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CHAPTER III

METHODS

1. Preparation of dihydrg

ate (Futterman, 1957 and

Blakely, 1960)

Ascorbic &t ed with mechanical

stirring in abou ile stirring, 1 M

e

The volume of thaffsgfidifion i \\ to 10 ml by the

sodium hydroxide the pH rose to 6.0.

addition of wateij: SR ‘a \\ 8.2 mg of folic acid

in 1.6 ml of 0.1 | Mechanical stirring

\ X
was recommenced and l:éwﬁ—é_ o sodium dithionite added.

When all the dithionits solved stirring was continued

slowly for 5 4;;_________;__ 1T ,E§FEEOC}. An ice-bath
|

was then plac'«%ﬁ irring continued

1
i
"y
|
i¥

ature fell below 5 Oc % Addition of 1 M

hydrachlaﬁﬁﬁ Hﬂ%‘ ﬂjﬂjly.u.l ml/min

was then cqmmenced le the s stirred rapidly

at Da wfl\ﬂqmmmqwmﬁ ntinued
until @he pH fell to fter stirrin salutlnn for

a further 5 min to allow complete precipitation, the preci-

until the tempe

pitate was recovered by centrifugation (5 min at 1,000 g,
4°c) and the supernatant discarded. The precipitate, which
was mainly amorphous but contained some crystalline material,

was re-suspended in 10 ml of an ijce-cold solution of 10
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percent sodium ascorbate, pH 6.0, freshly prepared as
previously described. The suspension was returned to a
beaker cooled in an ice-bath with mechanical stirring and
continuous pH measurement recommenced. The bulk of the
precipitate was redissolved at this stage and the solution

was between pH 5-6. If necessary, the solution would be

adjusted to pH 6 by cautidus ._adding 1 M sodium hydroxide,

_”;#"ging stirred at 0°c for a

c ‘-ips only crystalline

g marked birefringence.

and maintained at thds
further 5 min.
material remained
The dissoclved dih allized from the solu-
tion by gradual V‘~g-c loric acid performed
exactly as previoyds ieseoil VE crystallization was

completed, (5 m .B) the heavy, white,

" . A 1l
birefringent suspe 10rﬁﬁ-he \-;-ed off as before and

_ (AT |
washed 3 times with l1&e==e 8 01 M hydrochloric acid by

L b A T
suspending andyce ecapitate was added

with ice-cold& Y] to make 50 percent

e "y
suspension. THifs was Keptrat =/0 C #ifder nitrogen gas and

could be Wu ofﬂnre than RMmonths.

B INENINEINT

dlhydrofulate reductase actlvlty assays, cCcry-
stalq maﬂﬂ%gﬂﬂﬁ%ﬁﬂqﬁ ﬁlutlon with
0.05 Trls HC1l buffer, pH 7.5, 0.1 M with respect to 2-
mercaptoethanol. The final dihydrofolate concentration
was adjusted to 1 mM using the molar extinction coefficient

of 2.84 x 107 mtem tat 282 nm.
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2. Dihydrofolate reductase activity assay

(McCullough, et al., 1971)

pihydrofolate reductase activity was measured by
a spectrophotnmetric method utilizing the decrease in
absorbance that occurred at 340 nm when NADPH and dihydro-
folate (DHF) were converted to NADP and tetrahydrofolate

t al., 1967). Assays were

(THF), respectively {a'”
performed at 37% L_-ectrophcrtametric assay
contained in a £ing il : 100 mM potassium
phosphate buffe assium chloride; 1 mM
2-mercaptoethan mM dihydrofolate;
and enzyme. Pusg f e J ;‘ ¢ as 11'-x last to initiate

the reaction.

Specific®fagli J& % xprésSed as umoles of sub-

strate reduced per h :*&_;;u protein.

A unigss ““—:;_a;____;;__;_;_'rESSEd as that
amount r-a-:imr:m.nc,ll Per hr under condi-
tions of the staFdard assay.

ﬂ‘lJEl’J‘l’lEWlﬁWEl']ﬂ‘i

3. Prntex dEtElenatan

ARIAN N300 319803 N8 Becre

[Zamenhof, 1957) in crude extract and amminium sulfate

fraction. For sephadex fraction in purification of dihy-
drofolate reductase from rat liver, protein was determined

by Lowry's method (Lowry, et al., 1951).




4. Purification of dihydrofolate reductase from rat liver

(MeCullough, et al., 1971)
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Rat liver 6.0 g was used for the enzyme purification.

All steps of purification were carried out at &30
Distilled water 25 ml was added to 6.0 g of liver and

homogenized for 30 sec with a homogenizer. The pH of the

homogenate was adjustedit \4},?.1 by cautious addition of
1.0 M hydrochloric aed 'I'vf ‘.hamagenate was centri-
fuged in a Beckmafl™} "Bfifrifuge, model 21-C at
27,000 x g for 2C ‘3%,~-*ernatnat fluid was
Sewcloth to remove

\\5\\ en fractionated

"?\-! 25.8 g of the cry-

\

afate. The mixture was

decanted throug
lipid material.
with ammonium su
stalline solid pegy
stirred for 30 min centrifuged for 20 min

at 27,000 x g as hefy;;r' ] gcipitate was discarded;

#d were added 29.6

)

to every 100 sdoSfthe Supernatantrs
g of ammonium S ids stirred at 4° for
|

1 hr and centri ﬁ?Ed as before excep " that in this case

N1 A L)1 T e

dissolved il a minimum volume of GS M Tris-HC1,
» ARIRINIHUNYING I8
fracti®n is referred to as the 45 to 85 percent ammonium
sulfate fraction. This fraction was then applied to a
column of Sephadex G-75 (2.5 x 80 cm), which had been
equilibrated with 0.05 M Tris-HC1l, pH 7.5, 0.1 M with
respect to potassium chloride. Tris-HCl of the same

molarity was used to elute the enzyme from the column,
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fractions of 5 ml each were collected. The elution was
carried out at 4°c . Tubes containing the highest enzyme
activity (about fraction 50-60) were pooled and used in
the subseguent experiments. The enzyme was kept at =70%

until used.

5 Determination of p amine by competitive binding
assay
The assa ition between ldc-
pyrimethamine ang ' 9 \”vﬁk”l ehamine for binding to
dihydrofolate r; Tcuh 5, rict | »;'~*f*g t removal of un-

Phe reaction mixture
in a total volumgFoj il v ta gy200 ul of 500 mM
potassium phosphalé P&/ “aRYe ¢ 00 ul of 1500 mM

potassium chloride 5l~=T"i N 2-mercaptoethanol; 100

14

ul of 1 M NADPH; 100 }5 ; C-pyrimethamine and

St

initiated theAsa of purified rat

liver dihydro=w% .7 units); the

||‘
e

tubes were mixed b vortex agitation‘” The a.:say was per-
Y ¥ p

fozasd “Pfﬁtl’?lﬂtl’/lﬁﬂtl’]ﬂ‘i

After incubated 6for 15 mip, 25 ul of, 10% charcoal
slura Wb’]aaq n;mm m]lqm H’mﬂ serum al-
bumin; Fraction V, 2.5 g/100 ml; and high-molecular- weight
dextran, 0.1 g/100 ml). Samples were again mixed by vortex
agitation and further incubated for 2 min, then centrifuged
at 2,500 x g, 4°c, for 30 min. A 400 ul aliquot of the
supernatant was counted for radioactivity [ bound DHFR—{14

pyrimethamine)] in 6 ml of toluene base scintillation fluid
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Triton X-100 by using Packard PL-Tricarb liquid scintilla-

tion counter (efficiency 80%, error 0.5-4.5%).

The amount of pyrimethamine could be determined
from standard curve between CGHCx and pyrimethamine con-

centration

[ od dpm without addltlnn 0ld pyrimethamine

— ]
c

glﬁwft mnine at various concentrations

dpm with added ”.;

6. Standardiza nding assay for pyri-

methamine

6.1 Detery 5 f 3- urve for pyrimethamine

A stagé \ structed by performing

each set of experin

T

containing 20047%

3 'ﬁtal volume of 1 ml

Iﬁhcsphate buffer, pH

6.5; 100 ul of 1800 mM pOTHESTAM chidflide: 50 ul of 20 mM

2- mercaptofahanortllﬂﬂ ul of @&/mM NADPH: 100 ul of 100 nM

e B AN THEARS rrerene
s ﬁﬁﬁ@ﬁﬁmmﬁﬂd‘lﬁﬂi :ZZZ

extractlonl, mouse red blood cells extract (with 1:8 vol:
vol 95% ethanol extraction), human plasma and human serum)
and initiated the reaction by adding 200 ul of purified

rat liver dihydrofolate reductase (around 23-25 units).

The assay was continued as described in Methods Section 5.
The standard curve was plotted between Cufcx and pyrimetha-

mine concentration.
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6.2 Precision
The precision was done in 2 ways:

a) comparing the amount of pyrimethamine by
repeated detection from the same batch of samples simulta-

neously —— within assay.

"E'

6.3

d by adding 20, 60, 100

140 nM of standard in sample assay tubes,

then detectedfl.T SO vrimethamrpe as described in
\Z Y
Methods Sectianl-; Was then calculated

d
s

and the figures %Fre used to 1ndlcate the accuracy of the

vt ﬂuEI’J'VIEWlﬁWEI'lﬂ‘i
N INeae

The assay was performed by adding unlabeled

pyrimethamine, folic acid, tetrahydrofolate, 5-methyl-
tetrahydrofolate, leucovorin and sulphanilamide at various
concentrations into the assay mixture and performed the
assay as described in Methods Section 5. The specificity

of this binding for pyrimethamine was evaluated by com-



paring the concentration of pyrimethamine and other unla-
beled substances which was required to decrease binding
of the labeled pyrimethamine by 50 percent under standard

assay conditions.

The substances used for specificity determi-

nation were prepared as follows:

> —— was dissolved ini-

entration of 19_3H of

drug.

NaOH to give

‘\e and 5-Methyl-tetra-

J%Fb
hydrofolate — wege h_udﬁ, s \ heé same procedures.
ol <
They were dissolved §—:= Hosphate buffer, pH 7.4 with

respect to 07%§ hiotHr LTy and kept under
nitrogen gas ‘el Bcéntration was

." ]
2 X l[.'l_zl'-'l. i uJ

ﬂ UB ’J Wﬁnllamlde — were

prepared r a cancentq?tlnn of 1 x 107 M and 2 % 10 2

res@ﬁﬂMﬂ‘iﬂﬁHﬂéﬁﬁ% BHVEY

A1l of the above stock solution were kept at

=20%C.

26
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7. Determination of the optimal amount of 95% ethanol used

for the extraction of pyrimethamine from liver and red

blood cells

The assay was performed by either adding 100 ul of
12.5 nM 14C—pyrimethamine or 12.5 nM 14C—pyrimethamine
plus 0.1 mM cold pyrimethamine into 100 ul of liver homo-

genate (Methods Sectial packed red blood cells

(Methods Section hanol was added at the

sd cells to 95% ethanol

;E§sﬁ:3\ -9 %nd 1:10 (vol:vol).

\sk\ -ntrifuged at 3,000 g

and -
W\
\\:xarb liquid scintilla-

+"®f 95% ethanol used for

ratio of liver
of ‘122, 1:3, 13

The mixture wa 5 \L
for 5 min. A ; 1P 8t was counted for

q
-
-
.
3
& b

intillation fluid

r 2
0
radicactivity 1 > f

Triton %X-100 by
tion counter.

the extraction of p¥ om liver and red blood

cells was dEt .,__m—.____ ‘ =LY .
L]

Iy 7

8. Determinatiop gf pyrimethamlne level in mice

ﬂ‘UEl’J‘VlEWIﬁWEI']ﬂ‘ﬁ

. Animal pregaratlon

qu@'ﬂtn m m:]‘l ﬂflxﬁaﬂ male and

female weighing approximately 30-40 g were used. Mice

were infected with P. chabaudi by intraperitoneal inocula-
tion of infected erythrocytes having about lﬂ?—lﬂB cells
of plasmodium per mouse. Infected mice were fed by standard

mouse diet and with 0.01% para-aminobenzoic acid as supple-

ment (Peters, 1967). The environment of day and night was



created and controlled by automatic electrical switch in
a specially designed chamber. The light was off between
8.00-17.30 hr simulating night time, and all the rest of

the time simulating the day (Newbold, et al., 1982).

8.2 Drug administration

At day 3 2 ; vW1at10n with
N

(percent parasitem.rgﬂga q Lt i'mice were treated
orally (5 mg/kg bodiewetl f;-» peritoneally (5 mg!kg
body wt or 30 m-  7 , ingle dose of pyri-
methamine. Th ‘ ‘ fle ‘~ ? i o was prepared by

suspending pyri +illed water; 30 mg

yddition of one drop
The drug suspensions

were kept at 4°c an shaken on a vortex

mixer before adminis -_‘F‘g:"' :

8.3 EX1n3=_E fflamine from plasma, red

i "
hloo cells and liver

ﬂummnmmmﬂm
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f::z:w.,mmn“'z*ﬁmm EL’TREEZ?Z

citrate dextrose (ACD) (sodium citrate 1.32 g, citric acid

0.48 g, dextrose anhydrous 1.40 g in 100 ml distilled water) ,

0.2 ml/ml blood, as an anticoagulant. Liver was also col-

lected separately for each mouse. The samples were kept at

4°C until used.
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8.3.1 Extraction of pyrimethamine from plasma

Plasma was removed from packed cells of
blood sample by centrifugation at 3,000 g for 5 min at 4%c.
This fraction of plasma was directly used in determination

of the amount of pyrimethamine.

Section 8.3.1

were pooled toget] and were

adjusted to 50 equal volume of

cold 5 mM phosphat PES), pH 7.4 and then

passed through cell#flogf Crs lufin (Richards and Williams,
2 r‘ﬂdb "-"J‘ ': . £

1973). The effluent “SSSm th umn was centrifuged at

ST
3IﬂDD g fﬂr 5- H = R "-.“"-

number of eryfns

packed red cells. The
iftikscribed in Methods
Section 8.3.2.lﬂ=nd D aras 3 was nﬂtermined from thin

films stained witheGiemsa stagmn. Packed red cells were

extracted ﬂuﬂ%mmﬁ,wjﬂqngemmm 1:8 (vol:

vol) ratio the solutiorf was themmshaken vi@#rously on a
vorteg m’l.%§uumr]:g wzjgr]iaﬂ 000 g for

5 min. The supernate was collected and kept at 4 °c before

being used to determine the amount of pyrimethamine.

8.3.2.1 Determination of erythrocytes

The amount of erythrocytes was

determined by counting on a hematocytometer. The unit of
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erythrocyte count was the number of cells/cubic millimeter

of the suspension.

8.3.2.2 Erythrocyte staining

Percent parasitemia was deter-

mined by smearing the blood onto the slide as a thin film.

3% giemsa solution = ‘: 1 unggg“ter the slide was taken
out, it was washg ed and examined under

oil immersion At least 500

Wrimethamine from liver

individual mouse was
chopped intc;~.- >ieces ‘af ' niged in ice-cold water

(1 g of live 5’ 15 ,fﬁ a homogenizer type
i | ¥t
NS1-12. Liveri‘anQE'. gwas used f'r extraction of pyri-

methamine fously descikibed in Methods Section 8.3.2.
AWEI LTEWYARS
Qﬂﬁ 5 % ﬁminetfcn of Tﬂimethaminu

The amount of pyrimethamine was determined by
competitive binding assay. The reaction mixture in a total
volume of 1 ml containing 200 ul of potassium phosphate
puffer, pH 6.5; 07 ul of 1500 mM potassium chloride; 50 ul
of 20 mM 2-mercaptoethanol; 100 ul of 1 mM NADPH; 100 ul of

14

100 nM C-pyrimethamine; 100 ul of assay sample and initiated
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the reaction by adding 200 ul of purified rat liver dihy-
drofolate reductase (about 23.7 units). The assay was

performed as the conditions described in Methods Section 5.

9. Determination of parasitemia in peripheral blood of

mice infected with P. chabaudi AS and P. chabaudinﬁ(?rll

and treated with a sipgle dose of pyrimethamine

=3 & P. chabaudi inoculation
— -J ;
AElE dofe @ethamlne, orally and

Mafhods| Sectid 1 and 8.2), parasite-

At various
and treated with 'S
intraperitoneally
mia was determig zch experimental set
consisted of 5 e} \\\g amination (oil-immer-
sion lens) of redfbj ff e lds™ il fxfpheral {tail) blood
smears stained wi d8| Section 8.3.2.2).

Peripheral blood ined at 24 hr intervals

for 14 days after P. eagtalg poculation and treated with

pyrimethamineg.4 The

oA

s
i |
L]

Appde more frequently

at 6, 12, 18 B¥€r pyrimethamine

ere fed for at least

3 months ﬂtuﬂqlﬁww mﬂjhey would survive

and be fre@ from para51te. Each clone chabaudi (AS

and Q{ﬁlﬂl aﬁﬂl?mwmmqﬂd_ 5 mice that

receifled no drug treatment.

administration . After 14 days mir:ue”J
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