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Academic year: 1974

AESTRACT

It has been well established that adenosine tri-
phosphate (ATP) plays a vital role in erythrocyte metabolism
of all living cells. A reasonably normal level of ATP is
necessary for the survival of the erythrocyte during its
in vivo life span. The role of ATP in red cells of subjects
infected with malaria has been studied extensively for 2
interests. One principal finding was that the level of
ATP in the erythrocyte of the host may influence the rate of
increase of parasitaemia. Another development was the hypo-
thesis that the rigidity of red cells in malaria infection
which obstruct the blood vessels in various host organs
might be due to ATP depletion in these erythrocytes. To
test this hypothesis, the erythrocyte ATP content was esti-

mated in the normal subjects, patients with P. falciparum

malaria, monkeys with P. knowlesi malaria and mice with

P. berghei malaria.

A mean value t £.D. of .erythrocyte ATP content
of 119.05 + 30.75 uM/100 ml RBC (range 58.8 - 189.7) in 27

patients with P. falciparum malaria with parasitaemia rang-

ing from 1 to 105 parasites per 1,000 RBC was not significantly



vii
different (P > 0.05) from the value of 101.86 * 19.356 uM/100
ml RBC in 151 normal subjects. The infected blood samples
were separated into different layers by using 0.7 and 0.8 M
sucrose solutions. The calculated 2A7TP content of parasitized
red cells in these layers was found to he wmuch higher than
that of the non-parasitized red cells while the latter showed
the same or lower content of ATP than that of the normal

hlood.

Zrythrocyte ATP levels were also determined in 20
normal monkeys, 21 samples of 8 monkeys infected with

P. knowlesi malaria at different stages of infection and in

9 monkeys at the convalescent stage. There was no signifi-
cant difference (P > 0.05) between these values in the 3

groups of animals. The erythrocyte ATP levels also showed
no relationship with the parasitaemia (ranged from 1 to 103

per 1,000 REC).

A mean value # g,D, of erythrocyte ATP content

in P. berghei infected mice at various stages of infection

(147.72 = 74.3 uM/100 ml RBC) was found to be significantly
higher than those in the normal mice (P < 0.0l1). These
levels also showed no relationship with the parasitaemia.

An inverse relationship between parasitaemia and the ATP
content in parasitized red cells was obtained while the non-
parasitized red cells showed the same content of ATP as in

the normal erythrocytes.



viii
ACKNOWLEDGEMENT

I wish to express my sincere gratitude and thanks
to Dr. Suvit Areekul, Acting Head, Department of Tropical
Radioisotopes, Faculty of Tropical Medicine, Mahidol
University, for his supervision, keen interest, guidance

and encouragement during the course of this study.

I am indebted to Professor Chamlong Harinasuta,
Dean of the Faculty of Tropical Medicine, Mahidol University,
for his providing me the opportunity and means to carry
out this work, and to Dr. Pricha Charoenlarp, Department

of Clinical Tropical Medicine, for his support.

I also want to remember with my sincere thanks to
the staffs of the Department of Tropical Radioisotopes for
their cooperation, particularly to Miss Duangmarn Matrakul
for her advice concerning the technique to ATP determina-
tion, tc Mrs. Kanokwan Ukoskit for her helpful assistance
on the experimental animals, to Miss Sanong Kitkornpan

and Miss Yupa Chantachum for their general assistance.

My gratitude is extended to Professor Captain
Pisidhi sydhi~Arcmna R.T.N.,Dean of the Faculty of Pharma-

ceutical Sciences, Chulalongkorn University, for his support.

Finally, I would like to express my appreciation
to the Thai Red Cross, for the supply of blood of the Thai

blood donors.



ix

LIST OF ABBREVIATIONS

AMP

ATP

GAPD

Hb
Heb

NADE + HT

NADP

PCA

P. berghei

P, falciparum

P. knowlesi

RBC

Adenosine—S’-monophosphate
Adenosine—Slwdiphosphate
Adenosine—sl—triphosphate

Glyceraldehyde phospnate

dehydrogenase
Haemoglobin
Haematocrit

Reduced form of Nicotinamide

Adenine Dinucleotide

Nicotinamide Adenine Dinucleo-

tide Phosphate
Perchloric acid

Plasmodium berghei

Plasmodium f lciparum

Flasmodium knowlesi

Red blood cells

Standard deviation

Standard error

Trichloroacetic acid



ap!ztg
f= 3

Millimolar
Micromolar
Normal

Per cent



COMNTENTS

THAI ABSTRACT 2 60 ® 88 008 © 055 80080060 A0S 000 S e e e 8sDesS e

EI‘JGLISH ABSTRACT © © 9 ®6 906 000 00 e"O00 60800000 ° O 60006000000

ACKNOE'TLEDGE‘:{ENTS © 32080800005 9§00 0080 S0 9809 S &8ss

LIST OF ABBREVIATIONS e 3 00 2000080 60 0CS®CHO D00 S0 e e 0e 00

LIST OF TABLES o0 0000008 0068/ ee 0007269500000 00060000s0

LIST OF FIGURES 5 88 98 066 0000050600606 0060060 0500066000800

CHAPTER

1‘

INTRODUCTION
Adenosine-sl-triphosphate EEP) o coonidsnene
Function of ATP.....ccccascecescconses
The energy cycle in cellS.....cceveens
ATP and red blood cellsS ..cccocecscscvscssns
Relationship between ATP levels and
MAlaria .cccceecccsssscssssccssncnses
MATERTALS AND METHODS .c.vvrecccenececsnancce
Experimental subjectsS....ceccreecacnccnnns
Preparation of blood samples .....cococeee
Study on ATP concentration of red
blood cells ...ccocvccccccssassscscens
Determination of the haematocrit levels...
Blood examinatioN..c..:.ecoceccnseceecsscens
Separation of parasitized red blood cells

from non-parasitized red blood cells..

xi

Page

iv
vi
viii
ix

xiid

< TGO T TR S T

10
15
17
18



xii

CONTENTS (Cont.)

Page
3' R‘—ESULTS € ® 06 6 ¢ © 9 & 92 O 8 ® 0 ¢ o0 © © 6 6 O 0 & 0 0 8 2 e e 8 8 80 27
ROPEOAUEEDILIIEY . vcs snavranenis sgosssaseny e

Recovery: Of adaded ATP (iccosnecnavasnvusins 27
Studies on the effect cof the temperature

on erythrocytes ATP levels in

store@-bladod—++v..crecccsscesscscscess 30
ATP content in red blood cells of Thai

Di1OOH IMIEIE 5 N\g.»+ + s snonasssmccsssens I8
ATP content in red blood cells of

patients with P. falciparum malaria..... 41

Studies on erythrocytes ATP levels in
MR e csccccessnsccccssss 45
Studies on erythrocytes ATP levels in

PRAEIE o ¢ oo nmoyWin g v enss PRI AR R E AR & ©

3. "DIBCUABION .o s isevacvssnnsssansssapevinens D9

S TCUMCEUORIN s sesisonsconnunssesnanivesninsnsn BF
REFERBNCES" &0 o a'tiae o os aiels o' o6 % o6 d sisim e e0ws e owo e e bne . 69

VITA ® ® 000 @09 00008 00 0 e 80600050 06 ° 8 e° 08 0O 7T 0006 O SO 0 00O O e 0 77



Table

LIST OF TABLES

Comparison of the similarities in the
red cell alterations in malaria and

in consequence to ATP depletion........e.-

The reproducibility of ATP values in

a same pooled blood sample..ccececsccccesns

Percentage recovery after adding the
known amount of the standard ATP
solution into the buffer solution

and a bIogd BEMIFES . o\s e csaransssnssssssses

The e¢ffect of time and temperature on

ATP 16VEIT 1M Yod BIoggdcell. . ..ccceecocssos

Red cell ATP levels obtained by various

methOdS ® e © % 80 6 ® s ne 0 0 a0 O 0 08 O e me 00 00 00 00

The effect of time on the red cell ATP

levels of P. falciparum—-infected

blood stored in the refrigerator..........

ATP content in red cells of patients

wvith-P. falciparum malaria. ... ..ccceavvvves

The ATP content in the red blood cells

of the normal MONKEYS..eccvesocceccconcsnas

°

xiii

Page

14

28

29

31

39

39

42

N
(=]



Table

10.

lll

12.

33,

xiv
LIST OF TABLES (Cont.)
Page

The ATP content in the red blood cells

of monkeys with P. knowlesi malaria........ 47

ATP levels in the red hlood cells of

convalescent MONKEYS...coeccansessascccsess 48

ATP levels in the red blood cells of

the SOl AT L. N NG R .. i cissnvnsscssvpas B

The ATP contents in the red blocod

cells of mice with P. berghei

malariaaonco.o.e.o..c;.o&cna-be-.-cooo...o. 53

The measured ATP content in red blood

cells of mice infected with P. berghei

and the calculated ATP content in
the parasitized and non-parasitized

rod Cells--o-on.o-........,e-.......o..-... 57



XV

LIST OF FIGURES

Figure Page

: Calibration for the optimal amount of

T NG I SRR R i T NI S R T 32
2 Effect of time and temperature on ATP

1aVe1B: .o vagild i grsncocncssasihonnsssvee 33
3. The frequency distribution of red cell

ATP levels in 151 Thai blood donors...... 36
4. The frequency distribution of red cell

ATP levels in 94 maleS.cc.cocecccsccnocass 7
L A The frequency distribution of red cell

ATP levels in 57 femaleS..cecoscccncsccccce 38
6. Effect of time and temperature on ATP

levels in normal blood donors and blood

infected with P. falciparum malaria...... 40

75 Relationship between the parasitaemia
and the measured red cell ATP content

of 27 patients with P. falciparum

malaria.-.owocaoo.-o-~.ae--0-noc.co..o.c 43

8. Relationship between the parasitaemia
and the log ATP content of para-

sitized red cellswith P. falciparum

malariao---..-.....-...:...-oooo......-.. 44



xvi

LIST OF ¥IGURES (Cont.)

Figure rage

< 4 The individual values of red cell ATP
levels in normal, malaria infected

and convalescent MONKEYS.cecccocsscosasccses 49

10. The erythrocyte ATP levels of infected

monkeys with P. knowlesi malaria at

different /Srdge \of infection...ccccceeceeee 50

i 1y ATP content in red cells of normal and

the P. berghei-infected mic€..coevocoseceas 54

: & 18 Relationship between the parasitaemia
(%) and the measured red cell ATP

content of P. berghei-infected mice........ 55

13, Relationship between the parasitaemia

1

(1000™ * RBC) and the ATP content in

the parasitized red cellS....cccceccecesess 58



	Cover (Thai)
	Cover (English)
	Accepted
	Abstract (Thai)
	Abstract (English)
	Acknowledgements
	Contents
	Abbreviations

