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Introduction
Testosterone traditionally signals through an 
intracellular mechanism and changes gene transcription, 
a process that takes time. A novel signal mechanism 
has been identified allowing a way to rapidly respond 
to testosterone. This mechanism is through TRPM8 
channels (TRPM8 is short for transient receptor potential 
cation channel subfamily M member 8). This study was 
designed to have a better understanding of TRPM8 in 
the brains of sheep. Earlier research has identified the 
TRPM8 channels in the male prostate and the brain; 
however, the function of this channel is not clear. 
As a testosterone receptor, TRPM8 channels may be 
important in male reproductive tissues with implication 
for the expression of reproductive behavior.

Objectives
The objective of this study was to quantify TRPM8 
channels in areas of the brain known to be important for 
reproductive performance of the ram.

Materials and Methods
Sexual activity of rams was determined by individually 
exposing rams to two or three ewes in estrus for 20 
minutes. Rams mounting ewes within 10 minutes, 
achieving ≥six ejaculations in 20 minutes, and exclusively 
mounting females are considered high-performing, 
female-oriented rams. Rams failing to exhibit sexual 
interest toward stimulus animals, having a long latency 
(>10 minutes) to mount, or achieving ≤three ejaculations 
are considered to be low-performing or sexually inactive.

Rams were isolated from ewes, but had visual and 
olfactory contact with each other. Individual pens 
prevented physical contact. On the day of tissue collection, 
rams were exposed to isolated olfactory cues of estrus 
for one hour. This was accomplished by saturating cotton 
pads with urine from estrous ewes, and then inserting 
those pads in facemasks that were placed on the rams. 
After this procedure, rams were anesthetized and killed, 
with brains collected and preserved.

TRPM8 activity was determined in the amygdala 
(an area of the brain important for determining 
the biological significance of sensory signals) using 

immunocytochemistry. Cells staining positive for TRPM8 
were quantified.

Results and Discussion
The amygdala has a direct connection with the olfactory 
bulb (the neural structure necessary for the sense 
of smell), but is also important in complex sensory 
processing. The biological significance of sensory stimuli 
is extracted at the level of the amygdala. The amygdala 
sits in the juncture between the sensory stimulus and the 
execution of behavior. Stimuli in an animal’s environment 
would be relayed through the amygdala, which would then 
signal an appropriate response (e.g., flee vs. move closer).

The amygdala is composed of several interconnected 
nuclei that allow for integration of sensory stimuli. 
Of the amygdala nuclei, previous research identified 
differences in neural signaling among sexually active and 
inactive rams in the central nuclei. In humans, the central 
nucleus is required for the sense of fear. Although it may 
be difficult to ascribe a “sense of fear” to sheep, “fear” 
should be considered as a heightened sense of awareness. 
Increased arousal toward non-specific stimuli would be 
advantageous in the identification of receptive females.

Although the expression of the TRPM8 channel was 
similar among high and low sexually performing rams, 
a distinct pattern of expression was observed among 
the different areas of the amygdala. The central nuclei 
had the most robust expression of TRPM8 channels 
(Fig. 1), which have been shown to be a testosterone 
receptor. High concentrations of testosterone decrease the 
expression of those channels. Since testosterone is known 
to be important in the regulation of fear and anxiety, it is 
possible that the TRPM8 channels in the central nucleus 
of the amygdala are downregulated in males, causing a 
greater fear tolerance.

Expression of the TRPM8 channels in the medial and 
cortical nuclei of the amygdala was sparse (Fig. 1). Rams 
rely heavily on their sense of smell to determine when 
a ewe is receptive to breeding, and the medial area is 
important for the processing of odors. The cortical area is 
important for the formation of certain emotional or social 
memories. This area of the amygdala would be responsible 
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in forming the memory of ewes the ram has bred, so he 
moves on to the next ewe, increasing the number of his 
offspring. This area would perhaps also help recognize the 
significance of a predator. Numbers of TRPM8 channels 
in these areas were low and did not differ among high- or 
low-performing rams, so the TRPM8 channels in these 
areas are unlikely to be important for the processing of 
olfactory cues or social memory in the ram.

The Alexander lab is continually striving to identify the 
biological cause of sexual disinterest. Approximately 
30% of the ram population has low sexual interest and, 
in turn, sire disproportionally fewer lambs than their 
high-performing cohorts, affecting genetic progress in 
the flock. Although the expression of TRPM8 channels in 
the ram’s central amygdala may not be important for the 
expression of sexual behavior per se, it may be important 

for the integration of sensory signals and impact the 
interpretation of those signals. Additionally, expression of 
these channels may be more important in the detection of 
predators and the response to that threat.
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Figure 1. Average count of TRPM8 channels in the central, medial, and 
cortical nucleus of the amygdala in the ram. Areas with different subscripts 
differ (p<0.001).




