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Abstract  

Background:  Glucocorticoid-induced skeletal muscle  
atrophy is the most common type of drug-induced myopathy.  

Aim of Study:  This study was designated to investigate  
the effect of luteolin (Lut) on dexamethasone (Dex)-induced  
skeletal muscle atrophy in rats and the possible mechanisms  
of this effect.  

Material and Methods:  Forty male Wistar rats divided  
into; control group, Dex group, and 3 other groups that were  
treated by Lut 25mg, 50mg and 100mg/kg/day; respectively  
for 14 days concomitantly with Dex. Body mass and muscle  
strength were recorded. Serum creatine kinase (CK) activity  
was assessed. Gastrocnemius muscle was weighed and proc-
essed for assay of tissue reduced glutathione (GSH), malond-
ialdehyde (MDA) levels. Histopathological and immunohis-
tochemical studies were carried out.  

Results:  Lut dose-dependently increased GSH, and cross-
sectional area (CSA), and decreased MDA and caspases-3  

immunoreactivity. Lut in a dose 50mg/kg/day improved the  
muscle mass and strength.  

Conclusion:  This study demonstrates that luteolin is a  
protective agent against glucocorticoid-induced atrophy  
through antioxidant and anti-apoptotic properties.  
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Introduction  

SKELETAL  muscle atrophy is a loss of muscle  
mass due to an imbalance between protein synthesis  

and degradation in response to various conditions  
such as starvation, aging and disuse conditions  
like immobilization, denervation and unloading as  
well as a side effect of medications such as high-
dose glucocorticoids. It is characterized by de-
creased muscle fiber cross-sectional area (CSA),  
protein content and muscle strength leading weak-
ness that impairs quality of life leading to falls and  
fractures [1,2] .  
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Natural and synthetic glucocorticoids are widely  
prescribed for treatment and control of inflamma-
tory and autoimmune diseases [3] . However, their  
chronic usage or elevated endogenous levels are  

associated with serious side effects, including  
hyperglycemia, osteoporosis and muscle atrophy  
which is characterized by body mass loss, weak-
ness, and fatigue which limit their clinical use [4] .  
Glucocorticoid-induced muscle atrophy is the most  
common type of drug-induced myopathy and it  
has been most often associated with fluorinated  
glucocorticoid preparations such as dexamethasone  
[5] .  

Glucocorticoid-induced muscle atrophy results  
from activation of catabolic pathways as ubiquitin-
proteosome and lysosomal pathways as well as  
suppression of anabolic pathways as insulin-like  
growth factor- 1/AKT/mammalian target of rapamy-
cin (IGF-1/AKT/mTOR) pathway that control  
muscle protein metabolism. Oxidative stress and  
apoptosis have been proved to play a role in its  
pathophysiology. Insulin resistance and the lower-
ing of testosterone level also have a role [2,6-10] .  
These pathways and mechanisms interact and mod-
ulate one another at different levels, coordinating  
the process of protein turn over.  

Many natural and synthetic compounds have  
been studied for their protective effects on gluco-
corticoid-induced muscle atrophy such as growth  
factors, androgens, glutamine, creatine, beta-
adrenergic agonists, and taurine [11,12] . However,  
no drug was proved to be fully effective or free  
from adverse effects. Thus, this necessitates the  
introduction of new therapeutic agents to prevent  

or reverse muscle atrophy.  

Luteolin, 3’,4’,5,7-tetrahydroxyflavone, is a  
common flavonoid present in edible plants, char-
acterized by multiple biochemical and biological  
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activities such as antioxidant and anti-apoptotic  
activities [13] . The effect of luteolin was tested in  
lipopolysaccharide-induced myotubes atrophy and  
revealed anti-atrophic effect through inhibition of  
atrogenes', Muscle Ring finger protein-1 (MuRF-
1) and Atrogin-1, expression [14] .  

The present study aimed to investigate the  
potential effect of luteolin on prevention or atten-
uation of dexamethasone-induced skeletal muscle  
atrophy in male rats and the possible mechanisms  
of this effect.  

Patients and Methods  

Drugs:  Dexamethasone phosphate (Dex): Am-
poules (8mg/2ml), a product of AMRIYA Pharma-
ceutical Industries-Egypt, was diluted with normal  

saline to a final concentration of 1mg/ml. Luteolin  
(Lut): Yellow powder (HPLC 98%), a product of  
Axinic labs, Oak Park, Australia, was dissolved in  
0.5% carboxymethyl cellulose (CMC) to a final  

concentration of 10mg/ml [15, 16] . Other chemicals  
used were of analytical grade.  

Animals:  Forty male Wistar rats (8-12 weeks  
old), weighing 150-200 g were used in this study.  
The animals were purchased from the official  
animal supplier of Faculty of Medicine, Tanta  

University. The study was carried out at the animal  
house of faculty of medicine, Tanta university in  
July 2018. Animals were housed in wire mesh  
cages under strict hygienic measures and had access  
to standard animal diet and water ad libitum and  
were allowed for acclimatization two weeks prior  
to the start of the experiment. The handling of  
animals and all experimental procedures were  
approved by the institutional “Research Ethics  
Committee, REC”, Faculty of Medicine, Tanta  
University, Egypt (Approval no. #31648/07/17).  

Experimental design:  After acclimatization, the  
rats were enrolled into 5 groups (8 for each) as  
follows: Group 1 (control group) received a vehicle  
of carboxymethylcellulose suspension (0.5% CMC)  
orally and saline subcutaneously (S.C.) daily, group  
2 (Dex group): Diseased group received Dex and  

oral CMC suspension daily, group 3 (Lut 25), group  
4 (Lut 50) and group 5 (Lut 100) are diseased  
groups that received Dex and treated by oral 25,  
50, 100mg/kg of luteolin; respectively daily for  
14 days concomitantly with dexamethasone. Muscle  

atrophy onset was induced by Dex administration  

by S.C. injection in the back of rats (2mg/kg/day)  

for 2 weeks, depending on previous studies  [17,18] .  
Doses of Lut were selected based on previous in  
vivo studies on Lut [15,16]  in rat models.  

Body mass (BM):  The initial and final body  
mass for each rat was recorded. Percent (%) change  
of BM was calculated, equation.1.  

Final BM-Initial BM  
% change in initial body mass= X100  

Initial BM  
(Equation.1)  

Muscle strength measurement:  At the 13 th  day  
of the experiment, muscle strength was assessed  
by wire hanging test performed as following:  

A 55cm wide 2-mm thick metallic wire is se-
cured to two vertical stands, the wire is maintained  
40cm above a layer of bedding material to prevent  
injury to the animal when it falls. The wire must  
be tightly attached to the frame to avoid vibration  
or unwanted displacement of the wire while the  
investigator is handling the animals or during the  

measurements, since these unwanted effects would  
interfere with the animal's performance. Animals  

should hold by forelimb, but it is accepted to hold  
by four limbs at the start then counting should start  
after release of the hind limb and stops by falling  

of the animal or reaching maximum of 120 seconds  

holding the wire. Three trials are allowed for each  
animal with a 5 minutes inter-trial interval [19,20] .  
The results were represented as:  

A- Hang time (in seconds):  
The mean hanging time of the three trials is  

calculated to measure the hang time which is mul-
tiplied by animal weight at time of the test to  
calculate the holding impulse (s*g).  

B- Holding Impulse (s*g):  
This reflects the tension (impulse) that the  

animal develops for maintaining itself on the wire,  

against gravity for the longest period, it diminishes  
the effect of body weight.  

Holding Impulse (s*g) = Hang Time (sec.) X  
Body weight (grams).  

Euthanasia and collection of samples:  After  
24 hours from the last treatment, rats were eutha-
nized by diethyl ether, blood was collected by  
cardiac puncture, allowed to clot for 10-20 minutes  
at room temperature, then centrifuged for 20- 
minutes at 3000rpm, and serum was separated and  
preserved at –80ºC for further assessment of serum  
creatine kinase (CK) activity. Gastrocnemius mus-
cles were dissected, one muscle was fixed in 10%  
formalin and processed for histopathological ex-
amination and immunohistochemistry, the other  
muscle was stored at -80ºC until prepared for the  
assessment of tissue GSH and MDA levels.  
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Gastrocnemius muscle mass (grams) was re-
corded in each animal.  

Biochemical analysis:  
Serum CK activity (U/L) activity:  Serum CK  

activity was measured by the colorimetric method  

by using BioChain's CK Assay Kit (Z5030048).  

Tissue GSH levels:  The assay of GSH levels  
(mg/g tissue) was performed using Biodiagnostic  
Kit (Cat. No GR 2511). It depends on the reduction  

of 5, 50-dithiobis-2-nitrobenzoic acid (DTNB)  

with glutathione to produce yellow color the ab-
sorbance of which is measured at 405nm.  

Tissue lipid peroxidation (MDA levels):  Lipid  
peroxidation was assessed by measuring tissue  

levels of MDA (nmol/g.tissue) in gastrocnemius  
muscle using a kit supplied by Biodiagnostic (Cat.  

No MD 2529), where the thiobarbituric acid reac-
tive substances react with thiobarbituric acid to  

produce a pink colored complex, absorbance is  
read at 534nm.  

Histopathological Examination of hematoxylin  

and eosin (H&E)-stained sections:  The right Gas-
trocnemius muscle was fixed in 10% formalin,  

embedded in paraffin, sections (3-4µm) stained  
with hematoxylin and eosin (H&E) were used for  

examination of histopathological changes and  

measurement of the CSA Images were captured  
using Olympus Microscope BX41 connected to a  
digital camera Olympus DP25. Over 40 myofibers/  
field from at least five different high power fields  

(x 400 magnification) were delineated manually  

and fiber CSA was measured by using Image J  

software (National Institute of Health, Bethesda,  
Maryland, USA) and the average was calculated  
for each group [21] .  

Immunohistochemistry:  Immunohistochemical  
expression of caspases-3 in the right gastrocnemius  

muscle was assessed using Rabbit Anti-Human  

caspases-3 Monoclonal Antibody (Clone EP36)  
purchased from MASTER DIAGNOSTICA, Gra-
nada, Spain, according to the method of Gown and  
Willingham [22] . The slides were visualized under  
a light microscope. Caspase-3 immunoreactivity  

appears as brownish cytoplasmic discoloration.  

Statistical analysis:  Analysis of the numerical  
values was performed using (Graph Pad Prism  
version 5 for Windows, 2007, Graph Pad software,  

Inc.) Data were expressed as mean ±  standard  
deviation (SD). Results were tested for normality  
by Shapiro-Wilk test. Multiple comparisons were  
performed using One-Way ANOVA followed by  

Tukey, a post Hoc test. The 0.05 level of probability  
was used as the criterion for significance ( p<0.05).  

Results  

Alterations in body mass (BM) and gastrocne-
mius muscle mass:  

By the end of the experiment, the BM of the  

control group increased by about 29% of the initial  

mass. While BM of the Dex group was significantly  

decreased as compared to the control group by  

27% of the initial mass (p<0.001). Lut-treated  
groups showed non-significant change of BM as  

compared to Dex group (p>0.05), (Fig. 1A).  

The gastrocnemius muscle mass of the Dex  

group was significantly reduced as compared to  
the control group (p<0.001). Lut 50 group showed  
a significant increase in muscle mass, (p<0.01).  
Meanwhile, Lut 25 and Lut 100 groups showed  
non-significant improvement in muscle mass  
(p>0.05), (Fig. 1B).  

Histopathological examination of H&E-stained  
sections and CSA:  

Atrophic changes were observed in the Dex  
group as reduction and marked variation in fiber  
diameters, with an increased number of the nuclei  

and loss of the characteristic polygonal appearance  

of fibers found in the control group, (Fig. 2A,B).  
In addition, myofiber CSA was significantly re-
duced as compared to the control group ( p< 0.001),  
(Fig. 3). Whereas in Lut-treated groups, there was  

a dose-dependent improvement of the histopatho-
logical changes (Fig. 2C,D,E), in addition to a  
significant dose-dependent increase in CSA, (Fig.  

3), (p<0.001).  

Effects on forelimb muscle strength (Hang time  

and Holding impulse):  
There was a significant reduction of forelimb  

muscle strength in the Dex group as compared to  

the control group (p<0.001), demonstrated as a  
significant reduction in hang time and holding  

impulse. In Lut 50 group, forelimb muscle strength  
was not significantly reduced as compared to Dex  

group (p<0.001), demonstrated as a significant  

increase in hang time and holding impulse (Fig. 4  
A,B); respectively. Lut 25 and Lut 100 groups  

showed non-significant improvement in muscle  

strength as compared to Dex group, (p>0.05).  

Effects on tissue levels of GSH and MDA:  

GSH levels were significantly reduced while  

MDA levels were significantly increased in the  

Dex group as compared to the control group  
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(p<0.001). In Lut 50 and Lut 100 groups, tissue  
GSH levels were not significantly decreased and  
MDA levels were not significantly increased as  
compared to Dex group (p<0.001), (Fig. 5A,B);  
respectively.  

Caspase-3 Immunohistochemistry (a marker of  
apoptosis), Serum CK activity (a marker of myo-
toxicity):  

Dex group showed a significant increase in  
caspases-3 immunoreactivity as compared to the  

control group, (Fig. 6A,B). In Lut-treated groups,  

rise in caspases-3 immunoreactivity was prevent-
ed in a dose-dependent reduction in, (Fig.  
6C,D,E).  

Serum CK activity in the Dex group showed  
a significant reduction as compared to the control  
group (p<0.001). Lut 50 and Lut 100 groups  
showed a significant reduction in serum CK ac-
tivity as compared to the Dex group (p<0.001),  
(Fig. 7).  

Fig. (1): Percentage (%) change of initial body mass (A) and gastrocnemius mass (g) (B).  

Values are expressed as mean ±  SD.  
Dex: Dexamethasone.  
Lut 25: Luteolin 25mg/kg/day + dexamethasone.  
Lut 50: Luteolin 50mg/kg/day + dexamethasone.  
Lut 100: Luteolin 100mg/kg/day + dexamethasone.  
n=Number.  

One-way ANOVA (Tukey test):  
- p1: Group 2 (Dex) vs. group 1 (Control).  
- p2: Group 4 (Lut 50) vs. group 2 (Dex).  

Fig. (2): Effects on gastrocnemius muscle histopathology (H&E X400) (A-E).  
(A): Control group showing the polygonal fibers with peripheral myonuclei. (B): Dex group showing hypereosinophilic  

muscle fibers of reduced diameter and increased nuclei. (C): Lut 25 group showing hypereosinophilic muscle fibers with  

moderate variation in size. (D): Lut 50 group showing polygonal muscle fibers with moderate variation in size. (E): Lut 100  

group showing polygonal muscle fibers with minimal variation in size and peripheral nuclei. Scale bar=100 µm.  



Nadia Hawila, et al. 3369  
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: Dexamethasone.  
: Luteolin 25mg/kg/day + dexamethasone.  
: Luteolin 50mg/kg/day + dexamethasone.  
: Luteolin 100mg/kg/day + dexamethasone.  
: Number, One-way.  
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Fig. (4): Effects on muscle strength (Hanging wire test) (A):  
Values are expressed as mean ±  SD.  
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(A) (B) (C)  

(D) (E)  

Fig. (6): Effects on gastrocnemius muscle caspases-3 immunoreactivity (X400) (A-E).  

(A): Control group showed very mild positive brownish immunoreactions for caspase-3 in some muscle fibers. (B): Dex  

group showed strong positive brownish coloration of the cytoplasm of almost all fibers indicating highly positive immunoreactivity.  

Lut dose-dependently and significantly reduced these Dex-induced increases in caspase 3 immunoreactive muscle fibers. (C):  

Lut 25 group. (D): Lut 50 group. (E): Lut 100 group. Scale bar=100µm.  

Control  Dex Lut 25  Lut 50 Lut 100  

Fig. (7): Effect on Serum CK activity (U/L).  

Values are expressed as mean ±  SD.  
: Creatine kinase.  
: Dexamethasone.  
: Luteolin 25mg/kg/day + dexamethasone.  
: Luteolin 50mg/kg/day + dexamethasone.  
: Luteolin 100mg/kg/day + dexamethasone.  
: Number.  

One-way ANOVA (Tukey test):  

- p1: Group 2 (Dex) vs. group 1 (Control).  

- p2: Group 4 (Lut 50), and group 5 (Lut 100) vs. group 2 (Dex).  

- p3: Group 4 (Lut 50) vs. Group 3 (Lut 25).  

- p4: Group 5 (Lut 100) vs. group 3 (Lut 25).  

Discussion  

The present study investigated the effect of  

luteolin on dexamethasone-induced skeletal muscle  

atrophy in rats and the possible mechanisms of  

this effect. We concluded that Lut has partly pre-
vented Dex-induced atrophy via antioxidant and  
antiapoptotic activities.  

In this study, Dex injection lead to body mass  
loss, may be due to its catabolic and growth sup-
pressing effects in addition to anorexigenic effect  

[23] . Body mass was not increased by Luteolin.  

Although, some studies have shown that luteolin  

can increase body mass or prevent body mass loss  
in some diseases like diabetes [24] , and cancer [25] .  
Failure to improve body mass in this study may  

be attributed to the intense catabolism induced by  

a high dose of Dex which could not be overcome  

by luteolin or due to the Dex-induced anorexigenic  

effect or Dex-Lut interaction.  

The reduction of the gastrocnemius muscle  

mass and the reduction of muscle strength in the  
Dex group indicate the catabolic action that results  

from the activation of proteolytic pathways and  

suppression of the anabolic ones [26,27] . In the  

CK  
Dex  
Lut 25  
Lut 50  
Lut1 00  
n  
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current study, dexamethasone decreased forelimb  

muscles' strength as reported earlier [28, 29] . Only  
Lut 50mg/kg/day mg prevented significant decrease  

in muscle strength shown as increased hang time  
and holding impulse. Other doses could not improve  

it.  

H & E- stained sections of gastrocnemius mus-
cle from Dex group showed marked variation of  

fiber size, irregular nuclear arrangement, loss of  
the characteristic polygonal appearance of myofib-
ers, and no inflammatory infiltrate, which are  

characteristic changes of muscle atrophy [17,30] .  
CSA of muscle fibers was reduced confirming the  
catabolic effect of dexamethasone as proved in  

previous studies [31,32] . In Lut-treated groups,  
atrophic changes were reduced in a dose-dependent  

manner as compared to Dex group. It is noteworthy  

that Lut 100mg/kg/day was superior to the other  

doses in improving the histologic picture, but  
unexpectedly, this was not reflected on muscle  

strength. This may be attributed to modulations in  

the different pathways that affect muscle action  

and muscle growth.  

Oxidative stress was proved to take part in the  
pathogenesis of muscle atrophy [8] . Dexamethasone,  
among different glucocorticoids, has deleterious  
effects on redox status and mitochondrial function  

resulting in a state of oxidative stress that affects  

various tissues [9] . In this study, GSH level was  
reduced, and tissue MDA level was increased in  

the Dex group indicating oxidative stress status  
that may explain the existing atrophy as proved  
earlier [25] . GSH was increased and MDA was  
decreased in Lut 50 and Lut 100 groups but not in  

Lut 25 group. These results confirm the proved  

antioxidant effect of luteolin [33]  and possibly  
contributed to its protective effect against Dex-
induced atrophy.  

The contribution of apoptosis to the present  
atrophy was confirmed by the marked increase in  

caspase-3 immunoreactivity in immune-stained  
gastrocnemius muscle sections from Dex group,  
as proved previously [34] . Apoptosis is implicated  
as one of the mechanisms of different types of  
muscle atrophy through activation of various cas-
pases [35]  such as caspases-3 assisting in protein  
degradation [36,37] . Lut significantly prevented  
increase in caspase-3 immunoreactivity in a dose-
dependent manner and this is in agreement with  
studies which proved the anti-apoptotic properties  
of luteolin [33,38] .  

CK is an intracellular enzyme expressed in  
various tissues as skeletal, cardiac muscles, and  

brain, the elevation of its serum level indicates  

tissue damage, it is considered as a marker of  

cytotoxicity [39] . In our study, serum CK activity  
did not increase in Dex group, conversely, it de-
creased below its activity in the control group and  

this is inconsistent with common features of muscle  

disease and Dex-induced catabolic state [28,40] .  
However, some studies showed that it can be de-
creased by glucocorticoids through protein synthe-
sis inhibition, cellular membrane stabilization,  
anti-inflammatory, and catabolic effects on myofib-
ers [17,41] . Because steroid myopathy is not caused  

by inflammatory cells invasion or myofibers de-
struction but results from the catabolism of muscle  

proteins, it is accepted that serum CK does not  
increase [17] . Luteolin; however, caused significant  

lowering of CK activity in Lut 50 and Lut 100  

groups which would be due to inhibition of enzyme  
leakage as encountered in cardiac muscle injury  

via inhibition of intracellular oxidative stress and  
Ca2+  overload and maintaining membrane integrity  

preventing enzyme leakage [42] . Also, Lut admin-
istration may have decreased CK activity by direct  
enzyme inhibition [43] .  

Conclusion:  
From this study we can conclude that Lut can  

attenuate Dexamethasone induced skeletal muscle  
atrophy via antioxidant and anti-apoptotic mecha-
nisms.  

Authors recommend investigating other mech-
anisms of the antiatrophic effect of luteolin specially  
the effect on signaling pathways of muscle atrophy  

and the effect on gene expression in the different  

models of atrophy.  
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