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An extensive system of varicose adrener- 
gic nerve terminals has been found in close 
proximity to sympathetic ganglion cells (1- 
4). Furthermore, intraganglionic adrenergic- 
like nerve terminals are present in some 
parasympathetic visceral ganglia, most not- 
ably those in cholinergic ganglia of the di- 
gestive tract (5-7) and heart (8) .  The pres- 
ent study represents a histofluorescent ex- 
amination of catecholamine-containing ele- 
ments in cholinergic ganglia from calf and 
dog lung. Calf lung cholinergic ganglia were 
found to contain varicose adrenergic fibers; 
analogous ganglia in dog lung were devoid 
of such elements. 

Materials and Methods. Two calves and 
two dogs were anesthetized with 35 mg/kg 
sodium pentobarbital. Tissues from the kilar 
regions of the lungs were rapidly removed 
and immediately frozen in isopentane cooled 
by liquid nitrogen. Specimens were freeze 
dlried in vacuo at  -35' for 3 to 7 days and 
then treated with paraformaldehyde gas a t  
80" for 1 hr according to the method of Falck 
and Hillarp (9, 10). Paraffin sections were 
cut a t  14 pm and examined for monoamine 
fluorescence with a Lei tz fluorescence micro- 
scope. Photographs were taken using Kodak 
Tri K film. 

Results. Clusters of cholinergic ganglion 
cells were readily identified in connective tis- 
sue regions lateral to the cartilage rings of 
the intrapulmonary bronchi. The cholinergic 
nature of these ganglia was apparent from 
their low background fluorescence, occasion- 
ally augmented by orange-yellow au tofluores- 
cent lipofuscin pigment granules in some of 
the cell bodies (8). Ganglia of the calf lung 

contained green fluorescent varicose fibers in 
proximity to some of the cell bodies (Fig. 1). 
About 10% of the cell bodies appeared to be 
in apposition to adrenergic-like fibers. Large 
green fluorescent smooth nerve trunks 
occasionally penetrated the ganglfia. Also, 
many intense green fluorescent mast cells 
were observed in the lung; a small number 
of mast cells were seen within the ganglia. 
These cells have been reported to contain 
dopamine (1 1 ) .  In addition, clusters of in- 
tense yellow-green fluorsecent chromaffin 
cells were sometimes noted in the cholinergic 
ganglia (Fig. 2 )  and in connective tissue be- 
tween the cartilage and the ganglia. 

No fluorescent filbers were seen in proxismity 
to the ganglion cell bodies located in the 
hilum region of the dog lung. As observed in 
the calf, only a sparse number of chromaffin 
cell clusters were present within the ganglion 
and in connective tissue between the cartilage 
and the ganglia (Fig. 3 ) .  A short smooth 
fluorescent process was observed to emanate 
from a chromaffin cell cluster within the 
ganglion. 

Discussion. The present study demonstrates 
that an intraganglionic system of varicose 
fibers are situated in cholinergic ganglia of 
the calf lung similar to that previously ob- 
served in cholinergic ganglia of the gut ( 5 ,  
6) ,  heart (8) and sympathetic ganglia (4). 
On the other hand, our study did not demon- 
strate such elements in cholinergic ganglia in 
the dog lung possibly due to tissue handling, 
processing or species differences in lability 
of amine stores in these extremely delicate 
nerve terminals found in these ganglia. 

Cholinergic ganglia in the calf and dog lung 
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FIG. 1. Calef lung (A)  fluorescent varicose fiblers (arrows) in close proximity to non- 
fluorescent cholinergic cell bodies. Note large adrenergic nerve trunk (boltitom right). ( X342). 
(B)  Another calf lung with adenergic-like varicosities ('arnows) in apposition to cholinergic 
cell bodies. ( XilOO). 

FIG. 2.  Calf lung ; cholinei-gic ganglion with a large cluster sf intense fluorescent chrolmaffin 
cells (arrow). ( X 100). 

FIG. 3. Dog lung; cholinengic ganglion with a smdl  cluster 04 chromraffiin celb. A small 
fluorescent process is abserved [to emanate from this cluster (anrow). (X145). 

were found to contain a small number of 
chromaffin cell clusters similar to those pre- 
viously observed in cholinergic ganglia of 
the heart (8, 12, 13) and in sympathetic 
ganglia (4) . These small intensely fluoreslcent 
bodies were defined as chromaffin cells by 
histochemical cniteria in that, morphologically, 
they are strikingly similar to adrenal 
chromaffin cells (4, 8). Eleictrophysiologic 
studies support the hypothesis that chromaf- 
fin cells are responsible for a postsynaptic 
inhibitory mechanism ( 15-1 7 ) .  The inner- 
vated chromaffin cells of the cardiac ganglia 
have been postulated to influence ganglionic 
transmission by a release of catecholamines 
from processes in close proximity to ganglion 
cell bod'ies and/or release of amine into the 
capillaries which could then permeate the 
ganglion (8). 

The presence of the intraganglionic system 

of catecholamine-Icontaining varicosities in 
cholinergic ganglia of calf lung suggests that 
the sympathetic neurotransimitter has a 
physibologic role in ganglionic transmission. 
Numerouis studies have shown that catechol- 
amines can influence functional activity of 
ganglia (14). The significance of our obser- 
vation lies in the fact that catecholamines, in 
addition to their primary effects on bronchial 
smooth muscle (ibronchodilaition) , may have 
a secondary but nevertheless important action 
in lung ganglia. Alpha receptor s~mulation 
depresses ganglionic transmission whereas 
beta receptor stimulation facilitates transmis- 
sion (18). Activatrion of ganglionic alpha or 
beta receptors could result in bronchodilation 
or bronchoconstriction, respectively. Depres- 
sion of ganglionic transmission ,alpha receptor 
stimulus) would decrease the amount of 
acetylcholine at  the end organ (bronchodila- 
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