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I. Pernicious Anaemia : Etiology 

Minot and Strauss 1 have dealt recently and authoritatively with the 
physiological aspects of pernicious anaemia ; the present review aims 
at discussing those aspects of the problem which lie more in the field 
of the chemist. Nevertheless, a brief survey of the whole field will be 
included, as this is essential if the chemical data are to be viewed in 

their proper perspective. 
" Anaemia 

" 
is a popular rather than a scientific term. It covers a 

wide range of conditions which appear to be in many cases pathologically 
unrelated and united only by the single common symptom of a low 
blood haemoglobin content. The haematological picture may vary 
widely; the immediate cause may be haemorrhage, haemolysis or 

inadequate haemopoiesis, and this, in turn, may be only one aspect 
of some underlying disorder?chronic infection, dietary deficiency, 
endocrine dysfunction, or even industrial poisoning. However, the 
anaemia is often the most manifest feature of the syndrome, the most 

susceptible to quantitative study, and may also constitute the gravest 
immediate threat to life. There is therefore classified together as 

anaemia a group of conditions, unrelated either pathologically or 

aetiologically. 
Pernicious anaemia was one of the first of these to be clearly defined 

when Addison, nearly a hundred years ago, described the disease 
which now bears his name. Its ultimate cause is still obscure, beyond 
the establishment of familial tendencies 2 and, though it proceeds if 

untreated to a fatal termination through a series of apparently sponta- 
neous remissions and relapses, up to twenty years ago no effective 
treatment was known. Then Minot and Murphy3 made the classical 
observation that the condition could be cured by massive feeding oi 

liver?250-500 g. daily. Later, it was found that suitable extracts of 

liver were effective parenterally in small amounts.78 These clinical 
observations provided the first clue to the cause of pernicious anaemia- 
Three years later, our knowledge was greatly extended by Castle's 
work.4,5 It was known that pernicious anaemia was accompanied by 
failure of the gastric secretions, and Castle demonstrated that simulta- 
neous administration of gastric juice from a normal subject together 
with certain protein foods (e.g. beef muscle), produced beneficial 
results comparable with those obtained with liver ; though neither 
the protein nor the gastric juice were effective per se. He suggested 
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that in the normal stomach an " intrinsic factor," probably a proteolytic 
enzyme, reacted with an 

" extrinsic factor " in the dietary proteins to 
produce a hemopoietic principle similar to, if not identical with, that 
present in liver. This substance was presumably absorbed in the 

intestine, stored in the liver and released from there for transport to 
the haemopoietic bone-marrow tissues. This theory is supported by 
the fact that gastric failure precedes the development of the anaemia 
itself and gastric achylia is frequent in relatives of pernicious anaemia 
patients.2 

The haemopoietic 
" 
hormone 

" 

(usually referred to as the " liver 
factor ") is therefore regarded as being essential for normal formation 
?f erythrocytes in the bone marrow. When it is deficient, the normal 
type of erythrocyte (the 

" 

normocyte ") is no longer produced, its 
Place being taken by a pathological form, the 

" 

megalocyte," larger 
ln size and irregular in shape. As these are produced only in much 
reduced numbers, the erythrocyte count falls from its normal figure 

5>ooo,ooo per mm.3 to 1,000,000 or even less. Though the increased 
haemoglobin content of the megalocyte provides partial compensation, 
the colour index does not rise above 1*5, so the drop in haemoglobin 
c?ntent is hardly less disastrous than the fall in the erythrocyte count. 
Specific treatment, by administration of liver extracts or stomach 

Preparations, results in immediate release from the bone marrow of 

arge numbers of immature erythrocytes, known on account of their 
characteristic staining reactions as 

" 

reticulocytes." A few days after 
ne commencement of treatment these may account for 30 per cent. 
?r more of the total erythrocytes. As they mature to normocytes, 
"is figure falls again to a normal value of 1 per cent, or less. This 

reticulocyte crisis is widely used for assessing the success of treatment'? 
0r the potency of the extract used. It is discussed in detail later. 

Failure of the haemopoietic hormone may arise from causes other 
. 

an the idiopathic deficiency of the gastric secretions. In rare cases, 
lt: has been observed that surgical removal of the secretory region, 
0r its destruction by cancer, produces the same effect. In severe and 

Prolonged dietary deficiency, the stomach may be producing the 

|ntrinsic factor but be unable to form the haemopoietic hormone owing 
?JaCk dietary extrinsic factor. This is common in the tropics, 

ere the condition is frequently precipitated by pregnancy. The 
Precise relation of this so-called 

" 

tropical macrocytic anaemia 
" 

to 

Pernicious anaemia is not yet clarified.6 In pellagra and some intestinal 
. 1Sorders?e.g. sprue?interaction of the intrinsic and extrinsic factors 

n?rmal, but absorption in the intestine is impaired ; or again, in 

j0rne hver diseases, e.g. cirrhosis, the liver may fail to store the hormone. 
J* these megalocytic anaemias injections of liver extracts is helpful, 
?ugh treatment should aim primarily at relieving the condition 

f0 
Sln^ anaemia. ln the rare condition of achrestic anaemia, 

ut*r1^1011 anc^ st?rage of the hormone appear to be normal, but 
1 Nation by the haemopoietic tissues themselves is deficient; the 
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condition therefore does not respond to treatment with liver preparations 
and ends fatally.7,8,9 But this and other "refractory megaloblastic 
anaemias 

" 
are now claimed to respond well to proteolysed liver extracts 

administered orally. It is suggested that these preparations may 
contain a further factor which is necessary for haemopoiesis in these 
conditions.10 The ultimate cause of pernicious anaemia has yet to be 
discovered, and attempts to correlate it with other endocrine disorders 

have led to no conclusive results. Nor is its connection with the common 

complication of degeneration of the spinal cord understood. This 
results in loss of sensation in the extremities and weakness in the 
limbs ; the patient may approach the doctor first complaining of 
" rheumatism 

" 
or 

" sciatica." 

II. Assay of Antianemic Substances 

Viewed from the chemists' standpoint, the problem of pernicious 
anaemia is no more formidable than many of the vitamin or hormone 

isolations and syntheses of the past two decades. The comparative 
slowness of progress is due entirely to one factor?the absence of a 

satisfactory assay procedure. The only acceptable test involves clinical 
trial on human cases of pernicious anaemia, which are forthcoming 
neither in sufficient number to permit more than occasional tests, 

nor with the uniformity of age, state of nutrition or genetic constitution 

necessary for the application of the statistical methods so vital for 

accurate bio-assay. Pernicious anaemia is also an inherently unsuitable 
condition for such studies ; it does not run a steady course, but proceeds 
by apparently spontaneous relapses and remissions. This necessitates 

an observation period in hospital of seven days prior to treatment, 
to ensure that a spontaneous remission, or one stimulated by the rest 
and diet of the hospital regimen, does not invalidate results.18 This 

drastically reduces the number of cases available for the testing of 

preparations, since many patients are too critically ill on admission 

to hospital to allow of this delay in treatment. Usually a 
" 
satisfactory 

response 
" 

in three cases is taken as evidence that the preparation 
used is " clinically active 

" 
at the dosage given, and in America an 

official unit, based on this principle, has been adopted.19 There are 

separate units for oral and parenteral preparations, the liver factor 
being about fifty times more active by the latter route. The stomach 
factor is, of course, suitable only for oral administration. " Satisfactory 

response 
" 

may be defined either in terms of the maximum percentage 
of reticulocytes attained following treatment, or from the rate of 

increase in the erythrocyte count. In both cases the response is a 

function of the original erythrocyte count, and the 
" satisfactory" 

values are tabulated for the two methods by New and Non-official 
Remedies 20 and by Dellavida and Dyke 

21 
respectively. The two 

criteria do not always give corresponding results. A good reticulocyte 
response is not always followed by adequate erythrocyte regeneration, 
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and in any case weak reticulocyte responses may be elicited by a wide 
variety of non-specific agents, possibly through some irritant action on 
the bone-marrow cells. 

The most urgent problem and the most formidable is the provision 
?f a satisfactory method for assay of the antianaemic factors. The 

method must satisfy four criteria : (i) Quantitative response to the 
antianaemic factor ; (2) Specificity ; (3) Freedom from interference 
from accompanying impurities ; (4) Simplicity and reliability. None 
?f the many methods proposed in the past satisfies these criteria, but a 
brief survey of these attempts is instructive. The methods may be 

classified into five groups : (1) Stimulation of blood formation in 

normal subjects ; (2) Cure of experimental anaemias ; (3) Biochemical 
Methods ; (4) Chemical methods ; (5) Tissue culture methods. Some 

Methods are claimed as applicable to both stomach and liver factors, 
some to only one factor. In most cases it is the liver factor which has 
been investigated. 

(0 The stimulation of haemopoiesis in normal subjects has been 
^vestigated in both man and laboratory animals.22"29 The usual 

criteria of activity has been the elicitation of a reticulocyte response, 
ut as non-specific substances ranging from glucose 

23 to congo-red 25 

aPpear to be capable of doing this, and as the reticulocyte count is 
a so subject to spontaneous variations,23,25,26 results obtained by this 
Method must be accepted with the greatest caution. The accurate 

Numeration of reticulocytes is also a difficult technique and failure 
realise this may lead to spurious results.28 Minot and Strauss 1 

a^d Piney30 discuss in full the effect of antianaemic factors on the 
??d picture. 
(2) Pernicious anaemia has never been observed in experimental 

anirnals and attempts to produce it artificially have failed. The 
Vl?us method of gastrectomising the animal, and thus depriving 

in?^ *tS source 
" 

intrinsic factor," has been tried without success 
n dogS ; 31? 32>33 whilst in pigs, pernicious anaemia is said to develop 

^ 
er this treatment, but only after a lapse of two to three years.34 

k^ults based on attempts to induce anaemias by other methods must 
be 

treated with great caution since the anaemias so produced usually 
* no pathological relation to true pernicious anaemia. It is true 

^ Whipple's classical researches on blood-regeneration after haemorr- 

^aSe stimulated Minot and Murphy's first experiments with liver;3 

^ 
the relation is probably accidental and Whipple's researches,35'38 

^a Uable though they are in other fields, contribute little to this problem 
the?nC- *nc^cat*n? the conditions for rapid blood regeneration once 

j . Primary treatment with liver or stomach preparations has been 
lated. The tapeworm, Bothriocepahalus, produces a gastric failure 

t>Ut ^matological condition similar to that of pernicious anaemia, 
de 

" 

intrinsic factor " is still secreted and the parasite does not 

forStr?y the liver factor, at least in vitro.39,40 The use of this condition 

assaying the anti-pernicious anaemia factors thus rests on a very 
V?L? Liv. no. 1 d 2 
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uncertain basis. Various poisons have been used in attempts to 

produce an anaemia responsive to the anti-pernicious anaemia factors, 
including phenylhydrazine,41 hydroxylamine,42 bile acids,43 bacterial 

toxins,44 saponin,45, 46,47 and lead.48'53 Recently it has been suggested 
that splenectomy, whilst not rendering the animal anaemic, sensitises 
it so that injection of the liver factor elicits liberation of reticulocytes, 
and an assay method based on this claim has been described.54 But 

these numerous attempts to employ artificial anaemias for the assay 
of anti-pernicious anaemia potency cannot be said to suggest anything 
more than that the liver factor may be capable of acting as a haemo- 
poietic stimulant under very varied conditions. They do not reveal 
under what conditions, if any, the response is sufficiently consistent, 
quantitative, and above all, specific to serve as the basis of an assay 
method. 

(3) and (4) The chemical and biochemical methods have found but 
little favour. Schales' test?determination of the nitrogen in the 

material precipitated from liver extracts between 70 and 95 per cent, 
alcohol concentrations?is crude and unspecific.55 A biochemical test 

for the liver factor, based on the reduction of methaemoglobin, has 
been discredited 56 and a like fate has overtaken Lasch's determination 

of the stomach (intrinsic) factor, based on the proteolytic activity of 
stomach preparations at neutral j>H.57 

(5) Tissue culture methods have the advantage of dealing directly 
with the haemopoietic tissue in the bone marrow, and hence are more 

likely to be specific ; on the other hand, they inevitably involve such 
formidable technical difficulties that only those with special experience 
of the technique of in vitro tissue culture can hope to apply them with 
success. Three claims have so far been put forward. One 58, 69 is 

based on the stimulation of the growth of bone-marrow cells by the 
liver factor. The method is complicated by the fact that, on increasing 
the concentration of the liver factor, the stimulation rises to a maximurt1 
at a critical value and then falls off. Another bone-marrow stimulation 
method was employed in working out the assay using spelectomised 
animals (see above 54), but abandoned when the latter technique was 
perfected. The third method claims to overcome many of the difficulties 
involved in orthodox methods of in vitro culture by using bone-marro^ 
cells suspended in a liquid culture fluid in special vials. It is claimed 
that bone marrow obtained by sternal puncture from a pernicious 
anaemia patient retains its pathological structure under these conditions* 
but returns to the normal type if liver factor is added to the medium.60*63 
None of these tissue culture methods have been confirmed or foufld 
their way into general use. 

III. The Intrinsic (Stomach) Factor 

The function of the stomach factor?also known as "Castle5 
Intrinsic Factor 

" 
or 

" 

Haemopoietin "?has already been described 
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It has attracted much less attention than the liver factor, both from 
the chemist and the clinician, since its use does not extend to so wide 
a range of megalocytic anaemias ; also, more frequent dosage is 

necessary. It may be administered only orally, and not by injection. 
A characteristically thermolabile enzyme, it is much less amenable to 

chemical investigation than the liver factor, which is probably a poly- 
peptide. It is found in different parts of the stomach?the fundus 
and cardiac regions in man,11 but the pylorus in the hog,11,12 whilst 
horse 13 and dog 14 stomachs are reported inactive. The commercial 

Preparations comprise the appropriate part of the stomach dried under 
conditions which do not destroy the thermolabile enzyme. A more 
refined product is obtained by expressing the juice from the tissue 
Under high pressures, precipitating the haemopoietin along with the 
Pepsin by addition of alcohol and removing the pepsin by isoelectric 
Precipitation.64 The stomach factor prepared thus shows the character- 
lstic properties of a protein. It has been claimed to be a proteolytic 
enzyme, but the difficulty of completely eliminating pepsin and also 
trypsin, regurgitated from the intestine, has prevented conclusive 

emonstration of any specific proteolytic activity of the haemopoietin 
jtself, An assay method based on this supposed proteolytic action 
as been discredited.57 Since this work, newer concepts of proteinase 

fPecificity have been developed 71,72 and a study of the action of 
mopoietin on synthetic peptides suggested that the enzyme is a 

Prolinase or prolidase, hydrolising specifically prolyl peptides, with a 
optimum at 6*0.70 But another worker, employing haemopoietin 

Q?m lntestinal mucosa, regards the enzyme as an aminopolypeptidase.73 
^Ur precise knowledge both of the nature and the mode of action the intrinsic factor is thus very limited. As in every phase of the 
Pernicious anaemia problem, lack of a satisfactory method of assaying 
tVi !anaemic potency is the stumbling block to future progress. Never- 

ess, the intrinsic factor has attracted less attention than it deserves. 

IV. The Extrinsic Factor 

Equally limited is our knowledge of the extrinsic factor with 

^hich the intrinsic factor reacts in the normal stomach to produce 
. 

e haernopoietic hormone found in the liver. Castle recent y repor e 
lts 

Presence in a wide range of protein foods milk, eggs, lver, y^as > 

riCe~P?lishings and wheat germ, in addition to beef muse e an e 

'eP?rts that it is extracted by dilute acetic acid and resists autoclaving. 
S|Xty-five per cent, alcohol extracts it from casein. This and similar 

Servations have suggested to some workers that the extrinsic ac or 

m*y be not a protein as first considered, but a member of the vitamin B 
C?mplex. None of the known B vitamins, alone or in combination, 
Jan replace the extrinsic factor however.74 Also, if the extrinsic 
act?r is not a protein derivative it is difficult to imagine how it reacts *lth the intrinsic factor which, as far as the evidence goes, is probably 
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a proteolytic enzyme, to fabricate the liver factor, which in turn is 

considered to be a polypeptide. Wills 6 considers that an unidentified 
factor of the B2 group is involved in the so-called 

" 

tropical anaemia," 
a megalocytic anaemia due to dietary deficiency. But though it is 

frequently assumed that this condition is analogous to pernicious 
anaemia save that the extrinsic and not the intrinsic factor is deficient, 

Wills herself considers that the two conditions are not identical and 

makes no claim that her results are applicable to pernicious anaemia. 

V. The Liver Factor 

The attempts to isolate the anti-pernicious anaemia factor of liver 
account for the bulk of the chemical work, starting right from the 
time of Minot's discovery of liver treatment for the disease.76 But 

even now it is not certain whether the modern highly active extracts 
are representative of the active principle, or consist mainly of inert 
material containing only traces of a still more intensely active substance. 
Much of the recent work has been done in commercial laboratories 
and methods of preparation and isolation are concealed. Cohn 

77 

early prepared the product known as 
" Fraction G 

" 

by heating the 

aqueous extract of minced liver to 8o? C. at pH 4-5 to denature and 

coagulate the proteins, and fractionally precipitating the filtrate with 
alcohol ; the active fraction was collected between 50-95 per cent- 

alcohol concentrations. This process was used in the manufacture of 

the well-known Eli Lilly 
" Liver Extract 343." Much of this classical 

work is now of only historical interest, since 
" 
Fraction G 

" contained 
only a small percentage of active material and the properties described 
are mostly those of the accompanying impurities. He established, 
however, that the factor was comparatively thermostable, though 
labile towards alkali, and precipitated by phosphotungstic acid but 
not by the majority of protein precipitants. He suggested that it might 
be a nitrogenous base or a polypeptide. 

Shortly afterwards Gansslen introduced a liver extract suitable f?r 

injection 78 under the trade name 
" 

Campolon." The mode of pre' 
paration was exceedingly simple?a press juice of liver was rendered 
free of proteins (which may cause 

" 

allergic 
" 

reactions) by heat' 

coagulation. As the liver factor is some fifty times more potent whe*1 
administered parenterally than orally, this injectable extract enormously 
simplified treatment, an occasional injection taking the place of massif 
feeding with liver. At the same time it greatly stimulated research 
into the nature of the active factor, since crude extracts of the 
" 

Campolon 
" 

type sometimes produce severe reactions in the patie^ 
and the preparation of the liver factor in a more purified form would 
reduce both the frequency of the injections and the risk of reaction5' 
Felix and Fruhwein 79 found the factor to be precipitable by hea"^ 
metals?Ag, Cu, Pb and Hg, the last proving the most satisfactory- 
But the most important papers were those of Dakin and hlS 

i 
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co-workers.80,81 They employed salting-out with ammonium sulphate, 
sodium chloride and magnesium sulphate, and included a precipitation 
Wlth Reinecke's salt. Their preparations, representing about o*i per 
cent, of the original liver (wet weight) initiated recovery in doses of 
the order of 50 mg. parenterally, as compared with the 500 g. of 
hver taken orally in Minot's original treatment ten years before. 

They describe their product as 
" 
a peptide, possessing some, but by 

n? means all, the properties of an albumose." It was free of carbo- 

hydrate, yielded 15 per cent. N, two-thirds of which was liberated as 
free amino-N on acid hydrolysis. Nevertheless, the material failed 
to give a biuret reaction. Untrafiltration methods suggested a molecular 
height in the range 2000-5000. This process was the basis of the 
first " refined " extract, 

" 
Anahaemin." 

Meanwhile Laland and Klem 82 had introduced a very different 
Method. They observed that the liver factor was soluble in phenol ; 

^ey adsorbed the material on charcoal and eluted with phenol. This, 
to?) has become the basis of a commercial preparation. The claims 
that this material initiated recovery in doses of the order of a few 

f^lligrams 83 were not confirmed, and, in a comparative trial, it proved 
be of the same order of activity as Dakin and West's material.84, 

85 

Recently, a modification of this method, no details of which are 

1Sclosed, claims satisfactory responses to doses of the order of 5 mg.86 
Pr even less." The use of phenol for eluting the adsorbed material 

Involves difficulties, especially on a large scale, and some workers 
ave tried dilute alcohol as an alternative.87, 88, 89 Subbarow's 

Pr?duct, representing only 2 mg. per 100 g. liver, initiated recovery 
?n injection of 20 mg. Containing 13 per cent. N, four-fifths of 

t 
lch was liberated as free amino-N on acid hydrolysis, it yet failed 
gJVe a biuret reaction. Later, however, Subbarow reverted to 

h enol as eluent,90 claiming to reduce his effective dose to 7 mg. 
ut it must be emphasised again that the clinical method of assaying 

P?tency is inherently inaccurate, and the utmost caution should be 

. Zeroised in comparing the active doses claimed by different workers 
n different laboratories. 

Subbarow claimed that the liver factor is multiple in nature, the 
. eraction of four factors being required for antianaemic action, 

f/Z' a " 

primary factor 
" of unknown nature, and three 

" 

secondary 

toCtors ?/-tyrosine, a peptide, and a complex purine. It is difficult 

Understand how so common a dietary constituent as /-tyrosine 

QfUld play a specific part in the antiansemic complex, or how injection 
Minute amounts of this amino-acid should be necessary for anti- 

k 
^niic response. Another claim that the antianaemic principle may 

k 
Separated into two parts, active together but not separately, is 

pho^ ?n e^ectrophoretic experiments,91 but a more recent electro- 

rr, ^etlc study indicates that the factor is homogenous under these 
Editions.92 

Omission of all details of preparative methods renders Karrer's 
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papers of relatively little value.93"96 He mentions absorption on 

charcoal and elution with phenol, and the removal of unspecified 
impurities by extraction with pyridine. He admits his material is 

not homogenous. It contained 14 per cent. N, two-thirds being 
liberated as amino-N on acid hydrolysis, but only 2 per cent, by 
tryptic digestion. The biuret reaction is described as 

" doubtful." 
The preparation was free of P, S, reducing sugars, flavines and pterines. 
An incomplete investigation of the amino-acids indicated that tyrosine 
was present but histidine, glycine, phenylalanine, proline and trypto- 
phane absent. Molecular weight determinations by diffusion methods 

suggested three components with molecular weights of the order 3000, 
6500 and 15,000 respectively, as compared with Dakin's figure of 

2000-5000 and Mazza's 97 of 3000-4000. Tschesch and Wolf98 

prepared a product whose general properties followed those already 
described. 

Our knowledge of the chemical factors involved in pernicious 
anaemia is thus extremely sketchy. Many authors, doubtless for 

commercial reasons, fail to describe their preparative methods ade- 

quately, and the preparations themselves are never homogenous and 
may indeed contain only a small proportion of the active substance 
itself. Were it not that the materials prepared by quite different 

methods share in common the general characteristics of a polypeptide, 
there would be strong grounds for regarding the properties described 
as appertaining not to the antianemic factor but to the inert material 

masking it. The problem of isolation is probably one of separating 
a number of polypeptides closely resembling each other in physical 
and chemical properties. But even this is not certain ; and a further 

complication is introduced by the suggestion that several factors may 
be jointly required for antianemic action. In every direction, progress 
is blocked by the absence of an assay method other than that of human 
clinical trial?slow, difficult to perform, severely limited by the clinical 
material available, and giving results of barely more than qualitative 
significance. The solution of the chemical problem waits on the 

biological. 
Whilst this review was in course of preparation, claims appeared 

that synthetic crystalline folic acid, administered parenterally in doses 
of the order of 100-500 mg., initiated hematological and clinical 
remission in both pernicious anemia15,16 and in Sprue.17 Folic 

acid, a member of the vitamin B group, is found in liver. The molecule 
includes xanthopterin 100 and recent work claims to correlate anti- 
anemic potency with pterine content in liver extracts.101 It will be 

noted that the dosage used is considerably higher than that required 
to produce remission with the most active liver preparations. 
however, these claims are substantiated, our views on the chemistry 
of the liver factor may require drastic revision. 
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VI. Summary and Conclusions 

Pernicious anaemia is a megalocytic anaemia. Idiopathic failure 
of the stomach to produce an 

" intrinsic factor," which normally 
interacts with a dietary 

" intrinsic factor," prevents formation of the 
liver factor," a hormone which is stored in the liver and is essential 
the production of normal erythrocytes. Similar conditions may 

result from other causes, preventing normal supply of this hormone 
to the erythropoietic bone-marrow tissue. The condition may be 

treated by oral or parenteral administration of concentrates of the 

hormone prepared from liver, or by oral administration of stomach 
Preparations, which replace the deficient 

" intrinsic factor." 

Progress in isolating and investigating the chemical factors involved 
has been seriously impeded by the lack of any adequate means of 
assaying antiansemic potency. 

The intrinsic (gastric) factor is a typically thermolabile protein, 
possibly a proteolytic enzyme. The nature of the intrinsic (dietary) 
^ctor is unknown. 

Various methods of fractionating the liver factor yield material 
which exhibits high clinical potency, but is probably grossly impure. 
The liver factor is relatively thermostable ; the available evidence 

Suggests a polypeptide structure. 
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