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ABSTRACT 

This study investigated an alternative, less invasive approach for 

implementing genetic biomonitoring in healthcare professionals 

occupationally exposed to ionizing radiation. The main objectives were to 

evaluate the suitability of conjunctival mucosa as a cellular sample for the 

micronucleus assay in occupationally exposed individuals and to contribute 

to the development of less invasive strategies for occupational genetic 

monitoring. Using sterile brushes for ocular mucosa sampling, 20 volunteers 

were recruited from hospital and academic institutions, following strict 

ethical and clinical criteria. Samples were processed using a cytocentrifuge 

and stained with Giemsa, allowing morphological analysis under light 

microscopy. Despite challenges related to low cellularity, structural 

preservation was sufficient for the identification of micronuclei and other 

relevant nuclear abnormalities. The results indicate that the methodology 

is well tolerated, low-cost, technically simple, and feasible for large-scale 

application, particularly in clinical settings with limited infrastructure. 

Therefore, conjunctival mucosa may represent a promising matrix for 

occupational genotoxic screening, offering significant contributions to 

public health surveillance strategies and the prevention of cumulative 

genetic effects in exposed professionals. 

Keywords: Occupational Genotoxicity, Micronucleus Assay, Conjunctival 

Mucosa, Ionizing Radiation. 
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Introduction 
Occupational exposure to ionizing radiation poses a 
recognized risk to the genomic integrity of healthcare 
professionals, particularly those involved in diagnostic 
and therapeutic radiological procedures. Although 
exposure levels are generally maintained within 
regulatory limits, studies have shown that chronic low-
dose exposures can lead to cumulative genetic damage, 
with potential long-term health consequences1,2.  
 

The understanding of the biological effects of ionizing 
radiation has been built upon theoretical and 
experimental models, considering variables such as 
intensity, frequency, and duration of exposure. The 
energy transferred by radiation can induce structural 
alterations in cellular molecules, especially DNA, thereby 
affecting vital functions and compromising genomic 
stability3,4. 
 

Despite compliance with regulatory dose limits, increasing 
evidence suggests that chronic low-dose exposures may 
induce cumulative genetic alterations with implications for 
long-term health5,6. Studies involving workers 
occupationally exposed to ionizing radiation are 
essential to deepen the understanding of these cumulative 
effects on genetic material 7,8. 
 

Occupationally Exposed Individuals (OEI) in healthcare, 
particularly those working in diagnostic and 
interventional radiology, represent a particularly 
vulnerable group due to their routine handling of 
radiation sources1,9. While international guidelines 
establish dose limits and recommend the use of personal 
protective equipment, the scientific literature highlights 
critical gaps between recorded doses and the actual 
extent of cellular damage accumulated over time10,11. 
 

In this context, the use of cytogenetic biomarkers has 
emerged as an effective strategy for biomonitoring 
exposed populations. The micronucleus assay (MNA), 
widely validated in various cell types, enables the 
detection of genetic damage caused by chromosomal 
breaks or abnormal mitotic segregation and is 
considered a sensitive in vivo method for genotoxic 
assessment12–14.  
 

Traditionally, this assay has been applied to lymphocytes 
(peripheral blood), as well as cells from oral, nasal, and 
vaginal mucosa12,15–17. However, the search for less 
invasive and more specific alternatives has prompted 
experimental applications in other mucosal tissues 
exposed to harmful agents, including ionizing 
radiation13,16,18,19.  
 

The superficial anatomical position of the conjunctival 
mucosa grants this epithelial tissue unique characteristics 
of direct exposure to physical agents, including ionizing 
radiation 20. Unlike deeper mucosae or hematologic cells, 
which reflect systemic exposure, conjunctival cells offer a 
localized assessment of genotoxic damage, especially in 
areas not fully shielded by protective barriers.21,22. 
 

In this regard, the conjunctival mucosa has emerged as a 
promising matrix. It is a highly regenerative epithelial 

tissue, easily accessible, and potentially capable of 
reflecting early cellular damage induced by radiation—
particularly in the ocular region, which may still be 
significantly exposed despite the use of personal 
protective equipment12,23. 
 
The biological viability of conjunctival mucosa samples 
remains underexplored, and few studies have evaluated 
their suitability for micronucleus assay application in 
occupational settings. This gap underscores the 
importance of investigating its potential as a tool for 
genotoxic surveillance, particularly among workers in 
radiological services, who are subject to continuous and 
cumulative exposure risks12,24,25. 
 
Given that the effects of occupational exposure to 
ionizing radiation do not always manifest clinically in the 
short term, the implementation of strategies for early 
detection of cellular damage becomes crucial to 
safeguarding workers' long-term health1,10,12,26. 
 
Accordingly, the objective of this study was to assess the 
suitability of conjunctival mucosa as a cellular sample for 
the micronucleus assay in OEI and to contribute to the 
development of less invasive strategies for occupational 
genetic biomonitoring. 
 

Methodology 
This is a qualitative and descriptive study with an 
exploratory approach, approved by the Research Ethics 
Committee involving Human Subjects (Approval Number: 
7.190.292). 
 
Twenty volunteers of both sexes (female and male), from 
the general population, were recruited from higher 
education institutions and public and private hospitals. All 
participants were informed about the study objectives 
and signed the Informed Consent Form prior to inclusion. 
 
Eligible participants were aged 18 years or older, 
presented no signs of ocular or systemic infection at the 
time of sampling, and had not used any eye or facial 
cosmetics (such as eyeshadow, eyeliner, mascara, 
eyebrow products, or foundation) within the 24 hours 
preceding collection. 
 
The selection of participants did not take prior 
occupational exposure to ionizing radiation into account 
at this initial stage, since the primary objective was to 
verify the technical feasibility of using conjunctival 
mucosa as a biological matrix for the micronucleus assay. 
Thus, the inclusion of volunteers from the general 
population allowed for the assessment of the 
morphological adequacy and stability of the collected 
samples, as well as the reproducibility of the proposed 
technique, regardless of the individuals’ occupational 
history.  

 
As an additional criterion, participants were instructed to 
wash their faces with running water prior to the 
procedure. When necessary, a sterile 0.9% sodium 
chloride (NaCl) solution was applied directly to the eyes 
to optimize conjunctival hydration before sampling. 
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BIOLOGICAL SAMPLE COLLECTION 
Sample collection was carried out between February and 
March 2025, in higher education institutions and hospital 
units located in the city of Rio de Janeiro, Brazil. All 
stages of the study—including recruitment, collection, and 
processing of the samples—were conducted in a 
controlled environment, with technical support from a 
qualified professional from the Brazilian National Cancer 
Institute, in accordance with the operational conditions 
described in this protocol. 
 

Sample collection was performed using a sterile cervico-
vaginal cytobrush (Citobrush®) under adequate 
illumination. Volunteers were seated with their heads 
slightly tilted back. Using the dominant hand, a qualified 
and experienced professional gently rotated the brush 
360° over the inferior palpebral conjunctiva, sweeping 
from the medial to the lateral canthus without causing 
abrasion. 
 

Samples were collected from both eyes, starting with the 
right eye, followed by the left. The procedure was 
standardized to minimize discomfort and maximize the 
retrieval of viable epithelial cells. Each brush (right and 
left eye) was immediately immersed in a sterile Falcon 
tube containing 5 ml of isotonic saline solution (0.9% 
NaCl) and gently agitated for 30 seconds to facilitate 
cell detachment. 
 

When same-day processing was not feasible, samples 

were stored under controlled refrigeration (2–8 °C) for a 
maximum of 48 hours, in accordance with literature 
recommendations to preserve cellular morphological 
integrity. 

CYTOLOGICAL PROCESSING 
The collected material was homogenized and subjected 
to cytocentrifugation using glass slides and medium-
porosity filter paper at 800 rpm for 5 minutes, to 
concentrate the cellular content at the center of the slide. 
After air drying, the smears were fixed in absolute 
methanol for 10 minutes. Staining was performed with 
5% Giemsa solution in phosphate buffer (pH 6.8) for 10 
minutes, followed by rinsing in distilled water and air 
drying at room temperature. The slides were mounted 
with Canada balsam and coverslips (24 × 50 mm) and 
allowed to rest for 24 hours prior to analysis. 
 
MICROSCOPIC EVALUATION 
Analysis was performed using a binocular light 
microscope with 10x and 40x objectives. Sample 
suitability for the micronucleus assay was assessed based 
on the following parameters: 
- Minimum presence of 1,000 well-preserved epithelial 

cells (intact nucleus and cytoplasm, without overlap or 
lysis). 

- Proportion of epithelial cells relative to contaminants 
and/or artifacts (e.g., leukocytes, mucus, cellular 
debris). 

- Homogeneous cellular distribution on the slide. 
- Adequate staining quality, absence of precipitates, and 

preserved morphological integrity after staining. 
 

Results 
The conjunctival brushing technique employed in this study 
proved to be operationally feasible, with no refusal 
reported among participants (Figure 1). 

 
Figure 1 - Conjunctival Mucosa Sampling Procedure. 

  

 
Regarding cellularity, it was necessary to consider the 
total number of cells obtained from both eyes (left and 
right) to ensure quantitatively relevant analysis. 
 

Although the main challenge was obtaining samples with 
sufficient cellularity to meet the minimum criteria for 
morphological evaluation, as described in the 
literature14,16,19,27, most cases showed well-preserved 

epithelial cells, with intact nuclei and cytoplasm, as well 
as homogeneous distribution across the slide (Figure 2).  
 
These characteristics indicate that, even with a reduced 
number of cells, it is possible to obtain morphologically 
adequate samples suitable for the application of the 
MNA. 
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Figure 2 – A: Microscopic image showing the cellularity of the conjunctival mucosa sample, stained with Giemsa technique 
(40× magnification). B and C: Microscopic images showing conjunctival mucosa epithelial cells (100× magnification). 

 
 
The laboratory protocol adopted in this study enabled 
the preparation of slides with well-defined cytoplasmic 
and nuclear features. The absence of staining artifacts, 
precipitates, or cellular overlap contributed to the 
accuracy in identifying nuclear alterations such as 
micronuclei, nuclear budding, and cytotoxicity markers 
(karyolysis, karyorrhexis, and pyknosis). These findings 
support the suitability of the methodology for detecting 
early genotoxic damage, even in samples obtained 
through less invasive techniques. 
 

The approach used in this study demonstrated substantial 
advantages over the conjunctival impression technique 
described in the literature, which requires the use of 
topical anesthetics and high-cost materials. The simplicity 
of the sampling procedure, combined with the high 
acceptance rate among volunteers, highlights its potential 
for large-scale application, particularly in occupationally 
exposed populations. Moreover, its feasibility in clinical 
settings with limited resources underscores its value as a 
screening tool in genomic surveillance programs. 
 

4. Discussion 
Chronic occupational exposure to ionizing radiation, even 
at levels deemed low and within regulatory thresholds, 
has been associated with subtle but cumulative genetic 
effects that do not always manifest clinically in the short 
term22. Recent studies demonstrate that ionizing radiation 
can induce DNA double-strand breaks, chromosomal 
rearrangements, and progressive genomic instability, 
particularly in rapidly renewing tissues such as epithelial 
surfaces12,20. 
 

These findings underscore the importance of continuous 
cytogenetic monitoring, even among workers who do not 
present with acute clinical signs of exposure21,26. 
 

The conjunctival mucosa, in turn, has gained increasing 
attention in experimental and clinical studies as a suitable 
epithelial matrix for genotoxic surveillance. Its superficial 
anatomical position, high cellular turnover rate, and 
direct interface with the external environment favor the 
early detection of nuclear alterations such as micronuclei 
and nuclear budding 20,28. 
 

Several studies employing the micronucleus assay in 
epithelial cells adhere to morphological criteria that 
include, in addition to the identification of micronuclei per 
se, the observation of other nuclear alterations associated 

with genotoxicity (e.g., nuclear budding) and cytotoxicity 
(e.g., karyorrhexis, karyolysis, and pyknosis)14,19,27.  
 
When these analyses are supported by rigorous inter-
observer quality control strategies, they provide 
robustness and reliability to data interpretation—even in 
cases where the total number of cells analyzed does not 
meet the thresholds recommended by classical protocols. 
 
In this sense, the careful application of these markers can 
partially compensate for the limited cellularity observed 
in certain conjunctival samples, enabling effective 
qualitative analysis with sufficient sensitivity to detect 
early nuclear damage12,15. 
 
The relevance of detecting cytogenetic damage in 
professionals chronically exposed to ionizing radiation 
justifies a judicious flexibility of certain quantitative 
standards, especially when the analyzed sample directly 
reflects the anatomical route of exposure as is the case 
with conjunctival epithelium in radiology workers29,30.  
 
Therefore, the growing need for comparative studies lies 
in the ability to detect morphological alterations even 
with lower cellularity. Combined with the lower 
invasiveness of the collection method and its potential for 
large-scale application, these features support the use of 
conjunctival mucosa as a viable and scientifically sound 
matrix for occupational health and genomic 
surveillance12,31. 
 
Findings by Leonardi et al. (2020)32, who used buccal 
mucosa cells to assess early genetic damage in 
construction workers, reinforce the feasibility of using 
exfoliated epithelia as biological material for the 
micronucleus assay.  
 
Similar to buccal mucosa, conjunctival mucosa displays 
favorable characteristics such as a high renewal rate, 
accessibility, and direct interface with environmental 
agents23, qualifying it as a promising material for 
genotoxic biomonitoring in occupational contexts. 
 
In a study evaluating the bulbar conjunctival cytology of 
33 healthy individuals and 16 patients with neoplastic or 
inflammatory diseases, the sample collection was 
performed using the impression cytology technique on the 
ocular surface. Although this method provided adequate 
cellularity for micronucleus analysis, it required the use of 
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topical anesthetic and additional handling precautions—
factors that may pose practical limitations, particularly in 
large-scale or occupational studies16.  
 

Typically, protocols for ocular genotoxicity studies 
involve the use of nitrocellulose membrane fragments, 
polycarbonate filters, sterilized cellulose paper, or 
specialized slides such as Biopore™ or Millipore™, with 
pore sizes ranging from 0.2 to 0.45 µm. These 
procedures also require sterile forceps and topical ocular 
anesthetics (e.g., 0.5% proxymetacaine hydrochloride 
eye drops) to minimize discomfort and blinking 
reflexes21,33. 
 

In contrast, the technique adopted in the present study 
proved to be less invasive, simpler to perform, and better 
accepted by participants, establishing itself as a feasible 
and more cooperative alternative for genotoxic 
biomonitoring in populations exposed to ionizing 
radiation. 
 

Conclusion 
The findings of this study demonstrate that conjunctival 
mucosa can be considered a viable alternative for the 
application of the micronucleus assay in workers 
chronically exposed to ionizing radiation, as well as to 
other deleterious agents. Although the cellularity 
obtained was lower compared to other commonly used 
epithelia, such as buccal or vaginal mucosa—mainly due 
to the fragility of ocular tissue and the need for less 
aggressive sampling techniques—it was possible to 
obtain samples with sufficient morphological preservation 
for reliable cellular analysis. 
 

The methodology employed, based on conjunctival 
brushing using a sterile instrument without the use of 
topical anesthetics, proved to be technically simple, well 
tolerated by participants, and operationally suitable for 

clinical environments with limited infrastructure. These 
attributes support its applicability in large-scale 
genotoxic screening strategies. 
 
In addition to enabling early detection of cytogenetic 
damage, the approach adopted in this study has the 
potential to contribute valuable insights for the 
improvement of occupational protection measures and 
the development of public policies aimed at preserving 
the genomic health of radiology professionals. Continued 
longitudinal investigations may further elucidate the 
relationship between micronucleus frequency, cumulative 
exposure dose, and the effectiveness of radiological 
protection practices. 
 
In conclusion, the application of the micronucleus assay to 
conjunctival mucosa represents a promising and 
accessible strategy for the biological monitoring of 
occupational risks associated with ionizing radiation, with 
significant potential impact in preventing cumulative 
genetic effects in exposed populations. 
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