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ABSTRACT
Introduction: Aging associated with thyroid dysfunction induces many microstructural changes in the skeletal muscle 
fibers. These were caused by low T3, hyperglycemia and hyperinsulinemia. Triiodothyronine (T3) supplementation alleviates 
hyperglycemia and ameliorates insulin insensitivity of senile skeletal muscles.
Aim of the Work: Was to evaluate the histological changes of the senile albino rat gastrocnemius muscle associated with 
thyroid dysfunction as well as biochemical variations and the possible protective role of Triiodothyronine (T3).
Material and Methods: Thirty male albino rats were used. The rats were divided into three groups, with ten rats in each 
group. Adult group I; senile group II and T3 treated senile rats group III. T3 was administered at a dose of 8 μg/kg body 
weight for 2 weeks. At the end of the experiment, gastrocnemius muscles were dissected out and prepared for Hx&E stain, 
Masson’s trichrome stain, Toluidine blue stained semi -thin sections and ultra-thin sections for electron microscopic study and 
morphometric measures were done.
Results: Skeletal muscle of senile group II showed thinning out and pyknosis of nuclei of muscle fibers. Ultrathin sections 
of senile rats showed abnormally-shaped degenerated mitochondria. Statistically significant decrease in thickness of muscle 
fibers and increase in collagen fiber deposition in group II. Group III showed restoration of the normal architecture of skeletal 
muscle fibers. The statistically significant increase in fasting glucose and insulin that was detected in group II was controlled 
in group III.
Conclusion: Aging associated with thyroid dysfunction in albino rats revealed marked structural changes in skeletal muscle and 
these changes were controlled by T3 supplementation through its ability to increase insulin sensitivity. This can be considered 
clinically to perform further studies for using T3 in geriatrics suffering from sarcopenia associated with thyroid dysfunction.

Received: 17 September 2022, Accepted:  08 November 2022

Key Words: Aging, electron microscopy, gastrocnemius muscle, morphometry, triiodothyronine (T3).
Corresponding Author: Asmaa Ibrahim Ahmed, PhD, Department of Anatomy and Embryology, Faculty of Medicine, 
Ain Shams University, Cairo, Egypt, Tel.: +20 10 0766 7294, E-mail: asmaaibrahim96@yahoo.com
ISSN: 1110-0559, Vol. 47, No. 1 

INTRODUCTION                                                             

Senility or aging is markedly accompanied by 
difficult glucose utilization by the tissues which is termed 
glucose intolerance and consequently disturbed glucose 
homeostasis ensues as in diabetes mellitus (type 2)[1]. 
Disruption of glucose metabolism occurs commonly with 
defective insulin sensitivity that is linked with diminished 
glucose uptake by different tissues[2]. Insulin has vital 
contribution in the skeletal muscle consumption of glucose. 
The microstructural alterations in the striated muscles in 
geriatrics participate in the occurrence of insulin resistance 
(IR) demonstrated in advancing age[3]. Mohamed et al.[4] 

demonstrated a reduction in the essential carrier proteins 
for utilization of glucose by most of the striated or skeletal 
limb muscles specially in advancing age. Prompt treatment 
of IR in elderly is vital for ameliorating and preventing 
hazards of hyperglycemia. 

Thyroid hormones activate the glucose metabolism[5]. 
They act through stimulation of certain carrier proteins 
and enzymes[6]. Disturbed thyroid functions whether 
augmentation or reduction have been accompanied by 
interruption of glucose metabolism and insulin signaling 
in some elders[7]. Many studies concluded that elevated 
thyroid stimulating hormone (TSH) and reduced free 
thyroxine (fT4) are connected to IR[8]. Furthermore, 
researchers tested thyroid hormone provision in IR cases 
and reached favorable outcomes[3]. Prieto-Almeida et al.[9] 

stated that triiodothyronine (T3) supplementation could 
alleviate hyperglycemia and ameliorate IR of striated 
muscle and many other tissues in diabetic rats and similarly 
in obese rats.

Thus, the current work aimed to investigate the possible 
structural aberrations and histological changes that could 
be encountered in gastrocnemius muscle of senile rats and 
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if the thyroid hormone supplementation could improve 
these changes by improvement of glucose and insulin 
levels using light and electron microscopy in addition to 
morphometry.

MATERIALS AND METHODS                                                        

Animals
Thirty male albino rats were obtained. Ten young 

adult (3 – 4-month-old, body weight 190 ± 10 g) and 20 
aged (20 – 24-month-old, body weight 405.2 ± 22.4 g). 
Rats were gained from Helwan Farm, Cairo, Egypt. They 
were kept under constant 12 h/12 h day/night period in the 
Medical Ain Shams Research institute (MASRI), Faculty 
of Medicine, Ain Shams University. Rats were nourished 
normal rat chow and allowed free approach to food and 
water ad libitum. All experimental steps were accomplished 
according to the instructions of FMASU, REC (Faculty 
of Medicine, Ain Shams University, Research Ethics 
Committee, Cairo, Egypt) that comply with the Guide 
for the Care and Use of Laboratory Animals released by 
United States National Institute of Health. 

Experimental design 
Rats were divided randomly into three groups: 1) adult 

group (I) (n = 10; rats given intraperitoneal (i.p.) injection 
of the hormone vehicle); 2) aged group (II) (n = 10; rats 
received i.p. of the hormone vehicle), and 3) T3-aged group 
(III) (n = 10; triiodo¬thyronine-treated aged group – rats 
given 3,3’,5-triiodo-L-thyronine) (Sigma, St. Louis, MO, 
USA) that was in 1 N of NaOH/isotonic saline dissolute 
and given i.p. at a dose of 8 μg/ kg body weight per day 
for 2 weeks)[10]. On the 15th day, at 9 a.m. the rats were 
weighed and received intraperitoneal injection of sodium 
thiopental (40 mg/kg). A midline abdominal cut was done, 
the abdominal aorta was bare, a polyethylene catheter was 
inserted into it, and a blood sample was assembled in a 
plastic tube. At room temperature, blood was permitted to 
clot, centrifuged at 3000 rpm for 15 min and serum was 
stored at –20°C, till applied for assessment of serum levels 
of free triiodothyronine (FT3), fasting glucose and insulin 
levels. 

Biochemical analysis 
Measurement of fasting serum glucose was done by 

oxidase-peroxidase method[11]. Serum levels of insulin 
and FT3 were tested by enzyme-linked immunosorbent 
assay ELISA (Dako, Carpinteria, CA, and Cusabio, USA, 
respectively) according to the manufacturer’s directions.

Sample collection
At the end of the experimental stage (after 2 weeks), 

all rats received anesthesia. After taking blood samples 
for biochemical assays, the gastrocnemius muscles were 
carefully dissected, obtained, and cut longitudinally to be 
subjected to different histological preparations. Specimens 
were processed for paraffin, semithin and ultrathin sections 
to be examined by the light and electron microscopy.

For light microscopic studies

At the end of the experiment the animals were 
sacrificed. Gastrocnemius muscles were dissected out. The 
specimens were prepared for the following: 

1.	 Hematoxylin and Eosin (H&E) staining technique.

2.	 Masson’s trichrome (MTC) stain to detect the 
collagenous fibers distribution and muscle 
fibrosis[12]. 

All Sections were investigated and photographed with 
Olympus BX 40 light microscope (Olympus, Hamburg, 
Germany) linked to a camera Canon power shot A640 
digital camera (Canon Inc., Tokyo, Japan) at Anatomy 
Department, Faculty of Medicine, Ain Shams University. 

For electron microscopic studies

Animals were injected by glutaraldehyde intracardiac 
for good E.M. results. Small pieces 1 mm3 in size were 
taken from Gastrocnemius muscle. The specimens were 
fixed in 3% phosphate buffered glutaraldehyde (PH 
7.3). Then the specimens were post fixed in 1% osmium 
tetroxide. Dehydration was done in ascending grades of 
alcohol. The specimens were cleared in propylene oxide at 
room temperature. The specimens were infiltrated by epon 
gradually till tissues kept in pure epon. Specimens were 
mounted in gelatin capsules filled with fresh epon. The 
capsules were kept in oven at 60° C to allow polymerization. 
Semithin sections were cut and stained by toluidine blue. 
Ultrathin sections were cut on ultramicrotome. They were 
stained by uranyl acetate and lead citrate[12] and were 
examined by electron microscope in Electron Microscope 
Unit, Faculty of Science, Ain Shams University.

Histomorphometric study and image analysis
1.	 Area percentage of green color (collagen fibers 

deposition) was estimated by use of Masson's 
trichrome stained sections.

2.	 Muscle thickness in micrometer:

Data were gained by use of a Leica Qwin 500 Image 
Analyzer Computer System (Cambridge, England, UK) at 
the Pathology Department, Faculty of Dental Medicine, 
Cairo University. Measurements were proceeded at ×400 
magnification.

Values were collected for each parameter from six 
microscopic areas per slide, six slides per rat and six rats 
per group[13].

Statistical analysis
Statistical test was carried out by use of the SPSS 

software (Statistical Package for Social Studies- version 
13.0) to measure the previous parameters. One-way 
analysis of variance (ANOVA) was utilized to match 
means in various groups with each other. Bonferroni Post 
Hoc test was utilized to reveal significance between every 
two individual groups.
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The significance of the data was specified using 
the probability (P. value). P > 0.05 was counted non-
significant. P ≤ 0.05 was counted significant and P ≤ 
0.001 was counted highly significant[14]. Data were given 
in tables and histograms, all set by using MS Excel 2013.

RESULTS                                                                                         

1-Biochemical study
Serum levels of FT3

The serum levels of T3 were markedly higher in T3-
treated senile group (group III) in comparison to senile rats 
(group II) and control adult group (group I) (Table 1).

Hyperglycemia and Insulin Resistance Results

Compared to adult group, senile rats displayed higher 
level of fasting insulin. Also, the fasting glucose was higher 
in senile versus adult group, although it was statistically 
insignificant. T3 administration in T3-aged rats decreased 
the levels of fasting insulin, fasting glucose compared 
to aged rats. All were statistically significant except for 
fasting glucose level (Table 1). In comparison to adult 
group fasting insulin levels were still significantly higher 
in T3-treated senile rats.

2. Histological study
Histological results of Hx&E stained sections

Group I (Adult Control group):  

Light microscopic examinations:

The muscle showed three connective tissue layers: 
epimysium, Perimysium and endomysium. They were 
formed of dense irregular collagen fibers. 

In Hx&E stained longitudinal sections, the epimysium, 
was the layer which covered the whole muscle, and consisted 
of dense irregular collagen fibers, from which the septa 
extended between the muscle bundles called Perimysium 
(Figure 1). Thin endomysium was demonstrated between 
the closely packed parallel muscle fibers (Figures 2,3). 
There were transverse striations of muscle fibers and the 
peripherally situated oval flat vesicular nuclei were seen. 
Fibrocytes were also seen in between skeletal muscle 
fibers (Figure 3). Transverse section of rat gastrocnemius 
muscle showed thin perimysium between the muscle fibers 
(Figure 4).

Group II (Senile):  

Light microscopic examinations:

Thickened epimysium covered the damaged muscle 
bundles and associated with   mononuclear inflammatory 
cell infiltrate together with few dilated blood vessels were 
seen (Figure 5). Some muscle fibers were thinned out with 
mononuclear cellular infiltrations in between them. Other 
muscle fibers appeared pale with loss of cross striations 
(Figures 6,7). Loss of continuity of some muscle fibers 
was detected. Some muscle fibers showed pale acidophilic 
homogenous area of cytoplasm and loss of striations. 
Deficient areas of muscle fibers were seen (Figure 7)

Thickened perimysium between the muscle bundles 
infiltrated with mononuclear inflammatory cell infiltrate 
specially around congested blood vessels were found 
(Figure 8). Multiple focal pale areas in intima of congested 
dilated blood vessels were seen. There was loss of 
architecture of muscle fibers in the form of disfigured 
muscle fibers with small dark pyknotic nuclei together 
with peripheral areas of degenerated cytoplasm were 
demonstrated (Figure 9). Splitting of muscle fibers with 
occasional fibrillation was noted. Occasional accumulation 
of fat cells in between the muscle fibers was noted. Areas 
of mononuclear inflammatory cellular infiltrations were 
seen (Figure 10).

Group III T3 Treated senile rats:  

Light microscopic examinations: The epimysium was 
formed of dense regularly arranged collagen bundles 
covered the muscle fibers. Longitudinally arranged skeletal 
muscle fibers that appeared parallel to each other with 
well pronounced peripherally situated nuclei were seen. 
Muscle fibers were widely spaced with connective tissue                                                 
(Figures 11,12). Transverse striations could be observed 
inside the muscle fibers (Figure 12).

Histological results of   Masson’s Trichrome stained 
sections

Transverse sections of the adult rats of control group 
l showed few thin collagen fiber depositions between the 
muscle fibers that appeared cylindrical or polygonal   with 
peripheral nuclei (Figure 13). Transverse section of senile 
rat gastrocnemius muscle showed excessive collagen 
fibers deposition in between the disfigured muscle fibers 
and around the dilated and congested blood vessels 
associated with peripheral area of degenerated muscle 
fibers. (Figure 14). Transverse section of T3 treated senile 
group III gastrocnemius muscle showed few collagen 
fibers deposition in between muscle fibers (Figure 15).

Histological results of   Toluidine blue stained semi-thin 
sections

Adult control rat gastrocnemius muscle showed muscle 
fibers with flattened nuclei beneath the sarcolemma sheath. 
The fibers showed transverse striations in the form of 
consecutive light and dark strips. The muscle fibers were 
separated by minimal connective tissue endomysium that 
contained blood vessels. The muscle fibers were nearly 
of uniform thickness (Figure 16). Semi-thin section of 
senile rat gastrocnemius muscle group II showed that the 
muscle fibers with different thickness together with area of 
discontinuity, loss of striations and loss of nuclei of some 
muscle fibers (Figure 17). Some muscle fibers either has 
pale nuclei with peripheral chromatin (Figure 18A) or pale 
nuclei (Karyolysis) and disturbed striations (Figure18 B). 
Mononuclear inflammatory cell infiltrate in the connective 
tissue septa (endomysium) and around dilated congested 
blood vessel was noted. The muscle fibers displayed 
apparently different thickness and disturbed striations 
(Figure 19). Wide separation between the muscle fibers 
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was noticed with congested blood vessels in the thickened 
endomysium were observed. Many fibroblasts were seen 
between the muscle fibers together with macrophage cells 
(Figure 20). Thick walled blood vessels were noticed in the 
markedly thickened connective tissue septa in-between the 
muscle fibers. The mast cells were frequently encountered 
in the connective tissue septa with its characteristic 
metachromatic purple granules. Wide separation between 
the muscle fibers which were of different thickness was 
displayed (Figure 21).

Group III T3 treated senile rats showed normal spacing 
between muscle fibers in comparison with senile group 
II with thin endomysium in-between. The muscle fibers 
were nearly of uniform thickness and blood vessels were 
apparently normal (Figure 22)

Histological results of Transmission Electron 
Microscopy (TEM) (Figures 23-30)

TEM micrographs of the control adult group showed 
multiple adjacent sarcomeres with the cross-striations 
of myofibrils, dense Z line, light (I) band and dark (A) 
band bisected by M line and numerous oval mitochondria 
arranged parallel to the myofibrils between sarcomeres 
(Figure 23). Part of two muscle fibers with euchromatic 
nucleus beneath sarcolemma. Notice the regular 
arrangement of sarcomeres between two Z lines (Figure 
24). TEM micrographs of the senile group showed marked 
disruption of the myofibrils (Z lines). Numerous large 
abnormally-shaped degenerated mitochondria, widening 
of the inter-fiber space with increased collagen fibers 
deposition were noted (Figures 25,26,27). Some fibers 
showed marked degeneration and vacuolations of the 
myofibrils with heterochromatic segmented invaginated 
nuclei that showed dense chromatin and peri-nuclear 
deposition of collagen fibers (Figure 28). The T3 treated 
senile group TEM micrographs showed restoration of the 
normal architecture of the myofibrils (Z lines), minimal 
vacuolations of sarcoplasm, numerous inter-myofibrillar 
longitudinally arranged mitochondria (Figure 29). Oval 
vesicular central nuclei with homogenous chromatin, peri-
nuclear and inter-myofibrillar longitudinally arranged 
ovoid mitochondria were noted (Figure 30). 

Morphometric and statistical study
Comparison between the average thicknesses of 

the muscle fibers in different groups was performed                                 
(Table 2, Histogram 1). 

A statistically highly significant decrease in the average 
thickness of skeletal muscle fibers in group II (senile 
rats) compared to group I (adult rats). However, there 
were non-significant alterations in the mean thickness of 
skeletal muscle fibers in T3 treated senile rats (group III) in 
comparison to group I. Meanwhile, there was statistically 
highly significant increase in average thickness of skeletal 
muscle fibers in rats of group (III) in comparison to                  
group (II).

Comparison between the area percentages of green 
color that represent the collagen fiber deposition in 
different groups was performed (Table 3, Histogram 2). A 
statistically highly significant increase in area percentage 
of green color for collagen fiber deposition was noticed in 
group (II) in comparison to that of group (I). However, non-
significant alterations could be seen in the area percentage 
of green color for collagen fiber deposition in rats of 
group (III) relative to group (I). Meanwhile, there was 
statistically highly significant decrease in area percentage 
of green color for collagenous fibers deposition in rats of 
group (III) in comparison to group (II).

Fig. 1: A photomicrograph of a section of control adult rat gastrocnemius 
muscle group I showing thin epimysium (blue arrow) and perimysium 
(black arrow) surrounding bundles of muscle (red arrow).H and E X40

Fig. 2: A photomicrograph of a section of control adult rat gastrocnemius 
muscle group I showing parallel muscle bundles (mf) and thin 
endomysium (black arrow) between the closely packed individual muscle 
fibers. H and E X100 
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Fig. 3: A photomicrograph of a longitudinal section of control adult 
rat gastrocnemius muscle group I showing muscle fibers (mf). With 
the peripherally situated oval flat vesicular nuclei (N). Notice also the 
presence of fibrocytes in between skeletal muscle fibers (black arrow). 
Note also thin endomysium (blue arrow) between the individual muscle 
fibers  H and E X400

Fig. 4: A photomicrograph of a transverse section of control rat 
gastrocnemius muscle group I showing thin perimysium (black arrow) 
containing blood vessels (BV) between the muscle fibers(mf). H and E 
X 400

Fig. 5: A photomicrograph of a section of senile rat gastrocnemius muscle 
groupII showing thickened epimysium (double head blue arrow) overlies 
the damaged muscle bundles (star) and note the presence of mononuclear 
inflammatory cell infiltrate (red arrow) in the epimysium together with 
few dilated blood vessels (black arrow). H and E X40

Fig. 6: A photomicrograph of a longitudinal section of senile rat 
gastrocnemius muscle groupII showing apparent thinning out (red arrow) 
of some muscle fibers (mf) With mononuclear cellular infiltrations (black 
arrow) in between the muscle fibers. Some muscle fibers appear pale 
(arrow head). H and E X100
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Fig. 7: A photomicrograph of a longitudinal section of senile rat 
gastrocnemius muscle groupII showing loss of continuity (star) of some 
muscle fibers (mf). some muscle fibers show pale acidophilic homogenous 
area of cytoplasm (black arrow). H and E X400

Fig. 8: A photomicrograph of a longitudinal section of senile rat 
gastrocnemius muscle groupII showing apparently thickened perimysium 
(double head arrow) between the muscle bundles (B). Notice mononuclear 
inflammatory cell infiltrate (black arrow) around congested blood vessels 
(BV). H and E X400

Fig. 9: A photomicrograph of a transverse section of senile rat 
gastrocnemius muscle groupII showing loss of architecture of muscle 
fibers (mf). These distorted muscle fibers have small dark pyknotic nuclei 
(blue arrow) with peripheral areas of degeneration (stat). Note multiple 
focal pale areas (black arrow) in intima of congested dilated artery (A). 
H and E X400

Fig. 10: A photomicrograph of a longitudinal section of senile rat 
gastrocnemius muscle groupII showing splitting of muscle fibers(mf) 
with occasional fibrillation (black arrow). Occasional accumulation of fat 
cells (star) in between the muscle fibers is noted. Areas of mononuclear 
inflammatory cellular infiltrations (blue arrow) are seen. H and E X100

Fig. 11: A photomicrograph of a longitudinal section of rat gastrocnemius 
muscle of group III (senile treated with T3 for 2 weeks) showing 
epimysium (red arrow) formed of dense regularly arranged collagen 
bundles. Longitudinally arranged skeletal muscle fibers (mf) with well 
pronounced peripherally situated nuclei (black arrow) is seen. Notice the 
wide connective tissue spaces between the muscle fibers (star). H and E 
X40 

Fig. 12: A photomicrograph of a longitudinal section of rat gastrocnemius 
muscle of group III (senile treated with T3 for 2 weeks) showing 
regularly arranged skeletal muscle fibers(mf) with peripherally situated 
flat vesicular nuclei (N). Transverse striations can be observed inside the 
muscle fibers (star). H and E 400
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Fig. 13: A photomicrograph of a transverse section of gastrocnemius 
muscle of control adult rat group I showing thin collagen fiber (black 
arrow) deposition between muscle fiber (mf) that appear cylindrical 
or polygonal in shape with flattened peripheral nuclei (N). BV=blood 
vessels Masson's trichrome X400 

Fig. 14: A photomicrograph of a transverse section of senile rat 
gastrocnemius muscle group II showing apparent increase in the collagen 
fiber deposition (black arrow) in between the disfigured muscle fibers 
(mf) that reveal peripheral area of degeneration (star). Notice also 
excessive collagen fiber deposition around the dilated congested blood 
vessels (BV). Masson's trichrome X400

Fig. 15: A photomicrograph of a transverse section of group III (senile 
treated withT3 for 2 weeks) showing minimal collagen fibers deposition 
(black arrow) in between muscle fibers (mf). Masson's trichrome X400

Fig. 16: A photomicrograph of a semi-thin section of control adult rat 
gastrocnemius muscle group I showing myofibers(mf) with flattened 
nuclei(N) beneath the sarcolemma sheath. The fibers showed transverse 
striations in the form of alternating dark and light bands (red arrow). The 
muscle fibers are separated by minimal connective tissue endomysium 
(EN) that contains blood vessels(BV). Toluidine blueX1000

Fig. 17: A photomicrograph of a semi-thin section of senile rat 
gastrocnemius muscle group II showing the muscle fibers (mf) with 
apparently variable thickness (↕) together with disturbed striations (red 
arrow) and loss of nuclei of some muscle fibers. Toluidine blue X1000

Fig. 18: A photomicrograph of a semi-thin section of senile rat 
gastrocnemius muscle group II showing some muscle fibers has either 
pale nuclei with peripheral chromatin (red arrow) (18A) or dissolution of 
nuclear material (Karyolysis) (black arrow) (18B). Toluidine blueX1000
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Fig. 19: A photomicrograph of a semi-thin section of senile rat 
gastrocnemius muscle group II showing mononuclear inflammatory cell 
infiltrate (red arrow) in the connective tissue septa (endomysium) (star) 
in close proximity to congested dilated blood vessel (BV). Note that the 
myofibrils (mf) showed disturbed striations (black arrow). Toluidine 
blueX1000

Fig. 20: A photomicrograph of a semi-thin section of senile rat 
gastrocnemius muscle group II showing wide separation (star) between 
the muscle fibers (mf) with congested blood vessels (BV) in the thickened 
connective tissue septa(S) (endomysium). Notice many fibroblasts 
are seen between the muscle fibers (red short arrow). (Black arrow) = 
macrophage cells. Toluidine blueX1000

Fig. 21: A photomicrograph of a semi-thin section of senile rat 
gastrocnemius muscle group II showing thick walled blood vessels (BV) 
in the markedly thickened connective tissue septa(S) between the muscle 
fibers(mf). Note the mast cells (red arrow) that are frequently encountered 
in the connective tissue septa with its characteristic metachromatic purple 
granules. Toluidine blueX1000

Fig. 22: A photomicrograph of a section of gastrocnemius muscle group 
III (T3 treated senile for 2 weeks) showing normal spacing between 
muscle fibers (mf) with thin endomysium (red arrow) in between. The 
muscle fibers and blood vessels (BV) are apparently normal. Toluidine 
blue X 1000

Fig. 23: Transmission electron micrograph of a section of rat 
gastrocnemius muscle (control adult group) showing cross striations of 
myofibrils (mf): dense Z line (arrow): light (I) band and dark (A) band 
bisected by M line (arrowhead). Mitochondria (m) are arranged parallel to 
myofibrils between sarcomeres. Uranyl acetate and Lead Citrate X 5000
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Fig. 24: Transmission electron micrograph of a section of rat 
gastrocnemius muscle (control adult group). Part of two muscle fibers 
with euchromatic nucleus (N)beneath sarcolemma (arrowhead). Notice 
the regular arrangement of sarcomeres(S) between two intact Z line 
(arrow). Uranyl acetate and Lead Citrate X 3000

Fig. 25: Transmission electron micrograph of a section of rat gastrocnemius 
muscle (senile group) showing disruption and disorganization of the 
myofibrils Z line (arrow): abnormally shaped degenerated mitochondria 
(m) and widening of the inter-fiber spaces (s) with excessive deposition 
of collagen fibers (arrowhead). Uranyl acetate and Lead Citrate X 6000

Fig. 26: Transmission electron micrograph of a section of rat 
gastrocnemius muscle (senile group) showing disruption of the myofibrils 
Z line (arrow) and degenerated mitochondria (arrowhead). Uranyl acetate 
and Lead Citrate X3000

Fig. 27: Transmission electron micrograph of a section of rat 
gastrocnemius muscle (senile group) showing excessive vacuolations 
(V) of the myofibrils Z line, widening of inter-fiber spaces with 
excessive deposition of collagenous fibers (arrow). Abnormal shapes of 
mitochondria (m) are also seen. Uranyl acetate and Lead Citrate X 3000
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Fig. 28: Transmission electron micrograph of a section of rat 
gastrocnemius muscle (senile group) with the myofibrils Z line showing 
degeneration (tailed arrow) and   vacuolations (v). Segmented nucleus (N) 
shows invaginations (arrow) with condensed heterogeneous chromatin 
and perinuclear deposition of collagen fibers (arrowhead). Uranyl acetate 
and Lead Citrate X 1500

Fig. 29: Transmission electron micrograph of a section of rat 
gastrocnemius muscle (T3treated senile group) showing restoration 
of the normal architecture of the myofibrils with intact Z line (arrow): 
minimal vacuolations (arrowhead) of sarcoplasm, longitudinally arranged 
mitochondria (m) parallel to myofibrils. Uranyl acetate and Lead Citrate 
X 3000

Fig. 30: Transmission electron micrograph of a section of rat gastrocnemius 
muscle (T3treated senile group) showing oval nucleus (N) with homogenous 
chromatin, numerous mitochondria (m) parallel to the myofibrils and in the 
perinuclear space. Uranyl acetate and Lead Citrate X 2000

Histogram 1: Showing the difference in muscle fibers thickness in μm 
among different groups. 

Histogram 2: Showing the difference in Area % of collagen deposition 
among the three different groups
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DISCUSSION                                                                                

Skeletal muscle maintains erect position and helps in 
movement by contributing to basal energy metabolism. 
Thyroid hormones (triiodothyronine, or T3) participate 
in contractile function, metabolic processes, myogenesis 
and regeneration of skeletal muscle. During aging skeletal 
muscle presents a decrease in its mass termed Sarcopenia. 
There is a great confirmation that thyroid hormones 
have a great value in modulating the sarcopenic process. 
Therefore, in this study, we aimed to discuss the protective 
effects of thyroid hormones in skeletal muscular aging 
processes and myopathy-related to aged associated thyroid 
dysfunction[15,16,17] 

Gastrocnemius (GAS) muscle is chiefly formed of 
type II (fast twitch) fibers[15] that markedly diminished 
with advancing age[16]. Furthermore, in senile age, GAS 
showed marked increase in apoptosis. This agreed with 
results of the present study, in both the H&E-stained 
sections and the toluidine blue stained semi thin sections of 
senile group, that showed nuclear pyknosis and disturbed 

striations of muscle fibers. Aging caused muscle atrophy 
mainly through affecting type II fibers[17]. Up-regulation of 
cell death-inducing DNA fragmentation factor alpha like 
effector A (CIDEA) in GAS with age resulted in significant 
decrease in its mass[18]. 

In the current study, H&E-stained sections of 
gastrocnemius muscle of senile rats showed damaged 
muscle bundles, thinning out of some muscle fibers, 
deficient areas and loss of architecture of muscle fibers. 

Muscle atrophy with old age is mainly due to intrinsic 
apoptotic pathway that is different between slow and fast-
twitch muscle[19]. Caspase-9; a key molecule in the intrinsic 
apoptotic pathway, were significantly up-regulated in fast-
twitch muscle by aging[20]. 

In the present study, the morphometric results of senile 
rats showed statistically significant decrease in the muscle 
thickness, this was explained by some authors, who showed 
that optic atrophy 1 (OPA1) was markedly reduced in the 
skeletal muscles (SM) of senile mice and that exact hit of 
OPA1 in SM inhibited protein synthesis, promoted protein 

Table 1: serum levels of free triiodothyronine (FT3), fasting glucose, fasting insulin, in the three study groups.

Groups

adult senile T3-treated senile  

FT3 (ng/dl) 2.93±0.1 2.41 ± 0.3 3.1± 0.5#

Fasting glucose (mg/dl) 94.9 ±4.9 104.9±12.8 94.8 ±2.9

Fasting insulin (mg/dl) 1.29±0.3 1.83±0.1* 1.59±0.9*#

Data are expressed as mean ± SD, n = 7 per each group; * p < 0.05 vs. adult group, # p < 0.05 vs. senile group. T3-  triiodothyronine-treated senile group

Table 2: Showing the difference in muscle fibers thickness in μm among different groups.

Muscle fibers thickness in μm
Control adult (group I) Senile (group II) T3 Treated Senile (group III) One Way ANOVA test

No. = 6 No. = 6 No. = 6 F P-value Sig.

Mean ± SD 39.9 ± 2.75 19.1 ± 2.19 37.8 ± 2.971 111.408 <0.001 HS

Post Hoc analysis by LSD

Control Vs Senile Control Vs treated Senile Senile Vs T3 treated Senile

<0.001 (HS) 0.233 (NS) <0.001 (HS)

SD = standard deviation. 
P value < 0.05 = significant (S). 
P value < 0.01 = highly significant (HS). 
P value > 0.05 = non-significant (NS).

Table 3: Showing the difference in Area % of collagen deposition among the three different groups.

Area % of green color (collagen deposition)
Control adult (group I) Senile (group II) T3 Treated Senile (group III) One Way ANOVA test

No. = 6 No. = 6 No. = 6 F P-value Sig.

Mean ± SD 22.93 ± 1.2 48.9 ± 2.3 23.58 ± 1.5 439.632 <0.001 HS

Post Hoc analysis by LSD

Control Vs Senile Control Vs treated Senile Senile Vs treated Senile

<0.001 (HS) 0.427 (NS) <0.001 (HS)

SD = standard deviation. 
P value < 0.05 = significant (S). 
P value < 0.01 = highly significant (HS). 
P value > 0.05 = non-significant (NS).
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breakdown, and induced atrophy-linked gene expression, 
causing early aging changes in mice[21]. 

Furthermore, in the present study, the morphometric 
results of senile rats showed statistically significant increase 
in the collagen fiber deposition inbetwen the muscle 
bundles in the Masson’s Trichrome stained sections, this 
was explained by many studies which  stated that OPA1 
lack promoted the release of Fibroblast Growth Factor 21 
(FGF21) from SM, causing changed lipid homeostasis, 
inflammation, and the senility of various tissues[22]. 
These findinges explained and justifid the results of the 
present study in the H&E stained sections of senile group 
that presented mononuclear inflammatory cell infiltrate 
between muscle fibers and in the epimysium in addition to 
fat cell accumulation in between the muscle fibers together 
with congested dilated blood vessels of the perimysium and 
endomysium. Moreover, [22] findings explained and were in 
consistence with the results of the present study, seen in 
the toluidine blue stained semi thin sections of senile group 
that showed mast cells one of recruited inflamamatory cells 
with its charactaristic purpule metachromatic granules in 
between the muscle fibers. 

Furthermore,  some studies proved that  the GAS 
muscles of senile rats displayed markedly increased 
dynamin-related protein 1 (DRP1)[23]. They  evidenced 
that precise overexpression of DRP1 in skeletal 
muscle led to mitochondrial network reformation and 
diminished mitochondrial DNA copy number. Also, 
stimulated dsRNA-dependent protein kinase/eukaryotic 
initiation factor 2/fibroblast growth factor 21 pathway 
via Drp1 overexpression caused diminished SM protein 
production[24]. This fact was explained and agreed  
with results of the present study that were  seen in  the 
Masson trichrom’s stained sections of senile group that 
demonstrated increased irregular thickend collagen fibers 
deposition inbetween the damaged muscle fibers and 
around the dilated congested blood vessels. Which was 
confirmed by the  morphometric results of the current 
work, in the  senile rats group II that showed statistically 
significant increase in the collagen fiber deposition. 

In the current study, H&E-stained sections of 
gastrocnemius muscle of senile rats (group II) showed 
degeneration of the intima of the wall of the blood vessels 
in-between the muscle fibers in the form of focal pale area 
of the intimal wall. These consequences agreed with many 
studies on rodents, they stated that, among age-related 
diseases, cardiovascular and cerebrovascular diseases 
which are the major causes of death. Vascular dysfunction 
is a primary feature of these diseases and main risk 
factor. They demonstrated that there were morphological 
aberrations of aging vessels, which includes senile micro-
vessel damage, altered capillary basement membrane, 
intima, media, adventitia as well as accompanying vascular 
dysfunctions due to these changes[25]. These results were 
explained by endothelial apoptosis and senescence in rat’s 
peripheral blood vessels[26]. They added that the electron 
microscopy reveals deposition of   connective tissue in the 
intima below the endothelium.

Ultrastructural examination of gastrocnemius 
muscle in senile rats showed marked disruption of the 
myofibrils (z lines) with loss of architecture of the muscle 
fiber, numerous large abnormally shaped degenerated 
mitochondria, widening of the inter-fiber space with rise in 
collagenous fibers deposition. Some fibers showed marked 
degeneration and vacuolations of the myofibrils with 
heterochromatic segmented invaginated nuclei showing 
dense chromatin and peri-nuclear deposition of collagen 
fibers. These outcomes agree with studies describing that 
aging of SM resulted in oxidative stress and mitochondrial 
dysfunction[27]. GAS was considered a glycolytic white 
muscle that showed mitochondrial elongation in senile 
rats[18], associated with enlarged SM mitochondria[28], 
more branching and morphological convolution of 
mitochondria[29] and rise in mitochondrial fusion[30]. 

Aging is related to sarcopenia; a progressive decrease 
of muscle mass and force. Advancing age is connected 
with both obesity and insulin resistance (IR) in humans 
and rodents[31]. SM is the chief site of insulin action, so it 
is essentially related to the progress of whole-body insulin 
resistance[32]. SM has a main role in the insulin resistance 
development all-over the body[33]. Mitochondria are the 
main determinants of the IR progress[34]. Senile rats showed 
diminished activities of SM mitochondria[35]. Also, old 
men showed mitochondrial dysfunction[36]. Furthermore, 
SM insulin sensitivity and oxidative capacity were directly 
related[37]. Mitochondrial dysfunction contributed to 
the advance of insulin resistance[36], and mitochondrial 
oxidative capability was an excellent anticipator of insulin 
sensitivity[37]. 

Mitochondrial dysfunction was evidenced to cause 
sarcopenia mostly due to altered mitochondrial dynamics/
morphology[18]. Mitochondria supply energy for skeletal 
muscle contraction via oxidative phosphorylation 
(OXPHOS). Also, mitochondria are essential for skeletal 
muscle cell viability and redox elimination. Mitochondria 
were described as multifunctional indicator centers 
that link cellular task with metabolism and age[38]. 
Mitochondria are essential for cellular homeostasis in 
response to extracellular and intracellular strain and aging. 
Mitochondrial dysfunction is a characteristic of aging[39]. 
With ageing, functional changes emerge in skeletal muscle 
mitochondrial function, namely; decreased membrane 
potential, increased ROS production, altered enzyme 
activity, and decreased adenosine triphosphate (ATP) 
production ability[40]. Therefore, to improve function 
of skeletal muscle cell and delay aging, mitochondrial 
function regulation is considered an essential factor[41]. 
With aging, skeletal muscles display a decrease in 
mitochondrial number, density, mitochondrial protein 
expression and mitochondrial deoxyribonucleic acid 
(DNA) copy number[40]. 

The present work demonstrated the hormonal profile 
of senile rats in comparison to adult rats. The aged rats 
presented statistically significant higher levels of fasting 
insulin in addition to statistically insignificant higher 
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fasting glucose (Table 1), this was explained by researchers 
who stated that about 80% of glucose is consumed by 
skeletal muscle in mice (SM) in response to insulin; then 
oxidized to supply energy or stored as glycogen[42]. SM 
are essential insulin-responsive tissues[43]. Peroxisome 
proliferator-activated receptor γ coactivator-1α (PGC-
1α) is a primary gene controlling skeletal muscle insulin 
sensitivity and mitochondrial biogenesis. Skeletal muscle 
of senile mice displayed decreased PGC-1α. PGC-1α 
overexpression in the senile mice skeletal muscle caused 
increased skeletal muscle mitochondrial number, renewal 
of myosin heavy chain isoforms, elevated mitophagy 
(precise type of autophagy selectively eliminates damaged 
mitochondria via the autophagy-lysosome system) markers 
and minimized levels of proteasome markers, and these 
alterations simulated the molecular characteristics of 
young mouse SM[44,45]. Disturbed mitophagy with uneven 
mitochondrial dynamics caused gathering of dysfunctional 
mitochondria in senility[44]. SM of old rodents displayed 
decreased mitophagy-related proteins with accumulation 
of dysfunctional mitochondria[29,46]. 

Many researches evidenced that PGC-1α overexpression 
in SM of 24-month-old male mice minimized muscle 
weakness and stopped sarcopenia[47]. In aging SM, the 
mitochondrial quality regulating system is disrupted, 
including diminished mitochondrial biogenesis, an 
disproportionate mitochondrial dynamics, and worsened 
mitophagy[48]. Therefore, regulating the mitochondrial 
biogenesis represents a probable step to prevent skeletal 
muscle aging. 

Nr1d1 (known as Rev-erb-alpha) is positively 
correlated to mitochondrial tasks and oxidative capability 
in SM. Nr1d1 expression is diminished in senile SM. 
Nr1d1 overexpression augments mitochondrial function 
and exercise ability[49]. In contrast, the shortage of Nr1d1 
in SM upregulated the atrophy related genes and increased 
sarcopenia[50]. 

In senile humans and rodents mitochondrial 
permeability transition pore (mPTP) dysfunctions leading 
to the aging-related sarcopenia, since mPTP opening can 
initiate numerous atrophy-regulating pathways[51], via 
overproduction of mitochondrial reactive oxygen species 
(ROS)[52]. ROS can initiate the muscle atrophy course by 
stimulating the Fork head box O (FoxO) transcription factor 
family[53]. Also, mPTP opening can release mitochondrial 
DNA and consequently activates the NLRP3 (NOD-, LRR- 
and pyrin domain-containing protein 3) inflammasome, 
that increases the expression of ubiquitin ligases concerned 
with muscle atrophy[54]. Meanwhile, mPTP opening releases 
cytochrome C that increases proteasomal action secondary 
to caspase 3 stimulation[55]. Lastly, mPTP opening can 
release pro-apoptotic agents such as endonuclease G, 
that accumulates in myonuclei of senile individuals[51]. 
Furthermore, overexpression of the antioxidant enzyme; 
mitochondrial-targeted catalase diminishes sarcopenia 
occurring with senility.

In the present study, the H&E stained sections and 
semi thin sections of group III (T3 treated senile group) 
showed marked restoration of the normal architecture 
of the muscle fibers with regularly arranged collagen 
bundles, longitudinally arranged skeletal muscle fibers and 
peripherally situated nuclei. This agreed with scientests 
who stated that in SM, T3 augments glucose uptake and both 
glycolytic and oxidative capability[56]. This was explained 
many authors who described that T3 fulfills its effects 
via connecting with TH receptor (TR)[57]. T3 promptly 
increases transcriptional coactivator PGC1a; peroxisome 
proliferator-activated receptor c (PPARc) coactivator 1a 
(PGC1a), encoded by PPARGC1A[57,58]. SM displays high 
expression of PGC1a[59]. In SM, it induces mitochondrial 
biogenesis, encourages switch from glycolytic to oxidative 
fibers, and improves fatigue resistance[59]. This agreed with 
ultrastructural findings in the thyroid hormone treated 
group (group III) in the present study that showed muscle 
fibers; nearly of uniform diameter, with restoration of the 
normal architecture of the myofibrils (z lines), minimal 
vacuolations of sarcoplasm, numerous inter-myofibrillar 
longitudinally arranged mitochondria, oval vesicular 
central nuclei with homogenous chromatin, peri-nuclear 
and inter-myofibrillar longitudinally arranged ovoid 
mitochondria. Mitochondria have a chief role in insulin 
resistance. SM insulin resistance often ensues due to 
mitochondrial dysfunction[60].

Morphometric results in the present investigation of 
group III (T3 treated senile group), showed statistically 
significant increase in the muscle thickness. This was 
explained by Milanesi et al.,[61] who stated that TH 
signaling via TRa1 is vital to preserve muscle satellite cell 
collection, important for appropriate muscle regeneration 
and to compete sarcopenia. 

In the present study, the hormonal profile of group III 
(T3 treated senile group), showed that T3 administration 
decreased the levels of fasting insulin and fasting glucose 
compared to senile rats. This agreed with Moreno et al.,[1] 

who stated that glucose uptake was improved by providing 
T2 (a naturally occurring iodothyronine, 3,5-diiodo-L-
thyronine) to muscle cells, and consequently it improved 
insulin sensitivity. T2 significantly stimulated insulin-
induced Akt, that is concerned with glucose transport 
and glycogenesis in SM cells[62]. Furthermore, it was 
responsible for muscle hypertrophy in vivo[63]. Similarly, 
other workers, produced obese Akt1 transgenic mice that 
showed fast/glycolytic muscle fibers, and consequently 
growth of these muscle fibers settled their reactions to 
exogenous glucose and insulin[64].

So that, TH effect in SM is a significant factor; linked 
to insulin sensitivity. T3 affects metabolic paths which 
impede insulin action[65]. 

Furthermore, SM display a key T3-responsive gene; 
ATP2A2, that encodes sarcoplasmic reticulum Ca2+ 
-dependent ATP-ase (SERCA) 2a, an isoform for SM fibers, 
manifested by greater insulin sensitivity[66]. Serum TSH 
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and insulin sensitivity were inversely related with a decline 
in serum fT4 in overweight/obese individuals[32]. Thyroid 
hormones altered gene expression and enzymatic activities 
linked to glucose metabolism & insulin sensitivity[5].
CONCLUSION                                                                        

The present study proved that thyroid hormone 
supplementation to old aged rats in situations with low 
serum T3 level can improve the structural abnormalities 
encountered in gastrocnemius muscle that were mostly due 
to low T3 and diminished insulin sensitivity found in old 
aged rats. This improvement by T3 was achieved through 
many mechanisms as T3 improved the insulin sensitivity 
and glucose uptake by the skeletal muscle through its effect 
on mitochondria and its linked enzemes.

RECOMMENDATIONS                                                              

It’s advised to give T3 supplementations for those 
elderly in situations with low serum T3 level and 
complaining from Sarcopenia and glucose intolerance. 
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الملخص العربى

دراسة نسيجية ومورفومترية حول تأثير ثلاثي يودوثيرونين على التغيرات النسيجية فى 
عضلة ساق ذكر الجرذ الأبيض المسن المصاحبة لضعف الغدة الدرقية 

أسماء إبراهيم احمد1، سحر محمد توفيق العجاتي2، سيد مصطفي السيد1 

1قسم التشريح وعلم الأجنة، 2قسم الفسيولوجيا، كلية الطب، جامعة عين شمس، القاهرة، مصر 

العضلات  ألياف  في   الدقيقة   التغيرات  من  العديد  يصاحبها  قد  الدرقية  الغدة  بقصور  المرتبطة  الشيخوخة  المقدمة: 
الهيكلية، والتي يكون سببها انخفاض ثلاثي يودوثيرونين، ارتفاع السكر في الدم وزيادة أنسولين الدم. ثلاثي يودوثيرونين 
يمكنه ان ينشط عملية التمثيل الغذائي للجلوكوز ويقلل من من ارتفاع السكر في الدم ويقلل من عدم الاستجابة للأنسولين 

في الألياف العضلية الهيكلية في الحالات التي يكون فيها مستوى ثلاثي يودوثيرونين منخفضًا في الدم.
الغدة  بقصور  المرتبطة  الشيخوخة  في عمر  الابيض  الجرذ  لعضلة ساق  النسيجية  التغيرات  تقييم  العمل:  الهدف من 

الدرقية وكذلك الاختلافات الكيميائية الحيوية والدور الوقائي المحتمل لثلاثي يودوثيرونين.
المواد والطرق: تم استخدام ثلاثين ذكر من الجرذان البيضاء. قسمت الجرذان إلى ثلاث مجموعات، بواقع عشرة جرذان 
في كل مجموعة. المجموعة الأولى الجرذان البالغين، المجموعة الثانية الجرذان في عمرالشيخوخة، المجموعة الثالثة 

من الجرذان في عمرالشيخوخة المعالجة بثلاثي يودوثيرونين.
تم  التجربة،  نهاية  في  أسبوعين.  لمدة  الجسم  من وزن  كجم   / ميكروغرام   8 بجرعة  يودوثيرونين   ثلاثي  إعطاء  تم 
تشريح  عضلات الساق وتحضير شرائح لتصبغ بصبغة الهيماتوكسيلين والإ يوسين، وصبغة ماسون ثلاثية الألوان، 
وشرائح اخرى شبه رقيقة لصبغها بالتولويدين الأزرق، وشرائح اخرى لدرستها بالمجهرالالكتروني ثم اجريت القياسات 

المورفولوجية.
النتائج: أظهرت العضلات الهيكلية للمجموعة الثانية من الجرذان في عمر الشيخوخة ترقق في بعض الألياف العضلية، 
وفقدان التتخطيطات اوالتحززات العرضية و ضمور  في نواة اللييفات العضلية. تم الكشف عن التهابات في صورة 
الرقيقة جدا  المقاطع  الدهنية. أظهرت  الخلايا  الهيكلية مع ترسبات  العضلية  بين الالياف  النواة  ارتشاح خلوي أحادي 
اضطراباً ملحوظًا في اللييفات العضلية مع العديد من الميتوكوندريا المتحللة الكبيرة ذات الشكل غير الطبيعي. أظهرت 

المجموعة الثالثة استعادة البنية الطبيعية لألياف العضلات الهيكلية.
 وجد انخفاض في سمك ألياف العضلات وزيادة ترسب ألياف الكولاجين في المجموعة الثانية في الجرذان  فى عمر 
الشيخوخة ذو دلالة إحصائيةً كبيرة وحدث تحسن  لهذه التغييرات في المجموعة الثالثة بفضل  ثلاثي يودوثيرونين مع 
زيادة ذات دلالة احصاءية في نسبة الجلوكوز و الانسولين في الدم في المجموعة الثانية وتم التحكم فيها في المجموعة 

الثالثة. 
الخلاصة: الشيخوخة المرتبطة بضعف الغدة الدرقية احدثت تغييرات نسيجية ملحوظة في العضلات الهيكلية لذكر الجرذ 
ألابيض   و امكن  التحكم فيها  باعطاء  ثلاثي يودوثيرونين من خلال قدرته   علي زيادة الاستجابة للأنسولين. ويمكن 
من الناحية الاكلينيكية  القيام بعمل المزيد من الدراسات  علي استخدام    ثلاثي يودوثيرونين في المسنين الذين يعانون 

من ضعف العضلات المصاحب لقصور الغدة الدرقية.


