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Abstract. Objective and Design: In the present study we
determined whether individual behavioral differences (high
and low locomotor activity) differentially affected recovery
from sepsis with high or low mortality.

Methods: Two trials were performed. Trial 1 with high mor-
tality: Rats were randomly assigned to (1) control-A: an-
esthesia, (2) control-B: sham surgery, (3) sepsis: laparotomy
and peritoneal contamination and infection (PCI) with hu-
man stool bacteria, (4) sepsis with antibiotic prophylaxis (ce-
furoxime/metronidazole), and (5) sepsis with antibiotic plus
G-CSF prophylaxis. Trial 2 with low mortality: Comparison
of groups 3 and 5. Endpoints were mortality, behavior (open
field and social interaction tests), and proinflammatory cy-
tokines (interleukin-6 = IL-6 and macrophage inflammatory
protein-2 = MIP-2).

Results: The combination of antibiotics plus G-CSF was most
effective in reducing mortality in both trials and modified
sickness behavior. Behavioral deficits were not statistically
significantly improved by G-CSF. However, high versus low
responders were differentially affected in both behavioral
tests. Furthermore, IL-6 and MIP-2 were increased 24 hours
after inoculum only in high responders with untreated sepsis
and high mortality.

Conclusion: Improvement of sickness behavior in sepsis
with G-CSF/antibiotic prophylaxis is a promising approach.
The course of recovery from sepsis may depend on premor-
bid individual differences.
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Introduction

Sepsis represents an uncontrolled inflammatory response to
an infection that results in significant morbidity and mortal-
ity. A recent review estimated the annual number of deaths
resulting from sepsis in the United States to be more than
200,000 [1]. Survivors from critical illness, especially from
sepsis, present long-term cognitive impairments, including
alterations in memory, attention, concentration, and also al-
tered pain perception and reduced emotional well-being [2—
5]. Till today behavioral alterations of the individual sepsis
patent were not registered adequately. Individual differences,
not only in behavior, give a chance for a more patient ori-
entated treatment compared to the current treatment which
is patient group specific treatment. This conceptual change
will give also a chance for more positive results in future
sepsis trials, since the current approach failed in most trials.
Furthermore, an often neglected issue in sepsis research con-
cerns the improvement of quality of life. Several substances
like antithrombin III [6] and granulocyte-colony stimulating
factor (G-CSF) [7, 8] do not only support physical and im-
munological functions but also quality of life. The positive
effect of G-CSF on inflammation and behavior was investi-
gated in our current trials.

Recently, we showed in clinic modeling randomized tri-
als (CMRTs) in rats that sepsis leads to reduced behavioral
activity which can be monitored continuously in the home
cage by radio-telemetry [9, 10] or in well-established behav-
ioral tests like the open field, elevated plus-maze, and so-
cial interaction test [11]. Out of these, the open field test is
widely used as a standard screening procedure to measure
psychomotor activity and exploration [12, 13]. Furthermore,
behavioral changes due to infections can be measured by the
analysis of social interactions [14].

In previous years it became clear that an approach based
on individual differences is not only necessary in humans,



but is also critical in animal models [15]. The individual ap-
proach helps to: (1) explain variability between behavioral,
or physiological measures, (2) get a better prediction of phar-
macological reactivity (e.g. different reactivity of “high” and
“low responder” animals), (3) understand the mechanisms
and susceptibilities to pathological conditions (e.g. influ-
ence of pharmacogenomics to diseases like infections [16],
or cancer [17]).

Behavioral patterns in humans and animals in the course
of infectious diseases are lethargy, anxiety, depression and
anorexia [18]. These behavioral changes are defined in ani-
mals as sickness behavior [19], which is considered as an
organized behavioral strategy to facilitate the role of fever
in combating infections. The development of sickness be-
havior is triggered indirect by proinflammatory cytokines
produced by peripheral phagocytic cells which are in con-
tact with invading micro-organisms [20] or more direct by
cytokines produced centrally. Systemic proinflammatory cy-
tokine levels can be reduced with G-CSF, as demonstrated in
infectious disease [21, 22]. Important cytokines in sepsis are
IL-6 and macrophage inflammatory protein-2 (MIP-2). IL-6
is a proinflammatory cytokine and an independent marker of
sepsis [23] and MIP-2 is a chemokine involved in the regula-
tion of granulocyte trafficking during infection [24].

Here, the aim of these experiments was to analyze inter-
individual behavioral differences during the course of un-
treated sepsis, standard treatment with antibiotics, or addi-
tional treatment with G-CSF in rats. The open field (activity
and exploration) and social interaction (social exploration)
tests were used to obtain more information from the psycho-
logical and social domain of sickness behavior during recov-
ery from sepsis. Finally, in an additional sample of animals
IL-6 and MIP-2 were measured and analyzed in relation to
individual behavior and sepsis treatment.

Methods
Animals

The study population consisted of male adult outbred Wistar Unilever rats
(Harlan Winkelmann, Borchen, Germany) weighing between 220-270g
at the beginning of the experiment. For the social interaction test, addi-
tional young male Wistar rats were used as partners. These were obtained
post weaning at an age of 22 days (Harlan Winkelmann, Borchen, Germa-
ny). The housing room was maintained on a 12h light:dark cycle (lights
on: 7:00-19:00h). Ambient temperature was 23 + 1 °C. Rats were housed
in groups of five per cage (lengthxwidthxheight: 57x35%24 cm) under
standard laboratory conditions and had free access to food and water, ex-
cept the day before surgery. Upon arrival, rats were randomized to the
treatment groups and were kept together in the same cages throughout
the experiment. Permission for the experiments was given by the regional
animal welfare committee Giessen, Hessia, Germany.

Trial design

Trial 1 — high mortality: (1) control A: anesthesia, (2) control B: sham
surgery, (3) sepsis: laparotomy and peritoneal contamination and infec-
tion (PCI), (4) sepsis with antibiotic prophylaxis (cefuroxime/metroni-
dazole), (5) sepsis with antibiotic plus G-CSF prophylaxis (n = 20 rats/
group). PCI was performed with a standardized human stool inoculum
of 1.5ml/kg.
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Trial 2 — low mortality: (1) sepsis: PCI only (identical with group 3
in trial 1), (2) sepsis with antibiotic plus G-CSF prophylaxis (identical
with group 5 in trial 1; n = 35rats/group). Furthermore, n = 10rats/group
were used for cytokine assays. PCI was performed with a standardized
human stool inoculum of 0.8 ml/kg. The experiments were performed in
five identical blocks with 5 or 10rats per group.

Sepsis induction and treatment

Twelve hours before surgery and sepsis induction, rats were weighed
and deprived of food. Rats with G-CSF prophylaxis were injected s.c.
three times (12h before, 12h and 36h after PCI) with 20 ug/kg body
weight G-CSF (Filgrastim, Amgen, Munich, Germany). The rats in the
other groups were treated with Ringer’s solution (Fresenius, Germany).
Anesthesia was induced with fentanyl/droperidol 0.08/4 mg/kg i. p. one
hour before surgery (Janssen-Cilag, Neuss, Germany). For PCI, a poly-
microbial inoculum prepared from human stool was used [25], which
had been stored at —70 °C until use. Laparotomy was performed through
a midline incision of two-centimeter length and the inoculum was in-
jected i.p. into the pelvic region of the rats [26]. The wound was closed
in two layers using an interrupted absorbable Vicryl® 3-0 suture tech-
nique (Ethicon, Hamburg, Germany). For post-operative analgesia 20
mg/kg tramadol was injected s.c. (Mundipharm, Limburg, Germany).
After surgery, the animals received food and water ad libitum again.
Overall survival was recorded for 9 days. In trial 2 from additional rats
1 ml blood was sampled 1 hour before, 1 hour after, and 24 hours after
PCI by puncture of the retro-bulbar plexus.

General behavior procedure

All adult animals underwent gentling and handling daily for four days
(five minutes each) prior to behavioral testing. All behavioral tests were
performed during the dark phase of the day. Preoperative data from an
open field and social interaction test were recorded two nights before
surgery. Horizontal locomotor activity from the open field test was used
to perform a median split between high and low responder rats in each
treatment group. PCI was performed during the daytime between 10:00—
12:00h. After surgery, the behavioral tests were repeated on day 2, 4, 6,
8 intrial 1 and on day 1, 2, 4, 6, 8 in trial 2.

All behavioral tests were started 2 h after the lights went off (21:00 hr).
Animals were placed individually in a clean cage (41x25%19cm) and
transported to a dim observation room. Then they were placed immedi-
ately into the test apparatus. Before each test, the apparatus was cleaned
with 0.1% acetic acid, followed by thorough drying. The behavioral
parameters were analyzed by an automated computer program, or later
scoring from videotapes.

Open field test

The open field consisted of an acrylic box (40x40x40cm), which was
monitored by an automated animal activity monitor system (Tru Scan™,;
Coulbourn Instruments; USA). One grid of infrared sensor beams was
mounted horizontally 3 cm above the floor, and a second tier of beams
was mounted 16.5cm above the floor to measure vertical (rearing) ac-
tivity. Additionally, a video camera was suspended 150cm above the
center. Open field activity was measured under red light with four bulbs
(281ux in the center).

The following measures were assessed over a time period of 10 min-
utes [27]: (1) locomotion, that is, the distance traveled in cm, and (2) the
number of rearings.

Social interaction test

In trial 2, immediately after the open field, the social interaction test
was performed similar to Castanon [14]. A grey plastic test box
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(58x58x%39cm) including a grey base consisting of the same material
was used. Video taping was performed under red light with four red bulbs
emitting 28 lux in the center and with a camera mounted 150 cm above
the test box. At the beginning of the test, the adult experimental animal
and the young animal (25-32 days old) were diagonally separated by a
white polypropylene square insert. The test (5 min) was started when the
square was removed. The SI time of the adult animal was recorded as
the time following the young, sniffing its anogenital tract, or grooming
it. These young interaction partners were used only once with the same
adult animal; however, they were introduced 4—6 times to different adult
rats, depending on survival of the latter.

Cytokine analysis

In trial 2, in an extra series 5 high and 5 low responder animals were
categorized for blood sampling 1 hour before, 1 hour after and 24 hours
after PCI in the PCI and G-CSF group, respectively. Under light anesthe-
sia with fentanyl/droperidol, 1 ml blood was withdrawn by puncture of
the retro-orbital venous plexus with heparinized capillaries. For cy-
tokine analysis, EDTA blood was immediately centrifuged and plasma
was stored at —70 °C until being assayed. Quantification of the cytokines
interleukin (IL)-6 and macrophage inflammatory protein (MIP)-2 was
performed with conventional ELISA kits (Biosource, Camarillo, CA,
USA).

Data analysis

According to a standardized and widely used procedure [13], all animals
were ranked using the distance traveled in cm in a novel open field.
Those animals above the median were assigned to the high responder
group and those below the median to the low responder group (high/low
trial 1: control A — anesthesia n = 7/6 and n = 10/10 each in all other
groups; trial 2: G-CSF n = 20/15, PCI n = 15/20). One block of 5 high
responder animals was allocated to the G-CSF instead to the PCI group.
In trial 2, an additional 5 high and 5 low responder animals from each
treatment group (n = 10) were used for cytokine analyses. The animals
for cytokine analyses were only screened for baseline behavior and not
included in the behavioral analyses of trial 2. Finally, all groups were as-
signed in a balanced way, that is, the distance traveled was comparable
in all subgroups between treatments.

Survival rates were analyzed with the Chi-square test between treat-
ment groups. Animals which died during the course of the experiment
were excluded from behavioural data analysis. All behavioral data was
normally distributed, and were assessed with ANOVA for repeated meas-
ures over all time points for different treatments, and thereafter from
each treatment group a high and low responder subgroup analysis was
performed. All post hoc analyses between groups were performed with
the Tukey HSD test. Multiple post hoc #-tests were corrected with the
Bonferroni procedure. Cytokines were analyzed with the non-paramet-
ric Kruskal-Wallis ANOVA by ranks. Correlations between different pa-
rameters were determined with Pearson or Spearman correlations where
appropriate. All P-values presented are two-tailed unless otherwise
stated and regarded as significant when P<0.05. Data are expressed as
means + S.E.M.

Results

Survival analysis

Trial 1 (Figure 1A): In the control A and B groups (an-
esthesia only and sham-treated groups) all animals survived
throughout the course of the experiment. In the PCI group
the mortality rate was 55 % (11/20, P<0.001 versus sham, 6
high responder and 5 low responder rats). Antibiotic prophy-
laxis reduced mortality to 30 % (6/20, P = 0.20 versus PCI,

2 high responder and 4 low responder rats). Antibiotics plus
G-CSF prophylaxis reduced mortality further to 10 % with
two deaths in the low responder group (2/20, P<0.01 ver-
sus PCI; P = 0.24 versus PCI plus antibiotic). Finally, the
PCI (P<0.001) and the PCI plus antibiotics group (P <0.05)
showed a significantly higher mortality rate compared to
the sham animals, but the antibiotics plus G-CSF prophy-
laxis did not (P = 0.49). Analyses for individual differences
showed no significant differences for different mortality rates
between high and low responder in any group.

Trial 2 (Figure 1B): Using a reduced bacterial inocu-
lum, 22 % of the rats in the PCI group died (10/45, 7 high
responder and 3 low responder rats). The mortality rate in
the group with antibiotics plus G-CSF prophylaxis was re-
duced to 9% (4/45, 3 high responder and 1 low responder
rat), but not significantly lower compared to PCI group (P =
0.144). Analyses for individual differences showed a trend
for a higher mortality rate of the high compared to the low
responder in the PCI group (P = 0.083).

Mortality
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Fig. 1. Percentage of mortality rates for high (trial 1; A), and low mor-
tality sepsis infection (trial 2; B) over 192 hours. Mortality rates are
shown for different treatment groups and categorized preoperatively as
high or low responder according to their horizontal locomotor activity
in an open field.



Open Field

locomotion
A) anesthesia only

3500

‘ —*—low responder =+ high responder ‘

rearing

~
=

g,

., 3000
E
koA
S 2500 3
S
p\———
H
S 2000 \I/

1500

1000
baseline  day2 day 4 day 6 day 8

B) sham surgery

3500

3000

locomotion [cm]
&
(=
(=

o
S

]

o
o

rearing [n]
S
S

]

©
S

T

NI T
T

N
o

=

- SN
S o o

rearing [n]
N
=)

baseline day 2 day 4 day 6 day 8

/r’/f\ ~N \/K/N
2000 I\ i T 80 L \/r i t
20 T
1500
10
1000
baseline  day 2 day 4 day 6 day 8 baseline  day 2 day 4 day 6 day 8
C) PCI
3500 70
3 ool —
3000 ¥ \
g \ 50 \
= c
§2500 \\ 240 i\ /E
3 £
: s h N\ S
] 2
82000 —4 30 \\T /]‘
W 20 \V

1500

1000

baseline day 2 day 4 day 6 day 8

D) PCI + AB

o

baseline day 2 day 4 day 6 day 8

3500

X op
3000 l
ﬁ\>\ T T

~
S

@
S

gzsoo g jz \\ /L.é;j
ot N\ e B
20 T

1500 o o \/

1000 baseline  day 2 day 4 day 6 day 8 baseline  day2 day 4 day 6 day 8
E) PCI + AB + G-CSF

3500 70
_ 3000 E\ OlP &0 Ji\
A L2 L
g 2000 \}L/‘[/Lit E 30 \\ ! //
N | T\

1500 T

1000 T T T T
baseline  day 2 day 4 day 6 day 8

baseline  day2 day 4 day 6 day 8

A. Bauhoferetal.  Inflamm. res.

Fig. 2. Rat behavior in an open
field was measured for horizontal
locomotor (left column) and verti-
cal rearing activity (right column)
before and after inoculation (OP)
with high mortality sepsis (trial
1). Rats were categorized preop-
eratively as high or low responder
according to their horizontal lo-
comotor activity. Measurements
were taken before surgery and on
day 2, 4, 6, and 8 thereafter. Data
are presented as mean + S.E.M.
See results for statistics.
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Open field test

Trial 1 (Figure 2): ANOVAs for repeated measures were
applied to detect treatment differences. For locomotion and
rearings, significant effects were obtained for time, and
time x group (P-values<0.001), but not for groups (P-val-
ues< 0.10). No differences were obtained between any of
the treatment groups with the Tukey post hoc test. Compared
to preoperative baseline values, rearing activity and locomo-
tion was significantly reduced in all groups on day 2 after
surgery (P-values<0.01).

Irrespective of treatment, ANOVA for repeated measures
for both locomotion and rearings showed effects for time x
group (P-values<0.05), group (P-values<0.005), and time
(P-values<0.001) comparing low and high responder groups
during the course of the experiment. Further analyses showed
that both locomotor activity (expected due to the median split
after the preoperative open field), and the number of rear-
ings were lower for low responder than for high responder at
baseline before surgery (P-values <0.001). These differences
persisted until the end of the experiment, showing more lo-
comotion for all high compared to all low responder on day
6 (P<0.05, one-tailed), and day 8 (P =0.055, one-tailed), but
not for rearings (P-values< 0.10).

When comparing the subgroups for each treatment group
for horizontal locomotion, high and low responder rats
showed significant time x group and group effects for the

sham group (P-values<0.05), and time effects for the sham
and PCI group (P-values <0.05). Analyses for vertical activ-
ity revealed also more rearings for the high compared to the
low responder rats in the sham group and PCI animals (P-
values<0.05).

Trial 2 (Figure 3): The second trial showed similar re-
sults as trial 1. ANOVAs for repeated measures revealed sig-
nificant differences in time, time X group, and between treat-
ment groups of PCI and G-CSF plus antibiotic prophylaxis
for locomotion and rearings (P-values<0.01).

When comparing the subgroups for each treatment group,
high and low responder rats showed significant time x group,
group (P-values<0.05), and time (P-values<0.001) effects
for locomotor activity in the PCI and the G-CSF plus an-
tibiotic prophylaxis group, respectively. However, analyses
of rearing activity showed that high and low responder rats
produced only significant time effects in both groups (P-val-
ues<0.001). Bonferroni corrected paired t-tests comparing
day O (preoperative) versus day 8 (last day of testing) in the
PCI group showed blunted locomotion (P-values<0.001),
and rearing activity (P-values<0.05) for high and low re-
sponder rats, respectively. In parallel, the G-CSF plus an-
tibiotics prophylaxis group revealed blunted locomotor
(P<0.001), and rearing activity (P <0.05) for high responder.
However, low responder displayed only reduced locomotor
(P<0.001) between day 0 versus day 8, suggesting a partial
recovery for this G-CSF subgroup.
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Social interaction test

Trial 2 (Figure 4): ANOVA for repeated measures of treat-
ment groups showed a significant effect for time (P<0.001),
but no effects for group (P = 0.72), and time x group (P =
0.24). When analyzing each treatment group separately, low
versus high responder revealed no group and time x group
effects, but time effects (P-values<0.001) for both groups,
PCI and G-CSF plus antibiotic prophylaxis, respectively.
Bonferroni corrected paired #-tests comparing day O (preop-
erative) versus day 8 (last day of testing) revealed that only
high responder of the G-CSF plus antibiotics group showed
a trend for blunted social activity (P = 0.056), but none of the
other subgroups.

Relationship between behaviors

Before surgery, and for all rats, there was a significant posi-
tive correlation between locomotion and rearing (trial 1: r =
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0.71, P<0.001; trial 2: r = 0.68, P<0.001) which remained
stable during the course of the experiment (trial 1: r-values =
0.64; trial 2: r = 0.59, P-values<0.001).

In trial 2, the correlations between social activity and lo-
comotor activity (r = 0.15, P = 0.25), and rearings, respec-
tively (r=0.22, P =0.08), were relatively low before surgery.
In contrast, social activity and locomotor activity (r = 0.42,
P<0.001) were significantly correlated on day 1. Similar
positive relationships were observed between social activity
and the number of rearings for day 1 (r=0.40, P<0.01), and
day 2 (r = 0.28, P<0.05). Thereafter, no significant correla-
tions were observed until the end of the experiment (data not
hown).

Cytokine analysis

Trial 2 (Figure 5): At baseline, the IL-6 levels were below
the limit of quantification of the ELISA assay, and were ex-
cluded from the subsequent analysis. For the remaining two
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Fig. 4. Rat behavior in the social interaction test was measured as the
time spent of the experimental adult animal in grooming, following, and
sniffing a young male rat. Measurements were taken before surgery (OP)
and on days 1, 2, 4, 6, and 8 thereafter. Data are presented as mean +
S.E.M. See results for statistics.

Fig. 5. In trial 2 (n = 10 rats/group) 1 ml blood was drawn 1 hour be-
fore, 1 hour after, and 24 hours after PCI by puncture of the retro bulbar
plexus, and IL-6 and MIP-2 were analyzed. At baseline the IL-6 levels
were below the limit of quantification of the ELISA assay. Data are pre-
sented as mean + S.E.M. Note: Scales of the figures are different. See
results for statistics.
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time points, i. e. 1 hour and 24 hours after surgery, Kruskal-
Wallis ANOVA by ranks were calculated showing no differ-
ence between groups 1 hour after inoculation. However, a
significant group difference revealed enormously high IL-6
levels for the PCI high responder group 24 hours after sur-
gery (P =0.04).

For MIP-2 levels, Kruskal-Wallis ANOVA showed no ef-
fects before and 1 hour after inoculation. However, highly
increased MIP-2 levels for the PCI high responder group 24
hours following sepsis infection were observed (P = 0.03).

Discussion
Mortality

In both trials, as expected mortality rates were lowest for the
antibiotic plus G-CSF prophylaxis following different con-
centrations of human stool inoculum. As demonstrated pre-
viously [25] and in trial 1, sepsis led to a high mortality rate
which could be substantially reduced by prophylactic treat-
ments, especially when using antibiotics plus G-CSF. Previ-
ously, with this combination, antimicrobial cellular functions
(polymorphonuclear cells migration to bacteria, phagocytosis
and oxygen radical formation) were improved and hyper-in-
flammation (TNF-a, IL-6 and IL-8) was reduced [28]. Here,
however, the lower number of animals dying in the G-CSF
group was not significantly different from standard treatment
with antibiotics (trial 1), or untreated sepsis (trial 2). None-
theless, in trial 1 only the G-CSF rats showed a comparable
low mortality rate to the sham animals, while the PCI and the
PCI plus antibiotic groups had a significantly higher mortal-
ity rate compared to sham treatment. In trial 2, we suppose
that a floor effect was yielded because the mortality rate was
kept relatively low compared to trial 1. Interestingly, how-
ever, analyses of individual differences in trial 2 revealed a
trend for a higher mortality rate of high compared to low
responder rats in the PCI group. In any case, a lower mortal-
ity rate in G-CSF rats in both trials, and differential mortal-
ity rates in relation to premorbid behavior still merit further
attention since dead individuals are important regardless of
statistical effects.

Behavior

On the behavioral level, the present results demonstrate that
immediately after infection and independent of the prophy-
laxis regimen, all behavioral activities were drastically re-
duced, such as locomotion and rearing in an open field and
social interaction. Locomotor activity and rearing were de-
creased acutely (i. e., 1 or 2 days after surgery) in all groups,
including sham and anesthesia controls. These acute de-
creases were more pronounced in the infected groups than in
the controls as previously shown [29]. These data are in line
with several previous results obtained in rats and mice which
showed that various types of infections can reduce open field
activity, including bacterial agents such as muramyl dipep-
tide, or LPS [30], or intact microbes such as schistosoma
mansoni [31], stapholococcus aureus or pseudomonas aeru-
ginosa [32].

Sepsis modified behavior in groups with prophylactic
treatments; however, recovery to normal activity was not
substantially improved in the open field and social interac-
tion tests. After sepsis induction, preoperative high and low
locomotion responders showed different activity in the open
field, but not in social exploration. We provide first evidence
that postoperative values for high versus low locomotor active
rats showed differential behavioral results. All low responder
animals showed less activity during the whole recovery pe-
riod compared to all high responder rats in an open field.
More importantly, the measures of high and low responder
for locomotion and rearings (trial 1) showed interaction ef-
fects pointing at a differential role for baseline activity to-
wards recovery from sepsis. More specific analyses revealed
that all high compared to all low responder showed more
locomotion on day 6 (significant), and day 8 (trend), but that
these effects were not observed for rearings. When compar-
ing the subgroups for each treatment group for horizontal
locomotion, high and low responder rats showed interaction
and group effects compared to the sham group. Finally, rear-
ing activity was higher for the high compared to the low re-
sponder rats in the sham group and PCI animals. In trial 2,
interaction effects of high and low responder rats were ob-
served for locomotion, but not for the number of rearings (as
opposed to trial 1). When looking for the time course, only
low responder rats with antibiotics plus G-CSF prophylaxis
showed no altered rearing activity between preoperative and
end of the experiment, suggesting a partial recovery for the
G-CSF subgroup in trial 2. Thus, the present data suggest
that horizontal locomotion and vertical rearing activity in an
open field appears to be affected more in active animals de-
pending on their treatment. These results support previous
evidence on individual differences to disease susceptibilities.
For example, locomotor activity was used to analyze if indi-
vidual differences of rats were related to cytokine production
and other relevant parameters in an animal model of rheu-
matoid arthritis [33]. Based on the distance traveled in an
open field low active and high active animals differed in their
severity of bone destruction. Also, low active rats had less
mitogen-induced splenic IL-10 and interferon-y production
during adjuvant-arthritis [33].

Alternatively, our rats may have shown impairments in
memory function. Recently, Wistar rats tested ten days after
sepsis induction, but without overt signs of sickness behav-
iour did not show differences in combined locomotor and
rearing activity between novel exposure to an open field and
a 24 hours retest [34]. In addition, the sepsis group showed
a decreased performance in latency retention compared with
the sham group in an inhibitory avoidance test after foot
shock [34], suggesting reduced memory functions.

In trial 2, we also analyzed social interaction behaviour, a
measure which presumably reflects exploratory activity and
emotional variables such as anxiety [35]. Our analyses re-
vealed that open field behaviour (locomotion, rearing) and
social interaction were not correlated with each other, except
for modest correlations in the two days after low mortality
sepsis induction. The results showed that recovery of social
exploration was neither different between PCI and G-CSF
plus antibiotic prophylaxis groups nor between high and low
responder rats. These non-significant results notwithstanding
it is noteworthy that social exploration in PCI only treated



rats diverged between high and low responder beginning
with postoperative day 1 and continued until the end of the
experiment, where it was higher in high compared to low
responder. In contrast, social exploration was differentially
affected in the G-CSF prophylaxis group showing that low
but not high responder returned to baseline social activity
levels, although this difference was not quite significant.

Using the technique of radio-telemetry [9, 10], we had
previously shown that antibiotic prophylaxis, especially
when combined with G-CSF, positively altered sickness be-
havior measured in terms of behavioral activity and circadian
rhythms of heart rate and blood pressure in septic rats. At
first sight, the results from the present study appear not to
support the data from the previous telemetric experiments [9,
10], when neither open field nor social interaction behavior
yielded superior recovery in the G-CSF group. However, the
results do not necessarily contradict our previous findings
because telemetric data were yielded in the home cage while
the present study used external environments. In addition,
the observation time was much shorter in the present study
than previously. Therefore, we suggest that longer observa-
tion times are needed to observe behavioral differences be-
tween groups underlying sepsis treatments.

Cytokines

Finally, analyses of blood cytokine levels (IL-6, MIP-2) were
conducted in rats with low mortality sepsis infection in trial
2. While similar levels were observed for baseline and 1 hour
post infection in both behavioral subgroups of untreated and
G-CSF groups, 24 hours later an enormous increase of both
cytokines was noted especially in high responder with un-
treated sepsis. High responders seem to be more at risk for
an adverse outcome than low responders. Those rats with
extremely increased cytokine levels died soon afterwards.
High IL-6 levels are known to be an independent predictor of
mortality in sepsis [23, 36]. Recently, also MIP-2 levels have
been reported to be a feasible predictor of mortality in sepsis
[23, 37]. In contrast to the mortality results we did not find a
correlation between increased peripheral cytokine levels and
other behavioural parameters such as rearing or time spent
together in the social interaction test. There are first indices
of individual behavioral differences to be related to central
cytokine profiles. Higher (striatum) and lower (prefrontal
cortex) endogenous IL-2 mRNA gene expression was shown
in rats with high compared to low anxiety-like behavior [38].
Thus, the present results point to an unknown relationship
between individual behavioral differences and sepsis mortal-
ity with increased cytokine levels.

It is unclear if the G-CSF effects on both cytokines in
high responder were achieved directly by a reduction of the
proinflammatory cytokine expression, or indirectly by an in-
crease in the clearance of bacteria by phagocytic cells, or
both. The induction of sickness behavior by a peripheral im-
mune stimulation (e. g. PCI) requires the peripheral and/or
central synthesis and release of cytokines [39]. The effect
of G-CSF on centrally released cytokines has just begun to
be studied. Recent work demonstrated that G-CSF adminis-
tration reduced the recruitment of T cells to the CNS [40].
Further, G-CSF down-regulated the production of proinflam-
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matory cytokines like TNF-a, IL-1 and IL-6 in the periphery
[21, 25], and at the side of infection [26]. It is known that
different components of sickness behavior may be mediated
by different cytokine expression patterns of IL-1, IL-6 and
TNF-a [41]. Finally, G-CSF prophylaxis improved survival
and clearance of microbes and reduced MIP-2 in the lung
[42].

Conclusion

A quick recovery after infection or trauma is intended by
the addition of immune modulators, which do not only in-
fluence the immune system, but also modulate individual
behavior and cytokine response. We are at the beginning of
understanding the complex interaction of sickness behav-
ior in animals and quality of life in humans. Conventional
outcomes sepsis research does not provide prognostications
to individual patients, but our data is suggested to be a first
individualised approach to the treatment of sepsis in stand-
ardized animal models. Individual risk profiles including
behavioral parameters and cytokines are an interesting tool
for future sepsis research in animals and man. Individual be-
havior and cytokine levels may be linked together in a today
nearly unknown way. The increasing interest and acceptance
of quality of life as an important outcome in clinical research
indicates further the necessity of complex animal models
with respect to systematic individual behavioral differences
to test new immune modulators in preclinical research.
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