
HardwareX 11 (2022) e00293
Contents lists available at ScienceDirect

HardwareX

journal homepage: www.elsevier .com/locate /ohx
Novel modified vertical diffusion cell for testing of in vitro drug
release (IVRT) of topical patches
https://doi.org/10.1016/j.ohx.2022.e00293
2468-0672/� 2022 The Author(s). Published by Elsevier Ltd.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

⇑ Corresponding author.
E-mail addresses: sebe.istvan@pharma.semmelweis-univ.hu (I. Sebe), zelko.romana@pharma.semmelweis-univ.hu (R. Zelkó).
István Sebe a, László Zsidai b, Romána Zelkó a,⇑
aUniversity Pharmacy, Department of Pharmacy Administration, Semmelweis University, H}ogyes Endre Street 7-9, 1092 Budapest, Hungary
b Faculty of Mechanical Engineering, Szent István University, Páter Károly Street 1, Gödöll}o H-2100, Hungary
a r t i c l e i n f o

Article history:
Received 9 October 2021
Received in revised form 22 February 2022
Accepted 10 March 2022

Keywords:
Vertical diffusion cell
Franz cell
In vitro release test
Transdermal patch
Semi-solid formulation
Quality control
a b s t r a c t

The vertical diffusion cell is an in vitro laboratory device for the study of drug release and
permeation of semi-solid topical formulations and topical patches. Both static and dynamic
versions of the diffusion cell are used in practice, the operation of which can be automated.
The device is available at a reasonable cost for smaller, mainly transdermal patches, the
amount of sampling fluid is replenished at the same time as the sample, in the same
amount as the amount sampled without automation of the system, and simultaneous
replenishment of acceptor fluid by hydrostatic pressure helps keeping the acceptor cham-
ber bubble-free.
� 2022 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC

BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Specifications table
Hardware name
 Novel modified vertical diffusion cell
Subject area
 Medical (pharmaceutical science)

Hardware type
 Lab-scale pharmaceutical release testing unit operation system

Closest commercial analog
 Vertical diffusion cell (Franz cell)

Open source license
 Creative Commons Attribution-ShareAlike 4.0 International License (CC BY-SA 4.0)

Cost of hardware
 1400 Euro

Source file repository
 http://doi.org/10.17605/OSF.IO/329TP
Hardware in context

In vitro release studies of topical, semi-solid formulations are essential for formulation development, composition, man-
ufacturing optimization, and batch to batch validation of the manufacturing process and batch testing [1]. The study also
plays an important role in verifying the therapeutic efficacy of a drug - its therapeutic equivalence for generic products -
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and in establishing in vitro - in vivo correlation (IVIVC) [2,3]. In this approach, therefore, the test method and apparatus used
serve academic research, monitoring pharmaceutical development, and product quality control. The most commonly used
instrument for in vitro release of the drug from dermal and other semi-solid formulations is the Franz vertical diffusion cell
for both release (in vitro release test, IVRT) and permeation (in vitro permeation test, IVPT) tests [4]. The first description of
the method is named after T. J. Franz [5], and has been used primarily to study dermal, transdermal systems, ophthalmic
preparations, skincare products, and skin permeation.

There is no uniformly accepted and harmonized pharmacopoeial method for testing semi-solid preparations [6]. Accord-
ing to the American Association of Pharmaceutical Scientists (AAPS) and the Food and Drug Administration (FDA) guidelines,
a Franz cell with different membranes is considered the most suitable device for the purpose but does not specify uniform
requirements for drug release conditions [7–9]. Depending on the properties of the product, the targeted therapeutic indi-
cation, the biopharmaceutical quality of the active substance, several alternative devices are now available and can be
divided into three main groups according to their principle of operation: a) Franz vertical diffusion cell [10], b) Immersion
Cell Apparatus [11], c) Flow-Through Cell [12] (Fig. 1). The Franz cell [13,14] is also used in most cases to study the drug
release of transdermal patches, but the so-called also paddle method [15,16]. The advantage of the Franz cell is that it
can be used as a stand-alone device, but the system can be partially automated [17] and even 6 vessels can also be operated
in parallel with the help of the programmed measurement protocol.
Fig. 1. Schematic figure of the (a) Model A and (b) Model B versions of vertical diffusion cell.
In general, however, the bubble-free filling of the cells or keeping them free of bubbles during sampling can be a problem
[18] and can ruin the given measurement cycle, thus degrading the reproducibility and representativeness of the assay.

The principle of operation of the proposed redesigned diffusion cell is similar to that of the currently available Franz cell,
which consists of its main components of an acceptor and a donor component, where an inert mixer provides the mechanical
agitation required for drug release. The advantage of the design of the static vertical diffusion device presented for the exam-
ination of topical, transdermal patches is that the amount of liquid sample is replenished simultaneously with the sample,
the same amount as taken without automating the system so that the acceptor side space remains bubble-free. The
increased acceptor side volume allows for a large number of samples without an excessive decrease in concentration. The
thermocouple, which can also be placed in the acceptor-side liquid, allows the temperature of the release medium to be con-
trolled directly without significantly disturbing the mixing by the geometry of the measuring unit. The device, similar to a
traditional Franz cell, is easy to assemble and clean.
Hardware description

The modified vertical diffusion device consists essentially of three main glass components: a 90 ml donor chamber from
the external environment, a drug release and diffusion receptor chamber, and a 25 ml equalization buffer to replenish the
receptor fluid (Fig. 1a). In the supplemented embodiment, the device is expanded with two additional components (five
in total): a double-walled tank of the primary water jacket designed to ensure a constant temperature of the receptor fluid
and a thermocouple sensor that controls the temperature (Fig. 1b). The former component in the case of a simple technical
design is a glass vessel also containing water as a heating medium, into which the diffusion cell or the thermostatic sensor is
immersed.
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A ball joint clip is used to fix the donor chamber and the receptor chamber enclosing the sample to be tested and the
semipermeable membrane in opposite directions. For studies, a cellulose-based membrane is usually used, but in the case
of transdermal patches that come into contact with wound secretions during the application, other specific, e.g. heat-
crosslinked polyvinyl alcohol membrane, can also be used [19].

On the wall of the receptor chamber, there is a threaded nozzle with a liquid-tight membrane/septum and a cap that can
be sampled, and a threaded nozzle that can also be closed with a water-tight seal, through which the temperature control
sensor is immersed in the receptor fluid. The latter threaded nozzle can be closed with a glass tap in the case of a simple
technical design and helps to fill the system without bubbles, which is not suitable for receiving the temperature control
unit.

There is an additional (three in total) abrasive-tipped nozzle on the receptor reservoir wall. In addition, a cylindrical
abrasive-tipped dropping additional funnel containing the receptor fluid is attached as a buffer reservoir. There are glass taps
on the drip funnel and the inlet nozzle to temporarily separate the liquid portions from each other as needed. The design of
the custom-designed diffusion cell is not only complementary to the commonly used Franz cell in addition to the buffer tank
[20], but also in that the receptor chamber has a larger volume and spherical symmetry, while the Franz cell is cylindrically
symmetrical and of 5.7–6.0 ml volume (Fig. 2).

The device also includes a magnetic stirrer bar and a 0.5 ml or 1.0 ml sampling Hamilton syringe. The background system
operating the diffusion cell is not discussed in detail in this publication, however, it should be noted that the agitation of the
acceptor fluid is provided by a magnetic stirrer. In the simple technical design, the tempering medium of the diffusion cell is
directly the water-filled glass vessel / beaker into which the cell is immersed and which is heated and controlled by an
underlying heated magnetic stirrer while stirring the acceptor fluid. The temperature control unit then contacts the water
jacket. In the case of the supplementary technical design, the diffusion cell is immersed directly in the double-walled glass
vessel in which the secondary water jacket is located. The heat exchange required for the secondary water jacket is provided
by the primary water jacket circulating in the double-walled vessel. Depending on the equipment of the laboratory, there are
two possible solutions for heating and circulating the primary water stream: 1) using a circulating water bath, where the
liquid is circulated, heated and the temperature is controlled by the water bath; thus, a nozzle designed for this purpose
on the cell wall can be easily closed), 2) a peristaltic pump provides the circulation of the primary tempering liquid. A sep-
arate heated magnetic stirrer heats the liquid in the primary circuit of a larger beaker filled with water. It is possible to con-
trol the temperature by measuring the temperature of the acceptor fluid.

The modified vertical diffusion device (Model A) consists essentially of three main glass components: a 90 ml donor
chamber from the external environment, a drug release and diffusion receptor chamber, and a 25 ml receptor fluid replace-
ment volume equalization buffer tank (Fig. 1a). In the supplemented design (Model B), the device is expanded with two addi-
tional components (five in total): a double-walled tank of the primary water jacket designed to ensure a constant
temperature of the receptor fluid and a thermocouple sensor that controls the temperature (Fig. 1b). The former component
in the case of a simple technical design is a glass vessel also containing water as a heating medium, into which the diffusion
Fig. 2. Schematic illustration for comparison of (a) Franz cell apparatus and (b) the novel modified vertical diffusion cell apparatus.
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cell or the thermostatic sensor is immersed. A ball joint clip is used to secure the donor chamber and the receptor chamber
enclosing the sample to be tested and the semipermeable membrane in opposite directions. For tests, a cellulose-based
membrane is usually used, but in the case of transdermal patches that come into contact with wound secretions during
the application, other specific, e.g. heat-crosslinked polyvinyl alcohol membrane, can also be used [21]. Depending on the
type of sample to be tested, a silicone insert (40 mm � 40 mm � 3 mm) and a glass plate (30 mm � 30 mm � 2 mm)
can be inserted between the donor chamber and the receptor chamber. On the wall of the receptor chamber, there is a
threaded nozzle with a liquid-tight membrane/septum and a cap that can be sampled, and a threaded nozzle that can also
be closed with a water-tight seal, through which the temperature control sensor is immersed in the receptor fluid. The latter
threaded nozzle can be closed with a glass pin in the case of a simple technical design and helps to fill the system without
bubbles, which is not suitable for receiving the temperature control unit. There is an additional (three in total) abrasive-
tipped nozzle on the receptor reservoir wall. A cylindrical abrasive-tipped dropping additional funnel containing the receptor
fluid is attached as a buffer reservoir.

There are glass taps on the drip funnel and the inlet nozzle to temporarily separate the liquid parts from each other as
needed. The design of the custom-designed diffusion cell differs not only in the addition of the buffer tank compared to
the commonly used Franz cell [20] but also in that the receptor chamber has a larger volume and spherically symmetrical
geometry, while the Franz cell is cylindrically symmetrical and of 5.7–6.0 ml volume (Fig. 2). The device also includes a mag-
netic stirrer bar and a 0.5 ml or 1.0 ml sampling Hamilton syringe. The background system operating the diffusion cell is not
discussed in detail in this publication; however, it should be noted that a magnetic stirrer provides the agitation of the accep-
tor fluid. In the simple technical design, the tempering medium of the diffusion cell is directly the water-filled glass vessel /
beaker into which the cell is immersed and heated and controlled by an underlying heated magnetic stirrer while stirring the
acceptor fluid. The temperature control unit then contacts the water jacket. In the case of the supplementary technical
design, the diffusion cell is immersed directly in the double-walled glass vessel in which the secondary water jacket is
located. Thus, the heat exchange required for the secondary water jacket is provided by the primary water jacket circulating
in the double-walled vessel. Depending on the equipment of the laboratory, there are two possible solutions for heating and
circulating the primary water stream: 1) using a circulating water bath, where the liquid is circulated, heated and the tem-
perature is controlled by the water bath; thus, the nozzle formed for this purpose on the cell wall can be easily closed), 2) the
circulation of the primary tempering liquid is provided by a peristaltic pump, where the liquid is heated by a separate heated
magnetic stirrer in the primary circuit of a larger beaker filled with water. Then, it is possible to control the temperature by
measuring the temperature of the acceptor fluid.

In summary, the modified vertical diffusion device shown can be used with the following advantages:.

� The amount of fluid sampled at the time of sampling is replenished at the same time as the sample, in
� exactly the same amount as the amount sampled without automation of the system.
� Simultaneous replenishment of acceptor fluid by hydrostatic pressure helps keep the acceptor chamber bubble-free.
� The increased acceptor side volume allows for many samples without an excessive decrease in concentration.
� For ‘Model B’, temperature control based on direct temperature measurement of the acceptor fluid is possible.
� Tempering of ‘Model B’ can be provided using several alternative background systems depending on the laboratory
equipment.

� The device, similar to a traditional Franz cell, is easy to assemble and clean.

Design files summary

The central element of the modified vertical diffusion cell is the spherically symmetrical glass acceptor chamber (in this
case, the diameter of the container is 53 mm), which can be made from a three-necked spherical round-bottomed flask by a
unique glass conversion. The drip funnel (buffer tank), the sampling syringe, the thermocouple, and the donor chamber can
be further connected to this central element with threaded nozzles.

The main metric parameters of the ‘Model A’ and ‘Model B’ devices are shown in Fig. 3, and the technical drawing and
rotatable 3D drawing are available on the online repository. Of these devices, the actual technical implementation was only
for the ‘Model A’. The cell can be attached to a Bunsen stand using a simple flask holder, but in most cases, the magnetic
stirrer required to stir the acceptor fluid also includes a metal rod to secure the cell. In the case of ‘Model B’, a separate unit
of the apparatus is the tempering glass vessel (see Fig. 3 c, d), which is to be placed directly on the surface of the magnetic
stirrer so that it does not need to be fixed separately. In the case of ‘Model B’, the length of the threaded nozzles is longer than
that of the nozzles on ‘Model A’, so that they do not impede the immersion of the cell in the secondary tempering fluid and
sampling can be carried out without interruption. The attachment of the nozzle to the acceptor chamber, to which the buffer
tank is connected, is reinforced by a glass stiffening bridge.
4



Design file name File
type

Open source
license

Location of the file

Combined representation_Model A JPEG CC BY-SA 4.0 https://mfr.osf.io/render?url=https://osf.io/7s8zt/?direct%26mode=render%

26action=download%26mode=render
Cross-sectional graphical representation_No.1_Model A JPEG CC BY-SA 4.0 https://mfr.osf.io/render?url=https://osf.io/k4unt/?direct%26mode=render%

26action=download%26mode=render
Cross-sectional graphical representation_No.2_Model A JPEG CC BY-SA 4.0 https://mfr.osf.io/render?url=https://osf.io/9hzrx/?direct%26mode=render%

26action=download%26mode=render
Cross-sectional graphical representation_No.3_Model A JPEG CC BY-SA 4.0 https://mfr.osf.io/render?url=https://osf.io/bjx95/?direct%26mode=render%

26action=download%26mode=render
Cross-sectional graphical representation_No.4_Model A JPEG CC BY-SA 4.0 https://mfr.osf.io/render?url=https://osf.io/8hqjb/?direct%26mode=render%

26action=download%26mode=render
Graphical representation_(3D)_Model A JPEG CC BY-SA 4.0 https://mfr.osf.io/render?url=https://osf.io/njmgc/?direct%26mode=render%

26action=download%26mode=render
Outlayer_(3D)_position-I._Model A JPEG CC BY-SA 4.0 https://mfr.osf.io/render?url=https://osf.io/q52an/?direct%26mode=render%

26action=download%26mode=render
Outlayer_(3D)_position-II._Model A JPEG CC BY-SA 4.0 https://mfr.osf.io/render?url=https://osf.io/p4xqt/?direct%26mode=render%

26action=download%26mode=render
Outlayer_(3D)_position-III._Model A JPEG CC BY-SA 4.0 https://mfr.osf.io/render?url=https://osf.io/w7fqd/?direct%26mode=render

%26action=download%26mode=render
Outlayer_(3D)_position-IV._Model A JPEG CC BY-SA 4.0 https://mfr.osf.io/render?url=https://osf.io/c8ymn/?direct%26mode=render%

26action=download%26mode=render
VD-Cell_Model A (3D) PDF CC BY-SA 4.0 https://mfr.osf.io/render?url=https://osf.io/c65zd/?direct%26mode=render%

26action=download%26mode=render
VD-Cell_Model A_photo_position-I. JPEG CC BY-SA 4.0 https://mfr.osf.io/render?url=https://osf.io/ah8ck/?direct%26mode=render%

26action=download%26mode=render
VD-Cell_Model A_photo_position-II. JPEG CC BY-SA 4.0 https://mfr.osf.io/render?url=https://osf.io/8z4hj/?direct%26mode=render%

26action=download%26mode=render
Combined representation_Model B JPEG CC BY-SA 4.0 https://mfr.osf.io/render?url=https://osf.io/8eqx7/?direct%26mode=render%

26action=download%26mode=render
Cross-sectional graphical representation_No.1_Model B JPEG CC BY-SA 4.0 https://mfr.osf.io/render?url=https://osf.io/u8x7r/?direct%26mode=render%

26action=download%26mode=render
Cross-sectional graphical representation_No.2_Model B JPEG CC BY-SA 4.0 https://mfr.osf.io/render?url=https://osf.io/dk4vp/?direct%26mode=render%

26action=download%26mode=render
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Cross-sectional graphical representation_No.3_Model B JPEG CC BY-SA 4.0 https://mfr.osf.io/render?url=https://osf.io/xz96r/?direct%26mode=render%

26action=download%26mode=render
Graphical representation_(3D)_position-I._Model B JPEG CC BY-SA 4.0 https://mfr.osf.io/render?url=https://osf.io/cztj5/?direct%26mode=render%

26action=download%26mode=render
Graphical representation_(3D)_position-II._Model B JPEG CC BY-SA 4.0 https://mfr.osf.io/render?url=https://osf.io/zqdwy/?direct%26mode=render%
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Outlayer_(3D)_position-I._Model B JPEG CC BY-SA 4.0 https://mfr.osf.io/render?url=https://osf.io/jyd3e/?direct%26mode=render%

26action=download%26mode=render
Outlayer_(3D)_position-II._Model B JPEG CC BY-SA 4.0 https://mfr.osf.io/render?url=https://osf.io/f9s6x/?direct%26mode=render%

26action=download%26mode=render
Outlayer_(3D)_position-III._Model B JPEG CC BY-SA 4.0 https://mfr.osf.io/render?url=https://osf.io/mz56k/?direct%26mode=render%

26action=download%26mode=render
Technical drawing_No.1_Model B JPEG CC BY-SA 4.0 https://mfr.osf.io/render?url=https://osf.io/ugnd5/?direct%26mode=render

%26action=download%26mode=render
Technical drawing_No.2_Model B JPEG CC BY-SA 4.0 https://mfr.osf.io/render?url=https://osf.io/5sf4r/?direct%26mode=render%

26action=download%26mode=render
VD-Cell_Model B (3D) PDF CC BY-SA 4.0 https://mfr.osf.io/render?url=https://osf.io/32mdn/?direct%26mode=render%

26action=download%26mode=render
Operation Background for Model B_shematic representation JPEG CC BY-SA 4.0 https://mfr.osf.io/render?url=https://osf.io/tyd7a/?direct%26mode=render%

26action=download%26mode=render
Analytical method validation (UPLC) PDF CC BY-SA 4.0 https://mfr.osf.io/render?url=https://osf.io/kyzct/?direct%26mode=render%

26action=download%26mode=render

István
Sebe,László

Zsidai
and

R
om

ána
Zelkó

H
ardw

areX
11

(2022)
e00293

6

https://mfr.osf.io/render?url=https://osf.io/xz96r/?direct%2526mode=render%2526action=download%2526mode=render
https://mfr.osf.io/render?url=https://osf.io/xz96r/?direct%2526mode=render%2526action=download%2526mode=render
https://mfr.osf.io/render?url=https://osf.io/cztj5/?direct%2526mode=render%2526action=download%2526mode=render
https://mfr.osf.io/render?url=https://osf.io/cztj5/?direct%2526mode=render%2526action=download%2526mode=render
https://mfr.osf.io/render?url=https://osf.io/zqdwy/?direct%2526mode=render%2526action=download%2526mode=render
https://mfr.osf.io/render?url=https://osf.io/zqdwy/?direct%2526mode=render%2526action=download%2526mode=render
https://mfr.osf.io/render?url=https://osf.io/jyd3e/?direct%2526mode=render%2526action=download%2526mode=render
https://mfr.osf.io/render?url=https://osf.io/jyd3e/?direct%2526mode=render%2526action=download%2526mode=render
https://mfr.osf.io/render?url=https://osf.io/f9s6x/?direct%2526mode=render%2526action=download%2526mode=render
https://mfr.osf.io/render?url=https://osf.io/f9s6x/?direct%2526mode=render%2526action=download%2526mode=render
https://mfr.osf.io/render?url=https://osf.io/mz56k/?direct%2526mode=render%2526action=download%2526mode=render
https://mfr.osf.io/render?url=https://osf.io/mz56k/?direct%2526mode=render%2526action=download%2526mode=render
https://mfr.osf.io/render?url=https://osf.io/ugnd5/?direct%2526mode=render%2526action=download%2526mode=render
https://mfr.osf.io/render?url=https://osf.io/ugnd5/?direct%2526mode=render%2526action=download%2526mode=render
https://mfr.osf.io/render?url=https://osf.io/5sf4r/?direct%2526mode=render%2526action=download%2526mode=render
https://mfr.osf.io/render?url=https://osf.io/5sf4r/?direct%2526mode=render%2526action=download%2526mode=render
https://mfr.osf.io/render?url=https://osf.io/32mdn/?direct%2526mode=render%2526action=download%2526mode=render
https://mfr.osf.io/render?url=https://osf.io/32mdn/?direct%2526mode=render%2526action=download%2526mode=render
https://mfr.osf.io/render?url=https://osf.io/tyd7a/?direct%2526mode=render%2526action=download%2526mode=render
https://mfr.osf.io/render?url=https://osf.io/tyd7a/?direct%2526mode=render%2526action=download%2526mode=render
https://mfr.osf.io/render?url=https://osf.io/kyzct/?direct%2526mode=render%2526action=download%2526mode=render
https://mfr.osf.io/render?url=https://osf.io/kyzct/?direct%2526mode=render%2526action=download%2526mode=render


Bill of materials summary

Designator Component Number Cost per
unit -EUR

Total cost -
EUR

Source of materials Material type

A Customized spherical glass cover 1 42.69 42.69 N.A.
(Custom order for glass technique)

Inorganic

B3 Translucent silicon rubber sheet (978–
8578)

1 8.53 8.53 https://int.rsdelivers.com Polymer

B4 Glass sheet (40 mm � 40 mm � 3 mm) 1 5.69 5.69 N.A.
(Custom order for glass technique)

Inorganic

C Stainless Steel Ball Joint Clip (35/20) (NC-
13799)

1 16.86 16.86 https://www.sciencecompany.com/ Metal

D1 Customized spherical round bottle flask 1 241.91 241.91 N.A.
(Custom order for glass technique)

Inorganic

D2/1 Screw caps with hole, GL 45 (L994.1) 2 7.15 14.3 www.carlroth.com Polymer

D2/2 Seal / Septa GL 45 with PTFE coating (10
units per pack) (KCP9.1)

2 54.4 108.8 www.carlroth.com Polymer

E Magnetic stirring bar, PTFE, oval (L15 mm)
(Z329215)

1 71.15 71.15 www.sigmaaldrich.com Metal and Polymer

F Hamilton� Syringe 1001LTN, 1 ml (20740-
U)

1 187.27 187.27 www.sigmaaldrich.com Other

G1 Dropping additional funnel (25 ml)
(1895002)

1 78.88 78.88 www.bovimex.com Inorganic

H Tempering Beaker Made of Glass;

Reaction Vessel, Cylindrical, with
thermostatic jacket

1 608.29 608.29 www.bovimex.com Inorganic

O1, O2 Heated magnetic stirrer with thermo sensor
(IKA� RET/PT100) (4216)

1 535.5 535.5 www.ebay.com Non-specific

O4 Perisctaltic pump 1 397.85 397.85 www.ebay.com Non-specific

O5 Circulating water bath (Thermo Haake�

K20/C20)
1 417.67 417.67 www.ebay.com Non-specific

Items O1 – O5 are non-specific major parts of the operational background system.
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Fig. 3. Three-dimensional views of various constructions of modified vertical diffusion cell ((a) Model A, (c) Model B) and technical drawings of these
devices ((b) Model A, (d) Model B).
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Build instructions

’Model A’ device construction

Model A (Fig. 4): For Model A, modify the selected three-necked spherical ball (D1) of at least 50 ml (80 ml for this ver-
sion, 53 mm in diameter) underlying the acceptor chamber so that the first inlet (D5) and the opposite a ground glass stopper
(D4, D6), possibly a Teflon stopper, should be placed on the second inlet stub (D3). An essential instruction for glass engi-
neering work is that it is necessary to thin the diameter of said stubs to 4–5 mm during design. It should be noted that
the donor chamber and the outlet nozzles can also be formed from a simple (single-necked) spherical round-bottomed flask
by also individual glass technology work, during which the pre-processed nozzles are subsequently soldered. The first inlet
must be ground (D7). Glass pins D4 and D6 should be placed on the stubs so that they are approximately flush with the
spherical opening of the flask. The third inlet nozzle is shorter than the previous two and has a threaded end on which a
plastic closure cap (D2) with a sampling septum is placed and through which sampling takes place. When using the cell, con-
nect the ground drip funnel (buffer tank) (G1) to the first inlet (D5), which is equipped with a glass tap (G2) between the tank
and the ground. Part (A) of the cell donor chamber is a spherically shaped counterpart of the spherical neck of the round
bottom flask, which is � 35 mm in diameter, similar to the acceptor chamber. The donor chamber is supplied with a glass
plate or cover plate (B4) 3 mm thick and 40 mm � 40 mm in area and a translucent silicon rubber sheet (B3) of the same size,
which may be omitted depending on the type of test. The alignment of the donor chamber and the acceptor chamber is
secured by a stainless steel ball joint clip (C). The modified vertical diffusion cell is basically a desktop device that can be
easily attached to the appropriate mobile stand with a flask holder, and its position can be easily adjusted.
’Model B’ device construction

The Model B design (Fig. 3c, d) differs from the Model A design in that the inlet nozzles fitting the acceptor chambers are
longer so that the cell can be surrounded by the secondary tempering fluid over a larger area and as close as possible to the
test sample (higher tempering fluid levels are available). This extension ensures that the pins and joints remain above the
liquid surface and that sampling and handling of the pins can be carried out without interruption. In the case of Model B,
the end of the second inlet nozzle is threaded, on which the cap with the sealing ring can be placed, and through which
the temperature control thermocouple is immersed in the acceptor medium. In addition, a glass bridge can be soldered
between the first inlet nozzle for the buffer tank and the acceptor chamber, which increases the load capacity of the nozzle.
In the case of the Model B, the device is supplied with a tempering glass vessel with an internal floor area of 65 mm and a
height of 50 mm to 60 mm, in which the primary tempering medium circulates and in which the diffusion cell is located.
8



Fig. 4. Photo about ‘Model A’ version of the modified vertical diffusion cell. The inset shows in more detail what is the right combination of the donor (A1)
and the acceptor (D8) compartments. The figure also shows the essential parts of cell: donor chamber (A), membrane (B1), sample (B2), silicone insert (B3),
glass plate or cover plate (B4) stainless steel ball joint clip (C), acceptor chamber (D1), sampling inlet (D2), second overflow inlet (D3), second inlet tap (D4),
first inlet (D5), first inlet tap (D6), ground inlet (D7), spherical edge of the acceptor chamber (D8), magnetic stirrer bar (E), Hamilton syringe (F), drip funnel
(buffer tank) (G1), glass tap (G2).
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Operation instructions

’Model A’ device (Fig. 4)

1. Attach the acceptor chamber (D1) vertically to the stand on the magnetic stirrer or to a separate table stand.
2. Apply a thin layer of silicone grease to the spherical edge of the acceptor chamber (D8).
3. Connect the drip funnel (buffer tank) (G1) to the first ground inlet (D7) of the acceptor chamber and check that the

pins (D4, D6, G2) are on the device in the open position.
4. Screw the septum cap onto the third sampling inlet (D2).
5. Place the magnetic stirrer bar (E) in the acceptor chamber (D1).
6. Fill the device with acceptor fluid through the buffer tank (G1) and close the first inlet tap (D6) when the fluid level

reaches the edge of the acceptor chamber spherical opening (D8) and the upper section of the second overflow inlet
(D3).

7. Close the tap on the second inlet (D4).
8. Replace the acceptor fluid in the buffer tank (G1) so that the tank is at least half full.
9. Carefully loosen the cap on the third inlet port (D2) until you notice a slight leak when fitting the cap, then close it

immediately (wipe off excess fluid from the device’s wall). The fluid level then drops slightly.
10. Partially open the first inlet tap (D6) and close it as soon as the acceptor fluid level reaches the edge of the spherical

opening of the chamber again (D8) and form a slight bulge due to surface tension (carefully wipe off any excess fluid
from the device).

11. If testing a transdermal patch, prepare the membrane (B1), the sample to be tested (B2), the silicone insert (B3) and
the glass cover plate (B4) in the order of placement shown in Fig. 4. As the first step in preparation, use silicone grease
to assemble the glass cover plate (B4) and the silicone insert (B3) with the donor chamber (A) in the order shown in
Fig. 4.

12. Place the assembly (A, B) described in point 11 on the acceptor chamber (D1). At the same time, while gradually push-
ing elements A, B completely into the acceptor chamber (D1), open the pin of the first inlet (D6) and finally secure the
joint with the metal clamp (C).

13. Close the front intake pin (D6).
14. Start magnetic stirring at the desired speed.
15. At the required sampling times, use a Hamilton syringe (F) to take the required but uniform volume of sample through

the sampling septum (D2). Open immediately before sampling close the first inlet tap (D6) and close after sampling.
9
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To supplement the above description, the silicones insert (B3) and the glass cover plate (B4) are not required for testing
non-transdermal patches (eg, gels, ointments, creams). In this case, the operation according to point 10 is followed by the
following operational steps:.

11. Apply a thin layer of silicone grease to the spherical rim of the donor chamber (A1) and carefully place the membrane
(B2) on it under tension.

12. Assemble the donor chamber (A) and the acceptor chamber (D1). At the same time, while gradually pushing the
assembly A, B2 completely into the acceptor chamber (D1), open the pin of the first inlet (D6) and finally secure
the joint with the metal clamp (C)

13. Close the front intake manifold pin (D6).
14. Start magnetic stirring at the desired speed.
15. Place the test sample on the membrane (B2) through the free lead-in of the donor chamber.
16. At the required sampling times, use a Hamilton syringe (F) to take the required but uniform sample volume through

the sampling septum (D2). Open immediately before the sampling of the first inlet tap (D6) and close after sampling.

In the ‘Model A’ design, the acceptor fluid is tempered by placing a glass vessel (e.g., a crystallization cup) and a heatable
magnetic stirrer directly below the diffusion cell fixed in position. Fill the glass vessel with the tempering liquid (water) so
that the liquid level does not cover the taps (D4, D6). Before steps 12–16, wait for the required temperature to set before
proceeding. A cover layer made of aluminum foil can reduce the evaporation of the tempering medium and unnecessary heat
exchange with the external environment.

‘Model B’ device (Fig. 5)

Each operation step of the ‘Model B’ diffusion cell shown in Fig. 3c, d differs from the operation steps described when
using the ‘Model A’ device. The difference is because, in contrast to the design of the second inlet nozzle on the ’Model A’
(Fig. 4: D4), the second inlet nozzle of the ’Model B’ has no glass pin and the end of the nozzle has a threaded design that
can be closed with a sealing ring (I) and on which the temperature control thermocouple (O1) is immersed in the acceptor
fluid. When filling the acceptor cell with liquid, the function of the glass tap (Fig. 4: D4) of the second inlet nozzle shown on
the ‘Model A’ device is thus performed by the closing cap (I). Accordingly, steps 7 and 13 are modified as follows:.

Screw on the second inlet’s sealed cap (I) and pass the thermocouple (O1) through the pre-cut seal so that its liquid-
immersed end is in the acceptor chamber (Fig. 4: D1) in front of an imaginary vertical axis.

13. Carefully loosen the cap (I) on the second inlet until you notice a slight leak when fitting the cap, and then close it
immediately. Then close the tap on the first inlet (Fig. 4: D6), and wipe off any excess liquid from the device’s wall.

The ‘Model B’ diffusion cell is supplied with a double-walled tempering glass vessel (H) which has the same function as
the glass vessel described in the ‘Model A’ case. However, in this assembly, the liquid in direct contact with the acceptor
chamber (secondary tempering fluid) is heated by the primary tempering fluid (O3) (water) flowing through the double-
walled vessel (H). The primary tempering fluid circulates in the flow circuit schematically shown in Fig. 5 using a peristaltic
pump (O4). The tempering liquid is heated in a beaker covered with aluminum foil on a heated magnetic stirrer (O2) spe-
cially used for this purpose. The thermocouple (O1) can be connected to control the heated magnetic stirrer (O2). Note that it
Fig. 5. Schematic figure of operational system which contains the necessary main background instruments: double-walled vessel (H), sealed cap (I),
temperature control thermocouple (O1), heated magnetic stirrer (O2), primary tempering fluid in baker, peristaltic pump (O3).
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is sufficiently stable and to provide a dynamically controlled tempering temperature, the flow rate should be adjusted to
50 ml to 100 ml/min and the dead volume of the flow circuit should be minimized by using short jumper lines.
Validation and characterization

The validation of the vertical diffusion cell was verified by the reproducibility of the instrument test, the precision and
recovery (accuracy or recovery) of the chromatographic method for the analysis of the samples. The reproducibility of using
the modified vertical diffusion cell shown was investigated by the in vitro drug release of electrospun colistin sulfate-loaded
PVA nanofiber wound patch. A PVA scaffold consisting of nanofibers with an average diameter of 0.5 ± 0.1 mm per membrane
was used, crosslinked by heat treatment. Before diffusion measurement, a liquid chromatographic method was developed to
quantify the drug on a Waters Acquity UPLC H-Class system, which was validated. Accuracy and recovery tests were per-
formed during validation. With colistin sulfate solution, three parallel measurements determined accuracy and recovery
at five concentration levels (0.3, 0.5, 1, 5, and 50 lg/ml). For the recovery assay, the drug solution was spiked with the
PVA polymer solution. The drug recovery ranged from 97% to 108% (RSD < 2.4%). As a result of the validation, it was proved
that the developed method measures with documented precision in the applied concentration range. One ml sample was
taken from the acceptor fluid at 16 different time points (1, 3, 5, 7, 10, 13, 16, 20, 25, 30, 45, 60, 90, 120, 180, 240 min)
to investigate the release of drug from a donor patch of 35 mm in diameter with an average content of 1 mg colistin sulfate.
It was found that the drug release from simple patches showed similar profiles, and in each case, 70–73% of the drug was in
solution at 240 min. This study demonstrates that the modified vertical diffusion cell is suitable for in vitro study of drug
release from transdermal patches. However, it should be noted that the regulations for in vitro release testing methods
and devices are currently not completely uniform, so that the appropriate level of representativeness of a given method
depends to a large extent on the properties of the given preparation. The representativeness can be determined with greater
accuracy by comparison with in vivo studies [19,21].
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