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respect to E E G  synchronization. This agreement indicates 
that  the cutaneous fibres concerned with the skin pressure 
reflex belong to GII  fibres. 

Recent  investigations indicate tha t  proprioception 10-1z 
as well as pressure and touch impulses 1~ have a double 
pathway in the spinal cord, the uncrossed dorsal and 
crossed ventral  funiculus, and the impulses conducted in 
the ventral  funiculus are act ivated monosynaptically only 
from the contralateral  afferent nerves. The topographic 
organization of the dorsal funicutus and its properties 
are sufficiently elaborated. Pressure sensation controlled 
by this phylogenetically younger pathway was found to 
be discriminative and epicritic. On the other hand, 
pressure sensation served by the phylogenetically older 
ventral  Iuniculus, the topographic organization of which 
was described by WALKER ~4, seems to be protopathic. 

The results of the present experiment indicate tha t  the 
afferent pathway of the skin pressure reflex passes up- 
ward not through the dorsal funiculus but  in the phylo- 
genetically older ventral  funiculus, which is, in the 
rabbit, much larger than the dorsal funiculus. 

This may be explained by the fact that  the rabbit  
seems to be a considerably primitive animal. This agrees 
with the observation of BROUWEg ~5 tha t  the proportional 
dimension of the ventral  funiculus as compared with the 
dorsal funiculus of various classes of vertebrates, is larger 
in lower classes than in highly evolved classes. 

The present investigation by means of MARCm'S stain 
has shown tha t  the highest terminations of the degener- 
ated fibres, namely the secondary long ascending fibres 
in the ventral  funiculus, were found in the superior colli- 
culus. This indicates that  in rabbits, the so-called ventral  
spinothalamic t ract  does not  reach the thalamus anato- 
mically xo. The collaterals running into the reticular for- 
mation are obviously identical with the spino-reticular 
fibres described by BRODAL 1~. 

Conclusion. The impulses evoked by pressure to the 
skin are conducted in pr imary afferent cutaneous fibres 
(GII). Then the impulses are conducted by neurons 
ascending in the phylogeneticMly older ventral  funiculus 
of the contralateral side of the spinal cord. In the course 
of the pathway to the superior colliculus, the ascending 
fibres give off a considerable amount  of collaterals to the 
spinal cord, medullary, and midbrain reticular formation. 

Some of them enter into the superior peduncle. I t  is con- 
cluded that  such a pathway belongs anatomically to the 
spine-tectal and the spine-reticular t ract  ~. 

Zusammen/assung. Am Kaninchen wurde der Einfluss 
einer chronischen einseitigen Durchschneidung des 
medialen Vorderstranges bei Th l2  auf die reflektorische 
Hemmung von K/iltezittern durch Hautdruck unterhalb 
der Durchschneidung untersucht. Das K~iltezittern wurde 
nut  dann gehemmt, wenn der Druck auf der Seite der 
LAsion appliziert wurde. Demnach kreuzt die afferente 
Bahn dieses Reflexes im Riickenmark und verl~iuft im 
contralateralen Vorderstrang im sogenannten Tractus 
spino-thalamicus medialis. Die Verfolgung der degene- 
rierten Axone der durchsehnittenen Bahn nach rostral 
ergab, dass zahlreiche Neurone zur Formatio Reticularis 
der Medulla ziehen. Degenerierte Fasern konnten rostral- 
w~irts bis zum Tectum nachgewiesen werden. 
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Experimental Lympho~raphy by Means of 
a Subarachnoidal Injection of Lipiodol 

Ultrafluid (Guerbet) 

From both the theoretical and the practical point of 
view, the lymphographic demonstration of lymph vessels 
part icipating in the fluid metabolism of the brain and 
the eye, is of major importance. 

Techniques. 8 dogs of both sexes were punctured intra- 
cisternally under hexobarbitaI anaesthesia. 5-8 ml of the 
cerebrospinal fluid were removed and the same volume 
of lipiodol was injected slowly intracisternally. 48 h after 
the injection, X-ray pictures were taken and the animals 
killed by an overdose of the anaesthetic. Frozen sections 
stained with oil red were used for histological examina- 
tions. 

Results. In animals kept in a horizontal posture for 
several hours after the injection, the contrast  material  

appeared in the form of droplets in the subarachnoidal 
spaces at  the basis cranii and the spinal cord. If, however, 
the animals were located in a plane til ted 45 ° cranially, 
par t  of the contrast material  surrounded sheathlike both 
Nn. optici, and surrounded, in the form of a sheath, the 
eyeball, with the exception of the cornea. Also the lymph 
vessels at  the base of the nasal cavity, as well as the 
angular and retroauricular lymph nodes, could be well 
seen (Figures 1 and 2). 

) Histological investigation revealed lipiodol droplets in 
the subarachnoidal space around the optic nerve, as well 
as in the leptomeningeal sheaths of the optic nerve, 
especially around the blood vessels. Lipiodol droplets were 
found in the retina, too, within the layer between the pig- 
ment  epithelium and the photoreceptors. Droplets were 
present episclerally and between the sheets of the sclera, 
too. In the swollen bulbar conjuctiva, part  of the lipiodol 
was found in lymph vessels lined by endothelial cells 
(Figures 3-6). 
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Fig. I. and 2. Lipiodol surrounds both Nn. optlci and the eyeballs. 

Fig. 3. Lipiodol droplets between the optic nerve and its meningea 
sheath. × 40. 

Fig. 5. Lipiodol in the episclera and sciera, x 40. 

Fig. 4. Lipiodol surrounding central vessel of the retina, x 80. Fig. 6. Lipiodol in endothelium lined lymph-vessels in the plica 
semilunaris. × 40. 
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Discussion. ' P a r a l y m p h a t i c '  p a t h w a y s  devo id  of a n  
e n d o t h e l i a l  l in ing  a n d  l y m p h  vessels  t h a t  p l a y  a v i t a l  
role in  t h e  f lu id  c i r cu la t ion  of  i n t r a c r a n i a l  s t ruc tu res ,  
c a n  r ead i l y  be  v i sua l i zed  b y  m e a n s  of a n  i n t r a c i s t e r n a l  
i n j ec t ion  of l ip iodol  u l t ra f lu id .  

Accord ing  to DAVSON I ' t h e r e  is no  free passage  of f lu id  
f rom the  pe r i -op t i c  s u b a r a c h n o i d  space  in to  t he  r e t i n a l  
t issue,  t he  l a t t e r  space be ing  a p p a r e n t l y  sea led  off a t  t h e  
l a m i n a  c r ib rosa ' .  

Our  s tud ies  d i sp rove  t h i s  v iew a n d  s u p p o r t  t h e  idea  ~ 
t h a t  c o n j u n c t i v a l  a n d  o r b i t a l  l y m p h  vessel.s, t a k i n g  p a r t  
in the  f luid c i r cu la t ion  of t he  eyeba l l  p roper ,  are  in  d i r ec t  
c o m m u n i c a t i o n  w i t h  t h e  i n t r a c r a n i a I  f lu id  c i rcu la t ion .  
T h e  poss ib i l i t y  of a r t i f a c t s  in  t h e  a b o v e  s tud ies  c an  
c o m p l e t e l y  be  exc luded .  

L a m i n a  c r ib rosa  das  freie E i n d r i n g e n  e iner  F l t i ss igkei t  
aus  d e m  p e r i o p t i s c h e n  S u b a r a c h n o i d e a l r a u m  in  da s  
R e t i n a l g e w e b e  zu v e r h i n d e r n .  Auf  G r u n d  de r  beschr ie -  
b e n e n  Befunde ,  welche  die M6gl i chke i t  y o n  K u n s t p r o -  
d u k t e n  m i t  S i che rhe i t  ausscht iessen ,  v e r t r e t e n  die A u t o r e n  
d e n  S t a n d p u n k t ,  dass  die Lymphgef / i s se  d e r  B i n d e h a u t  
u n d  de r  O r b i t a  m i t  d e m  i n t r a k r a n i a l e n  Fl i i ss igkei tskre is -  
l auf  in d i r e k t e m  Z u s a m m e n h a n g  s tehen .  
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Zusammen/assung. ~ P a r a l y m p h a t i s c h e ~  B a h n e n  sowie 
LymphgefXsse,  welche  im F l i i s s igke i t skre i s lauf  de r  i n t r a -  
k r an i a l en  S t r u k t u r e n  eine wich t ige  Rol le  spielen,  k 6 n n e n  
im T i e r v e r s u c h  d u t c h  i n t r a z i s t e r n a l  in j iz ie r tes  L ip iodol  
u l t r a f lu id  da rges t e l l t  werden .  N a c h  DAVSON x sche in t  die 

1 H. DAVSON, Physiology o] the o~ular and cerebrospinal fluids (J. 
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T h e  C o n t e n t  of  N o n - E s t e r i f i e d  Fa t ty  A c i d s  and 
Glycero l  in the  B l o o d  of  the  H e d g e h o g  D u r i n g  the  

H i b e r n a t i o n  P e r i o d  1 

The  per iodic  s p o n t a n e o u s  a rousa l s  of hedgehogs  d u r i n g  
t he  w i n t e r  2 give a good o p p o r t u n i t y  to  i n v e s t i g a t e  t h e  
in f luence  of t he  b o d y  t e m p e r a t u r e  u p o n  t h e  c o n t e n t  of 
non-es te r i f i ed  f a t t y  acids ( N E F A )  a n d  glycerol  in  t h e  
b lood  of t h e  h e d g e h o g  (Erinaceus europaeus L.). 

T h r o u g h o u t  t h e  w i n t e r  t h e  hedgehogs  m u s t  l ive  on  
food rese rves  - f a t  depos i t s  - w h i c h  t h e y  h a v e  b u i l t  up  in  
t h e i r  bodies .  A t  leas t  in  h i b e r n a t i n g  ( h y p o t h e r m i c )  
an imals ,  t h e  RQs  are  those  of l ipids.  

F o r  d e m o n s t r a t i o n  of t h e  changes  r e l a t e d  to t h e  h ibe r -  
n a t i o n  cycle (to t he  pe r iod i c i t y  of h i b e r n a t i o n )  in  mid -  
w i n t e r  ( late J a n u a r y )  t he  6 fo l lowing g roups  were c r ea t ed  
on  t he  basis  of c o n t i n u o u s l y  m o n i t o r e d  b o d y  t e m p e r a t u r e  
record ings  v i a  t h e r m o c o u p l e s  i m p l a n t e d  s.c. in  t he  in te r -  
s capu l a r  reg ion  2. 

G r o u p  1. A n i m a l s  a t  a b o u t  t h e  m i d d l e  of t h e i r  h y p o -  
t h e r m i a  pe r iod  f rom 4 - 5  d a y s  in  deep  h y p o t h e r m i a .  
B o d y  t e m p e r a t u r e  (TB) less t h a n  1 °C h i g h e r  t h a n  p reva i l -  
ing a m b i e n t  t e m p e r a t u r e  (TA) in  a cold a n i m a l  r o o m  (TA 
c o n s t a n t l y  a t  4.2 :k 0.5 °C). 

G r o u p  2. S p o n t a n e o u s l y  a rous ing  an i m a l s  w i t h  a b o d y  
t e m p e r a t u r e  of 6 °C ( the rmocoup le s  i m p l a n t e d  s.c. in  t he  
i n t e r s c a p u l a r  region).  

G r o u p  3. S p o n t a n e o u s l y  a rous ing  an imals .  TB has  
r eached  15 °C w h e n  ana lyzed .  

G r o u p  4. ' F u l l y  a roused  a n i m a l s ' :  as a r e su l t  of t h e  
s p o n t a n e o u s  a rousa l  process  t he  r ecorded  TB h a d  r eached  
i t s  ' n o r m a l '  level.  

G r o u p  5. A n i m a l s  e n t e r i n g  h y p o t h e r m i a  w i t h  TB of 
20 °C. 

I Dedicated to Prof. H. MISLIN on the occasion of his 60th birthday. 
2 R. KRISTOFFERSSON and A. SolvIO, Suomal. Tiedeakat. Toim. 

A IV, 80, 1 (1964). 

The content of non-esterified fatty acids and glycerol in the blood of 
hedgehogs. Means 4- SE (and number of animals) are presented. 

NEFA Glycerol 
meq/1 I~M/ml 

0.396 4- 0.039 
(51 

Animals awake in late 
summer (7.IX) 

Animals awake in late 
autumn (27.-29.X) just 
before the onset of 
hibernation 

Hypothermic animals in the 
beginning of hibernation 
(1.XI-16.XI) 

Group l. In deep hypothermia. 
Late January 

Group 2. 'Arousing'. Tr~ + 6 °C. 
Late January 

Group 3. 'Arousing'. TB + 15 °C. 
Late January 

Group 4. 'Fully aroused 
animals'. 
Late January 

Group 5. Entering hypothermia. 
TB + 20°C. 
Late January 

Group 6. Entering hypothermia. 
TB + 10°C. 
Late January 

Animals awake in late spring- 
summer (18.V-11.VI) 

Animals awake in summer 
(16.VI-8.VII) 

0.492 4- 0.034 
(6) 

0.555 4- 0.040 
(6) 

0.659 4- 0.053 
(7) 

1.381 4- 0.057 
(71 

1.156 4- 0.102 
(7) 

0.993 4- 0.074 
(7) 

0.517 4- 0.042 
(7) 

0.613 4- 0.057 
(7) 

0.412 4- 0.024 
(13) 

0.399 4- 0.034 
(lO) 

0.306 4- 0.031 
(s) 

0.208 :J::: 0.019 
(5) 

0.187 4- 0.005 
(6) 

0.333 4- 0.039 
(6) 

1.440 4- 0.210 
(4) 

0.436 4- 0.043 
(7) 

0.228 4- 0.036 
(4) 


