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The tec tor ia  is connec ted  to  the  s tereoci l ia  which  br idge  
the  gap to t he  re t icular  lamina.  These t r a n s m i t t e r  p ins  
act  on the  cu t icu lar  p la te  which  closes t he  uppe r  side of 
the  hai r  cells, and  th is  d i a p h r a g m  p i s ton  displaces the  
cy top la sm of the  t r ansducers  and s t ra ins  the  t ine nerve  
endings  a t  the i r  lower side. 

The t r ansducers  are m o u n t e d  in a la t t ice  girder  which 
consists  of lower and  upper  rigid p la te  (basilar m e m b r a n e  
and  ret icular  lamina),  the  f i rs t  one suppor t ing  the  lower 
side of the  t r ansducers  by  means  of the  pha langea l  cells, 
and the  second one holding the  upper  r im of the  t rans-  
ducers.  These pla tes  are connec ted  by  the  rows of pillars 
towards  the i r  center ,  and at  the  edges by  border  cells 
and  cells of Hensen.  The 2 ou t e rmos t  t r ansduce r  rows 
are shif ted re la t ive to the  first  and to t he  second t rans-  
ducer  row, and  th is  angle of shif t  cor responds  to  the  
oblique a r r angemen t  of the  reinforcing fibers wi th in  the  
tector ia l  membrane .  This con t r ibu tes  to  the  precision 
of the  ins t rument .  Tuning  of f i rs t  and  of second order  
neurons  and behav iour  of synap t ic  connect ions  fu r the r  
enhance  the  anal is ing proper t ies  of t he  i n s t r u m e n t  de- 
scribed. 

The expe r imen t s  es tab l i shed  132 essent ia l  d imens ions  
of pa r t s  as tunc t ion  of t he  d is tance  of t he  place of meas-  
u r emen t  f rom the  s tapes,  and  some of the  mos t  i m p o r t a n t  
d imens iona l  changes  of t he  i n s t r u m e n t  along the  cochlear  
par t i t ion ,  as well as na tu ra l  f requencies  of the  tec tor ia  
of Anoa bubalis d e t e r m i n e d  dur ing the  inves t iga t ions  and  
compared  to  t he  f requency  func t ion  of the  h u m a n  ear, 
are shown in Figure  2. 

Zusammen/assung.  Basierend auf  e ingehenden  Ver-  
suchs-  und  Messreihen am H6rorgan  des Wasserbt i f fe ls  
(A noa bubalis), dessen I n n e n o h r  dem mensch l ichen  nahezu  
gleicht,  wird ein kyberne t i sches  Modell  des H6r ins t ru -  
men t s  geschildert ,  das eine einfache und widerspruchs lose  
Erkl/~rung der  E igenschaf t en  des Ohres ges ta t t e t .  

H.  TIEDEMANN 

Ste/an-Rotlaler-Strasse 5, 8052 Moosburg (Germany), 
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Changes in the Lumen of Coronary Vessels under 

A num ber  of papers  describe the  s tudy  of myocard ia l  
blood supply  under  oligemic hypo tens ion  1 8. Never the less  
da t a  available are not  sufficient  to reveal  whe the r  act ive  
react ions  of cardiac vessels con t r ibu te  to changes  of 
coronary  blood flow in this  case. F u r t h e r m o r e  one canno t  
judge f rom these  da ta  of the  shif ts  in the  coronary  
vascular  bed, arising immedia te ly  af ter  s t a r t  of hermor-  
rhage, since coronary  blood flow has no t  been recorded 
unt i l  the  wi thdrawa l  of blood had been comple ted .  

The presen t  s tudy  was in tended  to reveal  whe the r  the  
act ive  changes  of coronary  vessel lumen were possible 
under  hypo tens ion  resul t ing f rom decrease in the  circu- 
la t ing blood volume in cats. 

Method. E x p e r i m e n t s  were carried out  on cats  (33) 
anaes the t i zed  wi th  u re thane  (1 g/kg), wi th  the  t h o rax  
open, under  artificial  brea th ing .  Perfus ion pressure  in 
the  left c o m m o n  coronary  ar tery,  into which  blood was 
impel led by  a cons t an t  blood flow perfus ion p u m p  from 
the  same an imal ' s  femoral  or carot id  ar tery,  revealed 
changes  in the  lumen of the  coronary  arteries.  The 
ca the t e r  for perfus ion was inser ted  via the  left subclavian  
a r te ry  and the  aortic arch into the  left c o m m o n  coronary  
a r te ry  and f ixed there in  by  ligature.  Contract i le  force 
of the  left ventr ic le  was recorded wi th  a min ia ture  s t ra in  
gauge similiar  to  one descr ibed elsewhere 9. The s t ra in  
gauge was su tured  to the  left ventr ic le  surface. Pressure  
in the  r ight  a t r ium was recorded wi th  a simil iar  s t ra in  
gauge a t t ached  to the  Marey t ambour .  Sys temic  blood 
pressure  (in axillaris ar tery)  and the  coronary  perfus ion 
pressure  were measured  wi th  mercury  manomete r s .  A 
decrease in the  c i rcula t ing blood vo lume was gained by  
wi thd rawa l  wi th  a syringe of some blood f rom the  animal  
t h rough  ca the te r s  inser ted  e i ther  into t he  inferior  vena  
cava or left a t r ium,  or femoral  ar tery.  Af te r  the  sys temic  
blood pressure  had  been  reduced to  40-50 m m  Hg  (it 
would take  15 sec on the  average) the  blood r emoved  
was re tu rned  to  the  animal.  The ma jo r i t y  of expe r imen t s  
were pe r fo rmed  on animals  wi th  dene rva t ed  carot id  
sinuses. 

Oligemic Hypotension 

Results. The decrease of c i rculat ing blood vo lume 
�9 L 

caused a fall of sys temic  blood pressure  in all expef lments ,  
and  in 19 exper imen t s  ou t  of a to ta l  of 33 the  increase of 
coronary  perfus ion pressure  also occurred (Figure 1A), the  
l a t t e r  hav ing  the  la tency  of 4 sec on the  average.  Coronary  
vessel responses  were accompanied  wi th  unal te red  hea r t  
rate.  The cardiac cont rac t i le  force e i ther  increased or 
decreased,  or did not  change  at  all. The r ight  atr ial  pres- 
sure fell in all animals.  

The d iminu t ion  of circulat ing blood vo lume in 7 o ther  
expe r imen t s  out  of a to ta l  of 33 b ro u g h t  abou t  an in- 
crease of the  coronary  perfus ion pressure  w i th  a l a tency  
of 45.3 sec on the  average (Figure 1B). Coronary  responses  
of th is  t ype  were accompanied  wi th  una l te red  hea r t  ra te  
and  occurred wi th  the  shif ts  of sys temic  ar ter ia l  and  
cent ra l  venous  pressure  being very small  or absent .  

In  4 expe r imen t s  out  of a to ta l  of 33, the  responses  of 
b o t h  types  were observed,  one following the  o the r  
(Figure 2). 

The coronary  responses  of bo th  types  were observed  
in animals  wi th  bi la teral  cervical  vago tomy.  Atropiniza-  
t ion did not  exclude them.  
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T h e  d a t a  o b t a i n e d  s h o w e d  t h a t  t h e  decrease  of  cir- 
c u l a t i n g  b lood  v o l u m e  could  evoke  i m m e d i a t e l y ,  or  in 
a s h o r t  while ,  c o n s t r i c t i o n  of t h e  c o r o n a r y  vessels .  Since 
s u c h  a r e s p o n s e  w a s  n o t  p r eceded  b y  a n y  c h a n g e s  of t h e  
h e a r t  r a t e  a n d  s ince t h e  v e n t r i c u l a r  con t r ac t i l e  force  
sh i f t s  we re  e i the r  i n c o n s i s t e n t  in v a r i o u s  e x p e r i m e n t s  o r  
ab sen t ,  one  c a n  infer  t h a t  t h e  c o n s t r i c t i o n  of c o r o n a r y  
vessels  a r i s ing  i m m e d i a t e l y  a f t e r  s t a r t  of o l igemic h y p o -  

t e n s i o n  w a s  n o t  a r e su l t  of a n  inc rease  of t h e  e x t r a -  
v a s c u l a r  s u p p o r t .  As t h e  c o n s t r i c t i o n  of  t he  f i r s t  t y p e  
h a d  a s h o r t  l a tency ,  one  c a n  s u p p o s e  i ts  n e u r o g e n i c  
origin.  On  t h e  o t h e r  h a n d ,  t h e  e x p e r i m e n t s  s h o w e d  t h a t  
o t h e r  t y p e s  of c o r o n a r y  r e s p o n s e s  cou ld  also be o b s e r v e d  
as a r e su l t  of o l igemic h y p o t e n s i o n .  T h e s e  responses ,  l ike 
ones  of  t h e  f i r s t  t ype ,  we re  n o t  t h e  ef fec ts  of i nc reased  
e x t r a v a s c u l a r  c o m p r e s s i o n ,  b e c a u s e  t h e i r  occur rence  did  

Fig. 1. Responses of the coronary vessels resulting from the oligemic bypotension: A, with a short latent period; B, with a greater one. 
From up to down: right atrial pressure, systemic blood pressure, coronary perfusion pressure, left ventricle contractile force (on Figure 1A 
only), the mark of start and finish of the extraction of blood. Scales in mm Hg, figures under coronary perfusion pressure - number of heart 
beats for 10 see, vertical short lines - time mark (2 sec). 

Fig. 2. Two-phase response of coronary vessels resulting from the decrease of circulating blood volume. Designations the same as on 
Figure lB. 
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no t  coincide w i th  t he  c h a n g e s  of card iac  a c t i v i t y  a n d  
s ign i f i can t  sh i f t s  of t h e  s y s t e m i c  blood pressure .  T h e  g rea t  
l a t en cy  a n d  d u r a t i o n  cha rac te r i s t i c  for  th i s  t y p e  of coro- 
n a r y  r e sponses  p e r m i t  us  to  suppose  t h e m  to be of hu -  
mo ra l  origin.  

Conclusions. Th e  decrease  of c i r cu la t ing  blood vo lume ,  
r e su l t ing  in ol igemic h y p o t e n s i o n ,  m a y  evoke  in anaes -  
t he t i zed  ca t  t h e  ac t ive  cons t r i c to ry  co rona ry  vessel  re- 
sponses  of 2 types ,  one occur ing  i m m e d i a t e l y  a f t e r  s t a r t  
of t h e  h y p o t e n s i o n  a n d  t he  o the r  h a v i n g  a s ign i f i can t ly  
p ro longed  la tency .  

BblB0~lbl. B OCTpbIX OnbITaX Ha KomKax c ayTonepqby3ue~ 
neBo~ oBu/e~ KOpOHapHo~ apTep~u HOCTO~IHHblM 06~e~OM 

I<pOBH n0Ka3aH0, qT0 yMeHbmeHHe o6~eMa IIHpKynHpymllle~ 
Kp0BH, ~10CTHFflBIIIeeCfl y/IaJIeHHeM HeKOT0p0F0 K0~HqeCTBa 
ee na opraHn3Na, BbI3blBaeT CHH>KeHHe o6mero apTepHanb- 
HOF0 RaBJIeHH~I H aKTHBHble KOHCTpHKT0pHble peaKIIHH K0po- 
HapHblX c0cyRoB RByX THHOB, H3 KOT0pblX nepBble B03HHKatOT 
IIpaKTI4qecKH O~IHOBpeMeHHO C HaqanoM F!4nOTeH3HH !4JlI4 C 
He6onbmHM JIaTeaTabIM nepHoRom (oKono 4 ceKyH~I), a BTOpble 
nMelOT )IJIHTeJIbHbI~ nepnoR (o~ono 45 ceKyHR), 

V. I. OVSYANNIKOV a n d  B. I. TKACHENKO 

Labora tory /or  Circulation, 
Ins t i tu te  o / E x p e r i m e n t a l  Medic ine  , 
Len ingrad  ( U S S R ) ,  30 December 1968. 

Intrarenal  Circulation in H e m o r r h a g i c  Hypotens ion  

H e m o r r h a g i c  h y p o t e n s i o n  was  supposed  to be conne c t e d  
w i t h  e x t r e m e  rena l  i schaemia ,  as j u d g e d  by  t he  c learance  
of P A H ,  ev en  if t he  e x t r a c t i o n  ra t io  of P A H  is t a k e n  
in to  cons ide ra t ion  (PHILLIPS et  al.1). I t  is now well 
e s t ab l i shed  t h a t  t h e  decrease  in c learance  va lues  is in p a r t  
a t echn ica l  consequence  of t he  ol iguria  and  cons iderab le  
rena l  blood flow can  be revealed  by  a p p l y i n g  some  di rec t  
m e t h o d  for i ts  e v a l u a t i o n  (SELKURT 2, BALINT a, CARRIERE 
et al. 4, TRUNINGER et  al.5). 

Th e  a im  of th i s  s t u d y  was  t he  d e t e r m i n a t i o n  of t he  
i n t r a r en a l  d i s t r i b u t i on  of blood flow du r ing  h e m o r r h a g i c  
h y p o t e n s i o n .  Our  o b s e r v a t i o n s  were m a d e  on dogs  nar -  
cotized b y  chloralose.  The  following m e t h o d s  were s imul -  
t a n e o u s l y  appl ied :  (1) The  left  k idney  was  a p p r o a c h e d  
by  l a p a r a t o m y  an d  t he  left  r ena l  ve in  was  connec t e d  b y  
m e a n s  of a p las t ic  c a t h e t e r  to the  ex t e rna l  j u g u l a r  vein.  
A T - e x t e n s i o n  of t he  t u b e  m a d e  the  di rect  m e a s u r e m e n t  
of rena l  b lood flow ( R B F  tota l )  and  t h e  t a k i n g  of r ena l  
v e n o u s  blood s a m p l e s  possible.  (2) E x t r a c t i o n  ra t ios  (at 
p l a s m a  P A H  levels of a b o u t  2 rag/100 ml) a n d  TmpA H- 
va lues  (at p l a s m a  P A I l  levels of a b o u t  20 rag/100 ml) 
were assessed.  (3) Blood flow t h r o u g h  va r ious  p a r t s  of 
t he  k i d n e y  was  d e t e r m i n e d  by  SAPIRSTEIN'S ~ m e t h o d  (as 
modif ied  b y  HARSING a n d  PELLEY v) based  on t he  frac- 
t iona l  d i s t r i b u t i o n  of i.v. in jec ted  S6Rb. 

H a v i n g  d e t e r m i n e d  R B F  and  EpA H in t he  n o r m o t e n -  
s ive (control) periods,  the  dogs  were bled to  a rb i t r a r i ly  
se t  blood p re s su re  levels  of 60-80 m m  Hg ;  th i s  level was  
kep t  c o n s t a n t  b y  f u r t h e r  b leed ing  or r e t r ans fus ion ,  re- 
spect ive ly .  45 rain  a f t e r  i nduc ing  t he  h e m o r r h a g i c  h y p o -  
t ens ion  RBFtota b EpA H and TmpA H were de t e rmine d .  
T he  su i t ab le  dose of a~Rb was  t h e n  r ap id ly  in jec ted  a n d  
serial  a r te r ia l  blood s a m p l e s  were t aken .  60 sec a f te r  t he  
S6Rb in jec t ion  t h e  a n i m a l s  were killed b y  the  i.v. in jec t ion  
of a c o n c e n t r a t e d  KC1 solut ion.  

T h e  ap p ro p r i a t e  a r te r ia l  and  renal  v e n o u s  blood s amp le s  
were a n a l y s e d  for P A H - ,  c rea t in ine-  and  SSRb-activity.  
Slices of rena l  cor tex,  ou te r  and  inner  m e d u l l a  were c u t  
a n d  the i r  a c t i v i t y  was  measu red .  T h e  ac i t iv i ty  of t he  
r e m a i n i n g  k i d n e y  s u b s t a n c e  was  assessed  as well. De ta i l s  
of t h e  va r ious  t e c h n i q u e s  are pub l i shed  e lsewhere  s. 

Th e  d i rec t ly  m e a s u r e d  R B F  is cons idered  as t he  t o t a l  
blood flow: RBFtota ~ (ca lcula ted  for 100 g k idney) .  T h e  
resu l t s  of t h e  SqRb-fract ionat ion yie ld  t he  blood flow 
pas s in g  t h r o u g h  t he  capi l lar ies  socalled n u t r i t i v e  flow 
(RBF,,utr). T h e  n u t r i t i v e  flows t h r o u g h  cor tex ,  ou te r  

a nd  inner  medul la ,  are  ca l cu la t ed  for 100 g k i d n e y  u n d e r  
t he  a s s u m p t i o n  t h a t  cor tex,  o u t e r  m e d u l l a  a n d  inner  
me du l l a  weigh  70 g, 20 g a nd  10 g, respect ive ly ,  in 100 g 
k idney .  The  fac t  t h a t  RBFcort + RBFo. m. + RBFi.~n ' 
RBFnon nutr ~ RBFtot~t (Table  I), p rove s  t h a t  our  
a s s u m p t i o n  conce rn ing  t he  d i s t r i bu t i on  of k i d n e y  w e igh t  
is e ssen t ia l ly  correct.  

Table I. Intrarenal distribution of blood flow 

Control Hemorrhagic 
conditions hypotension 

nfl/min ml/min Inl/min inl/min 
per 100 g per 100 ml per 100 g per 100 nfl 
kidney RBFtota t kidney RBFtota l 

:E s~ ~ ~ s~ 
n ~ 12 n 11 

Arterial pres- 133 :t: 4 71 ~_ 3 
sure mmHg 
RBFtota l 421 ~: 37 100.0 163 ~ 24 100.0 
RBFnutr 400 :]- 34 95.0 130 ~- 15 79.8 
RBFcort 338 :J= 29 80.3 106 :]_ 11 65.0 
RBFo.m. 56 i 8 13.3 19 =}- 4 11.6 
RBFI.m. 8 4- 1 1.9 3 i 0.6 1.9 
RBFnon nutr. 21 • 18 5.0 34 :]: 12 20.9 

423 100.5 162 99.4 
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