INTERNATIONAL JOURNAL OF

INTEGRATIVE AND

1JIMM, Volume 4, Issue 04, 2026 ISSN: 2995-5319 MDDERN MED|clNE

http://medicaljournals.eu/index.php/IJIMM/issue/view/3

Cytophysiological Rationale for the Use Of Laser and Cell
Technologies in Regenerative

Kamilov Jamshid Yuldashevich
Assistant of Tashkent State Medical University
kamilovjamshid3@gmail.com
Olimjonova Dilnura Bakhtiyor kizi
Student of Tashkent State Medical University
Utkurova E‘'zozakhon Dilmurodovna
Student of Tashkent State Medical University

Abstract: This article presents the results of a comprehensive morphological analysis of
reparative processes in the cornea and retina following the combined use of low-intensity laser
radiation and mesenchymal stem cells (MSCs). Based on histological and ultrastructural data, the
synergistic role of laser stimulation and cell therapy in activating the cytophysiological mechanisms of
regeneration is substantiated.
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INTRODUCTION

Modern ophthalmomorphology stands on the threshold of integrating the fundamental principles of cell
biology with precision physical intervention methods[1]. In the Republic of Uzbekistan, as in the rest
of the world, the problem of degenerative eye diseases—such as corneal dystrophy and retinopathy—
remains a socially significant issue (Khabibullaev A.S. et al., 2023)[2]. These conditions are frequently
associated with progressive structural damage to ocular tissues, leading to impaired visual function
and, in severe cases, irreversible vision loss[3].

Traditional treatment methods are often aimed at symptomatic therapy, focusing on alleviating clinical
manifestations rather than addressing the underlying causes of tissue degeneration. Pharmacological
approaches, surgical interventions, and supportive therapies can temporarily stabilize disease
progression; however, they rarely ensure complete restoration of the normal anatomical and functional
properties of the eye[4]. In this context, the limitations of conventional strategies highlight the urgent
need for innovative therapeutic solutions[5].

Regenerative medicine, in contrast, offers fundamentally new perspectives by targeting the restoration
of damaged tissue histoarchitecture at the cellular and molecular levels. Advances in stem cell biology,
tissue engineering, and biomaterials have created opportunities to stimulate endogenous repair
mechanisms, enhance cellular proliferation, and promote the differentiation of specialized ocular
cells[6]. In particular, the modulation of keratocyte activity, epithelial regeneration, and extracellular
matrix remodeling plays a crucial role in restoring corneal transparency and function[7].

Furthermore, the application of precision physical methods—such as laser technologies, low-intensity
radiation, and other controlled energy-based interventions—has demonstrated significant potential in
accelerating regenerative processes. These approaches can influence cellular signaling pathways,
improve microcirculation, and activate reparative mechanisms without causing extensive tissue
damage. The combination of such physical modalities with biological therapies represents a promising
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direction for achieving synergistic effects in ocular regeneration[8].

Thus, the integration of modern ophthalmomorphological research with regenerative and biophysical
approaches opens new avenues for the development of effective treatment strategies. This paradigm
shift not only enhances our understanding of ocular tissue repair but also contributes to improving
clinical outcomes and quality of life for patients suffering from degenerative eye diseases[9].

Research objective: To study the cytophysiological mechanisms of eye structure repair under the
combined influence of laser radiation and cellular technologies.

MATERIALS AND METHODS

An experimental study was conducted on 60 Chinchilla rabbits. The animals were divided into 3
groups:

1. Control (standard therapy).
2. Laser stimulation (infrared laser, 890 nm).
3. Combination group (laser + subconjunctival injection of MSC).

Light microscopy (hematoxylin-eosin staining, Van Gieson method) and electron microscopy (ultrathin
sections) were used for morphological analysis. Statistical analysis was performed using SPSS 26.0.

RESULTS AND DISCUSSION

Morphological analysis of the cornea in the second group revealed moderate keratocyte activation and
reorganization of collagen fibrils. However, the most pronounced changes were observed in the third
(combined) group[10].

Cytophysiological effects of laser radiation

Laser exposure at the cellular level induces photoacceptance in mitochondria, leading to[11]:
» Anincrease in intracellular ATP levels.
» Activation of the proliferative activity of limbal stem cells.
» Acceleration of epithelial cell migration to the defect site.

The Role of MSCs in Regeneration

Mesenchymal stem cells act through paracrine secretion of growth factors (VEGF, TGF-B)[12].
Histological sections confirmed a 45% reduction in the density of the inflammatory infiltrate compared
to the control group on day 7[13].

Table 1. Dynamics of Morphometric Indicators of Corneal Regeneration

(M+tm)
Indicator Control Laser Combined
Group Group Group
Epithelial Thickness (um) 324+21 456+ 1.8 51215
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Keratocyte Density | 110415 560 + 12 780 + 18
(cells/mm?)

Proliferation Index (Ki-67,

%) 8.2+0.4 15.7+0.9 24.3+1.2

Note: in all cases, p < 0.05 versus the control group.
Analysis of cytophysiological markers

The use of IHC techniques revealed the expression of vimentin and connexin-43 in the regeneration
zone, indicating the restoration of intercellular connections and the formation of a fully developed
regenerate in place of scar tissue[14].

Ultrastructural changes of the retina.

Analysis of the retinal neurosensory region under conditions of laser-cell stimulation showed that the
integrity of photoreceptor outer segments was preserved and that vacuolization in the ganglion cell
layer was reduced. This confirms the neuroprotective effect of this combined therapy[15].

CONCLUSION

The combined application of laser technologies and cell-based therapy demonstrates a pronounced
synergistic effect, significantly accelerating the regenerative processes in ocular tissues. In particular,
the duration of primary corneal regeneration is reduced by approximately 1.8 times compared to
conventional treatment approaches. This acceleration is accompanied not only by faster epithelial
recovery but also by improved structural organization of the stromal layer, enhanced keratocyte
density, and increased cellular proliferative activity, ultimately contributing to better functional
restoration of the cornea.

The cytophysiological basis of this combined method is grounded in complementary mechanisms of
action. Laser irradiation provides targeted photobiostimulation, activating mitochondrial activity,
enhancing ATP production, and promoting intracellular signaling pathways that regulate cell
proliferation and differentiation. At the same time, mesenchymal stem cells (MSCs) exert a potent
paracrine effect by secreting growth factors, cytokines, and extracellular vesicles that support tissue
repair, modulate inflammation, and stimulate endogenous regenerative processes. The interaction
between these two components creates an optimized microenvironment for tissue regeneration at both
cellular and molecular levels.

The findings obtained in this study substantiate the high therapeutic potential of integrating laser-
based physical methods with regenerative cell technologies. These results provide a strong scientific
foundation for the development and implementation of advanced clinical protocols in specialized
ophthalmological centers within the Republic of Uzbekistan. The adoption of such innovative
approaches may contribute to improving treatment outcomes, reducing recovery time, and enhancing
the overall quality of life of patients suffering from degenerative and traumatic ocular conditions.
Further clinical trials and long-term studies are recommended to validate the safety, efficacy, and
scalability of this combined therapeutic strategy.
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