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ABSTRACT
Introduction: Atrophy of skeletal muscles is still a serious clinical problem. Formoterol, an agonist of the B2- adrenergic 
receptor, may prevent this atrophy. An FDA-approved inhibitor of reuptake of norepinephrine called atomoxetine was effective 
in the prevention of skeletal muscle atrophy. 
Aim of Work: Compare the effect of atomoxetine versus formetrol on dexamethasone-induced skeletal muscle atrophy in 
male mice.  
Material and Methods: Forty-eight adult male albino mice were divided into six groups (8 mice each): Group 1 (control 
group) animals were injected intraperitoneally with 0.5ml sterile saline daily for seven days. Group 2 (dexamethasone treated 
group) animals were injected intraperitoneally with 10mg/kg/day dexamethasone for seven days to induce muscle atrophy. 
Group 3 (atomoxetine only treated group): animals received atomoxetine at a dose of 6mg/kg/day orally using insulin syringe 
without needle for seven days. Group 4 (atomoxetine + dexamethasone treated group): animals received both dexamethasone 
and atomoxetine at same doses and routes of administrationin as groups 2 and 3 respectively. Group 5 (formertrol only 
treated group): animals were injected intraperitoneally with 0.6 mg/kg/day formetrol for seven days. Group 6 (formertrol + 
dexamethasone treated group): animals received both dexamethasone and formetrol at same doses and routes of administration 
as groups 2 and 5 respectively. Sections were stained with hematoxylin and eosin stain & Picro Sirius red (PSR) histochemical 
reaction. Immunohistochemical staining was done using nuclear factor kappa-B (NF-κB) and heat shock protein (Hsp70). Area 
percent of collagen fibers deposition, area percent of nuclear factor kappa-B immunoexpression, area percent of heat shock 
protein 70 immunoexpression and diameter of muscle fiber were measured. 
Results: Group 4 (atomoxetine and dexamethasone treated group) and Group 6 (formertrol and dexamethasone treated group) 
showed increase in diameter of muscle fibers as compared to dexamethasone group. 
Conclusion: Formetrol has a potential role in preventing skeletal muscle atrophy.
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INTRODUCTION                                                                     

Skeletal muscle atrophy is characterized with a 
loss of the muscle mass that happens when the protein 
degradation exceeds the protein synthesis[1]. Catabolism is 
widely known to be induced by glucocorticoids. Increases 
in circulating glucocorticoids are linked to a variety of 
pathologic diseases that cause atrophy of muscle, such 
as diabetes, metabolic acidosis, sepsis, cachexia, chronic 
renal failure, etc. This shows that glucocorticoids may 
contribute to the onset of atrophy[2]. 

Clinically, significant muscular atrophy has been 
associated to higher rates of morbidity and mortality, 
particularly when it exists with other chronic disease 
conditions, high-dose of dexamethasone is considered to 
cause atrophy by indirect blocking of activation of muscle 
RING-finger protein-1 (MuRF1) and fork head box protein 
O3a (FoxO3a)[3,4]. 

Clenbuterol and formoterol are examples of beta 2 
adrenergic receptors (2-AR) agonists, which are progrowth 
and anti-atrophic drugs. Skeletal muscle hypertrophy 
is induced by formoterol by increasing insulin growth 
factor (IGF-1) and peroxisomal proliferator-activated-γ- 
coactivator 1α4 (PGC- 1α4)[5]. 

An FDA-approved drug called atomoxetine, commonly 
known as (tomoxetine), treats attention deficit hyperactivity 
disorder (ADHD) by preventing neuronal reuptake of 
norepinephrine[6]. In a model of dexamethasone-induced 
muscle atrophy, it proved successful in preventing 
atrophy of skeletal muscles by activating protein kinase 
B (Akt), increasing p-FoxO3a, sustaining Peroxisome 
Proliferator–activated receptor-Ƴ- coactivator-1 a 1 (PGC-
1a1) expression, and blocking MuRF-1. Furthermore, it is 
potent inducer for mitochondrial biogenesis (MB)[7].
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AIM OF THE WORK                                                            

The aim of the study was to evaluate and compare 
the possible prophylactic effect of atomoxetine versus 
formoterol on dexamethasone induced muscle atrophy 
in male mice using histological, histochemical and 
morphometric study.

MATERIALS AND METHOD                                           

The study used 48 mature male albino mice, six to 
eight weeks old and weighted 25 g body weight. The 
animals were raised in clean, well-ventilated cages made 
of sanitary stainless steel at the animal house of the Faculty 
of Science at Fayoum University. Tap water and typical 
lab food were accessible. The medical research ethics 
committee (10/1/2021, committee number 53, M352), 
Faculty of Medicine, Fayoum University, authorized the 
experimental design.

Experimental design
The male mice were divided into six groups (8 mice 

each):

1.	 Group1 (control group): animals were injected 
with 0.5ml sterile saline intraperitoneally daily for 
seven days.

2.	 Group 2 (dexamethasone treated group): animals 
were injected intraperitoneally with 10mg/kg/day 
dexamethasone for seven days for induction of 
muscle atrophy[8]. 

3.	 Group 3 (atomoxetine only treated group): animals 
received atomoxetine at a dose of 6mg/kg/day 
orally using insulin syringe without needle for 
seven days[9].

4.	 Group 4 (atomoxetine + dexamethasone treated 
group): animals received both dexamethasone 
and atomoxetine as the aforementioned doses and 
routes of administration in groups 2 and 3[9].

5.	 Group 5 (formertrol only treated group): animals 
were injected intraperitoneally with 0.6 mg/kg/day 
formetrol for seven days[10]. 

6.	 Group 6 (formertrol + dexamethasone treated 
group): animals received both dexamethasone and 
formetrol as the aforementioned doses and routes 
of administration in groups 2 and 5[10].

Methods
On the eighth day all mice were sacrificed under deep 

ether anesthesia. The gastrocnemius muscle was resected, 
then the specimens were fixed in 10% buffered formalin. 
After 72 hours the tissue blocks were dehydrated in 
increasing alcohol series, cleared through xylene, immersed 
in liquid paraffin, and embedded in paraffin blocks which 
were cut into 5 μm thin sections using a microtome and 
they were stained by: 

1.	 Hematoxylin and Eosin staining for routine 
histological examination[11].

2.	 Picro Sirius red histochemical reaction to 
demonstrate collagen[12].

3.	 Immunohistochemical staining using heat shock 
protein (Hsp70) as marker for stress response and 
nuclear factor kappa-B (NF-κB) as marker for 
inflammatory and immune response[13].

Quantitative Morphometric Study
The data were obtained by using “Top view” image 

analyzer computer system (China), at Faculty of Medicine-
Fayoum University. Images were captured from non-
overlapping fields randomly chosen from the animal. 

The following parameters were measured: 

1) Area percent of collagen deposition: 

Using objective lens of magnification 10.

2) Area percent of heat shock protein 70 
immunoexpression: 

Using objective lens of magnification 40.

3) Area percent of nuclear factor kappa-B 
immunoexpression: 

Using objective lens of magnification 40.

4) Diameter of muscle fiber: 

Using objective lens of magnification 40.

Statistical analysis
After applying the arithmetic mean, standard deviation 

(SD), one-way analysis of variance (ANOVA), and post-hoc 
test to compare each pair of groups, statistical analysis was 
carried out. The statistical program "SPSS for Windows" 
Version 19 was used for all computations on an IBM 
personal computer. According to Dawson et al.[14], results 
were deemed significant when the probability was 0.05.

RESULTS                                                                                  

Examination of H & E stained sections
Group 1 (control group) revealed elongated cylinderical 

fibers with acidophilic striated sarcoplasm, arranged 
parallel in bundles. Nuclei were flattened and peripherally 
placed (Figure 1a). There were narrow spaces between 
muscle fibers (Figure 1b). Group 2 (dexamethasone treated 
group) showed widening of spaces between muscle fibers 
and loss of striations. Some fibers displayed splitting and 
branching and occasionally central nuclei (Figure 2a). 
When observing the transverse sections, the muscle fibers 
were mostly fragmented and variable in the size and shape. 
Some fibers were apparently shrunken and some angulated 
and atrophic (Figure 2b). Group 3 (atomoxetine treated 
group) displayed a picture closely resembling control 
specimens as the acidophilic muscle fibers were, striated, 
cylinderical, parallel and arranged in bundles. Nuclei were 
multiple flattened and peripherally placed (Figures 3 a,b). 
Group 4 (atomoxetine with dexamethasone treated group) 
revealed cylinderical muscle fibers with restored size 
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arranged in bundles, most of them had regular striations. 
Some muscle fibers exhibited multiple peripheral nuclei 
while others exhibited central nuclei and splitting. The 
spaces between muscle fibers resembled the control 
with apparently restored size and few splitting of muscle 
fibers. Still some atrophic muscle fibers were noticed                                          
(Figures 4 a,b). Group 5 (formoterol treated group) 
displayed fibers appearing larger. Some showed splitting 
and central nuclei. Compared to the control group, 
transverse striations were less clear (Figures 5 a,b). Group 
6 (formoterol with dexamethasone treated group) revealed 
splitting and branching hypertrophied muscle fibers, 
but few atrophic fibers were still observed. Some fibers 
showed striations, some had peripheral flattened nuclei 
while others had central nuclei (Figures 6 a,b). 

Examination of Picro Sirius red (PSR) stained 
sections

Group 1 displayed a positive PSR reaction revealing 
thin delicate collagen fibers in the connective tissue sheath 
endomysium and the perimysium between the muscle 
bundles (Figures 7 a,b). Group 2 revealed thick extensive 
collagen fibers of the endomysium and perimysium                    
(Figures 8 a,b). Group 3 showed thin delicate collagen 
fibers of the perimysium and the endomysium                                                                                  
(Figures 9 a,b). Group 4 displayed thin delicate 
collagen fibers in the perimysium and the endomysium                       
(Figures 10 a,b). Group 5 thin delicate collagen fibers in 
endomysium and perimysium (Figures 11 a,b). In Group 6 
there was thin delicate collagen fibers in the endomysium 
and perimysium (Figures 12 a,b). 

Examination of Heat shock protein (Hsp70) stained 
sections

Group 1 displayed negative immunoreaction                           
(Figures 13 a,b). Group 2 showed mild positive 
immunoreaction with a brownish coloration of the 
sarcoplasm of muscle fibers (Figures 14 a,b). Group 3 
revealed negative immunoreaction (Figures 15 a,b). Group 
4 revealed intense positive brownish immunoreaction in 
the sarcoplasm (Figures 16 a,b). Group 5 revealed a mild 
positive reaction in skeletal muscle fibers (Figures 17 a,b). 
Group 6 revealed a mild positive reaction in the sarcoplasm 
of muscle fibers (Figures 18 a,b).

Examination of Nuclear factor kappa-B (NF-κB) 
stained sections

Group 1 displayed negative immunoreaction                             
(Figures 19 a,b). Group 2 showed strong positive 
immunoreaction as a brown color in the sarcoplasm of 
muscle fibers (Figures 20 a,b). Group 3 revealed negative 
immunoreaction (Figures 21 a,b). Group 4 displayed 
mild positive brownish sarcoplasmic immunoreaction                    
(Figures 22 a,b). Group 5 showed negative immunoreaction 
(Figures 23 a,b). Group 6 revealed moderate positive 
brownish immunoreaction (Figures 24 a,b).

Statistical Results
Mean area % of collagen fibers deposition

The Dexamethasone group (group2) showed 
an increase in area % of collagen fibers deposition. 
Compared to the control group and all other groups the 
difference was of statistical significance. No difference 
of statistical significance was found between the control 
(group1), atomoxetine (group 3) and formoterol (group5) 
groups respectively. In spite of an apparent histological 
improvement in group 4 and 6, there was still statistically 
significant difference between them and the control group 
respectively (Table 1).

Mean area % of heat shock protein (Hsp70) 
immunoreactivity

The dexamethasone + atomoxetine group (group4) 
displayed the strongest degree of Hsp70 immunoreactivity. 
Compared to all other study-groups the respective difference 
in area % of immunoreactivity was statistically significant. 
Each of the dexamethasone (group2), the formoterol 
(group5) and the dexamethasone + formoterol (group6) 
groups exhibited a less extensive but still increased degree 
of (Hsp70) immunoreactivity. The respective difference 
in area % between each group and the control group 
was statistically significant. No statistically significant 
difference was found between control and atomoxetine 
groups (group3) (Table 2).

Mean area % of nuclear factor kappa-B (NF-κB) 
immunoreactivity

The dexamethasone group (group 2) displayed 
the strongest degree of immunoreactivity to NF-
κB. The difference between this group and all other 
study groups was of statistical significance. The 
dexamethasone + atomoxetine group (group4) and the 
dexamethasone + formoterol group (group6) possessed 
a statistically significant increase in the area % of NF-
κB immunoreactivity compared to the control group 
respectively. No statistical significant difference was found 
between control (group1), atomoxetine group (group3) and 
formoterol group (group5) (Table 3). 

Mean diameter of muscle fiber

The dexamethasone group (group2) revealed a decrease 
in the diameter of its muscle fibers. This decrease was of 
statistical significance compared to control group and the 
other groups. The formoterol (group5) and dexamethasone 
+ formoterol (group6) groups on the other hand showed 
an increase in muscle fiber diameter. This finding was 
of statistical significance compared to the control and 
other groups. No difference of statistical significance was 
detected between the control, atomoxetine (group3) and 
dexamethasone + atomoxetine (group4) groups (Table 4).
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Fig. 1: Photomicrograph of skeletal muscle section from group 1 (control 
group) showing, 1a): Longitudinal section with elongated cylindrical 
muscle fibers (stars), multiple peripherally placed flattened nuclei (black 
arrows), striations (white arrows). 1b): Transverse section with polygonal 
muscle fibers (thick black arrows), peripherally placed flattened nuclei 
(white arrows). Note the narrow spaces between muscle fibers (thin black 
arrows) (H&E stain x400). 

Fig. 2: A photomicrograph of skeletal muscle section from group 2 
(dexamethasone treated group) showing, 2a): Longitudinal section with 
loss of striations (white arrows), widening of spaces between muscle 
fibers (star) central nuclei (thick black arrow), branching of muscle fiber 
(circle) and splitting of muscle fiber (thin black arrows). 2b): Transverse 
section with widening of spaces in between muscle fibers (thick black 
arrow), angulated atrophic fibers (circles), fragmented fibers (square), 
central nuclei (thin black arrows)  (H&E stain x 400). 

Fig. 3: A photomicrograph of skeletal muscle section from group 3 
(atomoxetine treated group) showing, 3a): Longitudinal section with 
elongated cylindrical muscle fibers (star), multinucleated peripherally 
placed flattened nuclei (black arrows) and striations (white arrow). 3b): 
Transverse section with polygonal muscle fibers (thick black arrow), 
peripherally placed flattened nuclei (thin black arrows) (H & E stain 
x400).   

Fig. 4: A photomicrograph of skeletal muscle section from group 
4 (atomoxetine with dexamethasone treated group) showing, 4a): 
Longitudinal section with apparently restored size of some muscle fibers 
(curved arrow). Some fibers show multiple peripherally placed flat nuclei 
(thin black arrow) while others show centrally located nuclei (white 
arrows), regular striations (square). Note few splitting of muscle fibers 
(circle). 4b): Transverse section with polygonal muscle fibers (thick black 
arrow), peripherally placed nuclei (white arrow). Note the narrow space 
between muscle fibers (thin black arrow), some fibers are atrophic (circle), 
while few have centrally located nuclei (square) (H&E stain x400).

Fig. 5: A photomicrograph of skeletal muscle section from group 5 
(formoterol treated group) showing, 5a): Longitudinal section with large 
hypertrophic fibers with less clear striations (curved arrow), central nuclei 
(thin black arrows). 5b): Transverse section with peripherally placed 
nuclei (thin black arrow), central nuclei (thick black arrow) and split 
muscle fibers (white arrow) (H&E stain x400). 

Fig. 6: A photomicrograph of skeletal muscle section from group 6 
(formoterol with dexamethasone treated group) showing, 6a): Longitudinal 
sections with hypertrophic fibers (curved arrow), some fibers with central 
nuclei (thick black arrows), some fibers with peripheral flattened nuclei 
(thin black arrows), splitting of muscle fibers (white arrow), branching of 
some muscle fibers (circle). Note that some fibers show striations (star) 
while others show loss of striations (square). Few atrophic fibers are still 
observed (arrow head). 6b): Transverse section with splitting of muscle 
fibers (square), some fibers with central nuclei (thick black arrow) and 
others with peripheral nuclei (thin black arrow). (H & E stainx400). 

Fig. 7: A photomicrograph of skeletal muscle section from group 1 
(control group) showing, 7a): Longitudinal section and 7b): Transverse 
section with thin delicate collagen fibers confined to endomysium (black 
arrows) and perimysium (white arrow) (PSR reaction x 400). 

Fig. 8: A photomicrograph of skeletal muscle section from group 2 
(dexamethasone treated group) showing, 8a): Longitudinal section and 
8b): Transverse section with thick extensive collagen fibers confined to 
endomysium (thick black arrows) and perimysium (white arrow) (PSR 
reaction x 400). 



1514

ATOMOXETINE VS FORMETROL ON MUSCLE ATROPHY

Fig. 9: A photomicrograph of skeletal muscle section from group 3 
(atomoxetine treated group) showing, 9a): Longitudinal section and 9b): 
Transverse section with thin delicate collagen fibers that are confined to 
endomysium (black arrows) and perimysium (white arrow) (PSR reaction 
x 400). 

Fig. 10: A photomicrograph of skeletal muscle section from group 
4 (atomoxetine with dexamethasone treated group) showing, 10a): 
Longitudinal section and 10b): Transverse section with thick extensive 
collagen fibers confined to endomysium (black arrows) and perimysium 
(white arrow) (PSR reactionx400). 

Fig. 11: A photomicrograph of skeletal muscle section from group 5 
(formoterol treated group) showing, 11a): Longitudinal section and 
11b): Transverse section with thin delicate collagen fibers confined to 
endomysium (thin black arrows) and perimysium (white arrow) (PSR 
reaction x400).

Fig. 12: A photomicrograph of skeletal muscle section from group 
6 (formoterol with dexamethasone treated group) showing, 12a): 
Longitudinal section and 12b): Transverse section with thin delicate 
collagen fibers confined to endomysium (thin black arrows) and 
perimysium (white arrow) (PSR stainx400). 

Fig. 13: A photomicrograph of a section from group 1 (control group) 
displaying, 13a): Longitudinal section and 13b): Transverse section with 
negative reaction in the sarcoplasm of the skeletal muscle fibers (Hsp70 
stain x 400). 

Fig. 14: A photomicrograph of skeletal muscle section from group 2 
(dexamethasone treated group) revealing, 14a): Longitudinal section and 
14b): Transverse section with mild positive immunoreaction in the form 
of brown color in the sarcoplasm of the skeletal muscle fibers (arrows) 
(Hsp70 stain x 400) 

Fig. 15: A photomicrograph of skeletal muscle section from group 3 
(atomoxetine treated group) showing, 15a): Longitudinal section and 
15b): Transverse section with negative reaction in sarcoplasm of the 
skeletal muscle fibers (Hsp70 stain x 400).

Fig. 16: A photomicrograph of skeletal muscle section from group 
4 (atomoxetine with dexamethasone treated group) displaying, 16a): 
Longitudinal section and 16b): Transverse section with intense positive 
immunoreaction as a brown color in the sarcoplasm of the skeletal muscle 
fibers (arrow) (Hsp70stain x400).

Fig. 17: A photomicrograph of skeletal muscle section from group 5 
(formoterol treated group) revealing, 17a): Longitudinal section and 17b): 
Transverse section with mild positive immunoreaction as a brown color in 
the sarcoplasm of muscle fibers (arrows). (Hsp70stain x400)

Fig. 18: A photomicrograph of skeletal muscle section from group 
6 (formoterol with dexamethasone treated group) showing, 18a): 
Longitudinal section and 18b): Transverse section with mild positive 
reaction in the form of a brown color in the sarcoplasm (arrow). (Hsp70 
stainx400) 
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Fig. 19: A photomicrograph of skeletal muscle section from group 1 
(control group) showing, 19a): Longitudinal section and 19b): Transverse 
section with negative immunoreaction in the sarcoplasm of skeletal 
muscle fibers (NF-κB stain x400) 

Fig. 20: A photomicrograph of skeletal muscle section from group 2 
(dexamethasone treated group) revealing, 20a): Longitudinal section 
and 20b): Transverse section with intense positive immunoreaction as 
a brown color of the sarcoplasm of the muscle fibers (arrows). (NF-κB   
stain x 400)

Fig. 21: A photomicrograph of skeletal muscle section from group 3 
(atomoxetine treated group) displaying, 21a): Longitudinal section and 
21b): Transverse skeletal muscle section with negative immunoreaction 
(NF-κB stain x 400) 

Fig. 22: A photomicrograph of skeletal muscle section from group 
4 (atomoxetine with dexamethasone treated group) showing, 22a): 
Longitudinal section and 22b): Transverse section with mild positive 
immunoreaction as a brown color in the sarcoplasm of skeletal muscle 
fibers (arrow) (NF-κB stain x400) 

Fig. 23: A photomicrograph of skeletal muscle section from group 5 
(formoterol treated group) displaying, 23a): Longitudinal section and 
23b): Transverse section with negative immunoreaction  (NF-κB stain 
x400) 

Fig. 24: A photomicrograph of skeletal muscle section from group 
6 (formoterol with dexamethasone treated group) revealing, 24a): 
Longitudinal section and 24b): Transverse section with moderate positive 
immunoreaction as a brown color in the sarcoplasm of muscle fibers 
(arrows). (NF-κB stainx400)

Table 1: Comparisons of the area percentage of collagen fibers 
in the study groups.

Groups Mean ± SD

G 1 Control 0.53 0.10

G 2 Dexamethasone 2.85∆  1.10

G 3 Atomoxetine 0.43 0.09

G 4 Dexamethasone & Atomoxetine 1.00* 0.06

G 5 Formoterol 0.42 0.07

G 6 Dexamethasone & Formoterol 1.07* 0.08

Data expressed as mean ± SD and significant difference was when P value 
≤ 0.05.
∆ Statistically significant difference compared to rest of study groups 
respectively.
* Statistically significant difference compared with control group.

Table 2: Comparisons of area % of Hsp70 - immunoreactivity in 
the study groups.

Groups Mean ± SD

G 1 Control 0.19 0.08

G 2 Dexamethasone 1.54* 0.12

G 3 Atomoxetine 0.16 0.07

G 4 Dexamethasone &Atomoxetine 6.66∆ 0.29

G 5 Formoterol 1.81* 0.14

G 6 Dexamethasone & Formoterol 1.97* 0.17

Data expressed as mean ± SD and significant difference was when P value 
≤ 0.05.
∆ Statistically significant difference compared to rest of study groups 
respectively.
* Statistically significant difference compared with control group.

Table 3: Comparisons of area % of NF-κB immunoreactivity in 
the study groups.

Groups Mean ± SD

G 1 Control 0.16 0.06

G 2 Dexamethasone 58.9∆ 6.7

G 3 Atomoxetine 0.28 0.07

G 4 Dexamethasone &Atomoxetine 6.83□* 0.99

G 5 Formetrol 0.35 0.08

G 6 Dexamethasone & Formetrol 11.7□* 0.95
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Table 4: Comparisons of muscle fiber diameter in the study 
groups.

Groups Mean(µm) ± SD

G 1 Control 65.80µm 3.7

G 2 Dexamethasone 27.40µm* 2.05

G 3 Atomoxetine 65.59µm 3.8

G 4 Dexamethasone &Atomoxetine 59.90µm 4.3

G 5 Formetrol 81.90µm∆ 4.3

G 6 Dexamethasone & Formetrol 72.10µm∆ 2.2

Data expressed as mean ± SD and significant difference was when P value 
≤ 0.05.
∆ Statistically significant difference compared to rest of study groups 
respectively.
* Statistically significant difference compared with control group.

DISCUSSION                                                                            

There is a true condition called skeletal muscle atrophy. 
Many autoimmune and inflammatory illnesses are treated 
with dexamethasone, an immunosuppressive medication, 
although continuous use of large doses of dexamethasone 
results in muscular atrophy[15].

H&E stained slices of the dexamethasone-treated 
group showed a widening of the gaps between muscle 
fibers. Some muscle fibers exhibited striation loss. Others 
revealed the nuclear centralization and branching, These 
pathological changes were consistent with those described 
as characteristics of muscle atrophy by Hong et al.[16], who 
showed splitting of the muscle fibers with concentrated 
nuclei and total loss of normal striations. According 
to Jeong et al.[17], the high dose of dexamethasone that 
promotes muscle atrophy by a decrease and degradation of 
protein content, organelles, cytoplasm, fiber diameter, and 
fatigue resistance may be the reason of all the data found 
in the current study. They also discovered that catabolic 
signals, such as muscle-specific ring finger-1 (MuRF1), 
muscle atrophy f-box atrogin-1, and ubiquitin E3, were 
activated as result for muscle atrophy.

 A sustained high dose of dexamethasone use was 
linked to myopathy and muscular atrophy, according to 
research by.  Reactive oxygen species (ROS) are produced 
more often in muscle fibers after receiving a high dosage 
of dexamethasone, showing that ROS are crucial to the 
atrophy process. The function and structure of muscle 
tissue can be severely harmed by reactive oxygen species 
(ROS), which can reduce protein synthesis and increase 
proteolysis. Some of the atrophic fibers were spherical, 
while others were angulated. The gaps between muscle 
fibers appeared to be expanding. The majority of muscle 
fibers were broken up[18].

These histological alterations were in line with those 
reported by Hong et al.[16]. By measuring the diameter 
of the fibers, the shrinkage of muscle fibers was visible. 
Muscle fiber diameter was significantly lower than the 
control group. This difference between two groups was 
statistically significant, and it may have been brought about 
by an increase in the breakdown of  protein or decrease in 

its synthesis, which ultimately led to significant reduction 
in the muscle fibers size. This was in line with the findings 
of Dumitru et al.[19], who hypothesized that the shrinkage 
of myofibers may be caused by reduction in number of 
sarcomeres and documented that activation of proteolytic 
systems results in the degradation of contraction-related 
proteins, which causes muscle atrophy, fragmented 
myofibers, shrunken atrophic fibers, and myofibers with 
central nuclei. 

Collagen fibers exhibited a robust positive PSR reaction 
in Picro Sirius red reaction sections. In comparison to the 
control group, there was a considerable rise in collagen 
levels. This result was consistent with those of Peviani 
et al.[20].  According to research by Honda et al.[21], the 
increase in collagen fiber deposition that comes along 
with muscle atrophy is a reaction to the loss of myofibers, 
and fibroblasts restore the injured area by first forming 
collagen fibers.

Skeletal muscle analysis in the group treated with 
atomoxetine and dexamethasone revealed a clear reduction 
in the atrophic alterations brought on by dexamethasone. 
The muscle fibers showed signs of growth. They were 
similar in diameter to the controls'. This was validated 
by evaluating the muscle fibers' diameter, where there 
was no statistical significant difference between the two 
groups. Regular striations were present in most fibers. 
While some of the muscle fibers showed normal peripheral 
positioning of nuclei and splitting, others showed central 
nuclei. This was in line with the findings of Lim et al.[22], 
who demonstrated that atomoxetine reduces the muscular 
atrophy caused by dexamethasone. 

Additionally, Jesinkey et al.[23] showed that ATX, when 
taken at a lower dose, maintained Peroxisome proliferator-
activated receptor-- coactivator-1 (PGC1) expression, 
which prevented skeletal muscle atrophy. PGC1 controls 
mitochondrial biogenesis (MB) as a transcriptional co-
activator. According to Lim et al.[22], who found that 
atomoxetine enhances mitochondrial biogenesis (MB) by 
directly acting on the 2-adrenergic receptor (2-AR), the 
action of atomoxetine may be caused by its norepinephrine 
reuptake inhibitor activity (NRI). Additionally, by 
increasing norepinephrine, atomoxetine may indirectly 
activate -adrenergic receptors. 

Proliferator-activated receptor-coactivator-1 a (PGC-
1a), according to Kitajima et al.[24], has a part in halting 
the loss of muscle. Transcription of genes that support 
mitochondrial biogenesis (MB) is regulated by the 
transcriptional coactivator PGC-1a. Induction of the PGC-
1a1 isoform, which also stimulates MB, regulates the 
expression of the mitochondrial oxidative phosphorylation 
genes. Atomoxetine maintained PGC-1a1 expression as 
a result, preventing muscle atrophy. According to Yeo et 
al.[25], PGC-1a1 prevents nuclear FoxO3a from transcribing. 

Collagen deposition was barely visible in sections dyed 
with Picro Sirius red. Comparing this drop to those that 
had received dexamethasone treatment, it was significant. 
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This result was in agreement with that of Dong et al.[26], 
who demonstrated that myostatin induces the growth of 
myofibroblasts. Expression of the extracellular matrix 
proteins and the growth of muscle fibroblasts are both 
directly influenced by myostatin. As PGC-1a1 expression 
is maintained by atomoxetine and PGC-1a4 isoform 
represses myostatin, fibroblast proliferation and collagen 
fiber synthesis are decreased[25].

Large hypertrophic fibers were visible in H&E stained 
sections for the formetrol-treated group. The muscle 
fibers' diameter was larger than the control's. Muscle fiber 
measurements showed a statistically significant increase 
in diameter. According to Gómez et al.[27], formoterol 
is a highly selective adrenergic receptor agonist that can 
induce skeletal muscle hypertrophy at microgram dosages. 
This study's findings corroborate those findings. Its 
hypertrophic impact is mediated by the skeletal muscle 
synthesis stimulation and a decrease in muscle proteolysis. 
Additionally, Formoterol is found to lower myostatin 
expression by Gómez et al.[27]. The growth and development 
of muscles are negatively regulated by myostatin. In the 
endomysium and perimysium, microscopic Sirius red 
sections showed trace levels of tiny collagen fibers.

Examining the skeletal muscles in the group that received 
formetrol and dexamethasone revealed a reduction in the 
atrophic alterations brought on by dexamethasone. The 
muscles' fibers seemed to have become larger. Compared to 
the control and dexamethasone groups, they were larger in 
diameter. Diameter of muscle fibers was measured in order 
to verify this. There was  statistically significant increase in 
the diameter.  According to Joassard et al.[28], formertrol's 
pro-growth and anti-atrophic activities may be the cause of 
the improvement that followed its administration.  

Formoterol, according to Martinez et al.[5], is a potent 
inducer of skeletal muscle growth. It raises peroxisomal 
proliferator-activated coactivator (PGC-1) and insulin 
growth factor (IGF-1) levels. Comparatively to the 
dexamethasone-treated group, collagen deposition in 
Picro Sirius red sections was negligible. Despite this, the 
difference from the control group was still discernible. 
This result was consistent with Huang et al.[29], who 
showed that formetrol promoted a better organization 
of regenerating myofibers per fascicle as shown by a 
reduction in connective tissue, leading to the restoration of 
the structural regenerative capacity with no change in the 
number of regenerating myofibers. 

Heat shock protein and nuclear factor kappa B 
immunohistochemistry staining were used to confirm the 
study's findings. In mice treated with dexamethasone, 
a weakly positive Hsp70 immunoreaction was found. In 
spite of this, the difference was statistically significant 
when compared to the control group. This was in line 
with the findings of Douglas et al.[30], who hypothesized 
that skeletal muscle atrophy may cause an increase in 
ATP concentration, which would then cause a decline 
in Hsc/Hsp70 interaction with the polysomes and a shift 

toward heavier polysomes, which might inhibit ribosome 
translation. As a result, protein synthesis is inhibited and 
the rate of elongation is decreased. Reduced HSP70 levels 
have been demonstrated to be harmful in a number of 
skeletal muscle atrophy models.

The possibility that Dex-induced skeletal muscle 
atrophy results from HSP70 being downregulated by 
MicroRNA1 (miR-1) is another reason for the moderate 
positive immunoreaction of hsp70. According to Kukreti 
et al.[31], HSP70 blockade boosted MuRF1 and Atrogin-1 
levels and dephosphorylated forkhead box O3 (FOXO3). 
It is important to note that despite being greater than the 
control, immunoreactivity did not reach the target level, 
which may have aided in the recovery of the atrophied 
muscle fibers.

Heat shock protein 70 immunoreactivity in the 
atomoxetine plus dexamethasone-treated group was 
statistically significantly higher than in the control and 
dexamethasone-treated groups. According to Silvia                       
et al.[32], increasing intracellular Hsp70 in skeletal muscle 
enhances the size of regenerated fibers, avoids muscle 
injury, and preserves the size of myofibers under atrophy-
causing situations. The earlier discovery was in line with 
a report by De Oliveira et al.[33] that Hsp70's intracellular 
protective mechanisms were related to its capacity to 
support calcium homeostasis by modulating the activity 
of sarcoplasmic reticulum calcium-ATPase (SERCA) 
complex.

Nuclear factor kappa-B (NF-B) immunoreactivity was 
found strongly positive in the dexamethasone-treated group 
in the sarcoplasm of skeletal muscle fibers. The positive 
immunoraction was significantly higher than that of the 
control group. Statistics showed that the difference was 
significant. According to Khan et al.[34], dexamethasone 
caused NF-B to become activated, which serves as a pro-
inflammatory signal for muscle tissue.

In contrast to the dexamethasone-treated group, nuclear 
factor kappa-B (NF-B) showed a statistically significant 
reduction in immunoreaction. The difference between the 
atomoxetine with dexamethasone treatment group and 
the control group was still quite substantial despite this 
improvement. This showed that atomoxetine had a partial 
ameliorative impact on dexamethasone-induced atrophy.

When compared to control group, the Heat shock protein 
(Hsp70) immunostaining in the formetrol-treated group 
exhibited a statistically significant increase. This result 
was consistent with research by Koya et al.[35], who showed 
that skeletal muscle hypertrophy causes an increase in heat 
shock protein 70 (HSP70). AKT, mTOR, and HSP70 have 
also been shown to be markers of muscle growth by Maeda 
& Nakamura[36]. While muscle fiber sarcoplasm displayed 
a negative immunoreaction to nuclear factor kappa-B 
immunostained sections. This result was consistent 
with Martin et al.[37] who showed that formoterol lowers 
nuclear factor kappa-B (NF-KB) activity. Formoterol 
is a selective adrenoreceptor agonist, according to Kim                                                                                                 
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et al.[38] and Hardy et al.[39]. On skeletal muscle, it exerts 
an anti-inflammatory and hypertrophic effect. In numerous 
inflammatory conditions, including bronchial asthma and 
chronic obstructive pulmonary disease, it has been shown 
to provide anti-inflammatory properties. 

According to the current investigation, the formetrol with 
dexamethasone treated group had a statistically significant 
increase in heat shock protein (Hsp70) immunoreactivity 
when compared to control and dexamethasone treated 
groups. This result corroborated Koya et al.[35] discovery 
that skeletal muscle hypertrophy causes an increase in 
heat shock protein 70 (HSP70). However, when compared 
to the dexamethasone-treated group, nuclear factor 
kappa-B showed a statistically significant decrease in 
immunoreaction. The difference between the formametrol 
with dexamethasone treatment group and the control group 
was still substantial despite the improvement. This result 
suggested that formetrol had a partial ameliorative impact 
on dexamethasone-induced atrophy. This was consistent 
with Martin et al.[37] finding that formoterol decreases the 
activity of nuclear factor kappa-b (NF-KB). Additionally, 
Capellino et al.[40] demonstrated that formoterol has anti-
inflammatory impact on skeletal muscles since it lowers 
the production of Cyclooxygenase-2 (COX-2) and tumor 
necrosis factor (TNF) as well as nuclear factor kappa-B 
phosphorylation. 

CONCLUSION                                                                         

In conclusion, Formetrol has a potential role in 
preventing skeletal muscle atrophy due to its ability to 
stimulate skeletal muscle growth better than atomoxetine.
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الملخص العربى

دراسة نسيجية لمقارنة تأثير أتوموكسيتين مقابل فورمترول على ضمور العضلات 
الهيكلية المحدث بالديكساميثازون في ذكور الفئران

ثروت لطفى أحمد، هبه عصام رشاد، نهى عبداللطيف ابراهيم، مروه عمر عبد العال، نهاد احمد صادق

قسم الهستولوجى، كلية الطب، جامعة الفيوم  

المقدمه: يعد ضمور العضلات مشكلة صحية كبيره. وقد يمنع الفورميترول )محفز مستقبلات بيتا( ضمور العضلات. 
بينما الاتوميكستين )مثبط نور ادرينالين( يلعب ايضا دور فى منع ضمور العضلات.

عن  الناجم  الهيكلية  العضلات  ضمور  على  الفورميترول  مقابل  الأتوموكسيتين  تأثير  مقارنة  الدراسة:  من  الهدف 
الديكساميثازون في ذكور الفئران.

المواد والطرق: تم تقسيم ثمانية وأربعين من ذكور الفئران البيضاء البالغة إلى ست مجموعات )8 فئران لكل مجموعة(: 
تم حقن حيوانات المجموعة الأولى )المجموعة الضابطة( بمحلول ملحي معقم 0.5 مل يومياً لمدة سبعة أيام. تم حقن 
لمدة  ديكساميثازون  بالديكساميثازون( بجرعة 10 ملغم/كغم/يوم من  المعالجة  )المجموعة  الثانية  المجموعة  حيوانات 
الحيوانات  تلقت  فقط(:  بالأتوموكسيتين  المعالجة  )المجموعة   3 المجموعة  العضلات  ضمور  على  للحث  أيام  سبعة 
الأتوموكسيتين بجرعة 6 ملغم/كغم/يوم عن طريق الفم باستخدام حقنة الأنسولين بدون إبرة لمدة سبعة أيام. المجموعة 
4 )المجموعة المعالجة بالآتوموكسيتين + الديكساميثازون(: تلقت الحيوانات كلاً من الديكساميثازون والأتوموكسيتين 
بنفس الجرعات وطرق الإعطاء كمجموعتين 2 و 3 على التوالي. المجموعة 5 )المجموعة المعالجة بالفورميترول 
فقط(: تم حقن الحيوانات داخل الصفاق بـ 0.6 ملغم / كغم / يوم من فورميترول لمدة سبعة أيام. المجموعة 6 )المجموعة 
المعالجة بالفورميرترول + الديكساميثازون(: تلقت الحيوانات كلاً من الديكساميثازون والفورميترول بنفس الجرعات 
وطرق الإعطاء مثل المجموعتين 2 و5 على التوالي. في نهاية التجربه )7( ايام تم التضحسة بالفئران و إستأصال 
هستوكيميائية  الاحمر وصبغة  بيكروسيريس  و صبغة  الايوسين  و  الهيماتوكسيلين  لصبغة  وإخضاعها  الساق  عضلة 
مناعية  مضادة لبروتين الصدمة الحرارية 70 والعامل النووي كابا بي. تم قياس النسبة المئوية لمساحة ترسب ألياف 
الكولاجين، والنسبة المئوية لمساحة التعبير المناعي للعامل النووي، ونسبة مساحة التعبير المناعي لبروتين الصدمة 

الحرارية 70 وقطر الألياف العضلية.
المعالجة  )المجموعة   6 والمجموعة  والديكساميثازون(  بالأتوموكسيتين  المعالجة  )المجموعة   4 المجموعة  النتائج: 

بالفورميرترول والديكساميثازون( أظهرت زيادة في قطر الألياف العضلية مقارنة بمجموعة الديكساميثازون.
الاستنتاج: للفورميترول دور محتمل في الوقاية من ضمور العضلات الهيكلية.


