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ABSTRACT

The environmental light cycle strongly influences human physiology and
pathology. An artificial light or shift work at night might disturb a circadian gene oscillation
and behavior, which has been known to associate with cardiovascular and metabolic risks.
However, the mechanisms of circadian disruption on vascular function still remain unclear.
The aim of this study is to determine whether disruption of the circadian rhythm impairs the
vascular function in lean (C57/BL6) mice (LM) and enhances the vascular dysfunction in
obese, leptin resistant (db/db) mice (Ob). Lean and obese male mice, age 10-11 weeks were
subjected to normal 12:12 h light-dark cycle (LD) or constant darkness (DD) to disrupt the
circadian rhythm for 4 weeks. The metabolic parameters, vasoreactivity of thoracic aorta and
small mesenteric artery were evaluated. In addition, daily rhythmic expression of clock genes
(BMAL1, CLOCK, NPAS2, PER1, PER2, CRY1), clock output gene (DBP), vascular
relaxation-related genes (eNOS, GTP-CH1), and superoxide-related genes (NOXs, SODs) were
also investigated after 4 weeks of light regimens.

Circadian disruption had no effect on glucose metabolism in lean mice, while
obese mice showed a marked increase in fasting serum glucose and HbA1C levels. Obese mice
had stronger aortic vasoconstriction to 5-HT than lean mice. Circadian disruption enhanced
the response to 5-HT only in lean mice. In small mesenteric artery, the vasoconstriction to PE
was nut altered by obesity or circadian disruption. While endothelium-dependent dilation to
Ach was attenuated in obese mice (LM-LD 81.1+ 6.0% vs. Ob-LD 52.0+3.4 vs.) and
depressed in lean mice subjected to constant darkness (LM-LD 81.1+6.0 % vs. LM-DD
63.31£6.4). In the presence of L-NAME, the vasodilator responses were attenuated in both lean
and obese groups. SNP-mediated relaxation was impaired in lean mice subjected to constant
darkness (LM-LD 57.5£10.8% vs. LM-DD 32.5+3.9 %) but was not observed in obesity. In
small mesenteric artery, the rhythmic expression of PER1 and DBP was depressed in obesity.
Circadian disruption altered the daily oscillation of CLOCK, NPAS2, and PER1 in lean mice.
The gene profile of DBP was also depressed in lean mice under constant darkness. The
vascular profile of eNOS expression was depressed and GTPCH1 lost rhythmic expression
both in obesity and by constant darkness. The SODs expression was also depressed in obesity
and in constant darkness, while the NOXs components were generally increased in obese
subjected to constant darkness.

These results suggested that circadian disruption increased the vasoconstrictor
property of macrovessel and impaired both endothelium-dependent and independent dilation
of microvessel in lean mice without metabolic disturbances. However, circadian disruption
exacerbates glycemic load but fails to enhance the vascular impairment in obese mice. The
interruption of nitric oxide pathways reveals an underlying mechanism of vascular impairment
by circadian disruption. Aberrant clock gene oscillation and vascular dysfunction might imply
a parallel interconnection. Their regulation and relation between circadian clock and vascular
disease are further needed to verify.
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