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Sodium polyanetholsulfonate (SPS) has been added to blood culture media for
many years. Its incorporation results in a higher yield of positive blood cultures
due to its inactivation of antimicrobial cationic compounds. The most active of
these cations include complement components, aminoglycoside-aminocyclitol
antibiotics, and receptors on polymorphonuclear leukocytes. There have been
reports from studies conducted outside patient blood culture bottles that SPS
itself may possess antibacterial activity against some isolates of Neisseria
meningitidis, Neisseria gonorrhoeae, and Peptostreptococcus anaerobius. Con-
versely, in patient clinical trials there has been no significant difference in
pathogen isolation rates in the presence or absence of SPS. In an attempt to
explain this in vitro/in vivo disparity, a search was undertaken to elucidate which
variable constituent in blood, heretofore not studied quantitatively, might have a
major effect on modulating the activity of SPS. It was found that hemoglobin
combined stoichiometrically with SPS with a Kd of approximately 10-7 mol/liter.
Optimum SPS inactivation occurred at an SPS/hemoglobin ratio of 1:6 (wt/wt).
SPS-sensitive isolates of N. gonorrhoeae and N. meningitidis were protected by
the addition of hemoglobin from the antimicrobial effects of this polyanion in time-
kill studies. This protection was directly related to the amount of SPS combined in
solution. Therefore, the amount of free hemoglobin in solution must be measured
when studying the antimicrobial activity of polyanions or when evaluating the
effect of different polyanions on the recovery rates of pathogens in patient blood
culture clinical trials.

Sodium polyanetholsulfonate (SPS) is a poly-
anionic detergent that has been incorporated
into blood culture media for many years (6, 10).
SPS exerts its action by obviating the activity of
cationic compounds. Among its most important
activities are the prevention of blood clotting,
inhibition of phagocytosis, inactivation of com-
plement, removal of cationic proteins, and elimi-
nation of aminoglycoside-aminocyclitol and
polymyxin antibiotics (1, 2, 4, 8, 10). Positively
charged antibiotics and proteins are particularly
affected (2). SPS combines directly with multi-
valent cationic ligands to form insoluble poly-
mers (4). This reaction is a stoichiometric one (2,
8).

It has been reported that SPS can deleterious-
ly affect the growth of Neisseria meningitidis,
Neisseria gonorrhoeae, and Peptostreptococcus
anaerobius from blood cultures (5). However,
SPS exhibited little antibacterial activity against
other bacteria, with the family Enterobacteri-
ceae and the genus Staphylococcus unaffected
by concentrations as high as 1.25% (1). Sodium
amylosulfate, which has also been incorporated

into blood culture media, was not as effective as
SPS in neutralizing serum bacteriocidal activity
(9), was no better in clinical blood culture trials
than SPS, and may be inhibitory toward gram-
negative rods (6). Little is known regarding the
antimicrobial activity of other polyanionic deter-
gents in blood culture systems.
The antimicrobial activity of SPS appears to

be specific for a particular microbial isolate and
also concentration dependent. There is a lack of
correspondence regarding the antimicrobial ac-
tivity of SPS in studies performed inside or
outside of clinical blood culture bottles. For
example, Enj and Iveland (5) reported an inhibi-
tory effect of SPS against Neisseria meningitidis
in a disk diffusion test on plate media, whereas
Hall et al. found no statistically significant dif-
ference between SPS and sodium amylosulfate
in a patient blood culture evaluation (6).

In an attempt to explain the disparity of SPS
activities in various media and in blood culture
bottles, a study was undertaken to examine
which serum elements might have the greatest
modulating effect on SPS. The role of hemoglo-
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bin was investigated in the inactivation of SPS
because it had the properties of a cation, was
present in blood culture bottles in a wide range
of concentrations, was incorporated into some
plate media but not others, and was not studied
as a major uncontrolled variable from reports in
the literature.

MATERIALS AND METHODS
Interaction of hemoglobin and SPS. The amount of

hemoglobin bound to SPS was determined by an
ultrafiltration equilibrium method. A magnetically
stirred 450-ml Teflon-coated ultrafilter cell was em-
ployed (Amicon Corp., Lexington, Mass.), and cellu-
lose acetate membranes designed to exclude mole-
cules above molecular weight 20,000 were made and
fitted into the ultrafilter cell (3, 11). The membranes
were washed with 1% SPS and rinsed in normal
physiological saline to eliminate nonspecific binding.
The grams of SPS bound per gram of hemoglobin were
measured by adding to 0.1% SPS (Hoffmann-LaRoche
Inc., Nutley, N.J.) in normal physiological saline
concentrations of hemoglobin (Sigma Chemical Co.,
St. Louis, Mo.) from 0.01 to 2%. In each reaction
vessel, the 0.1% SPS solution was allowed to react
with an individual hemoglobin solution for 6 h at 22°C.
Free SPS was separated from SPS bound to hemoglo-
bin by activating the ultrafiltration mechanism. The
contents of the reaction vessel were stirred at 250 rpm
to thoroughly disperse the reactants and reduce the
surface polarization of the membrane. SPS was quanti-
fied in the ultrafiltrate by absorption at 275 nm.
Because the molecular weight of polymer SPS was not
known exactly, concentrations were expressed as
weight per volume.

Effect of hemoglobin on the antimicrobial activity of
SPS. The effect of hemoglobin on the antimicrobial
activity of SPS was determined by utilizing SPS-

0.18 r

0.16

0. 14 F

I

0.12

cn

z

D 0.08

"I

0.06 F

0.04

0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0

FREE [SPS]

FIG. 1. Binding of SPS to hemoglobin. The reaction took place in an ultrafilter cell above a cellulose acetate
membrane designed to exclude molecules of molecular weight -20,000. Concentrations of hemoglobin from 0.01
to 2% (wt/vol) were added to 0.1% SPS (wt/vol). Free SPS was determined by activating the ultrafilter device and
assaying SPS in the effluent.

sensitive and SPS-resistant isolates of N. meningitidis
and N. gonorrhoeae. Neisseria species were grown in
brain heart infusion broth (BBL Microbiology Sys-
tems, Cockeysville, Md.) supplemented with 1% Iso-
VitaleX (BBL). Time-kill (CFU per hour) studies were
performed with SPS at a constant concentration of
0.1%, with hemoglobin concentrations from 0.01 to
2.0% (see Table 1). The initial inoculum for each test
isolate was 10' CFU/ml, and the inocula from growth
controls were determined in broth with no additives.
The organisms were grown in each SPS: hemoglobin
ratio for 24 h at 36°C in 6% carbon dioxide. Incubation
took place on a reciprocal shaker, with samples taken
at 2, 4, 6, 18, and 24 h to determine viable numbers.
Viable counts and determinations of CFUs per millili-
ter were performed by the method of Koch (7). Five
SPS-sensitive N. meningitidis and five SPS-sensitive
N. gonorrhoeae isolates were compared with five each
of SPS-resistant species.

RESULTS

Effect of hemoglobin on SPS. Figure 1 displays
the stoichiometry of the reaction between hemo-
globin and SPS. SPS and hemoglobin combine in
a first-order kinetic interaction to form an insol-
uble precipitate. The optimum ratio occurs when
1 g of SPS binds to 6 g of hemoglobin. At
saturation, if one assumes for purposes of calcu-
lation that SPS has an average molecular weight
of 10,000 (L. J. Sorensen, Hoffmann-LaRoche,
personal communication), an affinity equilibri-
um dissociation constant of approximately 10-7
mol/liter was computed.

Protective effect of hemoglobin on SPS-sensitive
Neisseria isolates. Figure 2 presents the time-kill
studies of SPS-sensitive and SPS-resistant iso-
lates of N. meningitidis and N. gonorrhoeae in
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FIG. 2. Effect of hemoglobin on the anti-Neisseria
activity of SPS. Microbes were grown in 0.5% SPS
alone and at the optimum combining ratio of 1:6.
Shown are N. meningitidis in 0.5% SPS (0), N.
gonorrhoeae in 0.5% SPS (A), N. meningitidis in 0.5%
SPS plus 3.0%o hemoglobin (x), and N. gonorrhoeae in
0.5% SPS plus 3.0% hemoglobin (0).

the presence of the optimum SPS:hemoglobin
ratio, 1:6 (wt/wt). Table 1 demonstrates the
modulating effect hemoglobin has on the anti-
Neisseria activity of SPS.
Hemoglobin exerted a protective effect on

SPS-sensitive isolates. The effect was maximum
at a ratio of 1:6 (SPS:hemoglobin). This corre-
sponded with the maximum binding of SPS to
hemoglobin (see Fig. 1). In the presence of SPS,
all sensitive N. meningitidis and N. gonorrhoeae
isolates demonstrated a decrease in log CFU per
milliliter over time, with a major decrease occur-

ring after 4 h of incubation. The protective effect
of hemoglobin on SPS occurred at the first
sampling time (2 h). This observation was in
keeping with a chemical reaction between SPS
and hemoglobin rather than an indirect effect
through the bacterial cell metabolism. At an
SPS-hemoglobin ratio of 1:6 (wt/wt), there was
no difference between growth in the control
tubes or among the SPS-resistant and SPS-
sensitive species tested (see Table 1). There was
little variation in the growth of isolates of each
species. The inhibition of SPS on sensitive iso-
lates was directly related to the amount of
unbound SPS in solution.

DISCUSSION
It is known that SPS can combine with polyca-

tionic compounds in a stoichiometric manner
governed by first-order kinetics to render each
reactant inactive. The reaction is rapid, and the
insoluble polymer formed removes each constit-
uent from solution and effectively obviates their
activity. In blood, the most commonly encoun-
tered polycationic ligands are beta-lipoproteins,
complement components, clotting factors, and
polymorphonuclear neutrophils. In addition, in
blood culture bottles, one may encounter amino-
glycoside-aminocyclitol and polymyxin antibiot-
ics.

There has been incongruity concerning the
reported activity of SPS against Neisseria iso-
lates. Studies with plate media and non-blood
culture techniques found that SPS at concentra-
tions as low as 0.05% may inhibit Neisseria.
There was considerable variation in the sensitiv-
ity of individual strains of a species. Conversely,
studies in which blood culture bottles were used
in a clinical setting showed essentially no differ-
ence between the isolation of bacteria, with or

TABLE 1. Modulation of the anti-Neisseria activity of SPS by hemoglobin
SPS-sensitive isolates SPS-resistant isolatesMedium or

SPS/ N. meningitidis (log N. gonorrhoeae (log N. meningitidis (log N. gonorrhoeae (log
hemoglobin CFU/ml) after (h): CFU/ml) after (h): CFU/ml) after (h): CFU/ml) after (h):
mixture ratio

2 4 6 18 24 2 4 6 18 24 2 4 6 18 24 2 4 6 18 24

Broth control 5.5 6.0 6.5 8.1 8.4 5.3 5.8 6.4 7.6 7.8 5.4 6.1 6.4 8.3 8.7 5.4 5.8 6.4 7.7 7.9

Broth + 0.5% 4.8 4.7 4.3 3.2 2.8 4.4 4.2 3.9 2.7 2.4 5.3 5.9 6.2 7.9 8.3 5.5 5.8 6.2 7.6 7.8
SPS

Broth + 1.0o 5.3 5.9 6.6 8.0 8.4 5.4 5.9 6.5 7.9 8.1 5.5 6.0 6.2 7.8 8.3 5.5 5.9 6.3 7.8 8.0
hemoglobin
1:33 4.7 4.7 4.2 3.0 2.9 4.5 4.0 4.0 2.9 3.0 5.3 5.8 6.4 7.7 8.1 5.4 5.6 6.3 7.5 8.0
1:25 4.8 4.8 4.7 4.2 4.1 4.6 3.8 3.6 3.1 3.0 5.3 6.0 6.6 8.1 8.5 5.5 5.9 6.3 7.5 7.9
1:20 5.1 5.3 5.4 5.5 5.4 5.0 5.1 5.1 5.0 4.9 5.4 6.0 6.3 8.3 8.6 5.2 5.7 6.3 8.0 8.1
1:10 5.0 5.4 6.0 7.2 7.3 4.8 5.1 5.8 6.9 7.1 5.3 5.7 6.5 7.8 8.3 5.2 5.4 6.1 7.5 8.0
1:6 5.3 5.8 6.5 8.0 8.4 5.3 5.7 6.3 7.6 7.8 5.3 6.0 6.1 7.9 8.3 5.4 5.8 6.4 7.8 8.0
a Average of test results for five isolates.
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without SPS present. One variable not taken
into account in these investigations was the
concentration of hemoglobin in the media.
Hemoglobin may be found in both plate media

and blood culture bottles. Hemoglobin is present
in blood-containing plate media, not as an addi-
tive but with the blood. As a result, the exact
concentration of hemoglobin in blood-containing
agar plates is not measured. The amount of free
hemoglobin found in blood culture bottles can
vary much more widely than the concentration
found in agar plates. In blood culture bottles, the
free hemoglobin enters the system with the
blood and can change with the amount of hemol-
ysis occurring inside the bottle. Hemoglobin
concentrations can vary from less than 0.01% to
over 1% just by adding blood to the blood
culture bottle.
That hemoglobin can combine with SPS to

render it inactive can partly explain the differ-
ence in antimicrobial activity observed in vari-
ous test systems. The affinity constants of SPS
for neutrophils, complement components, and
beta-lipoproteins are not known, but the calcu-
lated approximate Kd of 10-7 mol of SPS per
liter for hemoglobin is not strong. If the affinity
constants for other serum components and clot-
ting factors are greater than hemoglobin, those
with the highest Kd would be affected preferen-
tially. Therefore, the activity of some serum
components, such as neutrophil function, can be
affected, whereas other activities, such as inacti-
vation of complement, may be only partial. We
postulate that it is only the residual SPS in the
blood culture bottle after all antibiotics and
serum components have combined with the
polyanion that is available to interact with po-
tentially sensitive microbes, and the residual
polyanion concentration can vary widely.
Any comparison among polyanionic deter-

gents must control for all possible ligands to
which the detergent can combine. Accordingly,
comparisons between SPS and sodium amylo-
sulfate or other polyanions must be made under
the same conditions; clinical studies in which
human blood in inexact amounts is added to
blood culture media will not provide reproduc-
ible results. Furthermore, when other polyan-
ionic compounds such as dextran sulfate (8) are
considered, each compound must be tested un-
der exactly the same conditions. This will permit
one to equalize results to unit charge per length
of detergent molecule.
One must also consider the construction of the

receptor on the surface of sensitive microorga-

nisms. We currently do not know the nature of
these receptors or if they are constitutive or
inducible. The type of microbe response to the
polyanionic detergent must be regarded when
examining potentially new agents.

In conclusion, we showed that hemoglobin
can inactivate SPS at an optimum SPS/hemoglo-
bin ratio of 1:6. This finding must be taken into
account whenever the effects of polyanionic
detergents against microbes are considered. Be-
cause hemoglobin is one of the major constitu-
ents inside blood culture bottles, and since by
lysis its concentration can change over time, it is
extremely difficult to predict whether the
amount of free hemoglobin will be enough to
inhibit a particular isolate of Neisseria in an
individual blood culture bottle.

LITERATURE CITED

1. Edberg, S. C., C. J. Bottenbley, and K. Gam. 1976. Use of
sodium polyanethol sulfonate to selectively inhibit amino-
glycoside and polymyxin antibiotics in a rapid blood level
antibiotic assay. Antimicrob. Agents Chemother. 9:414-
417.

2. Edberg, S. C., C. J. Bottenbley, and J. M. Singer. 1976.
The mechanism of inhibition of aminoglycoside and poly-
myxin class antibiotics by polyanionic detergents (39478).
Proc. Soc. Exp. Biol. Med. 153:49-51.

3. Edberg, S. C., P. M. Bronson, and C. J. Van Oss. 1971.
The fractionation of hydrolyzed dextran by ultrafiltration
through a series of anisotropic cellulose acetate mem-
branes. Prep. Biochem. 1:249-258.

4. Edberg, S. C., D. Savino, and J. M. Singer. 1977. The
quantitative nature of the reaction between aminoglyco-
side and polymyxin class antibiotics with polyanionic
detergents. Experientia 33:323.

5. Eng, J., and H. Iveland. 1975. Inhibitory effect in vitro of
sodium polyanethol sulfonate on the growth of Neisseria
meningitidis. J. Clin. Microbiol. 1:444-447.

6. Hall, M. M., E. Warren, D. M. Ilstrup, and J. A. Wash-
ington II. 1976. Comparison of sodium amylosulfate and
sodium polyanetholsulfonate in blood culture media. J.
Clin. Microbiol. 3:212-213.

7. Koch, A. L. 1981. Growth measurement, p. 179-207. In P.
Gerhardt, R. G. E. Murray, R. N. Costilow, E. W. Nest-
er, W. A. Wood, N. R. Kreig, G. B. Phillips (ed.), Man-
ual of methods for general bacteriology. American Society
for Microbiology, Washington, D.C.

8. Krogstad, D. J., P. R. Murray, G. G. Granich, A. C.
Niles, J. H. Ladenson, and J. E. Davis. 1981. Sodium
polyanethol sulfonate inactivation of aminoglycosides.
Antimicrob. Agents Chemother. 20:272-274.

9. Traub, W. H. 1972. Studies on neutralization of human
serum bactericidal activity by sodium amylosulfate. J.
Clin. Microbiol. 6:128-131.

10. Traub, W. H., and B. L. Lowrance. 1969. Anticomple-
mentary, anticoagulatory, and serum-protein precipitating
activity of sodium polyanetholsulfonate. Appl. Microbiol.
20:465-468.

11. Van Oss, C. J., C. R. McConneUl, R. K. Tompkins, and
P. M. Bronson. 1969. A membrane for the rapid concen-
tration of dilute protein samples in an ultrafilter. Clin.
Chem. 15:699-707.

J. CLIN. MICROBIOL.


