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Abstract
Introduction. A recent study has shown a close neuroanatomical relationship between the enkephalinergic 
(methionine-enkephalin) and tachykininergic (substance P) systems in the alpaca diencephalon. In this study, 
our aim is to show this relationship in the alpaca brainstem. 
Material and methods. Using an immunohistochemical technique, the distribution of immunoreactive (Ir) fibers 
and cell bodies containing substance P (SP) or methionine-enkephalin (MET) has been studied in the alpaca 
brainstem. Five adult males were used; brain tissue was fixed and processed by standard methods. 
Results. SP- and MET-Ir fibers showed a widespread and similar distribution in the mesencephalon, pons and 
medulla oblongata. The co-localization of fibers containing SP or MET was found in most of the nuclei/tracts 
of the alpaca brainstem. This close neuroanatomical relationship suggests multiple physiological interactions 
between both neuropeptides. The distribution of the cell bodies containing SP was very restricted (cell bodies 
were only observed in a few nuclei located in the mesencephalon and medulla oblongata), whereas MET-Ir 
perikarya showed a moderately widespread distribution in the mesencephalon, pons and medulla oblongata. 
Conclusions. This study increases the knowledge on the neuroanatomical distribution/relationship of the tachy-
kininergic (SP) and enkephalinergic (MET) systems in the alpaca central nervous system.  (Folia Histochemica 
et Cytobiologica 2021, Vol. 59, No. 3, 145–156
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Introduction

The brainstem plays a fundamental role by conduct-
ing the information of the brain with the rest of the 
body and vice versa and, in addition, it integrates the 

information of the cardiovascular/respiratory systems, 
is involved in pain perception and its motor neurons 
send outputs through the cranial nerves [1]. 

Many studies have been performed to know 
the distribution/function of substance P (SP) in the 
mammalian central and peripheral nervous systems 
[2]. SP belongs to the tachykinin family of peptides, 
like neurokinin A, and both peptides arise from the 
polyprotein precursor produced by differential splic-
ing of the pre-protachykinin A gene [2]. SP, mainly 
via the neurokinin-1 receptor, plays many functional/ 
/pathophysiological roles in inflammation-associated 
vasodilation, pain perception, immune responses, 
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learning, nausea, stress, anxiety, cancer and depres-
sion [3, 4]. SP is widely distributed through the nerv-
ous system (e.g., thalamus, hypothalamus, brainstem, 
spinal cord) [5–8]. 

Methionine-enkephalin (MET) is an opioid 
pentapeptide derived from the pro-enkephalin and 
pro-opiomelanocortin precursors after their proteo-
lytic cleavage [9, 10]. MET is widely visualized through 
the central nervous system (CNS) of mammals (e.g., 
cat, dog, monkey), suggesting the multiple physiologi-
cal functions in which the peptide is involved [11–13]. 
Thus, MET has been located in nervous system re-
gions involved in the transmission and control of pain 
messages (e.g., thalamus, brainstem reticular forma-
tion, raphe nuclei, periaqueductal gray, spinal cord). 
MET is also involved in analgesia, stress, respiratory 
and cardiovascular mechanisms, feeding behavior, 
peristalsis and memory [14]. 

The ungulate alpaca (Lama pacos) belongs to the 
family of Camelidae which is a member of the order 
Artiodactyla. The alpaca has precious wool that is 
greatly demanded for producing a high quality fiber. 
Due to the economic importance, many studies have 
been focused on the hormonal processes involved 
in reproductive mechanisms [15, 16]. Alpacas can 
live from the sea level to 5,000 m altitude, indicating 
that this species has special physiological adjustment 
mechanisms, as are those related to providing suffi-
cient blood flow to the brain and the implication of 
these unique features in the neuroanatomical organi-
zation of some CNS nuclei. In addition to those works 
focused on the alpaca reproductive mechanisms, 
several studies have been previously performed on 
the neuroanatomical location of neuropeptides (cal-
citonin gene-related peptide, somatostatin-28 (1-12), 
neurotensin, leucine-enkephalin, alpha-neo-endor-
phin, adrenocorticotropic hormone (18-39), beta-en-
dorphin (1-27)) in the alpaca brainstem [17–22]. In 
addition, a recent study has shown a close neuroan-
atomical relationship between the enkephalinergic 
(methionine-enkephalin) and tachykininergic (sub-
stance P) systems in the alpaca diencephalon and the 
presence of some neuropeptides (e.g., neurotensin) 
has also been reported in this region of the alpaca 
CNS [5, 23]. To our best knowledge no immunohisto-
chemical study on the distribution of SP and MET has 
been carried out in the alpaca brainstem. Therefore, 
the main goal of this work is to study, for the first 
time, the presence of immunoreactive structures con-
taining SP/MET in the alpaca brainstem and to know 
whether in this brain region a close neuroanatomical 
relationship between both systems occurs, in addition 
to the diencephalon. Another goal is to compare the 
distribution of both peptides with that described for 

other neuropeptides in the alpaca brainstem and to 
compare the presence of SP/MET in the alpaca with 
the presence observed for both peptides in the same 
brain region of other mammals. 

Material and methods

Animals. As previously reported [5], the use of animals in 
this study along with procedures of their maintenance, ex-
perimental design, protocols and methodology were carried 
out according to the principles of laboratory animal care 
and performed under the advices of the ethical and legal 
guidance of Peruvian and Spanish laws. This work was as 
well approved by the Research Commission of the Caye-
tano Heredia Peruvian University (Lima, Peru). Because 
previous studies on the distribution of neuropeptides were 
carried out in males [17–22] and, in order to compare the 
results observed here with previous works performed in the 
alpaca brainstem [17–22], the present study was carried out 
in male alpacas. Five adult alpacas (Lama pacos) (70–80 kg;  
5–8 years) were obtained from the Cayetano Heredia 
Peruvian University (Faculty of Veterinary Medicine and 
Animal Sciences). As previously reported [17–22], alpacas 
were maintained at 0 m altitude, under standard conditions 
of temperature and lightning and were provided with free 
access to food and water and, from birth to the moment of 
the perfusion; animals were kept at sea level.

Tissue preparation. As previously reported [5, 17–20], animals 
were deeply anasthetized with ketamine (10 mg/kg) and 
xylazine (4 mg/kg) both administered intravenously. After-
wards, they were heparinized and perfused with 3 L of cold 
NaCl (0.9%) through the carotid artery. This pre-rinse was 
straight away followed by infusion of the fixative: 5 L of cold 
paraformaldehyde (4%) diluted in 0.15 M phosphate-buffered 
saline (PBS) (pH 7.2). Once brainstems were dissected out, 
they were post-fixed overnight in the same fixative solution 
and cryoprotected, via immersion in sucrose solutions at 
increasing concentrations (10–30%), until they sank. Making 
use of a cryostat, frontal sections were cut (50 µm) and kept 
in PBS at 4°C. Two of six sections were used for immunohis-
tochemistry: section 1, for anti-MET staining; section 2, for 
Nissl staining to identify/delimited the brainstem nuclei or for 
histological controls; section 3, for anti-SP staining; sections 
4–6 were kept for other experimental purposes. The distance 
between sections 1 and 7 (and so on, kept in the same con-
tainer) was about 300 µm. Thus, sections kept in containers 
1 and 3 were respectively used for anti-MET and anti-SP. In 
each container, 55–60 frontal sections/animal were collected. 

Immunohistochemistry and specificity of the antisera. As 
formerly reported [5, 17–20] and to prevent possible interfer-
ence with endogenous peroxidase, free-floating sections were 
treated with a mixture of NaOH, NH3 and H2O2 (20 min).  
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Sections were then washed with PBS (3 × 10 min) and to 
improve antibody penetration free-floating sections were 
pre-incubated (30 min) in a PBS solution containing normal 
horse serum (1%) and Triton X-100 (0.3%). Then, sections 
were incubated overnight (4°C) in the latter solution sup-
plemented with anti-SP antiserum (1/3,000) or anti-MET 
antiserum (1/3,000). Sections were washed in PBS (30 min) 
and incubated (1 h) in biotinylated anti-rabbit IgG (1/200). 
Later, sections were treated (1 h) with Vectastain ABC 
reagent (1/100) and washed in PBS (30 min) and Tris-HCl 
buffer (pH 7.6; 10 min). Finally, the tissue bound peroxidase 
was developed (using H2O2 and 3, 3’-diaminobenzidine as 
chromogen), sections were rinsed (PBS) and coverslipped 
with PBS and glycerol (1/1).

The polyclonal primary antibodies used here (anti-SP; 
anti-MET; obtained at the laboratory of Professor Gérard 
Tramu, University of Bordeaux I, France), were raised in 
rabbits against immunogens assembled by coupling the full 
synthetic SP or MET to a carrier protein (human serum 
albumin) with glutaraldehyde, as formerly reported [5, 13, 
24]. Rabbits were immunized with immunogens emulsified 
with Freund’s complete adjuvant and provided with booster 
doses of Freund’s incomplete adjuvant at intervals of two 
weeks. Ten days, after three of such booster injections, 
plasma from rabbits was obtained and periodically there-
after. To avoid non-specific immunoreactivity due to the 
anticarrier antibodies, rabbit antisera were preabsorbed 
with the coupling agent and the carrier protein, being this 
preabsorption performed prior to the immunohistochemical 
technique. The immunological properties of the anti-SP and 
anti-MET antisera have been previously reported [5, 10, 13, 
25, 26]. The anti-MET used in this study was purified by 
affinity chromatography [5, 10, 13]. In addition, in this study, 
three histological controls were performed. Thus, primary 
antibody was treated with an excess (100 µg/ml of diluted 
antiserum) of the same synthetic antigen (e.g., MET to an-
ti-MET serum) and the first antiserum was omitted in the 
first incubation bath (no immunoreactivity was found in both 
cases). Moreover, primary antibodies were preabsorbed with 
heterologous antigens (e.g., neurokinin A to anti-SP serum; 
leucine-enkephalin to anti-MET serum): this preabsorption 
did not block the staining.

Mapping. This was performed by following frontal planes of 
the alpaca brainstem (the brain atlas used here is available 
from the Mammalian Brain Collections of the University of 
Wisconsin, Madison, USA). For mapping and nomenclature 
of the brainstem nuclei, we also followed previous published 
works performed in this camelid [17–22]. In addition, contig-
uous sections to those reacted for SP or MET were stained 
with cresyl violet to delineate the brainstem nuclei in which 
immunoreactive structures were observed. 

As previously reported [5, 17–22], immunoreactive fibers 
were graded into four categories: single (a few immunoreac-

tive fibers; Fig. 2b), low, moderate (Fig. 2d) and high (Fig. 
4b, d). To determine the density of the immunoreactive 
fibers, sections were viewed (at a constant magnification) 
with reference to photographs in which low, moderate of 
high densities were previously determined [5, 17–22]. The 
density of the immunoreactive cell bodies was considered 
high (> 20 perikarya/section), moderate (10–20 perikarya/ 
/section) and low (< 10 perikarya/section). Immunoreac-
tive cell bodies size was measured following the protocol 
described by Marcos et al. [24]. Using a micrometer grid, the 
size of cell bodies was measured with the nucleus in the focal 
plane, and, as previously reported [5, 17–22], cell bodies 
with < 15 µm diameter were considered small, perikarya 
with a diameter between 15–25 µm were contemplated as 
medium sized, and those with a > 25 µm diameter were 
considered large. 

Using an Olympus DP-50 digital camera (Olympus, 
Tokyo, Japan) attached to a Kyowa Unilux 12 microscope 
(Kyowa Optical, Sagamihara, Japan), photomicrographs 
were taken. Adobe Photoshop CS6 software was used to 
adjust contrast and brightness.

Results 

General considerations
Figures 1–4 and Table 1 show the presence and density 
of the immunoreactive structures (fibers and cell bod-
ies) containing SP/MET observed in 44 tracts/nuclei of 
the alpaca brainstem. SP- and MET-immunoreactive 
fibers showed a widespread distribution. Thus, SP-im-
munoreactive fibers were observed in 42 (95.45%) of 
44 tracts/nuclei, whereas fibers containing MET were 
found in 41 of them (93.18%). In the mesencephalon, 
SP- and MET-immunoreactive fibers were visualized 
in all tracts/nuclei (13 of 13, 100%); in the pons, in 
13 of 13 tracts/nuclei (for SP-immunoreactive fibers, 
100%) and in 12 of 13 (for MET-immunoreactive 
fibers, 92.30%), and in the medulla oblongata in 
16 tracts/nuclei of 18 (88.88%) for both SP- and 
MET-immunoreactive fibers. Thus, in the brainstem, 
the distribution of SP- and MET-immunoreactive 
fibers was similar (Fig. 1; Table 1). This means that  
a close neuroanatomical relationship between SP- and 
MET-immunoreactive fibers occurs. Finally, in the 
alpaca brainstem, the density of the SP-immunore-
active fibers is a little higher when compared with 
the density observed for the MET-immunoreactive 
fibers (Fig. 1; Table 1). 

In the alpaca brainstem, MET-immunoreactive 
perikarya were observed in 22 of the 44 brainstem 
nuclei (50%), whereas cell bodies containing SP 
were visualized in 3 nuclei (6.81%). In the mesen-
cephalon, SP-immunoreactive cell bodies were found 
in 2 nuclei (15.38%) and those containing MET in  



148 Pablo Sánchez et al.

www.journals.viamedica.pl/folia_histochemica_cytobiologica

©Polish Society for Histochemistry and Cytochemistry
Folia Histochem Cytobiol. 2021
10.5603/FHC.a2021.0016
ISSN 0239-8508, e-ISSN 1897-5631

SP M5
a b

c d

e f

g h

i j

Figure 1. Distribution of substance P (SP) and methionine-enkephalin (M5)-immunoreactive fibers and cell bodies in frontal 
planes of the alpaca brainstem (a–j) from rostral (a) to caudal (j) levels. Cell bodies containing the peptides are represent-
ed by closed circles (high density), triangles (moderate density) and squares (low density), whereas immunoreactive fibers 
are represented by slightly dark (single axons), moderately dark (low density), strongly dark (moderate density), and black 
(high density). 3 — oculomotor nucleus; 4 — trochlear nucleus; 12 — hypoglossal nucleus; 5M — motor trigeminal nucleus; 
5SL — laminar spinal trigeminal nucleus; 5SP — alaminar spinal trigeminal nucleus, parvocellular division; 5ST — spinal 
trigeminal tract; 7L — facial nucleus, lateral division; 7M — facial nucleus, medial division; AP — area postrema; BC — 
brachium conjunctivum: BCL — marginal nucleus of the brachium conjunctivum, lateral division; BCM — marginal nucleus 
of the brachium conjunctivum, medial division; BP — brachium pontis; CAE— locus coeruleus; CP — cerebral peduncle; 
Cu — cuneate nucleus; Cx — external cuneate nucleus; Cuc — cuneate nucleus, caudal division; DMV — motor dorsal 
nucleus of the vagus; DRM — dorsal nucleus of the raphe; Gr — gracile nucleus; IC — inferior colliculus; IO — inferior 
olive; IP — interpeduncular nucleus; LRet — lateral reticular nucleus; MLB — medial longitudinal bundle; NTS — nucleus 
of the solitary tract; P — pyramidal tract; PAG — periaqueductal gray; PG — pontine gray; PGL — pontine gray, lateral 
division; PGM — pontine gray, medial division; PH — nucleus praepositus hypoglossi; RB — restiform body; RetF — re-
ticular formation; RN — red nucleus; S — solitary tract; SC — superior colliculus; SN — substantia nigra; SO — superior 
olive; T — nucleus of the trapezoid body; Ves — vestibular nuclei.

SP M5

7 nuclei (53.84%); in the pons no immunoreactive 
cell body containing SP was observed, whereas in 
5 nuclei (38.46%) MET-immunoreactive perikarya 
were visualized, and in the medulla oblongata cell 
bodies were found in one nucleus (for SP, 5.55%) and 
in 10 nuclei (for MET, 55.55%). Thus, in the alpaca 
brainstem the distribution and number of cell bodies 
containing MET is higher than those containing SP. 
The morphological characteristics of the MET- and 
SP-immunoreactive cell bodies (size, shape, number 
of dendrites) are shown in Table 2. In general, in the 
five alpacas studied the density and distribution of the 
MET- and SP-immunoreactive cell bodies and fibers 
observed in the brainstem were quite similar.

It is important to note that in different regions of 
the same nucleus, two densities (e.g., moderate and 
high; single and low) can be observed (Table 1). In 

these cases, to obtain the percentages appearing below 
the highest density was chosen.

Mesencephalon
MET-immunoreactive cell bodies were observed in the 
oculomotor nucleus, trochlear nucleus, dorsal nucleus 
of the raphe, periaqueductal gray, reticular formation, 
red nucleus and substantia nigra, whereas SP-immuno-
reactive cell bodies were found in the superior colliculus 
and reticular formation (Figs. 1, 2b, c, g, 3b; Table 1).

Fibers containing SP or MET were observed in 
all mesencephalic tracts/nuclei and hence a similar 
distribution of both immunoreactive fibers was vis-
ualized (Figs. 1, 2d–f, 3c–g; Table 1). Single SP- and 
MET-immunoreactive fibers were respectively found 
in 2 (15.38%) and 4 (30.76%) tract/nuclei; a low 
density in 3 tracts/nuclei (for both neuropeptides, 
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Figure 2. SP- and MET-immunoreactive (Ir) cell bodies and fibers/dendrites in the alpaca mesencephalon. A. Frontal section 
of the alpaca mesencephalon. For the nomenclature of the nuclei, see Figure 1. The photographs shown in b–g were taken 
from the regions delimited by the rectangles in a (indicated as Fig. b, c, d, e, f and g). B. SP-Ir cell bodies (arrows) located in 
the superior colliculus (SC). Arrowheads: fibers or dendrites. C. MET-Ir cell bodies (arrows) located in the red nucleus (RN). 
Arrowheads: dendrites. D. SP-Ir fibers (arrowheads) located in the periaqueductal gray (PAG). The region delimited by the 
left rectangle is showed at higher magnification. E. MET-Ir fibers (arrowheads) in the periaqueductal gray (PAG). F. SP-Ir 
fibers (arrowheads) located in the midline. G. MET-Ir cell bodies (arrows) in the reticular formation (RetF). Arrowhead: 
dendrite. D — dorsal; M — medial. V — ventral.
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Figure 3. Immunoreactive (Ir) fibers/dendrites and cell bodies containing SP or MET in the alpaca mesencephalon. A. Frontal 
section of the alpaca mesencephalon. For the nomenclature of the nuclei, see Figure 1. The photographs shown in b–g were 
taken from the regions delimited by the rectangles in a (indicated as Fig. b, c, d, e, f and g). B. SP-Ir cell bodies (arrows) 
located in the superior colliculus (SC). Arrowheads: dendrites. C. MET-Ir fibers (arrowheads) in the periaqueductal gray 
(PAG). D. SP-Ir fibers (arrowheads) located in in the periaqueductal gray (PAG). E. MET-Ir fibers (arrowheads) located 
in in the periaqueductal gray (PAG). F. SP-immunoreactive fibers (arrowheads) in the upper midline. The region delimited 
by the left rectangle is showed at higher magnification. MLB: medial longitudinal bundle. G. MET-Ir fibers (arrowheads) 
in the midline. M — medial. V — ventral. 
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Figure 4. SP- and MET-immunoreactive (Ir) fibers/dendrites and cell bodies in the alpaca medulla oblongata. A. Frontal 
section of the alpaca medulla oblongata. For the nomenclature of the nuclei, see Figure 1. The photographs shown in b-g 
were taken from the regions delimited by the rectangles in a (indicated as Fig. b, c, d, e, f and g). B. SP-Ir fibers (arrowheads) 
located in the reticular formation (RetF). C. MET-Ir cell bodies (arrows) in the reticular formation (RetF). Arrowheads: 
dendrites. D. SP-Ir fibers (arrowheads) located in the vestibular nuclei (Ves). E. MET-Ir cell bodies (arrows) located in the 
vestibular nuclei (Ves). F. SP-Ir fibers (arrowheads) in the reticular formation (RetF). G. MET-Ir cell bodies (arrows) in 
the reticular formation (RetF). D — dorsal. M — medial. V — ventral.
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Mesencephalon

SP MET

Nucleus CB Fibers CB Fibers

3 – ++ ++ s/+

4 – ++ +++ s

BC – + – s

BCL – +++ – ++

BCM – +++ – ++/+++

DRM – ++ ++ ++

IC – s – s/+

IP – + – s/+++

PAG – ++ +/++ +/++

RetF +++ s/++ +/+++ s/+

RN – s +++ s

SC +++ s/+ – s

SN – ++/+++ ++ +/++

Pons

SP MET

Nucleus CB Fibers CB Fibers

5M – ++ + +

5SP – +/+++ ++ s/++

7L – +/++ +++ s

7M – + +++ s

BP – s – -

CAE – ++/+++ – s

MLB – s – s

PG – + – s

PGL – + – s

PGM – + – s

RetF – s/+++ – s/++

SO – + – ++

T – +/++ ++ s

Medulla oblongata

SP MET

Nucleus CB Fibers CB Fibers

12 – ++ ++ +/++

5SL – +++ + s/+++

5ST – s – s

AP – ++ – +++

Cu – ++ + s

Cuc – + +++ s

Cx – ++ ++ s

DMV – +++ – +++

Gr – ++ + +

IO – ++ – s

LRet – + +++ s

NTS – + – ++

P – – – –

PH – ++ ++ +

RB – – – –

RetF +/++ s/+++ +/+++ s/++

S – s – s

Ves – +/+++ +/+++ s/+

CB — cell bodies (+++: high density; ++: moderate density;  
+: low density; –: no immunoreactivity). Fibers (+++: high density;  
++: moderate density; +: low density; s: single; –: no immunoreactivity). 
For nomenclature of the nuclei, see list of abbreviations.

Æ

Table 1. Alpaca brainstem: distribution and density of SP- and MET-immunoreactive cell bodies and fibers

23.07%); a moderate density in 5 (38.46%) and  
4 (30.76%) mesencephalic nuclei, and a high density 
in 3 (23.07%) and 2 (15.38%) nuclei (Table 1).

Pons
No immunoreactive cell body containing SP was 
observed, whereas perikarya containing MET were 
found in the motor trigeminal nucleus, alaminar spinal 
trigeminal nucleus (parvocellular division), lateral and 
medial divisions of the facial nucleus and nucleus of 
the trapezoid body (Fig. 1; Table 1).

SP- and MET-immunoreactive fibers showed  
a similar distribution in the alpaca pons, although the 
density of the fibers containing MET was lower than 
that observed for SP (Fig. 1; Table 1). Thus, single SP- 
and MET-immunoreactive fibers were respectively 
found in 2 (15.38%) and 8 (61.53%) tracts/nuclei; 

a low density in 5 (38.46%) and 1 (7.69%) nuclei;  
a moderate density in 3 pons nuclei (for both neuro-
peptides, 23.07%), and a high density in 3 (23.07%) 
and 0 nuclei (Fig. 1; Table 1).

Medulla oblongata
Cell bodies containing SP were only observed in the 
reticular formation, whereas MET-immunoreactive 
perikarya were found in the external cuneate nucleus, 
lateral reticular nucleus, reticular formation, vestib-
ular nuclei, cuneate nucleus, hypoglossal nucleus, 
laminar spinal trigeminal nucleus, caudal division 
of the cuneate nucleus, gracilis nucleus and nucleus 
praepositus hypoglossi (Figs. 1, 4c, e, g; Table 1).

The distribution of fibers containing SP or MET 
was similar. Both peptides were absent in the pyrami-
dal tract and restiform body, but in the other 16 tracts/ 
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Table 2. Alpaca brainstem: morphological characteristics of the MET- and SP-immunoreactive cell bodies

Nucleus Density Size Shape Dendritic processes

MET- immunoreactive cell bodies

3 ++ Medium Pyriform, oval 0–1

4 +++ Medium Pyriform, oval 0–1

5M + Large Polygonal 2–3

5SL + Large Polygonal 2

5SP ++ Large Oval 1

7L +++ Medium Oval 1

7M +++ Medium Oval 1

12 ++ Medium Oval 1

Cu + Medium Polygonal, oval 1–2

Cuc +++ Medium Polygonal, oval 1–2

Cx ++ Medium Polygonal, oval 1–2

DRM +++ Small Oval 0–1

Gr + Medium Oval 0–1

LRet +++ Large Polygonal 2–3

PAG ++ Small Pyriform, oval 1

PH ++ Large Polygonal 2–3

RetF +++ Large Polygonal, oval 1–4

RN +++ Large Pyriform 1

SN ++ Medium Oval 1–2

T ++ Medium Oval 1

Ves +++ Medium Oval 1–2

SP- immunoreactive cell bodies

RetF +/++/+++ Large Pyriform, polygonal 1–4

SC +++ Small Oval 2

+++: high density; ++: moderate density; +: low density. For nomenclature of the nuclei, see list of abbreviations.

/nuclei immunoreactive fibers containing SP or MET 
were observed (Figs. 1, 4b, d, f; Table 1). Single 
SP- and MET-immunoreactive fibers were respec-
tively found in 2 (11.11%) and 7 (38.88%) tracts/
nuclei; a low density in 3 nuclei (for both neuropep-
tides, 16.66%); a moderate density in 7 (38.88%) 
and 3 (16.66%) tracts/nuclei, and a high density in  
4 (22.22%) and 3 (16.66%) nuclei (Fig. 1; Table 1).

Discussion 

SP and MET in the alpaca brainstem
For the first time, this study shows the mapping 
of the SP- and MET-immunoreactive cell bodies 
and fibers in the alpaca brainstem. The study in-
creases the knowledge on the enkephalinergic and 
tachykininergic systems in the alpaca CNS, since 
a previous study has been reported on the distri-
bution of SP and MET in the alpaca diencephalon 

[5]. In both alpaca brainstem and diencephalon 
[5] a close neuroanatomical relationship between 
the tachykininergic (SP) and the enkephalinergic 
(MET) systems has been observed. This means that 
a functional relationship between both systems could 
also occur in both regions of the alpaca CNS and 
that mechanisms of intercellular communication 
(e.g., paracrine mechanism and/or synaptic contacts) 
between the enkephalinergic and tachykininergic 
systems, controlling many brainstem physiological 
actions, are possible. Moreover, in the mesenceph-
alon, pons and medulla oblongata the presence of 
MET-immunoreactive perikarya is more widespread 
than that observed for cell bodies containing SP. 
This is in agreement with that reported in the alpaca 
diencephalon, in which the distribution of MET-im-
munoreactive cell bodies was also more widespread 
than that observed for cell bodies containing SP [5]. 
In addition, in the alpaca brainstem and diencephalon 
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the number of cell bodies containing MET was higher 
than those containing SP.

The widespread distribution of the SP- and 
MET-immunoreactive structures in the alpaca brain-
stem suggests that both neuropeptides are involved in 
many physiological actions, in which SP and MET could 
interact. To date, the mechanisms of possible intercel-
lular mechanisms between SP and MET are unknown, 
but this could occur through synaptic contacts and/ 
/or paracrine (volume transmission) mechanisms 
[5]. In the latter, neuropeptides are released into the 
extracellular region and diffuse longer distances until 
reaching their receptors; this is a slow mode of com-
munication showing a high divergence degree [27]. 
In addition, neuropeptides could exert an autocrine 
mechanism. The brainstem has a key role in the relay 
of information between the brain and the spinal cord 
and it is known that some nuclei (e.g., periaqueductal 
gray, reticular formation, spinal trigeminal nucleus) 
are essential in the transmission of the nociceptive 
perception [28, 29]. In these nuclei both SP- and 
MET-immunoreactive structures have been observed 
and hence a neuroanatomical linkage between the 
transmission of pain via SP and the control of the pain 
stimuli via MET could occur. Moreover, the obser-
vation of cell bodies containing SP or MET in the rat 
lateral mammillary nucleus suggests that the neuro-
peptides are involved in head-direction and angular 
velocity [30], whereas the presence of a high density 
of SP-immunoreactive fibers in the locus coeruleus 
and superior colliculus indicates that SP is involved 
in arousal, anxiety, memory and in visual mechanisms 
[31–34]. Finally, the presence of SP- and MET-immu-
noreactive fibers in the alpaca area postrema, nucleus 
of the solitary tract, marginal nucleus of the brachium 
conjunctivum and motor dorsal nucleus of the vagus 
suggests that the neuropeptides studied here could be 
involved in emesis and in cardiovascular/respiratory 
mechanisms. 

Neuropeptides in the alpaca brainstem
In the alpaca brainstem, the presence of immuno-
reactive structures containing leucine-enkephalin, 
calcitonin gene-related peptide, neurotensin, soma-
tostatin, alpha-neo-endorphin, beta-endorphin or 
adrenocorticotropic hormone has been previously 
reported [17–20, 22]. Peptidergic immunoreactive 
fibers (including those containing SP or MET) showed 
a widespread distribution in the whole brainstem. In 
addition, the location of the previous nine neuropep-
tides is similar. Thus, in many nuclei of the alpaca 
mesencephalon, pons and medulla oblongata (e.g., 
laminar spinal trigeminal nucleus, parvocellular divi-
sion of the alaminar spinal trigeminal nucleus, medial 

division of the facial nucleus, marginal nucleus of the 
brachium conjunctivum, nucleus of the solitary tract, 
periaqueductal gray, superior colliculus, substantia 
nigra), the presence of immunoreactive fibers contain-
ing the nine neuropeptides has been reported [17–20, 
22]. Although the distribution of the peptidergic fib-
ers observed in the alpaca brainstem is widespread, 
it is important to note that in most of the brainstem 
nuclei single fibers containing beta-endorphin or 
adrenocorticotropic hormone were observed [22]. To 
date, our study shows the most widespread presence 
of peptidergic cell bodies found in the alpaca brain-
stem: MET-immunoreactive perikarya were located 
in 22 nuclei. No immunoreactive cell body containing 
alpha-neo-endorphin, beta-endorphin or adrenocor-
ticotropic hormone has been reported in the alpaca 
brainstem [22]. Peptidergic immunoreactive cell bod-
ies containing somatostatin or calcitonin gene-related 
peptide were observed in 13 and 12 brainstem nuclei, 
respectively; those containing neurotensin in five of 
them and those containing SP or leucine-enkephalin 
in two brainstem nuclei [17–20]. In the periaqueductal 
gray and in the reticular formation, the presence of 
five neuropeptides (leucine-enkephalin, somatostatin, 
neurotensin, MET, calcitonin gene-related peptide or 
SP) has been observed in cell bodies [17–20]. Because 
colchicine was not used in this and previous studies, it 
seems that the distribution of the peptidergic cell bod-
ies in the alpaca brainstem may be more widespread. 
To know this distribution, other neuroanatomical 
studies applying for example in situ hybridization 
techniques should be performed.

SP and MET in the mammalian brainstem 
Many studies focused on the distribution of SP and 
MET in the mammalian brainstem have been carried 
out [1, 2, 10–13, 25, 35, 36]. In general, the widespread 
distribution of the MET-immunoreactive fibers found 
in the alpaca brainstem is quite similar to that report-
ed in other mammals in the same CNS region. How-
ever, some differences occur. The presence of fibers 
containing MET was similar in the alpaca, minipig 
[10] and monkey [25] brainstem and this distribution 
was a slight more widespread than that found in the 
dog [13] brainstem. Many differences can be observed 
when comparing the location of the MET-immu-
noreactive perikarya in the mammalian brainstem. 
These differences are due to the methodology applied 
(administration of colchicine; as indicated above, this 
drug is used to increase the number of peptidergic cell 
bodies). In general, in animals treated with colchicine 
a widespread presence of immunoreactive cell bodies 
was observed. For example, in rats [37] and dogs [13] 
treated with colchicine, a widespread distribution of 
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cell bodies containing MET was observed in both 
species. However, here, this widespread distribution 
was not observed in the brainstem of alpacas not 
treated with colchicine. When comparing the presence 
of MET-immunoreactive perikarya in the brainstem 
of animals not treated with colchicine, for example, 
alpaca, minipig and monkey [10, 25], this distribution 
was also different. In this case, the alpaca brainstem 
showed a more widespread distribution of cell bodies 
containing MET than that observed in the minipig 
[10] and the latter species showed a more widespread 
distribution than that found in the monkey brainstem 
[25]. In summary, in comparison with other mammals, 
the presence of MET-immunoreactive cell bodies 
is moderate in the alpaca brainstem (MET-immu-
noreactive perikarya were observed in 22 of the 44 
brainstem nuclei of the alpaca). Finally, in the alpaca 
and human brainstem, the presence of SP-immunore-
active fibers was widespread and similar, whereas the 
distribution of perikarya containing SP was a slightly 
more widespread in humans [38]. 

In summary, this study increases the knowledge 
on the neuroanatomical distribution of the tachy-
kininergic (SP) and enkephalinergic (MET) pep-
tidergic systems in the alpaca brainstem. SP- and 
MET-immunoreactive fibers showed a widespread 
and similar distribution in the brainstem. This close 
neuroanatomical relationship suggests multiple phys-
iological interactions between both neuropeptides. 
The presence of cell bodies containing SP was very 
restricted, whereas MET-immunoreactive perikarya 
showed a moderate widespread distribution in the 
mesencephalon, pons and medulla oblongata. The 
mapping of SP and MET will help to understand their 
functional relationships with other neuropeptides 
previously studied in the alpaca brainstem and this 
knowledge will serve to better understand the involve-
ment of the peptidergic systems in multiple brainstem 
physiological functions (e.g., the adaptation to a high 
altitude). Moreover, our study increases the knowl-
edge on the peptidergic chemical neuroanatomy 
(enkephalinergic and tachykininergic systems) in the 
alpaca CNS, since as indicated above, the presence 
of both neuropeptides has previously been reported 
in the alpaca diencephalon [5]. 
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