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suitably planned if the results should be of
any value.

Enough hag been said to show that India
should evolve her own methods hoth in the
matter of planning, and in the conduct of
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agricultural field experiments. A co-
ordinating agency is of course necessary,
and there is ample scope for mutual
fellowship between the statistician and the
agricultural experimenter.

The Antianzemic Principle of Liver.
By H. B. Sreerangachar, M.8c., A.L.L.8c., and M. Sreenivasaya, B.A., F.I.I.SC.
Depariment of Biochemistry, Indian Instiiute of Science, Bangalore.

THE use of liver in the treatment of perni-

cions anaxmia constitutes a striking
therapeutic advance of great importance.
The idea must have first originated from
Whipple and Robschiet Robbins!who in their
search for blood regenerative foodstuils
found that of all the substances they investi-
gated, liver was most potent as a hamo-
poietic material. Thig discovery led Minot
and Murphy? in -1926 to make a clinical trial
on pernicious an®mia patients and as a result
of their classical researches they obtained a
remarkable improvement in the blood picture
of the treated patients. Sinece then, there
have been a number of investigations sup-
porting their regimen and now we can com-
pletely restore the ansemic patients to normal
health by administration of liver.

ET101.0G6Y OF PERNICIOUS ANMEMIA.

Although the results of Minot and Murphy
made it a logical coneclusion that pernicious
anxmniais adisease due to a dietary deficiency,
there were also other theories prevalent to
explain its cause. The accumulation of toxins
in the hody, the infectious disorders in the
intestinal flora and the absence of the anti-
hemolytic substance were individually sug-
gested as the causative factors. The exact
etiological significance of the defective gas-
tric secretion was first suggested by Fenwick?
in 1880 and has, since then, been supported
by other investigators. Goldhammer? has
shown that gastric secretion is proportional
to the red blood cells and in pernicious
ansemia there is a sub-normal amount of
gastric secretion also characterised by com-

1 \Whipple, G. H., and Robschiet Robbins, F. S.,
Amer. [. Physicd,, 1925, 72, 395. N
% Minot, G. R., and Murphy, W. I,
Assoec., 1926, 87, 470 ; 1927, 89, 759.
3 Fenwick, S., ' On Atrophy of the stomach and on
he nervous affections of the digestive organs,” J. & A.
hhill, London, 1880.
thammer, S. M., Zso:. Sor. Ewpt. Biol. Med ,
476.
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plete anacidity. Castle and his coworkersss
have shown conclusively that the stomacl of
anormal human being secretes some enzymie
principle which, when allowed to react in vire
‘or in vitro with some substance presentin the
animal proteins of the food, produces the
necessary antiangemic factor. The non-ocenr-
rence of thisreaction in the body ig believed
to be a defect in the gastric digestion leading
to pernicious anemia. The secretory prodmnct
ig called the intrinsic factor and the sub-
stance derived from the food the extrinsic
factor. The specific antianwmic principle thus
produced is stored in liver from which it is
elaborated as required by the hone marrow
to preduce the normal quota of erythrocytes.

The site and the mode of interaction of

these two factors are not known. Their
chemical nature is also obscure. The intrinsic
factor iy believed to be mnrelated to either
hydrochloric acid, pepsin, rennin or lipase.
Klein and Wilkingon? have studied this in-
trinsic factor in cousiderable detail and have
named itenzyme “hemopoietin®. Tike most of
the enzymes it is destroyed by heat. Griffith®
has observed that its action is confined to
P, 3.5-6-5. The food factor is, on the other
hand, thermostable and is found to be present
in Deef-muscle, autolysed yeast, rice polish-
ings, eges and liver. It is not identifiable
with any portion of vitamin B complex.919
following the earlier papers of Castle and
his coworkers. Sergius and Tsaac,!! and Wil-

5 Castle, W. B., and his coworkers, Adm. [ Jed.
Sez., 1920, 178, 748-764.
9 Castle, W. B., and his coworkers, Lm. J. Mad
Sci., 1930, 180, 305 ; 1931, 182, 741.
¥ Klein, L., and Wilkinson, J. F., Bioskens. /., 1934,
29, 1684.
S Griffith, W. J., Biockens. J , 1934, 28, 671,
% Diehl, F., and Kuhnaw, J., Deuisch. dreh # Klin.
Med., 1933, 176, 149.
10 [assen, H. C. A., and Lassen, . K., 4. /. 4fed.
Sei., 1934, 188, 461.
11 Stargis, C. C., and Isaac, R., /. Am. Med. Asso:.,
1929, 93, 747.
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kinson!? ghowed that in some ecases stomach
preparations were as effective in bringing
about the remission of the discage as liver
itself. Snapner and Preez'® have recorded
instances where patients refractory to liver
treatment responded very well to stomach
preparations. This should not he taken to
mean that stomach preparations will general-
ly replace the liver therapy. In the instances
cited it is likely that the gastric seeretion has
reacted on the proteins of the gastric tissues
themselves to produce the required anti-
angemic principle.

Another collateral evidence for the inter-
relationship of stomach and liver in the
etiology of pernicious ansemia is furnished
by the work of Goodman* and others who
have shown thayv after gastrectomy in the
pig, the antiansemic potency of the lver
becomes progressively depleted and the
animal becomes anemic. But the total
extirpation of stomach in man may not
necessarily be followed by the development
of pernicious angmia even after some years.
Tvidence has recently been adduced by
Meulengracht'® that the active principle of
the hog’s stomach is present largely in the
pyloric region where glands of a 1vpe closely
resembling  those of duodenum of both
man and the hog are found. Tarther, the
kidney also is known to contain some of
the antiangmic principle and this circum-
stance might delay the onset of anemia.
This latter fact also renders difficult the
postulation that disease of the liver may
snecifically produce an interruption in the
metabolism which leads to the prednction
of the active principle. Turther work is
needed to elucidate these interesting points.

TREATMENT.

For the oral administration, the patients
require about half a pound of whole liver or
itsextract per day and the patient often takes
an aversion to injest such large quantities,
particularly when the malady is complicated
by nausea, vomitting, sepsis, and such other
complications. Moreover, oral administra-
tion of the liver preparations to patients
suffering from a severe type of pernicious

12 Wilkinson,
1341.

13 Qnapper, 1., and DuPreez ]. D. J., Nederland
Tijdschr. Geneeskunde. 1931, 75, 29.

14 Louis Goodman and others, Proc.
Med., 1935, 32, 810,

15 Meulengracht, E., Proc. Roy. Sve. Med., 1935, 28,
841.

). F., Pro.. Rey. Soc. Med., 1933, 28,
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anemia may not prove sufficiently rapid and
the presence of strong auto-agglutinants in
the patient’s blood may render blood trans-
fusion unsatisfactory. ‘More recently, there-
fore, the extract has been purified free from
proteins and such other impurities and ren-
dered suitable for parenteral injections.1®l7
The effectiveness of the parenterally admin-
istered material is about 30-40 timnes as great
as when given by oral route. The maximum
increase in reticulocyte is also reached sooner
than in the case of oral administration.

PREPARATION.

The full liver action of any preparation of
liver extract can be secured only by the em-
ployment of unexceptional raw material, care-
ful and skilled treatment of this material and
2 high degree of concentration of the active
substances. Three methods are generally in
vogue for the preparation of the active liver
extract. The first is that employed by Cohn
and his coworkers.’®  The raw minced liver
is adjusted to a Py 5.2, extracted with water
and the heat coagulable proteins separated
by heating the extract to 70°C. It is then
concentrated nnder vacunm, extracted with
ether and Hnally precipitated by alcohol,
The other method, deseribed by Castle and
Bowrie,'® is to extract the well-minced liver
with ice-cold water for 12-18 hours, remove
the heat coagulable proteins and then con-
centrate the extract. The third method is de-
seribed in British Pharmacopecia and consists
in extracting the liver straightaway with 869,
alcohol and concentrating the alecoholic ex-
tract. All these preparations are suitable for
oral administration and for purposes of
injection they are further purified by suitable
methaods.

The fluctuations in the clinical reports of
the several preparationsthusobtained empha-
sise the need for a complete study of the con-
ditions for obtaining a highly potent extract.

NATURE OF THE ACTIVE PRINCIPLE.

Although much has been already learned
about the therapeutic constituent of liver,
its precise nature is still obscure. In the be-
ginning, since iron and copper were known to
accumulateinliver, the therapeutic value wag

16 Wilkinson, J. F., Lancet, 1931, 221, 791,

17 Gansslen M., AZin. Wochschr., 1930, 7, 2099.

18 Cohn Minot, Alles and Salter, /. Biol. Chenm., 1928,
77, 325.

19 Castle, and Bowrie, /. Am.

1830.

Med. Asso:., 1929, 92,
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aseribed to these inorganie constituents.
Bubt very recently it has been definitely
shown?%21 that neither liver ash nor extra-
neous Iron or Copper producesin peraicious
anemia cases the well-known beneficial effect
obtained with liver.

During their fractionation studies, Cohn
and his coworkers?® located the active princi-
ple in the filtrate from basic lead acetate. It
could be precipitated by phosphotungstic acid
giving a fraction eont‘umng 129, nitrogen.
They carried out a number of qualitative tests
and came to the conclusion that the active
prineiple was not a carbohydrate, protein or
lipoid, a result which was also supported by
Whipple and Robschiet Robbhins. In a later
paper, Cohn?*? and his coworkers concluded
that the active principle is a nitrogenous base,
the nitrogen in which exists, as in a secondary
or termary amine, probably of the pyroll or
pyridine group.

West and Nicholas® showed that the best
fractions prepared contained 12-14 9, nitrogen
and amino nitrogen 209, nf the total nitrogen
increasing up to 409, after acid hydrolysis.
Iron and phosphorus were absent from their
preparations while sulphur was found in
traces. The fractions gave a positive biuret,
diazo and naphthol test, a weak Hopkin's test
and a slight levorotation.

Felix and Frnhwein® have precipitated the
active principle by adding to the aqueous ex-
tract mercuricsulphate in snlphuric acid solu-
tion. The active preparations contained at
least 7% nitrogen, the amino nitrogen of
which did not increase after acid hydrolysis.
Their technique, however, suffers from the
defect that the nse of licavy metals renders
the preparation partially inactive.

The researches of West and Howe? point to
the fact that the active principle is compesed
cssentially of two amino acids, Oxypyrrolin
and btyglu‘mmw acid, though ‘their possible
mode of linkage is qun obscure

The identificavion of the active principle
with B-Hydroxyglutamic acid isolated from

20 FKlden and McCann, Proc, Soc. Expt. Biol. Aled
192728, 25, 746.

21 Jackson, H., Klein,
Hiochenm. /., 1935, 29, 330.

22 Cobhn, E. J., McMeckin, T. L., and Minot,
S Dol Chem., 1930, 87, xlix.

23 Rudolph West, and Nicholas, E. G., /. Am. Med.

A ssoc., 1929, 91, 867.

L., and Wilkinsen, J. F.,

G. R,

24 Felix, K., and Fruhwein H., Z. Physidl. Chem.,

1933, 216, 173.
25 West, R., and Howe, M., /. Biol. Chem., 1930, 88,
427,
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the liver was not supported by later work.2
Similar negative results were obtained with
glutathione found in liver hy Robert Flem-
ing.?” Several amino acids were tested for
their therapeutic value and although in one
or two cases like arginine and sodium glnta-
mate good results were obtained,® it wasg
found in general that none of the usual essen-
tial amino acids?*3%3t wag individually re-
sponsible for the therapeutic action of liver.

Very recently, in May 1935, Dakin and
West®® have obtained a very active prepara-
tion by precipitating the commercial liver
extract first by Reinecke salt and then by
saturation with ammonium sulphate. 30 mg.
of their product caused a perceptible retwulo
cyte response in pernicious ansemis patients.
The clinical activity of theproduct was readily
abolished by exposure to cold 0.5 X alkali
by boiling for one hour with 0.5 N sulphuric
acid or by salts of heavy metals. On hydro-
lysis, the active material yielded an amino-
hexose and the following amino acids:—

]ysine (4.6°%,), arginine (13.5%,), glycine
(4.6%), leucine (20 /) ), hydroxyprelin (1095),

aspaimtlc amd (A7 and over), and glutamic
acid (1.39%). Itwas also found that on hydro-
lysis with pepsin, the amino nitrogen did not
increase; but on hydrolysis with erepsin, there
was an increase in amino nitrogen while the
product suffered from a loss of clinical acti-
vity. This shows clearly thatthe substance in
question was a polypeptide. Itg rouoh mole-
cular weight was found fto be 475-511 and
optical rotation, (I.),2® = — §0°,

In view of this probable gimple polypeptide
nature of the active principle, it appears pos-
sible to effect a concentration and purification
of the extract by a process of adsorption
followed hy elution. Methods of simple ultra

electro-ultra filtrations of the extract
through suitable membranes should also prove
most useful in the purification of the active
principle.

26 Rudolph West, and Howe, M., /. Biol. Chem., 1931,

94, 611.
27 Robert Fleeming, Brochem. /., 1932 26, 461,

28 Drabkin, D. L., and Milier, 1. K., /. Bido/. Chem.,
1981, 90, 531.

2% Keil, H. I.., and Nelson,
Sci., 1933, 40, 103.

30 Elvehjem and others, /. Biol. Chem.,

and Fansta Penati,

V. E., Pro. lowae decad.

1931, 93, 197.

81 Giorgio Dominici, Minzroa

Med., 1931, 11, 413.

32 Dakin, H. D., and West, R., J. Bigl. Chem., 1935,
109, 389.
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ABSAY OF THE POTENCY.

In spite of the several attempts, there has
heen no simple and satisfactory method of
assaying the potency of liver preparations in
some measurable units. The development
of 2 suitable method of biochemical assay
would be of immense value not only for
the progress of further investigations like
the comparative study of the various
livers for their antiangmic potency but
aiso for the standardisation of dosages. The
only reliable method that is now avail-
able is by an actual trial upon pernicious
anemia patients and noting the increase or
otherwise of the erythrocytes and reticulo-
cytes. But human cases not being generally
available for experiment, progress in this
direction is bound to he slow. Attempts at
developing a simpler method by using ani-
malg have met with little success.

MceGowan?® has shown that pernicious ane-
mia in fowls accompanied by myeclocytic pro-
liferation of liver ¢logely resembles the disease
in human beings. He uged 19 leghorn fowls,
subjects of spontaneous attack of disease to
determine the minimum dose of liver extract
required to produce significant change in the
blood picture. The extract was given orally
as well as intraperitoneally. Though appa-
rently good results were obtained, the method
is only gualitative and needs to be confirmed.

The work of Vanghain et 4l* has shown that
the administration of substances capable of
alleviating pernicious ansemia in man produces
a regponse in healthy pigeons similar to that
oceurring in clinieal cases, thereby providing
a biclogical test for the potency of thege suh-
stances. Relatively pure liver preparations
known to be effective in pernicious anemia
administered either by mouth or by intra-
venous injection gave consistent response by
way of rapid increase in the circulatory reti-
culocytes ‘and a pronounced gain in weight.
Continuing the work of these authors,
Fdmundg et al®® and Peabody and Neale3®
have outlined a method for testing the elini-
cal value of liver prepara.ﬁom by ohserving
their action on healthy pigeons. But when

83 McGowan, ]. P., Arch. Jutem. Med., 1932, 49, 26.

%% Vaughan, J. M., Muller, G. L., and Zetzel, Lances,
1930, 218, 1062.

35 Ldmunds, Bruckner, and Fritzell,
Assoc., 1933, 22, 91.

88 Tealody, W. A, =rd Neale, R. C., J. Am. Pharm.
Assoc., 1933, 22, 231,
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Wills,3” Heiman et al® and Gurd® tried this
me’fhod, they found spontaneous fluctuations
even in control animals thus giving inconelu-
sive results. _

Jacobson®® has attemptea to use gunea
pigs for the assay of the antiansemic fauctor
and has even defined the mmlmum qmmmw
(0-6 gm./Kgm. body wt.) as one gninea pig
(G.P) unit.

Deusherg and Koll*t adopted an in vilro
method for testing the liver extracts for their
potency. The active substance when added
to hemolysed human blood, destroys the ac-
tive hamoglobin speetrum and methamoglo-
bmtakcsm place. The interfering substances
like iron, sulphemoglobin can he checked by
adding suitablereagents. Deutsch and Wilkin-
son® have recently shown, however, that
this method cannot be relied upon since no
correlation can be obtained between the
clinical activity and methamoglobin produc-
tion. If it is possible to develop this method,
it would no doubt offer advantages over
other clinical tests ; it would give quick
results even with small quantities of the
substances.

The production of the actual pernicious
angmia in animals has not been achieved
so far. Sinece there are two factors involved
in the ctiology of pernicions anemia it would
perhaps be possible to produce the digeage
by conirolling one or the other of these
two factors. The most logical way of
achieving this, would probably be, by meansg
of a snitable diet. MeCarrison®® has shown
that different diets would prodnce different
influences on the gastro-intesvinal tract. It
remains to be proved by future experiments
whether a defective gastric secretion thus
produced would not lead to the production
of pernicious anemia. Miller and Rhoadg
have tried a certain diet on gninea pigs
and have produced a disease corresponding

87 Wills, Brit. /. Exp. Path., 1932, 13, 172.

38 Heiman, Connery and Goldwater, dm. /. ./ed.
Sei., 1934, 188, 343.

39 Gurd, M. R., Quart. J. Pharm. and Pharmco.,
1935, 8, 39.

40 Jacobson, B. M., Science, 1934, 80, 211: /. Clin.
Invest., 1934, 13, 714.

1 Deusberg, R., and Koll, W., A»ch. f. Exper. Path.,
1931, 162, 296.

42 Deuntsch, W., and Wilkinson, J. F., Brs. /. Expt.
Patial., 1935, 16, 33,

43 McCarrison, Robert, ““Studies in Deficiency Disease,”
Henry Frowde, Holder and Stoughton, London, 1921.

#¢ Miller, D. K., and Rhoads, C. P., /. Clin. Invest.,
1935, 14, 153.
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to canine Black Tongue. Speeific improve-
ment is noticed in such cases when liver
extract 18 administered. It should, therefore,
be a very fruitful line of investigation to
trv and produce pathological conditions
in animals similar to pernicious anemia hy
controlling the diet and then test the effect
of liver preparations on them.

Another promising line of enquiry into
the assay of the antianemic materials would
probably lie in estimating one or two of the
component amino acids of the potent
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polypeptide before and after its hydrolysis.
Since the purest preparation of Dalkin and
West has been shown to contain arginine
to the extent of 13-59, and asparatic acid,
more than 179, it should be possible to
ohtain an idea of the concentration of the
active polypeptide by estimaring one or
both the ahbove constituents. Work in this
direction might vield results of great prac
tical utility in the assay of the active
prineiple.

Economic Ornithology in India.

By Sdlim Ali.
(Ornithologist, Dehra Dun.)

(HARGE that has been preferred
-~ against ornithologists in India, perhaps
not altogether without reason, is that they
have been, and are, far too busy “classifica-
tion-mongering”, i.e., quibbling over morpho-
logy and taxonomy, to bother about the
living bird. Upto a point it may be argued
in their defence that hefore biological studies
on any group of animals can be undertaken
it is essential that the forms belonging to
that group should first be properly classified
and made cognisable. But while acknow-
ledging the stirling work done in this direction
by ornithologists—wholly European—during
the last century and still being carried on by
their torch-bearers to-day, there is no doubt
that the various other aspects of Indian
ornithology have suffered a corresponding
neglect.

The Indian Empire encompassing as it does
an infinite diversity of climates and physical
features—ranging from the eternal snows of
the Himalayan peaks to the torrid deserts
of Rajputana and Sind—contains an avifauna
that for richness and variety can scarcely be
rivalled by areas of similar size elsewhere
in the world. The total number of species
and sub-species so far described is just over
2,350 (including about 356 winter visitors)
and more are being added to the list as
fresh material from insufficiently worked
‘areas or groups becomesg available. Not-
withstanding this prodigality of material, our
knowledge of the living bird in India is
surprisingly meagre. Beyond the barest
facts about the nests and eggs of most (but
still not all) of them, we know practically
nothing concerning their breeding biology.
The study of migration—one of the most

engrossing of bird activities and one that
has stirred Man’s wonderment from the
earliest times—is here still in 1fs veriest
infaney compared with the researches and
the strides being made in Western countries.
Bird ecology, despite the vast natural
facilities, remains practically an untouched
and virgin field, while Iiconomic Ornithology
—an aspect of bird study that should have
been, if for purely materialistic reasons,
one of the foremost to receive attention in
an agricultural country like India, has
not even been scratehed on the surface.

Besides being a source of direct food
supply to millions of human beings in this
country, it is little realised that wild birds
stand in a class by themselves—second only,
if at all, to predaceous and parasitic insects—
as destroyers of, and natural checks on,
harmful insect pests and other vermin, and
ag agents in the cross-pollination of flowers
and the dissemination of seed. Directly or
indirectly they exert their influence in
practically every branch of human industry.

Teonomic Ornithology is the science that
conecerns itself with striking a precise balance
between the damage caused by bhirds to
Agriculture, Horticulture, Forestry and other
human interests as against the active benefits
they conferin less obvious ways. Anincreas-
ing amount of importance is being attached
in recent years to this science in Europe
and America with excellent and far-reaching
results. In the United States there is a
well-organised department carrying on con-
tinuous and intensive research work on the
life-histories of birds with special reference
to their food and feeding habits under the
Bureau of Biological Survey, a subsidiary



