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Abstract: Objective: Our objective is to explore the effect of curcumin on permeability of coronary artery and expres-
sion of related proteins in rat coronary atherosclerosis heart disease model. Methods: 45 healthy male Wistar rats 
of clean grade were selected and divided into treatment group, model control group and blank control group. The 
rats in the treatment group and model control group received high-fat diet for 12 weeks and intraperitoneal injec-
tion of VD3 to establish rat coronary atherosclerosis heart disease model. After modeling, the rats in the treatment 
group received gavage of 100 mg/(kg·d) curcimin, and the rats in the model control group and blank control group 
received gavage of 5 ml/(kg·d) distilled water, the intervention time was 4 weeks. After intervention, the rats were 
killed, and the hearts were dissected to obtain the samples of coronary artery. After embedding and frozen section, 
immunofluorescence method was used to detect the change of endarterium permeability in 3 groups, Western blot 
was used to detect matrix metalloproteinase-9 (MMP-9) and CD40L in coronary artery tissue, and enzyme linked 
immunosorbent assay (ELISA) was used to detect serum tumor necrosis factor-α (TNF-α) and C reaction protein 
(CRP). Results: After modeling, compared with the blank control group, total cholesterol (TC), triglyceride (TG) and 
low density lipoprotein cholesterin (LDL-c) in the treatment group and model control group were significantly higher 
(P<0.05), however, high density lipoprotein cholesterin (HDL-c) was significantly lower. The pathological sections 
showed that there was lipidosis in rat coronary artery in treatment group and model control group, indicating that 
the modeling was successful. Immunofluorescence showed that there was only a little fluorochrome permeability in 
artery in blank control group, there was some fluorochrome permeability in artery in the treatment group and there 
was a lot of fluorochrome permeability in artery in the model control group. MMP-9 and CD40L in coronary artery 
tissue in the model control group were significantly higher than the treatment group (P<0.05), MMP-9 and CD40L in 
coronary artery tissue in the treatment group were significantly higher than the blank control group (P<0.05); serum 
TNF-α and CRP in the model control group were significantly higher than the treatment group (P<0.05), which were 
significantly higher in the treatment group than the blank control group (P<0.05). Conclusion: Rat coronary athero-
sclerosis heart disease model can be successfully established by feeding with high-fat diet and intraperitoneal injec-
tion of VD3, the permeability of coronary artery in coronary heart disease rat model is significantly increased, which 
may be related to up-regulation of MMP-9, CD40L, TNF-α and CRP expression. Application of curcumin can inhibit 
expression of MMP-9, CD40L, TNF-α and CRP to improve the permeability of coronary artery.
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Introduction

Coronary heart disease (CHD) is a common car-
diovascular disease, which is also an important 
reason to cause human death [1-3]. Curcumin 
is a polyphenols compound separated from tur-
meric [4, 5]. It is found that curcumin has many 
pharmacological effects including antioxidant, 
anti-inflammation, eliminating free radicals, 
anti-tumor, lipid regulation and anti-coagulation 

[6, 7]. And clinical trials showed no severe toxic 
or side effect [8, 9]. It is also reported that after 
application of curcumin in coronary heart dis-
ease, the lipid level is effectively controlled and 
the incidence of cardiovascular event is reduced 
[10-12]. In this study, we explored the mecha-
nism of curcumin in treating coronary heart dis-
ease by studying the effect of curcumin in rat 
coronary atherosclerosis heart disease model.
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Materials and methods

Experimental animals

45 healthy male Wistar rats of clean grade 
were provided by the Animal Center of The Third 
Military Medical University, the body weight 
was 220-250 grams and the age was 9 weeks. 
The rearing conditions: room temperature 
(24±1°C), relative humidity (55±5)%, light and 
darkness for 12 hours alternatively, the rats 
were fed for 2 weeks to adapt the environ- 
ment.

Instruments and reagents

The microplate reader was Multiskan MK2 pur-
chased from Lab system Ltd, the centrifugal 
machine was purchased from Shanghai Anting 
Scientific Instrument Factory, the electrophore-
sis apparatus was purchased from Beijing Liuyi 
Instrument Factory, Modulus multi-functional 
photometer was purchased from Turner 
BioSystems, fluorescence quantization reagent 
was purchased from Takara Bio Company. Goat 
anti-mouse MMP-9 antibody and goat anti-
mouse CD40L antibody were purchased from 
Shanghai Yuanye Biological Techonology Co, 
Ltd. Enzyme linked immunosorbent assay 
(ELISA) kit was purchased from Beijing Kangwei 
Century Biological Technology Co, Ltd.

Modeling, grouping and treatment

45 rats were randomly divided into treatment 
group, model control group and blank control 
group. The establishment of model in the treat-
ment group and the model group were as fol-
lows: The rats were fed with high-fat diet for 12 
weeks (4% cholesterol, 10% lard, 5% white 
sugar, 0.5% sodium cholate, 0.2% propylthio-
uracil and 80.3% basal feed), and intraperito-
neal injection of 2 mL/kg VD3 (600000 IU/kg) 
was applied every day for 3 days since the feed-
ing started. The rats in the blank control group 
were fed with basal feed, and intraperitoneal 
injection of 2 mL/kg normal saline was applied 
every day for 3 days since the feeding started. 
After feeding for 12 weeks, the venous blood 
was collected for blood lipid detection, and 2 
rats were taken from the treatment group and 
the model control group for detection of heart 
pathology to confirm whether the modeling was 
successful. After the model was successfully 
built, the rats in the model group received 

gavage of 100 mg/(kg·d) curcumin, and the 
rats in model control group and blank control 
group received gavage of 5 ml/(kg·d) distilled 
water, the intervention time of drug was 4 
weeks [13].

Sample collection

After intervention, intraperitoneal injection of 
25% urethane (4 mL/kg) was used for anesthe-
sia. The rats were fixed on operating table on 
supine position, the abdominal skin and mus-
cle were scissored by scissor, and the arterial 
blood was collected by injection syringe. Then 
the chest was opened to expose the heart, and 
the coronary artery tissue was immediately col-
lected. The coronary artery tissue was incised 
longitudinally, the coronary artery tissues of the 
same location were collected and preserved in 
-70°C refrigerator. After being kept still for 30 
minutes, the samples were centrifuged for 20 
minutes (3000 r/min), the supernatant was col-
lected and preserved in -20°C refrigerator.

The permeability of coronary artery detected 
by immunofluorescence method

The samples were taken from -70°C refrigera-
tor and put in ice box, freezing microtome was 
used to slice the samples, which were then put 
on processed glass slides. PBS was used to 
wash the samples for 3 times with 10 minutes/
time, after being dried, a circle was drew around 
the sample, and then 200 μl 5% skimmed milk 
was put into the circle and placed at 4°C for 24 
hours. 5% skim milk was discarded, 200 μl 
Rhodamin diluted by 1:200 was added and 
placed at 4°C for 2 hours. Rhodamin was dis-
carded, and the samples were washed by PBS 
for 10 minutes, 0.05% Tween for 10 minutes, 
and again PBS for 2 times with 10 minutes/
time. The samples were dried at room tempera-
ture, and covered by single-layer cover glass. 
And then the samples were observed and pho-
tographed under the fluorescence microscope. 
Fluorescent quantitative analysis system was 
used to detect the thickness of permeated dye 
[14].

Matrix metalloprotein-9 (MMP-9) and CD40L 
detected by Western blot

A part of coronary artery tissue was sliced and 
weighted, the weight of every sample was 
around 100 mg. 1000 μL RIPA cell lysis buffer 
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was added and then centrifuged for 5 minutes 
(3000 r/min) to collect the supernatant. SDS-
PAGE kit preparation kit was used. The loading 
buffer was added in protein samples which 
were then loaded in SDS-PAGE wells. The spac-
er gel was electrophoresed by 80V for 30 min-
utes and the separation gel was electropho-
resed by 120V for 1 hour. After transmembrane 
and sealing, the anti MMP-9 and anti CD40L 
anbitobodies were diluted, and the TBST was 
used to wash the membranes for 3 times with 
5 minutes/time. According to the related refer-
ence, ECL kit was used to detect the protein, 
SIM image analyzer was used for scanning and 
gray value analysis software Quantity one was 
used to analyze the gray value of the bends.

Tumor necrosis factor-α (TNF-α) and C reaction 
protein (CRP) detected by ELISA

TNF-α and CRP were detected by ELISA. The 
procedures were according to the protocol in 
the kit. Firstly, the serum sample was diluted by 
2 times, which was then added in 96-well plate. 
The reaction wells were sealed, and incubated 
in 37°C incubator for 90 minutes. 350 μL 
scrubbing solution was used to wash the plates 
for 5 times, biotinylated antibody solution was 
added in every well and incubated in 37°C  
incubator for 60 minutes. The plates were 
again washed for 5 times, and enzyme conju-
gate was added in every well and incubated in 
37°C incubator for 30 minutes. The plates were 
washed for 5 times, and chromogenic substrate 

solution was added and incubated for 15 min-
utes. After adding stop buffer, OD450 value was 
detected and the standard curve was drawn to 
calculate TNF-α and CRP concentrations [15].

Statistical analysis

SPSS14.0 was used for statistical analysis, the 
comparisons among measurement data in 
three groups were analyzed by one-way ANOVA, 
multiple comparisons were analyzed by LSD-t 
test, the data which were not conformed to nor-
mal distribution and homogeneity of variance 
were analyzed by Kruskal-Wallis test, and mul-
tiple comparisons were analyzed by Nemenyi 
test. Measurement data were presented as 
(x±s), the inspection level was set as α=0.05, 
P<0.05 was considered as statistically diffe- 
rent.

Results

Comparison of blood lipid levels after modeling 
and intervention among 3 groups

After modeling, compared with the blank con-
trol group, total cholesterol (TC), triglyceride 
(TG) and low density lipoprotein cholesterin 
(LDL-c) in the treatment group and model con-
trol group were significantly higher (P<0.05), 
however, high density lipoprotein cholesterin 
(HDL-c) was significantly lower. TC, TG and LDL-c 
in the treatment group were significantly lower 
than model control group, and HDL-c was sig-

Table 1. Comparison of blood lipid levels after model establishment and intervention among 3 groups 
(x±s, mmol/L)
Group n TG TC LDL-c HDL-c
Treatment group 15 1.22±0.22 4.23±1.05 4.58±0.56 1.08±0.14
Model control group 15 2.42±0.33Δ 11.82±2.12Δ 12.02±2.59Δ 0.32±0.15Δ

Blank control group 15 0.84±0.11Δ,* 2.26±0.32Δ,* 1.93±0.26Δ,* 1.54±0.26Δ,*

F 222.86 209.89 189.24 272.50
P <0.001 <0.001 <0.001 <0.001
Note: Δmeans P<0.05 when compared with the treatment group; *means P<0.05 when compared with model control group.

Table 2. Comparisons of coronary artery permeability related proteins in 3 groups
Group n MMP-9 CD40L TNF-α (U/ml) CRP (mg/L)
Treatment group 15 4.31±1.02 0.42±0.04 3.54±0.52 6.54±1.21
Model control group 15 8.45±2.13 0.68±0.05 11.43±2.56 10.42±4.25
Blank control group 15 1.05±0.67 0.35±0.03 2.02±0.28 2.87±1.24
F 102.71 272.10 166.37 30.45
P <0.001 <0.001 <0.001 <0.001
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nificantly higher than the model control group 
(P<0.05). As shown in Table 1.

Comparison of coronary permeability after 
modeling and intervention among 3 groups

Immunofluorescence showed that there was 
only a little fluorochrome permeability in artery 
in blank control group, there was some fluoro-
chrome permeability in artery in the treatment 
group and there was a lot of fluorochrome per-
meability in artery in the model control group, 
the thickness of permeated dye in the treat-
ment was significantly lower than the model 
control group (P<0.05), which was significantly 
lower in the blank control group than the treat-
ment group (P<0.05). As shown in Table 2 and 
Figure 1.

Comparisons of coronary artery permeability 
related proteins among 3 groups

MMP-9 and CD40L in coronary artery tissue in 
the model control group were significantly high-
er than the treatment group (P<0.05), MMP-9 
and CD40L in coronary artery tissue in the 
treatment group were significantly higher than 
the blank control group (P<0.05); serum TNF-α 
and CRP in the model control group were signifi-
cantly higher than the treatment group 
(P<0.05), which were significantly higher in the 
treatment group than the blank control group 
(P<0.05). As shown in Figure 1.

Discussion

At present, the mechanism of coronary heart 
disease is not completely clear yet. A lot of epi-

demiological evidences have proven that the 
incidence of coronary heart disease is closely 
related to metabolic disorder of blood lipid in 
body, and feeding high-fat diet can establish 
atherosclerotic rat model also indicates the 
high correlation between them [16-19]. In this 
study, we successfully established coronary 
atherosclerotic heart disease rat model by 
feeding high-fat diet combined with intraperito-
neal injection of VD3, the blood lipid level was 
significantly higher than the blank control group 
and the pathological results showed that there 
was atheromatous plaque in coronary artery 
[20, 21]. Curcumin is the effective component 
of traditional Chinese medicine curcuma, the 
molecular weight is low and it is a natural 
organic-compound of polyphenols [22]. In the 
recent years, the researches about curcumin 
are further and further; several physiological 
and pharmacological effects have been found. 
One of the effects is the therapeutic effect of 
curcumin on coronary heart disease [23-25]. 
Scholars have found that curcumin has signifi-
cant lipid regulation effect, which can affect the 
activity of lipoprotein related metabolic 
enzymes, increase the content of lipoprotein, 
mobilize the reverse transportation of choles-
terol and accelerate cholesterol metabolism 
pathway to decrease TC, TG and LDL-C levels, 
and increase HDL-C level [26]. In this study, 
serum TC, TG and LDL-C in the treatment group 
were significantly lower than model control 
group, and HDL-C level was significantly higher 
than the model control group, which was in 
accordance with the above researches.

Figure 1. Comparison of coronary permeability after modeling and intervention among 3 groups.
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At present, it is considered that the main theory 
of atherosclerosis is lipid deposition theory. In 
this theory, it is considered that lipid is depos-
ited after endothelium injury to induce inflam-
matory cell infiltration and phagocytosis, 
plaque calcification and bleeding [27]. Thus, 
the permeability is closely related to atheroma-
tous plaque formation. The objective of this 
study is to explore the effect of curcumin on 
permeability of coronary artery and the possi-
ble mechanism. According to the related refer-
ences, fluorescence permeation method was 
used to judge the permeability of artery endo-
thelium [28]. The results showed that there was 
only a little fluorochrome permeability in artery 
in blank control group, there was some fluoro-
chrome permeability in artery in the treatment 
group and there was a lot of fluorochrome per-
meability in artery in the model control group, 
indicating that curcumin can improve the per-
meability of atherosclerotic coronary artery to 
inhibit lipid deposition and inflammatory cell 
infiltration, and delay and stabilize atheroma-
tous plaque formation. In this study, we further 
explored the possible mechanism of curcumin 
in improving coronary artery permeability, espe-
cially the expressions of coronary and inflam-
mation related proteins. MMP-9 is synthesized 
by various matrix cells and macrophages, which 
mainly participates in degradation of active 
substance in extracellular matrix (ECM) in dif-
ferent tissues [29]. It is proven that curcumin 
has anti-endothelial injury effect and this effect 
is related to inhibition of MMP, the possible 
pathway is CD40/CD40L ligand pathway [30]. 
The results in our study have verified this find-
ing. MMP-9 and CD40L in the treatment group 
were significantly lower than the model control 
group. Except the above conclusion, we also 
explored the effect of curcumin on inflamma-
tion level in rat coronary heart disease model. 
The results showed that compared with the 
model control group, TNF-α and CRP levels in 
the treatment group were significantly lower. 
TNF-α and CRP both participate in the effect of 
ox-LDL on inflammatory reaction in coronary 
endothelium injury, and curcumin has strong 
anti-inflammatory effect which can inhibit many 
inflammatory reaction mediators including 
epoxidase, lipoxidase, TNF-α, IFN-γ and CRP et 
al to effectively protect endothelium of vessels 
[31, 32]. Thus, the improvement of coronary 
artery permeability by curcumin may be related 
to its anti-inflammatory effect.

In conclusion, coronary atherosclerotic heart 
disease rat model can be established by high-
fat diet and intraperitoneal injection of VD3. The 
coronary artery permeability in coronary heart 
disease is significantly increased, which may 
be related to the up-regulation of MMP-9, 
CD40L, TNF-α and CRP, application of curcum-
in can inhibit the expressions of MMP-9, 
CD40L, TNF-α and CRP to improve the perme-
ability of coronary artery.
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