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The Effects of Drugs on Onchocerca volvulus
3. Trials of Suramin at Different Dosages and a Comparison of the Brands

Antrypol, Moranyl and Naganol

B. 0. L. DUKE'

Suramin and Mel W are the only two drugs at present known to be effective against
the adult worms of Onchocerca volvulus, but in view ofthe unpredictable occurrence offatal
arsenical encephalopathy in a small proportion of patients receiving Mel W, suramin re-
mains the preferred macrofilaricide in the treatment of onchocerciasis. It is therefore impor-
tant to determine the suramin dosage schedules that willproduce parasitological cures with
minimal concomitant risks of toxic reactions. The criteria by which cures should be judged
must also be appreciated.

Courses of different duration and employing doses of 1.0 g, 0.5 g and 0.25 g suramin
have been investigated for their action on adult worms and microfilariae, for the toxic
reactions which they produce on the kidney, and for the level of suramin reached in the
serum during treatment. A course of5 or 6 weekly doses of 1.0 g has been shown to be the
optimum for adults.

It is sometimes stated without good foundation that different brands of suramin differ
in their purity and chemical composition, thusproducing inconsistent effects on the parasites
and grave risks of toxic manifestations. The three main brands in current use in Africa
(Antrypol, Moranyl and Naganol) have therefore been compared in a group ofpatients,
using the same optimum dosage schedule for each preparation and recording the action of
the various brands on the parasites, as well as their comparative toxicities and the serum
suramin levels achieved. No significant differences between the brands were recorded.

Suramin is manufactured in different countries
under a variety of trade names, including Bayer 205,
Antrypol, Moranyl, Germanin, Naganol, Belganyl
and Naphuride Sodium. It is a complex derivative
of urea which exists as a white, finely crystalline
powder, slowly but freely soluble in water; it is a
cumulative drug, excreted via the kidney.

Its action against the adult worms and micro-
filariae of African Onchocerca volvulus was first
reported by Hoof et al. (1947). Further work was
done by Wanson (1950), and Burch & Ashburn
(1951) showed it to be effective against 0. volvulus
in America.
Toxic reactions, some associated with the action

of the drug itself, and some with the death of para-
sites, may be encountered in onchocerciasis patients

1Director, Helminthiasis Research Unit, Centre de
Recherches M6dicales, Kumba, West Cameroon, Federal
Republic of Cameroon.

during treatment with suramin. Summaries of their
pathogenesis, as far as it is known, have been given
by Duke (1962) and by the WHO Expert Committee
on Onchocerciasis (1966). These reactions have
sometimes been unjustly attributed to the brand
of suramin used, and they have tended to bring the
drug into disrepute. Despite the difficulties in its use,
suramin remains, after 20 years, virtually the only
drug that is consistently effective against the adult
worms of 0. volvulus and has a reasonably pre-
dictable therapeutic safety margin. It is still pre-
ferable to Mel W in the treatment of 0. volvulus
infections, for the latter drug, which is the only other
known macrofilaricide for 0. volvulus, can produce
fatal arsenical encephalopathy in a manner that is at
present totally unpredictable (Duke, 1966). It is
therefore important to know the optimum dosage
schedule with suramin that is needed to achieve para-
sitological cure in onchocerciasis, as well as the
criteria by which cures are to be judged.
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In the present paper the generally accepted
schedule of 1.0 g suramin given once a week has
been investigated to determine the number of doses
normally necessary to achieve a parasitological cure.
Trials are also described in which smaller doses
(0.5 g and 0.25 g) were used according to different
schedules in an unsuccessful attempt to find an
effective low-dosage treatment. Lastly, the three
main brands of suramin in current use-namely,
Antrypol (Imperial Chemical Industries), Moranyl
(Specia) and Naganol (Bayer)-have been compared
on a weekly schedule of 1.0-g doses by observing
their action on 0. volvulus, the concentrations of
suramin that they produce in the blood and their
toxicity.

MATERIALS AND METHODS

Patients in the trials and the examinations made

The patients treated were all infected with the
Cameroon forest strain of 0. volvulus (Duke,
Lewis & Moore, 1966) and were natives of the
village of Bombe, where transmission is thought to
be moderately heavy, or of the Bolo-Weme-
Baduma village complex, where transmission is
known to be very heavy. Each patient was examined
before treatment by taking 4-11 skin snips and
counting the total numbers of microfilariae per
milligram (mf/mg) in them.' Re-examinations were
made 2-3 weeks, 6-8 months and 18-25 months after
the conclusion of the treatment, the final examination
in each village being timed, as far as possible, to take
place just before microfilariae from reinfections
began to make their appearance.

Techniques ofsuramin treatment and dosage schedules

Suramin treatment was carried out in the patients'
villages. Unless otherwise indicated, Antrypol was
the brand used; the powdered drug was stored in
the dark, in air-tight containers, at a temperature of
70°F-90°F (21 °C-32°C) over a period of not more
than 1 year before use.

In the comparative trial of Antrypol, Moranyl and
Naganol, freshly purchased samples of each brand
were used. The powders had not absorbed moisture,
as was shown by a loss of weight of less than 5%
after they were heated in an oven to 120°C for
3 hours; nor did chemical tests reveal any evidence
that hydrolysis of the drug had taken place. The drug
was dissolved in pyrogen-free distilled water immedi-

1 See the paper on page 137 of this issue.

ately before the injections were given, so that the
solution finally injected contained 5%-10% of
suramin. All injections were given slowly by the
intravenous route. Before the main course was
started, an initial test dose of 0.1 g-0.5 g suramin was
given to test for an idiosyncrasy to the drug, which
has been reported on rare occasions. Thereafter the
drug was given according to the following schedules:

(1) courses of 0.10-g doses weekly to totals 2 of
9.5 g, 8.5 g, 7.5 g, 6.1 g, 5.1 g, 4.5 g, 4.1 g and
2.2 g-3.2 g;

(2) courses of 0.5-g doses weekly to totals of
3.5 g-4.0 g;

(3) a course of daily injections of 0.2 g, 0.5 g,
1.0 g, 0.5 g and 0.5 g, making a total of 2.7 g
(" rapid"); and of weekly injections of 0.5 g to a
total of 2.7 g (" slow ");

(4) a course of 0.25 g weekly to a total of 2.0 g.

The results of the treatment with 1.0 g weekly to
total doses of 4.1 g, 5.1 g, and 6.1 g were obtained in
a trial designed to compare the effects of Antrypol,
Moranyl and Naganol in three similar groups of
patients. As no differences could be detected in the
action of these three brands on the parasites (see
below), the results have also been pooled for analysis
according to total suramin dosage.

Urinalysis
Before every injection the patients' urines were

examined for albumin by boiling with acetic acid,
and when albuminuria was detected the spun deposit
was examined for granular casts. During the trial in
which Antrypol, Moranyl and Naganol were com-
pared, the amounts of albumin in the patients'
urines were measured before each injection, by com-
paring the turbidities after the addition of 3% sulfo-
salicylic acid with a set of standards in a Gallen-
kamp proteinometer. The results were recorded as
mg albumin per 100 ml urine. Heavy albuminuria
(equivalent to about 20 or more mg per 100 ml) and
the appearance of a considerable deposit of casts
were taken as indications to omit an injection, or in
some cases to stop treatment altogether. The gen-
eral clinical condition of the patient was also taken
into consideration when deciding whether or not to
continue treatment, especial care being taken to
watch for the development of stomatitis, diarrhoea
or excessive lassitude.

'Totals include the test dose of 0.1 g-0.5 g.
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TABLE I
CHANGES IN MICROFILARIAL CONCENTRATIONS IN
PATIENTS TREATED WITH WEEKLY 1.0-g DOSES OF

SURAMIN TO TOTALS OF 2.2 g-9.5 g

Microfilariae (total mflmg)

Before After treatment a
treatment 2 weeks 8 months 25 months

Course A: 9.5 g, 11 snips

917 168 (18) 16.5 (1.8) 4.7 (0.5)
695 97 (14) 5.8 (0.8) 4.6 (0.7)
626 61 (10) 1.5 (0.2) 0.2 (0)
535 22 (4.1) 5.1 (1.0) 4.2 (0.1)
354 17 (4.8) 0.4 (0.1) 0.4 (0.1)
332 19 (6) 0.9 (0.3) 1.0 (0.3)
288 9.4 (3.3) 0 (0) 1.2 (0.4)
263 3.1 (1.2) 0 (0) 1.3 (0.5)
250 19 (7.6) 0 (0) 0 (0)
202 21 (10) 4.2 (2.1) 0.5 (0.2)
190 14 (7) 6.2 (3.3) 0 (0)
166 15 (9) 3.0 (1.8) 3.7 (2.2)

Course B: 8.5 g, 11 snips

665 36 (5.4) 0 (0) 6.7 (1.0)
311 15 (4.8) 4.6 (1.5) 0 (0)
193 56 (29) 0.4 (0.2) 0 (0)
151 57 (38) 1.0 (0.7) 1.2 (0.8)

Course C: 7.5 g, 11 snips

1 015 124 (12) 31 (3.1) 1.6 (0.2)
547 15.6 (2.9) 1.1 (0.2) 1.6 (0.3)
334 168 (50) 22 (7.0) 7.6 (2.3)
297 240 (81) 13.5 (4.5) 1.7 (0.6)
183 30 (16) 3.8 (2.1) 3.3 (1.8)

Course D: 4.5 g, 11 snips

1 019 387 (38) 54 (5.3) 141 (14)
972 106 (11) 63 (6.5) 2 (0.2)
958 433 (45) 55 (5.7) 131 (14)
814 67 (8) 31 (3.8) 3.9 (0.5)
372 434 (117) 88 (24) 43 (12)
370 56 (15) 17 (4.6) 0 (0)
192 31 (16) 16 (8) 46 (24)
123 144 (117) 71 (58) 4.6 (3.7)

Course E: 4.1 g, 4 snips

176 - - 97 (55) 107 (61)
128 - - 48 (38) 196 (153)
83 - - 30 (36) 19 (23)
15 - - 1 (7) 7 (47)
12 - - 6 (50) 5 (42)

Course F: 2.2 g-3.2 g, 4 snips

580 332 (57) 160 (28) 192 (33)
451 392 (87) 295 (65) 473 (105)
335 445 (133) 415 (124) 475 (142)
255 44 (17) 60 (24) 120 (47)
173 178 (103) 182 (105) 174 (101)
168 112 (67) 183 (109) 251 (149)
94 47 (50) 91 (97) 85 (90)
93 84 (90) 46 (49) 108 (116)
85 48 (56) 18 (21) 58 (68)
82 52 (63) 68 (83) 238 (290)
51 39 (76) 48 (94) 106 (208)
48 9.6 (20) 13 (27) 13 (27)
35 24 (69) 68 (194) 94 (269)
24 26 (108) 19 (79) 13 (54)

a Figures in parentheses are percentages of total pretreat-
ment microfilarial counts.

Estimation ofsuramin in serum

In the comparative trial of Antrypol, Moranyl and
Naganol, and in some of the other trials, estimations
of the suramin concentrations in the patients' sera
were made at various times during and after treat-
ment. For convenience during treatment, the blood
for this test was drawn off just before giving an
injection of suramin, so that one venepuncture
sufficed for both operations. The method used was
that of Gage, Rose & Scott (1948), which measures
the concentration of suramin colorimetrically after
treatment with the dye SQ 24.1 The estimations were
made by direct visual comparison of the treated sera
with a freshly prepared set of standard dilutions of
suramin.

RESULTS

Action of 1.O-g doses of suramin
Table 1 gives the totals of microfilariae per mg

in 4-11 skin snips taken before treatment, and at
intervals of 2 weeks, 8 months and 25 months after
treatment, from groups of patients who received
1.O-g doses of suramin (Antrypol) weekly to total
dosages of: 9.5 g (12 patients), 8.5 g (four patients),
7.5 g (five patients), 4.5 g (eight patients), 4.1 g
(five patients) and 2.2 g-3.2 g (14 patients). The
microfilarial counts at each post-treatment examina-
tion are also expressed as a percentage of the pre-
treatment figure.

TABLE 2

CHANGES IN MICROFILARIAL CONCENTRATIONS IN
DIFFERENT PARTS OF THE BODY AFTER TREATMENT

WITH SURAMIN TO TOTALS OF 7.5 g-9.5 g

Geometric mean of microfilariae/mg
in 21 patients

Site of snips After treatment a
Before

treatment 2 weeks 8 months

Right outer canthus 1.2 0.3 (25) 0 (0)
Deltoids 12.3 2.0 (16) 0.3 (2.4)
Scapulae 12.9 4.1 (32) 0.3 (2.3)
Buttocks 66 10.5 (16) 0.7 (1.1)
Calves 111 6.7 (6) 1.4 (1.3)
Ankles 61 0.9 (1.5) ] 0.2 (0.3)

a Figures in parentheses are percentages of total pretreat-
ment microfilarial counts.

Table 2 refers to the 21 patients, listed in Table 1,
who received 1.0 g suramin weekly to a total of
7.5 g-9.5 g. It gives the geometric mean numbers of

1 2-p-dimethylaminostyryl-6-acetamidoquinoline metho-
chloride.
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TABLE 3
CHANGES IN MICROFILARIAL CONCENTRATIONS IN PATIENTS TREATED WITH 4.1 g-6.1 g OF DIFFERENT BRANDS

OF SURAMIN

Antrypol Moranyl Naganol

Microfilariae (total mf/mg) Microfilariae (total mf/mg) Microfilariae (total mf/mg)

After treatment a After treatment a After treatment aBefore _____________ Before ______________ Before _____________
treatment 6 months 18 months treatment 6 months 18 months treatment 6 months 18 months

6.1 g total dose 6.1 g total dose 6.1 g total dose
461 29 (6) - 390 16 (4) 3.1 (0.8) 683 59 (9) 3.4 (0.5)

377 26 (7) - 324 93 (29) 46 (14) 549 135 (25) 52 (9.5)

260 118 (45) 61 (23) 112 29 (26) 25 (22) 407 58 (14) 8 (2.0)

235 61 (26) 0.4 (0.2) 95 4 (4) 0 (0) 375 26 (7) 6.6 (1.8)

234 29 (12) 0.5 (0.2) 78 15 (19) 1 (1.3) 311 49 (16) 9 (2.9)

137 15 (11) - _ 310 37 (12) 1 (0.3)

117 75 (64) - 5.1 g total dose 137 26 (19) 1.3 (1.0)
857 89 (10) 63 (7)

94 30 (32) 17 (18)
721 106 (15) - 5.1 g total dose55 16 (29) 0.4 (0.7)
492 103 (21) 43 (9) 401 107 (27) 36 (9)

5.1 g total dose 385 200 (52) 160 (42) 355 65 (18) 22 (6.2)

405 95 (23) 7 (1.7) 195 - 1.5 (0.8) 354 2 (0.6) 0.4 (0.1)

179 100 (56) 39 (22) 185 10 (5) 0.4 (0.2) 322 26 (8) 9 (2.8)

144 37 (26) 13 (9) 69 20(29) 15 (22) 65 17 (26) 0 (0)

4.1 g total dose 4.1 g total dose
210 21 (10) 22 (10) 593 305 (51) 121 (20)

434 242 (56) 20 (4.6)

340 89 (26) 12 (3.5)

266 43 (16) 31 (12)

242 100 (41) 15 (6)

184 31 (17) 13 (7)

Arithmetic mean 27 9.4 Arithmetic mean 25 10.1 Arithmetic mean 15 3.0

a Figures in parentheses are percentages of total pretreatment microfilarial counts.

mf/mg recorded in snips taken from different sites
on the body before treatment and at intervals of
2 weeks and 8 months after treatment. The post-
treatment examination results are also expressed as
percentages of the pretreatment figures.
Table 3 gives corresponding figures for patients

treated with weekly 1.0-g doses of different brands
of suramin to total dosages of 4.1 g, 5.1 g and 6.1 g.
Thirteen patients received Antrypol, 18 received
Moranyl and 12 received Naganol and the post-
treatment examinations were made 6 and 18 months
after treatment.

In Fig. 1 the percentage figures from Tables 1 and

3 are plotted for each of the weekly 1.0-g courses
tested-namely, total dosages of (A) 9.5 g, (B) 8.5 g,
(C) 7.5 g, (D) 6.1 g, (E) 5.1 g, (F) 4.5 g, (G) 4.1 g
(in 7 patients whose treatment was stopped on
account of clinical reaction or albuminuria), (H)
4.1 g (in 5 patients who were supporting treatment
well), and (I) 2.2 g-3.2 g (14 patients). For each
group the mean percentage concentrations of micro-
filariae are shown.

Action of 0.5-g and 0.25-g doses ofsuramin
Table 4 gives corresponding figures for 24 patients

who received 0.5-g doses of suramin once a week to

160



FIG. 1

CHANGES IN MICROFILARIAL CONCENTRATIONS IN PATIENTS TREATED WITH WEEKLY

1.0-g DOSES OF SURAMIN TO TOTALS OF 2.2 g-9.5 g
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TABLE 4
CHANGES IN MICROFILARIAL CONCENTRATIONS IN PATIENTS TREATED WITH SURAMIN AT DOSES OF 0.5 g OR 0.25 g

ACCORDING TO DIFFERENT SCHEDULES

Microfilariae (total mf/m) Microfilariae (total mf/mg) I Microfilariae (total mf/mg)

Before After treatment a Before After treatment a Before After treatment a
treatment 6 months 18monthstreatment 6 months 22months treatment 3 weeks 9 months | 25monthstretmnt moths11 mnth II 2moth

Course J: 7-8 x 0.5 g

328 (51) 203 (31)

96 (21) 49 (11)

84 (19) 135 (31)

89 (21) 62 (14)

92 (22) 32 (75)

237 (59) 68 (17)

230 (58) 41 (10)

108 (28) 78 (20)

204 (53)

162 (54) 96 (32)

58 (22) 38 (14)

21 (9) 23 (9.6)

78 (33) 14 (6)

104 (49) 54 (25)

14 (9) 27 (17)

52 (38) 127 (93)

51 (48) 19 (18)

42 (40) 29 (28)

56 (73) 36 (47)

26 (34) 2.2 (2.9)

20 (41) 51 (104)

12 (36) 9 (27)

5 (18) 17 (61)

0.7 (2.5)

Course K: 8 x 0.25 g

436

273

225

125

123

97

95

91

86

35

364 (83)

218 (80)

100 (44)

142 (114)

14 (11)

45 (46)

19 (20)

58 (64)

94 (109)

25 (71)

502 (115)

261 (96)

539 (240)

168 (134)

261 (212)

95 (98)

124 (131)

151 (166)

80 (93)

44 (126)

Course L: 2.7 g total " slow "

180

185

249

326

341

374

383

403

487

523

742

866

10.2

84

111

324

515

588

931

a Figures in parentheses are percentages of total pretreatment microfilarial counts.

280 (156)

115 (62)

135 (54)

216 (66)

361 (106)

152 (41)

278 (73)

320 (79)

111 (23)

420 (80)

461 (62)

442 (51)

74

86

83

144

95

122

140

227

142

169

234

350

(41)

(46)

(33)

(44)

(28)

(33)

(37)

(56)

(29)

(32)

(32)

(40)

Course M: 2.7 g total " rapid

1.9 (19) 0.5 (4.9)

80 (95) 69 (82)

37 (33) 5.6 (5)

177 (55) 213 (66)

325 (63) 356 (69)

205 (35) 137 (23)

684 (73) 230 (25)

244 (136)

17 (9)

76 (31)
148 (45)

306 (90)

290 (78)

83 (22)

77 (19)

262 (54)

31 (5.9)

73 (10)

296 (34)

0 (0)

32 (38)

0 (0)

8.7 (2.7)

87 (17)

39 (6.6)

75 (8)

a total of 3.5 g-4.0 g. They were re-examined 6
months and 18 months after treatment. Table 4 also
gives the results from 12 patients who received
0.5-g doses at weekly intervals to a total of 2.7 g
(the " slow " course), and from 7 patients who
received a total of 2.7 g over 5 days (the " rapid "
course), both series being re-examined 3 weeks,
9 months and 25 months after treatment. Finally,
the results from 10 patients who received 0.25 g
suramin to a total dosage of 2.0 g are shown.
This group was re-examined 6 months and 22 months
after treatment.

Fig. 2 shows the percentage figures from Table 4
plotted graphically for the weekly 0.5-g courses
tested-namely, (A) 3.5 g-4.0 g and (B) 2.7 g
(" slow "), as well as (C) the daily dosage schedule
to a total of 2.7 g (" rapid ") and (D) the weekly
0.25-g course to a total of 2.0 g. For each group the
mean percentage concentrations of microfilariae are

shown.

Comparative effects ofAntrypol, Moranyl and Naganol
Fig. 3 shows the percentage figures from Table 3

grouped according to the brand of suramin used at
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FIG. 2
CHANGES IN MICROFILARIAL CONCENTRATIONS IN PATIENTS TREATED WITH SURAMIN AT DOSES OF 0.5 g OR 0.25 g

ACCORDING TO DIFFERENT SCHEDULES
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FIG. 4
URINARY FINDINGS IN PATIENTS TREATED WITH
4.1 g-6.1 g OF ANTRYPOL, MORANYL OR NAGANOL

BRANDS OF SURAMIN

FIG. 5
CHANGES IN SERUM SURAMIN LEVELS IN PATIENTS
TREATED WITH SURAMIN AT DOSES OF 0.5 g OR 0.25 g

ACCORDING TO DIFFERENT SCHEDULES

WHO 8081w

No. of patients examined.
No. with alo.rninuria (m3an mg albumin per 100 ml

urin3 is given).
No. with granular casts.

1 2 4 68 08 20

wHO 80811
Time from start of treatment,. weeks

a total dosage of 4.1 g-6. I g-namely, (A) Antrypol,
(B) Moranyl, (C) Naganol, together with the serum

suramin levels (as mg per 100 ml) recorded in the
same three groups of patients at the following times:
1 week after receiving their fourth gram of suramin,
2 days after receiving their sixth gram of suramin and
15 weeks after their last suramin injection. Fig. 4
shows the urinary findings in the same groups of
patients. The numbers examined on each occasion
during and after treatment are indicated, together
with the numbers showing albuminuria and the
numbers showing casts. The figures opposite each
point on the albumin graph indicate the mean of the
individual values of mg urinary albumin per 100 ml
for the whole group examined on that occasion.

A: 2.7g"rapid".
B: 2.7g"slow".
C: 7-8x 0.5g.
D: 8 x 0.25 g.

Fig. 5 shows the serum suramin levels recorded at
various times during and after courses of treatment
with 0.5-g and with 0.25-g doses of suramin, of
which the parasiticidal effects are shown in Table 4.

DISCUSSION

Action of suramin on microfilariae
The proportion of the microfilarial population

killed by suramin increased with the total dosage
(Fig. 1). The average microfilarial concentrations at

C-0*
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the examinations made 2-3 weeks after total
dosages of 9.5 g, 8.5 g, 7.5 g, 4.5 g and 2.2 g-3.2 g
were reduced to 8%, 19%, 32%, 46% and 71% of
their pretreatment levels. However, none of the
suramin dosage schedules that were subsequently
shown to be lethal to the adult worms resulted in all
microfilariae being killed. Even after a dosage of
9.5 g, a small residual population remained alive.
Most of these residual microfilariae died by the
eighth month after treatment. During at least the
first 2-3 months of this period they were almost
certainly exposed tp a significant but declining level
of suramin in the tissues, which may have accelerated
their mortality rate; but over the remaining 12-
17 months before the final post-treatment examina-
tion, the decline in microfilarial concentrations con-
tinued more slowly, presumably from natural
mortality at the end of the normal life-span.

In most patients under suramin treatment the
death of microfilariae was not manifest clinically
until after the fourth to sixth dose of 1.0 g, when
itching, dermatitis, swelling and desquamation were
observed, particularly over the lower legs and
ankles.
At the examination made 2 weeks after treatment

in those patients receiving a total dosage of 7.5 g-
9.5 g, the greatest reduction in microfilarial con-
centrations was observed in snips taken from sites
toward the periphery of the body (Table 2). This
effect was most obvious in the legs, where the con-
centrations in ankle snips were reduced to 1.5% of
their pretreatment levels, those from the calf snips
to 6.0% and those from the buttocks to 16 %. In the
subsequent examination made 8 months after treat-
ment, this pattern was no longer evident and the few
remaining microfilariae were again more evenly
distributed throughout the skin of the limbs. The
reason for the greater effect of suramin on peripheral
microfilariae is not clear. Nothing similar is seen
after treatment with either diethylcarbamazine or
antimonials. It is possible that the microfilariae
lying peripherally in the limbs are mainly the older
members of the population, which have migrated
further from the adult worms, and are, by virtue of
their age, more susceptible to the drug; or it may be
that greater concentrations of suramin build up in
the peripheral portions of the body, for it will be
recalled that an unexplained tenderness of the soles
of the feet and of the palms of the hands frequently
occurs during suramin therapy. Whatever the cause
may be, this finding is of practical importance, for,
if the effects of treatment are assessed, as they some-

times are, by examination of a single skin snip taken
soon after the last injection, the results will vary
.considerably with the site from which the snip is
taken.

Action of suramin on adult worms

Doses of1.0 g. The action of suramin on the adult
worms may be inferred from the changes in con-
centrations of microfilariae observed over the months
following treatment. In all patients receiving 1.0 g
per week to a total of 4.5 g or over, the residual
population of microfilariae that remained immedi-
ately after treatment continued to decline towards
zero over the ensuing 18-25 months (Fig. 1 A-F).
This pattern of steadily declining concentrations is
totally different from that seen after treatment with
Banocide (Duke, 1957). It is compatible with a small
residual population of microfilariae dying at its
natural rate without replenishment from adult
worms 1 and it indicates that the adult female worms
had been killed or sterilized (probably the former).
The examinations made 18 or 25 months after treat-
ment were made as late as was possible if the results
were not to be confused by the appearance of new
microfilariae from reinfections acquired subsequent
to treatment. At these examinations the micro-
filarial concentrations were all near to zero and in
most cases the few microfilariae found were thought
to be those remaining from the patients' original
infections. However, the microfilariae found in some
patients from Bombe examined at the twenty-fifth
month were confined to one snip only, which
suggests that they may have been the first arrivals
from reinfections.
The patients receiving 1.0-g doses weekly to a

total of 4.1 g form an interesting group. The 5 in
whom treatment had to be stopped at 4.1 g on
account of the severity of clinical reactions or
because of severe albuminuria show a pattern of
declining microfilarial concentrations over the
ensuing 18 months, which indicates that their adult
female worms had been killed (Fig. 1 G). In con-
trast, the 5 who were supporting treatment well and
could have continued to receive it showed evidence
of an incomplete action on adult worms, with
microfilarial concentrations rising again during the
second year after treatment (Fig. 1 H). A 4-g
schedule would thus appear to be on the borderline
of effective action on adult worms.

1 See the paper on page 137 of this issue.
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The last group of patients, who received 1.0-g
doses to a total of only 2.2 g-3.2 g, showed con-

siderable variation in the reduction of their micro-
filarial concentrations immediately after treatment,
but the drug had only a partial effect on the adult
worms in a few cases (Fig. 1I).

It is concluded, therefore, that with weekly 1.0-g

doses, a total of 5 g-6 g suramin must be given in
order to be certain of killing the adult worms and,
as can be seen from Fig. 3 B, the blood-levels of
suramin built up by such dosage reach at least 10 mg
per 100 ml for a period of about 2 weeks. It must be
emphasized that this dosage does not kill all the
microfilariae, but this does not detract from its
efficacy, for the residual microfilariae are readily
susceptible to diethylcarbamazine, and after treat-
ment with this compound, as the adult worms are

dead, there will be no replenishment. No useful
purpose is served by continuing treatment with
suramin beyond 6 g. The action on the adult worms
being already complete, the only effect of continued
therapy is needlessly to increase the risk of toxic
complications.

Doses of 0.5 g. The course of 0.5-g doses of
suramin given at weekly intervals for 7-8 weeks
(Fig. 2 A and Table 3) had a limited action on micro-
filariae, their mean concentrations being still 35%
of the pretreatment level 6 months after treatment.
A lethal action on some or all adult worms was

manifest in 17 out of 24 patients. On this course,

clinical complications, albuminuria and so on were

not reduced in proportion to dose, the maximum
serum suramin concentrations were mostly below
10 mg per 100 ml and, taking the group as a whole,
the results of this prolonged, and therefore more

inconvenient, treatment did not give the same

certainty of parasitological cure as was achieved
after fewer injections of 1.0 g. It has therefore little
to recommend it.
The " slow" course of weekly 0.5-g doses to a

total of 2.7 g (Fig. 2 C) was moderately well tolerated
but was similarly uncertain in parasiticidal action.
By contrast, the "rapid" course at 2.7 g total
dosage given over 5 days (Fig. 2 D) was very poorly
tolerated and could not be recommended for gen-

eral use, although it produced a greater effect on the
parasites. With the " rapid " course there was a

greater immediate action on microfilariae and sub-
sequent evidence indicated that the adult worms had
been killed. The curves of serum suramin levels on

the two courses show little difference between the

" peak" levels (8 mg-12 mg per 100 ml) reached
2 days after the last injection (Fig. 5 A and B).
However, it is known that high concentrations of
suramin are maintained for about 24 hours after
each dose, although they fall rapidly thereafter
(Boursnell, Dangerfield & Wormall, 1939; Danger-
field, Gaunt & Wormall, 1938), and it is therefore
probable that on the "rapid" course the daily
injection schedule maintained levels above the
recorded " peak " throughout the first 7 days. By
contrast, on the " slow " course, levels above the
recorded " peak " were probably maintained only
during the 2 days after the last injection. The
greater action of the " rapid " course on adult worms
suggests that it may be necessary to maintain a con-
centration of suramin of some 10 mg per 100 ml or
over for a period of at least a week in order to kill
the adult worms. When weekly 1.0-g doses are
being given, as recommended above, levels of this
order are likely to be achieved about the time when
the fourth, fifth or sixth doses are superimposed on
the residual level of suramin built up by the early
doses (Fig. 3).

Doses of 0.25 g. A weekly dose of 0.25 g con-
tinued for 8 weeks proved to have very little action
on microfilariae, and no detectable action on the
adult worms (Fig. 2 D). The peak blood-levels were
under 5 mg per 100 ml (Fig. 5 D).

Comparison of Antrypol, Moranyl and Naganol
brands of suramin

There was no reasonable doubt as to the purity
or the composition of the samples of the three
brands obtained. Used in doses of 1.0-g weekly to
totals of 4.1 g-6.1 g, all three produced similar
effects on microfilarial concentrations, and all were
apparently equally effective in killing adult worms;
nor could any significant difference be detected in
the levels of serum suramin reached during treatment
(Fig. 3). The frequency with which albumin and
casts appeared in the urine and the degree of albu-
minuria produced were similar (Fig. 4). The urinary
findings returned to normal by the twentieth week
after treatment, by which time most of the drug had
been excreted, and there was no evidence of any
permanent damage to kidney function. Clinically,
no obvious difference was apparent in the response
of the three groups to treatment or in the incidence
of toxic manifestations. It was therefore concluded
that the samples of Antrypol, Moranyl, and Naganol
were equally pure and equally stable with regard to
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their suramin content, and that they were similar in
their effects both on 0. volvulus and on the human
host. Discrepancies in the results obtained by
workers using different brands of suramin manu-

factured by reputable firms are more likely to result
from differences in dosage techniques, or in methods
of assessing the action of the drug, than from dif-
ferences in the chemical purity of the suramin used.
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RISUMJi

La suramine reste actuellement le medicament le plus
actif et le moins nocif lorsqu'il s'agit de ddtruire les
formes adultes d'Onchocerca volvulus. Les essais decrits
ici ont et effectu6s afin d'en fixer la posologie.
Un certain nombre de malades ont recu des injections

de suramine suivant l'un des schemas suivants: a) 1 g
par semaine (dose totale: 2,2-9,5 g); b) 0,5 g par semaine
(dose totale 3,5-4 g); c) 0,2-1 g quotidiennement (dose
totale: 2,7 g - traitement rapide) ou 0,5 g par semaine
(dose totale: 2,7 g - traitement lent); d) 0,25 g par
semaine (dose totale: 2 g). On a determine l'action du
produit sur les parasites en evaluant les densites micro-
filariennes dans les prelevements cutanes multiples operes
au meme endroit du corps avant et a intervalles apres
le traitement. On a egalement pratique la recherche
hebdomadaire de I'albumine et des cylindres dans l'urine
et, chez certains patients, mesure la teneur du serum
en suramine au cours du traitement.
La proportion des microfilaires tuees augmente avec

l'importance de la dose totale. Cependant, meme apres
administration de 9,5 g de suramine, un certain nombre
de microfilaires restent vivantes. L'action microfilaricide
se manifeste cliniquement des la 4e ou 6e injection de 1 g.

L'effet letal sur les vers adultes est total apres adminis-

tration de 4 a 6 doses hebdomadaires de 1 g, dosage
qui correspond 'a une teneur du serum en suramine de
10 mg ou plus par 100 millilitres pendant deux semaines.
II n'y a aucun avantage 'a administrer des doses supple-
mentaires qui ne peuvent qu'accroitre le risque de reac-
tions toxiques. La persistance de quelques microfilaires
ne signifie pas que le traitement a echoue. Ces larves
residuelles pourront etre aisement detruites par la diethyl-
carbamazine. Les schemas comportant l'administration
de 8 doses hebdomadaires de 0,25 ou 0,5 g de suramine,
ainsi que le traitement rapide par injections quotidiennes,
sont a rejeter en raison de leur peu d'efficacite ou du
danger de manifestations toxiques.
On a procede 'a un essai comparatif de diff6rentes

preparations commerciales de suramine: Antrypol (ICI),
Moranyl (Specia) et Naganol (Bayer). Administrees 'a la
dose hebdomadaire de 1 g et a la dose totale de 4,1-6,1 g,
ces preparations ont fait preuve d'une efficacite parasiti-
cide et d'une toxicite tres semblables. Selon l'auteur,
les resultats divergents notes par des utilisateurs de l'une
ou I'autre de ces preparations doivent etre attribues it
l'emploi de methodes diff6rentes de dosage et de mesure
de l'activite therapeutique, et non a des variations de
la purete chimique de la suramine.
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