
INTRODUCTION

The mesolimbic dopamine pathway originating from the ven-
tral tegmental area (VTA) and projecting to the nucleus accum-
bens (NA) is called the cerebral reward pathway and is closely 
related with the natural pleasures felt in daily life.1,2 

This pathway can be activated by dependent substances. 
Therefore, the pleasure reward pathway is thought to be close-
ly connected to addiction to substances such as alcohol, hero-
in, and cocaine. The cerebral opioid system plays an important 
role in mesolimbic dopamine pathway activity. 

The concentration of dihydroxyphenylacetic acid (DOPAC) 
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and dihydroxyphenylalanine (DOPA) increase following an 
intraventricular injection of opioid receptor agonist, whereas 
the incremental effect of DOPAC and DOPA by an agonist was 
blocked following an intraventricular injection of an opioid re-
ceptor antagonist.3 Spanagel et al.4 demonstrated these findings 
in a rodent model by reporting increased dopamine release 
in the NA when a μ-opioid receptor agonist was injected into 
the VTA, whereas decreased dopamine release was observed 
in the NA when a μ-opioid receptor antagonist was injected. It 
was recently reported that opioid neurons project to the NA 
and modulate activity of the mesolimbic dopamine pathway.5 

Recent reports suggest an analgesic effect of capsaicin, de-
spite being a noxious stimulant and main component of the hot 
flavor of red peppers when consumed by humans.6,7 These find-
ings are supported by several previous studies suggesting that 
capsaicin is effective for relieving postherpetic or trigeminal 
neuralgia.6,8 Capsaicin is currently used for treating myalgia.9

The mechanism of the analgesic effect of capsaicin is thought 
to be the result of the neuropeptide depletion by long-term ad-
ministration, as well as the release of β-endorphin, an endog-
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enous peptide released from the brain to inhibit pain, and pro-
jected to the central nervous system through the spinal cord.10-13 
The cell bodies of β-endorphin-producing neurons are predom-
inantly located in the arcuate nucleus of the hypothalamus.10

Bach et al.10 reported increased cerebrospinal fluid (CSF) β- 
endorphin levels in the cerebellar cistern magna 45 minutes af-
ter a subcutaneous injection of capsaicin into white rats. Bach 
and Yaksh14 also reported an increased CSF β-endorphins in 
the cerebellar cistern magna at 30 minutes after an intrathecal 
injection of capsaicin into white rats, suggesting increased ac-
tivity of the cerebral opioid system following capsaicin admin-
istration. 

However, several reports have suggested that capsaicin acti-
vates the mesolimbic dopamine pathway through opioid acti-
vation as stated above. Some people prefer consuming pepper, 
even though they were previously abhorrent to red pepper due 
to the hot flavor.15,16 This phenomenon has been explained by 
pleasure seeking behavior due to the analgesic effect of β-en-
dorphin increased by pain and opioid activation, thereby 
seeking hot flavor and promoting continuous ingestion.17,18  

In this study, we investigated proopioimelanocortin (POMC) 
mRNA expression in the arcuate nucleus of Sprague-Dawley 
(SD) rats after administering capsaicin, hypothesizing that cap-
saicin induces activation of the mesolimbic dopamine reward 
pathway through activation of the central opioid system.

METHODS

Subjects and drug administration 
Ninety 4-week-old SD rats (Hyochang Science, Daegu, Ko-

rea) were housed in groups of five per cage with free access to 
water and food (Samyang Food, Seoul, Korea), and a diurnal 
12 hour light cycle. They were allowed to adjust to the labora-
tory environment for 5 days. The animal care protocol used in 
this study was reviewed and approved by the Pusan National 
University Institutional Animal Care and Use Committee. Eighty 
SD rats were randomly divided into the saline- and capsaicin-
injection groups. The remaining 10 rats were used for baseline 
data. 

Capsaicin (Sigma-Aldrich, St. Louis, MO, USA) was dissolved 
in propylene glycol (Sigma-Aldrich) and diluted with 0.9% nor-
mal saline. Capsaicin (0.01 mg/kg) was injected subcutaneously 
into rats in the capsaicin-injection group, whereas the same vol-
ume of vehicle diluted with saline without capsaicin was inject-
ed into the saline-injection group. 

Ten SD rats in each group were sacrificed at 20, 40, 60, and 
120 minutes after capsaicin administration under anesthesia, 
and their brains were removed. The remaining 10 rats were 
sacrificed at baseline (0 minutes).

Extraction of RNA and reverse 
transcription-polymerase chain reaction (RT-PCR)

The POMC mRNA level in the arcuate nucleus was measured 
by RT-PCR as detailed below. The arcuate nucleus was excised 
from the brain after decapitation, and RNA was extracted us-
ing a Trizol reagent kit (Sigma Aldrich). The extracted total 
RNA was quantified with a spectrophotometer and prepared 
for RT-PCR. The POMC sequences were 436 bp fragments, 
5’-GATTCTGCTACAGTCGCTC-3’ for the forward primer 
and 5’-GAACTCTAGGGGAAAGGC-3’ for the reverse prim-
er (Bionics, Seoul, Korea). Single-standard POMC cDNA was 
amplified with an RT-PCR kit (Promega, Madison, WI, USA) 
in a 25 μL reaction mixture containing 11 μL of RNase-free wa-
ter, AMV/Tfl 4 μL of 5× reaction buffer, 2 μL dNTP mixture, 
1 μL forward primer, 1 μL reverse primer, 0.8 μL 25 mM MgSO4, 
0.4 μL AMV reverse transcriptase, 0.4 μL Tfl DNA polymerase, 
and 1 μL template RNA. The RT was performed at 45°C for 45 
minutes to maximize cDNA synthesis. The PCR was performed 
with a Perkin-Elmer GeneAmp PCR system 9600 (Waltham, 
MA, USA) with the following cycle parameters: one denatur-
ation cycle for 2 minutes at 94°C, 40 cycle of 30 seconds dena-
turation at 94°C, 30 seconds annealing at 50°C, and 1 minute 
extension at 72°C. The final extension cycle for each reaction was 
7 minutes at 72°C.

The PCR products were fractionated on a 2% agarose gel (Sig-
ma Aldrich) and stained with ethidium bromide. Bands intensi-
ties were measured with a densitometer (UVIpro Gel Documen-
tation System; Topac, Cohasset, MA, USA).

Statistics
Data are expressed as mean±standard error, and the level 

of statistical significance was set at p<0.05. Analyses were per-
formed using the Statistical Package for the Social Science (SPSS) 
15.0 for Windows (Chicago, IL, USA). Differences between cap-
saicin- and saline-treated rats and between the baseline and 
other time points were tested by the independent t-test.

RESULTS

After a subcutaneous injection of capsaicin, SD rats had a sig-
nificantly increased level of POMC mRNA in the arcuate nu-
cleus of the hypothalamus at the 20-minute time point, com-
pared to rats injected with saline, (t=-4.445, p=0.001). However, 
no significant differences between capsaicin- and saline-treat-
ed rats were observed at the 40, 60, and 120 minute time points 
(t=-1.886, p=0.089; t=-0.973, p=0.353; t=-2.193, p=0.053, re-
spectively) (Figure 1 and 2).

Compared to baseline values, the level of POMC mRNA in-
creased significantly at the 20, 40, 60, and 120-minute time 
points in capsaicin-treated rats (t=-24.719, p<0.001; t=-8.932, 
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p<0.001; t=-4.387, p=0.006; t=-4.892, p=0.004, respectively). 
Similarly, POMC mRNA level increased significantly com-
pared to baseline at the 40, 60, and 120-minute time points in 
saline-treated rats (t=-3.141, p=0.01; t=-3.141, p=0.01; t=-
2.42, p=0.055, respectively). However, the level did not in-
crease at the 20-minute time point (t=-1.185, p=0.287).

DISCUSSION

The purpose of this study was to assess the acute effects of 
capsaicin on POMC mRNA levels in the arcuate nucleus of 
SD rats. Capsaicin increased POMC gene expression more sig-
nificantly than saline in the 20 minutes after a subcutaneous in-
jection. These results demonstrate that activity in the cerebral 
opioid system increased following capsaicin administration. 

POMC is a precursor of the potent opioid peptide β-endo-
rphin as well as a number of other bioactive peptides including 
adrenocorticotropin and melanocyte-stimulating hormone 
(MSH). The major end products of POMC processing in the 
arcuate nucleus are β-endorphin and α-MSH.19 Capsaicin is an 
alkaloid derived from chili peppers and exerts its major phar-
macological effects on the sensory nervous system, particularly 
on the C-fiber type primary afferent neurons. Previous studies 
have shown that CSF β-endorphin increases 45 minutes after a 
subcutaneous capsaicin injection10 and 30 minutes after an in-
trathecal injection.14 These results are similar to our results. 
However, the level of POMC mRNA in our study increased 
faster than that of CSF β-endorphin in other studies, which 
may have been due to the time required for the production and 
release of the peptides. 

The saline injection alone also increased POMC mRNA level 
at the 40, 60, and 120-minute time points. A possible explana-
tion for this saline-induced increase might be that pain and 
stress induced by laboratory procedures including saline injec-
tion caused such a change. For example, POMC mRNA level 
in the rat brain increases significantly in 1 hour or 3 days to 3 
weeks under various stressful conditions such as electrical foot-
shock, chronic arthritic pain, acute insulin-induced hypoglyce-
mia, hypertonic saline loading, and exposure to cold.20 These 
results suggest that the capsaicin-induced increase in POMC 
mRNA level found in our study may have been underestimat-
ed in the statistical analysis. The POMC mRNA level of capsa-
icin-treated rats was significantly higher than that of saline-
treated rats only at the 20-minute time point, although the levels 
were significantly higher than baseline at all time points. 

In contrast, Panerai et al.21 reported that capsaicin induces a 
decrease in hypothalamic β-endorphin concentrations at 3, 5, 
and 7 days after administration, which return to normal values 
by 15 days. It was also reported that intraventricular infusion of 
capsaicin at 24 and 72 hours before collecting portal blood 
results in a 70% decrease in portal plasma β-endorphin con-
centrations compared to values in vehicle-treated rats.12  How-
ever, the exact mechanism of the capsaicin-induced decrease 
in β-endorphin level is unclear. Several hypotheses have been 
proposed. First, capsaicin has a neurotoxic action on POMC 
neurons, but there is no neuro-anatomical evidence for this ef-
fect.22 Second, capsaicin may cause the release of substance p 
from the hypothalamus, which, in turn, may result in the de-
pletion of hypothalamic β-endorphin.12 Third, POMC neurons 
could be autoregulated, as activation of opioid receptors decreas-
es biosynthetic activity of POMC neurons, whereas an opiate 
receptor blockade causes an increase in the activity of these 
neurons.19 Fourth, a sustained release of β-endorphin could 
result in μ-opioid receptor phosphorylation and uncoupling of 
the receptor from effector systems, and, thus, desensitization.23

Figure 1. Measurement of proopioimelanocortin (POMC) mRNA in 
brain samples from saline- or capsaicin-treated rats using reverse 
transcription-polymerase chain reaction. Bright bars denote the in-
tensities of the POMC sequences induced by either saline or cap-
saicin at a given time point.
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In our previous study we reported that alcohol intake was 
suppressed when rats were administered capsaicin compared 
with before capsaicin administration during the last 2 days.22 
Neuropathic and chronic pain stimuli downregulate central μ- 
opioid and dopaminergic transmission; thus, neuropathic and 
chronic pain could decrease the reward effects of μ-opioid ag-
onists (their abuse potential).23 

In conclusion, we demonstrated that capsaicin increased 
POMC mRNA level at 20 minutes after a subcutaneous injec-
tion. The analgesic effect of capsaicin might be associated with 
increased activity of the cerebral opioid system. These findings 
suggest that capsaicin can affect alcohol-intake behavior, 
which might further imply that a food culture could affect 
drinking behavior.
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