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Introduction

Ischemia and subsequent reperfusion are the main 
mechanism that causes end organ damage that complicates the  

 
course of the disease in pathologies such as circulatory shock, 
organ transplantation, myocardial infarction, and stroke. The 
common pathological consequence in these conditions is that 
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Abstract 

Background: Cannabinoids are considered as key mediators in the pathophysiology of inflammatory diseases, including ischemia/reperfusion 
(I/R). However, there is no detailed information about the effects of cannabinoids on acute lung injury induced by mesenteric I/R in rats. The 
aim of this study is to investigate for the first time the possible effects of cannabinoid system on pathophysiological changes of acute lung injury 
induced by mesenteric I/R in rats.

Materials and Methods: The superior mesenteric artery was blocked for 30min followed by 24h of reperfusion. Selective monoacylglycerol 
lipase inhibitor; JZL184, non selective cannabinoid receptor agonist; cannabidiol and selective CB2 agonist; JWH133 were administered to rats 
30min before ischemia. At the end of the 24h reperfusion period, intestinal and lung tissues were removed; caspase 3, 8, 9 immunohistochemistry 
staining, caspase-3 activity and malondialdehyde (MDA) levels were evaluated. Serum IL-1, TNF- α, IL-6 levels and total antioxidant capacity 
(TAC) also measured.

Results: In intestine tissue; decrease in intestinal mucosal damage was detected with all three therapeutic agents but it was not statistically 
significant. Cannabidiol and JZL184 significantly reduced caspase 3, 8 and 9 immunohistochemical staining. In lung tissue; Cannabidiol 
significantly reduced caspase 3, 8 and 9 immunohistochemical staining while JZL184 significantly reduced caspase 8 staining. JZL184 significantly 
reduced alveolar congestion, haemorrhage, neutrophilic infiltration and alveolar wall thickening while JWH133 significantly reduced neutrophilic 
infiltration and alveolar wall thickness. No significant differences were observed in terms of biochemical parameters in the control and ischemia-
reperfusion groups.

Conclusion: This study has shown that the cannabinoid system may be a therapeutic target for attenuation and/or treatment of inflammatory 
lung diseases induced by mesenteric I/R

Keywords: Acute lung injury; Cannabinoids; JLZ184; JWH133; Mesenteric ischemia reperfusion

Abbreviations: I/R: Ischemia/Reperfusion; MDA: Malondialdehyde; TAC: Total Antioxidant Capacity; IL-1β: Interleukin 1beta ; TNF- α: Tumor 
Necrosis Factor-Alpha ; IL-6: Interleukin 6 ; ROS: Reactive Oxygen Species; RNS: Reactive Nitrogen Species; ARDS: Acute Respiratory Distress 
Syndrome; CB: Cannabinoid; CB1: Cannabinoid Receptor 1; CB2: Cannabinoid Receptor 2; THC: Delta-9 Tetrahydrocannabinol; CBD: Cannabidiol; 
ALI: Acute Lung Injury; MAGL: Monoacylglycerol Lipase; ABC: Avidin-Biotin Complex; PBS: Phosphate Buffered Saline; TBA: Thiobarbituric Acid; 
BSA: Bovine Serum Albumin 
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reperfusion after temporary cessation of normal blood supply 
to target organs induces an acute generation of reactive oxygen 
and nitrogen species following reoxygenation with vascular 
reopening. As a result of all these changes, a highly deleterious 
cellular response chain is activated, leading to inflammation, cell 
death, and target organ dysfunction or failure [1,2]. 

Intestinal ischemia/reperfusion (I/R) injury is thought to 
be a causative mechanism for several gastrointestinal diseases, 
such as necrotizing enterocolitis and mesenteric insufficiency 
in the elderly, as well as intestinal dysfunction following bowel 
transplantation. I/R is a complex phenomenon that causes local 
and remote tissue destruction and even multiple-organ failure 
[1,2]. Multiple-organ failure after serious illness or injury is a 
major cause of death in surgical intensive care unit, and the exact 
pathophysiology and adequate treatment of this syndrome is 
still unclear. Remote organ injuries seen after intestinal I/R are 
not directly because of exogenous factors such as bacteria or 
toxins, are largely a consequence of the host’s own endogenously 
produced mediators, such as reactive oxygen species (ROS), 
reactive nitrogen species (RNS) and cytokines [3-5]. These 
mediators interact with each other and are involved in multiple-
organ failure syndrome especially in aged patients. 

Severe intestinal I/R is accompanied by significant pulmonary 
injury and systemic inflammatory changes. The pulmonary system 
is the most frequently injured organ in multiorgan disorder 
syndrome. Subsequent to I/R, pulmonary injury may rapidly 
progress to respiratory failure and acute respiratory distress 
syndrome (ARDS). ARDS is a life-threatening form of respiratory 
failure that affects approximately 200000 patients each year 
in the United States, resulting in nearly 75000 deaths annually. 
Globally, ARDS accounts for 10% of intensive care unit admissions, 
representing more than 3 million patients with ARDS annually 
[6]. The events which occur during I/R and remote organ injury 
are complex and well studied, although, there still remain many 
doubts as to their pathophysiology and therapeutics, revealing the 
need for new research to obtain a more complete understanding 
and in the search for improved treatments.

Overwhelming clinical evidence has established an important 
role for cannabinoids (CB) in various pathologies affecting 
humans, i.e., inflammatory, autoimmune, cardiovascular, 
gastrointestinal, liver, kidney, lung, neurodegenerative and 
psychiatric diseases, chronic pain and cancer [7-13]. In recent 
years, in the light of these results, clinical studies are planned 
to investigate the efficacy and safety of phytocannabinoids in 
certain diseases [13]. However, the use of cannabinoids is limited 
in modern medicine because of its neuropsychiatric side effects. 
Cannabinoid receptor 1 (CB1) and cannabinoid receptor 2 (CB2), 
central and peripheral effects and side effects of the cannabinoid 
system began to be determined in more detail after isolation of 
the active ingredient delta-9 tetrahydrocannabinol (THC) [13,14]. 
Delta-9 tetrahydrocannabinol and cannabidiol (CBD) are the 

most important phytocannabinoids. THC is the main psychoactive 
compound, while CBD is devoid of psychotropic activity [14]. 

CBD is assumed to be used more safely because it is now 
widely available and lacks the euphoric, psychoactive properties 
of THC. Cannabis sativa is a substance used for centuries to treat 
gastrointestinal diseases such as inflammatory bowel diseases, 
anorexia, motility disorders, diarrhea, gastroparesis, vomiting 
and abdominal pain [15, 16]. However, neuropsychiatric side 
effects limit its use in modern medicine and the expected increase 
in advanced clinical research. In the literature, it is observed that 
we do not have sufficient knowledge for cannabinoids about 
the gastrointestinal tract diseases and associated distant organ 
damages. In particular, there is no enough information about the 
effects of cannabinoids on acute lung injury (ALI) induced by 
mesenteric I/R. 

The aim of this study is to investigate the effects of non 
selective cannabinoid receptor agonists (CB1 and CB2 receptors); 
cannabidiol, selective monoacylglycerol lipase (MAGL) inhibitor; 
JZL184, and selective CB2 agonist; JWH133, on previously 
unexamined mesenteric 30min/24h I/R-induced remote organ 
injury. 

Materials and Methods

Animals

Adult male Wistar Albino rats weighing 250-280 were 
employed in the present study obtained from the animal 
laboratory of Zonguldak Bulent Ecevit University. They were kept 
under controlled conditions (at temperature of 22 ± 2°C and 12h 
light-dark cycles) and were fed with rat chow diet and tap water. 
Rats were fasted prior to operation and were allowed just free 
access to water. The experimental protocols were confirmed by 
the Bulent Ecevit University of Ethical Committee of Experimental 
Animals. During the experimental procedures, the animals were 
placed in separate cages and the laboratory conditions were 
maintained at room temperature (22°C). The procedures and 
protocols of the study were in accord with our institutional 
guidelines, which are consistent with those of the “Guide for the 
Care and Use of Laboratory Animals” (US National Institute of 
Health, revised 1985). 

Experimental groups

Fifty rats were designed into five groups each containing 10 
animals (Table 1): 1) Control group, 2) I/R group, 3) Non selective 
cannabinoid receptor agonist, cannabidiol (10mg/kg) treatment 
group (expressed as CD), 4) Selective CB2 receptor agonist; 
JWH133 (10mg/kg) treatment group (expressed as B2), and 5) 
Selective monoacylglycerol lipase (MAGL) inhibitor; JZL184 (8mg/
kg) treatment group (expressed as MA). Cannabidiol, JWH133, 
and JZL184 treatments were administered intraperitoneally 
30min before ischemia. Animals in control and I/R groups were 
received equal volume of saline (Table 1).
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Table 1: Experimental Groups (n=10).

Groups Chemicals  

1 Control

 
2 I/R Pathology group 

3 I/R+MA1 (8mg/kg)4 i.p.

4 I/R+CD2 (10mg/kg)4 i.p.

5 I/R+B2
3 (10mg/kg)4 i.p.

1Selective monoacylglycerol lipase (MAGL) inhibitor (JZL184)
2Non selective cannabinoid receptor agonist, (Cannabidiol)
3Selektif CB2 receptor agonist (JWH133)
4All treatments were made 30min before mesenteric I/R. 

Experimental protocol (Rat mesenteric ischemia / 
reperfusion model)

Rats were anesthetized with sodium thiopental (90mg/
kg) by intraperitoneal injection. Midline abdominal incision 
was performed. Small bowel was externalized gently to the 
left onto a moist gauze and the SMA was isolated and ligated 
using a microvascular clamp. Animals were subjected to 30min 
of ischemia by occlusion of the SMA. Intestinal ischemia was 
confirmed by observing loss of pulsation of the mesenteric artery 
and its branches as well as paleness of the jejunum and ileum. After 
ischemia period, the clamp was released and the bowel perfusion 
was controlled by the presence of pulse in mesenteric circulation. 
Afterward the intestines were returned to the abdomen, the 
incision was sutured and covered with plastic wrap to minimize 
the loss of fluids. 

At the end of 30min of ischemia, the clamp was gently removed 
to allow reperfusion of the blood flow, which was confirmed by 
observing the pulsation of the artery and its branches on the 
intestine. At the end of the 24h reperfusion period, intestinal and 
lung tissues and serum samples were collected for histopathologic 
and biochemical analyses. Terminal ileum strips at 10mm length 
were immediately removed and transferred into a petri dish filled 
with physiological serum. Washing and removing the debris as 
well as the fat tissue around, the samples were carefully packed 
and stored at 80oC. In the control group, the mesenteric artery 
was exposed but not occluded and the animals were followed for 
30min to simulate the ischemic interval. The reperfusion interval 
was also simulated and the animals were then subjected to the 
same procedures. 

Immunohistochemical Examinations

ABC (Avidin-Biotin Complex) method was used to investigate 
caspase 3-8 and 9 activity from paraffin sections obtained after 
intestinal tissues were taken into 10% formaldehyde solution. 

Transverse sections taken from the intestine samples at 4µm 
thickness are incubated at 620C for deparaffinization and use of 
xylene and alcohol series. To prevent receptor masking caused 
by formaldehyde fixation in the tissue, sections were taken 
into citrate solution and high temperature was applied in the 
microwave. After exposing the antigenic determinant regions, the 
sections were taken from the citrate solution to water and kept at 
room temperature for 20 minutes. 

After shaking the sections 3 times in phosphate buffered 
saline (PBS), 3% hydrogen peroxide was applied for 15 minutes 
to prevent endogenous peroxidase activity and Ultra V block was 
used for 5 minutes to prevent non-specific binding. (Ultra V Block, 
LabVision, TA-015-UB). Following the blocking step, anti-caspase 
3 (Thermo scientific, UK), anti-caspase 8 (Thermo scientific, UK) 
and anti-caspase 9 (Thermo scientific, UK) antibodies prepared 
in 1/100 dilutions were administered for 1 hour in a humid 
environment. Sections taken back to PBS after secondary antibody 
application were treated with Streptavidin peroxidase complex 
for 10 minutes. DAB was applied as chromogen until 2 minutes 
of immune reaction to the sections taken into PBS and Mayers’ 
hematoxylin was used for contrast staining. Sections were passed 
through alcohol series, treated with xylene, then closed with 
entellan and evaluated with Axio A1 Zeiss microscope.

H-Score: Results from immunohistochemistry were described 
in a histological score (H-SCORE) resulting from the number of 
cells with activated caspase-3, caspase-8 and caspase-9 [0-100% 
of cells] multiplied by the intensity of staining (1 = low, 2 = medium 
and 3 = high). For each section, the percentage of cells at each 
staining intensity level was calculated by using double blinded 
protocol [17]. The sections were observed under microscope 
at high magnification (200×). Mean score values were used for 
statistical analysis. 

Light microscopic procedures 

The rats in each group were sacrificed by deep anesthesia and 
lung and terminal ileum samples were collected from all animals. 
In each animal, tissue samples were fixed in 10% formalin solution 
for histopathologic examination. After fixation each tissue sample 
was routinely processed then embedded in paraffin. They were 
sectioned at 5μm thickness and stained with hematoxylin+eosin 
[H + E]. At least three randomly selected sections were scored 
to describe the lung and terminal ileum tissue damage [18, 19]. 
The preparations obtained were visualized using an Axio Lab A1 
microscope (Zeiss, Germany).

Biochemical analysis

Total Antioxidant Capacity (TAC) 

TAC in serum was measured spectrophotometrically by using 
TAC colorimetric Assay Kit (Biovision, CA, USA) according to the 
manufacturer’s instructions. It is based on the principle that Cu++ 
ion is converted to Cu+ by antioxidants. The reduced Cu+ ion is 
chelated with a colorimetric probe giving a broad absorbance 
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peak around 570nm, proportional to the TAC. The results are 
expressed as mM Trolox equivalent.

TNF-α, IL-6 and IL-1β

The serum levels of tumor necrosis factor-alpha (TNF-α), 
interleukin 6 (IL-6) and interleukin 1beta (IL-1β) (eBioscience, 
Vienna, Austria) of rats were determined using sandwich 
enzyme-linked immunosorbent assay technique according to the 
manufacturer’s recommendations. The calibration range of the 
IL-6 assay was up to 2000pg/ml and analytical sensitivity was 
12pg/ml. The within-and total-run coefficient of variation (CV) 
values were <5% and <10%, respectively. The calibration range 
of the IL-1β assay was up to 2000pg/ml and analytical sensitivity 
was 4pg/ml. The within and total run CV values were <10% and 
<10%, respectively. The calibration range of the TNF-α assay was 
up to 2500pg/ml and analytical sensitivity was 11pg/ml. The 
within and total run CV values were <5% and <10%, respectively.

MDA and Caspase-3 activity 

Tissues were homogenized according to the manufacturer’s 
recommendations by using a glass teflon homogenizer (Ultra 
Turrax IKA T18 Basic). The homogenate was then centrifuged at 
1000g for 10 minutes and the supernatant fluid was taken and 
used for malondialdehyde levels (MDA) and Caspase-3 activity 
measurement. Protein concentrations were measured with Lowry 
method [20].

MDA was measured in the supernatant using a commercial 
kit (Biovision, CA, USA) that is based on the colorimetric method. 
MDA reacts with Thiobarbituric acid (TBA) to form the MDA-TBA 
adduct with a maximum absorption at 532nm, that was measured 
using microtiter plate reader (Poweam Medical, Nanjing, China). 
The MDA levels in the tissue were calculated from the Standard 
curve and expressed as nanomoles per milligram protein.

Caspase-3 activiy was analyzed using colorimetric assay kit 
(Biovision, CA, USA). The assay is based on spectrophotometric 
detection of the chromophore p-nitroaniline after cleavage 
from the labeled substrate DEVD-pNA. p NA light emission can 
be quantified using microtiter plate reader (Poweam Medical, 
Nanjing, China) at 405nm. Caspase-3 activity results are expressed 
as nanomoles per milligram of tissue protein.

Tissue protein assay 

Protein concentration in the supernatant fraction was 
determined utilizing the method of Lowry et al. [20]. [Reagent A: 
2% Na2CO3 in 0.1N NaOH. Reagent B: 0.5% CuSO4.5H2O in 1% 
sodium or potassium tartrate. Reagent C: alkaline copper solution. 
50ml of Reagent A was mixed with 1ml of Reagent B. Reagent E 
Folin reagent. (The Folin Ciocalteau reagent was obtained from 
Sigma Co.). 0.2ml of the sample and 1ml of Reagent C were 
mixed and were left undisturbed for 10min at room temperature. 
Then 0.10ml reagent E was added and the mixture was left for 

an additional 30min. Absorbance was measured at 750nm with 
a Shimadzu UV 1601 spectrophotometer. Bovine serum albumin 
(BSA) from Sigma Co. was used as the protein standard. The 
protein concentration of the supernatant was calculated.

Chemicals

The following chemicals were used in this study: Cannabidiol 
and JWH133 EIA kit were purchased from Cayman Chemical 
(Michigan, U.S.A.). JZL184 was purchased from Santacruz 
Biotechnology (Dallas, Texas, U.S.A.). Rat IL-1, IL-6, TNF-α ELISA 
kits were purchased from eBioscience (West Coast, U.S.A.). Caspase 
3 and 9 antibodies were purchased from Lab Vision (CA, U.S.A.). 
Caspase 8 antibody was purchased from Abcam (Cambridge, MA, 
U.S.A.). Caspase-3, lipid peroxidation (malondialdehyde, MDA) 
and total antioxidant capacity (TAC) colorimetric assay kits were 
purchased from BioVision (California, U.S.A.). 

Statistical analysis of results

Statistical analyses were performed with SPSS 18.0 software 
(SPSS Inc., Chicago, IL, USA). Results were expressed as mean ± 
SEM. The Mann-Whitney U test is used to compare two groups 
in terms of numerical variables, and the Kruskal-Wallis variance 
analysis will be used to compare three or more groups. In Kruskal-
Wallis analysis of variance, a two-tailed comparison of subgroups 
was performed using the Bonferroni corrected Mann-Whitney 
U test. P value of less than 0.05 was considered statistically 
significant for all tests.

Results

The effects of mesenteric I / R on ileum and lung tissues

On hematoxylin-eosin staining examination, a statistically 
significant tissue damage was determined for alveolar congestion, 
bleeding, neutrophilic infiltration and alveolar wall thickness on 
lung tissue and mucosal damage on intestinal tissue (Figure 1). 
Caspase 3, 8 and 9 expressions of intestinal and lung tissues of 
I/R group were found to be statistically higher compared to the 
control group on immunohistochemical examination respectively 
(Figure 2 and Figure 3). 

Effects of MAGL inhibitor JZL184 on ileum and lung 
tissues injury induced by mesenteric I/R

On hematoxylin-eosin staining of intestinal tissue, JZL184 
reduced intestinal mucosal damage compared to the ischemia 
group, but it was not statistically significant (Figure 1). JZL184 
significantly reduced alveolar congestion, hemorrhage, 
neutrophilic infiltration and alveolar wall thickness in the lung 
tissue (Figure1). JZL184 significantly reduced caspase 3, 8 
and 9 expressions in intestinal tissue (Figure 2) and caspase 8 
expression in lung tissue on immunohistochemical examination 
(Figure 3). 
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Figure 1: Rat Lung Tissue, immunohistochemistry staining results. A (control), B (IR), C (IR+ B2), D (IR+CD), E (IR+MA).
Small intestine (left panel) and lung tissues (right panel) after intestinal ischemia/reperfusion (IR) were stained with hematoxylin-eosin and 
examined under light microscopy at scale bar 50 µm. Representative images for control, IR, IR-B2, IR-CD and IR-MA groups. 
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Figure 2: Rat Intestinal Tissue, immunohistochemistry staining results. A (control), B (IR), C (IR+ B2), D (IR+CD), E (IR+MA).
A (control), B (IR), C (IR+ B2), D (IR+CD), E (IR+MA). When caspase 3-8 and 9 expressions are evaluated in the control group, an immune 
positive reaction is observed in intestinal villi and crypts close to the muscularis mucosa (black arrows). Similarly, weak staining is observed 
in the submucosa layer. Contrary to the control group, strong staining was observed in the IR group, especially in the epithelial cells of the 
surface villus, in the lamina propria in the near-surface areas (black arrow), and in the cells spilled into the lumen (star) due to ischemia-
reperfusion damage. A significant decrease in caspase 3-8 and 9 expression was observed in the treated groups. Weak staining similar to 
the control group is observed in intestinal villi, crypts (black arrows) and submucosa, especially in IR+CD and IR+MA groups. (Scale bar 
=100µm).
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Figure 3: Small intestine (left panel) and lung tissues (right panel) harvested 3 hours after intestinal ischemia/reperfusion (IR) were stained 
with hematoxylin-eosin and examined under light microscopy at scale bar 50µm. Representative images for control, IR, IR-B2, IR-CD and 
IR-MA groups.

A (control), B (IR), C (IR+ B2), D (IR+CD), E (IR+MA). When the expression of caspase 3-8 and 9 in rat lung tissue is examined, strong 
staining is observed in the bronchiole and alveolar wall (black arrows), especially in the group in which ischemia-reperfusion injury was 
created (IR). In addition, a strong immune reaction is observed in areas with cell infiltration due to damage, unlike the control group. 
Especially in the (IR+MA) group, a staining similar to the control group draws attention, except for the bronchiole wall. (Scale bar =100µm).
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Effects of non-selective cannabinoid receptor agonist, 
cannabidiol (CBD) on ileum and lung tissues injury 
induced by mesenteric I/R

On hematoxylin-eosin staining of intestinal tissue, CBD 
decreased intestinal mucosal damage compared to the ischemia 
group, but it was not statistically significant (Figure 1). CBD 
significantly reduced caspase 3, 8 and 9 expressions in both 
intestinal and lung tissues on immunohistochemical examination 
respectively (Figure 2 and Figure 3).

Influence of selective CB2 receptor agonist JWH133 on 
ileum and lung tissues injury induced by mesenteric 
I/R 

JWH133 did not decrease intestinal mucosal damage 
compared to ischemia group on hematoxylin-eosin staining 
(Figure 1). JWH133 significantly reduced neutrophilic infiltration 
and alveolar wall thickness in lung tissue. It has decreased alveolar 
congestion and hemorrhage considerably compared to ischemia 
group, but this decrease was not found statistically significant. 

Although JWH133 reduced the values of caspase 3 and 8 
expression in the intestinal tissue considerably compared to the 
pathology group on immunohistochemical examination, this 
decrease was not found statistically significant (Figure 2). There 
was no difference in caspase 9 expression between I/R group and 
JWH133 treatment group also. JWH133 did not cause any change 
in caspase 3, 8 and 9 expressions in lung tissue compared to the 
ischemia group (Figure 3). 

Effects of cannabinoids on biochemical parameters 
(TAC, MDA, TNF-α, IL-6, IL-1β and Caspase-3 activity)

Ileum caspase-3 activity and MDA levels of I/R group were 
found to be higher compared to the control group but this increase 
were not found statistically significant. Additinally, serum TNF-α, 
IL-6, IL-1β, TAC levels of I/R group were also found to be higher 
compared to the control group but this increase also were not 
found statistically significant.

Discussion

The present study showed that, pre-ischemia treatment with 
drugs that affect the cannabinoid system effectively protected 
against lung damage mediated by I/R in rats. The highest 
protection against intestinal and lung tissue damage was seen 
in the cannabidiol treatment group. While the MAGL inhibitor 
JLZ184 showed similar protection against intestinal tissue 
damage as cannabidiol, this effect was lower in the lung. Among 
the drugs used related to the cannabinoid system, the least effect 
was observed in the selective cannabinoid 2 receptor agonist 
JWH133 treatment group. On the other hand, although an increase 
was observed in the ischemia-reperfusion group compared to the 
control group, no significant differences were found in our current 
experimental conditions in the tissue and serum biochemical 
parameters.

Intestinal ischemia plays a fundamental role in the 
pathophysiology of various diseases, and subsequent reperfusion 
results in more severe tissue damage than ischemia alone [21]. 
Therefore, ischemia followed by reperfusion is a major mechanism 
of tissue injury in various pathologies i.e., cardiovascular and 
pulmonary diseases, organ transplantation, stroke and limb injury. 
The events that occur during I/R are complex and, although well 
studied, their pathophysiology and treatment have not been fully 
clarified and new researchs are needed [22]. Intestinal ischemia 
develops in two different conditions. It may develop as a result of 
arterial occlusion by thrombus or embolus, or as a result of non-
occlusive processes such as low mesenteric flow conditions such 
as sepsis and heart failure. 

Occlusion is most common in the celiac artery, superior 
mesenteric artery and inferior mesenteric artery [23]. When 
arterial ischemia occurs, it causes tissue hypoperfusion and 
oxygen deficiency disrupts cellular homeostasis and initiates 
tissue damage. The obstruction of arterial blood flow causes 
hypoxia and leads to dysfunction of the electron transport chain in 
mitochondria. If ischemia continues, this damage causes cellular 
changes that result in necrosis. Depending on the duration of the 
ischemic process, tissue damage may be exacerbated when oxygen 
is reintroduced to the tissues (oxygen paradox). After reperfusion, 
restoring blood flow to ischemic tissue increases the formation of 
ROS due to the lower concentration of antioxidants in ischemic 
cells. ROS causes oxidative stress, which stimulates endothelial 
dysfunction, DNA damage and local inflammatory responses. 
I/R is characterized by intense inflammation predominantly in 
the mucosa and submucosa leading to endothelial destruction. 
Inflammatory cascades and oxidative stress can then cause a 
cytokine storm, causing cell death caused by damage to cellular 
structures. I/R can trigger different mechanisms in tissue, leading 
to microvascular damage, cellular necrosis, or apoptosis [23,24]. 

While I/R that develops in mesenteric blood vessels often 
causes acute vascular insufficiency and local tissue damage, it can 
also cause multi-organ failure with high morbidity and mortality 
rates [4,5,24,25]. It has been shown that the lungs are particularly 
susceptible to distant organ damage due to intestinal I/R and I/R 
causes lung tissue damage [6]. After I/R development, pulmonary 
injury may rapidly progress to respiratory failure and ARDS. 
ARDS, which emerges as an important component of multi-organ 
dysfunction syndrome, is defined as “inflammation syndrome 
and increased capillary endothelial permeability”. Inflammation 
mediators play a key role in the pathogenesis of ARDS. 

However, the mechanisms causing inflammation in the 
intestines and distant organs have not been fully clarified [2,3,5, 
25-27]. We demonstrated for the first time the roles of oxidized 
low-density lipoprotein (oxLDL) and peripheral benzodiazepine 
receptors in lung tissue damage after intestinal I/R [1,2,28]. We 
also shown that strong inducible nitric oxide synthase (iNOS) 
staining reactions in both the proximal tubulus epithelial cell 

http://dx.doi.org/10.19080/IJOPRS.2021.05.555662


International Journal of Pulmonary & Respiratory Sciences

How to cite this article: Emine Yilmaz-Can, Kanat G, Meryem Akpolat F, Murat C, Berrak G, et al. The Effects of Cannabinoid System on Acute Lung 
Injury Induced by Mesenteric Ischemia/Reperfusion in Rats. Int J Pul & Res Sci. 2021; 5(3): 555662. DOI: 10.19080/IJOPRS.2021.05.555662009

cytoplasm and glomerular basement membrane of kidney tissues 
after mesenteric I/R [2]. 

In recent years, it has been determined that the 
endocannabinoid system may play a role in the pathogenesis of 
many diseases, and the idea that drugs related to this system may 
be a new therapeutic target has been coming to the fore [10]. 
The discovery of the CB1 and CB2 cannabinoid receptors and 
their major ligands N-arachidonoylethanolamide (anandamide) 
and 2-arachidonoylglycerol (2-AG) and enzymes led to the 
characterization of the endocannabinoid system [29,30]. This 
system has become a subject of great interest in pharmacology 
due to its remarkable distribution in mammals and its capacity to 
play a modulating role in diverse physiological functions including 
immunomodulation and inflammation. 2-AG and anandamide are 
regulated by the catabolic enzymes MAGL and fatty acid amide 
hydrolase (FAAH), respectively [31]. 

Endocannabinoids regulate immune cell functions via 
cannabinoid receptors or numerous metabolites [32]. Increasing 
evidence suggests that the endocannabinoid system is present 
in human lungs and that most cell types express cannabinoid 
receptors. A study of the distribution of cannabinoid receptors 
among human organs found both CB1 and CB2 mRNA in the 
lungs and the bronchial tissue [33]. In addition, many structural 
and immune cells are able to synthesize endocannabinoids in 
response to inflammatory stimuli [34]. The effect of this on lung 
functions and diseases is not fully understood. 

In our study, MAGL inhibitor JZL184 and cannabidiol showed 
a protective effect against intestinal and lung tissue damages 
induced by mesenteric I/R. Both drugs had been a reducing effect 
on caspases involved in I/R mediated apoptosis mechanisms 
in intestinal and lung tissues. On the other hand, JWH133 only 
showed an effect on increased caspase expression in intestinal 
tissue (not statistically significant), not lung tissue. These results 
show that the increase of endocannabinoids and non-selective 
cannabinoid receptor agonists provide more effective protection 
in mesenteric I/R mediated lung injury, and the effect of selective 
B2 receptor agonist remains low. If all groups are compared, the 
highest protection against intestinal and lung tissue damage was 
seen in the cannabidiol treatment group. Treatment with JZL184 
has been reported to block cytokine expression in the gut or blood 
in a gastric inflammation model [9]. JZL184 given before LPS-
induced ALI has been found to have an anti-inflammatory effect 
[31]. 

Xiong et. al. showed that pretreatment with MAGL inhibitor, 
URB602, significantly reduced IR-induced lung injury and 
inflammation. URB602 inhibited lung ischemia-reperfusion 
injury and inflammation by increasing 2-AG level and reducing 
downstream metabolites from arachidonic acid to prostaglandin 
I2 [PGI2], thromboxane B2 [TXB2] and leukotrienes B4 [LTB4] and 
inflammatory markers interleukin 6 [IL-6] and tumor necrosis 

factor-α [TNF-α]] in lung tissues [35]. These results support the 
effects of JLZ184 in our study. Recent studies also support an 
important role of endocannabinoids against I/R induced tissue 
damage, including cerebral, myocardial, renal, liver tissues [36-
38]. 

Cannabidiol is the major non-psychoactive cannabinoid 
component derived from the plant Cannabis sativa. It possesses 
powerful antioxidant and anti-inflammatory activities. Previous 
reports proved that cannabidiol may have therapeutic utility in a 
number of conditions involving inflammation and oxidative stress, 
as diabetes mellitus, rheumatoid arthritis and neurodegenerative 
disorders and the protective effect of cannabidiol was also 
demonstrated in animal models with cerebral, myocardial and 
liver ischemia/reperfusion [36]. It was reported that a single 
dose of cannabidiol is able to induce a decrease in several 
lung inflammation parameters, such as leukocyte migration 
[neutrophil, macrophages, and lymphocytes], myeloperoxidase 
activity, pro-inflammatory cytokine/chemokine production, and 
vascular permeability during the course of a murine model of LPS-
induced acute lung injury [34]. However, the exact mechanisms of 
action of cannabidiol remain obscure. 

The exact molecular mechanisms by which cannabinoids 
modulate apoptosis signaling have not been fully elucidated, 
nevertheless, the current evidence supports their importance as 
promising therapeutic targets to regulate cell damage signaling 
mechanisms. Apoptosis is a physiological cell death mechanism 
that occurs when programs in the genetic codes of multicellular 
organisms are activated as a result of various stimuli [39]. 
Regardless of whether the activation of apoptosis mechanisms 
starts via intrinsic or extrinsic pathways, when caspases 8 and 
9 are activated, the death mechanism starts irreversibly. After 
activation of caspase 8 or 9, activation of caspase-3 and caspase-6, 
known as executioner caspases, takes place. Terminator caspases 
affect a large number of cell components and thus enable 
apoptosis to occur [40-45].

Mukhopadhyay et al. found that cannabidiol had a protective 
effect on liver inflammation, oxidative/nitrative tissue damage 
and cell death, and had a significant reduction effect on apoptotic 
bodies in apoptotic cells, which increased approximately 10 
times in the hepatic I/R model [46]. In our study, supporting the 
literature, it was observed that cannabidiol decreased intestinal 
and lung tissue caspase 3, 8 and 9 expressions. These findings 
show that cannabidiol has an effect on apoptosis pathways that 
develop in mesenteric I/R damage via CB1 and CB2 receptors.

McKallip et al. found that CB2 receptor indirectly provides a 
reduction in apoptotic induction in leukemia cells. They showed 
that cannabidiol reduced the activation of caspase 3, 8 and 9, the 
cleavage of poly (ADP-ribose) and the level of Bid (proapoptotic 
protein) and had an effect on intrinsic and extrinsic apoptotic 
pathways [47]. Jiang et al. shown that JZL184 caused a decrease 
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in neutrophil and macrophage infiltration and proinflammatory 
cytokine expression in a rat muscle contusion model, thus creating 
an anti-inflammatory effect. It has been reported that JZL184 
exerts this effect through cannabinoid CB1 and CB2 receptors and 
has a positive effect on muscle recovery [48].

With enzymatic hydrolysis of 2-AG by MAGL, the 
endocannabinoid signal is interrupted, and the effect disappears. 
JZL184 is a selective inhibitor of the MAGL enzyme. In this way, 
JZL184 increases the level of 2-AG acting on CB1 and CB2 receptors 
by preventing hydrolysis. Costala-de-Souza et al. showed that 
inhibition of MAGL with a single dose of JZL184 (16mg/kg, ip) 
reduced leukocytes migration to the lungs, vascular permeability, 
cytokine and chemokine levels in bronchoalveolar lavage fluid, 
and adhesion molecule expression in blood and BAL in a model 
of LPS-induced acute lung injury in mice. Whether JZL184 exerts 
an anti-inflammatory effect by inhibiting the MAGL enzyme was 
investigated using the CB1 receptor selective antagonist AM281 
and the CB2 receptor selective antagonist AM630. AM281 and 
AM630 abolished the effects of the anti-inflammatory effects 
induced by JZL184. They stated that in acute lung injury developing 
following LPS administration, JZL184 inhibits the MAGL enzyme 
and increases the level of 2-AG and creates an anti-inflammatory 
effect through CB1, CB2 receptors [49].

In our study, consistent with the literature, MAGL inhibitor 
JZL184 was administered intraperitoneally at a dose of 8mg/kg in 
lung injury due to mesenteric I/R injury; significantly decreased 
alveolar congestion, hemorrhage, neutrophilic infiltration 
and alveolar wall thickness in lung tissue. Although it reduced 
intestinal mucosal damage in intestinal tissue, this result was 
not statistically significant. As shown by different experimental 
models in the literature [32, 37, 50-53], in accordance with our 
results, JZL184 has been shown to have healing effects on lung 
injury. In the Costala-de-Souza’s study, JZL184 was administered 
intraperitoneally at a dose of 16mg/kg. In our study, JZL184 was 
administered in the same way at a dose of 8mg/kg and similar 
results were encountered. These findings suggest that JZL184 has 
positive effects on lung injury even at lower doses.

At the same time, in our study, it was observed that JZL184 
decreased caspase 3, 8, and 9 levels in intestinal tissue and 
caspase 8 levels in lung tissue at a statistically significant level. 
These findings show that JZL184 plays a role in intrinsic and 
extrinsic apoptotic mechanisms by increasing the tonus of 2-AG, 
which is one of the most known endocannabinoids as a result 
of inhibiting the MAGL enzyme. Liu et al. found that JWH133 
significantly alleviated paraquat-induced pulmonary edema and 
histopathological changes in the lung tissue. The effects of the CB2 
receptor on the regulation of paraquat-induced proinflammatory 
activity in rats were investigated in this study. It has been stated 
that it reduces TNF-α and IL-1 secretion, lung tissue MPO levels, 
increase in PaO2 in arterial blood, and inhibits MAPK and NF-kB 
activation. It has been reported that suppression of the activation 
of MAPK and NF-kB pathways may potentially contribute to the 

protective effect of JWH133 against paraquat-induced acute lung 
injury [54]. 

Similarly, Li Q et al. found that, JWH133 significantly reduced 
the infarct area, decreased caspase 3 and 9 activity, cytochrome 
C outflow, and increased phosphorylated Akt in myocardial I/R 
model. All these findings were observed to be reversed by the 
PI3K inhibitor wortmannin and the CB2 receptor antagonist 
AM630. With these results, they stated that activation of CB2 
receptors with JWH133 inhibited ischemia-reperfusion-induced 
apoptosis via the PI3K/Akt signaling pathway [55]. In our study, 
it was observed that JWH133 reduced caspase 3 and 8 levels in 
intestinal tissue, but this decrease was not statistically significant 
and had no effect on caspases in lung tissue at the dose used.

Considering all the results, it was concluded that cannabinoid 
receptors, which have been shown to be present in the lung and 
intestine, may play a role in the pathophysiological mechanisms 
of mesenteric I/R-mediated intestinal and lung tissue damage. 
Non-selective cannabinoid receptor agonist cannabidiol at a dose 
of 10mg/kg, MAGL enzyme inhibitor JZL184 at a dose of 8 mg/kg 
and selective CB2 receptor agonist JWH133 at a dose of 10mg/kg 
may have protective potential against this damage.
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