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STANDARDIZATION OF LIVER EXTRACTS *

E. LESTER SMITH, D.Sc., F.R.I.C.
Research and Development Division, Glaxo Laboratories Ltd,

Greenford, Middlesex, England

Three basic methods are available for the standardization of liver
extracts, namely: (a) clinical; (b) biological; (c) microbiological.

Clinical assay

The clinical test measures directly the utility of a liver extract in
the treatment of pernicious anaemia. Unfortunately, however, it has
serious limitations as an assay technique. The main difficulty is one
common to all methods of biological standardization, namely, individual
variation necessitating extensive replication to obtain results that will
satisfy the statistician. This is entirely impracticable in the routine assay
of liver extracts because suitable cases are not available in sufficient
numbers.

Another difficulty is the rather narrow dosage range over which a
reliable assessment of potency can be obtained. Thus a dose lower than
about 2.5 jug. of vitamin B12 will usually give a small or negligible response
(and, incidentally, will leave the patient in a weak condition during the
test period), while a dose greater than about 10 jig. will usually give a
response little or no better than that given by a dose of about 10 pg.

In consequence, it has only been found possible to utilize the clinical
test to indicate whether an extract is " satisfactory or not ". The difficulty
with shortage of cases has been overcome by manufacturers in one of two
ways: either every bulked batch of liver extract is tested on a few patients
to ensure that it is satisfactory, or alternatively a typical batch made by
a standardized manufacturing procedure is submitted to thorough testing
and other batches made by the same procedure are assumed to be equally
active. This second alternative is to be deprecated because it is known
that supplies of liver differ in their contents of vitamin B12, and that

* A note submitted by the Department of Biological Standards, National Institute for Medical Research
London, to the third session of the Expert Committee on Biological Standardization of the World Health
Organization, held in London in May 1949.

The committee recognized that " a standard preparation for the measurement of the anti-pernicious-
anaemia potency of extracts of liver and other animal tissues is urgently required " and that " the recent isol-
ation of vitamin B,, provides a substance which may prove to be suitable for such a preparation ". The
committee consequently recommended that " the Department of Biological Standards, National Institute
for Medical Research, London, be authorized to procure pure vitamin B1l in a sufficient quantity to serve
as a standard preparation for anti-pernicious-anaemia factors and to ascertain the opinion of interested
workers about the preferred size of a unit of activity ".

The recommendation of the expert committee was approved by the Executive Board at its fourth session
held at Geneva in July 1949. The report on the third session of the committee was published in World Hlth
Org. techn. Rep. Ser. 1950, 2.
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the efficiency of a manufacturing procedure may not remain constant with
different supplies of raw material.

Biological methods

The literature is encumbered with useless methods purporting to assay
the anti-pernicious-anaemia factor on various species of laboratory ani-
mals. However, some recent techniques devised for the assay of the
"animal protein factor" are probably reliable, since it now appears likely
that the " animal protein factor " is identical with vitamin B12.1 These
methods, however, are more laborious and probably no more reliable
than microbiological-assay methods, which are tending to replace animal-
growth techniques in the assay of other vitamins of the B group.

Microbiological assay

There are two main variants of the microbiological assay as applied
to vitamin B12, namely, the tube, or dilution, method and the cup-plate
method. The familiar dilution method was first applied to vitamin B12
by Shorb using Lactobacillus lactis Dorner.2 3 Variants using other
organisms such as L. keichmannii and Euglena gracilis have since been
described.4 5 In these laboratories we have developed the cup-plate
method using mainly the first of these organisms, though it can be applied
to the others. In this method a suitable medium solidified with agar is
poured into petri dishes. Holes are cut in it with a cork borer and a small
volume of test or standard solution is put into each hole. After incuba-
tion overnight, rings of growth are obtained round the holes, their dia-
meters being related to the potency of the solutions.

These microbiological-assay methods have been applied on a routine
basis. There are, however, certain reservations about accepting the
results of such assays as a true measure of the anti-pernicious-anaemia
activity of a liver extract. Most of the available test-organisms respond
not only to vitamin B12 but to one or more of other growth-factors
that are liable to be present in liver extracts. We have shown that a second
red factor can be separated chromatographically from vitamin B12. It
is already clear that this substance is active both clinically and micro-
biologically and it appears probable that the relative activities are the
same as for vitamin B12, although this has not been rigorously established.
This second factor would cause no difficulty if its equivalence with B12
could be confirmed. Some of the test-organisms also respond, however,

1 See Nutr. Rev. 1949, 7, 136.
2Shorb, M. S. (1947) J. biol. Chem. 169, 455
3 Shorb, M. S. (1948) Science, 107, 397
4 Capps, B. F., Hobbs, N. L. & Fox, S. H. (1949) J. biol. Chem. 178, 517
5 Hutner, S. H., Provasoli, L., Stokstad, E. L. R. & Hoffmann, C. E. (1949) Proc. Soc. exp. Biol.,

N. Y. 70, 118
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to thymidine and other purine desoxyribosides and these are probably
all clinically inactive as thymidine is already known to be. The presence
of Important amounts of these interfering factors can be detected in
the cup-plate method of assay, but not in the dilution method. In
these laboratories we are developing modified techniques, involving chro-
matography on paper prior to microbiological assay, designed to eliminate
the interfering substances. We believe that some such modification of
these microbiological-assay methods will provide a reliable estimate of
the clinical efficacy of liver extracts and that such a method is very
likely to come into general use within the next few years.

Standard preparation

The setting-up of a standard preparation presents some difficulties.
It would be easy to provide a highly purified liver extract which could
be dispensed either in aqueous solution or freeze-dried in vials. It should
be possible to ensure that such a preparation is virtually free from thymidine
and related substances which interfere in the microbiological assay. On
the other hand, it would almost inevitably contain not only vitamin B12
but, in addition, the other active red substance.

For this and other reasons, it is greatly to be preferred that any pro-
posed standard should be made from pure crystalline vitamin B12. This
would have the great advantage that the activity of the standard prepara-
tion could be expressed in terms of the weight of crystalline vitamin B12
present and that there would therefore be no need to devise any system
of arbitrary units.

Any shortage of crystalline vitamin could probably be met for pur-
poses of microbiological standardization, provided laboratories set up
their own substandards and used the main standard for checking these
at relatively infrequent intervals. Each vial of standard need contain only
a few micrograms to provide ample material for accurate standardization
by any of the present microbiological-assay techniques.
A number of tests have indicated that vitamin B12 is satisfactorily stable

in neutral aqueous solution. Nevertheless, on a few isolated occasions
dilute solutions in ampoules have deteriorated seriously. This deterioration
was discovered by clinical testing and confirmed by microbiological
assay. These solutions had remained approximately neutral, and we
have no explanation of the phenomenon except the possibility that they
may have been exposed to sunlight.

Vitamin B12 appears to be perfectly stable in the solid state. How-
ever, in order to get a few micrograms accurately measured into a vial,
it would have to be introduced in solution and dried down in the vial.
Freeze-drying would be the preferable technique, but it would be necessary
to add some bulking material to avoid mechanical loss.
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SUMMARY

1. The clinical, biological, and microbiological methods available for the standard-
ization of liver extracts are briefly discussed, and it is shown that the first two
have serious limitations, but that the last can lead to satisfactory results.

2. The two main microbiological methods for the assay of vitamin B12-the tube,
or dilution, method and the cup-plate method-are briefly considered. A difficulty
is that most of the available test-organisms respond not only to vitamin B12 but to one
or more of other growth-factors that are liable to be present in liver extracts.

3. It is suggested that any proposed standard should be made from pure crystalline
vitamin Bl12 so that the activity of the standard preparation may be expressed in terms
of the weight of crystalline vitamin B12 present and not in arbitrary units. Possible
difficulties in providing such a standard are the scarcity of crystalline vitamin B12 and
some uncertainty about its stability. These would be overcome if raboratories set up
their own substandards and used the main standard only for checking them from
time to time, and if vitamin B12 in solid form, which appears to be perfectly stable,
is used.


