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Figure 3: Histological structure of the rectus abdominis muscle of the control group. Hematoxylin and eosin stain-
ing. Magnification: x 100.

Figure 4: Myosteatosis in the rectus abdominis muscle of HFD group rats. Masson’s trichrome stain. Magnifica-
tion: x 400.
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Figure 5: Pronounced interstitial myosteatosis and microcirculatory disorders in the HFD+DM group. Note the
accumulation of adipose tissue (1). Hematoxylin and eosin staining. Magnification: x 200.
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Figure 6: Signs of atrophy and degeneration of muscle fibers in the HFD+DM group. Heidenhain’s hematoxylin
stain. Magnification: x200.
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occurring during chronic muscle damage. Additional-
ly, dark areas within the fibers indicated the presence
of dystrophic changes, which are frequently observed
under conditions of metabolic stress.

The cumulative effect of glucose and lipotoxicity
in the HFD+DM group leads to significantly more pro-
found structural damage in the rectus abdominis mus-
cle compared to the isolated obesity group. These mor-
phological data, combined with indicators of severe
hyperglycemia, suggest the development of decompen-
sated carbohydrate and lipid metabolism, which serves
as a key pathophysiological mechanism for muscle
damage under experimental diabetes mellitus.

Electron microscopic examination of the rectus
abdominis muscle in the HFD+DM group revealed
profound ultrastructural changes (Figure 7). Evidence
of severe mitochondrial dysfunction was established,
characterized by the destruction of internal cristae and
uneven density of the mitochondrial matrix. Concur-
rently, significant intracellular accumulation of lipid
droplets was observed, physically disorganizing the
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structure of sarcomeres and myofibrils. These findings
confirm the structural disorganization of myocytes at
the organelle level, which correlates with the severity
of hyperglycemia and indicates the progression of ir-
reversible degenerative processes in the muscle tissue.

Morphometric analysis of the rectus abdominis
muscle revealed clear dynamics in the average diame-
ter of muscle fibers (Figure 8). In the control group, the
average fiber diameter was (55.8+2.24) pm. In the HFD
group, a statistically significant decrease in fiber diam-
eter to (53.0+1.70) um was observed (p=0.004 vs. CG),
indicating the onset of muscle atrophy at the stage of
metabolic disorders induced by the high-fat diet. The
most pronounced degenerative changes were recorded
in the HFD+DM group, where the average fiber diame-
ter decreased significantly to (41.8+1.31) pm (p<0.001 vs.
both CG and HFD).

The diagram clearly demonstrates the high homo-
geneity of indicators within each group, as well as a
pronounced shift in the distribution of values toward
smaller diameters in animals with diabetes mellitus.
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Figure 7: Ultrastructural changes in the rectus abdominis muscle of the HFD+DM group. Note the marked mito-
chondrial dysfunction (cristalolysis, matrix swelling) and massive intrasarcoplasmic accumulation of lipid inclu-
sions, leading to myofibril fragmentation. Transmission electron microscopy, magnification: x 12 000
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Figure 8: Dynamics of the average rectus abdominis muscle fiber diameter across the experimental groups.

These results confirm the progressive nature of the
pathological process, wherein the synergy of insulin
resistance and hyperglycemia leads to profound atro-
phy of muscle fibers.

Histological analysis of the rectus abdominis mus-
cle revealed a progressive increase in the proportion of
damaged fibers in response to metabolic disorders. In
the control group, the relative volume of damaged fib-
ers was minimal at (1.38+0.33)%, corresponding to the
baseline level of physiological tissue turnover. In the
HFD group, a statistically significant increase in this
indicator was observed (6.34+0.69)%, whereas in the
HFD+DM group, the level of damage reached critical
values of (17.7+1.71)% (p<0.001 vs. control).

Regression analysis demonstrated a strong positive
correlation between glycemia levels and the percent-
age of damaged muscle fibers (r=0.978; p<0.001; df=28)
(Figure 9). These data confirm that hyperglycemia is
a critical factor driving destructive changes in myofi-
brils. The visualization of the Pearson correlation anal-
ysis clearly demonstrates a close relationship between
blood glucose levels and the extent of morphological
tissue damage, highlighting the pathogenic role of met-
abolic stress in the development of atrophic processes
in skeletal muscles.

Morphometricanalysis of the nuclear area revealed
minor variationsin mean values across the experimen-
tal groups (63.1+0.60) pm? in the CG, (63.9+0.78) pm?
in the HFD group, and (60.1#1.19) ym? in the HFD+DM
group. Despite the relative stability of this parameter,
Pearson correlation analysis revealed a moderate neg-
ative relationship between blood glucose levels and
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nuclear area (r=-0.646; p<0.001; df=28). This indicates
that increasing blood glucose levels are associated
with a tendency toward a decrease in the nuclear area
of muscle fibers. These data support the hypothesis
that chronic hyperglycemia is linked to degenerative
changes in the cellular nuclear apparatus, which may
be attributed to chromatin condensation or other
pathological mechanisms (Figure 10).

Analysis of capillary density revealed a progressive
decline in microcirculatory intensity under conditions
of metabolic disorders. In the control group, the aver-
age capillary density was (1732+93.4) cap/mm?. In the
HFD group, a decrease in this parameter to (1680+60.0)
cap/mm?* was observed a 3.1% reduction compared
to control (p>0.05). The most pronounced changes
were recorded in the HFD+DM group, where capillary
density decreased to (1490+70.0) cap/mm?, represent-
ing a 14.1% reduction compared to the control group
(p<0.001). A graphic representation of these changes
is shown in Figure 11. These data indicate that chronic
hyperglycemia and obesity-related metabolic stress sig-
nificantly impair muscle tissue vascularization, likely
contributing to the observed myofibril atrophy and de-
generative changes.

Discussion

Our results indicate that the combination of a
high-fat diet and streptozotocin-induced diabetes leads
to the development of pronounced morphofunctional
changesin the rectus abdominis muscle. These changes
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Figure 9: Correlation between blood glycemia levels
and the percentage of damaged muscle fibers.

are manifested by fiber atrophy, a decrease in capillary
bed density, and degenerative alterations in the nucle-
ar apparatus of the cells.

Our data on the reduction in muscle fiber diameter
in the HFD+DM group (41.8+1.31) um compared to the
control group (55.842.24) um are consistent with the
findings of other authors, who link insulin resistance
with impaired protein synthesis in myocytes [15, 16].
In particular, it is known that chronic hyperglycemia
activates the ubiquitin-proteasome degradation sys-
tem, which is a key mechanism of muscle atrophy. It is
worth noting that even isolated exposure to a high-fat
diet causes a significant reduction in fiber diameter
(53.0£1.70) um, indicating that lipotoxicity acts as an
independent factor of damage even prior to the onset
of overt hyperglycemia.

The significant destruction of muscle tissue ob-
served in the HFD+DM group, as evidenced by the high
relative volume of damaged muscle fibers, is primarily
attributed to the absence of pharmacological interven-
tion or insulin therapy, which is characteristic of this
experimental model. In a state of persistent, uncom-
pensated hyperglycemia, degenerative processes with-
in myocytes proceed unchecked, leading to a critical
accumulation of damaged fibers.

The morphometric analysis is strongly supported
by the identified pathomorphological changes. The
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Figure 10: Correlation between blood glycemia levels
and the nuclear area

transition from focal myosteatosis, characteristic of
isolated obesity, to massive interstitial lipid accumu-
lation and pronounced myocyte atrophy signifies deep
metabolic decompensation. The detected ultrastruc-
tural disorganization warrants special attention, mi-
tochondrial cristalolysis and myofibril fragmentation
indicate that under conditions of untreated diabetes
mellitus, energy deficiency and lipotoxicity trigger ir-
reversible degenerative processes.

Furthermore, the presence of centrally located nu-
clei and significant fiber diameter heterogeneity serve
as classic markers of chronic damage, which, in the
absence of insulin therapy and dietary intervention,
leads to the depletion of the regenerative potential of
skeletal muscle. Collectively, these morphological find-
ings confirm the development of diabetic myopathy in
the HFD+DM group.

The results of the capillary density analysis war-
rant special attention. We observed a progressive de-
cline in this parameter from (1732+93.4) cap/mm?in the
control group to (1496+73.2) cap/mm? in the HFD+DM
group. This reduction in vascular density creates con-
ditions conducive to chronic muscle tissue hypoxia.
Similar studies have demonstrated that decreased cap-
illary density correlates with lower levels of vascular
endothelial growth factor (VEGF), which accounts for
impaired tissue perfusion [17]. In our study, we observed
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Figure 11: Dynamics of changes in capillary density in the rectus abdominis muscle across experimental groups.

that microcirculatory alterations are most pronounced
under conditions of combined metabolic stress, con-
firming the synergistic impact of obesity and diabetes
mellitus on vascular integrity.

A compelling aspect of our research is the negative
correlation identified between blood glucose levels
and nuclear area (r=-0.646; p<0.001). We hypothesize
that the reduction in nuclear area observed amidst
hyperglycemia reflects chromatin condensation, a
morphological marker of impaired transcriptional
activity. Similar alterations in the nuclear apparatus
have been previously documented in studies of diabet-
ic cardiomyopathy, however, this mechanism remains
under-investigated in the skeletal muscles of the ante-
rior abdominal wall. Consequently, further clarifica-
tion via immunohistochemical methods, particularly
focusing on the assessment of apoptosis markers, is
warranted to elucidate the precise nature of these de-
generative changes.

When comparing our data with the findings of
other researchers, it becomes evident that the patho-
genesis of diabetic myopathy is multifaceted. The
combination of muscle fiber atrophy and a decline in
capillary density creates a self-perpetuating cycle of
tissue hypoxia and metabolic dysfunction, which fur-
ther accelerates the loss of muscle mass [18]. The strong
correlation between glycemia levels and the percentage
of damaged fibers (r=0.978; p<0.001) convincingly sug-
gests that chronic hyperglycemia acts as the primary
trigger for the destructive changes observed in this ex-
perimental model.

A limitation of our study is the exclusive focus on
morphometric indices. We identify further research
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prospects in evaluating the state of the muscle mito-
chondrial apparatus, as mitochondrial dysfunction
serves as the cornerstone for the development of in-
sulin resistance in skeletal muscle. Consequently, our
findings support the hypothesis that metabolic stress,
induced by a high-fat diet and diabetes mellitus, trig-
gers profound structural remodeling that significantly
diminishes the adaptive potential of skeletal muscle.

Conclusion

The combined effect of a high-fat diet (HFD) and
streptozotocin-induced diabetes mellitus leads to criti-
cal structural destruction of the rectus abdominis mus-
cle. This is manifested by an increase in the relative
volume of damaged fibers to (17.7+1.71)%, which is ap-
proximately 12.8 times higher than that of the control
group. The morphological substrate of muscle tissue
damage in this combined pathology is characterized by
massive interstitial myosteatosis and pronounced my-
ocyte atrophy, accompanied by significant fiber diame-
ter heterogeneity and the displacement of nuclei to the
center of the sarcoplasm. At the ultrastructural level,
uncompensated diabetes induces profound mitochon-
drial dysfunction specifically, cristalolysis and matrix
edema alongside intrasarcoplasmic lipid accumulation.
These changes culminate in myofibril fragmentation
and the physical disorganization of sarcomeres.The
identified pathomorphological alterations indicate a
synergistic effect of glucotoxicity and lipotoxicity. In
the absence of pharmacological intervention, this met-
abolic synergy leads to the depletion of the regenerative
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potential of the rectus abdominis muscle and the pro-
gression of irreversible degenerative processes.
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