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Cases of macrocytic anaemia .that.. .resist 
parenteral liver and; marmite but yield. to. wh'Ol^' 
liver or yeast are now 'reported by various 
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workers all over the world. As far back as 
1938 Napier and his co-worker reported that 
macrocytic anaemias in the tropics including those of pregnancy could be grouped on thera- 
peutic grounds as (a) curable with refined liver 
extract such as anahaemin, (6) curable with 
crude liver extracts or marmite, and (c) curable with campolon. We now see that & fourth 
group which resists even campolon but yields to whole liver or yeast is added to the list. How- 
ever, the anti-anaemic substance that is missing from or not present in sufficient quantity to be 
active in crude and refined liver extracts, but is present in whole liver and yeast, has not 
yet been identified. The purpose of this com- 
munication is to produce clinical evidence to 
suggest the "probable identity of this unknown 
haemopoietic factor, and to show that, in such 

refractory cases, deficiency of nicotinic acid 
exists and at a certain stage of the um.ess reaches a definite degree of intensity at wmc 1 the anaemia and other associated conditions de y 
all treatment with parenteral liver, marmite and 
high protein diet unless the deficiency is met 
by exhibition of pure nicotinic acid or its 
rich sources, whole liver or yeast. I give below 
a few illustrative cases from my records in sup- 
port of my view. 
Case 1*?A man had acute diarrhoea and vomiting in 1936 which persisted in sprue-like form with se 

anaemia for a year and was relieved with a course 
torantil, abidol and campolon. He had a relapse 1939. Old remedies failed and his anaemia res 
intensive therapy with campolon, betaxin ana o 
drugs. Nicotinic acid deficiency was suspected ana additional therapy tried. 

. .. ? Condition oj circulatory system before wco 
i 

_ , 'acid.?R.B.C. 2.9 millions, Jib 90 per cent, Ui. a-o, W.B.C. 5,312 and a blood picture of megalocytic hyperchromic anaemia. B.P. 92/50. Dyspnoea, raP pulse, weak and dilated heart with bruit and swe g of whole body presept. Expected to die at y 
moment. 

c After nicotinic acid therapy.?RB.C. 315 mi > Hb 90 per cent, W.B.C. 13,125, size of R.B.C. normal. 
B.P. 110/70. (Edema disappeared, heart became n and he began to walk about, and all in 20 days. 
gained 42 lb. in 2 months, No relapse f'or 4 yea.1" ? 

, The response was so rapid and complete that i 
not help believing that. nicotinic acJd had 

, unknown properties to quickly regenerate the aep haemopoietic system.t 
, ?. i :n Case 2.?A man was admitted into our "?^Plta 1940 with fever, extreme degree of anaemia, dysp > 

palpitation and troublesome indigestion, lie 
similar attacks in 1929, 1933 and 1939. He re 
44 c.cm. of campolon with great benefit during third attack. Resisted all injections, tonics and h tinics during the fourth attack. Nicotinic acid was 
available. Yeast, raw liver juice and high protein 
were prescribed. 

, . mTV,:? Condition before the treatment.?Macrocytic an with R.B.C. 1.7 millions, Hb 45 per cent, U.I. [A W.B.C. 9,000, polymorphonuclears 40 per cent, lymp - 

- cytes 58 per cent. Anisocytosis and poikilocytosis 
present. B.P. 90/45. No ankylostoma or any otner 
ova in the stools. Van den Bergh negative. Ach 
hydria on fasting and after porridge meal. 

Condition after the treatment.?R.B.C. 3.58 millions, 
size of R.B.C. 7.8m, Hb 55 per cent. Anisocytosis and 
poikilocytosis not present. B.P. 115/65. HC1 returned 
in gastric juice. Clinically cured and remained so when 
examined after a year. No relapse now for last 3 years. 
The anaemia in this case resisted liver injections but 

responded to liver by mouth and yeast. The response, 
however, was not so rapid as with nicotinic acid. 
Case 3.?A female had gastro-intestinal troubles and 

severe ansemia starting after child-birth. She suffered for 
4 years. Hundreds of iron, liv^r and calcium injections 
with other drugs were given without any effect. She 
became pale, weak and emaciated and then suddenly 
developed cramps in the legs and pain in the 
abdomen. She gasped for breath and appeared to be 
dying. Signs of intense anaemia and acute depletion 
of nicotinic acid were present. She was given 10 c.cm. 
hepatex with 50 mgm. of nicotinic acid in 20 c.cm. of 
25 per cent glucose intravenously. Her abdominal pain 
lessened and cramps disappeared immediately. A full 
course of nicotinic acid with other appropriate treat- 

ment was then given. 
Condition before nicotinic acid.?R.B.C. 1.2 millions, 

size of R.B.C. 8.5//, Hb 22 per cent, BP 80/45. Stool 
showed no ova, no cyst, no ankylostoma and no 

characteristics of sprue. X-ray revealed extreme 

enteroptosis and no other abnormality. 
Condition after nicotinic acid.?R.B.C. 3.5, size 7.5m?. 

Hb 75 per cent. She was able to walk about in a 

week and could do a mile without fatigue in a month. 
She became clinically normal but often had 2 to 3 
stools a day after some indiscretion in food. She has 
remained well for 3 years. 
Case 4.?Female, aged 21 years. Pseudo-pernicious 

ansemia of pregnancy successfully treated with paren- 
teral liver and blood transfusions during first and 
second pregnancies. Third ended in an abortion and 
fourth in still birth after which the ansemia became 
refractory to parenteral liver and three blood transfu- 
sions. I gave 28 c.cm. of refined liver extract, 44 tablets 
of fersolate with marmite and a liberal diet. There 
was no response. I then gave 25 c.cm. of campolon 
and 18 mgm. of berin in 9 days. There was a slight 
improvement, R.B.C. rising from 1.2 millions to 
1.5 millions. I then tried 300 mgm. of nicotinic acid 
intravenously given in 10 days. The response and 
recovery were dramatic. 
Condition under refined and crude liver extracts, 

marmite and iron.?R.B.C. 1.2 millions, size 8.1m, Hb 
30 per cent, C.I. 1.25. (Edema of feet and eyelids. 
Rales and rhonchi in lungs, severe cough, extreme weak- 
ness and restlessness. Wassermann negative in husband 
and wife. 
Condition under nicotinic acid.?R.B.C. 3.8 millions, 

size 7.8m, Hb 70 per cent, C.I. 0.9. She became normal 
but took liver soup and nicotinic acid tablets as main- 
tenance treatment for 6 months. She has been well. 
for 3 years. 
Case 5.?A male, aged 24 years, had gastric pain, 

tender sigmoid and severe anaemia for 6 months. He 
became bed-ridden and was admitted into a railway 
hospital on 23rd October, 1940. 
No history of dysentery; no ova or cyst in the stool; 

' 
no albumin or sugar in urine; he was given a course 

of emetine, santonin, liver extract intramuscularly and 
iron, arsenic and nux vomica mixture and a milk and 
sago diet for 20 days by my colleague. There was no 
relief. His stool was again examined on 4 successive 
days but no ova, cyst or ankylostoma found. He was 
then given 2 c.cm. of hepatex injection daily and 
30 grains of ferri et ammoni citras and 1 drachm of 
dilute HC1 3 times a day with suitable diet for 10 days 
which gave no relief whatsoever. 
I then took the patient in hand. He gave a history 

of dyspepsia for 6 years. Constipation, tympanitis and 
epigastric pain gradually getting worse, nausea and 
vomiting in the morning and, later, during the day for 
a few months. Patient was very weak, pale and ansemic 
and positively 

' mental' with disturbed dreams. Knee 
jerks absent. Lungs normal. B.P. 84/40, R.B.C. 
1.8 millions, size 8Aji, Hb 40 per cent, C.I. 1.1.' Nothing 

* Details of case 1 will be found in J. I-M- ' 

1, and of others in Palna Journ. Med., 17, . , t + tin this, case the anaemia apparently persisted but 
did not "remain megalocytic.?Editor, I. M. G. 
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in stool and urine. Weight 76f pounds. Achlorhydria 
on fasting and after porridge meal. 

_ 
Nicotinic acid 

intravenously was intentionally not given to see the 
effect of parenteral liver extract plus marmite and 

high protein diet. He was given 4 c.cm. of hepatex 
intramuscularly on alternate days and a liberal diet 
with marmite plus one drachm of dilute HC1 and 
\ drachm of ferri et ammon. cit. 3 times a day for 
10 days, with the result that his R.B.C. went down 
from 1.8 millions to 1.6 millions, his weight did not 
increase but his Hb rose from 40 to 60 per cent. I 
then ordered 10 c.cm. campolon first day and 5 c.cm. 

on third, fifth and eighth day with 2 mgm. of berin 
intramuscularly every day. Iron and HC1 remained 
the same. Pepsin was given after meals. His diet was 
1 cup of orange-juice at 6 a.m., 2 lightly boiled eggs, 
2 biscuits, 1 cup of milk with ovaltine and marmite 
at 8 a.m., vegetable or meat soup, minced chicken, 
light pudding, marmite and fruit-juice at 12 a.m. A 
cup of milk with ovaltine if required at 4 p.m. and 
a soup, a meat or fish dish, marmite and pudding at 
8-30 p.m. His Arneth count pointed to a septic focus 
for which a sulphonamide intramuscularly was tried. 
After 2 weeks of this intensive dietetic, medicinal and 
parenteral liver therapy the result was swelling of his 
feet and face. His urine was still normal. After 
3 weeks his R.B.C. was 1.6 millions, size 8.2n, Hb 50 
per cent, W.B.C. 3,120, polymorphonuclears 80 per cent, 
lymphocytes 18 per cent, monocytes nil, eosinophils 
2 per cent, poikilocytosis present, oedema of feet, legs 
and face increased, vomiting very troublesome. Posi- 
tive signs of nicotinic acid deficiency appeared. Weight 
not increased. 

All medicines were then stopped to see the effect of 
nicotinic acid therapy; the diet continued to be the 
same. Fifty mgm. of nicotinic acid in 25 c.cm. of 
25 per cent glucose intravenously on alternate days and 
then every fourth day up to sixth injection was given. 
The response was rapid. His blood on 28th December, 
1940, showed R.B.C. 2.6 millions, Hb 70 per cent, 
size of R.B.C. 7.8/i, W.B.C. 8,426, polymorphonuclears 
71 per cent, lymphocytes 24 per cent, eosinophils 5 per 
cent. He was given 10 injections in a month. (Edema 

disappeared. HC1 after porridge meal returned. Dis- 
charged to duty on 17th January, 1941, as much 

improved. His blood on 31st March, 1941, was R.B.C. 
3.22 millions, size 7.0m, Hb 55 per cent, B.P. 95/55, 
weight 78J pounds. His weight after 6 months was 
81| pounds, and blood almost normal. His weight 
after a year was found 93J pounds and blood normal. 
He still takes a cup of liver soup twice a week and 
has been well for 3 years. 

Comment.?The anaemia resisted parenteral 
liver during the second and fourth attack in 
cases 1, 2 and 4 and in the late stages of the 
first attack in cases 3 and 5 when signs sugges- 
tive of secondary pellagra could be detected in 
case 1 and of a pre-pellagrous condition in cases 
2 and 4 and very faint suggestions of deficiency 
in cases 3 and 5. These facts suggest that 
the resistance to parenteral liver developed only 
when nicotinic acid deficiency reached a definite 
degree of intensity. 
A careful study of the clinical features of 

other workers' cases also shows probable signs 
of nicotinic acid deficiency. In Bagchi's 94 
cases (1943) 27.5 per cent had diarrhoea and 
10 per cent had soreness of the mouth. Of the 
three cases of Fullerton (1943) one had burning 
pain in the tongue and superficial ulcer on its 
each margin and the second had diarrhoea and 
pain in the tongue and even atrophy of^tongue 
papillae. Thirty-three per cent of Taylor and 
Manchanda's cases (1940) had soreness of the 
tongue and 25 per cent had actual glossitis. 

Case 5 effectively demonstrated that nicotinic 
acid gave a rapid hemopoietic response indepen- 
dently of whole liver and yeast when parenteral 
liver, marmite and high protein diet totally 
failed. I have no doubt that these cases, would 
have been taken to have marrow aplasia and 
if nicotinic acid in some form or other was 

not given to them they would have proved 
fatal. 

Discussion.?According to Castle's theory, 
macrocytic anaemias are caused by (a) defici- 

ency of extrinsic factor in the food, (b) per- 
manent or temporary failure of secretion of 
intrinsic factor in the stomach, (c) deficiency of 
both the factors, (d) interference with the com- 
bination or absorption of the hsemopoietic prin- 
ciple formed by both the extrinsic and intrinsic 
factors. Liver was first found to give mar- 
vellous results in true Addisonian and other 

macrocytic anaemias. Castle's extrinsic factor 
was then available in the form of marmite and 
nutritional anaemias like ' 

tropical macrocytic 
anaemia ' yielded to it favourably. McRobert, 
Reddy and Subramanian (1940) reviewing 100 
cases of anaemia admitted into the General 
Hospital, Madras, found 7 cases of macrocytic 
type, 6 of which were achlorhydric. They all 

yielded to marmite. Napier (1936) and others 
also reported good results with marmite in such 
cases. It has thus been commonly believed 
that macrocytic anaemias respond favourably to 
adequate parenteral liver and marmite, and that 
a case not responding to intensive and extensive 
therapy of such a kind is supposed to have 
marrow hypoplasia, and to show a grave 
prognosis. This outlook has been responsible 
for a very high mortality specially amongst the 
cases of severe type of macrocytic anaemia of 

pregnancy. Bagchi (1943) giving an analysis 
of 107 cases of anaemias in pregnancy treated in 
the Carmichael Medical College Hospitals, 
Calcutta, noted that in as many as 104 cases, 
the anaemia could not be attributed to any 
cause outside pregnancy, and that 94 of them 

belonged to-hyperchromic-orthochromic varieties 
of tropical macrocytic and pseudo-pernicious 
anaemia of pregnancy. The treatment given 
was intensive iron and parenteral liver therapy 
with intramuscular injection of whole blood, 
plus a liberal diet and blood transfusion when 

necessary. The mortality in 74 of his cases was 
24 per cent, and in 14 of his severe cases was 
as high as 43 per cent, showing that some very 
potent factor was missing from the line of the re- 
cognized routine treatment. Miller and Studdert 
(1942) draw attention to 5 Newcastle cases 

which failed to show any significant response to 
normal diet plus marmite and refined and crude 
liver extracts but responded to raw liver by 
mouth. Davidson, Davis and Innes (1942) 
give details of 16 cases of macrocytic anaemia 
of pregnancy, 10 of which did not yield to mas- 
sive doses of liver extract. Two of' them 

proved fatal while ultimate response was 
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obtained in 8 cases when iron, yeast and ascorbic 
acid were added to th'e treatment and life was 
maintained by ̂

 

blood transfusions during the 
refractory period. Fullerton (1943) records 
o cases of macrocytic anaemia of pregnancy 
which proved refractory to intensive parenteral 
iver but yielded rapidly to whole liver, 
-rullerton believes that there are some unknown 
anti-anaemic factors in the whole liver that act 

n 
*n such refractory cases. I would 

ike here to emphasize that in Davidson, Davis 
and Innes' (1942) 8 refractory cases whole 
iver was not given but it was probably yeast 
tnat ultimately gave the satisfactory results. 
Ihe unknown factor, therefore, appears to be 
common to both the whole liver and yeast. In 
discussing macrocytic anaemias other than those 

pregnancy, Davidson (1939) recorded a 

case of macrocytic anaemia associated with 
steatorrhea which did not respond to parenteral 
iver extracts alone but did so when high protein 
diet including ^ pound of whole liver was added 
to it. Davidson tends to attribute the response 
to high protein' diet, but Fullerton (1943) 
appears to suggest, and I agree with him, that 
the improvement in Davidson's case was prob- 
ably due to the inclusion of ^ pound of whole 
nver daily to the high protein diet. Taylor 
and Manchanda (1940) treated 24 cases of 
tropical macrocytic anaemia' with parenteral 
iver, marmite and yeast and lost only one case 
~~a mortality of 4.2 per cent. They, however, 
iailed to understand why two of their cases re- 
gained macrocytic for two and three months 
and did not yield to ' intensive treatment by 
liver injections, marmite and blood transfu- 
sion '. They apparently did not give yeast to 
these two of their cases. Ungley and James 
(1934) reported that, in 10 of their 18 cases, 
massive doses of yeast extract given by mouth 
produced a haemopoietic response but the same 
extract given parenterally did not. Napier (1936) 
also found that yeast extract given by mouth I 

tropical macrocytic anaemia and noted 
(1939) that a yeast extract given even paren- 
terally appeared to have a curative effect in 
one of his cases. Napier (1936) finding cases 
resistant to routine treatment put forward an 
idea that tropical macrocytic anaemias might be 
due to 

_ 

the deficiency of an 
' 

independent 
hemopoietic principle' and later on (1939) 
believed that it was not identical with Castle's 
extrinsic factor. Fairley and his co-workers 
(1938) had sufficient evidence to divide their 
cases of tropical macrocytic anaemia into 
isemolytic and non-haemolytic group. Napier 
and Majumdar (1938), supporting that view, 
came to the conclusion that macrocytic anaemia 
ptay be produced by a 

' relative deficiency in 
Jinportant food factor probably associated with 
vitamin B2 complex' and that this deficiency 
may be determined by excessive haemolysis in an 
mdividual on a border-line diet due to malaria 
?r other similar conditions. Napier (1939) 
came very near the truth when he definitely 

stated that such cases may be due to a defici- 

ency in B2 complex and that yeast and crude 
liver probably contain his 

' additional hemo- 

poietic factorHe, however, failed to identify 
the deficient substance but in order to get it 
identified he very rightly suggested that 
1 careful quantitative work with only purified 
fractions of autolyzed yeast and liver extracts 
seems to offer the best prospects \ For the last 
4 years I have been using nicotinic acid in the 
treatment of refractory cases of macrocytic 
anaemia associated with pregnancy, pellagra, 
steatorrhcea and other conditions, with almost 
dramatic results. The short notes of the illus- 
trative cases cited above, the details of some of 
which Rave already appeared in other journals, 
show that nicotinic acid can act'independently 
of liver and yeast. It will thus be seen that 
not only the macrocytic ansemia of pregnancy 
but of all varieties may prove at one time or 
other refractory to parenteral liver, marmite 
and high protein diet but yield to whole liver, 
yeast or nicotinic acid. As these three sub- 
stances have given satisfactory results inde- 

pendently in different hands, and as whole liver 
and yeast are both very rich sources of nicotinic 
acid, I am inclined to believe that nicotinic acid 
is the factor, or one of the essentially active 

factors, which really acts when cases refractory 
to parenteral liver and marmite respond to 
whole liver or yeast, and which Fullerton 
believed to be present in the whole liver and 

Napier in autolyzed yeast. It may, however, 
be noted that this resistance to parenteral liver 
generally develops either late in the first attack 
or at some time during the recurrence of the 
disease. It is, therefore, justifiable to assume 
that it is the depletion of nicotinic acid which 
at a certain stage and intensity interferes either 
with the secretion of the intrinsic factor or with 
the combination of it with the extrinsic factor 
and makes a case refractory to ordinary 
therapy. Nicotinic acid is now recognized to 

be responsible for the maintenance of growth, 
health and nourishment of epithelial tissues in 
the body. Its deficiency as noted in pellagrins 
causes atrophic type of degeneration of epithe- 
lial cells. It is, therefore, not difficult to see 

how it could affect the gastric function and the 
secretion of gastric hydrochloric acid and 

Castle's intrinsic factor, and how it could inter- 
fere with the combination and absorption of the 
hsemopoietic principle in the gastro-intestinal 
tract. The meagreness and limitations of my 
clinical work and observations are obvious, but 
the research has been done with a definite pur- 
pose in view and in as scientific and systema- 
tic a manner as possible. Further work with 
nicotinic acid in such cases by those who have 
better facilities is, therefore, clearly indicated. 
Summary.?Clinical evidence has been 

brought forward to prove that nicotinic acid 
deficiency may occur in cases of macrocytic 
anaemia associated with pregnancy or with any 
other condition, and that nicotinamide depletion 
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in the body can reach a stage when the supply 
of known anti-anaemia factors, in the form of 

parenteral liver extract and marmite, cannot 

produce blood regeneration ; in such cases the 
exhibition of nicotinic acid singly or in combi- 
nation with other routine treatments may act 
almost in a dramatic fashion in bringing the 
blood picture to normal. 

It is suggested that nicotinic acid is the 
factor that acts when cases refractory to paren- 
teral liver rapidly yield to whole liver or yeast. 
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