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Abstract

Introduction. In the alpaca diencephalon, the distribution of immunoreactive cell bodies and fibers containing
methionine-enkephalin (MET) or substance P (SP) has been studied.

Material and methods. The immunohistochemical study was performed by standard method on the dien-
cephalon of four male alpacas that lived at sea level.

Results. Nerve fibers containing MET or SP were widely distributed in the thalamus and hypothalamus. MET-
and SP-immunoreactive fibers showed a similar distribution in the whole diencephalon. Immunoreactive cell
bodies containing MET or SP were only observed in the hypothalamus. The distribution of MET-immuno-
reactive cell bodies was more widespread than that observed for cell bodies containing SP.

Conclusions. A close neuroanatomical relationship between the tachykininergic (SP) and enkephalinergic
(MET) systems was observed in the whole diencephalon suggestive of the existence of multiple physiological
interactions between both systems. (Folia Histochemica et Cytobiologica 2020, Vol. 58, No. 2, 135-146)
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Introduction be involved [1]. The diencephalon plays important
physiological functions: the thalamus, among other

The ungulate alpaca (Lama pacos) (family: Camel- functions, is closely related to the relay of sensory

idae; order: Artiodactyla) can live from 5,000 m
altitude to the sea level and this means that these
animals have unique special physiological adjustment
mechanisms in which neuroactive substances could
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information and regulation of sleep and wakefulness,
whereas the hypothalamus plays a crucial role as
a neuroendocrine center. Substance P (SP) (an
undecapeptide member of the tachykinin family
of peptides) and methionine-enkephalin (MET)
(a pentapeptide that belongs to the opioid family of
peptides) (Fig. 1) are widely distributed throughout
the mammalian central nervous system (CNS). It is
known that SP and MET are involved in functional
and pathophysiological activities (e.g., inflammation,
feeding behavior, immune response, neuroendocrine
and visual mechanisms, learning, cancer, pain, de-
pression, stress) [2-9]. These actions are mediated by
neurokinin and opiate receptors which are transmem-
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Figure 1. Chemical structures of substance P and methionine-enkephalin.

brane G-protein coupled receptors. The neurokinin-1
receptor shows a preferential affinity for SP, whereas
MET is a potent agonist of the delta opioid receptor
and to a lesser extend of the mu receptor [2].

Our group has previously studied the distribution
of several neuropeptides in the alpaca diencephalon
(somatostatin-28) (1-12), calcitonin gene-related pep-
tide (CGRP), adrenocorticotropic hormone (18-39),
ACTH, alpha-melanocyte-stimulating hormone (al-
pha MSH), beta-endorphin (1-27), alpha-neo-endor-
phin, leucine-enkephalin, and neurotensin) [10-14].
In this study we aimed to describe for the first time,
the distribution of immunoreactive cell bodies and
fibers containing MET or SP in the alpaca dienceph-
alon since in other mammals (e.g., rat, cat, monkey)
aneuroanatomical relationship between SP and MET
in the CNS has been previously reported [15-20].

Material and methods

Animals and tissue preparation. As previously reported [14],
the study was carried out according to Spanish and Peruvian
laws and under the supervision of the Research Commission
of the Cayetano Heredia Peruvian University (Lima, Peru).
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Four male adult alpacas (70-80 kg) were always kept at sea
level and were obtained from the Cayetano Heredia Peruvi-
an University (Faculty of Veterinary Medicine and Animal
Sciences) [14]. As previously described [14], alpacas were
deeply anaesthetized (ketamine (10 mg/kg) and xylazine
(4 mg/kg), i.v.), heparinized and perfused via the carotid
artery with cold NaCl (0.9%) and followed by perfusion with
cold paraformaldehyde (4% in 0.15 M phosphate-buffered
saline (PBS), pH 7.2). Diencephalons were dissected out,
post-fixed overnight in paraformaldehyde and cryoprotect-
ed by immersion in increasing (10-30%) concentrations
of sucrose solution until they sank. Using a cryostat, serial
frontal sections (50 wm thick) were obtained. Two of five
sections were used for immunohistochemistry: section 1,
for anti-SP staining; section 2, for histological control or
to be stained with cresyl violet to delineate/identify the
diencephalic nuclei; section 3, for anti-MET staining; sec-
tions 4-5 were kept for other experimental purposes. The
distance between sections 1 and 6 (and so on, kept in the
same container) was about 200 um. Thus, sections kept in
slide container 1 were used for anti-SP and those kept in
container 3 for anti-MET. In each container, 25-30 frontal
sections/animal were collected. Sections were kept in PBS
at 4° C for 2-6 days.

www.journals.viamedica.pl/folia_histochemica_cytobiologica
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Immunohistochemistry and specificity of the antisera.
Free-floating immunohistochemistry was performed as
previously reported [14, 21]. Sections were washed in PBS
and incubated in PBS containing Triton X-100 (0.3%,
Panreac, Barcelona, Spain) and normal horse serum (1%,
Sigma-Aldrich, Madrid, Spain) for 30 min. Then, sections
were incubated overnight (4°C) in the latter PBS solution
containing anti-Met-5 antiserum (1/3,000) or anti-SP anti-
serum (1/3,000). Later, sections were washed in PBS and
incubated in biotinylated anti-rabbit IgG (1:200) (Vector
Laboratories, Burlingame, CA, USA) for 1 h. Then, sections
were rinsed with PBS and treated with Vectastain ABC
reagent (1:100) (Vector Laboratories) for 1 h. Sections
were washed in PBS (30 min) and Tris-HCL buffer (10 min)
(Panreac). Using 3, 3’-diaminobenzidine (Sigma-Aldrich)
as chromogen and H,O, the tissue bound peroxidase was
developed. Finally, sections were washed with PBS and
coverslipped with glycerol/PBS (1:1).

As formerly reported [22-24], the polyclonal primary
antibodies (anti-SP; anti-MET) used in this study were raised
in rabbits against immunogens assembled by coupling the full
synthetic MET or SP to a carrier protein (human serum al-
bumin) with glutaraldehyde. Both antibodies were obtained
at the laboratory of Professor Gérard Tramu (University of
Bordeaux I, Talence, France). Moreover, the immunological
properties of the anti-MET and anti-SP antisera have been
previously published [22-24]. To confirm the specificity of
both antisera, histological controls were carried out: 1) in
the first incubation bath, the first antiserum was omitted; 2)
the primary antiserum was preabsorbed with an excess of the
antigen (100 ug/mL of diluted antiserum; e.g. anti-SP with
SP); and 3) the primary antiserum was preabsorbed with an
excess (107 M) of heterologous antigens (e.g. anti-MET with
leucine-enkephalin). In all cases, the results confirmed the
specificity of the immunoreactivity observed in the alpaca
diencephalon. Moreover, as previously reported [14] and
to avoid interference by endogenous peroxidase, sections
were treated with H O, NaOH and NH, (Panreac) before
the immunohistochemical technique was performed.

Mapping. Mapping was carried out according to the frontal
planes of the alpaca diencephalon (the brain atlas used in this
study is available from the Mammalian Brain Collections of the
University of Wisconsin, Madison, WI, U.S.A.) and according
to the alpaca diencephalic frontal sections published in previous
papers [10-14]. For nomenclature of the diencephalic nuclei,
we followed the nomenclature used in previously published
works carried out in the alpaca [10-14]. Using an Olympus
DP-50 digital camera (Olympus, Tokyo, Japan) attached to
a Kyowa Unilux 12 microscope (Kyowa, Tokyo, Japan), photo-
micrographs were taken and Adobe Photoshop CS6 software
was used to adjust brightness and contrast.

As previously published [10-14], the density of the im-
munoreactive fibers was considered as high, moderate, low
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and single. Sections were viewed at constant magnification
with reference to photographs in which high, moderate or
low densities had been previously determined [10-14]. The
density of the immunoreactive cell bodies was considered as
high (> 20 perikarya/section), moderate (10-20 perikarya/
/section) and low (< 10 perikarya/section). Moreover, cell
bodies were classified into three categories: large (> 25 um
diameter), medium sized (15-25 wm) and small (< 15 um)
[14]. The size was measured using a micrometer grid with
the nucleus in the focal plane.

Results

General considerations

Figures 2-5 show the density and distribution of the
immunoreactive structures (cell bodies and fibers)
for MET/SP found in the alpaca diencephalon. In
this region, 40/42 tracts/nuclei (95%) contained
SP-immunoreactive (-Ir) cell bodies and/or fibers,
whereas the same percentage was observed for MET-
Ir structures. In all thalamic tracts/nuclei (25 in total),
SP- and MET-Ir structures were observed (100%),
whereas in 15/17 (88%) of nuclei of the hypothalamus
immunoreactivity for both neuropeptides was found.

SP- and MET-Ir fibers showed a widespread dis-
tribution in the alpaca diencephalon. Except for the
optic tract and optic chiasm, in the diencephalon SP
and MET immunoreactive fibers were observed in
almost all diencephalic tracts/nuclei (40/42, 95%) and
hence the distribution of both immunoreactive fibers
was similar (Fig. 2; Table 1). In addition, in the alpaca
diencephalon the density of both immunoreactive
fibers was similar (Fig. 2; Table 1).

In the diencephalon, no SP- or MET-immunoreac-
tive cell body was observed in the thalamus, whereas in
the hypothalamus cell bodies containing SP were only
visualized in one nucleus (6%) and those containing
MET in six hypothalamic nuclei (35%). Thus, in the
alpaca hypothalamus the distribution and number of
cell bodies containing MET was higher than those
containing SP. The morphological characteristics of
the SP- and MET-immunoreactive cell bodies are
shown in Table 2.

Finally, it is important to remark that in different
regions of the same diencephalic nucleus, high and
moderate densities of the studied structures were ob-
served (Table 1). In these cases, to obtain the percent-
ages appearing below the highest density was chosen.

Thalamus

No cell body containing SP or MET was found, but
all thalamic tracts/nuclei (25 in total) showed SP- and
MET-Ir nerve fibers (Fig. 2; Table 1). Thus, a sim-
ilar distribution for SP- and MET-immunoreactive
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Figure 2. Distribution of substance P- (SP) and methionine-enkephalin (MET)-immunoreactive fibers and cell bodies in
frontal planes of the alpaca diencephalon (a—j) from rostral (a) to caudal (j) levels. Cell bodies containing the peptides are
represented 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
dark (high density). Abbreviations: III — third ventricle; AD — anterodorsal thalamic nucleus; AHy — anterior hypothalamic
area; AM — anteromedial thalamic nucleus; Arc — arcuate nucleus; AV — anteroventral thalamic nucleus; CI — capsula
interna; CL — centrolateral thalamic nucleus; CM — central medial thalamic nucleus; CP — cerebral peduncle; DA —
dorsal hypothalamic area; F — fornix; IP — interpeduncular nucleus; LD — laterodorsal thalamic nucleus; LG — lateral
geniculate nucleus; LH — lateral hypothalamic nucleus; LHb — lateral habenular nucleus; LM — lateral mammillary nucleus;
LP — lateroposterior thalamic nucleus; MD — mediodorsal thalamic nucleus; ME — median eminence; MHb — medial
habenular nucleus; MM — medial mammillary nucleus; MT — mammillothalamic tract; Opt — optic tract; Ox — optic
chiasm; PC — paracentral thalamic nucleus; PHy — posterior hypothalamic nucleus; PVA — paraventricular thalamic nu-
cleus; PVH — paraventricular hypothalamic nucleus; Re — reuniens thalamic nucleus; Rh — rhomboid thalamic nucleus;
Rt — reticular thalamic nucleus; Sch — suprachiasmatic nucleus; SM — stria medullaris; SOH — supraoptic hypothalamic
nucleus; SPF — subparafascicular thalamic nucleus; STh — subthalamic nucleus; VA — ventroanterior thalamic nucleus; VL
— ventrolateral thalamic nucleus; VM — ventromedial thalamic nucleus; VMH — ventromedial hypothalamic nucleus; VPL
— ventroposterior thalamic nucleus, lateral part; VPM — ventroposterior thalamic nucleus, medial part; ZI — zona incerta.
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Table 1. Alpaca diencephalon: distribution and density of
SP- and MET-immunoreactive cell bodies and fibers

Thalamus

SP MET
Nucleus CB Fibers CB Fibers
AD - s/+ - S
AM - s/+ - S
AV - s/+ - S
CL - S - S
CM - ++ - s/++
CP - s/+ - S
LD — S - s/+
LG — S - s
LHb - s/+ - S
LP - S - S
MD — s/+ - s/+
MHb — s/+ - +
PC - s - S
PVA - +/++ - ++
Re - +/++ - s/++
Rh - +/++ - s/++
Rt - s/+ - s/+
SM — S - s/+
SPF - ++ - ++
STh — + — +
VA - S - S
VL - S - S
VM - s/+ - S
VPL - s — s
VPM - s - s
Hypothalamus

SP MET
Nucleus CB Fibers CB Fibers
AHy - ++/+++ + +/+++
Arc - +++ - ++
DA - ++ - +/++
F - s/+ - S
LH - +/++ +++ ++
LM + +/++ ++ ++
ME - +++ - ++
MM - s/+ - s/+
MT - s/+ - S
Opt - - - -
Ox - - - -
PHy - ++/+++ ++ ++
PVH - ++ - ++
Sch - +++ + +++
SOH - ++ - +
VMH - ++ + ++
71 - s/+ - S

CB — cell bodies (+++: high density; ++: moderate density; +: low
density; —: no immunoreactivity). Nerve fibers (++ +: high density; ++:
moderate density; +: low density; s: single; —: no immunoreactivity). For
nomenclature of the nuclei, see list of abbreviations in the description
of Figure 2.
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fibers was visualized (Figs. 4d—g; Sb—d). The density
observed for both neuropeptides ranged from single
fibers to moderate (Table 1). Single immunoreac-
tive fibers for SP and MET were found in 10 (40%)
and 14 (56%) thalamic tracts/nuclei, respectively;
a low density in 10 (40%) and 6 (24%) tracts/nuclei,
and a moderate density in 5 nuclei (for both SP and
MET, 20%) (Table 1).

Hypothalamus

SP-Ir cell bodies were found in the lateral mammillary
nucleus (Fig. 5f) and MET-Ir perikarya in the ante-
rior hypothalamic area (Fig. 3e), lateral mammillary
nucleus (Fig. Se—g), lateral hypothalamic nucleus
(Fig. 4c), posterior hypothalamic nucleus, suprachias-
matic nucleus and ventromedial hypothalamic nucleus
(Fig. 2; Tables 1, 2).

Fibers containing SP (Figs. 3b, d, f; 4b) or MET
(Figs. 3c, e, g; 4c) were observed in all hypothalamic
tracts/nuclei studied, except for the optic tract and
optic chiasm and hence these fibers showed a similar
distribution (Table 1). Single SP-immunoreactive
fibers were not observed, whereas single fibers con-
taining MET were found in 3 hypothalamic nuclei
(18%). A low density of SP- and MET-Ir fibers were
respectively visualized in 4 (24%) and 2 (12%) tract/
/nuclei; a moderate density in 6 (35%) and 8 (47%)
hypothalamic nuclei, and a high density in 5 (29%)
and 2 (12%) nuclei (Table 1).

Discussion

SP and MET immunoreactivity

in the alpaca diencephalon

For the first time, this study demonstrates the distri-
bution of the MET- and SP-immunoreactive fibers
and cell bodies in the alpaca diencephalon. In the
hypothalamus the distribution of MET-Ir perikar-
ya is more widespread than that observed for cell
bodies containing SP. Our results have also shown
a close neuroanatomical relationship between the
enkephalinergic (MET) and tachykininergic (SP)
systems in the alpaca diencephalon, suggesting that
a functional relationship between both systems also
occur. Currently, the mechanisms of possible inter-
cellular communication between both systems are
unknown and further studies are needed to explain
them. However, this relationship could occur via
volume transmission (paracrine) mechanisms and/or
synaptic contacts [25, 26]. Volume transmission is
a slow mode of communication showing a high de-
gree of divergence. In this mode of communication,
peptides are released into the extracellular fluid and
diffuse longer distances to reach high-affinity recep-
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Figure 3. SP- and MET-immunoreactive cell bodies and fibers in the alpaca diencephalon. (a) Frontal section of the alpaca
diencephalon. For the nomenclature of the nuclei, see Figure 2 (abbreviations). The photographs shown in b—g were taken
from the regions delimited by the rectangles in a (indicated as b, ¢, d, e, f and g). (b) SP-immunoreactive fibers (arrowheads)
located in the lateral hypothalamic area (LH) and fornix (F). (¢) MET-immunoreactive fibers (arrowheads) located in the
lateral hypothalamic area (LH) and fornix (F). (d) SP-immunoreactive fibers (arrowheads) located in the suprachiasmatic
nucleus (Sch). Ox — optic chiasm. (e) MET-immunoreactive perikarya (arrows) in the anterior hypothalamic area (AHy).
(f) SP-immunoreactive fibers (arrowheads) in the paraventricular hypothalamic nucleus (PVH). III — third ventricle. (g)
MET-immunoreactive fibers (arrowheads) in the paraventricular hypothalamic nucleus (PVH). M — medial. V — ventral.
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Figure 4. Immunoreactive fibers and cell bodies containing SP or MET in the alpaca diencephalon. (a) Frontal section of
the alpaca diencephalon. For the nomenclature of the nuclei, see Figure 2 for abbreviations. The photographs shown in b—g
were taken from the regions delimited by the rectangles in a (indicated as b, ¢, d, e, f and g). (b) SP-immunoreactive fibers
(arrowheads) located in the dorsal hypothalamic area (DA). III — third ventricle. (¢) MET-immunoreactive cell bodies
(arrows) in the lateral hypothalamic area (LH). Arrowheads: immunoreactive fibers. (d) SP-immunoreactive fibers (arrow-
heads) located in the paraventricular thalamic nucleus (PVA). (¢) MET-immunoreactive fibers (arrowheads) located in the
paraventricular thalamic nucleus (PVA). (f) SP-immunoreactive fibers (arrowheads) in the central medial thalamic nucleus
(CM). (g) MET-immunoreactive fibers (arrowheads) in the central medial thalamic nucleus (CM). M — medial. V — ventral.
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Figure 5. SP- and MET-immunoreactive fibers and cell bodies in the alpaca diencephalon. (a) Frontal section of the alpaca
diencephalon. For the nomenclature of the nuclei, see Figure 2 (abbreviations). The photographs shown in b—g were taken
from the regions delimited by the rectangles in a (indicated as b, c, d, e, f and g). (b) SP-immunoreactive fibers (arrowheads)
located in the subparafascicular thalamic nucleus (SPF). The region delimited by the small rectangle is showed at higher
magnification. (¢) MET-immunoreactive fibers (arrowheads) in the subparafascicular thalamic nucleus (SPF). III — third
ventricle. (d) SP-immunoreactive fibers (arrowheads) located in the paraventricular thalamic nucleus (PVA). (¢) MET-im-
munoreactive cell bodies (arrows) located in the lateral mammillary nucleus (LM). Arrowheads: immunoreactive fibers.
(f) SP-immunoreactive cell bodies (arrows) in the lateral mammillary nucleus (LM). The region delimited by the small
rectangle is showed at higher magnification. Arrowheads show immunoreactive fibers or dendrites. (g) MET-immunore-
active cell bodies (arrows) in the lateral mammillary nucleus (LM). Arrowheads show immunoreactive fibers or dendrites.
M — medial. V — ventral.
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Table 2. Alpaca diencephalon: morphological characteristics of the MET- and SP-immunoreactive cell bodies

Nucleus Density Size Shape Dendritic processes
MET- immunoreactive cell bodies

AHy + Medium Polygonal 2-3

LH +++ Large Polygonal 2-4

LM ++ Large Polygonal 2-4

PHy ++ Large Polygonal, oval 2-3

Sch + Large Polygonal 2-5

VMH + Medium Pyriform, oval 1

SP- immunoreactive cell bodies

LM + Large Polygonal, oval 2-4

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

tors (e.g. neurokinin-1 and delta receptors) located
in cell membranes [25, 27]. Moreover, both peptides
could exert an autocrine action.

Our results show a neuroanatomical basis for
future physiological investigations to study activities
in which SP and MET are involved in the alpaca
diencephalon. These actions are currently unknown,
but the widespread distribution of SP- and MET-im-
munoreactive structures in the alpaca diencephalon
suggests that both neuropeptides are involved in
many physiological actions, in which SP and MET
could interact. In mammals, it is known that SP reg-
ulates the release of prolactin, luteinizing hormone,
dopamine and ACTH and that this undecapeptide
is involved in vascular permeability, blood pressure
and respiratory mechanisms, whereas MET has been
involved in visual mechanisms, inhibition of the re-
lease of acetylcholine, dopamine, vasopressin and
SP and controls the hypophysis [2]. For example, the
presence of immunoreactive fibers containing SP or
MET in the alpaca diencephalic nuclei involved in
the transmission of pain signals suggests that SP is
involved in this transmission and MET in the control
of the pain transmission [28, 29]. Moreover, according
to the neuroanatomical distribution of both peptides
in the alpaca diencephalon and to the known actions
in which the diencephalic nuclei are involved in other
mammals, more physiological actions for SP/MET
can be suggested in the camelid. Thus, in mammals,
the lateral hypothalamic nucleus has been involved
in feeding behavior, sleep and arousal, [30, 31]; the
arcuate and paraventricular hypothalamic nuclei in
neuroendocrine and stress mechanisms [32], and the
suprachiasmatic nucleus in the circadian rhythm [33].
MET has been observed in the alpaca lateral hypotha-
lamic nucleus and this suggests that in the camelid the
peptide could be involved in the previous mentioned
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actions observed in other mammals. Moreover, it is
known that the lateral mammillary nucleus is involved
in the control of special localization of head and
angular velocity [34]. The observation of cell bodies
containing SP or MET in the latter nucleus suggests
that in alpaca both peptides could be involved in this
action.

Neuropeptides in the alpaca diencephalon

Using immunohistochemical techniques, the dis-
tribution of several neuropeptides in the alpaca
diencephalon (somatostatin, CGRP, ACTH, aMSH,
beta-endorphin, alpha-neo-endorphin, leucine-en-
kephalin, neurotensin) has been previously published
[10-12, 14]. Thus, in the alpaca diencephalon, the
presence of peptidergic-immunoreactive fibers has
been studied for ten neuropeptides (including SP
and MET) [10-12, 14]. In all cases, the distribution of
the peptidergic-immunoreactive fibers containing the
mentioned ten neuropeptides in the alpaca thalamus
and hypothalamus was widespread and, in the same
diencephalic nuclei (e.g. anterior hypothalamic area,
arcuate nucleus, central medial thalamic nucleus,
paraventricular thalamic nucleus, reuniens and rhom-
boid thalamic nuclei), the presence of all ten neuro-
peptides in fibers has been demonstrated. This means,
in general, that: (i) a close neuroanatomical relation-
ship occurs between the neuropeptides studied [10-12,
14], (ii) the peptidergic systems show the same/similar
distribution, (iii) the coexistence of neuropeptides is
possible, and (iv) in most of the alpaca diencephalic
nuclei, an elaborate modulation of the functions of
many neuropeptides occurs. It is important to note
that the distribution of immunoreactive fibers contain-
ing SP, MET, somatostatin, CGRP, beta-endorphin,
aMSH, alpha-neo-endorphin or neurotensin was
similar and that the distribution of fibers containing
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ACTH or leucine-enkephalin, although widespread,
was lesser than the previous eight neuropeptides
[10-12, 14]. Regarding the peptidergic cell bodies
found in the alpaca diencephalon, these perikarya
were only observed in the hypothalamus [10-12, 14].
No immunoreactive cell body for ACTH was found in
the hypothalamus, whereas the other neuropeptides
showed a very restricted distribution: beta-endorphin
and SP were observed in 1 nucleus; leucine-enkeph-
alin in 2 nuclei; somatostatin in 3 nuclei; «MSH in
5 nuclei and MET, CGRP, alpha-neo-endorphin and
neurotensin in 6 nuclei [10-12, 14]. In the lateral and
ventromedial hypothalamic nuclei, the presence of
six neuropeptides (CGRP, somatostatin, «cMSH, al-
pha-neo-endorphin, neurotensin and MET) has been
reported in perikarya; four neuropeptides (CGRP,
aMSH, neurotensin and MET) in cell bodies located
in the anterior hypothalamic area and arcuate nucleus;
three neuropeptides (CGRP, alpha-neo-endorphin
and neurotensin) in the dorsal hypothalamic area and
paraventricular and supraoptic hypothalamic nuclei
and two of them in the lateral mammillary nucleus,
posterior hypothalamic nucleus and suprachiasmatic
nucleus. The possible coexistence of these neuropep-
tides in the hypothalamic cell bodies must be studied
in the future. Finally, it is important to remark that in
this and the previous studies performed in the alpaca,
for ethical considerations no colchicine was admin-
istered to animals [10-12, 14]. This could explain the
restricted distribution of the peptidergic perikarya
in the alpaca diencephalon, since it is known that in
general the administration of colchicine increases the
number and distribution of the peptidergic cell bodies.

SP and MET in the mammalian diencephalon

Many immunohistochemical studies regarding the
distribution of SP and MET in the mammalian dien-
cephalon have been performed [15, 16, 22, 35-45]. In
general, the widespread distribution of the MET-im-
munoreactive fibers found in the alpaca diencephalon
is quite similar to the distribution reported in other
mammals. However, some differences occur. For ex-
ample, in the cat/dog thalamus, MET-immunoreactive
fibers were mainly observed in the midline nuclei[16,
22], whereas in alpaca these fibers were also observed
in the lateral thalamic nuclei. In the hypothalamus,
the dog and alpaca showed the same distribution and
this was a slight more widespread than that found
in the cat hypothalamus [17, 22]. By contrast, many
differences can be observed when comparing the
distribution of the MET-immunoreactive perikarya
in the mammalian diencephalon. These differences
are due to the methodology applied (administration
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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 wide-
spread distribution of immunoreactive cell bodies was
observed [17, 22,37, 38]. For example, in rats, cats and
dogs treated with the drug, a widespread distribution of
cell bodies containing MET was observed in the thala-
mus and hypothalamus [17, 22, 37, 38]. However, this
widespread distribution was not observed here in the
diencephalon of alpacas because they were not treated
with colchicine. In summary, in comparison with other
mammals, the distribution of MET-immunoreactive
cell bodies in the alpaca diencephalon is very restricted.

In general, the distribution of the SP-immunoreac-
tive fibers observed in the diencephalon of the alpaca
is similar to that reported in other mammalian species
(e.g- rat, human) [15, 36, 43]. Thus, in the hypothala-
mus of the three species a widespread distribution of
SP-immunoreactive fibers was observed, whereas in
the rat and human thalamus these fibers were mainly
located in the midline nuclei but in the alpaca fibers
containing SP were observed in both midline and lateral
thalamic nuclei [15, 36, 43]. Regarding the distribution
of the SP-immunoreactive perikarya in the mammalian
diencephalon, a more widespread distribution (in both
thalamus and hypothalamus) was observed in rats than
in alpacas and humans [36, 43]. This was due to the
administration of colchicine to rats. In both alpacas and
humans, SP-immunoreactive cell bodies showed a very
restricted distribution in the diencephalon.

In summary, this study increases the knowledge
on the neuroanatomical distribution of the tachy-
kininergic (SP) and enkephalinergic (MET) pepti-
dergic systems in the alpaca diencephalon. SP- and
MET-immunoreactive fibers showed a widespread
and similar distribution in the diencephalon. A close
neuroanatomical relationship between SP- and
MET-immunoreactive fibers was found, suggestive
of multiple physiological interactions between both
neuropeptides. The distribution of the cell bodies
containing SP is very restricted, whereas MET-immu-
noreactive perikarya show a moderately widespread
distribution in the hypothalamus.
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