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Article 
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Abstract: The amygdala is composed of several nuclei, including the lateral nucleus which is the main 
receiving area for the input from cortical and subcortical brain regions. It mediates fear, anxiety, 
stress, and pain across species. Evidence suggests that the endocannabinoid system (ECS) may be a 
promising target for modulating these processes. Cannabinoid and cannabinoid-related receptors 
have been identified in the amygdala of rodents, carnivores, and humans, but not in horses. This 
study aimed at investigating the gene expression of cannabinoid receptors 1 (CB1R) and 2 (CB2R), 
transient receptor potential vanilloid 1 (TRPV1), and peroxisome proliferator-activated receptor 
gamma (PPARɣ) within the lateral nucleus of six equine amygdalae collected post mortem from an 
abattoir using quantitative Real-Time PCR (RT-PCR), cellular distribution, and immunofluorescence. 
mRNA expression of CB1R and CB2R, but not TRPV1 or PPARɣ, was detected. The percentage of 
immunoreactivity (IR) was calculated using ImageJ software. Cannabinoid receptor 1 
immunoreactivity was absent in the somata but was strongly detected in the surrounding neuropil 
and varicosities and CB2R-IR was observed in the varicosities; TRPV1-IR showed moderate 
expression in the cytoplasm of somata and processes, while PPARγ-IR was weak-to-moderate in the 
neuronal nuclei. These findings demonstrate ECS components in the equine amygdala and may 
support future studies on Cannabis spp. molecules acting on these receptors. 

Keywords: cannabinoid receptor 1; cannabinoid receptor 2; equine; peroxisome  
proliferator-activated receptor gamma; transient receptor potential vanilloid type 1 
 

1. Introduction 

The amygdala, or amygdaloid complex, is an anatomically and functionally heterogeneous 
structure [1] located in the medial part of the temporal lobe [2]. Current neurochemical, functional 
and developmental data suggest that the amygdala is composed of pallial and subpallial structures. 
The pallial amygdala is composed of deep and superficial nuclei. The deep pallial nuclei include the 
basolateral amygdala, the anterior amygdaloid area and the amygdalohippocampal area. The 
basolateral amygdala (BLA) includes the lateral, basal and accessory basal nuclei [2,3]. The lateral 
nucleus is the main receiving structure of the amygdala. In particular, it collects most of the input 
coming from other brain regions and provides stimuli to other amygdalar nuclei and higher brain 
structures [4–6]. The lateral nucleus is critical for the formation of emotional memories and the 
generation of appropriate behavioral responses to salient sensory stimuli and emotionally arousing 
events in the external world, including nociceptive information [7–13]. The growing interest in 
amygdala function and dysfunction, particularly in relation to neuropsychiatric disorders, has 
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stimulated numerous investigations aimed at elucidating how amygdala processing of emotional 
stimuli is organized, both in terms of connectivity, and at the cellular and molecular level. In horses, 
the amygdala is relatively well developed [14] and may be of great importance in this prey species, 
which is particularly alert to signs of threat and responds with rapid avoidance behavior [15]. 
However, little is known about the neurochemical properties of the equine amygdala [14,15]. 

The endocannabinoid system (ECS) consists of cannabinoid receptors (CB1R, CB2R) and 
cannabinoid-related receptors, their ligands (anandamide, AEA; 2-arachidonoylglycerol, 2-AG; and 
other ligands), and the enzymes necessary for their synthesis and degradation. Cannabinoid-related 
receptors include transient receptor potential (TRP) channels, G protein-coupled receptors (GPRs), 
nuclear peroxisome proliferator-activated receptors (PPARs) and serotonin receptors [16–20]. In the 
past decade, the ECS has emerged as a key neuromodulatory system which regulates synaptic 
efficacy within and between the amygdaloid nuclei. The endocannabinoid system, interacting with 
other neuromodulators such as opioids, influences all vital bodily functions and sets the tone for all 
conscious and unconscious thoughts and feelings. The ECS is probably the most powerful and ancient 
modulatory system capable of influencing every conscious thought and feeling [16–20]. The 
molecular components of the ECS are abundantly expressed in the mammalian amygdaloid complex, 
consistent with the robust role of the ECS in modulating emotional behavior, learning and stress 
response physiology [21,22]. 

The morphofunctional knowledge of the equine amygdala could improve the understanding of 
the behavioral domain of this species, such as cognition, learning, stereotyping, separation anxiety, 
the impact of equine temperament on welfare and equine psychopharmacology. To date, no studies 
have been published regarding the expression of cannabinoid and cannabinoid-related receptors in 
the equine amygdaloid complex. Therefore, the present study was designed to evaluate the mRNA 
of Cnr1, Cnrr2, PPARɣ and TRPV1 gene expression on fixed amygdala samples, and to 
immunohistochemically localize these receptors in the equine amygdala, particularly in the 
extensively studied lateral nucleus of the amygdala. 

2. Results 

2.1. Quantitative Real-Time PCR (RT-PCR) for Cnr1, Cnr2, TRPV1, and PPARgamma 

The reference utilized for data normalization was Glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH), as hypoxanthine phosphoribosyltransferase 1 (HPRT) was undedectable and Actin was 
characterized by a huge variability in the samples. Quantitative Rea Time PCR showed that the Cnr1, 
and Cnr2 transcripts were detected in all the 4% paraformaldehyde fixed amigdala samples (n=6) 
(Figure 1). On the contrary, TRPV1 and PPARγ were undetectable. 

 
Figure 1. Gene expression of Cnr1 and Cnr2 in the equine fixed amygdala samples. The results are presented as 
ΔCt = (Ct RG– Ct IG), (ΔCt values less negative, higher expression). For each gene, mean ± SD are indicated by 
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horizontal bars. No significant statistical difference (P < 0.05) was observed between Cnr1 and Cnr2 gene 
expression (Student’s t test). RG = Reference Gene; IG= Interest Gene. 

2.2. Immunofluorescence 

All the receptors expressed immunoreactivity in the lateral nucleus of the horse amygdaloid 
complex with, however, different degrees of intensity. 

2.2.1. CB1R 

Cannabinoid receptor 1 immunoreactivity (CB1R-IR) was brightly expressed by the neuropil 
which extended within the lateral nucleus. The CB1-IR neuropil was characterized by the classic 
basket shape surrounding the bodies of other neurons (Figure 2). The calculated percentage of 
immunoreactivity was 4.96±3.16%. 

 

Figure 2. Photomicrographs of the cryosections of the lateral nucleus of the amygdala of a horse showing bright 
cannabinoid receptor type 1 (CB1R) immunoreactivity in thin nerve fibers (white fibers) of the neuropil and 
varicosities (open arrows). The stars indicate some neuronal cell bodies labeled with Neurotrace (a, d) which 
were CB1R negative (b, e); the open arrows indicate baskets of bright CB1R immunoreactive varicosities 
encircling the neuronal cell bodies. The small white arrows (d-f) indicate neuropil fibers. c,f) Merged image. 
Scheme 50. m. 

2.2.2. CB2R 

Cannabinoid receptor 2 immunoreactivity (CB2R-IR) was moderately expressed by the neuropil 
within the lateral nucleus. The neuropil expressing CB2-IR was characterized by a diffuse punctate 
appearance (Figure 3). The calculated percentage of CB2R-IR was the lowest (as compared to the 
other receptors) 3.22±1.84%. 
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Figure 3. Photomicrographs of the cryosections of the lateral nucleus of the amygdala of a horse showing weak 
cannabinoid receptor type 2 (CB2R) immunoreactivity in the neuropil varicosities. The stars indicate some 
neuronal cell bodies labeled with Neurotrace (a, d) which were CB2R negative (b, e); the white arrows indicate 
a deposit of autofluorescent pigment within the neuronal cell bodies. Note the diffuse punctate 
immunoreactivity. c,f) Merged image. Scale bar = 50µm. 

2.2.3. TRPV1 

Transient receptor potential vanilloid 1 immunoreactivity (TRPV1-IR) was moderately 
expressed by the neuronal bodies and processes within the lateral nucleus; TRPV1-IR was distributed 
in the neuronal cell bodies and processes, which formed a reticular pattern (Figure 4). The calculated 
percentage of TRPV1-IR was the highest (as compared to the other receptors) 10.72±5.92%. 

 

Figure 4. Photomicrographs of the cryosections of the lateral nucleus of the amygdala of a horse showing 
moderate-to-bright transient receptor potential vanilloid 1 (TRPV1) immunoreactivity (b, e) in neurotrace 
labeled neuronal cell bodies (a, d) (stars), their nerve processes (open arrows) and the varicosities of the neuropil. 
c,f) Merged image. Scale bar = 50µm. 

2.2.4. PPARɣ 
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Peroxisome proliferator-activated receptor gamma immunoreactivity (PPARɣ-IR) was highly 
expressed in the nuclei of neuronal cells and glial cells (Figure 5). Virtually all the NeuroTrace® 
labeled neuronal cell bodies showed PPARɣ-IR; the calculated percentage of PPARɣ-IR was 
9.03±3.83% 

 
Figure 5. Photomicrographs of the cryosections of the lateral nucleus of the amygdala of a horse. a-c) The stars 
indicate some neurotrace-labeled neurons (a) expressing bright nuclear peroxisome proliferator-activated 
receptor gamma immunoreactivity (PPARɣ) (b). The open arrows indicate moderate PPARɣ immunoreactivity 
in the smaller nuclei of the glial cells. d-f) The open arrows indicate two glial fibrillary acidic protein (GFAP) 
immunoreacrtive glial cells co-expressing moderate nuclear PPARɣ immunoreactivity (d). The arrows indicate 
the nuclei of GFAP negative cells. c,f) Merged image. Scale bar = 50µm. 

Figure 6 shows the percentages of CB1R, CB2R, TPRV1 and PPARɣ immunostaining within the 
lateral nucleus of the horse amygdaloid complex. 
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Figure 6. Percentages of immunostaining within the lateral nucleus of the horse amygdala of CB1R, CB2R, 
TPRV1 and PPARɣ, calculated using ImageJ software. 

3. Discussion 

The mammalian amygdala is composed of more than a dozen nuclei which have distinctive 
connections [4,23]. The BLA consists of three main nuclei, the lateral nucleus, the basal nucleus and 
the accessory basal nucleus, each of which has several subdivisions [4]. The lateral nucleus is a 
cortical-like structure with two main types of neurons: spiny glutamatergic pyramidal projection 
neurons, and spine-sparse or spine-free GABAergic nonpyramidal neurons [24–26]. 
Immunohistochemical studies suggest that the BLA contains three largely non-overlapping 
interneuron populations which can be distinguished based on their expression of parvalbumin (PV), 
cholecystokinin (CCK) and somatostatin (SOM). Somatostatin-immunoreactive (IR) interneurons 
target distal dendrites [27], whereas PV- and CCK-IR perisomatically innervate local BLA excitatory 
pyramidal neurons [28,29]. In the amygdala, large CCK immunoreactive neurons are GABAergic 
interneurons, and they densely innervate pyramidal cells [30]. 

In general, cannabinoid receptors are located densely in the animal and human brain areas 
involved in the regulation of emotional states, and they induce neurochemical responses which may 
have anxiolytic or anxiogenic effects [31] as in other central and peripheral nervous system areas of 
the horse, such as trigeminal ganglion, dorsal root ganglia, and also in synovial membrane [32–35]. 
Typically, increased transmission at the CB1R reduces anxiety, whereas inhibition at the CB1R 
induces an anxiogenic effect [36,37]. Therefore, compounds which directly or indirectly regulate 
cannabinoid receptor activity have the potential of reducing anxiety and may be the focus of future 
pharmaceutical development of anxiolytic compounds in equine medicine. Since cannabidiol (CBD) 
does not act directly on CB1R [38], but rather as a hydrolyzer of fatty acid amide hydrolase 
(FAAH)which is the membrane enzyme hydrolyzing AEA [39], it could potentially reduce anxiety 
[31]. 

Fear extinction is a form of inhibitory learning in which newly formed associations compete with 
fearful ones to inhibit fear formation and fear-related neural circuits [40]. In rodents, the connections 
between the prefrontal cortex and the basolateral amygdala stimulate the endocannabinoid system 
during fear extinction [41]. Specifically, glutamate released by neurons in the prefrontal cortex causes 
the production of cannabinoids in the BLA which act presynaptically on CB1 receptors, leading to 
the extinction of the cued fear by suppressing additional glutamate release [42]. Endocannabinoid 
production during periods of stress may influence emotion by regulating transmission from the 
amygdala [43]; typically, anxiety increases endocannabinoid tone and endocannabinoids, in turn, 
decrease anxiety, as shown by Marsicano et al. [44]. In addition, endocannabinoids appear to be 
crucial for the extinction of aversive memories and this process is likely to be mediated by the 
amygdala [45]. In addition to its role in fear extinction, the ECS has also been implicated in fear-
conditioned analgesia, a phenomenon whereby pain perception is suppressed in the presence of a 
fear-related context. In rodents, Rea et al. [46] demonstrated that CB1R activity in the BLA is 
necessary for this form of analgesia, as intra-BLA administration of a CB1R antagonist abolished the 
antinociceptive effect induced by contextual fear. Rubino et al. [47] showed that treatment with the 
phytocannabinoid ∆9-THC, an agonist of CB1R, significantly decreased c-Fos levels in the amygdala, 
and that this effect was reversed by the CB1 inverse agonist AM251. Taken together, these findings 
underscore the central role of CB1R in modulating emotional and nociceptive processes through the 
amygdaloid circuitry. The identification of CB1R protein expression within the lateral nucleus of the 
equine amygdala in the present study supports the hypothesis that similar regulatory mechanisms 
of fear, anxiety, and pain may be conserved in horses, providing a neuroanatomical foundation for 
the potential therapeutic use of cannabinoid-based compounds in equine behavioral medicine. 

Although traditionally considered a peripheral receptor mainly involved in immune function, 
CB2R expression has been increasingly reported in the central nervous system (CNS), including 
neurons and glial cells, challenging the early notion of its absence from the brain [48,49]. In the 
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present study, CB2R-IR was observed in varicosities within the lateral nucleus of the amygdala, and 
Cnr2 gene expression was detected by RT-PCR, supporting the presence of this receptor at both 
protein and transcript levels. These findings are in line with previous studies showing CB2R 
localization in the neuropil and dendritic compartments of several brain regions, including the 
amygdala, hippocampus, and substantia nigra of rodents [50,51]. Ultrastructural investigations have 
demonstrated that CB2R can localize postsynaptically, often associated with dendritic membranes 
and a rough endoplasmic reticulum, implying endogenous synthesis and functional integration 
within synaptic networks [50]. Although CB2R-IR expression is lower than that of CB1R, CB2R in the 
CNS appears to play a modulatory role, particularly under pathological conditions, such as 
neuroinflammation, stress, and neuropsychiatric disorders [51,52]. Functionally, CB2R activation in 
the brain has been associated with the regulation of microglial activity, immune response 
modulation, and neuroprotection [49]. Moreover, behavioral studies in animal models have 
suggested that CB2R agonists, such as β-caryophyllene, exert anxiolytic and antidepressant effects, 
reinforcing the potential involvement of CB2R in the modulation of emotional states [53]. Several 
lines of evidence support a functional role for CB2R within the amygdala. Its expression has been 
documented under both physiological and stress-related conditions [54,55], and CB2R activation in 
the central nucleus has been shown to mediate cannabinoid-induced antinociceptive effects [56]. In 
the medial amygdala, early-life stimulation of CB2R influences neuronal morphology and contributes 
to the development of social behaviors [57]. Although most of the research has focused on CB1R 
within the BLA, recent findings have suggested that CB2R activation in this region may also modulate 
stress-induced alterations in synaptic plasticity and affective responses. Specifically, intra-BLA 
administration of the CB1R/CB2R agonist WIN55,212-2 reversed stress-impaired hippocampal–
accumbens long-term potentiation, suggesting that CB2R could contribute to the amygdaloid 
regulation of stress-related neural circuits [58]. While direct evidence of CB2R expression in the BLA, 
and especially in the lateral nucleus, remains limited, the present findings aligned with the broader 
observations of CB2R functional relevance across the amygdaloid complex [48], supporting the 
hypothesis that CB2R may also play a modulatory role in emotional and sensory integration within 
these subregions. 

The transient receptor potential vanilloid type 1 receptor is a non-selective cation channel known 
for its role in nociception and thermoregulation. However, increasing evidence has revealed its 
expression in the brain areas involved in emotional regulation, including the amygdala [59]. In 
particular, TRPV1 has been identified in the lateral nucleus of the amygdala, where it modulates 
synaptic plasticity and long-term potentiation, thereby influencing fear memory formation in mice 
[59]. Although the precise physiological role of TRPV1 in the amygdala remains unclear, functional 
studies in TRPV1 knockout mice demonstrated reduced anxiety-like behavior, and diminished fear 
conditioning and stress-sensitization, additionally implicating this receptor in emotional processing 
circuits [60,61]. Transient receptor potential vanilloid type 1 signaling intersects with the ECS sinces 
it can be activated by anandamide, a key endocannabinoid molecule [62]. This convergence has 
prompted the development of dual FAAH/TRPV1 inhibitors which have shown dose-dependent 
antidepressant-like effects in rodent models of depression [63], underscoring the therapeutic 
relevance of this pathway. Beyond its role in emotional modulation, TRPV1 is also critically involved 
in pain perception and neurogenic inflammation. The activation of TRPV1 on the peripheral 
terminals of the primary sensory neurons leads to a rapid influx of calcium and sodium, triggering 
the release of neuropeptides, such as substance P, neurokinin A (NKA), and calcitonin gene-related 
peptide (CGRP) [64]. In addition to peripheral effects, TRPV1 activation in primay sensory neurons 
also modulates central nociceptive processing, supporting its role in the higher-order processing of 
nociceptive signals [64]. At the molecular level, TRPV1 protein has been shown to localize to the 
plasma membrane, cytoplasmic vesicles, and membranes of the endoplasmic reticulum in neurons, 
compartments which support its involvement in both calcium influx and intracellular calcium release 
[65] with some studies also describing its presynaptic localization in amygdaloid circuits [66]. These 
data are in line with the immunofluorescence results in the present study which revealed TRPV1 
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expression predominantly in the neuronal somata and neuropil within the lateral nucleus of the 
equine amygdala, with notable cytoplasmatic distribution patterns. The functional outcome of 
TRPV1 activation on synaptic transmission appears to be brain-region specific; as Edwards et al. [67] 
reported, TRPV1 can exert both excitatory and inhibitory effects on glutamatergic transmission 
depending on the neural context. Altogether, these findings support a multifaceted role for TRPV1 
as a molecular integrator of nociceptive and emotional signals, and highlight its conserved expression 
and functional relevance within the amygdaloid circuitry across mammalian species, including the 
horse, as demonstrated by the present study. 

Peroxisome proliferator-activated receptor gamma is a nuclear receptor traditionally associated 
with metabolic regulation and anti-inflammatory signaling; however, it has also been implicated in 
CNS functions, including emotion, stress, and pain modulation. It has been shown to be expressed in 
rat, mouse, monkey and human neurons, astrocytes, and rat microglial and oligodendrocyte cell 
cultures where it contributes to mitochondrial protection, redox balance, and modulation of 
neuroinflammatory responses [68–74]. In the present study, PPARγ-IR was detected in the lateral 
nucleus of the equine amygdala, localized to the nuclear compartment of both neurons and glial 
fibrillary acidic protein (GFAP)-positive glial cells. This distribution is consistent with its role as a 
ligand-activated transcription factor. Upon activation by selective agonists, such as rosiglitazone and 
pioglitazone, PPARγ forms a heterodimer with the retinoid X receptor and binds to peroxisome 
proliferator response elements. It has been shown to reduce anxiety and depression-like behavior, 
attenuate fear expression, and alleviate mechanical allodynia and thermal hyperalgesia by means of 
mechanisms involving both central and peripheral pathways [75,76]. Taken together, these findings 
reinforce the view that PPARγ plays a modulatory role in emotional and nociceptive processing. The 
Authors’ identification of PPARγ in both neurons and GFAP-positive glial cells of the lateral 
amygdaloid nucleus in the horse adds novel comparative neuroanatomical evidence to this growing 
body of literature, and supports a conserved role for PPARγ in the regulation of limbic functions 
across mammalian species. 

Despite the well-known effects of cannabinoids on emotional state and memory, previous 
studies have not investigated in detail how cannabinoids may affect neuronal networks in the equine 
brain, including the amygdala. In the present experiment, the Authors focused on the lateral nucleus 
which is the best described region of the mammalian amygdala. The present investigation 
demonstrated the presence of the CB1, CB2, TRPV1 and PPARγ receptors in the equine amygdaloid 
complex for the first time. Furthermore, the present investigation showed that there was a very high 
density of CB1R axon terminals forming pericellular baskets presumably contacting pyramidal 
somata, suggesting that cannabinoids may reduce tonic GABAergic inhibitory control over 
pyramidal cells in the lateral nucleus. The distribution of other cannabinoid receptors in neuropilar 
and somatal structures supports strong cannabinoids modulations on amygdalar activities. 
Consistent with the present findings the BLA of primates [22] and rodents [21] contains many CCK-
IR axon terminals containing the CB1R. These axons form a pericellular basket which contacts the 
somata of putative pyramidal cells and may be critical for fear expression and extinction [22,77]. 
Regarding the transcripts of the genes of interest, gene expression for Cnr1 and Cnr2, consistent with 
the protein (CB1 and CB2) data was detected. In contrast, TRPV1 and PPARγ transcripts were not 
detected in the fixed amygdala samples. However, since the Authors were able to detect these 
transcripts in non-fixed samples (preliminary data, not shown), and in line with the protein 
expression data, they suggested that the absence of TRPV1 and PPARγ transcripts in the fixed 
samples described in this manuscript was due to the known negative effect of formaldehyde fixation 
on RNA integrity as has been well documented in the literature [78,79]. 

4. Materials and Methods 

The brains of six healthy horses, between 3 and 25 years of age, 4 female and 2 male, 4 
slaughtered for human consumption, and 2 died from causes unrelated to the central nervous system, 
were removed from the skull post mortem. The breeds included 1 Avelignese, 1 Italian thoroughbred 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 19 June 2025 doi:10.20944/preprints202506.1526.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202506.1526.v1
http://creativecommons.org/licenses/by/4.0/


 9 of 16 

 

and 2 half-breeds, 2 warmbloods. As the abattoir procedure involves the longitudinal mechanical 
opening of the skull along its dorsal part, twelve halves of the brain were quickly removed from the 
skull. This procedure usually does not damage the most ventral part of the brain, the piriform lobe 
in which the amygdala is located. After severing the connections to some of the cranial nerves, 
especially the optic nerve which anchors the diencephalon to the sphenoid bone, the brains were 
removed from those skulls in which the entire neural anatomy of the brain was better preserved. The 
brains used in the current study came from a number of the same horses used in a previous study 
[32]. Horses showing no neurological symptoms or behavioral problems were considered to be 
healthy on the basis of a summary clinical examination. In accordance with Directive 2010/63/EU of 
the European Parliament and of the Council of 22 September 2010 regarding the protection of animals 
used for scientific purposes, Italian legislation (D. Lgs. n. 26/2014) does not require approval by the 
competent authorities or ethics committees as this study did not influence any therapeutic decisions. 

4.1. RNA Isolation and Quantitative Real Time PCR (RT- PCR) for Cnr1, Cnr2, PPARγ and TRPV1 

For gene expression analysis, total mRNA extraction was carried out using a RNeasy FFPE Kit 
(Qiagen Hilden, Germany) with a few modifications. Fifty mg of formalin fixed amigdala samples 
(n=6) were washed in phosphate-buffered saline (PBS) and cut finely with disposable scalpel. After 
adding 240ul of Buffer PKD, the samples were briefly centrifuged and Proteinase k (10ul) was added. 
The samples were incubated at 56°C for 4 hours; every 30 min, the samples were mixed/homogenized 
using a micro-pestle (Eppendorf, Hamburg, Germany). The samples were then incubated at 80°C for 
15 min; the manufacturer’s protocol was followed up to elution (20ul). After spectrophotometric 
quantification, the total RNA (500 ng) was reverse transcribed to cDNA using 5X iScript RT Supermix 
(Bio-Rad Laboratories Inc., Hercules, CA, USA) at a final volume of 20 µL. To evaluate the gene 
expression profiles, RT-qPCR was carried out in a CFX96 thermal cycler (Bio-Rad Laboratories Inc.) 
using SYBR green detection to target the genes. Specific primers for horses (Zamith Cunha et al. 
2023d) were used to evaluate the gene expression for the interest gene (IG) Cannabinoid receptors 1 
and 2 (Cn1r and Cn2r), peroxisome proliferator-activated receptor gamma (PPARγ) and potential 
vanilloid type 1 (TRPV1) Primers for peroxisome proliferator-activated receptor gamma (PPARγ) 
were designed on a horse sequence (Accession Number KF788296, ) by using Beacon Designer 2.07 
(Premier Biosoft International, Palo Alto, CA, USA) (For: 5’-CTAAAGAGCCTGAGAAAG-3’; Rev:5’- 
CCACTGAGAATAATGACA-3’): Regarding the reference genes (RG), GAPDH, HPRT and β-Act 
(beta Actin) were based on horse sequences as previously reported (Zannoni et al. 2014). All the 
amplification reactions were carried out in 20 µl and analyzed in duplicate; the reaction contained 
10µl of iTaq Universal SYBR Green Supermix (Bio-Rad Laboratories Inc.), 0.8 µl of the forward and 
reverse primers (5mM each) of each target gene, 2 µl cDNA, and 7.2µl of water. The real-time 
procedure included an initial denaturation period of 3 min at 95°C, 40 cycles at 95°C for 15s, and 60°C 
for 30s, followed by a melting step with ramping from 55°C to 95°C at a rate of 0.5°C/10s. The 
specificity of the amplified PCR products was confirmed by agarose gel electrophoresis and melting 
curve analysis. The relative expression of the IGs were normalized based on the RGs. The relative 
mRNA expression of the genes tested was evaluated using the ΔCt method with ΔCt = (Ct RG– Ct IG) 
which directly correlated with the expression level (ΔCt values very negative, lower expression; ΔCt 
values less negative higher expression). 

4.2. Immunofluorescence 

The brain halves were rapidly removed from the skulls of slaughtered horses and fixed for 48 
hours at 4°C in 4% paraformaldehyde in phosphate buffer (0.1 M, pH 7.2), the piriform lobes 
containing the amygdales were then dissected to obtain smaller pieces of tissue fixed for an additional 
24 hours. After a total fixation time of 72 hours, the tissues were rinsed in PBS (0.15M NaCl in 0.01M 
sodium phosphate buffer, pH 7.2) and stored at 4°C in PBS containing 30% sucrose and sodium azide 
(0.1%). On the following days, the tissues were transferred to a mixture of PBS-30% sucrose-azide 
and Optimal Cutting Temperature (OCT) compound (Sakura Finetek Europe, Alphen aan den Rijn, 
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The Netherlands) in a 1:1 ratio for an additional 24 h before being embedded in 100% OCT in 
Cryomold®. Prior to embedding, each sample (approximately 2 x 3 cm) was divided into three parts 
along its longitudinal axis (rostral, central and caudal amygdala). In the current study, the central or 
rostral part of the amygdala (containing the lateral nucleus) was analyzed (Figure 7). 

 

Figure 7. Macroscopic view of the right horse amygdaloid complex in a coronal section at the rostral (A), middle 
(B), and caudal (C) levels. The lateral nucleus boundary is indicated by the arrows. 

The sections were prepared by freezing the tissue in isopentane cooled in liquid nitrogen. 
Cryosections (14 µm thick) of the amygdala were cut on a cryostat and mounted on polylysinized 
slides. The cryosections were hydrated in PBS and processed for immunostaining. To block non-
specific binding, the sections were incubated for 1 hour at RT (22-25°C) in a solution containing 20% 
normal donkey serum (Colorado Serum Co., Denver, CO, USA) , 0.5% Triton X-100g and bovine 
serum albumin (1%) in PBS. The cryosections were incubated overnight at RT in a humidity chamber 
with anti-CB1R, -CB2R, -TRPV1, and -PPARɣ; to identify the astrocytes, anti-glial fibrillary acidic 
protein (GFAP) antibodies were used (Table 1), diluted in a solution containing 20% normal donkey 
serum (Colorado Serum Co., Denver, CO, USA)f , 0.5% Triton X- 100g and bovine serum albumin 
(1%) in PBS. After washing in PBS (3 ×10 minutes), the sections were incubated for 1 hour at RT in a 
humidity chamber with secondary antibodies (Table 2) diluted in a solution containing 20% normal 
donkey serum (Colorado Serum Co., Denver, CO, USA), 0.5% Triton X-100g and bovine serum 
albumin (1%) in PBS. The cryosections were then washed in PBS (3 ×10 minutes) and processed for 
NeuroTrace® labeling (1:200) as a pan-neuronal marker in PBS for 40 minutes, followed by mounting 
in buffered glycerol at pH 8.6 with 4’,6-diamidino-2-phenylindole-DAPI (Santa Cruz Biotechnology, 
Santa Cruz, CA, USA). 

4.3. Specificity of the Antibodies 

The anti-CB1R, -TRPV1, and -PPARɣ antibodies had already been tested by the present research 
group using Western blot (Wb) analysis on horse tissue [80,81]. The rabbit anti-CB2R antibody (PA1-
744) had already been tested by Wb analysis on horse tissues [82]. For negative controls, the sections 
were prepared by omitting primary antibodies and then incubating with the secondary antibodies. 
No stained cells were detected after omission of the primary antibodies. 

4.4. Fluorescence Microscopy 

The specimens were examined by the same observer using a Nikon Eclipse Ni microscope 
(Nikon Instruments Europe BV, Amsterdam, The Netherlands, Europe) equipped with the 
appropriate filter cubes. Images were captured using a DS-Qi1Nc digital camera and NIS Elements 
software BR 4.20.01 (Mountain View, Ottawa, ON, Canada). Minor contrast and brightness 
adjustments were made using Corel Photo Paint, while figure panels were prepared using Corel 
Draw. 
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4.5. Semiquantitative and Quantitative Analysis of the Immunofluorescence 

The immunoreactivity of the antibodies was evaluated, and their cellular localization within the 
amygdala was reported. The intensity of expression was evaluated semi-quantitatively as weak, 
moderate and bright in images acquired at the same exposure times. The percentage of IR was 
evaluated quantitatively using ImageJ software and expressed as the percentage mean±SD calculated 
on eight sections (40x magnification) randomly selected within the rostro-caudal aspects of the lateral 
nucleus. 

5. Conclusion 

The present study is the first to demonstrate the genetic and immunohistochemical cellular 
distribution of the canonical CB1R, CB2R and two cannabinoid-related receptors (TRPV1, and 
PPARγ) in the equine amygdaloid complex. Due to their cellular localization, these receptors may be 
the target of many drugs (endocannabinoids and endocannabinoid-related molecules, non-
psycoactive phytocannabinoids, synthetic cannabinoids, and various agonists and antagonists) 
which could potentially be used to improve anxiety, stress and pain in horses with behavioral 
problems and pathological conditions. These results should hopefully encourage the development of 
new molecular and preclinical studies to support the use of molecules already tested and used in 
humans and animals which could potentially reduce behavioral problems in horses. In-depth studies 
are needed in the equine species since it is known that cannabinoids can have different effects on 
anxiety depending on the species [83] . 

The present results suggest that cannabinoids may reduce tonic inhibitory control over 
pyramidal cells in the lateral nucleus. Thus, the Authors suggest that the inhibition of the GABA 
release from the axon terminals of the local circuit GABAergic interneurons in the lateral nucleus by 
presynaptic CB1 receptors may be an important aspect of the neurobiological substrates of 
cannabinoid-induced emotional responses. 
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