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Effect of metrifonate on blood cholinesterases
in children during the treatment of schistosomiasis *
R. PLE§TINA, 1 A. DAVIS, 2 & D. R. BAILEY 2

In a controlled clinical trial, Tanzanian schoolchildren with urinary schistosomiasis, many
ofwhom had coexisting hookworm infection, were randomly allocated to one ofthree groups
that were treated with doses of 7.5, 10.0, and 12.5 mg per kg of body weight, respectively,
of metrifonate, orally, up to 3 times at 14-day intervals. No serious side effects were
observed during or after the administration of single or repeated doses. A few hours after
medication, plasma cholinesterase was almost completely inhibited, regardless of the dose
given, while erythrocyte cholinesterase was inhibited down to 40-60% of the pretreatment
level, depending on the dose. Plasma cholinesterase was inhibited to a greater extent
than erythrocyte cholinesterase but showed a more rapid recovery of activity. A moderate
accumulation of unreactivated erythrocyte cholinesterase occurred at all dose levels with
this regime. Four weeks after the last dese of drug, plasma cholinesterase activity was
nearly normal in all the treated children. Erythrocyte cholinesterase activity returned to
normal 8-15 weeks after the last dose. The therapeutic results confirmed the efficacy of
metrifonate against Schistosoma haematobium. There was an additional though less
striking effect against hookworm.

There is an undoubted need for additional drugs to
treat human parasitic diseases, particularly schistoso-
miasis, a widespread and increasing problem ofmany
developing countries. Promising therapeutic results
in recent trials of metrifonate (trichlorfon) 3 in
Schistosoma haematobium infections stimulated inte-
rest in the wider use of this schistosomicide, which
is active when administered orally (Forsyth & Rashid,
1967a, 1967b; Davis & Bailey, 1969). However, bene-
fit to man must always be balanced against risk, and
because human pharmacological data were incom-
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plete further investigation of the possible harmful
effects of metrifonate treatment were necessary before
firm recommendations could be made. With this aim
in view, a clinico-toxicological study was arranged
at the Bilharziasis Chemotherapy Centre, Tanga,
Tanzania, through the cooperation of the World
Health Organization, the Medical Research Council
of Great Britain, and the Ministry of Health of the
United Republic of Tanzania.
One of the main objectives of the trial was to

monitor the effect of spaced doses of metrifonate on
blood cholinesterases during and after the treat-
ment of African schoolchildren infected with S.
haematobium. Observations were also made on both
adults and children with urinary schistosomiasis
treated as outpatients with metrifonate.

This organophosphorus compound has been com-
mercially available for many years as the pesticide
trichlorfon, which has been recommended for use
against flies and other household pests (WHO Expert
Committee on Insecticides, 1963), in agriculture
(Goeldner, 1960; Muller, 1961), and in veterinary
medicine as an anthelmintic and for the control of
ectoparasites (Boyd & Bullard, 1968; Khan, 1969).
Compared with other organophosphorus com-
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pounds, its toxicity for mammals is relatively low,
the oral LD50 for rats being about 600 mg/kg (DuBois
& Cotter, 1955; Gaines, 1960); the estimated fatal
oral dose for an adult man (70 kg) is 25 g (DuBois,
1958).
The symptoms of acute poisoning are cholin-

ergic, as usual with organophosphorus compounds.
It is generally agreed that these symptoms are due
to the accumulation of excessive amounts of acetyl-
choline in effector organs (Holmstedt, 1959).

It is known that metrifonate is unstable in neutral
and alkaline media, being converted to the highly
toxic compound dichlorvos (Barthel et al., 1955).
While some authors (DuBois & Cotter, 1955;
Arthur & Casida, 1957; Hobbiger, 1963; Hassan
et al., 1965) regard metrifonate as a direct inhibitor
of cholinesterases, others (Metcalf et al., 1959;
Fukuto & Metcalf, 1969) suggest that metrifonate
itself is devoid of anticholinesterase activity and
that its anticholinesterase action may be attributed
to the dichlorvos formed from it. However, dichlor-
vos has never been found in any appreciable amounts
after the administration of metrifonate to experi-
mental animals (Robbins et al., 1956; Arthur &
Casida, 1957). The metabolism of metrifonate and
the mechanism of its interaction with cholin-
esterases in mammals remains uncertain. If di-
chlorvos were the active metabolite, cholinesterase
would become dimethylphosphorylated and -OCH
=CC12 a leaving group. Although there have been
numerous studies on different dimethylphosphates
and their mode of action, there have been very few
studies on the reaction of metrifonate with cholin-
esterases either in animals or in humans.
Some phosphorylated cholinesterases may become

reactivated spontaneously in vivo, the rate of reacti-
vation being dependent on the phosphoryl group
attached to the active centre. There have been few
studies on the spontaneous reactivation of human
dimethylphosphorylated cholinesterases (for refer-
ences see Reiner, 1971). A half-time of reactivation
of 1.3 hours was estimated for dimethylphosphory-
lated rat brain and erythrocyte cholinesterase (Vande-
kar & Heath, 1957).
Depending on the chemical structure of the inhi-

bitor, phosphorylated enzyme may react in such a
way that one of the alkyl groups is removed, this
phenomenon being called " aging " of the enzyme.
The " aged " enzyme cannot be reactivated even by
reactivating agents (oximes, etc.). In such a case the
time of enzyme recovery in vivo is equivalent to the
time of resynthesis of the particular enzyme. The

rate of aging of chicken brain cholinesterase inhi-
bited with dichlorvos in vitro and in vivo is very rapid,
the half-time being about 2 hours (Witter & Gaines,
1963). The rate of aging of human acetylcholin-
esterase inhibited with metrifonate is unknown, but
certain observations in vitro suggested that it may
be relatively rapid. When native human erythro-
cytes were incubated with metrifonate at pH 7.4, a
marked inhibition of cholinesterase could be found
after 30 minutes. The inhibited enzyme became reac-
tivated spontaneously to a certain extent but complete
reactivation was never observed (Plestina & Simeon,
unpublished data).
The detoxification and excretion of metrifonate are

rapid and this is at least partly responsible for its low
toxicity for mammals (DuBois & Cotter, 1955;
Adkins, 1966). Repeated administration and long-
term toxicity tests carried out with metrifonate in
rats and dogs revealed no untoward effects except
those related to cholinesterase inhibition. Studies
of its possible embryotoxicity and teratogenicity
have also been negative (Bayer AG, personal com-
munication, 1971). After extensive testing by oral or
parenteral administration over a wide dose range
in old hens, the model considered predictive of neuro-
toxicity in man, no adverse effects were found (Ross
& Sherman, 1960; Witter & Gaines, 1963; Bayer AG,
personal communication, 1971).

In an early clinical trial, a reduction in sperm
counts and an increase in abnormal forms in a small
number of subjects was observed (Hanna et al., 1966)
but this finding has not since been confirmed, and
the dosage used would now be considered excessive.
Recent studies in male rats after a single high dose of
metrifonate revealed no evidence of testicular damage
(Bayer AG, personal communication, 1971).
Beheyt et al. (1961) reported that the compound

had no harmful effects on the haemopoetic system
or on any other organ examined.
One of the outstanding questions remaining from

previous studies was the pattern and significance
of the depression of blood cholinesterase activities
in man during and after treatment with the drug.

TRLAL DESIGN

Following primary screening and two consecutive
daily pretreatment urinary miracidial and egg counts,
63 children, 54 boys and 9 girls, attending a primary
school in the town of Tanga, Tanzania, were avail-
able for treatment. Their ages ranged from 7 to 18
years, and after a clinical examination, all were con-
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sidered fit to receive metrifonate. They represented
a point prevalence estimate of infection of 63/310
(0.203).
The arithmetic means of replicate pretreatment

urinary miracidial counts on each patient were ini-
tially stratified into three arbitrarily defined groups,

representing mean counts of 1-199, 200-999, and
over 1 000 miracidia per random 10-ml sample of
urine. From these strata, patients were then random-
ly allotted to one of three treatment groups termed
A, B, and C, by means of a table of random num-

bers. The selected doses of metrifonate were ran-

domly assigned to the treatment groups, and the
order in which the groups were to be treated was

also randomly allotted.

Treatment groups, and dosage
Although at the time of screening 63 children were

found to be infected, two children in each of treat-
ment groups B and C had left school before the
trial commenced and were thus omitted. Following
randomization, group A (21 children) was allotted
a dose of 7.5 mg of metrifonate per kg of body weight,
group B (19 children) a dose of 12.5 mg/kg, and
group C (19 children) a dose of 10.0 mg/kg. These
doses were decided upon after consideration of the
results of previous trials with doses of 5-15 mg per

kg of body weight. In the event, the order of treat-
ment was group A (7.5 mg/kg), group B (12.5 mg/kg),
and group C (10.0 mg/kg). In the subsequent dis-
cussion the groups will be referred to in order of
increasing dose, i.e., group A, group C, and group B.

In each treatment group, the patients in the first
half were given 3 doses of the drug at intervals of
14 days regardless of their parasitological state on

follow-up, while the remaining patients were treated

only if their urine samples showed viable miracidia
2 weeks after the preceding dose.
The drug was supplied in tablets containing 100 mg

and all doses were rounded to the nearest 25 mg.
The tablets were swallowed with water and mouth
inspection ensured that all doses were taken.

Times of blood sampling

One to two weeks before treatment, two blood
samples were taken from each child participating
in the trial in order to establish his pretreatment
cholinesterase level. After each dose of drug, blood
samples were taken from the patients in each treat-
ment group at different intervals to show the spec-

trum of cholinesterase activity. The first treatment
group was sampled rather more frequently than
the other groups, and the number of blood samples
taken before, during, and after treatment is shown
in Table 1.

In the children of group A given 3 doses (7.5 mg
per kg) samples were obtained 30 minutes and 3
6, 24, 48, 72, and 96 hours after dose 1, and then
after 1 and 2 weeks. Following dose 2 sampling
took place after 14 days, and following dose 3 sam-

ples were obtained after 1, 14, 28, 56, and 106 days.
In group C (10.0 mg/kg) sampling occurred at

1, 3, 7, and 14 days after dose 1, at 1 and 14 days after
dose 2, and at 1, 14, 28, and 93 days after dose 3.

In the patients of group B given 3 doses (12.5 mg/
kg) samples were taken at 6 hours and at 1, 3, 7, and
14 days after dose 1, at 1, 3, and 14 days after dose 2,
and at 1, 3, 28, 48, and 97 days after dose 3.

In those patients treated with one or two doses
only, sampling was performed at different inter-
vals after dosage. Frequent post-treatment sampling

Table 1. Number of blood samples taken from schoolchildren and outpatients, before,
during, and after treatment with different doses of metrifonate

No. of blood samples
Treatment group and dose No. ofpatients Before After After After Total

dosing dose 1 dose 2 dose 3

A - 7.5 mg/kg 21 42 72 21 64 199

C - 10.0 mg/kg 19 38 38 44 35 155

B - 12.5 mg/kg 19 37 42 34 52 165

outpatients - 3.4-10.0 mg/kg 6 6 24 11 4 45

total 65 123 176 110 155 564
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in outpatients helped to complete the picture of the
overall pattern of the enzyme activity.
As all the blood samples were coded, estimations of

cholinesterase activity were performed blind.

Parasitological controls

There is strong evidence that in this hyperendemic
area of continuous transmission, urinary miracidial
output, both in infected adults and children, does
not diminish over a period of months to an extent
liable to confuse therapeutic assessment of a schisto-
somicide (Davis, 1966, 1968; Davis & Bailey, 1969),
although it is subject to considerable daily variability.
Hence no direct concurrent parasitological controls
were used in this trial.

MATERIALS AND METHODS

Monitoring of activity of blood cholinesterases

Blood sampling technique. Samples of whole blood
were taken in the school usually between 08.30 and
10.30 hours. After a single finger prick the first
drop of blood was discarded and the puncture
wiped. For the determination of whole blood cholin-
esterase activity, 20 IlI of blood was taken into a
Sahli haemoglobin pipette which had been rinsed with
a 2% heparin solution immediately before use. The
tip of the pipette was wiped, blood was sucked about
2 cm up the pipette, and the pipette was sealed with
a rubber band and stored cold until tested.
A further blood sample was then taken in a dry,

heparinized, glass capillary tube as described by
Stubbs & Fales (1960). After one end had been
sealed, the capillary tubes were stored in a vacuum
flask packed with ice until they were centrifuged for
30 minutes at 2 000 rev/min. One capillary tube con-
taining about 100 ,lI of blood was sufficient for the
determination of both erythrocyte acetylcholin-
esterase (3.1.1.7) and plasma cholinesterase (3.1.1.8)
activity.

Haematocrit. In order to monitor the constancy
of the proportion of erythrocytes in blood samples
taken for cholinesterase activity determinations, and
thus to check the contribution of erythrocyte cholin-
esterase to the total enzyme activity in whole blood,
haematocrit measurements were made. These values
were determined from the capillaries containing
blood for erythrocyte and plasma cholinesterase
activity determination, immediately after centri-
fugation.

"Determination of cholinesterase activity. The spec-
trophotometric method described by Ellman et al.
(1961), as modified by Wilhelm (1968) and Vandekar
et al. (1968), was used. Determinations were per-
formed within a few hours of sampling in an air-
conditioned laboratory with an ambient temperature
of 22-24°C. A Unicam SP 600, series 2 spectrophoto-
meter with constant voltage transformer and power
supply unit was used.
The same buffers and reagents were used for mea-

surements of whole blood, erythrocyte, and plasma
cholinesterase activity. Double distilled water was
used in all experiments.

Phosphate buffers (0.1 M, pH 7.4) were pre-
pared weekly or twice a week. The stock solu-
tion (6 x 10-2 M) of the substrate, s-acetylthiocholine
iodide, was used for not longer than 2 succes-
sive days. A mixture containing 10 ml of a solution
of 5,5'-dithiobis(2-nitrobenzoic) acid (DTNB)
(3.96 mg/mil) and 1 ml of a solution of sodium
hydrogen carbonate (15 mg/ml) was prepared once
or twice a week. When not in use all buffers and
solutions were stored in a refrigerator at 4°C.

Just before measurement, 20 ,lI of blood or 10 pl
of packed erythrocytes were expelled into 12 ml of
buffer. After mixing, aliquots of 3 ml were trans-
ferred into each of 3 test tubes containing 100 ,lI of
DTNB solution. The reaction was started by adding
50 ,ll of substrate solution in two of them while the
third served as a blank for the measurement of the
change of extinction at 412 nm in 2 minutes. For
plasma cholinesterase activity measurements, 20 pl
of plasma were transferred directly into each of
three test tubes containing 3 ml of buffer and 100 ,ul
of DTNB solution. The subsequent procedure was
the same as described above.
The results were calculated as the mean of two

replicate readings and expressed as changes of
extinction per minute per ml of blood, packed
erythrocytes, or plasma.

Parasitological methods

Schistosomal infections. The methods used have
been described in detail previously (Davis, 1966,
1968). From the total bladder content of each
patient, collected between 10.00 hours and 14.00
hours, the eggs in a random sample of 10 ml of urine
were hatched under artificial light. Miracidia were
then killed and fixed with ethanol and stained with
eosin. After centrifugation and withdrawal of the
supernatant, the miracidial and dead egg contents
of the final 0.1 ml were counted as a cover slip
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preparation under a microscope with a 16-mm ob-
jective.

The procedures used in follow-up studies were also
described in the same papers. In brief, for 3 con-
secutive days, urine samples were subjected to hatch-
ing tests and were examined for miracidia and eggs
following sedimentation for 30 minutes, after which
10 ml were withdrawn from the bottom of the con-
tainer and processed. Each urine jar and each piece
of apparatus for the processing of urine was labelled
with the patient's name and trial number and was
used solely for that patient throughout the follow-
up period.

Follow-up examinations were conducted 12, 13,
and 14 days after the first and second dose of metri-
fonate, and 4 and 12 weeks after the third dose.

Hookworm infections. The children infected with
S. haematobium were also examined for hookworm
infections by egg counts of diluted suspensions of
stools, and by cultivation of stools for larvae with
subsequent identification of species.
Each stool sample was divided into two parts.

From the first part, 4 g were used to prepare a sus-
pension by the method of Stoll (1923). An automatic
pipetting device 1 was used to sample the diluted stool
in order to reduce the variation inherent in manual
pipetting techniques. Four replicate samples of
0.075 ml of the stool suspension were examined, and
the number of eggs in each was counted. If a dilution
count revealed hookworm infection, another dilution
count was performed on a second stool specimen
passed on another day, using the same procedure.
The mean number of eggs per gram of stool (EPG)
used in subsequent calculations was thus obtained
from eight replicate counts on two stool samples.
The second part of each stool sample was used for

the cultivation of larvae, the Harada & Mori (1955)
test tube method, as adapted by Sasa et al. (1958),
being used. About 0.5 g of fresh stool was smeared
on to a filter paper strip, which was then inserted into
a test tube containing 5 ml of distilled water. The
strip was arranged so that one end was submerged
below the water level thus ensuring, that the paper
remained moist. The test tubes were then sealed with
Cellophane and incubated at 28°C for 8 days during
which time any eggs hatched, the larvae falling into
the water at the bottom of the tubes. After incubation,
the filter paper strips were removed from the tubes,
which were then heated in a water bath at 56°C for

1 "Diluspence " from Griffin & George, Wembley,
Middlesex, England.

30 minutes to kill the larvae. The water was pipetted
into a centrifuge tube and centrifuged for 3 min at
3 000 rev/min, and the deposit was examined by
light microscopy. Third-stage larvae were easily
seen with a 16-mm objective and a drop of iodine
on the slide was a useful aid to identification.

Follow-up studies of treated patients were under-
taken one month after their last dose of metrifonate.
The same techniques of dilution counting and culti-
vation of larvae were used on two stool specimens.
If the first dilution count failed to reveal ova in any
of the four replicates, the second stool was examined
by the formol-ether concentration method of Ridley
& Hawgood (1956) in order to detect any ova
present.

RESULTS

Clinical observations
The numbers of patients receiving one, two, or

three doses of metrifonate are shown in Table 2.

Table 2. Doses of metrifonate given in the study

No. of patients
treated with No. of

Treatment group and dose patients
3 2 1 ptet

doses doses dose

A -7.5 mg/kg 14 3a 4 21

C -10.0 mg/kg 9 loa 0 19

B - 12.5 mg/kg 11 5 3 19

outpatients - 3.4-10.0 mg/kg 1 2 3 6

total 35 20 10 65

a Interval between doses was 28 days in 1 patient.

Only one child refused to take the drug a second
time. No absenteeism from school on the days
following the treatments was recorded. No major
side effects were encountered during or after treat-
ment. Minor complaints were reported from 5 of
65 treated children but these were invariably tran-
sient and needed no treatment: they are detailed in
Table 3.

Activity of blood cholinesterases
The mean values and 95% confidence limits of

the cholinesterase activities of whole blood, erythro-



752 R. PLESTINA ET AL.

Table 3. The association of recorded complaints and cholinesterase activity in 5 of 65 children
treated with various doses of metrifonate

Dose of Cholinesterase activity
metrifonate Complaints (% of pretreatment value)

Age, sex, Time of blood sampling
body weight Total Time in relation to dose Whole Erythro- Plasma

mg/kg (mg) in relation Description blood cytes
(m) to dose

about 11 years, 10.00 350 after each abdominal 24 h after the 1st dose 68 57 21
male, dose pain
35 kg 24 h after the 2nd dose 58 51 20

24 h after the 3rd dose 46 58 1 5

about 12 years, 12.10 425 after each vomiting and 72 h after the 1 st dose 39 - 24
male, dose dizziness
35 kg 13 days after the 2nd dose 51 19 56

about 14 years, 7.23 300 after the nausea and 14 days after the 2nd dose 80 105 91
female, 2nd dose vomiting
41.5 kg

about 11 years, 12.10 425 after the abdominal 24 h after the 3rd dose 34 29 1
male, 3rd dose pain and
35 kg shivering

about 9 years, 10.30 325 after the vomiting 24 h after the 3rd dose 40 71 10
female 3rd dose
31.5 kg

cytes, and plasma in children in groups A, C, and B,
during and after treatment, are plotted in Fig. 1-3.
While haematocrit readings ranged from 25 to 48

among the children treated, the variation in the re-
peated estimations for any individual child was small
and the values remained fairly constant throughout
the trial. Thus the results of whole blood cholin-
esterase activity in each child were truly comparable.
At all dose levels, whole blood cholinesterase acti-

vity was markedly reduced. The range of dosages
employed was narrow, but even so the effect of metri-
fonate on whole blood cholinesterase activity appear-
ed to be related to dose since a linear contrast'
of mean values at the same post-treatment sampling
times, averaged over those occasions with data for
all three dose rates, gave a " t" value of 5.54
(P < 0.001).2
Complete recovery of the enzyme activity had not

occurred at 14 days after an individual dose and the
next administration of metrifonate depressed its
activity further. After the third dose, recovery was
complete at 8 weeks in group A children (7.5 mg/kg),
at 13 weeks in group C children (10.0 mg/kg), and
at 14 weeks in group B children (12.5 mg/kg).

I An estimator of the linear trend.
2 Interested readers may obtain detailed tabulations of

results from the authors.

The pattern of cholinesterase activity in packed
erythrocytes was parallel to that found in whole
blood.

Regardless of the dose given, plasma cholinesterase
activity was extremely low 24 hours after a treatment
and its pattern was almost identical in all the children
in the trial. Plasma cholinesterase regained its pre-
treatment activity more rapidly than erythrocyte
cholinesterase.
The pattern of blood cholinesterase activities in

a few adult outpatients was similar to that in school-
children (Fig. 4). The most pronounced inhibition
was observed 6 hours after dosage. Again, the
inhibition and recovery of cholinesterase activity
were more rapid in plasma than in erythrocytes.

Parasitological data

The relevant pretreatment variables for each treat-
ment group are compared in Table 4. Analyses of
variance using a logarithmic transformation of the
egg count data gave no reason to doubt the null
hypothesis that the sample variables were drawn from
the same or similar populations, all probabilities
being greater than 0.05. There was a difference, sig-
nificant at the 5% level, between the means of the
body weights.
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Fig. 1. Cholinesterase activity in children from group A during and after treatment with metrifonate (means of
5-18 estimations with 95 % confidence limits).

Results of treatment of urinary schistosomiasis
The results of treatment of urinary schistosomiasis

are shown in Table 5. As the sample sizes were
small and the failures few, the results for children
who received 1, 2, or 3 doses in each treatment group
are amalgamated in this table.

Results of treatment ofhookworm infection
Of the 48 patients with both schistosomiasis and

hookworm (Table 4), 44 (92%) were infected with
Necator americanus as identified by larval culture and
3 (6%) with Ancylostoma duodenale; 1 (2%) had a

mixed infection. Larvae of Strongyloides stercoralis
were found in stool cultures from 12 (25 %) of these
48 patients. No infection with this parasite was found
in those without hookworm infection.
The results of treatment of the hookworm infection

at one month are shown in Table 6. Of the 22 fail-
ures, 14 had post-treatment positive stool cultures
(12, N. americanus; 2, A. duodenale) and the remain-
der were negative but eggs were found in the stool
by a concentration method. Of the 12 children in-
fected with S. stercoralis, only 3 had positive stool
cultures after metrifonate treatment.
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Fig. 2. Cholinesterase activity in children from group
6-16 estimations with 95 % confidence limits).

DISCUSSION

Adverse effects during treatment
All doses were given by a physician and all

patients were interviewed, and examined if necessary,
after each treatment. Only five complaints of a tri-
vial nature were recorded throughout the trial (Table
3). Whether these complaints could be attributed
correctly to the treatment was uncertain since minor
symptoms in the untreated schoolchildren were not
uncommon during the same period. It seemed likely
that the abdominal symptoms reflected satisfactory

during and after treatment with metrifonate (means of

drug absorption since each dose was given on a rela-
tively empty stomach. It is a common clinical expe-
rience that other drugs (e.g., chloroquine) may induce
nausea and vomiting when given on an empty
stomach. There were no differences in cholinesterase
activity between children with or without symptoms
nor was there any association between complaints
and the most pronounced falls in enzyme activity.
Atropine was not given as the complaints disappeared
in 24 hours and the children readily accepted the
succeeding dose of metrifonate. In short, tolerance
was extremely good.
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Fig. 3. Cholinesterase activity in children from group B
4-19 estimations with 95 % confidence limits).

Effect of the drug on blood cholinesterases

Using the spectrophotometric method with a final
substrate concentration of 1 x 10-3M, enzyme activity
in whole blood is attributable mainly (about 90%
for a normal haematocrit) to the activity of erythro-
cyte cholinesterase (Wilhelm, Vandekar & Reiner,
personal communication). The contribution of ery-
throcyte cholinesterase to whole blood cholinesterase
activity was constant since haematocrit values chang-
ed little during the 4 month follow-up and thus
cholinesterase activities measured in whole blood
and in erythrocytes are comparable.

TIME (WEEKS)

during and after treatment with metrifonate (means of

Metrifonate produced a marked difference in the
rate of inhibition of human plasma and erythrocyte
cholinesterase activity in vivo, as do many other
organophosphorus compounds. Plasma cholinester-
ase was always more inhibited than erythrocyte
cholinesterase at any time up to 7 days after a dose
and its activity was very low and scarcely measurable
in the first 24 hours after medication at all dose
levels. At this time, erythrocyte cholinesterase, al-
though markedly inhibited, only rarely showed acti-
vity lower than 40% of normal, indicating that the
rate of inhibition was slower than that of plasma
cholinesterase.
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Fig. 4. Cholinesterase activity in an adult male subject after receiving 10 mg of metrifonate per kg of body weight.

Inhibition of plasma cholinesterase is a sensitive
index of the degree of absorption of most organo-
phosphorus compounds, but the measurements of its
activity in this study could not be utilised as indi-
cators of the quantity of metrifonate absorbed since
marked inhibition occurred at all dose levels.
The recovery of plasma cholinesterase activity was

much more rapid than was the recovery of erythro-
cyte cholinesterase activity. While almost complete
inhibition occurred following each treatment, plasma
cholinesterase activities after 14 days were about
75% of normal regardless of the dose given, and,
at 4 weeks after the last treatment, the mean activities

in groups A, C, and B were 88 %, 94 %, and 98 % of
normal, respectively. At this time, mean erythrocyte
cholinesterase activities in all treatment groups were
below 80% of normal.
The recovery of erythrocyte cholinesterase activity

was incomplete in groups C and B, 4 and 7 weeks
after the last dose of metrifonate but was complete
at 14 weeks. Erythrocyte cholinesterase activity did
not regain its pretreatment value within 14 days of a
treatment and the next dose of drug depressed its
activity further, to between 35% and 50% of the cur-
rent existing activity, at all dose levels. Since the
intervals between doses were shorter than the time
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Table 4. Pretreatment variables in three groups of schoolchildren treated with metrifonate

Pretreatment miracidial Median H
Sex counts per random miracidial No. ookworm egg count

No. of 10-ml urine sample density with as EPG of stool Mean
Treatment group treated per posi- body

and dose patients random tive weight
Male Female Arithmetic Geometric 1 0-ml stool Arithmetic Geometric (kg)

mean mean urine culture mean mean
sample

A - 7.5 mg/kg 21 17 4 131.4 34.9 42 20 b 613.9 (18) 269.3 (18) 35.7

C - 10.0 mg/kg 19 16 3 140.5 28.4 38 16 c 1 178.3 (15) 532.1 (15) 35.1

B - 12.5 mg/kg 19 17 2 146.1 51.1 60.5 12 787.5 (12) 269.3 (12) 30.3

a EPG = no. of eggs per gram; figures in parentheses indicate the number with positive stool egg count.
b Two patients had positive larval cultures but negative stool egg counts.
c One patient had a positive larval culture with a negative stool egg count.

Table 5. Therapeutic results at 1 and 3 months after metrifonate treatment of urinary schistosomiasis a

Treatent roup
No. of Cure b Failure c Lost

atmn gro treatedTratmend drose patients One month Three months One month Three months One month Three months

A - 7.5 mg/kg 21 19 (0.905) 12 (0.571) 2 (0.095) 2 (0.095) 0 (0.00) 7 (0.333)

C - 10.0 mg/kg 19 17 (0.895) 14 (0.737) 1 (0.052) 1 (0.052) 1 (0.052) 4 (0.211)

B - 12.5 mg/kg 19 17 (0.895) 14 (0.737) 1 (0.052) 1 (0.052) 1 (0.052) 4 (0.211)

total 59 53 (0.898) 40 (0.678) 4 (0.068) 4 (0.068) 2 (0.034) 15d (0.254)

a The table shows the total number of patients in each category, by treatment group, irrespective of the number of doses they had
received. The figures in parentheses denote the proportion of the number treated in each group.

b Three consecutive daily negative urine hatches.
c Viable miracidia isolated in urine.
d Of 15 cases lost at three months, their status at one month was: cure 1 2, failure 1, lost 2.

Table 6. Results of treatment of hookworm with metrifonate at one month a

Treatment group Cure b Failure c Lost Total
and dose

A - 7.5 mg/kg 6 12 2 20

C - 10.0 mg/kg 11 3 2 16

B - 12.5 mg/kg 4 7 1 12

total 21 (0.438) 22 (0.458) 5 (0.104) 48 (1.000)

a The data are for the total number of patients in each treatment group irrespective of the number
of doses they had received. The figures in parentheses denote the proportions of the total number treated.

b Negative egg counts by dilution and concentration methods plus negative larval cultivation on
two stools.

c Positive post treatment larval cultivation or eggs on concentration.
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needed for enzyme recovery, a definite accumulation
of unreactivated enzyme occurred with the dosages
used. If the time between doses had allowed a more
complete recovery, this phenomenon would not have
been noticeable. It did not occur with plasma
cholinesterase.
The rather slow recovery of erythrocyte cholin-

esterase is not in agreement with the known rapid
and spontaneous reactivation of dimethylphos-
phorylated acetylcholinesterase (Aldridge, 1953;
Vandekar & Heath, 1957) and a possible explanation
is aging of the enzyme. If aging is responsible then
the rate of recovery should coincide with the rate
of formation of plasma proteins and new erythro-
cytes. To assess the extent of possible aging ofhuman
acetylcholinesterase with metrifonate in vivo, more
data are needed. With regard to the clinical signi-
ficance of inhibition, it should perhaps be stressed
that enzyme inhibition occurring early after the admi-
nistration of metrifonate is indicative of drug absorp-
tion and not necessarily of toxicity. No correlation
existed between the extent ofcholinesterase inhibition
and the presence of complaints after dosage.

Parasitological follow-up
The results of parasitological findings in urinary

schistosomiasis (Table 5) confirmed those obtained
in previous trials with the same dose schedules where

cure rates up to 6 months were 60-80% (Davis &
Bailey, 1969). Despite the high drop-out rate at
3 months it was known that the great majority of
these nonattenders were cured at 1 month (Table 5),
and relapses during the first 12 months after appar-
ent cure with metrifonate are few (Davis & Bailey,
1969). Some variation of cure rate in comparison
with previously reported results was expected because
of the small scale of the trial, but analysis showed a
striking overall agreement in therapeutic results
extending to the proportions cured after one or two
doses, although this has not been tabulated. In
patients not parasitologically cured, the mean post-
treatment urinary egg output was reduced by 80-90%.
The clearance rate of 44% in the generally light

hookworm infections indicated only modest efficacy.
The drug cannot be recommended as a primary agent
for the treatment of hookworm but gives a useful
additional therapeutic effect where urinary schisto-
somiasis and hookworm coexist. An overall reduc-
tion of 80% in the mean post-treatment stool egg
output occurred in patients with hookworm who
were not parasitologically cured.

Metrifonate was an effective schistosomicide in
S. haematobium infections and showed moderate
activity against hookworm. Within the dose range
used in this trial, it was safe and well tolerated
despite its inhibitory effect on blood cholinesterases.

SUME

ACTION DU MITRIFONATE SUR LES CHOLINESTtRASES SANGUINES CHEZ DES ENFANTS
TRAITtS POUR SCHISTOSOMIASE

De r6cents essais ont demontre l'efficacite therapeu-
tique d'un compose organophosphore, le metrifonate,
dans la schistosomiase a Schistosoma haematobium, mais
on ne dispose que d'informations fragmentaires sur les
r6actions adverses qu'il peut susciter. La presente etude,
menee au Centre de chimioth6rapie de la schistosomiase,
a Tanga (Tanzanie), a ete entreprise afin d'evaluer les
effets du medicament sur les cholinesterases du sang.
On a selectionn6 59 6coliers africains, ages de 7 a

18 ans, atteints de schistosomiase urinaire. Ils ont e
r6partis en trois groupes qui ont requ l'un des schemas de
traitement suivants: a) 7,5 mg de metrifonate par kilo de
poids corporel (groupe A); b) 12,5 mg/kg (groupe B);
c) 10,0 mg/kg (groupe C). Dans chaque cas, 3 doses ont
e administrees aL 14 jours d'intervalle. Des echantillons
de sang destines au dosage des cholinesterases ont ete
prelev6s avant le traitement et a differents intervalles
apres la prise de chaque dose. Les examens parasitolo-

giques de controle ont et effectues 12, 13 et 14 jours apres
la prise des 2 premieres doses et 3 mois apres la prise de
la derniere dose.
On n'a enregistre aucun effet secondaire notable. Le

taux de cholinesterase du sang complet a ete fortement
diminu6 apres administration de metrifonate, l'effet 6tant
fonction de la dose. L'activite enzymatique n'avait pas
repris une valeur normale apres 14 jours et elle s'est
abaissee davantage encore apres une nouvelle dose. On a
assiste a un retour a l'activit6 normale 8 semaines apres
la fin du traitement dans le groupe A, 13 semaines dans le
groupe C et 14 semaines dans le groupe B. Les variations
de l'activite de la cholinest6rase 6rythrocytaire ont suivi
celles de la cholinesterase du sang complet.
Independamment de la dose, le metrifonate a provoqu6

une chute tres accentuee de la cholinesterase plasmatique
apres 24 heures, l'inhibition maximale se situant 6 heures
apres la prise du m6dicament. Le retour a l'activite
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mesuree avant le traitement s'est produit plus t6t que
dans le cas de la cholinesterase erythrocytaire. Quatre
semaines apres la derniere dose, I'activite de la cholines-
terase plasmatique etait quasi normale alors que l'activite
de la cholinesterase erythrocytaire n'est revenue au niveau
initial qu'apres 14 semaines.
Le traitement par le metrifonate a permis d'obtenir un

taux de guerison de la schistosomiase urinaire d'environ
90% apres 1 mois, pour tous les dosages. Apres 3 mois,
en raison de nombreux abandons de traitement, les taux

s'etablissaient a 57% dans le groupe A et a 74% dans les
groupes B et C. Le medicament a en outre eu un effet
curatif non negligeable sur I'ankylostomiase dont souf-
fraient 48 des jeunes malades avec un taux de guerison
de 44 %.
La conclusion des auteurs est que, aux dosages indi-

ques, le metrifonate est bien tolere et d'un emploi suir, en
d6pit de son effet inhibiteur sur les cholinesterases
sanguines. Efficace contre l'infection i S. haematobium,
il est aussi, accessoirement, actif contre l'ankylostomiase.
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