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CHAPTER V

DISCUSSION

DHFR is the enzyme& mhich catalyzes the reduction

ate, having NADPH as a

cofactor (Futterman ™S5 1 own that pyrimethamine

is an inhibitor @ ‘7 \t\\:"x

thus, the study og A
NN

pyrimethamine coulfl Be --3;_\ . \ e inhibitory effect

Burchall, 1965),
between DHFR and

of pyrimethamin® t6 PHFR &c

DHFR used foject was purified from

rat liver by the me ugh et al. (1971). The
method proved.to be stikable :liminate those contaminat-
ing substances Fhat migh t interfere t e /studies reaction.
v o
Some prepertieigr -? had been observed.
It
The optimum con itlon for lnhlhitiun of pyrimethamine to

o e FURGRENIREI T2 o

and 3b) at 87°c. The stolchlometric inhibltlon of pyrime-
QYR IO UM INLITNY e 72 v
three Blifferent kinds of buffers. The complete inhibition
of 2.81 units DHFR from rat liver in the above buffers had
been observed to be the same at pyrimethamine concentration

of 11.3 x 10~7

M (Figure 4). Since ethanol was used as the
solvent for the extraction of pyrimethamine from liver and

red blood cells of mice, the effect of ethanocl on DHFR
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activity was studied. It was clearly shown that ethanol
could directly reduce the enzyme DHFR activity, especially
at the higher concentration. When the amount of ethancol
added to the incubation mixture was increased to 200 ul,
the solution became turbidity due to colloidal proteins

formation (Figure 5).

Various metha-n\'%‘ phe determination of pyrime-

establis éiteratures these include
BA Hi chwh Weidekamm,et al.,

microbiological mé

1982), spectrophg *\\\ 1., 1953), thin-layer
chromatography (@I ’r-i}; : \§é??>\ 968; DeAngelis, et

as chromatography (GC)

al., 1975; Admadge ---;’\-“‘-!
(Cala, et al., 19¥. o%@ﬂi_ '\5§;\\-'Bl Bonini, et al.,
1981) and highuﬁe! a_{fmfglré-.\i\& omatography (HPLC)
(Jones and Ovenell l‘ ;; $E andl Weidekamm, 1982; Edstein,
1984). However, disadvantages among those
analytical me; -;fjric methed has no
specificity y..-.!« : nalysis utilizing
TLC, GC, microbi olaglcal methnd and

cumpllcateﬂ ﬁmﬂ,ﬁmwwﬁ some methods

need expendgiive 1nstruments

AWIEN BRI NG Boce we

aensitive assay technique which is suitable to use for the

C have to employ

determination of pyrimethamine in body fluids and tissues.
The method is based on the competitive binding between 14C—
pyrimethamine/pyrimethamine and DHFR. The principle is

modified from the competitive binding assay which has been

developed and used for the determination of methotrexate
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(DHFR inhibitor) which is widely used as antineoplastic

and immunosuppressive agent (Myers, et al., I815):

several factors involved 1n the competitive binding
assay procedures had been optimized. At the beginning the
method was planned to use charcoal slurry, a known adsorbent

of folates (Waxman and Schruber, 1973), as the adsorption

substance to separate thamine from the bound

pyrimethamine-DHFR igure 6 indicated that

. e — 5
over 98% of pyrime on 2 x 10 M in the
incubation mixt charcoal at the con-
centration of 1 ion mixture. The
procedure used etitive binding

oal as the separation

The optimum tEpe—a = fperature for the binding

between A4 c- p ere also studied at
4°c and 24°c. Y_N“A’ ienc i BEtween the pyrime-
thamine and DHEH at lOWer Se -turfﬁ(dﬂcl was almost two

times hig Jthat at Zdap The binding was rather

h
steadily ﬁuzﬂq wﬂninm,lﬂﬂﬁ to 120 min at
iﬁ fthe incubstion timegeof 15 min at
Ye ﬂ;ﬂr Qﬁ ifutillm;l)g nﬂa agdard assay
method.
The linear correlation of DHFR concentration and
binding capacity to 14C-pyrimethamine indicated the possible
use of the binding assay method at the presence of binding

rat liver DHFR as high as 24 units. At this concentration,

percent bound of pyrimethamine was about 50% (Figure B).
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The concentration of 10 nM 14C—pyrimethamine was

found to be appropriate to gain highest binding to 23.7

units of DHFR at the standard assay condition (Figure 9).

As it is known that DHFR catalyzes the conversion
of dihydrofolate to tetrahydrofolate only in the presence

of coenzyme NADPH, no copnidn ‘on could be detected without

this accessory compound. The lts in figure 10 also
ne to rat liver DHFR

was absolutely d!EE--?‘ \\ E maximum binding of

ved at 0.06 nM NADPH
“\

The resu ny j-‘}‘ ndicated cptimum pH for

binding of l4c in the range between
pH 6.5-7.0 coincided to the value
of optimum pH for thyfgi ‘Wé offect of pyrimethamine
on DHFR activigy ilh istrated in gures'd. Thus, potassium

_-.as the buffer for the

V7
phosphate huffe“  m
!

standard assay mﬁ?hﬂd

EUBANENTNEIDT s crmscnio
:@ﬁ’iiﬂﬁ‘ﬁ’ ) lﬂﬁ’ilﬁﬂﬁﬂiiﬂj

the association constant {Ka] of the pyrimethamine and rat
liver DHFR at optimum conditions for binding. A Scatchard
analysis- (Scatchard, 1949) of pyrimethamine-DHFR binding,
performed at pH 6.5, 4°c and NADPH concentration of 0.1 mM
indicated a single, homogeneous class of binding sites with
5 |

K_of 2.39 x 10" M

i (Figure 12a). The K, in the presence



of mouse plasma (35 mg proteins) or liver extract (100 ul

of 1:8 vol:vol ethanol extraction) was 2.45 x II.I‘.'.I":'l H'l

2.23 x 107 ¥t respectively (Figure 12b and 12c). Results

and

indicated that there were no significant interferring sub-
stances, such as folates etc., in mouse plasma or mouse

liver extract effected to the binding affinity between

&in body fluids and
——

by uUSinggthe standard curve.

tissues could be
Figure 13a, 13b rly exhibited the
possible compet ne by cold pyrime-

nlabeled pyrimetha-
14

thamine. Incre

mine caused the C-pyrimethamine

to DHFR. The stap plotted between

Cnfcx and the concel | pyrimethamine added,

exhibited linearit ‘23%1141%; rom 20 nM te 300 nM of
: v

pyrimethamine, cseitce ol o 1." se plasma (35 mg
h, ) ot

proteins), mausﬁll § uﬂ of 1:8 vol:vol

ethanol extractiqp human pl ma (39 mg proteins) and

B8O

N TYTTEEPIT S A e,

of the graph from the cogtrol. T e slepe o the standard

e AV SRV RHA R Ehceses 1o

slightly lower than the value observed with the presence of

mouse plasma. This might be due to the effect of ethanol

to DHFR activity itself as illustrated in figure 5.

The sensitivity of this competitive binding assay

fér pyrimethamine was found to be 20 nM (5 ng/ml plasma or

90 ng/g liver). This was slightly higher than the value of
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10 ng/ml plasma reported by DeAngelis, et al. (1975), using
TLC method, but it was comparable to the HPLC method deve-
loped by Edstein (1984). The GLC method had lower limit of

sensitivity of 100 ng/g tissue (Cala, et al., 1972)..

The precision studies of competitive binding assay

for pyrimethamine determination was given in term of percent

coefficient of varia2_~J  =.{‘$=' The percent coefficient

— 3.69, 4.48 and
the value of %C. »5.81, 5.06, 6.07,
6.27 when having proteins), mouse liver
extract (100 ul o extraction), human
plasma (39 mg p¥o (49 mg proteins) as

background of safp

The accurag rc_gg-l_ b;nding assay for pyri-
methamine evaluted f;é%#:-;:} was in the range of
89.0-108.7, 84L5-99 .4 L 480 .2-100.5 when

having mouse p

T

(100 ul of 1:8 vnl-vol ethanal extraction), human plasma

qarause liver extract

(39 mg proﬁ%ﬂaﬁﬂawmw mﬂﬁoteinsl respec-

tively. 1fllis worth noﬁéng that the calculated %recovery
o« QRGN TRENID N BAGHm =eom
close to 100% when the value of pyrimethamine detected were
at lower range but it was more fluctuated for the higher
level of pyrimethamine. This might be due to the wide
range of the standard variation observed in standard curve
when higher amount of pyrimethamine was added or from some

interfering substances present in the background samples.
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The specificity of binding between pyrimethamine
and DHFR was also studied and the results are shown in
table 4. Folate analogues such as folic acid, tetrahydro-
folate, S-methyl-tetrahydrofolate and leucovorin (5-formyl-
tetrahydrofolate) were used as the model interfering sub-
stances since small amount of these folates has been reported
to be present in mammalis na. The concentration of

inding capacity of 4o

pyrimethamine to It can be seen

from table 4 that = £ plate-an gue tested exhibited
the inhibition of :ﬁ ‘
pyrimethamine itse ;ﬂ'“:k ame eonditions. The con-
centration of l&uc y. use as -v~" 1l‘.'l4 times higher
than the value ob | ine, whereas the
concentration of "r\‘\-rafolate and 5-methyl-

tetrahydrofolate used 10° times higher. Sulpha-

nilamide faile--tr nhibie *° etheamine binding at

concentration 1 [ X 10 i8dmal physiological

value of falateEn human plasma was réported to be about
1.37 x 10~ E forfgalic acid @rter and Neuhceus, 1982)
e

LN AN EJL’Lﬂj i e b

of ciiuﬁtln falate is faround 3&x 10°° M (Gohns and Ber-

and for 5-

mzmmmm QELiic acia

and 5-methyl-tetrahydrofolate were obviously far higher than

tino

the physiological levels.

In order to determine the level of pyrimethamine in
body fluids and tissues, ti had to begin with the extrac-

tion of drug by the organic solvent. Plasma and urine con-

taining pyrimethamine were made alkaline (pH > 12) by adding
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sodium hydroxide then extracted with ethylene dichloride
(schmidt, et al., 1953; Jones ﬁnd King, 1968; Simmon and
DeAngelis, 1973 and Edstein, 1984). Other organic solvent
used for the extraction of pyrimethamine from plasma were
1,2-dichloroethane (DeAngelis, et al., 1975 and Jones and

Ovenell, 1979), toluene (Jones, et al., 1981) and n-butyl-

chloride-dichloromethang imm and Weidekamm, 198l1). For
tissue samples, DeA ﬂ»ﬁ I:'LB?S} extracted pyrime-—
i Pzed. ti es with lactic acid.
as neutralized with
,2-dichlorcethane.
Ploydanai (198 plus 10% trichloro-
acetic acid to™ rom human red blood
cells. Nuchada y 3lsG F brted that 95% ethanol
could be used fa P " pyrimethamine from

mice red blood ce 15"

The Gokil lve binding assayliethod which had been

developed in be used to determine

o
{l
the level of p'lmethamlne in intact crude serum and plasma

of mice ﬂﬂlﬁﬂ}ﬂﬁﬂmwrﬂﬂﬂ?tractlon. However,

95% ethandll was needed tn use as the salvent for the extrac-
AT INERY e o e
Nucha@lomrong (1985) reported that ¥recovery of the extrac-
tion of pyrimethamine from red blood cells of mice was

almost 100% when 95% ethanol was used.

The optimum amount of 95% ethanol to extract pyri-
methamine from liver homogenate and red blood cells had

been determined as illustrated in figure l4a and 1l4b.
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Having 12.5 nM 14C—pyrimethamine in the liver homogenate

or red blood cells, the optimum ratio of liver homogenate
or red blood cells to extracting 95% ethanol used was found
to be 1:5 (vol:vol) or more for maximum recovery of pyrime-
thamine (90-95%). If the extractable pyrimethamine in
liver homogenate or red blood cells was increased to 12.5

14

nM C-pyrimethamine mM pyrimethamine, the optimum

M/laud cells to extracting
ml :vol) for both sources

with about 95% of ethamine x 3“Evered. Thus, the ratio

of 1:8 (vol:vol iélecked fTor "the extraction of pyri-
ood cells since it was

the optimum ratijg 1yel g'*: \ighest recovery.

In the sec@nd - pbrci >f this thesis, the developed
competitive binding & Used to determine the level

of pyrimetha{¢;

;SEd blood cells of
A TE

uninfected mk “‘P. chabaudi clone

AS and hS{Pr‘IIﬂ P. chabaudi clone ‘,, modeling as drug-

i Ifﬂ?ﬂﬂlﬁiﬂzmﬁ?i1::‘::2?;??'
“‘*:a;mmﬁ@xmmmﬁ’ﬂ:;:‘:::::f“

fected mice were treated with single dose of pyrimethamine
by oral (5 mg/kg body wt) or intraperitoneal (5 and 30 mg/
kg body wt) administration on day 3 after 103 parasitized
erythrocytes inoculation. The %parasitemia, pattern of
parasitic clearance and death, including rate and level of

pyrimethamine uptake, time of drug retainment and elimination



rate of pyrimethamine were compared in the previously men-—
tioned system. Hopefully, the results gained would help
to understand and adding some more informations of the
mechanism and biochemical aspect of the infection process

in pyrimethamine resistant plasmodium parasite.

The fundamental pattern of changes in parasitemia

for mice infected wi

N .'."\ \
N\

without pyrimethaml e tredr fwas firstly checked. On

abaudi AS or P. chabaudi AS(Pr

the first day #¥tized cells had been ino-

culated, percegs 1r1y low (about 5 %)
(Figure l5a 3 owed by invasion of
plasmodium i mal cells and developed
into the matu arozoites then came out
into the blood ’éd. The number of para-
sitized cells ir ogarithmic pattern. The
untreated mice die ent parasitemia increased to

80-90 perces e Jinfection) .

ed Eice were treated with
pyrlmethamlneﬁhday 3 after inoculation; the parasitemia

of mﬂuﬂgm&]%ﬁmﬂma' chabaudi (AS and

AS(Pr }} was decreasefl due togthe inhibigion of pyrimetha-

otk N mhE U D AUHIAA T LR E o act on ene

schizont stage of parasitized cell growth which then de-

creased the amount of merozoites to reinvade the new ery-—

throcytes, so the number of parasitemia cells were reduced.

However, in all groups of pyrimethamine treated infected
mice, the %parasitemia became higher again after reduction

for a certain time. The recrudescent parasitemia peak was

85
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followed by gradually diminished in number of parasite
down to the base line within a few days. Continuing ana-
lysis for the presence of parasitized cells in the blood
circulation system indicated absclute clearance of the

parasite up to 3 months.

When mice were treated with pyrimethamine orally

(5 mg/kg body wt), @ appédrance of the recrudescent para-

sitemia peak in migE
‘

to occur at a 10HHE %after drug treatment

in comparison wi M up of Mice infected with P. cha-

baudi hS[Prli This probably due to

mice infected with

‘\\\\ th P. chabaudi AS{Fr

‘should be greater and

the higher upts
P. ehabaudi AS
so the amount of

leading to a long

Ploydanai 1962} st e uptake of pyrimetha-
mine into P.E;j-——---~ in = 1uland cells and re-

-
ported that tlﬁ up

tnﬂ&he cells infected
with sensitive i'sglate of plas madlum was significantly

higher tﬂawﬁjﬁg m&:ﬂiﬁe%gqﬂtinfected and normal

red blood cells respecgively.

R AINIUNMANYIAY

In vitro stu amine uptake into red
blood cells of mice infected with P. chabaudi exhibited
the corresponding results that the uptake of pyrimethamine
in P. chabaudi AS (pyrimethamine sensitive) infected red
blood celds was higher than P. chabaudi AS(Pr,) (pyrimetha-

mine resistant) infected and normal red blood cells, res-

pectively (Nuchadomrong, 1985).

86
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The pattern of changes in parasitemia of P. chabaudi
AS and ﬁE{Prl] infected mice after receiving pyrimethamine
(5 mg/kg body wt) intraperitoneally were similar to that
observed for the oral administration, expect that the ap-
pearance of the recrudescent parasitemia peak occurred at

a shorter period of time. The recrudescent parasitemia

thamine (5 mg/k o, y highly effective in

the malarial t intraperitoneal ad-

ministration.

So far Een ports on the effective

routes of drug \\-;venting or treating
malarial infections. ' annd Speer (1982) reported
that oral admin .ﬁ:ijufﬁ: dar (1.0 mg pyrimethamine

and 20.0 mg £§:~“~-»~-~~w— '"g more effective in

reducing or pri&en- qgan intramuscular

injection.

Tq g

Tﬂ remarkablyﬂiﬂje CEESJ in he time of the re-
, , = .

R TR e

30 mgfkg body wt of pyrimetha

ntraperitoneally from
the group of mice treated with 5 mg/kg body wt eof pyrime-
thamine either orally or intraperitoneally had been demon-
strated in figure 22a and 22b. These might be due to the
higher amount of pyrimethamine uptake into plasma which
caused the longer period of time for pyrimethamine to retain

in the parasites and relative organs of the host and
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suppressed the parasites to sub-lethal levels. The above
data leading to the assumption that the period of time for
the recrudescent parasitemia occurred was influenced by
the dosage of pyrimethamine and the route of drug adminis-

tration.

The measurement of pyrimethamine level in plasma,
liver and red blood cells chabaudi infected and un-
bSO
infected mice when Bhey w: &ed with single dose of

pyrimethamine on day afte 63 = inoculation was per-

formed by using &l wget i jw{ pifding assay method. The
values obtaine e standard curve

using CGHCx with

The resdlt ';,k' K ape treated with single dose

of pyrimethamine "Or &l 1w
Fes :
different patterns of™S =% : fine turnover in uninfected

wt) exhibited a clearly

and infected mhCe 17¢c). They were less

accumulation o ifected mice incomparison

with the infectEL ones . evels JB pyrimethamine detected

dnmfected with P. chabaudi AS were slightly

e B L ST WA s oo
Y QAT 611 aioh (1T F- Y

elimination half-life ~4-5 hr) was more rapidly than the
group of mice infected with both clones of P. chabaudi
(estimated elimination half-1life~9-10 hr). No significant
differences in rate of pyrimethamine uptake in all three

groups of mice studied were detected. However, the lasting

time of pyrimethamine retainment was illustrated to be
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highest in mice infected with P. chabaudi AS (> 48 hr) and
shortest in uninfected mice (18 hr). The similar pattern
of pyrimethamine turnover was also found when assays were
performed in mouse liver and red blood cells (Figure 18a,
18b, 18c and Figure 19%9a, 19b, 19c). The drug seemed to
have accumulated at the higher level (~28 nmole pyrimetha-

mine/g liver and estimat

imination half-life ~10 hr)
in the liver of micey P, chabaudi clone AS

) eﬁ/)ﬁhamine}'g liver and

than clone AS[Prl

estimated eliminﬂ!!!r—rt 1iF
of pyrimethamine 2 ﬂ”Tv.

uninfected mice (-~

The lowest level

erved in the liver of

N

hamine/qg liver and esti-
mated eliminati®n Only slight level of
pyrimethamine blood cells of un-

infected mice (0. lncomparison with the

value of 0.29 rbe detgcted in red bloed

cells of mice -4y ed with P di~AS and P, chabaudi

i€ tved were clearly

ed by @hadomrong (1985)

for in m',tEj studies of pyrimgthamine uptake in P, chabaudi

S and AS( ummmmmm
QRATRTA BT T Egene @ v

kg body wt) into P. chabaudi infected and uninfected mice

AStPrll resp3mﬁﬂ

supported from Eie da

exhibited a resemble pattern of pyrimethamine turnover in
plasma as was found in mice treated orally with the.same
dosage of pyrimethamine (Figure 2la, 21b and 2lc). The
highest levels of pyrimethamine detected were at 0.5 hr

after drug injection. This indicated that pyrimethamine
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was uptaken into plasma at higher rate for the intraperito-

neal than the oral treatment.

For mice treated with higher dose of pyrimethamine
(30 mg/kg body wt) intraperitoneally, the levels of pyri-
methamine detected in plasma were remarkably higher than

mice received pyrimethamine (5 mg/kg body wt) either orally

or intraperitoneally.

mine (~0.5, 0.2 and™ ' Arimethamine!ml plasma
in uninfected mice . infected wWith P, chabaudi AS and
mice infected wi Dy ",:\:" ), respectively) could

still be detect

icant levels of pyrimetha-

administration (Figure
23a, 23b and 23 ate of pyrimethamine
uptake into plas };;i thar ,m-rcral treatment.
This obviously in wﬁher dose of drug was
still be able to upta 15553:5 sma directly.

=
o e PRl

It has at when drug is given

1ntraperitoneuﬁﬁ f]TGSt complete but

the rate at whiﬂl the € S th:inrculatian depended
upon local blood #lew and thegstate of ionization of the

arug. wofdabd bhad VhEladhad I ENHTIdiny, mocn ene

amou arbed and the fate of absorption are determined

. maaﬁmmmu UNANENAY oo e consse
form, the presence of food in the stomach, the composition

of the gastrointestinal motility, the mesenteric blood flow

and the concurrent oral administration of other Hrugs

(Mayer, et al., 1980).

It was suggested by Wartak (1983) that the whole

dose of drug administration never enter the systematic
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circulation except that drug injected intravenously. A
major fact that can reduce the dose of drug is extension
metabolism in the liver during the first passage to that
organ. Benet (1978) pointed out that orally absorbed
drug must enter liver via the portal vein before reaching

the systematic circulation. The average maximum percentage

recovery of pyrimethamine jin blood circulation, liver and
red blood cells of mife Eecé , rimethamine 5 mg/kg

body wt orally was .Lu: XCE dé_i The higher level of
pyrimethamine up( \\’\\K\

infected mice can
injected with pyr'a- -'dy wt.

ed and P. chabaudi

e plasma of mice

After py . ation, either 5 or 30
mg/kg body wt, the ﬁé' ﬁ'f a drepped. This might be due
to the direct actig o ne on the malarial para-
sites. Thereafter, a rose again and this
relapse pares; Efitia —Cou "—v~e~~”we—5»5gfthe latent forms

re liver etc., which

of parasite efﬁ
were subsequent y released 1nte the blood stream. From

the resulﬂ %ﬂd}wmw&jﬂ ﬂ;dﬁzz it was ob-

viously deflénstrated the? the reerudeeeent peak of parasite
di eeﬁ)w{‘lalﬁ'ﬂ‘i m«ﬁ%qfﬁm ‘El!f]:ﬁ\ﬁenee although,
the léVel of pyrimethamine in plasma, liver and red blood
cells were very low (Figure 17, 18, 19, 21 and 23). The
declining of the percent parasitemia in recrudescent peak
was not expected to be the direct action of pyrimethamine
itself but possibly from other mechanisms, such as the host

immune response induced by the parasite.
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In human, the elimination half-life of pyrimetha-
mine was 95.5+* 30.6 hr (Weidekamm, et al., 1982), 84.3 hr
(Cavallito, et al., 1978), 77.4 hr (Jones and Ovenell,b1979),

118.3 hr (Yimm and Weidekamm, 1982).

It has been reported that malarial parasites caused

changes in almost every component of the immune system

1
{pPlayfair, 1982). \ ’,&tiun of P. faleiparum gave
271 )

rise to the respo changes within

the first week (Cgld £ alpsldBi7l). Human infected
with P. falﬂipay ‘ \" lead to the remarkably
increment of « z 10,4 d maximum synthesis
of s-globulins éﬂ (Collins, et al.,

1971) .

amined the relationship
between acquired immu : %"j' ic host and recrudescences

=

using P. chabawdi > sere infected with

136 P. dhabauﬁkf ;?gE. The infection

showed an acutlﬁparasiter a which be&ime subpatent after
about 2 w . Ej? -%1 a patency followed"
before a ﬂu s iﬂﬂﬁn ﬂﬂg}j&i appeared. The
mean ibady. 1e ¢ . ii r the course

of 1lmaﬂﬁimﬂﬁi ﬁa?}j meitemia and
then declined slightly in the subpatent period between

the first parasitemia and the recrudescence. During the

recrudescence the titre again rose and declined slowly

after the declining of the recrudescence parasitemia.
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In conclusion, the data obtained from this research
project suggested that the effective dose of pyrimethamine
for the therapeutic action of mice infected with P; chabaudi
clone AS and hS(Prli as high as 20-40% parasitemia was
5 mg/kg bedy wt with single treatment both oral and intra-
peritoneal administration. The mechanism of pyrimethamine

ected with P. chabaudi might

therapeutic action in mics
be due to the retai :J hﬂnlép;f-:fta at the level of sub-
lethal dose for a_ f-réﬂf," time and then the func-
tion of immune on of infected plas-
modium itself the clearance of

parasites from

ﬂ‘UEl’JVIEWIﬁWEI']ﬂ’i
ammmmumwmaﬂ
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