Fecal peritonitis in aging rat model. Therapeutic
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Abstract

Purpose: To evaluate the response of aging rats with sepsis to two different antibiotic
regimens.

Methods: The study was conducted with 30 aging rats (18 month-old) with autologous feces
peritonitis. The animals were divided into three groups: Group O received no therapeutic
intervention (control), while Group 1 received a single dose of 40 mg/kg meropenem and
Group 2 received a single dose of 20 mg/kg moxifloxacin. The intervention in both Groups
was made 6 hours after induction of peritonitis. The animals were followed up to 15 days for
evaluating morbidity and mortality. The weights at baseline were similar in all groups.
Results: At the end of follow-up, weight loss was significantly greater (p=0.0045) in Group O
(non-intervention controls). Culture from a blood sample at the end of follow-up was positive
in all the animals in Group O, in two animals in Group 1 and in four animals in Group 2.
Morbidity/mortality was significantly higher in Group 0 compared to both Groups 1 and 2
(p=0.003) but the scores were not significantly different between Groups 1 and 2 (p=0.6967).
Conclusion: Both antibiotic regimens rendered promising results for the treatment of fecal
peritonitis.
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n Introduction

Sepsis is a severe clinical condition
and a common consequence of several
infectious diseases. Clinical progression is
generally extremely rapid due to an underlying
uncontrolled immune response that leads to
multiple organ failure with high associated
morbidity and mortality rates’*.

Populations are aging worldwide,
with estimates suggesting that by 2050 more
than 20% of the world’s population will be
at least 60 years of age®. This increase in life
expectancy heralds a predictable increase in
the incidence and severity of many diseases.
To a considerable extent, this scenario is the
result of the comorbidities typically found
in this age group, as well as of age-related
immunosenescence®®’.

The incidence of sepsis has increased
in the population in general and particularly
in individuals who underwent surgery. This
is especially evident in the elderly population
when mortality rates are higher®!2, Patients
over 65 years of age already account for
more than half of all admissions to intensive
care units in the United States, with mortality

rate that exceeds 30%'. Explanations
include the increase number of invasive
procedures performed, and the use of

immunosuppressants and aggressive surgeries
in this population?.

Although the focus of much research,
little has changed in the management of
patients with sepsis over recent decades, the
information acquired from basic research has
resulted in interventions that are of little or
no effect at all in humans, and this may be a
consequence of dissociation between the real
world, in which more than 60% of the cases of
sepsis occur in individuals over 60 years of age,
and experimental research, where the majority
of the animals studied are young”4%,

447

Fecal peritonitis in aging rat model. Therapeutic response to different antibiotic strategies

Mascena GV et al.

Carbapenems and quinolones, among
others, have been used to treat severe, intra-
abdominal sepsis, since these are effective
antibiotics against the principal etiologic
agents; however, there is no clear evidence
of the superiority of one regimen over the
other?®23,

The objective of the present study was
to evaluate the therapeutic response to two
different antibiotic regimens in aging rats in
which peritonitis was induced using autologous
feces.

n Methods

The rats were cared for in accordance
with the “Guide for the Care and Use
of Laboratory Animals” and the study
was conducted respecting the ethical
principles in animal experimentation. The
animal ethics committee (CEUA/CESED)
approved the study protocol under number
0022/03092012-1.

This was a prospective, analytical,
experimental study with 30 male Wistar
rats (Rattus norvegicus). All the animals
were adult rats of 18 months of age with no
iliness or disease. The animals were kept in
polypropylene cages measuring 43 x 43 x 20
cm at a controlled temperature of 23 + 1°C and
12-hour light/dark cycles. Access to food and
drink was ad libitum, with food consisting of a
nutritionally balanced rodent diet.

The animals were divided into three
groups: the non-intervention control group
(Group 0), the meropenem group (Group 1)
and the moxifloxacin group (Group 2). On day
1 of the experiment, peritonitis was induced in
all the animals using a 10% solution prepared
with autogenous feces, i.e. 2 grams of feces
collected from each rat were diluted and
homogenized in 20 ml of 0.9% saline. All the
animals in the three groups were inoculated
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with their respective solution at a dose of 4 ml/
kg of weight, a dose that had been confirmed
as sub-lethal for that age in a previous study?.
In Groups 1 and 2, a therapeutic intervention
was performed six hours after peritonitis was
induced, with treatment consisting of a single
40-mg/kg dose of meropenem for the animals
in Group 1 and a single 20-mg/kg dose of
moxifloxacin for those in Group 2.

The animals’ activity, weight, body
temperature and respiratory rate with the aim
of detecting severe infection were monitored.
All the animals that died during follow-up
underwent inspection of the abdominal
cavity through a midline incision from the
xiphoid process to the pubic symphysis. The
incision was made using surgical scissors.
The inspection aimed to identify abscesses,
adherences and macroscopic signs of infection
such as pus in the abdominal cavity or in solid
organs. At the evaluation moment, using a 30
x 1.5 mm needle, 2 ml of blood were collected
from the abdominal aorta and stored into
blood culture bottles. After incubation at 35
+ 2°C for 24 hours, blood agar plates were
inoculated.

At day 15, the animals that had survived
the entire follow-up period were euthanized
by intravenous administration of 50 mg/kg
ketamine hydrochloride and 10 mg/kg xylazine
hydrochloride. They were then submitted to
the same protocol of incision, inspection and
blood culture described above.

Morbidity and mortality in the animals
were stratified by applying a validated score?**
based on the findings detected after the
induction of fecal peritonitis:

Scores 0-3: death before day 15

0: death from septic shock in the first
24 hours;
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1: death between 24 and 48 hours;

2: death between 48 hours and 8 days,
with obvious clinical signs of severe infection;

3: death between 8 and 15 days, with
obvious clinical signs of severe infection.

Scores 4-10: survival until day 15, followed by
euthanasia

4: positive blood culture, moderate
clinical signs of infection; abscesses found in
the thoracic and abdominal cavities;

5. positive blood culture, no clinical

signs of infection, abscesses found in the
thoracic and abdominal cavities;

6: positive blood culture, no clinical
signs of infection, abscesses found in the
abdominal cavity alone;

7: negative blood culture, no clinical
signs of infection, abscesses found in the

abdominal and thoracic cavities;

8: negative blood culture, abscesses
found in the abdominal cavity alone;

9: negative blood culture, only one
small abscess found in the abdominal cavity;

10: negative blood culture, no abscess
found in the cavities.

The quantitative variables were
described as means and standard deviations.
The qualitative variables were expressed
as absolute and relative frequencies. The
Kruskal-Wallis test was used to evaluate
possible differences between the morbidity
and mortality scores in the three groups.
Dunn’s post-hoc test was then used to evaluate
possible group-to-group differences. Analysis
of variance (ANOVA) was used to compare the
weights of the animals in the three groups.
The entire statistical analysis was performed
using the Graphpad Prism program, version
7. P-values <0.05 were used to reject the null
hypothesis.
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n Results

Prior to the induction of peritonitis,
the mean weight of the animals in Groups O,
1 and 2 was 402.5 + 24.2 grams, 416.2 £ 37.4
grams and 380.8 + 48.5 grams, respectively,
highlighting the similarity of the groups (Figure
1). The difference between the initial weight
and the final weight of the animals in the three
groups is shown in Table 1. Weight loss was
significantly greater in the non-intervention
control group compared to the two intervention
groups; however, Groups 1 and 2 did not differ
from each other (Figure 2).
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Figure 1 - Weight of the animals prior to the
induction of sepsis.

Table 1 - Mean weight of the animals (in grams) at baseline and at the end of follow-up.

Baseline Final Baseline
Day 0 Day 15 Day 0
402.5 368.9 416.2

Final Baseline Final
Day 15 Day 0 Day 15
408.4 380.8 385.3

Evolution of animal weight
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Figure 2 - Weight loss during the study follow-up.

Before the 15-day follow-up was
complete, 3 deaths occurred in the control
group (Group 0), none in the meropenem
group (Group 1) and 1 in the moxifloxacin
group (Group 2).

The findings in the cavities varied
considerably, with results showing diffuse
peritonitis, or single and multiple, intact or
ruptured internal abscesses located both in the

abdomen and in other organs such as the liver,
kidneys and lungs (Figure 3).

Figure 3 - Diffuse peritonitis and abscesses located
at different sites. A. Diffuse peritonitis; B. Multiple
abscesses; C. Internal abscesses; D. Liver abscesses;
E. Kidney abscesses; F. Lung abscesses.
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Blood culture was positive for all blood culture was positive in only two, while
the animals in the control group. Of those in Group 2 blood culture was positive in four
submitted to meropenem treatment (Group 1), animals (Table 2).

Table 2 - Blood culture from a sample obtained at the end of follow-up, according to group.

Isolated bacteria

Blood culture result 1 2

Rat 1 Positive Escherichia coli

Rat 2 Positive Staphylococcus aureus Klebsiella oxytoca
Rat 3 Positive Escherichia coli

Rat 4 Positive Escherichia coli Staphylococcus saprophyticus
Rat 5 Positive Escherichia coli

Rat 6 Positive Escherichia coli Klebsiella oxytoca
Rat 7 Positive Escherichia coli

Rat 8 Positive Escherichia coli Klebsiella oxytoca
Rat 9 Positive Escherichia coli

Rat 10 Positive Escherichia coli

Blood culture result 1 2

Rat 1 Negative

Rat 2 Positive Streptococcus viridans

Rat 3 Negative

Rat 4 Negative

Rat 5 Negative

Rat 6 Negative

Rat 7 Negative

Rat 8 Negative

Rat 9 Positive Escherichia coli

Rat 10 Negative

- eow2Modfloedn)

Blood culture result 1 2

Rat 1 Positive Streptococcus viridans

Rat 2 Negative

Rat 3 Negative

Rat 4 Negative

Rat 5 Negative

Rat 6 Negative

Rat 7 Negative

Rat 8 Positive Escherichia coli

Rat 9 Positive Escherichia coli

Rat 10 Positive Staphylococcus epidermidis
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In Table 3 one can observe the morbidity
and mortality scores for each group at the end
of follow-up. Analysis of the morbidity and
mortality scores, performed using the Kruskal-
Wallis test, showed differences between the
groups (p=0.003). Following application of
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Dunn’s multiple comparison test, the difference
between the non-intervention control group
and the intervention groups was found to be
significant. There was no difference between the
scores obtained for Group 1 (meropenem) and
Group 2 (moxifloxacin) (p=0.6967) (Figure 4).

Table 3 - Morbidity/Mortality scores in the three study groups.

Group O Group 1 Group 2
Non-intervention controls Meropenem Moxifloxacin
# Score # Score # Score
Rat 1 4 Rat 1 10 Rat1 4
Rat 2 6 Rat 2 6 Rat 2 10
Rat 3 4 Rat 3 10 Rat 3 10
Rat 4* 2 Rat 4 10 Rat 4 8
Rat 5 4 Rat 5 7 Rat 5 10
Rat 6 4 Rat 6 10 Rat 6 8
Rat 7 4 Rat 7 8 Rat 7* 2
Rat 8* 2 Rat 8 10 Rat 8 6
Rat 9 4 Rat 9 Rat 9 6
Rat 10* 2 Rat 10 Rat 10 6

*Animal died before the end of the 15-day follow-up period.
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Figure 4 - Morbidity/mortality scores as compared
between groups.

[ | Discussion
This study provides a pioneering
comparative analysis of two treatment
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strategies for severe sepsis in a population of
aging rats. Sepsis was confirmed by positive
blood culture in all the animals that were not
submitted to any antibiotic intervention, with
mortality rate as high as 30% in that group.
Both interventions proved superior to the non-
intervention control group, with no difference
betweenthetwo treatmentregimensaccording
to a scoring system previously used in other
studies?*?®*., The antibacterial effectiveness
of both meropenem and moxifloxacin was
confirmed, and there was a reduction in the
extent and severity of the infection with both
drugs.

There are some limitations associated
with this study that need to be mentioned.
Although the weight of the animals in the
different groups was similar at baseline, their
allocation to the groups was not randomized.
Additionally, the clinical signs of sepsis could
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have been better monitored if heart rate,
respiratory rate and blood pressure had been
measured, indicating a failure to adequately
evaluate the severity of sepsis. New monitoring
devices such as those used in intensive care
could have been useful for monitoring the
animals?®. The fact that all the animals were of
the same sex also merits reflection, since men
and women respond differently to infection?.
Finally, neglecting to administer resuscitation
fluids, which is routine conduct in clinical
practice, distances this experiment from the
usual management of patients with sepsis.

Despite the fact that the majority
of cases of sepsis in humans occur in the
elderly, reports on experimental models have
frequently omitted the animals age or the
models used have involved young animals with
no comorbidities, rendering it inappropriate to
extrapolate the results found in those studies
to the real world.

Although the use of experimental
sepsis models plays an important role in
understanding the condition, dozens of
therapeutic interventions such as corticoids,
anti-cytokine antibodies and antithrombin
Il that proved successful in experimental
research failed in clinical trials'®. Therefore,
there appears to be clear dissociation between
basic and clinical research. Nevertheless, the
inability to translate knowledge acquired
in experimental research to clinical trials
should not preclude basic research. On the
contrary, this should serve as a challenge to
research groups to create models that more
closely mimic human responses to infectious
conditions. In this respect, the development
of the so-called “humanized rodents,” in which
hematopoietic stem cells are transplanted
to the rodents allowing them to acquire a
functional immune system similar to that of
humans, appears to represent a promising
model?. Up to the present time, however, the
data obtained remain limited.
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n Conclusions

Sepsis remains an extremely serious
condition, particularly in the elderly.
Meropenem and moxifloxacin proved to
be effective strategies for the treatment of
abdominal sepsis in aging rats.
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