Pharmaceutical Packaging--Meeting GMP
Requirements with Automation 1

Introduction

Pharmaceutical packaging represents one of the most highly regulated and quality-critical
manufacturing processes globally. Unlike commercial packaging prioritizing speed and cost,
pharmaceutical packaging must balance efficiency with uncompromising safety, quality, and
regulatory compliance standards. Failure to meet Good Manufacturing Practice (GMP)
requirements results in catastrophic consequences including product recalls, regulatory
fines, manufacturing shutdowns, and loss of market authorization.[![2]13114]

For purchasing professionals, selecting packaging automation that meets stringent GMP
requirements while delivering efficiency improvements represents a complex but essential
responsibility. Modern automated pharmaceutical packaging equipment incorporates
sophisticated quality controls, traceability systems, and validation capabilities enabling
companies to meet regulatory requirements while achieving operational excellence.[PEI71[E]
[1-1]

This guide explains GMP fundamentals, regulatory requirements, equipment qualification

processes, and how automated systems enable compliance while maximizing efficiency.[z'”
[4-1][9][10][1-2]

Understanding GMP Requirements for Pharmaceutical
Packaging

Good Manufacturing Practice (GMP) represents the foundational regulatory framework for

pharmaceutical manufacturing, established by FDA and recognized globally by regulatory

agencies.[!14-2112-2]

FDA CGMP Regulations (21 CFR Part 211) establish minimum requirements for

pharmaceutical manufacturing facilities, equipment, processes, and personnel. CGMP

requirements applicable to packaging operations include:!*~°!

Equipment Design and Suitability: Equipment must be appropriately designed and
sized for intended use, capable of maintaining product quality throughout packaging

operations[2'4]

Equipment Installation and Operation: Proper installation, calibration, and operation
ensuring reliable performance[2'5]

Process Validation: Documented proof that packaging processes reliably produce safe,

effective products!®®!



Quality Assurance: Systematic approaches ensuring products consistently meet
specifications[2'7]

Record Keeping: Comprehensive documentation enabling traceability and regulatory
inspection[z'g]

EU GMP Annex 15 provides detailed guidance on qualification and validation applicable to
pharmaceutical facilities, particularly in European markets. Annex 15 emphasizes risk-based
approaches, documented protocols, and comprehensive validation covering equipment

design through routine operation.['2I13]

Recent GMP Updates (2024-2025) reflect evolving regulatory expectations:[4'3][11'1]
Enhanced Traceability Requirements: Serialization and aggregation mandates
tracking individual units throughout supply chains

Advanced Quality Systems: Incorporation of Al and advanced analytics into quality
monitoring

Cybersecurity Integration: Protection of data systems controlling packaging operations
Environmental Controls: Stricter cleanroom classification and contamination

prevention standards!’-2I4-4]

Container Closure Integrity (CCI) Testing and
Automation

Container Closure Integrity represents a critical quality parameter ensuring pharmaceutical
packages maintain sterile barriers throughout shelf life.[#1[121161117]

Container Closure Integrity Requirements mandate that packaging systems reliably
protect products from external contamination and prevent internal product loss:1°-11116-1]

For parenteral products (injections), sterile barrier integrity is essential—any microbial
contamination can cause serious patient harm. CCl testing ensures no pathways exist
through which microorganisms could enter packages.[m‘z]“7'1][14‘1][15‘2]

Automated CCI Testing Technologies provide non-destructive 100% package inspection:
[17-2][18][14-2][16-3]

Vacuum Decay Testing: Creates vacuum around packages; detects any leaks
indicating seal integrity failures!'#-3I[17-3]

MicroCurrent HVLD (High Voltage Leak Detection): Detects microscopic defects in

container walls or seals through electrical methodology!'’-#I[14-4]

Force Decay Testing: Measures pressure changes indicating seal defects, especially
suitable for blister packaging!'*!

Benefits of automated CCI testing include:16-41114-6]



100% inspection coverage rather than statistical sampling
Quantitative, reproducible results enabling statistical analysis
ASTM test method compliance (F2338) and FDA consensus standard alignment

Non-destructive testing preserving product integrity

Automated data capture enabling traceability documentation!'6-2114-7]

ROI of Automated CCI: While CCI equipment investment can reach $500,000-$2,000,000

depending on throughput requirements, pharmaceutical companies recognize exceptional

value through:!"7-°116-0]

Prevented recalls avoiding millions in losses
Regulatory compliance assurance

Product quality consistency
Enhanced customer confidencel %]

GMP Compliance for Blister and Cartoning Equipment

Blister packaging and cartoning represent the most common pharmaceutical packaging

formats, requiring equipment specifically designed for GMP compliance.[G'”“9][1'3][5'”

GMP Compliance Features built into pharmaceutical blister equipment include:'-415-21[6-2]

Servo Motor Precision: Exact speed and positioning control ensures consistent seal
quality, fill accuracy, and alignment

Vision Inspection Systems: Automated detection of defects including incomplete seals,
contamination, missing products, and labeling errors

Environmental Control: Equipment design suitable for cleanroom operation without
shedding particles

Data Logging: Automatic recording of all process parameters, equipment settings, and
inspection results

Easy Cleaning and Maintenance: Accessible design enabling thorough sanitation
between product runs

Equipment Specifications for High-Speed Blister Packaging:[g'”[zolm]

Modern high-speed blister lines achieve;[20-118-2]

Production Speed: 240-400 blanked plates per minute (depending on format)
Capacity: Up to 400 tablets/capsules per minute in finished blister packs

Servo Motor Integration: Precise synchronization enabling reject detection and
automatic removal

Cartoning Speed: Automatic cartoning machines matching blister speeds up to 300-320
cartons per minute



Full Integration: Robotic systems automatically transferring blisters from packaging to
cartoning to boxing

Cleanroom Compatibility:[22][23][24][25][26]

Pharmaceutical packaging must occur in controlled cleanroom environments classified per
ISO 14644-1:[23-11[25-1][27]

ISO Class A: Direct production environment where aseptic filling/sealing occurs; particle
count limits extremely stringent
ISO Class B: Direct support to Class A; surrounding environment for aseptic operations

ISO Class C: Secondary containment areas!2°-21[26-1][22-1]

Packaging equipment must be compatible with these classifications, minimizing particle

generation and contamination risk.[#4-11[22-]

Installation Qualification (IQ), Operational Qualification
(0Q), and Performance Qualification (PQ)

Comprehensive validation ensures equipment functions correctly and produces quality

products before commercial use.[?-11[28]110-1]113-1][29][30][12-1]

Installation Qualification (1Q) confirms proper equipment installation:[#8-11[10-21[9-2]

Equipment received intact and installed per manufacturer specifications
Utility connections (electrical, compressed air, water) correctly configured
Equipment components properly positioned and calibrated

Documentation of installation completed and dateq!!0-319-31[12-2]

Operational Qualification (OQ) verifies equipment operates correctly under normal

Conditions:[9‘4][28'2][1 0-4][12-3]

Equipment functions within designed parameters

Safety systems and emergency stops operate properly

All quality monitoring systems function correctly

Equipment can be operated through complete production cycle

All recorded data systems capture information accurately[10‘5][12‘4][9‘5]

Performance Qualification (PQ) confirms equipment produces quality products

Consistently:[29‘1 1[28-3][12-5][9-6][10-6]

Extended production runs demonstrate consistent quality
Products meet all specification requirements

Defect rates remain within acceptable ranges



Quality monitoring systems identify all defects correctly

Data collection systems operate reIiany“2‘6][29‘2][9'7][10‘7]

Documentation Requirements: Comprehensive protocols and reports documenting all

three qualification phases create the regulatory record proving equipment suitability.[2-21[9-8]

[12-7]

Serialization and Traceability Requirements

Serialization mandates—including DSCSA (Drug Supply Chain Security Act) in the US and
similar requirements globally—require packaging systems capable of applying and verifying

unique product identifiers.[21[3211331[341[35]

Serialization Requirements mandate; 32 11133-1][31-1]

Each saleable unit must carry:®'-?!

National Drug Code (NDC): Identifies the specific drug product
Serial Number: Unique identifier for individual package

Lot Number: Batch identification enabling tracking

Expiration Date: Shelf life determination

Machine-Readable Format: 2D barcodes enabling automated verification

Integration with Packaging Equipment::[33'2][36][32'2][8'3]

Modern pharmaceutical packaging lines integrate serialization capabilities:[32'3][33'3]

Serialization Software: Controls code generation and application

Printing Systems: Apply codes in human and machine-readable formats

Vision Verification: Confirms code readiness and quality before product leaves line
Data Management: Records serial numbers, lot information, and production data

DSCSA Compliance: Enables aggregation data upload to regulatory systems[33‘4][8‘4]

[32-4]

Regulatory Timeline: DSCSA enforcement originally delayed to November 27, 2024,

creating urgency for implementation.21-3133-]

Automation Benefits for GMP Compliance

Strategic automation investments deliver GMP compliance while improving operational

performance.[/-11136-111371[8-5]

Quality Improvement::26-21l7-21[8-6]

Automated inspection systems detect defects with 99%+ accuracy



Consistency eliminates quality variation from operator fatigue or inconsistency
Real-time quality monitoring enables rapid problem identification

Reduced defect rates decrease rework and scrap costs!/-2/26-3]

Efficiency Gains::[28I[39140141]142][8-7]

High-speed blister lines: 240-400 plates per minute
Cartoning speeds: 300-450 cartons per minute
Vial sealing: 400+ vials per minute

Lyophilized vial inspection: 425 vials per minute

40-60% labor reduction through automation[29-1141-11[42-1][8-8][38-1]

Regulatory Compliance:: &-91136-4]11-5]7-4]

Automated data logging creates comprehensive regulatory records
Serialization integration ensures traceability capability
Equipment designed for validation simplifies IQ/OQ/PQ

Quality monitoring systems provide evidence of consistent compliance[36'5][7'5][8'1O]

Financial Returns::[*3I[441[8-11]

Labor cost reduction of 40-60%
Quality improvement reducing rework and scrap by 80-90%
Increased throughput 50-100% over manual operations

Typical payback periods: 18-36 months#3-1118-12]

Vendor Selection for GMP Compliance

Selecting appropriate vendors and equipment is critical for achieving GMP compliance.[19'1]

[13-2][5-3][6-3][1-6][8-13]
Request GMP Design Documentation:

Equipment specifications for critical parameters
Design history showing GMP consideration
Validation protocols and templates

References from other pharmaceutical customers
Verify Regulatory Compliance:

ASME/FDA certification documentation

ISO 13849-1 safety compliance

Equipment suitability for intended cleanroom classification
Data integrity compliance (21 CFR Part 11)



Evaluate Support Services:

Comprehensive 1Q/OQ/PQ support and documentation
Training on GMP-compliant operation and maintenance
Access to spare parts and service personnel

Software updates supporting evolving regulations

Request References:

Visit operating installations
Discuss actual performance and compliance experiences
Understand ongoing support relationships

Conclusion

Pharmaceutical packaging automation represents a strategic investment balancing stringent
GMP compliance requirements with operational efficiency. Modern automated systems
incorporate sophisticated quality controls, traceability capabilities, and validation features
enabling companies to meet complex regulatory requirements while achieving competitive
efficiency levels.[4-2Il1-71[7-6]8-14][36-6]

For purchasing professionals, key recommendations include: (1) Deeply understand
applicable GMP requirements before equipment selection; (2) Demand comprehensive
documentation of GMP design features and compliance capabilities; (3) Prioritize equipment
providing IQ/OQ/PQ support and validation protocols; (4) Ensure serialization and
traceability integration for regulatory mandate compliance; (5) Select vendors with
demonstrated pharmaceutical industry experience and customer references; (6) Plan

comprehensive validation activities before commercial production.[5'4][19'2][1'8][4'6][9'9][32'5]

[10-8][33-6][12-8][31-4][2-9]

Pharmaceutical packaging automation, when properly selected and implemented, delivers
exceptional value through improved quality, enhanced regulatory compliance, and
operational efficiency. The investment in GMP-compliant automation represents protection of
patient safety, regulatory compliance assurance, and long-term competitive advantage—
making it one of the most justifiable capital investments pharmaceutical companies can
make.
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