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INTRODUCTION 

Quercetin is a flavonoid (a type of flavonol) that can be 

found in tea, spices, nuts, vegetables, fruits (Shabbir et 

al., 2021 .(There are numerous health benefits to this 

flavonoid, including its ability to reduce inflammation, 

inhibit the growth of bacteria and viruses; and prevent 

blood clots formation (Aljadaan et al., 2020; Di Petrillo 

et al., 2022). It is a metal chelator with a high concen-

tration of phenolic hydroxyl groups (Yanget al., 2020) 

Quercetin has been revealed in animal studies to pro-

tect against drug-induced genotoxicity lung damage, 

and oxidative stress (Wai et al., 2020). The anti-

diabetic properties of quercetin can be used to treat 

atherosclerosis, heart disease, kidney damage, and 

liver fibrosis. Finally, current research suggests that 

flavonoids may be anti-diabetic (Ansariet al., 2022 ). 

Quercetin has anticarcinogenic, cataract-prevention, 

anti-ulcer, anti-allergic and anti-diabetic properties and 

cardio-vascular protection (Batiha et al., 2020; Azeem 

et al., 2023). 

Sodium nitrite stops bacteria from growing and makes 

meat and fish taste better, which makes them last long-

er. (Karwowska et al., 2020) The nitrosamines and the 

reactivity of additives with amines in food explain the 

harmful effects of NaNO2 (Xie et al., 2023 Nitrosamines 

produced by this process can cause lipid peroxidation, 

membrane fluidity degradation, and cell membrane 

damage (Karwowska et al., 2020). Due to nitrite expo-

sure, the production of ROS ( reactive oxygen spe-

cies) , RNS (reactive nitrogen species) goes up. This 

can cause hepatotoxicity, nephrotoxicity, inflammatory 
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process dysregulation, cell damage (Zaidi et al.,2020), 

problems with glucose metabolism, lipid metabolism, 

and changes in thyroid hormone metabolic activity by 

reducing thyroid hormone iodine absorption (El-

Nabarawyet al.,2020).The study focused on evaluating 

the efficiency of quercetin in reducing hyperglycemia, 

hyperlipidemia and thyroidine hormone disorder due to 

exposure to sodium nitrite. 

MATERIALS AND METHODS 

Chemicals  

The compounds employed in this investigation were 

sodium nitrite (NaNO2), which was procured fromBDH 

Laboratory reagent Chemicals Ltd, Poole, England, and 

quercetin (3,3,4,5,7-pentahydroxyflavone), which was 

acquired in powder form from Sigma - Aldrich (USA). 

 

Experimental design 

The Veterinary College of Mosul University provided 24 

Wistar albino maleratsweighing 200-220 grams. Stand-

ard ventilation, 25°C temperature, 60–70% humidity, 

and a light/dark ratio of 12/12 were used to house the 

animals in this study. The animals were split into three 

subgroups of eight, which each received the treatment 

described below for 30 days. 

Group I (Control): The animals were given drinking wa-

ter only. 

Group II (Sodium nitrite treatment group): The animals 

were given sodium nitrite-tainted water to drink during 

the study.The sodium nitrite was given orally through a 

gavage needle at a dose body weight of (80 mg.kg-1).  

Group III (An infected group treated with querce-

tin):Throughout the trial, the animals were given drink-

ing water containing (80 mg/kg BW) sodium nitrite and 

quercetin (50 mg/kg) of animal weight.  

 

Animal ethical approval 

TheInstitutional Animal Care Commission in the Veteri-

nary Medicine College at the Mosul University aligned 

with the ethics of international principles in dealing with 

animals, reviewed the application submitted to it by us 

on18/8/2021 with the code UM.VET.2021.079 and  

gave approval for the present study. 

 

Animal blood sample collection  

A pre-and post-treatment samples of the animals' blood 

were collected directly from the orbital sinus puncture 

(intraocularly) and deposited into plain tubes after ther-

apy; the clot was dispersedwith a glass rod. Within two 

days of being centrifuged for 15 minutes at 3000 x, the 

levels of biochemical markers were measured. 

 

Biochemical analysis  

The level of glucose (mg/dl) was detectedusing a test 

reagent kit (Tietz, 1990).Insulin levels (U/ml) were eval-

uated using the sandwich principle-based (Elisa)to esti-

mate insulin levels and determine insulin resistance 

(Kahn and Rosenthal, 1979). 

 

Insulin Resistance Evaluation Making Use of a Ho-

meostasis Model (HOMA-IR) 

Calculation of insulin sensitivity was done with the help 

of the HOMA-IR (According to Equation cited inBcowe 

et al., 2014). HOMA-IR was determined using glucose 

levels and plasma insulin concentrations.  

Glucose fasting mg/dl x Insulin u/L/405 = HOMA –IR      

Eq.1 

 

T3 (Triiodothyronine), T4 (Thyroxine) and TSH 

(Thyroid stimulated hormone) determination 

T3, T4, and TSH concentrations were measuredusing 

ELISA kit. 

 

Lipid profile  

 With a Biolabo kit (France), lipid levels were measured 

enzymatically, as well as cholesterol and triglycerides 

(Burits et al., 2012) and HDL (Kostner,1976). 

 

Statistical analysis  

Using the P-value (which happens at P≤0.05), the ‘t’test 

was performed to compare the two variables and then 

identify a significant difference in values (Stell and Tor-

rie, 1980). 

RESULTS AND DISCUSSION 

During a 30-day treatment period, the results of sodium 

nitrite (80 mg/kg) and quercetin (50 mg/kg) treated ani-

mals’ body biochemical parameters were compared to 

those of animals who did not get any treatment. 

 

Sodium nitrite and quercetin's impact on glucose 

and insulin hormone 

When compared to controls (HOMA-IR) (Group I) , glu-

cose, insulin, and insulin sensitivity were all elevated in 

the sodium nitrite group (p≤ 0.001) (Table 1). These 

results align with a prior study (Helalet al., 2017)

whentreating ratswith 0.1mg\kg\ day. The potential of 

nitrite to boost gluconeogenesis (Gheibiet al., 2018) 

and enhance hepatic glycogenolysis is responsible for 

the elevated amount of glucose in the blood. Because 

of the increased activity of amylase and phosphorylase 

that is caused by sodium nitrite, glucose is released 

from glycogen, which in turn causes an increase in 

blood sugar levels. This rise in glucose levels can also 

be caused by a decrease in hepatic glycogenesis or a 

reduction in glucose mobilisation (Helal et al., 2017). In 

addition, nitroso-compounds can potentially damage 

the antioxidant state, which can lead to metabolic dis-

ruption and hyperglycemia which can lead to metabolic 

disruption and hyperglycemia (Akhzariet al., 2019). As 
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a direct consequence of these findings, patients' insulin 

resistance increased (HOMA-IR). According to the cal-

culation, the Group II treated with sodium nitrite had 

significantly higher insulin and glucose levels at (p≤ 

0.001).The effectiveness of the homeostasis model 

depends on the body's glucose and insulin levels. 

The therapy with quercetin (Group III)led to a significant 

drop in blood sugar levels at (p.≤ 0.01). The results 

match those found in the previous study (Hosseiniet al., 

2021),where queurcetin was used in different doses) 5 -

240 mg/kg/da. This improvement may be attributed to 

quercetin effectively mitigating the adverse effects of 

sodium nitrite and smoothing out glucose abnormali-

ties. (Xieet al., 2020; Dhanyaet al., 2021) Quercetin 

helps to increase insulin sensitivity by stimulating the 

proliferation of pancreatic -cells, rebuilding pancreatic 

islets, and protecting -cells from the oxidative damage 

caused by sodium nitrite. Quercetin also increases the 

amount of glucose transporter (GLUT4) in tissue,which 

makes them take in more glucose, glycogenolysis 

GLUT4 is a glucose transporter that hasa vital role in 

glucose absorption(Shiet al.,2019), limiting intestinal 

glucose absorption while stimulating glycogen synthe-

sis (Ansari et al., 2022) ,increasing sensitivity of insulin 

(Xie et al., 2020). 

 

Quercetin and sodium nitrite altering thyroid  

hormones 

The sodium nitrite group (Group II) had relatively lower 

rates of T4 and TSH than the healthy controls (Table 2)

at (p≤ 0.001). Itmatchesprior studies (Kostogryset al., 

2006b; Zakiet al., 2004). To stop thyroid hormone pro-

duction, nitrate blocks the sodium iodide symporter, 

which helps to absorb iodine into the thyroid and sup-

presses thyroidal iodide uptake. This disrupts the hypo-

thalamic-thyroid hormonal axis, which results in altered 

thyroid hormone metabolism and decreased thyroid 

hormone release (T3 and T4) into the blood, which 

leads to hypothyroidism and other health problems. 

(Kostogryset al., 2006a) In response to reduced thyroid 

hormone synthesis, the anterior pituitary releases TSH. 

Nitrate can interfere with iodine binding by blocking the 

Na+/K+ ATP-ase complex and the sodium-iodide sym-

porter Na+/I–. When blood hormone levels are low, 

TSH production goes up, the thyroid can not work as 

well because of oxidative stress and peroxidation of cell 

membrane lipids, and thyroid hormone-binding proteins 

are lost through urine(Dohanet al., 2003). 

Serum T3 andT4 levels did not vary significantly among 

rats given (80 mg.kg-1) sodium nitrite and (50mg.kg-1) 

quercetin, as shown in Table 2. According to these re-

sults, quercetin efficiently minimisedthe negative effects 

of nitrite exposure while also healing the damage (Wai 

et al., 2021). In rats, quercetin has been demonstrated 

to be an effective therapy for hypothyroidism caused by 

NaNO2 medication. The findings of the present study 

confirm those of previous studies that reached similar 

conclusions (Zhao et al., 2020). 

 

Serum lipid profiles using sodium nitrite and  

quercetin 

In Table 3, when compared to the control group, rats 

given sodium nitrite had vastly greater concentrations of 

cholesterol (TC), and triacylglycerols (TG, LDL, VLDL)

but substantially lower levels of high-density lipopro-

teins (HDL). These findings support those obtained by 

El-Wakf et al., 2015; Helal et al., 2017) when treating 

rats with sodium nitrite. 

The rise in serum TC concentrations in the NaNO2 

treated group could be attributed to membrane lipid 

peroxidation, Unsaturated fatty acid mobilization from 

fatty tissue into blood, and a rise in acetyl CoA levels, 

which causes an increase in cholesterol synthesis 

(Helal et al., 2000). Alternatively, the increase in serum 

TC concentrations could have been caused by a block-

age in bile ducts in the liver, which stops or slows bile 

flow into the duodenum (Helal et al.,2000). Reduced 

thyroid secretion causes an increase in plasma levels, 

lipids, and TG, which almost always increases in the 

amount of fat being stored in the liver. This directly re-

sults from reduced thyroid secretion (Mavromati 

andJornayvaz1,2021). Hypothyroidism is also linked to 

free.radical formation and a drop inthe body's antioxida-

tive defenses (Huixing and Daoquan., 2022). Hyper-

lipidemia and oxidative stress are both caused by hypo-

thyroidism. Both of these factors speed up the process 

of lipid peroxidation, which usually results in more se-

vere atherosclerotic disease. Inflammatory responses 

are also caused by oxidative processes, which is a well-

known harmful process in all stages of atherosclerosis 

(Kuś et al, 2021). 

Quercetin proved effective in treating dyslipidemia 

brought on by sodium nitrite; when given at a daily dose 

of 80 mg.kg
-1

of quercetin a day The cholesterol levels 

were lowered along with total fat and LDL cholesterol, 

while HDL-C levels were increased (Castillo et al., 

Table 1. Showing biochemical parameters in rats of different Groups (n=7) 

Parameters. Control 
Group. I 

Sodium nitrite 
Group. II 

Quercetin + Sodium nitrite 
Group. III 

Glucose (mg/dl) 90.02 ±1.4 120.37 ± 1.02*** 101.44 ±1.14** 

Insulin (ng/dl) 7.6 ± 1.1 10.5  ±0.7***  8.05 ± 1.3 

HOMA-IR (ng/dl) 1.68 ± 1.5 3.1 ± 1.14* 1.9± 1.6 

Values are expressed (average ± SD); *: p≤ 0.05, **: p≤ 0.01, ***: p≤ 0.001 
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2018;Muselinet al., 2022).Most of these beneficial ef-

fects on health can be attributed to quercetin’s antioxi-

dant capabilities (Papakyriakopoulouet al., 2022; 

Zhanget al., 2023). One method of polyphenol impact 

has been associated with antioxidant activity, which 

lowers LDL oxidation. These substances also alter the 

hepatic level of cholesterol and the synthesis and gen-

eration of triglycerides. In addition, quercetin af-

fectscholesterol absorption in the liver, the formation 

and release of triglycerides, and the activity of phos-

phodiesterases in both fatty tissue and the liver 

(Papakyriakopoulou et al., 2022). 

The ability of thyroid hormone to lower saturated fat 

and triglycerides levels in animals’nd experimental 

medical studies through genetic control  related to lipid 

metabolic activity (Huixing and Daoquan,2022) and 

quercetin's role in reducing overall hepatic lipogenesis 

(Shabbiret al2021) are both other hypotheses that 

could explain quercetin's role in lowering atherogenic 

indicators. 

Conclusion  

The present study concluded that quercetin not only 

helped reduce the negative side effects of sodium ni-

trite therapy but also helped boost the beneficial effects 

of the treatmentlowering glucose levels and insulin re-

sistance, reducing hyperlipidemia and improving thyroid 

hormone levels in Wistar albino rats exposed to sodium 

nitrite. 
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