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SUMMARY 

The adrenergic innervation of the hypothalamus was studied by measuring 
hypothalamic adrenaline levels following surgical transection of the lower brain 
stem or electrolytic lesion of the medullary adrenaline-containing cell groups. The 
adrenaline levels in some hypothalamic nuclei and in the median eminence showed a 
slight decrease after partial transection of the medulla oblongata, whilst there was a 
pronounced decrease (by 59-78O7o) 7-10 days following total hemisection or 
unilateral lesion of the Cl-catecholaminergic cell group in the medulla oblongata. 

The hypothalamus is relatively rich in adrenaline-containing nerve terminals 
which can be well visualized with the phenylethanolamine N-methyltransferase 
(PNMT) immunofluorescence technique [6, 9]. The adrenaline concentration [8, 12, 
24] and PNMT activity [9, 21] in the hypothalamus are the second highest in the 
brain, only those in certain medullary regions being greater. Fluorescence 
histochemistry showed only adrenaline-containing cell bodies in two circumscribed 
areas of the medulla oblongata (C1 and C2 cell groups) [6]. The C1 cell group 
consists of adrenaline-containing cells in the medial part of the lateral reticular 
nucleus and thus appears to belong to the rostral part of the Al noradrenergic cell 
group [2] which occupies the same location. The C2 cell group consists of 
adrenaline-containing perikarya under the caudal part of the IVth ventricle, located 
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in the region of  the nucleus of  the solitary tract (NTS) as well as medially and 
ventrally to the nucleus [6]; the distribution of  the C2 cell group thus appears  to 
overlap with the rostral component  of  the A2 noradrenergic cell group [2]. It is 
logical to assume the medulla oblongata to be the source of the hypothalamic 
adrenergic fibers. The existence of  neural connections between the medulla 
oblongata,  especially the areas corresponding to the C1 and C2 cell groups (lateral 
reticular nucleus and the NTS) and the hypothalamus has been proved histologically 
(retrograde tracing with HRP)  [3, 5, 16, 18, 25], autoradiographically [18] and 
electron microscopically [15-17, 25]. These methods are not suitable to determine 
the chemical characteristics of  the connections. Perikarya containing other 
neurotransmitters (enkephalin [7, 21], substance P [4] and neurotensin [22]) have 
also been detected in the above areas, particularly in the NTS, and there are 
numerous perikarya whose chemical characteristics are still unknown. The 
connection between the medulla oblongata and the hypothalamus as shown by 
immunocytology (retrograde transport  of  dopamine-~-hydroxylase antibody) [20] 
might represent the projection of the adrenaline- as well as of  the noradrenaline- 
containing neurons. 

Wistar rats, weighing between 190 and 210 g (n = 112), were kept under standard 
laboratory conditions (22-24°C,  70-80°70 humidity, 12 h l ight-darkness  
periodicity). The animals had rat chow and tap water ad libitum. 

All surgery was done under ether anesthesia. The head of the animal was fixed in 
a stereotaxic apparatus in a 45-55°C nose-down position. The occipital muscles 
were separated in the midline and the atlanto-occipital membrane  was cut. The obex 
was used as the reference point. Glass knives made f rom cover slips were used for 
the transections and were 0.08 mm thick and 1.5 mm wide; teflon-insulated stainless 
nichromsteel electrodes with a 100 ~m diameter and a 200 ~m long free tip were used 
for the lesions. A 1.5 ~A current was applied for 10 sec. Five types of  interventions 
were carried out (Fig. 1) as follows. (1) A dorsal medullary transection made by 
cutting the coronal plane bilaterally 0 .5-1 .0  mm before rostral to the obex level, 
perpendicular to the medulla (Fig. 1A). This transection extended only 0 .5-0.8  mm 
ventral to the IVth ventricle and transected the solitary tract and the dorsal part  of  
the tegmentum rostral to the A2 cell group, but did not damage the reticular 
format ion and the ascending ventral noradrenergic bundle (Fig. 1B). (2) For 
transection of  the ventral noradrenergic bundle, the cut was similar to that in 
procedure 1, but was only made unilaterally and 1 mm deeper. In addition to the 
structures cut by the dorsal transection, the ventral noradrenergic bundle and fiber 
tracts running through the reticular formation were severed in this procedure (Fig. 
1C). (3) Total medullary transection was made with a unilateral cut, like the cut in 
procedure 2 but with the knife lowered to the base of  the skull. Only the lateral part 
of  the medulla, i.e. the inferior cerebellar peduncle, the spinal trigeminal tract and 
its nucleus, remained intact (Fig. 1D). (4) Lesions of  the C2 cell group were made 
with a bilateral lesion extending from before the obex to 1-1.5 mm caudally, which 
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Fig. 1. Schematic drawings to demonstrate the topography of electrolytic lesions and surgical 
transections in the medulla oblongata. A: sagittal drawing of the lower brain stem with the CI and C2 
adrenaline-containing cell groups. Planes and depth of the medullary transections are demonstrated. 
B-D: the extent of the interventions in the coronal plane. B: dorsal medullary transection; C: transection 
of the ventral noradrenergic bundle and the reticular formation; D: total medullary hemisection. E: 
bilateral lesion of the C2 catecholamine cell groups. F: unilateral lesion of the CI cell groups. Distances 
between the level of the transection and the bregma are expressed in ~tm on the coronal plane schematic 
drawings. Abbreviations: a, nucleus ambiguus; g, nucleus gracilis; io, inferior olive; nts, nucleus of the 
solitary tract; ntV, nucleus tractus spinalis of nervi trigemini; nV, nucleus motorius nervi trigemini; os, 
superior olive; P, pyramidal tract; VII, facial nerve. 

d e s t r o y e d  cell  g r o u p s  a b o v e  the  cen t r a l  cana l ,  i n c l u d i n g  the  N T S ,  t he  d o r s a l  vaga l  

nuc l eus  ( D V N )  a n d  the  a r e a  p o s t r e m a  (Fig.  1E). (5) A les ion  o f  t he  C1 cell  g r o u p  

was  m a d e  at  the  o b e x  level  1 . 8 - 2 . 2  m m  f r o m  the  mid l i ne ,  a b o u t  4 m m  d e e p  f r o m  the  

d o r s a l  s u r f a c e  o f  the  b r a i n  (0.5 m m  b a c k  f r o m  the  v e n t r a l  su r face ) .  T h e  a v e r a g e  
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diameter of  the lesioned area was 0.8-1.2 mm. The lateral reticular nucleus and the 
area between the inferior olive and the nucleus of the spinal trigeminal tract were 
destroyed (Fig. 1F). 

The animals were killed 7-10 days after operation for biochemical measuremeots 
and two days after operation for demonstrating the nerve terminal degeneration by 
electron microscopy. The biochemical and electron microscopic studies were 
undertaken after the location of the lesions had been verified by light microscopy. 
Brains with wrongly placed lesions were discarded. 

Immediately following decapitation the brains were frozen on dry ice, cut into 300 
~m thick sections in a cryostat at -10°C.  The punch technique [13, 14] was used to 
remove the hypothalamic nuclei and the median eminence. Adrenaline levels were 
determined with an enzymatic isotopic method [24]. The protein content of the 
samples was determined by the method of Lowry et al. [11] and the adrenaline 
concentrations were calculated as ng/mg protein. 

Adrenaline concentrations were relatively low in all the hypothalamic nuclei 
investigated and in the median eminence (0.87-3.21 ng/mg protein). Subtotal 
transections in the medulla caused slight decreases in the hypothalamic adrenaline 
levels which only reached significance in the paraventricular nucleus following 
dorsal transection (Table I). Total unilateral transections of the medulla decreased 

T A B L E  1 

A D R E N A L I N E  L E V E L S  IN T H E  H Y P O T H A L A M I C  N U C L E I  F O L L O W I N G  L E S I O N S  A N D  

T R A N S E C T I O N S  IN T H E  M E D U L L A  O B L O N G A T A  O F  T H E  R A T  

( ) N u m b e r  o f  a n i m a l s  ( les ioned + sham) .  * P < 0 .05;  ** P < 0 .01 .  

P e r c e n t a g e  c h a n g e s  in e p i n e p h r i n e  c o n c e n t r a t i o n s  

Ven t ra l  To ta l  C2  lesion 

In tac t  Dorsa l  b u n d l e  un i l a t e ra l  

c o n t r o l s  t r a n s e c t i o n  t r a n s e c t i o n  t r ansec t i on  

(6) ( 5 + 5 )  ( 5 + 5 )  ( 6 + 6 )  ( 1 0 + 1 2 )  

n g / m g  

p ro te in  Fig.  1B Fig. 1C Fig.  1D Fig.  IE  

C1 lesion 

( 6 + 7 )  

lps i la t .  C o n t r a l a t .  

Fig.  1 F 

S u p r a o p t i c  
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P a r a v e n t r i c u l a r  
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A r c u a t e  
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1.33 +_ 0 .30  - 2 4 . 9  - 8.3 

2 .67 _+ 0 .40  - 33.2* 27.7 - 59.0** + 1.2 

1.72 _+ 0.45 - 1 7 . 6  19.9 - 5 9 . 4 * *  

2 .70  _+ 0 .68 + 3.4 + 1.4 

0 .87 + 0 .17 - 27.6  29.9  

3.21 _+ 0 .39  - 6 .6  - 4 .6  - 7 8 . 0 * *  - 3 4 . 8 *  

- 6 4 . 4 " *  - 7 1 . 5 " *  

- 68.4** 

- 74.4** 65.5** 

- 6 2 . 0 * *  
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the adrenaline concentration in the median eminence, the periventricular and the 
paraventricular nuclei by 59-78%.  The similar decrease detected after the lesion of 
the C1 cell group points to this cell group as the place of  origin of  hypothalamic 
adrenaline (Table I). Some of the ascending fibers probably decussate as the 
decrease in adrenaline levels could be detected bilaterally. 

The electrolytic lesion of the C2 group reduced the adrenaline content of  the 
median eminence by 34.8% but did not alter the adrenaline content of  the 
paraventricular nucleus (Table I). 

No perikarya could be found in the hypothalamus in contrast to the relatively 
high number of  adrenaline nerve terminals detected there. Following surgical 
isolation of the hypothatamus, the PNMT activity of  the arcuate nucleus and the 
median eminence decreased by 58-66% [1], suggesting an extrahypothalamic origin 
for the adrenaline in that area. As - up to now - adrenaline-containing cell bodies 
have only been found in the medulla [6], this region is likely to be the source of the 
hypothalamic adrenaline-containing nerve terminals. 

The changes in adrenaline concentration which followed electrolytic lesioning and 
have been described here suggest that the bulk of the adrenergic fibers innervating 
the hypothalamus originate in the neurons of the C1 cell group. Both the C1 and the 
C2 cell group appear to contribute to the adrenergic innervation of  the median 
eminence (Table I). 

After total unilateral medullary transection and following unilateral C1 lesion 
hypothalamic adrenaline decreased by 59-78%.  At present we have no explanation 
for these decreases greater than 50%. Brownstein et al. [1] reported that total 
deafferentation of the hypothalamus resulted in a decrease of hypothalamic PNMT 
activity of  58-66%.  These findings, together with our present results, attest to the 
medullary origin of the hypothalamic adrenaline. Part of  the adrenaline, however, 
may derive from still unidentified adrenaline-containing neurons in the CNS, or 
from the postganglionic fibers of the superior cervical ganglion innervating the 
vessels. The sensitivity of  the adrenaline assay is a factor which must be taken into 
account when the rather low amounts of adrenaline (0.7-1.0 ng/mg protein) 
remaining in the hypothalamus after total surgical isolation are considered. 

Little is known about the topography of the ascending adrenaline-containing 
fibers. They have been assumed to join the ventral noradrenergic bundle [6, 23]. 
Adrenergic fibers which terminate in the hypothalamus probably do not follow this 
route, especially not in the lower part of the medulla oblongata. Transection of  the 
dorsal part of  the medulla oblongata, including the solitary tract, dorsal 
periventricular tract [10], ventral noradrenergic bundle and part of  the reticular 
formation, did not result in a significant decrease in the hypothalamic adrenaline 
content except for the decrease in the paraventricular nucleus after dorsal 
transection (Table I). 

The retrograde tracing technique (unpublished observation) revealed the ventral 
topography of the ascending fibers. Fibers run on the ventrolateral part of  the 
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medulla oblongata close to the surface up to the pontomedullary border where they 
turn dorsomedially and can be traced under the genu of  the facial nerve. This 
technique obviously provides evidence only for the de facto existence o f  fibers with 
such a topography but gives no information about the nature of  the transmitter 
involved. 

Surprisingly, the adrenaline level o f  the contralateral arcuate and paraventricular 
nuclei decreased similarly to that o f  the ipsilateral side after the C1 cell group had 
been lesioned (Table I). It is known that the ascending catecholaminergic fibers 
innervating the hypothalamus cross the midline or give o f f  a collateral fiber to the 
contralateral side on their way up [10, 23]. These findings were confirmed when 
nerve terminals in the paraventricular nucleus were found to have degenerated 
fol lowing surgical sagittal transection of  the medulla. 

In conclusion,  biochemical methods are certainly not suitable to resolve the 
problem of  either the detailed topography of  the ascending adrenergic pathways or 
the pattern of  hypothalamic adrenergic innervation. Histofluorescence or 
immunofluorescence techniques are more appropriate experimental approaches to 
deal with these problems. 
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