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Abstract. It has been demonstrated that dexmedetomidine 
(Dex) can protect patients with acute kidney injury from 
experiencing further tissue damage, however its mechanism 
of action remains unclear. The present study investigated 
the immune modulatory functions of Dex in rats with acute 
kidney injury (AKI) induced via injection of lipopolysac-
charide into the tail vein. ELISA analysis showed that Dex 
reduced the levels of inflammatory cytokines in rats with 
AKI in a dose dependent manner. Furthermore, the regulatory 
effects of Dex on cytokine production disappeared when the 
α-2 adrenergic receptor antagonist Yohimbine (YOH) was 
added. For a detailed investigation on how Dex regulates the 
immune response in rats with AKI, the impact of Dex on the 
viability of splenocytes and lymphocytes was determined and 
it was determined that Dex did not influence splenocyte and 
lymphocyte viability. In addition, ELISA tests showed that 
Dex regulated the production of the T-helper (Th) 17 cyto-
kines interleukin (IL)-17 and IL-23, but not the Th1 cytokine 
tumor necrosis factor α, in splenocytes and lymphocytes. To 
confirm whether Dex functioned as an α-2-adrenergic receptor 
in these immune regulations, YOH was administered together 
with Dex. When Dex and YOH were administered together, 
the regulatory functions of Dex were reduced, confirming that 
Dex acted as an agonist on the α-2-adrenergic receptor. Thus 
the results of the current study may provide novel insights 
regarding how Dex modulates immune functions in AKI.

Introduction

Complex interactions occur between the immune and nervous 
systems of mammals and humans. When an animal expe-
riences injury or pain, its immune system reacts to the injury 
via immediate nociceptor-induced sympathetic activation, 

where immune cells from lymphoid organs, including the 
spleen and lymph nodes, stimulate adrenoceptors (1). These 
immune cells respond to injury either by increasing the cyto-
toxic activity of natural killer cells or by producing cytokines 
through other immune cells (2,3). Through these immune 
responses, pain and injury are modulated (4).

Acute kidney injury (AKI) is a disease that usually requires a 
long period of hospitalization and tends to have high morbidity 
and mortality rates (5). AKI occurs in both transplanted and 
native kidneys, often occurring due to ischemic reperfusion 
injury. In such cases, tubulointerstitial inflammation, as well 
as strong inflammatory responses, usually occur (6). AKI 
generally begins with anoxic and hypoxic cell injury, and is 
then followed by inflammation. Inflammatory components, 
including pro-inflammatory cytokines and chemokines, 
usually flow within the blood and are delivered to the injured 
sites. Subsequently, leukocytes are recruited to these sites. A 
complete immune response following AKI usually begins with 
the passive release of factors from injured cells and is followed 
by the production of active factors from ischemic cells. The 
third and fourth steps usually involve the recognition of injured 
cells and reduced secretion of anti‑inflammatory factors from 
injured cells following recognition of the injury (7). Based 
on these processes and interactions, reno-protective thera-
pies targeting components relevant to the immune response, 
including chemokines, complements and adhesion molecules, 
have been employed to support the functions of innate immune 
responses in the pathogenesis of AKI (8,9).

Dexmedetomidine (Dex) is an agonist that acts selectively 
on the α-2-adrenergic receptor. It is widely used to sedate 
patients that go through mechanical ventilation within 24 h 
of AKI occurrence (10). By targeting the α-2-adrenergic 
receptor in the nervous system, Dex is able to immediately 
inhibit the production of catecholamines in patients. Dex is 
also used as an adjuvant in the perioperative period, since it 
has sedative and hypotensive functions (11) and by receiving 
Dex, patients with sepsis experience an improvement in 
brain function and require reduced mechanical ventilation. 
In particular, α-2 agonists can inhibit the deterioration of 
renal functions associated with AKI, as they exert potential 
renal protective functions, including inhibiting the release of 
renin and increasing glomerular filtration by activating the 
α-2-adrenoceptor. Importantly, Dex can protect renal functions 
associated with AKI by stabilizing the sympathetic systems 
and inducing anti‑inflammation factors, such as cytokines (12). 
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Therefore the aim of the present study was to investigate the 
role of Dex in regulating immune functions.

Materials and methods

Animal model. A total of 60 male Sprague Dawley rats 
weighing 280-300 g and 8-10 weeks of age were purchased 
from Beijing Vital River Laboratory Animal Technology Co., 
Ltd. (Beijing, China). Rats were housed in an environment 
at 25˚C and 40% humidity with a 12 h light/dark cycle and 
free access to food and water. Rat AKI models were estab-
lished by injecting lipopolysaccharide (LPS) via rat tail vein 
(5 mg/kg; Sigma Aldrich; Merck kGaA, Darmstadt, Germany) 
following a previously established protocol (13-15). Yohimbine 
(YOH) was used as an α-2-adrenergic receptor antagonist 
(1 mg/kg; Sigma-Aldrich; Merck kGaA). Rats involved in the 
present study were divided into 5 groups: CTRL, LPS, Dex, 
Dex + LPS, Dex + LPS + YOH (n=8). For the LPS + Dex group, 
Dex (3-20 µg/kg, Sigma-Aldrich; Merck KGaA) was injected 
10 min prior to LPS injection. For the Dex + LPS + YOH 
group, YOH was administered to rats 30 min prior to Dex 
injection. The treatments were performed daily. For in vivo 
inflammation study, a Dex dose study was performed using 3, 
5, 10 or 20 µg/kg Dex plus 5 mg/kg LPS. To test the impact of 
YOH, 1 mg/kg YOH was employed, followed by treating rats 
with 20 µg/kg Dex and 5 mg/kg LPS. The rats that were treated 
with 1 mg/kg YOH plus 5 mg/kg LPS was used as control. 
Rats were sacrificed for experiments 4‑6 h following treatment 
was completed. All experiments were conducted under the 
guidance of Animal Care and Use Committee in Tianjin First 
Center Hospital (Tianjin, China). All experiments followed the 
guidelines of the National Institutes of Health (NIH) for the 
Care and Use of Laboratory Animals. The experimental perfor-
mance also followed the Ethical Guidelines for Investigations 
of Experimental Pain in Conscious Animals. The present study 
was approved by the Animal Ethics Committee at Tianjin First 
Center Hospital.

Assays. Blood was drawn from the abdominal artery to assess 
levels of cytokines or drugs. The levels of interleukin (IL)-6, 
IL-18 and tumor necrosis factor (TNF)-α were assessed as 
follows: Blood was collected via the abdominal artery in 
heparinized tubes, followed by centrifugation (2,500 x g, 
15 min at 4˚C). Serum was collected and stored at ‑80˚C prior 
to further use. ELISA kits for IL-6 (cat. no. 550319), IL-8 (cat. 
no. 555,244) and TNF-α (cat. no. 558535) in the serum were 
used (BD Biosciences, Franklin Lakes, NJ, USA) following 
the manufacturer's protocol. The concentration of Dex in the 
rat plasma was assessed using gas chromatography (GC)-mass 
spectrometry (M; Agilent Technologies Model 6890; Agilent 
Technologies, Inc., Santa Clara, CA, USA), with the lowest 
detectable limit set at 0.01 ng/ml. Capillary GC with a 6 m 
HP-1 column (internal diameter, 0.25 mm; film thickness, 
0.25 µm) was employed. A splitless injection mode was used. 
The temperature of the initial column was 50˚C for 1 min. 
Temperature increased at a rate of 60˚C per min. The tempera-
ture was then programmed to 260˚C at a rate of 10˚C per min. 
The temperatures for injector, transfer line and ion source 
were set at 160, 245 and 100˚C, respectively. Mass spectra and 
selected ion monitoring measurements were obtained with a 

negative ion mode. Methane was used as a reagent gas. For 
sample preparation, a C-18 Bakerbond spe was washed with 
methanol and water. A total of 0.1 ml plasma sample was added 
with 75 pmol d4-cortisol added in a mixture of methanol and 
phosphoric acid (50% methanol added with 1 ml phosphoric 
acid, pH 1). The samples were maintained at room temperature 
for 30 min and then moved to the column. The column was 
washed with 2 ml water and 2 ml methanol (30% v/v), then 
eluted with 2 ml methanol (100% v/v) into a conical reaction 
vial. The eluate was then processed under nitrogen into dry 
powder. The samples were then moved to 20 µl acetonitrile, 
followed by reacting with 20 µl pentafluoroporpionic anhy-
dride for 2 h. An ~1 µl sample from the mixture was injected 
into the GC/MS for analysis.

Isolation of splenocytes and lymphocytes. Rats receiving 
different treatments were sacrificed via cervical dislocation. 
Subsequently, the spleen was dissected and rat lymph nodes 
were drained. The lymph nodes were smashed through 40 µm 
cell strainers by mechanical force with a syringe plunger to 
obtain isolated cells. Spleens were minced into small pieces 
(<1 mm3), followed by treatment with 20 U/ml collage-
nase (Sigma-Aldrich; Merck kGaA) and 20 U/ml DNase I 
(Sigma-Aldrich; Merck KGaA) in cell culture medium (RPMI 
culture medium with 2% fetal calf serum; Sigma‑Aldrich, 
Merck KGaA) for 30 min at room temperature. EDTA (10 mM) 
was then added to the suspension to dissociate cell aggregates 
into single cells. Following collection and washing of cells 
with PBS, cells were cultured in RPMI culture medium for 
48 h prior to ELISA analysis or staining.

ELISA analysis of cell culture medium of splenocytes and 
lymphocytes. The levels of cytokines in the splenocyte or 
lymphocyte culture were analyzed using ELISA. Production 
of TNF-α (cat. no. 560478; BD Biosciences), IL-17 (cat. 
no. 560666; BD Biosciences) and IL-23 (cat. no. ab119545; 
Abcam, Cambridge, UK) were analyzed using ELISA reagents 
(BD Biosciences) following the manufacturer's protocol. The 
cells in culture medium were centrifuged at 1,000 x g at 4˚C 
for 5 min to remove the cells, followed by centrifugation at 
12,000 x g at 4˚C for 5 min to obtain supernatant at 4˚C. A 

Figure 1. Concentration of Dex in rats over time (0-500 min). Rats were 
treated with Dex (red line) or Dex+LPS (blue line). The dots represent the 
concentration of Dex measured at different times. Dex concentrations in 
both groups were barely detectable after 8 h. Dex, dexmedetomidine; LPS, 
lipopolysaccharide.
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volume of 20 µl supernatant was employed in each analysis. A 
standard curve was set for quantification.

Whole splenocyte and lymphocyte isolation and staining. 
Spleens and lymph nodes were isolated from rats and isolated 
into single cell suspensions between glass slides. Following 
two washes with PBS, RBC-lysed single cell suspensions 
from mice receiving different treatments (CTRL, LPS, Dex, 
Dex + LPS, Dex + LPS + YOH) were cultured in round bottom 
96‑well plates with different treatments. For flow cytometry 
analysis, cells were treated with 80 µl 2 mM EDTA to produce 
a single cell suspension and were washed twice with PBS. 
Cells were centrifuged at 1,000 x g at 4˚C for 5 min to remove 
PBS and then re-suspended in staining buffer (PBS with 
10% fetal calf serum and 0.5 M EDTA). Fc‑block (clone 93; 
Biolegend, 1:25 dilution at room temperature for 10 min) was 
used to block non‑specific binding. Following washing with 
PBS twice, DC (DEC 205; 138205; 1:200; Biolegend, Inc., 
San Diego, CA, USA) and B220 [Fluorescein isothiocyanate 
(FITC) labeled anit-B220; 553087; 1:200; BD Biosciences] 
were then used to stain the cells for 25 min at room temperature. 
After washing with PBS, cells were either analyzed directly 
or fixed with 4% paraformaldehyde (PFA) solution for 30 min 
at room temperature and stored in a 1% PFA at 4˚C solution 
until analysis. To determine the ratio of Th1 and Th17, cells 
were stained with a Th1/Th17 Phenotyping kit (560758; BD 
Pharmingen, San Diego, CA, USA). The kit was a Th1/Th17 
Phenotyping Cocktail, including cluster of differentiation 
(CD) 4 (PerCP-Cy5.5 labeled) and IL-17A PE (TNF-α, FITC 
labeled), as well as fixation buffer and washing buffer. The 
staining process was performed following the manufacturer's 
protocol (cat. no. 560758; BD Biosciences). After staining, 
the cells were analyzed on BD LSRII (BD Biosciences, USA) 
Flow cytometer.

Statistical analysis. All data is presented as the mean ± stan-
dard error of the mean. Unpaired t-tests were employed to study 
the differences between different groups. One-way analysis of 
variance was used to analyze multiple comparisons. P<0.05 
was considered to indicate a statistically significant diffe-
rence. GraphPad Prism (version 6.02) was used to perform the 
analysis (GraphPad Software, Inc., La Jolla, CA, USA).

Results

Dex concentrations in rats decrease over time. The concentra-
tion of Dex in rats was measured and the association between 
plasma Dex concentration and time is presented in Fig. 1. The 
two groups of rats were studied in this test: Rats treated with Dex 
and rats treated with Dex + LPS. For both groups, in vivo concen-
trations of Dex decreased over time. Dex concentration was high 
for the first 100 min following injection in all rats (Fig. 1). Rats 
treated with Dex + LPS had slightly lower concentrations of Dex 
compared with the control group (rats treated with Dex alone; 
Fig. 1, red). In both groups, the concentration of Dex was not 
detectable D min following initial injection (Fig. 1).

Dex regulates levels of inflammatory cytokines in plasma. 
Following assessment of Dex levels in plasma, levels of the 
inflammatory cytokines IL‑6 and TNF‑α were measured using 
ELISA. There was an increase in IL-6 production in rats treated 
with LPS, indicating that potent inflammation was induced by 
LPS (Fig. 2A). The production of IL-6 was reduced when Dex 
was used to treat rats (Fig. 2A). Dex decreased IL-6 produc-
tion in a dose dependent manner and an enhanced reduction 
of IL-6. Rats that received 20 µg/kg Dex had a higher level of 
cytokines than those that received 3, 5, or 10 µg/kg Dex (Fig. 2). 
To further investigate the role of Dex, another group of rats 
was treated with YOH + Dex + LPS. YOH is an α-2-adrenergic 
receptor antagonist and the α-2-adrenergic receptor is the 
target for DEX. Following the addition of YOH, production of 
IL-6 increased to levels similar to that in untreated LPS mice 
(Fig. 2A), indicating that YOH inhibited the activity of DEX. 
A similar trend was observed in the production of TNF-α. LPS 
treatment increased TNF-α levels and administration of Dex 
reduced levels of TNF-α in the serum. However, when YOH 
was added, TNF-α levels increased to levels similar to those in 
the LPS group (Fig. 2B).

DEX does not affect viability of splenocytes and lympho-
cytes. It was determined that addition of Dex did not affect 
the viability of splenocytes (Fig. 3A). Viability of splenocytes 
was not significantly affected by the other treatments (LPS, 
Dex + LPS, or YOH + Dex + LPS) administered (Fig. 3A). 
Similar results were observed regarding the viability of 

Figure 2. Concentration of IL-6 and TNF-α in plasma of rats undergoing different treatments. Rats were treated with different concentrations of Dex (3, 5, 10 
or 20 µg/kg) or YOH (1.0 mg/kg) for 6 h after operation. ELISA was employed to analyze the concentrations of (A) IL-6 and (B) TNF-α. CTRL, control; LPS, 
lipopolysaccharide; Dex, dexmedetomidine; IL, interleukin; TNF, tumor necrosis factor; YOH, yohimbine; Dex 3; 3 µg/kg Dex; Dex 5, 5 µg/kg Dex; Dex 10, 
10 µg/kg Dex; Dex 20, 20 µg/kg Dex. *P<0.05 and **P<0.01.
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lymphocytes; none of the treatments significantly affected 
lymphocyte viability (Fig. 3B).

DEX inhibits production of inflammatory cytokines in sple-
nocytes and lymphocytes. Levels of inflammatory cytokine 
production were assessed (Fig. 4). Briefly, rats that underwent 
different treatments were sacrificed for the collection of spleen 
and lymph nodes. This was followed by the processing of 
organs into cell suspension. Cells were cultured in cell culture 
medium for 48 h and levels of cytokines in the cell culture 
medium were assessed with ELISA. LPS treatment of rats 
induced higher production of IL-6s in splenocytes (Fig. 4A) 
and lymphocytes (Fig. 4C) compared with mice that under-
went no treatment. The use of Dex + LPS to treat rats reduced 
production of IL-6 compared with LPS alone, indicating that 
Dex inhibited IL-6 production (Fig. 4A and C). The impact of 

Dex + LPS treatment on IL-6 production occurred in a dose 
dependent manner; a higher dose of Dex yielded a more potent 
reduction of IL-6 levels (Fig. 4A and C). In addition, the effect 
of Dex on IL-6 production was attenuated when YOH was 
administered alongside Dex (Fig. 4A and C). Similar results 
were observed regarding the production of TNF-α and it was 
demonstrated that Dex inhibited TNF-α production in spleno-
cytes and lymphocytes in a dose dependent manner, compared 
with LPS alone (Fig. 4B and D). When the antagonist for Dex, 
YOH, was added, the effect of Dex with regards to inhibiting 
TNF-α production was weakened (Fig. 4B and D).

DEX affects ratio of immune cells in the spleen and lympho-
cytes. The ratio of major immune cells in the splenocytes 
and lymphocytes was subsequently assessed. LPS injection 
increased the ratio of B cells, Th1 and Th17 cells and cluster 

Figure 4. Expression of IL-6 and TNF-α in splenocytes and lymphocytes from rats undergoing different treatments. Expression of (A) IL-6 and (B) TNF-α 
in splenocytes; expression of (C) IL-6 and (D) TNF-α in lymphocytes. Rats were treated with different concentrations of Dex (3, 5, 10 or 20 µg/kg) or YOH 
(1.0 mg/kg) for 6 h after operation. ELISA was employed to analyze the concentration of IL-6 and TNF-α. CTRL, control; LPS, lipopolysaccharide; Dex, 
dexmedetomidine; IL, interleukin; TNF, tumor necrosis factor; YOH, yohimbine; Dex 3; 3 µg/kg Dex; Dex 5, 5 µg/kg Dex; Dex 10, 10 µg/kg Dex; Dex 20, 
20 µg/kg Dex. *P<0.05 and **P<0.01.

Figure 3. Viability of (A) splenocytes and (B) lymphocytes in rats undergoing different treatments. The rats were treated with Dex 10, LPS, Dex + LPS, 
YOH + Dex10 + LPS or YOH + LPS. There were no differences in the viability of splenocytes and lymphocytes in rats that had received different treatments. 
CTRL, control; LPS, lipopolysaccharide; Dex, dexmedetomidine; YOH, yohimbine; Dex 10, 10 µg/kg Dex.
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of differentiation 11 c+ cells (DCs) in the spleen and lymph 
nodes (Fig. 5). Dex alone did not affect the ratios of immune 
cells in both lymphatic organs-levels were similar to those 
observed in control cells (Fig. 5). However, the use of Dex 

prior to LPS injection reduced the relative ratio of B cells, 
Th17 cells and DCs, compared to rats injected with LPS; when 
Dex and LPS (i.e., Dex + LPS) were administered together, 
the role of Dex in regulating the ratio of B cells, Th17 cells 

Figure 6. Relative expression levels of Th1 (TNF-α), Th17 (IL-17 and IL-23) cytokines in rat splenocytes and lymphocytes. Relative expression of (A) TNF-α, 
(B) IL-17 and (C) IL-23 in the supernatant of splenocytes. Relative expression of (D) TNF-α, (E) IL-17 and (F) IL-23 in the supernatant of lymphocytes. The 
rats either received no treatment or were treated with CTRL, LPS, Dex, Dex + LPS or YOH + Dex + LPS. Concentrations of Dex and YOH used in this experi-
ment were 10 µg/kg and 1 mg/kg, respectively. Splenocytes and lymphocytes were isolated from rat spleen or lymph nodes, respectively, followed by culturing 
cell culture plates for 48 h. Cell culture supernatant was used for ELISA analysis of Th1 or Th17 cytokines (*P<0.05). CTRL, control; LPS, lipopolysaccharide; 
Dex, dexmedetomidine; IL, interleukin; TNF, tumor necrosis factor; Th, T helper cells; YOH, yohimbine. *P<0.05.

Figure 5. Relative ratio of major immune cells in rat spleen (black bar) and lymph nodes (white bar) with different treatments. Rats underwent no treatments, 
or were treated with LPS, Dex 10, Dex 10+LPS or YOH+Dex 10+LPS. The ratio of (A) B cells, (B) Th1 cells, (C) Th17 cells and (D) DC cells were analyzed. 
Number of cells in rats was expressed as a relative amount, with the rats that received no treatment used as a control (*P<0.05). No treat, no treatment; LPS, 
lipopolysaccharide; Dex, dexmedetomidine; Th, T helper cells; YOH, yohimbine; Dex 10, 10 µg/kg Dex; DC, Cluster of differentiation 11 c+ cells. *P<0.05.
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and DCs was significantly inhibited, as illustrated by a lower 
level of this cell in the group (Fig. 5A, C and D; P<0.05 in 
LPS group vs. LPS + Dex group). In Th1 cells, the use of Dex 
prior to LPS injected slightly, but not significantly, reduced 
the ratio of Th1 cells in the lymphocytes compared with the 
use of LPS alone. (Fig. 5B).

Dex regulates secretion of Th17 cytokines (IL‑23) in sple-
nocytes and lymphocytes. The production of Th1 (TNFα) 
and Th17 (IL-17 and IL-23) cytokines in splenocytes and 
lymphocytes were assessed (Fig. 6). There were no significant 
changes in the production of Th1 cytokines in rats treated with 
Dex + LPS compared with rats injected with LPS, although 
both groups exhibited increased secretion of INFγ compared 
to those injected with LPS (Fig. 6A and D). There were no 
significant alterations in cytokine levels following the use of 
YOH, indicating that YOH does not affect the production of 
the cytokines assessed (Fig. 6A-D). Similar results were also 
observed regarding the production of IL-17; neither Dex nor 
YOH had any effect on IL-17 production (Fig. 6B and E). Dex 
inhibited the secretion of IL-17 stimulated by LPS injection 
(Fig. 6B and E) and inhibited the secretion of IL-23 (Fig. 6C 
and F). Production of these two cytokines in splenocytes 
and lymphocytes from rats treated with Dex + LPS was 
reduced, compared with those injected with LPS (Fig. 6B-F). 
Notably, the inhibitory effects of Dex on the production of 
Th17 cytokines were significantly reduced when YOH was 
involved in the treatment (P<0.05; samples treated with 
YOH + DEX + LPS; Fig. 6B-F).

Discussion

In clinical practice, AKI is a common occurrence in patients 
with sepsis (5). The mechanism of acute kidney injury is 
very complex and numerous explanations have been posited 
so far. Previous studies have associated AKI with renal 
ischemia reperfusion injury, nitric oxide release and oxida-
tive stress-related injury (16,17). It has been suggested that 
sepsis‑induced AKI is directly associated with inflammatory 
responses; however, this mechanism of action remains unclear 
due to the multiple mechanisms involved (10). The induction 
of rat sepsis model has been widely used to study the protec-
tive functions of Dex in AKI (4). Therefore, the current study 
used this model to study the role of DEX in AKI and observed 
that Dex had a protective role in AKI, by acting as an α-2 
adrenergic receptor. To examine the role of Dex in our study, 
a well-known α-2 adrenergic receptor antagonist, YOH, was 
used to reveal the role of Dex in regulating immune functions 
in AKI (10,13).

The present study began by assessing the biodistribution 
of Dex in rats following LPS injection and it was found that 
there was a higher concentration of Dex detectable in the rat 
serum (Fig. 1). The concentration of Dex decreased slowly, 
possibly due to the fact that Dex was excreted in multiple ways, 
including through the liver and urinary system. Rats treated 
with Dex had a higher concentration of Dex than those treated 
with Dex + LPS. This was probably because LPS induced a 
strong immune response in rats (Fig. 1), which Dex is involved 
in. Rats with induced AKI had a slightly lower concentration 
of Dex in the serum than controls. This is consistent with 

previously recorded results (18,19). Additionally, this is consis-
tent with other previous studies investigating the change in 
concentration of Dex over time in rats (20).

In the present study, the α-2-adrenergic receptor antagonist, 
YOH, was adopted, where α-2-adrenergic receptor is the target 
for DEX. This aids in investigating whether DEX inhibits 
the inflammatory responses via acting on the α-2-adrenergic 
receptor. Following the detection of Dex in blood serum, the 
level of inflammatory cytokines in rat blood was assessed using 
ELISA (Fig. 2A and B). LPS induced strong production of 
inflammatory cytokines in rat blood, possibly due to the injury 
it induced (Fig. 2A and B). These cytokines were also associated 
with the inflammatory responses that commonly occur in AKI. 
Regarding the role of Dex, the present study determined that Dex 
reduced the level of inflammatory cytokines in a dose‑dependent 
manner. Although the level of cytokines in Dex-treated rats did 
not return to the base level (the level in control rats that received 
no treatment; Fig. 2A and B), even such a small reduction in the 
levels of inflammatory cytokines is considered desirable, since 
it can protect organs from damage.

As well as measuring the levels of inflammatory cytokines 
in rat blood and the effect of Dex on these levels, the current 
study aimed to investigate the role of Dex in regulating the 
immune response in two major immune organs: The spleen 
and lymph nodes. To assess the role of Dex in splenocytes 
and lymphocytes, cells were isolated from the spleen and 
lymph nodes and treated with Dex. There was no significant 
effect on cell viability following treatment with Dex and no 
other treatments employed in the current study affected cell 
viability (Fig. 3). Subsequently, the production of cytokines 
and the ratio of immune cells in the spleen and lymph nodes 
were investigated. The present study found that Dex treatment 
attenuated the increase in the ratio of B cells induced by LPS 
injection (Fig. 5A). Similar effects were also observed in other 
major immune cells (B cells, Th17 cells and DCs) that reside 
in the spleen and lymph nodes (Fig. 5A, C and D). To further 
investigate the inflammatory response in splenocytes and 
lymphocytes, the expression of Th1 and Th17 cytokines in 
these cells were assessed (Fig. 6). The results determined that 
Dex had no significant effects on Th1 cytokine production in 
the spleen and lymph nodes, but decreased levels of the Th17 
regulatory cytokines IL-17 and IL-23 compared with rats that 
received LPS injection without Dex treatment (Fig. 6B, C, E 
and F). Further studies investigating the role of Dex on the 
production of other cytokines in the spleen and lymph nodes 
are therefore required.

In conclusion, the present study investigated the role of Dex 
in regulating the immune response in a rat AKI model. The 
results indicated that Dex is able to regulate the inflammatory 
response in rat blood serum. The study also revealed that while 
Dex did not affect the viability of the cells in the two major 
immune organs, it regulated the ratio of the immune cells 
ratio in the spleen and lymph node of rats induced with AKI, 
particularly the ratio of Th17 cells. Dex also affected the levels 
of cytokines secreted by these cells. Furthermore, assessment 
of cytokine production demonstrated that these ratio variations 
were associated with the production of cytokines that regulate 
immune inflammatory responses. Therefore the results of the 
present study may aid understanding regarding the role of Dex 
in regulating immune functions in AKI diseases.
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