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Introduction 

With the prevalence of famine conditions in 
Bengal this year, starving destitutes from rural 
areas came to Calcutta in large numbers in search 
of food and work. Those that were unsuccessful 
in their quest made the open streets their home, 
and many of these in course of time reached 
the stage of advanced inanition. Arrangements 
had to be made to pick them up from the streets 
and send them to emergency hospitals for treat- 
ment and care. It was found that about 25 per 
cent of the cases removed to hospitals were in 
an almost moribund state. They were unable 
to take even liquids by mouth, and the death 
rate among them was very high. The immediate 
problem confronting the doctors in the emergency 
hospitals was to revive these collapsed cases by 
some suitable parenteral therapy and thereby 
prevent the high mortality. Intravenous injec- 
tions of glucose saline were first tried and 

although improvement in the general condition 
was noted in most cases it was not sometimes 
sustained or uniform and the death rate, was not 

markedly reduced. The administration of normal 
human serum was next tried in a few cases with 

some benefit. Yet the clinicians felt that there 
was urgent need for some better transfusion 
material, if the advanced starvation cases were to 
be saved from death. Being already engaged 
in the investigation of various transfusion 
materials used for combating shock including 
protein hydrolysates, it struck us that a mixture 
of protein hydrolysates, glucose and vitamins 

would, on theoretical grounds, be an ideal 
fluid for parenteral administration to cases of 
inanition. We had on hand a number of samples 
of hydrolysates prepared by us in our laboratory 
and one of these had been proved to be satis- 
factory for transfusion purposes by laboratory 
tests on animals (Narayanan and Krishnan, 
1944). It was decided to try this product 
immediately on humans, and a case of inanition 
collapse was treated with it on 8th November,. 
1943. Since then many injections have been 

given and results were very encouraging. In this 
preliminary note we are presenting a brief 
account of this therapy. 

Historical 

Henrique and Andersen (1913) were the first 
to show that hydrolyzed proteins could be safely 
given intravenously to protein-starved animals, 
and that they supported life and growth, and 
maintained the animals in nitrogen equilibrium. 
Elman (1942) and Elman and Lischer (1943) 
found that solutions of amino-acids and peptides 
can be administered intravenously to man in 
fair amounts without any very serious reactions, 
and that patients suffering from cancer and 
ulceration of the intestinal tract and after 

surgical operations could be maintained in 

nitrogen equilibrium by their use. These findings 
stimulated us to prepare protein hvdrolvsates in 
different ways and in a form better suited for 
intravenous administration. This investigation 
was commenced in the early part of 1943. 
Methods of 'preparation known.?Protein hydro- 

lysates have been prepared by previous workers 
in one of two ways : (1) Acid hydrolysis and (2) 
Enzyme hydrolysis. 
. Acid hydrolysis is the easier method as it 

presents no great technical difficulties. But in 
this method at least one essential amino-acid 
(tryptophane) is known to be destroyed by the 
hot acid, and has to be separately prepared and 
added to the hydrolyzed mixture in order to 

make it efficacious. This extra step makes the 
product expensive. The delay and difficulty 
involved in obtaining pure tryptophane in 

sufficient quantities discouraged us from attempt- 
ing this method of preparation in the present 
emergency. Acid hydrolysates have been used 
by Elman and others and their reports show 
that they are fairly satisfactory, though not 

absolutely safe in all cases. 
Enzyme hydrolysis is also not a difficult 

method. It is quick and cheap. But in this 
method the hydrolysis is generally incomplete- 
and the mixture raav contain, in addition to 



aw<il, 1944j TREATMENT OF INANITION : KRISHNAN & OTHERS 101 

. niI}?~acids and simple peptides, higher poly- 
[u ? derived from the substrate as well as 

e 
enzyme. The latter have to be removed 

,, are found to be responsible for any 
or other reactions. Elman (Mueller 

aI*-, 1943) seems to have tried hydrolysis with 
fa PSln" While his products gave fairly satis- 
ctory results in a number of cases, in some 

induced allergic and other reactions. We 
' b0 found that the tryptic hydrolysates 
| el)ared by us invariably gave rise to toxic 

<thactl?ns in experimental animals. Although 
degree of hydrolysis effected by trypsin is 

fiJHsive, we felt that in view of the above 
fllng it, -would be necessary to use other 

(ju2^ that would not give rise to toxic pro- 
?' Success was achieved by the use of 

Pain (vide infra). 
Hr f f^res ?/ ^ie ten essential amino-acids sep- 
\vn i 

y Prepared have also been used by some 

som (Madden and others, 1943). While 

bv hat encouraging results have been obtained 
* .some, others arc of the opinion that pure 
^uio-acid mixtures are not quite as good 

1 atTapGutically as hydrolysate mixtures. The 
? finding gains support from the view that * Patient with a negative nitrogen balance, a 

full of essential amino-acids alone does not 

of 
w meet the need. Moreover, the preparation 

ani>Ure amino-acid mixtures is time-consuming 

the expensive, and it may be a long time before 
y are made available in suitable amounts at 
tenable cost. 

p 
Choice of ferment and substrate 

pre 
r0rtl a careful study of the methods of 

Co P.arati?n described above, we came to the 

hy f, 011 that a properly-prepared enzymic 
procr?lysate would be the cheapest and best 

pa 
lct for parenteral therapy in this emergency. 

Prev"leas trypsin which had mostly been used by 
back?US Workers, in our opinion, has two draw- 
act, firstly, the optimum temperature of its 
avoid*J^ing 37?C., it would be very difficult to 

dige f- 
terial contamination and growth during 

for J011- This may be a possible explanation 
SGco toxicity of some of the products. 
Use 'f despite all care in the collection and 
of x| 

Pancreas trypsin, there is always the risk 

(WilG Presence of histamine or histamine-pro- 
tw0 k enzymes. In order to overcome these 

high .^kacks, a ferment capable of acting at 
and 011 .^ernPeratures and free from histamine 

desjr /l^tamine-producing agents would be 

teinne Although trypsin may act at higher 
less ratures, the degree of hydrolysis will be 

Unsuit Kinsiye and ^e product will still be 

dra\vba le ^?r Parenterai use due to the second 

which ' Vegetable proteolytic enzyme papain, 
a low 

1S readily available in large quantities at 
Use(j t?S^ answered the requirements, and was 
o0?q 

ts optimum temperature of action is 
to be fanf^ reaction products have been found 

r?e from histamine. While it is true that 

the hydrolysis produced by papain is not quite 
so extensive as that produced by trypsin, this 
does not appear to be a handicap from the 
immunological and therapeutic points of view. 
Having selected papain, the choice of the sub- 
strate necessarily fell on meat proteins, as its 
action on casein and vegetable proteins is more 
limited. 

Our method of preparation 
The protein hydrolysate that is at present 

being made in the Institute is a papain digest 
of meat (vide Narayanan and Krishnan, 1941). 
The digestion is conducted at 50 ?C. for 24 hours 
The extent of digestion is then tested by deter- 
mination of formol titre, total solids and total 
nitrogen. A fractional analysis of the product 
is also made. The values obtained are used as 
guides for standardization of the product. The 
undigested proteins and meta-proteins which 
are usually small in amount and which are likely 
to provoke allergic reactions are removed by 
repeated heat coagulation at pH7. During the 
process of preparation, bacterial contamination 
is avoided through the use of an aseptic technique 
and a preservative (toluol). The final product 
is mixed with glucose and sodium chloride so as 
to give a mixture containing 5 per cent protein 
hydrolysate, 5 per cent glucose and 0.85 per 
cent sodium chloride. The mixture is then 
sterilized and tested before issue, biologically on 
cats for toxicity, bacteriologicallv for sterility, 
and immunologically for allergic reaction. 

Analysis of the mixture has incidentally 
revealed that it- contains riboflavine, nicotinic 

acid and thiamin. The vitamins in the mixture 

are of additional value in increasing the thera- 
peutic efficiency in promoting glucose utilization, 
particularly in vitamin-starved individuals such 
as the destitutes in Calcutta. 

Rationale of therapy in inanition 

Just as glucose is administered intravenously 
as a means of supplying predigested carbo- 

hydrates, so hydrolyzed proteins are injected for 
supplying the nitrogen needs of a patient. In 

cases*of starvation, the nitrogen need is more 

urgent than in the normal subject. In the 

former, where body proteins arc being rapidly 
broken down, it is absolutely essential to 

administer proteins to save life. Even if sufficient 

glucose is given to meet the calorie needs, protein 
break-down will not be completely stopped and 
continued life may not be rendered possible. 

Protein food may be administered by mouth, 
but it will need to be digested and absorbed by 
the gastro-intestinal tract. In advanced cases 

of starvation, because of impairment of digestive 
function, this is often not possible; the only 
other alternative then is to administer hydrolyzed 
proteins parenterally. If this is done and if. 

along with it, glucose and vitamin-B complex are 
administered, the starving tissues will receive 
the more important requirements in a form ready 
for utilization. Both on theoretical grounds and 
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from the experience so far gained, it seems justi- 
fiable to state that administration of glucose 
protein hydrolysate in suitable amounts will not 
only prevent depletion of essential body and 

plasma proteins but will also help in the 

synthesis of these and in the restoration of the 
patients to normal condition. 
Here two questions may be asked : (1) why 

not give these hydrolysates orally, and (2) why 
not give serum or plasma intravenously instead 
of the protein hydrolysate ? The answer to the 
first question is that protein hydrolysates can 
be given orally, but in patients with advanced 
inanition and collapse, absorption is slow and 

doubtful, and for quick effect parenteral adminis- 
tration is probably necessary. Also, after 

absorption from the intestine, the amino-acids 
first reach the liver and later only the tissues. 
If the liver is damaged, no synthesis will take 
place and also there will be delay in reaching the 
tissues which need them badly. Hence for the 

very advanced cases, intravenous injection is 
the method of choice. However, in children and 
in those cases where parenteral administration 
is difficult, oral or rectal administration of 

glucose protein hydrolysate may be resorted 
to with benefit. In the emergency children's 

hospital these methods have been found useful. 
To the second question the answer is that 

tissue proteins and serum proteins are not 

directly interchangeable. The latter have to be 

autolyzed, and the amino-acids made available 
for synthesis. In advanced cases of starvation 
where there is dehydration, the need for tissue 
proteins is more urgent^than.th'e-need^for serum 
proteins which may be apparently "normal due 
to the hsemoconcentration. Thus if serum is 

given, its utilization will depend upon the proper 
functioning of the enzyme systems in the liver 
and tissues responsible for the splitting up of 
the proteins and for reconverting them into tissue 
proteins. There is some evidence to suggest that 
the enzyme systems in inanition cases are not 

normal, and that the benefit with serum may 
not be attained to the same extent as with 

hydrolysates. This theoretical explanation is 

supported to some extent by actual experience 
with serum in starvation cases. 
We are inclined to believe that administration 

of glucose protein hydrolysate intravenously to 
cases of inanition is superior to the administra- 
tion of serum. The marked and rapid improve- 
ment noted in most cases denotes that the 
amino-acids and peptides in the mixture 
reach all tissues simultaneously and are being 
utilized by them very rapidly. The glucose 
present in the mixture acts by reducing liver 

damage and increasing its functional efficiency. 
It saves protein break-down and indirectly helps 
in the synthesis of tissue protein from the amino- 
ucids supplied. The vitamins present help in 
the metabolism of glucose. These facts are the 
basis on which we recommend glucose protein 
hydrolysate treatment of advanced starvation 
cases, 

Glucose 'protein hydrolysate.?The directions 
for the use of this glucose protein hydrolysate 
have already been published in this journal*. 

Results of treatment.?Up to date something 
like 3,000 intravenous injections have been given 
in cases numbering about 1,000. Owing to the 
fact that the work has been scattered in several 
different hospitals and that patients have been 
treated at varying stages after admission into 

hospitals and in varying degrees of inanition, it is 
very difficult to give figures for death rates and 
recovery rates, etc., for patients treated by this 
treatment and by other methods of treatment. 
The general experience of clinicians is that in 
intravenous glucose protein hydrolysate we have 
a very useful method of treatment, but to assess 
accurately its value and its limitations more 
work with adequate controls is needed. The 

experience so far gained, however, would point 
to the following conclusions :? 

(1) The intravenous injections of glucose 
with protein hydrolysates are well tolerated. 
In very few cases has any reaction been seen 
which could be attributed to the injection, and 
even in these cases other patients tolerated 
injections of the same batch without reaction- 
Moreover, the very few reactions seen have all 
been mild. There seems, therefore, to be no 

difficulty in applying this form of treatment 
widely. In some cases a rise of temperature 
soon after injection has been due not to the 

injection but to malaria. The only definite 
contra-indication * to the use of this form of 
treatment appears to be the presence of nephritis. 
In such patients bad results have been seen- 

In patients with pneumonia, dysentery and 
other infections, the intravenous injections arc 

not contra-indicated but should be accompanied 
by specific treatment for the infection. 
The immediate reaction to the injection i? 

usually good, the pulse and the patient's general 
condition improving and, in favourable cases, the 
patient has later been able to take food by 
mouth, but in severe cases this mav be only after 
several intravenous injections. There are, how- 

ever,. some cases which in spite of repeated 
injections show only temporary improvement- 
The improvement is not maintained and the 

patient dies. Post-mortem examinations have 
revealed that in most of these patients there has 
been a serious complication such as pneumonia? 
malaria, severe ansemia, nephritis and, most 
common, dysentery with extensive bowel ulcer- 
ations. It is believed that with the use of this 
form of treatment a number of deaths 

hospitals caused by inanition alone can be con- 
siderably reduced. 
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