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Atorvastatin improves coronary flow and endothelial
function in patients with coronary slow flow
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Abstract. The underlying mechanisms behind the effect of
atorvastatin on patients with coronary slow flow (CSF) remain
largely unknown. To investigate the possible underlying
molecular mechanisms 108 patients were divided into atorv-
astatin group and control group. Coronary flow was quantified
according to corrected TIMI frame count (CTFC). Serum
high sensitivity C-reactive protein (hs-CRP), lipids, ET-1,
interleukin (IL)-6, NO, circulating endothelial progenitor
cell (cEPC) count, adhesion, migration and proliferation were
measured in pretreatment and post-treatment. After respective
treatment, the atorvastatin group had significantly decreased
levels of TC, TG, LDL-C, hs-CRP, ET-1 and IL-6 and
increased NO compared to the control group. The atorvastatin
group had a more significant improvement of CTFC, effective
rate, cEPC number, EPC adhesion, migration and proliferation
compared to the control group. In conclusion, atorvastatin can
be used in treatment of CSF by suppressing inflammation and
improving endothelial function.

Introduction

Coronary slow flow (CSF) is a separate clinical entity
characterized by delayed coronary opacification without
obstructive coronary artery disease (1,2). It was first reported
by Tambe ef al (3) in 1972 and often associated with chest
pain. There is evidence that CSF is linked to several clinical
manifestations, such as myocardial ischemia, life-threatening
arrhythmias and sudden cardiac death (4-6). Previous studies
have demonstrated that CSF occurrence is associated with
causes such as inflammation, small vessel disease, endothelial
dysfunction and impaired glucose tolerance (7). However, the
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pathologic mechanism of CSF remains incompletely under-
stood.

Atorvastatin is a member of the statins and usually used
as a lipid-lowering agent. Several studies have reported the
beneficial effect of atorvastatin for the treatment of dyslip-
idemia and the prevention of cardiovascular disease (8,9).
Its impact on SCF has started to be unveiled. Increasing
studies suggest that a long-term therapy of atorvastatin
could improve the coronary artery blood flow and coronary
flow reserve (CFR) in patients with CSF (10,11). Moreover,
Caliskan et al (10) found that short-term lipid-lowering
therapy (atorvastatin) improved CFR and coronary micro-
vascular functioning. However, the underlying mechanisms
behind the effect of atorvastatin on CFR in patients with SCF
remain largely unknown.

To address this issue, we conducted a prospective random-
ized study on 108 patients with CSF. These patients were
randomly divided into two groups: Atorvastatin group and
control group. The control group received routine treatment
while the atorvastatin group received routine treatment and
atorvastatin for 6 months. Clinical efficacy of the two groups
were compared. Moreover, serum high sensitivity C-reactive
protein (hs-CRP), lipids, endothelin (ET)-1, interleukin (IL)-6,
NO, circulating endothelial progenitor cells (cEPCs) count,
adhesion, migration and proliferation were measured in
patients of the two groups pre-treatment and post-treatment.
This study provides added evidence for clinical use of atorvas-
tatin in treatment of CSF and more insights into the underlying
pathological mechanisms of CSF.

Materials and methods

Subjects. This study included 108 patients with CSF, who were
admitted in cardiovascular internal medicine department of
Shandong Jiaotong Hospital between June 2012 and June 2015.
These patients were diagnosed with CSF using coronary angi-
ography (CAG). All participants met the following inclusion
criteria: No history of myocardial infarction; no history of
coronary interventional surgery; left ventricular ejection frac-
tion >55%; troponin (cTnl) <0.01 pg/l. The exclusion criteria
were: Acute myocardial infarction; liver or kidney dysfunc-
tion; atorvastatin allergy; cardiomyopathy; valvular heart
disease; hypertensive heart disease; congenital heart disease;
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coronary stenosis or dilation, coronary spasm determined by
coronary angiography.

These patients were randomly divided into two groups
by the random number generated by computer: Atorvastatin
group (n=54) and control group (n=54). The atorvastatin
group orally received 40 mg atorvastatin calcium daily
(Pfizer Ireland Pharmaceuticals, Ringaskiddy, Ireland),
100 mg aspirin daily (Bayer HealthCare Pharmaceuticals
Corporation, Berlin, Germany) and 20 mg isosorbide dinitrate
(Livzon Pharmaceutical Factory, Lijiang, China) twice a day
for 6 months.

The control group received routine treatment: 100 mg
aspirin daily (Bayer HealthCare Pharmaceuticals Corporation)
and 20 mg isosorbide dinitrate (Livzon Pharmaceutical
Factory) twice a day for 6 months. All these patients provided
written informed consent. The study was approved by the
Ethics Committee of Shandong Jiaotong Hospital.

Coronary angiography. Coronary angiography was conducted
in all patients using the standard Judkins technique. The
coronary angiogram was analyzed in a blinded manner
by two experienced independent doctors. Slow flow was
evaluated using the corrected thrombolysis in myocardial
infarction (TIMI) frame count (TFC). Briefly, the first frame
was defined as the first frame in which the concentrated dye
extended across the entire width of the origin of the artery,
touching both borders of the artery lumen. The last frame was
defined as the frame in which the contrasted dye first enters
the end-point branch off the target artery.

The distal end was defined as the most distal branch of
the left anterior descending (LAD) coronary artery and
the left circumflex artery (LCX) and the first branch of the
posterolateral artery for the right coronary artery (RCA).
The anatomic landmark of the anterior descending artery
was defined as the distal apical bifurcation. The anatomic
landmark of the circumflex artery was the most distal bifur-
cation of the trunk or branch. The LAD artery was usually
longer than other major coronary arteries. Corrected TIMI
frame count (CTFC) = TIMI frame count/1.7 (12). CSF was
defined as no coronary artery stenosis or obstruction was
observed and one or more of the three main coronary arteries
had CTFC >27 (13).

Measurement of serum hs-CRP, lipids and ET-1, IL-6 and NO.
Blood samples were extracted from these patients after over-
night fasting one day before and one day after the treatment.
These samples were centrifuged at at 1,800 x g for 15 min. The
supernatant was collected in a centrifuge tube and stored at
-80°C. ET-1, IL-6 and hs-CRP in serum were measured using
ELISA kits (Nanjing Jiancheng Bioengineering Institute,
Nanjing, China). Each sample was measured three times.
NO level was measured by using a colorimetric detection kit
(Nanjing Jiancheng Bioengineering Institute). Total cholesterol
(TC), high density lipoprotein cholesterol (HDL-C), low density
lipoprotein cholesterol (LDL-C) and triglycerides (TG) were
evaluated using an automatic biochemical analyzer (Hitachi
7180; Hitachi Ltd., Ibaraki, Japan).

Evaluation of clinical outcome. Clinical efficacy was evaluated
according to the chest pain and angina pectoris syndromes of
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Table I. Demographic data of patients.

Atorvastatin group Control group

Patient data (n=54) (n=54)
Age (years) 55.86+£7.92 56.63+6.53
Sex (male/female) 35/19 33/21
BMI (kg/m?®) 26.46+4 .27 27.15£3.58*
Smoking (n/%) 25 (46.30) 26 (48.15)
Hypertension (n/%) 22 (40.74) 23 (42.59)
Diabetes (n/%) 10 (18.52) 10 (18.52)
Hyperlipidemia (n/%) 26 (48.15) 27 (50.00)
Family history of 17 (31.48) 16 (29.63)
coronary heart

disease (n/%)

“P<0.01 compared to the control group.

patients. Markedly effective: Almost no chest pain or angina
pectoris was detected and the frequency and the duration of
chest pain or angina pectoris was decreased by more than
80%. Effective: The frequency and the duration of chest pain
or angina pectoris was decreased by 50-80%. Valid: The
frequency and the duration of chest pain or angina pectoris
was decreased by less than 50% or the syndromes were not
changed or deteriorated.

cEPCs isolation and culture. An aliquot of 10 ml peripheral
blood was extracted from all patients after overnight fasting.
After adding heparin for anticoagulation, the blood sample
was mixed with Hanks solution (1:1) followed by addition of
mononuclear cell separation medium. Mononuclear cells were
retrieved after centrifugation at 900 x g for 20 min. The cell
suspension was seeded onto the cell slides coating human
fibronectin protein (HFN; Santa Cruz Biotechnology, Santa
Cruz, CA, USA) and cultured in M199 medium (Gibco, Grand
Island, NY, USA) supplemented with penicillin (100 U/ml),
streptomycin (100 U/ml) and 20% fetal bovine serum (FBS;
Hyclone Laboratories, Logan, UT, USA).

After washing with PBS, the non-adherent cells were
deleted. The cell slides were incubated in Dil-Ac-LDL
(24 pg/ml) at 37°C for 1 h. The staining was observed under
an inverted fluorescence microscope (Nikon, Tokyo, Japan)
for Dil-Ac-LDL intake. The cell slides were fixed in 2% para-
formaldehyde for 10 min. After PBS washing, the cell slides
were incubated with FITC-UEA-I (10 ug/ml) 37°C for 1 h.
Dil-Ac-LDL and FITC-UEA-I double positive cells were
identified using a confocal microscope (Bio-Rad Laboratories,
Hercules, CA, USA). Five observation fields were randomly
selected under an inverted fluorescence microscope for calcu-
lation of cEPCs count.

Evaluation of cEPCs adhesion. After digestion with 0.25%
trypsin, the cEPCs were suspended in 500 pl medium. The
cell suspension was embedded in HFN-coated cell culture
plates which was then placed in an incubator for 30 min. Three
randomly chosen fields were observed under a microscope to
observe the adherent cells.
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Table II. Measurement of serum hs-CRP, lipids, ET-1, IL-6 and NO.

Atorvastatin group

Control group

Parameters Pretreatment Post-treatment Pretreatment Post-treatment
TC (mmol/l) 5.17+£0.73 3.51+0.65° 5.21+0.80 4.05+0.64*
TG (mmol/l) 1.78+0.62 0.67+0.58° 1.74+0.59 1.27+0.50*
LDL-C (mmol/l) 3.42+0.49 1.98+0.612° 3.41+0.55 2.64+0.59*
HDL-C (mmol/I) 1.69+0.81 1.58+0.70 1.71£0.77 1.54+0.75
Hs-CRP (mg/l) 4.32+1.61 1.08+0.63° 4.28+1.59 2.25+1.21*
ET-1 (ng/l) 119.23+£21.75 78.52+18.26%° 121.96+22.24 109.78+19.84*
IL-6 (ng/l) 171.35+58.19 104.38+46.75%° 169.63+59.84 147.79+£50.67*
NO (gmol/l) 28.98+14.08 42.62+16.38° 28.54+13.53 38.70+£16.26*

“P<0.05 compared to pretreatment results of the same group; *P<0.05 compared to the post-treatment results of the control group. TC, total cholesterol;
TG, triglycerides, LDL-C, low density lipoprotein cholesterol; HDL-C, high density lipoprotein cholesterol; Hs-CRP, high sensitivity C-reactive protein;

IL-6, interleukin-6.

Evaluation of cEPC migration. EPC migration was assessed
using Falcon HTS FluoroBlok 24-well inserts with 8-ym
pores (BD Biosciences, San Jose, CA, USA). An aliquot
of 100 ul of EPCs suspension was added in the upper
chamber with 600 x1 M199 medium. These 24-well inserts
were cultured in an incubator for 24 h. The cells on the upper
surface of the membrane were removed by PBS washing.
The migrated cells on the bottom surface were fixed in 4%
paraformaldehyde and stained with Giemsa. Three randomly
chosen fields were observed under a microscope to calculate
the migrated cells.

Methyl thiazolyl tetrazolium assay (MTT). cEPC prolifera-
tion was evaluated using MTT assay. Briefly, EPC suspension
(100 pl/well) was seeded into 96-well plates. An aliquot of 20 ul
MTT (5 g/l; Sigma-Aldrich, St. Louis, MO, USA) was added
into each well. The cell plates were cultured in an incubator
for 4 h. After discarding the supernatant, dimethyl sulphoxide
(DMSO; Sigma-Aldrich, USA) was added into each well
(150 pl/well). Finally, the formation of the formazan product
was measured colorimetrically at 490 nm.

Statistical analysis. Statistical analysis was performed using
SPSS software version 18.0 (SPSS Inc., Chicago, IL, USA).
Quantitative data (mean =+ standard deviation) between
groups were compared using Student' t-test. Categorical
data between groups were compared using Chi-square test.
P<0.05 was considered to indicate a statistically significant
difference.

Results

Serum lipids, hs-CRP, ET-1, IL-6 and NO. The atorvastatin
group and the control group were not significantly different for
age, gender, BMI, smoking, hypertension, diabetes, hyperlip-
idemia and family history of coronary heart disease (Table I).

In order to evaluate the effect of atorvastatin on serum
lipids and inflammation-related factors (14,15), this study
measured TC, TG, LDL-C, HDL-C, hs-CRP, ET-1, IL-6 and
NO in the two groups (Table II). Before the treatment, serum

Table III. TIMI frame count of patients.

Atorvastatin group Control group

CTFC Pretreatment Post-treatment Pretreatment Post-treatment
LAD 46.63+14.12 28.64+10.46*° 47.26+11.12 34.37+10.29*
LCX 49.22+13.17 30.56+6.74* 52.83+9.06 41.21+13.61*
RCA 52.93+13.82 33.80+14.72*" 51.48+14.07 39.96+11.62*
TIMI 49.86+12.64 30.93+11.27** 51.05+11.07 38.48+10.84*
frame

count

TIMI, thrombolysis in myocardial infarction; CTFC, corrected TIMI frame
count; LAD, left anterior descending coronary artery; LCX, left circumflex
artery; RCA, right coronary artery. “P<0.05 compared to the pretreatment
result of the same group; "P<0.05 compared to the post-treatment result of
the control group.

levels of TC, TG, LDL-C, HDL-C, hs-CRP, ET-1, IL-6 and
NO were not significantly different between the atorvastatin
group and the control group (P>0.05). After respective treat-
ment, TC, TG, LDL-C, hs-CRP, ET-1 and IL-6 were obviously
decreased, while NO was markedly increased compared to
the pretreatment results in both the atorvastatin group and
the control group (P<0.05). Moreover, the atorvastatin group
had significantly decreased post-treatment TC, TG, LDL-C,
hs-CRP, ET-1 and IL-6 and increased NO compared to the
control group (P<0.05). These findings suggest that the atorv-
astatin treatment could lower serum lipids.

TIMI frame count and clinical efficacy. As shown in Table III,
the atorvastatin group and the control group were not signifi-
cantly different in pretreatment CTFC (P>0.05). Both groups
had significantly decreased post-treatment CTFC compared
to the pretreatment CTFC (P<0.05). Moreover, the post-treat-
ment CTFC of the atorvastatin group was further decreased
than that of the control group (P<0.05). These observations
indicate that both routine therapy and atorvastatin therapy
could improve CTFC in CSF patients. The atorvastatin group
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Table I'V. Clinical efficacy.

Effective rate

Markedly (markedly effective +
Group effective  Effective Valid effective, %)
Atorvastatin 35 11 8 85.19*
group
Control 22 9 23 57.41
group

“P<0.01, compared to the control group.

Table V. EPCs count, adhesion, migration and proliferation.

Atorvastatin group Control group

Post- Post-
cEPCs Pre-treatment  treatment Pre-treatment treatment
cEPCs 38.58+49.12  52.69+9.46*° 38.97+8.55 42.37+10.29
count/HP
(x200)

Adherent 2095+7.13  2627+7.21** 20.83+6.55 21.21+8.65
cEPCs/HP

(x200)

Migrated 10394823  16.58+£7.42* 10.56+8.27 10.79+7.64
cEPCs/HP

(x200)

cEPCs 0.327+0.043  0.539+0.037** 0.328+0.027 0.352+0.054
proliferation

(A490)

EPCs, endothelial progenitor cells; cEPCs, circulating endothelial
progenitor cells; HP, Helicobacter pylori. “‘P<0.05 compared to the
pretreatment result of the same group; "P<0.05 compared to the post-
treatment result of the control group.

had a more significant improvement than the control group.
After respective treatment, the effective rate of the atorvas-
tatin group was markedly elevated compared to that of the
control group (P>0.05, Table IV). It reveals that the atorv-
astatin treatment is more effective than the routine therapy
in alleviating chest pain or angina pectoris syndromes of
patients with CSF.

EPC count, adhesion, migration and proliferation. It has been
reported that endothelial dysfunction is an important cause
of CSF (16,17). Therefore, the study also compared the EPC
count, adhesion, migration and proliferation in the two groups.
Table V shows that before the treatment, the two groups were
not significantly different with regard to EPC count, adhesion,
migration and proliferation (P>0.05). After respective treat-
ment, the EPC count was significantly increased (P<0.05) and
the EPC adhesion, migration and proliferation were much
improved in the atorvastatin group relative to the control group
(P<0.05).

These findings suggest that atorvastatin therapy could
increase EPC count and improve cEPCs adhesion, migration
and proliferation.
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Discussion

CSF is defined as delayed distal perfusion during coronary
angiography with normal coronary arteries (18). This study
investigated the impact of atorvastatin on patients with CSF
and the underlying mechanisms. It found that compared to the
routine treatment, atorvastatin therapy had a better efficacy in
lowering TC, TG, LDL-C, hs-CRP, ET-1 and IL-6, increasing
NO, improving CTFC and endothelial functioning, alleviating
chest pain or angina pectoris syndromes in CSF patients.

Emerging studies have established that atorvastatin
therapy could improve coronary artery blood flow and CFR
in patients with CSF (10,11). In line with previous finding, the
present study found that atorvastatin therapy was superior to
the routine treatment in improving CSF and alleviating chest
pain or angina pectoris syndromes in patients with CSF.

Nitric oxide is mostly produced by the endothelial isoform
(eNOS) in endothelial cells and plays an important part in
vascular tone and structure regulation (19) and the regulation
of coronary blood flow (20). A rich body of evidence suggest
that atorvastatin increases inducible NO synthase (21,22).
There is in vivo evidence that atorvastatin increases endo-
thelial cytoprotective NO in diabetic, hypertensive rats (23).
Consistent with the previous studies, this study found that
atorvastatin therapy led to increased level of NO compared
to the routine treatment in patients with CSF. It indicates that
the improvement of CSF by atorvastatin therapy flow might be
partly due to the increase in the NO level.

It has been demonstrated that atorvastatin therapy could
prohibit arterial inflammation as well as various circulating
biomarkers, such as hs-CRP (24). van de Ree ef al (25) in a
prospective double-blind multicenter study found that high
dose atorvastatin led to an evident decrease in hs-CRP level
in patients with type 2 diabetes. Moreover, increasing studies
have demonstrated that atorvastatin could suppress the
production of IL-6 (26,27). Likewise, the study confirmed
the anti-inflammatory effect of atorvastatin, as evidenced by
the fact that the atorvastatin group had markedly decreased
levels of hs-CRP and IL-6 compared to the control group.
ET-1 is a potent vasoconstrictor produced by vascular endo-
thelial cells. Chang et al (28) provided in vivo evidence that
atorvastatin preconditioning decreased the production of ET-1
in a rat model. Similarly, the study found that the ET-1 level
was significantly lower in the atorvastatin group than that in
the control group. These findings suggest that the atorvastatin
therapy is more effective than the routine treatment in inhib-
iting inflammation and decreasing ET-1 level in patients with
CSF. Atorvastatin therapy might improve CSF by suppressing
inflammation and decreasing ET-1 level.

Endothelial progenitor cells (EPCs) play an important role
in the maintenance of vascular integrity. Minami et al (29)
have reported that lipid-lowering therapy with atorvastatin
could increase EPC numbers in patients with coronary artery
disease.

Moreover, Oikonomou et al (30) revealed that high dose
atorvastatin treatment has a great beneficial effect on endothe-
lial function and increased the number of cEPCs in ischemic
heart failure patients. In concordance with these observations,
the study found that compared to the routine therapy, the
atorvastatin therapy has increased EPC count and improved
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cEPC adhesion, migration and proliferation in patients with
CSF. It indicates that atorvastatin therapy may be more effec-
tive than the routine therapy in improving endothelial function
and increasing the number of cEPCs, thereby improving CSF.

The study has some limitations. The number of patients

with CSF is limited and the duration of atorvastatin therapy
is short. More studies with longer-term atorvastatin use are
needed in a larger number of patients with CSF.

The study suggests that atorvastatin therapy may improve

CSF and alleviate chest pain or angina pectoris syndromes in
patients with CSF by suppressing inflammation, decreasing
ET-1, increasing NO and the number of cEPCs and improving
endothelial function. These findings would contribute to an
improved treatment of CSF. More studies are warranted to
validate and extend the findings of the study.
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