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Abstract

Background. This study aims to investigate the long-term effects of different doses of
nitrate on the lipid profile in male rats.

Methods. Male Wistar rats (n = 60) were assigned to 6 groups (n = 10 per group). The
control group received drinking water, and 5 treatment groups received nitrate at doses
of 50, 100, 150, 250, and 500 mg/L for 6 months. Nitric oxide (NO) metabolite levels
(NOx) were determined at months 0 and 6. Lipid profile [cholesterol, triglyceride (TG),
low-density lipoprotein cholesterol (LDL), and high-density lipoprotein cholesterol
(HDL)] in the serum was measured at months 0, 3, and 6.

Results. Nitrate administration for 6 months (at doses of 50, 100, 150, 250, and 500
mg/L) could increase serum NOx levels by 29.5% (P = 0.0115), 39.6% (P = 0.0002),
65.2% (P <0.0001), 91.4% (P < 0.0001), and 181.6% (P < 0.0001), respectively. Nitrate
administration for 6 months (at doses of 50, 100, and 150 mg/L) decreased serum TG
[7.8% (P = 0.0508), 7.4% (P = 0.0654), and 8.3% (P = 0.0331)] and cholesterol [12.7%
(P = 0.0066), 15.2% (P = 0.0009), and 15.2% (P = 0.0009)] levels. In addition, it
increased serum HDL at doses of 50, 100, and 250 mg/L [24.4% (P = 0.0005), 13.9%
(P=0.0910), and 17.5% (P = 0.0172)], while it had no significant effect on serum LDL
levels in comparison to the control group.

Conclusion. Long-term nitrate administration at low doses (50-150 mg/L) prevented
dyslipidemia (improved lipid profile) in male rats. These beneficial effects of nitrate can
be mainly due to increased serum levels of NO metabolites.

Practical Implications. These findings imply that long-term nitrate administration at low
doses, achieved by consuming a diet containing vegetables, can potentially be utilized to

manage dyslipidemia.

How to cite this article: Zeinodini R, Bakhtiarzadeh F, Jeddi S, Ghasemi A. Dose-dependent Long-term Effects of
Nitrate on Lipid Profile in Male Rats. Med J Tabriz Uni Med Sciences. 2024;46(5):512-523. doi:
10.34172/m;j.2024.056.- Persian.

Extended Abstract

Background

Dyslipidemia refers to an abnormal level of lipids,

cardiovascular  disease and its  associated
complications. The prevalence of dyslipidemia
ranges from 53% to 76% in various countries. In

including triglycerides (TG), cholesterol, low-density
lipoprotein (LDL), and high-density lipoprotein
(HDL). Factors, including diet, tobacco exposure,
and genetics, contribute to the development of
dyslipidemia, which can increase the risk of

Iran, the prevalence of different phenotypes of
dyslipidemia is 14-41%, 14-61%, 13-48%, and 5—
73% for hypertriglyceridemia, hypercholesterolemia,
high LDL, and low HDL, respectively. Dyslipidemia,
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which is associated with a two-fold increase in the
risk of cardiovascular diseases, was responsible for
about 4.4 million deaths worldwide in 2019. Statins
are the first-line drugs against dyslipidemia. Despite
their high efficacy, these drugs have side effects,
including fatigue, memory problems, and bone and
muscle pain. Decreased nitric oxide (NO)
bioavailability is a risk factor for developing
dyslipidemia. ~Animal studies indicate that
administering nitrite and nitrate as NO donors
compensates for reduced NO availability in obesity,
type 2 diabetes, and dyslipidemia. The beneficial
effects of nitrate against dyslipidemia in male rats
have been previously reported, mainly as single
doses (50, 85, 100, and 150 mg/L) for short durations
(3, 8, and 10 weeks). We previously reported that
nitrate administration for 6 months at 50, 100, and
150 mg/L improves the lipid profile in healthy
female Wistar rats. However, no long-term study has
been conducted on male rats yet. Therefore, this
study aimed to investigate the long-term (6 months)
effects of different nitrate doses (50, 100, 150, 250,
and 500 mg/L) on the lipid profile in male rats.

Methods

Male Wistar rats (n = 60, weight = 198-210 g)
were randomly divided into 6 groups of ten. The
control group received regular drinking water, and 5
treatment groups received water containing 50, 100,
150, 250, and 500 mg/L of nitrate for 6 months,
respectively. NO metabolite levels (nitrite + nitrate =
NOx) and body weight were measured at the start
(month 0) and the end (6 months after nitrate
administration, month 6) of the study. The lipid
profile (cholesterol, TG, LDL, and HDL in serum)
was measured at the start of the study and at the end
of months 3 and 6 of the intervention. After 12 hours
of fasting, blood samples were collected from the tip
of the tail, centrifuged at 3000 g for 10 minutes, and
stored at -80 °C to measure the lipid profile and NOx
levels. The serum levels of TG, cholesterol, LDL,
and HDL were estimated using kits from Pars
Azmoon Company, Tehran, Iran. The serum NOx
level was determined using the Griess method with a
slight modification. The serum samples were
deproteinized with zinc sulfate (15 mg/mL) and
centrifuged at 10,000 g for 10 minutes at 4 "C. Then,

100 pL of the supernatant was added to a microplate
with 100 pL vanadium chloride (8 mg/mL in 1M
HCI), 50 pL sulfanilamide (2% in distilled water),
and 50 pL N-(1-Naphthyl) ethylene diamine
dihydrochloride (0.1% in 5% HCI). After incubation
for 30 minutes at 37 °C, the absorbance was read at
540 nm using an enzyme-linked immunosorbent
assay reader (BioTek, Power Wave XS2).

Results

Our results revealed that, compared to the
controls, nitrate administration for 6 months at doses
of 50, 100, 150, 250, and 500 mg/L increased serum
NOx levels by 29.5% (P = 0.0115), 39.6% (P =
0.0002), 65.2% (P < 0.0001), 91.4% (P < 0.0001),
and 181.6% (P < 0.0001), respectively. Compared to
control rats, after 6 months, nitrate-treated rats that
received 50, 100, and 500 mg/L of nitrate had lower
body weight by 5.6% (P = 0.0207), 6.9% (P =
0.0017), and 6.5% (P = 0.0041), respectively. Nitrate
administration for 6 months at doses of 50, 100, and
150 mg/L could decrease the serum levels of TG
[7.8% (P =0.0508), 7.4% (P = 0.0654), and 8.3% (P
= 0.0331)] and cholesterol [12.7% (P = 0.0066),
15.2% (P = 0.0009), and 15.2% (P = 0.0009)].
However, nitrate administration at doses of 50, 100,
and 250 mg/L increased serum HDL by 24.4% (P =
0.0005), 13.9% (P = 0.0910), and 17.5% (P =
0.0172), respectively, compared to the control group.
The serum LDL level was not affected by nitrate
administration.

Conclusion

Long-term nitrate administration at doses of 50,
100, and 150 mg/L decreased the serum levels of TG
and cholesterol. Conversely, nitrate at doses of 50,
100, and 250 mg/L increased the serum levels of
HDL. Higher doses of nitrate (500 mg/L) did not
affect the lipid profile. Nitrate’s beneficial effects on
the lipid profile were associated with increased
serum NO metabolites. These findings indicate that
long-term nitrate administration at low doses,
achieved by consuming a diet containing vegetables,
can potentially be used to manage dyslipidemia.
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