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Some studies suggested a positive effect against cardiometabolic diseases of supplementation of alpha-linolenic acid 
(ALA, C18:3 n-3) rich foods in pathological subjects, even if the total literature is controversial. In order to clarify 
ALA-rich chia seed action in hypertensive model with the overt pathology and without drug interference, in the 
present study the biochemical markers of cardiometabolic diseases (endothelin-1, ET-1; nitric oxide, NO; and 
bradykinin, BK) in Spontaneously Hypertensive Rats (SHRs) were analysed after 5% chia seed dietary 
supplementation for five weeks, and compared with the staple raw material wheat and corn. At the end of the 
experimental period, also plasma antioxidant capacity and inflammatory condition were evaluated. Our results 
showed that the chia seed group was more oxidized. On the other hand, ET-1 significantly decreased in chia seed 
group, and there was no difference between groups for NO, BK, and the inflammatory C-reactive protein (CRP). In 
conclusion, some positive effects of chia seed consumption on cardiometabolic markers in SHRs were observed, 
despite this the association of chia seeds with antioxidants is suggested to avoid plasma oxidation increase.
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In their last (2018) report, the American Heart Association declared that there were 3.47 
billion adults worldwide with systolic blood pressure of 110 to 115 mmHg or higher in 2015, 
and 874 million adults had systolic blood pressure ≥140 mmHg (Benjamin et al., 2018). 
Systemic hypertension is usually associated with other metabolic disorders, such as obesity, 
diabetes, and dyslipidemia, which increase the risk of cardiovascular diseases (Neves et al., 
2013). Dietary intervention as a complementary approach to drug therapy, for people with 
both drug-treated and -untreated hypertension, could be useful to lessen metabolic disorders, 
and therefore to limit the risk of cardiovascular disease onset.

To date, the literature about the effect of food rich in ALA on blood pressure and 
associated metabolic disorders is controversial and hardly comparable due to variability of 
food matrix used, administered quantities, and enrolled patient types. For instance, a recent 
paper of Pieters and co-workers (2019) stated that high intake of ALA (10 g of flaxseed oil 
daily, providing 4.7 g ALA) for 12 weeks, does not significantly affect blood pressure in 
subjects with pre-hypertension. On the contrary, a previous paper of Toscano and co-workers 
(2014) demonstrated that 35 g/day of chia flour (which provides approximately 20 g of ALA) 
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for 12 weeks reduces blood pressure, lipid peroxidation, and plasma nitrite levels in both 
treated and untreated hypertensive individuals. However, similar changes in blood pressure 
and metabolic markers have not been found in overweight or obese adults who daily-
consumed 50 and 25 g of chia seeds for 12 weeks and 10 weeks, respectively (Nieman et al., 
2009; 2012).

Chia seeds (Salvia hispanica L.), considered as oilseeds due to their high oil content 
(25–40% of total fats), are among the plant sources with the highest content of ALA, up to 
68%, compared to the most widely used flaxseed (57%) (Ayerza & Coates, 2011). Moreover, 
chia seeds contain other nutritionally relevant compounds, such as antioxidants (chlorogenic 
acid, caffeic acid, myricetin, quercetin, and kaempferol), gluten free protein containing all 
the essential amino acids, dietary fibres, and minerals (Costantini et al., 2014).

Despite the fact that human studies on the effects of chia seeds in treated and untreated 
pathological people have been done, study concerning chia seed effects on subjects with the 
overt pathology of hypertension and without drug interference cannot be performed for 
ethical reasons. Therefore, considering the conflicting results in the literature on human 
volunteers, and in order to begin to shed light on the mechanism by which ALA-rich chia 
seeds can or cannot counteract the cardiometabolic risk factors, the aim of the present paper 
has been to study, for the first time, the plasma biochemical markers of cardiometabolic 
diseases in the animal model Spontaneously Hypertensive Rats (SHRs) with the overt 
pathology of hypertension, through a five-week 5% chia seed supplementation and without 
drug interference. Moreover, a comparison to common raw materials, wheat and corn, poor 
of fatty acids and containing linoleic acid (LA, C18:2 n-6), respectively, were done. The 
endogenous vasoconstrictor ET-1 and the endogenous vasodilators NO and BK, that are 
cardiometabolic markers normally altered in pathological subjects, were analysed. 
Furthermore, considering that the omega-3 ALA is highly prone to oxidation (DeLany et al., 
2000), plasma antioxidant capacity, by hydroxyl radical antioxidant capacity (HORAC) and 
ferric reducing antioxidant power (FRAP) methods, and inflammatory condition through the 
CRP in the serum were analysed.

1. Materials and methods

1.1. Materials

SHRs were purchased from Charles River Laboratory, Lecco, Italy. Casein, salt mixture, 
vitamin mixture, choline, and methionine were purchased from Laboratories Dottori Piccioni, 
Milano. Tubes containing ethylene-diamine-tetra-acetic acid (EDTA), sodium citrate, or 
heparin were purchased from Venosafe Terumo, Leuven Belgium. The ET-1 and BK levels 
were analysed by immunoassay kits (ENZO life Sciences). Corning Spin-X concentrators 
were purchased from Corning Incorporated, MA, USA. Plasma NO metabolite levels (NO2 
and NO3) were analysed by colorimetric assay kit (ENZO life Sciences). HORAC assays 
were manufactured by Oxford Biomedical Research (Oxford, MI, USA). The CRP levels 
were analysed by immunoassay kits (Alpha diagnostic international). Chia seeds (Salvia 
hispanica L.) were obtained from Alesco S.r.l. (Pisa, Italy). Wheat and corn seeds were 
purchased from a local market. All other chemical reagents were purchased from Sigma–
Aldrich (St. Louis, USA).
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1.2. Experimental animal and diets

Fifteen twenty-five-week-old male SHRs were used. In the experimental period, the rats were 
housed in individual cages (1 rat/cage) under conventional conditions of adequate temperature 
(23±2 °C) and humidity (60%) with a 12-h light/dark cycle with free access to food and tap 
water. After an acclimatization cycle of 7 days, an experimental period of five weeks was 
started, and SHRs were randomly divided into three groups (n=5), namely “wheat” rats, 
“corn” rats, and “chia” rats, and every day they were ad-libitum fed with a diet formulated in 
accordance with AIN-93 (48% wheat flour, 17% sucrose, 14% casein, 10% corn oil, 4% salt 
mixture, 1% vitamin mixture, 0.6% choline, and 0.4% methionine). The diet was supplemented 
with 5% of grounded daily chia flour, corn flour, and wheat flour, respectively (approximately 
1.56 g ALA and 0.51g LA for chia seed (Costantini et al., 2014) and 0.03 g LA for corn 
(INRAN, 2009)). Pellet intakes were recorded daily, while body weights were recorded 
weekly over the five-week experimental period. The treatment was stopped 1 day before the 
end of the experiment to study the long-term effects of the diet without acute administration 
effects. At the end of the experimental period, animals were fasted overnight, anesthetized 
with isofluorane vaporization (2–2.5%), and euthanized by cardiac exsanguination and 
subsequent cervical dislocation. Blood was drawn from the heart in tubes containing EDTA, 
sodium citrate, or heparin. Plasma was separated by centrifugation at 3000 × g for 20 min at 
4 °C, and the supernatant was utilized for analysis. All experiments and surgical procedures 
were performed in accordance with the ethical standards as formulated in the Helsinki 
Declaration of 1964 (revised in 2013) and the Italian Laws (D.L.vo 116/92 and following 
additions, which enforce EU86/609 directives (EEC, 1986), and with the approval of the 
Health Ministry (authorization number DGSAF 0009805-A-23/05/2012) and the animal care 
committee of Tuscia University.

1.3. Plasma and serum biochemical analysis

The antioxidant capacity was analysed using the HORAC and FRAP methods on plasma. 
A FRAP assay was performed according to the method described by Benzie and Strain 
(1999), which was adapted for 96-well plates and an automatic reader (Infinite 2000, Tecan, 
Salzburg, Austria). Briefly, 160 μl of FRAP assay solution (consisting of 20 mmol ferric 
chloride solution, 10 mmol of Fe3+ 2,4,6-tripyridyl-s-triazine – TPTZ - solution, and 0.3 M 
acetate buffer at pH 3.6) was prepared daily, mixed with 10 μl of the sample, standard, or 
blank, and dispensed into each well of a 96-well plate. The absorbance was measured at 595 
nm at 37 °C after 30 min of incubation. The final results are expressed as μmol Fe2+ equivalents 
per l of plasma, and the results were obtained using a standard curve with different 
concentrations of ferrous sulphate heptahydrate (FeSO4·7H2O). The HORAC assay kit was 
used according to the manufacturer’s instructions. The final results are expressed as mmol 
gallic acid equivalents (GAE) per l of plasma. The ET-1 and BK levels were analysed by 
immunoassay kits (endothelin-1 ELISA kit and bradykinin ELISA kit, respectively). The 
plasma NO metabolite (NO2 and NO3) levels were analysed through a colorimetric assay kit. 
NO2 and NO3 are stable metabolites of NO after deproteinization of the plasma through 
concentrator-based filtration. The CRP levels were analysed in the serum by immunoassay 
kits. The concentration of CRP in samples and control is calculated from a curve of standards 
containing known concentrations of CRP. Results are expressed as mmol l–1 plasma.
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1.4. Statistical analysis

Mean and standard deviation (SD) were calculated for all three rat groups (n=5). All analyses 
were conducted in triplicate. Statistical analysis was performed with the XLSTAT 2013 4.03 
(Addinsoft SARL, New York, USA) software using one-way ANOVA. Fisher’s least 
significant difference test was used to describe statistical differences between means at 
significance level P<0.05.

2. Results and discussion

In the present study, the effects of chia seeds on plasmatic antioxidant capacity and 
cardiometabolic parameters were evaluated after its five-week administration to SHR 
hypertensive animal model and compared with staple raw materials, wheat and corn. SHRs 
had the overt pathology of hypertension, their use allowed to study the effects of chia seeds 
on plasmatic cardiometabolic biochemical parameters without the interference of a drug 
treatment.

Pellet intakes were recorded daily, and no differences between groups were found (data 
not shown). The results shown in Figure 1 indicate that there were no weight differences 
between groups, even though the chia seed diet was higher in fats (total fats: 2.6 g/100 g in 
wheat (INRAN, 2009), 3.8 g/100 g in corn (INRAN, 2009), and 32 g/100 g in chia seeds 

(Costantini et al., 2014)). Though differences in weights were not statistically significant, a 
trend, chia < corn < wheat, could be observed. This result is consistent with the results of 
Chicco and co-workers (2009), who found that Wistar rats fed a ‘sucrose rich diet’ (SRD) 
supplemented with chia seeds showed a weight gain slightly lower than in the group of rats 
fed the SRD alone, even though a similar energy intake was recorded in both the SRD and 
SRD+chia seed groups. So, in relation to the present work, we could hypothesize that higher 
amounts of chia seed can lead to significant weight changes (Chicco et al., 2009).

Fig. 1. Weight changes at the end of the experimental period. Each value is expressed as the mean±S.D. (n=5). 
Different letters (a and b) denote significant differences (P<0.05) within each panel. Wheat: rats fed with wheat 

supplement, corn: rats fed with corn supplement; chia: rats fed with chia supplement
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Both analyses of the total antioxidant capacity (FRAP Fig. 2A and ORAC Fig. 2B) 
showed that the experimental chia group was statistically (P<0.05) more oxidized than the 
control wheat group (712±98 µmol Fe2+/l and 34±1 mmol GAE/l respectively, for chia group; 
877±79 µmol Fe2+/l and 41±6 mmol GAE/l, respectively, for wheat group). However, there 
was no difference (P<0.05) between chia group and corn group for either total antioxidant 
capacity analysis (814±103 µmol Fe2+/l and 37±5 mmol GAE/l respectively, for corn group). 
This may be due to the higher intake of omega-3 fatty acids that determined the spread of 
radical species already present in these pathological subjects. These results are in contrast 
with the results of Marineli and co-workers (2015), who found a reduced oxidative stress in 
Wistar diet-induced obese rats (high fat and high fructose diet) after 6 and 12 weeks of 10% 
chia seed supplementation. However, it should be noted that the oxidative stress in animal 
models with a chronic pathological condition is consolidated in comparison with animal 
models with induced pathological condition.

Fig. 2. The plasma total antioxidant capacity determined by FRAP (panel A) and ORAC (panel B). Each value is 
expressed as the mean±S.D. (n=5). Different letters (a and b) denote significant differences (P<0.05) within each 

panel. Wheat, corn, chia: see Figure 1.

Anyway, even if the chia group was more oxidized than the control wheat group, this 
condition apparently does not trigger an inflammatory response; indeed, there was no 
difference between groups for serum CRP (Fig. 3A). Similarly, Toscano and co-workers 
(2014) found no differences for the inflammatory marker high-sensitivity CRP between 
experimental groups of chia supplementation and placebo. On the contrary, Poudyal and co-
workers (2012) demonstrated that Wistar rats fed high carbohydrate and high fat diet possess 
a CRP amount almost doubled compared to the rats that have followed the same diet, but 
supplemented with 5% of chia seeds. Further studies are needed to understand the real action 
of chia seeds in relation to inflammatory condition. However, these preliminary data may 
reflect an anti-inflammatory action related to the high ALA amount found in chia seeds 
(Poudyal et al., 2012).

Finally, in the present study, for the first time, the plasma functional activity of chia 
seeds was compared analysing some cardiometabolic mediators normally altered in 
pathological individuals and in pathological animal model, SHRs. The found results showed 
that among the analysed biochemical parameters, the endogenous vasoconstrictor ET-1 
significantly decreased (29±2 pg ml–1 for chia seed group against 37±5 and 42±2 pg ml–1 for 
corn and wheat groups, respectively; Fig. 3B). For the vasodilators NO and BK (Fig. 3 C and 
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D, respectively), no significant differences were observed, even if there was a trend of 
increase for NO, but it was not statically significant (39±11 µmol l–1 for chia seed group 
against 32±6 and 31±16 µmol l–1 for corn and wheat groups, respectively; Fig. 3B). Four 
previous studies have evaluated the effects of chia seeds in relation to cardiometabolic 
diseases, but not considering BK and ET-1. Among these, two studies carried out on 
overweight adults found no changes in CRP, plasma cytokines, blood lipoproteins, serum 
cholesterol, and blood pressure after a chia seeds supplementation of 50 g day–1 and 25 g 
day–1 for 12 and 10 weeks, respectively (Nieman et al., 2009; 2012). The other two papers 
similarly found a mean systolic blood pressure decrease of 6.3 mmHg in diabetic patients and 
up to 11.2 mmHg in drug-treated hypertensive patients after a 37 g day–1 and 35 g day–1 

supplementation, respectively, for 12 weeks (Vuksan et al., 2007; Toscano et al., 2014). 
Moreover, these two papers found a reduction in the plasma nitrite and malondialdehyde 
levels, but not changes for CRP in drug-treated hypertensive patients (Toscano et al., 2014), 
and a reduction in CRP and vonWillebrand factor levels in diabetic patients (Vuksan et al., 
2007).

Fig. 3. Plasma inflammation parameter CRP (A) and plasma blood pressure parameters (B: endothelin-1; C: nitric 
oxide; D: bradykinin). Wheat, corn, chia: see Figure 1. Each value is expressed as the mean±S.D. (n=5). Different 

letters (a and b) denote significant differences (P<0.05) within each panel.
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3. Conclusions

In the present study, a potential health effect of chia seeds in animal model with an overt 
pathology of hypertension and without drug interference has been highlighted, providing a 
significant decrease of the endogenous vasoconstrictor ET-1, even though oxidation occurred 
as side effect. This study suggests that higher quantities of chia seeds may have a higher 
impact on biochemical markers of cardiometabolic diseases. At the same time, the combination 
of chia seeds with another raw material having high antioxidant capacity could prevent the 
oxidation of the high amount of polyunsaturated fatty acids of chia seeds (Costantini et al., 
2014), highly unstable and susceptible to the high oxidation already present in this pathologic 
condition.
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