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Light and Electron Microscopic Evidence of Hypothalamic Afferences Originatin~ 
from the Hippocampus in the Pigeon 

iX~. BONS, C. BOUILL]~, J. D. BAYLI~ and I. ASSENMACHER I 

Laboratoire de Physiologic Animale  el Gdndrale, Universitd de Montpellier I1,  Place Eugene Bataillon, 1:;-34060 Mont-  
pellier Cedex (France), 79 M a y  7976. 

Summary.  Degenera t ing  nervous  fibres and synap t ic  bou tons  were d e m o n s t r a t e d  in the  nuclei  poster ior  medial is  
h y p o t h a l a m i  af ter  h ippocampa l  lesions in t he  pigeon (light and electron microscopy).  

I t  was shown t h a t  the  region conta in ing  the  nuclei  
pos ter ior  medial is  h y p o t h a l a m i  (PMH:  KAI~TEN and 
HOBOS 2) is basical ly involved in the  contro l  of p! tu i ta ry-  
adrenocor t ica l  func t ion  in the  pigeon a. On the  o ther  hand ,  
p l acemen t  of bi la teral  e lectrolyt ic  lesions in the hippo-  
campus  resul ted  in a h igh  s t eady  level of p lasma corti-  
cos terone  ~ and par t ia l  an te ro la te ra l  deaf fe ren ta t ion  of 
the  h y p o t h a l a m u s  led to a qu i te  s imilar  s i tua t ion  5. I t  
was therefore  in te res t ing  to  inves t iga te  histological ly 
whe the r  d i rect  nervous  fibres af ferent  to  ~he hypo tha l a -  
mus,  emerging f rom the  h ippocampus ,  could be demon-  
s t ra ted .  

10 adu l t  pigeons (red Carneau) were used for th is  ex- 
per iment .  Uni-  or b i la tera l  e lect rolyt ic  lesions were placed 
s tereotaxica l ly  2 in the  h i p p o c a m p u s  by  passing a 500 lxA 
direct  cur ren t  for 40 sec (20 mc) t h rough  a p l a t i num elec- 
t rode  insula ted wi th  I N S L E  33 X varn i sh  (Product  Corp.) 
excep t  a t  its t ip  (60 ~zm). The animals  were sacrificed 1, 2, 
4, 5 or 7 days  later. For  l ight  microscopic observat ions ,  
the  head  was perfused via carot id  ar ter ies  wi th  0.9% 
saline and 10% formol  saline, and  p repared  according to 
the  JOHNSTONE and BOWSHER technique% For  electron 
microscopic studies,  the  head  was perfused wi th  0.9% 

saline, 4% pa ra fo rma ldehyde  and  pos t - f ixed  in 2% 
osmic acid solution.  

5 or 7 days  a f te r  an uni la tera l  lesion was placed in the  
h ippocampus ,  t he  b ra in ' s  p repara t ions  impregna t ed  ac- 
cording to the  JOHNSrONE-BOWSHER m e t h o d  con ta ined  
fine mye l ina ted  degenera t ing  fibres in t he  medial  hypo-  
tha lamic  area (PMH). These h y p o t h a l a m i c  fibres ap- 
peared  to  be t h i n n e r  t h a n  the  numerous  degenera ted  
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Fig. 1. JOHNSTONE-Bov~'SHER impregnations in tile corticotropic 
area of the pigeon's hypothalamus, 7 days after placement of uni- 
lateral lesion in the hippocampus. Commissura supraoptiea (e), 
nucleus posterior medialis hypothalalni contralateral (P1KHe) and 
ipsilateral (PMHi), 3rd ventricle (V). Arrows indicate degenerated 
fibres. 

Fig. 2 and 3. Electron microphotographs of the PMH region, 24 h 
(Figure 2) and 5 days (Figure 3) after surgery. Axons (a) ; degenerated 
boutons (b) ; dendrites (d) ; synaptic vesicles (s). Arrows show synaptic 
contacts. 
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fibres wh ich  could be  t r aced  wi th in  var ious  p a r t s  of t h e  
b ra in  (e.g., c o m m i s s u r a  an ter ior ,  t r a c t u s  sep to-mesen-  
cephal icus)  a f te r  un i l a t e ra l  lesion of t he  h ippocamp u s .  
F ine  degene ra t ed  f ibres  were located  in b o t h  ipsi- an d  
c o n t r a l a t e r a l  P M H  nuclei  (Figure 1). 

Af te r  b i l a t e ra l  lesions of t he  h ippocampus ,  t he  sys- 
t e m a t i c  exp lo ra t ion  of the  u l t r a t h i n  sect ions  of the  P M H  
area  revea led  severa l  groups  of b o u t o n s  showing  a degen-  

e r a t ed  aspec t  (Figure 4). However ,  t h e  d i s t r i b u t i o n  of 
such  degene ra t ed  end ings  in t h e  nuc leus  was n o t  homo-  
geneous.  Groups  of 6 to  11 d eg en e ra t ed  b o u t o n s  were 
found  in the  an t e r i o r  and  pos te r io r  p a r t s  of the  P M t t .  
On ly  rare  smal le r  groups  of d eg en e ra t ed  profi les could be  
obse rved  in the  i n t e r m e d i a t e  region of the  nucleus.  E a r l y  
obse rva t ions  were m a d e  24 h a f t e r  surgery.  T h e  degen-  
e r a t ed  b o u t o n s  showed  an  increase  (Figure 2) in e lec t ron  

Fig. 4 6. Degenerated endings in the region of the PMFI nucleus, 24 h (Figure 4) and 5 days (Figures 5 and 6) after lesioning of the hippo- 
campus. Astrocytes (as) ; deger~erated boutons (b) ; dendrites or dendritic spines (d) ; glycogen particles (g) ; mitochondria (m). Arrows : synaptie 
contacts. 
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density of the axoplasm, near the synaptic vesicles which 
were usually clumped together. An increased electron 
density could be seen occasionally at the level of the 
postsynaptic membrane thickening. These alterations be- 
came widespread in the degenerated boutons of the PMH 
nucleus 2 and 5 days after hippocampal lesion were placed. 
At this time the synaptic boutons were filled in with 
numerous spheroidal and flattened vesicles (Figures 5 and 
6), while the mitochronchia were darkened and their inner 
structure even disorganized. I t  was sometimes possible 
to observe degenerated profiles which exhibited more 
pronounced 'changes with a structure becoming hardly 
recognizable due to their extreme darkness (Figure 3). 
All degenerating terminals were found to be in contact 
with dendritic spines and sometimes with smooth den- 
drites. 

During the same time interval (1 to 5 days after 
lesioning the hippocampus), the neuroglia exhibited an 
important  activity in the PMFI nuclei. For example, the 
perikarya of the astrocytes were increased with hyper- 
plasia of the glial filaments and an accumulation of 
glycogen particles in the distal part  of their large and 
numerous processes. On the other hand, in phagocytic 
glial ceils the cisternae of the rough endoplasmic reti- 
culum became elongated and very numerous. In controls, 
groups of degenerated boutons were never found except 
for some very rare isolated profiles of unknown origin. 

Degenerated fibres were undoubtly characterized in 
both right and left regions corresponding to the n. poste- 
rior medialis hypothalami, 5 to 7 days after electrolytic 
lesions were placed in the hippocampus (light micro- 
scopy). Hippocampal lesions resulted also in clearly char- 
acterized degenerating synaptic profiles located in the 
same area (electron microscopy). This 2-fold character- 
ization of degenerating fibres and boutons in the region 
of the PMH nucleus favours the hypothesis of a direct 
link between hippocampal and hypothatamic structures 
in the pigeon. Numerous studies suggest that  the hippo- 
campus participates in the regulation of neuroendocrine 
hypothalamic activities in mammals v, s. In birds, it was 
shown that  the hippocampus plays a quite important 
role in decreasing adrenocortical functior~ ~ and it was 
suggested tha t  such an inhibiting influence from the 
hippocampus develops by modulating the act ivi ty of the 
corticotropic neuronal populations lying in the hypo- 
thalamus 9. Present anatomical findings agree with this 
statement. 
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Der  S e i d e n s c h w a n z  Bombycilla garrulus als  f r u g i v o r e r  E r n i i h r u n g s s p e z i a l i s t  1 

T h e  W a x w i n g  Bombycilla garrulus as a F r u g i v o r o u s  Feed ing  Spec ia l i s t  

P. BtgRTHOLD 

Max-Planck-lnstitut fi~r Verhaitensphysiologie, Vogelwarte Radol/zell, D-7760 Schloss Mdggingen (Bundesrepublik 
Deutschland), 2.0. April 7976. 

Summary. Eight  waxwings, Bombycilla garrulus, were fed exclusively with vegetable food for periods of 10-18 days. 
In contrast to other song birds, they maintained or increased body weight during that  time, or reduced it only mod- 
erately. Thus the waxwing is a feeding specialist which can subsist at least temporarily on a total ly vegetable diet. 

Omnivore Singvogelarten, wie Grasmficken (Sylvia), 
Amsel (Turdus merula) und Rotkehlchen (Erithacus ru- 
becula), sind nach neuesten Untersuchungen lebensnot- 
wendig auf regelmS.ssige Aufnahme von animalischer 
Nahrung angewiesen. Bei rein vegetabilischer Ern~hrung 
durch Beeren und andere fleischige Friichte f~llt ihr K6r- 
pergewicht rasch und kontinuierlich ab; die Tiere sind 
nach wenigen Tagen krank und gehen bereits nach etwa 
einer Woche entkr~ftet ein. Die Ursache dafiir ist h6chst- 
wahrscheinlich Proteinmangel 2. 

Unter  den omnivoren Singv6geln ist der Seiden- 
schwanz, als nordischer Invasionsvogel, bekannt fiir viel- 
seitige und starke Aufnahme yon Beeren und anderen 
Ileischigen Frtichten. Auch yon anderen Vogelarten wenig 
beachtete Frtichte wie die Beeren des Sehneeballs (Vibur- 
num opulus), werden yon ihm im Winterhalbjahr in gros- 
sen Mengen verzehrt. Ferner ist bekannt, dass er einen 
relativ langen Darm besitzt 3. Diese Beobachtungen am 
Seidenschwanz und die festgestellte Unf/~higkeit anderer 
omnivorer Singvogelarten, sich rein vegetarisch zu er- 
n~hren, fiihrte zu der Frage, ob sich Seidenschw~Lnze rein 
frugivor ern~ihren k6nnen. Diese Frage wird zurzeit in 
unserem Inst i tut  an 8 im Januar  1976 in S-Deutschland 
gefangenen V6geln untersucht. Die Untersuchungen er- 
gaben bisher folgendes: Die Seidenschw/inze wurden im 
simulierten Naturtag 18 Tage lang bei einer Umgebungs- 
temperatur yon 20 ~ 11 Tage lang bei 10 ~ und 10 Tage 

lang bei 0 ~ nur mit Vegetabilien (Apfel, Eberesche, Ha- 
gebutte, Schneeball) geftittert. In allen drei Versuchen 
machten die V6gel einen normalen und gesunden Ein- 
druck, wenngleich aueh ihr K6rpergewicht teilweise mehr 
oder weniger abfiel. Es erreichte in der Versuchszeit je- 
doch keine abnorm niedrigen Werte. Zum Tell stieg das 
K6rpergewicht der VersuchsvOgel bei ausschliesslicher 
Fiit terung von Vegetabilien (Apfel, Eberesche) sogar um 
einige Gramm an. 

Der Seidenschwanz ist somit im Gegensatz zu anderen 
omnivoren Singvogelarten in der Lage, sich zumindest zeit- 
weilig rein frugivor ausreichend zu ernXhren. Ihm reicht 
folglich offenbar auch der geringe Proteingehalt yon &pfeln 
voi1 weniger ais 1%" zur Deckung seines Proteinbedarfes. 
Bombycilla ist demnach unter den einheimischen Sing- 
v6geln ein ausgeprS.gter Ern~Lhrungsspezialist, und zwar 
fiir frugivore ErnS.hrung. Diese Eigenschaft dtirfte es ihm 
erm6glichen, noch relativ sp~t im Winter in gem~ssigte 
Breiten einzuwandern und dort zu bleiben, wenn andere, 
mehr auf animalische Nahrung angewiesene omnivore 
Arten wegziehen mtissen. Die Untersuchungen werden 
fortgesetzt. 
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