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Antithrombotic effect of ligustrazine hydrochloride 
injection on the model of induced arteriovenous 
shunt thrombosis
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Background: The objective of this study is to optimize the effective dose of heparin and ligustrazine hydrochloride injection (LHI) 
for drug combination. Materials and Methods: The animal clinical study of LHI was performed by the rat’s model of induced 
arteriovenous shunt thrombosis. Experimental animals were grouped into several groups and separately treated with both LHI 
(20, 40, 80 mg/kg, i.p.) and heparin (60, 55, and 50 U/kg; 5000 U/ml; Sigma, i.v). The study had used thrombus weight, protein 
concentration in thrombus homogenate, inhibition rate of thrombosis, and plasma anti-thrombin activity as indications. Results: 
The group combination (50, 80) got the result of 100% antithrombotic activity with 0 ± 0 mg of thrombus weight, 14 ± 3 µg/ml of 
protein concentration in thrombus homogenate and 1.5 ± 0.04 U/ml of plasma anti-thrombin activity. Its anti-thrombotic effect 
was much better than individual groups treated with LHI in a dose of 0 mg/kg and group of combination (0, 80) (P < 0.05) while 
antithrombotic effect of 55 and 60 U/kg heparin alone was only 37-58%. Therefore, the group of combination (50, 80) was optimal 
for 100% antithrombotic activity. Conclusion: Optimal combined doses of LHI and heparin preventing blood coagulation were 
determined and the results were available. It may give some hint for the further clinical application on human.

Key words: Anti-thrombotic, heparin, ligustrazine hydrochloride injection

Address for correspondence: Dr. Xiao-hui Yuan, Institute of Biomedicine, Jinan University, Guangzhou 510632, China.  
E-mail: yuanhui1024@gmail.com
Received: 26-05-2012; Revised: 18-06-2012; Accepted: 21-07-2013

our research, LHI was studied for antithrombotic effects 
with several doses on rats for the first time. There is 
no doubt that based on ligustrazine concentrate LHI 
had further therapy effects on various thrombosis and 
cardiovascular diseases as well.

LHI therapy associated with heparin for acute phase 
arterial and venous thrombosis was very popular in 
China.[14,15] However, the optimized dose of combination 
therapy was unknown. Here, we studied antithrombotic 
activity of a Chinese drug product LHI combined with 
heparin in rats with various combinations of doses via 
experimental arteriovenous shunt thrombosis for the 
first time. The combination therapy will be much more 
helpful in the treatment of post-operative thrombosis, 
pulmonary embolism, heart failure, respiratory failure 
of pulmonary heart disease and so on.

MATERIALS AND METHODS

Experiments were performed on male Wistar rats 
(n = 140, weight between 180 g and 250 g) with an 
average body weight of 200 g at the approximate age 
of 9 months. The temperature in an animal room was 

INTRODUCTION

Ligustrazine is the main component of Chinese medicine 
Rhizoma Chuanxiong and play an important role in 
the treatment of angiocardiopathy. It inhibits platelet 
aggregation,[1-3] improves atherosclerosis situation,[4] 
protects endothelium injury,[5] and has antithrombotic 
effects.[6] In the research of pharmacokinetics by 
rats, it could be learned that the dose of injection of 
ligustrazine used was 40 mg/kg by i.p.[7] While in the 
study of pharmacology by rats, the dose of ligustrazine 
hydrochloride injection (LHI) applied was 35 mg/kg.[8] 
So that in our animal clinical study, the doses of 20, 40, 80 
mg/kg were selected not only via investigating previous 
studies,[7-9] but also based on our previous studies of LHI 
for antithrombotic effect in clinical. In the clinical studies 
of LHI many years ago,[10,11] clinicians utilized single 
LHI to patients for antiplatelet aggregation or cerebral 
embolism with different doses such as 80, 120, 160, 240, 
320 and 480 mg/50 kg. Referring the dose conversion 
rate between rats and human in the related paper and 
guidance,[12,13] the dose of rats should be within 16~96 
mg/kg substantially. So, it could also be learned that the 
doses of LHI adopted in our study were reasonable. In 
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(25 ± 2)°C with 12 h artificial light. It’s airing all the time. 
Experimental animals were randomly divided into eight 
groups according to the body weight, and separately 
treated with both of LHI (0, 20, 40 or 80 mg/kg, i.p.) and 
heparin (60, 55, 50 or 0 U/kg; 5000 U/ml; Sigma, i.v). 
The eight groups could be named as combination (0, 0) 
combination (0, 80), combination (50, 0), combination (50, 
80), combination (55, 0), combination (55, 40), combination 
(60, 0), combination (60, 20), separately, according to its 
own dose combination condition. The rats of control groups 
1 (combination [0, 0]) and 2 (combination [0, 80]) only 
received 0.9% NaCl and 80 mg/kg LHI, respectively. LHI is 
administered via combining with heparin for the treatment 
of some thrombotic disorders because heparin catalyzes 
inhibitory activity of serpin relative to serine proteinases.

LHI is from Shandong Weifang Pharmaceutical Factory 
CO., Ltd. Preclinical studies of LHI preparation were 
performed via the rat’s model of induced arteriovenous 
shunt thrombosis. The animals received an intra-peritoneal 
injection of Nembutal in a dose of 60 mg/kg (1 ml/200 g 
body weight). A skin flap was prepared on the neck and 
cranial part of the ventral chest area, the left carotid artery, 
left and right jugular vein was separated (1.0‑1.5 cm). 
A cannula for repeated administration of substances was 
inserted into the left jugular vein. Atropine sulfate in a 
dose of 5 mg/kg was used to prevent a protective response 
of the anticoagulant system. The arteriovenous shunt 
thrombosis was induced as described elsewhere.[16] The 
only different content was polyethylene tubes only filled 
with saline solution. The anticoagulant system in rat blood 
was activated with silk thread 15 min after administration 
of antithrombotic substances.

Antithrombotic activity was scored by thrombus weight,[16] 
inhibition rate of thrombosis and protein concentration 
(Lowry method),[17] in thrombus homogenate (in 0.2 ml 
normal sodium). Protein concentration was evaluated by 
the calibration cure constructed using fibrinogen (Sigma) in 

concentrations of 10-400 µg/ml. Inhibition rate of thrombosis 
could be calculated as follows:

Inhibition rate of thrombosis =

×100%
thrombus of control group ‒ thrombus of sample group

thrombus of control group

Anti-thrombin activity of blood plasma was determined 
by the ability of heparins to activate LHI and inhibit 
amidolytic activity of thrombin.[18] Anti-thrombin 
(250 µl, Sigma; 1 U/ml 0.05 M Tris‑HCl buffer with 0.0075 M 
Na2-EDTA and 0.175 M NaCl, pH 7.4) was incubated with 
platelet-depleted plasma (100 µl) at 37°C for 3 min, then 
bovine thrombin (Sigma, 2 NIH U/ml Tris‑EDTA buffer) 
was added. Thrombin-specific chromogenic substrate 
(Sigma, 200 µl solution, 2 mM Tris‑EDTA buffer) was added 
after 30 s. Optical density of the solution was recorded on 
an Shimadzu spectrophotometer at 405 nm over 1 min. The 
calibration curve for plasma anti-thrombin activity was 
constructed using international standard unfractionated 
heparin (World Health Organization) obtained from the 
National Institute for Biological Standards and Control 
(United Kingdom).

All the data were analyzed by using the SPSS 18.0. Results 
were expressed as the mean ± SEM (X ± s). Data were 
analyzed by one-way ANOVA, followed by the Student’s 
two-tailed t-test for comparison between two groups. 
P < 0.05 was considered to be significant.

RESULTS

Table 1 showed antithrombotic activity of LHI and 
heparin. Combination (50, 80) group got the result of 100% 
antithrombotic activity. The antithrombotic effect was most 
pronounced after injection of 50 U/kg heparin and 80 mg/kg 
LHI. Antithrombotic effect of 55 and 60 U/kg heparin alone 
was 37-58%. Therefore, group of combination (50, 80) was 
optimal for 100% antithrombotic activity.

Table 1: Effect of combined injection treatment with LHI and heparin on the course of experimental arteriovenous 
shunt thrombosis in rats 15 min after administration of anticoagulants (Mean +/-SD)

Dose of substance Thrombus weight, mg Protein concentration in 
thrombus homogenate, µg/ml

Inhibition rate of the 
thrombosis, %

Plasma antithrombin 
activity, U/ml

Heparin, U/kg LHI, mg/kg
0 0 5.7±0.1 100±11 — 0.17±0.02

80 3.9±0.05 83±7 31.6 0.42±0.05
50 0 3.6±0.5 75±5 — 0.24±0.05

80 0±0a,b 14±3a,b 100 1.5±0.04a,b

55 0 3.0±0.3 63±4 — 0.3±0.06
40 0.6±0.04a,b 22±3a,b 80 1.1±0.1a,b

60 0 2.4±0.3 55±6 — 0.42±0.04a

20 1.0±0.1a,b 19±3a,b 58.3 0.87±0.05a,b

LHI=Ligustrazine hydrochloride injection. Note. Each dose was administered to 10 animals. P<0.05: aCompared to individual groups treated with LHI in a dose of 0 mg/kg; bCompared 
to group with administration of 0 U/kg heparin and 80 mg/kg LHI
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Optimal dosages of LHI and heparin were effective over 
60 min [Table 2]. Anti-thrombin activity of the plasma 
remained high even 90 min after treatment. We conclude 
that optimal dosages of Chinese drug products LHI and 
heparin completely prevent thrombus growth in rats with 
experimental arteriovenous shunt thrombosis.

DISCUSSION

From this animal clinical study, it indicated that there was 
a kind of synergy effect in the combination treatment of 
heparin and LHI for thrombosis disorders in this induced 
model of arteriovenous shunt thrombosis. It would be very 
hard to do the combination therapy research in real clinical. 
So, it is an important way to select optimized combination 
proposal of heparin and LHI for cardiovascular diseases. 
The study was focused on their natural synergy effects on 
antithrombotic activity instead of animal models itself. 
Furthermore, the optimized doses could be calculated to 
human doses via the dose conversion rate between rats 
and human.

About limitations of our study, there was still a lot of work 
need to be performed on other animal thrombotic models. 
As the study was only based on arteriovenous shunt 
thrombosis model, the data from many other models such 
as carotid artery thrombosis model, blood clot dissolution 
experiments or even platelet aggregation experiment in vitro 
were also very important and kind of crucial. Otherwise, 
the doses could be further subdivided. It also would be 
guidance for the further study in clinical.
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Table 2: Duration of antithrombotic effect after combined injection treatment with 80 mg/kg LHI and 50 U/kg heparin 
(X± s)
Parameter Time after anticoagulant treatment, min

0 15 30 45 60 90
Thrombus weight, mg 5.9±0.3 0±0* 0.5±0.2* 0.8±0.3* 1.9±0.6* 5.5±0.5
Protein concentration, µg/ml 98±8 13±3* 38±5* 57±6* 71±6 95±9
Inhibition rate of thrombosis, % — 100 91.5 86.4 67.8 6.8
Plasma antithrombin activity, U/ml 0.17±0.03 1.4±0.05* 1.1±0.1* 0.85±0.08* 0.54±0.7* 0.38±0.04*
Each time was administered to 10 animals. *P<0.05 compared to the parameter observed before antithrombotic treatment

Source of Support: Nil, Conflict of Interest: None declared.


