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Summary. The prophylactic and therapeutic efficacies of the immunomodulating agent RU
41.740 (a glycoprotein extract from Klebsiella pneumoniae) were studied in a murine model
of intra-abdominal abscess formation with Bacteroides fragilis, Escherichia coli, and bran as
an abscess-potentiating agent. Parenteral injection of RU 41.740, either before or after
injection of an abscess-inducing mixture (AIM), was associated with significantly diminished
incidence and size of abscesses. Abscess incidence and size were significantly decreased by
oral administration of RU 41.740 after, but not before, AIM injection. Abscess formation
and resolution are the results of complex interactions of host defence mechanisms with
bacteria and potentiating agent, and RU 41.740 has been shown previously to activate both
macrophage and neutrophil function. These results indicate that activation of non-specific
defences may protect against abscess development in chronic sepsis.

Introduction

Biological response modifiers (BRMs) are a group
of heterogeneous substances that augment or diminish
specific immune responses. Of particular interest has
been their capability to augment host immune
responses to malignant cells’? and infectious agents.?
BRMs may also diminish immune responses in trans-
plant rejection and autoimmune disease (e.g.,
cyclosporin A).* Some BRMs are extracts or products
of micro-organisms, and have modulating activities
that augment non-specific host defences.

RU 41.740 comprises a mixture of molecules,
predominantly glycoproteins from the cell wall of
Kiebsiella pneumoniae, and is an example of a BRM
that augments responses of lymphocytes,®®
macrophages,” ' and neutrophils.’*** When used
prophylactically, either parenterally or orally, it
significantly protects animals against lethal parenteral
challenges with Streptococcus pneumoniae, Listeria
monocytogenes, Staphylococcus aureus, K. pneumoniae,
and several viruses,'” as well as Candida sp.'® Its
efficacy has not been tested in models of chronic
bacterial infection.

We have examined the ability of RU 41.740 to
inhibit intra-abdominal abscess development in an
experimental model in mice,’* in which lesions and
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viable bacteria persist for months,'” and bacteria are
sequestered within abscess neutrophils.'®2°

Materials and methods

Abscess induction

Intra-abdominal abscesses were induced in 6-12-
week-old male BALB/c mice as described previously.'”
Briefly, mice (usually in groups of 10) were given, by
intraperitoneal (i.p.) injection, 0-05 ml of an abscess-
inducing mixture (AIM) comprising 1 mg of bran as
potentiating agent, (0-5-2:0) x 10° cfu of Escherichia
coli and (0-2-4-0) x 10° cfu of Bacteroides fragilis. The
bacteria were taken from stocks frozen at —80°C. The
AIM was prepared and loaded into syringes in an
anaerobic chamber. Samples were taken for
quantification of bacteria at the time of injection. Mice
were killed by cervical dislocation 6 or 7 days after
being given the AIM and examined for the presence of
intra-abdominal abscesses. The location, number and
weight of abscesses were determined, and represen-
tative abscesses were assayed for bacterial content as
described previously.'?

Quantification of bacteria

Dilutions of AIM in RPMI 1640 Medium (flow
Laboratories, McLean, VA, USA) were plated in
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Table I. Effect on intra-abdominal abscess development of RU 41.740 given by i.p. injection 5, 3, and 1 days before i.p.

injection of an AIM

I Abscess
noculum
Experiment (cfu/mouse) RU 41.740 Number Mortality weisht
no. (mg/mouse/dose) of mice (at 24 h) incidence eight (mg)
E. coli B. fragilis median range
1 5% 10° 2x 108 0 10 0 5 10 0-111
01 9 0 1 0* 0-8
2 1x108 4x108 0 10 0 6 49 0-88
01 9 0 3 0 0-66
02 8 0 ot 0* —
3 2x 108 4x10° 0 10 6 4 35 25-76
03 9 ot 0 0* —

* p < 005 versus control (Mann-Whitney test).
1 p < 0-05 versus control (Fisher’s exact test).

quadruplicate on blood agar. Duplicate plates were
incubated aerobically at 37°C for 24 h for the enu-
meration of E. coli. Similarly, duplicate plates were
incubated anaerobically for 48 h for determination of
the B. fragilis count by subtracting the aerobic E. coli
count from the total anaerobic count of mixtures of
the two species. Abscesses homogenised in a known
volume of diluent in a glass grinder were similarly
processed for the quantification of their bacterial
content.

Immunopotentiating agent

RU 41.740 (Biostim®; Roussel UCLAF, Paris) is
an extract of K. pnewmoniae strain K201 obtained by
lysis, organic extraction, centrifugation and ultra-
filtration.® The mixture of molecules comprises
c. 50% of “P1” glycoprotein (955 kDa), c. 20%
of “F1” glycoprotein (350 kDa), and ¢. 10% of
“F2” glycoprotein (65-100 kDa), with the remaining
20% containing lipids, nucleic acids, water and
mineral salts. The batch number of the compound
used was R 83-A-6831. A stock solution of RU 41.740
dissolved in mouse-osmolality phosphate-buffered
saline (MPBS),?! was stored at 4°C until use. Doses of
0-01-0-30 mg were used, usually in volumes of 0-4 ml
given by i.p. injection or 0-2 ml given subcutaneously
(s.c.), or doses of 0-25-4-0 mg in 0-1 ml were given
orally. Control mice were given a similar volume of
MPBS only.

Timing of injection

When RU 41.740 was used prophylactically, the
indicated doses were given 5, 3 and 1 days before the
AIM. When RU 41.740 was used therapeutically, it
was given on days 2, 4 and 6 after the AIM.

Statistical analysis

For the comparison of mortality or abscess in-
cidence in groups of mice, Fisher’s exact test was
used.? For the comparison of abscess sizes or bacterial

contents between groups, the non-parametric Mann-
Whitney U-test was employed.??

Results

RU 41.740 given i.p. before injection of AIM at the
same site

The results of three experiments in which RU
41.740 was administered by i.p. injection in three
doses before injection of AIM are shown in table I. In
the first experiment, three doses of 0-1 mg/mouse
protected the recipients against challenge with an
AIM. In the second experiment, the bacterial challenge
in AIM was doubled and 0-2 mg, but not 0-1 mg, of
RU 41.740/mouse/dose was protective. In the third
experiment, the bacterial inoculum was increased
further and there was significant mortality within 24 h
of AIM injection in control mice. In mice given three
doses of 0-3 mg of RU 41.740, there was significant
protection against both the early mortality and sub-
sequent abscess incidence. In a fourth experiment
(data not shown), a single 0-2-mg dose of RU 41.740
given by i.p. injection 1 day before challenge with AIM
gave significant protection against intra-abdominal
abscess formation.

RU 71.740 given i.p. after i.p. injection of an AIM

Treatment with RU 41.740 in doses of 02 mg/
mouse, i.p., after injection of AIM, did not diminish
abscess incidence (100% in both groups). However,
the median abscess burden in the treated group
(33 mg; range 2-267 mg) was significantly less than
that in the control group (163 mg; range 55-519 mg;
p < 0-05 in the Mann-Whitney test).

RU 41.740 given s.c. before i.p. injection of an AIM

The results of two experiments in which three doses
of RU 41.740 were given by s.c. injection before i.p.
injection of an AIM are given in table II. A dose of
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Table I1. Effect on intra-abdominal abscess development of RU 41.740 given by s.c.
injection 5, 3 and 1 days before i.p. injection of an AIM

Inoculum Abscess
Experiment {cfu/mouse) RU 41.740 Number R
no. o (mg/mouse/dose) of mice incidence weight (r}lg)
E. coli  B. fragilis median range
1 4x10°  8x10® 0 10 10 56 21-87
0-01 10 7 32 0-118
0-05 9 5 7 042
01 10 7 14 0-67
2 Ix10%  6x10* 0 10 10 45 2-118
02 10 ot 0t

* p < 0002 versus control (Mann-Whitney test).
+ p < 0-005 versus control (Fisher’s exact test).

Table II1. Effect on intra-abdominal abscess formation of RU 41.740 given by s.c.
injection 2, 4 and 6 days after i.p. injection of an AIM

Inoculum Abscess
Experiment (cfu/mouse) RU 41.740 Number .
no. (mg/mouse/dose) of mice incidence weight (mg)
E. coli  B. fragilis .
median range
1 1x10%8  7x10® 0 10 9 55 0-99
005 10 6 10 0-27
01 9 9 22 6-212
2 1x10%  8x10® 0 10 7 26 0-95
0-2 10 2t 0*  0-11

* p < 002 versus control (Mann-Whitney test).
t p < 005 versus control (Fisher’s exact test).

Table 1V. Effect on intra-abdominal abscess development of RU 41.740 given by
mouth either (4) before or (B) after i.p. injection of an AIM

1 | Abscess
nocuium
Experiment (cfu/mouse) RU 41.740 Number weight (mg)
no. —_— — (mg/mouse/dose) of mice incidence & g
E. coli  B. fragilis .
median range
(41 1x105 6x10% 0 10 6 26 0-54
025 10 6 21 0-101
1-0 9 7 36 0-71
(A)2 1 x 108 5x 108 0 9 9 54 41-102
20 8 7 44 0-90
40 9 9 61 16-101
(B)3 Ix10%  4x10® 0 10 10 73 44-149
0-25 10 10 78 12-132
1-0 10 6* 8t  0-39

* p < 0-05 versus control (Fisher's exact test).
t p < 0:001 versus control (Mann-Whitney test).

0-2 mg/mouse/day gave complete protection; efficacy
of lower doses varied. In a third experiment, an AIM
comprising 2 x 10° cfu of E. coli and 4 x10° cfu of
B. fragilis was associated with significant mortality
in controls (60%) within 24 h of injection, but
RU 41.740 given by s.c. injection protected against
the early mortality (0%) and subsequent abscess de-
velopment (one of 10 in the treated group versus all

four in the remaining controls; p < 0-05, Fisher’s
exact test).

RU 41.740 given s.c. after 1.p. injection of an AIM

The results of two experiments in which three doses
of RU 41.740 were given by s.c. injection after i.p.
injection of an AIM are given in table III. A dose of
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0-2 mg/mouse/day resulted in significantly smaller
abscess incidence and size. Smaller doses were of
variable efficacy.

RU41.740 given orally

The experiments described above indicated - that
parenteral injection of RU 41.740, either at the site of
sepsis (i.p.) or at a site distant from it (s.c.), before or
after initiation of infection, significantly diminished
abscess incidence or size or both. However, clinical use
of the agent would be facilitated by oral administra-
tion. Other experimental studies indicated that oral
RU 41.740 could protect against lethal parenteral
challenge with various microbial pathogens.'®®
Therefore, oral administration at doses effective in
these models, before and after i.p. injection of an AIM,
was examined. An oral dose of 1 mg/mouse on each of
days 2, 4 and 6 after i.p. injection of the AIM inhibited
abscess development; a similar dose given on days —5,
—3 and —1 did not; increased doses of RU 41.740
given before AIM challenge were also ineffective (table
V).

Bacterial content of abscesses

Representative abscesses from control and treated
groups were examined by quantitative culture in most
experiments. The bacterial content (cfu/mg) of
abscesses that developed in RU 41.740-treated mice
was not significantly different from that of abscesses of
similar size in control mice.

Discussion

In these experiments, injection of animmunopotenti-
ating agent, RU 41.740, diminished abscess incidence
or size when given parenterally either at the site of
challenge (i.p.), or remote from it (s.c.), before or after
AIM challenge. When used prophylactically, RU
41.740 inhibited abscess development.

As RU 41.740 is extracted from K. prneumoniae,
it might be argued that contaminating lipopoly-
saccharide could produce some of the effects seen.
However, analysis of its constituents has shown that
glycoproteins are the major components.’® Further-
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mation which should be of interest to those involved in the
manufacture or quality control of biclogicals.

In section 1, the need for a flexible approach in the
regulation of biologicals is stressed by Petricciani who points
to undue concern over residual contaminating DNA whereas
viral contamination poses a real risk. However, even this has
to be assessed on a case by case basis as contamination by
avian retroviruses of substrates used to prepare influenza
and yellow fever vaccines has led to no identified adverse
effects. Other contributions emphasise the safe track record
of continuous cell lines compared to primary cell cultures
and summarise EEC legislation on biologicals.

In section 2, the historical problems encountered in the
inactivation of polio and foot and mouth disease viruses for
vaccine preparation are discussed, together with proposed
procedures for the inactivation of viruses in blood products.

Sections 3 and 4, on BSE and related diseases, contain
some of the more interesting contributions to this volume,
although inevitably in this topical field some statements,
such as those relating to the geographical distribution of
BSE, have become obsolete. The chapters by Prusiner on
prion diseases and Kimberlin on BSE provide useful brief






