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The modern concept of a unit of activity, or potency, for biological
substances, and its application to the measurement of potency in terms
of international biological standards, has evolved during the last half-
century from Ehrlich's 1 original work on the standardization of diph-
theria antitoxin. Ehrlich was dealing with a system consisting of three
variable biological reagents, the guinea-pig, diphtheria toxin, and diph-
theria antitoxin ; and his first attempt to establish a point of reference
in the system was the minimal lethal dose (m.l.d.) of toxin. If diphtheria
toxin had proved to be a stable substance, it might have been possible,
once the m.l.d. had been determined, to establish a particular preparation
of toxin as a standard, independent of the innate variability of the guinea-
pigs. Though diphtheria toxin was unstable, diphtheria antitoxins were
not, and Ehrlich finally arrived at his unit of antitoxin. In terms of his
original concept of the m.l.d. for guinea-pigs, the unit of antitoxin was
the smallest amount that would neutralize 100 m.l.d. of toxin. But once
established, it became independent both of the particular batch of guinea-
pigs used and of a particular preparation of toxin; and, when in 1922
an international standard for diphtheria antitoxin was set up by the
League of Nations Health Organization,2 the unit of potency, which was
a lineal descendant of Ehrlich's original unit, was defined as a certain
weight of a dried standard preparation of antitoxin.

The history of the unit of diphtheria antitoxin reflects the stages
through which other biological units passed in their progress to inter-
national recognition: first, the attempt to measure potency in terms of
the response of a living organism upon which the substance has a specific
action, and then, the arbitrary definition of unit potency as the activity
of a weight of a unique preparation of the substance in question. It also
provides an example of the kind of substances for which it is necessary

1 Ehrlich, P. (1897) Klin. Jb. 6, 299
League of Nations (1923) Second International Conference on the Standardization of Sera and Sero.

ogical Tests ... 1922 ... Paris, Geneve (C.H. 48)
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to devise a unit of activity-namely, substances that cannot be fully
characterized by chemical and physical means. The unit of diphtheria
antitoxin will be necessary until it is possible, by chemical and physical exam-
ination alone, to predict with certainty the antitoxic potency of a solution
of antitoxic globulin. As long as it is necessary to include biological
tests when characterizing a preparation of antitoxin, the unit is the valid
measure of activity. This principle applies with equal force to all bio-
logically active substances whose chemical constitution is unknown.

The principles underlying the measurements of potency in terms of
units are well known, and have been emphasized many times, particu-
larly in the published reports of the Permanent Commission on Biological
Standardization of the League of Nations Health Organization (see, for
example, Gautier3'4). The purpose of this brief recapitulation is to provide
the background against which to examine some other conceptions of the
biological unit, and some of the contemporary problems arising in the
use of units in those borderline cases, where the chemical constitution
of a biological substance is known, but where it is still convenient to
characterize preparations by biological rather than chemical tests.

The " Animal-Unit"

Fundamentally, any measurement of the biological activity of a
substance must clearly be made in terms of the living tissue upon which
it acts. The tissue may be the whole animal or bacterium, or part of a
living organism, like blood or a suspension of erythrocytes. It is logical,
therefore, to measure activity of a substance as the minimal amount
producing a certain biological effect for example, the lethal power of
digitalis in cats, or of penicillin for a culture of Micrococcus pyogenes
var. aureus (Staphylococcus aureus); the anticlotting power of heparin
or the haemolytic power of Clostridium perfringens (Cl. welchii) toxin.
It is logical, but nevertheless impracticable, because of the wide variation
in successive specimens of living tissue used in the tests.

By taking into account the maximum variation found in the organisms
used, it is possible to estimate the minimum effective dose of a preparation
within a certain range, and to define this range of doses as the animal-
unit. (The term ' animal-unit ', in this context, means a unit based on
the response of any kind of organism, whether man, animal, plant or
protiston.) But a repetition of the test in another laboratory, using the
same strain of animal kept under identical conditions, will often yield
a different range of effective doses; and, when other strains of the same
animal species are used, the range may be even more divergent. There
are thus two limitations to the use of the animal-unit. First, it may be

3 Gautier, R. (1935) Quart. Bull. Hlth Org. L.o.N. 4, 497
4 Gautier, R. (1945) Bull. Hith Org. L.o.N. 12, 1
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impracticable for a given laboratory to breed the strain of animal that
was used in the original definition of the unit. In this case, a reliable
estimate of the differences in variability of strains can be obtained only
by comparing their reactions to a single preparation of the substance;
in other words, by establishing a standard preparation of the substance
in the orthodox manner. Secondly, the range of effective doses obtained
may be so wide as to preclude accurate research on the substance without
the expenditure of vast numbers of animals to reduce the limits of error
to desirable proportions. In ' accurate research ' we must include the
estimation of therapeutic potency for use in man, one of the most impor-
tant uses of the measurement of biological activity. With material such
as diphtheria toxoid, which is innocuous to man when given in several
multiples of the effective immunizing dose, it is sufficient for therapeutic
purposes to demand that a preparation should satisfy certain minimum
requirements, which are framed so as to take into account the response
of under-susceptible as well as over-susceptible guinea-pigs. If in any
one test the immunizing potency is by chance determined on a group
of relatively insusceptible animals, the consequent underestimation of
true potency will result in an uneconomical but otherwise innocuous
overdosage in man. Minimum requirements of this kind, on the other
hand, will clearly be insufficient for drugs like insulin or the curare
alkaloids, of which even small overdoses may be dangerous.

Nevertheless, standardization by minimum requirements that include
the conception of an animal-unit of activity is successful in practice,
though the method is recognizably, and admittedly, imprecise. It is indeed
justified when it has proved impossible to make a stable standard prepara-
tion of any of the key reagents used in assay. For example, owing to
the present inability to preserve viruses without deterioration of infective
titre, or to relate viral antibody response (which would be measurable
in terms of a standard antiserum) with any certainty to their immunizing
potency, virus vaccines must still be specified by minimum requirements.

The point I wish to emphasize here, however, is that dosage based
on an average minimal effective dose, or on a series of minimum require-
ments that include detailed specifications of the animals to be used
and the technique of testing, has no valid claim to the title of ' unit '.

International units, national units, and the units established by reput-
able laboratories and institutes, when they are defined as the activity
of a given weight or volume of a standard preparation, are strictly ana-
logous to the international or national physical units of length and weight,
being determinate quantities or dimensions adopted as standards of
measurement, and, like the standard metre, the property of a certain
universally accepted, unique piece of material.

Cat-units, dog-units, M. pyogenes var. aureus-units and the like, pro-
bably lie within a determinable range, but the range is often too wide for
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safety, or for the precision required for research into the function of the
substance concerned. Within a given institute, or a given country, especially
by selective breeding, animals or bacteria may prove to be remarkably
constant in their response to a biological substance ; but since it is often
not known with certainty how the constancy is maintained, or how it can
be restored once it is lost, it is not a good basis for what should be a generally
valid measure of activity.

The logical status of the animal-unit may be simply expressed. For a
particular substance, it depends on the truth of a universal, negative pro-
position, stating that for no animals of a given species will the minimal
effective dose of a substance fall outside certain limits. It is impossible
to prove such a proposition ; and it is possible to make it practically, as
opposed to theoretically, true only by making the limits of dosage so wide
that the minimal effective dose loses value as a scientifically useful measure.
In other words, the animal-unit is logically indeterminate, and its determin-
ability in practice is highly dubious. The word ' unit ' in this connexion
is therefore invalid, since it does not conform with the definition given
above ; and its use as a synonym for ' minimal effective dose in a certain
species of animal ' is unjustified. In contrast, a unit of potency as a weight
of a given preparation is both logically and practically valid ; since it is
possible, for example, to affirm that the contents of all the 300 ampoules
of a single preparation of a substance, designated as a standard, have the
same unitage per gram. This unit is as arbitrary as the standard metre
or foot, and as universally acceptable, fixed and determinate.

For psychological reasons also, the establishment and use of animal-
units is to be deprecated, particularly when they are referred to simply
as ' units ', without indication of their dependence on the animal. Inter-
national and national biological standards and the corresponding valid
units of activity are widely used today, and have a deservedly good reputa-
tion in biological research and the standardization of therapeutic substances.
To imply verbally that the ' range of minimal effective doses in a given
animal ' has the same scientific status as the valid unit, is in effect to claim
for the first some of the prestige of the second, and at the same time to
lower the prestige of the valid biological unit by classing it with the dubious
animal-unit. It is of course convenient to designate an unwieldy phrase
like ' the range of minimal effective doses in a given animal ' by a short
word, but there is no justification for using ' unit ', which is an inexact
and misleading synonym.

Size of the Valid Unit

The weight of a standard preparation to which unit activity is assigned
is of course related to a particular degree of biological activity. For example,
the unit for Old Tuberculin, recentlyrecommended for international adoption,
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corresponds to 0.1 ml. of a 1/10,000 dilution of the international standard
OldTuberculin, because this dose has proved to be a convenient minimal
effective dose for eliciting a reaction in fully sensitized tuberculous animals
and men. This does not mean that one unit of Old Tuberculin is the required
lowest dose for performing the Mantoux test in man. Each worker will
determine the fraction or multiple of the unit that is satisfactory for the
population he is studying ; but his results, expressed in international units,
will be directly comparable with those of any other worker who measures
the potency of his preparation of tuberculin in the same units.

The unit, however, has no necessary connexion with the therapeutic
dose of a biological substance. The penicillin unit as first devised was the
amount inhibiting the growth of a small volume of culture of a strain of
M. pyogenes var. aureus. The Oxford unit, which was later and more
properly defined as a certain weight of a preparation of crude penicillin,
had about the same magnitude. When the international unit was established,
it was deliberately made approximately equivalent to the Oxford unit,
in spite of the fact that therapeutic doses of penicillin were then proving
to be several hundred thousand Oxford units, because the Oxford unit
represented a manageable amount of potency in the microbiological assay
of penicillin, both in manufacture and clinical research. It is extremely
and irritatingly small compared with the curative dose in man. The same
is true of units of diphtheria, tetanus, and other antitoxins, and of vitamins
A and D. They are in fact assayists' units, and since assayists work on the
cheapest and most manipulatable, and therefore the smallest practicable,
organisms, the assayists' unit is usually much smaller than the amounts
used in human therapy. The assayists' unit should nevertheless prevail:
it usually has historical priority, and it would be unwise to establish, once
and for all, units corresponding to therapeutic doses, because either fashion
or necessity may later dictate substantial changes in the average doses
given to man. Moreover, it is simpler, and there is less risk of error, when
the smaller quantity is designated as the unit, since mistakes are less likely
to be made if the clinician has to give written and verbal instructions about
tens or hundreds of thousands of assayists' units, than if the assayist has
to deal with ten-thousandths or hundred-thousandths of a unit devised
for the clinician's benefit.

Implications of the Valid Unit; Heterogeneous Standards

The advantages of the valid unit are manifold. It is independent of
the living tissue upon which activity is measured. Given any kind of tissue
specifically susceptible to a substance, whether it be a whole organism or
part of one, a preparation of unknown potency can be compared directly
with the standard. Thus with vitamin B12: when a standard is available,
the assay of a batch of liver extract should give the same result in units
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of potency, whether it is obtained with pernicious anaemia patients or
with a particular strain of Lactobacillus lactis. The unit is also independent
of the purity of the standard preparation. This is particularly important
in ensuring the continuity of the unit when a standard preparation is
exhausted and another is to be established. The earlier standard for vita-
min C was a dried preparation of lemon juice; but the vitamin C unit
remained the same when the standard was changed to one of relatively
pure ascorbic acid, though the unitage per gram of the standard preparation
was greatly increased.

The unit's independence of animal used, and of purity of the preparation,
is based on certain assumptions.

(1) The standard preparation contains as impurities neither material
having specific activity resembling that of the active principle, nor any
substance that enhances or antagonizes its action.

(2) The biologically active material is homogeneous.
(3) The biological substance assayed against the standard is identical

with that of the standard.
If assay against standards is to be regarded as valid, these assumptions

must be acted upon unless there is good evidence that the specifically
active substance is grossly heterogeneous. Nevertheless, the validity of
the assumptions will appear dubious to all who have experience of biolo-
gical assay. Biological standards are necessary largely because we are
ignorant of the chemical constitution of the active substance. We cannot
therefore be certain that the active material is not a series of related sub-
stances, or that the preparation does not contain other substances enhancing
or antagonizing its action. Synergists and antagonists have not commonly
been found in standard preparations; but a number of substances for
which standards are available have proved to be families of substance, with
qualitatively similar but quantitatively different potencies: for example,
the digitalis glucosides, the D vitamins, the penicillins and the strepto-
mycins. With other standards such as heparin and tetanus antitoxin, the
homogeneity is suspect because comparative potencies vary with the
biological systems used in assay. Until the members of these families have
been separated and characterized, and separate standards set up and
methods of differential assay devised, we must be content with a hetero-
geneous standard.

It is not however sufficient, in order to make the assay fully valid,
to ensure that the standard is homogeneous, because heterogeneity of the
material to be assayed will also effectively invalidate the assay. But it
would be unreasonable to demand that the substance assayed should have
substantially the same purity as the standard; or, if the heterogeneity of
the standard were known, that the substance assayed should be equally
heterogeneous. For example, though in some countries the crystalline
penicillin G manufactured for therapy fulfils this condition, in other
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countries, where the manufacture is less advanced, the penicillin does not.
Whatever the purity of the penicillin to be assayed, the international unit
must for the time being be regarded as valid throughout the world.

When heterogeneity is harmful or disturbing, as is the case with the
inclusion of the therapeutically less efficient penicillin K among other
penicillins, and with the different potencies of mixtures of vitamin D2
and D3 obtained in the chick and rat, steps must be taken to eliminate it.
But we must recognize that smaller degrees of heterogeneity, or small
degrees of contamination by grossly heterogeneous substances of the same
specific activity, whether they are known or only hypothetical, are to be
ignored in assay. This however entails a change in the definition of a unit,
or rather in our way of interpreting the definition. A unit of penicillin
or vitamin D must be regarded as a unit of 'penicillin' or 'vitamin D ',
where the words in quotation marks indicate not a specific, single substance,
but a particular mixture of a family of substances in the standard prepara-
tion.

Notation of Potency by Units, Weight-Equivalents and Weight

The foregoing analysis is particularly relevant to the problem of dis-
carding the unit notation when a biologically active substance is finally
characterized by the chemist and physicist. The standards for vitamin C
and vitamin B1 are now superfluous for characterizing preparations of the
two substances, not only because their chemical constitution is known,
but because it is easy to prove their nature chemically, without appeal to
a biological test. In such cases, it is simplest to measure potency by weight.
Here the aim of all research in the provision of therapeutic substances
has been realized-accurate dosage by weight of the remedial agent in
pure, stable form. With other substances, however, there is a borderline
stage when the standard is no longer necessary, in the sense that it is theore-
tically possible to predict its biological activity from the results of a chemical
examination, but when it is retained because biological assay is cheaper
and easier than a full chemical and physical characterization of each
preparation. At this stage there is a limited case for designating potency,
not in units, but in weight-equivalents of the pure substance.

The weight-equivalent method has been adopted in the USA for pre-
parations of streptomycin (Federal Register 1948, Title 21, Part I,
Section 141). In the United Kingdom, on the other hand, it is at present
proposed to retain the unit notation for streptomycin. It will be convenient
to discuss streptomycin as an example of the problem of using the unit
notation in a borderline case. The British preference rests upon the following
considerations.

(1) In most countries the preparation of pure streptomycin on a com-
mercial scale is not yet in sight.
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(2) Different salts of pure streptomycin of one kind differ in potency.
(3) As with penicillin, there are several related substances with strep-

tomycin-like activity in active preparations derived from the mould.
(4) The characterization of streptomycin preparations for clinical

use still depends, among other things, upon biological assay.
The unit proposed for use in the United Kingdom is similar to Waks-

man's original unit and is approximately the activity of 1 ,ug. of pure strep-
tomycin base. The qualification ' approximately ' is important, because
in practice the standard preparation, a given weight of which will carry
unit activity, is a specimen of streptomycin which is as pure as is
practicable, but whose absolute purity cannot be guaranteed.

The validity of the case for designating potency on the 'gram-equi-
valent ' system depends upon the confidence with which it can be stated:
(a) that the standard is a pure and homogeneous preparation of strep-
tomycin; and (b) that, when the master standard is to be replaced or
subsidiary working standards are to be matched against the master standard,
'pure ' preparations made with the same care will be identical with the
first, chemically, physically and biologically. Unless these conditions are
fulfilled, all standards subsequent to the first, even when this is arbitrarily
defined as ' pure ', will have potencies measurable only in gram-equivalents,
and the potency of therapeutic preparations in terms of these subsidiary
standards will in fact be gram-equivalents of a certain gram-equivalent.

This equivalence at two removes can be avoided by choosing for sub-
sidiary or replacement standards preparations that have exactly the potency
of the original master preparation (and these, except by a lucky chance,
could be found only after trial of a large number of preparations) ; or by
assigning to each standard preparation an appropriate conversion factor
by which the gram-equivalence to the original master standard could be
calculated. Both the problems are better solved by adopting the unit
notation, which, as we have already seen, implies a measure of activity
of a preparation, not of a substance that is chemically pure. It is, in fact,
doubtful whether any of the preparations so far used for official standards
are pure in the chemical sense.

Gram-equivalents may also be verbally confusing to the uninstructed
user of streptomycin preparations. The term ' equivalent ' tends to be
dropped in speech, in reports, and even in regulations, and at times, con-
sequently, it is not clear, when x grams of streptomycin are referred to,
whether x is the weight of the preparation or of the base.

It may be argued that these difficulties are inconsiderable, in view of the
relatively high degree of purity of the standards, and the absence from
therapeutic preparations of any substantial amount of unwanted derivatives
of streptomycin ; and that the unrecognized error in measuring potency
by this system is likely to be small compared with the known error of assay,
and is too small to affect the outcome of streptomycin treatment on gram-
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equivalent dosage. There is some truth in this argument as far as strepto-
mycin is concerned. But its acceptance does not alter the fact that this
system of notation offers no advantages that the well-tried unit system
of notation does not possess, except that when biological standardization
of streptomycin becomes superfluous there will be no sudden transition
from unit notation to a weight notation.

There is, however, a larger question of principle which affects the status
of the unit and the gram-equivalent. A national or international standard
is an essential part of official definitions in pharmacopoeias and govern-
mental regulations, which are either law or are used as a basis for legal
proceedings and large-scale commercial transactions. All avoidable
inaccuracy, and any confusion that might arise from a misunderstanding
in the use of a standard, must therefore be carefully guarded against. For
example, the 'streptomycin ' of the organic chemist is a base having a
structural formula corresponding to N-methyl-l-glucosaminido-streptosido-
streptidine. It is not the ' streptomycin ' on the pharmacopoeia which
means ' each of several antibiotic substances produced by the growth of
Streptomyces griseus ', and may indicate a number of possible salts of these
different substances. This ' streptomycin ' may also be the manufacturer's
streptomycin. The assumption that these various ' streptomycins ' are
identical is clearly unjustified. Biological activity in terms of an impure
standard preparation is an essential part of the definition of 'pharma-
copoeial ' streptomycin, and, in the present state of our knowledge, ' gram-
equivalence of pure streptomycin base' is at best an extrapolation from
known facts and at worst may be misleading. The unit, on the other hand,
refers to the activity of a standard preparation, not to a hypothetical pure
substance.

I have used streptomycin as a timely example, to emphasize the ano-
malies inherent in a too-early discarding of the unit system. With present
rapid advances in analytical and synthetic chemistry, we shall, in the not-
too-distant future, be faced with this problem in a number of substances
for which biological standards have been established. It is important
therefore, to maintain for these substances an unexceptionable designation
of potency. The demonstration of the precise constitution of an active
principle is not the signal for discarding the unit ; nor is the provision of
a standard composed of the pure substance. The unit is superfluous only
when biological assay ceases to be a necessary part of the specification of
materials prepared routinely, and when chemical and physical tests alone
are sufficient to predict biological activity. Until that time, it serves a useful
and unambiguous purpose on both national and international levels.
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