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ABSTRACT

Objective: Our purpose was to assess the effect of ligustrazine in the prevention 
of contrast-induced nephropathy (CIN) in patients with unstable angina (UA).

Methods: 148 patients with UA undergoing coronary angiography and/or 
percutaneous coronary intervention (PCI) were selected for observation; the 
patients were divided into a control group (group A, n=74) and a ligustrazine group 
(group B, n=74). Group A was given routine treatment, while group B was given 
routine treatment combined with ligustrazine. Serum creatinine (Scr), cystatin C and 
glomerular filtration rate (eGFR) concentrations were measured before and 1 day, 2 
days and 3 days after treatment, and the incidence of contrast-induced nephropathy 
(CIN) and major cardiovascular events (MACE) were observed in both groups.

Results: The Scr, Cystatin C and eGRF levels in group B were better than in group 
A after 1 day (OR: 2.64, 95% CI: 2.47-4.98; OR: 2.66, 95% CI: 2.62-5.77; OR: 4.02, 
95% CI: 3.02-5.53, respectively), 2 days (OR: 3.58, 95% CI: 2.41-4.92; OR: 2.92, 95% 
CI: 2.83-5.02; OR: 3.28, 95% CI: 3.24-5.14, respectively) and 3 days of treatment 
(OR: 3.26, 95% CI: 2.17-4.35; OR: 2.85, 95% CI: 2.26-4.02; OR: 3.19, 95% CI: 2.53-
4.34, respectively). The incidence of CIN (9.26% vs 16.67%) and MACE (7.41% vs 
18.51%) of group B were significantly lower than in group A (P<0.05).

Conclusions: Our study suggests that ligustrazine can reduce CIN and MACE in 
patients with UA when undergoing coronary angiography and/or PCI.

INTRODUCTION

Contrast-induced nephropathy (CIN) [1, 2, 3] is an 
acute renal function injury that occurs within 3 days after 
using contrast agent when excluding other factors that may 
damage renal function. In hospital-acquired acute kidney 
injury, CIN has become the third major cause of renal 
perfusion decrease and renal drug toxicity [4, 5]. At present, 
CIN is defined as an impairment of renal function determined 
by either a 25% increase in SCr from baseline or a 0.5 mg/
dL increase in absolute value within 48 to 72 hours of 
intravenous contrast administration [6, 7]. Previous research 
results have shown that in patients who receive contrast 

agents, the incidence of CIN is approximately 1%-6% [8]. 
Once CIN has occurred, hospitalization time is longer, and 
the cost of health care increases, presenting a considerable 
economic burden to society. Because no effective measure for 
the treatment of CIN has been developed, research for CIN is 
primarily focused on prevention.

At present, rehydration therapy is the most 
respected clinical guidelines for the prevention of CIN. 
European and American coronary intervention guidelines 
recommend that patients with chronic kidney disease 
undergoing cardiac catheterization should be fully 
prepared for the prevention of CIN [9, 10]. In recent years, 
many studies have noted that a variety of drugs can be 
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used to prevent CIN, such as N-acetylcysteine (NAC) 
[11], theophylline [12, 13], vitamin C [14, 15], statins [16, 
17] and prostaglandin [18, 19]. Nevertheless, the efficacy 
of these drugs remains controversial.

At present, the molecular mechanism of CIN has 
not been thoroughly elucidated to date [20]. It is generally 
believed that the direct toxic effects and the influence of 
the renal hemodynamics of contrast agent on renal tubules 
may play an important role in CIN [21, 22, 23]. In recent 
years, the apoptosis of renal tubular cells induced by 
contrast agents, which is an important mechanism of CIN, 
has attracted increasing attention and is considered to be 
one of the most important causes of CIN. Contrast agent 
can lead to excessive apoptosis of renal tubular epithelial 
cells, which can cause the damage of renal tubular cells. 
Studies have highlighted several possible mechanisms 
of renal tubular apoptosis induced by contrast agents, 
including Caspase-3 activation and Ca2+ overload, in renal 
tubular cells [24, 25].

Ligustrazine [26, 27], also known as natural four 
methyl, can not only expand peripheral blood vessels and 
inhibit platelet aggregation effect, but also influences the 
clearing of free radicals, the scavenging of reactive oxygen 
species, and the blocking of calcium channels [28]. Gong 
[29] found that ligustrazine can be used to prevent acute 
kidney injury caused by CIN, and that this effect may be 
mediated by inhibition of p38MAPK and FoxO1-mediated 
signal transduction pathways, reducing the apoptosis of 
renal tubular epithelial cells.

Several basic science experiments have been 
conducted [30, 31] to verify that ligustrazine prevents 
CIN by inhibiting the apoptosis of renal tubular epithelial 
cells, but the effect of ligustrazine on preventing CIN still 
lacks clinical evidence. Therefore, the purpose of our 
study was to evaluate the clinical effect of ligustrazine in 
the prevention of CIN in patients with UA and to provide 
clinical evidence for the prevention of CIN.

RESULTS

Patient population and baseline characteristics

After excluding the patients who did not meet the 
diagnosis of UA and those patients who were not suitable 
for this study, a total of 148 patients aged 56-68 years 
[the mean (SD) age was 62.73 (7.3) years] were enrolled 
in our study; 87 (58.78%) patients were male. Smoking, 
previous MI, albumin, HDL-C, iodixanol dosage, ACEIs/
ARBs, beta-blockers and GPIIb/IIIa inhibitors were 
not similar between group A and group B (all P <0.05). 
However, age, male sex, BMI, hypertension, diabetes 
mellitus, hyperlipidaemia, previous CABG, LVEF, TC, 
LDL-C, calcium antagonists and nitrates were similar 
between group A and group B (all P >0.05). The patients’ 
population statistics and clinical characteristics are 
presented in Table 1.

Scr, Cystatin C and eGRF levels after 1 day of 
treatment

Table 2 shows the levels of Scr, Cystatin C and 
eGRF after 1 day of treatment. After adjusting for 
smoking, previous MI, albumin, HDL-C, iodixanol 
dosage, ACEIs/ARBs, beta-blockers and GPIIb/IIIa 
inhibitors, the Scr, Cystatin C and eGRF levels in group B 
were better than in group A after 1 day of treatment (OR: 
2.64, 95% CI: 2.47-4.98; OR: 2.66, 95% CI: 2.62-5.77; 
OR: 4.02, 95% CI: 3.02-5.53, respectively).

Scr, Cystatin C and eGRF levels after 2 days of 
treatment Table 3 shows the levels of Scr, Cystatin C 
and eGRF after 2 days of treatment. After adjusting for 
smoking, previous MI, albumin, HDL-C, iodixanol 
dosage, ACEIs/ARBs, beta-blockers and GPIIb/IIIa 
inhibitors, the Scr, Cystatin C and eGRF levels in group B 
were better than in group A after 2 days of treatment (OR: 
3.58, 95% CI: 2.41-4.92; OR: 2.92, 95% CI: 2.83-5.02; 
OR: 3.28, 95% CI: 3.24-5.14, respectively).

Scr, Cystatin C and eGRF levels after 3 days of 
treatment

Table 4 shows the levels of Scr, Cystatin C and 
eGRF after 3 days of treatment. After adjusting for 
smoking, previous MI, albumin, HDL-C, iodixanol 
dosage, ACEIs/ARBs, beta-blockers and GPIIb/IIIa 
inhibitors, the Scr, Cystatin C and eGRF levels in group B 
were better than in group A after 3 days of treatment (OR: 
3.26, 95% CI: 2.17-4.35; OR: 2.85, 95% CI: 2.26-4.02; 
OR: 3.19, 95% CI: 2.53-4.34, respectively).

Incidence of CIN and MACE

Overall, CIN developed in 16.21% of all patients 
(24/148), and the prevalence of CIN was 20.27% (15/74) 
and 12.16% (9/74) in group A and group B, respectively, 
P<0.05. Furthermore, MACE developed in 10.81% of 
all patients (16/148), while the prevalence of MACE was 
14.86% (11/74) and 6.75% (5/74) in group A and group B, 
respectively, P<0.05.

DISCUSSION

In our study, we found that ligustrazine significantly 
reduced the levels of Scr and cystatin C in patients with 
UA after coronary angiography and/or PCI, and improved 
the level of eGFR after operation. Our results were in 
agreement with Gong X [29] and Cao S [32]. In addition, 
our results show that after ligustrazine administration, the 
incidence of CIN in group B was significantly lower than 
in group A (12.16% vs. 20.27%, P<0.05). Moreover, the 
incidence of MACE in group B was significantly lower 
than in group A, and that the difference was statistically 
significant (6.75% vs. 14.86%, P<0.05).
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With the continuous development of PCI, the 
incidence of CIN is increasing year by year and has 
become the third-largest cause of kidney damage. In 
recent years, animal studies [31, 32] have found that 
ligustrazine effectively prevented the occurrence of CIN. 
However, because most of these studies were in animals, 
the results cannot automatically be generalized to humans. 
Furthermore, the research about ligustrazine in the 

prevention of CIN in the human body is scarce providing 
little theoretical reference. Therefore, we designed and 
carried out this study to fill that gap in knowledge. Indeed, 
our results show that ligustrazine prevented the occurrence 
of CIN in patients with UA after angiography and/or 
PCI, and reduced the incidence of MACE. Gong X [29] 
observed the effect of ligustrazine in the prevention of 
CIN in a rat model. Scr, blood urea nitrogen, cystatin C, 

Table 1: Baseline characteristics of the patients

Characteristic Group A (n=74) Group B (n=74) P value

Age (year) 62.35±7.37 63.08±7.29 0.5456

Male sex, n (%) 42(56.75) 45(60.81) 0.616

BMI(kg/m2) 23.6±2.5 24.2±3.5 0.2321

Hypertension, n (%) 26(35.13) 32(43.24) 0.312

Diabetes mellitus, n (%) 15(20.27) 25(33.78) 0.064

Smoking, n (%) 37(50.00) 49(58.33) 0.046

Hyperlipidaemia, n (%) 32(43.24) 21(28.37) 0.059

Previous CABG, n (%) 3(4.05) 8(10.81) 0.117

Previous MI, n (%) 17(22.97) 6(8.10) 0.013

LVEF, n(%) 55.39±8.04 54.46±7.89 0.4787

Albumin (g/L) 34.23±6.39 37.36±7.03 0.0052

TC (mg/dL) 172.03±14.28 173.29±12.98 0.5752

HDL-C (mg/dL) 34.55±5.32 36.47±6.35 0.0480

LDL-C (mg/dL) 106.46±12.39 109.77±14.34 0.1351

Scr before treatment (umol/L) 98.23±12.73 96.79±13.47 0.5050

cystatin C before treatment (mg/L) 1.06±0.25 1.01±0.22 0.1985

eGFR before treatment (ml/min) 82.25±8.16 84.92±8.79 0.0574

Renal insufficiency, n (%) 0(0) 0(0) NS

Iodixanol dosage (ml) 125.32±10.28 129.47±11.34 0.0210

Treatment received

Aspirin, n (%) 74(100) 74(100) NS

Clopidogrel sulfate, n (%) 74(100) 74(100) NS

ACEIs/ARBs, n (%) 62(83.78) 51(68.91) 0.033

Beta-blockers, n (%) 67(90.54) 54(72.97) 0.006

Calcium antagonists, n (%) 31(41.89) 26(35.13) 0.398

Nitrates, n (%) 39(52.70) 31(41.89) 0.188

GPIIb/IIIa inhibitors, n (%) 26(35.13) 9(12.16) 0.001

Data are presented as number (percent) or mean±SD.
BMI=Body mass index; CABG=coronary artery bypass grafting, MI=myocardial infarction, LVEF=Left ventricular 
ejection fraction; TC=Total cholesterol; HDL-C=High density lipoprotein; LDL-C=Low density lipoprotein; Scr=serum 
creatinine; eGFR=glomerular filtration rate; ACEIs=Angiotensin-converting enzyme inhibitors; ARBs=Angiotensin-
receptor blockers; GPIIb/IIIa inhibitors=Glycoprotein IIb/IIIa inhibitors; NS=Not significant.
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urinary N-acetyl-β-glucosaminidase and urinary-glutamyl 
transpeptidase were tested to assess the kidney function, 
and the results demonstrate that ligustrazine significantly 
improved nephritic function and reduced the apoptosis of 
nephritic tubules in rats. Based on these data, the researchers 
concluded that ligustrazine could be an effective drug to 
prevent CIN in the future. Gong SZ [33] also studied the 
effect of ligustrazine in the prevention of CIN in rat model. 
Twenty-four rats were randomly divided into a normal 
group (n=8), a model group (n=8) and a ligustrazine group 
(n=8). SCr, blood urea nitrogen (BUN) and Cystatin C were 

tested 24 h after the CIN model induction; meanwhile, the 
morphology of the kidney and the number of apoptotic 
cells were also observed. 24 h after modeling, the levels of 
Scr, BUN, cystatin C in the model group were significantly 
higher than in the normal group, demonstrating significant 
nephritic injury (P<0.01). Compared to the model group, 
the Scr, BUN and cystatin C levels of the ligustrazine 
group were significantly decreased (P<0.01). In addition, 
compared to the model group, the nephritic interstitial 
lesions in the ligustrazine group were significantly 
lightened. The morphology and structure were relatively 

Table 2: Scr, Cystatin C and eGRF levels after 1 day of treatment

Male Female Total

Scr at 1 day

 group A 0 0 0

 group B 2.63 (1.51, 3.83) 0.041 2.79 (2.42, 4.77) 0.033 2.64 (2.47, 4.98) 0.037

Cystatin C at 1 day

 group A 0 0 0

 group B 2.57 (2.26, 5.76) 0.041 2.99 (2.43, 4.77) 0.009 2.66 (2.62, 5.77) 0.022

eGRF at 1 day

 group A 0 0 0

 group B 4.25 (2.03, 5.92) 0.030 3.06 (2.38, 4.44) 0.000 4.02 (3.02, 5.53) 0.037

Results are presented as OR (95% CI) P value.
Adjust for: smoking, previous MI, albumin, HDL-C, iodixanol dosage, ACEIs/ARBs, beta-blockers and GPIIb/IIIa 
inhibitors.
MI=myocardial infarction, HDL-C=High density lipoprotein; ACEIs=Angiotensin-converting enzyme inhibitors; 
ARBs=Angiotensin-receptor blockers; GPIIb/IIIa inhibitors=Glycoprotein IIb/IIIa inhibitors; NS=Not significant.

Table 3: Scr, Cystatin C and eGRF levels after 2 days of treatment

Male Female Total

Scr at 2 day

 group A 0 0 0

 group B 3.63 (2.45, 3.89) 0.023 3.53(2.58, 4.89) 0.029 3.58 (2.41, 4.92) 0.031

Cystatin C at 2 day

 group A 0 0 0

 group B 2.87 (2.26, 5.82) 0.014 3.69 (2.73, 4.98) 0.000 2.92 (2.83, 5.02) 0.026

eGRF at 2 day

 group A 0 0 0

 group B 3.67 (2.23, 5.42) 0.003 3.14 (2.21, 4.28) 0.017 3.28 (3.24, 5.14) 0.043

Results are presented as OR (95% CI) P value.
Adjust for: smoking, previous MI, albumin, HDL-C, iodixanol dosage, ACEIs/ARBs, beta-blockers and GPIIb/IIIa 
inhibitors.
MI=myocardial infarction, HDL-C=High density lipoprotein; ACEIs=Angiotensin-converting enzyme inhibitors; 
ARBs=Angiotensin-receptor blockers; GPIIb/IIIa inhibitors=Glycoprotein IIb/IIIa inhibitors; NS=Not significant.
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intact, and the area of nephritic tubular epithelial cells 
was significantly decreased. Furthermore, the apoptosis of 
nephritic cells in the ligustrazine group was significantly 
decreased, as was the apoptosis index, in comparison to the 
model group (all P<0.01).

At present, the mechanism by which ligustrazine 
prevents CIN is unclear but may be related to the following 
factors. 1) ligustrazine increases the expression of the anti-
apoptotic protein Bcl-2 in renal tubular epithelial cells, 
reduces the expression of the pro-apoptotic bax protein, 
and reduces the apoptosis of renal tubular epithelial cells 
induced by contrast agents [34]. Meanwhile, ligustrazine 
reduces the degree of the degeneration of renal tubular 
epithelial cells induced by contrast agents, preventing 
damage to the cells and the resultant decrease of renal 
function [35]. 2) ligustrazine expands renal blood vessels, 
increases renal blood flow, reduces ischemia of the renal 
medulla, and later reduces the hypoxia and oxidative stress 
in the renal medulla induced by contrast agent, thereby 
preventing CIN [36]. 3) The latest findings suggest that 
p38 MAPK pathways play an important role in CIN 
[29]. P38 MAPK signaling participates in the apoptosis 

process and is important for renal tubular cell apoptosis. 
The activation of p38 MAPK is associated with iNOS 
induction and decreases the expression of Bcl-2, which is a 
protein that plays a vital role in anti-apoptosis. Ligustrazine 
inhibits signaling through the p38 MAPK pathway, thereby 
decreasing the total number of apoptotic cells [37].

Limitations

Our research was limited by several important 1) 
At present, there is little clinical research regarding the 
effect of ligustrazine on the prevention of CIN in patients 
with UA, and our study was conducted in a single center; 
therefore, our results may not extend to other populations. 
2) In this study, the participants were mainly aged (aged 56-
68 years), and the renal function was normal. However, in 
many cases, patients who need med coronary angiography 
or PCI are often associated with renal impairment. When 
using ligustrazine, whether or not patient’s kidney function 
will become more serious is unknown and will require 
further clinical trials in the future. 3) The primary ingredient 
of ligustrazine is extracted from a traditional Chinese 

Figure 1: Flow diagram of patients with unstable angina undergoing coronary angiography and/or PCI.
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medicine. The efficacy and safety have not been recognized 
by North American and European countries. Therefore, a 
degree of confounding bias may exist. 4) As we can see 
from the Table 1, the use of GP IIb/IIIa inhibitors in the 
group A was higher than of the group B, this phenomenon 
indirect means that GP IIb/IIIa inhibitors may have an 
influence on cardiac condition and/or kidney function, 
and then increases the rate of MACE in group A, despite 
a regression analysis was conducted to adjust potential 
confounding factors (such as GP IIb/IIIa inhibitors and 
other medications).

MATERIALS AND METHODS

Patients and methods

Study population

We conducted this study at a single hospital center in 
the First Affiliated Hospital of Guangxi Medical University 
from October 2014 to October 2016, and our research 
model obtained the approval of the Ethics Committee of 
the First Affiliated Hospital of Guangxi Medical University.

First, 778 patients undergoing coronary angiography 
and/or percutaneous coronary intervention (PCI) in our 
hospital from October 2014 to October 2016 were selected 
for observation. Six hundred thirty patients were excluded 
from our study for pregnancy and perioperative period 
use of contrast (n=226), emergency CAG or PCI (n=43), 
cardiovascular surgery or endovascular repair (n=82), 
end-stage renal disease or renal replacement (n=28), 
missing preoperative or postoperative creatinine (n=116), 
malignancy (n=34), no use of isotonic saline for hydration 
(n=24), or refusal to participate (n=77). Finally, 148 patients 

diagnosed with UA were enrolled in the study. The flow 
diagram of patients with unstable angina undergoing 
coronary angiography or PCI is shown as Figure 1. Written 
informed consent was obtained from all of the participants.

One hundred forty-eight patients were divided into 
the control group (group A, n=74) and the ligustrazine 
group (group B, n=74). At the same time, the general 
information about the patients was collected, such as age, 
sex, BMI, smoking habits, hypertension, and diabetes 
mellitus (other information can be found in Table 1). 
Upon enrollment, coronary angiography and/or PCI were 
performed according to the standard protocols and using 
standard techniques for coronary angiography and/or PCI, 
with the selection of surgical instruments and the experience 
of the surgeon also in accordance with the recommended 
guidelines. A non-ionic osmotic contrast agent (Iodixanol) 
was used; the choice to use a contrast agent was not limited 
and was guided by best practices for the required operation.
Medications

Group A was given routine treatment (physiological 
saline water was used from 12 h before until 12 h after 
the operation, 1 ml/kg/h, and aspirin, clopidogrel, and 
statins were given). Group B was given routine treatment 
combined with ligustrazine (from 3 days before the 
operation until 3 days after the operation, 120 mg/day, 
intravenous).

Serum creatinine, cystatin C and glomerular 
filtration rate measurements

Venous blood samples were acquired at baseline 
(before the drug therapy and contrast agent were infused and 
before angiography or PCI) and at 1 day, 2 days and 3 days 

Table 4: Scr, Cystatin C and eGRF levels after 3 days of treatment

Male Female Total

Scr at 3 day

 group A 0 0 0

 group B 3.02 (2.24, 3.18) 0.000 3.75(2.35, 4.92) 0.000 3.26 (2.17, 4.35) 0.013

Cystatin C at 3 day

 group A 0 0 0

 group B 2.81 (2.02, 4.81) 0.043 3.03 (2.35, 4.36) 0.003 2.85 (2.26,4.02) 0.047

eGRF at 3 day

 group A 0 0 0

 group B 3.55 (2.58, 5.02) 0.000 3.04 (2.78, 3.98) 0.023 3.19 (2.53, 4.34) 0.027

Results are presented as OR (95% CI) P value.
Adjust for: smoking, previous MI, albumin, HDL-C, iodixanol dosage, ACEIs/ARBs, beta-blockers and GPIIb/IIIa 
inhibitors.
MI=myocardial infarction, HDL-C=High density lipoprotein; ACEIs=Angiotensin-converting enzyme inhibitors; 
ARBs=Angiotensin-receptor blockers; GPIIb/IIIa inhibitors=Glycoprotein IIb/IIIa inhibitors; NS=Not significant.
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after the contrast agent was administered. The level of Scr was 
measured by the colorimetric method [12], while the level 
of cystatin C was measured by an immunonephelometric 
method [13]. Glomerular filtration rates (eGFR) were 
measured in two ways: eGFR (male)=186×(Cr/88.40)-
1.154×age-0.203; or eGFR (female)=186×(Cr/88.4)-
1.154×age-0.203×0.742, μmol/l [38, 25].

End points and definitions

The changes in Scr, cystatin C and eGFR before 
and 1 day, 2 days and 3 days after the operation were 
observed. Meanwhile, the incidence of CIN and MACE 
was observed in the two groups. CIN is defined as the 
impairment of renal function determined by either a 25% 
increase in SCr from baseline or a 0.5 mg/dL increase 
in absolute value, within 48 to 72 hours of intravenous 
contrast administration. MACE was defined as a composite 
of cardiac death, non-fatal myocardial infarction (MI), 
stroke, target vessel revascularization (TVR), congestive 
heart disease, or ventricular arrhythmia.

Statistical analysis

Continuous variables are presented as the means 
(±standard deviation; SD), categorical variables are 
presented as the frequency (percentage), and P-values 
<0.05 were considered statistically significant. The 
homogeneity of the two groups at baseline was evaluated 
with a chi-square test for categorical variables (such as 
gender, sex, hypertension, diabetes mellitus, smoking, 
hyperlipidemia, family history, previous CABG, previous 
MI and medications) and with ANOVA for continuous 
variables (such as age, BMI, LVEF, albumin, TC, HDL-C, 
LDL-C and iodixanol dosage). Finally, regression analysis 
was conducted to adjust for confounding factors. All of 
the statistical analyses were performed using SPSS 22.0 
(SPSS Inc., Chicago, IL).

CONCLUSIONS

The present study shows that ligustrazine reduced 
the incidence of CIN and MACE in patients with UA 
when undergoing coronary angiography and/or PCI. In 
the future, randomized, double-blind, placebo-controlled, 
parallel-group, multicenter research is warranted to 
confirm these results.
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