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Durch polarisiertes Licht hervorgerufene 
Optomotorik bei Uca tangeri 

I m  Zuge der  B e a r b e i t u n g  yon  SehsehXrfe u n d  F a r b -  
w a h r n e h m u n g  yon  Uca tangeri a m  Golf  yon  Cadiz w u r d e n  
bei  10 Ve r suchs t i e r en  (Vt) ( 5 ~ ,  5~c~) m i t  C a r a p a x b r e i t e n  
yon  21-31 m m  die  R e a k t i o n e n  auf  D r e h u n g  der  Schwin-  
g u n g s e b e n e  (e-Vektor)  des po la r i s i e r t en  L ich tes  u n t e r -  
sucht .  Die  V t  b e f a n d e n  s ich in e inem r u h e n d e n  r u n d e n  
GlasgefXss v o n  9,5 cm H 6 h e  u n d  9,5 c m  Durchmesse r ,  u m  
welches  e ine  weisse M e t a l l t r o m m e l  y o n  40 c m  H 6 h e  u n d  
35 c m  D u r e h m e s s e r  g e d r e h t  w e r d e n  konn t e .  Die  Ver -  
s u c h s a n o r d n u n g  w a r  so gew~thlt, dass  n u t  die ap ika t en  
O m m a t i d i e n  de r  A u g e n k a l o t t e n  v o m  d i r e k t e n  polar is ier-  
t en  L i c h t  ge t rof fen  wurden .  Z u r  E r z e u g u n g  des  polar i -  
s i e r t en  L ich te s  w u r d e  eine Po la r i sa t ions lo l i e  (Pola ro id  
Corpora t ion)  au t  die M e t a l l t r o m m e l  getegt,  class n u r  
po la r i s ie r tes  L i ch t  in  die T r o m m e l  einfiel.  I n  dieser  mass  
ich  die Be l euch tungss t / i r ke  n a c h  oben  m i t  2000 L u x  u n d  
zur  W a n d  m i t  700 Lux.  Auf  blosse D r e h u n g  de r  T r o m m e l  
o h n e  Pola r i sa t ionsfo l ie  zeigte ke ins  de r  10 V t  eine opto-  
mo to r i s che  R e a k t i o n ,  w o m i t  bewiescn  ist, dass  ke ine  
v i sue l len  Schliissel y o n  de r  T r o m m e l  ausg ingen .  E b e n s o  
war  ke ine  R e a k t i o n  zu b e o b a c h t e n ,  w e n n  t iber  den  api -  
ka l en  O m m a t i d i e n  eine Holzsche ibe  v o n  40 c m  D u r c h -  
messer  m i t  8 s chwarzen  u n d  8 weissen gle ichgrossen Sek- 
t o r c h  g e d r e h t  wurde ,  obwoh l  au I  de r  T r o m m e l w a n d  ge- 
b o t e n e  Schwarzweiss -S t re i fen  dieser  D i m e n s i o n  i m m e r  
o p t o m o t o r i s c h e  R e a k t i o n e n  de r  Tiere  aus l6s ten .  Visuel le  
O b j e k t e  s ind d e m n a c h  ffir diese ap ika l en  O m m a t i d i e n  
wohl  wenig  r e l evan t .  W u r d e  die T r o m m e l  m i t  de r  Polar i -  
sa t ionsfol ie  bei  i n d i r e k t e m  S o n n e n l i c h t  m i t  6 U m d r e -  

h u n g e n  p ro  ra in  gedreh t ,  so ze ig ten  8 y o n  10 V t  eine 
o p t o m o t o r i s c h e  R e a k t i o n ,  d .h .  sic d r e h t e n  i h r e n  K6rpe r  
so, dass  ihre  K 6 r p e r q u e r a c h s e  i m m e r  para l l e l  zu r  E b e n e  
des po la r i s i e r t en  L ieh tes  s t and .  Dieses V e r h a l t e n  erfolgte  
e n t w e d e r  n a c h  k u r z e m  Z6gern  oder  sofor t  be i  D r e h b e g i n n  
de r  Polar i sa t ionsfo l ie .  D a m i t  i s t  d u r c h  e inen  le ich t  re- 
p r o d u z i e r b a r e n  Ve r such  bewiesen,  dass  die H a u p t f u n k -  
t i on  de r  a p i k a l e n  O m m a t i d i e n  in dc r  W a h r n e h m u n g  des 
po la r i s i e r t en  L ich te s  liegt.  Dagegen  d t i r f t en  die la te ra l  
ge legenen  O m m a t i d i e n  i m  F r e i l a n d l e b e n  y o n  Uca tangeri 
fiir diese FAhigke i t  n i c h t  b e n u t z t  werden ,  was  die  nega-  
r i ven  D r e s s u r b e m i i h u n g e n  au f  po la r i s ie r tes  L i c h t  a n  Uca 
langeri 1 bzw. a n  Panulirus  ~ vers t~indl ich  m a c h t .  

Summary.  O p t o m o t o r  r eac t i ons  were  t e s t e d  in  10 Uca 
tangeri (5c~cL 5!?~) of i n t e r m e d i a t e  b o d y  size, b y  slowly 
r o t a t i n g  t h e  p l a n e  of po la r i zed  l igh t  e n t e r i n g  t h e  apica l  
o m m a t i d i a  of t he  a n i m a l ;  8 o u t  of 10 a n i m a l s  showed  
def in i t e  o p t o m o t o r  r e a c ' i o n s  i m m e d i a t e l y  a t ,  or a shor t  
t i m e  after ,  t h e  b e g i n n i n g  of t he  ro t a t i on .  T h e r e  were no 
such  reac t ions  w h e n  t he  ap ica l  o m m a t i d i a  were  s t imu-  
l a t ed  b y  a r o t a t i n g  b lack  a n d  w h i t e  disc. 
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Peripherally Located Adrenergic Neurons 
Innervating the vas deferens and the Seminal 

Vesicle of the Guinea-Pig 

R e c e n t  f ind ings  h a v e  i n d i c a t e d  t he  ex i s tence  of a pe r iph-  
era l  synapse  loca ted  in or  nea r  t h e  ef fec tor  organ ,  a n d  
be long ing  to t he  ad rene rg ic  i n n e r v a t i o n  of t he  accessory  
ma le  gen i t a l  o rgans  of t h e  guinea-pig .  Thus ,  t he  response  
of t he  vas  deferens  to  h y p o g a s t r i c  n e r v e  s t i m u l a t i o n  is 
b locked  b y  gang l ion  agen t s  1, a n d  sec t ion  of t h e  h y p o -  
gas t r i c  n e r v e  does n o t  o v e r t l y  r educe  t h e  n o r a d r e n a l i n e  
c o n t e n t  of t he  vas  deferens  a n d  t he  s e m i n a l  ves ic leL 
Moreover ,  t he  h y p o g a s t r i c  n e r v e  f ibres  evok i ng  responses  
f rom t h e  s m o o t h  musc le  cells of t he  gu inea-p ig  va s  
deferens  seem to be  13 f ibres  s. Af te r  t r e a t m e n t  w i t h  reser-  
pine,  no  m e a s u r a b l e  a m o u n t s  of n o r a d r e n a l i n e  are  f o u n d  
in t h e  v a s a  d e f e r e n t i a  a n d  t he  s em i na l  vesicles ~. 

A m e t h o d  a l lowing  t h e  d i rec t  d e m o n s t r a t i o n  of nor -  
a d r e n a l i n e  in  ad rene rg ic  n e r v e s  h a s  r e c e n t l y  b e e n  re-  
p o r t e d  4,5. B y  m e a n s  of t h i s  m e t h o d  a n  a b u n d a n t  occur-  
r ence  of ad rene rg ic  t e r m i n a l  n e r v e s  ha s  been  d e m o n -  
s t r a t e d  in t h e  va s  deferens  of t h e  gu inea -p ig  5. T he  a m o u n t  
of ad rene rg ic  n e r v e  f ibres  co r r e sponds  well w i t h  t he  h igh  
n o r a d r e n a l i n e  c o n t e n t  of t h i s  o r g a n  2. F u r t h e r ,  ad rene rg ic  
n e r v e  cell  bod ies  h a v e  b e e n  f o u n d  in t h e  d i s t a l  p a r t  of t h e  
h y p o g a s t r i c  n e r v e  6. Th i s  r e p o r t  deals  w i t h  the  effect  of 
hypogas t r i c  d e n e r v a t i o n  o n  the se  adrenerg ic  nerves .  

Methods. Ten  guinea-pigs ,  we igh ing  a b o u t  500 g, were 
s u b m i t t e d  to  h y p o g a s t r i c  d e n e r v a t i o n  d u r i n g  n e m b u t a l  

a n a e s t h e s i a  s u p p l e m e n t e d  w h e n  neces sa ry  w i t h  e the r .  The  
a n i m a l s  were  l apa ro tomized ,  a n d  t h e  h y p o g a s t r i c  ne rves  
were  r e m o v e d  f rom t h e i r  or ig in  be low t h e  k idneys  to  a 
p o i n t  close to  t h e  s emina l  vesicles.  A f t e r  r e m o v a l  of a b o u t  
5 cm of t h e  h y p o g a s t r i c  n e r v e  on  each  side of four  an imal s  
a n d  on  on ly  t h e  lef t  side of six an imals ,  t he  a b d o m e n  was 
closed. T h e  a n i m a l s  were  sacr i f iced 12-20 days  a f t e r  de- 
n e r v a t i o n .  

All  a n i m a l s  were ki l led b y  d e c a p i t a t i o n  u n d e r  l ight  
e t h e r  anaes thes ia .  P ieces  f rom t h e  s emina l  vesicles  and  
t h e  p rox ima l ,  middle ,  a n d  d i s t a l  p a r t s  of e ach  vas 
deferens ,  as well  as ep id idymis ,  were  excised,  freeze-dried 
a n d  t h e n  t r e a t e d  in  f o r m a l d e h y d e  gas acco rd ing  to 
FALCK 5. Th i s  p rocedu re  t r a n s f o r m s  ce r t a i n  biogenic 
m o n o a m i n e s  i n to  h i g h l y  f luorescen t  c o n d e n s a t i o n  prod-  
a c t s  5,7,8. Sec t ions  ( 8 / , )  were  t a k e n  f rom d i f fe ren t  levels 
of t he  excised  t i ssue  pieces a n d  m o u n t e d  for  f luorescence 
microscopy.  
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Results. I n  t h e  n o r m a l  vas  deferens,  a n  abundance  of 
in tense ly  g reen- f luorescen t  var icose nerve  t e rmina l s  was 
found  in  a v e r y  dense  p lexus  wi th in  b o t h  the  circular  and  
l ong i t ud ina l  musc le  layers  (Figure  1). The  t e rmina l s  ran  
a long t he  musc le  cells, ch ief ly  following the i r  direction.  
Thus,  in  t h e  c i rcu la r  layer  the  m a j o r  p a r t  of the  varicose 
t e rmina l s  r a n  c i rcular ly ,  a n d  in the  longi tud ina l  layers 
t h e y  r a n  long i tud ina l ly .  I n  the  pe r iphera l  par ts ,  and  jus t  
ou ts ide  t h e  va s  deferens,  severa l  ne rve  bundles  were 
present ,  c o n t a i n i n g  m a i n l y  in t ense ly  f luorescent  varicose 
fibres b u t  also s m o o t h  p r e t e r m i n a l  axons  emi t t ing  a 
weaker  f luorescence.  S o m e w h a t  more  p rox imal ly  these 
bund le s  cons i s ted  on ly  of smooth ,  fa in t ly  f luorescent  
ne rve  fibres.  T h e  bund l e s  r an  paral le l  to the  vas  deferens, 
b r a n c h i n g  off sma l l  fascicles, wh ich  p e n e t r a t e d  the  wall 
to r a m i f y  in  t he  organ.  Smal l  rad ia l  bund les  issued from 
the  ou t e r  l o n g i t u d i n a l  l ayer  in to  the  c i rcular  one, where 
t h e y  c o n t r i b u t e d  to  t he  c i rcu la r  plexus.  In  a s imilar  man-  
ner  t h e  p l exus  of t he  i nne r  l ong i tud ina l  layer  received its 
supp ly  f rom t h e  c i rcu la r  layer .  No clear  difference in the 
a m o u n t  of i n n e r v a t i o n  could be seen compar ing  the  distal  
a n d  midd le  levels of t he  vas  deferens,  b u t  in the  proximal  
sec t ion  t h e r e  was  a n  overa l l  t e n d e n c y  towards  a decreas- 
ing d e n s i t y  of t he  ne rve  p lexuses  (Figure 1, a vs. b). 

Sec t ions  f rom the  ep id idymis  showed t h a t  the  heavy  
i n n e r v a t i o n  s t a r t e d  c o n c o m i t a n t l y  wi th  the  appearance  of 

a muscle layer. The muscle innervation persisted a long 
the entire ex tent  of the ejaculator)" ducts.  A sphincter- l ike  
structure was not found. Only  rarely were f luorescent  
terminals seen in the mucosa,  and those present  appeared 
to accompany minute  vessels  rather than serving the  
mucosal  cells. Outside, and running along the  vas  defer- 
ens, a great number of blood vessels,  surrounded by  
rather dense plexuses of adrenergic nerves,  were seen.  

The distribution pattern of f luorescent nerves  in the  
seminal vesicles was similar to that  of  the  vas  deferens,  
although it was not so ex tens ive ly  innervated as the latter  
organ (Figure 2). 

In the terminal parts of the hypogastr i¢  nerve,  where  it  
joins the vessels to the accessory genital  organs and rami-  
fies, masses of nerve cell  bodies occurred, general ly  ar- 
ranged in clusters (Figure 3). The nerve cells were rather 

i 

. J 

Fig. 2. Seminal vesicle, transverse section. Innervatloa of idmllar 
pattern as vas deferens, but much more sparse, x 75, 

Fig. 1. Fluorescence photomicrographs of transversely sectioned 
guinea-pig vas deferens. Heavy adrenergic innervation of muscle 
coat, especially the circular layer. × 75. a, distal vas deferens. 
b, proximal vas deferens; note the less overall density of fluorescent 

nerves. 

Fig. 3. Peripheral adrenergie ganglion located near eoagubting 
gland. Nerve ceIB showing varying degree of green fluoreec~nce. 
Some groups of nerve cells lack fluorescence (arrow). Highly fluores- 
cent varicose terminals surround some of the nerve cells. Small group 

of intensely fluorescent cells with processes ia visible, x 75. 
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un i fo rm in size, and showed va ry ing  degrees of fluores- 
cence, f rom ve ry  fa in t  to qui te  h igh  intensit ies.  A m o n g  the 
f luorescent  cells, groups of comple te ly  non-f luorescent  
ne rve  cells occurred.  T h e y  were visible only because of 
t h e  fa in t  non-specif ic background  fluorescence of t he  tis- 
sue, bu t  appeared  c lear ly  when  the  sect ions were  s tudied  
b y  phase-cont ras t  microscopy.  Around  some of the  cells, 
bo th  of  the  f luorescent  and t h e  non-f luorescent  types,  
adrenergic  te rmina ls  were seen. However ,  t h e  m a j o r i t y  
of cells did no t  receive any  nerve  terminals .  Sca t te red  in 
these gangl ia  small,  in tense ly  green-yel low f luorescent  
cells, isolated or  more f requen t ly  col lected in groups,  were 
located. Severa l  long and  r ichly branching  processes ex-  
tended  f rom the  cells. Leav ing  the  per ipheral  ganglia,  
bundles of smooth,  mode ra t e ly  green-f luorescent  as well  
as non-f luorescent  axons could be seen. Fur the rmore ,  the  
per ipheral  bundles outs ide the  vas  deferens and the  ac- 
cessory geni ta l  glands could be t raced  back  to them.  The 
nerve  cells were dispersed over  a ra ther  wide area in the  
v i c in i ty  of the  accessory male  geni ta l  glands, and were 
regular ly  seen in the  walls of the  pros ta te  and the  coagu- 
la t ing gland, too. T h e y  could no t  be found wi th in  the  vas  
deferens or  in the  seminal  vesicle. 

No visible reduct ion  of the  per ipheral  i nne rva t ion  was 
observed in s t ructures  f rom the  side where  the  hypo-  
gastr ic ne rve  was cut,  as compared  wi th  the  non-dener-  
r a t e d  side or  wi th  unopera ted  control  animals.  No reduc-  
t ion in the  vascular  inne rva t ion  was seen, nor  could a n y  

decrease in the  a m o u n t  of adrenergic  ne rve  te rminals  
a round the  per ipheral  ne rve  cells be es t imated  wi th  any  
cer ta in ty .  

F u r t h e r  s tudies on the  monoamine -con ta in ing  struc- 
tures  of the  in terna l  accessory male  geni ta l  organs in dif- 
fercnt  species w i l l  appea r  elsewhere % 

Conclusion. The  present  resul ts  conf i rm the  prev ious ly  
men t ioned  evidence  for a per iphera l  synapse  in the  
adrenergic  inne rva t ion  of the  vas  deferens and seminal  
vesicle of the  guinea-pig  x-s. 

Zusammen[assung. Samenle i te r  und Samenblase  vom 
Meerschweinchen besitzen eine besonders  krMtige  adre-  
nergische Innerv ie rung ,  die yon  Nervenzel len ,  die in un- 
mi t t e lba re r  Niihe der  Organe liegen, ausgeht .  
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C h a n g e s  o f  C e r e b r a l  G l u t a m i n e ,  G l u t a m i c  A c i d  

a n d  G A B A  d u r i n g  A r o u s a l  f r o m  H i b e r n a t i o n  

The h iberna t ing  s tate ,  and especial ly its mos t  d r ama t i c  
phase,  arousal  f rom hibernat ion,  being h ighly  dynamic  
and coord ina ted  physiological  events ,  dur ing which the  
exc i tab i l i ty  of t he  bra in  undergoes  profound bu t  revers ible  
modif icat ions,  provides  except iona l  possibili t ies for evalu-  
a t ing the  assumed role of g l u t a m a t e - G A B A  sys tem in the  
regula t ion  of cerebral  exci tabi l i ty .  S t a r t i ng  f rom these 
considerat ions,  the  changes in g lu tamine ,  g lu tamic  acid, 
and G A B A  concent ra t ions  of the  bra in  dur ing  arousal  
from h ibe rna t ion  have  been inves t iga ted  and compared  to  
the  corresponding a l te ra t ions  occurr ing dur ing sponta-  
neous rean imat ion  f rom an art i f icial ly induced s ta te  of 
hypo the rmia .  

49 E u r o p e a n  ground squirrels were used. Arousal  f rom 
h ibe rna t ion  was in i t ia ted  by  t ransfer r ing  the  an imals  
f rom the  cold r o o m  (5-10°C) to  the  l abora to ry  (at a h igher  
t empera tu re ) .  H y p o t h e r m i a  was induced according to  the  
well  known m e t h o d  of GJAJA x. The  t i m e  needed to  cool an  
an imal  below 5°C ranged  f rom 2 to  3 h. The  con ta iner  to  
which an an imal  was confined in t he  ice-box was opened 
and the  air  was al lowed to c i rcula te  for 10 sec a t  each  10th 
rain dur ing  the  first  ha l f  hour ,  a t  each 20th rain dur ing 
the  n e x t  hour  of refr igerat ion,  and a t  each 30th rain la te r  
on, unt i l  the  desired t empera tu re  was a t ta ined .  Bo th  hi- 
be rna t ing  and hypo the rmic  animals  were decap i t a t ed  in 
groups of seven a t  5-7 °, 15 ° and 35-37°C respect ively ,  
the i r  ra te  of r ean ima t ion  being a p p r o x i m a t e l y  the  same. 
Cerebral  amino  acids were separa ted  and q u a n t i t a t i v e l y  
es t ima ted  as previous ly  described 2 

As i l lus t ra ted in the  Figure,  the  con ten t  of all  the  in- 
ves t iga ted  compounds  in the  bra in  of ground squirrels 

kil led while deeply  hibernat ing,  wi th  a rectal  t empera tu re  
of 5-7°C,  was s ignif icant ly  lower than  the  corresponding 
values  found in the  bra in  of control  non-h iberna t ing  ani-  
mals  sacrificed a t  the  same t ime  of  the  year.  During 
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Values for hibernation are repre~nted by heavy lines, while those 
for bypothermia are marked by dotted lines. Symbols at the far 
right end of the Figure indicate concentrations estimated in the 
brain of control, non-hibernating animals, o = glutamine, A = 

glutarnie acid; x = GABA. 
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