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 The present study investigated the effect of supplementation of 

quercetin on changes in body weight, lipid peroxidation and antioxidant 

enzymes activities gastrocnemius muscular tissues in different rat ages 

(1M & 10M). Average body weight of experimental rats was as follows: 

1M (28.37±2.52g), & 10M (211.45±12.14g). Male rats were divided 

into two groups: control rats (C1M, C10M), fed on laboratory regular 

diet, and quercetin treatments (Q1M꞊0.108 mg, Q10M꞊0.86mg). It was 

observed that the daily weight gain in quercetin group was higher than 

that of control group. ln addition to normal growth, food consumption, 

and muscle mass, rat treated with the quercetin enriched diet did not 

exhibit obvious signs of toxicity including failure to groom or lethargy. 

Importantly, supplementation with quercetin did not result in 

unexpected deaths. Quercetin treatment increases the content of GPx in 

(1M) by 22.45%, but decreasing GPx by 25.32% for 10M, when 

compared with values of the control group. Quercetin treatment 

increases the content of SOD at different ages by 16.2% & 68.15%, for 

1M & 10M, respectively, when compared with values of the control 

group. It was found that tissue MDA was increased by 168.8% & 

110.0% at 1M & 10M, respectively, when compared with value of 

control 1M. When comparing quercetin treatments at different ages, it is 

noted the MDA content of muscular tissues decrease by 35.9% at 10M, 

when compared with values of quercetin treatment 1M. Skeletal muscle 

of non-treated animal (10M) showing marked hyalinization and 

fragmentation of muscle fibers whereas Skeletal muscle of Quercetin-

treated animal (10M) showing focal hyalinization of muscle fibers while 

the remaining bundles were within normal. Conclusion: Quercetin could 

be used as anti-aging modulator against changes in gastrocnemius 

muscle resulted in aging. 
© Faculty of Science, Tanta University 2018 

 

List of Abbreviations: 

1M=one month,  

10M=ten months, 

SOD=superoxide dismutase, 

GPx= glutathione 

peroxidase, 

MDA= malondialdehyde 

 

1. Introduction 

Quercetin (3,3',4',5,7-pentahydroxyflavone) is 

a natural polyphenolic flavonoid commonly 

found in a sugar bonding form such as 

quercetin-3-glucoside (Q3G) or quercetin-4-

glucoside (Q4G). Flavonoids are found in 

leaves, flowers, roots, seeds, nuts, and barks 
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and fulfill many biological functions 

including UV protection, pigmentation and 

antimicrobial defense. Quercetin levels in 

plants positively correlated with exposure to 

UVB radiation and its accumulation has been 

considered a natural protection against UV 

induced damage.  

Quercetin is present in a number of plant-

derived foods. Apples with their skin (4.42 

mg/g), raw celery (3.50 mg/g), raw chives 

(4.77 mg/g), unsweetened cocoa (20.13 mg/g), 

cookedonion (19.36 mg/g), yellow chili 

peppers (50.63 mg/g), dill (55.15 mg/g), and 

especially canned capers (180.77 mg/g) are 

food items that contains a higher-than-

average content of quercetin (Garg et al., 

2001). Quercetin expresses several 

physiological functions including antioxidant, 

anti-hyperglycemic, anti-inflammatory, 

cytoprotective, hepatoprotective and 

inhibition of lipopolysaccharide-induced 

nitric oxide production.  In the gut quercetin 

is formed through hydrolysis of rutin by 

intestinal microorganisms. Studies in 

syndrome and diabetes have suggested its 

potential in the treatment of metabolic 

syndrome and diabetes.  

Flavonoid antioxidants may act by a variety 

of ways including trapping of oxygen-

centered radicals, inhibition of enzymes 

involved in their production, chelation of 

transition metal ions involved in radical-

forming processes such as the Fenton reaction, 

and regeneration of membrane-bound 

antioxidants such as α-tocopherol (Bors et al. 

1990, Harborne, 1994). 

The purpose of this study was to investigate 

the effect of short-term supplementation of 

quercetin (14 days) on body weight gain, and 

oxidative markers the gastrocnemius muscles 

of rats of different ages. 

2. Material and Methods 

2.1. Experimental animals 

Albino male rats (N = 28) were divided into 2 

groups as follows: 14 mice one month old 

(36.42 ± 2.43 g) &14 mice ten months-old 

(229.28 ± 24.90g), as shown in (Table 1).  

Each group divided into 2 subgroups each 

consist of 7 rats fed a laboratory regular diet 

(Protein 25%, Fat 5.0%, Carbohydrate 47.5%, 

Crude fiber 5.3%, Ash 7.0%), and the other 

subgroup fed a Lab. regular diet + quercetin 

which was suspended in distilled water and 

given orally after two weeks allowed for 

acclimation to experimental conditions. Each 

subgroup of mice was singly housed in cages 

in controlled environmental conditions (22-

25°C), with a 12-12 h light-dark cycle. Rats 

were arranged as follows: 

1. Control (C1), (C10). 

2. Experimental quercetin group (Q1=0.108 

mg/ml, Q10=0.86 mg/ml). All these 

treatments equivalent to 4 mg quercetin / 

kg body weight / day. 

 

2.2. Sampling 

Random tissue specimens were collected 

from gastrocnemius muscles of treated and 

control groups under strict hygienic conditions 

to minimize the contamination or autolysis of 

the samples, then quickly either frozen in 

liquid nitrogen before storing at -80 °C to be 

used for RNA extraction or preserved in 

neutral buffered formalin solution (10%) for 

immunohistochemistry. 

2.3.Biochemical analysis 

The biomarkers, MDA levels, SOD, and GPx 

activities, were evaluated. Superoxide 

dismutase (SOD) activity was determined by 

measuring the decrease in hydrogen peroxide 

(H2O2) concentration, with a method 

described by (Nishikimi et al. 1972). Results 

were expressed as mU/ ml. Glutathione 

peroxidase (GPx) enzyme activity whose 

main biological role is to protect the organism 

from oxidative damage was measured 

according to the method described by 

(Beutler et al. 1963). Results were expressed 

as mg / g tissue. Tissue malondialdehyde 

activity (MDA) levels, which reflect lipid 

peroxidation rate, were measured according to 

the method described by (Satoh, 1978 

&Ohkawa et al. 1979). Results were 

expressed as nmol/g tissue. Total protein was 

measured according to the method described 

by (Cornal et al. 1949). Results were 

expressed as g/dL. 



 

79 Evaluation of skeletal muscle changes during aging 

3. Results 

3.1. Body weight gain 

Average body weight gain in control groups 

were 47.85 ± 3.28 g& 25.42 ± 3.59 g for 

1M&10M, respectively. The daily weight 

gain follows the same trend (1.06 ± 0.07 g& 

0.59 ± 0.19 g/day) (Table 1, Fig 1). 

Average body weight gain in quercetin 

enriched diet groups were 39.57 ± 4.03 g & 

33.14 ± 5.55 g/day for 1M & 10M, 

respectively. The daily weight gain follows 

the same trend (2.63 ± 0.27 g & 2.21 ± 0.37 

g/day) (Table 1, Fig 2). It was observed that 

the daily weight gain in quercetin group was 

higher than that of control group. In addition 

to normal growth, food consumption, and 

muscle mass, rats treated with the quercetin 

enriched diet did not exhibit obvious signs of 

toxicity including failure to groom or lethargy. 

Importantly, supplementation with quercetin 

did not result in unexpected deaths. 
 

Table 1: Average body weight gain in control & quercetin treatments 

Initial wt. (g) Final wt. (g) Wt. gain (g) Wt. gain (g/day) 

C1M 36.42 ± 2.43 Q1M 76.00 ± 4.51 39.57 ± 4.03 2.63 ± 0.27 

C10M 229.28 ± 24.90 Q10M 262.42 ± 21.36 33.14 ± 5.55 2.21 ± 0.37 

 

 

Figure (1): Effect of quercetin treatment on 

body gain in different ages mice. 

Figure (2): Effect of quercetin treatment on 

daily weight gain in different ages mice. 

 

3.2.Oxidative Markers 

3.2.1. Glutathione peroxidase (GPx) 

Results show a slight increase in glutathione 

peroxidase GPx enzyme activity in muscular 

tissues in control groups at different ages. 

Quercetin treatment increase the content of 

GPx in (1M) by 22.45%, but decreasing GPx 

by 25.32% for 10M, when compared with 

values of the control group (Table 2, Fig. 3). 

3.2.2. Superoxide dismutase (SOD) 

Results show a slight increase in superoxide 

dismutase SOD enzyme activity in muscular 

tissues in control groups at different ages, 

where control (1M) shows the lowest values 

and control (10M) shows the highest values. 

Quercetin treatment increases the content of 

SOD at different ages by 16.2%&68.15%, for 

IM& 10M, respectively, when compared with 

values of the control group (Table 2, Fig. 4). 

3.2.3. Malondialdehyde (MDA) 

MDA content of muscular tissues of control 

rats (1M) decreases by 18.51%, when 

comparing with control (10M) values. 

Treatment of Quercetin increased the levels of 

muscle tissue MDA level comparing with 
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control. It was found that tissue MDA was increased by 168.8% &110.0% at 1M& 10M, 

respectively, when compared with value of 

control 1M. When comparing quercetin 

treatments at different ages, it is noted the 

MDA content of muscular tissues decrease by 

35.9% at 10M, when compared with values of 

quercetin treatment 1M. These means that 

there were defenses in MDA content at 

different ages of rats (Table 2, & Fig.5). 

 

3.2.4. Total Protein 

The total protein concentration in the 

muscular tissues of rats was found to be 

slightly increase in the control group at 

different ages of rats. Quercetin treatments 

increased the total protein concentration in 

muscular tissues of rats at different ages. The 

percent increase in protein content in 

quercetin treatments were 50.3% & 24.39% 

where compared with values of control at 1M 

& 10M, respectively (Table 2, & Fig 6). 

Table 2: Antioxidant parameters & total protein in tissue muscles in control & 

quercetin treatments of different mice ages. 

Experimental 

groups 

GPx 

mU / ml 

SOD 

mU / ml 

MDA 

nmol /g tissue 

PROTEIN 

g / dL 

C (1M) 52.23 ± 5.68 11.53 ± 0.93 27.00 ± 3.60 0.78 ± 0.11 

Q (1M) 63.96 ± 6.54 13.40 ± 1.71  72.60 ± 11.49 1.57 ± 0.35 

C (10M) 56.33 ± 1.15 13.16 ± 1.05 22.00 ± 3.0 0.93 ± 0.06 

Q (10M) 55.83 ± 8.43  22.70 ± 3.46 46.33 ± 5.13 1.23 ± 0.30 

 

 
 

Figure (3): Effect of quercetin on glutathione 

peroxidase GPx enzyme activity. 

Figure (4): Effect of quercetin on superoxide 

dismutase SOD enzyme activity. 
 

 
Figure (5): Effect of quercetin on 

malondialdehyde MDA level. 

Figure (6): Effect of quercetin on total protein 

in tissue muscle. 
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3.3. Tissue cytological changes

Representative (H&E stained) histology of 

gastrocnemius muscle of rats treated for 15 

days with different doses of quercetin at the 

end of experiment (Fig. 7-10). 

 
Figure (7): Skeletal muscle of non-treated 

animal (1 M) showing loss of the muscle fiber 

striation, hyalinization of muscle bundles and 

fragmentation of muscle fibers, H&E, X200 

Figure (8): Skeletal muscle of Quercetin-

treated animal (1M) showing focal myolysis 

of skeletal muscle fibers (arrowhead), H&E, 

X200.  

 
Figure (9): Skeletal muscle of non-treated 

animal (10M) showing marked hyalinization 

(arrowhead) and fragmentation of muscle 

fibers, H&E, X200 

Figure (8): Skeletal muscle of Q-treated 

animal (10M) showing focal hyalinization of 

muscle fibers (arrowhead) while the 

remaining bundles were within normal, H&E, 

X200.  

4. Discussion 

The results of this study show that he body 

weight in control and quercetin treated 

animals at different ages increased 

consistently and no decrease in body weight 

was observed throughout the experimental 

period. It was observed that the daily weight 

gain in quercetin treatment group was higher 

than that of control group by 148% &275% 

for 1M& 10M, respectively. In addition to 

normal growth, food consumption, and 

muscle mass, rats treated with the quercetin 

enriched diet did not exhibit obvious signs of 

toxicity including failure to groom or lethargy. 

Importantly, supplementation with quercetin 

did not result in unexpected deaths. 

 

In this study, the effect of dietary quercetin at 

a rate of 4 mg / kg body weight per day on 

growth performance and oxidative markers 

body weight per day on growth performance 

and oxidative markers in the gastrocnemius 

muscular tissues of rats of different ages were 

in the gastrocnemius muscular tissues of rats 

of different ages were examined. Several 

studies have promoted quercetin as excellent 

antioxidants in vivo (Maalik et al. 2014; 

Dong et al 2014; Alrawaiq& Abdullah 

2014). Separately from its antioxidant 

capacity, quercetin also possesses antitumor 

activity against different cancer cell types 

(Kanadaswami et al. 2005).  
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Lipid peroxidation results in cellular injury, 

causing structural and functional alterations in 

the cells (Gulcin et al. 2003 & Henderson et 

al. 2010). SOD and GPx are known as 

endogenous antioxidants, and the first-line 

defense mechanism against free radical 

damage (Glucin et al. 2002; Birdane et al. 

2007). These enzymes catalyze the 

conversion to less reactive species of the 

derived-oxygen radicals (Elmastas et al. 

2006). SOD is an important part of the 

antioxidant defense for the organisms. When 

the extreme O2
− occurs, SOD reduces the 

amount of superoxide radicals (O2
−) by 

converting to oxygen (O2) and hydrogen 

peroxide (H2O2) (Bannister et al. 1987; 

Elmastas et al. 2006). GPx protects the 

tissues against free radicals by limiting lipid 

peroxidation. Furthermore, measurement of 

changes in antioxidant enzyme activity can 

give an idea about the amount of ROS, 

indirectly (Şentürk et al. 2008). Quercetin 

obviously, induced SOD and GPx gene 

expressions as well as enhanced their enzyme 

activities. Additionally, quercetin reduced the 

increased MDA and protein carbonyl levels 

(Almaghrabi, 2014). 

In this study, GPx in control (1M) rats 

increased by 22.45%, but decreasing by 

25.32% in 10M rats, when compared with 

values of the control group. SOD increased by 

16.2%, & 68.15% for IM& 10M rats, 

respectively, when compared with values of 

the control when comparing quercetin 

treatments at different ages, it is noted the 

MDA content of muscular tissues decrease by 

58.0% at 10M rats, when compared with 

values of quercetin treatment 1M. 

Studies by Molina et al. (2003) tested the 

effect of quercetin on mice showed that 

quercetin has a protective effect against 

oxidative stress in hepatic tissues by 

increasing the ratio of GSH/GSSG. The 

results also show higher GPx activity in liver 

compared with the control group. Also, the 

level of hepatic SOD, GR has also been 

improved, and the level of malondialdehyde 

(MDA) which is a marker for lipid 

peroxidation in liver has been decreased by 

the quercetin treatment. In another study, 

Galvez et al. (1994) used orally administrated 

quercetin on rats. The result showed that 

compared with the control group, the 

treatment group has higher GSH/GSSG ratio 

in hepatic tissue. Meyers et al. (2008) 

demonstrated that both dietary quercetin and 

dietary dried onion have an effect on 

upregulation of GSH/GSSG ratio in liver, but 

the effect was not found in cardiac tissues or 

plasma. The study conducted by Coskun et al. 

(2005) on diabetic rats shows that the activity 

of GPx in pancreatic homogenates increased 

significantly. Another study using diabetic 

rats conducted by Sanders et al. (2001) also 

shows that a dose of 10 mg/kg/day quercetin 

lead to an increase of renal and cardiac GPx 

activity. 

Another study conducted on rats also shows 

the improved oxidative status in liver by 

dietary quercetin treatment (Odbayar et al., 

2009). Study conducted by Van Le Thanh., 

et al. (2016) demonstrated the protective 

effect of quercetin on pig liver. Other studies 

have also showed the effect of quercetin 

treatment on liver by the increased 

GSH/GSSG ratio, regulation of related 

enzymes, and reduced lipid oxidation (Galvez 

et al., 1994; Meyers et al., 2008; Olayinka 

et al., 2014; Sanders et al., 2001). 

Skeletal muscles of non-treated rats at age 

1M& 10M show marked Caspace3 

immunostaining (degree ++& (degree +++++), 

respectively; whereas quercetin treatment rats 

at age 1M& 10M showing decrease of 

Caspace3 immunostaining (degree +) & 

(degree +++) respectively when compared to 

normal (untreated) rats at the same age. 
 

5. Conclusion 

From a critical evaluation of the available 

literature on the biological effects of quercetin, 

including data related to safety, it may be 

concluded that quercetin, at estimated dietary 

intake levels, would not produce adverse 

health effects. 
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