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The Technique of Vitamin Assay. 
WHEN it was found that a diet of pure protein, 

fat, and carbohydrate with salts and water 
was incapable of maintaining life in animals unless 
small quantities of certain natural foods were added, 
quantities too small to supplement the energy value 
or the content of the diet in the other known con
stituents, the foundation was laid upon which has 
been built in the last fifteen years a vast store of 
knowledge about the properties and occurrence of 
these unknown accessory food factors or vitamins. 
At first investigators were concerned with the 
qualitative distribution of each vitamin, as it was 
discovered : only later was attention directed to its 
quantitative estimation in different sources, as the 
methods of assay became more perfected. These 
lines of approach to an accurate knowledge are in use 
to-day, when a new vitamin is discovered, as is shown 
by the work of Evans and his collaborators on 
Vitamin E, or the reproductive factor. 

It is obviously important from the point of view of 
dietetics and medicine that the amounts of the 
vitamins in different food and medicinal products 
should be accurately known. Such knowledge can 
be obtained at present only indirectly, since the 
vitamins have not yet been isolated in pure form, 
and any fallacies inherent in such a method of assay 
are greatly enhanced by the fact that, in general, 
living animals must be used for the test. Hence 
improvements in technique relate to the use of a 
standardised animal, bred especially for the purpose, 
and placed on a diet either deficient solely in the factor 
to be assayed, or so designed as to enable the observer 
to obtain a clear-cut response on the part of the 
animal or even of a given tissue, when the missing 
factor is added to the diet. Recent improvements 
in technique are especially noticeable in the case of 
Vitamin A or the growth-promoting factor, and 
Vitamin D or the bone-calcifying factor. A further 
interesting development is the use of a colour test, 
which can be used for the quantitative estimation of 
Vitamin A, and bids fair in time to replace the laborious 
growth test on animals altogether. 

The details to be followed in the production of a 
standard breed of rats for the assay of the fat
soluble Vitamins A and D are discussed by H. Chick 
and H. H. Smith and H. Chick (Biochem. Jour., 1926, 
vol. 20, pp. 119, 131). The authors were led to their 
researches by finding unexplained irregularities in the 
behaviour of the young rats when placed upon the 
standard basal diet deficient in fat-soluble vitamins. 
In general, better growth and calcification of the 
bones were found in summer and autumn than in 
winter and spring. Neither the degree of illumination 
to which the animals were exposed nor the con
stituents of the standard deficient diet were found to 
be implicated in this variability. It may perhaps 
be mentioned here that the diet largely used in Great 
Britain consists of inactivated caseinogen, starch, a 
hardened vegetable oil, salts and water, together with 
' marmite ' and lemon juice to supply Vitamins B and 
C respectively. The caseinogen is inactivated, i.e. 
any fat-soluble vitamins present are destroyed by 
heating it to 120°-130° C. for thirty-six hours. 

Examination of the diet given to the stock-breeding 
rats, however, disclosed the possibility of serious 
variations in the amount of Vitamin D, with smaller 
changes in the case of Vitamin A, dependent upon 
seasonal alterations in the content of these vitamins 
in the fresh milk of the diet. It is well known that 
the store of fat-soluble vitamins in young rats depends 
on the previous diet of the mother, especially during 
pregnancy and lactation. Hence the diet of the stock 
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animals should contain, if possible, a constant and 
sufficient, but not excessive, quantity of fat-soluble 
vitamins. This ideal was approached by replacing 
fresh milk with a dried winter milk towards the end 
of pregnancy and continuing its use during lactation, 
and, in the case of the young, during the period 
elapsing between weaning and placing on the deficient 
diet. Earlier use of this milk in the mother's diet 
lowered the store of vitamins too much, so that it 
became difficult to rear the young. The other 
constituents of the diet, bread, whole cereals and 
seeds, fresh raw vegetables, and marmite, with meat 
twice a week, provided a steady supply of Vitamin A ; 
so that the irregularities in the young rats were 
probably chiefly caused by variations in their stores 
of Vitamin D. 

The fact that the latter vitamin may be responsible 
for variations in growth has only recently been 
realised, with the definite demonstration that Vitamins 
A and D are distinct accessory food factors. Its 
importance is demonstrated by the following con
siderations : the original stancmrd diet deficient in 
fat-soluble vitamins is deficient in both : cessation 
of growth may then be due to exhaustion of either, 
and resumption of growth, on supplementing the diet 
with a material containing them again to either, 
or both, of the vitamins present. Hence titrations 
of Vitamin A may be considerably affected by the 
presence or absence of Vitamin D from the diet or 
body of the experimental animal. 

This question has been carefully examined by 
J. C. Drummond, K. H. Coward, and J. Hardy 
(Biochem. Jour., 1925, vol. 19, p. 1068). The authors 
found that irradiated cholesterol, which is now known 
to have marked antirachitic potency, that is, to 
contain Vitamin D, can, under certain conditions, 
cause resumption of growth in rats on the standard
deficient diet. But the authors show that this does 
not mean that by irradiating cholesterol, Vitamin A 
is generated. In the first place, the colour reactions 
of irradiated cholesterol are not those usually associated 
with Vitamin A (this subject is discussed more fully 
below); secondly, the addition of .the irradiated 
material to the diet only produced resumption of 
growth when given soon after growth had ceased; 
later it was without this effect; and thirdly, the 
resumption of growth was only temporary and could 
not be maintained by increasing the dose, although 
small doses of cod-liver oil prevented the decline in 
weight, in fact, allowed growth to continue. The 
authors conclude that the store of Vitamin A in the 
animal is only available in the presence of Vitamin D, 
and that the irradiated cholesterol supplies the latter 
and not the former. 

Hence in comparing the growth-promoting powers 
of two materials, one of which contains Vitamins 
A and D, and the other Vitamin A only, an erroneous 
idea of their relative contents in Vitamin A can easily 
be obtained if the animals at the time are suffering 
from a simultaneous deficiency of Vitamin D. With 
the former supplement, growth would be dependent 
on both vitamins together; with the latter, little 
growth would probably be seen, unless the animals 
still had a store of Vitamin D, although the Vitamin A 
content of both materials might be the same. The 
important conclusion is therefore reached that for 
the accurate assay of Vitamin A, Vitamin D must be 
always present in the basal diet. This can be ensured 
by the addition of irradiated cholesterol to the diet, 
or by feeding it separately as a daily supplement 
dissolved in liquid paraffin (Drummond et al. ), or 
perhaps more conveniently by using an irradiated 
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hardened vegetable oil as one of the constituents of 
the diet (H. Chick and M. H. Roscoe, Biochem. Jour., 
1926, vol. 20, p. 632). Drummond excludes fats 
altogether from his latest standard diet, replacing 
them with starch, but other observers continue to use 
a diet of the type mentioned above. If the animals 
are given a diet deficient only in Vitamin A, they 
continue growing for a longer period than when 
Vitamin D is also absent ; but when growth ceases, a 
decline in weight rapidly sets in and the supplement 
?ontaining Vitamin A must be quickly given, if death 
IS to be prevented. 

So far we have considered the assay of Vitamin A 
by means of animal experiments. The difficulties 
and the time involved lend importance to an alternative 
possible method, such as a colour test, which can be 
performed quickly and accurately in a test tube. 
Two such have been recently described as specific for 
Vitamin A : the transient blue colour produced by 
arsenious chloride (Rosenheim and Drummond) and 
the stable red colour produced by pyrogallol in the 
presence of a light petroleum solution of trichloracetic 
acid (\V. R. Fearon, Biochem. Jour., 1925, vol. 19, 
p. 888 ). The latter, which seemed likely at first to 
be of great use, was modified by S. G. Willimott and 
T. Moore (ibid., 1926, vol. 20, p. 869): resorcinol was 
uesd instead of pyrogallol, and a saturated solution of 
benzoyl peroxide in toluene was added to hasten the 
reaction, the trichloracetic acid being also dissolved 
in this solvent. 

Preliminary experiments showed that the colour 
was produced by those substances, chiefly oils, in 
which the presence of Vitamin A is generally accepted, 
and not by others from which this vitamin is absent. 
However, a more extensive study by 0. Rosenheim 
and T. A. Webster (Lancet, 1926, vol. 2, p. 806) has 
demonstrated that the test is not specific for Vitamin 
A : thus, on saponification of an active oil, Vitamin A 
remains in the unsaponifiable fraction, but the 
chromogen giving Fearon's reaction passes into the 
soaps formed, being associated with the unsaturated 
fatty acids. Again, only fish liver oils give the 
reaction, whereas the liver oils of birds and mammals 
contain Vitamin A: body fat may react positively, 
but negatively to the arsenious chloride reagent. In 
a biological test, a sardine oil, giving Fearon's reaction, 
was found to be devoid of the growth-promoting factor, 
whereas pig's liver fat, although reacting negatively 
with Fearon's reagent, yet gave as good growth as 
cod-liver oil-even when only half of the dose of the 
latter was used. In all cases vitamin A and the colour 
reaction with arsenious chloride were found to occur 
together, in fact, the latter appeared to give a depth of 
colour roughly proportional to the amount of vitamin 
disclosed by a growth test. Hence it may be con
cluded that the colour given by Fearon's reagent is 
due to some other constituent of the oil than Vitamin 
A. On the other hand, the arsenious chloride reaction 
appears to be specific, so far as our present knowledge 
goes. The drawbacks to the test are the transient 
nature of the blue colour produced, and the fact that 
the reagent cannot be used with a solvent. 

F. H. Carr and E. A. Price, and T. T. Cocking and 
E. A. Price have therefore examined a large number 
of other compounds with the view of selecting a more 
satisfactory reagent (Biochem. Jour., 1926, vol. 20, 
p. 497 ; Pharm. Jour. and Pharmacist, 1926, vol. 107, 
p. 175). At first the substitution of arsenious 
chloride by a saturated solution of trichloracetic acid 
in chloroform, as suggested by Rosenheim and 
Drummond, gave promise of satisfying the necessary 
requirements, but it was found that the colour 
production depended on the presence of an impurity 
in the acid, probably phosgene. The authors finally 
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selected a 30 per cent. solution of antimony trichloride 
in B. P. chloroform as the most satisfactory reagent 
so far found : it can be used with a 20 per cent. 
solution of the oil under test in chloroform, enhancing 
the accuracy of measuring small quantities of oil. 
Moreover, the blue colour lasts sufficiently long for 
a match to be made against 'the standard glasses of a 
Lovibond tintometer, and is not interfered with by 
traces of water or alcohol in the reagents. The colour 
formed always contains traces of yellow and sometimes 
also of red. 

The real problem which now faces investigators is 
whether the colour test always gives the same value 
as the growth test, when both are carried out on a 
large number of different oil<'. Some preliminary 
experiments carried out by S. W. F. Underhill 
(Biochem. Jour., 1926, vol. 20, p. 500) lend hope that 
this parallelism may be invariably found, in which 
case the biological assay, with its difficulties of 
animals and time, may be rendered unnecessary, being 
replaced by the much shorter and probably more 
accurate colour test. 

The titration of Vitamin D or the bone-calcifying 
antirachitic factor still requires the biological method. 
Moreover, rickets is not produced in rats on a diet 
deficient only in fat-soluble vitamins. Although the 
bones contain less calcium than normally, the 
picture is one of osteoporosis, so that such a diet is 
not suitable for this assay (H. Chick and M. H. 
Roscoe, v. sup.). But if the diet is deficient in 
phosphorus also, rickets occurs. _Two such diets 
have been widely used : one was described by 
Sherman and Pappenheimer, and consists of patent 
flour with the addition of a few salts ; the other we 
owe to McCollum, its chief ingredients being wheat, 
maize, gelatin, and wheat gluten with a few added 
salts. Rosenheim and Webster (Biochem. Jour., 1926, 
vol. 20, p. 537), using the former, found that some
times the control animals failed to develop rickets 
and traced this irregularity to a small quantity of 
fat present in the patent flour, which could become 
' activated ' if the flour was exposed to light. They 
therefore recommend an extraction of the flour with 
ether at room temperature for a short period, before 
it is used in the diet. 

The degree of calcification of the bones on these 
diets can be determined radiologically, histologically, 
or by chemical analysis. Improvements in the 
presentation of results by the last method are described 
by Chick and Roscoe (Biochem. Jour., 1926, vol. 20, 
p. 137, and with V. Kovenchevsky, ibid., p. 622). 
More clear-cut results are obtained if, in addition to 
the ash, the fat of the bones is also estimated. 
Omission of this precaution may suggest that a 
substance under test has improved the calcification 
slightly, whereas it has only reduced the fat content, 
possibly by improving the nutrition of the animals 
quite apart from its content in Vitamin D, if any is 
present at all. Normal bones contained about 2 per 
cent. of fat, rickety 4 per cent., and osteoporotic 
10 per cent. : the ash content respectively was found 
to be 34 per cent., 11 per cent., and 25 per cent. for 
comparable bones. The authors suggest that the 
ratio of the ash to the organic residue (that is, the 
difference between the weight of the bone and the 
sum of the weights of water, fat, and mineral con
stituents) may give a useful index of the degree of 
calcification and of rickets. Normally it is about 
1·5, in osteoporosis 0·9-1·2, and in rickets 0·4-0·8. 

The more accurate the methods of assay, the better 
is our knowledge of the value of different food or 
medicinal products, and the greater is the hope of 
developing methods for the isolation of the accessory 
food factors in a pure form. 
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