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Abstract 

Aims. Bifidobacterium pseudocatenulatum CECT 7765 improves metabolic and immunological 
altered functions in high fat fed mice, however little is known about the effects of potential 
probiotics on vascular reactivity. The aim of the present study was to investigate the effects of a 
potential probiotic strain, Bifidobacterium pseudocatenulatum CECT 7765, on vascular response in 
obese mice. 

Methods. Aorta samples were obtained from mice, which were divided into three groups: 
a control group, receiving a standard diet; an obese group, receiving a high-fat diet; and an obese 
group receiving high-fat diet and a daily dose of B. pseudocatenulatum CECT 7765 by oral 
gavage. Aortic rings were suspended in organ baths for isometric recording of tension. mRNA 
expression of eNOS was evaluated by real-time polymerase chain reaction.  
Results. Contractions induced by KCl, noradrenaline and thromboxane analogue were 33%, 30% 
and 45% lower respectively in aortic rings from obese mice. Bifidobacteria administration reversed 
this effect. eNOS inhibition increased the response to noradrenaline in the three groups with a 
significant lower magnitude in aortic rings from obese mice receiving bifidobacteria supplement. 
Acetylcholine caused a greater vasodilation in aorta from obese group (46±3% for control and 
69±4% for obese group; p<0.05) and bifidobacteria reversed it (57±5%). Response to sodium 
nitroprusside was displaced 2.9 times to the left in a parallel manner in obese group. Relaxation to 
sodium nitroprusside remained unchanged in the bifidobacteria fed group. There was about 
five-fold decreased mRNA expression of eNOS in aortic segments from the group receiving 
bifidobacteria.  
Conclusion. Bifidobacterium pseudocatenulatum CECT 7765 restores the obesity-induced altered 
vascular function mainly by reducing nitric oxide release. 

Key words: Bifidobacterium, nitric oxide, obesity, vascular reactivity. 

Introduction 
Obesity, a chronic multifactorial disease of high 

prevalence in industrialized and developing 
countries, is characterized by an excessive 

accumulation of body fat as result of a positive energy 
imbalance between energy intake and expenditure. In 
addition, obesity is also associated with a chronic 
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inflammatory process, oxidative stress, and affects 
vascular smooth muscle response [1]. Diet plays a 
primary role in obesity and also in modulating the gut 
microbiota structure, suggesting that the role of 
microbes in energy balance is under the influence of 
diet. Accordingly, modulation of the gut microbiota 
via administration of probiotic bacteria such as 
specific strains of bifidobacteria has been proposed as 
a potential strategy to aid in the prevention and 
treatment of obesity [2–4]. In particular, 
Bifidobacterium pseudocatenulatum CECT 7765 has 
been shown to improve metabolic and immunological 
alterations associated with obesity in mice [5–7]. 
Obesity is considered one of the risk factors associated 
with atherosclerosis and vascular dysfunction [8, 9]. 
Vascular homeostasis is regulated by endothelium 
that modulates the tone of blood vessels through the 
release of relaxing factors, such as (NO), and 
contractile factors, such as endothelin-1 (ET-1) and 
cyclooxygenase (COX) derived products as 
endoperoxides or thromboxane A2 (TXA2) [10]. The 
imbalance between the release of relaxing and 
contractile factors leads to endothelial dysfunction, 
affecting vascular tone [11]. As the endothelium plays 
a key role in the maintenance of vascular tone, a study 
of the effect of probiotics on endothelial function is 
valuable. Regarding the effect of specific probiotics on 
the circulatory system, there are few studies focused 
on vascular reactivity. Recent studies showed an 
improvement in endothelial function with probiotics 
(VSL#3) in mesenteric arteries from portal 
hypertensive rats [12]. Lactobacillus coryniformis CECT 
5711 also demonstrated to exert an 
endothelial-protective effect by increasing NO 
bioavailability in obese mice [13]. However, there are 
few studies assessing the long-term vascular effects of 
dietary supplementation with potential probiotic 
strains. Accordingly, the aim of the present study was 
to determine whether oral supplementation of B. 
pseudocatenulatum CECT 7765 during 14 weeks in 
obese mice could modulate vascular response to KCl, 
TXA2 analogue and noradrenaline, focusing on the 
release of NO induced by noradrenaline. We also 
studied the response to acetylcholine and sodium 
nitroprusside (SNP) in aortic segments from obese 
mice fed or not the bifidobacteria. Finally, we analyze 
whether gene expression of eNOS could be altered by 
obesity or bifidobacteria administration. 

Material and Methods  
Bacterial strain and culture conditions 

B. pseudocatenulatum CECT 7765 was grown in 
MRS broth (Scharlau, Barcelona, Spain) supplemented 
with 0.05% (w/v) cysteine (MRS-C Sigma, St. Louis, 

MO), and incubated at 37 °C for 22 h under anaerobic 
conditions (AnaeroGen, Oxoid, Basingstoke, UK). 
Cells were harvested (6000× g for 15 min), washed 
twice in phosphate buffered saline (PBS, 130 mM 
sodium chloride, 10 mM sodium phosphate, pH 7.4), 
and re-suspended in 10% skimmed milk for oral 
administration to mice. Aliquots of these suspensions 
were frozen in liquid nitrogen and stored at −80 °C 
until used. The number of live cells after freezing and 
thawing was determined by colony-forming unit 
(CFU) counting on MRS-C agar following 48 h 
incubation. More than 90% cells were alive upon 
thawing and no significant differences were found 
during storage (2 months). One fresh aliquot was 
thawed each new experiment to avoid variability in 
the viability of cultures. 

 Animals, diets and experimental design  
Animal experiments were carried out in strict 

accordance with the recommendations in the Guide 
for the Care and Use of Laboratory Animals of 
University of Valencia (Central Service of Support to 
Research [SCSIE], University of Valencia, Spain) and 
the protocol was approved by its Ethic Committee 
(approval ID A1245740259386). Adult (age 6–8 week) 
male wild-type C57BL-6 mice were purchased from 
Harlan Laboratories. During the adaptation period (7 
days), ten animals were housed in each stainless-steel 
cage in a temperature-controlled (23 °C) room with a 
12-h light/dark cycle and 40–50% relative humidity. 
Then, mice were randomly divided into three groups 
(n=10 mice per group) as follows: (1) a control group, 
receiving a standard diet (SD); (2) an obese group, 
receiving a high-fat diet (HFD); and (3) an obese 
group receiving the HFD and a daily dose of 1.0×109 
CFU B. pseudocatenulatum CECT 7765 by oral gavage 
(HFD+Bif). In order to control for the possible stress 
induced by the gavage procedure, Groups 1 and 2 
received the vehicle by daily gavage. To induce 
obesity, mice were switched from the SD 
(CA.170481-AIN-76A Purified Diet-Rats/Mice, 
Harlan Laboratories, Madison, WI 53744-4220) 
administered during the adaptation period to all mice, 
to a HFD (TD.06414 - Adjusted Calories Diet - 60/Fat, 
Harlan Laboratories, Madison, WI 53744-4220) for 14 
weeks. The HFD provided 18.4% kcal as protein, 
21.3% kcal as carbohydrate and 60.3% kcal as fat (5.1 
kcal/g), whereas the SD provided 18.8% kcal as 
protein, 68.8% kcal as carbohydrate and 12.4% kcal as 
fat (3.8 kcal/g). Therefore, there was an increase in fat 
at expenses of a reduction in carbohydrates in the 
HFD. Mice had free access to feed and sterile water. 

Body weight was measured once a week and, at 
the end of study. Mice were sacrificed 14 weeks after 
beginning the diet. Blood was withdrawn by 



Int. J. Med. Sci. 2017, Vol. 14 

 
http://www.medsci.org 

446 

intra-cardiac puncture under anesthesia and 
centrifuged to obtain the serum that was stored at 
-20°C. 

Determination of serum leptin and insulin 
concentration 

Serum leptin concentration was determined by 
the Assay Max Mouse Leptin ELISA kit (Assay pro, 
LLC; Ireland) with a sensitivity threshold of 0.3 ng/ml 
and insulin was measured using a Rat/ Mouse ELISA 
kit (Merck Millipore, Germany) with a sensitivity 
threshold of 0.2 ng/ml, according to the 
manufacturer’s instructions. 

Organ bath experiments 
Aortic segments were immediately placed in 

chilled Krebs-Henseleit solution, and rings 3 mm long 
were cut for isometric tension recording. Two 
stainless steel L-shaped pins 100 µm diameter were 
introduced through the lumen of the vessel. One pin 
was fixed to the wall of the organ bath and the other 
was connected to a force-displacement transducer 
(Grass FT03). Changes in isometric force were 
recorded on a Macintosh computer using the Chart v 
7/s software and MacLab/8e data acquisition system 
(AD Instruments). Each ring was suspended in a 4 ml 
bath containing modified Krebs-Henseleit solution 
containing (in mmol/l) NaCl, 115; KCl, 4.6; 
MgCl2·6H2O, 1.2; CaCl2, 2.5; NaHCO3, 25; glucose 11.1 
and disodium EDTA, 0.01. The solution was 
equilibrated with 95% O2 and 5% CO2 to obtain a pH 
of 7.3-7.4. Temperature was held at 37 ºC. The optimal 
resting tension was 1 g. The arterial rings were 
allowed to attain a steady level of tension during a 1 h 
accommodation period before testing.  

We evaluated the contractile capacity of vascular 
smooth muscle by administration of KCl (60 mM). 
Cumulative concentration-response curves to 
thromboxane analogue U46619 (10-10 -3x10-7M) and 
noradrenaline (10-9-3x10-7 M) were performed in 
arteries from three studied groups. The response to 
noradrenaline (10-9-3x10-7 M) was studied in the 
absence (control response) and in the presence of 
NG-nitro-L-arginine methyl ester (L-NAME, 10-4M) to 
inhibit the production of NO. To evaluate the 
endothelial dependent an independent vasodilation, 
we administrated acetylcholine (10-8 -3x10-6M) and 
SNP (10-9- 3x10-7 M) respectively in arteries 
precontracted with noradrenaline. After a stable 
contraction was obtained, concentration-response 
curves were recorded. All drugs and reagents used in 
organ bath experiments were purchased from Sigma 
Chemical Co. (St Louis, MO, USA). 

Real-time polymerase chain reaction analyses 
Aortic segments were collected from each mouse 

into an RNAlater solution (Ambion, Austin, TX, 
USA), an RNAstabilization reagent, following the 
manufacturer’s instructions. Total RNA was extracted 
with Tripure isolation reagent (Roche Molecular 
Biochemicals, Basel, Switzerland), and concentration 
and integrity were assessed in RNA 6000 Nano 
Labchips using Agilent 2100 Bioanalyzer (Agilent 
Technologies, Foster City, CA, USA). Ready-to-use 
primers and probes from the assay-on-demand 
service of Applied Biosystems were used for the 
quantification of selected target gene: eNOS 
(Mm00435217_m1) and endogenous reference gene 
β-actin (Mm00607939_s1). RNA samples were 
reverse-transcribed using random hexamers and 
MultiScribe reverse transcriptase (Applied 
Biosystems). After complementary DNA synthesis, 
real-time polymerase chain reaction (RT-PCR) was 
carried out using the ABI Prism 7900HT Sequence 
Detection System (Applied Biosystems). Samples 
were run in triplicate, and expression changes were 
generated by calculating 2-DDCT [14]. 

Data analysis 
Values are expressed as mean ± standard error of 

the mean. Relaxation was expressed as a percentage of 
inhibition of noradrenaline-induced contraction. 
Concentrations of agonist producing half-maximal 
effect (EC50) were determined from individual 
concentration–response curves by nonlinear 
regression analysis and were expressed as pD2 (-log 
EC50). Differences between groups were determined 
with ANOVA and post hoc Bonferroni’s test. 
Statistical significance was accepted at p<0.05.  

Results 
Effect of B. pseudocatenulatum CECT 7765 on 
body weight gain and plasma levels of leptin 
and insulin 

The administration of B. pseudocatenulatum CECT 
7765 significantly reduced relative body weight gain 
by approximately 30% (p < 0.05) in the HFD group at 
the end of the intervention. B.pseudocatenulatum CECT 
7765 administration reduced the HFD-increased 
leptin (p < 0.05) and fasting insulin levels (p < 0.05) 
(Table 1). 

Contractile response 
Contractile response to KCl 60 mM was lower in 

aortic segments from HFD group (551 ± 31 mg in SD 
group vs 365 ± 31 mg in HFD group p<0.05). 
Bifidobacteria administration reversed this effect 
equating the value to the control group (508 ± 35 mg 
in HFD+Bif group).  

Contractile response to the TXA2 analogue 
U46619 was lower in HFD group compared with SD 
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group. This effect was reversed with bifidobacteria 
administration (Fig. 1, Table 2). Noradrenaline 
produced concentration-dependent contractions, 
which were of lower magnitude in HFD group 
compared to SD group. This effect was reversed with 
bifidobacteria administration (Fig. 2A, Table 3). 

 

Table 1. Weight gain and serum hormonal parameters in different 
mouse groups after 14 weeks of dietary intervention. 

Experimental 
groups 

Body weight gain 
(%) 

Insulin (ng/ml) Leptin (ng/ml) 

SD group 35.03 ± 4.02 0.47 ± 0.04 9.29 ± 0.37 
HFD group 62.30 ± 4.39* 2.09 ± 0.29* 36.53 ± 2.70* 
HFD+Bif group 44.00 ± 2.66# 1.05 ± 0.21*# 29.78 ± 2.57*# 
SD group: control mice receiving a standard diet; HFD group: obese mice receiving 
a high-fat diet; HFD+Bif group: obese mice receiving HFD and a daily dose of 1 x 
109 CFU B. pseudocatenulatum CECT 7765 by gavage during 14 weeks. Data are 
expressed as mean ± standard error of the mean of each mouse group (n = 10 per 
group). 
Significant differences were established by ANOVA and post hoc Bonferroni’s test 
at *p<0.05 versus SD group and # p<0.05 versus HFD group. 

 

Table 2. pD2 values and maximal responses (Emax) elicited by 
thromboxane analogue, U-46619 in aortic segments from different 
mouse groups. 

U-46619 pD2 Emax (mg) 
SD group 8.01 ± 0.05 1649 ± 111 
HFD group 7.64 ± 0.05* 1196 ± 87* 
HFD+Bif group 7.75 ± 0.06 1531 ± 135# 
SD group: control mice receiving a standard diet; HFD group: obese mice receiving 
a high-fat diet; HFD+Bif group: obese mice receiving HFD and a daily dose of 1 x 
109 CFU B. pseudocatenulatum CECT 7765 by gavage during 14 weeks. 
pD2, -log mol/L of substance causing 50% of the maximal contraction; Emax, 
maximal contraction. Data are expressed as mean ± standard error of the mean of 
each mouse group (n = 8 per group). 
Significant differences were established by ANOVA and post hoc Bonferroni’s test 
at *p < 0.05 versus SD group and #p < 0.05 versus HFD group. 

 
 

 
Figure 1. Concentration-response curves to thromboxane A2 (TXA2) 
analogue U-46619 in aortic segments from mice receiving a standard diet (SD 
group); a high fat diet (HFD group) and a high fat diet plus a daily dose of 1x109 
CFU B. pseudocatenulatum CECT 7765 by gavage during 14 weeks (HFD+Bif 
group). Values are mean ± standard error of the mean (n = 8 per group). 

 
Figure 2. Concentration-response curves to noradrenaline in aortic segments. 
(A): Comparative among the three studied groups: mice receiving a standard 
diet (SD group); a high fat diet (HFD group) and a high fat diet plus a daily dose 
of 1x109 CFU B. pseudocatenulatum CECT 7765 by gavage during 14 weeks 
(HFD+Bif group). Effects of L-NAME (10-4 M) in the concentration-response 
curve to noradrenaline in aortic segments from mice receiving (B) a standard 
diet (SD group); (C) a high fat diet (HFD group) and (D) a high fat diet plus a 
daily dose of 1x109 CFU B. pseudocatenulatum CECT 7765 by gavage during 14 
weeks (HFD+Bif group). Values are mean± standard error of the mean (n = 8 
per group). 

 

Table 3. pD2 values and maximal responses (Emax) elicited by 
noradrenaline in the absence and in the presence of L-NAME in 
mouse aortic segments from the three studied groups.  

Noradrenaline  pD2 Emax (mg) 
SD  8.01 ± 0.06 388 ± 70$ 
SD + L-NAME 8.11 ± 0.03 895 ± 60 
HFD  8.03 ± 0.05 214 ± 24*$ 
HFD + L-NAME 8.00 ± 0.03 465 ± 33 
HFD+Bif  8.06 ± 0.06 301 ± 27#$ 
HFD+Bif + L-NAME 7.89 ± 0.03 476 ± 33 
SD group: control mice receiving a standard diet; HFD group: obese mice receiving 
a high-fat diet; HFD+Bif group: obese mice receiving HFD and a daily dose of 1 x 
109 CFU B. pseudocatenulatum CECT 7765 by gavage during 14 weeks. 
pD2, -log mol/L of substance causing 50% of the maximal contraction; Emax, 
maximal contraction; L-NAME, NG-nitro-L-arginine methyl ester. Data are 
expressed as mean ± standard error of the mean of each mouse group (n = 8 per 
group). 
Significant differences were established by ANOVA and post hoc Bonferroni’s test 
at *p < 0.05 versus SD group, #p < 0.05 versus HDF $p < 0.05 compared with L-NAME 
treatment in the same group. 
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Effect of NOS inhibitor on noradrenaline 
induced contractions  

The release of NO in response to noradrenaline 
was characterized as the difference between Emax to 
noradrenaline in the presence and in the absence of 
the NO synthase inhibitor, L-NAME. Incubation with 
L-NAME increased in a similar manner the maximal 
contractile response to noradrenaline in arteries from 
both SD and HFD groups (129±44% in SD group vs 
114±17% in HFD group, Fig. 2B and 2C, Table 3) 
indicating that our obesity model does not alter the 
release of NO in response to noradrenaline. The 
increment was lower in arteries from those mice 
receiving a daily dose of bifidobacteria indicating that 
this bacterial strain diminishes the release of NO 
(114±17% in HFD group vs 54±13% in HFD+Bif 
group, p< 0.05, Fig. 2D).  

Vasodilator response 
Acetylcholine (10-8 -3x10-6M) caused a greater 

relaxation response in aortic segments from HFD 
group compared to SD group (69±4% and 46±3% for 
the HFD and SD group respectively p<0.05; n=8). 
Group receiving a daily dose of bifidobacteria showed 
a significant lesser relaxation (Fig. 3A, Table 4). 
Incubation with L-NAME completely blocked the 
response to acetylcholine (data not shown).  

The concentration-response curve to sodium 
nitroprusside (SNP) (10-9-3x10-7M) was significantly 
displaced 2.9 times to the left in a parallel manner in 
HFD group compared to SD group, p<0.05 (Fig. 3B, 
Table 4). Relaxation to SNP remained unchanged in 
the bifidobacteria fed group, so this bacterial strain 
does not modify ability of vascular smooth muscle to 
dilate in response to NO.  

 

 
Figure 3. Concentration-response curves to (A) acetylcholine and (B) sodium 
nitroprusside (SNP) in aortic segments from mice receiving a standard diet (SD 
group); a high fat diet (HFD group) and a high fat diet plus a daily dose of 1x109 
CFU B. pseudocatenulatum CECT 7765 by gavage during 14 weeks (HFD+Bif 
group). Relaxation is expressed as a percentage of the contraction in response 
to noradrenaline. Values are mean± standard error of the mean (n = 8 per 
group). 

 

Table 4. Concentration-response curves to acetylcholine (Ach) 
and sodium nitroprusside (SNP) on aortic rings from the three 
studied groups. Relaxation is expressed as a percentage of the 
contraction in response to noradrenaline.  

Experimental 
groups 

 Ach pD2 Ach Emax (%) SNP pD2 SNP Emax (%) 

SD  7.06 ± 0.13 46 ± 3 7.83 ± 0.05 86 ± 2 
HFD 7.46 ± 0.07* 69 ± 4* 8.30 ± 0.06* 93 ± 2* 
HFD+Bif  7.29 ± 0.11 57± 5# 8.46 ± 0.07*  93 ± 1* 
SD group: control mice receiving a standard diet; HFD group: obese mice receiving 
a high-fat diet; HFD+Bif group: obese mice receiving HFD and a daily dose of 1 x 
109 CFU B. pseudocatenulatum CECT 7765 by gavage during 14 weeks. pD2, -log 
mol/L of substance causing 50% of the maximal contraction; Emax, maximal 
contraction. Data are expressed as mean ± standard error of the mean of each 
mouse group (n = 8 per group).  
Significant differences were established by ANOVA and post hoc Bonferroni’s test 
at *p < 0.05 versus SD group and #p < 0.05 versus HFD group.  

 

mRNA expression of eNOS 
We performed real-time RT-PCR on aortic 

segments from SD, HFD and HFD+Bif group. The 
mRNA expression of eNOS was similar in SD and 
HFD group and there was a decreased mRNA 
expression of eNOS in aorta from HFD+Bif group of 
five-fold compared with SD group and six-fold 
compared with HFD group (Fig. 4). 

 

 
Figure 4. Changes in messenger RNA (mRNA) expression of endothelial nitric 
oxide synthase (eNOS) in aortic segments reported as fold changes relative to 
SD group. SD: standard diet group (n=8); HFD: high fat diet group (n=8); 
HFD+Bif: high fat diet group receiving a daily dose of 1x109 CFU B. 
pseudocatenulatum CECT 7765 by gavage during 14 weeks (n=8). *p < 0.05 
versus SD group. #p < 0.05 versus HFD group. 

 

Discussion  
This study evaluates the vascular effects of a 

supplemented diet with B. pseudocatenulatum CECT 
7765, which was previously demonstrated to improve 
metabolic and immunological alterations in obese 
mice [5–7]. Our results showed an altered vascular 
reactivity in the obesity model and the administration 
of B. pseudocatenulatum CECT 7765 to obese mice 
during 14 weeks reversed these effects. In addition, 
administration of bifidobacteria also decreases eNOS 
expression. Therefore, our results demonstrate that 
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the administration of B. pseudocatenulatum CECT 7765 
might improve vascular dysfunction caused by 
HFD-induced obesity. 

Contractile response 
Vascular contractile response in obesity is not 

homogeneous. There are studies demonstrating an 
increase [15], no change [16] or a decrease in reactivity 
to agonist vasoconstrictors [17]. Differences in 
pharmacological responses of blood vessels might be 
receptor-mediated or due to nonspecific responses of 
smooth muscle. KCl-induced contraction occurs by a 
mechanism independent of receptor and is used as an 
index of vascular smooth muscle contraction ability 
[18]. Our results show that HFD-induced obesity 
decreases vascular response to KCl in aortic segments. 
Bifidobacteria administration reverses the 
hyporesponsiveness to KCl in obese group. At 60 mM 
KCl one can assume that the vascular muscle is 
depolarized. KCl-induced constriction is mediated 
primarily via depolarization-induced opening of 
voltage-gated Ca2+ channels and influx of 
extracellular Ca2+ [18]. Accordingly, HFD-induced 
obesity may affect voltage-gated Ca2+ channels or 
distal mechanisms that respond to Ca2+ influx. Our 
experiments also showed a lower response to U-46619 
in aortic segments from obese mice. This effect was 
reversed with bifidobacteria supplementation. Fat 
intake may affect vascular response and receptor 
expression of vasoactive factors. Previous studies 
have reported increased TXA2 plasma levels in obese 
hyperlipidemic rats [19] and increases in TXA2 
receptor gene expression in obese mice [15]. 
Activation of thromboxane-prostanoid (TP) receptors 
in smooth muscle cells by TXA2 produced an increase 
in intracellular Ca2+ levels and trigger 
vasoconstriction [20]. In view of these results, we 
hypothesize that vascular smooth muscle from obese 
mice has less capacity to contract due to a mechanism 
related to calcium, since the response to KCl and TXA2 
is decreased in HFD-induced obesity. Although 
obesity is related to excess of energy and 
macronutrient intake, it does not rule out the presence 
of micronutrient deficiencies, among which calcium is 
found [21]. The effects of calcium absorption are 
associated with intestinal microbiota modulation [22] 
so a bacterial strain that improves calcium 
homeostasis could be beneficial in obesity. In this 
sense, our results showed the ability of B. 
pseudocatenulatum CECT 7765 to increase constrictor 
response to KCl and TXA2 suggesting an action on 
voltage-gated Ca2+ channels or distal mechanisms that 
respond to influx of Ca2+. Studies in aortic smooth 
muscle cell culture and cardiomyocytes have shown 
that some probiotic products increase intracellular 

Ca2+ concentration resulting in contractility of blood 
vessels and myocardium [23]. In addition, previous 
experiments have shown that some probiotics could 
increase plasma calcium levels by improving calcium 
bioavailability [24] solubility [25] and absorption [26] 
as well as diminishing urinary excretion [27]. 
Therefore, increased contractile response to KCl and 
TXA2 in mice receiving a daily dose of B. 
pseudocatenulatum CECT 7765 could be due to 
augmented Ca2+ influx or increased contractile 
myofilaments sensitivity to Ca2+.  

Response to noradrenaline was lower in obese 
group and bifidobacteria supplementation reversed 
this effect. Noradrenaline produces contraction by 
activating vascular α-adrenergic receptors, which in 
turn stimulate phospholipase C and increase 
intracellular Ca2+ availability. This contraction can be 
attenuated by endothelial NO release [28]. L-NAME 
augmented contractile response to noradrenaline in 
aortic segments from both control and obese mice. 
This effect is attributed to inhibition by L-NAME of 
the depressant influence of endothelial NO released 
by noradrenaline through α-adrenoceptors 
stimulation on endothelial cells [29] or by an indirect 
mechanism involving a signal conducted from 
smooth muscle stimulation to adjacent endothelial 
cells [30]. Therefore, removal of the relaxant effect of 
nitric oxide would result in an increased contraction 
to noradrenaline, an effect that has been shown in 
several experiments [28, 29, 31]. Since inhibition of 
NO release with L-NAME is similar in arteries from 
both SD and HFD groups, our results indicate that the 
obesity model did not modify eNOS activity. 
Accordingly, eNOS mRNA expression is similar in SD 
and HFD group. The increase in contractile response 
to noradrenaline in the presence of L-NAME was less 
in arteries from mice receiving a daily dose of B. 
pseudocatenulatum CECT 7765 indicating that the 
bacterial strain decreases eNOS activity. Moreover, 
we found significantly decreased eNOS mRNA levels 
in aortic segments from HFD group fed the 
bifidobacteria compared to obese fed placebo 
indicating a lower NO synthesis in obese mice 
receiving bifidobacteria supplementation. 

Vasodilator response 
Acetylcholine induced endothelium-dependent 

relaxation trough activation of muscarinic receptors in 
aortic segments from all studied groups. Relaxation 
was higher in obese group than in SD group. In both 
groups, L-NAME completely abolished relaxation to 
acetylcholine indicating that NO mediates this 
response. So, augmented vasodilation in obese group 
could be attributed to an increase of NO release and 
this is in contrast with previous studies which have 
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reported a decrease of endothelium-dependent 
relaxation to vasodilators in obesity [32–35]. However 
an increase of eNOS activation [36] and improvement 
of endothelial-L-arginine/NO pathway have been 
previously described [16]. These effects have been 
related with hyperinsulinemia and hyperleptinemia 
associated with obesity since both insulin and leptin 
increase endothelial NO production [16]. In our 
obesity model, increased plasma levels of insulin and 
leptin may enhance NO release explaining the greater 
relaxation to acetylcholine in obese group. It is also 
possible that increased relaxing response to 
acetylcholine in HFD-induced obesity can be due to 
an enhanced vascular smooth muscle sensitivity to 
NO. This possibility is based on relaxation to sodium 
nitroprusside, an exogenous nitric oxide donor, was 
of greater magnitude in arteries from obese mice. Our 
results also demonstrate a diminished relaxation to 
acetylcholine in aortic segments from group receiving 
a daily dose of bifidobacteria. This is probably due to 
a decrease in the production of NO. This effect is 
consistent with a decrease in eNOS expression due to 
bifidobacteria administration. Studies involving 
effects of probiotic treatment on the 
acetylcholine-induced NO are inconclusive. Probiotic 
treatment has been reported to enhance NO 
bioavailability [13,37] or has no effect on the release of 
NO in response to acetylcholine [12,38]. These 
discrepancies may be due to the differences in the 
probiotic strains tested as well as the different 
vascular bed studied. We also observed that the 
response to sodium nitropusside is not affected by 
bifidobacteria administration suggesting that 
bifidobacteria does not affect vascular smooth muscle 
sensitivity to NO.  

Conclusion 
Obesity induced by HFD decreases 

vasoconstrictor response to different agonists and 
enhances vasodilator response. B. pseudocatenulatum 
CECT 7765 restores altered vascular function induced 
by obesity by reducing NO release. However, these 
effects are bacterial strain-dependent and care must 
be taken in extrapolating data obtained from one 
organism to another. Because our findings are limited 
to study aortic reactivity in mice, a link between our 
results and the clinical studies should be further 
investigated. Despite these considerations, our results 
shown a direct link between microbiota and vascular 
effects in a model of obesity induced by high fat diet.  
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