CHAPTER III

RESULTS

1. ATP contents in red Dblood cell.

Since the method for determination of ATP contents in
RBC using the luciferase cnzym¢- and the liquid scintillation
counter was very sensitive, therefore the reproducibility,
and the recovery of this method and the effect of temperature
and storage on the ATE level \in the red blood cell were studied.

1.1 Reproducibility. +A blood samplec was

simultaneously determincd 30 times for thc ATP levels and the
result is shown in/Table—4+—4A mean!value of + onc standard

deviation of red blood cell ATP lcvel was found to be 153.16
+ 3.30 ulf/100 ml RBC with a range of 148,26 4M/100 ml RBC to

158,87 ali/100 ml RBC and a standard crror of 0.60 mli/100 ml RBC.



Table 1.

The reproducibility study

of

the same sample.

No. ATP Content No. ATP Content
(Juil/100 ml RBC) (j21/100 ml RBC)
1 151.72 16 15472
2 155+%0 17 151.72
5 1u8°26 18 158,87
L 151 /72 19 148.26
5 158,87 20 15172
6 15887 241 151.72
/ 154. 72 ¥ 155430
8 Al 15 151.72
2 155430 2L 148,26
10 151, (2 25 155,30
11 155430 26 158.387
12 151.72 27 158,87
15 151.72 28 155.30
n 151.72 29 151, 72
15 15172 30 151.72
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1.2 Recovery of added ATP. Blood with known amount

of red blood cell ATP concentration and the potassium phosphate
buffer were mixcd with the known amount of standard ATP
solution. The ATP contents in thesc samples were determined

and the percentage of recovery was calculated from a formula:-

Percentage recovery:= Qgﬁermlncd EHAEK A 108

Theoretiecal value
The results of the rceoviry experiménts are shown in Table 2.
Dble 2

Recovery experiments after adding the known amount of

standard ATP solution.

Theoretical | Duplicated |Percentage §
value determined rececovery

(aM/100 cmly) value

(aM/100 ml)

Total volume of 8 ml of buffer

withs -

2.0 ml 200 jM/100 ml Std. 50 50, L8 | 100, 96
3.0 Ml eevecocoocsoosecons 75 6L, 6L | 85, 85
BaO ML aeeooooccoososanea 100 92, 91 92,. 91
5.0 M1 coveooococonscscss 125 103, 104 | 82, 83
600 M1 eeveaoooonoosocsos 150 158, 162 | 105, 108
720 M1 eoooooscocconooas 175 170, 182 97, 104
8.0

Bl ecsssvsscsasscnsass 200 195, 199 98, 100




Table 2, (Cont.)
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Theorctical | Duplicated |Percentage

‘ value determinea recovery

(ul/100 ml) value

(ad/100 ml)

Total volume of 10 ml of buffen
with 1 ml blood pool and:-
1.0 m1 500 uM/100 ml Std. -added 57 55, 55 97 5 &
16D Ml eceovcsccsocsoastsotiobled 82 69, 69 8L, 8L
20 Ml concscanscansscns o /iy 107 105, 102 98, 96
26D M)l ecevcsoescsonsco /)RS 152 115, 112 87, 85
360 Ml cossocsoocose®oyohiREATRs N T 145, 138 92, 88
3¢5 Ml sevcovsassesossdflABEEK 182 152, 142 855 78
LoO ML sececocecaccasaesss ol 207 200, 209 97, 101
LoD Ml ceccocscasaocacoss s 232 235, 225 102, 97
HeO MLl saesoosso s o giteeimtoissniion 257 303, 297 118, 115
565 Ml cevosnosesss PRGN 282 318, 325 113, 115
660 ML svonsaissnsss 8 obTs eonss 507 3503, 303 99, 99

1.5 Effect of temperaturc and time on rcd blood cell

ATP levels. Samples of blood were collected in the heparinized

test tubes and were divided into 2 portions.

was

into

cell

The other two tubes were kept at rocem temperaturc and in the

The first portion

cxtracted immediately with the perchloric acid and divided

5 tubes, The first tube was assaycd for the red blood

ATP levcl and served as the control

at the zero time,
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rcfrigerator. The second portion of blood was divided into
two tubes and kept also in the refrigerator and at room
temperature. All thesec samplcs were assaycd for ATP lcvel at
1, 2, 3, 4 and 27 hours. The percentages of initial value

wer e calculated as follow:-

B kg [/ JATP level at time t. X 100
Percentage of initial wvaluc/& e Tovel ot soro Fime

The results of this etuwly/arc shown in Table 3. and Fig. 1.
It was quitec apparept /the’t the temperaturc and the process of
extraction had a cohsiderabie effecct on the ATP levels in the
recd blood cell,

The effect of Timec and tempcrature on ATP levels in red

blood cclly cxpressed as the percentage of the zero time.

Time (hours)

1 2 3 L 27
BExt. + Refrig. 94.9 90.1 89.0 T2 65.5
Ex¥t. + Room T, 90.1 8L.9 86. L 65,6 15.5
Blood + Refrig. 75:8 7541 65.5 52: 5 1101
Blood + Room T. 82,2 69,2 56.L L2l 16.3
i




% ATP of imitial value

o—0 = BExt. + Room T.

o——e = Bxt. + Refrig.

100
" % = Blood + Room T.

~_ _a&———p = Blood + Refrig.

80
60 «
h‘o—t
20 4
0 o &
1 i i 1 ¥ L& ¥
o 1 2 3 L 5 27

Time (hours)

Fik. 4= Effect of time and temperature on ATP levels.

L€
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1.4 Red blood cell ATP level in normal monkeys. The

result of ATP content in red blood cecll of 20 normal monkeys
is shown in Table L.
Table L.

The ATP content in the red blood cecll of the normal monkeys,

Hbs Hetxs ATP content
(gm %) (7 (pM/100 ml RBC)
M-L 197 x8.0 116
M-5 11.8 36.0 117
M-15 11.9 270 142
M~18 12.5 2740 52
M-22 19 «5 550 111
M-23 ™49 27.0 118
M=24 9% EE 111
M-25 b g 5240 109
M=-26 wolsp 10,0 73
M=29 9.3 blie5 oL
M-31 1342 L2.0 91
M=-35 11,2 34.0 123
1-36 13,4 L. O 6l
M=-37 13. 1 19.0 68
M-38 1.9 34,0 55
-39 12,9 37.0 | 99
M~-41 13,0 39.0 150
M-L2 10.0 33.5 120
M-L3 12.9 L1.5 82
M=l 12,2 15.0 115




An avefage valuec + one standard deviation was found to be
99,02 + 27.75 al/100 ml RBC with a range of 52 uM/100 ml RBC
to 150 uM/100 ml RBC with a standard crror of 6.20 uM/100 ml
RBC.

1¢5 Red Dblood cecll ATP level in monkcys infected with

w

P. knowlcsi. The Suudy Wﬂé“éé/ rmed in 5 monkeys infected
\J

with P. knowlesi. ;;;€;§> ﬁd,ceII\fTP level was detcermined
before and during ﬁ/th}ono The results arc shown in

Table 5. and Fig.

These values/iﬁvdbmparloon with thc normal values are

e, =

illustrated in bugo B 2

lM

)
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The ATP contcent in the red blood cell of monkeys with

P. knowlesi infcction.

Days after Hb. Het. {Parasite count ATP content
infeetion |(gm %)| (%) (1OOO_1 RBC) {(a}i/100 ml RBC)
M=38 0 11.9 34,0 O 55
5 RN, 550 1 6L
6 115 5506 36 71
8 76 LD 8 12
10 FeoH 20 D b 83
M=-01 0 1340 59,0 0 150
2 o 554 ) 6 136
10 o) AL O 89 175
M=-L2 0 NSRE] 335 0 120
5 10.6 529 5 155
7 6.4 | 27,0 103 172
M=L3 0 12.9 | 1.5 0 82
5 11.9 39.0 11 128
b 9.4 | 31.5 30 24
) 5¢3 235.0 12 132
M-l 0 1202 L6.0 0 75
L 1.7 k5.0 2 83
6 12,0 39.0 10 85
8 Tab 22.5 15 88
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Fige. 2= The ATP content in red cell of monkeys
infected with P, knowlesi.



ATP content QLM/1OO ml RBC)

200

150

100

50

H
[ ]
L
®
[ ]
L ]
- N NN |
n Ve )L
N P @
& ®
i .
be el
y 8
L
®
[ ]
L ] ——
NORMAL ' MALARIA

Fige. 3= ATP in red cell of normal and the

P, knowlesi-infected monkeys.
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2. Irapped red blood cell in the brain of normal and infeeted

monkeys .

The studies werc performed in 16 experiments of 5
monkcys infected with Fo _knowlesi with the infection rates of
a7y 19.3, 3.2, 1.6 and 13.9 % and in 3 experiments in a

N ’ ‘J / / . >
normal monkey. The tyg}ealzéééégr dilution curves werc shown

iIl l?lgo Ll-o and 5¢ //J | '\ e

// -
fééthihe outflow pattern of

M 7 !
[ P
1o 0 q‘dgfé: infeeted with . knowlesi

NAAA

malaria was lower uhaﬁtthét o 59Fe—labc11ed normal red
"umm-n-n-,-..r/

blood cells in bomh normal and 1nfe6ﬁ >d monkcys. This
indicated that thediﬁ?écted—rcﬁ//iaod cells travel with the

same rate as the' the normal red blood cclls but somec of the

infected red blood cclls were trapped in the capillarics of

the brain of these monkeys,
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Fige 4= A typical blood radioactivity-time pattern

in normal nonkey.

ol = 59Fe—labelled normal red cells,

O-=-0 = 51Cr—1abelled infected red cells.
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Fig. 5= A typical blood radiocactivity-time pattern in

P. knowlesi-infected monkey.

e 59Fe—labelled normal red cells.
5%

Ut

O mn=b Cr-labelled infected red cells.
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