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ABSTRACT
Deep venous thrombosis (DVT) is a common
vascular disease and is closely linked to
inflammation. Over the past decade, the potential
antithrombotic effect of statins has been elucidated
by clinical studies, primarily through focusing on
DVT prevention. The effects of statins on DVT
resolution and its underlying mechanisms have been
rarely addressed. We established a rabbit model of
the inferior vena cava (IVC) venous thrombosis. After
48 hours, the rabbits were treated with saline,
heparin, simvastatin, or simvastatin combined with
heparin, respectively, for 14 days. The migration of
inflammatory cells (neutrophils, monocytes,
lymphocytes) in the thrombi and injured venous
wall, the plasma levels of interleukin (IL)-6,
monocyte chemotactic protein 1 (MCP-1) and
P-selectin, and local expression of MCP-1 and
P-selectin in the venous wall were evaluated by
histology, immunohistochemistry, and ELISA
examinations. Our data showed that compared with
saline and heparin controls, monotherapy of
simvastatin and the adjunctive therapy with
simvastatin and heparin significantly improved the
thrombus resolution and reduced inflammatory cells
migration into the venous wall, the release of the
inflammatory cell adhesion molecule (P-selectin),
inflammatory chemokine (MCP-1) and pleiotropic
proinflammatory cytokines (IL-6) into the blood, and
the local expression of P-selectin and MCP-1 in the
venous wall. Simvastatin targets anti-inflammatory
pathways during the resolution phase of a
thrombus, providing a therapeutic potential in DVT
resolution and post-thrombotic syndrome prevention.

INTRODUCTION
Venous thrombosis (VT) is a common vascular
disease. The incidence of deep vein thrombosis
(DVT) is estimated at 465 715 cases per year in
the European Union and 56/100 000 in the
USA.1 In the acute stage of DVT, patients may
develop pulmonary embolism (PE), which can
lead to sudden death. The mortality rate of PE
varies from 1% to 95%, depending on the
patient’s condition.2 In later stages, ∼23–60%
of patients may develop post-thrombotic syn-
drome (PTS),3 causing repeated or progressive
limb swelling, stasis dermatitis, refractory skin
ulceration or limb necrosis, which can seriously

affect the survival and quality of life of
patients.4 Therefore, prevention of PTS has
become a very important issue for public health
and clinical research. The currently available
therapies for DVT including anticoagulant
treatment, pharmacomechanical thrombolysis,
and inferior vena cava (IVC) filter placement
can prevent the propagation and extension of
the thrombus but are less effective for the reso-
lution of the thrombus. Other therapies such as
catheter-directed thrombolysis and percutan-
eous mechanical thrombectomy can remove the
thrombus rapidly but can also cause side effects
such as hemorrhage. Therefore, a better treat-
ment that can prevent thrombosis and also
accelerate the resolution of the thrombus
without hemorrhage is desired.
Previously, vessel wall injury, venous stasis,

and blood hypercoagulability have been consid-
ered to contribute to the development of VT.
In recent years, the role of inflammation in the
development of DVT and PTS has attracted
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more attention. Studies have shown that the development
of DVT is closely linked to inflammation,5 which may
exacerbate the damage to the veins, leading to the occur-
rence of PTS.6 Clinical and animal studies have demon-
strated a prothrombotic effect of interleukin (IL)-6,
P-selectin, and monocyte chemotactic protein 1 (MCP-1),
and tumor necrosis factor α.7–9 The underlying mechan-
isms have been investigated using animal models, showing
that the inhibition of P-selectin reduced VT and venous
wall inflammation in rats10 and primates.11 The inhibition
of IL-6 also reduced the effects of PTS following DVT in a
mouse model of DVT.12 Therefore, an effective clinical
treatment targeting inflammation in DVT may improve the
outcome of therapy significantly as well as the patients’
quality of life.

Within a decade, the potential antithrombotic effect of
statins was elucidated by clinical studies. A hospital-based
case–control study reported the influence of statin use on
the risk of venous thromboembolism.13 In 2009, the effect
of rosuvastatin on the prevention of DVT was proved by
the JUPITER Trial in relatively healthy individuals.14 Other
clinical studies also showed that statins decreased the inci-
dence of VT.14 The underlying mechanism is not clear.
Apart from 3-hydroxy- 3-methylglutaryl- coenzyme A
reductase inhibition, statins also have pleiotropic effects by
inhibiting the production of specific prenylated proteins.
Therefore, they may be involved, at least partially, in the
improvement of endothelial function and the modulation
of immune function.15–18 Until now, most studies describ-
ing the beneficial effect of statins mainly focus on DVT
prevention. The effects of statins on DVT resolution and
underlying mechanisms have rarely been addressed. We
therefore conduct the present study, using a rabbit model
of the IVC VT, to investigate the role of simvastatin in
DVT resolution. On the basis of our preliminary data, we
hypothesized that statin treatment may improve the stability
or resolution of the thrombus via anti-inflammatory effects.

MATERIALS AND METHODS
Animals
Forty-eight quarantine-certified, healthy adult male New
Zealand white rabbits, 4 months of age and 2.0–2.5 kg in
weight (purchased from Xinglong experimental animal
center, Beijing, China), were reared in single cages with
free access to rabbit pellets and water for 1 week of the
adaptive period prior to surgery. The animal studies were
performed in accordance with the institution guidelines for
laboratory animal research; it has been approved by the
Ethics Committee of Beijing Shijitan Hospital, Capital
Medical University.

The establishment of a rabbit model of VT
The IVC VTwas produced using the protocol adapted from
the method published previously.19 The rabbit was anesthe-
tized with 3% pentobarbital sodium (30 mg/kg, injected via
the ear vein) and placed on a thermostatically controlled
heating pad. A midline laparotomy was performed, and the
intestines were lifted to one side and covered with saline-
moistened gauze sponges. A 5 cm segment of the abdominal
vena cava immediately distal to the left renal vein was
cleared of adherent tissue by blunt dissection. All small
branches draining the abdominal wall were tied off with a

#0 silk suture. The free vena cava was then ligated with a
size 0.03500 ultrasmooth guidewire (TERUMO, Japan) at
the proximal, middle and distal points with #1 silk suture.
Thereafter, the guidewire was withdrawn to produce
incomplete occlusion. The vena cava was clipped using
microvascular clips (at the distal and proximal ends). The
abdomen was closed. After 1 hour, the peritoneal cavity
was opened once again. The clips were removed to observe
the formation of the thrombus in the IVC. After the inci-
sion was closed, the observation was continued until the
rabbits recovered completely from anesthesia.

Drug treatment
Forty-eight hours after the DVT was established, rabbits
were randomly divided into four groups. Group 1: rabbits
receive saline (5 mL/day) by daily gavages; group 2:
rabbits receive a subcutaneous injection of FraxiParine (low
molecular weight heparin sodium, Glaxo 0.03 mL/kg/day);
group 3: rabbits receive simvastatin (Guangzhou Nan Xin
Pharmaceutical Co, China) by daily gavages (5 mg/kg/day
in 5 mL of distilled water) as prescribed in previous
reports;20 21 group 4: rabbits receive combination therapy
with simvastatin (5 mg/kg/day) and FraxiParine (0.03 mL/
kg/day).

Specimen collection
After 3, 7 and 14 days of treatment, four rabbits in each
group were anesthetized with a 3% pentobarbital sodium
(30 mg/kg) intravenous injection. The original incision on
the abdomen was opened again. The injured IVC containing
the thrombus was excised and the rabbits were sacrificed.
Since intact specimens were needed to examine the inflam-
matory cells migration as well as MCP-1 and P-selectin
expressions in the venous wall and thrombus, isolated
thrombi were not available. Therefore, the weight/length
ratio (mg/mm) of the whole specimen (including the injured
vessel and thrombus) was used to roughly assess the size of
the thrombus. Following the measurement of weight and
length, the specimens were fixed in 4% paraformaldehyde
for histology and immunohistochemistry examinations.

In addition, blood samples were withdrawn from the
auricular artery of rabbits before the establishment of VT,
48 hours after DVT establishment, that is, predrug treat-
ment, and 3, 7, or 14 days postdrug treatment. Blood
samples were centrifuged after 4 hours to get 1.5 mL
plasma, kept at −80C for later examinations.

Histological analysis of injured veins and thrombosis
Fixed specimens of the vena cava with thrombus were
embedded in paraffin and sectioned at 4 μm thickness.
H&E staining was performed using standard procedures.
Under a light microscope (BX41TF, OLYMPUS, Japan),
five fields of 1000-fold magnification (oil immersion) were
selected from each slide and the number of inflammatory
cells (neutrophils, monocytes, lymphocytes) were counted.

Lipid analysis
Lipid analysis was performed automatically on a Hitachi
7600 Automatic Biochemistry Analyzer (Hitachi, Tokyo,
Japan) with the following enzymatic methods: total choles-
terol: CHOD-PAP (Boehringer Mannheim); triglycerides:
GPO-PAP (Boehringer Mannheim).

Original research

2 Feng Y, et al. J Investig Med 2017;0:1–9. doi:10.1136/jim-2017-000442

 on A
pril 18, 2024 by guest. P

rotected by copyright.
file:/

J Investig M
ed: first published as 10.1136/jim

-2017-000442 on 25 A
pril 2017. D

ow
nloaded from

 



ELISA for the measurement of plasma cytokines
Plasma levels of IL-6, soluble P-selectin and MCP-1 were
determined using IL-6, soluble P-selectin and MCP-1
ELISA kits (Rndsystems) and a light absorption microplate
reader (Tecan Sunrise, TECAN, Switzerland) following the
manufacturers’ instructions. All kits were specifically devel-
oped for rabbit cytokines without cross-reactivity. The coef-
ficient of variation was 10.0% for the IL-6 kit, 14.3% for
the P-selectin kit and 13.9% for the MCP-1 kit.

Immunohistochemistry for the detection of P-selectin
and MCP-1 on the venous wall and thrombus
Immunohistochemistry was performed on paraffin sections
of the vena cava and thrombus. Following the standard
protocol, the endothelial cells were stained with rabbit
anti-MCP-1 (Abcam) and anti-P-selectin/CD62P monoclo-
nal antibodies (Abcam) as primary antibodies, followed
by an avidin-horseradish peroxidase conjugate (Thermo
Scientific, Germany) and color reaction (3,3&#39;-
diaminobenzidin paraffin immunohistochemistry staining
module, Ventana Medical Systems, Tucson, Arizona, USA).
For P-selectin detection, three fields from each slide were
selected randomly under a light microscope (200×) and
the density of P-selectin-positive cells and the mean optical
density of positive cells (IOD) were measured by an IPP
V.7.0 image analysis software (Media Cybernetics). For
MCP-1 detection, three fields from the junction of the
venous wall and thrombus on each slide were selected ran-
domly under a light microscope (200×) and the density of
MCP-1-positive cells and the mean IOD were measured by
an IPP V.7.0 image analysis software (Media Cybernetics).

Statistical analysis
Data are expressed as mean±SEM and analyzed using SPSS
V.19.0 software (SPSS, Chicago, Illinois, USA). Two-tail
Student’s t-test was used for the comparisons between the
two groups, and one-way analysis of variance (ANOVA) fol-
lowed by Bonferroni corrected post hoc t-test was used for
the comparisons among multiple groups. Bivariate correlation
analysis was conducted to determine whether there was any
correlation between the anti-inflammatory effects of simvasta-
tin and the changes in lipid levels following simvastatin treat-
ment. p Value <0.05 was considered statistically significant.

RESULTS
The effect of simvastatin on the size of the thrombus
As shown in figure 1, the weight/length ratio was signifi-
cantly reduced with the treatment combined simvastatin
and heparin from day 3 until day 12 (all p<0.05 compared
with controls) and the reduction was also significantly
more than that with heparin treatment on day 7 (p<0.05).
A similar effect was also seen with simvastatin treatment
(p<0.05 on days 3 and 14 compared with controls) but
the reduction was not significantly different on day 7
(p=0.09), probably due to the variation in the small
sample size. However, the weight/length ratio was not sig-
nificantly reduced with heparin treatment until day 14
(p<0.01 compared with controls).

These data suggest that simvastatin may affect the reso-
lution of the thrombus; the effect was more quickly than

that of heparin and was more consistent when combined
with heparin.

The effect of simvastatin on inflammatory cells
migration in the injured venous wall and thrombus
As shown in figure 2, in the control group, the normal
structure of the venous wall was destroyed with a swelling
from day 3 to 14 after the treatment was initiated. There
was significant migration of inflammatory cells into the
venous wall adjacent to the thrombus. In the heparin
group, the migration of inflammatory cells was reduced
slightly with the treatment. In the simvastatin group, the
thrombus became smaller and the migration of inflamma-
tory cells was significantly reduced compared with controls
and the heparin group after 3 days of treatment. These
effects were time-dependent and more profound after
14 days of treatment. The combined treatment with simvas-
tatin and heparin was more effective than simvastatin
monotherapy in reducing inflammatory cells migration and
restoration of venous structure.

The actual changes in the number of neutrophils, mono-
cytes and lymphocytes are shown in table 1. In the control
group, the number of neutrophils did not change signifi-
cantly but the number of monocytes and lymphocytes
increased significantly with time. The treatment with
heparin mildly but significantly reduced the number of
neutrophils and lymphocytes (all p<0.05, n=4 per group)
but not monocytes (p=NS). The treatments with simvasta-
tin alone or combined with heparin significantly reduced
the number of all inflammatory cells and such effects were
time-dependent, more profound on day 14 compared with
days 3 and 7 (all p<0.0001). Overall, the effect of combin-
ation therapy with simvastatin and heparin was the best,
followed by simvastatin and then heparin monotherapy.

The effect of simvastatin on plasma levels of cytokines
IL-6 is an IL that acts both as a proinflammatory cytokine
and as an anti-inflammatory myokine. P-selectin and
MCP-1 play essential roles in the migration of inflamma-
tory cells. We therefore examined the plasma levels of
these inflammatory biomarkers to investigate the anti-
inflammatory effect of simvastatin. A significant increase in
the plasma levels of IL-6, P-selectin and MCP-1 was
observed 48 hours after DVT formation compared with
their baseline levels (all p<0.05; figure 3). IL-6 levels in
the saline and heparin groups reached the peak 5 days post-
operatively and then gradually decreased but were still sig-
nificantly higher on day 14 than baseline levels (all
p<0.05, n=4 per group). In the simvastatin group, the
plasma level of IL-6 was significantly lower than that in the
saline and heparin groups after 3, 7 and 14 days of treat-
ment (all p<0.001). In the combination therapy group, the
plasma level of IL-6 was also significantly lower than the
saline and heparin groups at all time points of treatment
(all p<0.001) and was also lower than that in the simvasta-
tin group on day 3 of treatment (p<0.05; figure 3A).

As shown in figure 3B, the plasma level of P-selectin was
gradually increased with time after DVT formation in
the saline controls and the heparin group but it was
significantly lower with 14 days of heparin treatment
(p<0.0001, n=4 per group). The increase in P-selectin was
retarded significantly by 3–14 days of simvastatin treatment
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Figure 1 Simvastatin improved the resolution of the established thrombus in a rabbit model of deep vein thrombosis. N=4 per group.
*p Value <0.05 compared with the control group. †p Value <0.01 compared with the control group. #p Value <0.05 compared with the
heparin group.

Figure 2 Simvastatin reduced inflammatory cell migration in the injured venous wall and thrombus in a rabbit model of deep vein
thrombosis. Representative H&E sections showed a decrease in inflammatory cells in the injured venous wall and thrombus in
simvastatin alone or combined with heparin-treated animals compared with saline and heparin treated animals. N=4 per group.
Scale bars, 25 μm.
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but the levels on days 7 and 14 were still significantly
higher than baseline level (all p<0.05). However, after
14 days of treatment, the plasma level of P-selectin was
lowered to baseline level by the combination treatment (all
p<0.0001 compared with other groups at the same time
point and p=NS compared with baseline level, n=4 per
group).

As shown in figure 3C, the change in plasma level of
MCP-1 was similar to IL-6 in the controls. It increased to a
peak 5 days postoperatively and then gradually decreased.
Heparin had no effect on MCP-1; however, simvastatin sig-
nificantly lowered the plasma level of MCP-1 to baseline
level after 14 days of treatment (All p<0.0001 compared
with the saline and heparin groups at each time point and
p=NS compared with baseline level, n=4 per group).

As shown in table 2, no change was observed in terms of
plasma levels of total cholesterol and triglycerides with sim-
vastatin or heparin treatment. Furthermore, bivariate cor-
relation analysis showed that the changes in plasma levels
of P-selectin, MCP-1 and IL-6 following simvastatin treat-
ment were not correlated with the changes in plasma levels
of total cholesterol and triglycerides (all p=NS; table 3),
suggesting that the anti-inflammatory effects of simvastatin
was independent of its lipid-lowering effect in this VT
model.

The effect of simvastatin on the tissue expression of
cytokines
In order to test whether simvastatin actually has an effect
on MCP-1 and P-selectin expressions in vessels and
thrombi, cross-sections of the segment of IVC adjacent to
the thrombus were examined by immunohistochemistry
staining. The cell density and optical density of P-selectin
and MCP-1-positive cells were determined. A representa-
tive vessel with a thrombus is presented in figure 4A.
Intense P-selectin staining was seen in the lesion area of the
vein and thrombus in the controls. The staining was mildly

reduced in the heparin group but significantly reduced in
the simvastatin group, showing the staining mainly on the
surface of the inner venous wall. As shown in figure 4B, C,
the cell density and optical density of P-selectin-positive
cells were significantly reduced by simvastatin treatment.
Such reduction was even more significant when simvastatin
was combined with heparin. Similar effects were seen in
the expression of MCP-1. A representative vessel with a
thrombus is presented in figure 5A. Intensive MCP-1 stain-
ing was seen in the thrombus and adjacent venous wall in
the control group. In saline controls, the expression of
MCP-1 decreased significantly on day 14 compared with
day 3.

The number of positive cells and the density of staining
decreased significantly with simvastatin treatment and even
more when simvastatin treatment was combined with
heparin. As shown in figure 5B, C, simvastatin monother-
apy was effective in decreasing MCP-1 expression in the
venous wall and thrombus (all p<0.0001 compared with
controls and the heparin group). The treatment was even
more effective with combination therapy of simvastatin and
heparin (all p<0.001 compared with other groups). Of
note, the effect of simvastatin on the expression of MCP-1
and P-selectin was not time-dependent.

In summary, our data suggest that simvastatin plays an
important role on inflammatory cells migration and the
release and expression of cytokines. The former is time-
dependent and the latter is time-independent. Such effects
were ameliorated when simvastatin was combined with
heparin.

DISCUSSION
Inflammation has been linked to the development of DVT
and PTS in clinical and animal studies. In particular, IL-6,
MCP-1 and P-selectin were elevated in patients suffering
from DVT for the first time or recurrently.7 22 23 Wakefield
and Henke24 found an acute-to-chronic inflammatory

Table 1 The changes of inflammatory cells with heparin, simvastatin, or combined treatment

Saline Heparin Simvastatin Heparin+simvastatin p Value

Neutrophils
3 days 11.7±1.3 8.5±1.6* 5.6±1.1*† 4.0±0.6*†‡ <0.0001
7 days 12.2±1.5 10.5±1.7* 6.2±1.5*† 2.5±0.6*†‡ <0.0001
14 days 11.4±1.4 7.8±2.2* 3.3±0.5*† 1.1±0.6*†‡ <0.0001
p Value NS <0.0001 <0.0001 <0.0001

Monocytes
3 days 5.9±0.6 5.7±1.1 3.8±0.7*† 3.5±0.6*† <0.0001
7 days 6.7±0.6 7.0±1.0 3.9±1.1*† 2.3±0.7*†‡ <0.0001
14 days 7.5±0.7 5.0±1.3* 2.2±0.4*† 1.2±0.4*†‡ <0.0001
p Value <0.0001 <0.0001 <0.0001 <0.0001

Lymphocytes
3 days 9.4±1.0 5.2±2.4* 8.3±1.9† 6.5±1.4*‡ <0.0001
7 days 15.5±1.3 7.9±1.5* 9.3±1.8*† 4.6±1.6*†‡ <0.0001
14 days 26.4±1.7 5.9±1.9* 5.5±1.8* 3.1±1.5*†‡ <0.0001
p Value <0.0001 <0.0001 <0.0001 <0.0001

Data are expressed as mean±SE, n=4 per group.
*p Value <0.001 compared with saline control.
†p Value <0.001 compared with heparin treatment.
‡p Value <0.001 compared with Simvastatin treatment.
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response in the venous wall in a mouse model of DVT.
Other investigators also reported that using a virus to
inhibit IL-6 and P-selectin could reduce inflammation and
the development of thrombosis.12 25 Statins exert multiple
anti-inflammatory actions26 but direct evidence about the
role of such anti-inflammatory effects in the development
and resolution of DVT is lacking. Studies have demon-
strated that statins can improve VT resolution via profibri-
nolytic, anticoagulant, antiplatelet, and antivein wall
scarring effects27 or reduce thrombin formation via delay-
ing factor V activation (FVa) and accelerating the activated
protein C-mediated FVa inactivation.28 For the first time,
we focus on anti-inflammatory effects of statins during
DVT development and resolution.

Our data showed that simvastatin affected the migration
of neutrophils, monocytes, and lymphocytes in the throm-
bus and injured venous wall. It also reduced the plasma level
and local expression of cytokines such as IL-6, P-selectin
and MCP-1. We measured the weight/length ratio of speci-
mens including the injured vessel and thrombus to roughly
assess the size of the thrombus. It was significantly reduced
with simvastatin treatment, indicating that simvastatin may
improve the resolution of thrombi, most likely via its anti-
inflammatory effects. However, we did measure fibrinolytic

Table 2 The changes of total cholesterol and triglycerides with heparin, simvastatin, or combined treatment

Saline Heparin Simvastatin Heparin+simvastatin p Value

Total cholesterol (mmol/L)
Preoperative 1.65±0.08 1.76±0.07 1.73±0.06 1.69±0.07 NS
3 days 1.58±0.11 1.78±0.04 1.69±0.08 1.60±0.09 NS
7 days 1.69±0.09 1.83±0.12 1.50±0.07 1.72±0.10 NS
14 days 1.68±0.11 1.72±0.15 1.65±0.06 1.61±0.11 NS
p Value NS NS NS NS

Triglycerides (mmol/L)
Preoperative 1.14±0.06 1.20±0.04 1.21±0.06 1.18±0.07 NS
3 days 1.12±0.14 1.28±0.07 1.11±0.09 1.16±0.09 NS
7 days 1.30±0.14 1.31±0.10 1.26±0.10 1.12±0.06 NS
14 days 1.12±0.06 1.24±0.09 1.10±0.06 1.12±0.05 NS
p Value NS NS NS NS

Data are expressed as mean±SE, n=4 per group.
NS, not significant.

Figure 3 The change in plasma levels of IL-6, P-selectin, and
MCP-1 on treatment with saline, heparin, simvastatin, or
conjunctive treatment of simvastatin and heparin. The treatment
was initiated 48 hours after DVT establishment. Data are
expressed as mean±SE, n=4 per group. *p Value <0.001
compared with saline control, †p<0.001 compared with heparin
treatment, ‡p<0.001 compared with simvastatin treatment. DVT,
deep venous thrombosis; IL, interleukin; MCP, monocyte
chemotactic protein.

Table 3 The correlation between the total cholesterol and
triglycerides and the anti-inflammatory effects of simvastatin
evaluated by bivariate correlation analysis

R p Value

Total cholesterol
P-selectin 0.541 0.070
MCP-1 0.291 0.359
IL-6 0.387 0.213

Triglycerides
P-selectin 0.467 0.126
MCP-1 0.072 0.823
IL-6 0.076 0.814

IL, interleukin; MCP, monocyte chemotactic protein.
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Figure 4 The changes in vascular expression of P-selectin detected by immunohistochemistry following treatment with saline, heparin,
simvastatin, or a combination of heparin and simvastatin. (A) Representative immunohistochemically stained pictures (P-selectin-positive
cells shown in brown color, indicated by arrows), scale bars=25 μm. (B) P-selectin-positive cell density. (C) The optical density of
P-selectin-positive cells. Data are expressed as mean±SE, n=4 per group. *p Value <0.001 compared with saline control, †p<0.001
compared with heparin treatment, ‡p<0.001 compared with simvastatin treatment.

Figure 5 The changes in vascular expression of MCP-1 detected by immunohistochemistry following treatment with saline, heparin,
simvastatin, or a combination of heparin and simvastatin. (A) Representative immunohistochemically stained pictures (MCP-1-positive cells
shown in brown color, indicated by arrows), scale bars=25 μm. (B) MCP-1-positive cell density. (C) The optical density of MCP-1-positive
cells. Data are expressed as mean±SE, n=4 per group. *p Value <0.001 compared with saline control, †p<0.001 compared with heparin
treatment, ‡p<0.001 compared with simvastatin treatment. MCP, monocyte chemotactic protein.
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breakdown products, such as D-dimer. Whether this treat-
ment will improve the stability and reduce the fragility of a
thrombus will require further studies.

Regarding the underlying mechanism of anti-
inflammatory effects of simvastatin, there is some evidence
from other disease models. In endothelial cells, simvastatin
was reported to be able to suppress the effect of
IL-17-induced IL-6 expression29 30 and reduce the expres-
sion of proinflammatory cytokines such as IL-6, IL-8 and
MCP-1 in vivo.30 In a small cohort of patients with hyper-
cholesterolemia, 6 weeks of simvastatin treatment signifi-
cantly affected 24 genes, including upregulation of
apoptosis-related genes, such as APAF1, BAX, IER3,
CSF1R, and downregulation of cellular proliferation-
related genes, such as PTN and CD69.31 This study pro-
vides direct evidence related to the anti-inflammatory effect
of simvastatin in a rabbit model of VT. Simvastatin reduced
the migration of neutrophils, monocytes and lymphocytes
into the venous wall as well as the release of cytokines such
as IL-6, P-selectin and MCP-1 into blood and the local
expression of P-selectin and MCP-1 in the venous wall. As
we know, P-selectin plays an essential role in the recruit-
ment of platelets and leukocytes at areas of vascular injury,
thereby promoting VT formation. MCP-1 is one of the key
chemokines that regulate migration and infiltration of
monocytes/macrophages, which is important for thrombus
resolution. Therefore, simvastatin may control thrombus
formation and also improve thrombus resolution, at least
partially via the anti-inflammatory pathway. Kessinger
et al27 found that the effect of statins on the reduction of
VTwas comparable to the therapeutic anticoagulant effects
of low molecular weight heparin. We found that simvasta-
tin was more effective than low molecular weight heparin.
It started to affect the thrombus from day 3, whereas the
effects of heparin on the size of the thrombus and the
plasma P-selectin level were only observed on day 14.
Interestingly, the adjunctive therapy with simvastatin and
heparin was better than the solo treatment with simvasta-
tin. It is probably because heparin and simvastatin target
different pathways in thrombogenesis; thus, the combin-
ation of the two can extend the benefit of treatment. From
a clinical perspective, the combination of low-molecular
heparin and a statin is appealing. However, the bleeding
effect of low molecular weight heparin should be taken
into consideration.

The lipid levels could be considered as normal ranges in
the rabbit model of VT in this study. The simvastatin treat-
ment had no effect on total cholesterol and triglyceride
levels but reduced plasma level and tissue expression of
P-selectin and MCP-1. Therefore, this model is good to
investigate the anti-inflammatory effects of statins because
the lipid-lowering effect can be excluded, which is also
confirmed by bivariate correlation analysis.

In this study, the baseline plasma level of IL-6 is slightly
higher than in other studies.32 33 Since the results were
consistent in all animals in each group, the elevation may
be due to a higher sensitivity of the ELISA kit we used
compared to that used by others. Nevertheless, the whole
picture of the changes in plasma IL-6 levels did reflect the
different effect of each kind of treatment.

This study has certain limitations. First, the number of
animals in each group is small, which may reduce the

power of the study; however, the effect of simvastatin can
still be observed because the differences between the sim-
vastatin groups and the controls are so significant. Second,
we did not measure the size of the thrombus. However, the
focus of this study is the anti-inflammatory effects of sim-
vastatin during thrombus resolution. Our data have pro-
vided important information in this regard.

In conclusion, simvastatin targets anti-inflammatory
pathways during the resolution phase of a thrombus, pro-
viding a therapeutic potential in DVT resolution and PTS
prevention.
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