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Objective(s): Sepsis-associated encephalopathy (SAE) is a common brain dysfunction following 
sepsis. Due to the beneficial effects of mesenchymal stem cells (MSCs) therapy on anxiety, an extreme 
and early manifestation of SAE, we hypothesized that MSCs-derived conditioned medium (CM) may 
be able to attenuate anxiety in cecal ligation and puncture (CLP)-induced sepsis.
Materials and Methods: Rats were assigned into 4 groups: sham, CLP, MSC, and CM. All animals, 
except in the sham group, underwent the CLP procedure to induce sepsis. Two hours after sepsis 
induction, the rats in MSC and CM groups, received 1×106 MSCs and CM derived from the same 
number of cells, respectively. 48 hr after the treatments, anxiety-related behaviors were assessed, and 
brain and right hippocampal tissues were collected.
Results: MSCs and CM enhanced the percentages of open arm entries and time spent in the open 
arms of the elevated plus-maze and the time spent in the light side of the light-dark box. MSCs and 
CM decreased the Evans blue content and decreased the IL-6 and TNF-α levels in the brain tissue 
samples. Reductions in the expression of 5-HT2A receptors and phosphorylation of ERK1/2 and an 
increase in the expression of 5-HT1A receptors in the hippocampal tissue samples were observed in 
the MSC and CM groups.
Conclusion: MSCs and MSCs-derived CM attenuated anxiety-related behaviors to an equal extent 
by reducing inflammation, modifying 5-HT receptor expression changes, and inhibiting the ERK 
pathway. Therefore, MSCs-derived CM may be considered a promising therapy for comorbid anxiety 
in septic patients.
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Introduction
Sepsis is a systemic inflammatory response against 

infection that is demonstrated to impair the function of 
some vital organs (1). Sepsis-associated encephalopathy 
(SAE) is a multifactorial brain dysfunction that may occur 
after sepsis development and appears in the early stages of 
the disease even before any obvious damage to other organs. 
In spite of advancements in antibiotic therapies and critical 
care techniques, up to 70% of all septic patients may develop 
SAE (2). The symptoms of SAE vary widely from sickness 
behavior and delirium to coma and may further cause 
cognitive impairment (3). Among these symptoms, sickness 
behavior is the first manifestation of sepsis and affects 
the development, prognosis, and outcome of the disease 
(4). Although sickness behavior is a normal response that 
enables the body to cope with infectious insult, it may 
become deleterious when its severity or duration does not 
match the severity of the disease (5).

Anxiety is clinically found as a manifestation of sickness 

behavior in the context of sepsis that has consequences in 
the life quality of the patients and may later lead to social 
withdrawal and depression (6). Although the mechanisms 
underlying comorbid anxiety in sepsis are not fully 
elucidated, they are suggested to involve a combination of 
several mechanisms, mainly within the limbic system.

In the initial phase of sepsis, pro-inflammatory cytokines 
released in the periphery cause brain-blood barrier (BBB) 
alterations such as the increase of the permeability, leading 
to the elevated entrance of cytokines into the brain and 
thereby neuronal dysfunction (7). Moreover, it is known 
that serotonin (5-hydroxytryptamine, 5-HT) also critically 
contributes to the development and progression of 
inflammation during sepsis (8). Interestingly, research in 
the anxiety field has revealed that 5-HT signaling through 
5-HT1A and 5-HT2A receptors, among the various 
5-HT receptors, is particularly involved in mediating 
anxiety-related behaviors (9, 10). From a pharmacological 
perspective, agonists of 5-HT1A receptors and antagonists 
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of 5-HT2A receptors exert anxiolytic effects, indicating 
that these receptors have opposite mechanisms of action 
in modulating anxiety (11). Collectively, it is hypothesized 
that early targeting of the mentioned mechanisms may have 
potential therapeutic effects on alleviating anxiety-related 
behaviors in septic patients.

Recently, stem cell-based therapies have drawn 
significant attention in experimental and clinical studies. 
Among stem cells used, mesenchymal stem cells (MSCs) 
are of great interest due to their ease of isolation and 
specific biological functions (12). MSCs are self-renewing 
and multipotent progenitors that are able to be isolated 
from different tissues including bone marrow and adipose 
tissues (13). A significant amount of evidence indicates 
that MSCs have various beneficial properties including 
anti-inflammatory and neuroprotective activities (14, 15). 
However, MSCs have been suggested to also exert their 
therapeutic effects via secreted soluble factors (16). Since 
a recent experimental study showed that MSCs have the 
capability to attenuate anxiety-related behaviors in the 
setting of sepsis (17), an important question arises whether 
MSCs-derived conditioned medium (CM) which contains 
soluble factors, has also the beneficial properties of MSCs in 
alleviating comorbid anxiety in sepsis.

Taken together, due to the early occurrence of anxiety-
related behaviors in septic patients, in the present study, we 
studied these behaviors shortly after sepsis induction and 
then evaluated the anxiolytic effects of MSCs and MSCs-
derived CM. Their underlying mechanisms were also 
evaluated.

Materials and Methods
Isolation and expansion of adipose tissue-derived MSCs

MSCs were obtained from adipose tissue of the 
epididymis of six Wistar rats. The tissues were carefully 
cut into small pieces followed by incubation with 0.1% 
Collagenase Type I solution (Invitrogen Gibco) for 15 min 
at 37 °C under gentle agitation. After dilution with 4 ml 
of culture medium (Dulbecco’s modified Eagle’s medium 
[DMEM] containing 15% fetal bovine serum [FBS]), the 
digested mixture was centrifuged at 1500 rpm for 15 min to 
separate the mesenchymal stem cell pellet from adipocytes. 
The supernatant was disposed of, and the cellular pellet 
was filtered by a nylon mesh (200 µm pore size) to rinse 
undigested tissues. Then, an aliquot of cell suspension 
was removed for cell culture in DMEM-High Glucose 
containing 15% FBS (Gibco, USA), 100 U/ml penicillin, 
and 100 μg/ml streptomycin in 95% humidity and 5% CO2 
at 37 °C. About 48 hr after the start of cell culture, the first 
medium substitution was performed, and the non-adherent 
cells were removed. The medium was replaced every two or 
three days. When MSCs reached 80–90% confluence, they 
were incubated with trypsin 0.05% (Sigma, USA) and 0.02% 
ethylenediaminetetraacetic acid (EDTA) for a new passage 
and cultured for passage 2.

MSCs characterization
Cell surface marker expression was determined by anti-

mouse monoclonal antibodies (mAb): phycoerythrin (PE)-
conjugated cluster of differentiation (CD) 34; or fluorescein 
isothiocyanate (FITC)-conjugated CD45 and CD44; or 
peridinin chlorophyll protein complex (PerCP) conjugated 
CD90 (BioLegend, USA). For immune phenotypic analysis, 

passage 2 MSCs were detached by trypsin/EDTA (Sigma, 
USA), washed using phosphate buffer saline (PBS), and 
resuspended in PBS containing FBS (1%). An aliquot of 
suspended MSCs (100 μl) was incubated with the above-
mentioned antibodies or rat immunoglobulin (Ig) G2b 
isotype control antibodies (BioLegend, USA) for 45 min 
at 4 °C. After labeling the cells, their surface markers were 
determined by BD FACS Calibur™ flow cytometer (BD, 
USA) and analyzed by Flow Jo 7.6 Software.

Osteogenic and adipogenic differentiation
MSCs at the second passage were harvested by trypsin 

digestion. To evaluate the differentiation status into the 
osteogenic lineage, the cells were counted, seeded at 1×104 
cells per well on 24-well plates (SPL, Korea), and incubated 
at 37 °C. After one day, osteogenesis differentiation medium 
supplemented with 100 mM dexamethasone, 10 mM β‐
glycerophosphate, and 5 g/ml ascorbic acid was added 
to the cells. The medium was renewed every 72 hr for 21 
days. After fixation in 4% paraformaldehyde, the cells were 
stained with Alizarin Red which identifies calcium deposits 
in the culture.

For adipogenic differentiation, MSCs at a density of 
15×103 cells per well were cultured on 24-well plates (SPL, 
Korea) and incubated at 37 °C for one day. Then, adipogenic 
differentiation medium supplemented with 100 mM 
indomethacin, 0.5 mM 3‐isobutyl‐methylxanthine, 250 mM 
dexamethasone, and 5 mM bovine insulin was added to the 
cells. The medium was replaced every three days for 14 days. 
After fixation of the cells with 4% paraformaldehyde, the 
cells were stained with Oil Red O to evaluate the presence of 
adipose vacuoles.

Preparation of MSCs-derived CM
To prepare CM, passage 2 MSCs were incubated in serum-

free culture medium, and after two days, MSCs-derived 
CM was harvested. Then the supernatant was centrifuged, 
filtered, and immediately used for intraperitoneal injection 
into the CM group rats. The protein concentration of 
MSCs-derived CM was determined by the protein assay kit 
(Thermo Fisher Scientific, Pierce™ BCA) to be 600-1100 μg/
ml (18, 19).

Animal study
A total of 48 male Wistar rats (200-250 g and 6-8 weeks 

old) were purchased from the Department of Physiology, 
Tehran University of Medical Sciences. The animals were 
maintained in regular cages in an animal room with a 
constant temperature (20-22 °C) and a fixed 12 hr light-dark 
cycle and had free access to standard lab chow and water. 
All processes of dealing with the animals were conducted in 
accordance with the Animal Ethics Committee of the Faculty 
of Medicine, Tehran University of Medical Sciences (Project 
number: 48905, Approval ID: IR.TUMS.NI.REC.1399.045).

Procedure for sepsis induction by cecal ligation and 
puncture (CLP)

The rats were intraperitoneally anesthetized by applying 
100 mg/kg of ketamine and 10 mg/kg of xylazine (20, 21). 
The abdominal skin and muscle layer were opened to locate 
and exteriorize the cecum. The contents of the cecum were 
gently pressed against the distal portion, and the cecum was 
then ligated distally to the ileocecal valve and punctured 
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twice with an 18-gauge needle to allow small drops of 
cecal contents to be extruded into the peritoneal cavity. 
Afterward, the cecum was relocated into the abdominal 
cavity without spreading feces onto the abdominal wall 
incision. After suturing the muscle layer and skin, saline 
was subcutaneously injected to resuscitate the rats (37 °C; 
3 ml/100 g body weight) followed by returning the animals 
to their cages. Analgesia was achieved by intramuscular 
administration of ketorolac (0.86 mg/kg) (22-24).

The rats were randomly divided into four groups 
(n=12): sham, CLP, MSC, and CM. All animals except in 
the sham group underwent the CLP surgery for induction 
of sepsis. Two hours after the CLP surgery, the treatments 
were administered to the animals so that the MSC group 
rats received intraperitoneal MSCs (1×106 cells, at passage 
2) suspended in 50 µl saline, and the CM group rats 
received intraperitoneal MSCs-derived CM of 1×106 
MSCs. The animals in the sham group were given only 
an intraperitoneal injection of saline. Forty-eight hours 
after the treatments, the elevated plus maze and light-
dark transition tests were performed. Then, the rats were 
anesthetized and decapitated. Brain and right hippocampal 
tissue samples were immediately frozen in liquid nitrogen 
and stored at -80 °C for further analysis (Figure 1).

Elevated plus maze test
The elevated plus-maze test was used to evaluate anxiety-

related behaviors in the rats (25). The maze included four 
arms (50 cm long and 10 cm wide) 50 cm above the floor: 
closed arms; two arms with 40-cm-high dark walls and open 
arms; two other arms with 1-cm-high ledges.

Two days after induction of sepsis, the animals were 
placed individually in the center of the maze facing one of 
the open arms. The entries and time spent in the open or 
closed arms were individually recorded for 5 min.

The percentages of open arm entries [open/total 
entries×100] and time spent in open arms [open / 
(open+closed-arm time)×100] were determined for each 

animal. The enhanced open arm activity (entry and time) 
shows reduced anxiety-related behaviors. The total entries 
(sum of the entries into the open and closed arms) were 
analyzed as a locomotor activity indicator.

Light-dark transition test
To examine anxiety-related behaviors, the light-dark 

transition test was also used (25). The box consisted of a 
Plexiglass box with two equal sides (30×40×40 cm), one 
with white walls and the other with black ones. The side with 
white walls was illuminated using a 60-watt bulb, while the 
side with black walls had a lid so it remained unilluminated. 
Each rat was placed in the light compartment, and the time 
spent there was recorded for over 5 min. The longer time 
spent in the light side demonstrates decreased anxiety-
related behaviors.

Evans blue dye assessment
Permeability of the BBB was assessed by the Evans 

blue dye extravasation technique (26). Prior to the CLP 
procedure, rats (n=4) were anesthetized as mentioned above, 
and Evans blue dye (2% in saline, 2 ml/kg) was administered 
in the tail vein. Fifty hours after sepsis induction, under 
deep anesthesia, the thorax wall was opened, and in order 
to remove intravascular Evans blue, saline (200-300 ml) 
was transcardially infused for 20 min. Then, the animals 
were sacrificed, and the brain tissue samples were quickly 
collected, weighed, and homogenized. One milliliter 
supernatant liquid was blended with 2 ml trichloroacetic 
acid 50% (Merck, Germany) and next, centrifuged at 
10000 rpm for 20 min. After diluting 1 ml of the resulting 
supernatant in ethanol, its optical density was measured 
at 620 nm with a spectrophotometer device (Biochrome, 
Cambridge, UK), and Evans blue concentration in the brain 
tissue samples was calculated as µg/g tissue.

Inflammatory indices assessment
Interleukin 6 (IL-6) and tumor necrosis factor-alpha 

(TNF-α) levels in the brain tissue samples were assessed 
using enzyme-linked immunosorbent assay (ELISA). All 
procedures were performed based on the manufacturer’s 
protocols (R&D Systems, Inc, USA). In these assays, the 
technique of quantitative sandwich enzymatic immunoassay 
was used. Reactions were quantified using optical density 
(OD) at 450/570 nm wavelength by a microplate reader 
(BioTek Instrument, ELX 800, Inc, USA).

Western blot assessment
The hippocampal tissue samples were harvested in lysis 

buffer, and after centrifugation at 15000 rpm for 5 min, 
their total protein concentration was measured according 
to Bradford’s method (27). Lysates, each containing 60 μg of 
total protein were electrophoresed by 12% SDS-PAGE and 
transferred onto PVDF membranes (Chemicon Millipore 
Co., Temecula, USA). The membranes were then blocked in 
2% Electrochemiluminescence (ECL) advanced kit blocking 
reagent (Amersham Bioscience Co. Piscataway, USA) and 
incubated overnight with primary antibodies. After washing 
three times with Tris-buffered saline with Tween 20 (TBST) 
buffer, they were incubated for 1 hr at room temperature 
with rabbit IgG-horseradish peroxidase (HRP) conjugated 
secondary antibody (Cell Signaling Technology Co., New 
York, USA), and then the reactive bands were visualized by a 
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Figure 1. Experimental protocol of the study
CLP: Cecal ligation and puncture, MSC: Mesenchymal stem cells, CM: 
Conditioned medium
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chemiluminescence kit reagent (Amersham Bioscience Co., 
Piscataway, USA). Furthermore, the bands were analyzed 
using ImageJ software.

Statistical analysis
Data are expressed as the mean±standard error of the 

mean (SEM). One-way analysis of variance (ANOVA) with 
Tukey’s post hoc was used to estimate the differences among 
the experimental groups. P<0.05 was considered significant.

Results
Characterization and potential differentiation of MSCs

Figure 2a shows the phenotypic analysis of non-stained 
MSCs. Phenotypic analysis of second passage MSCs derived 
from adipose tissue of the epididymis of Wistar rats by flow 
cytometry showed that most of those cells highly expressed 
CD44 and CD90 (Figures 2b and 2c, respectively), whereas 
having relatively lower expression of CD34 and CD45 
(Figures 2d and 2e, respectively).

Photomicrographs captured from the second passage 

MSCs showed that the cells mostly appeared spindle-
shaped (Figure 3a). Also, photomicrographs of MSCs 
under osteogenic differentiation conditions revealed the 
formation of calcified deposits (Figure 3b). Furthermore, 
photomicrographs of MSCs under adipogenic differentiation 
conditions showed the formation of lipid droplets and 
morphological changes from spindle into round (Figure 3c).

Effects of MSCs and MSCs-derived CM on open arm 
activity in the elevated plus-maze

CLP-induced sepsis significantly decreased the 
percentage of open arm entries in comparison with the 
sham group (P<0.05, Figure 4a). MSCs and MSCs-derived 
CM administration significantly enhanced the percentage 
of open arm entries compared with the CLP group (P<0.01 
and P<0.001, respectively, Figure 4a).

CLP-induced sepsis significantly decreased the 
percentage of time spent in the open arms compared with 
the sham group (P<0.05, Figure 4b). MSCs and MSCs-
derived CM administration significantly enhanced the 
percentage of the time spent in the open arms compared 
with the CLP group (both P<0.001, Figure 4b). There were 
no considerable differences in total entries between the rats 
in sham, CLP, MSC, and CM groups (Figure 4c).

Effects of MSCs and MSCs-derived CM on the time spent in 
the light side in the light-dark transition

CLP-induced sepsis significantly reduced the time spent 
in the light side in comparison with the sham group (P<0.05, 
Figure 5). MSCs and MSCs-derived CM administration 
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Figure 2. Flow cytometry analysis of cell surface markers of 
mesenchymal stem cells (MSCs) derived from Wistar rat adipose 
tissues. Non-stained MSCs (a). Passage 2 MSCs were positive for 
cluster of differentiation (CD) 44 and CD90 (mesenchymal markers) 
(b and c) while being negative for CD34 and CD45 (hematopoietic 
markers) (d and e)
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Figure 3. Characterization of Wistar rat adipose tissue-derived 
mesenchymal stem cells (MSCs). The adherent cells were mostly 
spindle (fibroblastic morphology) (a). Differentiation into osteocytes 
was evaluated by Alizarin Red staining for calcified deposits (b). 
Adipocyte differentiation was detected by Oil Red O staining for lipid 
droplets and morphological changes from spindle into round (c). 
Magnification of all images: × 100
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Figure 4. Changes of percentages of the open arm entries (a) and time 
spent in the open arms (b) as well as total entries (c) in the different 
groups. The data are expressed as mean±SEM (n= 12 in each group).  
* P<0.05 versus the sham group. ##P<0.01 and ###P<0.001 versus the 
CLP group
CLP: Cecal ligation and puncture, MSC: Mesenchymal stem cells, CM: 
Conditioned medium
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Figure 5. Changes in the time spent in the light side of the light-dark 
box in different groups. Data are expressed as mean±SEM (n=12 in 
each group). *P<0.05 versus the sham group. ###P<0.001 versus the 
CLP group
CLP: Cecal ligation and puncture, MSC: Mesenchymal stem cells, CM: 
Conditioned medium
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significantly increased the time spent in the light side in 
comparison with the CLP group (both P<0.001, Figure 5).

Effects of MSCs and MSCs-derived CM on BBB permeability
CLP-induced sepsis significantly enhanced the Evans 

blue content in the brain tissue in comparison with the 
sham group (P<0.05, Figure 6). MSCs and MSCs-derived 
CM administration significantly decreased the Evans blue 
content in the brain tissue in comparison with the CLP 
group (both P<0.05, Figure 6).

Effects of MSCs and MSCs-derived CM on inflammatory 
indices

CLP-induced sepsis significantly increased the levels of 
IL-6 in the brain tissue samples in comparison with the 
sham group (P<0.001, Figure 7a). MSCs and MSCs-derived 
CM administration significantly decreased the levels of IL-6 
in the brain tissues in comparison with the CLP group (both 
P<0.001, Figure 7a).

CLP-induced sepsis significantly enhanced the TNF-α 
levels in the brain tissue samples in comparison with the 
sham group (P<0.01, Figure 7b). MSCs and MSCs-derived 
CM administration significantly reduced the increase in 
TNF-α levels in the brain tissues in comparison with the 
CLP group (both P<0.01, Figure 7b).

Effects of MSCs and MSCs-derived CM on the serotonergic 
pathway

CLP-induced sepsis significantly reduced the protein 
expression levels of 5-HT1A receptors in the hippocampal 
tissues in comparison with the sham group (P<0.05, 
Figure 8a). MSCs and MSCs-derived CM administration 
significantly increased the protein expression levels of 5-
HT1A receptors in the hippocampal tissue samples in 
comparison with the CLP group (both P<0.05, Figure 8a).

CLP-induced sepsis significantly increased the protein 
levels of 5-HT2A receptors in the hippocampal tissue 

samples in comparison with the sham group (P<0.05, 
Figure 8b). MSCs and MSCs-derived CM administration 
significantly decreased the protein levels of 5-HT2A 
receptors in the hippocampal tissue samples in comparison 
with the CLP group (both P<0.05, Figure 8b).

CLP-induced sepsis significantly increased the 
phosphorylation levels of extracellular signal-regulated 
kinases (ERK) 1/2 in the hippocampal tissue samples in 
comparison with the sham group (P<0.05, Figure 8c). 
MSCs and MSCs-derived CM administration significantly 
decreased the phosphorylation of ERK1/2 in the 
hippocampal tissue samples in comparison with the CLP 
group (both P<0.05, Figure 8c).

Discussion
Sepsis induced by CLP is currently considered the gold 

standard animal model because it mimics many of the 
immunologic, hemodynamic, and metabolic aspects of 
human sepsis and thus may help to test and develop novel 
therapeutic agents (28). Therefore, in the current study, we 
applied the CLP procedure to evaluate the anxiolytic effects 
of MSCs and MSCs-derived CM along with their underlying 
mechanisms in the septic rats.

Notably, behavioral studies have indicated that anxiety is 
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Figure 6. Changes of Evans blue content in the brain tissue samples in 
the different groups. The data are expressed as mean±SEM (n=4 in each 
group). *P<0.05 versus the sham group. #P<0.05 versus the CLP group
CLP: Cecal ligation and puncture, MSC: Mesenchymal stem cells, CM: 
Conditioned medium

Figure 7. Changes in the levels of interleukin 6 (IL-6) (a) and tumor necrosis factor-alpha (TNF-α) (b) in the brain tissue samples in the different 
groups. The data are expressed as mean±SEM (n=6 in each group). **P<0.01 and ***P<0.001 versus the sham group. ##P<0.01 and ###P<0.001 versus 
the CLP group
CLP: Cecal ligation and puncture, MSC: Mesenchymal stem cells, CM: Conditioned medium
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Figure 8. Changes in the protein expression levels of 5-HT1A receptors 
(a) and 5-HT2A receptors (b) as well as phosphorylation levels of 
extracellular signal-regulated kinases (ERK) 1/2 (c) in the hippocampal 
tissue samples in different groups. The data are expressed as mean±SEM 
(n=4 in each group). * P<0.05 versus the sham group. #P<0.05 versus the 
CLP group
CLP: Cecal ligation and puncture, MSC: Mesenchymal stem cells, CM: 
Conditioned medium, 5-HT: 5-Hydroxytryptamine
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an extreme manifestation of sickness behavior in patients 
with sepsis (6). In our study, we observed that soon after 
the CLP procedure, the rats showed significant increases in 
anxiety-related behaviors. The elevated plus maze and light-
dark transition tests were used since they are reliable tools 
for evaluating anxiety-related behaviors in rodents such as 
rats (25). The findings are consistent with the study of Jin et 
al. who indicated that induction of sepsis led to development 
of anxiety-related behaviors in rats (29).

In the pathophysiology of sepsis, BBB alterations 
associated with brain dysfunction appear in the initial 
phase of the disease (i.e., one day after the onset of sepsis) 
(7). During sepsis, infection leads to the release of a wide 
range of pro-inflammatory cytokines in the periphery 
that enter into the bloodstream and distribute throughout 
the body, resulting in systemic inflammation (28). This 
inflammation is responsible for BBB alterations such as 
increased permeability through destruction of the cerebral 
blood vessel basement membrane. The increase in BBB 
permeability may activate glial cells (e.g., microglia) and 
produce cytotoxic factors that affect the membranes, 
further exacerbating the damage (7). In the current study, 
we observed an increase of Evans blue presence in the brain 
tissues following sepsis, which confirmed BBB permeability 
enhancement. Evans blue dye is widely used to assess both 
basal and disease-induced increases in BBB permeability 
(26).

The extent of inflammation in different tissues and organs 
is critically involved in sepsis pathogenesis. In the central 
nervous system (CNS), these inflammatory reactions are 
known to cause vascular endothelial injury and microglial 
cell activation, leading to neuronal injury (30). Moreover, 
immune cells infiltrated during inflammation release pro-
inflammatory cytokines which recruit and activate more 
leukocytes into inflamed sites, leading to complex immune 
responses and neurotoxic factor accumulation, further 
aggravating neuron injury (31, 32). On the other hand, 
some studies have interestingly reported an association 
between increased pro-inflammatory cytokine levels and 
sickness behavior (33, 34). In this line, the levels of IL-6 and 
TNF-α, two major pro-inflammatory cytokines, have shown 
to be noticeably related to the severity of anxiety (35, 36). In 
our study, we found elevated IL-6 and TNF-α levels in the 
brain tissues of rats subjected to sepsis. In agreement with 
our results, researchers observed an increase in brain levels 
of these pro-inflammatory cytokines during sepsis (37).

In the limbic system, including the hippocampus, 
the important role of 5-HT in emotional and behavioral 
processes has been known together with its implication 
in anxiety disorders (38). Furthermore, various receptors 
for 5-HT signaling are recently identified, among them 
5-HT1A and 5-HT2A have drawn special attention in 
anxiety since alterations in the signaling of these receptors 
are particularly relevant to anxiety modulation (9, 10). Our 
study is one of the few studies that has addressed the role of 
5-HT1A and 5-HT2A receptors in anxiety-related behaviors 
following sepsis. We found that sepsis reduced the protein 
expression of 5-HT1A receptors but increased 5-HT2A 
receptors in the hippocampus, suggesting that 5-HT2A 
receptors exert their anxiogenic effects by inhibiting 
5-HT1A receptor expression (11). These results are in 
agreement with two independent studies that indicated a 
decrease in 5-HT1A receptors and an increase in 5-HT2A 

receptors in the context of anxiety-related behaviors (39, 
40). In the current study, we then assessed the protein 
expression levels of ERK1/2 in the hippocampus of septic 
rats as ERK1/2 is a major downstream effector of 5-HT2A 
receptors (41). Previous studies have reported that 5-HT2A 
receptors are able to activate several downstream signaling 
pathways by phosphorylation of ERK1/2 (42). Importantly, 
the anxiogenic effects of 5-HT2A receptors are found to be 
exerted by triggering the ERK signaling pathways (43). In 
our study, sepsis led to an increase in the phosphorylation 
levels of ERK1/2 in the hippocampus, confirming that 
during sepsis, 5-HT2A receptors contribute to anxiety-
related behaviors through activation of the ERK pathway 
by phosphorylation of ERK1/2. Similar to our findings, the 
study by Liu et al. in 2013 indicated that 5HT2A receptors 
affected the anxiety-related behaviors in mice subjected to 
LPS-induced shock by activating the ERK pathway (44).

In the current study, we aimed to compare the anxiolytic 
effects of MSCs and MSCs-derived CM to determine if 
MSCs-derived CM is as beneficial as MSCs in alleviating 
comorbid anxiety in sepsis. MSCs are fibroblastoid 
multipotent stem cells with a high capacity for differentiation 
and self-renewing. These cells have various biological 
functions such as anti-inflammatory activities, tissue repair 
promotion, and neuroprotection (13-15). In the initial 
steps, bone marrow was used as the source of these cells for 
use in experimental studies (45). But recently, MSCs derived 
from adipose tissues have become an alternative source to 
bone marrow because of accessibility and abundance (46). 
In addition, it is demonstrated that MSCs derived from 
adipose tissue are more suitable to treat inflammatory 
diseases than bone marrow-derived cells (47). Therefore, 
in the present study, we used adipose tissues surrounding 
the rat epididymis as the source of MSCs. The purity of 
the cells in the present study was confirmed by analysis of 
surface markers as there were high expressions of CD44 
and CD90 (mesenchymal markers) and low expressions of 
CD34 and CD45 (hematopoietic markers) in MSCs derived 
from adipose tissue. In addition, the spindle shape of MSCs 
confirmed the fibroblastic morphology of the cells. The 
formation of Alizarin Red-positive calcified deposits, as well 
as formation of lipid droplets and morphological changes 
from spindle into round by Oil Red O staining, indicated 
MSCs differentiation into bone and adipocytes, respectively, 
demonstrating the multipotency of these cells. In agreement 
with Silva et al. observation (17), our study showed that 
administration of MSCs to septic rats attenuated anxiety-
related behaviors, improved BBB permeability, and reduced 
the levels of IL-6 and TNF-α in the brain tissues. In this 
study, we also found that the MSCs treatment reversed 
down-regulation of 5-HT1A and up-regulation of 5-HT2A 
receptors and decreased the phosphorylation of ERK1/2 
in the hippocampus of septic rats. Noteworthy, we show 
here, to the best of our knowledge for the first time, that 
MSCs-derived CM demonstrates beneficial effects similar 
to those of MSCs in the context of comorbid anxiety during 
sepsis. These effects include attenuation of anxiety-related 
behaviors, improvement of BBB permeability, reduction 
of IL-6 and TNF-α levels in the brain tissues as well as 
modification of the expression changes of 5-HT1A and 
5-HT2A receptors and reduction of phosphorylation of 
hippocampal ERK1/2. The possible beneficial effects of 
MSCs and MSCs-derived CM, summarized in Figure 9 
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of the result section, and similarities in the therapeutic 
effects of MSCs and MSCs-derived CM are in accordance 
with results from a recent study (48). Thus, during sepsis, 
it seems reasonable to consider MSCs-derive4d CM as 
a more appropriate therapeutic approach to alleviating 
comorbid anxiety since it does not have the disadvantages 
associated with MSCs such as ethical concerns and the risk 
of immunogenicity and tumorigenicity (49).

Conclusion
In summary, in this study on the experimental model of 

sepsis, the comorbid anxiety was demonstrated by increased 
inflammation in the brain tissues, changes in the expression 
of 5-HT receptors, and activation of the ERK pathway in 
the hippocampus. However, administration of MSCs and 
MSCs-derived CM, to an equal extent, returned the above 
parameters to the levels measured before sepsis induction. 
Since MSCs-derived CM has fewer disadvantages than 
MSCs, its administration may be more beneficial in the 
context of comorbid anxiety during sepsis. Nevertheless, 
more studies are needed to precisely examine the underlying 
mechanisms of beneficial effects of MSCs-derived CM.
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