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Little is known about the metabolic fate of injected
suramin, the trypanocidal drug which is retained in
the body for several weeks or even months after its
injection. Even before satisfactory methods for the
determination of suramin became available, how-
ever, it was suggested that the injected drug com-
bines with the body proteins (for a review of the
early literature see Findlay, 1939), and this view
received support from the observation that the
addition of suramin effects marked changes in some
ofthe properties of certain proteins; for example, the
serum proteins are protected against heat coagula-
tion (Collier, 1926, 1927) and against precipitation
by tannin, mercuric chloride and certain other re-
agents (Jirovec & Kocian, 1930; Kocian, 1936), the
isoelectric points of some immune substances are
altered (Klopstock, 1932), and the drug inhibits
a few enzymes, e.g. trypsin (Beilinsohn, 1929),
fumarase (Quastel, 1931) and hyaluronidase (Beiler
& Martin, 1948).

Quantitative measurement of the amount of sura-
min which combines under varying conditions with
the plasma proteins of animals injected with the

drug, or in experiments in vitro with various proteins,
became possible when a satisfactory chemical
method became available for the determination of
the drug (Dangerfield, Gaunt & Wormall, 1938).
Using this method it was conclusively shown that
suramin can combine with many different proteins
(serum globulin, fibrinogen, casein, gelatin) under
physiological conditions of pH and temperature
(Boursnell & Wormall, 1939; Dewey & Wormall,
1946).
At present we are investigating the action of

suramin on enzymes. It was thought, therefore.
that a study of the conditions under which the drug
combines with proteins, and a further investigation
of the nature of the linkages concerned, might throw
some light on the specific inhibitory effect which the
drug exerts on some enzyme systems. It was also
hoped that useful information might be obtained
about the mechanism whereby suramin inactivates
complement and the blood-clotting system.
* The present paper describes a study of (i) the
stability ofthe linkage between the drug and various
proteins, (ii) the influence ofpH on the combination,
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(iii) the failure of suramin to combine, in vivo and
in vitro, with the proteins ofthe intact red blood cell,
(iv) the fate of intravenously injected suramin-
protein complexes and (v) the protein groups which
might be concerned with the binding of suramin.

METHODS AND MATERIALS

Suramin determinatiow. These were carried out as de-
scribed previously (Dangerfield et al. 1938; Boursnell,
Dangerfield & Wormall, 1939; Dewey & Wormall, 1948).
The values for rabbit plasma have been corrected for the
small amount of amine precursor (equivalent to about
1-0 mg. suramin/ 100 ml.) presentinnormalplasma. A similar
correction has been made for the precipitated suramin-
protein complexes, but this blank value is usually negligible
(equivalent to 0-01-0-02 g. suramin/16 g. protein N).

Total N determinations were carried out on most of the
precipitated suramin-protein complexes, and the suramin
contents of the complexes (except those referred to in
Table 1) are given as g. of suramin/100 g. of the complex,
allowance being made for the N content ofsuramin (5 88 %).
The N content of the untreated proteins was assumed to be
16%forthe mixed serum proteins and 15-76% for crystalline
egg albumin (Chibnall, Rees & Williams, 1943). This method
of recording the results was adopted since the methanol-
precipitated complexes contained appreciable amounts of
inorganic material.

Injection&. The solutions of suramin or suramin-protein
complexes, in 0.9% (w/v) NaCl, were injected into the
marginal ear veins of rabbits, and blood samples were taken
from the ear not used for the injection and collected in
'oxalated' tubes. The plasma was then separated as quickly
as possible.
Amino-N determination8. These were made by titration

from pH 7 to 9, with a further titration back to pH 9 after
the addition of excess of neutralized 20% formaldehyde
solution. (For full details see Boursnell, Francis & Wormall,
1946).

Buffer 8olution8. The 'Universal' buffer (Baird and Tatlock
(London), Ltd.) of Johnson & Lindsey (1939) was used for
the range pH 3-9, and the sodium acetate-HCl buffer of
Walpole (cf. Vogel, 1944) for pH 1. For some experiments
a 0-75m-NaHCO3-H2C0, buffer ofpH 7-5 was used.
Egg albumin. This was thrice crystallized hen ovalbumin.

RESULTS

The precipitation of suramin-protein
complexes by dilute acid

It was found that mixtures of suramin and serum
gave heavy precipitates when the solutions were
made slightly acid, the pH of maximum precipita-
tion varying with the protein used and the amount
of suramin added. These precipitated complexes
contained much suramin, and it was decided to
determine whether repeated solution and precipita-
tion of these complexes would alter their suramin
content. In a typical experiment the drug-protein
complex was precipitated from a mixture ofsuramin
and human serum by adjusting the pH to about 4-0,

followed by solution in 0-9% NaCl at pH 7.5, and
arepetition ofthe precipitation a further seventimes.
Analysis of the precipitates, some washed with
0-9% NaCl and some washed with methanol, showed
that there was very marked consistency in the
suramin content of the complexes during this serial
precipitation, even up to the eighth precipitation
(Table 1). The methanol-washed precipitates con-
tained slightly less suramin than did those washed
with NaCl, but in this case also there was no fall in
the suramin content of the complex during five
precipitations.

Table 1. Suramin content of acetic acid-precipitated
suramin-protein complexes from a mixture of
suramin and human serum

(Suramin, 1-0 g. dissolved in 5-0 ml. of 0-9% NaCl, was
added to 150 ml. of human serum and the mixture kept for
1 hr. at room temperature. The suramin-protein complex
was then precipitated by the addition of N-HCl and finally
2N-acetic acid to give maximum precipitation (pH about
4-0). Suramin determinations were made on part of the
precipitate and the rest was dissolved in 0-9% NaCl with
the addition of a little 0-75x-Na2CO3-H CO buffer of
pH 7-5. Precipitation and solution were repeated a further
seven times and suramin determinations were made on
samples ofthe precipitates washed (a) twice with 0-9% NaCl,
or (b) twice with methanol).

No. of
precipitations

1
2
3
4
5
8

Suramin content of the precipitates (%)

Methanol-
NaCl-washed extracted

13-4 11-8
12-4 11-9
13-5 12-4
13-8 11-8
13-3 13-1
12-8

In other experiments egg-albumin solutions were
treated with varymg amounts of suramin, the con-
centration of the drug in the mixture ranging from
0-21 to 1-67% (i.e. 1-5-11-7 x 10-3M). The drug-
protein complexes were precipitated by adding
acetic acid, and after five precipitations contained
10-74-17-54 g. of suramin/100 g. of the drug-protein
complex (Table 2). The amount ofdrug bound by the
protein in the mixture with the lowest concentration
of suramin used in this experiment was surprisingly
high; it was 10-74 g. suramin/100 g. of the drug-
protein complex, this being equivalent to the com-
bination of 12-0 g. of suramin with 100 g. of protein,
or 3-7 suramin groups/molecule of egg albumin,
assuming a molecular weight of 44,000 for this
protein.
The product obtained from the mixture with the

highest concentration ofsuramin used in this experi-
ment contained 17-54 g. of suramin/100 g. of the
drug-protein complex. This is equivalent to the
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combination of about 21 g. of suramin with 100 g.
of egg albumin, or the average introduction of 6-5
suramin groups into each protein molecule.

Table 2. Combination of egg albumin with
varying amounts of 8uramin

(Varying amounts of a 10% (w/v) solution of suramin
were added to samples of a 2-36% solution of crystalline egg
albumin and the mixtures kept at about 140 for 30 min. The
suramin-proteincomplexeswerethenrepeatedlyprecipitated
by the addition of 5w-acetic acid, and dissolved in water at
about pH 7-5; five precipitations in all.)

Egg
albumin Suramin
solution solution
(ml.) (ml.)
20 0-5
20 2-0
20 4-0

Water
(ml.)
3.5
2-0
0

Suramin content of
precipitated complex

(g./100 g.
(g./g. suramin-

total N) protein)
0-73 10-74
1-18 16-65
1-25 17-54

Influence of pH on the combination of
suramin with proteins

Suramin undoubtedly combines firmly with serum
and other proteins at pH 7-5, but the amount of
suramin combining at that pH is not necessarily the
same as that present in the suramin-protein com-
plexes precipitated from the same solution by the
addition of acid. Experiments were therefore made
to determine the amount of suramin combining with
proteins at different pH's. The drug-protein com-
plexes were precipitated with methanol, without
materially altering the pH of the mixture, and the
precipitates were washed with methanol, in which
free suramin is very soluble.

N-HCI or 0- N-NaOH was added to rabbit serum (2 ml.)
to give approximately the pH required. Buffer solution was
added, together with 0-9% NaCl to give a total volume of
5-5 ml. The suramin solution (1-0 ml. ofa 3% (w/v) solution
in 0-9% NaCI) was then added to each tube, and the mixture
was shaken and kept at room temperature for 1 hr. with
occasional shaking. Methanol (26 ml.) was then added to
each mixture, and the centrifuged precipitates were washed
four times with methanol (7 ml. each time), and dried in
vacuo over CaCl2 -

The results of this experiment (Table 3) showed
that under these conditions the serum proteins com-
bined atpH 1 or 3 with about twice as much suramin
as they did at pH 5. At pH 7 the amount ofcombined
suramin was only about one-quarter, and at pH 9
about one-fifteenth, that combined at pH 5. A similar
experiment was carried out with egg albumin over
the same pH range, but with additional mixtures at
pH's 6 and 8.

The solution of crystalline egg albumin (2 ml. of5-8%wfv)
was brought to the required pH and mixed with buffer,
0-9% NaCl and suramin solution as in the above experiment

with rabbit serum proteins. The suramin-protein complexes
were precipitated and washed with methanol and were then
dried and analysed.

Theresults (Table 3) were similartothose obtained
with the serum proteins; they showed that much
more suramin combines with protein in the more
acid solutions used in these experiments.

Table 3. The influence of pH on the combination of
auramin with normal rabbit serum proteins and with
egg albumin

(See the text for experimental details. Each experiment
was carried out in duplicate and the two sets of results are
recorded below.)

Suramin content (g./100 g. suramin-protein
complex) of the methanol-precipitated

complexes of suramin and

pH Rabit serum proteins
1 22-9, 22-7
3 22-6, 22-5
5 11-9, 10-6
6
7
8
9

2-8, 2-5

0-80, 0-64

Egg albuimin
20-95, 20-95
19-7, 18-7
4-6, 5-2
0-63, 0-76
0-49, 0-59
0-28, 0-34
0-31, 0-23

Combination of suramin with the proteins of
red blood cells

Earlier investigations (Dewey & Wormall, 1948)
have show-n that suramin added to whole blood, or
to suspensions of red blood cells, does not pass into
the red cell. This might be due to inability ofthe drug
to pass through the membrane, or to an inability of
suramin to combine with haemoglobin and the
stroma protein.

Although suramin did not enter the red cell in
these in vitro experiments it does not follow that the
same will hold true in vivo. Experiments have there-
fore been made to determine whether the drug enters
the red cells after it has been intravenously injected
into rabbits. Estimations were made on the
separated red cells after they had been washed with
0-9% NaCl, and also on the unwashed cells (to
exclude the possibility of loss of suramin by the cells
duringthewashingprocess). In all these experiments,
with plasma-suramin values up to 69 mg./100 ml.,
no significant amount of the drug was found in the
red cells; the very small amount occasionally found
in the unwashed red cells was not more than could
be accounted for by the presence of a small amount
of suramin-containing plasma in the cell fractions.
The second possibility mentioned above was

examined by determining the capacity of haemo-
lysed red cells to combine with suramin. In one
group of experiments, the results of some of which
are given in Table 4, the red cells of normal rabbit
blood were washed with 0-9% NaCl, haemolysed
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Table 4. Combination of 8uramin with the pla8ma and cell proteins of normal rabbit blood

(The suramin solution (2.8 of 10% (w/v) in 0.9% NaCl solution) was added to the mixture of plasma and 0-9% NaCl,
or to the haemolysed red cell solution. Each mixture was kept at room temperature for 15 min. with occasional shaking;
it was then treated with an equal volume of 0.9% NaCl solution and the protein-suramin complex precipitated by the
addition of2 N-acetic acid. The precipitate was dissolved in 3 ml. of0.9% NaCl solution with the aid of sufficient 2N-Na2CO3
to give pH about 7-5, and the precipitation with acetic acid was repeated a further five times.)

Exp.
no.
1

Plasma or
haemolysed

cells*
(ml.)
1-5
1-5

Plasma

Haemolysed cells

2 Plasma

Haemolysed cells

S
C-

0-9%
NaCl
(ml.)
1-5
1-5

3-0 0
3-0 0
3-0 5-0
3-0 5-0
8-0 0
8-0 0

Suramin content of
precipitated suramin-

protein complex
luramin solution added ,

A (g./g. (g./lOO g.
(ml.) (mg. suramin) total N) complex)
0-5 14 0-73 10-9
1-0 28 0-96 14-0
0-5 14 1-13 16-2
1-0 28 1-47 20-5
1-0 100 1-88 25-3
2-0 200 2-03 26-9
1-0 100 1-72 23-4
2-0 200 1-89 25-4

* Centrifuged cells from 1 vol. of oxalated rabbit blood were washed well with 0-9% NaCl and then haemolysed with
4-5 vol. of distilled water.

with water, and then mixed with a suramin solution,
parallel experiments being made with the blood
plasma. The mixtures of suramin and haemolysed
red cells gave heavy precipitates when dilute acid
was added and these complexes, reprecipitated a
further five times, had a suramin content which was
ofthe same order as that ofthe complexes separated
similarly from the corresponding suramin-plasma
mixtures. For example, in Exp. 2, where the plasma
and haemolysed cells were diluted so that each
solution contained the same amount (0-38%) of
protein N before the addition of the surarin
solution, there was a very close similarity between

the suramin contents ofthe complexes from suramin-
plasma mixtures and those from mixtures of sura-
min and haemolysed red cells.

The retention of injected suramin-protein complexes

Experiments have been made to determine
whether intravenously injected suramin-protein
complex is retained longer in the blood of a rabbit
than is an equivalent amount of the free drug. In one
experiment the drug was attached to crystalline egg
albumin, and in the other rabbit serum proteins were
used to form the complex, in the hope that this would

Table 5. The suramin content of the blood plasnw of rabbits following the intravenous injection of
(a) suramin and (b) suramin-protein complexes

(For experimental details see the text.)

Exp.
no.
1

Material nijected
Suramin

Suramin-rabbit serum
protein complex

2 Suramin

Suramin-egg albumin
complex

Suramin
injected
(mg./kg.)
14-2
23-3*
13-05
22.0*
21-9

I21-8 (a)t

22-1 (b)t

Suramin content of plasma (mg./100 ml.) after

17 min. 45 min. 3 hr.
20-0 12-0

32q4 14-8
21-5 8-1

46-3 26-6
46-5 19-8
39-2 15-2
42-0 16-4
141-3 15-8
137-2 15-5
I37-0 12-8
136-6 15-3

* Given in two injections, with an interval of 36 min. between them. The times of bleedings were reckoned from the
second injection.

t (a) and (b). After it had been kept at 50 for a few days, the solution of suramin-egg albumin complex prepared for this
experiment contained a very small amount of solid matter. Two rabbits were injected with the uncentrifuged solution
(b) and two with the clear centrifuged solution (a).

24 hr.
4-2
7-5
1-8
7-9
6-4
5-9
6-6
7-0
5.9
5-7
6-2

48 hr.
3-2
4-8
1-5
5-5

4-4
4-0
4-3
5-6
4-1
3-5
3-4

7 days
1-6
1-8
1-0
3-0
2-4
1-9
2-3
1-6
1-6
1-9
2-1

14 days

1-6
1-6
2-0
1-7
1.1
1-7
1-6
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be less 'foreign' than the egg albumin complex and
therefore less liable to suffer rapid breakdown in the
rabbit.

Exp.l.A suraminsolution(300 mg.inlO ml. of09 %NaCl)
was added to a mixture of rabbit serum (15 ml.) and
0-9% NaCl (15 ml.), the mixture kept at about 130 for
30 min. and the drug-protein complexes precipitated by the
addition of 5N-acetic acid to give maximum precipitation.
After eight further precipitations with acid, the complex
was dissolved in 0-9% NaCl (15 ml.) at pH 7-0 and filtered
through a Berkefeld filter. This solution, containing 0-88 g.
of suramin and 3-05 g. of protein/100 ml., was injected into
rabbits as follows: one rabbit (wt. 2-7 kg.) received 4-0 ml.,
and another rabbit (wt. 3-0 kg.) received 4-5 ml. followed by
a further injection (3-0 ml.) 36 min. later. Two control rabbits
were injected under the same conditions with a solution
containing 0-88 g. of suramin/100 ml. of 0-9% NaCl. Blood
samples(about7 ml.) were takenfromthe rabbits at intervals
for plasma-suramin determinations.

Exp. 2. Suramin (1-5 g. in 15 ml. of water) was added to
a solution of crystalline egg albumin (150 ml. containing
3-54 g. of protein) and the drug-protein complex was pre-
cipitated by acid and purified by four further precipitations,
as in Exp. 1. The final solution (containing 1-26 g. of
suramin, 6-59 g. of protein, 0-9 g. of NaCl and 0-04g. of
merthiolate/100 ml.) was injected into four rabbits (one
injection each), and three control rabbits received corre-
sponding injections of free suramin.

The results of these experiments (Table 5) showed
that the injected suramin-protein complex was not
retained longer in the plasma than was an equivalent
amount of the free drug. Individual rabbits
occasionally show appreciable deviation from the
average with regard to their retention of the injected
drug or drug-protein complex, but in no case did any
rabbit injected with the complex show any ab-
normally long retention of the suramin.

The combination of 8uramin with proteins
treated with di-2-chloroethylauphone

The combination of suramin with proteins might
be due to a reaction between the sulphonic acid
groups of the drug and basic groups of the protein.
Tests were therefore made to determine whether
the blocking of the free amino groups of the protein
reduces its capacity to combine with suramin.
Blocking of practically all the am,ino groups of
gelatin can readily be effected at pH 8 and 300 by
mustard-gas sulphone, di-2-chloroethylsulphone
(Banks, Boursnell, Francis, Hopwood & Wormall,
1946), and the ability of the sulphone-treated
proteins (gelatin and the serum proteins) to combine
with suramin was, therefore, compared with that of
the untreated proteins.

Exp. 1. Gelatin (1-0 g.) was dissolved in hot water (60ml.),
the solution cooled a little and 0-75M-NaHCO8 (40 ml.)
added. The mixture was treated with di-2-chloroethyl-
sulphone (0-5 g.), stirred at 370 for 4 hr. and then kept at
40 overnight. Next day a further 0-5 g. of the sulphone was

added and the mixture stirred at 370 for a further 8-5 hr. The
solution was then diluted with an equal volume of water and
dialysed against distilled water for 24 hr. at 4°. Total N and
amino N (formaldehyde) determinations on this solution
and on a dialysed 0-5% gelatin solution showed that the
sulphone had blocked at least 95% of the free amino groups
ofthe gelatin.
The dialysed gelatin and sulphone-gelatin solutions (each

containing 0-45 % (w/v) of protein) were each treated with
buffer solution and suramin (see Table 6 for details) and the
mixtures kept at 180 for 1 hr. Each solution (36 ml.) was
then poured into ice-cold methanol (220 ml.) and the pre-
cipitated complexes were centrifuged and washed three times
with ice-cold methanol (25 ml. each time). Mixtures C and
D required the addition of a few drops of glacial acetic acid
before the drug-protein complex could be precipitated by the
methanol, and the methanol used for washing these pre-
cipitates was similarly acidified. The dried drug-protein
complexes were dissolved in warm water (with the aid of
a few drops of N-NaOH in the case of C and D) and total
N and suramin determinations were made on samples of
these solutions.

Exp. 2. Di-2-chloroethylsulphone (1-0 g.) was added to
a mixture of rabbit serum (24 ml.) and 0-5M-NaHCO3
(24 ml.) and the mixture stirred at 370 for 6 hr., N-NaOH
being added when necessary to maintain the pH between
7-5 and 8-5; after 2 days at 40, the solution was again stirred
at 370 for 6 hr. after the addition of more sulphone (1-0 g.).
The mixed 'sulphone-proteins' were precipitated by adding
dilute acetic acid, dissolved at pH 7-7-5 and purified by
three precipitations with N-HCI. The final solution (20 ml.)
contained 4-86% protein, 0-9% NaCl and 0-02% merthio-
late; total N and amino N determinations on this solution
and on dialysed rabbit serum showed that 72% of the free
amino groups of the serum proteins had been blocked by
treatment with the sulphone.

Samples ofthe diluted solution ofsulphone-serum proteins
were treated with varying amounts of suramin, as recorded
in Table 7, and the mixtures were kept at 150 for 30 min.;
the drug-protein complexes were precipitated by addition
of5N-acetic acid and purified by a further four precipitations.
The final precipitates were dissolved in 0-9% NaCl with
adjustment of the pH to 7-0, and total N and suramin
determinations were made on these solutions.

The results show that mustard gas sulphone-
treated gelatin combines with more suramin than
does an equivalent amount of gelatin under similar
conditions (Table 6). This increase may be partly due
to the fact that these drug-protein complexes gave
maximumprecipitation at different pH's, but several
other factors may also be involved. A similar increase
in the capacity of the protein to react with mustard
gas occurs when serum globulin is treated with
sufficient phenyl isocyanate to block most of its free
amino groups (Banks et al. 1946).

In other experiments it was found that the treat-
ment of rabbit serum proteins with mustard-gas
sulphone (resulting in the blocking of about three-
quarters ofthe free amino groups ofthe proteins) did
not reduce the capacity of the proteins to combine
with suramin (Table 7).
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Table 6. Combination of 8uramin with gelatin and di-2-chloroethyl8ulphone-treated gelatin

(For experimental details see the text.)

Protein
Gelatin

Sulphone-treated gelatin

Vol. of
protein
solution
(ml.)

A 33
B 33
C 33
D 33

NaHCO3-HCO3
buffer solution

(pH 7-5)
(ml.)
2
2
2
2

Suramin
(mg. dissolved in

1 or 2 ml.
of water)

20
40
20
40

Suramin content of the
methanol-precipitated complexes

(g./g. of
total N)
0-17
0-26
0-22
0-78

(g./100 g.
complex*)

2-99
4-54
3-69
12-32

* Assuming 18-0% of N in gelatin and 17-18% N in the di-2-chloroethylsulphone-treated gelatin.

Table 7. Combination of suramin with
di-2-chloroethyl8ulphone-treated rabbit serum proteins

(For the experimental details see the text.)

Sulphone-
treated
serum
-nrn+.Ain

Suramin
(mg.

ClfiaAIAlod

Suramin content of precipitated
drug-protein complexes

pruv w URNVIvOv ,

solution* in 0-2 ml. (g./g. (g./100 g.

(ml.) of water) total N) complex)t
2-0 2-5 0-87 12-01
2-0 5-0 1-59 20-71
2-0 10-0 1-85 23-61

* Containing 1% (w/v) of protein in 0-9% NaCl solution.
t Assuming 14-89% N in the sulphone-treated proteins

(calculated on the basis of 16% of N in the mixed serum
proteins and the reaction of the sulphone with 72% of the
free amino groups of proteins).

DISCUSSION

The ability of suramin to combine with a variety of
proteins under physiological conditions of pH and
temperature is now well established, though the
precise linkage by which the drug is firmly bound to
the protein is still unknown. The reaction is rapid
and although the mixtures of suramin and protein
were usually allowed to stand for 30 min. or 1 hr. in
the experiments described here, it is not suggested
that this interval is necessary. Our enzyme inactiva-
tion experiments, a preliminary account of which
has been given elsewhere (Town, Wills & Wormall,
1949), have shown that previous contact ofdrug and
urease (and certain other enzymes) for 30 min. or so

before addition ofthe substrate leads to an increased
inhibition of the enzyme; but it is also true that the
addition ofsuramin to solutions ofserum proteins or

egg albumin at pH 7-5 is followed by the immediate
formation of drug-protein complexes. These com-

plexes can be precipitated by methanol or ethanol
at pH 7-5 or by acidification to pH 4-5. The acid-
precipitated complex undoubtedly contains more

suramin than does the complex present at pH 7-5,
but there is no doubt that an appreciable amount
of the drug is firmly fixed to proteins at pH 7-5.
Combination of the drug with the body proteins can

account for the long retention of the injected drug,
Biochem. 1949, 45

and it seems probable that slow, continuous libera-
tion of the free drug, possibly as a result of the
hydrolysis of the protein of the complex, accounts
for the relatively long protection against sleeping
sickness which is afforded by one or more injections
of suraanin. The trypanocidal power of the drug-
protein complex is not known, but we hope to study
this in collaboration with Dr F. Hawking.
The experiments described here show that sura-

min can combine as readily with haemoglobin, and
possibly other proteins ofthe red blood cell, as it does
with the plasma proteins. The failure of injected
suramin to combine with the red cell is, therefore,
due to inability of the drug to pass through the red
cell membrane, presumably because of the size
and/or spatial configuration ofthe suramin molecule.
Suramin will not pass through relatively permeable
collodion membranes (Boursnell et al. 1939) and in
generalitdoesnotdiffusethroughanimalmembranes.
Hawking (1940), for example, found no suramin,
or faint traces only, in the cerebrospinal fluid
of patients injected with the drug, even when
the plasma contained as much as 17-2 mg. of
suramin/100 ml.
Our experiments with complexes of suramin and

rabbit serum proteins (or egg albumin) have shown
that retention of the drug in the blood following the
intravenous injection of the preformed complex into
a rabbit is not greater than that following the
injection of an equivalent amount of uncombined
suramin. These complexes will not, therefore, be of
any special value for prophylactic purposes.
An appreciable amount of suramin combines with

plasma proteins when the concentration of the drug
is of the same order as that in the plasma after the
injection of normal curative or preventive doses of
1 or 2 g. of suramin/70 kg. man. In some of our
experiments, for example, we have found that the
average plasma-suramin values of rabbits after a
single intravenous injection of 28 mg. of suramin/kg.
were as follows: 74 (2 min. after the injection),
69 (after 5 min.), 62 (after 10 min.) and 40 mg./lOOml.
(after 40 min.). Protein-suramin complexes con-
taining nearly 1% of the drug were separated by
methanol precipitation at about pH 7-5 from the
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plasma of these animals shortly after the injections
and also from egg albumin solutions (or normal
plasma) to which suramin had been added to the
extent of 802l100 mg./100 ml. Even withmuch lower
concentrations of suramin there is an appreciable
amount firmly combined with the plasma proteins.
Thus the plasma of rabbits 3 and 26 hr. after the
injection of 28 mg. of suramin/kg. contained
methanol-precipitable protein-drug complexes con-
taining 0-24 and 0-08% of suramin respectively.
The molecular weight of suramin is 1429, and the

presence of a considerable amount of suramin in the
complex does not require many suramin mole-
cules/molecule of protein. In the experiments
described in Table 2, for example, the complexes
obtained contained 3-7-6-5 suramin groups/molecule
of egg albumin (mol. wt. 44,000). The complexes
obtained with rabbit serum proteins in a mixture
containing 461-4 mg. of suramin/100 ml. at pH 7-0
(Table 3) contained the equivalent of about 2 mol.
of the drug./mol. of serum protein (assuming an
average mol. wt. of 100,000 for serum proteins). The
complexes obtained in more acid solutions contain
much larger amounts of suramin, and at pH 1 they
corresponded to 21 mol. of the drug/mol. of rabbit
serum proteins, and about 8-2 mol./mol. of egg
albumin. However, at pH 7-5 and with suramin
concentrations similar to those found in the plasma
of rabbits shortly after the injection of 28 mg. of
suramin/kg. (equivalent to a dose of 2 g. for a 70 kg.
man), the drug-protein complexes contain much less
suramin; the value corresponds usually to about
0-6 mol. of suramin/mol. of plasma protein.
Suramin (I) is a complex urea derivative con-

taining three sulphonic acid radicals in each naph-
thylamine grouping. For several reasons it appeared
probable that these naphthylaminesulphonic acid
groups are responsible for the combination of the
drug with proteins. We have found that acid-
hydrolysed suramin, which contains mn-amino-
benzoic acid (II), m-amino-p-toluic acid (III)
and 1-naphthylamine-4:6:8-trisulphonic acid (IV)
(Lang, 1931), combines with proteins to produce
acid-precipitable products. Tests with the individual
amines showed that of these three amines only (IV)
is capable of forming a complex with proteins; this
complex is apparently much less stable than is the
corresponding suramin-protein complex, since acid-
hydrolysed suramin is not retained in the blood very
long after its injection into rabbits (Dewey &
Wormall, 1946). Furthermore, Spinks (1948) has
shown that su-ramin analogues containing naph-
thalenepolysulphonic acids as end groups are
generally similar to suramin with regard to their
persistence in the blood after intravenous injection
into rabbits; of the compounds of smaller molecular
weight tested by this author, l-naphthylamine-
4:6: 8-trisulphonic acid (IV) was fairly rapidly elimin-

ated after injection but was retained longer than
was (II) or (III). Spinksconcludesthat'markedper-
sistence is aproperty ofpolyamides ofhigh molecular
weight that contain naphthylaminepolysulphonic
acids as end groups'. From the evidence presented
by Spinks and by ourselves, it seems fairly certain
that the ability of suramin to combine with proteins
is determined by its sulphonic acid groups.

NaO3S NH CO

NaO3S LNH-CO bJ NH

SO3Na CH3

CO
NaO3S NH CO

NaO3SX NH-COINH
SO3Na CH3

COOH COOH NaO3S NH2

tIll NH12 I NH2 Na03SI I
CH3 SO3Na

II III IV

Since the naphthylamine sulphonic acid groups
ofsuramin appear to be concerned with this reaction,
it seems most likely that they react with, or are
bound by, basic groups of the protein. The results of
our experiments suggest, however, that the free
amino groups are not essential for the formation of
suramin-protein complexes, and it would appear
that other basic groups are involved. Mandel &
Steudal (1926) showed that suramin readily com-
bines with protamines and histones, and we are
making a more extensive study of this combination,
and of possible interactions between suramin and
various amino-acid groupings, in the hope of gaining
more information about the reaction between the
drug and tissue proteins. Areaction with thiol groups
can be excluded, since suramin does not appreciably
reduce the thiol reaction of cysteine, reduced gluta-
thione or heat-coagulated egg albumin. Further-
more, although the drug strongly inhibits urease at
pH 5-0, it is not a general poison for thiol enzymes
(Town et al. 1949; Wills & Wormall, 1949).

SUMMARY

1. A further study has been made of the combina-
tion ofthe trypanocidal drug suramin with a variety
of proteins.

2. Suramin-protein complexes are usually readily
precipitated by the addition of dilute acid, the pH
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for optimum precipitation depending on the relative
amounts of the drug and the protein. Repeated pre-
cipitation by acid followed by solution at pH 7-5
does not reduce the suramin content of the precipi-
tated complexes.

3. Considerable amounts of suramin become
firmly attached to proteins such as the serum pro-
teins and crystalline egg albumin at pH 7-5, but
much more is bound by the protein in acid solutions,
particularly at pH's below 6.

4. The absence of suramin from the red cells of
animals injected with the drug is due to the inability
of the drug to pass through the cell membrane.
Suramin readily combines with the proteins of
haemolysed red cells.

5. Suramin injected intravenously as a complex
with rabbit serum proteins, or with egg albumin, is
not retained longer in the blood than is the injected
free drug.

6. The blocking of the free amino groups of
proteins by the action of di-2-chloroethylsulphone
does not reduce the capacity of the proteins to
combine with suramiin.

7. Suramin does not react with the thiol groups
of cysteine or proteins.

The authors are pleased to express their indebtedness to
the Medical Research Council for grants which have partly
defrayed the cost of this investigation. We are also grateful
to Miss H. M. Dewey for help with one of the experiments
described in this paper.
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The Phosphorus Compounds of Wheat Starch

BY H. S. ROOKE, L. H. LAMPITT AND E. M. JACKSON
The Lyons Laboratoriea, London, W. 14

(Received 2 March 1949)

In a previous paper, Lampitt, Fuller & Goldenberg
(1941) showed that the insoluble portion separating
out when wheat starch retrogrades has a much
higher phosphorus content than the soluble fraction,
and the presence of a phosphorus-rich fraction in
wheat starch was postulated.

In the extensive literature on the phosphorus
compounds of starches (summarized with many
references by Lampitt et al. 1941; Lampitt, Fuller
& Goldenberg, 1948), the consensus of opinion
appears to be that, whereas in potato starch the
phosphorus is present as an amylo-phosphoric ester,

in wheat starch it is combined as phosphatide loosely
boundto carbohydrate, possiblybypolar adsorption.
This phosphatide, however, has apparently not been
isolated and characterized, its presence being pre-
sumed by several authors on not very conclusive
evidence. That wheat flour contains a phosphatide
was shown by Winterstein & Hiestand (1907) who
demonstrated in the gluten residue obtained on
washing out starch from a dough the presence of
a substance, associated with reducing sugar, which
contained choline and gave fi-glycerophosphoric
acid on acid hydrolysis. Nottbohm & Mayer (1934)
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