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An analysis of the free and combined amino acids of the whole blood, plasma, 
erythrocytes, liver and brain of chicks infected with Plmmodimn gallinaceurn, broadly 
indicate four pattcrnr of reaction. 

Thc salient features of the changes noticed are: 
(u) A steady increase of almost all the amino acids (free and combined) in the 

erythrocytes of the infected chick both during the prepatent period and the peak of 
pansitremia. 

(h) A gradual decrease of the amino acids free and combined in the plasma 
during bath the phnscc of infection. 

(c) An increase of the free and diminution of certain of the bound amino acids 
in the wholo blood during the peak of pamsitzrnia. 

(J )  The cumbincd amino acid content of the liver and brain tissues show a 
steady decrease of almost all the amino acids during both the periodc of infection. 

Sin to eight fold increase of certnin amino acids in the erythrocytes during the 
parasitsrnic stage stresses the desirability for a detailed investigation of the effects 
of theso individual amino acids and theu specific antimetabolites on the malarial 
infection. 

Significant therapeutic advances and the general and specific preventive mea- 
sures have resulted in tho reduction of the mortality and morbidity from malaria 
and as such the problems relating to the fundamental nature of the parasite and 
of the host reactions have yet not been fully investigated even though these studies 
provide an invaluable basis for the long range control of the disease and enhance 
the opportunity for tbe discovery of new and better chemotherapeutic agents. 

The pathology of malarial infection has been frequently described, but little 
information exists concerning the mechanism by which the parasite exerts a damag- 
ing effect on its host. The exo-erythrocytic cycle of development of the parasite 
wherein the parasite grows and develops in the various tissues of the host during 
the incubation period and the later histopathological lesions of the organs, would 
exert an influence on the protein and amino acid metabolism of the host. The 
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intracellular location of the parasite in the red blood cells of the host and the utilisa- 
Lion of the hiemoglobin for its rapid lnultiplication also would induce a considerable 
effect on the protein composition of the blood. Resides the protein variations 
in the host, increasing recognition is now being given to the role of thc changes 
in the amino acid composition of the blood and tissues during the course of various 
diseases, in thc causation of the severity, in the manifestations of various clinical 
syndromes, like asthemia and mental disorders1 and as also other systemic alfcc- 
t iom2 Increase in the blood level of threonine In guinea pigs infected with 
S. typhin~iriurn,~ causes marked reduction in the survival time. This amino acid, 
in vivo, has been demonstrated4 to inducc mutants of increased virulence. The 
role of amino acids, not merely as nutritional elements requ~red both for the host 
and the parasite, but as causal factors exhibiting pharmacodynamic effects result- 
ing in the symptoms of the disease and in ameliorating or enhancing the severity 
of the illness are facets of enquiry which have not yet had the deserved attention. 

The study reported here was undertaken to determine the changes that occur 
in the free and bound amino acids of the blood, liver and brain of the chicks infected 
with P. gclllinareuin. These tissues were chosen because of the intimate relation- 
ship of the malarial parasite with these organs of the host. The develop,ment of 
the exo-erythrocytic cycle in the brain of the chick is shown in Fig. I .  The entire 
erythrocytic development takes place in the blood. The liver has also been shown 
to ba considerably affected during the d i~ease .~  Hence the variations noted in 
these tissues would assist in shedding light on some aspects of host-parasite rela- 
tionship and indirectly might help in explaining some of the complex symptoms 
of the disease. 

Young chicken of 4 to 6 weeks old, hatched and bred under standard labo- 
ratory conditions and belonging to the white leghorn of Rliode Island type, were 
used for investigations. The strain of P. ga~~inaceum got from Southern Branch 
of Malaria Institute of India, Coonoor, and maintained by weekly transfers in the 
laboratory was used for infections. 

Experimental birds were divided into groups of three and kept in individual 
cages. They were fed once in the mornings with the laboratory diet and blood 
samples were drawn on the next morning before giving any diet thus allowing a 
period of about 24 hrs. to eliminate the effects due to amino acids of the diet during 
the process of absorption. 2 ml. of blood was drawn by cardiac puncture from 
each bird into a citrated centrifuge tube (10 mgm./ml. of blood) and was used for 
the analysis of amino acids. 

Details of the method of infection and estimation of thc degree of parasitzmia 
have been described ea~lier .~ The samples similar to the normals were taken trom 
the chicks during the incubation period and a t  the height of parasitremia for suc- 
cessive analysis. 
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Preparation of samples ,for the estintation of amino arid$.-Thc procedure 
adopted for the preparation of the samples for the estinlation of the free and com- 
bined amino acids from whole blood, plasma and erythrocyte was similar to that 
reported by Awapora et al.' and in brief was as follows:- 

Whole blood.-0.2 ml. of whole blood treated with 0.6 ml. of ethyl alcohol 
was centrifuged to facilitate separation of precipilated proteins. Alcoholic layer 
mixed with three volumes of distilled chloroform was centrifuged and the well 
separated top layer was pipetted out and the volume of the extract noted. 

The protein separated was hydrolysed by a modified method of Dustin et aL8 
in a conical Aask with 50 ml. of 5 NHCl by autoclaving for 6 hrs. at 15 lb. pressure. 
HCl was removed by repeated vacuum distillations and the residue taken up in dis- 
tilled water, neutralized and the volume was made up to 5 ml. 

Erythrocytes.-Volume of erythrocytes obtained by centrifugation was washed 
with saline and the red cell volume was made up to 0.5 ml. This was ground with 
glass powder with 1.5 ml. of alcohol, centrifuged and the extract was treated as 
in the case of whole blood and the free amino acids. The residue was hydrolysed 
with 50 ml. of 5 N HCI as above. 

Plasma.-0.2 ml. of plasma was treated in the same manner as in the case of 
blood and erythrocytes to get the free as well as the combined amino acids. 

Liver and brain.-One gram of each of thc samples (wct weight) mixed with 
1 ml. of water was homogenised with 6 ml. of ethyl alcohol. The homogenate 
was centrifuged and alcoholic extract was treated with thrice the volume of chloro- 
form to get the free amino acids. The residue was dried overnight below 105" C. 
and 20 mgm. of dried and pulvarised powder was refluxed with 150 ml. of 5 N HC1 
for 20 hrs. as pcr the procedure of Dustin et d8 and after the removal of HCI, 
the neutralised hydrolysate obtained was subjected to amino acid analysis. 

Method of estimation of amino acids.-Amino acids present in the above 
hydrolysates were estimated by the circular paper chromatographic method as 
reported by Rao et aL9 using three chromatograms developed w~th  three different 
solvent mixtures for each of the hydrolysates. Coloured bands got after ninhydrin 
spray were identified in preliminary experiment, cut out and extracted with 75% 
alcohol and the individual amino acid concentrations were calculated by the pro- 
cedure reported by Giri et a6.1° The values of amino acids were expressed as 
percentagea of the total nitrogen by adopting the procedure of Johnson et al.*l for 
micronitrogen estimation. Results of these experiments are presented in Table I. 

Free amino acid.7.-The method of estimation was similar in all respects to 
the methods used for the acid hydrolysates. The changes of free amino acids on 
equal volume basis in the case of blood, plasma and erythrocytes are represented 
in Table 11. 



Changes in rfze concentrations of the amino acids of the c hole blood, plasma, erythrocytes, liver and brain of 
chicken during the coursc of infection with P .  gallinaceurn % 

The results are exgressed in percentage of total Nitrogen 

Whole Blood Plasma Erythyrocytes Liver Brain 
Amino acids --- 

1. Leucine 

2. Tsoleucine 

3. Phenylalanine 

4. Valine 

5. Methionine 

6. Tyrosine 

7. Alanine 

8. Threonine 

9. Glutamic acid 

10. Glycine . .  2.8 1.5 2.8 2.8 1 . 0  1 . 3  1 .4  2 .5  6.0 4.1 4.2 3 .3  5.7 2.7 1.5 

11. Serine . .  2.3 1 . 1  2.2 0.9 2.0 1 .3  1 . 0  1 .3  2 .5  1 .6  1 .5  1.4 2 . 4  1.1 1.4 

12. Asparticacid . .  4.9 2.9 3 . 0  2 .3  4.0 2.8 0.8 2.6 7.8 6 .0  4 .5  2 .4  6 . 5  5.5 0 . 4  

13. Arginioe .. 20.3 12.5 13.7 10.2 17.0 11.3 3.4 9.0 7 .4  9 . 6  8 .0  3 .7  18.8 29.5 10.0 

14. Histidine . .  2.3 2.4 0.9 . .  .. . 0.3 0.6 1.0 2 . 9  2 . 7  1 .5  3 .8  4.4 2 .0  

15. Lysine and 11.7 5.8 5 .0  1.4 3 . 1  1.4 1 . 3  3.7 4 .1  12.4 12.0 5.2 1.6 1 . 4  2 .6  
ornithine 

16. Cystine . .  3 .7  1.3 0.4 0 .8  3.5 2.1 1 .2  1 . 5  2 . 8  1.6 3.8 3.0 9 . 0  5 .2  2.1 



Summary of the changes in the amino acids (free) of the whole blood, plasnta, erythrocytes, liver and brain of chick en 
during the course of infection (P. gallinaceurn) 

Amino Acids 

Decreased 
Decreased during pre- Increased during pre- 2 

Increased patent and increased patent and decreased 
in parasitzmic stage in parasitremic stage 5 

Whole blood . . Peptide (Below cystine) Leu. ; Isoleu. ; Ph. al. ; Aspartic acid, 
band Val. ; Meth. ; Tyro. ; Ala.; Histidine 

The .  ; G1. acid; Gly. ; 
Serine; Arg. ; Lys. ; Cyst. 

Plasma . . Leu. ; GI. acid; Serine; 
k g .  

*, Erythrocytes . . Hist. 

Brain . . Isoleu. ; Ph. al.; Tyr. ; 
GI. acid; Gly.; ser.; 
Asp. acid; Lys. 

Liver . . Ph. al. ; Tyr. 

Tyr.; Ala. 
9' 

Isoleu.; Ph. al.; Val.; 
Meth; Thr. ; Asp. k 
acid; His.; Lys.; Cyst. 9 

Ser.; Asp.; Arg. Leu.; Isoleu. ; Ph. al.: Cystine 
Val. ; Meth. ; Tyr. ; 
Ala. ; Thr. ; GI. acid ; 
Gly. ; Hist. ; and Peptide 
(below cystine) 

Leu. ; Val.; Meth.; Ala.; His. 
Thr. ; Arg. ; Cyst. ; 
peptide (below cystine) 

Ala.; LYS.; Leu. ; Isoleu. ; Val. ; Meth. ; Asp. acid 
Thr. ; Gl. acid ; 
Gly.; Ser. ; Arg.; His.; 
Cyst; peptidc 

Nore.-Leu., leucine; Isolen., isoleucine; Ph.al., phen~lalanine: Val.. valine; Meth., rnethionine; Tyr., iyrosinc; Ma.,  alanine; ' 
Thr., threonine; Glut. acid, glutamio acid; GJY., glycine; Ser., serinel Am., arginine; L~s., iysine; cyst., cystine; Asa. add., aspartic 
acid; His., histidine. 



Drscussio~ 

An analysis of the ammo acid changcs (free and comkined) in thc Blood and 
tissues during malarial infection indicate in general the following four patterns 
of reaction. 

1. A continuous decrease oC certain amino acids during the enliri: period of 
infection. 

2. A continuous increase of certain amino acids during the entire period of 
infection. 

3. An initial increase during the prepaten1 period and diminution in the 
parasit;emic stage and lastly, 

4. An initial decline followed by an  increase. 

From Table 1 it is clear that in thc hydrolysate of the whole blood leucine, 
phenylalanine, valine, methionine, glycme, lysine and cystine are reduced by nearly 
50% during the incubation period whereas in acute stage isoleucinc and mcthioninc 
alone reach higher levels than the initial concentration even though all thc amino 
acids also show a tendency to increase. 

Many h f  the amino acids like cystine, valine, alanine, phenylalanine, threonine, 
leucine, glutamic acid, lysine and arginine increase slightly in the plwna during 
incubation period followed by a fall during the acute stage. 

Erythrocytes on the other hand present a different picture. All the iiniino 
acids steadily increase during both the incubation period and peak of pnrusitiemia. 
Aspartic acid, valine, glycine, threonine and phenylalanine are considerably in- 
creased during the height of infection from 3 to 6 times the original value whilc 
the rest of the amino acids show an increase of two to three times the normal. 

Liver and brain tissues show a steady decrease of all the amino acids from thc 
period of infection excepting cystine which alone is increascd in liver. 

In contrast to the pattern of bound amino acids almost all the free amino acids 
of whole blood increase during the period of infection, but register a fa11 in case of 
plasma. The free amino acids of erythrocytes excepting cystine and histidine 
increase in the parasitzmic stage. 

Phenylalanine, tyrosine and aspartic acid were the free amino acids which 
decrease in the liver with the progress of infection whereas all other amino acids 
decrease in the incubation period and then increase in the parasitmic shgc. From 
Table I1 it is also clear that there is a decrease of a majority of free amino acids 
in the brain tissue. 

The values of the amino acids in blood and tissues are the resultants of various 
factors like the changes in thc proteins, the diminution in the number of erythro- 
cytes, the presence of the proteins of the parasite and antibodies and the influence 
of infection on functional capacity of organs like liver which has prominent role 
in protein metabolism. 
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The diminution of both free and combined amino acids in plasma is a signi- 
ficant observation. The interference with protein metabolism as reflected by 
histopalhological lesions of the liver and biochemical analysis of the proteins of 
blood, the ntilisation of some of the amino acids by the host for its nutr~tion and 
for the antibodies formation and finally the increased demand made by the parasite 
for its growth and rapid multiplication are probably the contributory causes for 
lowering of amino acid content of plasma. 

The increase of both the forms of amino acids in the erythrocytes is due to 
the rapid hydrolysis of the glohin fraction of hiemoglobin by the parasites, to amino 
acid components and to the presence of parasites in erythrocytes. Changes in free 
amino acids of liver and brain as shown in Table I1 do not follow the same pattern 
in both tissues. 

Though no definite conclusions can be drawn from these observations re- 
garding the in vivo nutritional requirements of the malarial parasites the very high 
increase of certain amino acids in the erythrocytes is of great importance. Further 
studies on the influence of these individual amino acids and their specific anti- 
metabolites on experimental infection might contribute to a clearer understanding 
of the role of these amino acids in the nutritional needs of the malarial parasite. 

Our thanks are due to Dr. K. P. Menon for his valuable advice and to Mr. S. K. 
Sripathi Rao for technical assistance. 
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Fm. 1. Smear from the b m n  showmg the presence or Exoeryth~ocyt~c form of P. gnflinaurun. 


