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Abstract  

Background:  Myopathy is a common associated diabetic  
complication due to hyperglycemia and insulin resistance.  

Quercetin acts as reactive oxygen species' scavenger and  

peroxidation reactions' suppressor which causes development  
of diabetic complications.  

Aim of Study: We investigated the possible improving  
effect quercetin on glycemic state, insulin resistance & skeletal  

muscle performance in type 2 diabetic male rats and tried to  

elucidate the possible underlying mechanisms.  

Patients and Methods:  Thirty rats were randomly divided  

into three groups; non-diabetic, diabetic non-treated & quer-
cetin treated groups. Type 2 diabetes mellitus was induced  
by adding 10% fructose for 2 weeks followed by single  

intraperitoneal injection of streptozotocin as a consequence  

of hyperglycemic insulin resistance. Quercetin was given in  

a dose of 50mg/kg body weight orally for 4 weeks. After the  

end of the 4-week experimental period, fasting serum glucose,  

glycosylated hemoglobin, fasting serum insulin, HOMA-IR  
index, serum TNF-α , MDA, total antioxidant capacity, Gast  
wt/Tib L ratio, the strength of muscle contraction at the start  

and after 30min activity & glucose uptake by the muscle  

during 30min activity and after 30min recovery were assessed.  

Results:  Fructose & Streptozotocin administration signif-
icantly increased fasting serum glucose, glycosylated hemo-
globin (HbA1C), fasting serum insulin, HOMA IR index,  
confirming successful establishment of Type 2 diabetes Mel-
litus model. Also increased serum MDA, TNF- α  and decreased  
total antioxidant capacity associated with decreased Gast wt/  
Tib L ratio, decreased the strength of muscle contraction at  

the start and after 30min activity and reduced glucose uptake  

by the muscle during 30min activity and after 3 min recovery  

indicating occurrence of myopathy. Quercetin supplementation  
significantly improved the previously measured parameters  

compared to diabetic non-treated group.  

Conclusion:  Quercetin improving effect against myopathy  
complicating induced type 2 diabetes mellitus may be linked  
to its antioxidant and anti-inflammatory effect with reduced  

hyperglycemia and insulin resistance.  
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Introduction  

DIABETES  Mellitus (DM) is a metabolic disease  
characterized by chronic hyperglycemia due to  
insulin deficiency, resistance, or both. Diabetic  

complications affect patients' quality of life with  

changes in morbidity and mortality result in major  
health costs [1] . The core pathophysiological feature  
in type 2 diabetes mellitus is insulin resistance,  

with increased hepatic glucose production and  

decreased glucose uptake leading to chronic hy-
perglycemia; a clinical hallmark of diabetes mellitus  

[2] .  

Myopathy is a common associated diabetic  

complication due to hyperglycemia and insulin  
resistance. Myopathy characterized by loss of  

muscle mass and strength with a reduction in  

vitality, poor mobility and physical function [1] .  
Because of the key role of skeletal muscle on  
locomotion and glucose homeostasis, it is believed  
that myopathy contributes to the progression of  

additional diabetic complications [3] .  

Diabetes mellitus is associated with oxidative  

stress which is due to overproduction of reactive  

Abbreviations:  

ANOVA : Analysis of Variance.  
DM : Diabetes Mellitus.  
Gast wt/Tib L 

 

: Gastrocnemius Weight to Tibial Length Ratio.  
GLUT4 : Glucose Transporter 4.  
HbA1C : Glycosylated Hemoglobin A1C.  
HOMA-IR 

 

: Homeostatic Model Assessment Insulin  
Resistance Index.  

MDA : Malondialdehyde.  
rpm : Rotation per minute.  
STZ : Streptozotocin.  
TNF-α : Tumor necrosis factor-alpha.  
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oxygen species as well as a significant reduction  

in antioxidant defense system, participating in  
evolution of insulin resistance and diabetic com-
plications [4] . Inflammatory processes also are also  
involved in the progression of diabetes and the  

development of diabetic complications [5] .  

Quercetin, abundant in apples, onions and tea,  
is a powerful antioxidant that has the potential to  

improve insulin action [6] . Quercetin acts as reactive  
oxygen species' scavenger and peroxidation reac-
tions' suppressor, exhibits a broad range of phar-
macological activities such as anti-inflammatory,  
anti-oxidant, anti-tumor & immunomodulatory. So  

it may be helpful in prevention and management  

of many conditions such as diabetes [7] .  

The aim of the present investigation was to  

study the possible improving effect quercetin on  

glycemic state, insulin resistance & skeletal muscle  

performance in type 2 diabetic male rats and to  

elucidate the possible underlying mechanisms.  

Material and Methods  

This study was conducted at Physiology De-
partment during study period of Jun. 2016 to Oc-
tober 2017.  

Chemicals:  D-Fructose (Technogene Company,  

Egypt), Streptozotocin (Sigma Chemical Company,  
USA), Quercetin (Sigma Chemical Company In-
dia), Chemicals used for preparation of Krebs  

solution (Altogaria, Company, Egypt). Kits for  
estimation of glucose in the bathing solution &  
serum (Biodiagnostic Company, Egypt), Kits for  
estimation of glycosylated hemoglobin (stanbio  

glycohemoglobin, Egypt), Kits for estimation of  

insulin (DRG Instruments GmbH, Germany), Kits  
for estimation of serum TNFot  (Assaypro company,  
U.S.A.), Kits for estimation of total antioxidant  
capacity (Bio-diagnostic Company, Egypt), Kits  

for estimation of MDA (Bio Diagnostic Company,  
Egypt).  

Animals and experimental design:  
This study was conducted in accordance with  

the regulations of Animal Experimentation Ethics  
Committee of Faculty of Medicine Menoufia Uni-
versity. Thirty adult male albino rats of local strain,  

weighing 120-150 grams each were used. Rats  
were housed in standard conditions with a natural  
light-dark cycle and were caged in a wire mesh  

ventilated cages with free access to food and water  

throughout the study period. Rats were divided  
equally into the following three experimental  
groups (n=10) as follows:  

I- Non-diabetic group:  Normal rats with fasting  
blood glucose level less than 110mg/dl were given  

standard rat chow diet and water ad libitum.  

II- Diabetic non-treated group:  Type 2 diabetes  
was induced by adding 10% fructose in drinking  

water ad libitum for two weeks. After two weeks  

of dietary manipulation, this group received a  
single intraperitoneal injection of Streptozotocin  

(STZ) (40mg/kg b.w.) dissolved in 0.2ml of 10  
mmol/l citrate buffer (pH 5.5) [8] . 0.5ml dextrose  
5% was given intraperitoneally 30 minutes before  

STZ injection as a protective dose and rats were  

supplied with sucrose in the drinking water (10%)  
to avoid sudden hypoglycemia after injection [9] .  
Fasting blood samples were taken from rat tails  
after 2 days of streptozotocin administration. Rats  

with fasting blood glucose levels >200mg/dl were  

considered diabetic [10] . Rats of this group were  
given standard rat chow diet and water ad libitum  

& were left for 4 weeks.  

III- Diabetic quercetin-treated group:  Diabetic  
rats were given quercetin in a dose of 50mg/kg  
body weight orally for 4 weeks. The drug was  

dissolved in distilled water and was given orally  
by gavage [11] .  

At the end of the experimental period (4 weeks),  
rats were fasted overnight and blood samples were  
collected from the retro-orbital venous plexus from  

each rat using a fine heparinized capillary tube. 4  

milliliters of blood were taken & divided into 2  
tubes equally. The first tube was left for clotting  
at room temperature in a water bath for 10 minutes,  
and then centrifuged at 4000 rotation per minute  

(r.p.m.) for 10 minutes. Serum was frozen at –20  

until needed for subsequent analysis. The second  

tube, blood was collected into EDTA tube, this  
fraction was used for estimation of Glycosylated  

hemoglobin (HbA 1 c). Lastly, rats were sacrificed  

by cervical dislocation and hemi-diaphragm sample  
was prepared according to the method Bülbring  

and Chou [12]  for in vitro skeletal muscle perform-
ance assessment.  

In vitro skeletal muscle performance assessment  

[12] : The hemi-diaphragm preparation was placed  
in organ bath & mounted to isometric transducer  
connected to the 4 channel oscillograph (Harvard,  

UK). Direct repetitive stimulation (2 impulse/sec)  

of the hemi-diaphragm sample was done for 30  
minutes. Strength of muscle contraction was meas-
ured at the start & after 30 minutes of activity of  

prepared strip. Glucose uptake by muscle during  

30 minutes activity & 30 minutes recovery was  
done by taking samples from the bathing solution.  
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After that gastrocnemius muscle was dissected  

from its bone attachment & weighed. The tibia  

was freed from the surrounding tissues. Gastroc-
nemius weight per unit of tibial length (Gast wt/  

Tib L) was calculated [13] .  

Techniques of biochemical analysis:  
Estimation of glucose level  [14] :  

Fasting blood glucose level (FBG) (mg/dl) was  
determined colorimetrically using a test reagent  

kit after being oxidized enzymatically to yield a  
red violet quinoneimine.  

Estimation of Glycosylated hemoglobin (HbA1 c)  

[15] : It was estimated by using kit reagent. We  
measured the ratio of absorbance values of the  

HbA1 and of the total Hb at 415nm in a prepared  
hemolyzed blood sample mixed with a weakly  
binding cation-exchange resin.  

Estimation of Insulin levels and determination  
of insulin resistance  [16] : Insulin level (µU/ml)  
was measured using solid phase Enzyme-Linked  

Immunosorbent Assay (Elisa) based on the sand-
wich principle.  

Homeostasis Model Assessment index (HOMA-
IR): Insulin resistance was estimated by homeos-
tasis model assessment index (HOMA-IR): Insulin  
(µU/ml) X glucose (mg/dl) ÷  405.  

Estimation of serum tumour necrosis factor  
alpha (TNFα)  [17] : The determination of TNF α  
by ELISA kits depends on monoclonal antibody  

specific for TNF-α  coated into microplate with  
removable strips.  

Estimation of Total Antioxidant Capacity (TAC)  

[18] :  The determination of the anti-oxidative capac-
ity is performed by the reaction of antioxidants in  
the sample with a defined amount of H2O2  with  
measuring the residual H2O2  calorimetrically by  
an enzymatic reaction, which involves the conver-
sion of 3, 5 dichloro-2-hydroxy benzenesulphonate  
to a colored product.  

Estimation of serum MDA  [19] : Estimation of  
Malondialdehyde (MDA) was done by assessing  

thiobarbituric acid reactive products, as oxidative  

stress markers measuring the peroxidation of fatty  

acids by using test reagent kits.  

Statistical analysis:  
The data were tabulated and analyzed by SPSS  

(statistical package for the social science software)  

using statistical package Version 20 on IBM com-
patible computer. Quantitative data were expressed  
as mean ±  standard error of mean (X ±  S.E.M).  

Data from control and test groups were compared  
using one way ANOVA, followed by Turkey post  
Hoc test, probability value of less than 0.05 was  

considered as statistically significant ( p<0.05).  

Results  

Serum biochemical analysis:  

Fasting serum glucose, glycosylated hemoglob-
in (HbA1C) and HOMA-IR in diabetic non-treated  

group were significantly higher ( p<0.05) compared  
to their corresponding levels in non-diabetic group,  

while these parameters in diabetic quercetin-treated  

were significantly lower (p<0.05) compared to  
their corresponding levels in diabetic non-treated  

group.  

Fasting serum insulin level in diabetic non-
treated and diabetic quercetin-treated groups were  

significantly higher (p<0.05) compared to their  
corresponding levels in non-diabetic group (Table  

1).  

Serum MDA and TNF-α  in non-diabetic group  
were significantly higher (p<0.05) in diabetic non-
treated group compared to their corresponding  

levels in non-diabetic group, while these parameters  
in diabetic quercetin-treated were significantly  

lower (p<0.05) compared to their corresponding  
levels in diabetic non-treated group (Table 1).  

Serum total antioxidant capacity of diabetic  

non-treated group was significantly lower (p<0.05)  
compared to their corresponding level in non-
diabetic group, while this parameter in diabetic  

quercetin-treated was significantly higher ( p<0.05)  
compared to their corresponding level in diabetic  
non-treated group (Table 1).  

In vitro skeletal muscle performance:  
The ratio of gastrocnemius weight to tibial  

length in gm/cm of diabetic non-treated group was  
significantly lower (p<0.05) compared to their  
corresponding level in non-diabetic group, while  
this parameter in diabetic quercetin-treated was  

significantly higher (p<0.05) compared to their  
corresponding level in diabetic non-treated group  

(Table 2).  

Glucose uptake by diaphragm after 30min ac-
tivity and after 30min recovery in diabetic non-
treated group were significantly lower (p<0.05)  
compared to their corresponding levels in non-
diabetic group, while these parameters in diabetic  
quercetin-treated were significantly higher ( p<0.05)  
compared to their corresponding levels in diabetic  
non-treated group (Table 2).  
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Table (1): Serum glucose, glycosylated hemoglobin (HbA1C),  
insulin, HOMA-IR, MDA, Serum total antioxidant  
capacity and TNF-α  level in non-diabetic, diabetic  
non-treated and diabetic quercetin-treated groups.  

Non- Diabetic Diabetic  
diabetic  non-treated quercetin-treated  

• Fasting serum  75.16  271.83*  172.83 *#  
glucose (mg/dL).  ± 1.30  ±4.57  ±2.75  

• HbA1c (% of  4.41  12.8*  9.05*#  
normal Hb).  ±0.24  ±0.27  ±0.31  

• Fasting serum  10.07  14.93*  14.65*  
Insulin (µU/ml).  ±0.3 8  ±0.30  ±0.23  

• (HOMA-IR)  1.86  10.15*  6.25*#  
index.  ±0.052  ±0.253  ±0.107  

• Serum TNF-α  20.78  57.8*  32.37 *#  
(pg/ml).  ±0.31  ±0.43  ±0.56  

• Total antioxidant  1.94  0.72*  1.49*#  
capacity (m  
mol/L).  

±0.03  ±0.02  ±0.05  

• Serum MDA  2.83  9.24*  5.18*#  
(µmol/L).  ±0.09  ±0.12  ±0.104  

Data were expressed as mean ±  S.E. (n=10).  
One way ANOVA: *p<0.05, vs non-diabetic.  
#: p<0.05, vs. diabetic non-treated group.  

Strength of contraction of diaphragm at the  
start and after thirty minutes of activity in diabetic  
non-treated group were significantly lower ( p<0.05)  
compared to their corresponding levels in non- 

Table (2): Ratio of gastrocnemius weight /tibial length (gm/cm),  
glucose uptake by diaphragm (mg/g tissue) after  
30min activity & after 30min of recovery in non-
diabetic, diabetic non-treated and diabetic quercetin-
treated groups.  

Non- Diabetic Diabetic  
diabetic  non-treated quercetin-treated  

• Ratio of  0.93  0.65*  0.75 *#  
gastrocnemius  ±0.006  ±0.011  ±0.009  
weight/tibial  
length (gm/cm)  

• Glucose uptake  6.02  1.94*  3.43 *#  
by diaphragm  ±0.21  ±0.13  ±0.09  
(mg/g tissue) after  
30min activity  

• Glucose uptake  4.72  1.58*  2.47*#  
by diaphragm  ±0.23  ±0.08  ±0.06  
(mg/g tissue) after  
30min of  
recovery  

Data were expressed as mean ±  S.E. (n=10).  
One way ANOVA: *p<0.05, vs non-diabetic.  
#: p<0.05, vs. diabetic non-treated group.  

diabetic group, while these parameters in diabetic  
quercetin-treated were significantly higher (p<0.05)  
compared to their corresponding levels in diabetic  
non-treated group Fig. (1).  
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Fig. (1): (A) Strength of contraction of hemi-diaphragm (g tension) at the start and after 30min activity of repeated direct  

electrical stimulation (2 impulse/sec) in all experimental groups. (B) Non-diabetic, (C) Diabetic non-treated, (D)  
Diabetic quercetin-treated.  

Data were expressed as mean ±  S.E. (n=6-8).  One way ANOVA: *p<0.05, vs. non-diabetic.  #p<0.05, vs. diabetic non-treated group.  
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Discussion  

Diabetic myopathy is a relatively understudied  
complication of diabetes mellitus, but is believed  

to directly influence the rate of development of  

associated morbidity [20] . The muscle becomes  
functionally impaired as demonstrated by a decline  
in muscle strength [21,22] , and “metabolically  
inflexible” as switching between fat and carbohy-
drate oxidation in response to insulin can't occur  

easily [23] .  

In the present investigation, type 2 diabetes  

mellitus complicated with myopathy was success-
fully established by adding 10% fructose for 2  

weeks followed by single intraperitoneal injection  

of Streptozotocin (STZ), as evidenced by; signifi-
cant increase in fasting serum glucose, glycosylated  

Hemoglobin (HbA1C), fasting serum insulin and  

HOMA IR index. While Gast wt/Tib L ratio, the  
strength of muscle contraction at the start and after  

30min activity & glucose uptake by the muscle  

during 30min activity and after 30min recovery  

were significantly lower in type 2 diabetic non-
treated group when compared to the corresponding  

values of non-diabetic group.  

The developed insulin resistance evidenced by  

significant increase in fasting serum glucose, gly-
cosylated hemoglobin (HbA1C), fasting serum  
insulin and HOMA IR index in diabetic non-treated  
group in the present investigation was induced by  
adding 10% fructose in drinking water ad libitum,  
respectively for two weeks [8] . Fructose loads have  
been found to decrease the number of insulin  

receptors, and subsequent insulin resistance [24] .  
It may also induce skeletal muscle insulin resistance  
[25] . The associated hyperinsulinemia may be ex-
plained by Wilson & Islam [8]  as fructose minimizes  
the oxidative damage on pancreatic b-cells when  
concomitantly given with Streptozotocin better  

than the oxidative stress that would be produced  
by the individual agents alone.  

Diabetic myopathy characterized by reduced  

muscle size, function and metabolism was evi-
denced in this investigation by the reduced Gast  

wt/ Tib L ratio, the strength of muscle contraction  

at the start and after 30min activity & glucose  

uptake by the muscle during 30min activity and  

after 30min recovery. The reduction of strength of  

muscle contraction & its glucose uptake of diabetic  

non-treated group can be explained by insulin  
resistance in striated muscle. This insulin resistance  
possibly induced by generation of inflammatory  

mediators [26] . TNF-α  is a key marker of inflam-
mation whose expression is unregulated in the  

adipose tissue and/or skeletal muscle of both obese  

insulin resistant human subjects and experimental  
animal models [27] . Fernandez-Real & Pickup [28]  
reported that TNF-α  induces insulin resistance by  
down-regulating the insulin signaling cascade.  

The statistically significant increase in MDA  
level & decrease in antioxidant enzymes also play  

an important role in the development of insulin  

resistance and may be induced by hyperglycemia.  

Various consequences of oxidative stress in diabetic  
subjects involve accumulation of malondialdehyde  

[29] . The skeletal muscles of the diabetic group  
suffer from damaging effects of the ROS and this  

leads to decline in their contractile functions.  

Treatment of diabetic rats with quercetin (50  

mg/kg B.W.) daily for 4 weeks, revealed statistical  

significant reduction of fasting serum glucose,  
glycosylated hemoglobin (HbA1C), HOMA IR  

index denoting improvement of hyperglycemia and  
insulin resistance.  

Quercetin is one of the most potent antioxidants  
effective in reducing reactive oxygen species in  

vitro and in vivo [30] . The hypoglycemic effect of  
quercetin may be due to its antioxidant property  

[31] ; this was proved by statistically significant  

elevation in the total antioxidant capacity & statis-
tically significant decrease in MDA level of quer-
cetin-treated group when compared to the corre-
sponding values of diabetic non-treated group seen  

in the present investigation.  

Regarding serum insulin level the result of the  
present investigation were in agreement with Saad  

et al., [32] , who reported that by the end of the  
treatment period, all diabetic groups (untreated  
and treated) exhibited a significantly higher serum  

insulin levels despite the significant decline in the  

insulin resistance index.  

Quercetin also improved the myopathy associ-
ated with type 2 diabetes as evidenced by; the  

significant increase in Gast wt/Tib L ratio, the in-
vitro strength of contraction of diaphragm at the  

start and after 30min activity & glucose uptake by  
the diaphragm after 30min activity and 30min  

recovery. Eid et al., [33]  suggested that to improving  
glucose uptake by the muscle & adipose tissue  
through stimulating GLUT4 translocation and  

expression in skeletal muscle reduces the hyperg-
lycemia. Quercetin stimulates GLUT4 translocation  

and expression in skeletal muscle, by mechanisms  
associated with the activation of AMP-Activated  

Protein Kinase (AMPK) rather than insulin-
dependent pathways.  
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The improved strength of skeletal muscle con-
traction in diabetic quercetin-treated group seen  

in the present investigation can be also explained  

by the anti-oxidant effect of quercetin. This was  

proved by the significant reduction of serum MDA  
level which is a lipid peroxidation marker & sig-
nificant elevation in the total antioxidant capacity  

of diabetic quercetin-treated group when compared  
to the corresponding values of diabetic non-treated  

group. Prochazkova et al., [34]  revealed that the  
antioxidant properties of quercetin and other fla-
vonoids compounds are thought to be particularly  
due to their scavenging ability.  

The significant reduction of TNF-a  in quercetin-
treated group can explain the improvement in  

muscle strength and glucose uptake. Anhe et al.,  
[6]  found that improvement in insulin sensitivity  
has been reported by intraperitoneal administration  

of quercetin in mice, subsequently a reduction in  
inflammation was reported which was attributed  

to the insulin resistance. Beneficial effects of  

quercetin and its derivatives against inflammation,  
in vivo models suggest that it is a potent anti-
inflammatory agent. The reduction of TNF-a , the  
associated reduction in insulin resistance and the  
increased expression of GLUT4 in skeletal muscles  

[33] , lead to increased glucose uptake hence im-
proved strength of skeletal muscle contraction.  

Conclusion:  
Quercetin treatment improved the glycemic  

state as it decreased fasting serum glucose, glyco-
sylated hemoglobin and decreased insulin resistance  

in diabetic rats. It improved also the strength of  

muscle contraction caused by direct repetitive  

electrical stimulation at the onset and after 30min  

activity and its glucose uptake during 30min. ac-
tivity and after 30min. recovery in diabetic rats.  
This can be explained by several mechanisms  
among which the hypoglycemic, antioxidant and  
anti-inflammatory effects.  
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