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Abstract: Aim: AQP4 in the brain is involved in the occurrence and development of a variety of encephalopathy. AQPs 
family changes in kidney were accompanied by altered UTs family. The aim of this study was to observe AQP4 and 
UT-A3 expression in CNS and to explore their role in the pathogenesis of endotoxemia encephalopathy following 
peripheral LPS injection in mice. Methods: Endotoxemia was induced in C57Bl/6 mice by intraperitoneal injection of 
LPS. The expression of UT-A3 and AQP4 in brain were detected by Western blot and immunohistochemistry, the level 
of cytokines were detected by ELISA, and the content of LDH, AST/ALT, BUN and CREA were detected by colorimetric 
method. Results: As compared with the control group, in model group, the brain weight/ body weight ratio increased 
by 13%. Meanwhile, a 2.5 fold increase in LDH and a 1.2 fold increase in AST/ALT were found in peripheral serum 
(P < 0.05), and also, BUN and CREA increased 2.5 fold (P < 0.01). In addition to severe CNS injury in response to 
lipopolysaccharide, the contents of cytokines and the expression of AQP4 protein in hippocampal is increased (P < 
0.05), while the expression of UT-A3 protein in the hippocampus and cortical astrocytes decreased (P < 0.05). And, 
in part, Dexa pretreatment attenuated those effects. Conclusions: In endotoxemia encephalopathy, AQPs and UTs 
which regulate the functions of cell membrane are both altered. We suggested that the molecular mechanisms of 
regulation in endotoxemia may provide a new strategy for clinical treatment of the disease and drug binding sites.

Keywords: Lipopolysaccharide (LPS), urea transporters (UTs), aquaporins (AQPs), dexamethasone (Dexa), brain

Introduction

Endotoxins on the outer membrane of gram-
negative bacteria are macromolecular protei- 
ns composed primarily of lipopolysaccharide 
(LPS), which activate effector cells to release a 
number of inflammatory mediators. Clinically, 
bacterial endotoxemia is a complicated syn-
drome, mediated by the opening and closing of 
channels [1, 2]. Endotoxemia refers to gram-
negative bacteria invading the blood, in which 
LPS degradation leads to a pathological pro-
cess, and is usually caused by infections, bu- 
rns, scalding, etc [3]. It is characterized by sys-
temic inflammatory response syndrome (SIRS), 
septic shock, ischemia-reperfusion injury, dif-
fuse intravascular coagulation (DIC), multiple 
organ dysfunction syndrome (MODS), and mul-
tiple organ failure syndrome (MOFS) [4]. These 

processes have a high mortality rate, with no 
effective treatment. Endotoxemia, also called 
septicemia (sepsis) is characterized by an 
increase in cytokine levels leading to endotoxic 
shock, of which IL-6, IL-1, and TNF-α levels in- 
crease the most. Mouse model studies of LPS 
disease pathology have shown that endotoxin 
acts directly on myocardial extracellular compo-
nents to activate cardiovascular endothelial 
cells and release a variety of cytokines [3]. The 
local myocardial circulation produces proinfl- 
ammatory cytokines, such as TNF-α and IL-1-β. 
Toxins play an important role in myocardial car-
diac cells increase formation of oxygen free 
radicals and lipid peroxidation, changing cardi-
ac structure and function of vascular endothe-
lial cells, resulting in myocardial cell injury [4]. 
Dexamethasone (Dexa) is a synthetic glucocor-
ticoid, which helps alleviate inflammation, aller-
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gic symptoms, and shock resistance, and is 
widely used in the clinic, which has been widely 
used in treatment of sepsis in last few decades. 
It also inhibits LPS-induced TNF-α by reducing 
TNF receptor affinity, and inhibits TNF-α mutant 
(TNF-m), endocytosis, degradation, and pro-
motes its dissociation. Thus, Dexa counteracts 
the cytotoxic effect of TNF-α. Because TNF-α is 
an important inflammatory mediator, it may be 
clinically useful, providing a mechanism by wh- 
ich glucocorticoid therapy may alleviate endo-
toxin shock. The world mediates could be ch- 
anged by attenuates, because it is well known 
that high-dose glucocorticoids had been used 
for approximately 3 decades to reduce inflam-
mation in patients with various infectious dis-
eases [5]. To better understand novel mecha-
nisms by which glucocorticoid therapy medi-
ates endotoxin shock, we explored the impact 
of Dexa on urea transporter (UT) proteins.

Aquaporins (AQPs) are integral membrane pore 
proteins. Preston et al. first identified them in 
erythrocyte membranes and renal tubular cells 
[6]. AQPs form channels to regulate cellular 
water content. Water transport through aqua-
porins is osmotically driven [7], and nearly 12 
different types have been described in mam-
mals [8]. Three of them, AQP1, AQP4, and AQP9 
are expressed in the brain [9]. AQP1 is expr- 
essed in the epithelial cells of the choroid plex-
us [10]. The expression of AQPs adapts to exte-
rior stimuli and the severity of the alteration 
[11]. AQP4 mRNA is upregulated in rats with 
focal cerebral ischemia, suggesting a role for 
AQP4 in brain edema [12]. In addition, mice la- 
cking AQP4 are partially protected from brain 
edema in water intoxication and ischemic mod-
els of brain injury [13]. AQP4 was also recently 
found to play an important role in central ner-
vous system (CNS) edema [14].

UTs are expressed in the kidney, and the hip-
pocampus, olfactory bulb, and caudate nucleus 
of the brain [15], heart [16, 17], testicular tis-
sue [18], and on red blood cell membranes 
[19]. The urea fast channel protein mediates ur- 
ea transport across membrane channels. Urea 
channel proteins have been cloned, including 
UT-A and B, two families encoded by the slc- 
14a1 and 2 genes, located on chromosome 18 
q12-21 [16]. The UT-A family is composed of 
five subtypes, expressed mainly in the kidney. 
The UT-B family is widely distributed and plays 
an important role in urine concentration in the 
kidney [20]. UT expression is controlled by 

vasopressin, plasma osmotic pressure, and ad- 
justment of dietary protein content. Long-term 
changes in the internal cellular environment 
influences UT mRNA and protein expression. 
Limiting water for 1-3 days adjusts animal UT 
mRNA and protein, as the inner and outer con-
centrations of UT-A2 mRNA and protein incre- 
ase. Diuresis also affects urea permeability 
and UT-A mRNA and protein expression and 
such change selectively impacts nephron seg-
ments [21]. Lithium therapy administered to ps- 
ychiatric patients results in concentrated urine. 
Standard breeding of animal models indicated 
that after 25 days, and adding lithium to treat 
intramedullary collecting duct (IMCD) suspen-
sion, found marrow UT-A1 fell by 50%, base fell 
by 25%, and the UT-B pulp base by 40% [21]. 
Glucocorticoids increase segmental urea excre-
tion, and adrenal resection reduces urea excre-
tion and increases urea permeability. Following 
IMCD in these resections, UT-A1 protein levels 
change [22]. Rat experiments have shown that 
long-term application of cyclosporine A causes 
kidney UT-A2, UT-A3, and UT-B reductions [23]. 
During osmotic diuresis, urea raises the expres-
sion of UTs [24]. Normal rat heart contains a 
variety of UT-A proteins, including one at 39, 51, 
and 56 kd. In uremia and hypertension, expres-
sion of the 56 kd protein increases, and both 
the 51 and 56 kd proteins are increased during 
heart failure. These proteins are also involved 
in the regulation of heart function [24]. Cloning 
of the two closely related mammalian urea 
transporters UT-A and UT-B by Serena et al. 
helped characterize the molecular mechanisms 
regulating expression of UTs in the kidney, 
including those modulating transcriptional con-
trol of UT-A abundance [19]. Fenton et al. used 
immunoblotting to show that kidney and brain 
expressed the highest levels of UT-A protein 
[25]. Schmidt et al. demonstrated that renal 
UTs are downregulated by severe inflammation, 
which likely accounts for tubular dysfunction, 
suggesting that downregulation of renal UTs 
during LPS-induced acute renal failure (ARF) is 
mediated by proinflammatory cytokines and is 
independent of sepsis-induced hypotension 
[26]. In this study, we report an endotoxemia 
model created by intraperitoneal injection of 
endotoxin that stimulates UT protein expres-
sion in the brain. In addition, we administered 
Dexa to test whether brain inflammation is 
caused by UT regulated expression of endotox-
in in the blood. This may provide a new possibil-
ity to research and treatment endotoxin blood 
disease of drug binding sites [27].
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Materials and methods

Materials

Male C57BL/6 mice (12 week-old) were pur-
chased from the experimental animal center of 
Jilin University. Immunostaining used the Ve- 
ctastain Elite ABC avidin/biotin staining kit 
(Vector Laboratories Inc., Burlingame, CA, USA). 
Antibodies to UT-A3, and AQP4 were kindly pro-
vided by Yang Baoxue (University of California, 
Los Angeles, USA). The anti-beta-actin antibod-
ies were obtained from Sanjian Inc. (Tian- 
jin, China). The enhanced chemiluminescence 
(ECL) western blot kit was purchased from 
Amersham (Buckinghamshire, UK). The study 
was approved by the Institutional Ethics Board 
of School of Medicine, Jilin University.

Animal models 

24 male C57BL/6 mice were randomly divided 
into four groups (n = 8 per group) as follows: 
control group, LPS group, and Dexamethasone 
plus LPS group. LPS was phenol extracted from 
Escherichia coli serotype O111:B4 (Sigma, 
Poole, UK). The control group was injected with 
0.5 ml 0.85% Nacl intraperitoneally. LPS group, 
and Dexamethasone plus LPS groups mice 
were injected intraperitoneally with LPS (10 
mg/kg). In Dexamethasone plus LPS groups, 
mice were injected intraperitoneally with Dex- 
amethasone (2.5 mg) at 1 h before LPS in- 
jection. 

Determination of blood biochemistry param-
eters

Mice were sacrificed under deep anesthesia 
with pentobarbital 12 h after LPS injection for 
blood collection (centrifugation at 3000 g, 10 
min), and the following blood biochemistry pa- 
rameters measured for all groups: lactate dehy-
drogenase (also called lactic acid dehydroge-
nase, or LDH) is an enzyme found in almost all 
body tissues. It plays an important role in cel-
lular respiration, the process by which glucose 
(sugar) from food is converted into usable ener-
gy for our cells. Although LDH is abundant in 
tissue cells, blood levels of the enzyme are nor-
mally low. However, when tissues are damaged 
by injury or disease, they release more LDH into 
the bloodstream. Conditions that can cause 
increased LDH in the blood include liver dis-
ease, heart attack, anemia, muscle trauma, 

bone fractures, cancers, and infections [40]. 
The ratio of AST to ALT sometimes can help 
determine whether the liver or another organ 
has been damaged. The aspartate aminotrans-
ferase/alanine aminotransferase (AST/ALT) ra- 
tio is sometimes useful in differentiating be- 
tween causes of liver damage [41]. Blood urea 
nitrogen (BUN) is an indication of renal health. 
If Glomerular Filtration Rate (GFR) and blood 
volume decrease (hypovolemia) then BUN will 
increase. Other factors responsible for its incre-
ment are fever, increased catabolism, high pro-
tein diet and gastrointestinal bleeding. Serum 
creatinine (a blood measurement) is an impor-
tant indicator of renal health because it is an 
easily-measured by-product of muscle metabo-
lism that is excreted unchanged by the kidneys. 
Creatinine itself is produced via a biological 
system involving creatine, phosphocreatine (al- 
so known as creatine phosphate), and adenos-
ine triphosphate (ATP, the body’s immediate 
energy supply). Measuring serum creatinine is 
a simple test, and it is the most commonly used 
indicator of renal function [42].

Determination of TNFα, IL-1β, IL-6, and INF-γ 
protein by ELISA

Four major proinflammatory cytokines, TNFα, 
IL-1β, IL-6, and INF-γ, were determined by ELISA 
as described previously [43]. Briefly, brain tis-
sues from each pup were collected 12 h after 
LPS injection, when inflammatory cytokines in 
the brain peak [44]. Brains were homogenized 
by sonication in 1.5 ml ice-cold serum-free 
DMEM medium and centrifuged at 10,000 × g 
for 15 min at 4°C. Supernatants were collected 
and protein concentration determined by the 
Bradford method. ELISA was performed follow-
ing the manufacturer’s instructions and data 
were acquired using a 96-well plate reader 
(Bio-Rad Laboratories, Inc. Hercules, CA, USA). 
The cytokine levels are expressed as pg cyto-
kine/mg protein.

Immunoblotting analysis

Protein expression of UT-A3 in C57 mouse brain 
was determined by western blot analysis as 
described previously [45], with modifications. 
Briefly, 12 hours after LPS injection, brains 
were quickly removed and flash frozen in liquid 
nitrogen and stored at -80°C. Tissues were 
homogenized in extraction buffer (Biosource, 
Camarillo, CA, USA) containing a mixture of pro-
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tease inhibitors (Merck Millipore, Billerica, MA, 
USA), and 1 mM PMSF applied with a Sonic 
Dismembrator (Fisher Scientific, Suwanee, GA, 
USA), 3 times for 10 s each. Homogenate pro-
tein levels were determined by the Bradford 
method. The homogenates were diluted with 
Laemmli sample buffer (1:2, v/v) and boiled for 
5 min. Equal quantities of protein (10 g/10 L) 
were loaded into each well of a 12% SDS-
polyacrylamide gradient gel (MINI-PROTEAN 
TGX, 4-20%, Bio-Rad Laboratories). The sepa-
rated proteins were transferred electrophoreti-
cally to PVDF membranes (Merck Millipore) at 
100 V for 1 h. The blots were then incubated 
with blocking solution containing 5% non-fat 
milk and 0.1% Tween-20 in Tris-buffered saline 
(TBS) for 1 h, before incubating with primary 
antibody (1:1000) in blocking solution over-
night at 4°C. Blots were then incubated with 
peroxidase-conjugated antibodies in blocking 
solution (1:2000) for 1 h at room temperature. 
Immunoreactivity was detected using the 
enhanced chemiluminescence plus (ECL) sys-
tem (GE Healthcare, Piscataway, NJ, USA) and 
visualized with Chemidoc MP Imaging System, 
and quantified with Image Lab software (both 
from Bio-Rad Laboratories). To ensure equal 
amounts of protein were applied to the immu-
noblot, membranes were treated with a strip-
ping buffer (Thermo Fisher Scientific, Rockford, 
IL, USA) and reprobed for β-actin (1:1000, 
TianJing SanJian) to normalize results.

Immunohistochemistry

Immunohistochemistry was performed as de- 
scribed previously [46]. Brain sections were 
immunostained to visualize UT-A3 and AQP4. 
Diaminobenzidine (DAB) was used for color 
development. The microvessel density (MVD) 
count method refers to the Weidner correction 
method [47]. Positive reactions were deter-
mined in five random fields of each sample with 
image processing software Image-Pro Plus 6.0 
(Media Cybernetics, Rockville, MD, USA).

Statistics analysis

Data were analyzed with SPSS 17.0 software. 
Unless noted otherwise, data are given as the 
mean ± SEM. Groups were compared by one-
way analysis of variance (ANOVA) followed by 
Bonferroni multiple comparisons test and St- 
udent’s t-test. A value of P < 0.05 was consid-
ered significant.

Results

Model validation using LPS and combination 
of LPS + dexamethasone

Schmidt et al. determined that LPS (10 mg/kg) 
caused significant decrease in the expression 
of UTs and aggravated renal function. Therefore, 
we performed experiments with 10 mg/kg LPS 
to induce inflammation. We found that the brain 
weight/body weight ratio increased by 13% in 
the LPS group (Figure 1), indicating that LPS 
injection causes edema [28]. Interestingly, 
Blood biochemical parameters were tested 12 
hours following LPS administration and 1 hr fol-
lowing Dexa treatment, since LPS increases 
cellular lactate dehydrogenase (LDH) leakage. 
Serum LDH concentration increased 2.5 fold in 
the LPS group relative to the control group (P < 
0.05) and was near normal levels after Dexa 
intervention (P < 0.05) (Figure 2A). Serum 
aspartate aminotransferase/alanine amino-
transferase (AST/ALT) increased 1.2 fold rela-
tive to LPS treatment and was near normal lev-
els after Dexa intervention (P < 0.05) (Figure 
2B). 

Effect of LPS alone, and LPS + dexametha-
sone on Serum BUN and CREA levels

To study the effects of LPS infection on BUN 
and CREA serum samples were collected. BUN 

Figure 1. Brain weight/body weight ratio following 
LPS treatment. The combination of LPS + dexameth-
asone was examined in endotoxemia after 12 h of 
treatment. The results are expressed as the mean 
± SE of six animals in each group, *P < 0.05 repre-
sents a significant difference.
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and CREA was assayed using spectrophotome-
ter. Serum BUN and CREA levels were increased 
2.5 fold (Figure 3A, 3B) after LPS injection, and 
that Dexa treatment modulates these changes. 
The result showed significant difference in 
serum levels of BUN and CREA in LPS infected 
mice. At the same time, urea channel proteins 
are expressed in kidney and tissues such as 
the brain, heart, and testicles, where urea lev-
els are adjusted to maintain normal cell func-
tion. Importantly, substantial changes to serum 
BUN and CREA concentrations regulate chang-
es in gene and protein levels [29].

Detection of brain cytokines following LPS 
alone, or LPS + dexamethasone

As shown in Figure 4, TNF-α, IL-1β, IFN-γ, and 
IL-6 concentrations in the brain were deter-
mined in mice injected with LPS, and concomi-
tant treatment with dexamethasone markedly 

attenuated brain tissue cytokine concentration 
after LPS injection. At baseline, circulating lev-
els of TNF-α were undetectable by ELISA. 
However, there was a 1.5 fold increase in TNF-
α, IL-1β, IL-6, and INF-γ 2 hr following LPS injec-
tion. We used this model to study the increase 
in cytokines associated with a systemic inflam-
matory response mediated by UTs and how this 
correlated with AQP protein expression.

Effect of LPS alone, and LPS + dexametha-
sone on AQP4 and UT-A3 expression

We sought to further characterize the mecha-
nism by which brain cytokine concentrations 
are upregulated during endotoxemia. Blood 
endotoxin causes cerebral edema owing to a 
number of factors, including the increased 
expression of TNF-α, IL-1β, IL-6, and INF-γ [30]. 
To determine whether edema occurred in br- 
ains of mice administered LPS, we measured 

Figure 2. Mice treated with LPS for 12 h exhibited a 2.5-fold increase in LDH levels (A), and a 1.2-fold increase in 
AST/ALT levels (B), compared to controls. The results are expressed as the mean ± SE of six animals in each group, 
*P < 0.05 represents a significant difference. 

Figure 3. Effect of dexamethasone supplementation on serum (A) BUN and (B) CREA response to endotoxin. Serum 
BUN and CREA concentrations increase following LPS treatment, but decrease following LPS + dexamethasone 
treatment, compared with LPS alone. The results are expressed as the mean ± SE of six animals in each group, *P 
< 0.05, **P < 0.01 represents a significant difference. 
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the brain weight/body weight ratio of control 
and LPS-treated mice. Given that AQP4 is the 
primary water channel protein in brain, we stud-
ied its expression in endotoxemic mice. AQP4 
expression increased by 42% at the protein 
level in LPS-treated mice compared with con-
trols, as determined by western blot analysis 
(Figure 5A, 5B). Similarly, UT-A3 protein expres-
sion was also examined by Western blot analy-
sis. UT-A expression decreased following LPS 

treatment. UT-A3 protein fell by 38% (Figure 
5A, 5B). Mice were additionally treated with 
Dexa (3 mg/kg ip). Mice treated with LPS + 
Dexa exhibited significant downregulation of 
AQP4 and upregulation of UT-A3 protein expres-
sion compared with LPS only treatment (Figure 
5B). These data indicate that glucocorticoid 
treatment attenuates the LPS effect on UT-A3 
membrane proteins, and protects cell mem-
brane stability.

Figure 4. Dexamethasone-attenuated systemic LPS-stimulated increases in inflammatory cytokines (A, TNF-α, B, IL-
1β, C, IL-6, and D, INF-γ) in brain 12 h after injection. Cytokine levels were elevated compared with control, but were 
attenuated by dexamethasone. The results are expressed as the mean ± SE of six animals in each group, *P < 0.05, 
**P < 0.01 represents a significant difference for the LPS or LPS + Dexamethasone groups compared with control.

Figure 5. Western blot analysis of AQP4, and UT-A3 in brain. A: Each lane, corresponding to a single mouse, was 
loaded with 30 μg of protein. B: Quantification of band densities (mean ± SE of three mice). *P < 0.05 **P < 0.01 
vs. the control group. The expression of AQP4 was significantly higher in mice with experimental endotoxemia than 
in control mice. Expression of UT-A3 was lower in mice with experimental endotoxemia than in control mice. AQP4 
expression was downregulated in mice with experimental endotoxemia relative to mice treated with LPS. In contrast, 
UT-A3 expression was upregulated.
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The expression of UT-A3, and AQP4 in hippo-
campus and cortex was further analyzed by IHC 
staining. As shown in Figure 6, AQP4 expres-
sion in brain was up-regulated in the LPS only 
group compared to control. In contrast, UT-A3 
expression was down-regulated. These chang-
es were partly improved by Dexa treatment, as 
observed for UT-A3 and AQP4 (Figure 6).

Discussion

The present study clearly demonstrates that 
LPS treatment significantly increases the ex- 
pression of AQPs and decreases the expres-
sion of UT-As in different regions of the brain. 
These phenotypic changes were associated 
with an increase in BUN and CREA. Our obser-
vations suggest that the increase in the expres-
sion of AQP4 and decreases the expression of 
UT-A3 in the brain endotoxemia may be one of 

the mechanisms for the impairment of endo-
toxin blood disease model. To evaluate the 
degree of damage in LPS-induced endotox-
emia, we measured serum LDH and AST/ALT 
concentrations and observed the effect of 
Dexa treatment. We speculated that Dexa 
maybe have a stabilizing effect on the cell 
membrane, maintaining cell membrane integri-
ty, and to a certain extent reducing the release 
of intracellular enzymes. Brain damage may be 
caused by endotoxemia, but Dexa also has a 
protective effect, limiting brain endotoxemia.

Su et al. [31] have shown that LPS induced dur-
ing acute lung injury (ALI) reduces AQP1 expres-
sion in pulmonary capillary endothelial cells. 
However, AQP1 loss does not change the pul-
monary inflammatory reaction induced by LPS 
and pulmonary edema, and Dexa stabilizes 
AQP1 expression. AQP1 is expressed mainly in 

Figure 6. Immunohistochemical staining of AQP4 and UT-A3 in brain tissues. Tissue sections were stained using 
polyclonal antibody for AQP4 and UT-A3, Antibody dilution = 1:1,000. A-F: immunostaining using polyclonal antibody 
to UT-A3. Shown are hippocampal (Hip) cells (A-C); cortical cells (D-F). N-P: immunostaining using polyclonal anti-
body to AQP4. Shown are hippocampal (Hip) cells (N-P), magnification, 400 ×. 
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the liver sinus and blood vessel endothelial cell 
membranes [32]. LPS inhibits AQP1 mRNA 
expression in the liver, and is inhibited to vari-
ous degrees by Dexa. We believe the results of 
AQP4 expression on the cell membrane helps 
explain how Dexa stabilizes LPS induced brain 
damage, and expression of aquaporins on the 
cell membrane reduces damage, and inflam-
mation. TNF-α expression and the drop in IL-1β 
is mediated by Dexa regulating aquaporin 
expression on the cell membrane, and to a cer-
tain extent, maintaining the stability of the cell 
membrane [33]. We also found that UT-A3 pro-
tein expression and not just AQPs play a role in 
LPS inflammation. Dexa treatment increases 
UT-A3 protein expression, which maintains cell 
membrane stability. LPS treatment also in- 
creases BUN and CREA, which is important for 
renal function [34]. In addition, liver is the larg-
est organ for urea synthesis, and organs such 
as brain and heart transport urea through 
membrane channel proteins in the kidney into 
the blood. Increased BUN increases cellular 
protein synthesis [35], increases UTs, which 
maintain stable guanylic acid in the cell cycle, 
maintaining normal cellular metabolism. In- 
terestingly, Li et al. [36] observed that BUN and 
CREA levels of both UT-A or UT-B null mice 
increase. We infer from this that endotoxemia 
caused by metabolic disorders may adjust 
expression of UT proteins on the cell mem-
brane. Metabolic disorders are not directly 
related to endotoxin, but may be regulated 
through metabolic hormones. Therefore, we 
sought to determine if UT might impact endo-
toxemia in the blood. In LPS-mediated sepsis, 
brain AQP4 expression decreased following 
Dexa treatment at 3 mg/ml [28], whereas 
UT-A3 expression increased. The mechanism 
by which this occurs may be related to inhibit-
ing release of TNF-α, and IL-1β. However, Dexa 
did not exhibit any effect on TNF and IFN; We 
speculate that this model might help us under-
stand the complex pathogenesis of brain endo-
toxemia. IHC analyses suggest that brain UT-A3 
play specific roles in hippocampal and cortical 
cells [37]. However, until we have a better 
understanding of how the brain metabolizes 
urea, the role of UT-A3 in hippocampal and cor-
tical cells remains speculative. UT-A expression 
in the brain of endotoxemic mice suggests that 
UT-A plays a key role in regulating LPS-induced 
endotoxemia. Northern blot analysis has shown 
that UT-B mRNA is expressed in neurons and 

various other cell types throughout the brain 
[37]. Our western blot and IHC analysis revealed 
that neuronal endotoxin concentrations in mice 
correlates with UT-A3 expression. Dexa injec-
tions increased neuronal UT-A3 expression and 
decreased AQP4 expression, understanding 
the molecular mechanisms regulating this pro-
cess may bring new insights to endotoxemia. 
Our findings suggest that Dexa inhibits water 
reabsorption by downregulating AQPs and 
increases delivery of concentrated urea to the 
IM interstitium and its recycling by promoting 
UT expression. These molecular changes ac- 
count, at least in part, for the endotoxin-
induced brain injury.  It is the other way to 
describe their role in the pathogenesis of endo-
toxin-induced brain edema and injury; the 
inflammatory cytokines alter the expression of 
membrane transporters, such as UTs or AQPs. 
Dexa treatment can prevent endotoxemia 
caused by brain injury, and may increase pro-
tein channel expression, and subsequently 
inhibit the synthesis of inflammatory media-
tors. This regulates the body’s defense, and 
may improve its ability to repair tissue damage 
and play a protective role. Glucocorticoids have 
protective effects on the cell membrane, as 
they improve resistance to poison, stabilize 
lysosomal membranes in macrophages, reduce 
lysosomal enzyme release, reduce structural 
damage,increase the density of vascular endo-
thelium, prevent water leakage, and reduce tis-
sue edema. There is a clear role for endotoxin 
[38] and membrane AQP expression in differ-
ent tissues during endotoxemia [39]. Co- 
llectively, these observations suggest that LPS 
induces endotoxemia through a series of 
changes. These include changes in serum bio-
chemical indicators and tissue factors, and a 
change in urea that impacts cell membrane 
stability and expression of cell membrane 
channel proteins. These results indicate that 
UTs are involved in immune activation, but this 
topic will need further study to fully elucidate 
their roles.
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