CHAPTER II

MATERIALS AND METHODS.

Instruments.

1o Microhaematocrit centrifuge (Clay-Adams)

2. Photometer: (Baué%%}& Lomb)

nfernaflonal Portable Refrigerated

ﬁii;ﬁii?
Fraction Collector TyDpe -~ 7000)- = @)

6. Well—qffé\801nllllati&@ counter (Nuclear Chicago

Model 181B)

7. Liquid scintillation counter (Nuclear Chicago

Model 1864)

Radioisotopes.

1. Sodium chromate (51

Cr) solution B.P. (Amersham)

. < 59 T
2. TFerric citrate (“’Fe) solution B.P. (Amersham)



Reagents.

10,
11

12,

17
18,

19.

12

Saponin

Normal saline solution

Nembutal sodium (Abbott)

Heparin (Nordmark)

Sodium arsenate/(May & Baker)

Magnesium sulphate (llay & Baker)
Potassium phespuate (L. Merck)
Adenosine/ triphosphate  (Sigma Chemical)
Luciferase enzyme'.( Sigma Chemical)
Methylene blue/ (8; Terck)

Azure (1) (BBH)

Disodium hydrogen phosphate (E. Merck)
Potassium dihydrogen phosphate (E. Merck)
Eosine (BDH)

Stain powder (E. Merck)

Glycerine

Absolute methyl alcohol (E. Merck)
Potassium ferricyanide (BDH)

Potassium cyanide (May % Baker)
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20. Sodium bicarbonate (BDH)
21. Sulphuric acid (May & Baker)

22, Perchloric acid (May & Baker)

Parasite.

Plasmodium knowlesi, malaria was obtained from the

Liverpool School of Tropical Medicine, Liverpool, England.
Animal,

s )

Rhesus monkeys/ (lMacaca mulatta) were purchased from

the animal houses. They were 'the local monkeys obtained from

the Southern Thailand.

Experimental Methods.

1. The parasite.

Plasmodium knowlesi was originally found as a naturally

occurring infection in Macaca irus, the crab eating monkeys

of South East Asian. In M. mulatta (Rhesus monkey) the

infection, if untreated, was fatal in 5-8 days, and the
erythrocytic cycle of schizogony was repeated every 24 hours.

The most suitable model for laboratory studies is P, knowlesi
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malaria in rhesus monkeys, since there are many features of
the disease which resemble malignant tertian malaria.
P. knowlesi stain was obtained from Liverpool School nf

Tropical Medicine9 Liverpool, England.

2. Dxperimental animals.

Rhesus monkeys {Macaca mulatta) weighing between

2.8-l1.0 kg were useds” /e animals were obtained from Southern

Thailand.

2.1 Normal monkeys. 7 ihe healthy monkeys were used

as a control group for this=study. They were frec from the
haematological and iintestinal parasites during the course of
the experiment. Animals werc kept in the individual metabolic
cages and recelved g convéntional dict of vegetables, fruits
and drinking water.

2.2 Infected monkeys. Ilicalthy monkeys were infected

R

with P, knowlesi by intravenously injection with 2.,0-L.0 ml
ol whole blood containing 0.5-2.0 million trophozoites from
a donor monkcy or 1-2 ml of frozen infected blood. The frozen
infceted blood was transfercd from dry icc into a watcrbath

at 37° - 4O° C. Blood was. then cenirifuged at 25,000 rope.me
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for 5 minutes. Red blood cell was washed with 0.9 % normal
saline solution for 3 times before it was injected

intravenously into a recipient monkey.

3. Study on ATP content of red blood cell.

Red blood cell ATP lévels were dctermined by the

luciferase enzyme usiﬁizii?ufigééintillation counter (Stanley

—_——l

\/
/ / T~ &
and Williams, 196?i§;;;;?’ -
e n eof /buffers.
FHEIK

v

/‘/ ——— o
pOﬁiq§;£h§bnqjc Buffer.
/ Y ‘ﬁi,v,\‘/\\ ?

Sodium arSehage—" 31,20 gm
Q A. o SN AM MO e \\_ ()
Magngsium sulphate 19 9.86 gm
W~ T
Distilled water geS. 1000, 00 ml

Adjust pHyte Rl wi th-FSIT, HQSO,O
Any precipitate which formed on standing was removed
by filtering through a Whatman No. 1 filter papers

0.01 M. Potassium_phosphate Buffcr.

Potassium phosphatc 1o 7L gm
Magnesium sulphate 0,966 gm
Distilled watcr g.s. 1000.00 ml

Adjust pH to 7.4 with 1 N, stouo

000014
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3.2 Preparation of stock solution of ATP,

Adenosine triphosphate 5:512 mg
Potassium phosphate buffer g.s. 1000.00 ml

This stock solution has concentration of 10_7mole/m1,

e
was kept in freezcr and standard solutions. of ATP (1077 -

=10

10 mole/ml) were prepargiéé/prtly before required, by

serial dilution of ELLS/‘tqbk\selujlon with potassium
/1% "

phosphate buffer, a fgxggpt omice.
//

3¢3 Preparatibn {J&he 1uc1ferasc cnzyme solution.

I
[ PREESEEAY
Five ml of &{;%11@@@ Wauo was added to vial of
_“_-__,'./

lucifeerase enzyme, mlxad well&'cantggfuged and kept on ice.
Q

s |

>
Use only supernatdﬁﬁ\fggﬁggzggminﬂﬁan of ATP.

3.4 Preparstion (of! '§tandard ATP curve.

A 10_9 mole/ml of ATP solution was precparcd by
diluting 1.0 ml of stock solution of ATP (10_7 mole/ml) with
potassium phosphate buffer to 100.0 ml and uscd this ATP
solution in preparing standard ATP curvec.

Lach vial containing 1.0 ml of sodium arscnate buffer
and 1.0 ml of watcr, kecp thesc vials coolcd throughout
assaying.

A scries of various concentration was prepared by



17

adding standard ATP solution and potassium phosphate buffer
to the vial containing sodium arscnate buffer and watcr. The
amount of standard ATP solution and potassium phosphate buffer

adaed as follow:-

ATP concentration nl of| 5., ATP ml of Phosphate buffer
(mole/ml) (10_9 mole/ml)
1072+0 4o 0.0
10793 0.5 0.5
10794 Quly 0.6
10796 0.25 0.75
407100 oL 0.9

Then 0.05 ml of luciferase enzyme solution was added
to each vial, mixed well and count the number of photon
produced within 6 scconds by using liquid scintillation
counter (Nuclear Chicago Model 1864A). Plot standard curve
of ATP by using log count pcr 6 sceconds and -log ATP (mole/ml)
which will bc a straight linc. Using this standard curve for

determination of ATP content in the sample.
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3.5 Preparation of blood sample for_ determination of

ATP content. One volume of whole blood was precipitated
without delay with thrce volumes of ice-cold 6 % (w/v)
perchloric acid. Aftcr thorough stirring which was nccessary
for good extraction of ATP, aliquots of the supernatant

obtained Dby Ccntrlfugatlon Wgyo used for further diluting.

‘<\

- // —
arsenate buffer an?j@gjj;/and qdded 0.05 ml of luciferase
BB
[

One ml of the dllutfiﬁjﬁa Jad‘; o the vial containing sodium

{

uhﬁchQi“étandard ATP solution. The

/ =

amount of ATP per 1OO Eiagﬁﬁﬁgdlmas calculated from log count

O » VE)
per 6 seconds andlt : gnrvpe

(m

Lo Study _on trapped RBC 'in rhesus monkeys.

e s

1
ko1 Labelling infected RBC with 2 cp. (Silver, 1963)

(a) About 15 ml of infeected blood are withdrawn
from femeral vein and transfer to L.5 ml of ACD solution.

(b) Centrifuge at 1,500 r.p.m. for 5 minutes,
(International Portable Refrigerated Centrifuge Model PR-2),

(¢) The plasma is removed to be used for the

preparation of the subsequent washing solution (2=-3 % in
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normal saline solution). This solution is kept at low

temperature, about 10° C.

51

2

(a) About 50MCi of lep (Na CPOM) is added

to the packed cells, mixed well and the mixture is left at
room tempcrature for about 20 minutcs with gentlc shaking at

frequent intervals,

! 7 4
(¢) Af%é%%ﬁhe i@%ﬁﬁation period the red blood

—

cells are washed ?ﬁéigjj%ﬁth plaéﬁé;saline solution. A
[

AEOR 4 o
R s
i f??E§Jt° prepare the standard solution.

fraction of D1CP
. .

(f) T@ﬁ,étéﬁﬂﬁf& solution is prepared by making
| SIRG AN '

up 0.1 ml of 51CP—RBC"TA;

Q — VE)

distilled water (& smatil o(lﬁ@ponin has been added to
i i

lyse cells).

\'~A;Vin a volumetric flask with

normal monkey was injected intravenously with a 59Fe—ferric
50
citrate solution containing 500 uCi of b’Fc, about three
weeks aftcr the injcction, blood was complctely labclled
. 59 . : , .
with ““Fe in vivo. The labelled blood was withdrawn and
preparcd as labelling infected RBC with 51CP from (a) to (f)
51

except no Na2 CI*OLL is added to the red blood cell.

K5C
Mized °'Cr-labelled infected RBC with 2JFe—lebelled
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normal RBC., A fraction of this mixcd blood is kept to prepare
the standard solution as in L. (f). The residuc is kept for
injection into a common.carotid artcry of the experimental
monkey .

be5 Mcthod of study in experimental monkeys.

be3a Anacsthetic. The experimental monkey was
///

anaesthetized with S___ﬁm Benﬁ%%é/bltal (Nembutal Sodium;

Abbott) at the dos//3/6;;@5 mg/kg body weight by injcction

intravecnously.

j §

/ A 4

1652 D/Qedure é@r stuay .on trapped RBC_ in
, - . 5y

&3 solution of Cr-infcected

RBC and 59Pe—normqi—RBG—was—aseé—asM;hc tracer for detecting

T
the trappcd RBC in normal .and a P. knowlesi-infected monkey.

After rapid,ingeetion ofijarknown volume and radioactive
concentration of a mixed labelled RBEC solution into a common
carotid artcry of a monkey, a continuous series of samples
was collected from both of the internal Jugular veins which
were connected with an automatic sample collecting apparatus
(Ultrorac Fraction Collecctor Type 7000) by means of polyethylen=
tubes. Twenty samples were collected in the course of 41 minute

starting at the time of injection. The sample was assayed in
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well-type scintillation counter (Nuclear Chicago lModel 181B)
connected to pulse height analyzer, so that the radioactivity

of 51Cr and 59Fe could be countcd separately. (Opecrate
51

instrument at H.V. = 680 volts, window width = 10. TFor - Cr,

encrgy 0.32 lMev, count at gain 16 with window count, and for
59F69 energy 1.10 and 1 30 %éz) count both of gain 8 with

base count and gain:igfﬁlt? thdow count). Then the

radioactivity in tm%

le ( % of doue given) was plotted

against time.

/}J‘w L2 )Ar’
A ’\f\/\ {

5. Method ofkparqs1te,counts~and habmatologlcal studies,
(Com ™

Bl Paragite—eeaﬂtT——Pa¥&§9Le counts were made on

blood sample obtalned by car prick or venipuncture. The

first appearance,of the-parasibeimthe peripheral blood

was detected by examination of thick blood film treated with
Field's Stain. When the parasitaemia is higher, the parasite

count was done on the thin blood film treated with Wright's 1
Stain. In each film the parasites were classified and

enuimcrated roughly undcr threc diffefent stages, namely,

(1) carly trophozoites (ring form), (2) late trophozoites

(amoeboid form) and (3) schizonts. Gamectocytes werc not B
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included. The term " parasitaemia " is used throughout this
work to denote the percentage of erythrocytes infected, and
not the number of parasites per 100 crythrocytes. The
distinction is important owing to the frequency of multiple
cell infections. The counts wcre madc usually of 1000

erythrocytes or 200 white‘ﬁép d cclls in thin and thick films

l

respectively.

0.8 om

@55 gm

5.0 feghl
Potassium dihydrogen phosphate 6.25 gm
Digti bhlediwabor g.sn 500.0 ml

Stain b.

Bosine 1.0 cm
Disodium hydrogen phosphate 50 gm
Potassium dihydrogen phosphate 6.25 gm
Distilled watcr ¢.s. 500,0 ml

After 24 hours, thc solution A and B were filtercd
and were ready for use, they should bc filtered if scums form

at a later date.
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Procedure for staining with Ficld's_Stain.

The slide with dry thick blood film was dipped in a
Stain A for 2-5 seconds and washed in tap water for 10 scconds,
or until stain ceascd to run from the film. ‘Then it was
dipped in Stain B for 1-3 scconds and washcd in tep water for

5 seconds. Finally, the s%&%; was placed on end to dry.

0.3 gm
5.0 ml
acetone free 97.0 ml

l."lmd with glycerine and added

methyl alcohol ingc=th olution féﬁe mixturc was kept in a

‘Eﬁ\\\‘______,///ﬁm

tightly stopped brown glass bottle for 2=3 weeks, and was

filtered before use

Phosphatc Buffer pl 7.2

Potassium dihydrogen phosphate Co7 gm
Disodium hydrogen phosphate 1.0 g
Disgtillcd water q.s. 1000.0 ml

frocedure for staining with Wright's Stain.
The slide with dry thin blood film was covered with

Wright's Stain for 3 minutes. An cqual amount of phosphate
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buffer was added and left for 3 minutes. Then it was washed
by flooding with tap water and placed on end to dry.

Thce slides were examined under microscope by oil
immersion lens.

5.2 Haemoglobin estimation. The haemoglobin level
was determined by the‘cy?géﬁéé%gemoglobin method (Oser, 1965).

\\\: Y /
Drapkin's Solut QR’{ —

200 mg
50 mg
Sodium bica: 5‘;ij“ A\ 1 gm
Distilled watell . 1000 ml

cdi determinat ~of haemoglobin.

A 0.02 mlyofy well-mixedibloodl from an accurately
calibrated pipet was-added to 5.0 ml of Drabkin's Soiution
and mixed well. Let stand for 10 minutes and rcad in a
photometer (Bausch & Lomb) at 540 m4 zeroing the photometer
with the Drabkin's Solution. The percentage of absorption
was rcad from the scale, and a calculation in grams of
hacmoglobin per 100 ml of bBlood was carried outl if recquired

-

or determined from standard table for hacmoglobin,
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5.3 Haematocrit level dctermin@tion. Duplicate

determinacions of haematocrit levels were periormed using a
microhacmatocrit centrifuge (Clay-Adams). Two thirds of the
heparinizcd microhacmatocrit tubcs were filled with blood,
onc end was scaled with plasticene. The tubes were placed

in oppositc dircction in aj%ég;ohaematocrit centrifuge which

—— =
were centrifuged aiiégééod?rﬁgsggzéfr 5 minutes. Haematocrit

levels werc measurcd”

entage by a special reading

provided with the

samples was within 1

RIS

o

fin
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