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Introducción: Las buenas prácticas de laboratorio (BPL) en cultivos celulares son fundamentales para garantizar la 
calidad y reproducibilidad de los resultados en la investigación cientí�ca y biomédica. El objetivo de esta revisión 
fue analizar de manera integral las normativas y estándares relacionados con las BPL en el manejo de cultivos 
celulares, destacando su relevancia en la calidad y reproducibilidad de los resultados cientí�cos. Se llevó a cabo una 
revisión bibliográ�ca, abarcando un total de 33 artículos publicados en bases de datos de relevancia académica 
como Scopus, ProQuest, ResearchGate, Sciencedirect, Springer, entre otras, entre 1994 y 2023. Se utilizaron 
términos como “buenas prácticas de laboratorio”, “BPL”, “normativas”, “cultivos celulares”, aplicando criterios de 
selección. Los datos extraídos incluyen normativas, organismos reguladores y áreas de aplicación. Los resultados 
destacan que las directrices emitidas por organismos como la Organización para la Cooperación y el Desarrollo 
Económicos, la Administración de Alimentos y Medicamentos de los Estados Unidos y la Agencia Europea de 
Medicamentos son fundamentales para la correcta implementación de las BPL en laboratorios que trabajan con 
cultivos celulares. Además, se abordan aspectos críticos como la documentación precisa de procedimientos, la 
capacitación continua del personal y la implementación de medidas de control de calidad y esterilidad. Se concluye 
que la aplicación rigurosa de las BPL es crucial para la reproducibilidad, calidad y seguridad de los resultados, así 
como para el cumplimiento de normativas regulatorias, fortaleciendo la integridad cientí�ca y promoviendo el 
desarrollo de la biotecnología y la biomedicina.

Palabras clave: Laboratorios; Preparaciones farmacéuticas; Reglamentación; Estándares; Células cultivadas 
(Fuente: DeCS- BIREME)

RESUMEN

NORMATIVAS Y ESTÁNDARES EN BUENAS PRÁCTICAS DE LABORATORIO PARA CULTIVOS CELULARES: UNA REVISIÓN

REGULATIONS AND STANDARDS IN GOOD LABORATORY PRACTICES
 FOR CELL CULTURES: A REVIEW
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ABSTRACT

Introduction: Good Laboratory Practices (GLP) in cell culture are essential to ensure the quality and 
reproducibility of results in scienti�c and biomedical research. This review aimed to comprehensively analyze the 
regulations and standards related to GLP in the management of cell cultures, emphasizing their importance for 
the quality and reliability of scienti�c �ndings. A literature review was conducted, encompassing 33 articles 
published between 1994 and 2023 in academically relevant databases such as Scopus, ProQuest, ResearchGate, 
ScienceDirect, Springer, among others. Search terms included "Good Laboratory Practices," "GLP," "regulations," 
and "cell cultures," with speci�c selection criteria applied. Extracted data covered regulatory frameworks, 
governing bodies, and areas of application. The �ndings highlight that guidelines issued by organizations such 
as the Organisation for Economic Co-operation and Development (OECD), the U.S. Food and Drug 
Administration (FDA), and the European Medicines Agency (EMA) are essential for the proper implementation of 
GLP in laboratories working with cell cultures. Furthermore, critical aspects such as precise documentation of 
procedures, continuous staff training, and implementation of quality and sterility control measures are 
addressed. The review concludes that the rigorous application of GLP is crucial for ensuring reproducibility, 
quality, and safety of results, as well as for compliance with regulatory standards—thereby strengthening 
scienti�c integrity and fostering advances in biotechnology and biomedicine.

Keywords: Laboratories, Pharmaceutical preparations, Regulations, Reference standards, Cells, Cultured. 
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In the �eld of scienti�c and biomedical research, the 

rigorous implementation of Good Laboratory Practices 

(GLP)  is  essentia l  to  ensure the qual i ty  and 

reproducibility of results in studies involving cell 
(1)cultures .  These practices consist of a set of rules and 

standards that must be precisely followed by 
 (2)researchers and laboratory technicians .  In the context 

of cell cultures, international regulations and standards 

provide a detailed framework for the proper handling of 

cells, from their collection, storage, and manipulation to 

their disposal. In this regard, the Organisation for 

Economic Co-operation and Development (OECD) has 

developed speci�c guidelines addressing the design 

and maintenance of facilities, staff training, and data 
 (3,4)management .

The application of GLP is subject to oversight by 

regulatory agencies, with the aim of ensuring the 
 (5)reliability and reproducibility of the results obtained .  

In the United States, the Food and Drug Administration 

(FDA) and the Environmental Protection Agency 

supervise the application of GLP in laboratories 

working with cell cultures. These agencies establish 

strict requirements for documenting procedures, 

validating equipment and methods, and training 

personnel involved in cell culture studies, ensuring that 

the generated data is reliable and useful in evaluating 
 (6,7)pharmaceutical and chemical products .  In turn, the 

European Union implements a comprehensive 

approach that combines Good Manufacturing Practices 

(GMP) with GLP to ensure that products derived from 

cell cultures meet the required quality and safety 

standards for use in clinical trials and therapeutic 
 (8)applications . This approach covers aspects such as 

continuous monitoring of culture conditions, 
 contaminant control, and traceability of materials used 

(9).

Together, these regulatory frameworks provide a global 

framework that enables laboratories to operate with 

high levels of precision and accuracy, generating 

reliable data that contribute to the advancement of 
 (10)research .

INTRODUCTION

GLP is essential not only for the protection of human 

health and the environment but also for fostering 

scient i�c col laborat ion,  ensur ing regulator y  

compliance, and promoting the development of new 
 (11)technologies .  Adherence to these norms and 

standards increases con�dence in research results, 

especially in the �eld of cell cultures, where the 

reproducibility and validity of data are crucial for 
 (12)scienti�c progress and technological innovation .  In 

this context, the objective of this review article is to 

analyze in detail the current regulations and standards 

related to Good Laboratory Practices in the handling of 

cell cultures.

METHODS
General design

A scope review study was conducted with a descriptive 

approach, aimed at identifying, analyzing, and 

synthesizing the regulations and standards related to 

GLP in cell cultures. The study considered scienti�c 

literature published between 1998 and 2023.

Study search

A comprehensive search was conducted in recognized 

academic databases, including Scopus, ProQuest, 

R e s e a rc h G ate,  S c i e n ce D i re c t ,  a n d  S p r i n g e r. 

Combinations of terms such as “Good Laboratory 

Practices,” “GLP,” “regulations,” and “cell cultures” were 

used. Additionally, institutional repositories from 

international organizations such as the Organisation for 

Economic Cooperation and Development (OECD), the 

Food and Drug Administration (FDA), and the European 

Medicines Agency (EMA) were manually consulted.

Selection criteria

Studies, technical documents, and regulatory 

guidelines explicitly addressing GLP in the context of 

cell cultures were included. Opinion articles, non-peer-

reviewed studies, and those not directly related to the 

topic were excluded. Duplicates identi�ed across the 

different databases were also removed to avoid 

redundancies in the analysis.
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allowed for the systematic organization of relevant  

elements for analysis.

Analysis plan

The analysis was qualitative, focusing on a narrative 

synthesis. The data were categorized according to 

prede�ned thematic axes, such as international 

standards, quality control, biosafety, and professional 

training. No inferential statistical tests were applied due 

to the descriptive focus of the review.

Ethical aspects

Since the study only used publicly accessible secondary 

sources without sensitive or identi�able information, 

approval from a research ethics committee was not 

required. Scienti�c rigor and academic integrity were 

ensured through the proper citation of all sources used.

Variables

The variables of interest were: issuing organization of 

the regulation, type of document (guideline, standard, 

or regulation), country of origin, year of publication, and 

scope of application (regulatory, technical, or training). 

Aspects related to the content of GLP, such as procedure 

documentation, quality control, staff training, and 

traceability, were also considered.

Instruments and procedures for data collection

A structured template in Microsoft Excel 2016 was 

designed to organize the collected information. Each 

record was individually examined, and if the primary 

source did not contain all necessary data, the 

information was supplemented with documents 

available  in  official  institutional   portals.    The   matrix 

Figure 1.  Flowchart of the process of identi�cation, selection, and inclusion of studies in the review, 

based on records obtained from scienti�c databases and international regulatory repositories.
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reproducibility, leading to duplicated efforts, resource 

w a s t e ,  a n d  c o n t r a d i c t o r y  r e s u l t s .  D e t a i l e d 

documentation and strict adherence to SOPs ensure 

that other scienti�c teams can replicate the 

experiments accurately, thereby strengthening the 
(1)credibility and robustness of the �ndings .

In the industrial setting, standardized SOPs are essential 

to comply with regulatory requirements and ensure the 

quality of biological products. The production of 

vaccines, cell therapies, and other products derived 

from cell cultures requires highly controlled and 

documented cultivation conditions, essential to meet 
 (18)international standards of safety and efficacy .  The 

standardization of pre-culture SOPs is an indispensable 

practice for achieving controlled experimental 

environments, protecting the authenticity of cell lines, 

preventing contamination, and ensuring scienti�c 

reproducibility. Furthermore, these procedures 

become key tools in regulatory compliance and the 

development of safe, effective, and scienti�cally robust 

biotechnologies.

Guaranteeing the quality of materials and methods

The quality of the materials and methods used in cell 

cultures is essential for obtaining consistent, reliable, 

and reproducible results. The rigorous implementation 

of regulations and standards ensures that each stage of 

the process meets the necessary quality criteria to 

validate the results obtained. Maintaining consistency 

in the materials used is crucial, as any variability in their 

components can signi�cantly in�uence experimental 

results, compromising the integrity of in vitro studies 
(19). Reagents and culture media must be of high purity 

and certi�ed by accredited suppliers, who must provide 

quality documentation such as certi�cates of analysis 

(CoA) to guarantee safety, efficacy, and compliance with 

product standards. This documentation ensures the 

absence of contaminants that could alter cell growth or 

interfere with experimental results. 

Furthermore, validation tests between batches must be 

conducted to minimize differences that may affect cell 
 (1)behavior .  Materials that come into direct contact with 

cells or tissues require special attention due to their 

ability to modify the properties of the culture. 

Therefore, it is essential that the equipment used is 

suitable for its speci�c purpose and subjected to 

rigorous quality assurance procedures, which should 

cover everything from acquisition and installation to 

calibration, performance monitoring, and periodic 
(4)maintenance .

Continuous analysis and monitoring of quality control 

data not only allows for verifying that parameters 

remain within acceptable limits, but also enables the 

early detection of abnormal trends. Even when data 

remain within established ranges, a gradual variation 

pattern, such as a sustained increase, can indicate 

underlying problems that require corrective attention.  

This proactive approach to monitoring facilitates the 

timely identi�cation and resolution of deviations before 

they become signi�cant failures in the cellular systems 
(4).

An efficient Quality Management (QM) system must 

incorporate multiple essential components to ensure 

the accuracy and reliability of processes and results. 

These components include verifying that all materials 

— including cells, tissues, and equipment — are 

appropriate for their intended use and meet 

established quality standards; implementing proper 

storage practices, considering parameters such as 

temperature, humidity, and exposure to light; and 

rigorously monitoring speci�c batches of critical 

materials to detect any variation that could affect their 

performance. This is particularly relevant in the case of 

sensitive reagents, such as serum, which may require 
 (20)validation tests before use .
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RESULTS
Good Laboratory Practices

GLP constitute a set of principles, procedures, and 

s t a n d a r d s  d e s i g n e d  t o  e n s u r e  t h e  q u a l i t y, 

reproducibility, and reliability of the results generated 

in scienti�c studies  Their origin dates back to the (11).

1 9 6 0 s ,  f o l l o w i n g  v a r i o u s  i n c i d e n t s  i n  t h e 

pharmaceutical industry in the United States, which led 

to the creation of Good Manufacturing Practices (GMP) 

as a mechanism to ensure the identity, safety, and 

efficacy of drugs  In this context, GLP emerged,  (13).

focused on ensuring quality in laboratory testing, 

including the standardization of methods and the 

assurance of controlled experimental conditions.

GLP has become an essential standard in the 

pharmaceutical and biotechnology industries, 

particularly in the �eld of cell cultures. These practices 

are critical for the production of vaccines, biologic 

drugs, cell therapies, enzymes, antibodies, and 

recombinant proteins. Their implementation spans 

from preclinical research to large-scale production, 

allowing for thorough quality control and ensuring the 

validity and reproducibility of the data obtained (14,15).

The systematic application of GLP promotes not only 

the quality of products and processes but also the 

competitiveness in the biotechnology sector, fostering 

a culture of quality and continuous improvement 

within institutions. Additionally, it promotes the 

development of new skills in work teams, facilitating 

the adoption of demanding methodological standards 

at all stages of scienti�c and industrial processes.

Establishment of operational procedures prior to 

culturing

The standardization of pre-culture operational 

p r o c e d u r e s  ( S O P s )  i s  c r u c i a l  t o  g u a r a n t e e 

reproducibility, quality, and safety in scienti�c research 

and biotechnological applications. Cell cultures are 

essential tools in biomedicine and biotechnology, with 

applications ranging from the study of cellular 

physiology  to  the   large-scale  production  of   arti�cial 

tissues and biological products  However, the  ( 1).

inherent variability of cultivation methods and 

conditions can compromise the reliability of results, 

m a k i n g  t h e  s t a n d a r d i z a t i o n  o f  p r o c e d u r e s 

indispensable. One of the primary bene�ts of SOPs in  

cell cultures is the acquisition of consistent and 

reproducible results. To achieve this, it is essential to 

maintain a homogeneous and controlled culture 

environment, taking into account parameters such as 

temperature, pH, nutrient and gas concentrations, as 

well as sterility conditions. The combined adoption of 

GLP and Good Cell Culture Practices (GCCP) provides a 

st ruc tured f ramework for  the development, 

implementation, and monitoring of SOPs, favoring 

scienti�c integrity and the safety of procedures (16).

Standardization also plays a key role in the handling of 

cell lines, as these can undergo genetic and phenotypic 

alterations that modify their behavior and compromise 

the validity of experiments. Implementing rigorous 

SOPs for the manipulation and maintenance of cell 

lines—including protocols for cryopreservation, 

thawing, subculturing, and monitoring—helps 
(1)preserve their authenticity and functionality .  This is 

especially important in collaborative studies, where 

consistency between samples is crucial for the joint 

interpretation of results.

Additionally, cross-contamination and cell authenticity 

a re  t wo  c r i t i c a l  a s p e c t s  a d d re s s e d  t h ro u g h 

standardization. Contamination by bacteria, fungi, or 

mycoplasma can alter results and compromise 

biosafety. SOPs include strict sterilization practices, 

microbiological monitoring, and procedure validation 
(4)to prevent these issues . Moreover, the authenticity of 

cell lines is veri�ed through genetic characterization 

techniques (such as STR) and phenotypic assessments, 

ensuring that the cells used correspond to the declared 

line and have not been replaced or inadvertently mixed 
(17). Another essential aspect is reproducibility. This is a 

fundamental principle in science, as it allows 

experiments  to   be   replicated   by   other  researchers. 

The     absence    of    standardized   SOPs   compromises 
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On the other hand, authentication and veri�cation of 

cell lines are crucial to prevent cross-contamination and 

the use of misidenti�ed cells. Previous studies have 

shown that a signi�cant percentage of cell lines used in 

research do not correspond to the identity they are 

attributed to, which can lead to experimental errors and 

compromise reproducibility. To address this issue, it is 

recommended to perform authentication through 

Short Tandem Repeat (STR) tests, a key strategy to 

con�rm cellular identity. Furthermore, it is essential to 

follow standardized and rigorous procedures in the 

preparation and maintenance of cell cultures. These 

procedures  should inc lude ever ything f rom 

disinfecting the work area to the aseptic handling of all 

materials, with the aim of minimizing the risk of cross-

contamination.

The quality of cell culture also depends on the storage 

and shelf life of the culture media. These should be 

stored at the recommended temperature — generally 

between 2 °C and 8 °C — and protected from direct light 

to prevent degradation and preserve their functionality 
(20)during the experiment .  Sterility is another critical 

aspect in cell culture handling. The strict application of 

decontamination protocols, the use of properly 

sterilized equipment, and staff training in aseptic 

techniques are essential to prevent bacterial, fungal, or 

viral contamination, and to ensure the integrity of the 

culture. 

In addition, detailed documentation of all materials and 

methods used is crucial to ensure traceability and 

experimental reproducibility. In this regard, Electronic 

Laboratory Notebooks (ELN) are recommended tools to 

improve the accuracy, accessibility, and organization of 

information. These systems allow for documenting 

every phase of the experimental process, facilitating the 
 (21)veri�cation and review of the generated data .  The 

traceability of materials, including documentation of 

sources and the inclusion of CoA for each reagent batch, 

is key to accurately assessing their impact on 

experimental results and ensuring the quality of the 
 (4)inputs used .

The technical competence of personnel is another 

determining factor in the successful application of GLP. 

Continuous training in cell culture techniques, quality 

control, and biosafety regulations is necessary to ensure 

that personnel stay updated with scienti�c and 

technological advancements. Frequent staff rotation or 

lack of proper training can introduce signi�cant 

variability into results and negatively affect the quality 
 (17)of the generated data .

Continuous evaluation and improvement of processes 

a re  f u n d a m e nt a l  p r i n c i p l e s  w i t h i n  G L P.  Th e 

implementation of internal and external audits allows 

for detecting opportunities for improvement and 

updating protocols in line with the most recent 

evidence and international standards. Regulations such 

as the guidelines from the International Organization 

for Standardization (ISO) and the Food and Drug 

Administration (FDA) provide robust frameworks for 
 (4)implementing quality management systems .

Documentation of information

The reproducibility of experiments in cell culture, one of 

the fundamental pillars of scienti�c research, largely 

depends on the quality, accuracy, and completeness of 

the documentation. The lack of detailed information on 

methods, materials, and experimental conditions has 

been identi�ed as one of the main causes of 
 

(22)reproducibility issues in preclinical studies .  Even 

small variations in protocols can lead to signi�cantly 
 ( 2 3 )different results , making it imperative that 

researchers document clearly and completely all 

aspects of their experiments. This includes the cell line 

used and its genetic characteristics, culture media, 

supplements, equipment, incubation conditions, and 

applied procedures. Documentary traceability refers to 

the ability to track all elements and steps of an 

experiment from its origin to the �nal results. This 

requires maintaining detailed records of all reagents, 

equipment, and procedures, in order to identify and 

correct possible errors or deviations. This traceability is 

achieved by systematically recording the culture media, 

added      supplements,      and        speci�c     incubation 
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conditions. 

The exact composition of the medium, serum 

concentration, antibiotics, growth factors, and other 
(24)substances  should be documented, as well as 

parameters like temperature, CO₂ level, and humidity. 

Any variation in these parameters during the course of 
 ( 2 5 )the experiment must be properly recorded .  

Documentation should also include the methods used 

for cell passage and subculturing, specifying the 
  (26)reagents used (e.g., trypsin), incubation times , as well 

as the description and calibration of the equipment 
(27)used . It is essential to record these data in real-time 

(23)and not retrospectively, to avoid omissions or errors .  

The use of standardized work sheet formats and 

validated protocols helps ensure consistency in the 
 (25)record-keeping .  Additionally, internal quality 

controls are necessary to authenticate the integrity and 

accuracy of the documentation before results are 
(22)disseminated .

Accurate and complete documentation of materials 

and methods not only ensures traceability and 

reproducibility but also strengthens the credibility of 

the �ndings. Researchers who adhere to these good 

practices are better positioned to replicate their own 

studies and contribute to the advancement of scienti�c 

knowledge in their community.

Biosafety management in cell cultures

Biosafety in cell cultures is regulated by national and 

international guidelines based on ethical standards and 
 (28)principles of scienti�c responsibility .  The effective 

implementation of biosafety measures is essential to 

protect the integrity of experimental work, the health of 
  (29)personnel, public health, and the environment .  Given 

that the use of cell cultures presents various biosafety 

challenges, it is essential to conduct thorough 

biological risk assessments before initiating any 

procedure. These assessments help identify potential 

risks, estimate their likelihood of occurrence, and 
 (29)evaluate their possible consequences .  Both the 

intrinsic characteristics of the cell culture and any 

subsequently acquired properties should  be considered,

as well as the possibility of deliberate contamination 
(30)with pathogenic agents .

Managing these risks involves identifying them, 

implementing mitigation measures, and reevaluating 

the residual risk to ensure it has been reduced to an 

acceptable level. The risk assessment plan should 

consider physical, chemical, and biological risks, 

extending beyond the laboratory to include the entire 
(1)facility and its environment .

While the assignment of biosafety containment levels 

may vary depending on the context, it is recognized 

that most containment protocols aim to prevent 

inadvertent contamination of cell cultures and reduce 

hazards to personnel. In particular, activities involving 

human or primate cell cultures should be carried out 

under containment level 2 conditions, using class II 

biosafety cabinets and adhering to Good Laboratory 
(29)Practices .

Ethics and laws

Research involving biological materials must adhere to 

fundamental ethical principles such as human dignity, 

scienti�c honesty, equity, and social responsibility. 

These principles guide scienti�c practice towards 

responsible, respectful, and transparent development 
(31).  In the context of cell and tissue culture, there is a legal 

and ethical obligation to ensure the welfare, 

responsibility, and compliance with regulations, 

regardless of the cellular origin. Before starting any 

experimental activity, a thorough review of applicable 
 (32)legal, ethical, and regulatory provisions is essential . In 

Peru, the regulatory framework related to the use of 

biological material in cell cultures includes several 

instruments. Supreme Decree No. 017-2006-SA 

regulates clinical trials, establishing procedures and 

requirements to protect participants' rights and safety, 
 (33)as well as the integrity of the data obtained .  In 

addition, Law No. 22/2006-PE promotes the safe and 

responsible use of modern biotechnology, ensuring 

that research meets international biosafety and ethical 
(34)standards .
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Comprehensive training of personnel
Training laboratory personnel is a key element for the 

 
(14)compliance with GLP .  A comprehensive training 

program should include solid initial training, 
cont inuous sk i l l  development,  and per iodic 
performance evaluation. Keeping up-to-date with new 
methodologies and technologies, as well as providing 
systematic feedback, helps maintain a high level of 
professional competence.

Key areas of training include: laboratory procedures, 
c e l l  a n d  t i s s u e  h a n d l i n g ,  q u a l i t y  c o n t r o l , 
documentation, safety, legislation, and ethical research 

 (1)principles .  All personnel should be familiar with 
applicable regulations, guidelines, and laws at the 

(35)institutional, national, and international levels .  This 
training not only ensures regulatory compliance but 
also  contributes  to  operational  efficiency,   laboratory 

safety, and the generation of reliable and high-quality  
(35)scienti�c results .

CONCLUSION
The rigorous implementation of Good Laboratory 
Practices (GLP) in cell cultures is essential to ensure the 
quality, reproducibility, and reliability of results in 
scienti�c and biomedical research. The standardization 
of procedures, cell line authentication, precise 
documentation, and continuous staff training are 
essential pillars for ensuring the integrity of studies. 
Moreover, compliance with ethical and legal regulatory 
frameworks strengthens scienti�c credibility and 
promotes responsible development in biotechnology 
and biomedicine. In light of the advancement of new 
technologies, such as organoids and 3D bio-printing, it 
is necessary to adapt and harmonize existing standards 
to facilitate collaborative, high-impact research.
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