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    Abstract
Sterilization by gamma irradiation has shown a strong applicability for a wide range of pharmaceutical products. Due to the requirement for terminal sterilization where possible in the pharmaceutical industry, gamma sterilization has proven itself to be an effective method as indicated by its acceptance in the European Pharmacopeia and the United States Pharmacopeia (

). Some of the advantages of gamma over competitive procedures include high penetration power, isothermal character (small temperature rise), and no residues. It also provides a better assurance of product sterility than aseptic processing, as well as lower validation demands. Gamma irradiation is capable of killing microorganisms by breaking their chemical bonds, producing free radicals that attack the nucleic acid of the microorganism. Sterility by gamma irradiation is achieved mainly by the alteration of nucleic acid and preventing the cellular division.

This review focuses on the extensive application of gamma sterilization to a wide range of pharmaceutical components including active pharmaceutical ingredients, excipients, final drug products, and combination drug–medical devices. A summary of the published literature for each class of pharmaceutical compound or product is presented. The irradiation conditions and various quality control characterization methodologies that were used to determine final product quality are included, in addition to a summary of the investigational outcomes. Based on this extensive literature review and in combination with regulatory guidelines and other published best practices, a decision tree for implementation of gamma irradiation for pharmaceutical products is established. This flow chart further facilitates the implementation of gamma irradiation in the pharmaceutical development process. The summary therefore provides a useful reference to the application and versatility of gamma irradiation for pharmaceutical sterilization.

LAY ABSTRACT: Many pharmaceutical products require sterilization to ensure their safe and effective use. Sterility is therefore a critical quality attribute and is essential for direct injection products. Due to the requirement for terminal sterilization, where possible in the pharmaceutical industry sterilization by gamma irradiation has been commonly used as an effective method to sterilize pharmaceutical products as indicated by its acceptance in the European Pharmacopeia. Gamma sterilization is a very attractive terminal sterilization method in view of its ability to attain 10−6 probability of microbial survival without excessive heating of the product or exposure to toxic chemicals. However, radiation compatibility of a product is one of the first aspects to evaluate when considering gamma sterilization. Gamma radiation consists of high-energy photons that result in the generation of free radicals and the subsequent ionization of chemical bonds, leading to cleavage of DNA in microorganisms and their subsequent inactivation. This can result in a loss of active pharmaceutical ingredient potency, the creation of radiolysis by-products, a reduction of the molecular weight of polymer excipients, and influence drug release from the final product. There are several strategies for mitigating degradation effects, including optimization of the irradiation dose and conditions. This review will serve to highlight the extensive application of gamma sterilization to a broad spectrum of pharmaceutical components including active pharmaceutical ingredients, excipients, final drug products, and combination drug–medical devices.


	Review
	Sterilization
	Gamma
	API
	Polymers
	Excipients
	Irradiation
	Validation

	© PDA, Inc. 2014



View Full Text
  


  
  



  
      
  
  
    
  
      
  
    PDA members receive access to all articles published in the current year and previous volume year. Institutional subscribers received access to all content. Log in below to receive access to this article if you are either of these.  


If you are neither or you are a PDA member trying to access an article outside of your membership license, then you must purchase access to this article (below). If you do not have a username or password for JPST, you will be required to create an account prior to purchasing. 


Full issue PDFs are for PDA members only.

  




  


  
  



  
      
  
  
    
	  
		
		
			
			  
  
        Note to pda.org users

    
  
  
    
  
      
  
    The PDA and PDA bookstore websites (www.pda.org and www.pda.org/bookstore) are separate websites from the PDA JPST website. When you first join PDA, your initial UserID and Password are sent to HighWirePress to create your PDA JPST account. Subsequent UserrID and Password changes required at the PDA websites will not pass on to PDA JPST and vice versa. If you forget your PDA JPST UserID and/or Password, you can request help to retrieve UserID and reset Password below.

  




  


  
  



			

		

	
	
 	
	  
  
		
		
			
			  
  
      
  
  
    Log in using your username and password

  Username *
 



  Password *
 





Forgot your user name or password?




Log in through your institution

You may be able to gain access using your login credentials for your institution. Contact your library if you do not have a username and password.


If your organization uses OpenAthens, you can log in using your OpenAthens username and password.  To check if your institution is supported, please see this list. Contact your library for more details.


Purchase access
You may purchase access to this article. This will require you to create an account if you don't already have one.

  


  
  



  
        patientACCESS

    
  
  
    patientACCESS - Patients desiring access to articles  


  
  



			

		

	
	
 	
	
		
		
		
			
			  
  
      
  
  
    
  
      
  
    Full issue PDFs are for PDA members only. You can join PDA at www.pda.org. 

  




  


  
  



			

		

	
	
 	
	


  


  
  



  





  


  
  



  
      
  
  
     PreviousNext 
  


  
  



  
      
  
  
     Back to top  


  
  



			

		

		
		
			
			  
  
        In This Issue

    
  
  
    
  
    
  
      
  
  
    
    
      

  
  
      
      
          PDA Journal of Pharmaceutical Science and Technology      
      
        	Vol. 68, Issue 2 March/April 2014 


      
      
        		Table of Contents
	Index by Author




      




  


  
  



  



  


  
  



  
      
  
  
    
	  
  
		
          
            
  
      
  
  
     Print  


  
  


  
      
  
  
     Download PDF  


  
  


  
      
  
  
     Article Alerts

  
    
  
      
  
  
    
  User Name *
 



  Password *
 


Sign In to Email Alerts with your Email Address

  Email *
 








  


  
  



  





  


  
  


  
      
  
  
     Email Article

  
    
  
      
  
  
    
 Thank you for your interest in spreading the word on PDA Journal of Pharmaceutical Science and Technology.
NOTE: We only request your email address so that the person you are recommending the page to knows that you wanted them to see it, and that it is not junk mail. We do not capture any email address.




  Your Email *
 



  Your Name *
 



  Send To *
 

Enter multiple addresses on separate lines or separate them with commas.




  You are going to email the following 
 Gamma Sterilization of Pharmaceuticals—A Review of the Irradiation of Excipients, Active Pharmaceutical Ingredients, and Final Drug Product Formulations



  Message Subject 
 (Your Name) has sent you a message from PDA Journal of Pharmaceutical Science and Technology



  Message Body 
 (Your Name) thought you would like to see the PDA Journal of Pharmaceutical Science and Technology web site.



  Your Personal Message 
 








CAPTCHAThis question is for testing whether or not you are a human visitor and to prevent automated spam submissions.



  Math question *
 3 + 6 =  
Solve this simple math problem and enter the result. E.g. for 1+3, enter 4.









  


  
  



  





  


  
  


  
      
  
  
     Citation Tools

  
    
  
      
  
  
      
  
      
  
  
  
  
      Gamma Sterilization of Pharmaceuticals—A Review of the Irradiation of Excipients, Active Pharmaceutical Ingredients, and Final Drug Product Formulations
  
    	Fatima Hasanain, Katharina Guenther, Wayne M. Mullett, Emily Craven

  
    	PDA Journal of Pharmaceutical Science and Technology Mar 2014, 68 (2) 113-137; DOI: 10.5731/pdajpst.2014.00955 

  
  
  



  

  
  	      Citation Manager Formats

        
      	BibTeX
	Bookends
	EasyBib
	EndNote (tagged)
	EndNote 8 (xml)
	Medlars
	Mendeley
	Papers
	RefWorks Tagged
	Ref Manager
	RIS
	Zotero

    

  



  


  
  



  





  


  
  



          

        

        
        
          
            
  
      
  
  
     Share  


  
  


  
      
  
  
    
  
    
  
      
  
  
    
  
  
  
  
      Gamma Sterilization of Pharmaceuticals—A Review of the Irradiation of Excipients, Active Pharmaceutical Ingredients, and Final Drug Product Formulations
  
    	Fatima Hasanain, Katharina Guenther, Wayne M. Mullett, Emily Craven

  
    	PDA Journal of Pharmaceutical Science and Technology Mar 2014, 68 (2) 113-137; DOI: 10.5731/pdajpst.2014.00955 

  
  
  



  


  
  



  
      
  
  
    
  
    Share This Article:
  
  
    
  
  
    Copy
  


  


  
  



  
      
  
  
           
  


  
  



  



  


  
  


  
      
  
  
    	Tweet Widget
	Facebook Like
	Google Plus One



  


  
  



          

        

	
 	
	
	


  


  
  



  
        Jump to section

    
  
  
    	Article	Abstract
	Introduction
	Pharmaceuticals and Excipients
	Polymer Drug Delivery Systems
	Regulatory Validation Guidelines and Decision Tree for Pharmaceutical Terminal Irradiation
	Conclusions
	Conflict of Interest Declaration
	Acknowledgements
	References



	Figures & Data
	Info & Metrics
	References
	 PDF



  


  
  



  
      
  
  
    
  
     Related Articles
	No related articles found.



	PubMed
	Google Scholar




 Cited By...
	TolRad: A model for predicting radiation tolerance using Pfam annotations identifies novel radiosensitive bacterial species from reference genomes and MAGs


	A Small-scale Model to Assess the Risk of Leachables from Single-use Bioprocess Containers through Protein Quality Characterization




	Google Scholar



 More in this TOC Section
	
  
  
  
  
      Clarifications on the Intended Use of USP <61> Microbiological Examination of Nonsterile Products: Microbial Enumeration Tests  
  
  
  
  




	
  
  
  
  
      Focus on Bioburden Culture Media and Medical Devices  
  
  
  
  




	
  
  
  
  
      Using Analytical Platform Technologies to Support Accelerated Product Development—Concept Review and Case Study  
  
  
  
  






Show more Review

 Similar Articles






  



  


  
  



  
        Keywords

    
  
  
    	review
	Sterilization
	Gamma
	API
	Polymers
	Excipients
	Irradiation
	Validation


  


  
  



  
      
  
  
    
  
      
  
    





  




  


  
  



			

		

	
	
 	
	
	


    

  


      


  

    
  
      
    
  
    
  
    
  
                
    
      
  
    
  
        Readers

    
  
  
    	About
	Table of Content Alerts/Other Alerts
	Subscriptions
	Terms of Use
	Contact Editors

  


  
  



  

  
    
  
        Author/Reviewer Information

    
  
  
    	Author Resources
	Submit Manuscript
	Reviewers
	Contact Editors

  


  
  



  

  
    
  
        Parenteral Drug Association, Inc.

    
  
  
    	About
	Advertising/Sponsorships
	Events
	PDA Bookstore
	Press Releases

  


  
  



  

  
    

  


    

  


  


  

  
  
    
  
    
  
                
    
      
  
    
  
      
  
  
      


  
  



  
      
  
  
    
  
      
  
    © 2024 PDA Journal of Pharmaceutical Science and Technology ISSN: 1079-7440

  




  


  
  



  
      
  
  
      


  
  



  



    

  


  


  

  
    
  
      









  