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The "Reaction Theory" of Respiratory Regulation 
13y HANS WINTERSTEIN l, Is tanbul  

Our knowledge of the chemical regulation of re- 
spiration which seemed at  least to a certain degree to 
be a finished chapter,  has lately undergone such sur- 
prising modifications that  it appears  desirable to 
present a comprehensive review of the subject on a 
historical basis. In earlier days it was customary to 
distinguish between a nervous and a chemical regula- 
tion. But  recent discoveries have shown that  this 
division is no longer useful since a great par t  of 
chemical regulatory processes take place through nerv- 
ous channels. I t  is therefore bet ter  t o  differentiate 
between mechanisms regulating breathing, on the 
basis of the factors which are responsible for them, 
rather than on the channels through which they are 
operative. We shall therefore distinguish between 
mechanical /actors (respiratory movements) and chem- 
ical [actors (composition of the blood, metabolism of 
the responsible nervous mechanisms) concerned with 
regulation. In this review, only the second category 
will be considered. 

The basis of our knowledge of chemical regulation 
of the respiratory act was laid down by  ~PFLOGER 2 who 
showed 80 years ago that  both an increase of the 
carbon dioxide content and a decrease of the oxygen 
content, even if acting separately, produced an in- 
crease in pulmonary ventilation. The researches of 
J. S. HALDANE and his coworkers showed that ,  under 
normal conditions, the COs-content of ttle blood can be 
considered to be the chemical regulator of breathing. 
This was the state of our knowledge at  the beginning 
of the century, as summarized by DOUGLAS 3, HAL- 
DANE'S chief colleague. 

The unmistakable similarity of the effects of O2-1ack 
and CO,-excess in spite of certain differences of detail, 
from the earliest days lead to a t tempts  to reduce the 
two factors to a common basis. But  such a t t empts  
were essentially confined to consider one of the factors 
as the " t rue"  or "only operat ive" factor, and the other 
as playing the par t  of a sensitizer of the respiratory 
centre with respect to the first factor. Sometimes 08- 
lack and sometimes COa-excess was considered to be 
the " t rue  respiratory stimulus",  excitability to which 
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was increased by  C02-excess or O2-1ack, or vice versa. 
Such a t tempts  have been continued until very recent 
times, as we shall see later. But  the problem thus 
postulated is imaginary. As WINTERSTEIN 1 has striven 
to emphasize, ~"excitability" in the absolute sense is 
a meaningless conception, and can only take on mean- 
ing through comparison, namely its values are relative. 
Excitabil i ty in biology means nothing more than the 
ability of a living system to respond to a particular 
stimulus by  a reaction of particular magnitude. I f  the 
same stimulus produces a reaction of less magnitude 
than before, we say that  the excitabil i ty is reduced, 
and, if the reverse happens, is increased. The word 
"exci tabi l i ty" is therefore nothing more than a short, 
expedient word, expressing with economy Of thought  
a change in magnitude of reaction with respect to the 
same stimulus, or the a t ta inment  of the same magni- 
tude of reaction with respect to a stimulus of different 
magnitude. That  this expression can serve in an 
"explana tory"  sense, that' is to say by  enabling sub- 
sequent reproduction of the events in thought proces- 
ses, is impossible. 

Let  us suppose that ,  following the customary 
scheme, I say "02-lack increases the sensitivity of the 
respiratory centre With respect to COs", this is nothing 
more or less than a shorthand expression of the ob- 
servation tha t  dul:ing 02-lack, the same COs-con- 
centration as before produces a greater effect, or that  
the same effect can be produced by a lower concentra- 
tion than under u s u a l  conditions. But  nothing has 
been "explained 'i , nothing has been said a t  all about  
the cause of the event. I t  is equally clear tha t  we have 
complete liberty to consider either of the factors as the 
independant variable, with the other as the dependant  
variable. In just the same way  that  we can say tha t  
availabili ty of oxygen alters the excitabil i ty of the 
respiratory centre with respect to carbonic acid, so we 
can equally well s tate tha t  carbonic acid concentration 
determines the excitabili ty of the respiratory centre 
with respect to oxygen. But  from the point of view of 
economy of thought,  it is simpler to choose as the 
independant  variable tha t  factor which undergoes the 
most  frequent changes. HALDANE was thus completely 
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justified when he considered the CO,,-tension in the 
blood to be the normal respiratory regulator, because 
it was precisely this factor which underwent the most 
frequent changes, as far as the knowledge at that  t ime 
extended. 

If one intends to a t tempt  to refer all factors which 
influence some particular phenomenon back to a 
single factor, this cannot be done by  a manipulation of 
excitability, but  by proving that  all the different 
modifying factors can themselves be referred back to 
one and the same factor which is common to them all. 
Such an a t tempt  has been made in WINTERSTEIN'S 
"Reaction Theory"  with respect to respiratory regula- 
tion by  02 and CO v 

Studies on the effects of CO~ on the central nervous 
system had led V(INTERSTEIN 1 to the conclusion that  
two factors could be distinguished, a primary depress- 
ing factor corresponding to the specific narcotic prop- 
erties of carbonic acid, and a secondary excitatory one. 
The correctness of this conclusion has been lately con- 
firmed by DRIPPS and COMROE 2 in experiments on man 
where air containing high C02-concentrations was in- 
haled. 

Iia 1910 WINTERSTEIN a, in experiments on new-born 
animals, proved that  the respiratory excitatory effect 
of carbonic acid could also be produced by other acids, 
a fact which led him to the conclusion that  the second- 
ary excitatory effect of carbonic acid is due to its 
nature as an acid. As it was known that  acid is produced 
in organs suffering from 02-lack, it seemed possible to 
refer both O~-lack and C02-excess to a single common 
factor, namely the hydrogen-ion concentration (CH) of 
the blood. 

This "Theory of Respiratory Regulation by the CH 
of the Blood" of course did not mean that  there is some 
action at a distance of the blood on the cells of the 
respiratory centre, it was simply based on the sup- 
position that the C H of these cells will change in the 
same direction as that  of the blood. However, a few 
years later WINTERSTEIN 4 discovered the fact that  
under conditions of O2-1ack the reaction of the blood is 
not pushed towards the acid side, on the contrary it  
becomes more alkaline. He explained this phenomenon 
quite simply as follows :--"the dyspncea of oxygen lack 
is the result of metabolic changes, namely the accu- 
mulation of products of asphyxiation in the respiratory 
centre itsd/, without being preceded by  any change in 
the composition of the blood ''5. The increased re- 
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spiratory movements lead to increased washing out of 
COo and so to greater alkalinity of the blood. Thus, in 
O~-lack, it is not the reaction of the blood which 
causes a change in pulmonary ventilation, on the 
contrary, it  is the change in pulmonary ventilation 
which causes a change in ttle reaction of the blood. 
The reason for this appeared to be quite simple, 
namely that  the central nervous system is, as is -well 
known, the organ which suffers first of all from o x y ~ n  
lack. PFLUGER had already noticed the acidificatio~ 
of the cerebral cortex which appears quickly after 
death, and WINTERSTEIN 1 observed a reversible acidity 
in the living spinal cord of the frog, under conditions 
of 02-1ack. 

In consequence of this, W I N T E R S T E I N  2 restated his 
"Reaction Theory"  in more precise terms in 1921, and 
distinguished between ha~malogenic hyperpnoea due to 
preceding accumulation of acid in tile blood (carbonic 
acid, lactic acid, acids of pathological origin, causing 
rise of C H or hyperhydria), and centrogenic hyperpnoea 
as a result of the metabolism of the centres themselves. 
A few years later, GESELL 3 put  forward a theory of 
chemical respiratory regulation in principle identical 
with ttie above. 

If the reaction of the blood regulates the degree of 
pulmonary ventilation and so the COl-output, so, as 
PORGES and his cowork~rs 4 first expounded, breathing 
must be a regulator of the reaction of the blood. 
HASSELBALCH s confirmed how completely this is true, 
by showing that,  under nutritional conditions in 
which the base-acid supply was varied within extreme 
limits (with corresponding extreme variations in the 
reaction of the urine), the reaction of the blood re- 
mained practically constant on account of regulation 
of CO2-exhalation. 

This newly discovered function of breathing as a 
regulator o/ blood reaction referred, however, only to 
hmmatogenically controlled changes of respiration, 
while the centrogenic (or, as we shall see later, glomero- 
genie) hypcrpncea has the contrary effect of upsetting 
the reaction by increasing the alkalinity of the blood. 

The details of the dispute about the question whether 
the respiratory excitatory effect of carbon dioxide 
depends on its specific nature or on its nature as an 
acid, cannot be followed here. The reader is referred to 
the summarizing reports of W l N T E R S T E I N  s, GESELL 7, 

HEss 8, and especially of NIELSEN 9. Only two points of 
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particular importance must be emphasized. First, 
under ordinary conditions both CO~-tension and C H of 
the blood change in the same direction, so that  it is 
impossible to distinguish which is the factor responsible 
for the effects produced. The most conclusive argu- 
ments either for or against the Reaction Theory must, 
therefore, come from experiments in which the two 
factors change in opposed directions. This was indeed 
the case in the above-mentioned experiments of 
HASSELBALCH involving an acid diet, and an even 
more marked condition was obtained by in#ction o/ 
acid into the circulatory system (WINTERSTEIN 1, 
WINTERSTEIS and FROHL~NG2). In both series of 
experiments the magnitude of pulmonary ventilation 
varied according to the C H and against the CO s- 
tension. An apparently contradictory behaviour re- 
sults from the iniection o] bicarbonate, after which the 
h~ematogenic changes in respiratory movements occur 
contrary to the changes of C n of the blood (increased 
pulmonary ventilation with more alkaline blood 
reaction). This behaviour seems to have been com- 
pletely cleared up by an observation first made by 
JACOBS a, namely that  an alkaline H~COa/NaHCO a- 
solution gives an acid taste on account of the more 
rap!d diffusion of undissociated carbonic acid, and 
similarly pushes the reaction of animal and plant-cells 
over towards the acid side. This same behaviour was 
reproduced in a non-living model (WINTERSTEIN4). 
Finally GESELL and HERTZMAN 5 brought direct proof 
that injection of NaHCO a into the blood produced on 
the one hand a shift of the reaction of the blood to- 
wards the alkaline side, but  on the other hand a shift 
of the reaction of the cerebro-spinal fhfid and doubtless 
therefore of the cells of the central nervous system too, 
towards the acid side. Thus these experimental facts 
are completely in accord with the changes in pul- 
monary ventilation to be expected from the Reaction 
Theory. 

The second point is the question of the quantitative 
agreement between the respiratory effects of carbonic 
acid on the one hand and other acids on the other 
hand, which would be postulated by the Reaction 
Theory. On6 ol the most weighty arguments in favour 
of a specific effect of carbonic acid is an observation 
made by numerous authors that,  with COe, a large in- 
crease in magnitude of breathing occurs with a rela- 
tively much smaller change in C H of the blood. 

Here it must be stated a priori that  in the majori ty 
of experiments a direct quantitat ive agreement cannot 
be expected for three reasons. Firstly it cannot be 

1 H. W1NTERSTEIN, Bioch. Z. 70, 130 (1915). 
2 H. WINTERSTIEIN aild G. FRf3HLING, Pfliigcrs Arch. 234, 187 
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R. GESELL and A. B. HERTZMAN, Amer. J.  Physiol. 78, 610 
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expected on account of the peripheral excitatory effect 
of carbonic acid (see WINT~RSTEIN1). This explains 
why inhaling air rich in C02 produces a relatively 
greater increase of breathing. If the carbonic acid is 
directly injected into the blood, the difference between 
the effects of this and other acids disappears more or 
less completely (WI~TEI~STEIN2). 

Secondly, foreign acids introduced into the organism 
often bring along with them other kations, which 
themselves may have an influence on the magnitude 
of pulmonary ventilation. Indeed, we shall consider 
some of these cases in a moment. Thirdly, as we have 
already seen in the experiments mentioned above, the 
cell permeability with respect to undissociated carbonic 
acid is much greater than with respect to ions, so that ,  
in experiments of short duration, the intracellular 
Cu-changcs produced are greater and more speedily 
realized with carbonic acid than with other acids. 

The opponents of the Reaction Theory will therefore 
draw their strongest arguments not from CH-changes 
of short duration but from changes lasting over con- 
siderable periods, such as those which have lately been 
produced by NIELSEN 3 in his comprehensive series of 
researches. NIELSE~ first of all calls at tention to the 
work of HALDANE and his coworkers 4 who produced in 
themselves considerable degrees of hyperhydria by 
taking large doses of ammonium chloride. In these 
experiments the PH of the blood fell from 7.41 to 7.29. 
According to NIELSEN the Reaction Theory demanded 
as a consequence a huge increase in pulmonary 
ventilation, whereas in reality the reduction of the 
alveolar CO2-tension showed that  it increased only 
twofold. This same criticism was put  forward by  
NIELSEN not only on the basis of numerous older 
experiments with NH4C1- and CaC12-acidosis, but  
chiefly as the result of his own observations. 

NIELSEN compared the increase of breathing during 
NHaCl-acidosis persisting for several days, with that  
produced by inhalation of air rich in COs for a period 
of hours. On one subject he found an increase of pul- 
monary ventilation of 10 t p. min. in the case of CO2, 
but  of only 0.3-0-7 1 p. rain. in the case of NH4CI, 
although the change in PH of the blood was only 0-04 to 
0-045 in the case of CO s compared with 0.6-0-8 in the 
case of N HaC1. Since in this experiments of considerable 
duration there could be neither any question of reflex 
stimulatory action of carbonic acid, nor in the NHaCI- 
experiments any question of incomplete C1t-equilibrium 
between blood and tissue cells, according to NIELSEN'S 
view they represent a decisive proof that  the Reaction 
Theory is incorrect. 

I H. WINTERSTEIN~ Arch. Anat.  Physiol., PhysioL Abt.  (1900), 
Suppl. S. 177. 
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4 j .  I~. S. HALDANE, G. C. LINDEN, R, HILTON, and F. R. FRA- 

SER, J. Physiol. 65, 412 (1928). 
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We have already mentioned above that  the in- 
troduction of new ions or the unbalanced increase of 
concentration of one particular kind of ion can cause 
unpredictable complications. Disturbances of the 
ionic equilibrium can produce changes of respiratory 
activity in spite of constant C H, as in particular the 
researches of GOLLWlTZER-IV[EIER 1 have shown. As 
HALDANE 2 had observed, increase in the concentration 
of the NHa-ion leads to an increase in the calcium 
level, the effect of which in depressing pulmonary 
ventilation has been demonstrated (see VERSTAETEN3) .  

But, leaving this out of account, it is difficult to see 
how the acidosis experiments can provide an argument 
for the specific effect of carbonic acid. For, even if the 
increase of breathing does not agree quantitatively 
with the predictions of the Reaction Theory, according 
to the CO2-regulation Theory there should have been 
no increase, on the contrary, there should have been" 
a marked decrease of pulmonary ventilation. As an 
exemple we may quote the experiment of HALDANE 
where the alveolar CO~-tension, and therefore that  of 
the blood fell from 35 to as low a value as 18 mm Hg. 

NtELSEN explains all these contradictions, especially 
the behaviour during 02-lack, by  the magic wand of 
"changes in excitability". These were measured by 
LINDHARD'S method, where the extent by which the 
actual CO2-tension exceeds the COs-tension at " the  
point of apnoea" is determined. The steepness of the 
curve which is obtained when these differences are 
plotted as abscissae and the pulmonary ventilation as 
ordinates, gives a measure of the "excitabili ty of the 
respiratory centre". This was shown to be higher both 
under conditions of O2-1ack and during NH4-acidosis. 
As we explained at the beginning, the demonstration 
of an "increase of excitability" is nothing more than a 
redescription of the observation that  any stimulus-- 
here the COz-tension or its increase-can,  under certain 
circumstances, produce a greater effect than usual, 
without, however, any explanation being involved. 
Let  us assume, in accordance with the Reaction 
Theory that the magnitude of pulmonary ventilation 
depends on the C H of the centres, the C~I itself depend- 
ing centrogenically on H-ions produced during 
metabolism, and h~ematogenically on H-ions brought 
to the centres by the blood. I t  now becomes obvious 
that  any increase of the prevailing CH, whether caused 
by  increased intracellular acidity during 02-lack or by  
acidification of the blood during acidosis, will de- 
crease the magnitude of the additional stimulus needed 
to produce any determined effect. Thus NIELSEN'S 
observation that  the "excitabili ty curve" with respect 
to C H shows the same form as it does with respect to 
COs-tension, is in no way opposed to the Reaction 

I I{L. GOLLWITZER-~IEIER, Bioch. Z. 151, 54 (1924). 
S j .  ]~. S. HALDANE, G. C. LINDES, R. HILTON, and F. R. FRA- 

SER, J.  Physiol. 65; 412 (1928). 
3 J . M .  VERsTAETEN, Arch. Int.  Pharmacod.  77, 52 (1948) 

(containing the  older bibliography). 

Theory as the author believes, but, on the contrary, 
stands in complete agreement with it. In addition, 
BJURSTEDT 1 has rightly drawn attention to the fact 
that the reduction of the alkali reserve during acidosis 
must, with the same change of C02-pressure, lead to a 
greater CH-change, that  is to say to an "increase in 
excitability". 

NIELSON has devoted the greater part  of his in- 
vestigations to proving that  hyparpncea during work 
cannot be explained by  a simple change in CH. But 
since all available research shows that  this hyper- 
pncea is an extremely complex phenomenon seeming to 
involve central and reflex impulses, circulatory and 
hmmatogenic changes, whose interrelations are still 
incompletely understood, no conclusions either for or 
against the Reaction Theory can be drawn from it. I t  
is impossible, however, to deal with the extensive 
literature on the subject here. 

Jugglery with the conception of excitability to 
"explain" respiratory regulation has been perpetuated 
in numerous more recent works (reviewed in OPITZ2). 
Thus BENZINGER and his coworkers a in all earnest pose 
the ques t ion- the  question which we mentioned in 
the introduction as the paradigm of the imaginary 
problem--whether O,a-lack increases the CO2-excitabil- 
ity, or whether carbonic acid increases excitability to 
lack of oxygen. However, the observation which led 
the authors to put  forward their question, is worth 
mentioning. They found that  dogs under deep mor- 
phine-pernocton anmsthesia to a large extent  lost their 
sensitivity to CO 2, so that  an admixture of even 12% 
CO s with the inspired air remained ineffective. The 
same observation has been made before by COMROE 
a n d  SCHMIDT 4 that certain conditions occur, in which 
the respiratory centre remains insensitive even to high 
COs-pressures, and can only be influenced by the 02- 
supply. Further,  BEECHER and ~oYI~R 5 thoroughly 
investigated these conditions during evipal and 
pentothal anaesthesia. Such states could indeed be 
thought of as militating against the Reaction Theory, 
but of course, still more so against the C02-regulation 
Theory. We shall only be able to a t tempt  an explana- 
tion after a study of the effect of chemoredeptors. 

A quite remarkable observation is that of COMROE 6, 
namely that direct injections of NaFtCOs-solution, buf- 
fered with carbonic acid, into the respiratory centre 
produced hyperpn0ea in 42% of the cases, while cor- 
responding injection of acid produced the same effect 
in only 3.8 %. ~ihis observation would favour the CO~- 

1 A, G, H. BIURSTEDT, Act& physiol. Seand. 12, Suppl. 38, 1 
(1,)46). 

2 E. OPITZ, Ergebn. Physiol. 44, 315 (1941). 
TIL BENZINGER, E. OPITZ, and W. SCHOEDEL, Pfl/igers ArctL 

241, 71 (1938139). 
4 j .  H. COM~OE jr. and C. F. SCH~IDT, Amer. J.  Physiol. 1°~1, 75 

(1938). 
s H. K. BEECltER and C. A. MOVER, J. Clin. Invest.  20, 549 (1941) ; 

C. A. MOVER, J. Thorae. Surgery 11, 131 (1941); C. A. MO'¢ER and 
H. K. BEECHEn, J.  Clin. Invest .  21, 429 (1942). 

a j .  H.  COMROE jr., Amer. J .  Physiol. 139, 490 (1939). 
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regulation : [heory a t  the  expense of the  Reac t ion  
Theory, if i t  were no t  for the  fact  t ha t  inject ion of free 
carbonic acid in I~inger's solution had sho~n  itself  to  be 
just as ineffective as other  acids. The au thor  himself has 
made no a t t e m p t  to explain these exper imenta l  results.  

The discovery of chemoreceptors in the  aorta b y  
HEYMANS and  HEYMANS 1 in 1925, a n d  in the  sinus 
caroticus b y  C. HEYMANS and  his coworkers* in 1930 
brought  a b o u t  a comple te  r eor ien ta t ion  of our  views 
about  r e s p i r a t o r y  regula t ion .  On accoun t  of th is  an 
extens ive  reshap ing  of  the  Reac t ion  T h e o r y  became  
essential .  The  v e r y  ex tens ive  l i t e r a tu re  on chemo-  
receptors  canno t  be discussed here,  a n d  the  r eade r  is 
referred to  the  summar iz ing  repor t s  of C. HEYMANS 
and coworkers  3, CORDIER and HEYMANS 4, HEYMANS 
and BOUCKAERT 5, GESELL 6, SCHMIDT and  COMROE 7, 

and BOUCKAERT and  coworkers  s. 

The idea of a peripheral ,  indeed pu lmonary  origin for 
the resp i ra tory  exc i ta to ry  effect of COz, is qui te  old, 
and la te ly  PI-Sur~ER and his coworkers (reviewed in 
PI-StmER 9) have a t t e m p t e d  to confirm this  conception 
experimental ly.  The i r  work, however,  has found no 
recognition. 

The genera l  resul ts  of the  above -men t ioned  researches 
m a y  be  s u m m a r i z e d  as  fo l lows : - - the  nerve  f ibres  
leaving the  "branchiogenic" zone of t he  g[omus caroticum 
and the  glomus aorticum ( tha t  is to  s a y  the  **ervus 
caroticus or HERING'S nerve,  and  the  nervus aorticus 
or CYO#S nerve) p l a y  a leading  p a r t  in the  chemical  
regula t ion of b rea th ing .  (The morpholog ica l  l i t e r a tu re  
on the sub jec t  has  been summar i zed  b y  PALME 1° and  
GERNANDTll.) Hmmatogen i ca l l y  p r o d u c e d  increase  of 
C02-tension or  C a gives rise to  be the  wel l -known 
accen tua t ion  of r e s p i r a t o r y  m o v e m e n t s  b y  d i rec t  
action on the  cent res  a n d  also re f lex ly  t h r o u g h  t h e  
chemoreceptors .  In  oppos i t ion  to this  s t ands  the  a lmos t  
certain fact  t ha t  hyperpncea  due to O~,lack, which  h a d  
h i ther to  been considered as cent rogenic  is b rough t  
about  exclusively ref lexly  b y  chemoreceptors ,  especial-  
ly  those of  the  g lomus  caro t icum:  Af te r  e l imina t ion  
of all  chemoreceptors ,  th is  hyperpncea  can  be obse rved  
no longer (see pa r t i cu l a r l y  BOUCKAERT a n d  coworkersla) .  

1 j . F .  HEYMANS and C. HEYMANS, C. R. Soc. Biol. 92, 1335 (1925). 
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A shor t  communica t ion  of DECHARNEUX I has been 
chiefly responsible for the  idea t ha t  such results  are, 
perhaps,  only obta inable  under  anzesthesia, and  t ha t  
the  normal  resp i ra tory  centre possesses a d i rec t  sensi- 
t i v i t y  to oxygen. DECtIARNEUX observed in dogs whose 
chemoreceptors  had  previously  been removed t h a t  
there  was a slight reduct ion in the COl-content  of the  
blood dur ing the first day  a t  a height  of 2389 m. This  
exper iment  does not  seem to be a t  all conclusive. The 
au thor  only s ta tes  t ha t  the caro t id  and  aort ic  nerves 
had  been removed in these exper imenta l  animals.  I t  is 
well known t h a t  the  aor t ic  nerves in the  dog run to-  
gether  wi th  the  nervi  vago-sympath ic i  in a common 
sheath.  The branch (going to  the  nervus laryngicus),  
which corresponds to the  aort ic  nerve, can indeed be 
isolated for a short  distance and severed, af ter  the  
sheath  has been opened. However,  i t  is not  known 
whether  all chemoreceptor  fibres are contained in it. 
Even in the  rabbi t ,  where CYON'S nerve runs in a 
comple te ly  isolated fashion, we know tha t  a por t ion  of 
the  pressor and  chemoreceptor  fibres go not  th rough  it,  
b u t  th rough  the vagus nerve (WRIGHT*). The au thor  
also says  nothing abou t  control  experiments ,  whether  
the  sensi t iv i ty  to O2-1ack had  vanished during ancesthesia. 
Final ly ,  hyperpncea was not  d i rect ly  observed bu t  only 
assumed on account of a small  decrease of the blood 
CO,. But  such a decrease occurs al~o with an adequa te  
O,-supply and wi thout  increase of brea th ing  under  the  
influence of ra t i f icat ion of the a tmosphere ,  because the 
CO S is more r ap id ly  excre ted  under  these condit ions 
(*~rINTERSTEIN and INAY3). So there  is nei ther  proof  of 
complete  e l iminat ion of the  chemoreceptors  nor of a real 
hyperpncea due to  Oz-lack. 

MOVER and BEECltER 4 found a hyperpnoea due to 
O2-1ack in dogs under v e r y l i g h t  evipal,  pentothal ,  and 
cyclopropane anaesthesia af ter  e l iminat ion of the vagi 
and  the denervat ion  of the  glomus region. A slight 
increase of narcosis, however, was sufficient to make the 
hyperpncea disappear .  I t  differed from hypoxie  hyper-  
pnoea of normal  animals by  a long la ten t  per iod and was 
often accompanied by  general  phenomena of exci ta t ion,  
observat ions  indica t ing  s t rongly t ha t  secondary factors 
are p laying their  par t .  BOtlCKAERT and coworkers x too 
had observed in unnarcot ized dogs excited s ta tes  ac- 
companied  by  t empora ry  increases in resp i ra tory  
volume, which they  described as "psychic" .  

DAVXNPORT and coworkers 6 used dogs, whose aort ic  
and  carot id  chemoreceptors  had previously been elimin- 
a t ed  by  the  opera t ive  procedures described by  VVATT 
and coworkers% The authors  observed during anoxia  an 
ini t ia l  and  t r ans i to ry  phase of reduced t ida l  a i r  and  
minu te  volume followed by  an increase of resp i ra tory  
ra te  leading to a more marked  and p ro t r ac t ed  elevat ion 
of minute  volume, persist ing when the dogs were again 
pe rmi t t ed  to breathe  air. The authors  concluded " t h a t  
the  respirat ion in the anoxmmic deafferented dogs is the  
resul tant  of two antagonis t ic  coexis tent  factors, a centra l  
depression and a centra l  s t imulat ion.  The minute  volume 
of the  respi ra t ion  represents  the  algebraic sum of these 
effects".  The cent ra l  s t imula t ion  seemed to be of 
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5 H. W. DAVENPORT, Ca. BREWER, A. H; CHAMBERS, and S. 
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chemical origine precluding carbon dioxide as the 
responsible agent. 

On the other hand, the decerebrated cats used by 
BOUCKA~RT and coworkers 1 showed no hypoxic hyper- 
pnoea, just as was the case in the permanently denerv- 

I j .  j .  BOUCKARRT, K. S. GRIMSON, C- HEYMANS, and A. SA- 
MAAN, Arch. Int .  Pharmaeod. Thdr. 65, 63 (1941). 

ated unanmsthetized cats and rabbits used by WRIGHT I. 
So it may be that in higher animals under these ab- 

normal conditions a secondary factor plays a role in the 
respiratory regulation. This factor, easely to be abolish- 
ed by narcosis, may be connected with the activity of 
the brain cortex. (To be continued) 

I S. WRIGHT, Quart.  J.  Exp. Physiol. 24, 169 (1934). 

Die Assoziation von Radiolarienhornsteinen mit ophiolithischen 
Erstarrungsgesteinen als petrogenetisches Problem 

Von EDUARD W E N K  1, Basel 

In den Kettengebirgen, die das Mittelmeer umgeben, 
und in vielen andern jungen und alten Gebirgsztigen 
treten zwei grundverschiedene und eigenartige Ge- 
steinsgruppen in der Regel zusammen auf: kieselige 
Sedimente, die reichlich Radiolarien enthalten, und 
eine Gefolgschaft yon verschiedenartigen Eruptivge- 
steinen, die w~ihrend der Ablagerung der kieseligen 
Schichtgesteine erstarrt sind und unter denen kiesel- 
s/iurearme Typen vorherrschen; es sind dies die sog. 
Ophiolithe. Radiolarienreiche Gesteine treten in den 
Schichtfolgen der Erdkruste eher selten auf. Sie sind 
jeweils auf bestimmte Formationen beschr~nkt. Im 
alpinen Raum trifft man sie haupts/ichlich im obern 
Jura an, und sie sind hier mit Ophiolithen vergesell- 
schaftet, wie besonders eindriicklieh die Aufschliisse 
im Oberhalbstein zeigen (GEIGER *, VUAGNATS). Eine 
analoge Kombination yon Radiolarienhornsteinen und 
Ophiolithen baut die Danau-Formation Borneos auf, 
mit der sich der Verfasser besch/iftigte und die ihn 
veranlaBt hat, sich mit der Genese derartiger Asso- 
ziationen auf allgemeiner Basis auseinanderzusetzen. 
Die Entstehung der radiolarienreichen Meeresabla- 
gerungen und ihr VerhAltnis zu den vergesellschafteten 
und gleichaltrigen magmatischen Gesteinen bildet in 
der Tat ein interessantes Problem, das die Biologie, 
Hydrologie, Geologie und Petrographie in gleicher 
Weise beriihrt und uns Gelegenheit gibt, die Resultate 
verschiedener naturwissenschaftlicher Disziplinen mit- 
einander in Beziehung zu bringen. Zum Ausgangs- 
punkt der Diskussion seien die Organismen, die Radio- 
larien gew~thlt. 

Radiolarien sind marine Protozoen mit Kieselge- 
rfisten. Diese Kieselgeriiste sind auch in Meeresabla- 
gerungen der geologischen Vergangenheit gefunden 
worden, und zwar zuerst in der Radiolarienerde von 

Barbados, sp/iter in vielen andern Formationen. Ra- 
diolarien dienen nicht als Leitfossilien; abet sie geben 
dem Geologen wertvolle Anhaltspunkte fiber die Bil- 
dungsweise der Sedimente, in denen sie auftreten. 

Die Radiolarien sind typische und meist die einzigen 
Fossilien der Hornsteine und anderer kieseliger Sedi- 
Inente; sie treten aber auch in Tonen, Mergeln, Tuffen 
und sogar in Erzanreicherungen auf. Manehe Horn- 
steine sind ganz erftillt yon Radiolarienresten; sie 
werden deshalb als Radiolarienhornsteine oder kurz 
als Radiolar~te bezeichnet (s. Abbildung). 

Die meisten der dichten und harten Kieselgesteine 
sind vor der Entdeckung der in ihnen erhaltenen Ra- 
diolarienreste fiir vulkanische oder metamorphe Bil- 

x Mineralogisch-petrographisches Ins t i tu t  der Universit~it Basel. 
TH. GEmER, Beitr. Geol. Karte  d. Schweiz, Geotechn. Ser. 

Lief. 27, (1948). 
s M. VUAGNAT, Schweiz. min. petr. Mitt. 28, 263 (1948). 

Hornstein d~r Danau-Format ion von Britisch-Nord-Borneo, 
erffillt yon Radiolarienresten, mit  einigen Kalzit~iderchen. 

Vergr66ertmg 16 fach, 


