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Ginkgolide A (GA) is a one of the active components of Ginkgo biloba. We aimed to detect the effects GA on the 
lipopolysaccharide (LPS)-induced inflammatory response in human coronary artery endothelial cells (HCAECs) 
and whether the effects are associated with the inhibition of toll-like receptor 4 (TLR4)-NF-κB signaling through 
PI3K/Akt pathway. HCAECs were stimulated with LPS and treated with GA or TLR4 inhibitor CLI-095. A PI3K/
Akt inhibitor LY294002 was used to block the PI3K/Akt pathway. The toxic effects of GA, LPS and LY294002 on 
HCAEC were evaluated using MTT assay. Levels inflammatory mediators, TLR4 mRNA, NF-κB signaling activity 
were valuated. We found LPS stimulation significantly increased the release of IL-6, IL-8, MCP-1 and TNF-α from 
HCAECs, elevated the TLR4 mRNA expression and activated the NF-κB signaling. GA and CLI-095 abolished 
the LPS-induced inflammatory mediator release and NF-κB signaling activation, and GA reduced the TLR4 
mRNA expression without affecting cell viability. However, PI3K/Akt blocking abolished the effects of GA on 
HCAECs. We conclude that GA could attenuate the LPS-induced inflammatory response in HCAECs and the 
anti-inflammatory activity might be associated with the inhibition of TLR4-NF-κB signaling through PI3K/AKT 
pathway. These findings suggest a therapeutic potential of GA in endothelial inflammation.

1. Introduction
Cardiovascular disease is the leading cause of death and disability 
worldwide, and is a huge drain on public health expenditure 
(Zhang et al. 2014; Liu et al. 2015). Endovascular interventional 
therapy is an effective treatment option for some of the patients 
with cardiovascular diseases (Biondi-Zoccai et al. 2014; Silver and 
Behrouz 2015). However, the interventional operation may injure 
the vascular endothelial cells and induce inflammatory response, 
which might subsequently lead to re-blocking of the artery. So, 
agents that can inhibit endothelial inflammatory response seem 
necessary for patients with cardiovascular diseases.
Vascular endothelial cells, lining the entire circulatory system, thus 
separating blood and extra-vascular tissues, play a crucial role in 
providing the proper haemostatic balance. Under physiological condi-
tions, endothelial cells prevent thrombosis by means of different anti-
coagulant and antiplatelet mechanisms (Rajendran et al. 2013; Wang 
and Ding 2015). Yet, endothelial cells are involved in the initiation 
and progression of atherosclerosis when injured, ultimately leading to 
blocking of arteries. Accumulating evidence supports the role of local 
and systemic inflammation as a common pathophysiological mecha-
nism in cardiovascular diseases including atherosclerosis (Mangge 
et al. 2014; Roth Flach et al. 2015). Elevated levels of inflammatory 
mediators, such as IL-6, IL-8, MCP-1 and TNF-α are found in athero-
sclerosis (Wang et al. 2012; Xu et al. 2013; Yin et al. 2013). The cyto-
kines act on endothelial cells, leading to a cascade of inflammatory 
reactions and endothelial cell dysfunction. However, there is evidence 
showing that endothelial cells are not only the targets but, following 
proper stimulation, contribute to cytokine secretion themselves 
(Zeuke et al. 2002). Based on the effects of inflammatory response 
in endothelial cell dysfunction and atherosclerosis, anti-inflammatory 
management is regarded as a potential therapeutic strategy for cardio-
vascular diseases (Li et al. 2011; Siti et al. 2015). 

Lipopolysaccharide (LPS) can activate inflammatory processes. In 
preclinical studies, it is widely used in to induce inflammatory response 
in animals and cellular systems, and to evaluate anti-inflammatory 
effects of medications (Zeuke et al. 2002; Zhao et al. 2015). Toll-like 
receptor (TLR) 4, a pattern-recognition receptor, is identified as the 
most important transmembrane signaling receptor for LPS. After 
binding to its ligand such as LPS, TLR4 initiates a series of signaling 
cascades, which may lead to NF-κB activation and inflammatory 
cytokine release (Song et al. 2016). There is evidence that LPS can 
influence vascular endothelial cell through TLR4 mediated signaling 
pathways (Zeuke et al. 2002). However, the expression of TLR4 and 
the production of inflammatory mediators can be regulated by the 
PI3K/Akt signaling transduction pathway (Ke et al. 2012; Dong et 
al. 2014). Activating the PI3K/Akt pathway by medication has been 
proved to inhibit the LPS-induced inflammatory cytokine release and 
TLR4 expression in microglia (Ke et al. 2012). Thus, regulating the 
PI3K/Akt pathway might be also beneficial in inhibiting inflamma-
tory response in other cellular systems.
Ginkgo biloba, a herb, has a long history of medical use for various 
diseases including cardiovascular diseases. Several extracts from 
Ginkgo biloba were obtained and used to treat inflammatory disease, 
cardiovascular diseases, neurologic diseases, liver diseases and 
tumor. Some of them exert their effects though regulating the NF-κB 
signaling pathway (Li et al. 2009). Ginkgolide A (GA), one of the 
major constituents of Ginkgo biloba, is reported to have multiple 
pharmacological activities (Chen et al. 2012). It has been tested in 
several cardiovascular cellular systems. Zhou et al. (2006) found 
GA attenuated homocysteine-induced endothelial dysfunction in 
porcine coronary arteries. Zhao et al. (2015) reported GA reduced 
inflammatory response in high-glucose-stimulated human umbilical 
vein  endothelial cells  through the STAT3-mediated pathway. 
HCAECs were shown to respond to LPS (Raveendran et al. 2011).



ORIGINAL ARTICLES

Pharmazie 71 (2016) 589

However, no study investigated the effects of GA on the LPS 
induced cell damage and inflammatory response in HCAECs. 
Thus, this study aimed to detect whether GA would exhibit anti-
inflammatory effects in LPS-treated HCAEC, and whether this 
effect might be associated with regulating the PI3K/Akt mediated 
TLR4 -NF-κB signaling pathway.

2. Investigations and results

2.1.  Toxic effects of GA, LPS and LY294002 on the vi-
ability of HCAECs

The toxic effects of GA, LPS and LY294002 on HCAECs were 
evaluated using MTT assay. HCAECs were pretreated with or 
without the presence of GA (10 μM or 20 μM ). Then cells were 
stimulated by LPS (10 ng/mL) with or without the presence of the 
PI3K/Akt inhibitor LY294002 (10 μM) and the TLR4 inhibitor 
CLI-095 (5 μM) for 24 h. The results of the viability evaluation 
showed that GA 10 μM, GA 20 μM, LPS, LPS+CLI-095, LPS+GA 
10 μg, LPS+GA 20 μg, LPS+GA 20 μg+LY294002 had no obvious 
toxic effects on HCAECs (Table 1).

Table 1: Toxic effects of GA, LPS and LY294002 on the viability of 
HCAECs

Cell viability

Control 1±0.09
GA 10 μM 1.03±0.08
GA 20 μM 1.09±0.11
LPS 0.96±0.12
LPS+ CLI-095 1.06±0.09
LPS+GA 10 μM 1.05±0.13
LPS+GA 20 μM 1.08±0.10
LPS+GA 20μM +LY294002 0.98±0.08

Data are presented as mean±SD. aP<0.05, vs. the control group.

Table 2: Levels of TLR-4 mRNA, NF-κB p65 mRNA and NF-κB p65 
DNA binding activity

TLR-4 mRNA NF-κB p65 mRNA NF-κB p65 DNA binding activity

Control 1.00±0.08 1.00±0.12 0.20 ±0.02
LPS 5.72±0.85 a 7.51±1.30 a 0.86±0.10a a

LPS+ CLI-095 6.85±1.20 a 1.29±0.23 0.23±0.03
LPS+GA 10 μM 4.06±0.51 a,b 4.85±0.69 a,b 0.60±0.08b a,b

LPS+GA 20 μM 2.75±0.36 a,b,c 2.08±0.33 a,b,c 0.39±0.05bc a,b,c

LPS+GA 20 μM 
+LY294002

7.09±1.40 a,d 8.49±1.50 a,d 0.90±0.11 a,d

Data are presented as mean±SD. aP<0.05, vs. the control group; bP<0.05, vs. the LPS group; 
cP<0.05, vs. the LPS+GA 10 μM group; dP<0.05, vs. the LPS+GA 20 μM group.

Table 3: Levels of NF-κB p65, p-NF-κB p65 and p-IκBα
NF-κB p65 p-NF-κB p65 p-IκBα

Control 1.00±0.08 1.00±0.06 1.00±0.08
LPS 6.39±1.14 a 9.16±1.55 a 6.21±0.90 a

LPS+ CLI-095 1.15±0.21 1.09±0.13 1.11±0.16
LPS+GA 10 μM 4.16±0.63 a,b 7.05±1.18 a,b 4.70±0.64 a,b

LPS+GA 20 μM 2.30±0.41 a,b,c 3.07±0.50 a,b,c 2.38±0.43 a,b,c

LPS+GA 20 μM +LY294002 8.08±1.37 a,d 11.90±2.11 a,d 7.40±1.31 d a,d

Data are presented as mean±SD. aP<0.05, vs. the control group; bP<0.05, vs. the LPS group; 
cP<0.05, vs. the LPS+GA 10 μM group; dP<0.05, vs. the LPS+GA 20 μM group. 

Table 4: Levels of mRNA expression of IL-6, IL-8, MCP-1 and TNF-α 
in HCAECs

IL-6 mRNA IL-8 mRNA MCP-1 mRNA TNF-α mRNA

Control 1.00±0.08 1.00±0.12 1.00±0.08 1.00±0.10
LPS 13.27±1.85 a 10.34±1.31 a 9.01±1.55 a 5.03±0.82 a

LPS+ CLI-095 1.10±0.13 1.20±0.22 1.17±0.25 1.06±0.11 a

LPS+GA 10 μM 9.86±1.90 a,b 7.05±1.03 a,b 6.68±0.91 a,b 3.27±0.49 a,b

LPS+GA 20 μM 4.09±0.50 a,b,c 3.53±0.65 a,b,c 3.01±0.51 a,b,c 1.85±0.41 a,b,c

LPS+GA 20 μM 
+LY294002

14.08±2.10 a,d 10.02±1.86 a,d 12.11±2.30 a,d 6.83±1.08 a,d

Data are presented as mean±SD. aP<0.05, vs. the control group; bP<0.05, vs. the LPS group; 
cP<0.05, vs. the LPS+GA 10 μM group; dP<0.05, vs. the LPS+GA 20 μM group.

2.2.  GA inhibited the LPS-induced TLR4 mRNA expres-
sion in HCAECs

As shown in Table 2, treatment with LPS for 24 h led to a marked 
increase in TLR4 mRNA expression in HCAECs. GA (10 μM 
and 20 μM  ) partially abolished the LPS-induced TLR4 mRNA 
expression, and GA 20 μM was more potent than GA 10 μM. 
However, the inhibitory effect of GA (20 μM) on the LPS-induced 
TLR4 mRNA expression was abolished by the PI3K/Akt inhibitor 
LY294002, which confirmed the role of the PI3K/Akt pathway in 
the inhibition of TLR4 mRNA expression by GA.

2.3.  GA and CLI-095 inhibited the LPS-induced activa-
tion of NF-κB signaling in HCAEC

As shown in Tables 2 and 3, treatment with LPS for 24 h significantly 
increased levels of NF-κB p65 (both protein and mRNA), p-NF-κB 
p65 and p-IκBα in HCAECs. Additionally, LPS treatment signifi-
cantly increased the NF-κB p65 DNA binding activity in HCAECs. 
The data suggested that LPS activated NF-κB signaling in HCAECs.
The specific TLR4 inhibitor CLI-095 completely reversed the 
increases of NF-κB p65 (both protein and mRNA), p-NF-κB 
p65, p-IκBα and NF-κB p65 DNA binding activity in HCAECs, 
suggesting that TLR4 played a crucial role in the LPS-induced 
NF-κB signaling activation (Tables 2, 3).
Similarly to the TLR4 inhibitor, GA (10 μM and 20 μM ) partially 
abolished the LPS-induced NF-κB signaling activation in a dose-
dependent manner. However, the inhibitory effects of GA (20 μM) 
on the LPS-induced NF-κB signaling activation were abolished by 
PI3K/Akt inhibitor LY294002 (Tables 2, 3), which confirmed the 
role of the PI3K/Akt pathway in the inhibition of NF-κB signaling 
activation by GA in HCAECs.

2.4.  GA and CLI-095 inhibited the LPS-induced produc-
tion of cytokines in HCAEC

Levels of some inflammatory mediators were determined. As 
shown in Tables 4 and 5, LPS significantly increased the produc-
tion of IL-6, IL-8, MCP-1 and TNF-α from HCAECs. However, 
the TLR4 inhibitor CLI-095 completely inhibited the increases 
of IL-6, IL-8, MCP-1 and  TNF-α in the LPS-treated HCAECs, 
suggesting that TLR4 played a crucial role in the LPS-induced 
production of these inflammatory mediators in HCAECs.
Similarly to the TLR4 inhibitor, GA (10 μM and 20 μM ) down-
regulated the LPS-induced production of IL-6, IL-8, MCP-1 
and TNF-α from HCAEC in a dose-dependent manner. However, 
the down-regulatory effects of GA (20 μM) on the LPS-induced 
production of these inflammatory mediators were abolished by 
PI3K/Akt inhibitor LY294002 (Tables 4, 5).

3. Discussion
The anti-inflammatory effects of GA have been reported in some 
animal models and cellular systems. Yet, little is known about its 
effects on the endothelial cell associated inflammatory response. 
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In this study, we for the first time demonstrated that GA inhibited 
the LPS-induced inflammatory response in HCAECs via downreg-
ulation of TLR4-NF-κB signaling through the PI3K/Akt pathway.
Inflammation is involved in the pathophysiology of endothelial 
cell damage and atherosclerosis (Botti et al. 2012; Roth Flach et 
al. 2015). In the inflammatory process, the artery endothelial cell 
is not only the target but, following proper stimulation, contrib-
utes to cytokine secretion itself (Zeuke et al. 2002), which may 
further exacerbate the inflammatory cascade reactions. LPS can 
activate inflammatory processes in animals and cellular systems. 
HCAECs have been shown to respond to LPS (Raveendran 
et al. 2011). In this study, we treated the HCAECs with LPS and 
found that LPS significantly promoted the release of IL-6, IL-8, 
MCP-1 and  TNF-α, which are cytokines that are involved in the 
pathophysiology of atherosclerosis (Wang et al. 2012; Yin et al. 
2013; Xu et al. 2013; Lin et al. 2014). GA has exhibited anti-inflam-
matory properties in recent in vivo and in vitro studies (Zhao et al. 
2015; Ye et al. 2016). However, the effects of GA on LPS treated 
HCAECs have not been investigated. In this study, we demonstrated 
that GA could reduce the production of cytokines IL-6, IL-8, MCP-1 
and  TNF-α from the LPS-treated HCAECs in a dose-dependent 
manner. This would be beneficial for the attenuation of the inflam-
matory cascade reactions. The inhibition of these inflammatory 
mediators has exhibited protective effects on cardiovascular system 
(Li et al. 2011; Siti et al. 2015). Our findings suggest a therapeutic 
potential of GA in inflammation- associated cardiovascular damage.
In order to detect the mechanism of the inhibitory effects of GA on 
the release of the cytokines in the LPS-treated HCAECs, we inves-
tigated the changes of TLR4-NF-κB signaling. LPS may induce 
inflammatory response via activating several types of receptors, 
such as TLR2 and TLR4 (Lüttgenau et al. 2016). TLR4 is the main 
receptor of LPS, serving as the primary mediator of innate immune 
responses to LPS by triggering a cascade of pro-inflammatory 
events. A key downstream signal of TLR4 is mediated by NF-κB. 
NF-κB is located in the cytoplasm in its inactive form, combined 
with its inhibitor IκB. The binding between the LPS-activated TLR4 
and MyD88 ultimately results in the phosphorylation of IκB. The 
phosphorylated IκB loses its inhibitory effect on NF-κB and NF-κB 
is activated by phosphorylation. The phosphorylated NF-κB, the 
active form of NF-κB, moves into the nucleus and induces the genes 
transcription, leading to the production of the pro-inflammatory 
cytokines. It has been demonstrated that IL-6, IL-8, TNF-α  and 
MCP-1 are all downstream inflammatory mediators of NF-κB 
signaling (Lei et al. 2016). The expression of TLR4 on HCAECs 
surface has recently been confirmed (Zeuke et al. 2002; Raveendran 
et al. 2011). In this study, we found that LPS significantly increased 
the expression of TLR4 mRNA in HCAECs. And consistently, LPS 
significantly increased the levels NF-κB p65, p-NF-κB p65 and 
p-IκBα in HCAECs. The results indicated that LPS might activate the 
NF-κB signaling via promoting TLR4 expression in the HCAECs. 
In order to confirm the role of TLR4 signaling in the NF-κB activa-
tion and the release of IL-6, IL-8, TNF-α  and MCP-1 by LPS in 
HCAECs, we cultured the LPS-treated HCAECs in the presence of 
a specific TLR4 inhibitor CLI-095. We found the TLR4 inhibitor to 
completely reverse the increases in levels of NF-κB p65, p-NF-κB 
p65, p-IκBα, IL-6, IL-8, TNF-α and MCP-1. The findings confirmed 

that the LPS-induced NF-κB activation and inflammatory mediator 
release were mediated through TLR4 signaling. Our results are 
consistent with the findings in a study that reported TLR4-mediated 
inflammatory activation of HCAECs by LPS (Zeuke et al. 2002). 
Additionally, results presented in our study showed that GA inhibited 
TLR4 mRNA expression, NF-κB activation and cytokine production 
in a dose-dependent manner in the LPS-treated HCAECs. These 
findings suggested that the anti-inflammatory activity of GA in the 
LPS-treated HCAECs might be associated with downregulation of 
TLR4-NF-κB signaling. 
It has been demonstrated that TLR4 expression can be regulated 
by the PI3K/Akt pathway (Ke et al. 2012; Dong et al. 2014). PI3K/
Akt was reported to be involved in inflammatory response regula-
tion. Studies showed that PI3K/Akt activation had a role in the 
negative regulation of LPS-induced IL-6, IL-8 and TNF-α release 
from microglial cells (Tarassishin et al. 2011) and bone marrow 
macrophages (Ke et al. 2012). Other studies demonstrated that 
PI3K/Akt is a potent suppressor of inflammatory response (Dong 
et al. 2014; Rong and Xijun 2015; Li et al. 2016). To test the role of 
PI3K/Akt in the inhibition of TLR4-NF-κB signaling by GA in this 
study, the PI3K/Akt inhibitor LY294002 (Chang et al. 2016) was 
used to block the PI3K/AKT signaling. Interestingly, we found that 
the inhibitory effect of GA on the TLR4 mRNA expression was 
abolished by the PI3K/Akt inhibitor in the LPS-treated HCAECs. 
Consistently, the inhibitory effects of GA on the LPS-induced 
NF-κB activation and cytokine production in the HCAECs were 
also abolished by the PI3K/Akt inhibitor. All the results indicated 
that GA might inhibit the TLR4-NF-κB signaling mediated inflam-
matory response through the PI3K/AKT pathway. 
In conclusion, LPS induced inflammatory response by activating 
TLR4-NF-κB signaling in HCAECs. GA could dose-dependently 
inhibit the LPS-induced inflammatory response in HCAECs and 
the anti-inflammatory activity might be associated with the inhibi-
tion of TLR4-NF-κB signaling through the PI3K/AKT pathway. 
These findings suggest that GA may have a therapeutic potential in 
endothelial inflammation associated cardiovascular disease. 

4. Experimental 

4.1. Cell culture
HCAECs were obtained from Cell Applications Inc (San Diego, CA, USA) and grown 
in ECM endothelial growth medium (ScienCell, San Diego, CA, USA) supplemented 
with 5% fetal bovine serum and 100 U/mL penicillin/streptomycin with 5% CO

2
 at 37 °C. 

Cells from passages 3-5 were used for further experiments. 

4.2. Toxic effects of GA, LPS and LY294002 on the viability of HCAEC
The effect of on cell viability was determined using 3-(4,5-dimethylthazol-2-yl) 
-2,5-diphenyl tetrazolium bromide (MTT) assay. After grown in 96-well plates for 
24 h, cells were pretreated with or without GA (10 μM or 20 μM  ) for 1 h. Then 
they were stimulated by LPS (10 ng/mL) with or without the presence of PI3K/Akt 
inhibitor LY294002 (10 μM) and TLR4 inhibitor CLI-095 (5 μM) for 24 h. After that, 
MTT (Amresco, Solon, OH, USA) at a final concentration of 0.5 μg/mL was added 
to the wells. The cells were incubated with MTT for 4 h at 37 °C in the dark. The 
medium was removed and the crystals were dissolved in dimethyl sulfoxide (DMSO) 
(Sigma-Aldrich, St. Louis, MO, USA). The absorbance was measured at 570 nm 
using a microplate reader (Thermo Scientific, Waltham, MA, USA). Cell viability = 
(experimental group absorbance value/control group absorbance value) × 100%.

4.3. ELISA assay
The cell-free culture medium was collected for measurements of inflammatory 
cytokines IL-6, IL-8, TNF-α-1 and MCP. The supernatants of HCAECs lysates were 
collected for the investigations of NF-κB p65, phosphorylated NF-κB p65 (p-NF-κB 
p65) and phosphorylated IκB-α (p-IκBα). Levels of these parameters were determined 
using commercially available enzyme-linked immunosorbence assay (ELISA) kits 
according to the instructions provided by the manufacturers. ELISA kits: NF-κB 
p65 (Cusabio Company, Wuhan, China); p-NF-κB p65 and p-IκBα (Cell Signaling, 
Beverly, Massachusetts, USA); IL-6, IL-8, MCP-1 and TNF-α (R&D Systems, Inc., 
Minneapolis, MN, USA).

4.4. NF-κB p65 DNA binding activity assay
Nuclear protein was extracted from HCAEC using a nuclear extraction kit (Active 
Motif, Carlsbad, CA, USA). NF-κB p65 DNA-binding activity was measured using 
TranAM™ NF-κB p65 Chemi transcription factor assay kit was used (Active Motif, 
Carlsbad, CA, USA). The NF-κB p65 DNA-binding activity was determined by 
measuring the absorbance at 450. 

Table 5: Levels of of IL-6, IL-8, MCP-1 and TNF-α

IL-6 IL-8 MCP-1 TNF-α

Control 1.00±0.11 1.00±0.15 1.00±0.13 1.00±0.11
LPS 12.04±2.05 a 11.28±1.59 a 13.30±2.08 a 7.59±1.04 a

LPS+ CLI-095 1.08±0.15 1.14±0.20 1.17±0.24 1.10±0.16 a
LPS+GA 10 μM 8.21±1.70 a,b 7.69±1.13 a,b 8.93±1.36 a,b 4.05±0.63 a,b

LPS+GA 20 μM 3.83±0.48 a,b,c 3.01±0.57 a,b,c 4.51±0.88 a,b,c 2.10±0.33 a,b,c

LPS+GA 20 μM 
+LY294002

14.66±2.31 a,d 13.55±2.40 a,d 15.63±2.79 a,d 8.91±1.77 a,d

Data are presented as mean±SD. aP<0.05, vs. the control group; bP<0.05, vs. the LPS group; 
cP<0.05, vs. the LPS+GA 10 μM group; dP<0.05, vs. the LPS+GA 20 μM group.
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4.5. PCR assay
Total RNA was isolated from HCAECs using Trizol reagents (Invitrogen Corp, 
Eugene, OR). Total RNA was converted to cDNA using the iScript cDNA synthesis kit 
(Thermo Scientific, Shanghai, China). cDNA was amplified by real-time polymerase 
chain reaction (RT-PCR). Reactions were run on a 7500 Real Time PCR system 
(Thermo Scientific, Beijing, China) using the following conditions: 95 °C for 3 min 
followed by 40 cycles of 95 °C for 5 s, 60 °C for 30 s. The primers were as follows: 
GAPDH forward, 5′ ACAACTTTGGTATCGTGGAAGG 3′ and reverse, 5′ GCCAT-
CACGCCACAGTTTC 3′; TLR4 forward, 5′ GCCTTTCAGGGAATTAAGC TCC 
3′ and reverse, 5′ GATCAACCGATGGACGTGTAAA 3′; NF-κB p65 forward, 
5′- TCAATGGCTACACAGGACCA-3′ and reverse, 5′- CACTGTCACCTG-
GAAGC AGA -3′; TNF-α forward, 5′ GTAGCCCATGTTGTAGCAAACC 3′ and 
reverse, 5′ C TGATGGTGTGGGTGAGGAG 3′; IL-6 forward, 5′ AGAGGCACTG-
GCAGAA AACAAC 3′ and reverse, 5′ AGGCAAGTCTCCTCATTGAATCC 3′; 
IL-8 forward, 5′ TTTCAGAGACAGCAGAGCACACAA3′ and reverse, 5′CACA-
CAGAGCTGCA GAAATCAGG3′; MCP-1 forward, 5′ GCTCATAGCAGCAGC-
CACCTT 3′ and MCP-1 reverse, 5′ GGAATCCTGAACCCACTT 3′. 

4.6. Statistical analysis
All data were expressed as mean±SD. Statistical  comparisons were conducted 
by one-way analysis of variance (ANOVA) followed by Tukey’s test for multiple 
comparisons.  Differences were considered statistically significant if P < 0.05.

Conflict of interest: None declared.
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