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Abstract

Background Perivascular adipose tissue (PVAT) in obesity critically contributes to vascular dysfunction, which might

be restored by long-term exercise. Protein kinase B/nitric oxide synthase/nitric oxide (Akt/eNOS/NO) down-regulation
within PVAT might be involved in the impaired anti-contractile function of arteries. Therefore, the present study evalu-
ated the effect of long-term aerobic exercise on PVAT function and the potential regulator during this process.

Methods Male Sprague Dawley rats were divided into normal diet control group (NC), normal diet exercise group
(NE), high-fat diet control group (HC), and high-fat diet exercise group (HE) (n=12 in each group). Upon the establish-
ment of obesity (20 weeks of high-fat diet), exercise program was performed on a treadmill for 17 weeks. After the
intervention, circulating biomarkers and PVAT morphology were evaluated. Vascular contraction and relaxation were
determined with or without PVAT. Production of NO and the phosphorylations of Akt (Ser473) and eNOS (Ser1177)
within PVAT were quantified.

Results Metabolic abnormalities, systemic inflammation, and circulating adipokines in obesity were significantly
restored by long-term aerobic exercise (P<0.05). The anti-contractile effect of PVAT was significantly enhanced by
exercise in obese rats (P < 0.05), which was accompanied by a significant reduction in the PVAT mass and lipid droplet
area (P<0.05). Furthermore, the production of NO was significantly increased, and phosphorylation levels of Akt
(Ser473) and eNOS (Ser1177) were also significantly promoted in PVAT by long-term aerobic exercise (P<0.05).

Conclusion Long-term aerobic exercise training restored PVAT morphology and anti-contractile function in obese
rats, and enhanced the activation of the Akt/eNOS/NO signaling pathway in PVAT.
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1 Introduction

Both overweight and obesity were associated with
increased all-cause mortality [1], estimated 70% of
which were attributed to cardiovascular disease (CVD)
[2]. Central obesity, typically represented by the exces-
sive accumulation of visceral adipose tissue (VAT),
has been reported as a critical risk factor for CVD [3].
Perivascular adipose tissue (PVAT), categorized as
VAT, surrounds most blood vessels and regulates vas-
cular homeostasis by releasing a variety of bioactive
substances [4]. Nitric oxide (NO) is considered the
primary mediator of vascular relaxing factors and was
recently recognized as a key PVAT-derived gaseous
bio-substance. However, in obesity, there are structural
and functional changes in PVAT, which can contribute
to a reduction in the production and/or bioavailabil-
ity of NO, leading to vascular dysfunction [5, 6]. In the
vasculature, NO production is mainly synthesized by
nitric oxide synthase (eNOS) [7], and eNOS has been
recognized to be expressed not only in the endothelium
but also in the PVAT [8]. With a note, eNOS within
PVAT may be even more important than endothelium
eNOS in obesity-induced vascular dysfunction [9].

Long-term aerobic exercise has been proven to be
beneficial in the prevention and treatment of CVD [10],
during which PVAT is modulated [11]. Under patho-
logical conditions of obesity, the exercise would restore
PVAT function from sympathetic hyper-activation [12],
pro-inflammation [13], and oxidative stress [14]. Previ-
ously, we have also shown that the phenotype of PVAT
in obesity modified by exercise has an endothelium-
independent influence on vascular reactivity [15]. In
studies of obese rodents, exercise training, which lasted
for at least 6 weeks, restored vascular function through
activating eNOS (phosphorylation of serine 1177) in
PVAT to increase NO production [16, 17]. However, the
upstream molecules in PVAT responsible for the regu-
lation of the eNOS/NO pathway are currently unclear,
especially after long-term aerobic exercise interven-
tion. Protein kinase B (Akt), a serine/threonine-spe-
cific protein kinase, could regulate eNOS activity via
several signaling pathways [8, 18]. Since the protective
roles of Akt during exercise on cardiovascular patholo-
gies including ameliorating myocardial injury [19] and
endothelial dysfunction [20] have been reported, Akt
could be a potential upstream signal of eNOS within
PVAT in obesity, which remains to be explored in the
setting of exercise intervention.

In this study, we hypothesized that the anti-contrac-
tion function of PVAT would be restored after long-term
aerobic exercise and that the activation of Akt/eNOS/
NO was strongly involved in this process. These findings
may provide a potential molecular target regarding the
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underlying mechanism of exercise therapy for cardiovas-
cular diseases.

2 Results
2.1 Effects of Long-Term Aerobic Exercise on Body Weight
and Circulating Biomarkers in Obese Rats
Sprague Dawley rats were divided into normal diet con-
trol group (NC), normal diet exercise group (NE), high-
fat diet control group (HC), and high-fat diet exercise
group (HE). Obesity was established in rats by high-fat
feeding for 20 weeks and then underwent aerobic exer-
cise training for 17 weeks. At the end of the intervention,
the HC had significantly higher body weight than NC
(P<0.001), and HE had significantly lower body weight
than the HC (P<0.001). Significant differences in circu-
lating lipid profiles were observed between groups: total
cholesterol (TC), triglyceride (TG), and low-density lipo-
protein (LDL) in HC were significantly higher than that
in NC (P<0.001, P<0.001, P<0.001), and exercise sig-
nificantly decreased those levels (HC vs. HE, P=0.006,
P=0.017, P=0.015); high-density lipoprotein (HDL)
level in HC was down-regulated than NC, which was
up-regulated by exercise (HC vs. HE, P<0.001). In terms
of glucose metabolism, the blood glucose (BG), insulin
(Ins), and insulin resistance (HOMA-IR) levels of HC
were significantly increased than NC (P <0.001, P <0.001,
P <0.001), and significantly restored in HE (P=0.001,
P=0.018, P<0.001). Similar results were observed on
inflammatory factors (interleukin-6, IL-6; tumor necro-
sis factor-a, TNF-a; hypersensitive C-reactive protein,
HS-CRP) and adipokines (leptin and resistin): levels were
significantly higher in HC than NC (P<0.001, P<0.001,
P=0.003, P<0.001, P<0.001), and significantly down-
regulated in HE than HC (P=0.012, P=0.001, P=0.001,
P=0.036, P=0.006). Circulating adiponectin, another
adipokine, was observed significantly up-regulated by
exercise (NC vs. NE, P=0.010; HC vs. HE, P=0.033).
Data were summarized in Table 1.

2.2 Effects of Long-Term Aerobic Exercise on Mass
and Morphology of PVAT in Obese Rats

To investigate the effects of long-term aerobic exercise on
the mass and morphology of PVAT in obese rats, PVAT
was weighed the mass and stained with hematoxylin and
eosin (H&E) in each group of rats. High-fat diet resulted
in a significant increase in PVAT mass (NC vs. HC P <
0.001; NE vs. HE P < 0.001), while long-term aerobic
exercise training significantly decreased PVAT mass
(HC vs. HE, P < 0.001) (Fig. 1la—b). H&E staining imag-
ing demonstrated morphological differences between
groups: compared with NC, the lipid droplets area of
PVAT in HC was significantly higher (P < 0.001); com-
pared with HC, this area in HE was significantly lower (P
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Table 1 Body weight and circulating biomarkers of rats

36

NC NE HC HE
Body weight (q) 602.2228.05 651.33£84.78 1028.66+ 16.58* 811.22436.23+4#
TC (umol/L) 5156843055 623.9537.20 828.34£39.04* 640.28£33.75#
TG (umol/L) 143034593 1516142424 202,07 4 6.64* 17715 £4.13+#
HDL (mol/L) 101.15£4.71 12257 £167* 95514242 12013 £3.48#
LDL (umol/L) 90.88+£3.68 10341 £3.09 137.85£6.34*% 11648 £4.24#
BG(nmol/L) 2894018 2334024 6.05+0.56* 376403444
Ins (mU/L) 26294131 2818055 32474£101% 20.10£0.62#
HOMA-IR 3374028 2924031 87240.82* 487 £045#
IL-6 (pg/ml) 97.954+093 100.87 £2.26 127.28 43,84 114.80 £ 2.22+#
TNF-a (ng/L) 310.18+12.74 316161296 431.12414.25% 360.334£8.18+#
HS-CRP (mag/L) 7474050 7194023 9.594045* 72440174
Leptin (ug/L) 8474020 8.9040.25 10694 0.29% 940+ 0.44#
Resistin (pg/L) 17544034 18454+0.16 2163+£048* 1951 40504
Adiponectin (pg/L) 110064640 13093 £2.72* 115124278 132,85+ 3.66#

The results are expressed as mean + SEM, n=6. Differences between groups were analyzed by one-way ANOVA followed by LSD

* Indicates P<0.05 vs. the NC group
+ Indicates P<0.05 vs. the NEgroup
# Indicates P<0.05 vs. the HC group

BG blood glucose, HDL high-density lipoprotein, HOMA-IR insulin resistance, HS-CRP hypersensitive C-reactive protein, IL-6 interleukin-6, Ins insulin, LDL low-density
lipoprotein, TC total cholesterol, TG triglyceride, TNF-a tumor necrosis factor-a, NC normal diet control group, NE normal diet exercise group, HC high-fat diet control

group, HE high-fat diet exercise group

< 0.001) (Fig. 1c—d). No difference was observed among
all groups regarding the thickness of the aorta (Fig. 1e).

2.3 Effects of Long-Term Aerobic Exercise
on the Regulation of Aortic Function by PVAT in Obese
Rats
To examine the effects of long-term aerobic exercise
on PVAT function, we evaluated the concentration—
response curves to phenylephrine (PE) and sodium nitro-
prusside (SNP). Concentration-response curves to PE
were recorded in the endothelium-removed aorta with or
without PVAT (Fig. 2a—d). For aorta without PVAT, the
potency value for PE (pEC;;) was significantly higher in
HC than NC and HE (P=0.021, P=0.007), but the dif-
ference in pECg, of aorta with PVAT was not observed
among groups (Fig. 2e). The maximum contraction (E )
value in aorta with PVAT was significantly reduced than
aorta without PVAT, which were observed in NC, NE,
and HE (P=0.019, P=0.023, P=0.041) (Fig. 2f).
Concentration—response curves to SNP were also
recorded in the endothelium-removed aorta with or
without PVAT (Fig. 3a-d). For aorta with PVAT com-
pared to that without PVAT, the concentration—response
curves were all shifted to the right (Fig. 3e), and the
potency value for SNP (pICs,) was significantly lower in
HE (P=0.007). No statistical difference was observed in

maximum relaxation (R_,,) of the aorta with or without
PVAT among or between any groups (Fig. 3f).

2.4 Effects of Long-Term Aerobic Exercise
on NO Production in PVAT of Obese Rats

To explore the effect of long-term aerobic exercise on NO
production in PVAT of obese rats, we examined NO pro-
duction in the PVAT using fluorescent probe and Griess
reagent. Aorta sections stained with the fluorescent NO
probe showed that high-fat diet significantly reduced
NO production in the PVAT (NC vs. HC, P<0.001; NE
vs. HE, P<0.001), and long-term aerobic exercise signifi-
cantly increased NO production in the PVAT (HC vs. HE
P=0.043) (Fig. 4a—b). The level of nitrite within PVAT in
HC was also significantly lower than NC (P=0.023) and
HE (P=0.039), suggesting a similar result of fluorescent
NO staining (Fig. 4c).

2.5 Effects of Long-Term Aerobic Exercise on Akt/eNOS
Expression in PVAT of Obese Rats

To determine whether long-term aerobic exercise activated
Akt/eNOS in the PVAT of obese rats, we examined Akt/
eNOS protein expression in the PVAT by western blot.
The Akt protein expression was not significant in PVAT
between groups (Fig. 5a). The phosphorylation level of
Akt (Ser473) in PVAT was significantly down-regulated
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Fig. 1 Effects of long-term aerobic exercise on PVAT mass and morphology. a Representative images of the aorta with PVAT. b Summarized data

of PVAT mass (n=9). ¢ Representative images of PVAT stained with H&E. d Quantification of lipid droplet area in PVAT (n=4). e Quantification of
aorta thickness (n=4). The results are expressed as mean == SEM. Differences between groups were analyzed by one-way ANOVA followed by LSD; "
indicates P<0.05. PVAT perivascular adipose tissue, H&E hematoxylin & eosin staining, NC normal diet control group, NE normal diet exercise group,
HC high-fat diet control group, HE high-fat diet exercise group
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Fig. 2 Effects of long-term aerobic exercise on vascular contraction with or without PVAT. a-d Concentration-response curves to PE in NC, NE,

HC, and HE for aortic with or without PVAT. e Summarized pECs, values obtained from concentration-response curves to PE. f Summarized E,,,,
values of PE induced contraction. The results are expressed as mean = SEM (n = 3-6). Differences between groups were analyzed by one-way
ANOVA followed by LSD; a paired t-test was used to compare the vascular contractions with and without PVAT from the same intervention group; *
indicates P<0.05. PVAT perivascular adipose tissue, PVAT + aortic rings with PVAT, PVAT- aortic rings without PVAT, PE phenylephrine, £, maximum
contraction, expressed as a percentage of KCl-induced maximum contractibility, pECs, potency values, the negative logarithm of the 50% maximal
effective concentration of PE, NC normal diet control group, NE normal diet exercise group, HC high-fat diet control group, HE high-fat diet exercise
group

in HC than NC (P=0.047), and significantly up-regulated = down-regulated than NC (P=0.012), and significantly up-
in HE compared with HC (P=0.029) (Fig. 5b). There regulated in HE than HC (P=0.003) (Fig. 5d).

was no significant difference in the expressions of eNOS

between groups (Fig. 5c). The phosphorylation level of

eNOS (Ser1177) in PVAT from HC was significantly
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Fig. 3 Effects of long-term aerobic exercise on vascular relaxation with or without PVAT. a-d Concentration—-response curves to SNP in NC, NE,
HC, and HE for aortic with or without PVAT. e Summarized plCs, values obtained from concentration-response curves to SNP. f Summarized R,
values of SNP induced relaxation. The results are expressed as mean £ SEM (n = 3-6). Differences between groups were analyzed by one-way
ANOVA followed by LSD; a paired t-test was used to compare the vascular contractions with and without PVAT from the same intervention group;
*indicates P<0.05. PVAT perivascular adipose tissue, PVAT 4 aortic rings with PVAT, PVAT-aortic rings without PVAT, SNP sodium nitroprusside, PE
phenylephrine, R, maximum relaxation, expressed as a percentage of PE maximum contractibility, p/Cy, the negative logarithm of the 50%
maximal effective concentration of SNP, NC normal diet control group, NE normal diet exercise group, HC high-fat diet control group, HE high-fat
diet exercise group

3 Discussion and anti-contractile function in obese rats. Meanwhile,
As part of the vasculature, PVAT plays a key role on the activation of the Akt/eNOS/NO signaling pathway
regulating cardiovascular function in obesity after exer-  within PVAT was enhanced through the long-term aerobic
cise. The main findings of this study were that long-term  exercise.

aerobic exercise training restored PVAT morphology
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Fig. 4 Effects of long-term aerobic exercise on NO production in PVAT. a Representative fluorographs of DAF-2-treated sections of the thoracic
aorta PVAT. Digital images were captured using 40 x, 100 x , and 200 x objectives. Green: NO; blue: nucleus counterstained by DAPI. b Quantitative
analysis of the NO production measured by DAF-2-relative to DAPI in the aorta with PVAT (n=3-4). c Nitrate levels in PVAT were measured using the
Griess method (n=5). The results are expressed as mean = SEM. Differences between groups were analyzed by one-way ANOVA followed by LSD; *
indicates P<0.05. PVAT perivascular adipose tissue, DAPI destination access point identifier, DAF-2 4,5-diaminofluorescein diacetate, NO nitric oxide,
NC normal diet control group, NE normal diet exercise group, HC high-fat diet control group; HE, high-fat diet exercise group
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Fig. 5 Effects of long-term aerobic exercise on Akt/eNOS expression in PVAT. Representative western blot images and quantitative analysis of Akt
expression (a) and its phosphorylation level at Ser437 (b), and eNOS expression (c) and its phosphorylation level at Ser1177 (d). The results are
expressed as mean == SEM (n=4). Differences between groups were analyzed by one-way ANOVA followed by LSD; " indicates P < 0.05. Akt protein
kinase B, pAkt Ser437 phosphorylation of Akt (Ser437), eNOS nitric oxide synthase, peNOS Ser1177 phosphorylation of eNOS (Ser1177), NC normal diet
control group, NE normal diet exercise group, HC high-fat diet control group, HE high-fat diet exercise group

It is well known that long-term aerobic exercise can
improve vascular function in obesity [21] and that vascu-
lar adaptation to exercise critically contributes to this pro-
cess, which is generally thought to result from structural
changes, functional changes, or a combination of the two
[22]. Based on our observation, no significant difference in

vessel thickness was noted between groups. As for func-
tional changes, our results showed that long-term aero-
bic exercise diminished high vascular sensitivity to PE in
obese rats when PVAT was stripped, whereas no difference
was observed between groups with intact PVAT. In addi-
tion, the PVAT reduces the drug sensitivity of the aorta to
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SNP. Those results highlighted a buffering capacity against
vasoconstrictors and vasodilator of PVAT, and this buffer-
ing capacity to drugs is necessary to maintain the normal
physiological function of vessels [23]. On the other hand,
we found that in all groups except the HC group, the maxi-
mal contraction of PE was lower in the aorta with PVAT
than that without PVAT, suggesting that the anti-contrac-
tile function of aortic PVAT in obesity was restored by this
long-term exercise training (17 weeks) independently of
the endothelium. A similar influence was recently observed
in the mesenteric arteries of obese mice after 5 weeks
swimming training [12] and also of obese rats after 8 weeks
treadmill training [15]. However, after 8 weeks treadmill
exercise, the anti-contractile function of thoracic aorta
PVAT of obese rats was reduced [13] and even not altered
in the femoral artery [14] and thoracic aorta [17] of obese
mice. These contradictory reports might be explained by
vessel types (mesenteric artery) and relatively short-term
interventions (diet and exercise programs). We presume
that relatively short-term exercise (less than 8 weeks) could
be sufficient to provide a recovery effect on the anti-con-
tractile function of PVAT surrounding arterioles while
long-period training trial may be required in offsetting
the chronic dysfunction of PVAT around aorta induced by
long-term high-fat diet. Notably, evidence from persistent
obese patients indicate that PVAT anti-contractile function
was recovered due to reductions in local adipose inflam-
mation and oxidative stress, represented by a decrease in
adipocyte size through tissue biopsy [24]. Indeed, we also
observed that long-term aerobic exercise training reduced
the PVAT mass and the lipid droplet area in obese rats,
accompanied by reliefs of systemic hyperlipidemia, insulin
resistance, inflammation, and adipokine disorder. This sug-
gests that long-term aerobic exercise training can improve
the PVAT morphology, systemic inflammation, and meta-
bolic level.

NO production within PVAT is an important mecha-
nism for regulating local inflammation and oxidative stress,
and we observed that NO bioavailability of PVAT in obese
rats seemed to be reversed after long-term aerobic exer-
cise training. Even though exercise-induced shear stress of
blood flow was thought to mainly contribute to improving
eNOS activity and thus to increased production of NO in
vessel endothelium and medium [25], exercise training is
sufficient to enhance eNOS expression in PVAT but not in
aorta under healthy condition [26]. In the setting of obesity,
both increase [16] and no obvious [17] change of eNOS
within PVAT after exercise were observed, indicating the
necessity of more emphasis on the regulatory factors of
eNOS activity during this process. The activity of eNOS
in the vasculature is modulated by phosphorylation at
multiple sites [27], and eNOS phosphorylation at Ser1177
in PVAT is promoted by exercise in obese animals [16,
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17], which is consistently observed in the current study. A
recent study found that a reduction in phosphorylation of
eNOS at Ser1177 in PVAT of obese mice was due to Akt
inhibition [8], and Akt phosphorylation site at Ser437
appears to be essential for the regulation of eNOS activity
by exercise training in the aorta [28, 29] and myocardium
[30], therefore we additionally examined the potential role
of Akt in PVAT. The results showed that the diminished
phosphorylation of Akt at Ser473 in obesity was enhanced
by long-term aerobic exercise, which was in accordance
with the activation of eNOS. Our findings showed that
long-term aerobic exercise activated the Akt/eNOS/NO
signaling pathway in PVAT in obese rats.

4 Limitation

Our study has limitations. Firstly, although we provide
evidence that NO plays an important role in the exercise
amelioration of obesity-induced PVAT dysfunction, the
contribution of other PVAT-derived factors cannot be
ruled out. Secondly, this study was conducted on male
rats, and the effects of exercise on obese PVAT function
on females could not be inferred considering the sex dif-
ferences [31]. Thirdly, the two diets we used came from
different suppliers: even though the calorie composition
of the current standard diet (protein 21%, fat 12%, and
carbohydrates 67%) is acceptable as previously discussed
[32], the potential influence of other diet components on
the study results cannot be excluded.

5 Conclusion

In summary, the results of the present study clearly indi-
cated that long-term aerobic exercise training restored
the anti-contractile function of PVAT. NO biosynthesis
and activation of the Akt/eNOS signaling pathway within
PVAT were strongly enhanced after long-term aerobic
exercise intervention. Our study has the potential rele-
vance for the clinical management of obese patients with
vascular disorders.

6 Materials and Methods

6.1 Animals Intervention Protocols and Tissue Collection
Male Sprague Dawley rats (n=48; 7 weeks old; weight,
120-140 g) were supplied by the Guangdong Medical
Laboratory Animal Center (#44007200069346, Guang-
zhou, China). All animals were housed in a room with
a constant temperature (22+1 °C) and humidity of
50-60%, allowed access to diet and water ad libitum and
exposed to a 12 h light-dark cycle. Rats were randomly
assigned to high-fat diet group (H) (D12492, 60% kcal
from fat, Research Diets, USA) and normal diet group
(N) (standard diet, 12% kcal from fat, Guangdong Medi-
cal Laboratory Animal Center, China) for 20 weeks. The
body weight of rats from H increased by >20% compared
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with the average body weight of that from N was con-
sidered obesity and used for further exercise interven-
tion. Rats from H and N were then randomly divided
into exercise group (E) and sedentary control group (C)
respectively: NC, NE, HC, and HE (n=12 in each group).
The exercise program consisted of sessions of 60 min/
day, 5 days/week, at a 0% grade and 55—-65% of the maxi-
mal speed, for 17 weeks. The exercise intensity was
established using an acute incremental exercise test as
previously described [13]. During the period of treadmill
training, the animals of each group were fed the same as
their diet program. The present study was approved by
the Ethics Committee of Guangzhou Sport University
(2021DWLL-13, Guangzhou, China) and adhered to the
general ethical principles of the Declaration of Helsinki.

At 24 h after the last bout of training, rats were anes-
thetized (4% isoflurane, Reward, China) and then col-
lected blood from the abdominal aorta. After animals
were euthanized, the thoracic aorta was carefully iso-
lated and placed in freshly prepared 4 °C Krebs solution
(118 mM NaCl, 25.2 mM NaHCO;, 11.1 mM Glucose,
47 mM KCl, 1.2 mM KH,PO,, 1.2 mM MgSO, 7.4
ddH,0, and 2.5 mM CaCl, 2H,0) and the PVAT was col-
lected and stored at — 80 °C.

6.2 Serum Biomarkers Assay

The blood samples were centrifuged (3500 g for 15 min)
to separate the TC, TG, HDL, LDL, and BG levels were
measured in serum samples to the manufacturer’s
instructions using a biochemical analyzer (Chemray 420,
Rayto, China). Serum levels of Resistin (RX302767R,
RuiXin Biotech, China), Ins, IL-6, HS-CRP, TNF-q, adi-
ponectin, leptin were determined using a commercially
available ELISA kit (MM-70260R1, MM-0190R1, MM-
0081R1, MM-0180R1, MM-0553R1, MM-0596R1, MM-
0211R1, Meimian, China). The HOMA-IR was calculated
with the formula: Ins (uWU/ml) x BG/22.5.

6.3 Histochemical Staining Characterization

The thoracic aorta with PVAT was carefully removed and
fixed in 4% paraformaldehyde (P0099, Beyotime, China).
Tissues were then washed and embedded in paraffin.
Slides of tissue cross sections were stained with H&E for
general histological observation. Images were obtained
using a microscope (IX71-F22PH, Olympus, Japan).
Quantification of lipid droplet area was determined using
Image] software (NIH, USA); 4 randomly selected sec-
tions of droplet images for each rat were measured.

6.4 Wire Myography

Thoracic aortas (endothelium-denuded) were isolated
and dissected into rings of 2 mm in length, with PVAT
and connective tissues either removed (PVAT-) or left
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intact (PVAT +). Each ring was mounted in a myo-
graph chamber (610 M; Danish Myo Technology, Den-
mark) with 5 mL of Krebs solution and equilibrated for
60 min under a resting tension of 10 mN. Then one dose
of potassium chloride (KCl, 60 mM) was added to deter-
mine maximal contraction. Next, we assessed vascu-
lar response to PE (1 nM to 10 uM) and SNP (1 nM to
100 pM, after pre-contraction with 1 uM PE). Data acqui-
sition was performed using LabChart 8.0 (AD Instru-
ments, Australia). All concentration—response data were
evaluated, and the responses for each agonist are shown
as the maximum contraction/relaxation (E,/R,,,) and
potency (pEC;,/pICs,) values.

6.5 Fluorescent Probe

The thoracic aorta surrounded by PVAT was embed-
ded in the medium for frozen tissue specimens to opti-
mal cutting temperature (Tisse TEK, Leica, Germany)
and stored at — 80 °C. Fresh-frozen specimens were
cross-sectioned at 7 um thickness and placed on slides
covered with poly-L-lysine solution (Citotest, China).
The tissue was loaded with the sensitive fluorescent dye
4,5-diaminofluorescein diacetate (DAF-2, 5 pM, S0019,
Beyotime, China) for NO, which was prepared in dime-
thyl sulfoxide. Images were collected on a fluorescence
microscope (DMIL LED Fluo, Leica, Germany).

6.6 Nitrite to Measurement in PVAT

NO production in PVAT was detected using a nitrite
assay kit according to the manufacturer’s protocol
(50023, Beyotime, China). Briefly, thoracic aortic PVAT
was homogenized in cold tissue lysis buffer (53090, Bey-
otime, China). The standard or samples was added to
the 96-well assay plate with flavin adenine dinucleotide,
nicotinamide adenine dinucleotide phosphate (NADPH),
and nitrate reductase was added in turn, mixed, and
incubated at 37 °C for 30 min. Then, lactate dehydro-
genase was added to remove excess NADPH, and the
Griess reagent was added in a ratio of 1:1. The absorb-
ance at 540 nm was measured using a microplate reader
(Epoch2, Bio Tek, USA). NO production in the samples
was calculated according to the standard curve.

6.7 Western Blot

Thoracic aortic PVAT was homogenized in cold RIPA
lysis buffer (P0013B, Beyotime, China) containing 1 mM
PMSF (ST507, Beyotime, China), phosphatase inhibitor
cocktail (AB201115, Abcam, UK), and protease inhibitor
cocktail (5,892,791,001, Roche, Switzerland). After cen-
trifugation at 12,000 x g for 15 min at 4 °C, the resulting
supernatant obtained as total protein was used for sub-
sequent detection. Protein extracts (40 pg) were sepa-
rated by SDS—-PAGE, and proteins were transferred to
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polyvinylidene fluoride membranes with a pore size of
0.2 um (ISEQ00010, Millipore, USA) using a Mini Trans-
Blot Cell system (Bio-Rad, Hercules, USA). Membranes
were blocked with 5% BSA (BS114, Biosharp, China) in
TBST buffer (10 mM Tris—HCI, pH 7.4, 150 mM NaCl
with 0.1% Tween 20), and were then incubated overnight
at 4 °C with the primary antibodies anti-eNOS (1:1000,
ab199956 Abcam, USA), anti-peNOS Ser1177 (1:750,
#771911156, Sigma Aldrich, USA), anti-Akt (1:1,000,
4691, Cell Signaling Scientific, USA), anti-pAkt Ser
473 (1:750, 4060, Cell Signaling Scientific, USA). Blots
were then washed in TBST buffer and incubated with a
horseradish peroxidase-conjugated goat anti-Rabbit IgG
(1:3000, A0545, Sigma Aldrich, and USA) for one hour.
After washing in TBST buffer, the immune complexes
were visualized using ECL (32,209, Thermo Fisher Sci-
entificc, USA) and luminescence instrument hardware
and software (5200, Tianon, China). The intensity of the
bands was quantified using Image] software (NIH, USA).
The membranes were used to determine GAPDH pro-
tein expression as an internal control using a rabbit anti-
GAPDH (1:1000, G9545, Sigma Aldrich, and USA).

6.8 Statistical Analyses

All values are expressed as means =+ standard error of the
mean (SEM). One-way analysis of variance (ANOVA)
followed by the least significant difference (LSD) test
was used to assess differences between groups; a paired
t test was used to compare the vascular contractions with
and without PVAT from the same intervention group.
P<0.05 was considered significant. All analyses were per-
formed using SPSS 22 software (IBM, USA). Figures were
obtained using GraphPad Prism 8.0 software (GraphPad,
USA).
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