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Abstract

Abstract

Objective: To investigate the effects of swimming on blood pressure, cardiac
function and myocardial AGEs/RAGE-P38 MAPK-NF-kB pathway in spontaneously
hypertensive rats (SHR).

Methods: Twenty four male WKY rats were randomly divided into three groups:
0-week normal control group (C-0 group, n=8), 4-week normal control group (C-4
group, n=8), and 8-week normal control group (C-8 group, n=8). 56 male SHR rats
were randomly divided into 7 groups: the 0 week quiet control group (S-0 group, n=8),
the 4 week quiet control group (S-4 group, n=8), the 8 week quiet control group (S-8
group, n=8), the 4 week 30 minute exercise group (SE-4 group, n=8), the 4 week 60
minute exercise group (LE-4 group, n=8), the 8 week 30 minute exercise group (SE-8
group, n=8), and the 8 week 60 minute exercise group (LE-8 group, n=8). The normal
control group and the quiet control group did not exercise, and the exercise mode of
the exercise group was swimming; Exercise intensity: 0% bw; Exercise time: the time
of SE-4 and SE-8 groups was set as 30min/d, 5d/w; The time of LE-4 group and LE-8
group was set at 60min/d, 5d/w. Duration weeks: SE-4 and LE-4 lasted for 4 weeks,
and SE-8 and LE-8 lasted for 8 weeks. Conduct swimming training for 4 and 8 weeks
in a row. The SBP and DBP of rats were measured by tail cuff method; Cardiac EF, FS,
LVM, LVEDYV, LVESV and SV were measured by ultrasound; The morphological
changes of myocardium were observed by HE staining; The content of hydroxyproline
in myocardium was determined by alkaline hydrolysis method; The expression of
AGEs, RAGE, phosphorylated p38 MAPK and NF-kB in myocardial tissue was
determined by immunohistochemistry.

Results: (1) Blood pressure: Compared with WKY rats of the same age, SBP and
DPB in SHR quiet control group were significantly increased; The SBP and DPB of
SHR quiet control group at different ages increased significantly with the increase of
age; Compared with the SHR quiet control group at the same age, SBP and DPB in the
exercise group were significantly decreased; Compared with the same week-old SHR
rats in the 30min exercise group, the DPB in LE-4 group was significantly reduced.

(2) Cardiac function: compared with C-0 group, EF and FS in S-4 group
decreased significantly, while LVM in S-8 group increased significantly; Compared
with S-0, LVM and LVESV were significantly increased in S-4 group, LVM in S-8
group, SV in SE-4 group, LVEDV in SE-8 group and SV in LE-8 group; Compared
with WKY rats of the same age, LVESV in S-4 group and LVM in S-8 group were
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significantly higher in SHR quiet control group; Compared with S-4 group, EF and FS
in SE-4 group increased significantly, FS in LE-4 group increased significantly, and
LVESV decreased significantly; Compared with SE-4 group, FS in SE-8 group
decreased significantly.

(3) Myocardial HE staining: The myocardium of WKY control group was
arranged orderly and the size of myocardial cells was normal; Compared with the
control group, the transverse diameter of myocardial fibers in SHR rats increased, the
arrangement was disordered, the hypertrophy of cells, and the fragmentation of
myofilament; In the exercise group, the myocardial arrangement was relatively neat,
the structure was relatively clear, and the hypertrophy of myocardial cells was reduced
to a certain extent.

(4)  Hydroxyproline: Compared with WKY rats, hydroxyproline in S-8 group
increased significantly; Compared with the quiet group of SHR rats of the same age,
hydroxyproline in the exercise group was significantly decreased in the LE-4 group,
SE-8 group and LE-8 group.

(5) The contents of AGEs and RAGE in myocardium: compared with WKY rats
of the same age, the contents of AGEs and RAGE in S-4 and S-8 groups in SHR quiet
control group were significantly increased; Compared with the quiet control group of
SHR at different weeks of age, the contents of AGEs and RAGE in S-4 and S-8 groups
were significantly increased; Compared with SHR quiet control group at the same age,
AGEs and RAGE in LE-4 group, SE-8 group and LE-8 group in the exercise group
decreased significantly, while AGEs in SE-4 group decreased significantly; Compared
with the same week-old SHR rats in the 30min exercise group, the content of RAGE in
LE-8 group decreased; Compared with the exercise group of SHR rats for different
weeks, the content of RAGE in LE-8 group was lower than that in LE-4 group.

(6) The expression of phosphorylated p38 MAPK and NF-kB in myocardium:
compared with WKY rats of the same age, the expression of phosphorylated p38
MAPK and NF-kB in S-4 and S-8 groups was significantly increased; The expression
of phosphorylated p38 MAPK and NF-kB in S-4 group and S-8 group was
significantly higher than that in SHR quiet control group at different weeks of age;
Compared with SHR quiet control group at the same age, the phosphorylated p38
MAPK in SE-4 group, LE-4 group, SE-8 group and LE-8 group of exercise group was
significantly decreased, and the expression of NF-kB in SE-4 group and LE-4 group

was significantly decreased.
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Conclusion: (1) In SHR rats, blood pressure increased with age, cardiac function
decreased, and myocardial AGEs and RAGE increased. Aerobic exercise can
effectively prevent the increase of aging blood pressure in SHR rats, improve cardiac
function, and reduce the contents of cardiac AGEs and RAGE, indicating that aerobic
exercise may slow down the development of hypertension and cardiac dysfunction by
reducing myocardial glycosylation.

(2) Aerobic exercise can prevent the increase of phosphorylated p38 MAPK
activity in myocardium of SHR rats and reduce NF-kB nuclear translocation,
indicating that the mechanism of aerobic exercise to prevent and improve hypertension
may be related to AGEs/RAGE-p38 MAPK-NF-kB pathway.

(3) Aerobic exercise with different exercise time and duration can effectively
reduce blood pressure and improve cardiac function. There was no significant
difference in other indexes except that longer exercise time and duration of weeks
could significantly reduce the expression of RAGE. It indicates that the time and
weeks of aerobic exercise may not have an increasing relationship with the
improvement effect of blood pressure and cardiac function in rats.

Key Words: Spontaneously hypertensive rats; Aerobic exercise; Blood pressure;

Cardiac function; AGEs
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p38 MAPK P38 mitogen-activated protein kinases p38 225 i AL R
NF-kB Nuclear transcription factor W s R
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FS Fractional shortening T 247 o 70
LVM Left ventricle mass el 2 o B
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TNF-a Tumor Necrosis Factor-a JHIRE SR AR o
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2.1.1 AGEs W
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