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Objectives: Dehydrocostus lactone (DDL) natural product of Eerdun Wurile that has been 

reported to have anti-inflammatory, anticancer, and anti-proliferation effect. However, no 

research has been done regarding mechanism of DDL on microglial cells in the brain. Moreover, 

Schlafen (Slfn) genes are considered to play important regulatory roles for normal cell growth 

and differentiation of the immune and hematopoietic systems. Among schlafen genes, Slfn-4 is 

much modulated during macrophage stimulation and differentiation and implicates macrophage 

in responses to pathogens. The present study was conducted to investigate effects of DDL on 

Slfn-4 gene expression in lipopolysaccharide (LPS)-stimulated microglial cells. Methods: The 

anti-inflammatory effects of DDL were studied using LPS-stimulated murine BV2 microglia. 

BV2 were cultured in DMEM then 4pM DDL were added. Then BV2 was treated with 1 ng/ml 

LPS for 24 hours to stimulate. Results: LPS alone increased Slfn-4 mRNA expression in BV2 

microglial cells (p < 0.01). In contrast, DDL pre-treatment significantly inhibited LPS-induced 

Slfn-4 mRNA expression (p < 0.05). Conclusions: DDL inhibits the expression of Slfn-4 gene 

transcripts related with inflammation, activated by LPS in the microglia cells.
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Introduction

Neuroinflammation is a common pathological feature and a 

reaction infection, brain injury and neurodegenerative diseases. 

Microglia are the resident macrophages in the brain and trigger the 

primary host defense for detecting foreign pathogens and neuronal 

injures in the central nervous system [1 ]. When neuroinflammation 

is initiated, microglia are activated and alter morphology, migrate 

and produce cytotoxic and cytotropic immune mediators [2-6], But 

prolonged activation of microglia could lead to neuronal injury by 

releasing variety of cytotoxic molecules such as proinflammatory 

mediators, reactive oxygen intermediates, nitric oxide, nerve 

growth factor and chemotactic cytokines [7], Such studies have 

been done using the BV2 mice microglial cell line activated by 

lipopolysaccharides (LPS). They are found in outer cell membrane 

of Gram-negative bacteria and are potent activators of the 

inflammatory response [8-9], LPS causes activation of microglia 

during infection and this effect is useful study the effects of various 

treatments on microglial gene expression.

Schlafen (Slfn) genes are considered to play important 

regulatory roles during normal cell growth and differentiation of 

the immune, hematopoietic and other systems. The Slfn genes 

are mainly detected in immune system cells and differentially 

regulated during cells development [10-12], In addition 

to regulation in cell development, Slfn genes' expression 

increases after viral and bacterial infections and Slfn family 

members become involved in macrophage stimulation against 

pathogens [12-15], Significantly, Slfn-4 is modulated during 

macrophage stimulation and differentiation implicating its role 

in the macrophage response to pathogens [12], Attenuating 

this activation seems to have a neuroprotective effect following 

neuronal injury and therefore is a target for therapeutic 

intervention.

Dehydrocostus lactone (DDL) is one of the major components 

of the dried root of saussurea Lappa Clarke which has been used 

in Asian traditional medicine. Moreover, DDL has been used as a 

key component of Eerdun Wurile, a Mongolian medicine which 

is regularly utilized to treat neurological diseases [16-17], DDL 

has been reported to have anticancer, anti-proliferation and anti

inflammatory activity by inducing cells to undergo cell cycle arrest, 

apoptosis, differentiation and inhibition of overproduction of 

inflammatory mediators [18-21], However, the action of the DDL 

on reducing neural inflammation has not been fully elucidated.

Lee et al. in 1999 studied effect of DDL on TNF-alpha in 

LPS activated macrophage [22], Other researchers reported the 

neuro anti-inflammatory effect of cryptoIepine on LPS activated 

microglia [23]. However, we are not aware of any studies 

of DDL's effect on Slfn-4 gene expression in LPS activated 

microglia. Such research is fundamental to discover Eerdun 

Wurile's neuroinflammatory effect and perhaps lead to its use as 

a treatment to prevent neuroinflammatory diseases in the future. 

The present study was conducted to investigate effects of DDL on 

Slfn-4 gene expression in LPS-stimulated mice microglial cells.

Materials and Methods

Study design
This is experimental and in vitro study using cell cultures from at 

least three independent experiments in 3 different study groups. 

The anti-inflammatory effects of DDL were studied using LPS- 

stimulated murine BV2 microglia. BV2 were cultured in DMEM 

then 4pM DDL were added in the medium for 30 minutes. Then 

BV2 was treated with 1 ng/ml LPS for 24 hours to stimulate. DDL 

anti-inflammation group (BV2+DDL+LPS), LPS-activated group 

(BV2+LPS) and control group (only BV2) were analyzed.

Reagents
LPS and DDL were purchased from Sigma-Aldrich Co. LL 

(Darmstadt, Germany). Dulbecco's modified Eagle's medium 

(DMEM) and fetal bovine serum (FBS) were purchased from Gibco 

(Thermo Fisher Scientific, USA). RNAiso Plus were obtained from 

Takara Biomedical Technology Co., Ltd., (Beijing, China) and a 

QIAGEN RNeasy Mini kit were obtained from QIAGEN (Hilden, 

Germany). Oligo dT and Super-Script III RT were purchased from 

Invitrogen (Carlsbad, CA, USA) and SYBR Green from Applied 

Biosystems (Foster City, CA, USA).

Cell culture and treatment
BV2 microglial cells were obtained from ATCC (Manassas, VA, 

USA) and maintained in Dulbecco's modified Eagle's medium 

(DMEM) supplemented with 10% fetal bovine serum (FBS), 

100 U/ml penicillin and 100 pg/ml streptomycin at 37°C in a 

humidified incubator with 5% CO2. Cells were cultured in 75 

cm2 cell culture flask (Corning, Action, MA, USA) and were split 

twice a week. For the experiments, cells were plated on 5x105 

cells/35 mm dishes and cultured for 24 hours before treatments.
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The BV2 cells cultured in three different conditions, respectively. 

1) BV2 cells were cultured only with medium, and the second, 

the cells were pretreated with DDL at 4pM for 30 minutes 

respectively. 2) BV2 cells were treated with 1 ng/ml LPS for 24 

hours to activate. 3) BV2 cells were treated only with 1 ng/ml 

LPS for 24 hours to activate.

RNA isolation and quantification real-time polymerase 
chain reaction (qRT-PCR)
Total RNA was extracted using RNAiso Plus and a QIAGEN 

RNeasy Mini kit according to the manufacturer's instruction. 

The expression levels of Slfn-4 and other mRNA in BV2 cells 

were assessed by quantitative real-time PCR. In brief, total 

RNA from each sample was reverse transcribed using oligo 

dT and Super-Script III RT. qRT-PCR was conducted ABI 7500 

sequence detection system (Applied Biosystems, Foster City, 

CA, USA) using SYBR Green. The sequence-specific primers 

used to detect expression of the Schlafen-4 were forward 

primer 5'-GCCCTCTGTTCAAGTCAAGTGTCC-3', reverse primer 

5'-CCAGATGAAATCCTTTCCACGA-3'.

Statistical analysis
The data for each group were expressed as mean ± standard 

deviation. Because of the small sample sizes, examination for 

differences among the three groups was conducted using the 

Kruskal-Wallis test with a critical p-value of p < 0.05. Multiple 

post-hoc comparisons were performed using the Wilcoxon sign 

rank test. The critical p-value for the post-hoc tests was adjusted 

using the Bonferroni method. Since there were 3 groups, there 

were 3 possible pairwise comparisons. Consequently, the critical 

p-value for the post-hoc tests was p < 0.05/6 = 0.016. All 

analyses were performed using SPSS 25.0.

Ethical statement
The study was approved by the Research Ethics Committee 

of Mongolian National University of Medical Sciences in 18th 

January, 2019 (No.2018/3-01).

Results

First, the effect of DDL on LPS-induced Slfn-4 mRNA expression 

was examined by qRT-PCR in BV2 microglial cells (Table 1). BV2 

cells were pre-treated with or without DDL at 4 pM for 0.5 

hour and then stimulated with LPS at 1 ng/ml for 24 hours. We 

found that treatment with LPS markedly increased Slfn-4 mRNA 

expression (2.078 ± 0.223) in BV2 microglial cells, compared to 

control conditions (p < 0.05) (Table 1). In contrast, pre-treatment 

of DDL significantly down regulated LPS-induced Slfn-4 mRNA 

expression (p < 0.05).

Table 1. Slfn-4 mRNA expression in the microglial cells in three 

different conditions.
Sample N Mean ± SD 95% Cl *p-value

BV2 cell 3 1.0003 ±0.037 0.909- 1.091 0.000

BV2 cell + LPS(1 ug/ml) 3 2.078 ±0.223 1.525 - 2.631

BV2 cell + DDL(4uM) + 
LPS(1ug/ml) 3 1.284 ±0.108 1.016-1.552

* Kruskal-Wal lis test with p < 0.05; apairwise comparison using Wilcoxon test with 
p< 0.016.

As shown in Figure 1, we found that treatment with DDL 

significantly suppressed the LPS-stimulated Slfn mRNA 

expression level in the BV2 microglial cells (p < 0.05) (Figure 

1). Those data suggesting that DDL inhibits LPS-induced Slfn-4 

gene expression in in vitro microglia cell line.
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Figure 1. The effect of DDL treatment with LPS-stimulated Slfn-4 mRNA 
expression levels in the BV2 microglial cells. The expression of mRNA was 

determined by RT-PCR. GAPDH gene used to internal control in the assay. Pairwise 
comparison using Tukey hsd test: p = 0.0001, p = 0.001, and p = 0.115.
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Discussion

The Slfn genes include mouse and human genome and play 

important regulatory roles in normal development, regulation of 

immune response and control of virus replication. The highest 

induction was observed in the expression Slfn-4 among Slfn 

family genes [24],

In the present study, we examined the effect of 

pretreatment with DDL on expression of Slfn-4 mRNA levels 

in BV2 microglia that were subsequently activated with LPS. 

Our study showed mRNA levels of Slfn-4 were up-regulated 

during macrophage activation but down-regulated during CSF- 

1-mediated macrophage differentiation [12], The present study 

demonstrates that DDL pretreatment results in a significant 

decrease of Slfn-4 mRNA levels in LPS-stimulated BV2 microglia.

Microglia are resident immune cells of the central nervous 

system (CNS) and play important functional roles in maintaining 

CNS homeostasis and in recovery from brain injury. Based on 

their physiological functions, Microglia are classified into pro- 

(M1) and anti-inflammatory (M2) phenotype [25],

The M1 phenotype is stimulated by LPS or interferon (IFN)-y 

and promotes the transcriptional activation of nuclear factor-kB 

(NF-kB) and produces excessive pro-inflammatory cytokines and 

oxidative metabolites such as IL-ip, IL-6, TNF-a, chemokines, 

nitric oxide and reactive oxygen species (ROS) [26-28],

Moreover, increased pro-inflammatory cytokine expressions 

from activated microglia worsen ischemia-like injury to 

components of the blood-brain-barrier [29],

M2 phenotype is induced by stimulation of anti-inflammatory 

cytokines such as IL-4 or IL-1, and it inhibits neuroinflammation 

and promote tissue regeneration and wound healing [27-31],

We also used this model in this study, and our results 

show that LPS induced microglial activation (Figure 1). DDL is 

a natural product and a major sesquiterpene lactone, extracted 

from the root of Saussurealappa, a well-known Asian traditional 

Medicine. DDL exhibits various biological activities, including 

anti-inflammatory, immunomodulatory, anti-ulcer and anti-tumor 

properties effects in some neurodegenerative disorders and 

tumors. Moreover, clinically available drugs such as Compound 

Ancklandia and Berberine tablets which contain DDL, have been 

used for the treatment of digestive tract diseases with their anti

inflammatory, anti-microbial activities [13, 31].

Previous studies have shown that DDL inhibits cell growth 

by generating cells to undergo cycle arrest, apoptosis, migration 

and differentiation [31], Previous studies have shown that DDL 

crossed blood-brain barrier and inhibited neoplastic weight and 

volume through inhibition of the IKKp/NF-kp/COX-2 signaling 

pathway [29, 31],

DDL inhibits activation of NF-kappaB by decreasing TNF- 

alpha level and suppress the production of nitric oxide by 

repressing inducible nitric oxide synthase enzyme expression 

in LPS-activated macrophage cells. Moreover, DDL acts as a 

promoter of apoptosis by increasing activation of caspase-3 and 

caspase-8 [17, 31],

In recent years, there is extensive interest by researchers to 

understand DDL's mechanism of action because of its potential 

anti-inflammatory and immunomodulatory activities in disorders 

of CNS. However, the effects of DDL in microglia cells and its 

mechanisms of action have yet been fully understood.

The applicability of our in vitro finding to animals and 

humans is unknown, and the DDL's safety profile is unclear. 

Therefore, further studies are needed. Moreover, other gene 

expressions will be investigated.

Conclusion
DDL inhibits the expression of Slfn-4 gene transcripts related 

with inflammation, activated by LPS in the microglia cells.
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