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ABSTRACT
Over recent years, drug dissolution computing has been the subject of intense and profitable
scientific developments. Whenever a new batch profile is developed or produced, it is necessary to
ensure that drug dissolution occurs in an appropriate manner. The quantitative analysis of the
values obtained in dissolution tests is easier when statistical formitlas that express the dissolution
results as a function of some of the dosage forms parameters are used. In most of the cases the
theoretical concept does not exist and some empirical equations have proved to be more

appropriate.
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1. INTRODUCTION

Dissolution testing plays an important role in pharmaceutical quality control and in the
development of solid, semi-solid, and transdermal pharmaceutical forms. The dissolution kinetic
is reexamined under simulated physiological conditions, which are specified in both the U.S.
Pharmacopeia (USP) and the European Pharmacopeia (IEP) dissolution testing regulations. As
such, these analytics are performed in a highly regulated Good Manufacturing Practice (GMP)

environment, and present particular challenges for that facilitate those computations software
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applications. The role of computer based information systems has considerably increased in
pharmacy as well as clinical practice in the last decade. However, the use of such systems in
dissolution test is still not widespread. Several mathematical systems are commercially available
for dissolution parameters calculations. In addition, comprehensive systems customized to
specific needs have also been developed. The use of such systems in dissolution parameters
alculations, questions regarding the role of structured data versus free text input,
standardization of nomenclature, and compatibility with other systems, are hotly debated. This
paper has in its scope the above stated considerations in the development of software for
dissolution parameters calculations records, which attempts to resolve some of these issues. The
model described herein is specifically designed to meet the requirements of the dissolution
parameters calculations of a tertiary referral. An additional module has been included to allow
modification and update of previously recorded data. A unique number assigned to each has been

used as a primary identifier throughout the record.

2. MATERIALS AND METHODS

2.1 Requirements:

The central objective of this initiative is to create a data model capable of accurately representing
the calculations for dissolution parameters in a computer-suitable format. The main
requirements include that the system should (@) be simple enough to be directly operated by the
analytical scientist(s) in analytical research laboratory, (h) can easily run on personal computers,
(¢) allow comprehensive data entry conforming to accepted procedures which are currently
carried out, (d) can generate a printed report, (e) allows modification and update of data, and (7)
permit subsequent statistical analysis of records in a tabular format and displays the results of
analysis. As dissolution data are to be handled by analytical scientists with minimal previous

computer experience, an emphasis is laid on a user-friendly interface.

2.2 Software Construction:

The software has been developed in visual logway in Visual Basic. It has a set of two screens for
data entry. One relating to (@) calibration curve and the other relates to (h) cumulative
percentage release. Data flow is designed in two directions: (a) to a database, after appropriate

coding, for storage and subsequent analysis at a later date, and (b) to the report generator. An
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additional module is included to allow modification and update of previously recorded data.
Another module is designed for filling test reports on specimens obtained during the procedure,
as and when these results became available. A unique identifier assigned to each test record is to

be used as a primary identifier throughout the record.

2.3 Data Entry:

Modules are developed to allow easy user access and facilitate data entry. On completion of one
module, automatic transfer to the subsequent module is envisaged. The basic module is structured
as a large window, with smaller sub-windows appearing only on demand. The entire software is
menu driven, with a simple and consistent hierarchical structure. As far as possible, all fields are
structured, with the user allowed to choose one or more options from list of choices. These options
included important and/or commonly observed conditions, and are chosen to cover majority of
everyday findings after consulting experienced faculty members and reviewing previous records.
A standard terminology developed for the structured items based on available literature and
general consensus. The fixed choices are displayed either as searchable list boxes, check boxes, or
as radio buttons. I'ree text is allowed in some fields, such as the information beyond the fixed
choices available to the user. To allow complete data acquisition in each test, all data fields are
marked mandatory, and the user is not allowed to proceed to a subsequent field without recording

data in such fields. (I'ig. 1 and 2)

2.4 Debugging and Modification:

After initial development, the software is tested over a four-week period by input of data. An
attempt is made to rectify problems faced initially by the users. Opinion is sought from faculty
members regarding possible modifications and improvements. Inconsistencies in the
programming script, which gave rise to error messages during operation of software, are

corrected. Finally the software is put to routine use.

2.5 Software Validation:

To evaluate the actual utility of the software, all consecutive test records entered using this

computer software. Analytical scientists are asked to assess the overall quality of the reports and
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the content of information. After entry of data for 60 consecutive test procedures, these details are

subjected to statistical analysis to evaluate the robustness of the database component.

2.6 Linearity or calibration curve [6]:

The linearity of an analytical procedure is its ability (within a given range) to obtain test results,
which are directly proportional to the concentration (amount) of analyze in the sample. A linear
relationship should be evaluated across the range of the analytical procedure. It may be
demonstrated directly on the drug substance (by dilution of a standard stock solution) and/or
separate weighing of synthetic mixtures of the drug product components, using the proposed

procedure. The latter aspect can be studied during investigation of the range.

Linearity should be evaluated by visual inspection of a plot of signals as a function of analyze
concentration or content. If there is a linear relationship, test results should be evaluated by
appropriate statistical methods, for example, by calculation of a regression line by the method of
least squares. In some cases, to obtain linearity between assays and sample concentrations, the test
data may need to be subjected to a mathematical transformation prior to the regression analysis.
Data from the regression line itself may be helpful to provide mathematical estimates of the
degree of linearity. The correlation coefficient, y-intercept, slope of the regression line and
residual sum of squares should be submitted for regulatory purpose. A plot of the data should be
included. In addition, an analysis of the deviation of the actual data points from the regression
line may also be helpful for evaluating linearity. For the establishment of linearity, a minimum
of 5 concentrations is recommended. For the dissolution, concentrations of drug are calculated

from the respective calibration curve (Ifig. 3).

2.7 Dissolution study [1, 4-51:

In vitro dissolution specifications are established to guarantee batch-to-batch consistency and to
indicate potential bioavailability problems. For new drug products, dissolution specifications
must be based on data obtained from the batch used in the bioavailability assay (bio-batch). For
generic drugs, the dissolution specifications are generally the same of the reference drug product.
These specifications are confirmed by testing the performance of the bio-batch dissolution. If the
generic drug dissolution is substantially different from the reference drug product dissolution,
and the in vivo study had proved the bio-equivalence between them, a different dissolution
specification for the generic drug can be established, provided it is based upon a validated IVIVC.

In that case, the specification must be fulfilled throughout the permanence of the generic drug in
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the market. The specifications must be based on the bio-batch dissolution characteristics. If the
formulation developed for commercialization differs significantly from the bio-batch, the
comparison of the dissolution profiles and the bio-equivalence study between these two

formulations is recommended.

The dissolution tests must be undertaken under such conditions as: basket method at 50/100 rpm
or paddle method at 50/75/100 rpm. To generate a dissolution profile, at least five sampling points
must be obtained of which a minimum of three must correspond to percentage values of dissolved
drug lower than 65% (when possible) and the last point must be relative to a sample period of time
equal to, at least, the double of the former period of time. For drug products of rapid dissolution,
samples at shorter intervals (5 or 10 minutes) may be necessary. For drug products with highly
soluble drugs that present rapid dissolution (cases I and TIT of BCS), a dissolution test of a single
point (60 minutes or less) that proves a dissolution of, at least, 85% is sufficient for batch to batch
uniformity control. For drug products containing drugs poorly soluble in water, which dissolve
very slowly (case 1T of BCS), a two points dissolution test, that is, one at 15 minutes and another

at 30, 45 or 60 minutes, to ensure 85% of dissolution is recommended (IFig. 4 and 5).

2.8 Dissolution Efficiency [71:

Khan suggested Dissolution fficiency (D.E.) as a suitable parameter for the evaluation of in
vitro dissolution data. D.I. is defined as the area under dissolution curve up to a certain time t
expressed as percentage of the area of the rectangle described by 100% dissolution in the same

time. The D.I. values are calculated from the dissolution data. (Ifig. 6)

t
Dissolution efficiency (D.E.) - O.[ ydt %100
100"

2.9 Comparison of dissolution profiles by similarity and dissimilarity factor [2-3, 8-91:

To avoid the requirement of bioequivalence studies of the immediate release pharmaceutical
forms of lower dosage, when several presentations with the same formulation exist, the

dissolution profiles must be compared and must be identical among all dosages.

Until recently, single point dissolution tests and specifications have been employed to evaluate
scale-up and post-registration changes. When minor alterations are carried out, the single point

dissolution test may be adequate to ensure drug product quality and performance. For major
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alterations, the comparison of dissolution profiles obtained in identical conditions between the
altered formulation and original one, is recommended. In this comparison, the curve is
considered as a whole, in addition to each sampling point of the dissolution media, by means of
independent model and dependent model methods. Independent model method employing the
similarity factor. A simple independent model method employs a difference factor (f;, Fig. 7) and
a similarity factor (f,, Iig. 8) to compare dissolution profiles. Factor f; calculates the percentage
difference between two the profiles at each sampling point and corresponds to a relative error

measure between the profiles:

=2 R D" R oo

where:

n - number of sampling points

Rt - value dissolved in time t (percentage), obtained with the reference product or with the
original formulation (before the alteration)

Tt - percentage value dissolved from the altered formulation, in time t.
Factor f, corresponds to a similarity measure between the two curves:

-05

f, =50x log 1+%Zn:|Rt—Tt|2 x100

t-1

The procedure is described as follows:

Determine the dissolution profile of products, test and reference, using twelve units of
each.

e (alculate factors f; and f, using the equations presented previously.

e (riteria for two dissolution profiles to be considered similar.

e The nominal range of f; and f, values are 0 to 15 and 50 to 100, respectively.

3. RESULTS

A software for drug dissolution parameter computation developed with Graphical User Interface

(GUD). During execution, it takes for the drug concentration, instrument response and time data.
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After taking input it display list where user can opt for specific set of computations and can get
the results for desired set of computation. The software supplements visualization along with
computation. The user can opt for reports to be provided by the software. It generate calibration
curve, cumulative percentage release, dissolution efficiency, comparisons of two products through
similarity and dissimilarity factors. The software has various modules for input and
modification of data, computation of various parameters and visualization with facilities to
generate reports of dissolution parameters. The use of interface is designed for work with much
ease in respecting. With little practice, scientists soon became adept at entering details correctly
and quickly. The slightly increased time of data entry into the computer is more than made up by
uniform and complete report generation. A user-friendly software providing computation and
visualization parse drug dissolution parameters. The analytical scientists can utilize the software
for intensive research as wide variety of parameter computation at simple key stroke.

The computer software currently used has two modules for data input: (a) calibration curve, and
(b) cumulative percentage release. The data is linked to a MS-SQL: Server having a set of two
tables related to (a) calibration curve, and (b) cumulative percentage release and their reports.
The two tables are linked to each other using the unique number. Another module deals with
screen preview of reports and generation of printed reports.

In the calibration curve module, the number identifies each test record uniquely. The date of
procedure is automatically derived from the system date maintained by the computer clock, but
can be changed manually. The user has to enter the number of observations of concentration and
instrumental response. After completion of calibration curve test record, the user is transferred
directly to the ‘cumulative percentage release module. The possible locations in the dissolution
parameters tree are represented by a cascading hierarchy of tables. An additional table listing the
appropriate divisions/segments appears.

On completion of data entry, the user is transferred to the print module, where he can preview
the report prior to printing. The printed report contains all the information entered in the
database. It also contains a standard set post- procedure instruction for the test, and also has
space for signatures for the analytical scientist carrying out the procedure.

Problems initially faced by users are primarily related to data entry. Scientists, not having any
working knowledge of computers, encountered problems such as a slow speed of data entry and
failure to enter data in mandatory fields (with a consequent error message that did not allow the
user to proceed further without rectifying the mistake). With little practice, they became adept at
entering details correctly and quickly. Almost all the analytical scientists reported a slightly

increased time of data entry into the computer, in comparison to writing reports on a standard
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printed proforma. However, all agreed that the report and data generated through the software
are uniformly complete, and more than made up for the extra time spent. The new report has a
uniform and easily understood structure, and is free of any inadvertent omissions.

The database component is evaluated by analyzing 60 consecutive records entered over a 4-month
period. Data access and analysis are easily and quickly performed. Data are found to have been
completely transferred from data entry screens to the database and no missing values are

encountered.

4. DISCUSSION

Structured input and free-text input represent two fundamentally different ways of entering data
into a computer. Initial reports of test databases relied heavily on text based tools. Such input
facilitates personalized style and flexibility in description of test records, and generates a well
readable report. However, free-text input weakens the utility of the database, as it is not suited to
subsequent analysis. Structured input and the resulting categorical data offer an important
advantage in this regard. Data thus entered is more likely to be complete and is well suited for
research and analysis, as well as for the generation of analytical reports and for quality control.
It has been estimated that use of computerized test records improves completeness of data entry by
more than 50 percent. However, a major trade-off for structure is flexibility. We therefore used a
basic structured data entry protocol, supplemented by use of free text only under special
situations. Besides operator related factors, it is related to the amount of free text entered and the
number of tables accessed during structured data entry. However, the additional effort is
rewarded by a more comprehensive, precise and accurately documented report.

A major feature of the software is the powerful database component. This portion of the software
has been built as a set of two interrelated database in MS-SQL Server, which can easily handle
large database and also offers a wide range of analytical tools through a versatile query system.
We have evaluated the robustness of this module of the software through an analysis of 60
consecutive test records.

Although such analysis requires some working knowledge of the database system, it is easy of
learn. No data is lost and statistical analysis could be easily performed. Both user-friendliness of
the software and completeness of data entry are critical to the success and acceptance of such
software. This software allows easy integration of buttons, text boxes, check boxes and fields for
free text to achieve this end. The format for data input is optimized through continuous
interaction between scientists and the programmer. Scientists and other faculties are involved

early and frequently during the development of the software, so that they are able to contribute
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ideas and advice. The software has been under routine use, and has performed well in areas of

data entry, report generation and data analysis. Successful development and routine application

of the database is, however, only a short-term achievement. The system is adaptable and capable

of keeping pace with new technological advances.
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Fig. 1 Input form of calibration curve — Data Fig. 3 Output report of calibration curve

entry
A
B sl sl s - OUTOUT EEE]
Cumulative :
| Calibration Curve Parameters Percentage D;:;t‘:‘;” Similarity Factor | Dissimilarity Factor
Release

bt Pares i B@'ﬁ‘
Calibration Curve - Data Entry [opsioai

B Uissulutug &

Calibration Curve

]
[ pany I n.uzé?I i :ig} 0.3845} 015213' n%gi 02%
Concentration Instrumental Response Linearty Curve
Iugf’ml lj ]Absorbance L] 1.000
[ 20 | | 0.087 | 08001
[ 40 ] | 0173 | € o600 {
g
[ 80 ] | 0.344 | 2 0400 1
120 0533 s y= 0;24:1(2]39092034
[ 0 | 0.702
0.000
I 200 | [ 0.880 I 00 50 10.0 150 200 250
Concentration (ug/ml)
Save I Clear ]

Generate Calibration Curve |
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Fig. 2 Input form of Cumulative percentage
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Fig. 5 Output report of cumulative

percentage release
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Fig. 7 Output report of similarity factor
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Fig. 8 Output report of dissimilarity factor
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