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Abstract 

 
Objective 

To optimize future translational research, the present study aimed to 

determine the ideal range of sizes for embolic agents in interventional 

oncology experiments utilizing rat models of hepatocellular carcinoma. 

 

Materials and Methods 

Fifty-four male Sprague–Dawley rats were randomly divided into 

two groups to evaluate the distribution of microparticles and tumor response 

rates. After implanting hepatoma cells into the rodent liver, fluorescent 

microparticles of diverse size ranges were administered via the hepatic 

artery. In the first group, the distribution of microparticles was evaluated in 

hepatoma-free rats, and tumor necrosis rates following administration of the 

pre-determined amounts of microparticles were measured in tumor-bearing 

rats. Afterwards, the three microparticle sizes associated with the best tumor 

response rates were chosen for analysis of tumor necrosis rates following 

complete hepatic artery embolization in the second group.  

 

Results 

The tendency for microparticles to distribute in non-target organs 

increased as microparticle size decreased below 15 µm. Tumor necrosis 

rates tended to be higher in rats treated with 15–19-µm microparticles than 
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in those treated with 18–24.9-µm or 25–35-µm microparticles. The in-group 

deviation of tumor necrosis rates was highest for microparticle sizes of 18–

24.9 µm and 25–35 µm, which implies proximal embolization of the hepatic 

artery for larger microparticle sizes. However, there was no statistically 

significance among the three groups (p = .095). 

 

Conclusion 

These results suggest that embolic agents ranging in size from 15–19 

µm should be considered as the first option for achieving tumoricidal effects 

via transarterial treatments in rat models of HCC. 

 

Keyword : Transarterial embolization, Embolic agent, Microparticle, 

Hepatocellular Carcinoma, Rat, Animal experiment  
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요약 (국문초록) 

 

연구 목적 

본 연구는 쥐의 간세포암 모델을 이용하여 색전물질의 이상적인 

크기를 결정하는 것을 목적으로 하였다. 

 

연구 방법 

 54 마리의 수컷 Sprague-Dawley 쥐를 무작위로 2 개의 군으로 

나누어 한 군은 종양 및 장기 별 미세입자의 분포를 평가하고, 한 군은 

종양 반응을 평가하였다. 첫번째 군의 일부 쥐와 두번째 군의 모든 

쥐에서 간세포암 세포를 쥐의 간에 이식하였고, 이후 다양한 크기의 

형광입자를 모든 쥐의 간동맥을 통하여 주입하였다. 첫번째 군은 

간세포암이 없는 쥐와 간세포암이 있는 쥐로 나뉘는데, 간세포암이 없는 

쥐에서는 각 장기별 미세입자의 분포를 분석하였고, 간세포암이 있는 

쥐에서는 종양 및 각 장기별 미세입자의 분포 뿐만이 아니라 종양 

괴사율을 계산하였다. 두번째 군에서는 앞에서 계산한 종양 괴사율이 
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높은 3 가지 크기의 미세입자를 골라 쥐의 간동맥을 완전히 막은 후 

이에 따른 종양 괴사율을 분석하였다.   

 

연구 결과 

 미세입자의 크기가 작을수록 비표적 장기로 미세입자가 

분포되는 경향이 있었다. Nile Red 입자의 크기가 15 µm 이상이었을 

때는, 한 마리의 쥐만 제외하고 나머지 쥐에서 3 개 이하의 미세입자가 

폐에서 검출되었다. 종양 괴사율은 15–19 µm 크기의 미세입자를 사용한 

색전술군이 18–24.9 µm 와 25–35 µm 입자를 사용한 색전술군보다 더 

높은 종양 괴사율을 보였다. 한편 18–24.9 µm 와 25–35 µm 입자를 

사용한 색전술군은 종양 괴사율의 군내 편차도 컸는데, 이는 너무 큰 

입자가 원위부 색전을 유발하였기 때문으로 추측된다. 그러나 세 그룹간 

종양 괴사율의 차이가 통계적으로 유의한 수준에는 도달하지 않았다 (p 

= .095). 

 

결론 
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 쥐의 간세포암 모델을 이용한 경동맥 색전술 실험에서 충분한 

색전효과를 얻기 위해서는 약 15 – 19 µm 크기의 색전 물질을 사용하는 

것이 권장된다.  

 

주요어 

경동맥색전술, 색전 물질, 미세입자, 간세포암, 쥐, 동물 실험 
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Introduction 

 

Animal models, particularly rat models of hepatocellular carcinoma 

(HCC), are widely utilized in interventional oncology research [1-3]. Rat 

models have several advantages over larger animal models (e.g., easier to 

breed and handle), and numerous innovative rat experiments have been 

described in the literature [4-6]. In addition, percutaneous catheterization of 

the rat hepatic artery allows the experimenter to simulate intra-arterial 

infusion of chemoembolic agents in humans [7-13]. Accordingly, knowledge 

regarding HCC has advanced greatly over the last decade due to research 

involving rat models.  

McA-RH7777 cells in Buffalo rats, N1-S1 cells in Sprague–Dawley 

rats, and the fusion of the two models (McA-RH7777 cells in Sprague-

Dawley rats) are commonly utilized to investigate transarterial treatments in 

rat models of HCC [14, 15]. Some groups have also proposed 13762-MAT-

B-III cells in F344 rats as a model of hypervascular liver metastasis [16, 17]. 

As each model has its own strengths and weaknesses, the ideal rat model for 

interventional oncology experiments is selected based on the purpose of the 

investigation. 

However, the ideal size of embolic agents in rat hepatoma models 

remains to be elucidated. Prior studies have used a wide range of 

microparticle sizes from 1 µm to 150 µm, the largest being enough for 
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human studies [14, 18, 19]. Given that the size of embolic agents is crucially 

associated with their embolic effect, the huge size discrepancy across animal 

experiments limits proper interpretation and comparison of the study results. 

Moreover, evidence concerning treatment effects may be less convincing 

when microspheres are too large to penetrate the target tissue. Conversely, 

clinically translating the results of rat embolization experiments conducted 

using tiny particulates that can wash out to the vein may be unreliable. Thus, 

to optimize future translational research, the present study aimed to 

determine the ideal range of sizes for embolic agents in interventional 

oncology experiments utilizing rat models of HCC. 
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Materials and Methods 

 

Tumor cell line and Animal model 

The McA-RH7777 cell line (CRL-1601; ATCC, Manassas, VA, 

USA) was cultured in Dulbecco’s modified Eagle’s medium (DMEM; 

WelGENE, Daegu, Korea) with 10% fetal bovine serum (WelGENE) and a 

1% penicillin–streptomycin mixture (Gibco, Grand Island, NY, USA). To 

enhance tumor vascularity via overexpression of vascular endothelial 

growth factor (VEGF), rVEGF-A cDNA (GenBank accession no. 

NM_031836) was amplified and cloned into a pLenti-Gill lentiviral vector 

(Applied Biological Materials, Richmond, British Columbia, Canada) [20]. 

Then, McA-RH7777 cell lines were transfected with the lentivirus to obtain 

an VEGF-McA-RH7777 cell line. The VEGF-McA-RH7777 cells were 

maintained in RPMI-1640, and 5 × 106 cells were injected into each rat liver 

after laparotomy to model rat HCC. To prevent spontaneous tumor 

regression, cyclosporine A (20 mg/kg/day) was administered subcutaneously 

from 1 day before tumor implantation until 2 days after surgery. 

 

Study design 

he appropriate Institutional Animal Care and Use Committee approved this 

study, which was performed in accordance with institutional guidelines. 

Fifty-four male Sprague–Dawley rats were randomly divided into two 

groups to evaluate the distribution of microparticles in the organs (hereafter, 
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“distribution group”, 39 rats) and to review tumor response by calculating 

the tumor necrosis rate (hereafter, “tumor response group”, 15 rats) (Fig. 1).  

 

Figure 1. Flowchart of the animal model. 

 

 

The distribution group was divided into two subgroups: subgroup 1 without 

hepatoma (15 rats) and subgroup 2, which was inoculated with intrahepatic 

tumor cells (24 rats). All rats in the tumor response group were implanted 

with tumor cells. Rats in subgroup 1 underwent transarterial embolization 

(TAE) of the non-cancerous liver with one of five size ranges of 

microparticles (5.0–7.9 µm, 10–14 µm, 15–19 µm, 18–24.9 µm, and 25–35 

µm). Rats in subgroup 2 and the tumor response group also underwent TAE 

with microparticles 2 weeks after inoculation of tumor cells, and the tumor 

growth rate was determined using magnetic resonance imaging (MRI). The 

embolic endpoint for rats in the distribution group was injection of 0.4 mL 

of a mixture containing fluorescent microparticles and water. Afterwards, 
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the distribution of microparticles was evaluated in hepatoma-free rats 

(subgroup 1), while both the distribution of microparticles and tumor 

necrosis rate were evaluated in tumor-bearing rats (subgroup 2). The three 

size ranges of microparticles leading to better tumor response rates than the 

others in subgroup 2 were chosen for the analysis of tumor necrosis rate in 

the tumor response group. The embolic endpoint for rats in the tumor 

response group was injection of microparticles until complete stasis had 

been achieved on X-ray fluoroscopy. 

 

 

MRI 

MRI was performed using a 3.0-Tesla clinical MRI unit (TrioTim; 

Siemens Medical Solutions, Erlangen, Germany) with a six-channel rat 

body coil (Stark Contrast, Erlangen, Germany). Axial T2-weighted turbo 

spin echo images (TR/TE, 4,180/77ms; flip angle, 140˚; slice thickness, 2 

mm; field of view, 80 x 65 mm; matrix, 256 x 177), coronal T2-weighted 

turbo spin echo images (TR/TE, 6,960/77 ms; flip angle, 140˚; slice 

thickness, 2 mm; field of view, 84 x 100 mm; matrix, 256 x 184), and axial 

diffusion-weighted images with single-shot echo planar imaging (TR/TE, 

2,100/85 ms; slice thickness, 4 mm; field of view, 80 x 64 mm; matrix, 84 x 

68; b-value = 800 s/mm2) were obtained to identify tumor induction.   

 

Microparticle preparation and Transarterial embolization 
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Rat TAE was conducted using various sizes of Nile Red particles 

(SPHEROTM Fluorescent Particles; Spherotech, Inc., Lake Forest, IL). The 

fluorescent microparticles were prepared by staining polystyrene particles 

with a fluorophore solution. The fluorophores chosen for use in the 

preparation of fluorescent particles are water insoluble, and their color and 

fluorescence remain stable for long periods of time. Nile Red particles are 

also available in single or multiple fluorophores of various sizes and 

fluorescence intensities with very small coefficients of variation in both size 

and fluorescence (Fig 2.). 

Figure 2. Size distribution of Nile Red particles (15-19 µm). 

 

 

The total volume of Nile Red particles per unit was 2-5 mL with 1% 

weight/volume ratio. Nile Red particles within the ranges of 5.0–7.9 µm, 

10–14 µm, 15–19 µm, 18–24.9 µm, and 25–35 µm were used for analysis in 
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the distribution group. TAE was performed by one experienced 

interventional radiologist with 10 years of experience in translational 

research using an angiography machine. Under anesthesia using zolazepam 

(5 mg/kg, Zoletil; Virbac, Carros, France) and xylazine (10 mg/kg, Rompun; 

Bayer Schering, Berlin, Germany), the left common carotid artery was 

approached after dissecting the neck muscles. A 1.7-Fr microcatheter 

(Progreat lambda; Terumo Medical Corporation, Tokyo, Japan) was 

advanced into the proper hepatic artery under the guidance of fluoroscopic 

imaging. TAE was performed in both the distribution and tumor response 

groups at the level of the common hepatic artery using the microcatheter. 

 

Quantitative fluorescent and Histologic analyses 

All rats were euthanized in a CO2 chamber 1 week after the 

procedure. For subsequent quantitative fluorescent and histological analyses, 

axial sections were obtained across the center of the tumor (in cases of 

tumor-bearing rats), normal liver, lung, and kidney. The halves of each 

section were frozen in liquid nitrogen for subsequent quantitative 

fluorescent analysis. One slice of frozen section (thickness, 4 µm) was 

obtained for each organ and tumor. Then, the numbers of microparticles in 

the organs and tumor were measured using a fluorescent microscope under 

100X magnification by one investigator (S.H.K) blinded to the treatment 

allocation. The investigator selected three hot spots (700 x 520 µm per spot) 

per tissue for counting the number of microparticles, and the mean value 
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from the three hot spots was recorded to evaluation the microparticle 

distribution. The remaining halves of each section were fixed in 10% 

buffered formaldehyde solution and were paraffin embedded. Hematoxylin 

& eosin (H&E) staining was performed for each section. The tumor necrosis 

rate was calculated by dividing the area of non-viable portions of the tumor 

by the total area of the tumor based on digitalized H&E images (Fig. 3). 

Figure 3. Transarterial embolization with 18–24.9 µm Nile Red particles in a 

representative rat model of hepatoma.  

(A) Coronal T2-weighted MRI showing a round tumor (arrow) in the liver. 

(B) A fluoroscopic image during the injection of microparticles showing stagnation 

of the iodinated contrast medium in the tumor (arrow). 

 

 

(C) The tumor was harvested after the procedure and frozen-sectioned. 

(D) Hematoxylin-and-eosin-stained tissue showing near-complete necrosis of the 

tumor.  
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(E) Fluorescence microscopy showing nine microparticles in a single hotspot (blue 

box in D) from the tumor. 

 

The injury to the normal liver parenchyma was evaluated in all rats of tumor 

response group using digitalized H&E images. 

 

Statistical analysis 
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Median values for each size range were used to compare 

microparticle distributions in each organ and tumor. The Kruskall–Wallis 

test was used to compare the tumor necrosis rate among the three different 

microparticle sizes in the tumor response group. A two-sided p-value < 0.05 

was considered statistically significant. The statistical analysis was 

performed using commercial statistics software (MedCalc, version 19.2; 

MedCalc, Ostend, Belgium).
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Results 

 

Distribution of microparticles in hepatoma-free rats 

There was a non-target organ distribution tendency, as the microparticle 

size became smaller. Microparticles were detected in the lung in all rats using the 

size of 5.0-7.9 µm of Nile Red particles, whereas those were detected in the lung in 

one out of three rats when sizes of 10-14 µm, 15-19 µm, and 18-24.9 µm Nile Red 

particles were used for TAE. None of microparticles was detected in the lung when 

25-35 µm sized Nile Red particles was used for TAE. No microparticles were 

detected in the kidney except for only one rat using the size of 5.0-7.9 µm of Nile 

Red particles for TAE (Table 1). The liver was the organ where the largest number 

of microspheres were found, irrespective of the sizes. 

 

Table 1. The number of microparticle counts distributed in each organ of 

hepatoma-free rats. 

Rat number Particle size (µm) Liver Lung Kidney 

#1 5.0 - 7.9 24 5 1 

#2 5.0 - 7.9 26 5 0 

#3 5.0 - 7.9 18 2 0 

#4 10 - 14 9 1 0 

#5 10 - 14 4 0 0 

#6 10 - 14 6 0 0 

#7 15 - 19 6 0 0 

#8 15 - 19 3 1 0 
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#9 15 - 19 6 0 0 

#10 18 - 24.9 7 1 0 

#11 18 - 24.9 6 0 0 

#12 18 - 24.9 13 0 0 

#13 25 - 35 16 0 0 

#14 25 - 35 18 0 0 

#15 25 - 35 11 0 0 

 

Distribution of microparticles in tumor-bearing rats 

A similar tendency for non-target organ distribution was observed in tumor-

bearing rats when compared with hepatoma-free rats. Nile Red particles of 

5.0–7.9 µm in size were more frequently observed in the normal liver 

parenchyma and lung than those of larger sizes (Fig. 4).  

Figure 4. A bar graph showing the median numbers of microparticles in the 

tumor and organs according to microparticle size. 
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When Nile Red particles were larger than 15 µm in size, only a few 

microparticles (≤ 3) were detected in the lung, except in one rat. Of note, 

fifteen microparticles were detected in the lung in one rat injected with 18–

24.9-µm Nile Red particles, probably due to large shunt development 

associated with the tumor. The microparticle counts in the tumor and each 

organ are listed in Table 2. 

Table 2. The number of microparticle counts distributed in the tumor and each 

organ of tumor-bearing rats. 

Rat 

number 

Particle 

size 

(µm) 

Liver Tumor Lung Kidney 

Tumor 

necrosis 

rate 

(%) 

Mean 

tumor 

necrosis 

rate (%) 

#1 5.0 - 7.9 13 3 36 4 10  

 

10 

#2 5.0 - 7.9 23 1 9 0 5 

#3 5.0 - 7.9 48 11 7 2 15 

#4 5.0 - 7.9 37 11 27 0 10 

#5 10 - 14 4 2 2 0 95  

 

50 

#6 10 - 14 5 1 1 0 90 

#7 10 - 14 5 4 4 0 25 

#8 10 - 14 12 9 5 0 30 

#9 10 - 14 15 5 4 0 10 

#10 15 - 19 2 5 0 0 90  

 

71 

#11 15 - 19 4 7 1 0 90 

#12 15 - 19 3 2 3 0 15 

#13 15 - 19 6 2 0 0 90 

#14 15 - 19 7 4 1 0 70 
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#15 

18 - 

24.9 

2 5 

1 0 95  

 

85 

#16 

18 - 

24.9 

6 16 

1 0 95 

#17 

18 - 

24.9 

13 15 

1 0 90 

#18 

18 - 

24.9 

5 5 

0 0 95 

#19 

18 - 

24.9 

4 5 

15 0 50 

#20 25 - 35 8 17 0 0 40  

 

80 

#21 25 - 35 2 2 1 0 100 

#22 25 - 35 3 15 1 0 95 

#23 25 - 35 8 5 0 0 85 

#24 25 - 35 6 7 0 0 80 

 

Tumor response according to microparticle size 

When TAE was performed using a pre-determined amount (0.4 mL) 

of microparticles (subgroup 2 in distribution group), rates of necrosis were 

highest in rats injected with particle sizes of 15–19 µm (mean necrosis rate, 

71%), 18–24.9 µm (85%), and 25–35 µm (80%). Therefore, these size 

ranges were re-evaluated in the tumor response group. Among the fifteen 

rats (five for each size range), one rat in the 15–19 µm group and one rat in 

the 18–24.9 µm group died after anesthesia for TAE and were thus excluded 

from the analysis. Therefore, a total of 13 rats were euthanized for analysis 

after performing TAE with an embolic endpoint of complete stasis. The 
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amount of microparticles used in rats of the tumor response group ranged 

from 0.8 mL to 1.5 mL. As a result, tumor necrosis rates tended to be higher 

in rats treated with 15–19-µm Nile Red particles (mean, 99%) than in those 

treated with particle sizes of 18–24.9 µm (75.3%) or 25–35 µm (57.8%) 

(Table 3). 

Table 3. Tumor necrosis rate in dependency of microparticle size. 

Rat 

number 

Particle 

size (µm) 

Tumor necrosis 

rate (%) 

Mean of tumor necrosis rate (%) 

#1 15-19 100  

 

99.0 

#2 15-19 100 

#3 15-19 100 

#4 15-19 96 

#5 18-24.9 42  

 

75.3 

#6 18-24.9 100 

#7 18-24.9 85 

#8 18-24.9 74 

#9 25-35 57  

 

57.8 

#10 25-35 100 

#11 25-35 34 

#12 25-35 76 

#13 25-35 22 

  

Injury to the normal liver parenchyma was not observed in all rats of tumor 

response group (Fig. 5). 

Figure 5. Transarterial embolization with 15–19 µm Nile Red particles. 
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(A) The tumor and adjacent normal liver parenchyma were harvested after the 

procedure and frozen-sectioned. 

  

(B, C) Hematoxylin-and-eosin-stained tissue showing near-complete necrosis of 

the tumor and no injury to the adjacent liver parenchyma.  
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The within-group variability of tumor necrosis rates was high in rats treated 

with particle sizes of 18–24.9 µm and 25-35 µm, which implies proximal 

embolization of the hepatic artery when larger microparticles are used. 

However, there were no statistically significant differences in tumor necrosis 

rates among the three groups (p = .095) (Fig. 6). 

Figure 6. Box plots of the tumor necrosis rate according to different 

microparticle sizes. Upper, middle, and lower horizontal bars represent the 

maximum value, median value, and minimum value, respectively. Upper 

and lower margins of the candle represent the upper and lower quartiles, 

respectively. 

 

 

 



 

 １８ 

Discussion 

 

Although previous studies using animal models of HCC have 

focused on the embolic effect following TAE, their results remain 

controversial [14, 18, 19]. Our findings suggest that the ideal size range for 

embolic agents in rat models of HCC is 15-19 µm. Furthermore, a size 

larger than 15 µm is recommended for preventing undesirable distribution to 

the lung in such models. 

The size of embolic agents in animal experiments should be 

carefully determined to achieve reliable results mirroring human practice. 

Microspheres that are too small can be harmful to the patient. A previous 

study reported that the diameters of terminal arterioles and capillaries in rats 

are 10–50 µm and 8–10 µm, respectively [21]. This may explain the 

tendency for microparticle distribution in the lung in hepatoma-free rats in 

the 5.0–7.9-µm group, as this is smaller than the capillary diameter in rats. 

In contrast, when microparticles ≥ 10 µm in size were used for TAE in 

hepatoma-free rats, most microparticles were detected in the liver 

parenchyma. Conversely, microparticles that are too large will not induce 

sufficient embolic effects. A pre-clinical study using a rabbit tumor model 

failed to obtain tumoricidal effects using large embolic agents (≥ 70 µm), 

even when complete stasis was achieved during TAE [22]. In accordance 
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with previous results, our findings indicate that the rate of tumor response 

dependeds on the size of microparticles used for TAE. 

Bastian et al. [23] reported that an embolic agent with a mean 

diameter of 40 µm is required for hepatic artery embolization without 

shunting to other organs considering the size of hepatic artery in rats. These 

results are in contrast to those of our study, which indicated that a size of 

15–19 µm yielded the best tumor necrosis rate when compared with larger 

sizes. However, the embolic materials used in the previous study were 

prepared using a modified solvent evaporation method, which inevitably 

produces a wide range of particle sizes: For example, the size range for the 

embolic agents with a mean diameter of 40 µm in the previous study 

extended from approximately 1 to 100 µm [23]. Conversely, the 

microparticles used in the present study had a very small coefficient of 

variation in size (e.g., 4 to 10 µm), suggesting that the current findings are 

more reliable. Considering the present results, embolic agents in the range 

of 15–19 µm are sufficient for obtaining tumoricidal effects in rat hepatoma 

models, whereas microparticles larger than 15–19 µm may be less effective 

in this regard due to proximal embolization of the hepatic artery, which 

results in less hypoxic damage to the hepatoma. 

In this study, we observed a difference in the distribution of 

microparticles to the lung between hepatoma-bearing rats and hepatoma-free 

rats. As mentioned above, microparticles larger than 10 µm were hardly 

distributed to the lung in hepatoma-free rats. However, 10–14-µm 
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microparticles were well distributed to the lung in hepatoma-bearing rats 

even though their diameter was larger than that of rat capillaries. Such 

results can be explained by arteriovenous shunting, which is frequently 

observed in cases of hypervascular tumors such as HCC [24, 25]. In 

addition, we observed that median values of distribution of microparticles to 

the tumor and normal liver parenchyma are similar. Such findings are 

possibly because vascularity of rat hepatoma is less prominent than that 

observed in human HCC. Another explanation for such findings is probably 

that we used predetermined amount of embolic agents for distribution 

analysis. 

This study had several limitations. First, the sample size in each size 

group was small given the various size ranges examined, making it difficult 

to identify statistically significant effects among the groups. Second, tumors 

in rat hepatoma models have relatively homogenous features, and their 

vascularity is less prominent than that observed in human HCC. Finally, 

detection error may have occurred in counting the number of microparticles 

in each organ and tumor. Microparticles counts were recorded as the mean 

value for only three hot spots per tissue, which is less accurate than counting 

microparticles in the whole tissue. However, the same method was used for 

all microparticle sizes in each organ and the tumor, which may have reduced 

the likelihood of sampling error. Despite these limitations, the present 

results suggest that embolic agents ranging in size from 15–19 µm should be 

considered as the first option for achieving tumoricidal effects via 
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transarterial treatments in rat models of HCC. 
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