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Distinct Effects of Atenolol and Carvedilol on Aortic Endothelial Gap
Junctions in Hypertensive Rat
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Gap junctions have been known to play a major role in the maintenance of integrity of
endothelium and coordination of vasomotor responses between adjacent vascular cells.
Our previous work found that aortic endothelial gap junctions are down-regulated in
hypertensive rats. Whether such a down-regulation is altered by hypotensive drugs
remains unknown. Atenolol and carvedilol, two B-blockers with differential intrinsic
properties, are reported to have distinct potential to correct endothelial dysfunction in
hypertension. We aim to clarify whether such a diverse effect in restoration of
endothelial function involves the regulation of gap junctions. Thirty adult male
Sprague-Dawley rats (3 months old) were made hypertensive by adding L-NAME
(0.4 g/L) in the drinking water for 8 weeks. In the last week of L-NAME giving, the
animals were equally divided into 3 groups. Groups 1 and 2 received either atenolol
(100 mg/kg/day) or carvedilol (50 mg/kg/day), respectively. Group 3 did not take any
hypotensive drugs. Another 10 age-matched rats receiving neither L-NAME nor
hypotensive drugs were designated as Group 4. At the end of experiments, the
expression of aortic endothelial connexin37 (Cx37), Cx40, and Cx43 was examined
by en face immunoconfocal microscopy. The results showed that tail-cuff pressure in
both Groups 1 and 2 is significantly reduced, compared to Group 3 (both p <0.01); but
higher, compared to Group 4 (both p <0.01). Gap junctions, as previous reported, are
less abundant in Group 3, compared to Group 4 (Total gap-junctional area: Cx37,
59% and Cx43, 35% reduction; both p <0.001). The reduction is attenuated after
treatment with atenolol (Group 1 vs Group 3: Cx37, 105% and Cx43, 30% increment;
both p<0.01). Treatment with carvedilol leads to a more expression of both connexins
(Group 2 vs Group 3: Cx37, 155% and Cx43, 61% increment; both p<0.001), to a
level more abundant than Group 1 (for each of Cx37 and Cx43; both p<0.05) and
equivalent to that of Group 4 (for each of Cx37 and Cx43; both p>0.8). Cx40, on the
contrary, remains stationary between each of the groups. In summary,
down-regulation of aortic endothelial gap junctions in hypertensive rats induced by
L-NAME is partially recovered by a short-term treatment of atenolol but fully
recovered by carvedilol even though the level of blood pressure is not lowered down
to a normal level; this suggests that in hypertension state the normalization of
endothelial connexins by hypotensive drugs may happen when blood pressure is not
rigorously controlled. In addition, the differential regulation of endothelial connexins
by different drugs suggests that intrinsic properties other than pressure-lowering
effects of hypotensive drugs affect the expression of endothelial gap junctions. These

novel findings inspire us to a reconsideration of hypotensive medicines in restoration



of endothelial function beyond the simple lowering effect of blood pressure.



