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AGILENT VACUUM-FORMED (VF) 
MOLDED DISSOLUTION VESSELS
The goal of the VF vessel is to remove vessel-to-vessel variability, 
thereby eliminating one of the major sources of error associated with 
out-of-specification dissolution results.

As the transition to enhanced Mechanical Qualification (MQ) continues to gain traction 
throughout the industry, these specially-produced vessels ensure dimensional integrity in 
the absence of Prednisone tablets. The 1-liter vessels are available in standard and verified 
versions of TruAlign for the 708-DS Dissolution apparatus, as well as the legacy Varian 
and VanKel models. The verified versions include individual Certificates of Conformance 
(COCs) – a requirement for enhanced MQs. These vessels provide users of Agilent 
dissolution instrumentation a way to acquire premium accessories and exceed current 
regulatory requirements.

What makes this process unique?
Dissolution vessels are traditionally manufactured by hand-blowing and shaping standard 
stock glass tubing. This can cause variability in height, diameter, and specific geometry  
of the inner vessel among vendors and, in some cases, even from the same vendor. While 
hand-blown vessels produced today generally meet the specifications in USP <711> 
Dissolution (1), the quality of the vessels varies tremendously around the world. This 
variability can lead to significant differences in the hydrodynamics of the dissolution 
environment, which, in turn, is reflected in the dissolution rates.

Figure 1 An Agilent  
VF Molded Vessel.
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Vacuum-formed (VF) molded vessels are made using a different 
process than conventional hand-blown glass vessels, offering 
tighter control over vessel dimensions that are critical to ensure 
a reproducible dissolution test. The vessels are manufactured 
by forming the glass around a mandrel, which maintains 
consistency and eliminates warps and other flaws that can 
occur with traditionally manufactured vessels. Though the 
manufacturing process is time consuming, Agilent invested in a 
proprietary set of mandrels to ensure the tightest specification 
possible to provide far better control over key parameters.

Why replace standard vessels with VF vessels?
A key objective when performing dissolution testing is 
controlling external sources of energy and variability. The 
dissolution test should be indicative of the dosage form, not 
the apparatus or accessories. At Agilent, we go to great 
lengths to eliminate or minimize every source of variability.

Vessel dimensions are one of the areas of highest risk and 
can create potential sources of variability in the suitability of a 
dissolution apparatus (2). Because of this risk, documentation 
of individually measured components through a Certificate  
of Conformance (COC) or Certificate of Analysis (COA) was 

required in the FDA (3) and ASTM (4) enhanced Mechanical 
Qualification procedures. 

Vessel inconsistency can also be a key source of variability, 
especially in the USP Performance Verification Test (PVT). 
In fact, vessel irregularities were identified as the second 
highest potential cause of variability in Prednisone testing, 
with the first being dissolved gasses (5). A key finding of this 
USP study was “…that switching from one set of vessels to 
another, similar set of vessels leads to significant differences 
in both mean percent dissolved and standard deviation, 
suggesting that the current geometric acceptance ranges  
may not be appropriate (5).”

Vessel dimensions are critical in dissolution testing because 
they are directly correlated with differences in hydrodynamic 
mixing patterns and the volume present below the shaft. 
Analysis of multiple vessel vendors found high levels of 
variability between vessel suppliers resulting in “…as much 
as an 18% change in the volume of the dissolution media 
surrounding the paddle (6).” This study found that not  
only do vessels vary between vendors, but “…differences  
among dissolution vessels from the same source were  
also observed (6).” 

 Circularity (Roundness)
The measure of the sharpness of a particle's edges and corners.

 Cylindricity
A three-dimensional geometric tolerance that controls  
how much a feature can deviate from a perfect cylinder. 

 Profile
A three-dimensional profile tolerance that describes the  
allowable variability in the contour of a surface.

 Concentricity
A three-dimensional locational tolerance that describes  
the location of opposing points in cylidrical features with  
respect to a datum reference.

Figure 2 Shape comparisons between standard vessels and Agilent VF  
molded vessels.

Standard versus VF Molded Vessels Comparison
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In addition to differences in volume below the paddle, 
differences were found in the distance between the paddle tip 
and vessel wall leading to: “… heterogeneous shear rates… 
in the hemispheric region of the dissolution vessel. Given 
the differences in both the paddle-vessel wall clearance and 
in the volume of dissolution media surrounding the paddle, 
hydrodynamics in the hemispheric region of the vessel could 
be influenced by variability of the dimensions of this critical 
region of the dissolution vessel (6).” Changes in the diameter 
between the vessels are also important as “inconsistent 
diameters will result in differing angular momentum (7).”

Of additional concern are aberrations in the vessel which  
can occur as spurs, fans, draws, depressions, and plains.  
These various deformations will also lead to increased

variability versus a molded vessel. Further discussion of these 
deformations is found in Peter Scott’s article “Geometric 
Irregularities Common to the Dissolution Vessel (7).” 

Vacuum-formed or molded vessels offer tighter tolerance 
for one of the most critical components of the dissolution 
process. Agilent produces VF vessels to the tightest 
specifications possible to eliminate the variability often seen 
with hand-blown vessels. These vessels have tolerances that, 
for certain parameters, are more than 10 times tighter than 
what is required for standard dissolution vessels. Although 
some manufacturers state that vessels should be fully 
interchangeable from position to position – or if one should 
need replacing – your company SOPs should ultimately  
dictate your actions.

Figure 3 Variation in vessel shape 
between standard vessels tested by 
Agilent (A) and Agilent VF molded 
vessels (B), which exceed USP vessel 
tolerances. The center of the three lines 
indicates the ideal shape of the cylinder 
and hemisphere. The two lines drawn 
on both sides represent ± 0.3 mm 
from the center line. Visual images are 
not to scale but have been enhanced 
to illustrate deviations in traditionally 
manufactured vessels.

Figure 4 Variation in roundness 
between a standard vessel (A) and 
an Agilent VF molded vessel (B). The 
center of the three lines indicates 
the ideal shape of the cylinder and 
hemisphere. The two lines drawn on 
both sides represent ± 0.3 mm from 
the center line. Visual images are not 
to scale but have been enhanced to 
illustrate deviations in traditionally 
manufactured vessels.
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Ordering Information

Description Part number

TruAlign VF molded vessel, 1L, for 708-DS 12-1501

EaseAlign VF molded vessel, 1L, for 7000/7010 12-1502

TruCenter VF molded vessel, 1L, for 7025 12-1503

TruAlign VF molded vessel, 1L, for 708-DS, verified 13-0010

EaseAlign VF molded vessel, 1L, for 7000/7010, verified 13-0020

TruCenter VF molded vessel, 1L, for 7025, verified 13-0030

 
Description System Option

708-DS, 6-position - VF molded vessel option G7910A #130

708-DS, 8-position - VF molded vessel option G7911A #130

708-DS and 850-DS Dissolution Sampling System - 
VF molded vessel option

G7913A #130

708-DS and Cary 60 Multicell UV Dissolution System -  
VF molded vessel option

G7926A #130

708-DS and Cary 60 Fiber Optic UV Dissolution System 
- VF molded vessel option

G7927A #130

 
Figure 5 VF Vessel Ordering Information.

In addition to the standalone part numbers, the TruAlign 
version of the VF molded vessels is also an available option 
(#130) – replacing the standard TruAlign vessels – in all 
applicable Product Numbers as shown.

Conclusion
Molded vessels provide a high level of confidence in vessel 
geometry and better consistency in hydrodynamics within  
the dissolution vessel. This consistency addresses a key 
source of variability and helps to achieve a more ideal 
dissolution environment. 
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Learn more: http://www.agilent.com/chem/dissolution-vessels
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With an increasingly complex pharmaceutical development 
environment, keeping up with dissolution methodology can be 
a challenge. The Agilent Dissolution Exchange is the premier 
place to partner with knowledgeable dissolution specialists, 
exchange scientific information, and obtain the latest on 
industry guidance, best practices, and more. 

Looking for resources to help educate your analysts in 
dissolution testing? Prefer self-paced or on-site, practical 
educational courses? Agilent offers a variety of learning 
tools to assist in your educational needs, such as on-demand 
eSeminars. Learn more about method development, 
validation, qualification of dissolution units, using automation 
successfully, and other hot topics in dissolution.

Agilent also has an experienced team of chemists available, 
for questions ranging from instrument selection to specific 

dosage form testing requirements and applications to 
method development. Contact us at the Agilent Dissolution 
Exchange portal. We are happy to assist you!

In addition the Agilent Dissolution Exchange portal provides 
access to the Dissolution Discussion Group (DDG), a global 
forum of dissolution users, all connecting to talk about 
industry issues, dissolution testing questions, regulatory 
guidance, and more. Follow the discussions live or download 
recorded meetings from the past 4 years covering topics  
such as Dissolution Apparatus Mechanical Qualification; 
5-Year Review, Deaeration of Dissolution Media; What’s All 
The Hot Air About?, The Dissolution Laboratory Audit, and 
Cross-linking of Gelatin Capsules. 

Figure 6 Dissolution Exchange Portal.

ANDREW DAMON, TECHNICAL MARKETING PROGRAM SPECIALIST

LEARN. SOLVE. DISCUSS.

Learn more: http://dissolution.chem.agilent.com 
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G. BRYAN CRIST, SCIENTIFIC AFFAIRS MANAGER

GELATIN CROSS-LINKING AND  
DISSOLUTION WITH ENZYMES

A modification to USP Chapters: <711> Dissolution 
and <2040> Disintegration and Dissolution of Dietary 
Supplements has been published in the US Pharmacopeial 
Forum 40(6). The primary concern with the existing 
Dissolution Chapter has been the efficiency of enzymes 
for two-tier testing in the event of a dissolution failure 
due to cross-linking. A workshop was conducted at USP 
Headquarters in Rockville, MD, in March of 2014 to address 
the specific issue of the ineffectiveness of presently used 
pepsin and pancreatin to handle the dissolution of gelatin 
capsules exhibiting crosslinking in media with a mid-range pH 
of about 4.5 to 6.5 units.

• Cross-linking is the “formation of strong chemical linkages 
beyond simple hydrogen and ionic bonding between 
gelatin chains”

• Reaction is generally irreversible
• Renders gelatin insoluble
• Reaction is catalyzed by a number of chemical and 

environmental factors (1)

The impact of cross-linking is a delay or inability of the 
capsule shell to open due to pellicle formation on the internal 
or external gelatin surface. This is visually confirmed with the 
presence of thin, rubbery-appearing membranes or gelatinous 
masses. Occasionally, thin wispy strands of gelatin may 
be observed, indicating early signs of cross-linking during 
stability studies.

The current ICH-harmonized USP requirement for hard or 
soft gelatin capsules and gelatin-coated tablets that do not 
conform to the dissolution specifications is:

“Where water or medium with a pH of less than 6.8 is 
specified as the Medium in the individual monograph, the 
same Medium specified may be used with the addition of 
purified pepsin that results in an activity of 750,000 Units 
or less per 1000 mL – for media with a pH of 6.8 or greater, 
pancreatin can be added to produce not more that 1750 USP 
Units of protease activity per 1000 Ml.” (2)

The problem with this approach is that the activity of pepsin 
peaks around pH 2 and has good activity up to about pH 4.5. 
Pancreatin peak activity is about pH 6.8 with good activity 
between 6  – 8 units. This creates a problem for products 
requiring media in the range of about 4 to 6.8 because the 
listed enzymes do not have sufficient activity in this range,  
as illustrated in the following plot of activity: Figure 8.

The USP workshop suggested two new enzymes with 
sufficient activity in mid-range pH media: papain and 

Figure 7 Pellicle Formation Problem.
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Figure 8 Peptic and protease  
activity with respect to pH.

bromelain. These were also included in the US Pharmacopeial 
Forum for inclusion into the USP <711> Dissolution chapter. 
Papain is derived from unripe green papaya and bromelain 
is derived from pineapple stems. Both have an optimal pH 
around 5 and exhibit good activity through the pH range 
of 4.0–6.8. The proposed activity levels are NMT 550,000 
units/L for papain and NMT 30 gelatin-digesting units 
(GDU)/L of dissolution media for bromelain. The activity 
determinations are found in the USP under the monograph 
section for papain and under the Reagent Specifications for 
bromelain. Additionally, the continued use with pepsin will  
be clarified for use with pH ≤ 4.0.

Enzyme interaction with dissolution media and product 
formulations during the dissolution method development 
stages should be conducted with “healthy” gelatin capsules. 
In the event additional testing is to be performed with 
enzymes due to cross-linking, the establishment of the  
proper enzyme for Tier 2 testing will have been verified  
and documented.
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Learn more: Download our recent DDG Online Quarterly Meeting recording from 14 May, 2015 on  
“Cross-Linking of Gelatin Capsules and Dissolution” at http://www.dissolution.com .
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