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Abstract—This study aimed to develop a larval zebrafish 
(Danio rerio) thrombosis model for antiplatelet drug 
discovery by adopting CD41-eGFP (yst101) transgenic 
zebrafish. In this model, the thrombocytes expressed the 
enhanced green fluorescent protein driven by the zebrafish 
CD41 promoter. Briefly, fish at 2 days post-fertilization (dpf) 
were treated with ponatinib for 24 h by direct soaking, 
resulting in the caudal vein thrombus. The transparent 
larvae were used, and the thrombi were clearly observed 
and quantitatively evaluated by the image analysis of the 
red blood cells stained with o-dianisidine in the caudal vein. 
Meanwhile, thrombocyte aggregation was also observed at 
the site of the caudal vein by confocal microscopy. In 
addition, the thrombosis-preventive effects of aspirin and 
tirofiban, both FDA -approved antiplatelet drugs, were 
demonstrated and validated. However, clopidogrel, the 
other human antithrombotic drug, was found to have no or 
little antithrombotic effect on this zebrafish-based 
thrombosis model, which might be due to a hepatic 
metabolic defect of the transgenic line used in this study.   
 
Index Terms—thrombosis, zebrafish, CD41-eGFP, 
antiplatelet drugs 
 

I. INTRODUCTION 

Platelets provide the first defense line when vascular 
integrity is compromised. They home to the site of injury 
where they adhere to the damaged vessel wall, become 
activated, and aggregate to form a platelet plug, also 
known as thrombus. Thrombosis can occur in arteries or 
veins, and both can be hazardous to health. Arterial 
thrombosis was recognized as one of the underlying 
causes for most heart attacks and strokes. In deep veins, 
the venous thrombi can break off, travel to the lungs, and 
finally result in pulmonary embolism. Therefore, it is 
necessary to develop antiplatelet drugs to prevent this 
common and potentially life-threatening condition. 

The zebrafish has become a widely used model 
organism because of its fecundity, morphological and 
physiological similarities to mammals, existence of many 
genomic tools, and ease with which large, phenotype-
based screens can be performed. The zebrafish also 
provides opportunities to accelerate the process of drug 
discovery [1]. Ponatinib is an oral drug developed for 
treating chronic myeloid leukemia and Philadelphia 
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chromosome–positive (Ph+) acute lymphoblastic 
leukemia. It is a multi-targeted tyrosine kinase inhibitor 
[2]. Receptor tyrosine kinase inhibition by ponatinib may 
result in the inhibition of cellular proliferation and 
angiogenesis, and also induce the apoptosis of vascular 
endothelial cells. According to relevant Food and Drug 
Administration (FDA) reports, severe thrombosis, 
vascular stenosis, and other adverse reactions occurred 
after the clinical use of ponatinib [3].  

Aspirin can inhibit platelet cyclooxygenase. Low-dose 
aspirin irreversibly blocks the formation of thromboxane 
A2 in platelets, producing an inhibitory effect on platelet 
aggregation. Clopidogrel is an antagonist at the platelet 
P2Y12 adenosine diphosphate (ADP) receptor [4, 5]. 
Tirofiban is a glycoprotein IIb/IIIa receptor antagonist 
that inhibits platelet activation and platelet–monocyte 
interaction. 

In the present study, a thrombosis model that used 
ponatinib to induce thrombosis in CD41-eGFP (yst101) 
transgenic zebrafish was developed to quantitatively 
assess the antithrombotic effect of antiplatelet agents. 
This model was further validated using three FDA-
approved antithrombotic drugs (aspirin, tirofiban, and 
clopidogrel). The results indicated that the zebrafish 
thrombosis model developed and validated in this study 
was a convenient and predictive model for rapid in vitro 
screening and efficacy assessment of antiplatelet 
aggregation agents. 

II. MATERIALS AND METHODS 

A. Zebrafish Aquaculture 
The zebrafish were maintained in a light and 

temperature controlled aquaculture facility under a 
standard 14:10h light/dark photoperiod. They were fed 
with dry flake once and live brine shrimp twice per day. 

 The wild-type AB strain zebrafish were purchased 
from the China Zebrafish Resource Center. We 
established the zebrafish CD41 promoter driven enhanced 
GFP expression transgenic line (zfCD41-eGFP=yst101) 
by microinjection and the subsequent screen (describe 
elsewhere). This stable transgenic line was adopted for 
the thrombosis assessment. 

Zebrafish embryos were collected and incubated in E3 
medium (19.3 mM NaCl, 0.23mM KCl, 0.13mM MgSO4, 
7H2O, 0.2 mM Cacl2, pH7.2) with 0.1% methylene blue 
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until transfer to 1-phenyl-2-thiourea (PTU) solution. 
Embryos are raised in 0.003% PTU in E3 medium at 8-24 
hours post fertilization (hpf) until time of analysis to 
inhibit pigmentation. 

B. Assessment of Drugs Antithrombotic Effect on 
Zebrafish Thrombosis 

To assess the tested drugs’ antithrombotic effect on 
thrombosis in zebrafish, three FDA-approved 
antithrombotic drugs (Clopidogrel, 70μg/mL; Tirofiban, 
60μg/mL; Aspirin, 5μg/mL) were selected. Twenty larvae 
at 2dpf were randomly selected and raised in six-well 
plate with 5 mL E3 medium each well. Zebrafish were 
cotreated with 1μmol/L ponatinib and a candidate drug 
for the following 24h. Zebrafish treated with 0.1% 
DMSO was served as a vehicle control.  After treatment, 
the zebrafish larvae were stained with O-dianisidine to 
quantify the caudal vein red blood cells (RBCs) which 
reversely correlated with the degree of thrombosis. 
Caudal vein RBCs counts were performed using the LAS 
hardware configurator image analysis software (Leica). 
The effect of a test drug was calculated based on the 
formula below: 

Efficacy (%) = [IOD(drug)-IOD(model)] / [IOD(vehicle) 
- IOD(model)]×100%  (1) 

(IOD means Integrated Optical Density) 

C. Confocal Microscope 
Zebrafish larvae were immobilized in 3% methyl 

cellulose and images were acquired in the identical 
lighting intensity. Image the larvae using an inverted, 
fluorescent, laser-scanning confocal microscope (Zeiss 
LSM 800).  

D. Statistical Analysis 
The results are expressed as mean±SEM, the statistical 

differences between groups were analysed by one-way 
ANOVA followed by Dunnett’s test. All tests were 
carried out at 5% level of significance (two-tailed, p 
<0.05). All experiments were repeated at least three times. 

III. RESULTS 

In zebrafish embryo, the blood circulation began at 
24hpf, and the caudal vein blood flow velocities could be 
measured by simply tracking movements of red blood 
cells (RBCs) in the embryo’s body, which are easily 
identifiable due to transparent skin [6]. At 3dpf, bright 
CD41 GFP+ cells could be detected in our transgenic 
CD41-eGFP (yst101) line, as shown in Fig.1. 

Three target-specific drugs: Aspirin, Tirofiban and 
Clopidogrel were used to assess the ponatinib induced 
caudal vein thrombosis in zebrafish. In a pilot study, we 
found that NOAELs (No Observed Adverse Effect Level) 
were 5μg/mL for aspirin, 60μg/mL for tirofiban and 
70μg/mL for clopidogrel respectively. After co-treatment 
with ponatinib, clopidogrel was found little anti-
thrombotic effect on the caudal vein in CD41-eGFP 
(yst101) transgenic zebrafish, whereas tirofiban and 
aspirin significantly decreased the thrombosis (Fig.2). 
The preventive efficacy of thrombosis was indicated in 
Table 1. 

TABLE I.  DRUGS USED TO CHARACTERIZE PONATINIB-INDUCED 
THROMBOSIS IN ZEBRAFISH 

Drugs  Preventive efficacy (%) 
Clopidogrel -2.94 
Tirofiban 87.84 
Aspirin 83.01 

 
 

 
Figure 1.  Photomicrographs showing CD41-eGFP (yst101) transgenic embryos are presented. (A) 3pdf wild-type zebrafish. (B) 3pdf CD41-eGFP 

(yst101) transgenic zebrafish, bright CD41 GFP+ cells are detected in the region between dorsal aorta and caudal vein (arrows,B). 
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Figure 2.  Caudal vein RBCs and quantitative analysis of preventive efficacy in thrombotic zebrafish co-treated with target specific drugs for 24h. 

The RBCs’ intensity at 2dpf treated with 1μmol/L ponatinib for 24h (C) significantly increased compared with control zebrafish (A, B). Embryo co-
treated with Aspirin (D) and Tirofiban (E) decreased the caudal vein RBCs’ intensity. Clopidogrel (F) had no preventive efficacy in thrombotic. 

Compared with model: ***p < 0.001. **p < 0.01. RBC, red blood cell.  

 
Figure 3.  Thrombocytes adhered to the site of injury in caudal vein after treatment. Following endothelial injury mediated by Ponatinib, the CD41-

eGFP (yst101) line zebrafish could visualize thrombocytes through green fluorescence. Platelets adhered and aggregated at the site of endothelial 
injury (C), in contrast to uninjured vessels (A, B). Embryo cotreated with aspirin (D) and tirofiban (E) significantly decreased the thrombocytes 

adhesion, and clopidogrel (F) had no effect on thrombocytes adhesion. 
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Ponatinib induced thrombosis caudal vein vascular 
endothelial injury, and platelet adhesion and aggregation 
could be clearly seen by confocal laser microscope in 
CD41-eGFP (yst101) transgenic line with fluorescently 
tagged thrombocytes (Fig.3C). As FDA-approved 
antithrombotic drugs, aspirin and tirofiban could inhibit 
platelet adhesion and aggregation significantly in this 
model, except clopidogrel. Both caudal vein thrombosis 
(Fig.2F. and Fig.3F.) and blood flow velocity recovery 
test indicated that clopidogrel had no effects on inhibiting 
platelets adhesion and aggregation in this model. But in a 
pilot study, clopidogrel had good antithrombotic effect on 
wild type zebrafish thrombosis model induced by 
Ponatinib (data not shown). 

In summary, ponatinib could induce thrombosis in 
CD41-eGFP (yst101) zebrafish, which slow down the 
caudal vein blood flow. Platelets adhesion and 
aggregation at the site of endothelial injury. 
Antithrombotic drugs aspirin and tirofiban could 
compensate this condition significantly. Clopidogrel had 
no effects on inhibiting platelets adhesion and 
aggregation in this model. 

IV. DISCUSSION 

Platelets are a component of blood whose function is to 
react to bleeding from blood vessel injury by clumping, 
thereby initiating a blood clot. During embryonic and 
larval development, both circulating and nonmobile 
GFP+ cells are visible. 

Ponatinib uniquely induces a prothrombotic state due 
increased platelet activation and reduced vessel wall anti-
thrombosis [7]. Antiplatelet drugs have different 
mechanism of action. Aspirin's antithrombotic effect is 
mediated by inhibition of blood platelets. The drug blocks 
a platelet enzyme, cyclo-oxygenase, by acetylating the 
enzyme's active site. Inhibition of the enzyme blocks 
production of an important prothrombotic agent known as 
thromboxane A2. Thromboxane A2 causes activation and 
aggregation of platelets, which is an early step in 
thrombosis. Tirofiban is a reversible antagonist of 
fibrinogen binding to the GP IIb/IIIa receptor, the major 
platelet surface receptor involved in platelet aggregation. 
When administered intravenously, tirofiban inhibits ex 
vivo platelet aggregation in a dose- and concentration-
dependent manner. 

Clopidogrel, as an antagonist against the platelet 
P2Y12 adenosine diphosphate (ADP) receptor, reduces 
platelet aggregation in many species [4], [8], [9]. The 
administration of clopidogrel results in a decreased 
responsiveness of the vascular smooth muscle to 5-HT 
[5], and 5-HT release from activated platelets is 
significantly decreased treated with clopidogrel. For these 
reasons, clopidogrel might be a drug that can decrease 
platelet hyperactivity, secretion of 5-HT, and subsequent 
platelet aggregate formation during inflammatory 
conditions and the prodromal stages of laminitis. While 
clopidogrel therapy resulted in inhibition of ADP-induced 
platelet aggregation, a significant difference was not 
demonstrated for ponatinib-induced aggregation. 
Clopidogrel required hepatic metabolism by several CYP 

enzymes in order to generate the active metabolite [10], 
and have no antiplatelet effect in this study. 

The results suggest that the CD41-eGFP (yst101) 
transgenic zebrafish line used in the study might have 
affection to certain hepatic metabolism enzyme, either 
synthesis or activity, which potentially induced by the 
insertion of transgene in this case. The specific reasons 
merited further study. 
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