
                                                                                                                

___________________________________________________________________________________________ 

Saudi Journal of Medicine and Public Health (SJMPH)   ISSN 2961-4368 

*Corresponding author e-mail: Amnah.alkhateeb1@gmail.com  (Amnah Ahmed Omer Al-Khateeb). 

Received date: 22 September 2024, Revised date: 28 November 2024, Accepted date: 31 Decemebr 2024 

Saudi J. Med. Pub. Health Vol. 1, No. 1, pp 410-417 (2024) 

 

Saudi Journal of Medicine and Public Health 
https://saudijmph.com/index.php/pub  

https://doi.org/10.64483/jmph-118   
       
 

 

 

 

Histopathology and Cytology Laboratory: The Cornerstone of Accurate Diagnosis in 

Modern Medical Practice 
 

Amnah Ahmed Omer Al-Khateeb (1), Shamaa Qassem Asseri(1), Noha Khalid Nooh(1), Alaa Hleel Alharbi(1), 

Suzan Shafeeq Alkhateeb(2), Jehan Abdulmajeed Alwahidi(3), Raneem Rashad Ashour(3), Kolod Abdulaziz 

Bokari(3), Khaled Ibrahim Alghamdi(3), Hatim Abdullah Alshahri (3) 

 

(1) Laboratory Technician, King Abdullah Medical Complex, Jeddah, Saudi Arabia 
(2) Laboratory Specialist, Al-Thager General Hospital, Jeddah, Saudi Arabia 
(3)  Laboratory Specialist, King Abdullah Medical Complex, Jeddah, Saudi Arabia  

Abstract  
Background: Histopathology and cytology are pivotal diagnostic disciplines that utilize microscopic analysis of tissues and 

cells to detect diseases, including cancers and inflammatory conditions. Aim: This article aims to provide a comprehensive 

overview of the techniques, processes, and quality control measures employed in histopathology and cytology laboratories. 

Methods: A detailed review of histopathological and cytological procedures, including specimen preparation, fixation, 

processing, embedding, sectioning, staining, and quality assurance protocols, was conducted based on established guidelines 

and literature. Results: The study outlines key techniques such as routine histopathology, frozen section analysis, 

immunohistochemistry, special staining, and cytology, emphasizing their role in accurate diagnosis. Fixation with 10% neutral 

buffered formalin, tissue processing with automated systems, and precise sectioning (3–5 μm) ensure high-quality slides. 

Quality control measures, including proper labeling and standardized protocols, minimize errors. Conclusion: Histopathology 

and cytology laboratories are essential for precise disease diagnosis, leveraging advanced techniques and rigorous quality 

control to enhance patient outcomes. 
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1. Introduction 

The histopathology and cytology laboratory 

serves as a fundamental pillar in modern medical 

diagnostics, providing critical insights into disease 

processes through the meticulous examination of 

tissue and cellular samples. These laboratories utilize 

a suite of advanced techniques, including routine 

histopathology, frozen section analysis, 

immunohistochemistry (IHC), special staining 

methods, and cytological evaluations, all conducted 

under stringent quality control standards to ensure 

diagnostic accuracy (Adyanthaya & Jose, 2013). By 

analyzing tissues and cells at a microscopic level, 

histopathology and cytology uncover structural and 

cellular changes associated with pathological 

conditions such as pre-cancerous lesions, 

malignancies, inflammatory diseases, and infections 

(Bancroft & Gamble, 2008). This detailed 

examination enables pathologists to deliver precise 

diagnoses, which are essential for guiding clinicians in 

formulating effective therapeutic strategies and 

improving patient outcomes (Rao et al., 2016). The 

integration of cutting-edge technologies and rigorous 

protocols underscores the indispensable role of these 

laboratories in contemporary healthcare, making them 

vital to the diagnostic process (Natzke, 2023). 

This article aims to provide a comprehensive 

exploration of the methodologies, processes, and 

quality assurance measures employed in 

histopathology and cytology laboratories. It delves 

into the technical intricacies of specimen preparation, 

processing, and analysis, while highlighting the 

importance of quality control in ensuring reliable 

results (Lott et al., 2015). By elucidating the scope and 

significance of these disciplines, the article 

underscores their critical contribution to medical 

diagnostics and patient care. 

Definitions and Scope 

Histopathology 

Histopathology is the scientific discipline 

dedicated to the microscopic examination of diseased 

tissues to identify structural and cellular alterations 

indicative of pathological states. This field is 

particularly crucial for diagnosing conditions such as 

pre-cancerous and cancerous lesions, as well as 

inflammatory and degenerative diseases. By studying 

tissue architecture and cellular morphology, 

histopathologists can pinpoint the underlying causes 

of disease, providing essential diagnostic information 

mailto:Amnah.alkhateeb1@gmail.com
https://saudijmph.com/index.php/pub
https://doi.org/10.64483/jmph-118


Amnah Ahmed Omer Al-Khateeb et. al. 

__________________________________________________________________________________________________________________ 

________________________________________________ 

Saudi J. Med. Pub. Health Vol. 1 No.1, (2024) 

411 

that informs clinical management (Alturkistani et al., 

2015). For instance, histopathological analysis can 

distinguish between benign and malignant tumors, 

assess the extent of disease progression, and guide 

treatment decisions (Hamza et al., 2018). The process 

involves a series of meticulously controlled steps, 

from tissue fixation to staining, to ensure that the 

microscopic images accurately reflect the tissue’s 

pathological state (Bancroft & Gamble, 2008). 

Cytology 

Cytology, in contrast, focuses on the 

examination of individual cells, typically obtained 

from fluid samples, scrapings, or aspirations. This 

discipline is widely employed for screening and 

diagnosing conditions such as cancers, infections, and 

other cellular abnormalities. Cytological techniques, 

including Pap smears and fine-needle aspirations 

(FNAs), are minimally invasive, making them 

valuable for early detection and monitoring of diseases 

(Patel et al., 2023). For example, Pap smears are 

routinely used to screen for cervical cancer, while 

FNAs are employed to evaluate suspicious masses in 

organs such as the thyroid or breast (da Cunha Santos 

et al., 2018). By analyzing cellular features such as 

size, shape, and nuclear characteristics, cytologists can 

identify abnormalities that may indicate malignancy or 

other pathological processes, facilitating timely 

intervention (Pitman & Layfield, 2014). 

Services Offered by the Histopathology and 

Cytology Laboratory 

Histopathology and cytology laboratories 

provide a diverse array of diagnostic services, each 

designed to address specific clinical requirements. 

These services encompass routine histopathology, 

frozen section analysis, immunohistochemistry, 

special staining techniques, and cytology, each 

playing a distinct role in the diagnostic process 

(Sahabi et al., 2019; Ramos-Vara, 2017). Below is a 

detailed examination of these services, with a 

particular focus on routine histopathology and its 

associated processes. 

Routine Histopathology 

Routine histopathology involves the 

systematic processing and microscopic examination of 

tissue samples to diagnose diseases. This process is the 

backbone of histopathological diagnostics, 

encompassing multiple stages, from specimen 

collection to final analysis. Each stage requires 

precision and adherence to standardized protocols to 

ensure diagnostic accuracy (Lott et al., 2015). 

Specimen Labeling and Receiving Guidelines 

Accurate specimen labeling is paramount to 

prevent diagnostic errors, which could have severe 

consequences for patient care. According to the 

College of American Pathologists (CAP) guidelines, 

each specimen must be labeled with critical identifiers 

to ensure traceability and accuracy (Lott et al., 2015). 

These include the patient’s full name, medical record 

number, the anatomic site of the specimen, and 

placement of the label directly on the container, not the 

cap, to avoid mix-ups during handling (Boulos & 

Attieh, 2024). Requisition forms, whether in written or 

electronic format, must accompany the specimen and 

include essential details such as the specimen’s name, 

type, and site, along with pertinent clinical history. 

Additionally, the form should document the date and 

time of collection and the time when the fixative was 

added, known as the cold ischemic time. The cold 

ischemic time, defined as the interval between tissue 

removal from the body and the initiation of fixation, 

should ideally be less than 1 hour to preserve nucleic 

acids and proteins, which are critical for accurate 

molecular and histological analyses (Kanai et al., 

2018). 

Types of Biopsy Procedures 

Histopathology laboratories are equipped to 

process a diverse array of biopsy types, each 

meticulously selected to address specific diagnostic 

needs based on the clinical context, lesion location, 

and diagnostic objectives. These procedures are 

designed to obtain tissue samples that accurately 

represent the pathological process, enabling 

pathologists to provide precise diagnoses (D’Angelo 

& Mejabi, 2016). The choice of biopsy technique 

depends on factors such as the size, depth, and 

accessibility of the lesion, as well as the suspected 

pathology. Below is a detailed exploration of the 

primary biopsy types processed in histopathology 

laboratories, highlighting their applications, 

advantages, and procedural considerations. 

Needle Biopsy 

The needle biopsy is a minimally invasive 

procedure that employs a thin, hollow needle to extract 

a small core of tissue from a lesion, typically located 

in deep-seated organs or tissues such as the liver, 

kidney, or breast. This technique is particularly 

valuable for sampling areas that are difficult to access 

surgically, minimizing patient discomfort and 

recovery time. Needle biopsies are often performed 

under local anesthesia, and the procedure can be 

guided by imaging modalities such as ultrasound or 

computed tomography (CT) to enhance precision 

(D’Angelo & Mejabi, 2016). The resulting tissue core 

is small but sufficient for histopathological analysis, 

making it an effective diagnostic tool for conditions 

like tumors or inflammatory lesions (Bancroft & 

Gamble, 2008). 

Excisional Biopsy 

An excisional biopsy involves the complete 

removal of a lesion or mass, serving both diagnostic 

and therapeutic purposes. This procedure is typically 

employed when the goal is to excise the entire 

pathological tissue, such as in the case of suspected 

skin cancers or small tumors. Performed under local or 

general anesthesia, excisional biopsies allow 

pathologists to examine the entire lesion, including its 

margins, to assess whether the disease has been fully 

removed. This is particularly critical in cancer 

diagnostics, where margin assessment determines 

whether further surgical intervention is necessary 
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(Hamza et al., 2018). The comprehensive nature of 

excisional biopsies makes them a cornerstone of 

histopathological evaluation for definitive diagnoses 

(Boulos & Attieh, 2024). 

Shave or Punch Biopsy 

Shave and punch biopsies are commonly 

used in dermatology to obtain superficial or small 

tissue samples from skin lesions. A shave biopsy 

involves slicing off a thin layer of skin with a scalpel 

or razor, typically for superficial lesions like basal cell 

carcinoma or benign growths. In contrast, a punch 

biopsy uses a circular tool to extract a small, 

cylindrical core of skin, penetrating deeper into the 

dermis for conditions such as melanoma or 

inflammatory dermatoses. Both techniques are quick, 

performed under local anesthesia, and provide 

adequate tissue for histopathological examination, 

making them ideal for outpatient settings (Alturkistani 

et al., 2015). 

Endoscopic Biopsy 

Endoscopic biopsies are performed using an 

endoscope, a flexible tube equipped with a camera and 

biopsy tools, to collect tissue from internal organs such 

as the gastrointestinal tract, respiratory system, or 

bladder. This technique is widely used to investigate 

conditions like inflammatory bowel disease, 

esophageal cancer, or lung abnormalities. The 

endoscope allows direct visualization of the target 

area, enabling precise sampling of suspicious lesions. 

Endoscopic biopsies are minimally invasive, reducing 

the need for open surgery, and provide critical 

diagnostic information for conditions affecting 

mucosal surfaces (Bancroft & Gamble, 2008). 

Image-Guided Biopsy 

Image-guided biopsies leverage advanced 

imaging technologies, such as ultrasound, CT, or 

magnetic resonance imaging (MRI), to target specific 

areas with high precision. This technique is 

particularly useful for lesions located in deep or 

inaccessible regions, such as the brain, lungs, or 

pancreas. By guiding the biopsy needle to the exact 

location of the abnormality, imaging ensures that the 

sample is representative of the pathological process, 

reducing the risk of sampling errors (Lott et al., 2015). 

Image-guided biopsies are essential for diagnosing 

conditions like metastatic cancer or deep-seated 

infections, offering a balance of accuracy and minimal 

invasiveness (D’Angelo & Mejabi, 2016). 

Bone Marrow Aspiration Biopsy 

Bone marrow aspiration biopsies are 

specialized procedures used to evaluate hematological 

disorders, such as leukemia, lymphoma, or 

myelodysplastic syndromes. This technique involves 

inserting a needle into the bone marrow, typically in 

the pelvic bone or sternum, to aspirate a sample of 

marrow cells or extract a core of marrow tissue. The 

samples are analyzed for cellularity, morphology, and 

molecular markers, providing critical insights into 

blood-related diseases (Carson & Lott, 2009). Bone 

marrow biopsies are performed under local or sedation 

anesthesia and require careful handling to preserve the 

delicate cellular structure for histopathological and 

cytological evaluation (Bancroft & Gamble, 2008). 

Liquid Biopsy 

Liquid biopsies represent a cutting-edge, 

non-invasive approach to cancer diagnostics, 

analyzing circulating tumor cells (CTCs), cell-free 

DNA (cfDNA), or other biomarkers in the blood. 

Unlike traditional biopsies, liquid biopsies do not 

require tissue extraction, making them ideal for 

monitoring disease progression, detecting recurrence, 

or assessing treatment response in cancers like lung, 

breast, or colorectal cancer. By identifying genetic 

mutations or tumor-specific markers in the 

bloodstream, liquid biopsies provide valuable 

diagnostic and prognostic information, particularly in 

cases where tissue biopsies are impractical or risky (da 

Cunha Santos et al., 2018). 

Each biopsy type is carefully selected to 

ensure that the tissue sample is representative of the 

disease process, enabling accurate histopathological 

analysis. The choice of procedure is guided by the 

clinical presentation, anatomical considerations, and 

the need for molecular or histological data, ensuring 

optimal diagnostic outcomes (Table 1 & Figure 1).

Table 1: Types of Biopsy Procedures and Their Applications 
Biopsy Type Description Primary Applications 

Needle Biopsy Extracts small tissue core using a needle, 

minimally invasive. 

Deep-seated lesions (e.g., liver, 

kidney) 

Excisional Biopsy Complete removal of a lesion or mass. Diagnostic and therapeutic for tumors 

Shave or Punch Biopsy Obtains superficial or small tissue samples. Skin lesions (e.g., basal cell 

carcinoma) 

Endoscopic Biopsy Collects tissue via an endoscope. Gastrointestinal, respiratory tract 

evaluation 

Image-Guided Biopsy Uses imaging (ultrasound, CT) for precise 

targeting. 

Deep or inaccessible lesions 

Bone Marrow Aspiration 

Biopsy 

Samples bone marrow from pelvic bone or 

sternum. 

Hematological disorders (e.g., 

leukemia) 

Liquid Biopsy Analyzes circulating tumor cells or DNA from 

blood. 

Non-invasive cancer monitoring 
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Figure 1 – Workflow of Histopathology Laboratory

Fixative Media 

In histopathology, the choice of fixative 

media is critical for preserving tissue morphology and 

enabling accurate microscopic analysis. The standard 

fixative used in most histopathology laboratories is 

10% neutral buffered formalin (NBF) with a pH of 7.0, 

which strikes an optimal balance between tissue 

preservation and compatibility with subsequent 

processing steps (Carson & Lott, 2009). NBF is 

effective in cross-linking proteins, stabilizing cellular 

structures, and preventing degradation, making it the 

gold standard for routine histopathological work. The 

duration of fixation varies depending on the tissue type 

to ensure adequate penetration and preservation 

without compromising tissue integrity. A minimum 

fixation time of 6 hours is required to allow sufficient 

protein cross-linking, while the maximum is typically 

24–36 hours to avoid over-hardening, which can 

hinder sectioning and staining (Carson & Lott, 2009). 

For tissues with high fat content, such as adipose 

tissue, fixation may be extended up to 48 hours to 

ensure complete penetration of the fixative. Breast 

tissue, which is often subjected to molecular profiling 

for biomarkers like HER2 and hormone receptors, 

requires a fixation window of 6–72 hours to preserve 

these critical diagnostic markers, as recommended by 

the College of American Pathologists (Lott et al., 

2015). 

Decalcification of Bony Tissue 

Decalcification is a critical preparatory step 

for bony tissues in histopathology, aimed at removing 

calcium deposits to facilitate sectioning and 

microscopic examination. Bony tissues, such as those 

obtained from bone marrow biopsies or orthopedic 

specimens, are inherently hard due to their high 

mineral content, primarily calcium phosphate. This 

hardness makes them resistant to the thin sectioning 

required for histological analysis. Decalcification 

softens these tissues by dissolving calcium deposits, 

enabling the creation of thin, uniform slices suitable 

for staining and microscopic evaluation. The most 

commonly used decalcifying agents are strong acids, 

such as hydrochloric acid or nitric acid, due to their 

rapid action in breaking down calcium salts (Scott et 

al., 2022). However, these acids can damage nucleic 

acids (DNA and RNA), which are critical for 

molecular studies, particularly in diagnosing 

conditions like bone marrow malignancies (Carson & 

Lott, 2009). Over-decalcification poses a significant 

risk, as it can distort tissue morphology, leading to 

artifacts that obscure cellular details and compromise 

diagnostic accuracy. Conversely, under-

decalcification leaves residual calcium, making 

sectioning difficult and resulting in poor-quality 

slides. To mitigate the effects of acidic agents, 

thorough rinsing of the decalcified tissue with water is 

essential to remove residual acids, which could 

otherwise interfere with subsequent staining or 

molecular analyses (Bancroft & Gamble, 2008). 

Careful monitoring of the decalcification process, 

including regular testing of tissue softness, ensures 

optimal results while preserving tissue integrity for 

accurate histopathological evaluation. 

The choice of decalcifying agent and the 

duration of the process depend on the size, density, and 

type of bony tissue, as well as the diagnostic 

requirements. For instance, small bone marrow 

biopsies may require less aggressive decalcification 

compared to larger cortical bone samples. Alternative 

agents, such as chelating solutions (e.g., EDTA), are 
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sometimes used when preservation of nucleic acids is 

a priority, as they are less destructive to molecular 

structures, though they act more slowly than strong 

acids (Metovic et al., 2018). The decalcification 

process must be carefully balanced to achieve 

sufficient softening without compromising the tissue’s 

histological or molecular integrity, making it a critical 

step in the preparation of bony specimens for 

histopathological analysis (Bancroft & Gamble, 

2008). By carefully controlling these factors, 

histopathology laboratories ensure that tissue samples 

are optimally preserved, enabling accurate 

microscopic analysis and reliable diagnostic outcomes 

(Table 2). 

Table 2: Factors Affecting Fixation and Their Optimal Parameters 

Factor Optimal Parameter Impact of Deviation 

pH 6.0–8.0 Acidic/alkaline conditions reduce fixation 

efficiency 

Osmolality Isotonic to tissue Swelling (hypotonic) or shrinkage (hypertonic) 

Fixative Volume 10:1 fixative-to-tissue ratio Uneven fixation, tissue degradation 

Formalin Concentration 10% NBF Shrinkage/brittleness (high) or poor preservation 

(low) 

Temperature 15–25°C Degradation (high) or slow penetration (low) 

Duration of Fixation 6–48 hours (tissue-

dependent) 

Hardening (over) or poor preservation (under) 

Tissue Grossing 

Tissue grossing is a pivotal step in 

histopathology that involves the macroscopic 

examination and preparation of surgical specimens by 

pathologists or trained laboratory technicians. This 

process is essential for obtaining diagnostic 

information and preparing tissue for subsequent 

microscopic analysis. The primary objectives of 

grossing, as outlined by the College of American 

Pathologists, include documenting the specimen’s 

characteristics, preparing thin slices for processing, 

and assessing surgical margins (Lott et al., 2015). 

During grossing, the pathologist carefully examines 

the specimen to record its size, shape, color, weight, 

and consistency, providing a comprehensive 

description that informs the diagnostic process 

(Boulos & Attieh, 2024). These observations help 

identify gross abnormalities, such as tumors, necrosis, 

or inflammation, which guide the selection of tissue 

sections for further analysis (D’Angelo & Mejabi, 

2016). 

Another critical aspect of grossing is the 

preparation of thin tissue slices, typically 3–4 mm in 

thickness, to facilitate processing and staining. These 

slices must be representative of the pathological 

process, capturing areas of interest such as lesions or 

margins. In cancer cases, assessing surgical margins is 

particularly important to determine whether the entire 

lesion has been excised, as residual disease may 

necessitate additional surgery or treatment (Hamza et 

al., 2018). Grossing requires precision and expertise to 

ensure that the sampled tissue accurately reflects the 

disease process, as improper sampling can lead to 

missed diagnoses or incomplete margin assessments 

(D’Angelo & Mejabi, 2016). The process is performed 

under controlled conditions, often using specialized 

tools like scalpels and rulers, to maintain tissue 

integrity and ensure consistency in slice thickness. By 

providing a detailed macroscopic evaluation and 

preparing optimal tissue samples, grossing lays the 

foundation for accurate histopathological diagnosis 

(Boulos & Attieh, 2024). 

Tissue Processing 

Tissue processing is a multi-step procedure 

that transforms fixed tissue into a form suitable for 

embedding and sectioning, enabling microscopic 

examination. This process comprises four main stages: 

fixation, dehydration, clearing, and infiltration, each 

designed to preserve tissue structure and prepare it for 

histological analysis. The first stage, fixation, uses 

10% neutral buffered formalin (NBF) to stabilize 

tissue by cross-linking proteins, preventing autolysis 

and putrefaction (Carson & Lott, 2009). This step 

ensures that cellular and structural details remain 

intact for subsequent analysis. Dehydration follows, 

removing water from the tissue using a series of 

graded alcohols (50%, 70%, 80%, 95%, and 100% 

ethanol). This gradual process prevents tissue 

shrinkage and prepares the tissue for the next stage 

(Bancroft & Gamble, 2008). Clearing involves the use 

of xylene, a clearing agent miscible with both alcohol 

and paraffin, to transition the tissue from the aqueous 

environment of dehydration to the paraffin-based 

infiltration phase. Finally, infiltration embeds the 

tissue in paraffin wax, which has a melting point of 

58–65°C, hardening it to allow thin sectioning for 

staining and diagnosis (Bancroft & Gamble, 2008). 

Modern histopathology laboratories rely on 

automated tissue processors, which are available in 

two main types: tissue-transfer processors, where 

specimens are moved between containers of 

processing fluids, and fluid-transfer processors, where 

specimens remain in a single chamber while fluids are 

pumped in and out. These automated systems enhance 

efficiency, reduce manual handling errors, and ensure 

standardization, resulting in higher-quality tissue 

samples (Natzke, 2023). By streamlining the 

processing workflow, automated processors improve 
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turnaround times and support consistent diagnostic 

outcomes, making them indispensable in high-volume 

laboratories (Natzke, 2023). 

Tissue Embedding 

Tissue embedding is a crucial step in 

histopathology that involves orienting and encasing 

tissue specimens in a solid medium, typically paraffin 

wax, to create tissue blocks suitable for sectioning. 

Proper embedding ensures that the tissue is correctly 

positioned, allowing pathologists to examine the area 

of interest efficiently during microscopic analysis (Sy 

& Ang, 2018). The process begins with selecting a 

mold appropriate for the specimen’s size to ensure 

uniform embedding. Molten paraffin is added to the 

mold using a paraffin reservoir, creating a supportive 

base. The tissue is then transferred to the mold using 

warm forceps, oriented cut side down as indicated by 

the cassette to ensure the correct plane of sectioning. 

Tampers are used to gently press the tissue flat, 

preventing air bubbles and ensuring even embedding. 

The mold is transferred to a cold plate to stabilize the 

tissue, and the labeled cassette is placed on top of the 

mold. After further cooling on the cold plate, the 

paraffin solidifies, forming a tissue block. Excess wax 

is trimmed from the block to create a neat, uniform 

surface for microtomy, ensuring high-quality sections 

for staining and analysis. This meticulous process is 

essential for producing tissue blocks that yield 

accurate and reproducible histological results (Sy & 

Ang, 2018). 

Tissue Sectioning 

Tissue sectioning involves cutting thin, 

uniform slices of embedded tissue, typically 3–5 μm 

thick, to prepare them for staining and microscopic 

examination. This process is critical for preserving 

tissue morphology and cellular details, enabling 

pathologists to make accurate diagnoses. The rotary 

microtome is the most commonly used device in 

histopathology laboratories due to its precision and 

versatility, though specialized microtomes, such as 

cryo-microtomes for frozen sections or laser 

microtomes for advanced applications, are used for 

specific purposes (Ibrahim et al., 2023). The 

sectioning process begins by securing the paraffin 

block in the microtome’s block holder. The blade is 

inserted and adjusted to a clearance angle of 3–8° and 

a slope of 90° to ensure optimal cutting. Excess wax is 

trimmed from the block at a thickness of 10–15 μm to 

expose the tissue surface, with the block kept cold to 

facilitate cutting. Sections are then cut at 3–5 μm for 

routine analysis, producing straight ribbons of tissue 

that are floated on a water bath maintained at 37–45°C 

to spread the sections evenly. These sections are 

mounted onto labeled slides and bonded in a 65°C 

oven or slide heater for 30 minutes to melt the wax 

slightly and secure the tissue to the slide (Ibrahim et 

al., 2023). 

Certain tissues require specific section 

thicknesses to optimize visualization of their unique 

features. For example, renal tissues are sectioned at 1–

3 μm to highlight glomerular structures, bone marrow 

at 2–3 μm to assess cellularity, nerve tissues for 

histochemical staining at 6–15 μm to visualize nerve 

fibers, and amyloid-containing tissues at 6–12 μm to 

demonstrate amyloid deposits. These variations ensure 

that the sections are tailored to the diagnostic 

requirements of the tissue type, enhancing the 

accuracy of histopathological evaluation (Ibrahim et 

al., 2023). 

Routine Tissue Staining 

Routine tissue staining in histopathology is 

performed to highlight and differentiate tissue 

components, making them visible under a microscope. 

The standard staining method is Hematoxylin and 

Eosin (H&E), widely used due to its ability to provide 

clear contrast between cellular structures. 

Hematoxylin, a basic dye, stains acidic structures, 

such as cell nuclei, a purplish-blue color, while eosin, 

an acidic dye, stains basic structures, such as 

cytoplasm, pink or red. The staining process involves 

three key steps: dewaxing, where xylene is used to 

remove paraffin from the tissue sections, allowing 

staining solutions to penetrate; staining, where 

hematoxylin and eosin are applied sequentially to 

highlight tissue components; and dehydration, which 

uses graded alcohols to remove water and ethanol, 

preventing water bubbles that could obscure 

microscopic observation. This process ensures that 

tissue sections are suitable for detailed microscopic 

analysis, enabling pathologists to identify pathological 

changes with high clarity (Santangelo et al., 2020; Wu 

et al., 2021). 

Tissue Mounting and Covering 

Tissue mounting and covering are final steps 

in slide preparation, designed to protect the stained 

tissue and ensure clear microscopic observation. The 

process involves applying a mounting medium, 

typically D.P.X (Distrene, Plasticizer, Xylene), which 

binds the specimen slide to the coverslip, creating a 

durable and optically clear preparation. D.P.X protects 

the tissue from environmental damage, such as dust or 

moisture, and enhances the refractive properties of the 

slide, improving visualization under the microscope. 

This step is critical for preserving the stained tissue 

during storage and handling, ensuring that the slide 

remains intact for future reference or review. By 

providing a stable and transparent medium, mounting 

with D.P.X supports accurate and reproducible 

histopathological analysis (Bancroft & Gamble, 

2008). 

Conclusion 

Histopathology and cytology laboratories are 

indispensable components of modern medical 

diagnostics, providing critical insights into disease 

processes through the meticulous analysis of tissue 

and cellular samples. By employing advanced 

techniques such as routine histopathology, frozen 

section analysis, immunohistochemistry, special 

staining, and cytological evaluations, these 

laboratories deliver precise and timely diagnoses that 
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guide clinical decision-making. The rigorous 

processes of specimen preparation, including fixation, 

processing, embedding, sectioning, and staining, are 

underpinned by stringent quality control measures to 

ensure accuracy and reliability. Innovations such as 

automated tissue processors and standardized 

protocols have enhanced efficiency and consistency, 

while adherence to guidelines from authoritative 

bodies like the College of American Pathologists 

ensures high-quality outcomes. These disciplines not 

only facilitate the early detection and characterization 

of diseases, such as cancers and inflammatory 

conditions, but also support personalized treatment 

strategies, ultimately improving patient care and 

outcomes. As technology continues to advance, 

histopathology and cytology laboratories will remain 

at the forefront of diagnostic medicine, driving 

precision and excellence in healthcare delivery. 
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