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Using retrograde transport of Fluoro-Gold (FG) combined with immunofluorescenee for phenylethanolamine-N-methyltrunsferase (PNMT), we 
have examined afferents to the nucleus locus coeruleus (LC) from the rostral ventrolateral medulla (nucleus paragigantoeellularis; PGi) in rats 
sustaining lesions of the medullary adrenergic bundle (MB). In lesioned rats, very few adrenergic LC-projecting neurons persist in the PGi ipsilateral 
to the lesion, representing a 90% decrease in comparison to non-lesioned animals. These results indicate that almost all adrenergic input to the LC 
from C1 neurons in PGi is conveyed by the MB. In contrast, the number of non-adrenergic LC afferent neurons in the PGi ipsilateral to the lesion 
only decreased by 48% after such lesions. Thus, this pathway also provides non-adrenergic projections to LC from PGi, but many of these are con- 
veyed by other route(s) as well. 

Retrograde tracing experiments revealed that the pa- 
ragigantocellularis (PGi) located in the rostral ventrola- 
teral medulla [1] is a major afferent to the rat nucleus 
locus coeruleus (LC) [4, 13]. While the location of  these 
LC afferent neurons has been described in some detail [5, 
14], the projection pathway(s) from the PGi to the LC 
has not been fully examined. Immunohistochemistry 
combined with retrograde labeling [13] has revealed 
that many (approximately 21%) of  LC afferents from the 
PGi contain phenylethanolamine-N-methyltransferase 
(PNMT), a marker for putative adrenergic neurons. 
PNMT-immunoreactive (PNMT-IR) fiber projections 
from the PGi course rostrally and dorsally, entering the 
catecholamine medullary bundle (MB) at the level of  
rostral PGi, and exit at the level of  the LC to innervate 
this structure, suggesting a pathway whereby C1 cells 
innervate LC [3, 8, 14]. This proposed pathway is consis- 
tent with studies [2] which demonstrate that the bulk of  
PNMT-IR fiber innervation of  the LC is eliminated by 
lesion of  the MB. 

In contrast to these findings, Phaseolus vulgaris-leu- 

coagglutinin (PHA-L) injections into subregions of  PGi 
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identified a more ventrolateral pathway to the LC, with 
fibers passing dorsolateral to the superior olive and pro- 
ceeding rostrally to course dorsally at the level of  the 
parabrachial complex, which they traverse as they move 
medially to innervate the LC [6]. These findings have 
been confirmed by our own recent studies using PHA-L 
[16]. 

Together these results indicate that there may be at 
least two distinct projection pathways from the PGi to 
the LC, with adrenergie fibers predominantly restricted 
to the more medial MB route. In the present study, we 
tested this hypothesis by examining retrograde labeling 
of  PNMT-IR neurons in the PGi with injection of  the 
tracer Fluoro-Gold (FG) in the LC of  animals sustaining 
lesions of  the MB. Our results confirm the possibility 
that the adrenergic inputs to the LC are almost entirely 
provided by the MB while non-adrenergic projections 
from PGi to LC project through the MB as well as by 
other route(s) [16]. 

Experiments were performed on 12 male Sprague- 
Dawley rats weighing 250-300 g. Animals were anesthe- 
tized with 400 mg/kg chloral hydrate, i.p., and placed in 
a stereotaxic instrument with the incisor bar lowered to 
place the skull approximately 30 ° from the horizontal 
plane. In 9 animals, a unilateral lesion of  the MB was 
performed by electrolytic coagulation (4 mA DC current 
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Fig. 1. An epifluorescent (UV illumination) photomicrograph of a cor- 
onal section showing a typical iontophoretic deposit of FG in the LC. 

Asterisk indicates the IVth ventricle. Bar = 245/~m. 

for 5 s) with a monopolar  stainless-steel electrode (250 
/zm diameter with an exposed tip length of 200/lm). The 
electrode was stereotaxically placed at the following 
coordinates: 2150/zm rostrally, 1600/zm ventrally and 
1000/zm laterally with the calamus scriptorius serving as 
the reference point. 

Two weeks after receiving lesions, animals were re- 
anesthetized with chloral hydrate for FG injection into 
the LC ipsilateral to the lesion. As previously described 
[12], precleaned micropipettes with 10/tm tips were filled 
with a 1% solution of  FG in 0.1 M sodium acetate buffer 
(pH 3.3). Extracellular unit recordings were obtained 
from the injection pipette and the LC was tentatively 
identified by its characteristic discharge properties. Ion- 
tophoretic deposits of  FG were made using + 1.0/zA of 
pulsed current (50% duty cycle) for 10 min. FG was simi- 
larly injected into the LC of non-lesioned rats (n = 3). 
Animals were allowed to survive 5 days and were then 
deeply anesthetized and perfused with 0.9% saline fol- 
lowed by 4% paraformaldehyde in 0.1 M phosphate 
buffer (pH 7.4). Brains were removed and immersed in 
the same fixative for 90 min at 4°C. 

Frozen, 30-/zm thick serial sections of  the medulla and 
pons were taken coronally and processed for detection 
of P N M T  by using a highly specific primary antiserum 
produced in a rabbit against bovine adrenal P N M T  
according to Joh and Goldstein [9], previously character- 

Fig. 2. a: an epitiuorescent photomicrograph (UV illumination) showing neurons retrogradely labeled with FG from LC. Bar=60/tm. b: a photo- 
micrograph of the same field as in (a) showing PNMT-IR neurons in the PGi with RITC fluorescence. The neuron denoted by the arrows in (a) 

and (b) contains both retrogradely transported FG and PNMT immunofluorescence. 
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ized by Kitahama et al. [10]. In tissue sections, the 
PNMT antiserum did not stain dopaminerglc (A9, A10) 
or noradrenergic neurons (A1-A7). Most sections were 
processed for rhodamine isothiocyanate (RITC)-immu- 
nofluorescent detection of PNMT; some sections of the 
pons were processed for PNMT using an improved per- 
oxidase.anti.peroxidase technique previously described 
[10]. The primary antiserum was localized with affinity- 
purified, goat anti-rabbit antiserum conjugated to RITC 
(Boehringer Mannheim, Indianapolis, IN) according to 
Pieribone and Aston-Jones [12]. Sections were then 
dehydrated in alcohols and coverslipped in DPX moun- 
rant (DBH Limited, Poole, U.K.). FG was visualized 
under UV epi-illumination (330 nm excitation peak, low- 
end emission cut off at 450 nm), and RITC under green 
illumination (546 + 4 nm peak). By alternating illumina- 
tion wavelengths, neurons containing FG, RITC immu- 
nofluorescence, or both were discriminated and counted. 
All sections of the medulla were collected and examined 
for singly- or doubly-labeled neurons. Black and white 
photographs were made with Kodak Plus-X film (ASA 

125) for fluorescent images and Panatomic-X (ASA 32) 
for brightfield images on a Leitz Aristoplan microscope. 

Injections of FG using the above procedures were cen- 
tered in the LC in all animals (Fig. 1). A significant ad- 
vantage of our method was that the iontophoretic depo- 
sit of FG produced no damage at the site of injection, 
as previously described [12-14]. Animals with injection 
sites that apparently spread beyond the LC proper were 
not analyzed. 

Examination of the lesion sites in PNMT-reacted ma- 
terial (Fig. 3a) revealed that the bulk of PNMT-immu- 
nofluorescent fibers in the MB were destroyed in 6 cases. 
In these cases, the great majority of PNMT-IR terminal 
fibers was eliminated in the ipsilateral LC, compared 
with sections of non-lesioned rats or to the contralateral 
LC of the lesioned rat (Fig. 4a, b). Animals with impro- 
perly placed lesions were not further analyzed. 

In non-lesioned animals, cell counts indicated that 
21% (mean_+S.E.M.: 154+50 of 739+79 FG-labeled 
cells) of the neurons of the ipsilateral PGi that contained 
retrogradely transported FG also exhibited PNMT-IR 

Fig. 4. a: bright-field photomicrograph of  a coronal section showing dense P N M T - I R  fiber innervation in the LC contralateral to an MB lesion. 
Asterisk denotes the IVth ventricle, b: a similar photomicrograph as in (a) but  ipsilateral to the MB lesion showing a marked decrease of  P N M T - I R  

fibers in LC (same animal as in Fig. 3). Asterisk denotes the IVth ventricle. Bars = 245/an.  
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Fig. 5. Graph summarizing the results of cell counts obtained for con- 
trol and lesioned animals. Fluoro-Gold neurons: data were collected 
for neurons labeled only with FG in the PGi. The mean number of FG- 
only neurons in ipsilateral PGi of control animals was 585+30, and 
in lesioned animals was 303 + 23, representing a decrease of 48%. Dou- 
ble-labeled neurons: data were collected for double-labeled FG/PNMT 
neurons. The mean number of doubly-labeled neurons in the ipsilateral 
PGi in control animals was 154+50, and in lesioned animals was 

15+ 3, reflecting a decrease of 90%. ***P< 0.001 (t-test). 

(Fig. 5). In the 6 animals containing MB lesions, there 
was a 90% decrease in the number of doubly labeled neu- 
rons in the ipsilateral PGi, and only 5% of LC afferents 
were PNMT-IR (mean + S.E.M.: 15 + 3 of 318 _ 23 FG- 
labeled cells). In contrast to the nearly total elimination 
of doubly labeled cells, these lesions reduced the number 
of FG-only labeled cells in the ipsilateral PGi by only 
48% (mean_ S.E.M.: 303___23 cells and 585+30 cells in 
lesioned and non-lesioned animals, respectively). 

In the present study, we found that 21% of LC afferent 
neurons in the PGi of intact rats co-localized with 
PNMT. This percentage is similar to previous results 
obtained with a different antibody raised against rat 
adrenal medulla PNMT [13]. However, these results dif- 
fer from those of Guyenet and Young [6] who reported 
that 72% of PGi neurons retrogradely labeled with rho- 
damine-conjugated latex microspheres from the LC area 
are also PNMT-IR (using an antibody raised against bo- 
vine PNMT). However, in a more recent abstract [7], this 
same laboratory reported that only 36% of LC afferents 
in the PGi are also PNMT-IR. The discrepancy between 
the higher percentage reported [6] and our findings may 
be due to the fact that their injections were not restricted 
to LC; areas neighboring LC receive substantial adrener- 
gic input [3, 8, 14] which may derive from C1 neurons 
[4, 6, 11, 16]. In addition, microbead injections such as 
theirs can create lesions so that some labeling could be 
due to uptake by non-terminal fibers of passage. This 

was not the case for our iontophoretic deposits of FG, 
which do not damage injection sites and do not label 
neurons by uptake into passing fibers [12]. 

The prominent decrease of PNMT-IR fibers in the 
LC, and of adrenergic LC afferents in the ipsilateral PGi 
of lesioned rats, demonstrates that the adrenergic input 
to the LC is mainly provided by ipsilateral C1 neurons 
projecting through the MB, as previously proposed [2, 
13]. The residual adrenergic innervation in the LC fol- 
lowing such lesions may originate (i) from PNMT-fibers 
joining the MB rostrally to the genu of the facial nerve 
[3] (i.e., rostral to the lesions) or (ii) from the contrala- 
teral C 1 group [14]. 

It is interesting that the MB provides both the major 
adrenergic innervation to the LC as well as to the inter- 
mediolateral cell column (IML) in the spinal cord. It has 
been suggested that the C 1 projections to the IML play 
an important role in cardiovascular regulation [15]. 
However, it is uncertain if such a function is also con- 
veyed by the C1-LC projection, as it is not known 
whether the same C 1 neurons project both to the LC and 
to the IML. 

Furthermore, our results indicate that a large number 
of non-adrenergic PGi afferents to the LC also utilize 
this pathway. Nonetheless, the persistence of a substan- 
tial number of FB labeled cells in the lesioned rat indi- 
cates the existence of pathway(s) other than the MB 
from PGi to LC, consistent with results obtained with 
anterograde transport of PHA-L [6, 16]. 

In any case, the smaller percentage decrease in non- 
adrenergic LC afferent cells compared to adrenergic 
afferent cells in lesioned animals indicates that many 
non-PNMT LC-projecting neurons utilize pathway(s) 
other than the MB, while nearly all PNMT afferents to 
the LC from the PGi project via the MB. These different 
pathways may convey functionally different inputs to the 
LC, and are being further investigated. 
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