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Abstract

Background/Aims

Two differently charged polypeptides, poly-l-lysine and poly-l-glutamate have previously
been shown to reduce postoperative intraabdominal adhesions. This study aims to investigate
possible toxic effects and establish a lowest effective anti-adhesive dose.

Methods

152 mice were investigated with a well known adhesion model and given different
concentrations of the two differently charged polypeptides as well as only the cationic poly-I-
lysine.

Results

A probable toxic level of poly-1-lysine intraperitoneally could be established for the first time
(40 mg/kg) and the lowest significant concentration of poly-I-lysine and poly-l-glutamate for
antiadhesive purpose (1.6 mg/kg).

Conclusion

The gap between possible toxicity level of poly-l-lysine and the lowest efficient antiadhesive
dose is probably too narrow and the shape and charge of poly-1-lysine warrants continuous
research for another polycation in the concept of differently charged polypeptides as

antiadhesive agents.
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Introduction

Intraabdominal adhesions develop in almost every abdomen that has been operated upon.
Abdominal pain, female infertility and intestinal obstruction are the most frequently reported
symptoms related to adhesion formation[1]. Postoperative intraabdominal adhesions are a
benign condition, but carry a high morbidity for those affected. Adhesions represent the cause

for almost 75% of small bowel obstruction[2], 20-40% of reported female infertility[3] and

greatly increase the risk of inadvertent small intestine damage at subsequent operations[4].
Adhesions is also costly for the society with a reported yearly cost of 6.3 million €/ million
inhabitants.[5].

Various bioactive materials have been used for treatment both experimentally and
clinically[6], including hyaluronic acid and its derivates[7], soluble polysaccharides[8] and
phospholipids[9]. We have previously shown that differently charged bioactive polypeptides,
poly-L-lysine and poly-L-glutamate, significantly prevent abdominal adhesion formation in
various experimental settings[10-12].

Poly-L-lysine is a strong cation and poly-L-glutamate is an anion. Together they form a non-
toxic matrix which reduces postoperative abdominal adhesions[13]. However, poly-L-lysine
is, due to its strong negative electrostatic charge, reported to carry side effects, such as direct
cytotoxicity[14], apoptosis[15], membrane disruption[16] and ion-channel disturbances[17,

18] when used as single drug in vivo or in vitro [19, 20]. Poly-l-glutamate does not carry this

side effect with its anionic charge. The aim of this study was to elucidate the possible side

effects and toxic symptoms of poly-L-lysine in mouse and establish a dose where these

symptoms would not occur.



Material and Methods.

Animals

152 NMRI mice weighing about 25-30 g were used. The animals were kept under
standardized conditions, 22 degrees Celsius and 12-hour daylight. They had free access to
pellets and tap water. The study was conducted with approval of the local ethical committee at

the University of Lund.

Chemicals

An osmotic balanced (2.54 w% glycerol) aqueous solution of poly-L-lysine hydrochloride,
(PL) and poly-L-glutamate, (PG) in different concentrations were freshly prepared on the day
of the experiment and stored in the refrigerator until used. Poly-L-lysine is a positively
charged amino acid polymer. In this experiment we used a poly-L-lysine with a size
approximately above 300 nm and molecular weight > 30 kDa. The molecular weight of poly-
L-glutamate was 15-50 kDa. All chemicals and liquids were purchased from Sigma-Aldrich

(St Louis, Mo, USA)

Model

Anaesthesia was induced by ketamine 60 mg/kg (Ketalar, Pfizer, NY, USA) and xylazine 16
mg/kg (Rompun Vet, Bayer AB, Gothenburg, Sweden) by an intramuscular injection.

After disinfection, a 25mm long midline laparotomy was performed. Both peritoneal surfaces
of the lateral abdominal wall were exposed; and 15mm long incisions on each side were
performed at the same distance from the midline, also involving the muscles. The wounds
were immediately closed with 2x4 single sutures placed at equal distances, using 5.0 poly-
propylene thread (Prolene; Ethicon, Johnson & Johnson, Somerville, New Jersey, USA)

equipped with a cutting needle. The midline laparotomy was closed in two layers with a



continuous 5.0 poly-propylene suture. After one week, a time interval chosen to match our

previous studies, an overdose of anesthesia was administered and the abdomen was opened

through a U shaped incision with its base to the right. The lengths of the individual abdominal

adhesions attached to the incisions were measured as well as the lengths of the abdominal

incisions themselves. A calliper was used for measurement and data was expressed in percent

of the incision covered by adhesions[21] . All animals were treated with buprenorphine.

Animals that showed signs of non-survival were given an overdose of anesthesia.

Experimental design

The animals were randomly divided into the various experimental groups according to table 1.
The experiment was divided in two different phases. In the first phase an evaluation of the
post-operative anti-adhesive effect of PL and PG was performed based on different
concentrations. Table 1 summarizes the experimental design and group division where the

various concentrations and volumes used also are presented.

At the end of each operation the treatment substances were installed intraabdominally upon

closure of the abdominal wound, first PL and then 10-15 seconds later PG with corresponding

volumes and doses (volumes and concentration shown in table 1). All control groups had

sodium chloride solution, (0.9 %) similarly installed at the end of the operation in different
volumes according to table 1.

Groups, 8-11, where decreasing volume and local application was investigated the same
model was applied to their abdominal walls but the liquids were applied with a pipette on top
of the abdominal wounds in the same time fashion as above. Animals were weighed before
procedure and prior to evaluation.

In the second phase only PL was used to establish a level where toxic symptoms were

detectable. The starting dose/concentration of PL was the lowest concentration with intact



antiadhesive effect seen in the first phase. PL was installed intraperitoneally at the end of the

operation. Animals were weighed before procedure and prior to evaluation.

Statistical analyses

Mann Whitney U test were used to compare adhesions. Groups were compared using Kruskal
Wallis test. All data are expressed as means and standard error of the mean (SEM).
Diftferences were considered statistically significant at a p-value of <0.05. SPSS v 17.0 (SPSS

Inc, Chicago, Illinois).

Results

Poly-L-lysine and poly-L-glutamate in decreasing doses

The dose PL+PG, (0.5%), used in former experiments [10] significantly reduced
postoperative adhesions (p<0.001) and served as standard control together with the sodium
chloride control group. When decreasing the dose by decreasing the concentration of poly-L-
lysine, the antiadhesive effect also decreased (p=0.05) as compared to the standard dose of
0.5% (figure 1). All but the lowest dose (0.001% or 0.4 mg/kg) significantly reduced the
postoperative adhesions compared to NaCl controls (table 2).

When lowering the dose by reducing the installed volume and applying the substances locally
on top of the wounds the same pattern was seen with initially significant reduction (p=0.001)
of abdominal adhesions and decreasing effect with decreasing volume/dose (figure 2 and table
3). In the lowest volume-dose, 4 mg/kg, however, no significant reduction of adhesions was
seen as was evident in the animals who received 4 mg/kg in normal volume but lower
concentration.

Poly-L-lysine alone



In the second phase of the experiment where only poly-L-lysine was used, the mice who

received the lower doses (groups 12 and 13) all faired well. In group 14 half of the animals
died within 24 hours. Two showed signs of distress and were prematurely sacrificed after 6
hours, the remaining four were prematurely sacrificed due to inadequate recovery after 24

hours but without obvious signs of distress (Table 4). The diseased animals all showed signs

of convulsions. The other half of the animals were all well. Intraperitoneal single dose poly-I1-
lysine with higher concentration were not administered due to the deaths at this stage. An
approximated LD50 dose (Lethal dose 50%) of intraperitoneal poly-L-lysine could therefore
be set to 40 mg/kg in mice. There was no weight loss in any of the surviving animals. In this

part of the study, no significant antiadhesive effect seen in any group as compared to controls.

Discussion

Polypeptides are being used widely in biologic research and encountered in different settings
such as coating of implants, gene vectors, chemotherapeutic drug carriers and antimicrobial
and antineoplastic research [22-27]. The polypeptides poly-a-glutamate, poly-l-a-lysine, poly-
y-glutamate and poly-g-lysine have been stated to be water soluble, biodegradable, edible and
non-toxic towards humans and environment and therefore excellent for biotechnological and
biomedical applications[28]. We have previously shown a new field of use installing two
differently charged polypeptides intraabdominal to prevent postoperative adhesions, bleeding
and assisting in intestinal healing[10-12]. This concept with bioactive polypeptides has been
without toxic side effects which is crucial in a condition, which although vast and costly as
described above, is benign.

However, reports of severe toxicity in vitro and in vivo using cationic polymers for gene
delivery and graft coating[16, 20, 25, 29, 30] evoked this study since the dose used in our

previous experiments is to be considered high (200 mg/kg). The toxicity is owed to direct



cytotoxicity and apoptosis mediated via cell membrane disruption in high doses[15].
Lowering the concentration of the poly-I-lysine seems to evoke an inflammatory reaction and
necrosis mediated via TNF-a [31]. In even lower concentration the toxicity lies intracellularly
with disruption of ion channels[17, 18]. The poly-I-lysine is distributed on the cell surface and
is able to migrate through the bilipid layers [32] and this quality is used in gene vector biology
and formation of nanoscale holes inducing enhanced exchange of materials across the cell
membrane[33]. Older studies have previously showed a toxic effect measured as (LD 50)
when administered intravenously at the dose of 2 mg/kg [34]. The toxic effects was at this
time explained with hemagglutination and hemolysis, later verified by Moreau et al due to the
electrostatic interactions between the strong poly-I-lysine cation and negatively charged blood

cells and thereby inducing lysis[20].

In our experiments mixing and using the combination of polycations (poly-l-a-lysine) and
polyanions (poly-l-glutamate) demonstrated no toxic effects. This is a phenomenon well
known and reported by other authors demonstrating discontinued toxicity of polycations when
administered in certain sequences as regards to other ionic substances[35]. As our previous
dose of 200 mg/kg intrabdominally is high compared to the reported toxic intravenous dose of
2 mg/kg, we tried to establish a dose where toxic symptoms occurred intrabdominally,
something that has never been shown before and crucial to the continued usage of
polypeptides as antiadhesive agents.

In the second phase half of the animals showed symptoms of toxicity at the dose of 40 mg/kg
and were prematurely sacrificed. Evaluation of these animals showed no obvious macroscopic

signs of inflammation or bleeding.



It is possible to state that a LD50 level is approximately 40 mg/kg in mice, higher than the
intravenously LD 50 of 2 mg/kg. All animals that received lower doses than 40 mg/kg faired
well, but there was no anti-adhesive effect noted as expected.

The first part of this experiment exhibited an initially significant decrease of postoperative
adhesions, but the effect was decreasing accompanying the decreasing doses of the
polypeptide complex regardless of whether the concentration or volumes were lowered.
Finally the effect was eradicated in the lowest doses.

This further supports our earlier stated hypothesis that differently charged polypeptides
reduces postoperative adhesions via electrostatic interaction and the formation of a matrix.
However, the interval between the lowest dose of antiadhesive effect, 1.6 mg/kg and the
LD50 dose of 40 mg/kg is probably is too narrow. Therefore the poly-1-lysine must be altered
or replaced as the polycation in this concept.

Literature states that the toxicity of polypeptides and polycations in particular is not only dose
dependent but also connected to molecular weight and cationic charge density[14, 19].

The poly-l-lysine used in our experiments is called the common alpha-form; poly-l-a-lysine.
It is shaped as a helix and carries its charge on longer side chains than many other polylysines
do[36]. These two properties probably cause the high direct cytotoxicty of poly-l-a-lysine.
When in contact with the cell membranes the poly-1-a-lysine helix is elongated and connected
with the membrane for a long distance enabling the long charged side arms to disturb the
membrane integrity[37]. An altered polylysine with lower charge or spatially altered would
therefore probably be a better alternative.

In summary, we have stated a probable toxic level for intraperitoneal administered poly-I-
lysine in mice. The interval between toxicity and effect is however too narrow and we will
therefore search for another polycation to replace poly-1-a-lysine in our continuing research of

the postoperative antiadhesive effects of bioactive polypeptides.



Table 1. Experimental design

Animals | Treatment Concentration (mg/ml) \Volume (ml) Dose mg/kg)
Phase 1
1 10 | PL+PG 50 1,0 200
2 9| PL+PG 1,0 1,0 40
3 10 | PL+PG 0,5 1,0 20
4 10| PL+PG 0,1 1,0 4
5 9| PL+PG 0,04 1,0 1,6
6 10 | PL+PG 0.01 1,0 0,4
7 10 | Control (NaCl) 2,0
8 10 | PL+PG 5,0 0,1 20
Local application
9 10 | PL+PG 5,0 0,04 8
Local application
10 10| PL+PG 1,0 0,02 0,8
11 10| Control (Nacl) 0,08
Phase 2

12 12 |PL 0,1 1,0 4
13 12| PL 0,5 1,0 20
14 12 |PL 1,0 1,0 40
15 6 | Control (Nacl) 1,0

Experimental design. PL; poly-I-lysine, PG; poly-l-glutamate.
Volumes in the first part are per each substance therefore volumes of treatment substances

PL+PG should be doubled.

Table 2. Significance of adhesion reduction in intraabdominal administration of PL/PG

Concentration Compared with  Compared with Dose
Standard dose  NaCl
1.0 0,043 0,003 40
0.5 0,218 0,001 20
0.1 0,043 0,001 4
0.04 0,013 0,01 1,6
0.01 0.001 0.16 0.4

All groups received the same volume. P-values of decreasing concentrations of poly-I-lysine
compared with standard concentration of 0.5% (200 mg/kg) and NaCl controls. Results in

bold represents significantly worse results than compared with standard dose.
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Table 3. Significance of adhesion reduction in topical installation of PL/PG

Concentration Compared with Compared with

(mg/ml) Volume (ml) Standard dose NaCl
5.0 0,1 0,105 0,001 20
5.0 0,04 0,631 0,002 8
1.0 0,02 0,004 0,280 0.8

P-values of decreasing volumes and local application of poly-I-lysine and poly-l-glutamate
compared with standard concentration of 0.5% (200 mg/kg) and NaCl controls. Results in

bold represents significantly worse results than compared with standard dose.

Table 4. Qutcome of the animals in Phase II

Group \Animals Treatment \ Concentration (mg/ml) Volume (ml) \ Dose (mg/kg)  Survival

12 12| PL 0,1 1,0 4 12
13 12 |PL 0,5 1,0 20 12
14 12 | PL 1,0 1,0 40 6/12
15 6 | NaCl 9,0 1,0 12

Outcome of singledose poly-l-lysine intraabdominally.
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Figure 1. Results of adhesion reduction when altering the concentration of PL/PG
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Figure 2. Results of adhesion reduction when altering the volume of PL/PG
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