ila ­
ta t io n  was follow ed b y  a s lig h t reactive v a so c o n s tr ic tio n .

E ffe c t on capillary p erm ea b ility

E lastase  a d m in is te re d  in tra c u ta n e o u s ly  increased  th e  cap illa ry  p e r­
m e a b ility  in  th e  s h a v e n  abdom inal w all o f  th e  ra b b it, since try p a n e  blue 
in tro d u c e d  b y  th e  in tra v e n o u s  route was soon  b o u n d  a t  th e  site  o f th e  e lastase  
in je c tio n . The co lo u rin g  o f  tissues was a lre a d y  o b serv ab le  a fte r a dose as sm all 
a s  2 U  and  was v e ry  m a rk e d  after the  a d m in is tra tio n  of 10 to  20 U.

These f in d in g s  in d ic a te  th a t cap illa ry  p e rm e a b ility  w as increased  b y  
th e  enzym e an d  t h a t  th e  b ind ing  of th e  c irc u la tin g  dye to  tissu es  w as also 
p ro m o ted .

Effect on the fro g  heart

On th e  frog h e a r t  iso la ted  according to  S t r a u b , 20 to  50 U o f e lastase  
ev o k ed  a tra n s ie n t r ise  in  th e  am plitude (F ig . 9). H igher doses (200 to  500 U) 
le d  to  a d iasto lic  s ta n d s t i l l .

2  mg
E

Fig. 9. E f f e c t  o f  elastase on frog h e a r t .  E  E la s ta se  24 U /m g
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E ffec t on coronary f lo w

20 U of e lae tase  p ro d u ced  sligh t co ro n ary  c o n s tr ic tio n  on th e  ra b b it  
h e a r t  iso lated  accord ing  to  L a n g e n d o r f f . T his effect is d e m o n s tra te d  in  T ab le
IV .

Table IV

E ffect o f  elastase on coronary flo w  in the isolated rabbit heart

Number 
of experi­

ment

Control values in ml/min

l' 2" 3' 5' 6' V 8' 9' 1 10'

i . 7.8 7.8 7.8 j 7.1 6.85 6.6 6.45 6.10 5.95 6.3

2. 6.0 6.1 6.0 1 6.1 5.8 5.6 5.9 5.85 5.9 5.9

3. 5.4 5.5 5.4 j 5.1 5.05 4.90 4.9 5.1 5.2 5.4

4. 5.9 5.9 6.0 j 5.6 5.5 5.5 5.6 5.9 6.0 6.0

5. 5.0 5.2 5.1 1 4.3 4.1 4.0 3.7 3.7 4.2 4.4

M ean
m l. 6.05 5.98 6.05 5.65 5.46 5.32 5.31 5.33 5.45 . 5.6

J, 20 U . elastase

T ab le  V shows th e  in fluence  of e lastase  on th e  co ro n ary  spasm  o f in ta c t  
an im als . 5 m inu tes fo llow ing th e  ad m in is tra tio n  o f 100 U /kg  elastase , p o ste rio r 
p i tu i ta ry  to ta l-e x tra c t cau sed  e leva tion  of th e  T -w ave in  50 p er cen t, w hereas 
in  100 p e r  cen t of th e  co n tro ls . A t th e  sam e tim e , 2 X 10 m g/kg p ap av e rin e  
h y d ro ch lo rid e  in h ib ite d  th e  p i tu i ta ry  effect b y  41 p e r cen t.

Table V

E ffe c t o f  elastase on coronary spasm  in  the rat*

Number of animals Substance investigated m g / k g  i .  V . Occurrence of coronary 
spasm, per cent

10 0 .9 %  NaCl 0.2 m l/kg 100

12 E la s ta se 1 mg ( =  100 E . U .) 50

11 P a p a v e rin e  HC1 1 X 10 64

12 P a p a v e r in e  HC1 2 X 10 59

* C oronary  spasm  w as in d u ced  b y  rap id  in trav en o u s in jec tio n  o f 1 U /kg p o ste rio r  
p i tu i ta ry  to ta l-ex trac t. T he su b stan ce  in v estiga ted  was given 5 m in u te s  p rio r  to  th e  ad m in is­
t r a t io n  o f  th e  horm one, o r, w hen  g iven  tw ice , 10 and 5 m in u tes  before .

F ro m  these  d a ta  i t  h a s  been  concluded th a t  e la s ta se  p roduced  a sligh t 
c o ro n a ry  spasm  in  th e  iso la ted  m am m alian  h e a r t  w hile in  in ta c t  an im als it 
so m ew h at in h ib ited  th e  co ro n ary  spasm  induced  b y  p o s te rio r  p itu ita ry  to ta l-  
e x tra c t.
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E ffec t on smooth muscles

J a q u e s  a n d  S c h ä r  [28] d e m o n s tr a te d  t h a t  t ry p s in  e v o k e d  sp ec ific  
c o n t r a c t io n s  o f  th e  ex c ise d  u te r u s  o f  r a t s  in  o e s tru s . S im ila r ly , th e  en z y m e 
in c re a s e d  th e  to n e  o f  e x c ise d  r a b b i t  in te s t in e .  O n  g u in e a -p ig  in te s t in e  c o n tra c ­
t io n s  w ere  ev o k e d  o n ly  a t  to x ic  c o n c e n tra t io n s  w h ich  th e n  d e c re a s e d  th e  
s e n s i t iv i ty  to  h is ta m in e .

T h e effect o f e la s ta se  w as in v e s tig a te d  on in fan tile  r a b b it  u te ru s , ra b b it 
in te s t in e , gu inea-p ig  in te s tin e  an d  th e  excised  u te ru s  o f r a ts  sensitized  by  
d ie th y ls tilb o e s tro l. In  m o st e x p e rim e n ts  th e  effect o f e las tase  w as com pared  to  
th o s e  o f try p s in , k a llik re in , as w ell as o f o rganospecific  drugs.

2.4 U /m l e la sta se , 0.1 m g /m l try p s in  o r 0.2 U /m l k a llik re in  failed  to  
ev o k e  co n trac tio n s  o f th e  r a b b it  u te ru s , n o r d id  th e y  in flu en ce  th e  co n trac ­
tio n s  caused  b y  0.1 /. g /m l ad ren a lin e .

F ig . 10. E ffec t o f e lastase , t ry p s in , k a llik re in  a n d  acety lcho line  on  ra b b it  in te s tin e . T he doses 
re fe r  to  10 m l. E  =  E la s ta se  24 U /m g. T  =  T ry p sin , К  =  K a llik re in , A C h =  A cetylcholine

On excised ra b b it  in te s tin e , 0.05 to  0.2 m g/m l (1.2 to  4.8  U /m g) elastase  
f i r s t  decreased  p e ris ta ls is  an d  th e n  caused  an  easily  rev e rsib le  rise in  tone. 
S im ila r  effects w ere p ro d u ced  b y  0.05 to  0.1 m g/m l try p s in . 0.1 U /m l kalli­
k re in  w as ineffec tive, w hile 0.2 to  0.3 U /m l increased  th e  to n e  o f th e  in testine . 
T h is  effect is show n in  F ig . 10. T he se n s itiv ity  to  ace ty lcho line  of th e  organ 
w as n o t in fluenced  b y  0.1 m g/m l (2.4 U /m l) elastase .
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W hen  0.05 to  0.4 m g/m l (1.2 to  9.6  U /m l) e la s ta se  w as a d d ed  to  g u in ea- 
pig in te s tin e , only th e  h ig h er doses in it ia te d  a m in im u m  increase in  c o n tra c ­
tion  an d  p erista lsis . T he effect resem bled  th a t  o f 0.1 U /m l ka llik re in . 0.1 m g/m l 
try p s in  caused  m ark ed  co n trac tio n s  ; th is  effect w as d ifficu lt to  s to p  by  
w ashing  th e  in tes tin e . T h e  resu lts  a re  show n in F ig . 11.

Ы  4 4 4 4 4 i  I I I I 4 4 444 4 I H M

t t t f t  t t t 1 1  1 1
H H E H H H H H H H К H

05 0.5 4 0.5 0.5 0.5 0.5 05 05 0.5 1E 051
MB P9 mg P9 P9 P9 P9 P9 P9 P9 P9\

f t  t M  t M  t
H H T H H H H H H 

05 05 1 05 0.5 0.5 05 05 0.5
P9 P9 m9  P9 P9 P9 P9 P9 P9

Fig. 11. E ffec t o f e lastase, t ry p s in  and k a llik re in  on gun in ea-p ig  in te stin e . T he doses refer to 
10 m l. E  =  E lastase  24 U /m g, К  =  K a llik re in , T  =  T ry p sin , H  =  H is tam in e  d ich lo rh y d ra te

I n  th e  case of e la s ta se , th e  change in  th e  se n s it iv ity  to  h is ta m in e  p roved  
to  be a fu n c tio n  of b o th  th e  dose an d  th e  in c u b a tio n  tim e . F ig . 12 show s for 
in s tan ce  th e  effect o f 0.1 m g/m l (2.4 U /kg) e la s ta se  on  th e  h is ta m in e  se n s itiv ­
ity  a t  v a rious in c u b a tio n  tim es. In c u b a tio n  fo r 1 m in u te  d id  n o t in fluence  
th e  h is ta m in e  sen s itiv ity , w hile in c u b a tio n  for 3 m in u te s  induced  f i r s t  a sho rt 
rise, th e n  a decrease in  se n s itiv ity . T he effect w as even m ore m a rk e d  a fte r 
in c u b a tio n  for 6 m in u tes .

On th e  o th e r h a n d , 0.4 m g/m l (9.6 U /m l) e la s ta se  decreased  th e  co n trac tio n  
evoked  b y  th e  s ta n d a rd  h is tam in e  dose a lread y  a f te r  in cu b a tio n  fo r 1 m inu te  
(Fig. 11). 0.1 m g/m l try p s in  a fte r  in c u b a tio n  fo r 1 m in u te , also low ered  th e  
se n s itiv ity , while k a llik re in  was ineffec tive  a fte r  in c u b a tio n  for 1 to  3 m inu tes. 
In  th e  case of e lastase  an d  try p s in , th e  decrease o f  h is tam in e  se n s itiv ity  was 
p ro b a b ly  th e  consequence of a to x ic  effect an d  n o t th a t  o f  som e specific 
ac tion .



F ig . 12. E ffec t o f e lastase  on  h is tam in e  c o n tra c tio n  a t  d iffe ren t in cu b a tio n  tim es. T he doses 
refer to  10 ml. H =  H istam in e  d ich lo rh y d ra te , E  =  E la s ta se  24 U /m g, T  =  T ry p s in
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On th e  ra t  u te ru s , 5 to  10 /л g /m l (0.12 to  0.24 U /m l) e las tase  evoked , a f te r  
a la te n c y  o f 10 to  15 seconds, m ark ed  co n trac tio n s. T h e  h e ig h t o f th e  co n ­
tra c tio n s  w as the  fu n c tio n  o f  th e  dose em ployed. T h e  spasm ogenic effec ts o f 
d iffe ren t doses of e la s ta se  an d  try p s in  are show n in  F ig . 13.

Fig. 13 shows fu r th e r  th a t  a b o u t 10 p g/m l (0.24 U /m l) e lastase  p ro d u ced  an  
e ffec t com parab le  to  th a t  o f 0.5 fj g /m l try p sin . I t  seem s th a t  th e  u te ru s  o f  r a t

I I  I I I I I I I

t t t t t t t t t
S S  E E S  E E T T  
0.1 0.0S 100 50 0.025 75 25 2.5 5

M9 P9 pg pg pg pg pg pg pg

Fip. 13. E ffec t of e lastase , t ry p s in  an d  serotonine on th e  u te ru s  o f ra t.  The doses re fe r  to  10 
ml. S =  Sero ton ine c re a tin in e  su lp h a te , E  = E la s ta se  24 U /m g, T  =  T ry p sin

in  o estr us rep resen ts th e  sm oo th  muscle organ  m o s t specific for p ro te o ly tic  
en zy m es. 0.1 U /kg k a llik re in  an d  also h istam ine  w ere nam ely  ineffec tive  on 
th is  organ.

Discussion

Fro  m am ong th e  pharm aco log ical p ro p e rtie s  o f e lastase  in v e s tig a te d  
in  th e  p resen t s tu d y , th e  to x ic ity  of p re p a ra tio n s  w ith  v ary ing  e la s to ly tic  
a c t iv i ty  was found  to  depend  on the  n u m b e r  o f e la s to ly tic  u n its  
co n ta in ed . The h igher th e  u n it  num ber, the  m ore  to x ic  was th e  p re p a ra tio n . 
W hen th e  D L 50 v alues o f th e  ind iv idual p re p a ra tio n s  w ere con v erted  fro m  m g 
in to  e lasto ly tic  u n it, th e  in tra v e n o u s  LD 60 of th e  en zy m e tu rn e d  ou t to  v a ry  in  
th e  m ouse betw een  2960 an d  4240 U/kg, w ith  a m ean  value of 3455 i  207 
U /kg. T ox ic ity  w as th e  sam e in  th e  ra t.

A fte r  the  in tra v e n o u s  ad m in is tra tio n  o f  th e  enzym e, th e  sy m p to m  
c h a ra c te ris tic  of its  to x ic  doses was th e  ap p e a ra n ce  o f bloody fro th  d ischarge  
from  th e  snares an d  m o u th  o f th e  anim als. P o s t m o rte m  a m arked  h y p e ra e m ia
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o f  th e  lungs as w ell as a n  increase  in  p u lm o n a ry  w eight w as fo u n d . T h e  w eigh t 
o f  th e  lungs was a u g m e n te d  b y  54 p e r c e n t a n d  so did th e  p u lm o n a ry  index. 
A t th e  sam e tim e , th e  w e ig h t of th e  liv e r  a n d  sp leen  did n o t ch an g e  an d  in te s ­
t in a l  hyperaem ia  w as ra re ly  observed. Baló et al. [18] a d m in is te re d  elastase 
to  ra ts  in tra p e r ito n e a lly  and  observed  h y p e raem ia  of th e  in te s tin e s  due to 
th e  cap illa ry  d i la ta t io n  evoked  b y  th e  enzym e. T his p h e n o m e n o n  ra re ly  
o c cu rred  in our a n im a ls  w h ich  had  been  tr e a te d  in tra v e n o u s ly  a n d  d ied  w ith in  
a sh o rt period o f tim e . I n  th e  la t te r  case to x ic  m an ifesta tio n s w ere  restric ted  
a lm o s t exclusively  to  th e  lungs. P u lm o n a ry  tissu e  rich  in  e la s tic  f ib re s , seems 
to  b e  p a rticu la rly  s e n s it iv e  to  th e  enzym e a n d  therefo re  th e  c a p illa ry  dam age 
a p p e a rs  earlier in  th e  a lv eo li th a n  in o th e r  o rgans.

T he in tra a lv e o la r  s e p tu m  is know n  to  co n ta in  co llagenic  tissu e , rich 
in  e las tic  fibres. I t  c an  b e  assum ed th a t ,  on acco u n t of its  e la s to ly tic  ac tiv ity , 
th e  enzym e affects th e  s ta te  of th e  collagen  an d  th is  re su lts  in  an  increased 
p e rm eab ility  of th e  c ap illa r ie s . The w all o f b lood  vessels th u s  b ecom es perm e­
a b le  fo r exudate  an d  e v e n  fo r cellu lar e lem en ts .

P r asad  [29] p o in te d  o u t th a t ,  a p a r t  from  H -su b stan ces, ce rta in  en ­
zy m e s  are also in v o lv e d  in  th e  genesis o f p u lm o n a ry  oedem a. A cco rd in g  to  our 
f in d in g s , e lastase w ith  i ts  e las to ly tic  an d  p ro teo ly tic  a c tiv ity  is capable 
re a d ily  to  increase c a p illa ry  p e rm eab ility  in  p u lm o n ary  tissu e . T he results 
o f  o u r  ra b b it e x p e rim e n ts  concerning c a p illa ry  p e rm eab ility  also  revealed  the 
en z y m e  to  enhance th e  a d so rp tio n  of dye  to  th e  tissues as w ell as to  increase 
c a p illa ry  p e rm eab ility . O u r  find ings, to g e th e r  w ith  th e  re su lts  o f  B aló  et al.
[1 8 ], in d ica te  th a t  e la s ta se  p roduces c a p illa ry  d ila ta tio n  on b o th  in trav en o u s  
a n d  in tra p e rito n e a l a d m in is tra tio n . In  m ice a n d  ra ts  t r e a te d  in tra v e n o u s ly  
th is  effect is, how ever, re s tr ic te d  alm ost exc lusive ly  to  th e  lungs.

I f  th e  an im als h a d  su rv iv ed  th e  in tra v e n o u s  a d m in is tra tio n  o f  a high 
d o se  o f e lastase th e  s i tu a t io n  was co n sid e rab ly  changed. A p a r t  from  in te s ­
t in a l  h y p eraem ia  a n  e x tre m e  increase o ccu rred  in  b o th  th e  sp leen  w eight and 
th e  q u o tie n t spleen : lu n g s . T his la t te r  w as 1.0 in  norm al an im als  ; 0.64 in 
th o s e  w hich h ad  d ied  s h o r t ly  a fte r  e las tase  a d m in is tra tio n  an d  2.05 in  those 
t h a t  h a d  survived th e  in te rv e n tio n . In  a d d itio n , th e  w eight o f th e  liv er rose 
b y  som e 30 per cen t. T h is  in crease , th o u g h  le sse r th a n  th a t  o f th e  sp leen , still 
g r e a te r  th a n  th a t  o f th e  lu n g s . I t  was re m a rk a b le  th a t  on a d m in is tra tio n  of 
s u b to x ic  doses o f e la s ta se , th e  effect of th e  enzym e m an ifested  i ts e lf  no t in 
th e  lu n g s  b u t ra th e r  in  a n o th e r  m esen ch y m al organ  rich in  e la s tic  fibres. 
T o  e s tab lish  the  cause  o f  th is  phenom enon , fu r th e r  in v es tig a tio n s  a re  needed.

As to  the  b io log ica l effects of e la s ta se , 120 to  480 U /kg o f  i t  evoked 
h y p o te n s io n  in  th e  c a t. I n  m ost cases th is  decrease  in b lood  p re ssu re  was 
t r a n s ie n t  and  did n o t re se m b le  th e  effect o f  e ith e r  ace ty lcho line , h is tam in e  
o r  se ro to n in e . The fa ll o f  b lo o d  p ressure  w as n o t in h ib ited  b y  v a g o to m y  or 
b y  a tro p in e , a fac t in d ic a tin g  th a t  th e  h y p o te n s io n  was n o t d u e  e ith e r  to
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a n  e x c i t a t i o n  o f  t h e  s e n s o r y  e n d i n g s  o f  t h e  v a g a l  n e r v e  ( B E Z O L D - r e f l e x )  o r  

t o  t h a t  o f  t h e  p a r a s y m p a t h e t i c  n e r v e  e n d i n g s .

T h e e lastase-induced  h y p o te n s io n  w as n o t abo lished  b y  a n tih is ta m in ic  
d ru g s . T h is o b se rv a tio n  excluded th e  p o ss ib ility  th a t  an  ev en tu a l c o n ta m in a ­
tio n  o f th e  p re p a ra tio n  Avith h is ta m in e  h ad  caused  th e  blood p ressu re  to  low er. 
A n o th e r find ing  co n trad ic tin g  th e  h is ta m in e  ac tio n  w as th a t  e las tase  caused  
sp asm s on th e  u te ru s  of ra ts  in  o e s tru s , w hile h is tam in e  w as in e ffec tiv e  on 
th is  o rgan .

E la s ta se  resem b led  se ro ton ine  in  b rin g in g  ab o u t co n trac tio n s  o f  th e  
r a t  u te ru s . B u t th e  b lood p ressu re  decreasing  effect w as n o t a t t r ib u ta b le  to  
c o n ta m in a tio n  w ith  sero tonine, s ince  th e  se ro to n in o ly tic  B O L —148 (b rom o  
ly serg ic  acid d ie th y lam id e) in h ib ite d  h y p o ten sio n  caused  b y  se ro to n in e  b u t  
n o t t h a t  evoked b y  elastase .

K a llik re in , th e  horm one iso la te d  from  th e  pan creas , is know n to  e x e r t  a 
h y p o ten s iv e  ac tion  [24—27]. O ur e x p e rim e n ts  rev ea led  th a t  k a llik re in  e v e n ­
tu a lly  p re se n t in  th e  p rep ara tio n  h a d  no ro le in  th e  b lood  p ressu re  dec reasin g  
e ffec t o f e lastase . K allik re in  in h ib ite d  nam ely  th e  ad ren a lin e -in d u ced  ele­
v a tio n  o f blood p re ssu re , while e la s ta se  tr a n s ie n tly  p o te n tia te d  th e  v a so p re sso r 
effect o f b o th  ad ren a lin e  and n o ra d re n a lin e .

T h e  find ings th a t  elastase in c rea sed  th e  blood flow  in th e  iso la te d  h in d  
lim b o f th e  ca t, an d  th a t  on in tra c u ta n e o u s  ap p lica tio n  to  ra b b its  i t  ev o k ed  
c a p illa ry  d ila ta tio n , in d ica te  th e  m ech an ism  o f th e  vasodepressor a c tio n  to  
be b ased  m ain ly  on th e  d ila ta tio n  o f  th e  p e rip h e ra l blood vessels. H o w ev er, 
as th e  response to  th e  com pression o f  th e  c a ro tid  a rte rie s  w as in h ib ite d  b y  
the  en zy m e to  20 to  50 per cent, th e  p o ss ib ility  shou ld  no t be overlooked  th a t  
th e  in h ib itio n  of th e  vaso m o to r c e n tre  w as also invo lv ed  in to  th is  effec t.

A s to  th e  effect o f  elastase on th e  vessels o f th e  h e a r t, in  iso la ted  m a m m a ­
lian  h e a r ts  th e  en zy m e was found so m ew h a t to  co n s tr ic t th e  co ro n aries . In  
in ta c t  an im als i t  in h ib ite d  to  som e e x te n t  th e  co ro n ary  spasm  in d u c e d  b y  
p o s te rio r  p itu ita ry  e x tra c t. On th e  frog h e a r t ,  24 to  48 u n its  e la s ta se  
a u g m e n te d  the  am p litu d e  w hile g re a te r  am o u n ts  led to  d ia s to lic  
s ta n d s till .

T h e  resu lts  o b ta in e d  on various sm o o th  m uscle organs show ed th e  en zy m e 
to b e h a v e  in  th ese  te s ts  in  a m a n n e r  s im ila r to  c rysta lline  try p s in . O f th e  
four sm o o th  m uscle o rg an s in v e s tig a te d  i t  w as th e  u te ru s  of th e  r a t  in  o e s tru s  
w hich responded  to  e lastase  by  specific  co n trac tio n s . T he c o n tra c tio n s  o f 
th is  o rg an  depended  on th e  dose a n d  d id  n o t d am age th e  organ. A s im ila r  
effect o f try p s in  has been d e m o n s tra te d  b y  J a q u e s  an d  Sc h ä r  [28].  L ik e  
try p s in , e lastase  f irs t  decreased th e  p e ris ta ls is , th e n  enhanced  th e  c o n tra c tio n s  
of th e  r a b b i t  in te s tin e . On the  g u in ea -p ig  in te s tin e  th e  spasm ogenic a c tio n  
was w eak e r th a n  th a t  o f try p sin . T h e  se n s itiv ity  to  h is tam in e  was d ec reased  
b y  e la s ta se  on acco u n t o f its  toxic e ffec t, a f te r  p ro longed  incubation .

6 Acta Phyaiologica XV/4.
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T h e  effect o f e la s ta se  on iso lated  o rgans d iffe red  from  th a t  o f k a llik re in . 
T h e  u te ru s  of th e  r a t  in  o e s tru s  seem ed n am e ly  to  rep re sen t th e  sm o o th  m uscle  
o rg a n  specific  for te s t in g  e lastase  and  try p s in  ; ka llik re in  failed  to  in d u ce  
i ts  c o n tra c tio n s . In  a d d itio n , kallik rein  led to  co n trac tio n s  of th e  r a b b it  in te s ­
tin e  o n ly  a t  h igh  c o n c e n tra tio n s  and  it  fa iled  to  decrease th e  se n s itiv ity  to  
h is ta m in e  of th e  g u in ea -p ig  ileum  even a f te r  p ro longed  in cu b a tio n . T h u s , 
fro m  th e  find ings on th e se  iso la ted  o rgans i t  could  be concluded  th a t  th e  
e la s ta se  p resen t in  th e  o rgan ism  show ed a b io logical b eh av io u r s im ila r to  
t h a t  o f  th e  p ro teo ly tic  b u t  n o t e lasto ly tic  t ry p s in .  T his resem blance has been  
f u r th e r  s tressed  b y  th e  o b se rv a tio n s of K o v á c s  and  B a g d y  [30], w ho found  
th e  lo ca l ap p lica tio n  o f e la s ta se  to  be ju s t  as effective in th e  t r e a tm e n t  of 
h u m a n  p u lm o n ary  abcesses as th a t  of try p s in .
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T h is im p o r ta n t b oo k  is n o t on ly  an  
e x c e lle n t  su m m a ry  o f  th e  a lm o st in com pre­
h en sib le  w ea lth  o f  in fo rm a tio n  ga in ed  in  th e  
p a st tw e n ty  years b y  th e  d ev e lo p m en t o f  
m odern n eu ro p h y sio lo g ica l m eth o d s a b o u t  
the  fu n ctio n s  o f  th e  cereb e llu m , b u t also an  
a tte m p t to  re la te  th ese  to  o lder d ata , as w ell 
as to  our k n o w led ge o f  c lin ica l sy m p to m a to ­
lo g y  and p a th o lo g y . P a rt I , d ev o ted  to th e  
p h y sio lo g y  o f  th e  cereb e llu m , w as prepared  
jo in t ly  b y  b o th  a u th ors, G iuseppe  Moruzzi 
co n tr ib u tin g  th e  m ajor sh are , w h ile  P art II , 
co n ta in in g  th e  c lin ica l sy m p to m a to lo g y  and  
p a th o lo g y , w as w ritten  b y  R . S. D o w . —  
A fter  a sh ort, b u t m o st in te restin g  h istorica l 
in tr o d u ctio n  (C hapter 1), th e  resu lts o f  
ab la tio n  ex p er im en ts  (C h apter  2) are v ery  
carefu lly  and  sy s te m a tic a lly  rev iew ed . In  th e  
la s t  p aragrap h  o f  th is  ch a p te r  an ex ce llen t  
an a ly sis  o f  th e  in flu en ce  o f  th e  cerebellum  
on p o stu ra l to n u s , r e flex  and  v o lu n ta ry  
m o v em e n ts  is foun d . T he th ird  ch ap ter  deals  
w ith  th e  resu lts  o f  s t im u la t io n  exp erim en ts . 
In th e  co n c lu d in g  paragrap h  th e  resu lts are 
corre lated  w ith  a n a to m ic  d a ta  on e fferen t  
cerebellar sy s te m s and a fa ir ly  good  agree­
m en t is  rep orted . T he seco n d  p art o f  th is  
paragrap h  co n ta in s  a lu c id  d iscu ssion  o f  
th e  p h en o m en a  re la ted  to  cerebe llar  rebound. 
In  th e  fo u r th  ch a p ter  th e  v a s t  m ateria l o f  
e lec tro p h y sio lo g ica l ex p er im en ts o f  th e  p a st  
few  d eca d es is  rev iew ed , w ith  sp ec ia l regard  
to  th e  sp o n ta n e o u s a c t iv ity  o f  th e  cerebellar  
co r tex , th e  rep resen ta tio n  o f  d ifferen t se n ­
sory m o d a lit ie s , lo ca liza tio n  o f  fu n ctio n s  
and th e  so m a to to p ic  d istr ib u tio n  o f  a fferen t  
p rojection s . T h ese  q u estio n s are d iscussed  
a t le n g th  in  th e  co n c lu d in g  paragraph  o f  
th e  ch a p ter , from  w h ich  th e  m o st  in terestin g  
tr e a tm e n t o f  th e  p rob lem  o f  so m a to to p ic  
arran gem en t, foun d  in  a n a esth e tized  and

m issed  in  u n a n a esth e tize d  p rep a ra tio n s, m u s t  
be m e n tio n e d . In  the  5th  ch a p ter  th e  re la ­
t io n s  b e tw e e n  the  cerebellum  a n d  o th e r  
cen tra l s tru c tu res  are su m m arized  ; re la ­
t io n s to  th e  sp in a l cord, the  la b y r in th in e  
sy s te m , th e  v e g e ta t iv e  fun ctio n s, th e  c ere ­
b ral c o r te x  and  d ifferen t sensory  fu n c t io n s  
b ein g  th e  m a in  topics. In  th e  p a ra g ra p h  
o f  g en era l con sid eration s, th e  th r ee  m ain  
p ro b lem s tr e a te d  are the  cerebellar r e g u la t io n  
o f  p o stu r a l to n u s , o f  v o lu n ta ry  m o v e m e n ts  
an d  th e  in flu e n c e  on  sensory fu n c tio n s . E s p e ­
c ia lly  in  th e  second  and th ird  fu n c t io n s  
d oes th e  s ig n if ica n ce  o f  cerebellar in flu e n c e  
on th e  “ y ” -fib re  sy stem  n eu ro m u scu la r  
sp ind lps rec e iv e  due con sid eration . T h e  6 th  
ch a p ter  d e v o te d  to  d ev e lo p m en ta l p h y s io ­
lo g y , d e a ls  w ith  the  im p o r ta n t q u e s t io n ,  
how  far h isto lo g ica l d ifferen tia tio n  o f  th e  
cereb e llar  c o r te x  can  be correlated  w ith  th e  
d e v e lo p m e n t o f  fu n ction s. T h e n e u r o a n a to ­
m ist  m u s t , h ow ev er , draw  a t te n t io n  to  th e  
fa c t  th a t  a lth o u g h  during h isto g en esis  m y e -  
l in iz a tio n  an d  th e  d isappearance o f  th e  
o u ter  g ra n u la r  la y er  in  con seq u en ce  o f  th e  
m ig ra tio n  to w a rd s the  d ep th  m ay  b e  s tr ik ­
in g  fe a tu r e s , th e y  in  th e m se lv es  d o  n o t  
n ecessa r ily  in d ic a te  stages o f  d e v e lo p m e n t  
o f  th e  m a in  sy n a p tic  sy stem s o f  th e  c ere ­
bellar c o r te x . I f  th e  appearance o f  th e  d if ­
feren t k in d s  o f  sy n a p ses, esp ec ia lly  th e  c e r e ­
bellar g lo m eru li, b u t also o f  th e  p er ice llu la r  
b a sk e ts , c lim b in g  fibres, e tc . w ou ld  b e  co r­
rela ted  to  th e  d ev e lo p m en t o f fu n c t io n s , m ore  
d ec is iv e  co n c lu sio n s  could  very  p ro b a b ly  be  
reach ed . In  th e  7 th  ch ap ter  th e  a u th o r s  
p resen t th e ir  g en era l v iew s on  th e  fu n c t io n s  
o f  th e  cere b e llu m , the  in te n s ity  an d  c o n t i­
n u ity  o f  cereb e lla r  contro l o f  p o stu re , v o lu n ­
ta ry  m o v e m e n ts , sensory  and  a u to n o m ic  
fu n ctio n s  are con sid ered  to be p ro b a b ly  d e-
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te r m in e d  b y  th e  sp a tia l an d  tem p o ra l p a t­
te r n s  o f  th e  a ffer en t in p u t . T h e  b asic  m e­
c h a n ism  b y  w h ich  th e  cereb e llar  co rtex  co n ­
tr o ls  th e  fu n ctio n s  o f  o th er  cen tres, can n ot  
b e  e x e r te d  b y  a sim p le  fu n c t io n , e. g. “ k eep ­
in g  u p ” o f  an  “ o p tim u m  le v e l” o f  a c t iv ity ,  
b u t  u n d o u b te d ly  b y  proper coo rd in a tio n  o f  
th e  d isch a rg es o f  P u rk in je  ce lls  in v o lv ed  in  
th e  c o n tro l o f  sev era l m ech a n ism s. T he m ain  
d if f ic u lty  in  th e  p rob lem  o f  in tracerebellar  
o r g a n iz a t io n  o f  a c t iv ity  is  th e  a lm o st com p lete  
la c k  o f  in fo r m a tio n  co n cern in g  th e  ev en ts  
c o n n e c t in g  th e  arriva l o f  im p u lses  a t  the  
a ffe r e n t  term in a ls  w ith  th e  resp on se  o f  P ur­
k in je  n eu ron s. W h ile  b ein g  in  co m p lete  agree­
m e n t  w ith  th e  a u th o rs in  th a t  th e  m u ltip li­
c i ty  o f  a fferen t ch an n els  co n v erg in g  upon  
th e  sa m e  areas o f  th e  cereb e llar  co rtex , as 
w e ll as th e  m a n y  d ifferen t p o ss ib ilities  o f  
s y n a p t ic  co n n ec tio n s  su g g e s t  th a t  th e  sp a ­
t ia l  co -o rd in a tio n  o f  cerebe llar  fu n ctio n s takes  
p la c e  m a in ly  a t th e  le v e l o f  P urk in je cells, 
th e  rev iew er ca n n o t share th e ir  v iew s ab ou t  
in tr a cereb e lla r  a sso c ia tio n  m ech a n ism s. T here  
is  n o  ev id e n c e  th a t  P u r k in je , or o ther neurits  
o f  c o r t ic a l orig in  w ere ru n n in g  from  one  
area  o f  th e  cereb e llar  c o r te x  to  an oth er . 
T h e  G olg i ty p e  ce lls  can  c o n n e c t  a t m o st to  
d is ta n c e s  o f  a few  m illim eters . C onsidering  
s p a t ia l  co -ord in ation  a t cereb e llo co r tica l lev e l  
(cereb e llo -n u c lea r  c o n n ec tio n s  o f  course e x ­
c lu d e d ), a tte n t io n  m u st  be co n cen tra ted  to  
h ith e r to  n o t su ff ic ie n tly  a n a ly sed  a n atom ica l 
p o ss ib ilit ie s , as a)  a b u n d a n t bran ch in g  o f  
th e  sa m e m ossy  a ffer en ts term in a tin g  in  d if­
fe r e n t  fo lia  an d , v e r y  p ro b a b ly , also in  d if­
fe r e n t  lo b i ; b) th e  le n g th  o f  granu lar axon s  
a n d  th e  w h ole  a rch itec tu r e  o f  th e  parallel 
f ib r e  sy s te m  an d  it s  sy n a p t ic  m ech an ism s ; 
c) th e  le n g th  and d is tr ib u tio n  p a ttern s o f  
t h e  sta r  ce ll a x o n  sy s te m , e sp e c ia lly  o f  th ose  
te r m in a tin g  in  th e  p erice llu lar  b ask ets o f  
P u r k in je  n eu ron s and d)  recurrent P urkin je  
a x o n  co lla tera ls, term in a tin g  o n  neighbouring  
P u r k in je  cells. T h ese  are th e  fie ld s  in  
w h ic h  jo in t  en d ea v o u r  o f  n eu ro p h y sio lo g ists  
a n d  h isto lo g ists  —  an d , v e r y  p rob ab ly , also  
o f  m a th e m a tic ia n s , for th e  a n a ly sis  o f  q u a n ti­
t a t iv e ,  e sp e c ia lly  s ta t is t ic , a sp ec ts  o f  sy n a p ­
t ic  re la tio n s , —  m ig h t bring th e  m o st im p or­

ta n t  r e su lts  in  the  near fu tu re . —  T h e  th o ­
r o u g h  co n sid era tio n  g iv en  in  th is  w h o le  p a rt  
to  th e  a n a to m y  o f  cerebellar p a th w a y s , e s­
p e c ia lly  to  the  in v e stig a tio n s  o f  th e  O slo  
n e u r o a n a to m ic a l group, is  ex e m p la r y  in d eed . 
P e r h a p s , h ow ev er , too  l it t le  a t te n t io n  is  p a id  
to  th e  sy n a p to lo g y  o f  th e  cereb e lla r  co r tex .

P a r t  II o f  the m on ograp h  g iv e s  in  th e  
8 th  c h a p te r  an ex ce llen t an d  c o n c ise  rev iew  
o f  th e  c lin ica l sy m p to m a to lo g y  o f  cereb e llar  
le s io n s , th e  10th  w ith  c o n v u ls iv e  an d  h y p e r ­
k in e t ic  d isorders and th e  11th  w ith  th e  d e v e ­
lo p m e n ta l an om alies o f  th e  cere b e llu m . T he  
1 2 th  c h a p te r  con ta ins th e  d e sc r ip tio n  o f  
a tr o p h ic  ch an ges o f  th e  c ere b e llu m  and  its  
c o n n e c t in g  p a th w a y s. In  th e  1 3 th  ch a p ter , 
a c u te , in  th e  14th  chron ic, in fe c t io n s , in  th e  
1 5 th  v a sc u la r  d iseases and  in  th e  1 6 th  cere­
b ellar  in ju r y , f in a lly  in  th e  1 7 th  ch a p ter  
cere b e lla r  tum ou rs are d iscu ssed  o n  an  a b ­
b r e v ia te d  “ h a n d b o o k ” lev e l. H o w e v e r  h ig h ly  
th e  a t te m p t  o f  the  au th ors m a y  b e a p p r e c ia t­
ed  to  corre late  m odern cerebe llar  p h y s io lo g y  
w ith  th e  m ore classica l f ie ld  o f  h u m a n  cere­
b ellar  p a th o lo g y , th is sy n th e s is  is  n o t  en tire ly  
sa t is fa c to r y . T his is m o st ly  d u e to  th e  fa c t  
t h a t  th e  recen t rapid a d v a n ce  o f  cerebellar  
p h y s io lo g y  has n ot b een  fo llo w ed  a t  th e  sam e  
ra te  b y  h u m an  p a th o lo g y . On th e  o th e r  h an d , 
so m e w h a t  m ore co n sid er a tio n  to  n eu ron a l 
h is to p h a th o lo g y  e. g. in  a tr o p h ic  d isea ses, 
in s te a d  o f  trea tin g  sy s te m a t ic a lly  an d  w ith  
e q u a l em p h a sis  a large n u m b er o f  d isorders 
w ith  a m uch  more lim ited  b ea r in g  o n  cere­
b e lla r  p h y sio lo g y , such  as in fe c tio n s  and v a s ­
cu la r  d iseases and tu m ou rs, w o u ld  h a v e  b een  
p r o b a b ly  rew arding.

T h e se  m inor cr itic ism s c a n n o t , h o w ev er , 
d im in ish  our ap p reciation  an d  in  m a n y  re ­
sp e c ts  ad m iration  for th e  m a g n if ic ie n t  co n ­
tr ib u t io n  o f  the authors to  cereb e lla r  p h y s io ­
lo g y . T h is  b ook  w ill be an e x c e lle n t  a id  to  
th e  n eu ro p h y sio lo g ist , as w e ll as to  th e  n eu ro­
a n a to m is t  and esp ecia lly  a lso  to  th e  c lin ica l 
n e u r o lo g is t . T he b ib lio g r a p h y  co n ta in in g  
a b o u t  2030 references and th e  c o m p le te  su b ­
j e c t  in d e x  are ex ce llen t. P r in t in g  an d  il lu s ­
tr a t io n s  are a cred it to  th e  U n iv e r s ity  o f  
M in n eso ta  Press.

J. SZENTÁGOTHAI
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