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Abstract  

Background:  Glucocorticoids (GCs) are wide spread anti-
inflammatory supplementation associated with various side  

effects especially in long term administration. Currently, there  

is no universally accepted prophylactic treatment for patients  

commencing long-term steroids.  

Aim of Study:  This research aims to study the possible  
beneficial role of Ferulic Acid (FA), as a naturally existing  

antioxidant and anti-inflammatory, in preventing muscle  

atrophy and promoting growth of fast glycolytic and slow  

oxidative skeletal muscle fibers in rat model of glucocorticoid  

induced myopathy.  

Material and Methods:  48 rats were divided into 4 groups:  
Control, Ferulic acid supplemented group, Dexamethasone  
(Dex) supplemented group, rats supplemented with FA and  

Dex. After 2 weeks, all rats were sacrificed after taking blood  

samples. Left legs were preserved for histopathological and  
RT- PCR examinations. While, the right legs were kept for  

recording of isometric muscle contractility.  

Results:  Dex group showed marked decrease in muscle  
mass, isometric contraction forces, antioxidant enzymes and  

Mechano-Growth Factor (MGF) expression together with  

increase in myostatin expression and malondehyde. FA ad-
ministration improved all these deleterious effects of Dex on  

both skeletal muscle fibers. This beneficial effect of FA was  
proved by histopathological improvement of sarcoplasmic  

degeneration, inflammatory cells infiltration and Zenker's  

necrosis of muscle bundle which featured rats' muscles of  
Dex group.  

Conclusion:  Ferulic acid, as an antioxidant and anti-
inflammatory, can be used as an adjuvant therapy with anti-
inflammatory corticosteroids to augment its therapeutic effect  

and reduce its myotrophic changes.  

Key Words:  Dexamethazone (Dex) – Ferulic Acid (FA) – 
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Introduction  

GLUCOCORTICOIDS  (GCs) are wide spread  
anti-inflammatory supplementation in several med- 
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ical conditions, such as rheumatoid arthritis, bron-
chial asthma, and myasthenia gravis. However,  

various side effects are associated with chronic  

administration of GCs especially in high doses [1] .  
GC-induced myopathy is considered one of these  
serious side effects, whereas, majority of those  
patients suffer from proximal skeletal muscles  

weakness that are severe enough to interfere with  

their daily activities [2] . Previous experimental  
studies reported that fast-twitch skeletal muscle  

fiber atrophy caused by GC cannot exercise as  
expected due to aggravation of their overall disease  

status [3,4] . Thus, it is important to develop therapies  
for GC-induced myopathy that do not involve  

exercise.  

GC has multiple pathophysiological mecha-
nisms in inducing myopathy. One of these mecha-
nisms is activation of Ubiquitin Proteasome System  
(UPS) which is the major cellular proteolytic sys-
tems by increasing MuRF1 and atrogin-1 in muscle  

proteolysis [5] . In addition, it is possible that GC-
induced myopathy is related not only to muscle  
protein breakdown but also to angiogenesis by  
reducing Vascular Endothelial Growth Factor  
(VEGF) production that resulted in decrease in  
capillary number [6] . Also, Gupta and his college  
[7]  suggested that a decrease in production of In-
sulin-like Growth Factor-1 (IGF-I) (stimulator of  

muscle mass development) together with an in-
crease in production of myostatin (which inhibits  
muscle mass development) may be attributed to  
myopathy induced by glucocorticoids.  

Ferulic acid (4-hydroxy-3-methoxycinnamic  
acid), one of biologically active substances pre-
sented in vegetables [8] , fruits [9] , and medicinal  
herbs [10] . Ferulic Acid (FA) is considered one of  

free radical scavengers [11]  and an inhibitor of lipid  
peroxidation [12,13] . Ferulic acid, as a naturally  
existing antioxidant, has been a hot topic of research  
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during recent years concerning human diseases  

and health [14] . Previous studies used as an anti-
inflammatory [15,16]  and in treatment of diabetes  
[17] , cardiovascular disease [18] , cancer [19] , and  
Alzheimer's disease [20] . It is also used as a food  
preservative [21]  and as one of main components  
in sunscreens (UV protectant) and in skin lotions  

[22] . However, the role exerted by ferulic acid in  

the skeletal muscle growth has not been reported  
in any scientific researches. Currently, no safely  
accepted prophylactic medication for long-term  

steroids commencing patients. So, this research  

aims to study the possible beneficial role of FA in  

preventing muscle atrophy and promoting growth  

of fast glycolytic and slow oxidative skeletal muscle  

fibers in rat model of glucocorticoid induced my-
opathy.  

Material and Methods  

Animals:  
Three-month-old male albino rats (250-270g)  

were involved in this research. Animals were pur-
chased from the Experimental Research Center  

(MERC) in Mansoura University, Egypt (period  
of the study: From 10 th  August till 25 th  August  
2018). All rats were kept 2 or 3 per cage at 22- 
24ºC with free access to food and water under a  
12-h light/dark cycle. All experimental procedures  

had followed the Guidelines for Animal Experi-
mentation of Institute for Laboratory Animal Re-
search, National Research Council, Washington,  
DC and National Academy Press, no. 85-23, revised  
1996 and with approval from our Local Committee  

of Animal Care and Use (approval number: R.  
18.11.327).  

Chemicals:  
Dexamethazone (Dex) and Ferulic Acid (FA)  

were obtained from Sigma, Aldrich, USA. Krebs-
Ringer bicarbonate buffer solution components  

were purchased from El-Gomhorria Company,  

Egypt, [NaCl: 122mmol/L, NaHCO 3 : 25mmol/L,  
KCl: 2.8mmol/L, KH2PO4 : 1.2mmol/L, MgSO4 :  
1.2mmol/L, CaCl2 : 1.3mmol/L and glucose: 5mmol  
/L].  

Experimental design:  
48 rats were used and randomly divided in this  

experiment into 4 groups (n=12 for each group):  

Gp. (C): Control, gp. (FA): Ferulic acid supple-
mented group, gp. (Dex): Dexamethasone supple-
mented group, gp. (Dex + FA): Rats supplemented  
with FA and dexamethasone. Rats in the Dex and  

Dex + FA groups were subcutaneously injected  
with 2mg/kg dexamethasone (Dex) 6 days per  
week for 2 weeks [23] . In addition to Dex injection,  

rats in the FA and Dex + FA groups were treated  

by intragastric administration of 50mg/kg/day  

ferulic acid [24] , while rats in the control and FA  
groups were injected with saline instead of Dex  

for the same time period as the Dex group.  

Sample preparation:  

After weighing rats and collecting blood sam-
ples at the end of experimental study (2 weeks),  
they were decapitated under 4% isoflurane inhala-
tion anesthesia. The bilateral fast glycolytic Tibialis  

Anterior (TA) and Slow Oxidative Soleus (SOL)  
muscles [25]  were extracted. Part of each extracted  

muscle from the left leg was immediately kept in  

liquid nitrogen at –80ºC for determination of my-
ostatin and Mechano-Growth Factor (MGF) levels.  
While, the remaining part was soaked in neutral  
formalin 10% for histopathological examination.  

Force measurements:  

Removal of the right leg was done by femur  
transection. Then, immediately placing the leg into  

a Krebs buffer in a polycarbonate chamber, at pH  

7.4, constant 95% O 2  and 5% CO2  and maintained  
at 35ºC. The origin of TA and SOL muscles were  

kept intact to avoid excess muscle damage. Hori-
zontal positioning of the leg with fixating it by  
metal hooks to the chamber bottom. Direct electri-
cal stimulations were done using Biopac Student  
Lab (BIOPAC Systems Inc., CA, USA) with a  
stimulator (Biopac student isolaton stimulator  

module; includes AC 100A power), force transducer  

assembly (SS121LA; includes an S hook) and  

tension adjuster (HDW100A). Positioning of the  

force transducer arm was performed in which the  

muscle were at a 90º angle to the leg. In all exper-
iments, the muscles were mounted at optimal length  

for maximum isometric twitch force measurment.  

Muscle contractions were recorded using field  

stimulations through two platinum plate electrodes  

applying supramaximal currents of 0.2msec dura-
tion. In order to obtain the optimal muscle length  

and the voltage of supramaximal stimulation, mi-
cro-manipulations of muscle length and a series  
of twitch contractions (1Hz square wave pulse)  

were done, rest the muscle for at least 30 s between  

twitch responses until twitch tension was maximal  

[26] . The optimal muscle length (Lo) could be de-
fined as the length needed to generate the maximal  

twitch force and it is recorded with a digital caliper.  

Supra-maximal stimulation is the minimum amount  
of current needed in order to ensure recruitment  

of all muscle fibers with a single action potential.  

Recording of the isometric muscle contraction, in  

g tension, was done at the end of stimulations of  

the muscle. The speed of the contractile properties  
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was determined by recording the time to peak  
twitch tension and the time taken to reach 50%  
relaxation.  

Establish frequency -force relationship:  

The frequency-force relationship could be es-
tablished after achievement of Lo by stimulating  

the muscle using grading frequencies 10, 30, 50,  

80, 100, 120, 150, 180, 200, and 250Hz. The muscle  

was rested for 3-5min between successive stimuli  

and stimulation was delivered for a period of 500- 
900msec. The plateau of the frequency-force rela-
tionship was used to determine the maximum ab-
solute isometric tetanic force (Po). Po for TA  

muscle was typically achieved with 110Hz, and  

for soleus muscles with 100Hz. Then, for recording  
the strength of muscle contraction after recovery,  

the muscle was kept in an organ path for 5min to  

recover from fatigue after tetanic stimulation before  

the application of a single supramaximal stimulus.  

Maximum isometric tetanic force:  

Muscles were typically stimulated 2-3 times  
with rest periods of 3-5 minutes in order to deter-
mine optimum force generation using supramaximal  

voltage at Lo with a plateau stimulation frequency.  

Measurement of muscle weight and cross sec-
tional area:  

After recording the muscle contraction, the  

muscles were detached and the tendons of both  

proximal and distal ends were cut. Then the muscles  

were dry with wipes twice to measure the muscle  
weight. Calculate the muscle cross-sectional area  

was calculated by using the following equation;  
cross-sectional area = (Muscle mass, in gram)/  

[1.06g/cm3  X (optimal fiber length, in cm)]. Where  

1.06g/cm3  is the muscle density.  

Also, the optimal fiber length was calculated  

as 0.6 or 0.71 X Lo. Where 0.6 represents the ratio  

of the fiber length to the Lo of tibialis anterior  

muscle and 0.71 represents the ratio of fiber length  

to the Lo of soleus muscle [27] .  

Specific force calculations:  
Po values are normalized for cross sectional  

area as absolute Po is dependent upon muscle size  
so, specific force (sPo) in gm/m 2  was determined  
by dividing Po by the calculated total muscle cross-
sectional area.  

Real-time PCR:  
Total RNA was extracted from muscle tissues  

(TA and SOL) according to Chomczynski and  
Sacchi method [28] , the concentration of which  
was measured in a Genespec spectophotometer  

(Shimatzu). Roche Diagnostics kit was used for  

synthesis of first strand cDNA. Specific primers  
for myostatin, Mechano-Growth Factor (MGF)  

and GAPDH (as external control) were then used  
for the detection of the expression of these tran-
scripts by real-time RT-PCR (Table 1). Myostatin,  
MGF and reference gene PCR amplifications for  
each muscle were performed simultaneously for  

each individual animal. The template DNA was  
replaced with PCR-grade water in each run as a  

negative control. A light cycler machine (Roche  

Diagnostics) was used to detecting and quantifying  

the newly synthesized DNA, also for verification  

of product authenticity using the in-built melting  
curve analysis procedure and values were expressed  

as myostatin or MGF/reference gene ratios.  

Table (1): Primers for real-time RT-PCR.  

mRNA Sense Primer Antisense Primer  

Myostatin 
 

TGCTGTAACCTTCCCAGGACCA GTGAGGGGGTAGCGACAGCAC  
GAPDH CCATTCTTCCACCTTTGATGCT TGTTGCTGTAGCCATATTCATTGT  
MGF GGAGGCTGGAGATGTACTGTGCT 

 

TCCTTTGCAGCTTCCTTTTCTTG  

MGF: Mechano-Growth Factor.  

Detection of plasma oxidative stress markers:  
The plasma levels of Malondialdehyde (MDA)  

and antioxidant enzymes including GSH, CAT and  

SOD were detected according to the manufacturer's  

instructions by using colorimetric kits (Bio-
Diagnostics, Dokki, Giza, Egypt).  

Histopathological examination:  
Parts of TA and SOL of left legs were placed  

in 10% neutral formalin then fixed in paraffin  

blocks. Sections of 5 gm thickness were cut from  

paraffin blocks to be processed for routine hema-
toxylin and eosin staining (longitudinal and trans-
verse sections). Slides were examined blindly by  
histopathological expert.  

Statistical analysis:  

The SPSS software (Ver. 19.0, IBM, Chicago,  
IL, USA) was used for analysis of the data that  
were collected from repeated experiments. Statis-
tically significant differences between groups were  

performed by one-way analysis of variance (ANO- 
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VA) that was followed by Tukey's post hoc test.  
All data are presented as mean ±  SD and p-values  
less than 0.05 were considered statistically signif-
icant.  

Results  

Tables (2,3) show that there were significant  

reduction in muscle mass, Lo and cross-sectional  

area of both soleus and tibialis anterior of Dex  

group as compared with those of the other groups.  

We noticed also that administration of FA improved  
the state of muscle in rats with and without dex-
amethazone supplementation as compared to con-
trol or Dex group.  

Regarding the isometric contractile properties  

in soleus muscle, Table (4) and Fig. (1) showed  

significant reduction in maximum isometric twitch  

force, tetanic force and specific force together with  

significant elongation in time to peak twitch and  

half relaxation time in Dexamethazone supplement-
ed rats as compared to either control or FA groups.  
These previous changes were improved significant-
ly with supplementation of FA in Dex treated rats.  

Moreover, FA in normal rats showed nearly normal  
contractile times and significant increase in max-
imum isometric tetanic force and specific force as  

compared to control group.  

As regards to tibialis anterior muscle, Table  
(5) and Fig. (2) showed significant reduction in  
force of contractions either twitches, tetanic or  

specific together with significant elongation in  

measured twitch times in Dex group as compared  

to either control or FA groups. These deteriorations  

were improved significantly with supplementation  

of FA in Dex + FA group. Interestingly, normal  
rats treated with FA showed significant powerful  

contractile forces with reduction in twitch times  

when compared to control group.  

Table (6) represented the oxidative stress mark-
ers in rat serum that showed significant elevation  

in MDA together with significant reduction in  
SOD, CAT and GSH in Dex group as compared to  

normal control and FA groups. These markers were  
improved with FA supplementation in Dex + FA  
group. Although FA in normal rats showed nearly  

normal values in most oxidative markers, there  
was significant increase in CAT level as compared  
to control group.  

Regarding to results of RT-PCR expression for  

MGF and myostatin in both tibialis anterior and  
soleus muscles in all experimental groups, Figs.  

(3,4) represented significant decrease in MGF and  
increase in myostatin expression in Dex group as  
compared to control one. While, muscles of Dex  

+ FA rats showed significant improvement in ex-
pression of both factors especially in tibialis anterior  

muscle as compared to Dex group results. Moreo-
ver, FA rats expressed MGF in a significant higher  

level together with decrease in myostatin expression  

especially in tibialis anterior muscle when com-
pared to control results.  

Histopathological examination of rat skeletal  
muscles in FA group Fig. (6) showed normal par-
allel skeletal muscle fibers with peripheral nucleus  
in both tibialis anterior and soleus which were  
similar to the control skeletal muscles sections.  

Histopathological results of tibialis anterior  
Fig. (7A,B) alleviated that Dex group showed  
sarcoplasmic degeneration associated with loss of  

striation and increase the interstitial cells with  
Zenker's necrosis of some muscle bundle which  
separated with hollow zone. Moreover, histopatho-
logical examination of soleus muscle Fig. (7C,D)  
showed Zenker's necrosis of some muscle bundle  

associated with inflammatory cells infiltration and  

interstitial cells hyperplasia in Dex group.  

Fig. (8) showed histopathological examination  

of rat skeletal muscles in Dex + FA group. Fig.  

(8A,B) showed that tibialis anterior represented  

with mild degree of sarcoplasmic eosinophilia with  
limited sarcoplasmic degeneration within few bun-
dles. While in soleus muscle Fig. (8C,D) showed  

mild degree of myolysis with normal nucleus.  

Table (2): General properties of the soleus muscle in all experimental groups.  

C  FA  Dex  Dex + FA  

Muscle mass (g)  0.138±0.03  0.169±0.08*  0.082±0.004*$  0.117±0.02#$  
Optimal muscle length (cm)  1.02±0.08  1.25±0.03  0.83±0.05*$  0.98±0.06#$  
Cross-sectional area (cm 2)  0.18±0.004  0.23±0.001*  0.13±0.001 * $  0.17±0.003#$  

Test used: One way ANOVA followed by post-hoc tukey.  
Values are expressed as means ±  SD. 
C 
 

: Control group. 
FA 
 

: Ferulic Acid supplemented group. 
Dex  : Dexamethasone supplemented group.  

*: Significantly different from control group.  
$: Significantly different from FA group.  
#: Significantly different from Dex group.  

Dex + FA : Dexamethasone and ferulic acid supplemented group.  
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Table (3): General properties of the tibialis anterior muscle in all experimental groups.  

C  FA  Dex  Dex + FA  

Muscle mass (g)  0.390±0.01  0.477±0.03 *  0.148±0.05*$  0.284±0.04#$  
Optimal muscle length (cm)  1.79±0.03  1.81 ±0.06  0.97±0.04* $  1.37±0.06#  
Cross-sectional area (cm 2)  0.33±0.002  0.42±0.009*  0.20±0.005*$  0.30±0.007#$  

Test used: One way ANOVA followed by post-hoc tukey.  
Values are expressed as means ±  SD.  
C 
 

: Control group. 
FA 
 

: Ferulic Acid supplemented group. 
Dex : Dexamethasone supplemented group.  

*: Significantly different from control group.  
$: Significantly different from FA group.  
#: Significantly different from Dex group.  

Dex + FA : Dexamethasone and ferulic acid supplemented group.  

Table (4): Isometric contractile properties of the soleus muscle in different experimental groups.  

C  FA  Dex  Dex + FA  

Time to peak twitch (sec)  0.035±0.006  0.031 ±0.004  0.55±0.06*$  0.13±0.07*#$  
Half relaxation time (sec)  0.15±0.03  0.13±0.02  0.63±0.05*$  0.42±0.02*#$  
Max. isometric twitch force (g)  4.8±0.2  5.3 ±0.4  2.3±0.12*$  4.1 ±0.2#$  
Max. isometric tetanic force (g)  9.7±0.4  23.3± 1.2*  5.6±0.3 *$  9.1 ±0.6#$  
Specific force (gm/m2)  53.9±  2.7  80.3±4.2*  43.1 ±2.3*$  53.5±3.07#$  
Force after tetanic contraction (g)  3.4±0.1  3.9±0.6  1.04±0.02*$  1.5±0.09*#$  

Test used: One way ANOVA followed by post-hoc tukey.  
Values are expressed as means ±  SD.  
C 
 

: Control group. 
FA 
 

: Ferulic Acid supplemented group. 
Dex  : Dexamethasone supplemented group. 

*: Significantly different from control group.  
$: Significantly different from FA group.  
#: Significantly different from Dex group.  

Dex + FA : Dexamethasone and ferulic acid supplemented group.  

Table (5): Isometric contractile properties of the tibialis anterior muscle in different experimental  

groups.  

C  FA  Dex  Dex + FA  

Time to peak twitch (sec)  0.015±0.003  0.01 ±0.001 *  0.35±0.08*$  0.11 ±0.06*#$  
Half relaxation time (sec)  0.09±0.008  0.07±0.005*  0.22±0.09* $  0.13±0.04*#$  
Max. isometric twitch force (g)  8.5± 1.1  10.2± 1.5*  5.8± 1.1*$  7.8± 1.6#$  
Max. isometric tetanic force (g)  11.3 ± 1.3  18.9±3.1 *  6.6± 1.08*$  10.7±2.01#$  
Specific force (gm/m2)  34.2±4.02  49.7±6.5*  28.7±3.2*$  33.4±3.9#$  
Force after tetanic contraction (g)  3.3±0.3  2.8±0.5  0.03±0.005*$  1.6±0.3*#$  

Test used: One way ANOVA followed by post-hoc tukey.  
Values are expressed as means ±  SD.  
C 
 

: Control group. 
FA 
 

: Ferulic Acid supplemented group. 
Dex  : Dexamethasone supplemented group.  

*: Significantly different from control group.  
$: Significantly different from FA group.  
#: Significantly different from Dex group.  

Dex + FA : Dexamethasone and ferulic acid supplemented group.  

Table (6): Serum levels of oxidative stress markers in different experimental groups.  

C  FA  Dex  Dex + FA  

MDA (nmol/mL)  2.13±0.11  2.33±0.004  8.11 ±0.23*$  4.31 ±0.07*#$  

SOD (U/mL)  91.42±2.56  99.12±5.31  23.45± 1.05*$  46.62±3.12*#$  

CAT (U/L)  4.53±0.07  5.23± 1.6*  0.92± 1.1 * $  3.79± 1.9*#$  

GSH (mg/dL)  32.47±2.5  37.83±3.2  15.68±0.54*$  25.37±2.4*#$  

Test used: One way ANOVA followed by post-hoc tukey.  
Values are expressed as means ±  SD.  
C 
 

: Control group. 
FA 
 

: Ferulic Acid supplemented group. 
Dex : Dexamethasone supplemented group.  

*: Significantly different from control group.  
$: Significantly different from FA group.  
#: Significantly different from Dex group.  

Dex + FA : Dexamethasone and ferulic acid supplemented group.  
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Fig. (1): Contractile properties of rat soleus muscle in different  

experimental groups. (A) Control gp. (B) FA gp. (C)  

Dex gp. (D) Dex + FA gp.  

Fig. (2): Contractile properties of rat tibialis anterior muscle  

in different experimental groups. (A) Control gp.  
(B) FA gp. (C) Dex gp. (D) Dex + FA gp.  

Control FA Dex Dex + FA  

Soleus TA  

Fig. (3): Quantification of MGF mRNA levels in soleus and  

Tibialis Anterior (TA) muscles of different experi-
mental groups.  

Test used: One way ANOVA followed by post-hoc tukey.  
Values are expressed as means ±  SD.  
*: Significantly different from control group.  
$: Significantly different from FA group.  

#: Significantly different from Dex group.  

Control FA Dex Dex + FA  

Soleus TA  

Fig. (4): Quantification of myostatin mRNA levels in soleus  
and Tibialis Anterior (TA) muscles of different  

experimental groups.  

Test used: One way ANOVA followed by post-hoc tukey.  
Values are expressed as means ±  SD.  
*: Significantly different from control group.  
$: Significantly different from FA group.  

#: Significantly different from Dex group.  
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Control group  

Fig. (5): Histopathological examination of skeletal muscles in control group (H & E, X200). (A) Longitudinal section of tibialis  

anterior muscle showing normal parallel skeletal muscle fibers (arrow) with peripheral nucleus (arrowhead), (B)  

Transverse section of tibialis anterior muscle showing normal cross round to polygonal muscle fibers (arrowhead) with  

peripherally-located nucleus, (C) Longitudinal section of soleus muscle showing normal parallel skeletal muscle fibers  

(arrow) with peripheral nucleus (arrowhead), (D) Transverse section of soleus muscle showing normal cross round to  

polygonal muscle fibers (arrowhead) with peripherally-located nucleus (arrowhead).  

FA group  

Fig. (6): Histopathological examination of skeletal muscles in FA group (H & E, X200). (A) Longitudinal section of tibialis  

anterior muscle showing normal parallel skeletal muscle fibers (arrow) with peripheral nucleus (arrowhead), (B)  

Transverse section of tibialis anterior muscle showing normal cross round to polygonal muscle fibers (arrowhead) with  

peripherally-located nucleus, (C) Longitudinal section of soleus muscle showing normal parallel skeletal muscle fibers  

(arrow) with peripheral nucleus (arrowhead), (D) Transverse section of soleus muscle showing normal cross round to  

polygonal muscle fibers (arrowhead) with peripherally-located nucleus (arrowhead).  
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Dex group  

Fig. (7): Histopathological examination of skeletal muscles in Dex group (H & E, X200). (A) Longitudinal section of tibialis  

anterior muscle showing sarcoplasmic degeneration associated with loss of striation (arrow) and increase the interstitial  

cells (arrowhead), (B) Transverse section of tibialis anterior muscle showing Zenker's necrosis of some muscle bundle  

which separated with hollow zone (arrows), (C) Longitudinal section of soleus muscle showing Zenker's necrosis  

(arrowhead) associated with inflammatory cells infiltration and interstitial cells hyperplasia (arrowhead), (D) Transverse  

section of soleus muscle showing Zenker's necrosis of some muscle bundle (arrow).  

Dex + FA group  

Fig. (8): Histopathological examination of skeletal muscles in Dex + FA group (H & E, X200). (A) Longitudinal section of  

tibialis anterior muscle showing mild degree of sarcoplasmic eosinophilia (arrow), (B) Transverse section of tibialis  

anterior muscle showing limited sarcoplasmic degeneration within few bundles (arrow), (C) Longitudinal section of  

soleus muscle showing mild degree of myolysis (arrow) with normal nucleus (arrowhead), (D) Transverse section of  

soleus muscle showing mild degree of myolysis (arrow) with normal nucleus (arrowhead).  
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Discussion  

Several synthetic glucocorticoids are the most  

popular anti-inflammatory and immunosuppressive  
medication utilized with several medical and sur-
gical problems. Although they have therapeutic  

benefits but their administration for a long period  

has often resulted in many serious side effects like  

progressive muscle weakness and steroid myopathy.  

According to Morimoto et al., [23]  experimental  
study in rats, 2 weeks of dexamethazone adminis-
tration has been reported to be an enough period  
for inducing skeletal muscle fiber atrophy in rats.  

Thus, rats injected with Dex are considered to be  

a suitable model for corticosteroid-induced myop-
athy.  

In this study, the deleterious effect of dexame-
thasone administration for such period was detected  

by significant decrease in muscle mass with per-
centage of change from normal ones equal 27.8%  
for soleus muscle and 39.4% for tibialis anterior  

muscle. Moreover, there was dramatic decrease in  
cross sectional area of both muscles with percentage  

of decrease equal 43% and 62% for SOL and TA  

respectively. These results are in consistent with  

results of Risson et al., [29]  and Schakman et al.,  
[2] , that showed the effect of dexamethasone was  

strongly affect the fast-twitch muscle fibers more  

than the slow-twitch muscle fibers and demonstrat-
ed more severe atrophy in type IIb fibers than type  
I fibers. These observed differences in the degree  

of atrophy between both types of muscle fibers  

could be explained as Shimizu et al., 2011 study  
that found difference in distribution of the corti-
costeroid receptor; with greater expression in fast-
twitch muscle fibers than in slow-twitch muscle  
fibers.  

Ferulic acid is a widely distributed and natural  

existing antioxidant and anti-inflammatory polyphe-
nol that founded in free and bound forms in many  
vegetables, fruits, and cereal grains. We aimed in  
this research to study its possible protective effect  

on corticosteroid-induced muscle atrophy. So, our  

results revealed that rats supplied with both Dex  
and FA showed significant improvement in their  

muscle mass with percentage of improvement equal  

30% for SOL and 46% for TA. Together with  
increase in cross sectional area than those of rats  
supplied with Dex only by a percentage of increase  

equal 24% for SOL and 33% for TA. Administration  
of FA in normal control rats resulted in significant  

increase in both muscles masses as compared to  

normal control ones as well as the cross sectional  

areas were increased by 18% in SOL and 21% in  

TA. These results found that FA has hypertrophic  
effect on both types of muscle fibers.  

Our results revealed significant prolongation  

in time of contraction and relaxation together with  

decrease in forces of contraction in TA and SOL  
of rats supplemented with Dex as compared with  

control ones. These contractile effects could be  

understood by the associating increase in MDA  
and decrease in antioxidant enzymes (SOD, CAT,  

GSH) which is reflected on the muscle mass causing  

significant atrophy with decreasing the expression  

of growth factor (MGF) and increasing the expres-
sion of myostatin. FA either alone or combined  
with Dex showed marked improvement in the  
contractile properties of both TA and SOL muscles  
especially the absolute and specific tetanic forces.  

Checking the accuracy and validity of values for  

absolute and specific forces is very important in  

evaluating the efficacy of any treatment used for  

improving functional shortage associated with  

muscular dystrophy. The favorable contractile  
effect of FA on both fast glycolytic and slow oxi-
dative skeletal muscles are believed to be mediated  
by decreasing oxidative stress during contraction  

and enhancing the expression of growth factor  

(MGF).  

Previous studies have suggested that the harmful  

effects of oxidative stress may be through its key  

role in the pathogenesis of endothelial dysfunction  

[30,31] . Yin [32]  and his coworkers proved that the  

protective effect of ferulic acid against vascular  

endothelial dysfunction was through the NF- icB  
pathway involving increase in nitric oxide and  

endothelial nitric oxide synthase enzyme levels.  

Myostatin, a member of the transforming  

growth factor- 0  (TGF-0 ) superfamily, is a negative  
regulator of muscle growth. Previous studies de-
monestrated that myostatin inhibits protein synthe-
sis and myoblast proliferation and differentiation  

during myogenesis [33] , as well as activating pro-
teolytic pathways [34] . Myostatin overexpression  
causes skeletal muscle atrophy in mammals [35] .  
In contrast, mutation or genetic ablation of the  

myostatin gene induces hypertrophy of mammalian  

skeletal muscle [36] . Furthermore, it was reported  
that myostatin inhibition increases skeletal muscle  

mass and strength in both adult and aged animals  
[37,38] . The elevation of myostatin levels detected  
in Dex group as compared to control one are in  

accordance with the known functional role of  

myostatin, i.e., the suppressing effects on prolifer-
ation and differentiation of myoblasts. However,  
FA administration either alone or combined with  
Dex was associated with decreased expression of  
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myostatin which was reflected physically on the  

muscle mass and cross sectional area as well as  
physiologically on the isometric contractile forces  

in a positive manner.  

On the other hand, IGF-I is a positive regulator  
of skeletal muscle growth. Different splice variants  

of IGF-I are expressed in muscle tissue, and the  

most specific variant is IGF-IEb (mechano-growth  
factor; MGF) which thought to be expressed mostly  

as a local growth factor in skeletal muscle [39] .  
The elevation of MGF level indicates increase in  
protein synthesis and satellite cells proliferation  
and differentiation [40] . Also, exogenously infused  
IGF-1 restores satellite cell proliferative potential  

of old immobilized skeletal muscle [41] . Moreover,  
the significant decrease in of MGF level with aging  

may partially responsible for the decrease in satel-
lite cells proliferative capacity with ageing.  

Our results indicated muscle atrophy and de-
crease muscle mass in rats of Dex group proved  

by significant decrease in MGF expression in both  

muscles as compared to control group. This decre-
ment in Dex group was improved significantly by  
co-administration of FA which indicates its trophic  
effect that antagonizes the harmful Dex effect on  

both fast and slow types of muscles. Furthermore,  

FA alone showed marked increase in MGF expres-
sion as compared to control rats that highlight its  

beneficial trophic effect on both muscle fibers in  

a significant manner.  

The present results were proved by histopatho-
logical examination of skeletal muscles that re-
vealed degenerative changes in tibialis anterior  
and soleus muscles of rats in Dex group. These  

changes were presented as sarcoplasmic degener-
ation associated with loss of striation and increase  
in the interstitial cells with inflammatory cells  
infiltration together with Zenker's necrosis of some  
muscle bundle. The histopathological picture was  

improved markedly with FA that showed nearly  

normal architecture of muscle fibers only with  

mild degree of sarcoplasmic eosinophilia and lim-
ited sarcoplasmic degeneration within few bundles  

associated with normal nucleus in both muscles.  
This marked improvement in slides of combined  

Dex and FA treatment proved the protective anti-
atrophic effect of FA which appeared in preservation  

of muscle mass and cross sectional area.  

Conclusion:  
As previously detected in ferulic acid researches  

that prove its antioxidant and anti-inflammatory  

effects, our results support these effects. Further-
more, FA shows trophic effect on normal control  

skeletal muscles. Also, it antagonizes the myotroph-
ic effect of dexamethasone in both fast glycolytic  

and slow oxidative muscle fibers. So, ferulic acid  

can be used as an adjuvant therapy with anti-
inflammatory corticosteroids to augment its thera-
peutic effect and reduce its myotrophic changes.  
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