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grossen Tei len der  F o r m a t i o  re t icu la r i s  la te ra l i s  bis e twa  
4 m m  ros t ra lw/ i r t s  (Grenze z u m  Pons)  u n d  2 m m  caudal -  
w~Lrts v o m  Obex  ausgel6s t  werden  k o n n t e n .  

Diskussion. Die Reizser ien  erzeugen also zweifellos 
pr im/ i r  H e m m u n g e n  der  In sp i r a t i on .  Der  in sp i r a to r i sche  
R e b o u n d  is t  ein s ekund~re r  E f fek t  u n d  wohl  a m  e infach-  
s ten  d a m i t  zu erklS.ren, dass  die I n s p i r a t i o n s p a u s e  auch  
eine Verz6ge rung  im A u f b a u  des i n t r a z e n t r a l e n  H e m -  
m u n g s v o r g a n g s  n a c h  s ich z ieh t  u n d  dass  die I n s p i r a t i o n  
sich infolgedessen n a c h  der  Pause  <~ungehinderter~> en t -  
wicke ln  k a n n .  E ine  gleiche Erk lSzung  g ib t  L/)SCHER 12 fiir 
seine A t m u n g e f f e k t e  bei  a f fe ren te r  V agus r e i zung  b e i m  
K a n i n c h e n .  Der  H e m m e f f e k t  k a n n  sich a m  Insp i r a t i ons -  
beg inn  n i c h t  oder  n u r  wenig  mani fes t i e ren ,  gew i nn t  m i t  
f o r t s ch re i t ende r  I n s p i r a t i o n  i m m e r  m e h r  a n  D e u t l i c h k e i t  
(und m i t  i b m  a u c h  de r  R e b o u n d )  u n d  wi rd  im l e t z t en  
Dr i t t e l  vo l lends  domin ie rend ,  wah r sche in l i ch  wegen  der  
~progressiven E n t w i c k l u n g  eines zen t r a l en  ~ s t a t e  ~ w/ ihrend  
der  Insp i r a t ion ,  welcher  diese h e m m t ~  (LARRABEE und  
H o i s t s  5). Bei  I n s p i r a t i o n s a b b r u c h  k a n n  s ich der  R e b o u n d  
n u r  noch  in  e inem ve r f r i i h t en  E i n s e t z e n  der  n/~chsten 
I n s p i r a t i o n  /iussern. Die Reizef fekte  w/ ih rend  der  Ex-  
sp i r a t i on  zeigten,  dass  of fens ich t l i ch  s u c h  in dieser  P h a s e  - 
z u m i n d e s t  w e n n  noch  ein m e r k l i c h e r  exsp i ra to r i sche r  
R e s t t o n u s  v o r h a n d e n  is t  - d e r  i n t r a z e n t r a l e  H e m m e c h a -  

n i smus  auf das  insp i ra to r i sche  S u b s t r a t  noch  t~ t ig  is t ;  
seine W i r k u n g  k a n n  m i t  e iner  k u r z e n  e r zwungenen  
Aktivit~Ltspause des i hn  e r r egenden  S u b s t r a t s  v e r m i n d e r t  
werden.  

Summary. I n  u r e t h a n e - a n e s t h e t i z e d  r a b b i t s  t he  b u l b a r  
re t i cu la r  f o r m a t i o n  was s t i m u l a t e d  w i t h  vol leys  of 120 
msec d u r a t i o n  a t  100 pulses  pe r  sec, t he  pulse  d u r a t i o n  
be ing  0.5 msec. W h e n  sh i f t ed  a long  t h e  insp i ra t ion ,  t he  
vol leys caused  an  inc reas ing ly  s t ronge r  i n h i b i t i o n  fol lowed 
b y  a r e b o u n d  a c t i v a t i o n  of the  i n s p i r a t o r y  ac t iv i ty .  
Towards  t he  end  of t he  insp i ra t ion ,  t he  vol leys  s topped  
t h e  l a t t e r  phase  a n d  s h o r t e n e d  t he  fol lowing exp i ra t ion .  
W h e n  app l ied  d u r i n g  t he  exp i ra t ion ,  t he  vol leys also cau-  
sed a n  i n h i b i t i o n  a n d  s h o r t e n e d  th i s  phase .  Resu l t s  sugges t  
t h a t  t he  s t imu lus - i nduced  pause  of t he  i n s p i r a t o r y  
a c t i v i t y  de lays  t he  a c t i v a t i o n  b y  t he  i n s p i r a t o r y  cen t re  
of t he  cen t r a l  i n h i b i t o r y  f eedback  mechan i sm.  
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R e t r o g r a d e  A x o n a l  T r a n s p o r t  for  C a r t o g r a p h y  of  

Var ious  a u t h o r s  ~-6 h a v e  r epo r t ed  e x p e r i m e n t s  wh ich  
sugges t  t h a t  a r e t rog rade  t r a n s p o r t ,  p r o b a b l y  axonal ,  
occurs  in  t he  nerves .  W e  the re fo re  decided to  i nves t i ga t e  
w h e t h e r  t he  muscles  could  be  associa ted  b y  th i s  m e a n s  
w i t h  t h e  co r r e spond ing  motoneurones ,  a n d  to  c o m p a r e  a n y  
resul t s  o b t a i n e d  w i t h  ex i s t ing  c h r o m a t o l y t i c  maps .  
P r e l i m i n a r y  expe r imen t s ,  us ing  E v a n ' s  b lue-coupled  
a l b u m i n  (EBA) as a f luorescen t  marke r ,  h a v e  a l r eady  
been  descr ibed  in th i s  j o u r n M L  

Materials and methods. T he  fore l imb of I v a n o v a s  50 
a lb ino  r a t s  (50-250 g) were inves t iga ted .  Since t h e  dye 
t e n d s  to  sp read  f rom t h e  in j ec t ion  s i te  to  s u r r o u n d i n g  
areas,  on ly  specia l ly  selected muscles  or muscle  groups  are 
sui table .  W e  used t he  t r iceps ,  w h i c h  is so large t h a t  t he  
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Cartographical summary of spinal regions in grey matter, where 
marked cell bodies were found after injection into various parts of the 
forelimb are indicated A-E. A O, Muscles of forearm (F) and hand (H) 
innervated by the ulnar nerve. ]3 (~, Rhomboideus, Acromiotrapezius 
and neighbouring muscles of the back. C O, Muscles of forearm (F) 
and hand (H) innervated by the median nerve. D Q, Muscles of fore- 
arm innervated by the radial nerve. E @, Triceps (innervation, radial 
nerve). 

N e u r o n e s  

d a n g e r  of d i f fus ion in to  n e i g h b o u r i n g  muscles  is small .  
The  lower a r m  and  paw, wh ich  fo rm p rac t i ca l l y  closed 
sys tems,  i n n e r v a t e d  b y  severa l  nerves ,  were also inves t i -  
gated.  The  dye  was, if possible,  i n j ec ted  in to  muscles  
i n n e r v a t e d  b y  one of the  ne rves  a n d  t he  o the r s  were  cut .  
On ly  p e r i k a r y a  of t h i s  r e m a i n i n g  ne rve  should  t h e n  be  
marked .  Spread  of t he  m a r k e r  to  o the r  muscles  can  also be  
easi ly seen f rom the  b lue  co loura t ion  a n d  t he  a n i m a l  can  
be  exc luded  f rom t h e  expe r imen t .  The  an ima l s  were 
anaes thez i sed  before d e n e r v a t i o n  w i t h  N e m b u t a l  (Abo t t ;  
25-50 rag/100 g b o d y  weight) .  The  E B A  4 was t h e n  
in j ec t ed  as 5 - 1 5 %  so lu t ion  in saline.  The  an ima l s  were 
ki l led 8-144 h a f t e r  i n j ec t ion  and  t h e  sp ina l  cord  dissected,  
a needle  be ing  s tuck  in t h e  ne rve  roo t  C3, for ident i f ica-  
t ion.  F i x a t i o n  was  car r ied  ou t  in  fo rma l in  (37% formal-  
dehyde :  t a p  water ,  1:3)  for  a b o u t  15 h, fol lowed b y  
wash ing  in w a t e r  for 20 min .  F r o n t a l  a n d  t r a n s v e r s e  
c r y o s t a t  sect ions,  t h i cknes s  10 ~m a n d  20 [~m, were 
p r e p a r e d  a t  a t e m p e r a t u r e  of - 1 8 ~  to -20~  I n  t h e  
f ron ta l  sect ions,  sma l l  guide holes were m a d e  w i t h  a f ine 
needle  on  t h e  b o u n d a r i e s  b e t w e e n  2 segments ,  before  
freezing. The  sect ions  were p rese rved  e i the r  w i t h  a m i x t u r e  
of w a t e r  and  glycerol,  or w i t h  E u k i t t  a f t e r  drying.  B o t h  
m e t h o d s  h a d  d i s a d v a n t a g e s ;  w i t h  t he  fo rmer  f luorescence 
was d i m i n i s h e d  a f t e r  on ly  12 h, whereas  w i t h  t h e  l a t t e r  
t he  s t r u c t u r e  was genera l ly  no t  so well  preserved .  Fo r  
f luorescence microscopy,  a Zeiss Un ive r sa l  microscope  
was used, w i t h  a m e r c u r y  l a m p  H B O  200, p r i m a r y  f i l ter  
S c h o t t  B G 1 2  a n d  seconda ry  f i l te r  S c h o t t  53 + 44. 
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Segmental distribution of marked perikarya after injection of EBA into different parts of rat 's foreleg. 

]EXPERIENTIA 29/12 

Rat No. Injection site~ Transeeted Time from injection Segments of the spinal cord 
nerves to sacrifice (h) containing marked motor perikarya a 

1 Triceps 8 . . . .  

2 Triceps 35 - C6 C7 C8 - 

3 Triceps 53 - C6 C7 C8 T1 

4 Triceps 96 C5 - C7 C8 

5 Tieeps 144 - C6 C7 C8 - 

6 Triceps R 30 . . . .  

7 Triceps R 96 . . . . .  

8 Hand M R, U 48 - - - C8 - 

9 Hand/forearm M R, U 80 - C6 C7 C8 - 

10 Hand M, U M, R, U 48 0 . . . .  

11 Hand U M 30 - - C8 T1 

12 Hand U M 32 0 - C8 T1 

13 Hand U M 43 - - C8 T1 

14 Forearm U M, R 80 - - C7 C8 

15 ~ Forearm U M, R, Me 85 - - C7 C8 

15 b Forearm M, R, U . . . .  

16 ~ Forearm M, R, U 72 0 - - 

16b Forearm R M, U 0 0 C7 C8 0 

17 ~ Triceps 12 - C6 C7 C8 

17 ~ Hand M R, U . . . .  

18 a Triceps 24 C5 C6 C7 C8 0 

18 b Hand M R, U - - C8 T1 

19 ~ Triceps 38 - C6 C7 C8 - 

19 b Hand M R, U - - - C8 T1 

M, Medianus; Mc, Musculocutaneus; R, Radialis; U, Ulnaris. Rat No. 1-14 unilateral injection of EBA; rat 15 19, ~ injection into one side; 
b into the other side of the anirhaI, o Injection mainly in muscles innervated by the indicated nerves, a negative; C, T, positive; 0, not in- 
vestigated. 

Resulls  and discussion. T h e  f i r s t  m a r k i n g s  a p p e a r e d  in 
t h e  sp ina l  co rd  12 h a f t e r  i n j ec t i on  in to  t h e  t r i ceps  
( l eng th  of ne rve ,  30 ram)  a n d  24 h a f t e r  i n j ec t i on  i n to  t h e  
h a n d  ( l eng th  of nerve ,  60 m m ) .  R e d  f luorescence  in large 
m o t o r  p e r i k a r y a  ( ~ - m o t o n e u r o n e s  a c c o r d i n g  to  h i s to -  
logical  cr i ter ia)  cou ld  be  o b s e r v e d  fo l lowing  u n i l a t e r a l  
in jec t ion  o n l y  in t h e  ips i l a t e ra l  v e n t r a l  h o r n  of t h e  sp ina l  
cord.  I n  each  cross  sec t ion  t h e r e  were  on ly  1-4  cell 
bod ies  w i t h  r ed  f luorescence ,  t h e  s u r r o u n d i n g  n e u r 0 n e s  
be ing  gene ra l l y  n o t  m a r k e d  a t  all. T h e  m a r k e r  s eem ed  to  
be  b o u n d  m a i n l y  to  g r a n u l e s  in t h e  c y t o p l a s m .  W i t h  the  
e x c e p t i o n  of a few b lood  vessels ,  t h e  r e s t  of t h e  sp ina l  
cord,  n a m e l y  t h e  dorsa l  ho rn ,  n e u r o p i l  a n d  t h e  o p p o s i t e  
v e n t r a l  h o r n  were  u n m a r k e d .  ( In  a few e x p e r i m e n t s ,  t h e  
in j ec t ions  were  ca r r i ed  o u t  b i l a te ra l ly ,  b u t  in to  d i f fe ren t  
musc les . )  

I n  con t ro l  e x p e r i m e n t s ,  in  w h i c h  t h e  in jec ted  m us c l e s  
were  d e n e r v a t e d ,  no  m a r k e d  n e r v e  cell bod ies  were  
o b s e r v e d  in t h e  s p i n a l  cord.  I t  can  t h u s  be c o n c l u d e d  t h a t  
in  o u r  e x p e r i m e n t s  no  s i gn i f i c an t  a m o u n t  of E B A  s p r e a d  
to  t h e  n e i g h o u r i n g  musc les ,  c aus i ng  unspec i f ic  co loura t ion .  
W e  h a v e  also ca r r ied  o u t  e x p e r i m e n t s  w i t h  u n c o u p l e d  
E v a n ' s  blue,  u s i n g  a b o u t  1.5 rag/100 g b o d y  we igh t ,  i.e. 
a b o u t  t h e  s a m e  a m o u n t  of p u r e  dye  as  in t h e  E B A  in- 
jec t ions .  More  i n t e n s i v e  m a r k i n g  w a s  f o u n d  in t h e  s a m e  
p e r i k a r y a  as  w i t h  E B A .  I n  a d d i t i o n  o t h e r  m o t o n e u r o n e s  
were  also coloured,  p o s s i b l y  caused  b y  t h e  g r e a t e r  m o b i l i t y  
of t he  sma l l e r  molecu le  in t h e  musc les .  

T h e  m a r k e d  cells were  n o t  s c a t t e r e d  a t  r a n d o m  across  
t he  v e n t r a l  ho rn ,  b u t  we re  a l w a y s  in g roups .  T h e  p o s i t i o n  
of each  g roup ,  b o t h  in t h e  s e g m e n t s  a n d  in t h e  t r a n s v e r s e  

sec t ions ,  w a s  f ixed,  be ing  d e p e n d e n t  on  t h e  p lace  of 
i n j ec t i on  a n d  d e n e r v a t i o n .  T h e  T a b l e  s h o w s  in w h i c h  
s e g m e n t s  t h e  c o l o r a t i o n s  were  found ,  a n d  t h e  F i g u r e  
g ives  a s u m m a r y  of  t h e  r e su l t s  in  c a r t o g r a p h i c  fo rm.  
R e g i o n s  w h i c h  h a v e  b e e n  f o u n d  to  be  m a r k e d  a f t e r  
i n j ec t ion  in to  t h e  b a c k  ( A c r o m i o t r a p e z i u s ,  R h o m b o i d e u s  
a n d  i ts  s u r r o u n d i n g s )  a re  also inc luded .  

GOERING s h a s  u sed  c h r o m a t o l y s i s  to  i n v e s t i g a t e  t h e  
p a t t e r n  of m o t o r  cell g r o u p s  i n n e r v a t i n g  t h e  f o r e l i m b  in 
ra t s .  H o w e v e r ,  as  species  d i f fe rences  c o n c e r n i n g  m o t o -  
n e u r o n  p o s i t i o n s  in s p i n a l  co rd  a re  smal l ,  r e su l t s  f r o m  
o t h e r  m a m m a l s  9-11 can  also be  cons ide red .  O u r  r e su l t s  are  
in genera l  a g r e e m e n t  w i t h  t h e s e  i n v e s t i g a t i o n s .  T h e  o n l y  
d i f fe rence  w a s  f o u n d  in c r an i a l l y  loca ted  m a r k e d  cell 
bod i e s  f r o m  t h e  m e d i a n  ne rve .  REED 11 a n d  GOemNG s 
f o u n d  t h e m  to  be  in C 5 a n d  C~ r e spec t ive ly ,  w h e r e a s  o u r  
r e su l t s  (for t h e  l ower  a r m  only)  i nd i ca t e  C6. F r o m  o u r  
resu l t s ,  w h i c h  d e m o n s t r a t e  t h e  h i g h  spec i f i c i ty  n e c e s s a r y  
for  use  as  a c a r t o g r a p h i c  m e t h o d ,  i t  s eems  un l ike ly  t h a t  a n  
e n d o n e u r a l  t r a n s p o r t  h a s  t a k e n  place.  I n  a few exper i -  
m e n t s  u s i n g  l iga t ion ,  a w e a k  f luorescence  o n  t h e  d i s t a l  
s ide of t h e  l i ga tu r e  cou ld  be  seen.  T h e  m a r k e r  w a s  obse r v -  
ed ch ief ly  in  t h e  i n n e r  p a r t  of t h e  axon ,  s u g g e s t i n g  
t r a n s p o r t  ins ide  t h e  axon .  I n v e s t i g a t i o n s  u s i n g  a m o r e  
sens i t i ve  m a r k e r  to  c la r i fy  t h i s  p o i n t  are  in p rogres s .  I n  

8 j .  H. GOERING, J. comp. Neurol. d6, 125 (1928). 
0 G. MARI~ESCO, Semaine mgd. Paris, 24, 225 (1904). 

10 G. BI•ELES and M. FRANKE, Dt. Z. Nervenheilk. 29, 171 (1905). 
u A. F. REED, J. eomp. NeuroI. 72, 187 (1940). 
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larger animals,  wel l -d i f ferent ia ted  results  can p robab l y  
be ob ta ined  by  th is  method ,  whereas  an ex tens ive  
ch romato lys i s  can of ten  only  be observed  when  a nerve  is 
severed d o s e  to  t he  Spinal cord, mak ing  a h igh  resolut ion 
ha rd ly  possible.  As a car tographica l  me thod ,  re t rograde  
t r a n s p o r t  seems to offer several  advan tages ,  including the  
poss ibi l i ty  of a combina t ion  wi th  o ther  histological  
methods .  

Zusammenfassung. Der re t rograde  axonale  T ranspo r t  
wurde  als Methode  zur K a r t o g r a p h i e  yon  Neuronen  bet 

der R a t t e  verwendet .  Mit  Evansb l au  gekuppe l t em Albu- 
min  k o n n t e n  K a r t e n  der  Per ikar ia  yon  Neuronen,  welche 
Muskeln der  Vorde rex t r emi tE t  tier R a t t e  innervieren,  
angefer t ig t  werden.  Die Ergebnisse  s t i m m e n  mi t  denen  
aus Chromato lyse -Versuchen  e rha l t enen  fiberein. 

H. R. GLATT and  C. G. HONIgGGER 

A bteilung Neurochemie, Neurologische Universitiitshlinik, 
Socinstrasse 55,  CH-d051 Basel (Switzerland), 
7 September 1973. 

Effec t  of L a n t h a n u m  at  the  N o d a l  M e m b r a n e  

Voltage c lamp expe r imen t s  were done  on mye l ina t ed  
nerve  f ibres of the  toad,  Xenopus laevis. The normal  
Ringer  solut ion con ta ined  2 m M  Ca++. The 3 tes t  solut ions 
were:  Ringer  solut ion wi th  10 m M  Ca++, Ca-free Ringer  
w i th  0.1 m M  La+++, or Ca-free Ringer  w i th  0.5 m M  
La +++. The no rma l  leakage conduc tance  was  r educed  to  
91% in 10 m M  Ca ++ and  to  73% in 0.5 m M  La+++; th is  
r educ t ion  was no t  comple te ly  reversible.  In  t he  sodium 
cur ren t -vo l t age  curves, the  negat ive  res is tance  b ranches  
were shi f ted  towards  more  posi t ive  in te rna l  po ten t ia l s  
and the  m a x i m u m  inward  cur ren ts  were reduced  in t he  
sequence (in m M ) :  0,1 La+++-10 Ca++-0.5 La+++. In  
seven exper iments ,  t he  m a x i m u m  sod imn pe rmeab i l i t y  
was reduced  to  80% in 10 m M  Ca++ and  to  54% in 
0.5 m M  La+++. The sod ium equi l ibr ium po ten t i a l  was no t  
affected.  

The s t eady  s t a te  values  of t he  ac t iva t ion  (m~) and the  
inac t iva t ion  t e r m  (h~) of the  sod ium permeabi l i ty ,  
according to  t he  HODGKIN-HUXLEY model~, were 
calcula ted f rom the  cur ren t  records  and  p lo t t ed  as a 
func t ion  of t he  m e m b r a n e  potent ia l ,  V. These curves 
were shif ted in the  t e s t  solut ions by  AV in the  depolar iz ing 
d i rec t ion;  the  shif t  was comple te ly  revers ible  on re tu rn-  
ing to  normal  Ringer  solut ion (2 m2VI Ca++). Cooling f rom 
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Voltage shift as a function of Ca ++ and La +++ concentration. Ordinate : 
voltage shift, AV, of the moo or hoe-curves. Abcissa: Ca++ and La +++ 
concentration on logarithmic scales. The lanthanum abcissa has been 
displaced by a factor of 55 relative to the Ca scale. Open circle: AV~ 
in 10 mM Ca ++ (16.8 ~= 0.7 mY, n = 8), filled circles: Z]V~ in 0.i mM 
La +++ (9.2 =L 0.5 mV, n = 5), and in 0.5 mM La +++ (31.2 -t- 1.8 mV, 
n = 5), open triangle: ztVh in 10 mM Ca ++ (13.1 q_ 0.5 mV, n = 12), 
filled triangles: AVh in 0.1 mM La +++ (8.1 2< 0.5 mV, n = 10), and 
in 0.5 mM La +++ (21.2 -E 1.3 mV, n = 11), mean values of 19 ~ and 
8 ~ The vertical bars give -4- S.E.M. The slopes drawn by eye to fit 
the measuring points are 11.0 mV and 8.3 mV per e-fold change in 
concentration. 

19 to  8~ did no t  s ignif icant ly  inf luence dV.  In  the  
Figure the  shif ts  of the  ac t iva t ion  and  the  inac t iva t ion  
are p lo t t ed  versus the  loga r i thm of t he  Ca ++ and  La +++ 
concent ra t ions .  In  the  range of t he  t e s t ed  concent ra t ions ,  
the  expe r imen ta l  po in t s  can be reasonably  f i t t ed  by  
s t r a igh t  l ines under  t he  a s sumpt ion  that 1 m M  La+++ be 
equ iva len t  to  55 m M  Ca++. In  lobs ter  axons  the  ra t io  
1:20 has  been  found 2. I t  should be no ted  t h a t  l a n t h a n u m ,  
like calc ium 3, causes t he  h~-curve  to  shi f t  less t h a n  the  
re la t ion m~ (V). 

Shif ts  of the  pe rmeab i l i t y  p a r a m e t e r s  have  been  
in t e rp re t ed  as changes  in the  surface po ten t i a l  of the  
exci table  m e m b r a n e  due to  the  screening effect  of cat ions  
on nega t ive  surface charges 4-6. The expe r imen ta l  po in t s  
of AVm, excep t  t h a t  for 0.5 m M  La+++, which  is 10 m V  
off, can be f i t t ed  by  curves as calcula ted for screening 
f rom the  GRAHAME 7 equat ion,  assuming  1 electronic 
charge per  70 ~2, approx ima te ly .  Addi t iona l  b ind ing  of 
Ca ++ or La+++ would require  an even  larger charge 
densi ty .  For  crayf ish  axons  - 1 / 4 3  ~-2  has  recent ly  
been found  s . The  ac t iva t ion  curve of t he  po ta s s ium 
permeabi l i ty ,  n o  (V), was shi f ted  by  10 • 1.1 m V  
(n = 4) in 10 m M  Ca ++, cor responding  to an a p p r o x i m a t e  
charge dens i ty  of only -1/200 ~-= near  the  p o tass iun  
channel .  Similar  values, -1/6006 and  -1/3006 A -~ have  
been repor ted ,  suggest ing the  effect ive charge dens i ty  
near  t he  po tas s ium channels  to  be lower t han  in t he  vicin- 
i ty  of t he  sod ium channels .  

Zusammen/assung. An der  Schnf i r r ingmembran  s ind 
L a n t h a n i o n e n  e twa  55mal wi rksamer  als Calciumionen.  
Die Ergebnisse  lassen ve rmuten ,  dass  die Dich te  nega t ive r  
Fes t l adungen  in der  N/the des Na t r i umkana l s  gr6sser als 
am Ka l iumkana l  ist. 
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