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Clinical symptoms of rat acute peritonitis model
and study over effects of oral strontium ranelate
administration for the treatment
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SUMMARY

Objective: Despite the improvements in the treatments of surgical and intensive care, sepsis and systemic inflammatory
response syndrome are the most common cause of mortality. Therefore in the experimental animal model, we aimed to
reveal biochemical and histopathologic effects of strontium ranelate on healing in experimental animal model for
peritonitis and sepsis.

Method: 20 female Wistar-Albino rats were used.Rats were seperated into 4 groups; control, sham [ceacum ligation
perforation (CLP)], CLP + Strontium (S) (CLP+S) and S+CLP+S. Rats were euthanised on 7th day. Peritoneal
inflammation staging and ileum resection was performed. Blood samples were taken for biochemical screening and IL-
1, IL-6, IL-10 and TNF-alpha tests were evaluated.

Results: Peritoneal inflammation score was the highest at CLP group and the lowest at control group. There was healing
in CLP+S group compared to CLP group, and more healing in S+CLP+S group compared to CLP+S group. According
to histopathological evaluation, ileum injury was the lowest in the control group and the highest in CLP group. Less injury
was found in CLP+S group compared to CLP group, and less injury was found in S+CLP+S group compared to CLP+S
group. No difference was found when TNF-alpha, IL-1, IL-6 and IL-10 values were compared.

Conclusions: Strontium ranelate may reduce mortality and morbidity by prophylactic treatment in patients at risk of
sepsis and patients with sepsis.
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INTRODUCTION

Intra-abdominal infections (ICD) are major cause
of morbidity and mortality in intensive care,
particularly in patients undergoing surgery.! ICD’s
are caused by the inflammatory response of the
peritoneum against microorganisms and their
various structure and toxins and have two common
types; peritonitis and intra-abdominal abscess(1A).
If the infection is localized, peritonitis is locally
limited. If immunity is insufficient, mortality rates
come to %70-90 by generalised peritonitis,
systemic inflammatory response syndrome (SIRS)
and septic shock.?

Strontium chloride or ranilate is a compound that
its positive effect on inflammation has been shown.
Studies have shown that it is effective against
allergic rhinitis and ulcerative cholitis.® It is also
used in osteoporosis and pain related to bone
metastasis.*® Recently it has been shown that
strontium inhibits inflammatory mediators by
TNF-alpha blockage.®®

Ceacal ligation and perforation is the most
common model for experimental sepsis at rats and
is thought to be a gold standard.®

In this study, we aimed to investigate biochemical
and histopathologic findings of peritonitis by
performing cecal ligation and perforation in rats,
revealing the natural process of peritonitis and
healing of peritonitis strontium, and also the effect
of peritonitis and intraabdominal abscess when
applied before peritonitis formation.

MATERIAL AND METHODS

Experimental study was carried out at the
Laboratory Animal Laboratory of Cumhuriyet
University. The study started with the approval of
Cumhuriyet University Experimental Animals
Local Ethics Committee (25.12.2014 issue:
65202830/170). Forty female Wistar-Albino rats
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weighing 150-230 gr for 4-5 months were used in
the study. The rats were maintained under standard
environmental conditions (22 ° C temperature,
65% humidity and 12 hours darkness- 12 hours
light). All rats were fasted 18 hours before the start
of the experiment, but water was allowed to drink
for the last 20 minutes. Rats were randomly divided
into four groups of five in each group, taken in
separate cages.

Ceacal Ligation and Perforation

Rats were anesthetized with ketamine (30 mg / kg)
(Ketalar® 50 mg/ml Pfiser ilag A.S Istanbul) and
xylazine(6 mg / kg) (Rompun® %2 Bayer Tiirk
Kimya San. Ltd. Sti. Istanbul) and 2 ¢cm midline
incision was performed. Then the ceacum was
removed from the abdomen and ligated with 3/0
silk and drilled twice with a 22 G needle.

Study design

Rats were divided into 4 groups. Only laparatomy
was applied in Group 1. Group 2 received only
saline into abdomen, group 3, 40 mg / kg stronsium
(Protelos® 2 gr Oral granule Servier ilag ve
Arastirma A.S. Maslak, Istanbul) was started by
oral gavage 5 days before peritonitis was formed
and continued for 7 days after peritonitis. In group
4, after peritonitis was performed, oral gavage
method was applied for 7 days with 40 mg / kg
stronsium. was established.

On the seventh day, rats were euthanized with a
high dose of pentothal sodium. Peritoneal
inflammation was staged. Resection for pathology
was performed. Blood samples were taken for
biochemical examination and IL-1, IL-6, IL-10 and
TNF-alpha were analyzed.

Peritoneal inflammation grading:

After rats were euthanized, laparotomy was
performed from the old incision and the peritoneal
inflammation grade was assessed according to
Simon et al.'s grading.® (Table 1)



Table 1: Peritoneal inflammation Grading °
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wall necrosis foci.

Grade Finding

Grade 0 No inflammation

Grade 1 Well bordered abscess, less free peritoneal fluid

Grade 2 Well bordered abscess, small amount of free peritoneal fluid, patchy cecum

fluid, gangrenous cecum

Grade 3 Less localized inflammatory reaction, a moderate amount of free peritoneal

cuff wall, perforated caecum

Grade 4 much bloody fluid In the peritoneal cavities, gangrene and bloody fluid on the

Histopathological evaluation:

After rats were euthanized, laparotomy was
performed in the old incision and the ileal tissues
were resected and fixed in 10% buffered neutral
formalin and allowed to stay for 24-48 hours. Then
routine histological follow-up was performed and
the tissue was embedded in paraffin blocks.
Sections of approximately 5 um thickness were
obtained from the obtained paraffin blocks with
microtomes (Leica RM2235, Germany). The

obtained sections were evaluated by staining with
hematoxylen-eosin (H & E). All sections (at least 4
sections for each tissue) were examined; sections
with significant artefacts due to dyeing were
excluded from the evaluation. All of the
preparations prepared after dyeing are complete, in
light microscopy (Olympus BX-51 Tokyo, Japan)
for the presence of injury to the small bowel. The
small intestine injury was graded over a total of 5
degrees, taking into account the scoring system
determined by Chiu .°(Table 2)

Table-2. Histopathological evaluation of the small intestine, Chiu score

Score Finding

0 Normal mucosa

1 Subepithelial spaces in villus tips

2 Epithelial spaces in villus tips and moderate epithelium separation

3 Massive epithelial detachment in the lower parts of the villus and spillage at
some tips

4 Spillage in Villus, dilate capillaries

5 Disintegration of lamina propria

Biochemical analyse:

IL-1, IL-6, IL-10 AND TNF-alpha levels of the rats
were measured by ELISA using a commercial kit
according to the company's instructions
(eBioscience, Austria).

Statistical Evaluation:

Statistical Package of Social Sciences 23 (SPSS
23.0, Chicago, IL, USA) program was used. Mann-
Witney U test was used in the analysis of the data.
Statistical significance was accepted as p <0.05.

RESULTS
Peritoneal inflammation Grading:

According to Simon et al.'s rating; CLP group
results were statistically significant between the
other groups (p <0.05) The peritoneal
inflammation score was significantly higher in the
caecum ligation perforation group compared with
the strontium-treated CLP + strontium and
strontium + CLP + strontium groups (p <0,059.
There were no difference between Strontium +
CLP and Atronsium + CLP + strontium groups.
(Figure 1)
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Figure 1. Median peritonitis evaluation score

CLP: Laparatomi, CLP: Ceacal ligation and perforation, S+CLP+S:

Histopathological Evaluation

The small bowel injury was graded over a total of
5 degrees, considering the scoring system
determined by Chiu (Table 2). The score of the
control group was statistically lower than the other
groups (p <0,05), whereas the score of cecum
ligation perforation group was significantly higher

than the other groups (p <0,05). Treatment with
strontium ranilate after cecal ligation perforation
showed significant histopathologic improvement
(p <0.05). Postoperative strontium therapy, which
was started preoperatively, provided significant
histopathologic ~ improvement  only  after
postoperative treatment (p <0,059). (Figure 2 and
3).
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Figure 2. Median Chiu scores

Figure 3.

A: Control Group (10x): The lamina propria of the tunica mucosa shows a proper placement. It is observed that the epithelium
that surrounds the villi and villi is normal.

B: CLP Group (20x): Spillage in villus and enlargement with deterioration of lamina propria integrity, inflammation and dilate
capillaries in lamina propria are observed.

C: CLP+Strontium Ranilate Group (20x): With the loss and degradation areas of bleeding in the lamina propria of the villi
integrity and inflammatory cells are monitored. Compared with the CLP group, less injury was detected in the mucosa layer.
Although there is more bleeding area in the lamina propria, it is seen that the villi are not completely detached and the lamina
propria at the base of the villi is more regular.

D: Strontium Ranilate +CLP+ Strontium Ranilate Group (20x): Spillage in the villus and a regular lamina propria layer are
observed. The villus width is higher in this group compared to the control but less than the CLP + S group.



Biochemical analysis:

When TNF-a, IL-1, IL-6 and IL-10 values were
compared statistically, there was no difference
between the groups (p> 0.05).

DISCUSSION

Despite improvements in surgery and intensive
care, sepsis and systemic inflammatory response
syndrome (SIRS) are the most common causes of
death in adult intensive care units'!. Sepsis and
SIRS that occur during the course of peritonitis are
mainly  associated with the severity of
proinflammatory and antiinflammatory products
including endotoxin, IL-6 and TNF-alpha which
are produced in tissues.!> Multiorgan failure, a
consequence of released inflammatory mediators,
leads to a high mortality rate in peritonitis.
Following the acute inflammation of the
peritoneum, chemotactic mechanisms lead to cell
migration, mostly from the macrophage, to the
injured site. These macrophages, activated by
plasmin, produce TNF-a, IL-1, which are
important factors in wound healing.*®

Caecal ligation and perforation in rats have been
most commonly used as experimental sepsis
models and are currently considered gold standard
in sepsis studies.® In our study, peritoneal score and
intestinal injury were found statistically significant
in the ligation perforation group compared to the
control group (p <0,05).

Strontium ranilate studies have shown that it is
effective on allergic rhinitis, ulcerative colitis.
TNF-alpha blockade has been shown to inhibit
inflammatory mediators 2°7.

In our study, groups with strontium therapy were
significantly improved in terms of intestinal injury
and peritonitis according to control and CLP group.
In addition, if strontium therapy is initiated
prophylactically before sepsis, peritonitis findings
and small bowel mucosal injury are significantly
less than strontium treatment after sepsis (p <0,05).
This improvement may be due to the fact that the
strontium has anti-inflammatory activity by
blocking TNF-a. (Graphic 1-2, Figure 1)

The plasma half-life of TNF-alpha secreted from
monocytes and macrophages is several minutes.
When endotoxin is administered intravenously to
healthy individuals, TNF-alpha rises to a maximum
at 2 h and returns to normal at 4 h 4,

IL-1 reaches the peak level at 2 hours after
ischemia and lipopolysaccharide exposure from all
antigen presenting cells, such as monocytes,
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macrophages, and usually cleanses within 4 hours
15

At the sepsis, there is a study shows that the level
of IL-6 increased after 2 hours of inflammatory
stimulation, reached the highest level at 12 hours
and became negative at 24 hours'®; Panero et’al ¥’
indicated that IL-6 height persisted for 48 hours
and repetitive IL-6 measurements were more useful
in early sepsis diagnosis. In a study conducted by
Sahin et’al, mean IL-6 levels in sepsis cases were
56 + 58 pg/ ml. IL-6 levels were found to be above
the mean value in 4 of the 7 dead patients and
below the cut-off value in 2 of them, the possible

cause of which is that the half-life of IL-6 is short
18

Interleukin-10  is  mainly  secreted by
lipopolysaccharide-stimulated monocytes and T
helper 2 lymphocytes, and also secreted by B
lymphocytes and keratinocytes and is an important
part of the inflammatory system. The half-life in
circulation is about 2 hours. This cytokine shows
antiinflammatory activity by suppressing the
secretion of proinflammatory cytokines such as IL-
1, IL-2, IL-6, IL-8, TNF-0, GM-CSF *°. In our
study, TNF-a, IL-1, IL-6 and IL-10 levels were not
statistically different among each other. This may
be due to the fact that we took blood samples on the
7th day of sepsis and that the half-lives of these
mediators are short.

CONCLUSION

This study was the first study to investigate the
effect of strontium ranilate on peritonite, which
was formed by cecal ligation and perforation in
rats.

In this study, we believe that Strontium may
decrease mortality and morbidity of patients with
sepsis and most importantly, at risk of sepsis with
prophylactic treatment. However, further studies in
different phases are needed to conform our results.
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