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Thomas H. Kissel, Philipps University of
Marburg, Germany: We come now to the next
speaker, who is Mitsuru Hashida from Japan, on
Rationale of and Experience with the Expert 
System.

Mitsuru Hashida: Thank you Mr Chairman, it's
my great pleasure to have the opportunity to take
part in this symposium. 

Today I'd like to talk on the development of com-
puter software for the formulation of hard gelatin
capsules, and I'd like to share my talk with my
friend, Dr Roland Daumesnil. In the first part I'll out-
line the background and talk about the experimental
experience of our group, and then Roland will follow
me with a demonstration of the system and will also
give us some detailed information on the software.

In the modern pharmaceutical industry, rational
and rapid formulation development has become a
very critical issue. The increased demands of 
regulatory agencies places greater emphasis on a
rational and documented process of formulation 
development. So an expert system for hard gelatin
capsules has been produced, to help the formulator
developing a new formulation (Figure 1). An expert
system can be defined as a computer program that
can work just like a person with experience in a
specific area of knowledge; that is, like an expert. 

Some expert systems can already be found 
within the pharmaceutical industry, used both in 
formulation and in order to identify and overcome

problems in manufacturing processes. However,
until now, no systems have incorporated the world-
wide expertise of formulators in the field of hard 
gelatin capsules.

Our system was first proposed by Professor
Mike Newton of the University of London in 1992,
and we were his collaborators. In parallel to his 
approach, a number of leading pharmaceutical
companies also showed a great interest in produ-
cing a system aimed specifically at helping the de-
velopment of capsule formulations.
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So the academic and industrial groups decided
to combine their efforts, and started by establishing
a focus group to explore the development of the
system through accumulating knowledge and 
sharing expertise, while also aiming at a global
consensus. Later, focus groups were also establi-
shed in the USA, led by Professor Augsberger in Ma-
ryland, and in Japan, where I am the group leader.

The project is supported by Capsugel, and 
Dr Daumesnil serves as the global co-ordinator. 

Figure 2 shows an outline of the expert system
developed for this purpose. The knowledge basis,
the most important part of our system, consists  of
three databases. Database 1 is made up of 
information available from the public domain on
marketed drug formulations. Already we have 
information on almost 1,000 formulations, mostly
obtained from Europe – from countries such as Italy,
France and Germany – as well as from the United
States.

The second database comes from published 
references, and contains information from more
than 1,000 papers. Establishing this database invol-
ved input from experts, and it also includes the 
results of experiments carried out for the purpose;
for example, on the feeder system, or dissolution,
and so forth. By combining these various infor-

mation sources we established the theoretical basis
for the expert system, and after preliminary testing
we transferred the structure into a computer 
software program.

With this system, if we enter a request for informa-
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tion on any particular drug, it can output the final for-
mulation and through re-evaluating, or validating, the
formulation obtained we can use it directly to increase
knowledge of our product. Alternatively, we can move
on through the system's main directories for more
detailed information about the suggested formulation.

Table 1 indicates the kind of input information
supplied on each drug; that is, the physical and
pharmaceutical properties such as drug content,
particle size, crystal structure, solubility, and so on.
We have also placed early in the list information
about the compatibility of drugs with each possible
excipient. Altogether, the system contains a great
deal of information, such as the most suitable exci-
pients or additives to use, information on density
change in passing through the feeder or the granu-
lation process, and so on.

The information obtained through the input pac-
kage can then be linked-up with the main directory
for theoretical handling. Figure 3 shows the sys-
tem's main decision tree, which is conformed to
deal with the information as a series of successive
laid-down steps – once entered into the decision
tree system, the given information is incorporated
into a series of rules. 

The recommended formula is obtained according
to systematic logic. The reasons for selecting addi-

tives and manufacturing techniques are explained.
Although a specified list of additives is given, users
can also make their own selection. The minimum
capsule size is calculated, and the most appropriate
combination of excipients is shown.

Each step in the process takes the user into 
further sub-branches within the system. The sub-
branch on dilution, for example, will select the most
appropriate diluent according to the size of crystals
or dose, stability in water, and so on. 

Table 2 concerns the diluents themselves, classi-
fied according to the characteristics of the drug. If
the drug is unstable in water, the list of additives 
given in section W will apply. Section F applies to
very small-sized drugs, section N to drugs with
large crystals, and section L to the very small-dose
drug. So, the most appropriate sets of diluents will
be selected, depending on the drug characteristics.

Finally, when the user has gone through the en-
tire process, the system produces an output pac-
kage comprised of the proposed recommendations.
This consists of a summary of the drug properties,
the capsule size, the recommended formula, an ex-
planation of the decision process, fillers, and the
manufacturing technique – in other words, a model
for the study of an improved formula. 

Now I'll briefly turn to our experience with the
system.

In Japan, in the Japanese focus groups, we tes-
ted eight compounds which were either already 
on the market or at an advanced stage of in-house
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1. Lactose
2. Crystal cellulose
3. Alpha starch
4. Other

Diluent N

1. Corn starch   
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Summary of the Output Package

Drug A B C C D E F G H

Components and content (mg)

Drug 200 90 50 100 100 250 30 30 100

Diluent
Lactose 74.1 28.8 19.9
Core starch 103.1 85.7 16.8

Decaying agent
CCS(1) 3.4 1.6 2.5 2.8
SSG(2) 11.2 13.4
CC(3) 5.2 6.3

Lubricant
Magnesium stearate 2.2 1.7 0.8 1.3 1.1 2.7 1.4 1.3 1.3

Wetting agent
SLS 0.8 0.5 1.4 0.7 0.6
PEG-MS(4) 0.8 1.3

Bonding agent
PVP 1.7 2.5 5.5
HPC 6.6 2.2
Alpha starch 13

Total 220 170 82 125 109 273 138 130 125

Granulation method Wet Dry Wet Wet Wet Wet Wet Wet Dry
(water) (water) (water) (water) (water) (water) (water)

Capsule size 2 3 5 4 2 0 3 4 2

(1) Croscarmellose sodium:  (2) Sodium carboxymethyl starch:  (3) Carmellose sodium:  (4) Polyethylene glycol stearate
Mitsuru Hashida (ed): Formula Design for Oral Preparations, Yakugyo Jihousha,1998.

Table 4.

Input Package

Physical and pharmaceutical properties Drug content, particle size, crystal structure, solubility, wetting characteristic,
adhesion, melting point, compacted and loose powder density

Information relating to drug mixing Contraindications for mixing with additives, stability in water, moisture absorption
contra-indications and stability

Additives Acceptability to user

Increasing density Rate at which density is increased

Other Filler types, capsule size restrictions,
capsule filler weight restrictions

Input Package Drug Properties

Drug A B C D E F G H

Content (mg) 200 90 50-100 100 250 30 30 100

Crystal Non- Non- Non- Non- Non- Non- Non-
structure capillary capillary capillary capillary capillary capillary capillary Capillary

Average particle
size (µm) 74 150 70 2 very fine 10 40 fine

Solubility Med soluble Insoluble Insoluble Insoluble Insoluble Insoluble Med soluble Insoluble

Ability to be wet
with water Y N Y N N N Y N

Adhesion N N Y Y N Y N Y

Powder density (g/cm3)
Loose 0.4 0.251 0.53 0.14 0.3 0.16
Compacted 0.63 0.499 0.64 0.28 0.45 0.35

Table 3.
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development. We used a standard formula throu-
ghout all routine procedures on the compounds.
Table 3 summarizes the input package infor-
mation for each drug, listed from A to H. Later, 
Dr Daumesnil will demonstrate some of the tests
carried out on compound E.

Table 4 shows the formulations proposed by the
expert system in the output package for each drug.
We evaluated, or validated, the performance of all
these sets of formulations, examining aspects such
as ease of operation and any deviation in the mass,
or dissolution, and so on. 

Table 5 summarizes the results of our evaluation.
Of the eight compounds, what the system propo-
sed for three of them was fine, it produced very
good formulations. But we encountered problems
with four of the formulations, mostly related to two
points: poor granulation, and insufficient lubricant. 

The poor granulation came about because the
capsule size in the first version of the system was 
limited to the smallest size, producing some difficul-
ties when a large amount of the main drug ingre-
dient was used. The second problem concerned 
incorrect estimation of the density required for 
product to pass through the feeder system, or 
following the granulation process.

Most of these points have already been correc-
ted through feedback responses from users, and
the improvements incorporated in the revised 
version. Overall, we have concluded from our own
experience that the system can accumulate and
store the knowledge and experience of experts. It
makes preparation formula development more 
efficient, enables the simple documentation of the
formulation data process, and it can be used as an
education tool. 

In addition, it can introduce fresh blood to older-
style efforts based on the trial and error system.
Sometimes there is a tendency to stick too closely
to old ways of doing things, but this brings fresh
blood to companies looking at new formulations.

Finally, I'll just mention our latest approach. In 
Japan we are also trying to develop an expert sys-
tem for tablet formulation. I have no time today to
explain why we need to do this but we are now in
the process of validation. We have good experts,
and good results from our preliminary studies, so I
think that at some point in the future I will be repor-
ting on this system, too. 

So Roland, would you like to take over?

Roland Daumesnil, Capsugel AG, Switzer-
land: Thank you, Mitsuru. First of all, Mitsuru, a few
remarks: no other regions have been able to do
anything comparable to your achievement in Japan,
Dr. Samantha Lai got her PhD through helping us to
develop the expert system, like Dr. Pavan Heda,
who is a student working with Professor Larry
Augsburger in the University of Maryland.

Altogether, to create this Expert System, we have
involved 50 experts from the pharma industry world
wide, from 30 leading companies. The system here
is a global system. Any formulation which the sys-
tem provides will be accepted world wide, and that
was a requisite we laid down, to make sure it
works.

Now, let's go straight to the formulation informa-
tion contained in the drug properties of the output
package (Table 6). The drug properties - input pac-
kage is the first screen that comes up, and it sum-
marizes all the information you need to introduce to
make a formula. It takes five minutes to introduce
the data and get an optimal formulation which is
summarized in the output package. The output pac-
kage also contains the rationale of the formulation,
the drug/excipients incompatibilities identified as
well as the notes included by the formulator.

Run the system, choose the capsule size and
you’ll have an optimal formulation. Test the formula,
as they did in Japan, and then simulate new formu-
lations by changing data in the input package. The
system takes all this into its memory extremely 
rapidly and you can continue to review the propo-
sed formulations with your colleagues until you get
what you consider to be the best formulation. 

Expert System Evaluation (1)

• Drugs: 8

• Manufacturing technique
Wet granulation: 6
Dry granulation: 2

• Results
No problems: 3
Not evaluated: 1 (because of problems with dry

granulation equipment)
Problems: 

Poor granulation (2): OK when liquid changed 
from water to alcohol (1)

Insufficient filler (1)
Excess filler (2)
Insufficient lubricant (1, dry granulation)

Table 5.
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I repeat, it's a very fast process, which repre-
sents years of experience, and it also represents the
skill and experience of worldwide experts in the
pharmaceutical industry.

Dr. Christos Reppas, University of Athens –
Greece: Thank you for the interesting information.
What I would like to know is, how do you provide this
service? Do universities have to buy it from the com-
pany? How do you co-operate with the industry?

Roland Daumesnil, Capsugel AG, Switzer-
land: We give universities exactly the same
input/output package that we use with industry. If
you contact us with your address details, we'll send
you an input package by fax or e-mail. You provide
us with the necessary data to run the system. We
will send you back an output package with expert
comments. This takes one or two days. We are 
preparing a special package for universities as a
training tool for students and we expect to have it
available next year. But for industry – as in Asia, for
example – we use an input and output package.

One of the critical issues with expert systems is
having the system updated regularly, and we do
that. We do it through a special group world wide,
which includes experts from universities and the in-
dustry. Once or twice every year we bring out a new
version. So, to ensure that people are using the la-
test information, the latest expertise, we use this
centralized system. The system is only installed at
companies and universities which develop it with us.

Dr. Christos Reppas, University of Athens –
Greece: Do you do offer a paid-for advisory service
to the industry? For example, if we have a new che-
mical entity in development and we want to know
what kind of formulation is most suitable for it and
I sent you a description of the molecule, would you
give me formulation suggestions? Is that right? 

Roland Daumesnil, Capsugel AG, Switzer-
land: Yes, and it is free of charge.

Unknown questioner: I'm coming to this from a
regulatory point of view, and I enjoyed your talk very
much. But I would like to know whether you are 
addressing only galenical problems in your expert
system, or does it also include regulatory issues?
For example, certain excipients are not allowed in
some countries, or are limited to certain amounts,

so are you also dealing with these issues or only
with galenical problems?

Roland Daumesnil, Capsugel AG, Switzer-
land: As I said before, we really wanted to put toge-
ther a worldwide system, but it was not the easiest
thing to do. All the excipients included in the system
are accepted in the triad, which means the USA,
Europe and Japan. This gives a clear assurance in
terms of quality and the quantity to be used, and
we keep up to date in these matters, to make sure
that the excipients are usable worldwide. 

Another thing, we have seen – and you probably
know this as well as I – that people can say one
thing and do another. Sometimes there is no 
rationale in a formulation, and they can't explain
exactly why they came to it. You have an automatic
rationale in the system. And the system is going to
explain why you have chosen this diluent, why you
have chosen this disintegrant – and even why it has
taken this decision for you. So you have a perfect
rationale to document your formulation for the
health authorities.

Paul, University of Singapore: I just want to
ask you a question. You see, excipients like magne-
sium stearate come in various particle sizes, and
this can actually affect the product very drastically
sometimes. With many systems we find that if we
change the magnesium stearate, the whole product
fails. So how can you recommend the system,
considering you're just choosing from items on
screen, and when magnesium stearate appears, it's
not defined?

Roland Daumesnil, Capsugel AG, Switzer-
land:  You're absolutely right. This was a critical 
issue, but as you know when you develop anything
– a system like the Biopharmaceutics Classification,
whatever – you have to start with something and
you build on that. 

The latest contribution from the University of 
Maryland does exactly what you say, defining the
grade, defining more than the quality, really defining
the characteristics of excipients. The next system
version, which is going to be available at the begin-
ning of year 2000, will include all these elements.
What is the grade of lactose to use? What are the
right particle sizes?
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Formulator: RDP
Contact: M. HASHIDA
Name of company: CRS-PHARMA-HKG
Formulation Date: December 99

Drug Properties — Input Package

Drug Name INDOMETHACIN
Dose 50.00 mg
Particle Size 15.00 µm

Needle Shaped No
Needle shape causes flow problems No
Solubility 3,000.00 pts water per pt drug

0.33 g/l
Hygroscopic No
Wets with water No
Adheres to metal Medium
Melting Point 145.00 C
Bulk Density 0.30 g/cm2

Tapped Density 0.45 g/cm2

Carr's Index 33.00
Moisture Sensitive No

Granulation Settings

Stable with Aqueous Granulation Yes
Granulation Preference: Wet Granulation

Capsule Size

Capsule Size Proposed (Expert System) 5
Capsule Size Chosen 3
Capsule Volume 0.30 ml
Capsule Fill Volume 0.27 ml            
Filling Machine Method Dosator
Expected Densification by Granulation 20.00%
Expected Densification by Compression 10.00%
Overall Volume Reduction by Densification 24.24%

Formulation ID: XXX Expert System Version 4.1 Pre-Release 10

HARD GELATIN CAPSULE EXPERT SYSTEM

Output Package

Table 6: The output package summary.
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Formulation

Fill Weight in Size 3 Capsule – 274.59mg
The Capsule will be filled to 90.00% of its capacity (volume)

Preferred Process Let system decide
Process Chosen Aqueous Granulation

Granulating Liquid is Water

Formula Type %w/w per/cap scale to 1Kg
mg g     

INDOMETHACIN Active 18.21% 50.00 182.1
HPMC Bind 3.00% 8.24 30.0
Sodium Lauryl Sulphate Wet 0.50% 1.37 5.0
Sodium Starch Glycolate Dis 5.00% 13.73 50.0
Magnesium Stearate Lub 1.00% 2.75 10.0
Lactose Monohydrate Dil 72.29% 198.50 722.9

Fill weight  (Size 3 Capsule) 100.0% 274.59 1000.0

Rationale – Development Pharmaceutics

Aqueous Granulation has been chosen because  the drug is stable with Aqueous Granulation.  Wet Granu-
lation has been chosen because the flow of the drug is not good and the formulator decided to use granu-
lation to overcome this problem.

All the excipients chosen are compatible with the drug and are acceptable to the Company and Regulatory
Authorities.

The drug has a fine particle size, hence fine particle size Lactose Monohydrate has been chosen as the di-
luent.

A 3%w/w of HPMC has been chosen as the water soluble binder.

The drug has poor aqueous solubility hence Sodium Lauryl Sulphate 0.5%w/w has been chosen as a wet-
ting agent.

The drug is insoluble in water, hence a strong disintegrant is required.  Sodium Starch Glycolate 5%w/w
has been chosen.

For filling the powder into capsules Magnesium Stearate 1%w/w is added as a lubricant.

The drug is stable with Aqueous Granulation hence water has been selected as the granulation liquid.

Drug/Excipient Incompatibilities

The following excipients are incompatible with the drug:
Not Known

Formulation ID: XXX Expert System Version 4.1 Pre-Release 10

HARD GELATIN CAPSULE EXPERT SYSTEM

Output Package

Table 6: The output package summary.
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Additional Information

None

Formulator's Notes

1. The drug has two Polymorphs with Melting Points of 145 C and 162 C respectively. 

2. Because of the poor solubility and wettability of the drug, a Wet Granulation Process is chosen to pro-
vide consistant Dissolution profile. 

3.The System always chooses the smallest Capsule which in this case was 5 but the Formulator has deci-
ded to go for size 3 capsule which is much more appropriate to handle on the filling machine and allows
the use of extra Diluent (Lactose)

4. The Expert System provides formulation for Immidiate Release Hard Gelatin Formulation.

5. Indomethacin is chosen in this example for the reason of its insolubility and poor wettability. Micronised
drug, A wetting Agent , A Strong Disintegrant and Wet Granulation Process are recommended for this
type of drug to achieve robust formulation.

6. Direct Fill Formulation of this drug is a possibility but consistant and quick Dissolution in such case can
not guaranteed. 

Formulation ID: XXX Expert System Version 4.1 Pre-Release 10

HARD GELATIN CAPSULE EXPERT SYSTEM

Output Package

Table 6: The output package summary.
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