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Background: Vasopressin possesses potent anti-inflammatory effects. Endotoxin

recognition (mediated by cluster of differentiation 14 [CD14]), endotoxin binding, and

subsequent nuclear factor-kB (NF-kB) activation are essential mechanisms for initiation of

the inflammatory response. We elucidated the effects of vasopressin on these essential

mechanisms of inflammation with the hypothesis that vasopressin could inhibit CD14

expression, endotoxin binding, and NF-kB activation in activated macrophages.

Methods: Murine macrophage-like cell line RAW264.7 cells were stimulated with endotoxin

(lipopolysaccharide [LPS]; 100 ng/mL) or LPS plus vasopressin (1000 pg/mL; designated as

the LPS and the LPS þ V groups, respectively). After reaction, between-group differences in

inflammatory molecule concentrations and levels of NF-kB activation, endotoxin-

macrophages binding, and CD14 expression were compared. Analysis of variance was

performed for statistical analysis.

Results: The concentrations of chemokine macrophage inflammatory protein 2 and

cytokine interleukin 6 of the LPS þ V group were significantly lower than those of the LPS

group (P ¼ 0.004 and P < 0.001). The nuclear concentration of phosphorylated NF-kB p65

and cytosolic concentration of phosphorylated inhibitor-kBa of the LPS þ V group were

significantly lower than those of the LPS group (all P < 0.05). In addition, the level of

endotoxin-macrophages binding of the LPS þ V group was significantly lower than that of

the LPS group (P < 0.001). The level of surface CD14 expression of the LPS þ V group was

also significantly lower than that of the LPS group (P ¼ 0.019).

Conclusions: This study confirmed the potent anti-inflammatory effects of vasopressin.

The mechanisms underlying the anti-inflammatory effects of vasopressin may involve

its effects on inhibiting CD14 expression, endotoxin binding, and subsequent NF-kB

activation.
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1. Introduction

Vasopressin, a nanopeptide synthesized in paraventricular

and supraoptic nuclei in the hypothalamus, is well known

for its physiological characteristics of vasoconstriction,

antidiuresis, and behavioral regulation [1e3]. As circulating

level of endogenous vasopressin is low in septic shock [3,4],

clinical guidelines have suggested exogenous vasopressin

replacement as part of the therapies against severe sepsis [5].

On top of that, exogenous vasopressin replacement has been

shown to remedy inflammation-induced damages, as vaso-

pressin could decrease sepsis-induced pulmonary inflamma-

tion [6] and preserve renal andmesenteric blood flow in septic

animals [7,8]. Our previous study also confirmed that

vasopressin could inhibit upregulation of inflammatory

molecules in endotoxin-stimulated murine macrophages [9].

Although the anti-inflammatory effect of vasopressin is

confirmed, the underlying mechanisms remain to be eluci-

dated. Expression of inflammatory molecules is tightly regu-

lated by the upstream transcription factor nuclear factor-kB

(NF-kB) [10]. Moreover, cellular recognition of endotoxin and

subsequent endotoxin binding is essential for endotoxin-

induced activation of NF-kB [11,12]. In line with this concept,

it is likely that vasopressin may act through inhibiting

endotoxin recognition, endotoxin binding, and/or mitigating

NF-kB activation to exert its effect on inhibiting upregulation

of inflammatory molecules. Of note, endotoxin recognition is

tightly regulated by the cell surface pattern recognition recep-

tor cluster of differentiation 14 (CD14) [12,13]. Downregulation

ofmembrane-boundCD14expressioncandecreaseendotoxin-

macrophages binding and subsequently inhibit macrophages

activation [14e17]. To elucidate further, we thus conducted

this study with a widely used endotoxin-activated murine

macrophages cell model [18,19]. Our hypothesis was that

vasopressin could inhibit CD14 expression, endotoxin binding,

and NF-kB activation in activatedmurine macrophages.

2. Materials and methods

2.1. Cell culture and cell simulation protocols

We used an immortalized murine macrophage-like cell line

RAW264.7 cells to facilitate investigation. RAW264.7 cells were

grown in Dulbeccomodified Eaglemedium (Life Technologies,

Grand Island, NY), supplemented with 10% fetal bovine serum

and 1% penicillin and/or streptomycin (Life Technologies),

and incubated in a humidified chamber at 37�C in amixture of

95% air and 5% CO2. Cells under passage 20 were used for

experiments. For cell simulation, confluent RAW264.7 cells

were treated with gram (�) endotoxin (lipopolysaccharide,

LPS, 100 ng/mL, Escherichia coli Serotype 0127:B8 endotoxin;

SigmaeAldrich, St. Louis, MO), according to previous reports

[18,19].

2.2. Experimental protocol

Confluent RAW264.7 cells were randomized to receive

phosphate-buffered saline (PBS; Life Technologies),

vasopressin (1000 pg/mL; Life Technologies), LPS or LPS plus

vasopressin, and designated as the PBS, the V, the LPS, and the

LPS þ V groups, respectively. The dosage of vasopressin was

determined according to our previous report [9]. Vasopressin

was administered immediately after LPS.

2.3. Enzyme-linked immunosorbent assay for
inflammatory molecules

We assayed the concentrations of chemokine macrophage

inflammatory protein 2 (MIP-2) and cytokine interleukin 6 (IL-

6) to confirm the anti-inflammatory effects of vasopressin. In

brief, six different cell cultures from each group (i.e., n ¼ 6 in

each group) were harvested at 24 h after reaction with LPS or

at comparable time points in groups without LPS. The

collected cultures media were then analyzed for the concen-

trations of MIP-2 and IL-6 using enzyme-linked immunosor-

bent assay. Commercially available enzyme-linked

immunosorbent assay kits of MIP-2 (R&D Systems, Inc,

Minneapolis, MN) and IL-6 (Pierce Biotechnology, Inc, Rock-

ford, IL) were used, and the procedures were performed

according to the manufacturer’s instructions.

2.4. Immunoblotting assay for NF-kB

NF-kB activation begins with phosphorylation of inhibitor-kB

(I-kB) followed by subsequent NF-kB nuclear translocation

[20,21]. This study performed immunoblotting assay to mea-

sure the protein concentrations of phosphorylated I-kB in

cytosol and phosphorylated NF-kB in nucleus, as we have

previously reported [20,21]. To facilitate investigation, cell

cultures were harvested at 0, 15, 30, 45, and 60 min after re-

action with LPS or at comparable time points in groups

without LPS. For each time point, six different cell cultures

from each group were harvested (i.e., n ¼ 6 in each group).

Preparations of nuclear and cytosolic extracts were

performed, according to our previous report [20]. Immuno-

blotting assay was then conducted. In brief, the proteins were

separated by gel electrophoresis and then transferred to

nitrocellulose membranes (Bio-Rad Laboratories, Hercules,

CA). For nuclear extracts, the nitrocellulose membranes were

incubated overnight at 4�C with antiephosphorylated NF-kB

p65 antibody (p-NF-kB p65 [Ser536], 1:500 dilution; Cell

Signaling Technology, Inc, Danvers, MA) or antiehistone H3

antibody (internal standard, 1:500 dilution; Cell Signaling

Technology) to facilitate assaying NF-kB nuclear trans-

location. For cytosolic extracts, the nitrocellulose membranes

were incubated overnight at 4�C with antiephosphorylated I-

kB antibody (p-I-kBa [Ser32], 1:1000 dilution; Cell Signaling

Technology) or anti-actin antibody (internal standard; 1:5000

dilution; Millipore Corporation, Burlington, MA) to facilitate

assaying I-kB phosphorylation. Horseradish perox-

idaseeconjugated antiemouse IgG antibody (Amersham

Pharmacia Biotech, Inc, Piscataway, NJ) was used as the

secondary antibody. Bound antibody was detected by chem-

iluminescence (ECL plus kit; Amersham). The protein band

densities were quantified using densitometric technology

(Scion Image for Windows; Scion Corp, Frederick, MD).
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