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Abstract 

The purpose of this study was to develop a novel, laser-based microplatform for inducing carotid artery 

thrombosis in rats by coupling microscopic recordings and laser inductions on a real-time basis. Our platform model 

not only provides a direct and precise induction of carotid artery thrombosis in rats at any given time during an 

experiment but also allows altering the desired experimental parameters over the entire course. We have successfully 

designed a mild and gradually progressive thrombosis model in an animal. Our model suggests a strong potential usage 

for studying cerebral embolism caused by cerebral ischemia in near pathological and/or physiological circumstances 

found in clinical practice which are often not taken into account in current animal models. Therefore, our research 

model provides a means for clinicians to monitor treatments for their patients with cerebral stroke. Another application 

of this model is that it can be used to study hemodynamics and its related subjects. Depending on the desired degree of 

vessel occlusion, we can monitor the experimental parameters such as dosage of photosensizer dyes and intensity of 

laser light source, etc. This model can serve as a basic research tool for drug development and further development of 

effective therapeutic regimens in thrombogenesis. In summary, our improved and easy-to-use rat model of 

laser-induced carotid artery thrombosis has great potential to become more flexible, applicable and practical than 

previously published animal models.  
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1. Introduction 

According to the World Health Organization (WHO) 

statement, “Global Burden of Disease”, cerebrovascular 

disease is the second leading cause of mortality among 

high-income countries and the fifth among low-income 

countries [1,2]. Stroke has become a considerable physical, 

mental and economic burden, making ischemic stroke research 

an important focus of cerebrovascular research [3,4]. Most 

cerebral stroke studies were conducted using one of several rat 

cerebral ischemia models induced by ligation or embolism 

techniques [5-9]. Ligation requires monitoring and controlling 

blood pressure, making it a technically challenging method. 

The embolism method, which uses a foreign substance to 
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block the stroke-related artery, is easy to operate. However, it 

is poorly controlled and has poor reproducibility. 

The use of lasers has found wide application in medicine 

and biology. Animal models of photochemical-induced 

thrombosis in studies of cerebral stroke have been developed 

since the late 1980s. This investigation aimed to refine and 

improve the current technique. One of the problems observed 

is the damage of vascular endothelium due to the thermal 

effect as a result of photochemically induced injury [10-12] 

Furthermore, the experimental parameter setups in those 

studies often result in transient formation of thrombosis. We 

tested different wavelengths of irritation using low intensity to 

avoid damage in vascular endothelium and to create chronic 

pathological changes in carotid artery associated with 

thrombosis. 

We incorporated a semiconductor-pumped solid state 

frequency-doubling green laser [13-17] (diode pumping solid 

state frequency doubling green laser, hereafter referred to as 

DPSS Green Laser) at a constant power and diode laser into 
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the optical path of the microscope in order to generate a 

laser-induced rat carotid artery thrombosis [18] platform 

together with real-time observation equipment. Thrombosis 

was induced in the rat carotid artery using lasers in order to 

improve the traditional rat cerebral ischemia model [19-20] for 

basic medical research and provide opportunities for clinical 

research in stroke treatment. Different modes of thrombosis 

can be generated by different dyes and laser light sources, 

leading to different embolic circumstances. This study 

provides a new research platform for the development of novel 

therapeutic modalities and new drug development. 

In the current study, we developed a new platform for 

laser-induced carotid artery thrombosis in rats [21]. The 

platform provides a simple rat cerebral ischemia model for 

basic medical research while allowing clinicians to evaluate 

stroke therapeutics. The platform uses different dosages of dye 

and different laser light sources, depending on the mode of 

carotid artery thrombosis to be induced, and is a new research 

platform which can be used either for therapeutic modality or 

for drug development. In addition, the platform established in 

the current study aims to simultaneously record experimental 

changes. The development of thrombosis can be evaluated 

using data processing and image analysis tools. The efficacy of 

our platform can be evaluated by comparing and analyzing 

these results with results from chemical-induced thrombosis 

models [22-24]. 

2. Materials and methods 

2.1 Establishment of a laser-based microplatform for inducing 

carotid artery thrombosis in rats 

A three-tube stereomicroscope (Askania SMC-4, 

Germany) was used as the microscopic observation equipment 

and placed on an anatomical platform designed by us. The 

CCD camera was connected to the original camera output of 

the microscope. The video signal output was then connected to 

the storage device and to the monitor. Video signals were 

saved in standard file format on a computer-readable medium. 

The monitor was used as an external real-time observation 

device to simultaneously observe microsurgery and laser 

irradiation conditions. 

We used two different home-made sources of laser for 

induction. These were: (1) semiconductor-pumped solid-state 

frequency-doubling green laser (DPSS frequency-doubling 

green laser): a 200-mW infrared laser diode (808-nm 

wavelength) was packaged in the TO-18 case with a window 

cap. After the window cap was removed, the device was 

directly coupled to a 3% Nd+3: YVO4 (neodymium-doped 

yttrium vanadate crystal) laser [25] crystal and KTP [26] 

(potassium titanyl phosphate, KTiOPO4) nonlinear crystal 

glue body. The 808-nm infrared light initially excited Nd+3 free 

electrons from the lower 4I9/2 energy level to the higher 4F5/2 

energy level. Free electrons were mediated by radiationless 

transfer to the 4F3/2 energy level. This was followed by light 

emission at a wavelength of 1064 nm via the lasing transition 

and a fall into the 4I11/2 energy level. Free electrons were then 

mediated by radiationless transfer back to the 4I9/2 energy level. 

The 1064 nm infrared light was passed through the co-resonant 

cavity formed by two reflection mirrors coated separately with 

Nd+3: YVO4 and KTP to generate 1064 nm infrared laser. 

Green laser with a wavelength of 532 nm and a fixed power of 

10 mW was generated by passing the 1064 nm infrared laser 

through the frequency-doubling KTP nonlinear crystal. The 

laser irradiation spot, the full-width half maximum (FWHM), 

was a circle with a diameter of 0.6 mm and an energy density 

of 35 mW/mm2. The design of the laser is shown in Fig. 1(a). 

(2) Semiconductor laser [27-34]: the InGaAlP/GaAs red laser 

diode (wavelength, 650 nm; power, 20 mW) was activated by 

an auto power control circuit and was driven through a 

collimating lens with a focus of 6.3 mm in diameter and an 

effective aperture of 2.0 mm in diameter to render the FWHM 

of 50% red laser into a circle of 0.6 mm in diameter with an 

energy density of 35 mW/mm2. (3) A green-light reflection 

mirror was placed between the stereomicroscope and 532-nm 

green laser. A red-light reflection mirror was placed between 

the stereomicroscope and 650-nm red lasers. The mirrors were 

installed in the two-axis fine-tuning device. Two laser light 

spots were overlaid with the window center point of the 

stereomicroscope, which enabled the synchronized operation 

of microscopic observation and laser irradiation. The 

completed system is shown in Fig. 1(b). 

(a)

 
(b)    

 

Figure 1. (a) The diagram of a hand-drawn picture showing diode laser, 

laser crystal. (b) The diagram of a hand-drawn picture of 

stereomicroscope with indications of LCD, CCD camera. 

 

Wistar–Kyoto (WKY) rats [35-39] (age, 10–13 weeks) 

were obtained from the National Laboratory Animal Center. 

Colonies were bred at a controlled temperature (22 ± 0.5oC) 
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and a relative humidity of 50 ± 10%. The rats were exposed to 

light for 12–14 h per day and were given ad libitum access to 

food and water. 

For femoral vein annulations and laser-induced 

thrombosis, the WKY rats were anesthetized and pinned on a 

surgical board by fixing their legs with rope. The neck skin 

was incised to find the intersection between the internal and 

external carotid arteries and the suture was passed under the 

carotid artery. A skin incision was made near the hip in order 

to expose the femoral vein. A polyethylene tube (PE 10) was 

inserted into the left femoral vein. The rat femoral vein was 

injected with two different photosensitizer dyes: (a) Rose 

bengal followed by DPSS green laser irradiation of the area 

1 cm below the intersection of the external and internal carotid 

arteries to induce thrombosis, and/then (b) Evans blue 

followed by laser diode irradiation of the area 1 cm below the 

intersection of the external and internal carotid arteries to 

induce thrombosis; (c) The control animals were administered 

the same amounts of photosensitizer without laser exposure. A 

complete set-up of this microplatform is shown in Fig. 2. 

 
Figure 2. Development of the laser irradiation microscopic observation 

platform. 

 

The thigh and neck skin were sutured at the end of the 

exposure time. Treated rats with ad libitum access to food and 

water were either continuously bred or sacrificed on the same 

day (day 0), day 1, week 1, week 3 or week 4. The effect of 

thrombosis induced by different laser sources and intensity was 

compared to that in the control animals. 

2.2 Effect of different laser powers and dye dosages on 

thrombosis 

Rats were injected with either 30 or 60 mg/kg of rose 

bengal. DPSS green laser was used as the induction light source, 

and the exposure times were set as 600, 900, or 1800 seconds. 

The treated rats were sacrificed on the same day (day 0), day 1, 

and at weeks 1, 3 and 4. Rats were injected with either 30 or 

60 mg/kg of Evans blue. The semiconductor laser was used as 

the induction light source, and the exposure times were set as 

600, 900, or 1800 seconds. The treated rats were sacrificed on 

the same day (day 0), day 1 and at weeks 1, 3 and 4. 

Formation of thrombus in rat models of carotid artery 

thrombosis is influenced by the injection of different doses of 

photosensitizer dyes, the exposure to different laser intensity 

and duration of irradiation. We performed histological analysis 

to determine the thickness of rat carotid artery as a mean to 

assess the degree of thrombotic process. Histology was 

performed as follows. (1) A skin incision was made, and the 

heart was infused with normal saline to flush out carotid blood. 

The carotid artery was removed, snap-frozen at -80oC, dissected 

and subjected to immunohistochemical staining to evaluate 

proliferation. (2) The carotid artery was frozen for 24 h, and a 

microtome was used to dissect the carotid arteries (20-μm thick 

sections) followed by H&E staining. Stained arterial sections 

were evaluated for thrombosis using the Image-pro Plus 

6.0 image analysis software. (3) Vessel occlusion within carotid 

artery was assessed by immunofluorescence by first antibody 

(monoclonal mouse anti-SMC actin (1:100)) and secondary 

antibody (FITC-conjugates goat anti-mouse (1:500)). Tissue 

was fixed using methanol and PBS-washed. The stained images 

were examined by laser-scanning confocal microscopy. Images 

were analyzed and compared using image analysis software. (4) 

All results were expressed as mean ± SEM. Unpaired t-test was 

used to evaluate differences between the different analytical 

methods. p < 0.05 indicated a statistically significant difference. 

3. Results 

We developed a novel system for real-time observation, 

where the site of microsurgery was irradiated by controlled use 

of two types of lasers (wavelengths of 532 nm and 650 nm). 

The technique was successfully used to induce the proliferation 

of rat carotid artery endothelial cells. Our results demonstrated 

the establishment of a new improvable methodology to induce 

rat carotid artery thrombosis (Fig. 2). Using this model, control 

animals that were administered the same amount of 

photosensitizer dyes, at 4 weeks after day 0 showed no 

hyperplasia, indicating no thrombotic infarction (Fig. 3). 

 
Figure 3. Dissected rat carotid artery endothelium. Endothelial cells 

did not undergo proliferation. 

 
Rats exposed to 600 seconds of 532-nm DPSS green laser 

light together with 60 mg/kg rose bengal demonstrated 

significant hyperplasia in the carotid artery (0.08 ± 0.02 mm) 

after 28 days (Fig. 4). A weeks after the induction, treated 

animals started showing a significant increase in proliferation 

of carotid artery, compared to control animals sacrificed at the 
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same time. This increase persisted and continued for another 3 

weeks. A representative tissue section taken from one of the 

six rats and stained with H&E showed marked hyperplasia in 

the carotid artery (Fig. 5(a)). The gray area, possibly some 

form of thrombotic plug, took up more than 60% of the 

vascular space in this particular section. All six rats showed a 

marked increase in hyperplasia and similar histological image. 

These results were confirmed by immunofluorescence and 

confocal microscopy (Fig. 5(b)). In contrast, rats that received 

such treatment and were sacrificed one day after showed no 

evidence of hyperplasia (data not shown), indicating a mild 

induction. Together, rats injected with 60 mg/kg rose bengal 

followed by exposure to 600 seconds of 532-nm DPSS green 

laser light exhibited a mild and gradual induction of 

thrombosis over a course of 4 weeks period. Rats treated with 

30 mg/kg rose Bengal together with 532-nm DPSS green laser 

light apparently showed no significant increase in hyperplasia, 

indicating this dose was too small to induce thrombosis, even 

with exposure time of 30 minutes (data not shown). 

 
Figure 4. Green laser irradiation for 10 min combined with rose bengal 

treatment at 60 mg/kg. Optical microscopic observation of 

induced proliferation of rat arterial wall at different time 

points. *p < 0.05 when compared with the control group, 

indicating a significant difference (N = 6). 

 

 
(a)                      (b) 

Figure 5. (a) Representative H&E staining and (b) immunofluorescence 

staining followed by laser confocal micrography 

demonstrating significant proliferation in rat carotid artery 

endothelial cells. 

 

We found no increased proliferation in carotid artery 

endothelial cells when a laser diode with a wavelength of 

650 nm was used as the induction light source, in combination 

with Evans blue. 

4. Discussion 

In our current study, we established a laser-induced rat 

model of carotid artery thrombosis that can be used to create 

stroke models at different thrombotic degrees by adjusting the 

duration of laser-induction and dye concentrations. As an 

added advantage, this model would facilitate basic research on 

evaluation of stroke treatment. In comparison to the previous 

experimental parameters of 514 nm, we used a high 

wavelength of 532 nm, a lower exposure intensity 10 mW, 

compared to 400 mW and a shorter exposure time of 

30 seconds, compared to 10 minutes. Our parameters avoid 

damage in vascular endothelium and create a flexible animal 

model of thrombosis closer to the chronic physiological 

circumstances seen in stroke patients. Our data indicate that 

using this microplatform, we have successfully created a mild 

and progressive animal model for photochemically-induced 

thrombosis. Our data suggest that the formation of vascular 

thrombosis by injection of rose bengal following DPSS green 

laser irradiation for four weeks was similar to chronic 

thrombosis in patients. The absorptive spectrum of rose bengal 

is relatively narrow, and it is more selective in ranges from 

500 nm (blue-green light) to 570 nm (yellow-green light). In 

contrast, the absorptive spectrum of Evans Blue is relatively 

broad and is non-selective, with an absorption range from 

490 nm (blue light) to 680 nm (red light). Since light 

absorption is less selective, the response to various 

wavelengths may be less obvious. 

5. Conclusions 

The aim of the current study was to investigate the 

optimal photosensitizer dye and laser irradiation dosage (laser 

power density and laser irradiation time) for the induction of 

thrombosis in rat carotid artery. Using our designed platform, 

we adjusted these experimental parameters and followed the 

morphological changes in carotid artery under microscope on a 

real-time basis. Based on the preliminary observations, this 

study provided evidence that we can further alter parameters 

that give rise to a desired and/or predicable outcome of 

thrombogenesis, knowledge that can be widely applied in 

uncovering the underlying mechanism at early-phase and more 

progressive stages of the process. Using large-scale 

genome-wide analysis, one can build a profile composed of 

morphological changes, metabolite turbulence and genomic 

alterations in affected tissue at their early phase of 

thrombogenesis. Knowledge derived from details at cellular 

and molecular levels will allow the development of a suitable 

therapeutic regimen for individual stroke patients as well as 

assist the search for a better drug target in general. 
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