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The pharmacokinetics and mass fate in mice, of pyrimethamine (425 mg kg-l s .o . )  
administered subcutaneously either as the base (BASE) or the pamoate salt (PAM) in an 
injectable oil mixture (benzyl benzoate-peanut oil 50 : 50 v/v) have been evaluated. 
Maximum measured plasma pyrimethamine levels after BASE were attained within 24 h, 
and were twice as high as after PAM. 25% of animals dosed with BASE died; among the 
survivors plasma drug levels fell rapidly below the minimum inhibitory concentration (MIC) 
for Plasmodium berghei (100-200 ng ml-1) by 5 weeks. In contrast, no mice dosed with 
PAM died and plasma levels were sustained above the MIC for 13 weeks, drug still being 
detectable in lasma after four months. Overall, there was no significant difference between 
areas under tKe curve from zero time to  the time of the final sampling of pyrimethamine 
following PAM or BASE. The rapid initial elimination of 14C-radioactivity (2.64 f 047% 
dose day-1 over 4 weeks) seen after dosage with [I4C]BASE reflected the plasma 
disposition of pyrimethamine in the mice dosed with BASE. 90% of the excreted 14C was 
eliminated by one month by which time less than 1% (0.03 k 0.02%) of the [14C]BASE was 
recovered from the injection site. Both BASE and [“TIBASE studies suggest that 
exhaustion of this preparation occurred by 7 weeks. Excretion of I4C-radioactivity after 
[ W I P A M  was gradual and sustained with a low mean daily rate, that was maintained 
throughout the study i.e. 1.21 f 0.17% day-1 (4 weeks), 0.88 f 0.28% day-1 (8 weeks), 0.5 
_+ 0.31% day-’ (12 weeks), 0.42 k 0.27% day-’ (16 weeks). At the end of the study, 7.11 f 
1.90% of the [14C]PAM remained in the dose site. No visible tissue reactions were observed 
to either preparation. Overall recovery of radioactivity was 85.00 5 11.31% for both 
14CIPAM and [“TIBASE. These studies indicate that the PAM preparation is worthy of E urther long term evaluation. 

Currently available antimalarials are only effective 
for short periods. Pyrimethamine, alone or in 
combination with a sulphonamide or sulphone, is an 
ideal choice for incorporation into long-acting 
antimalarial preparations (Coleman et a1 1986); 
pyrimethamine sulphonamide combinations are 
already extensively used in areas of Plasmodium 
falciparum chloroquine resistance. Recent studies 
(Werbel et a1 1984) have shown that pyrimethamine, 
when administered in delayed release preparations, 
protected mice from challenge by P.  berghei for at 
least two months. Of these preparations, the poorly 
soluble pamoate in an aqueous vehicle was superior 
to the base in sustaining curative pyrimethamine 
levels over 32 h (Coleman et al 1986). 

The present study evaluates the long-term release 
of pyrimethamine from injectable oil mixtures of 
both the base and the pamoate salt, administered to  

mice. This animal is a convenient and widely used 
experimental model for malarial chemotherapeutic 
research (Killick-Kendrick & Peters 1978). 

M A T E R I A L S  A N D  M E T H O D S  

Reagents 
Pyrirnethamine base (BASE) and pyrimethamine 
3-N-oxide were supplied by Wellcome (Beckenham, 
Kent, UK). Pyrimethamine pamoate (PAM) was a 
gift from the Walter Reed Army Institute of 
Research, Washington DC,  USA, through the 
World Health Organisation. [“CJPyrimethamine 
base ([14C]BASE) (specific activity 54 mCi mmol-1) 
labelled in position 2 of the pyrimidine ring, was 
obtained from Amersham International (Amer- 
sham, Bucks, UK)  and [14C]pyrimethamine pam- 
oate ((14CIPAM specific activity 27 mCi mmol-I) 
was synthesized for the World Health Organisation 
in the USA. Proguanil hydrochloride, the internal 
standard, was supplied by ICI Pharmaceuticals * Correspondence 
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(Macclesfield, Cheshire, UK). Benzyl benzoate and 
peanut oil were supplied by Sigma Chemicals (Poole, 
Dorset, UK). N.C.S. tissue solubilizer, and 
hydrogen peroxide (30% w/v) were supplied by 
BDH Chemicals Ltd (Dorset, UK). Emulsifying 
liquid scintillant (ES 299) was obtained from the 
Packard Instrument Co. Ltd (Reading, UK). All 
other solvents were of HPLC grade (Fisons, Lough- 
borough, UK). 

Animal studies 
Male TFW white mice, mean weight 20 f 0.5 g, were 
provided with an Oxoid 41B diet (Oxoid Ltd, 
London, UK) and free access to  drinking water. 

Plasma disposition of pyrimethamine 
The plasma disposition of pyrimethamine, adminis- 
tered as either BASE or PAM incorporated in a 
biodegradable oil, was determined in two parallel 
groups. Mice in group I (n = 20) each received 
425 mg kg-1 PAM (base equivalent dose), adminis- 
tered subcutaneously in 50 p1 of an oil mixture 
(peanut oil-benzyl benzoate: 50 : 50 v/v). Mice in 
group I1 (n = 20) each received 425 mg kg-1 BASE, 
also administered subcutaneously in 50p1 of the 
same oil mixture. Blood samples (4&90 pl) were 
taken from the tail vein of each animal at 24,48,72,  
96 and 168 h, then at weekly intervals for 15 weeks. 
The samples were collected into microhaematocrit 
tubes of 20yl capacity, which were then sealed. 
Following centrifugation, (11OOg, 5 min) volumes of 
plasma, (20-60 yl) accurately measured using a 
100~1 capacity Hamilton syringe. were placed in 
Microcap tubes (1.5 ml, L.I.P. Equipment and 
Services, Yorks, UK). 

Excretion and mass fate of 14C radioactivity 
The urinary and faecal excretion and mass fate of 
radioactivity after the administration of [ W ] P A M  
and [“TIBASE were determined in 2 sets of animals 
comprising 8 groups, A-H. Mice in groups A ,  B,  C 
and D (n = Ygroup, set 1) received 425 mg kg-1 
PAM subcutaneously in the oil mixture (peanut 
oil-benzyl benzoate 50 : 50 v h ) .  This dose included a 
tracer of 2.5 yCi, 23 pg) of [I4C]PAM. Mice in set 2, 
i.e. groups E (n = 6), F (n = 7), G (n = 7) and H 
(n = 6), were each dosed with 425 mg kg-* BASE 
Subcutaneously in the oil mixtures; again the dose 
contained a tracer of [14C]BASE (1.5 pCi; 6.9 pg). 

The mice were housed individually in metabolism 
cages; urine and faeces were collected at  weekly 
intervals. Urine volumes were recorded and samples 
were assayed for pyrimethamine and pyrimethamine 

3-N-oxide by HPLC (Coleman et al 1984). To 
determine accurately the rate of drug excretion, and 
the nature of the tissue localization of pyrimeth- 
amine at various times during the study, 5 mice from 
groups A and E, B and F, C and G ,  and D and H ,  
were killed at intervals of 4, 8, 12 and 16 weeks, 
respectively. The 1%-concentration at the injection 
site, major soft organs, and carcasses was deter- 
mined. 

Determination of 14C radioactivity 
Sample preparation. After removal of the heart, lung 
and kidneys, the liver, gut and injection site (i.e. the 
drug bolus, including immediately surrounding 
tissue), the tissues were homogenized separately 
using an Ultra-Turrax blender. The carcasses were 
dissected and homogenized using a Waring Blender. 

Analysis of 14C radioactivity. Samples of urine 
(20-50 yl) were directly assayed for 14C radioactivity 
after addition of scintillant fluid (5 ml). Aliquots of 
the homogenate (50p1) of liver, gut, faeces, com- 
bined heart, lung and kidneys, were incubated 
overnight with NCS tissue solubilizer (500 pl). Dis- 
colouration was achieved by a further 20 min incuba- 
tion of the digest with hydrogen peroxide (200 pl). 

To improve scintillation counting efficiency, the 
elimination of chemiluminescence was achieved by 
the addition of glacial acetic acid (60 pi), and after 
the addition of emulsifying liquid scintillant (20 mi), 
the samples were vortexed for 30 s ,  then cooled to 
4 “C. Corresponding blank and radioactivity 
(0.1 pCi) spiked samples were processed identically. 

Background radioactivity in samples from mice 
was determined as described, as was the recovery of 
14C-radioactivity from the various tissue homogen- 
ates (Coleman et  al 1985). 

The levels of “C-radioactivity in samples were 
determined in duplicate by liquid scintillation count- 
ing using a Packard Tri-Carb 4640 liquid scintillation 
spectrometer. 

Determination of pyrimethamine 
Pyrimethamine and its 3-N-oxide metabolites were 
determined in plasma and urine by a selective and 
sensitive microanalytical HPLC method (Coleman et  
al 1984). This was free from chromatographic 
interference from the pamoate moiety of pyri- 
methamine pamoate. 

Pharmacokinetic calculations and statistical analysis 
The area under plasma concentrationitime curve 
from time = 0 to time = final sample (z) AUC,,,, 
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was calculated by the trapezoidal rule (Gibaldi & 
Perrier 1982). Peak plasma concentrations of 
pyrimethamine and the times at which they were 
attained were estimated graphically. Statistical 
analysis of data was by one way analysis of variance, 
and Student's t-test, modified to compensate for the 
increased likelihood of significant values during 
multiple t-testing (Wallenstein et a1 1980). Statistical 
significance was at the P < 0.05 level. 

RESULTS 
Plasma disposition of unlabelled pyrimethamine 
The mean log pyrimethamine plasma concentrations 
after administration of PAM (group I) and BASE 
(group 11) are shown in Fig. 1, and the resultant 
pharmacokinetic parameters listed in Table 1. In 
group I1 (BASE), plasma concentrations at 24 h 
were approximately twice as high as those of group I 
(PAM), and produced severe toxic effects in some 
animals, 5 of which succumbed to pyrimethamine 
intoxication within 48 h. At 4 and 7 days following 
drug administration to group 11, (BASE) the pyri- 
methamine AUCs (AUCs4 days 21.11 f 7.00 pg day 
ml-1) and (AUCs7 days 30.10 f 7.81 pg day m1-l) 

E 
Is, - : 0 1  

0 5  

8 0 2  

OIL 0 
Tlme (weeks) 

FIG. 1. Semilogarithmic plots of plasma levels (pg ml-I 
mean k s.e.m.) of pyrimethamine plotted a ainst time after 
425 mg kg-1 S.C. pyrimethamine pamoate ?A) or base (0) 
to 16 weeks. 

remained higher ( P  c 0.001) than those in group I 
(AUCw days 8.31 k 4.50 pg day d - l ,  A U L ,  days 
19.41 f 6.94 pg day ml-1); however, between 7 and 
14 days, pyrimethamine plasma concentrations in the 
group I1 (BASE) animals fell steeply from 1.9 to 
0.1 pgml-1. Over the following 3 weeks, plasma 
levels fluctuated between 0.1 and 0-4 pg ml-1. At 
five weeks post dose, pyrimethamine concentrations 
fell below the minimum inhibitory concentration 
(MIC) for pyrimethamine against P. berghei, the 
rodent malarial parasite (-100-200 ng ml-1, 
Howells, personal communication). 

In contrast, in group I (PAM), no signs of 
pyrimethamine toxicity were detectable, and peak 
plasma concentrations were approximately half 
those of group 11. Initially, the AUCs (04) and (0-7) 
in group I were significantly ( P  < 0.001) lower than 
those in group I1 (Table 1). However, 14 days 
post-dose, group I pyrimethamine plasma concentra- 
tions exceeded those of group I1 10-fold (Fig. 1). 
Only 14 weeks after administration did PAM plasma 
concentrations fall below the MIC. At 16 weeks, 
pyrimethamine was still detectable in 9 of the group I 
mice. Overall, the mean AUC,,,, of both groups I 
and I1 did not significantly differ (Table 1). 

Excretion and mass fate of 14C-radioactivi~ 
The cumulative excretion of 14C-radioactivity 
(urinary, faecal and total) and the urinary cumula- 
tive excretion of unchanged pyrimethamine over 16 
weeks is shown on Fig. 2. Of 26 mice dosed with 
[WIBASE, seven died as a result of pyrimethamine 
toxicity, a similar proportion of fatalities to those in 
group I1 (BASE). 

Initially 1"-radioactivity and unchanged drug 
were rapidly eliminated from animals in set 2 
([WIBASE, Fig. 2), 90% of the eliminated 14C, 
being excreted four weeks post dose. Low-level 
elimination of radioactivity and unchanged drug 
persisted for a further 3 weeks. The mean rate of 
excretion over the initial 4 weeks (Table 2) of 

Table 1 .  Pharmacokinetic determinates of pyrimethamine at 425 mg kg-1 when dosed (s.c.) as the pamoate salt or base in a 
benzyl benzoate-peanut oil (50: 50 viv) mixture. Values are listed as mean f s.d., for n, peak concentration (Cpk), area 
under the curve (AUC) from zero to 4 days, zero to 7 days and zero to final sample time ( 2 ) .  

AUC(IL4 AUC(w7 
Formulation n Cpk(pgm1-1) Tpk(h) pgdayml-1) pgdayml-I) AUC,,,, 
Pyrimethamine pamoate 

Pyrimethamine base 

P c 0.001 c 0~001 c 04Q1 NS 

(Group I) 20 6.51 k 3.00 24 8.31 * 4.50 19.41 * 6.94 42.51 * 11.52 

(Group 11) 15 12.75 f 3.90 24 21.11 f7 .00  30.10 f 7.81 40.73 f 7.00 
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Table 2. Mean total (urinary and faecal) excretion rate for each group listed as mean f s.d. after S.C. administration of 
[14C]pyrimethamine (425 mg kg-1) as the pamoate salt or base in a benzyl benzoate-peanut oil (50: 50 vlv) mixture. 

Group 
n 

A B C D 
5 5 5 5 

[14C]Pyrimethamine pamoate Time after 

. Meantotal 
(set 1) dosage (days) 28 56 84 112 

excretion rate 1.21 f 0.17 0.88 f 0.28 0.5 f 0.31 0.42 2 0.27 
(YO dose day- 1)  P < 0.05 P S 0.05 P S 0.05 

vs A vs A, B 

Group E F G H 

(set 2) dosage (days) 28 56 84 112 

n 5 4 5 5 
[ 14ClPyrimethamine base Time after 

Mean total 
excretion rate 2.64 f 0.47 0.03 f 0.02 - - 
(YO dose day-’) P 0.05 P C 0.05 

L 8 12 16 
Time (weeks) 

FIG.  2.Cumulative excretion profiles of 14C-radioactivity 
and pyrimethamine (mean f s.e.m. YO dose) plotted over 
16 weeks, after administration of [ 14C]pyrimethamine 
pamoate ( m )  or (14C]pyrimethamine base (0 : (A) un- 
chan ed drug in urine, (B) total excreted 14C )faeces and 
urine!, (c) faecal 1 4 ~  excretion, (D) urinary 1 4 ~  excretion. 

14C-radioactivity after administration of BASE was 
more than twice that of the mice administered PAM 
(Group E vs Group A; Table 2 ) .  Consequently the 
percentage of [“TIBASE remaining in the dose site 

was less than 1% (group E; Table 3). By seven weeks 
the rate of excretion and the residual dose site 
radioactivity had fallen almost to zero in Set 2 
([WIBASE, group F). Hence 1%-radioactivity 
elimination after dosage with base, reflected the 
plasma disposition of pyrimethamine in the mice 
dosed with BASE (group II), both studies indicating 
exhaustion of the pyrimethamine base preparation 7 
weeks after dosage. Residual tissue localization in 
the various organs accounted for 6% of the 
[14C]BASE dose at 4 weeks, with no residual 
radioactivity detected thereafter. 

In marked contrast, after [WIPAM, 1%-radio- 
activity and unchanged drug elimination was gradual 
and was sustained at a low level for the full 16 weeks 
of thestudy (Fig. 2 ) .  After [WIPAM (groups A-D), 
the mean rate of 1%-radioactivity excretion (Table 
2) was significantly lower than that of set 2 
([14C]BASE). In addition, there were no significant 
differences between groups A, B and C in the rates 
of 14C radioactivity elimination (Table Z), over the 
first 12 weeks, after which the excretion rate fell 
significantly. In contrast to the rapid release of drug 
from the dose site after [14C]BASE, there was more 
gradual release of drug after [14C]PAM. After 4 
weeks half the dose was recovered from the injection 
site, and four months after administration, 7.1% of 
the dose of [14C]PAM still remained in the site of 
injection (Table 3). Tissue localization in the soft 
organs was undetectable in groups A-D of set 1. 

Over the period of both studies, none of the mice 
suffered any visible tissue reactions to the drug. 
After the mice in sets 1 and 2 were killed, examina- 
tion of the areas around the injection sites revealed 
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Table 3. Mean k s.d. residual injection site [“C]p rimethamine pamoate or [WJpyrimethamine base listed as YO dose, 
after S.C. administration of [“Tlpyrimethamine as t i e  pamoate salt or base at 425 mg kg-l in a benzyl benzoate-peanut oil 
(50 : 50 v/v mixture). 

Group A 

(set 1) dosage 2 8  

n 5 
[*4C]Pyrimethamine pamoate Days post 

p‘cr 
vrimethamine 50.84 +_ 16.70 

pknoate (% dose) 

Group E 
n 5 

[14C]Pyrimethamine base Days post 
(set 2) dosa e 

1 1 4 d  
28 

byr&nethamine 
base (% dose) 0.88 f 0.39 

B 
5 

56 

27.71 f 6.7 

F 
4 

56 

0.10 f 0.10 

C 
5 

84 

1190 f 4.41 
NS vs D 

G 
5 

84 

D 
5 

112 

7.11 5 1.90 
NS vs C 

H 
5 

112 

no visible internal reactions, however in set 2, of 14 
mice, injection sites were only visible in 3 of the 
group E animals. 

In set 1 ([WIPAM), the injection sites of the mice 
were clearly visible, and were encapsulated in a thin 
layer of tissue. During the study less than 6% of the 
dose of pyrimethamine was excreted unchanged 
while less than 2% of the dose was accounted for as 
pyrimethamine 3-N-oxide, which is known to be a 
minor metabolite of pyrimethamine (Hubbell et al 
1978; Coleman et al 1985a). The overall recovery of 
14C-radioactivity after administration of [“TIPAM 
and [WIBASE was 85.00 f 11.31°/0. 

DISCUSSION 

The most promising long acting antimalarial prep- 
aration, cycloguanil pamoate (Thompson et al 1963) 
underwent extensive clinical trials (for review see 
Elslager 1969) but was poorly tolerated. However, 
there remains an urgent need for effective long- 
acting antimalarial preparations, owing to lack of 
compliance with existing drug regimens (Weber et a1 
1975), and the logistical problems involved in fre- 
quent mass chemotherapy (Howells 1982). Pyri- 
methamine/sulphonamide combinations continue to 
be effective in areas of chloroquine resistance 
(Worth & Werbel 1984), and the present report is a 
preliminary step in the development of an injectable, 
sustained release pyrimethamine parnoate/ 
sulphonamide preparation. 

From Fig. 1, it is clear that the pyrimethamine base 
preparation (group I1 and set 2) had undesirable 
characteristics. The high maximum measured plasma 
levels, which were far in excess of those necessary to 
inhibit P. berghei, were associated with severe 

toxicity leading to the death of some animals. The 
high initial rate of 14C-radioactivity elimination and 
unchanged drug was reflected in the rapid fall in 
pyrimethamine plasma concentrations (Fig. 2) and, 
at four weeks, 90% of the excreted “Cradioactivity 
had been recovered. This high mean rate of excre- 
tion (Table 2 )  was borne out in the low levels of 
[“CIBASE remaining in the injection site at four 
weeks (Table 3). Therefore, the BASE preparation 
was clearly unsuitable. 

However, the incorporation of PAM in the oil 
depot was more encouraging. There was no evidence 
of toxicity, as maximum measured pyrimethamine 
plasma concentrations were half those of group 11 
(BASE, Table 1). The AUC data obtained over the 
first seven days of the PAM gave plasma drug levels 
lower than BASE-dosed mice (Table 1). Over the 
initial two weeks, in marked contrast to the 
[WIBASE group, the elimination of radioactivity 
and unchanged drug was gradual and sustained. This 
was again reflected in the reduced rate of decline in 
drug plasma levels after PAM administration com- 
pared with BASE (Fig. 2). At four weeks, half the 
dose of [14C]PAM remained at the injection site 
(Table 3), which correlated well with the low mean 
rate of excretion (Table 2 ) ,  sustained throughout the 
study. Overall, after an initial modest surge over the 
first 2-4 weeks, the release of pyrimethamine from 
PAM appeared to approach zero order kinetics (Figs 

At the conclusion of these studies, there was no 
significant difference in the AUC(,,) of groups I 
(PAM) or I1 (BASE) and no difference in the 
cumulative excretion of either unchanged drug in 
urine or total W-radioactivity in between sets 1 
([14C]PAM) and 2 ([14C]BASE) (Fig. 2). 

1 ,2) .  
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However, the PAM preparation was superior to 
the BASE preparation in terms of safety, and 
maintenance of curative drug plasma concentrations 
and its increased effectiveness when administered in 
a low dose aqueous vehicle (Coleman et a1 1985b) 
has been borne out in the present report. 

While the ultimate clinical failure of cycloguanil 
pamoate was principally due to local injection site 
tissue reactions (Clyde 1969), which were also 
reported in mice when the preparation was first 
evaluated (Thompson et a1 1963), the lack of 
external or internal tissue reactions to pyrimetham- 
ine in the present study, both as BASE and PAM, 
suggest that PAM is worthy of further assessment. 
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