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Abstract

Intestinal ischemia-reperfusion injury (I1I/R) is a condition with significant morbidity and
mortality. In this study, we aimed to demonstrate the protective effect of carnosol, an anti-
oxidant, anti-inflammatory, anti-carcinogenic and anti-microbial agent, on pro-inflammatory
cytokines, tissue angiopoietins, histopathological damage and bacterial translocation in rats
subjected to I1/R injury. Thirty male Sprague-Dawley rats were divided into 3 groups: control
group, intestinal ischemia/reperfusion group (1I/R) and carnosol group (II/R+C). Ischemia-
reperfusion injury was conducted by laparotomy. All rats received 10'° colony forming
units/milliliters E.coli 12 hours prior to surgery. II/R+C rats received 3 mg/kg/day carnosol per

oral starting from 3 days prior to surgery. After 72 hours of post-surgical follow-up, rats were
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re-laparotomized for specimen collection. I1/R+C group had lower serum TNF-a, IL-1p and IL-
6 levels when compared with 11/R group (p=0.026, 0.006 and 0.045, respectively). 1I/R group
had significantly higher tissue injury when compared with 1I/R+C group (p<0.001). I1I/R+C
group rats had significantly reduced liver, spleen and mesenteric lymph node culture growths
when compared with 1I/R group. Angiopoietin I and Il levels were similar between groups. In
conclusion, carnosol is a powerful anti-inflammatory and anti-microbial agent in 11/R injury
model. We showed effective reduction of pro-inflammatory cytokine profile, improvement of
histopathological damage, and prevention of bacterial translocation.

Keywords: Carnosol, intestinal ischemia-reperfusion, antioxidants

KARNOSOL SICANLARDA BAGIRSAK iISKEMI-REPERFUZYON MODELINDE
INFLAMASYON VE BAKTERIYEL TRANSLOKASYONU HAFIFLETIR

Ozet

Intestinal iskemi-reperfiizyon hasart (II/R), 6nemli morbidite ve mortaliteye sahip bir
durumdur. Bu ¢alismada, anti-oksidan, anti-enflamatuvar, anti-karsinojenik ve anti-mikrobiyal
bir ajan olan karnosoliin II/R modeli uygulanan siganlarda pro-inflamatuar sitokinler, doku
anjiopoietinleri, histopatolojik hasar ve bakteriyel translokasyon tizerindeki koruyucu etkisini
gostermek amaglanmistir. Otuz erkek Sprague-Dawley sigani 3 gruba ayrildi: kontrol grubu,
intestinal iskemi/reperfiizyon grubu (II/R) ve karnosol grubu (II/ R+C). Iskemi-reperfiizyon
hasar1 laparotomi ile saglandi. Tiim siganlara ameliyattan 12 saat 6nce 10° koloni olusturan
birim/mililitre E.coli uygulandi. II/R+C grubuna, ameliyattan 3 giin dnce baslayarak oral 3
mg/kg/glin karnosol uygulandi. Ameliyat sonrasi takipten 72 saat sonra, sicanlar 6rnek toplama
icin yeniden laparotomize edildi. [I/R+C grubunun II/R grubuna gére serum TNF-q, IL-1 ve
IL-6 diizeyleri anlamli derecede azalmist1 (sirastyla p=0.026, 0.006 ve 0.045). II/R grubunun,
II/R+C grubuna gore daha siddetli doku hasarina maruz kaldigi goriildi (p<0.001). 1I/R+C
grubu, II/R grubu ile karsilastirildiginda, karaciger, dalak ve mezenterik lenf nodu kiiltiir

pozitifliginin anlamh diizeyde azalmis oldugu gosterilmistir. Anjiyopoietin I ve II diizeyleri
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gruplar arasinda benzerdi. Sonug olarak, karnosol gii¢lii bir anti-inflamatuar ve anti-mikrobiyal
ajandir. Bu c¢alismada karnosolun II/R modelinde pro-inflamatuar sitokin profilinin etkili bir
sekilde azaltan, histopatolojik hasar1 diizelten ve bakteriyel translokasyonu onleyen bir ajan

oldugu gosterilmistir.

Anahtar kelimeler: Karnosol, intestinal iskemi-reperfiizyon, antioksidan

Introduction

Ischemia-reperfusion injury is characterized by increased free oxygen radicals and
excessive consumption of membrane phospholipids due to resumption of blood flow (1-3).
Intestinal ischemia-reperfusion injury (1I/R) is a condition with significant morbidity and
mortality (4). Disruption of intestinal mucosal integrity, bacterial translocation, and as a result,
a pro-inflammatory cytokine profile by endotoxin-induced monocyte and macrophage

activation has major roles in 1l/R pathogenesis (5-9).

Angiopoietins, major angiogenic substances in the intestinal tissue, may also have a role
in regulating vascular endothelial response to II/R as well. Best described angiopoietins are
Ang-1 and Ang-2. Ang-1 exhibits anti-apoptotic and anti-inflammatory activity by inhibiting
leukocyte adhesion and reducing vascular permeability, whereas Ang-2 induces a pro-
inflammatory pattern and potentiates endothelial response to TNF-a and IL-1p. Literature

regarding angiopoietins in response to II/R injury are scarce (10-14).

Carnosol, along with carnosic and rosmarinic acid, is one of the major phenolic
diterpenes found in rosemary (Rosmarinus officinalis). Previous studies show that carnosol
exert its’ anti-inflammatory effects by inhibiting several pro-inflammatory cytokines. Anti-
inflammatory effects of carnosol are also associated with anti-oxidant and anti-microbial effects
(15-18).

Carnosol has been largely investigated for anti-tumoral, anti-inflammatory and anti-
oxidant activities in vitro and in vivo (19-20). It has been shown experimentally that carnosol

can eliminate lung and liver damage secondary to II/R via its’ anti-inflammatory and anti-
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oxidant effects. In addition, it has been experimentally shown that carnosol reduces ischemia-
reperfusion injury associated with oxidative stress of lung transplantation (21-24). Although
anti-tumorogenic effects of carnosol have been studied in many cancer types, it has been
reported that carnosol may show anti-carcinogenic effects in various cancers by inducing
apoptosis and inhibiting the cell cycle division (25). Carnosol has been shown to suppress
several pro-inflammatory pathways in chronic inflammatory processes (26-27). In another
study, it has been shown to improve endothelial dysfunction in diabetic microangiopathy by
means of anti-oxidative mechanisms (28). In addition, the protective effect of a single dose of
carnosol has been shown in patients with ischemia-reperfusion injury due to acute kidney injury
(29).

Carnosol is reported to be a powerful anti-inflammatory and anti-microbial substance.
We hypothesized that carnosol may also be protective against II/R injury by its’ anti-
inflammatory, anti-oxidant and anti-bacterial activity. Therefore, we aimed to study the
potential protective effects and effective mechanisms of carnosol in a murine model of 1I/R

injury.

Material and Methods
Experimental animals

Thirty male Sprague-Dawley rats (200-250 g) supplied by (censored) University
Animal Center were housed in an air-conditioned room with 12-h light and dark cycles, with
stable temperature (22+2 centigrade Celsius). All experimental protocols were approved and

ethics approval was gained from (censored) University Animal Care and Use Committee.

Animals were divided into three groups: (1) control rats (C) (n=10) received a sham
operation with intraperitoneal vehicle administration, (2) study group rats (II/R) (n=10) were
laparatomized, intraperitoneal vehicle was administered and I1/R surgery was conducted, (3)
carnosol group rats (II/R+C) (n=10) received pre-operative and intraperitoneal carnosol

administration along with Il/R surgery.
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Experimental procedure

All rats were followed up for 7 days prior to surgery and received the same nutrients.
[I/R+C rats received 3 mg/kg/day carnosol per oral (100% crystalline carnosol, Cayman
Chemical Company, Ann Arbor, USA) diluted in 10% dimethyl sulfoxide (DMSO) daily,
starting from 3 days prior to surgery. Rats were kept fasted 1 day prior to surgery. All rats
received 1 milliliter of 10%° colony forming units/milliliters E.coli 12 hours prior to surgery.
Ketamine (30 mg/kg, ketamine hydrochloride, Ketalar; Pfizer, istanbul, Turkey) and xylazine
hydrochloride (3 mg/kg, Rompun; Bayer, Istanbul, Turkey) were used as anesthetics during

surgery.

During laparotomy, superior mesenteric artery was occluded with an atraumatic
microvascular clamp. Ischemia was confirmed with a loss of intestinal arterial pulse and a
fading of intestinal color. Control and I1/R groups received 0.2 cubic centimeters of DMSO
during laparotomy, whereas 11/R+C group received 3mg/kg carnosol intraperitoneally. After 60
minutes of ischemia, reperfusion was initiated by removing the clamp. Reperfusion was
confirmed with visualization of intestinal arterial pulses and reddening of intestinal tissue.

Operations were concluded after 2 hours of reperfusion.
Sample collection, cytokine assays

After 72 hours of post-surgical follow-up, rats were re-laparotomized under sterile
conditions to collect microbiologic, biochemical and histopathological samples from the blood,
liver, spleen, mesenteric lymph nodes (MLN) and ileum. Blood was collected by cardiac
puncture. Tumor necrosis factor-alpha (TNF-a), interleukin-1-beta (IL-1pB) and interleukin-6
(IL-6) were measured using radioimmunoassay kits. Half of the ileal tissue samples were fixed
in 10% formaldehyde, whereas the other half were kept in a phosphate buffer solution under
-80°C to measure intestinal angiopoietins (Ang-1 and Ang-2) via enzyme-linked

immunosorbent assay.
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Microbiological and histopathological assays

Blood samples were cultured in aerobic and anaerobic culture flasks (Bact/Alert,
Biomerieux, France) and were incubated for 7 days. For positive cultures, conventional cultures
were conducted under appropriate aerobic and anaerobic conditions and positive cultures were

automatically defined using an automatic system (VITEK2, Biomerieux, France).

Tissue samples (MLN, liver and spleen) were removed under sterile conditions, minced
and homogenized after adding 1 milliliter of thiogluconate. Samples were planted into
appropriate agar cultures and were incubated for 72 hours. Bacterial densities in positive
cultures were calculated as colony forming units/gram and positive cultures were automatically

defined using an automatic system (VITEK2, Biomerieux, France).

Tissue samples from ileum kept in 10% formaldehyde underwent routine histologic
preparation, embedded in paraffin. Random tissue sections were cut, mounted on slides and
stained with hematoxylin and eosin. Tissue damage was characterized and quantified using
Chiu classification (18).

Statistical analysis

SPSS wversion 22.0 was used for statistical analysis (IBM, Chicago, Illinois).
Quantitative data were expressed as means = standard deviation. Groups of data were compared
with an analysis of variance (ANOVA) followed by Tukey’s multiple comparison tests.

Frequencies were expressed where appropriate. Values of p<0.05 were considered significant.
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Results
Serum cytokines and intestinal angiopoietins

Pro-inflammatory cytokines were measured using radioimmunoassay. Il/R group had
markedly higher levels of TNF- o, IL-1p, and IL-6 compared to control group (p=0.026, 0.006
and 0.045, respectively). Interestingly, 1I/R+C group had similar pro-inflammatory cytokine
levels with control group; carnosol administration reduced pro-inflammatory cytokines

profoundly.

Intestinal angiopoietins (Ang-1 and Ang-2) were measured using frozen tissue samples
via enzyme-linked immunosorbent assay. Although II/R group had lower mean Ang-1 and

higher mean Ang-2 levels, all three groups were statistically similar (Table 1).

Table 1;Serum cytokine and tissue angiopoietin levels of control and study groups

Control (n=10) 11/R (n=10) II/R + C (n=10)
Serum cytokines
TNF-a (pg/mL) 0.88+0.27 1.18+0.19 0.88+0.24
IL-1B (pg/mL) 23.82+7.01 34.47+10.49 21.61+7.53
IL-6 (ng/L) 131.82+8.48 143.43+11.64 132.22+10.44
Tissue Ang levels
Ang-1 (pg/g protein) 4.81+2.70 3.18+1.73 5.58+4.41
Ang-2 (pg/g protein) 126.51+79.18 217.37+163.94 164.18+115.77

Notes: All values are expressed as meantstandard deviation (SD). II/R: Intestinal
ischemia/reperfusion. 1I/R+C: Intestinal ischemia/reperfusion plus carnosol. TNF-a: Tumor
necrosis factor-a, IL-1pB: Interleukin-1f, IL-6: Interleukin-6, Ang-1: Intestinal tissue

angiopoietin-1, Ang-2: Intestinal tissue angiopoietin-2.
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Bacterial translocation

Blood and tissue samples (MLN, liver and spleen) were cultured in aerobic and
anaerobic culture flasks and conventional cultures were conducted under appropriate aerobic

and anaerobic conditions for positive samples.

Blood cultures and all anaerobic tissue cultures were negative. Control group had no
aerobic culture growth in MLN, liver and spleen cultures. However, 4 out of 10 II/R rats had
hepatic and MLN, 5 out of 10 rats had splenic aerobic culture growth. All growths were

identified as E.coli. Interestingly, 11/R+C rats had no aerobic tissue culture growth.
Histopathological damage

Control group rats had no terminal ileum damage (Grade 0). II/R group had profound
terminal ileum damage, associated with structural villi damage and inflammatory infiltration
(Grade 4). Carnosol administration had significantly down-graded inflammation in terminal
ileum histology, mostly associated with presence of Grunhagen’s sub-epithelial space (70%
Grade 1 and %30 Grade 2).

Discussion

In this study, we aimed to investigate the effect of carnosol, an anti-oxidant agent, on
pro-inflammatory cytokines, tissue angiopoietins, histopathological damage and bacterial
translocation in rats subjected to II/R injury. Herein, we demonstrate carnosol as a powerful
anti-inflammatory agent in I1/R injury model. Our main findings suggest carnosol alleviates
inflammation by reducing the markedly increased serum pro-inflammatory cytokines and
inhibiting bacterial translocation in response to II/R injury.

Carnosol is the major phenolic anti-oxidant found in rosemary (Rosmarinus officinalis).
As an anti-oxidant, carnosol has been previously demonstrated to have protective effects against
ischemia-reperfusion induced lung, hepatic and renal damage as an anti-oxidant, anti-

inflammatory and anti-cancer agent (21-23). Experimental studies previously showed
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protective effect of carnosol was associated with a strong inhibition of TNF-a expression (30-
32). Tsai et al (33) demonstrated carnosol inhibits inflammation associated TNF-o and I1L-13
increase in vitro. Mengoni et al (34) previously demonstrated carnosol effectively reduced
TNF-0 and inhibited IL-1B increase even in low titrations. Additionally, several authors
demonstrated in I1/R injury, administration of carnosol reduces IL-6 levels, which is a powerful
chemo attractant and a pro-inflammatory cytokine (21-22). These results are further validated
in our study; we demonstrated carnosol significantly reduced serum TNF-a, IL-1p and IL-6
levels in 1I/R injury model. Carnosol is a powerful anti-inflammatory molecule which inhibits

pro-inflammatory cytokine profile in response to 1I/R injury.

Angiopoietins, major angiogenic substances in the intestinal tissue, were shown to have
regulatory roles in endothelial response to inflammatory stimuli. Ang-1 may have anti-
inflammatory effects whereas Ang-2 has pro-inflammatory effects that potentiates endothelial
response to TNF-a and IL-1p (10-14). Although not statistically significant, our study showed
a decrease in anti-inflammatory Ang-1 and an increase in pro-inflammatory Ang-2 in response
to 1I/R, which were reversed with carnosol administration. Further studies are needed to prove
a causative relationship between inflammatory response to II/R injury and angiopoietins, and

the effect of carnosol on angiopoietin levels.

Carnosol also demonstrates anti-microbial effects. Several authors, such as Bernardes
et al (35) previously demonstrated carnosol has a powerful anti-microbial effect on oral
pathogens. In addition, Oluwatuyia et al (36) showed carnosol had better anti-bacterial effect
on methicillin resistant S.aureus when compared with erythromycin and tetracycline. Bozin et
al (37) previously demonstrated carnosol as a powerful anti-bacterial agent against Esherichia
coli, Salmonella typhi, Salmonella enteritidis and Shigella sonnei as well. In our study, nearly
half of the rats in II/R group had mesenteric, splenic and hepatic aerobic culture growths with
E.coli, as a result of bacterial translocation. Interestingly, carnosol inhibited bacterial

translocation, confirming an anti-microbial effect on 11/R injury model as well.

II/R injury is characterized by extensive histopathological damage. Several studies
showed ischemia-reperfusion related tissue damage was associated with edema, hemorrhage

and neutrophilic infiltration, which was alleviated by carnosol administration (21-22-38). In our
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study, consistent with the literature, we demonstrated II/R injury causes a significant damage

to terminal ileum, and carnosol reduces inflammatory changes in terminal ileum.

Intestinal ischemia, which may develop due to occlusive or non-occlusive causes, is a
syndrome which start in intestines with reduced intestinal blood flow and then turns into a
highly mortal multi-organ failure. Most of the research in this area focused on the advancement
of techniques for early detection of ischemia and the development of new therapeutic
approaches targeting post-ischemic reperfusion. Therefore, the proposed therapeutic
interventions for protection against reperfusion injury have been aimed at inhibiting oxidant

damage and neutrophil activation.

In the present study, we demonstrate carnosol effectively reduces pro-inflammatory
cytokine profile, prevents bacterial translocation and reduces histopathological damage;
however, we failed to demonstrate any strong association with angiopoietins. We believe
carnosol may be a potential therapeutic agent for 11/R in daily surgical practice. However,

further studies are needed to confirm the therapeutic effects of carnosol in humans.
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