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Glass vial corrosion (delamination) with parenteral pharmaceutical products has drawn increasing 

attention by regulatory authorities and by pharmaceutical companies in recent years.  Corrosion is 

favored by high and low pH solutions as well as by some specific solutions [1].  Evidence of glass 

corrosion can be detected by particles in solution and by degradation of the inner surface of glass 

vials.  The degradation generally occurs near the heel or the shoulder of the vial for tubular vials.  

The bulk of the studies and reports of parenteral product glass corrosion has been with vials made 

from glass tubular stock – by far the most common type of glass vial used with parenteral products 

[2].  There are only a few reports of corrosion with molded vials [3].   

 

Flolan® (epoprostenol) is used for the treatment of Pulmonary Artery Hypertension and is supplied 

as a freeze-dried powder.  The powder was originally reconstituted using a sterile diluent with a pH 

of 10.5.  A diluent with a pH of 12.0 was developed in order to improve infusion stability.  Both pH 

diluents were stored in molded glass vials.  During development of the pH 12.0 diluent, small 

particles were observed by semi-automated visual vial inspection (Eisai, APK), although particles 

were not observed using manual visual inspection or by particle counting.  Surprisingly, the 

observation of these particles was not consistent.  Vials that had particles at one examination point 

might not have particles at a later time and vice-versa.  Packaging for the pH12.0 diluent was 

converted to plastic (cyclic olefin polymer) vials from the glass molded vials in order to eliminate 

the issue of glass related particulates. 

 

Characterization of the particles showed them to be loosely-bound aggregates (less than 10 μm) of 

smaller particles composed of the glass element components (presumably as oxides such as CaO).  

No particles were observed with the full glass composition.  Interestingly, these particles could pass 

through a 0.2 μm filter and then quickly re-aggregate to form larger observable particles (Fig 1).  

Examination of the inner glass surface by scanning electron microscopy revealed a homogeneous 

change in appearance consistent with uniform attack on the glass by the liquid contents (Fig 2A, B).  

Further examination of the interior surface using surface analytical techniques, such as secondary 

ion mass spectrometry and x-ray photoelectron spectroscopy, is consistent with depletion of some 

of the glass elements (such as Ca) at the liquid-glass interface.   

 

The subtle nature of the glass corrosion observations highlights the need for extra care in the 

examination of high pH parenteral products even in molded glass vials. 
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 Figure 1. TEM/EDS of a particle collected onto a Cu TEM grid after 0.2 µm filtration.  The 

particle is agglomerated and is primarily composed of Ca and O. 

 

 
 Figure 2 Example of SEM images for internal vial surface of control (2A) glass vial compared 

with glass vial exposed to pH 12 diluent for 1 month (2B).  The control vial surface is smooth 

compared with the rough surface of the vial with pH 12 diluent for one month. 
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