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Whether or not to establish a llational Laboratorvy for Pharmaceutical
Quality Confrol (ILPQC) has been, for sewveral years past, a mest contro-
versial questicn for many developing countries. In principle there is
no doubt that to have a control is useful. In practice, it is debatable
whether such a laboratory should be esitablished regardless of the general
level of technical competence in the country, whether it might not be
better to make use of an inter-country laboratory serving several countries
in common, and whether it is necessary to have a control at all when the
foreign producer whose goods are imported has his own production control.
These are the three main qQuestions most often discussed. Different
countries have given different answers, depending on their own sconomic
and technicel situations.

Clearly, a National Control Laboratory is an expensive, exacting, and
at first glance non-preductive organization. This legitimately leads to
hesitation in the decision to establish one. Even if a clear answer
cannot be given at once to these doubts, it seems likely that most developing
comnmtries wall wish tc have their own NLPQC either now or in the near future.

There have been many good articles, papers, and studies defining and
describing the principles and nature of pharmaceutical quality control,

so it 1s unnecessary to repeat here what has already been well said. Instead,
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an attempt will be made to define the stage at which a country should
congider establishing a WLPQC.

No very detailed guidance car be giwen since the factors vary so
much from cne country to another. Hevertheless, the so-called developing

countries can clearlv be divided intu two categoraes:

-

i) those with no production of their own; and
ii}  those which produce pharmaceutical preparations, even
if thas 1s done mainly from imported raw materials.

It must be unreasonable for o country which has no trace of local
pharmaceutical production and imports all i1ts preparations to think of
or to plan a NLPFQC. At this stage of 1iits development 1t is advisable
for it to import preparations from firms where adequate quality control
is maintained. At a later stage, when conditions are different, there
will be time enough tv establish its own National Laboratory.

4 country in the second category, that is, one producing pharmaceutical
dosage forms from imported raw materials, is already faced with two problems:-

i)  the qualitr control of the imported raw materials; and
ii) the quality control of the finished product.

In addition, of course, 1t has the task of controllince the quality of imported
drugs, which should be undertaken at this point.

Both the above~-mentioned requirements should be carried cut as a
matter of routine, together with all other In-process contrcl measures, by
the manufacturer, but there 1s every justificatiun for govermment inspectors
also to examine the processes used in the pnlant. During their vieits the
inspectors of the Nationhal Laboratory can verify the technical and scientific
level of the work done, cvaluate the completeness of the equipment and the
qualafications of the staff, and judge any other aspects which might influence
the quality of the product., In this way the National Laboratory acts as
a counter-balance tuv the manufacturer.

The Laboratory carries out the same supervisory duties in connection
with the distribution of drugs by wholesalers and retall pharmacied,
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The system just described is sometimes called a two-step control;
one at the lewl of production and distribution, and the other a super-
contrel by the national authorities. This 1s the system adopted in
many industrial countries, and it cnsures reliable control of the quality
of drugs,

Two other factors mentioned above whaich it 1s necessary to consider
when deciding whether to establish a NLPQC are the state of the national
economy and the availability of human resources. To put it into plain
words: there should be nu economic difficulties in the way of establishing,
running, and steadily developing an appropriate institution.

As for human resources, a supply of qualified personnel can be obtained
as soon as there is a Pharmaceutical Facultv in the country to serve as
an educational base, Post-graduate training can be made available to
members of the United Nations through THC fellowships,

Developing countries usually face more problems in the supply of
technicians, since thev often do nct possess suitable schools or courses
to train this level of worker. For this reason, almost all the laboratory
work has to be done by the graduates themselves, and so the output of work
is low and its costs proportionately high. To remedy this situation as
soon as possible, it is recommended that the graduates on the staff of the
Laboratory should organize and undertake the progressive training of its
technicians,

When all three of the above-mentioned conditions are met, the establish-
ment of a NLPQC is possible, and is probably desirable as a further step
in the technical progress of the country.

In order to have sufficient authority and executive power to perform
its duties in relation to the production and distribution of all marketed
drugs, including those imported from abroad, the NLPQC should be as close
as possible to the Minister of Public Health in the organizatinmal
structure of government.

Let us now take agloger look at the desirable sisze and structure of
a National Laboratory, and at the minamum faeilities and personnel it will
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need, Clearly, an elementary type of quality control could be started
with almost no equipment, but it 1s advisable when decidang on a National
Laboratory to think of all aspects of a country!s nseds over the next ten
years., It is daffaicult, 1f not impossible, to say how biz the laberatory
should be, although experience in industrial countries has shown that there
may be a correct relationship between the population of a country and the
number of employees 1n 1ts National lLaboratory, in the same wav as there

is a relationship between the populaticn and the number of physicians,
pharmacies, hospital beds, etc., required to provide an adequate health
service.

It seems safe to say that in an advanced country where drug control
already exasts at the mamfacturing plant and regional levels, a well
established and properly equipped NLPQC would be adequatelv staffed if
the number of its employees represented avout ..001% of the population,
8.8, 300 employees for a population of 3u million. This is a rough
approximation, and should be regarded as a long-term aim for a well-
established laboratury and not an initial requirement.

Regarding the buildings and premises needed for a laboratory, no
more than planning hints can be given, owing to the complexity of the
problems invelved. The building should be erected 1n a green space
with ample rcom for chemical, microbioclogical, biclogical, and pharma-
cological control laberatories, administrative offices, a library and
documentation centre, a lecture hall, an animal station, a power house,
garagegwith a service station, maintenance workshops, sture-rooms, and
a canteen for employees.

If the building 1s of more than one storey, the ground-floor should
be earmarked for the pharmacolersical section so that it can be clese to
the animal house, and the top fluor for the microbiological section for
it to have purer aip. The floor in bhetween can be occupred by the
chemical sections,

A corridor 1s an advantage if 1t 1s satuated 1n the middle, with
rooms of two standard sizes opening off it on both sides. The corridor
can then house all the necessarv ducting by which services are led into
the laboratory rooms.  Alr-conditioning might be useful; central heating
via the ceiling 1s considered the most up-to-date type.
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The laboratorv rooms themselves should preferablv be for no more
than two to four persons each, as in this way there is less interference
and greater concentration in work, and better precautions against fire
and explosion. The bigger sized rooms should be used only as laboratories;
the smaller ones on the opposite side of the corridor for special and
auxiliary purposes such as weighing rooms, dark-rooms, chromatographic
rooms, autoclave rooms, distilling rooms, preparatory rooms, etc.

A mistake is frequently made by placaing central double benches in
a chemical laboratorr parallel with the waindows. Onlv by placing them
at right angles to the windows can enough of the same kind of light
be given to both sides of the benches. If the benches are formed of
bases on castors, with the drawers and working tops fitted on separately,
regpain can easily be made t¢ the power lines., The most sophisticated
labcratories are alsc equipped with central vacuum and air-taps in addition
to the water and gas mains. New plastic materials enable thc surfaces
of the benches to be kept clean and undamaged by corrosive chemicals,
There should be an adequate number of efficient hoods, and all the power
controls should be easilv accessible from cutside to permit quick action
in case of fire, A safety shower is an essential in a chemical laboratory.
There must also be & suitable fire-proof place for the storage of bulk
amounts of flammable liquids, All employees must be trained in proper
safety regulations; these should be written, signed by eweryone as seen
and understood, and kept by the head of the laboratery. It may be useful
to giwe here a tip about huw to prewvant errors when switching off all power
at the end of the day. 32ach control should be giwn a small tag with a
number; then, the persun in cnarge or the last person to leave the
laberatory can check that all have been turned off by following the
numbers serially frum No,l to the last one. This has proved a very
useful method wherever there are many controls to be checked.

The rapid development of chromatographic methods makes it necessary
to have a special room for this with an efficient wentilation system.
The writer of this paper thinks that it may not be out of place to mention
here his opinion that the value of chromatography is often over-estimated
and that it is too readily accepted as quick and adequate solution of
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analytical problems. In his vaew 1t 18 not a satisfactory substitute for
more accurate quantitative assays, although it can be a good orientation
tast for aidentity, impurity, or decomposition, and can give a semi-
quantitative estimate of the active substance in a mixture, and sometimes

it may be the only possible sclution to a complex analytical problem,

At least two rooms should be provided with air-conditioning: that
for rabbite before pvrogen testing and that for titrations, as the hurettes
and pipettes are calibrated for temperatures of either ZObor 25°G, and 1t
is an inconvenience to have to make calculations for different temperatures,

In an instatution like a Nati.nal Laborsatory it 1s preferable to have
whole rooms as sterile boxes for macrobiclogical work rather than mere
sterile cabinets, which are only suitable for small laboratories, It is
alscv preferable to have a separate room for the autoclaves, as this improves

the safety of the employees not dircctly concerned with them.

Another subject 1t is appropriate to discuss is the equipment to be
proviied for a National Laboratcry.  There is no doubt that a great varicty
of apparatus can be of some use, but experience has already shown what can
be of most use in the initial stage of implementing pharmaceutical control.
It is necessarv to define here what 1s meant by the initial stage. By
this is meant a good desree of chemical and sterility ccntrol, and the micro-
biological assaying of antibiotics. The more expensive pieces of equipment
which would have tu be available, in addition to ordinary laboratory glass-
ware, reagents and sundries, tc ensure this degree of control, are listed
in an anmnex to this papcr.

The instruments include apparatus to perform spectrophotometric
determinations in both the UV and visible regions; potentiometers to be
used mostly fcr argentometry and nitritometrv; a fluorimeter for the
assay of vitamins, etc.3 and a polarograph, which wall enable the remaining
analytical faelds to he covered. In addition, a Kjeldahl Apparatus and
a Micro Parr Bomb are included a2s indisgpensable for the determination of
elements in organic substances. For the measurement of certain necessary
physical constants for qualitvy testing there are also included a polarimeter,

a refractometer, a micro-melting-point apparatus, a lesintegration tester,
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a pH meter, and a K,Fischer Titrator. The more important litems necessary
for chromatography are a coater, an UV lamp assembly and a drjer. The
remzining equipment is fur general use in the chemical laboratory. In
microbiological testing all the equipment mentioned is for general use
except for the two items for antibiotic activity assays (the Cup Dropper
and the Zone Reader).

This can be considered as giving a complets list of the more expensive
items of equipment necessarv to sclve the great majority of analytical jobs,
The acquisition of instruments, such as an IR spectrophotcmeter, a gas
chromatograph and a flame photometer can be deferred for the time being,
together with the apparatus for e.g. the pharmacological and biochemical
control, Some instruments which might be considered as very important,
such as a Hardness Tester or a Suppository Melting Point Tester, and others,
are not included, as to begin with, simple tests with other equipment already
provided can take their place, Brand names and descriptions are deliberately
omitted from the list, as this paper's intention is to speak in genmeral terms;
the make and manufacturer adopted is a matter of choice, and toc make recom-
mendations here would savour of advertisement. The costs are roughly
estimated to cover differences between makes and models.

~

As for the reference library, the labcratory would need at the start
some 500 to 600 professional books including pharmacopoeiae, pharmaceutical,
chemical, microbiological, pharmacological and medical books, in addition
to catalogues and lists of pharmaceutical preparations of those countries
from which drugs are imported. BSesides this, about 15 pharmaceutical, _
chemical, and microbiclogical periodicals should be subseribed to, by the
National Laboratorv to provide the most recent news on drug problems.

To start a National Laborator+ it seems sufficient to have a staff of
about 10 pharmacists, some 5 to 8 technicians and 6 sanitarians or auxiliary
workers, one store keeper, one librarian, one or two typists, one secretary,
and two microbiologists with fave technicrans (even untrained ones if they
have good personal qualities)., This number should be considered as an
approximation based on experience,

The internal organization of a National Laboratory, like the other
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questions discussed abcve 15 a2 matter of opinion and perscnal experience.
The writer is inclined to believe that a simple divas=ion inwo four
sections: two chemical, one microbiological and one pharmacological
(biological) is both easy to manage and flexable. The director cf the
laboratory need communicate with four heads of sections only, thus having
a small advisory group able to make decisions mcre quickly than a large
board of section heads, where usually a big variety of only slightly
different opinions are tc be found. Ivery section can be further sub-
divided into laboratories with special tasks 1ike pharmacognosy, bio-
chemistry, antibioties, histology, hormones, vitamins, etc.

This kind of organization ensures a balance of responsibilities among
the individual section leadsrs, as all of them have about the same number
of personnel, and at the same time allows a good transfer c¢f information
from the staff tov their heads and vice versa, Having two chemical sections
shows the weight of work among the various scientific fields in pharmaceuti-
cal qualit control, where certainly some fifty per cent of analytical
problems are solved by chemical methods, The reason 18 that chemical
testine is done wherever possible and is usually gquicker, more accurate
and less expensive than biological or microbioloziecal testing, which
should be used only where chemistry cannot give a reliable or any answer,
Examples of this preference in method include: actaivaty of antibioties,
hormones, insulin, etc., Laboratories for pharmacognosy and biochemistry
are included in one of the chemcal sections as the determinations and

evaluations made thsre are increasingly chemical determinations in prineiple.

The record~keeping system in a National Laboratorv shows not only
the results of analyses but also has ‘o provide the necessary information
of the qualltv »f every preparation as found over long periods. [Further
records should be kept, preforably in the form of 3 card index, on
analytical methods used or developed for testing of the received samples,
so that when samples are received repeatedly the previous experience can
be used. Further records on the results of inspections and on any
advisory work carried out for other authorities, institutions cr private
persons should be available. The basic records of a NLPQC should consist
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of: 1) a bound ledger for samples received, showing all basic dats;

2) analytical reports; 3) bound analytical note-books; l) card index

of preparations tested; 5) card index of testing methods; 6) corres-
pondence files; 7) inspection files, 8) card index of imported prepara-
tions; 9) card index of locally made preparaticns and 10) inventory files,

A further aspect to be discussed is the sampling and inspection work
which 18 closely related to the laboratory work. Much has already been
said or published about the amportance of proper sampling and inspections.
It is undoubtedly trues that the inspsection visit is the beginning of quality
control, the second part of which is the analytical testing of the samples.
An inspector can for instance easily see that vitamin tablets might have
been contaminated by an antibiotic because their tableting had been carried
out at the same time on twe machanes close to each other. It might have
taken an analyst working in the laboratory a long time to find thas out by
himself, Thus the main point is that the inspector should bring all
possible information and observations ccncerning the quality of drugs into
the laboratory. DMore about this part of control will be found in the
writer!s paper sntitled "Specifications and Analytical Information Cbtained
from the Pharmaceutical Manufacturer!.

Relaticns between a JLPQC and other relevant institutions, be it within
the lMinistry of Public Health (departments for registration, licensing,
production) or in the field, must be constructive and co-operative. Zvery-
one who handles drugs is a pari of a chain siretching from the manufacturer
to the patient. Any and every neglect may result in undesirable effects
when shortcomings are overlooked or ignored, as the control net ¢# never
be as thorough as to allow every package to be checked. Thus everybody
who 1s in a position t. discover a low quality product, whether he is the
wholesaler, the pharmacist, the physician, or the inspector, must immed-
iately take the necessary action. To establish such a collaboration
requires & great deal of effort on the part of the Ministry of Public Health
and the Naticonal Laboratory. The public health staff can be instructed
by publications, papers during meetings, training, and other adult educqtion
media,
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Finally I would like t. make a few remarks which might be useful for

running & Hational Laboratory:

There is an advantare in havang analysts who 1n addition to their
generalcompetenbecan specialize for pericds in cne or more groups of
drugs within the laboratory, so that they become experts: in vatamins,
diagnostic preparations, sulfonamides, antibiotics, antihistaminics, etc,
The samples to be analysed are then distributed by the head of the section
to the analyst who 1s familiar with that group.

If later on other laboratories are established on a regicnal level,
the NLPQC should plav a leadan:.; role in instructing them methodically, so

as tc keep a uniform control system in the country.

From the very beginnang it should not be forgotten that a Laboratory
is a place with high risk cf fire and health hazards. An adequatz number
of fire extinguishers, face shields, safety showers or fire blankets,
as well &3 other safety aids should he available i1n all secticns.

Allied to this question is the talang out of an insurance pelicy,
in which the employ=zes as well as the equipment and the building should
be included.

Another wvery important provaision frequently ignored is the declaration
of one of the pharmacopoeiae as official for the country. [his single
act of the Mimistry of Public Health would simplify everv reference to
quality inside and outside the Naticnal Laboratcry and alsc facilitates
the analytical work i1tszlf as it would then not be necessarv to prepare
the many sets of reagents prescribed by different pharmacopoeiae. For
reference purpeses, and especially tv samplify work regarding claims,
it is probably advantageous tu declare cofficial the pharmacopoeia of
that countrv whence most drugs are imported. The so-called Intermational
Pharmacopoeia or Specifications for Pharmaceutical Preparations might be
chosen 1n a countrv where there is a very great variety of imports from
many different parts of the world, or later as the pattern for the sstab~
lishment of a Hational Pharmaccpoeia when the level of raw material production
in the country makes this necessary.
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Certainly much more could be written about a National Laboratory
for Pharmaceutical Quality Control, but the purpose of this paper has
been limited and thzsrefore only those problems which the writer, well
aware that the topic 1s a well-known one, considers worth mentioning,
have been described as shortly as possible. In addition, an effort
has been made to discuss those peints not often shown in such detail,
and to mention those not found in publications at all., It 1s hoped
that, despite the different experiences and opinions of the participants
in this seminar, and the generality of the subject matter, some useful
hints and information will be found in the paper.



ANHEX

List of Equipment

Chemistry:
Approximate Cost
$
1. Two Potentiometers, with possibality
of ampere measurements 500.00
2, pH meter, electronic, glass electrodes 350,00
3. UVuSpectrophotometer 2 500.00
. KXarl Fischer Titrator, manually operated
with reagents 200,00
5. Spectrophotocolorimeter, for visible
region 500,00
é. Polarcgraph, recording type 1 500,00
7. Fluorimeter with photo-cell 500.00
8, Polarimeter, high precision, with
sodium lamp 300.00
9. tefractometer, Abbe tvpe 150,00
10, Ultrathermostat Water Bath 500,00
11, Micro Melting-point Apparatus, complete
with Microscope L00.00
12, Two Balances Analytical, precision )
about -~ 0,03mg, capacity 200g 1 «00.00
13. Torsion Balance, pre-weighing 350.00
1. Balanee, general purpose, capacity
1000g 30,00
15, Disintegration Tester for tablets 300,00
16. Automatic Water Distilling apparatus,
capacity about li litres/hour 100.00
17. Centrifuge, table type, universal with
interchangeable heads, about 3,000 r.p.m. 350,00

18. Coater for Thin-Laver Chromatography,
10cm and 20cm plates 120,00
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Chemistry (cont!d)

19. Ultra-Violet Lamp .ssembly, 366 nm and
25} nm wavelengths, for chromatography

20, Dryer, hot-air blower for use in
chromatography

21. Two Drying Ovens, temperature range
30° to 300°C

22. Dlectric Muffls Furnace, about 2000/,
operating terp. about 1100C

23. Two Water Baths, electrically heated,
without thermcstat

2li,  Hot Plate Heater, 6 places, with
scaffolding

25. Micro-Kjeldahl Distallaticn Apparatus,
with Parnass-Wagner automatic discharge

26. Two Magnetic Stirrers, electrically
heated (mainly for use with potentiometers)

27. Two Slectrothermal Heaters Multimantle,
capacity 50 - 2000ml, L50W

28, Electric Shaker, universal

29. Refrigerator, about 1 cu. ft.

30, Bomb, Micro Parr (for det. of halogens
organically bound)

Microbiclogy:

31, QRefragerator, capacity about 1 cu. ft.

32. Microscope, binccular, wath triple or

quadruple nose-plece

Approxi%ate Cost

200,00
15.00
700,00
300.00
80,00
90.00
50,00
360.00

£0,00
210,00
1,00.00

50.00

400,00



Microbiclogy {contld)

33.

3h.

35.

36.

38.

39.

Lo,

L1,

L2,

L3.

Automatic Yater Jistilling upparatus,
capacity about L liter/hour

Centrifuge, table type, universal,
interchangsable heads, 6000 r.p.m.

Homogenizer, universal, small, capacity
2 - 500m1, 18000 r.p.m.

Hot-Air Sterilizer, range 3C to 200°C,
1800 W

Bacteriological Incubating Cabinet,
0 ~ 90°C

Horizontal Universal Autoclave, diam,
Li0cm, depth 60cm, with sterilizing drums

Thermoradiator with fan, 20004, for
the thermost. chamber

Water Bath, wath thermostat, 2200,
for microbioclogy

Colony Counter, w.th built-in
illunination, transistorized digital
counting circuit

Two Sterisol Lamps (germicide), Ceiling
Suspension, mounted on pendula

Zone Reader (for det. of antibiotics)

Penicylinder Dropping Equipment,
(Cup Dropper), compk te, with 2000

Stainless Steel Cups (for det. of antibiotics)

Total Cost

ANNEX
Pape iai

Approximate Cost

100,00

450,00

200,00

500,00

300.00

2,200,00

L00.u0

60.00

200.00

100,00

250,.0

350,00

Us $ 19,505.00
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