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Protective Effect of Tanshinone IIA on Lipopolysaccharide-
induced Injury of Rat Peritoneal Mesothelial Cells

ZHANG Hui,SONG Yu~
College of Pharmacy ,Xinxiang Medical University , Xinxiang 453000, China

Abstract : The objective of this study was to investigate the protective effect of tanshinone IIA on rat peritoneal mesotheli-
al cells (RPMCs) treated with lipopolysaccharide (LPS). RPMCs were co-treated with different concentrations of tan-
shinone TTA (40,80 and 160 wmol/L) and LPS (5 mg/L) for 24 h. The levels of IL-18,IL-6, TNF-« in cell culture su-
pernatant were determined by enzyme-linked immunosorbent assay. Reactive oxygen species (ROS) were quantified by
flow cytometry. The intracellular malondialdehyde (MDA level and the activity of superoxide dismutase (SOD) were
measured by commercial reagent kits. Relative levels of fibronectin (FN) , collagen-I ( COL 1) ,Bcl-2 and Bax mRNA
were quantified by real-time reverse transcription polymerase chain reaction. The results showed that tanshinone IIA sig-
nificantly decreased IL-18,1L-6 ,TNF-a and ROS,MDA levels in dose-dependent manners. At the same time, the levels
of FN, collagen I, Bax mRNA were also significantly decreased by tanshinone IIA. However,SOD levels and Bcl-2 mRNA
expressions were significantly increased by tanshinone IIA. In conclusion, tanshinone IIA can inhibit LPS-induced in-
flammation, oxidative stress in peritoneal mesothelial cells,thus protect peritoneal membrane.
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Introduction

Continuous ambulatory peritoneal dialysis (CAPD) has
been used as a treatment for chronic renal failure for o-

ver three decades '''. The peritoneal membrane exhib-
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its injuries that correlate with the duration of dialysis.
Long-delayed healing of infection is the major reason of
peritoneal dysfunction and peritoneal fibrosis. Lipopo-
lysaccharides (LPS) ,a glycolipid that is produced and
secreted by gram-negative bacteria during peritonitis,
are caused mainly by catheter-related infections in
long-term peritoneal dialysis. LPS is one of the reasons

[2

of peritonitis and peritoneal fibrosis ">’ Here we use

LPS model to stimulate the rat peritoneal mesothelial
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cells (RPMCs).

Tanshinone I1A | derived from the dried root of Salvia
miltiorrhiza Bunge ( Lamiaceae ), is one of the key
components of Danshen and has been widely used for
centuries in many Asian countries for the prevention
and management of cardiovascular diseases "*'. Studies
had demonstrated that tanshinone IIA attenuated the in-
flammatory response and apoptosis after traumatic inju-
ry of the spinal cord in adult rats . Furthermore , pre-
vious studies had indicated that tanshinone IIA effec-
tively protected cardiac myocytes against oxidative
stress-triggered damage and apoptosis'®’.

In the present study,we hypothesized that the adminis-
tration of tanshinone IIA might have the potential pro-
tective effect on RPMCs induced by LPS, thus can at-
tenuate the complication of peritoneal dialysis ( PD)

patients.

Material and Methods

Isolation and primary culture of RPMCs

Male Wistar rats weighing 150-180 g were purchased
from animals facility of Experimental animal center of
Henan Province, China [ Certificate number SYXK
(Yu) 2011-0001 ]. Animals were received an injection
of 20 mL 0.25% trypsin (in 0.02% EDTA solution)
intraperitoneally, and two hours later, the abdominal
fluid of individual rat was collected ,followed by centri-
fuging at 150 x g for 15 min. The cell settling were sus-
pended and cultured in flasks under 5% CO, at 37 °C.
Cells were treated for 24 h with 5 mg/L. LPS in the ab-
sence or the presence of tanshinone IIA (40,80 and
160 wmol/L).

Methyl thiazolyl tetrazolium analysis

RPMCs were seeded into 96-well plates at a density of
5 x 10’ cells per well 24 h before treatment. Following
treatment as above, cell viability was determined using
MTT assay. In brief,15 uL (5 mg/mL) MTT working
solution was added to each well and after incubation at
37 Cfor 4 h,the MTT solution was removed and 200
L of DMSO was added to dissolve the crystals. The
formation of formazan was observed by monitoring the

signal at 570 nm using a microplate reader.

ELISA assay of IL-18,IL-6 and TNF-« level in su-

pernatant

Levels of 1L-18,1L-6 and TNF-a in the cell culture su-
pernatant were detected using rat IL-18 ELISA kit, rat
IL-6 ELISA kit ( GenStar BioSolutions Co. ,Ltd) and
rat TNF-o ELISA kit ( Beijing BLKW Biotechnology
co. , Litd, China) , respectively according to the manu-
facturer’ s instructions.

Detection of intracellular ROS level

Intracellular formation of ROS was detected using the
reactive oxygen species assay kit ( Beyotime, China)
according to the manufacturer’ s instructions. RPMCs
(5 x 10°) were incubated with 10 uM DCFH-DA
probes at 37 °C for 35 min. DCFH-DA was deacetylat-
ed intracellularly by nonspecific esterase, which was
further oxidized by ROS to the fluorescent compound
2 ,7-dichlorofluorescein ( DCF). DCF fluorescence was
detected by flow cytometer ( BD FACScan, USA) with
excitation at 488 nm and emission at 525 nm.
Measurement of intracellular MDA content and
SOD activity

The intracellular MDA level and the activity of SOD
were measured by commercial reagent kits ( Nanjing
Jiancheng Bioengineering Institute , China) .

Real-time RT-PCR analysis

RNA expression was evaluated by real-time RT-PCR in
cultured RPMCs. Total RNA was extracted using TRIzol
reagent ( Invitrogen, USA) according to the manufac-
turer’ s protocol. The following primer sets were used to
amplify : Fibronectin Forward sequence: 5'-AA GC-
CAGAGTCAGATAACCG-3’ Reverse sequence;5’'-GT-
TGGCACTGACGAAG AGCC-3'; collagen 1 Forward
sequence; 5 GCGAGGACATGAGGAGTA GC3' Re-
sequence: 5’ CCTGTGACCAGGGATGAT-
GTCTT3’; Bax Forward sequence: 5’ -GATGCGTC-
CACCAAGAA -3 ' Reverse sequence:5’ -AGTAGAA
GAGGGCAACCAC-3 ', and Bcl-2 Forward sequence:
5" -CCCAAGGGAAGACGATG-3 ' Reverse sequence:5
" GAGCGGGTAGGGAAAGA-3 ', GAPDH Forward se-
quence 5’ -TCCCTCAAGATTGTCAGCA

A-3" Reverse sequence;5'-AG ATCCACAACGGATA-
CATT-3". The cycling program of real-time RT-PCR re-

action involved preliminary denaturation at 94 °C for 4

verse

min , followed by 35 cycles of denaturation at 94 °C for



422 Nat Prod Res Dev

Vol. 28

30 s,annealing at 60 °C for 30 s and elongation at 72
°C for 30 s. Relative amounts of mRNA were normal-
ized by GAPDH mRNA expression.

Statistical analysis

Statistical analysis was carried out with SPSS19. 0.
Comparisons among groups were performed by one-way
+ SD. P <

0.05 was considered statistically significant.

ANOVA. Results were expressed as mean

Results

Effect of LPS and tanshinone IIA on cell viability

As shown in Fig. 1,5 mg/L LPS had significant growth
inhibition effects on RPMCs. However, cell viability was
increased remarkably after the cells being cotreated

with tanshinone IIA for 24 h in a dose-dependent man-
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Fig. 1 Effect of tanshinone ITA on viability of RPMC
stimulated by LPS
Note: * P <0.05,* * P <0.01 vs LPS;*P <0.01 vs Control

Tanshinone IIA suppressed LPS-induced IL-18,1L-
6 and TNF-« expression in RPMCs
As shown in Fig. 2 the levels of IL-18,1L-6 and TNF-
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Fig. 1 Effects of tanshinone IIA on LPS-induced IL-13,
IL-6 and TNF-« expression in RPMCs
Note: *P<0.05," * P <0.01 vs LPS;*P <0.05,"P <0.01 vs

Control

a increased remarkably in LPS group compared to con-
trol group. However, tanshinone IIA suppressed LPS-in-
duced IL-18,1IL-6 and TNF-a expression in dose-de-

pendent manner (P <0.05).

Effect of tanshinone IIA on ROS generation in-
duced by LPS in RPMCs

As shown in Fig. 3, treatment of RPMCs with 5 mg/L
LPS for 24 h resulted in marked increases of ROS pro-
duction compared with control group (P <0.01). But
tanshinone IIA decreased LPS-induced production of
ROS in RPMCs. Tanshinone IIA at the concentration of
160 pwmol/L had the highest effect.
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Fig. 3 Effect of tanshinone ITA on ROS generation in-
duced by LPS in RPMCs
Note: *P <0.05,** P <0.01 vs LPS;*P <0.01 vs Control

Effect of tanshinone ITA on SOD activity and MDA
content induced by LPS in RPMCs

Compared with the control group, LPS group showed a
significant increase in MDA level and a remarkably de-
crease in SOD activity,, whereas cotreatment with tan-
shinone IIA increased SOD activity and decreased
MDA level (Table 1).

Table 1  Effect of tanshinone IIA on SOD activity and

MDA content induced by LPS in RPMCs

Groups MDA SOD
Control 0.79 £0.18 42.35 +£7.25
LPS 3.14 £0.86"  25.56 +5.31%

LPS + tan IIA (40 wmol/L) 2.42+£0.34% 29.35+9.56

LPS + tan ITA (80 wmol/L) 1.92£0.26" " 32.57 £6.54"

LPS + tan ITA(160 pmol/L) 1.63 +0.43" " 37.53 £5.83""

Note: * P <0.05,** P <0.01 vs LPS;#*P <0.05,"P <0. 01 vs Con-
trol.

Effect of tanshinone ITA on apoptosis-associated
mRNA expression in RPMCs exposed to LPS

Table 2 showed that exposure to 5 mg/L LPS for 24 h
caused a marked increase in apoptotic marker Bax mR-
NA ,and a decrease in anti-apoptotic marker Bcl-2 mR-
NA. Compared with the LPS group,the decrease in Bax
mRNA expression and the increase in Bel-2 mRNA ex-

pression were observed in the tanshinone IIA group.
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Table 2 Effect of tanshinone ITA on Bax and Bcl-2 mRNA
expression in RPMCs exposed to LPS

Groups Bcl-2 mRNA Bax mRNA
Control 1 1
LPS 0.32+0.09% 3.28 +0.32*
LPS + tan TIA (40 wmol/L)  0.45+0.08* 2.82+0.54

LPS + tan ITA (80 wmol/L) 0.59+0.13"" 2.12+0.64"

LPS + tan IIA (160 pmol/L)  0.76 £0.17** 1.75£0.52**
Note: * P <0.05,** P <0.01 vs LPS;*P <0.05,"P <0.01 vs Con-

trol. All results were shown as mean * SD and were representative of

three independent experiments.

Effect of tanshinone ITA on fibrosis-associated mR-

NA expression in RPMCs exposed to LPS

Table 3 showed that exposure to 5 mg/L LPS for 24 h

caused a marked increase in FN and COL I mRNA.

Compared with the LPS group,the decrease in FN and

COL T mRNA expression were observed in the tanshi-

none ITA group.

Table 3  Effect of tanshinone ITA on FN and COL | mRNA
expression in RPMCs exposed to LPS

Groups FN mRNA  COL I mRNA
Control 1 1
LPS 2.28 +0.74" 2,17 +0.62"
LPS + tan 1A (40pmol/L)  1.95+0.36  1.65+0.47"*
LPS + tan 1IA (80wmol/L)  1.64 £0.27* 1.34+0.34*"

LPS + tan IIA (160 pmol/L)  1.40 +0.56"* 1.24 £0.26**
Note: * P <0.05,** P <0.01 vs LPS;*P <0.05,* P <0.01 vs Con-

trol. All results were shown as mean + SD and were representative of

three independent experiments.

Discussion and Conclusion

During long-term PD, loss of peritoneal membrane in-
tegrity and peritoneal ultrafiltration capacity are major
complications. Bacterial peritonitis is one of the major
causes of peritoneal dysfunction and morbidity in CAPD
patients. Cycles of inflammation may result in fibrosis
and membrane thickening. Inhibition of inflammatory
reaction resulted in reduced peritoneal fibrosis'’'.
Chronic and prolonged inflammation lead to the occur-
rence of peritoneal fibrosis from long-term clinical
PD"**' In this study, it was demonstrated that tanshi-
none IIA can attenuate the expression of IL-18, IL-6
and TNF-a induced by LPS. In addition, cell viability
was increased remarkably by tanshinone 1A compared

to LPS group. It suggested that tanshinone IIA might

play a part in the local defense of the peritoneal cavity
by down-regulating inflammatory mediators, which may
play a potential role in preventing peritoneal fibrosis in-
duced by peritonitis.

Bel-2 ,an anti-apoptotic protein,is known to be a nega-
tive regulator of apoptosis which can prevent cyto-
chrome ¢ release from mitochondria and protect DNA
from fragmentation. Conversely Bax, a pro-apoptotic
member of the Bax/Bel-2 family, may be a key factor
promoting cytochrome c release. In the present study, it
was demonstrated that tanshinone IIA can inhibit LPS-
induced down-regulation of Bel-2 and up-regulation of
Bax, thus against LPS-induced RPMCs cell apoptosis
and protect RPMCs.

Long term PD may result in oxidative stress, which
damages peritoneal mesothelial cells and may cause
peritoneal fibrosis and ultrafiltration loss "', Oxida-
tive stress plays a major role in the development of per-

itoneal deterioration ''*’ [13]

and apoptosis . Our study
found that tanshinone IIA treatment can attenuate LPS-
induced ROS generation. SOD ,as an important antioxi-
dant enzyme, provides a major defense against ROS
generation. MDA is a parameter to measure lipid perox-
idation and its increase is a direct result of free radical
damage to membrane components of the cells. In the
present study, we observed significant increase in the
levels of SOD and remarkable decrease in the levels of
MDA in RPMCs treated with tanshinone IIA compared
to LPS group. The role of tanshinone ITA modulating
oxidative stress has been recognized and tanshinone ITA
attenuates LPS-induced apoptosis and fibrosis which is
related to the inhibition of oxidative stress.

The protective effect of tanshinone ITA can help to
maintain peritoneal membrane function longer in pa-
tients undergoing CAPD ,thus improve peritoneal dialy-
sis outcomes. The potential role of tanshinone IIA as

well as signaling molecules, both downstream and up-

stream , requires further investigation.
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