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A combination of dietary fat intake and nicotine exposure enhances CB1
endocannabinoid receptor expression in hypothalamic nuclei in male mice
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Obesity and smoking habits, top-ranked risk factors for all-cause mortality, often co-exist in the same
individual. Obesity is caused by a dysfunction of the hypothalamus, which is the regulatory center of
appetite and energy expenditure. Obesity and substance abuse, such as tobacco smoking, share certain
central mechanisms and the endocannabinoid system may play a part. Endocannabinoids are
endogenous lipids that activates CB1 receptor (CB1R) and modulates synaptic transmission in appetite
and reward centers of the brain. In fact, CBIR antagonist, rimonabant, has shown both potent
weight-reducing and tobacco-quitting effects in clinical studies. However, detailed localization of CB1R
within the hypothalamus and its potential regulation in obese smokers has not been fully elucidated.

Hypothalamic expression of CB1R was first examined by quantitative PCR analysis of micro-dissected
brain regions and by immunohistochemistry in C57BL/6 mice. Secondly, receptor expression was
analyzed in murine model of high fat diet (HFD)-induced obesity treated with nicotine.

CB1R mRNA was detected in all micro-dissected brain samples, including hypothalamic nuclei;
arcuate (ARC), paraventricular (PVN), ventral/dorsal medial (V/DMH), and lateral (LH) and
hippocampus. CB1R mRNA levels in ARC was significantly higher than PVN or V/DMH. CB1R
expression was even higher in the hippocampus. By immunohistochemistry, CB1R protein was detected
as punctate signal within the hippocampus and multiple hypothalamic region including ARC, PVN and
V/DMH.

Intraperitoneal injections of nicotine (12ug/g body weight per day) significantly reduced food intake
both in standard diet (STD)- and HFD-fed mice by 29+5% and 53+13%, respectively. Body weight was
also decreased by nicotine in both diet groups, confirming that nicotine is a potent weight-reducing agent.

Expression of appetite-regulating neuropeptides was then analyzed in hypothalamic nuclei. mRNA
expression of NPY, an orexigenic peptide, was decreased by nicotine in ARC by 48% only in HFD-fed
obese mice. Reduction of NPY signaling may partly be attributable for the decrease in energy intake in
HFD-fed, nicotine-treated animals.

Four-week HFD alone did not alter CB1IR mRNA levels in most hypothalamic nuclei except a 20%

decrease in PVN. Likewise, in lean mice fed STD, treatment with nicotine alone reduced CB1R
expression only in LH by 17%. In contrast, when HFD-fed obese mice were administered with nicotine,
CB1R mRNA expression was significantly augmented in ARC, PVN, V/DMH, LH and hippocampus by
45%, 65%, 34%, 50% and 31%, respectively. Since either HFD or nicotine alone did not provoke such an
increase, enhancement of CB1R expression in all tested brain areas by HFD and nicotine together
suggests a combinatorial effect of these two insults on the endocannabinoid system.

Recent years have witnessed the co-occurrence of multiple addictive behaviors, such as dependence on
the game, food, drug and tobacco. Multiple addictions partially result from the same mechanism
such as the malfunction of the reward system. Termination of one addictive behavior may worsen
another. For example, smoking cessation is reported with body weight gain.
This study demonstrates hypothalamic CBI1R distribution and shows that hypothalamic CB1R
expression is enhanced only in mice fed HFD and administered with nicotine. The finding may suggest

the presence of a certain common pathology underlying cross-addiction for palatable food and nicotine.

In conclusion, tissue distribution of CB1R endocannabinoid receptor in the hypothalamic nuclei is shown
and the upregulation of the hypothalamic expression of endocannabinoid receptor is demonstrated in a

murine model of obese smokers.
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