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In a large numhber of diseased states important biochemical changes
are induced in the animal body and a careful study of these changes furnishes
data of value in diagnosis and prognoesis of the disease, Even when one is
dealing with a diseasc of unknown mtiology, a study of the blood chemistry
sometimes affords suggestive information on the probable nature of the causa-
tive agent and indicates the lines of treatment that might be profitably
employed. The study of the biochemieal changes taking place in the blood
of hemoglobinuric monkeys suggested thut the sudden severe hamolysis
leading to hamoglobinuria in human blackwater fover may be the direct
outcome of the biochemical alterations induced in man as a result of chronie
malarial infeetion.  Qur detailed investigations on the biochemical changes
taking place in the blood of he2moglobinuric and non-hemoglobinuric monkeys
during the different stages of the diseasc, with special reference to those chemical
constituents that ure known to bo associated with the phenomenon of h®molysis,
such as cholesterol, inorganic and organic phosphorus and glucose, brought out
the fact that in the pre-hemoglobinuric stage the-following changes are con-
spicuous : (&) a fall in glucose and a rise in inorganic phosphorus ; {b) a rise
in cholesterol esters, and o fall in total cholesterol in & fair number of cases
and a marked fall in free cholesterol in all cases; and (¢) a rise in organie
phosphorus. The interpretation and significance of these variations are dis-
cussed below,

Farr 8 GLuoose aNp Rise v InoreaNIc PHOSPHORUS.

This was a constant feature in all the hemoglobinurie monkeys studied.
The fall in blood sugar got more proncunced as the infection in the animal
got more intense, There are three possible ways of explaining this depletion
of glucose : (@) that it is due to the utilization of the sugar by the parasite ;
(b} that it is due to the burning up of the sugar by the body to a greater
oxtent ; and (¢) that it is due to an upset in the glycogenolysis and also in
the mobilization of sugar. The fact that a rise in inorganic phosphorus is
associated with this fall in glucose in monkeys shows that the animal is not
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utilizing the sugar in the normal way. The parssites need sugar for their
multiplication and growth and they probably obtain this from the hexose-
phosphates of the red cells. The inorganic phosphorus arising out of this
hydrelysis of the hexose-phosphate probably accounts for the increase in this
suhstance. When insulin and sugar are administered to these monkeys it is
found that this rise in the inorganic phosphorus does not take place. This
shows that the accumulation of the inorganic phosphorus is essentially due to
the upset in carbohydrate metabolism. The bearing of this upset on the
haemolytic process is not clear. In hemoglobinuric monkeys it is possible to
maintain normal levels for glucose and inorganic phosphorus through injection
of glucose and insulin but by doing this the haemolytic process is not inhibijted
showing that the observed chunges in these constitnents, whatever be their
underlying causes, have no direct bearing on the hemolytic process,

In human blackwater fever, although a similar depletion of glucose has
not heen observed, all studies indicate that a rise in inorganic phosphorus
does oceur in a certain percentage of cases. This rise has however been ex-
plained as heing due to renal dysfunction.  Even if the change was due to an
upset in carbohydrate metabolism thore is no evidence to show that it plays
a direct part in the heemolytic process.

FaLL tx FrREE CHOLESTEROL, RISE IN ESTER CHOLESTEROL AND FALL 1%
Toral CHOLESTEROL IN A CERTAIN PERCENTAGE OF CASES,

Fall in free cholesterol was a constant feature in all monkeys developing
hemoglobinuria. In view of the property of free cholesterol to inhibit hemao-
lysis caused by saponin, ete,, this observation is of particular importance.
The constancy with which the hemoglobinuria is associated with a marked
fall in free cholesterol suggests that the hiwmolysin is probably one whose
activity can be inhibited by cholesterol. Thisis supported by the observations
that in non-hemoglobinuric monkeys free cholosterol was invariably high or
normal, This shows that if mobilization and synthesis of free cholesterol
kept pace with the increased production of fatty acids no hemolysis or hemo.
globinuria would result. :

The marked rise in ester cholesterol suggests that prior 1o the onset of
hemoglobinuria there is an increased production of fatty acids and that these
acids are being transported in the form of esters to the ¢issues. Ifthisis correct
then the fatty acids may be considered to be the haemolytic agents that act
when free cholestercl is not present in sufficient amount. Thus the synthesis
and mobilization of frec cholesterol appear to be of greatest importance in the
prevention of hamolysis and hamoglobinuria.

In human blackwater fever all previous workers have estimated only total
cholestercl and that too after the onset of hamoglobinuria. The results
have thersfore not only heen variable but also inconclusive. We have
in 8 cases of human blackwater fever estimated the blood cholesterol as free
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and ester cholesterol separately and the results obtained are in conformity with
the findings in monkeys. The results sugpest that in human blackwator fever
the heemolytic agent is a fatty acid that acts when free eholesterol is not present
in sufficient amount.

Now tho question arises us to why there should be an inercased production
of fatty acids in malaria and in hemoglobinuria ; several explanations are pos-
sible : (1) Increase in fatty acids may be due to the growth and multiplication
of the parasite. (2) Increase in fatty acids may be due to an increased demand
for purposes of repair and regeneration of damaged tissues. (3} Increase in
fatty acids is the result of an upset in carbohydrate metabolism and fat meta-
bolism, (4} Inerease in fatty acids iz due to an increased demand of the sub-
stance for the purpose of disposal of the inorganic phosphorus that is aceu-
mulating and for converting this into the organic form. (5) Increase in fatty
acidds may Dbe the result of damage to the liver. There is some vvidencs 1o
substantiate a few of these pussibilities in monkevs but the evidence in favour
of liver damage being the cause of fatty acid production is overwhelming,
In the case of man, where blackwater fever 1s not associated with an intense
parasitization as in the monkey and, where there is no evidence of & deranged
carbohydrate metabolism, the only possible cxplanation is a damaged liver.
Pathologically also there is cvidence to show that there is such a damage.
This damaged state of the liver can very well account for an abnormal fatty
acid production in human blackwater fever as well.

The next question is as to why the synthesis and mobilization of free
cholesterol should fail. Here again a study of the pathology of the liver and
adrenals in man and monkeys has shown that the most striking change is a -
fatty degeneration and foecal necrosis of the liver and degeneration of the adrenal
cortex. As these two organs are recognizged to be closely associated with
cholesterol metabolism it can readily be understood why cholesterologenesis
and mobilization should fail. Another possible explanation for the depletion
of cholesterol is the associated damage 1o the reliculo-endothelial system which
is an important storehouse for cholesterol in the body.

Rise 18 OreanNic PHOSPHORUS.

The rise in organic phosphorus as lecithin, namely the aleohol ether soluble
fraction, was noted in both heemoglobinuric and non-hazmoglobinuric monkeys
towards the later stages of the infeetion. Such rise in organic phosphorus
may be explained in any of the following three ways: (1) that it is derived
from the destroyed R.B.C.; (2} that it indicates a method of disposal of the
excess of fatty acids and inorganic phosphorus that is being produced ; and (3)
that it indicates an upset in fat metabolism due toliverinjury. Of these, there

"is ample confirmation of the last explanation. As regards human blackwater
fever, the alecohol ether soluble phosphorus compounds, namely lecithin and
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other allied derivatives, have not been previously estimated. In the B cases
studied by us we noted a rise in this constituent as in monkeys.

The increase in organic phosphorus rajses a very important question regard-
ing the nature of the hemolysin involved and the réle of lecithin in the
hamolysis of blackwater fever. As this increase of arganic phosphorus in
monkeys was noted in both the hemoglobinuric and non-hsmoglobinuric
groups it looks at first sight that the increase in this constituent may have
nothing to do with the hamolysis. But the fact that in the former the rise
in lecithin is associated with a marked fall in free cholesterol suggests that
the heemolysin is one that is not only inhibited by excess of free cholesterol
but also activated by the presence of excess of lecithin.

From the above discunssion it will be seen that the phenomenon of hemo-
globinuria both in man and in monkeys is determined by the manner in which
the host reacts to the stimulus of malarial infection. The production of the
heemolytic agent, as well as the conditions that favour its action, seem to be the
vesult of alfered metabolism dee principally to liver injury. Whatever the
true nature of the hemolysin may be it is clear that its action is definitely
inhibited by excess of free cholesterol. Bo in the treatment and prevention of
blackwater fover we should aim at the following : (1) preventing liver injury
or correcting the conseguent slterations in fat metabolism ; (2) stimulating
the cholesterologenetic centres in a manner such that the synthesis and mobi-
lizution of free cholesterel will keep pace with the increased demand ; and (3)
stimulating the reticulo-endothelial system so that phagoeytosis and the choles-
terol stores of the body may be maintained. Our preliminary studies show
that all these can be accomplished to a certain extent by injections of glucose,
ascorbic acid and cortin.



