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 Introduction

 USP Framework

– Product Quality Tests 

– Dosage Forms

– Content Uniformity

– Container Content

 Challenges and Potential Paths 

Forward for Biologics
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Why Dose Content Uniformity Matters

Reliable delivery of labeled dose is necessary 
to ensure:

–Patient safety

–Therapeutic efficacy

–Regulatory compliance

Dose uniformity is especially critical for

–Products with a narrow therapeutic range (e.g. 
insulins)

–Low dosage products

–Products that are prone to inhomogeneity (e.g. 
lyophilized products, cell and gene therapies)
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USP Public Standards

 Monographs

–Specifications for pharmaceutical articles in commerce (from release through product shelf life)
•Tests, assays, and acceptance criteria needed to demonstrate the article meets required quality standards

 General Chapters

–Procedural chapters numbered <1000 
•Typically contain validated methods and often have associated reference standards

•Are enforceable when referenced in general notices, monographs

–Informational if numbered 1000 to 1999
•Best practices, guidance and context for enforceable chapters

•Often address new technologies and emerging issues

•Are not enforceable

Physical Reference Standards
–Provide traceable standards to demonstrate broad-based acceptability of procedures
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2025-2030 Expert Committees

Biologics – Therapeutic 

Peptides, Oligonucleotides, 

and Complex Carbohydrates

Rosario Lobrutto

Biologics – Therapeutic 

Proteins

Kenneth R. Miller

Biologics – Vaccines

Mark van Ooji

Biologics – Cell & Gene 

Therapies

Lili Belcastro

Small Molecules – 

Therapeutic Areas 1

Mary Seibel

Small Molecules – 

Therapeutic Areas 2

Robert G. Buice Jr. 

Small Molecules – 

Therapeutic Areas 3

Eric Kesslen

Small Molecules – 

Therapeutic Areas 4

Partha S. Mukherjee

Small Molecules – 

Therapeutic Areas 5

Justin Pennington

Small Molecules – 

Therapeutic Areas 6

Allan D. Bokser

Excipient Monographs 1

Vivek S. Dave

Excipient Monographs 2 

Barbara R. Serr

Excipient Chapters

Richard Creekmore

General Chapters – Dosage 

Forms

Kevin Warner

General Chapters – Chemical 

Analysis

Anthony C. Bevilacqua

General Chapters –

Microbiology

Ed C. Tidswell

General Chapters – Packaging 

& Distribution

Renaud Janssen

General Chapters – Statistics

Charles Tan

General Chapters –

Pharmaceutical Analysis 

Lifecycle & Data Science

Jaime Marach

General Chapters – Materials 

Physical Properties 

Characterization

Eloise Welfare

Healthcare Safety, Quality, & 

Nomenclature

Melody Ryan

Compounding

Brenda Jensen

Healthcare Information & 

Technology

Leslie Lenert

Personalized Medicines

Sara L. Rogers

Botanical Dietary 

Supplements & Herbal 

Medicines

Thomas Brendler

Non-Botanical Dietary 

Supplements

Raimar Loebenberg 

Dietary Supplements 

Admission, Evaluation, & 

Labeling

Amy L. Roe

Food Ingredients

James Brooks
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USP and Regulatory Framework
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Overview of Compendial Resources and Regulatory Relevance

<1151> Pharmaceutical Dosage Forms

<1> Injections and Implanted Drug Products 
(Parenterals) - Product Quality Tests

<905> Uniformity of Dosage Units

<697> Container Content for Injections

USP Monographs

• Required when referenced in monograph

FDA guidance for industry: Allowable Excess Volume and Labeled 
Vial Fill Size in Injectable Drug and Biological Products (June 2015)

• References <1>, <1151>, <697> <659>

MaPP 5019.1 Allowable Excess Volume/ Content in Injectable Drug 
and Biological Products (Jan 2022)

• References <1151>, <905>, <697>, <659>, <911>

MaPP 5019.2 Assessment of the Appropriate Labeled Content for 
Injectable Drug Products (June 2022)

• References <659>

Relevant USP Chapters Regulatory Requirements and 
Recommendations
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Monograph Example: Glucagon for Injection

 DEFINITION

 IDENTIFICATION

– A.

– B. Glucagon Bioidentity Tests 〈123〉:

 ASSAY

– Procedure

 PERFORMANCE TESTS

– Uniformity of Dosage Units 〈905〉:

 IMPURITIES

– Organic Impurities

 SPECIFIC TESTS

– Water Determination 〈921〉, Method I, Method 
Ic:

– pH and Clarity of Solution:

– Bacterial Endotoxins Test 〈85〉:

– Sterility Tests 〈71〉:

– Constituted Solution:

 ADDITIONAL REQUIREMENTS

– Packaging and Storage:

– Labeling:

– USP Reference Standards 〈11〉

DEFINITION

Glucagon for Injection is a sterile lyophilized mixture of the hydrochloride of glucagon with one or more suitable buffering and 

stabilizing agents. It contains NLT 65% and NMT 110% of the labeled amount of glucagon

ADDITIONAL REQUIREMENTS

•PACKAGING AND STORAGE:

Preserve as described in Packaging and Storage Requirements 〈659〉, Injection Packaging, Packaging for Constitution.

Change to read:

•LABELING:

The labeling states that the material is synthetic or of recombinant DNA origin.

PERFORMANCE TESTS

•UNIFORMITY OF DOSAGE UNITS 〈905〉:
Meets the requirements

SPECIFIC TESTS

•CONSTITUTED SOLUTION:

At the time of use, it meets the requirements for Injections and Implanted Drug Products 〈1〉, Product Quality Tests Common to 

Parenteral Dosage Forms, Specific Tests, Completeness and Clarity of Solutions.

https://online.uspnf.com/uspnf/document/1_GUID-DF5F1684-89B6-485E-B910-BEC4C474F3F8_5_en-US?source=Quick%20Search&highlight=glucagon#GUID-AED0000F-143D-482E-B11A-CCAB88198A49
https://online.uspnf.com/uspnf/document/1_GUID-DF5F1684-89B6-485E-B910-BEC4C474F3F8_5_en-US?source=Quick%20Search&highlight=glucagon#GUID-AED0000F-143D-482E-B11A-CCAB88198A49
https://online.uspnf.com/uspnf/document/1_GUID-DF5F1684-89B6-485E-B910-BEC4C474F3F8_5_en-US?source=Quick%20Search&highlight=glucagon#GUID-36379E3D-927E-4697-9397-9D6CB71ADF85
https://online.uspnf.com/uspnf/document/1_GUID-DF5F1684-89B6-485E-B910-BEC4C474F3F8_5_en-US?source=Quick%20Search&highlight=glucagon#GUID-36379E3D-927E-4697-9397-9D6CB71ADF85
https://online.uspnf.com/uspnf/document/1_GUID-DF5F1684-89B6-485E-B910-BEC4C474F3F8_5_en-US?source=Quick%20Search&highlight=glucagon#GUID-C8E04A86-01FB-4973-AB37-4EF5C7442B2A
https://online.uspnf.com/uspnf/document/1_GUID-DF5F1684-89B6-485E-B910-BEC4C474F3F8_5_en-US?source=Quick%20Search&highlight=glucagon#GUID-C8E04A86-01FB-4973-AB37-4EF5C7442B2A
https://online.uspnf.com/uspnf/document/1_GUID-DF5F1684-89B6-485E-B910-BEC4C474F3F8_5_en-US?source=Quick%20Search&highlight=glucagon#GUID-E2AB321A-6D9C-4E80-A081-6DA4B08084EB
https://online.uspnf.com/uspnf/document/1_GUID-DF5F1684-89B6-485E-B910-BEC4C474F3F8_5_en-US?source=Quick%20Search&highlight=glucagon#GUID-E2AB321A-6D9C-4E80-A081-6DA4B08084EB
https://online.uspnf.com/uspnf/document/1_GUID-DF5F1684-89B6-485E-B910-BEC4C474F3F8_5_en-US?source=Quick%20Search&highlight=glucagon#GUID-E2AB321A-6D9C-4E80-A081-6DA4B08084EB
https://online.uspnf.com/uspnf/document/1_GUID-DF5F1684-89B6-485E-B910-BEC4C474F3F8_5_en-US?source=Quick%20Search&highlight=glucagon#GUID-E2AB321A-6D9C-4E80-A081-6DA4B08084EB
https://online.uspnf.com/uspnf/document/1_GUID-DF5F1684-89B6-485E-B910-BEC4C474F3F8_5_en-US?source=Quick%20Search&highlight=glucagon#GUID-E2AB321A-6D9C-4E80-A081-6DA4B08084EB
https://online.uspnf.com/uspnf/document/1_GUID-DF5F1684-89B6-485E-B910-BEC4C474F3F8_5_en-US?source=Quick%20Search&highlight=glucagon#GUID-E2AB321A-6D9C-4E80-A081-6DA4B08084EB
https://online.uspnf.com/uspnf/document/1_GUID-DF5F1684-89B6-485E-B910-BEC4C474F3F8_5_en-US?source=Quick%20Search&highlight=glucagon#GUID-518F082F-73FD-4D59-AD55-EC1D1327C59E
https://online.uspnf.com/uspnf/document/1_GUID-DF5F1684-89B6-485E-B910-BEC4C474F3F8_5_en-US?source=Quick%20Search&highlight=glucagon#GUID-518F082F-73FD-4D59-AD55-EC1D1327C59E
https://online.uspnf.com/uspnf/document/1_GUID-DF5F1684-89B6-485E-B910-BEC4C474F3F8_5_en-US?source=Quick%20Search&highlight=glucagon#GUID-3D4C6007-6DB1-4DED-805A-0A961C56FFC6
https://online.uspnf.com/uspnf/document/1_GUID-DF5F1684-89B6-485E-B910-BEC4C474F3F8_5_en-US?source=Quick%20Search&highlight=glucagon#GUID-3D4C6007-6DB1-4DED-805A-0A961C56FFC6
https://online.uspnf.com/uspnf/document/1_GUID-DF5F1684-89B6-485E-B910-BEC4C474F3F8_5_en-US?source=Quick%20Search&highlight=glucagon#GUID-8F970558-4798-4D5D-9B9A-579C646FD90A
https://online.uspnf.com/uspnf/document/1_GUID-DF5F1684-89B6-485E-B910-BEC4C474F3F8_5_en-US?source=Quick%20Search&highlight=glucagon#GUID-8F970558-4798-4D5D-9B9A-579C646FD90A
https://online.uspnf.com/uspnf/document/1_GUID-DF5F1684-89B6-485E-B910-BEC4C474F3F8_5_en-US?source=Quick%20Search&highlight=glucagon#GUID-258F0E84-DE2C-4310-B80B-DDDDCBB5A8CF
https://online.uspnf.com/uspnf/document/1_GUID-DF5F1684-89B6-485E-B910-BEC4C474F3F8_5_en-US?source=Quick%20Search&highlight=glucagon#GUID-258F0E84-DE2C-4310-B80B-DDDDCBB5A8CF
https://online.uspnf.com/uspnf/document/1_GUID-DF5F1684-89B6-485E-B910-BEC4C474F3F8_5_en-US?source=Quick%20Search&highlight=glucagon#GUID-258F0E84-DE2C-4310-B80B-DDDDCBB5A8CF
https://online.uspnf.com/uspnf/document/1_GUID-DF5F1684-89B6-485E-B910-BEC4C474F3F8_5_en-US?source=Quick%20Search&highlight=glucagon#GUID-258F0E84-DE2C-4310-B80B-DDDDCBB5A8CF
https://online.uspnf.com/uspnf/document/1_GUID-DF5F1684-89B6-485E-B910-BEC4C474F3F8_5_en-US?source=Quick%20Search&highlight=glucagon#GUID-258F0E84-DE2C-4310-B80B-DDDDCBB5A8CF
https://online.uspnf.com/uspnf/document/1_GUID-DF5F1684-89B6-485E-B910-BEC4C474F3F8_5_en-US?source=Quick%20Search&highlight=glucagon#GUID-258F0E84-DE2C-4310-B80B-DDDDCBB5A8CF
https://online.uspnf.com/uspnf/document/1_GUID-DF5F1684-89B6-485E-B910-BEC4C474F3F8_5_en-US?source=Quick%20Search&highlight=glucagon#GUID-D5391598-C003-4279-BD84-1BF03AD725F3
https://online.uspnf.com/uspnf/document/1_GUID-DF5F1684-89B6-485E-B910-BEC4C474F3F8_5_en-US?source=Quick%20Search&highlight=glucagon#GUID-D5391598-C003-4279-BD84-1BF03AD725F3
https://online.uspnf.com/uspnf/document/1_GUID-DF5F1684-89B6-485E-B910-BEC4C474F3F8_5_en-US?source=Quick%20Search&highlight=glucagon#GUID-2F322C13-A35A-429F-A97F-A1E710B150B5
https://online.uspnf.com/uspnf/document/1_GUID-DF5F1684-89B6-485E-B910-BEC4C474F3F8_5_en-US?source=Quick%20Search&highlight=glucagon#GUID-2F322C13-A35A-429F-A97F-A1E710B150B5
https://online.uspnf.com/uspnf/document/1_GUID-DF5F1684-89B6-485E-B910-BEC4C474F3F8_5_en-US?source=Quick%20Search&highlight=glucagon#GUID-E07565B8-AB71-4B59-BC0F-DDAC5E8D34BE
https://online.uspnf.com/uspnf/document/1_GUID-DF5F1684-89B6-485E-B910-BEC4C474F3F8_5_en-US?source=Quick%20Search&highlight=glucagon#GUID-E07565B8-AB71-4B59-BC0F-DDAC5E8D34BE
https://online.uspnf.com/uspnf/document/1_GUID-DF5F1684-89B6-485E-B910-BEC4C474F3F8_5_en-US?source=Quick%20Search&highlight=glucagon#GUID-046BA12E-47CC-4E9D-A157-4C5FA30A8296
https://online.uspnf.com/uspnf/document/1_GUID-DF5F1684-89B6-485E-B910-BEC4C474F3F8_5_en-US?source=Quick%20Search&highlight=glucagon#GUID-046BA12E-47CC-4E9D-A157-4C5FA30A8296
https://online.uspnf.com/uspnf/document/1_GUID-DF5F1684-89B6-485E-B910-BEC4C474F3F8_5_en-US?source=Quick%20Search&highlight=glucagon#GUID-046BA12E-47CC-4E9D-A157-4C5FA30A8296
https://online.uspnf.com/uspnf/document/1_GUID-DF5F1684-89B6-485E-B910-BEC4C474F3F8_5_en-US?source=Quick%20Search&highlight=glucagon#GUID-046BA12E-47CC-4E9D-A157-4C5FA30A8296
https://online.uspnf.com/uspnf/document/1_GUID-DF5F1684-89B6-485E-B910-BEC4C474F3F8_5_en-US?source=Quick%20Search&highlight=glucagon#GUID-046BA12E-47CC-4E9D-A157-4C5FA30A8296
https://online.uspnf.com/uspnf/document/1_GUID-DF5F1684-89B6-485E-B910-BEC4C474F3F8_5_en-US?source=Quick%20Search&highlight=glucagon#GUID-046BA12E-47CC-4E9D-A157-4C5FA30A8296
https://online.uspnf.com/uspnf/document/1_GUID-DF5F1684-89B6-485E-B910-BEC4C474F3F8_5_en-US?source=Quick%20Search&highlight=glucagon#GUID-046BA12E-47CC-4E9D-A157-4C5FA30A8296
https://online.uspnf.com/uspnf/document/1_GUID-DF5F1684-89B6-485E-B910-BEC4C474F3F8_5_en-US?source=Quick%20Search&highlight=glucagon#GUID-D8001558-A7E5-4651-83DE-075EDCFBF366
https://online.uspnf.com/uspnf/document/1_GUID-DF5F1684-89B6-485E-B910-BEC4C474F3F8_5_en-US?source=Quick%20Search&highlight=glucagon#GUID-D8001558-A7E5-4651-83DE-075EDCFBF366
https://online.uspnf.com/uspnf/document/1_GUID-DF5F1684-89B6-485E-B910-BEC4C474F3F8_5_en-US?source=Quick%20Search&highlight=glucagon#GUID-5D66A80D-AB4C-4B2C-97FD-C0371E3E854A
https://online.uspnf.com/uspnf/document/1_GUID-DF5F1684-89B6-485E-B910-BEC4C474F3F8_5_en-US?source=Quick%20Search&highlight=glucagon#GUID-5D66A80D-AB4C-4B2C-97FD-C0371E3E854A
https://online.uspnf.com/uspnf/document/1_GUID-DF5F1684-89B6-485E-B910-BEC4C474F3F8_5_en-US?source=Quick%20Search&highlight=glucagon#GUID-5D66A80D-AB4C-4B2C-97FD-C0371E3E854A
https://online.uspnf.com/uspnf/document/1_GUID-DF5F1684-89B6-485E-B910-BEC4C474F3F8_5_en-US?source=Quick%20Search&highlight=glucagon#GUID-5D66A80D-AB4C-4B2C-97FD-C0371E3E854A
https://online.uspnf.com/uspnf/document/1_GUID-DF5F1684-89B6-485E-B910-BEC4C474F3F8_5_en-US?source=Quick%20Search&highlight=glucagon#GUID-5D66A80D-AB4C-4B2C-97FD-C0371E3E854A
https://online.uspnf.com/uspnf/document/1_GUID-DF5F1684-89B6-485E-B910-BEC4C474F3F8_5_en-US?source=Quick%20Search&highlight=glucagon#GUID-5D66A80D-AB4C-4B2C-97FD-C0371E3E854A
https://online.uspnf.com/uspnf/document/1_GUID-DF5F1684-89B6-485E-B910-BEC4C474F3F8_5_en-US?source=Quick%20Search&highlight=glucagon#GUID-F013FF08-7E0D-4F12-8F66-822DC9BCAD99
https://online.uspnf.com/uspnf/document/1_GUID-DF5F1684-89B6-485E-B910-BEC4C474F3F8_5_en-US?source=Quick%20Search&highlight=glucagon#GUID-F013FF08-7E0D-4F12-8F66-822DC9BCAD99
https://online.uspnf.com/uspnf/document/1_GUID-DF5F1684-89B6-485E-B910-BEC4C474F3F8_5_en-US?source=Quick%20Search&highlight=glucagon#GUID-F013FF08-7E0D-4F12-8F66-822DC9BCAD99
https://online.uspnf.com/uspnf/document/1_GUID-DF5F1684-89B6-485E-B910-BEC4C474F3F8_5_en-US?source=Quick%20Search&highlight=glucagon#GUID-F013FF08-7E0D-4F12-8F66-822DC9BCAD99
https://online.uspnf.com/uspnf/document/1_GUID-DF5F1684-89B6-485E-B910-BEC4C474F3F8_5_en-US?source=Quick%20Search&highlight=glucagon#GUID-F013FF08-7E0D-4F12-8F66-822DC9BCAD99
https://online.uspnf.com/uspnf/document/1_GUID-DF5F1684-89B6-485E-B910-BEC4C474F3F8_5_en-US?source=Quick%20Search&highlight=glucagon#GUID-F013FF08-7E0D-4F12-8F66-822DC9BCAD99
https://online.uspnf.com/uspnf/document/1_GUID-DF5F1684-89B6-485E-B910-BEC4C474F3F8_5_en-US?source=Quick%20Search&highlight=glucagon#GUID-3C08756F-C0D1-42A7-807A-723E3D532CCB
https://online.uspnf.com/uspnf/document/1_GUID-DF5F1684-89B6-485E-B910-BEC4C474F3F8_5_en-US?source=Quick%20Search&highlight=glucagon#GUID-3C08756F-C0D1-42A7-807A-723E3D532CCB
https://online.uspnf.com/uspnf/document/1_GUID-DF5F1684-89B6-485E-B910-BEC4C474F3F8_5_en-US?source=Quick%20Search&highlight=glucagon#GUID-7D34D7EF-87E1-4B84-8A20-8808CC96BCAF
https://online.uspnf.com/uspnf/document/1_GUID-DF5F1684-89B6-485E-B910-BEC4C474F3F8_5_en-US?source=Quick%20Search&highlight=glucagon#GUID-7D34D7EF-87E1-4B84-8A20-8808CC96BCAF
https://online.uspnf.com/uspnf/document/1_GUID-DF5F1684-89B6-485E-B910-BEC4C474F3F8_5_en-US?source=Quick%20Search&highlight=glucagon#GUID-957497E4-56D9-47A4-AE43-9E9B7867B9A4
https://online.uspnf.com/uspnf/document/1_GUID-DF5F1684-89B6-485E-B910-BEC4C474F3F8_5_en-US?source=Quick%20Search&highlight=glucagon#GUID-957497E4-56D9-47A4-AE43-9E9B7867B9A4
https://online.uspnf.com/uspnf/document/1_GUID-DF5F1684-89B6-485E-B910-BEC4C474F3F8_5_en-US?source=Quick%20Search&highlight=glucagon#GUID-CA054FA5-F8DC-457C-920F-0B642DEB2FFA
https://online.uspnf.com/uspnf/document/1_GUID-DF5F1684-89B6-485E-B910-BEC4C474F3F8_5_en-US?source=Quick%20Search&highlight=glucagon#GUID-CA054FA5-F8DC-457C-920F-0B642DEB2FFA
https://online.uspnf.com/uspnf/document/1_GUID-DF5F1684-89B6-485E-B910-BEC4C474F3F8_5_en-US?source=Quick%20Search&highlight=glucagon#GUID-F62FA04C-58F7-4707-BCC4-D6ED3C4A9D51
https://online.uspnf.com/uspnf/document/1_GUID-DF5F1684-89B6-485E-B910-BEC4C474F3F8_5_en-US?source=Quick%20Search&highlight=glucagon#GUID-F62FA04C-58F7-4707-BCC4-D6ED3C4A9D51
https://online.uspnf.com/uspnf/document/1_GUID-DF5F1684-89B6-485E-B910-BEC4C474F3F8_5_en-US?source=Quick%20Search&highlight=glucagon#GUID-F62FA04C-58F7-4707-BCC4-D6ED3C4A9D51
https://online.uspnf.com/uspnf/document/1_GUID-DF5F1684-89B6-485E-B910-BEC4C474F3F8_5_en-US?source=Quick%20Search&highlight=glucagon#GUID-F62FA04C-58F7-4707-BCC4-D6ED3C4A9D51
https://online.uspnf.com/uspnf/document/1_GUID-DF5F1684-89B6-485E-B910-BEC4C474F3F8_5_en-US?source=Quick%20Search&highlight=glucagon#GUID-F62FA04C-58F7-4707-BCC4-D6ED3C4A9D51
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MaPP 5019.1 and 5019.2 Recommendations and Linkage to 
USP Chapters

 Relevant Footnotes from MaPP 5019.1

– 10 Typically, USP General Chapters titled with numbers above are considered informational and not requirements. However, in this case, because FDA’s 
regulations, i.e., 21 CFR 201.51(g), specifically require adherence to the USP recommendations on this topic, the recommendations in USP General Chapter for 
excess volume of injectable drug products are considered requirements. 

– 11 USP General Chapters numbered below 1000 are requirements only if referenced in a USP/NF monograph or made applicable through USP General Notices 
for products with USP/NF monographs. Otherwise they are general recommendations. Alternative methods and procedures must be validated and demonstrated 
to be suitable for intended use (see 21 CFR 211.165(e) and 211.194(a)(2)). Specifically, this applies to references to USP General Chapters  <697> and <905> 
throughout this MAPP.

 Relevant Footnote from MaPP 5019.2

– 11 Per USP General Chapter Packaging and Storage Requirements, Injection 
Packaging Systems, multiple-dose vials have a maximum container volume sufficient 
to permit the withdrawal of not more than a total of 30 mL, unless otherwise specified 
in an applicable USP drug product monograph. Exceeding the 30 mL multiple dose 
vial limit may be justified if the recommended dose of the drug product packaged in a 
multiple dose vial is large, making the 30 mL limit impractical.
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USP <1> Injections and Implanted Drug Products (Parenterals) - 

Product Quality Tests
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USP GC <1> to <5>: Product Quality Tests

INTRODUCTION

PRODUCT QUALITY TESTS COMMON TO 
PARENTERAL DOSAGE FORMS

– Universal Tests

– Specific Tests

PRODUCT QUALITY TESTS FOR SPECIFIC 
PARENTERAL DOSAGE FORMS

– Solutions

– Sterile Powders for Solutions

– Suspensions

– Liposomes

– Sterile Powders for Suspensions

– Emulsions

– Implants

– Drug-Eluting Stents

〈1〉 INJECTIONS AND IMPLANTED DRUG PRODUCTS 
(PARENTERALS)—PRODUCT QUALITY TESTS

〈2〉 ORAL DRUG PRODUCTS—PRODUCT QUALITY TESTS

〈3〉 TOPICAL AND TRANSDERMAL DRUG PRODUCTS—
PRODUCT QUALITY TESTS

〈4〉 MUCOSAL DRUG PRODUCTS—PRODUCT QUALITY 
TESTS

〈5〉 INHALATION AND NASAL DRUG PRODUCTS—
GENERAL INFORMATION AND PRODUCT QUALITY TESTS

Series of chapters that define general requirements for injections and parenteral dosage forms, including 

terminology and expectations for sterility, strength, and uniformity.
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GC <1> Injections and Implanted Drug Products (Parenterals) - Product 
Quality Tests

Universal Tests

• Identification

• Assay

• Impurities

• Foreign and Particulate Matter

• Sterility

• Bacterial Endotoxins

• Container Content
• References <697> Container 

Content for Injections

• Packaging Systems

• Container Closure Integrity

• Labeling

Specific Tests

• Uniformity of Dosage Units
• References <905> Uniformity of 

Dosage Units

• Vehicles and Added 
Substances

• Antimicrobial Preservatives

• Water Content

• Applicable to lyophilized 
products

• Aluminum Content

• Completeness and Clarity of 
Solutions

Product Quality Tests for 
Specific Parenteral 

Dosage Forms

• Solutions

• Sterile Powders for Solutions

• Suspensions

• Liposomes

• Sterile Powders for 
Suspensions

• Emulsions

• Implants

• In situ Gels

• Microparticles

• Drug-Eluting Stents
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<1151> Pharmaceutical Dosage Forms
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<1151> Pharmaceutical Dosage Forms

GENERAL CONSIDERATIONS

 Dose Uniformity

 Stability

 Bioavailability

 Release Profile

 Manufacture

 Route of Administration

 Packaging and Storage

 Labeling Statements

PRODUCT QUALITY TESTS

 Description

 Identification

 Assay

 Impurities

 Physicochemical Properties

 Particle Size

 Uniformity of Dosage Units

 Water Content

 Microbiological Quality

 Antimicrobial Preservative Content

 Antioxidant Content

 Sterility

 Dissolution

 Breaking Force and Friability

 Leachables

 Other Tests

 Purpose of Chapter

– Establish standardized terminology for dosage forms

– Provide guidance on testing requirements for dosage forms

– Support interpretation of compendial requirements

 Some recommendations are 
considered requirements in:

– FDA guidance for industry: Allowable 
Excess Volume and Labeled Vial Fill 
Size in Injectable Drug and Biological 
Products (June 2015)

– MaPP 5019.1
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<1151> Pharmaceutical Dosage Forms

DOSAGE FORMS

 Aerosols

 Capsules

 Cloths

 Creams

 Emulsions

 Films

 Foams

 Gases

 Gels

 Granules

 Gums

 Implants

 Injections

 Inserts

 Irrigations

 Liquids

 Lotions

 Lozenges

 Ointments

 Pastes

 Pellets

 Pills

 Plasters

 Powders

 Rinses

 Soaps and Shampoos

 Solutions

 Sponges

 Sprays

 Strips

 Suppositories

 Suspensions

 Swabs

 Systems

 Tablets

 Tapes

a This table pertains only to vials and ampules.

Recommended Excess Volume

For Mobile For Viscous

Labeled Size Liquids Liquids

(mL) (mL) (mL)

0.5 0.1 0.12

1 0.1 0.15

2 0.15 0.25

5 0.3 0.5

10 0.5 0.7

20 0.6 0.9

30 0.8 1.2
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USP <905> Uniformity of Dosage Units
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*Portion of harmonized text in EP and JP was not accepted by FDA/ USP

USP <905> Uniformity of Dosage Units

 Core standard for Content Uniformity (CU)

 Defines two methods for determining uniformity of dosage units

–Weight variation

• Applicable to specific listed dosage forms

• Other dosage forms must be tested by CU

–Content Uniformity

• Applicable to all dosage forms

–Both methods provide:

• Guidance on # of units to test 

• Calculation of Acceptance criteria (Acceptance Value, AV)

 Harmonization

–Adopted by Pharmacopeial Discussion Group*

• EP: Uniformity of dosage units (2.9.40)

• JP: <6.02> Uniformity of Dosage Units

–Referenced in ICH Q4B Annex 6

W1) Solutions enclosed in unit-dose containers and into soft capsules;

(W2)
Solids (including powders, granules, and sterile solids) that are packaged in 

single-unit containers and contain no active or inactive added substances;

(W3)

Solids (including sterile solids) that are packaged in single-unit containers, with or 

without active or inactive added substances, that have been prepared from true 

solutions and freeze-dried in the final containers and are labeled to indicate this 

method of preparation; and

(W4)

Hard capsules, uncoated tablets, or film-coated tablets, containing 25 mg or more 

of a drug substance comprising 25% or more, by weight, of the dosage unit or, in 

the case of hard capsules, the capsule contents, except that uniformity of other 

drug substances present in lesser proportions is demonstrated by meeting the 

requirements for Content Uniformity.

Dosage Forms that Can Be Tested by Weight Variation
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* Table 1 adapted from <905> and is not official 

Weight Variation vs Content Uniformity

 Chapter distinguishes between 
drug products based on total dose 
and ratio  (w/w) of DS

 EP/JP include provision for items 
falling into category W4 to be 
tested by weight variation under 
certain circumstances

– This provision was not accepted by 
FDA and USP and is not included in 
<905>

Table 1* – List of dosage forms and the applicable test (weight variation or content uniformity).

Dosage Form Subset Descriptor
Dose* and Ratio** of Drug Substance Remarks

≥25 mg and ≥25 wt % <25 mg or <25 wt %

Capsules

Containing liquids or 

semisolids
WV WV -

Containing solids WV CU -

Containing suspension CU CU

Emulsions CU CU

Implants

CU CU -
(including drug-eluting stents)

Injections - - See Injections in <1151>

Solids in single-dose 

containers

A single drug substance WV WV -

A single drug substance 

lyophilized in final container
WV WV -

Drug substance(s) with 

excipients
WV CU -

Drug substances without 

excipient(s)
WV CU -

Solutions
in single-dose containers WV WV

In multi-dose containers n/a n/a See <698> and <755>

Suspensions CU CU

Tablets WV CU -

Note: WV = weight variation, CU = content uniformity, n/a = not applicable
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Harmonization – ICH Q4B Annex 6 and PDG
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USP <697> Container Content for Injections

and other relevant chapters in development
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USP <697> Container Content for Injections

 Establishes requirements for determining net content and 
acceptable variability in containers to ensure patients receive the 
intended dose.

 Minimum fill, net content, acceptable variability

 Analytical accuracy and precision

 Impact on vials, pre-filled syringes (PFS), cartridges

 Regulatory expectations for investigational/commercial lots

 Harmonized chapter (with one sentence that is included in USP 
and not harmonized with EP/JP

 Establishes requirements for determining net content and 
acceptable variability in containers to ensure patients 
receive the intended dose.

 Minimum fill, net content, acceptable variability

 Analytical accuracy and precision

 Impact on vials, pre-filled syringes (PFS), cartridges

 Regulatory expectations for investigational/commercial lots

 Chapter is harmonized with EP/JP, with the exception of 
one sentence 

– EP: Test for extractable volume of parenteral preparations (2.9.17)

– JP: <6.05> Test for Extractable Volume of Parenteral Preparations
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Other Chapters of Interest

<659> Packaging and Storage Requirements

 Referenced in MaPP 5019.2

 Required for all articles in USP-NF based on General Notices 
10.10

 Recently revised with portions becoming official as of Dec 1, 2025

 Provides packaging and storage condition definitions as well as 
additional information

– Multiple-dose container (also referred to as Multi-dose): A Container–
closure system that holds a sterile medication for parenteral administration 
(injection or infusion) that has met antimicrobial effectiveness testing 
requirements, or is excluded from such testing requirements by FDA 
regulation. A Multiple-dose container is intended to contain more than one 
dose of a drug product. When space permits, a Multiple-dose container is 
labeled as such. Multiple-dose containers are generally expected to contain 
30 mL or less of medications. The beyond-use date for an opened or 
entered (e.g., needle-punctured) Multiple-dose container is 28 days unless 
otherwise specified by the manufacturer on the label. An example of 
a Multiple-dose container is a vial.

 Includes specific section on Injection Packaging

<7> Labeling

 Includes definitions and standards

 Required for all articles in USP-NF based on General Notices 
10.20

 Key sections:

– LABELS AND LABELING FOR INJECTABLE PRODUCTS

• Defines information to be included on label

– Quantity and Total Volume for Injectable Drug Products Packaged 
in Single- and Multiple-Dose Containers

– For injectable drug products greater than 1 mL (single- or multiple-
dose) L

• the quantity per total volume followed by 
(quantity/mL).

– For containers that hold a volume of less 
than 1 mL, 

• Quantity per fraction of a milliliter

• For containers with 1 mL, the strength 
should be expressed as quantity/mL
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New Complex Injectables Chapters in Development

 <1154> Liposomal Drug Products

–Published in PF 48 (6) and PF 50 (6), received extensive industry feedback

–Now published in USP-NF, with official date of April 1, 2026

 <1155> Iron Colloidal Products – Characterization Methods

– Published in PF 51 (6) on Nov 1, 2025

– Open for comment through Jan 31, 2026

 <1156> LG Polymer Microparticle Drug Products – Characterization Methods

– Published in PF 51 (6) on Nov 1, 2025

– Open for comment through Jan 31, 2026

 <1157> Drug – Device Combination Products

– New chapter in development

– First draft is complete, being reviewed by FDA
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Charting a Path Forward

Modernizing Dose Content and Uniformity 
for Biologics

 Existing framework

– USP chapters establish foundational expectations

– FDA guidance documents and MaPP 5019.1 and 5019.2 provide 
specific guidance for biologics

 Future goals

– Establish flexible CU frameworks for biologics that address 
limitations

– Expand use of science- and risk-based approaches

– Harmonize strategies to support manufacturing, testing, and 
regulatory alignment

 Potential mechanisms

– Modernize USP <905>

– Develop new chapters

• Could include informational (>1000) and/or procedural (<1000) 
chapters

Current Challenges

 Existing USP framework is primarily focused on small 
molecules 

 Biologics present some unique challenges with respect to 
dose content and uniformity, including:

– Heterogeneous biologics

– High concentration drug products

– Potency-based dosing 

– Lyophilized products needing reconstitution

– Sample limitations due to sample size requirements and 
destructive testing (especially for cell and gene 
therapies)

– Impact of container closure (silicone oil, adsorption)
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