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PERSPECTIVES  
IN MODERN HPLC

Pharmaceutical Regulations: 
An Overview for the Analytical Chemist
The pharmaceutical industry develops and manufactures life-saving medicines and is regulated by government 
authorities to ensure drug products’ safety, efficacy, and quality before reaching patients. This article provides a high-
level overview of pharmaceutical regulations and associated public quality standards. 

Leon Doneski and Michael W. Dong 

The pharmaceutical industry develops 
new drugs to address unmet medical 

needs (1). Health authorities heavily regu-
late the industry to ensure drug product 
quality in late-stage development and com-
mercial production. While the complex and 
multi-faceted regulatory process has been 
described in books, reports, and source 
documents (1–5), this paper provides a high-
level overview of pharmaceutical regulations 
and their processes for the analytical chem-
ist. The topic is particularly interesting to 
the separation scientist who conducts many 
pivotal laboratory studies in analytical and 
quality assessment to support drug prod-
uct releases and to provide critical data for 
regulatory filings using lab equipment such 
as high performance liquid chromatography 
(HPLC) with ultraviolet (UV) detection (6). 

This paper is the fourth in a series of eight 
papers on “pharmaceutical industry for the 
analytical chemist.”

Table I lists the terms and acronyms used 
in the paper. Figure 1 is a pictorial portrayal 
of the regulatory processes categorized 
into five sections to be discussed in the text 
later: 1. Pharmaceutical regulations; 2. Health 
authorities; 3. Public standards; 4. Pharma-
ceutical organizations; and 5. Regulatory 
trends/approaches. 

Section 1: Pharmaceutical Regulations
Pharmaceutical regulations aim to ensure 
drug safety, efficacy, and quality. Regulations 

are established by government agencies to 
interpret laws, facilitating practical imple-
mentation. Government health authorities 
enforce regulations. The general laws gov-
erning pharmaceutical companies in the 
USA are recorded in the Code of Federal 
Regulations Title 21 (21CFR); how a com-
pany sets up its systems, facilities, and SOPs 
to meet these laws needs to be determined 
by each company. While the goal of regu-
lation is straightforward, interpretation and 
compliance processes by pharmaceutical 
companies can be elaborate, diverse, and 
arduous (4,5).

This section briefly describes four phar-
maceutical regulations (GLP, GMP, GCP, and 
GDP). GLP and GMP will be discussed further 
in papers #5 and #6 of this series. Since the 
CFR is not updated regularly, it has become 
common to put a lowercase c in front of the 
acronym, such as cGMP, to keep in mind that 
good practice must meet currently accepted 
standards.

Good Laboratory Practice (GLP)
The GLP regulations, described in 21 CFR 58 
(7), is a system of management controls for 
laboratories to ensure consistency and reli-
ability of results in nonclinical studies. GLP 
regulations are followed by laboratories, 
animal care facilities, and CROs conducting 
animal toxicology evaluations and bioana-
lytical clinical studies. GLP uses distinctively 
different terminologies and languages from 

GMP regulations, focusing on shorter-term 
projects and standalone studies. Laborato-
ries in pharmaceutical manufacturing facili-
ties follow GMP regulations in general, and 
non-governmental references such as Phar-
macopeia and ICH for more details in analyti-
cal studies.

Current Good Manufacturing
Practice (cGMP)
cGMP is a regulation and guidance govern-
ing the manufacture and testing of API, diag-
nostics, foods, pharmaceutical products, and 
medical devices. It is described in 21 CFR 
210 and 211 (8) and ICH Q7 (9) for small mol-
ecule drugs. The GMP regulations for bio-
logics are described in 21 CFR 600 and 610, 
while those for medical devices and foods 
are described in 21 CFR 812 and 820, and 21 
CFR 110, respectively.

In particular, 21 CFR 211 lists the detailed 
regulatory requirements for various regula-
tory expectations on organization, facilities, 
equipment, control of components/produc-
tion process/packaging, distribution, labo-
ratory testing and controls, records/reports, 
and returned drug products. 

Good Documentation Practice (GDP)
GDP describes standards by which critical 
documents are created and maintained to 
ensure their integrity and traceability (10). 
GDP standards are not codified in a single 21 
CFR, but their compliance is required in GMP 
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facilities. GDP recommends that records be 
completed and written according to specific 
standard operating procedures (SOPs) from 
the initial data generation to recording and 
processing, use, retention, archiving, and 
retrieval. The guidance for electronic records 
and signatures is covered in 21 CFR Part 11 
(11). Recording of information/data during 
the manufacture and QC testing must be 
done in an Accurate, Legible, Contempora-
neous, Original, and Attributable (ALCOA) 
process.

Good Clinical Practice (GCP) 
Good Clinical Practice (GCP) is an interna-
tional quality standard that governments 
transpose into regulations for clinical trials 
involving human subjects (12). There is no 
single regulatory document in the CFR on 
GCP, though the requirements are found 
in ICH E6 (13). The goals and principles of 
GCP are the assurance of ethics in clinical 
trials, compliance with the study protocol, 
informed consent and protection of con-
fidentiality of the test subject, and quality 
assurance of CTM. 

Section 2: Health Authorities
Governmental health authorities are regula-
tory agencies that establish and enforce rules, 
laws, and policies required to ensure consis-
tent drug safety, efficacy, and quality. In recent 
years, health authorities have harmonized 
many expectations, but jurisdiction-specific 
regulations and criteria remain. Pharmaceuti-
cal companies must submit regulatory filings 
to a relevant health authority before con-
ducting clinical trials (IND and IMPD) to gain 
approval for marketing distributions of new 
drugs (NDA, ANDA, MA, BLA).

US FDA and EMA
The Food and Drug Administration (FDA) 
is the regulatory authority in the United 
States over new drugs and devices (14). 
FDA reviews research data and informa-
tion about investigational drugs (IND) 
and new drug applications (NDA/ANDA 
or BLA). They monitor drug safety/effi-
cacy/quality issues and drug information 
and advertising. Each regulatory author-
ity typically aligns with public quality 
standards, such as ICH and correspond-
ing regional pharmacopeias.

TABLE I: Glossary of terms and abbreviations (categorized)

Term or Acronym Definition or Explanation

Regulations: 
GCP, GDP, GLP, cGMP

Good Clinical Practice, Good Documentation Practice, Good 
Laboratory Practice, current Good Manufacturing Practice

Health authorities:
FDA, EMA

Food and Drug Administration (USA), Eu-
ropean Medicines Agency (EU)

Public standards
ICH, USP, EP, ISO, 
IQ Consortium

International Conference on Harmonization, United States 
Pharmacopeia, European Pharmacopeia, International 

Organization for Standardization, International Consortium 
on Innovation and Quality in Pharmaceutical Development

Regulatory filings:  
IND/NDA/ ANDA/ BLA

IMPD/MMA

Investigational New Drug Application, New Drug Ap-
plication, Abbreviated New Drug Application for a ge-

neric product, Biologic License Application (USA)
Investigational Medicinal Product Dossier, Mar-

keting Authorization Applications (EU)

Quality systems
QMS, QA/QC, QRM, LIMS, 
CDS, OOS, OOT, CAPA

Quality Management System, Quality Assurance/Quality 
Control, Quality Risk Management, Laboratory Information 

Management System, Chromatography Data System, Out of 
Specification, Out of Trend, Corrective and Preventive Actions

Quality processes
CMC, SOP, IQ/
OQ/PQ, CoA

Chemistry, Manufacturing, and Con-
trols, Standard Operating Procedure, 

Installation Qualification/Operational Qualification/
Performance Qualification, Certificate of Analysis

QbD 
DoE, PAT, CQAs, QTPP

Quality by Design
Design of Experiments, Process Analytical Technology, 

Critical Quality Attributes, Quality Target Product Profile

Background terms

Drug candidate
A lead with optimized structural mo-
tifs to be developed as a new drug.

API, DS, NCE
Active Pharmaceutical Ingredient, Drug Sub-

stance, New Chemical Entity

CTM, IP, DP
Clinical Trial Material, Investigational Medi-

cal Product, Drug Product

21 CFR
Section 21 of the Code of Federal Regulations contains 

all regulations pertaining to food and drugs. (USA)

CRO, CMO, CDMO
Contract Research Organization, Contract Manu-

facturing Organization, Contract Develop-
ment Manufacturing Organization.

2.    Health Authorities
Regulatory agencies

1. Pharmaceutical Regulations
Laws and Rules

4.    Pharmaceutical Organizations
in new drug development and production

3. Public
Quality

Standards

5.    Regulatory Trends/Approaches
• Risk-based Quality Systems and QbD
• Phase-appropriate GMP and regulatory
• compliance

Deliverables
• IND and NDA (BLA) �lings
• Quality drug products to consumers

Quality Systems
• QA/QC units
• Documents, data.

Samples, material control
• Equipment quali�cation
• Manufacturing mgmt.
• Laboratory controls

Quality Policy and
Processes

• SOPs
• Staff training
• Method and process

validation

CMC Organization and
Processes
to support clinical studies
and regulatory �lings in
new drug development

• ICH guidelines
• USP (EP, JP)

monographs and
methods

• ISO Standards
• IQ Consortium

guidelines

• US FDA
• EMA

• GLP, cGMP
• GDP, (GCP)

Comply to regulations

Protect public health by ensuring
safety & efficacy of drugs

Supplements regulations

Develop internal quality
systems, processes,
and controls

Establishes and Enforces
regulations; Conducts
inspections

FIGURE 1: A pictorial portrayal of the pharmaceutical regulatory processes, catego-
rized into five sections for discussion in the text.



4  LCGC NORTH AMERICA  VOLUME 41 NUMBER 6  JUNE 2023 WWW.CHROMATOGRAPHYONLINE.COM

A primary regulatory activity of the FDA’s 
Center for Drug Evaluation and Research 
(CDER for small molecules and CBER for 
biologics) is reviewing developmental drug 
products through clinical phases I, II, and III 
trials and the marketing approval. For exam-
ple, nonclinical laboratory studies must fol-
low GLP, and Phase IIb studies and beyond 
must comply with cGMP. These regulations 
are typically risk-based and phase-appropri-
ate. 

EMA, the European Medicine Agency, is 
the counterpart to the FDA in the European 
Union.

Section 3. Public Quality Standards
Augmenting the regulations are public quality 
standards or guidelines to which pharmaceutical 
companies generally adhere even though they 
are not considered regulations. 

International Conference on 
Harmonization (ICH)
ICH brings together regulatory authorities 
of Europe, Japan, and the USA and pharma 
experts to discuss scientific and technical 
aspects of product registration. ICH issues 
guidance documents in Quality, Safety, Effi-
cacy, and Multidisciplinary topics (QSEM) 
(15). For example, the overall pharmaceuti-
cal development guidelines are described in 
ICH Q8 and Q11, and the common technical 
document format (CTD) is described in ICH 
M4Q. For analytical chemists in pharma, ICH 
Q1 (stability), Q2 (validation), Q3 (impurities), 
Q6 (specifications), Q9 (risk management), 
and Q12 (life cycle management) are com-

monly referenced external guidance docu-
ments. 

Pharmacopeial Standards
Regional compendia such as the United 
States Pharmacopeia (USP) (16), British Phar-
macopeia (BP), European Pharmacopeia (EP), 
and Japanese Pharmacopeia (JP), establish 
quality standards for the attributes, analyti-
cal procedures, and acceptance criteria of 
excipients, drug substances, dosage forms, 
and compounded preparations. Testing and 
compliance with the standards described in 
compendial methods are essential for manu-
facturing, releasing, and distributing phar-
maceutical ingredients and generic drug 
products. These compendia are updated 
periodically, and one must follow the current 
version at the time of testing.

United States Pharmacopeia (USP)
USP is a non-governmental organization 
whose mission is to improve world health by 
setting public standards to help ensure the 
quality, safety, and benefits of medicines and 
foods (16). They issue the USP–NF, a combi-
nation of two compendia, the United States 
Pharmacopeia and the National Formulary. 

USP monographs contain tests, proce-
dures, and acceptance criteria. Monograph 
testing requires the use of compendial refer-
ence standards. The USP also contains gen-
eral chapters on standard techniques such as 
chromatography <621>, pH <791>, dissolu-
tion <711>, content uniformity <905>, and 
analytical life cycle <1220>. System suitabil-
ity attributes for HPLC methods, such as the 

number of theoretical plates, tailing factor, 
and resolution, are often derived from USP 
<621> for regulatory submissions. 

The National Formulary (NF) contains 
monographs on excipients. A drug company 
wishing to formulate a drug product using an 
API or excipient not contained in a compen-
dium such as NF must provide characteriza-
tion, methods, validation, and stability data 
on the novel substance.

International Organization for
Standardization (ISO)
ISO is an independent, non-governmental 
international organization with a member-
ship of 167 national standards bodies (17). 
ISO offers certifications to a wide variety of 
standards. For example, pharmaceutical 
companies pursue ISO 9001 certification to 
demonstrate they have a quality manage-
ment system based on seven well-estab-
lished quality management principles. ISO 
9001 helps ensure that the patient gets con-
sistently high-quality products, which ben-
efits the business. 

Section 4: Pharmaceutical Organizations
Pharmaceutical regulations are specific on 
what are required or expected in drug prod-
ucts but do not generally furnish details on 
how to comply with these requirements. For 
instance, the GMP regulations state that:

“There shall be a quality control unit that 

shall have the responsibility and authority to 

approve or reject all components, drug prod-

uct containers, closures, in-process materials, 

packaging material, labeling, and drug prod-

ucts….”

However, the regulations do not give details 
on the structure of the QC unit, the testing 
procedures, or the product specifications 
used in these approvals. Each pharmaceuti-
cal company is expected to develop its own 
internal organizations, systems, policies, and 
processes (e.g., standard operating proce-
dures or SOPs) to ensure drug product qual-
ity (3–4). This section provides a brief over-
view and examples.

Internal Quality Standards,
Systems, and Processes
For most pharma laboratory scientists, inter-
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FIGURE 2: An example of the organizational structure of quality systems and processes 
in a GMP manufacturing/development facility, including those within a QC laboratory.  
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nal quality systems are the first examples of 
regulations encountered. Figure 2 provides 
an example of the organizational structure 
of quality systems and processes in a GMP 
manufacturing/development facility, includ-
ing those within a QC laboratory. 

Pharmaceutical companies create a Qual-
ity Management System (QMS) to align their 
business practices and comply with global 
regulations. Companies interpret and imple-
ment local policies such as SOPs or work 
instructions to promote traceability, qual-
ity, and compliance. Some companies have 
more detailed structural SOPs for internal 
systems, but others have a less elaborate/
less structuralized approach. Audits and 
inspections evaluate a company’s practices 
against its quality systems to ensure compli-
ance. Audit observations may lead to the 
issuance of a corrective and preventative 
actions (CAPA) investigation to resolve gaps 
and deficiencies. Issues found during routine 
QC testing can lead to CAPA investigations 
as well. The results of the CAPA will be a 
detailed plan that, when enacted, will ensure 
that this specific situation does not recur in 
the future.

Laboratory regulations such as personnel 
training and safety, controlled documenta-
tion (including lab notebooks), equipment 
qualification, electronic records/electronic 
signatures, reference standards programs, 
method validation, data review, and LIMS 
all serve as components covered by a QMS. 
There are cGMP site-level SOPs defining 
roles and responsibilities, quality and safety 
standards, analytical procedures, control of 
raw materials, sample handling, data report-
ing, CAPA systems, and change controls. 
Companies implement a process to inves-
tigate OOS/OOT results using root-cause 
analysis. Daily operational activities such 
as accurate and contemporaneous record 
keeping; identifying reagents, balances, and 
equipment used; standardization; and sys-
tem suitability ensure results generated by 
the separation scientist are accurate, trace-
able, and reproducible. 

CMC Process in New Drug Development
While regulatory requirements of a manu-
facturing facility are well defined, those in 
the development organization of new drugs 
could be more interpretive, diversified, and 

nuanced. 
CMC is an acronym for chemistry, manu-

facturing, and controls, encompassing critical 
technical activities such as formulation devel-
opment, manufacturing process develop-
ment, and the analytical support of the CTM 
for clinical trials. CMC details are required in 
CTD Module 2 & Module 3 for regulatory sub-
missions for both FDA and EMA. This requires 
a good understanding of the physicochemi-
cal properties of the NCEs and the estab-
lishment of quality specifications designed 
to ensure the safety and consistency of the 
newly developed drug product. The typical 
functions and collaborative association of a 

“CMC” organization within a major company 
were described elsewhere (3).

The CMC process includes identifying 
planned and potential registration areas 
for the new drug product. This defines the 
regulatory authority whose applicable laws 
and regulations will be followed to develop 
a clinical trial application (IND) and, later, the 
new drug application (NDA or BLA).

Section 5: Strategic Approaches 
in Drug Development
Several recent regulatory trends and 
approaches are endorsed by the health 
authorities and captured in ICH Q7 
(GMP), Q8 (R2) (Pharmaceutical Devel-
opment), Q9 (Quality Risk Management), 
and Q10 (Pharmaceutical Quality System) 
(15). The underlying concepts in these 
approaches are discussed here, includ-
ing quality by design (QbD), risk-based 
quality systems, and phase-appropriate 
regulatory compliance. 

Quality by Design (QbD) and 
Quality Risk Management

“The quality cannot be tested into the 

product but should be built into it.” 

Joseph M. Juran (18).

QbD can be achieved with a thorough 
understanding of production processes dur-
ing development and manufactured with a 
knowledge of risks and their mitigation. A 
systematic approach to development is 
encouraged by the health authorities (19), 
which begins with predefined objectives for 
the intended product profile and an empha-
sis on understanding product, process, and 

process control based on science and 
quality risk management (QRM). The core 
toolsets and concepts in QbD include the 
Design of Experiments (DoE), QRM, Pro-
cess Analytical Technologies (PAT), Quality 
Target Product Profile (QTPP), Critical Qual-
ity Attributes (CQAs), and the control of 
critical process parameters and raw materi-
als (19).

Phase-Appropriate GMP
and Regulatory Compliance
While ICH guidelines cover regulatory 
requirements in late-stage development, 
the recommended specifications may be 
too stringent in early development, where 
the characterization and processes for DS 
and DP are not completely defined. In this 
regard, guidance documents from the FDA 
(20) and the IQ Consortium (International 
Consortium on Innovation and Quality in 
Pharmaceutical Development) (21) may 
offer more reasonable recommendations in 
setting specifications in early-phase clinical 
development (before phase IIb).

Summary
Compliance with regulations described in 
the source documents should result in sci-
entifically sound and traceable data which 
characterize a manufacturing process that 
consistently produce drug products with 
the required quality. In this concise and 
systematic review of the regulatory process, 
we hope to offer a better understanding 
of the underlying concepts and quality 
systems to the analytical chemist and how 
their work under a GMP environment can 
contribute to product quality and patient 
benefits. 
 
Disclaimer
This paper provides a high-level overview 
of pharmaceutical regulations to the ana-
lytical chemist. The information presented 
here stems from health regulation docu-
ments, guidance documents, and the 
authors’ own experiences. Presenting 
a concise primer on this complex topic 
is challenging. We selected a simplified 
approach to review regulatory activities’ 
underlying principles and structural com-
ponents with references to books, source 
documents, and helpful journal articles.
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