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 Endoscopic ultrasound-guided local ablation therapy is one of the most important 

approaches for treating insulinomas that arise from neuroendocrine islet cell tumors 

located within the pancreas. This study aimed to evaluate the efficacy of various 

ablative treatments including anhydrous ethanol, lauromacrogol, polidocanol, and 

paclitaxel as local ablative agents on subcutaneous insulinoma tumors in mice 

models using tumor necrosis and drug distribution. For this purpose, mice were 

modeled for insulinoma tumors by subcutaneous injection of Ins-1 and Min-6 cell 

lines in 4-6 weeks-old nude female mice. The tumors became visible 1 to 2 weeks 

after the transplantation of cells, reaching a treatment-appropriate volume of 20-

30mm3 within 2 to 3 weeks, as confirmed by the insulinoma-like characteristics 

observed during histopathological analysis. The results indicated that the insulinoma 

animal models exhibited an early onset of hypoglycemia and significantly elevated 

serum insulin levels during starvation tests, compared to the control group further 

confirmed by expression of chromogranin A (CgA), synaptophysin (Syn), and 

insulinoma-associated protein 1 (Insm1) in the tumor cells during 

immunohistochemical staining. Following treatment, necrosis percentages in 

insulinoma tumors were significantly higher in the paclitaxel (93.2%) and ethanol 

(86.5%) groups compared to saline, polidocanol, and polyglactin groups. Similarly, 

tumor drug distribution was tracked using methylene blue, with paclitaxel 

demonstrating the fastest diffusion, followed by ethanol, polidocanol, and 

polyglactin. These findings suggest that both paclitaxel and polidocanol have 

significant potential as local ablative agents in inducing tumor necrosis, with 

paclitaxel offering the fastest drug dispersion. These results highlight the potential 

for further optimization of ablation therapies in insulinoma treatment. 
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INTRODUCTION 

 

Insulinomas are functional neuroendocrine tumors 

that arise from neuroendocrine islet cells or pluripotent 

stem cells within the pancreas. The estimated annual 

incidence rate in humans is over 3 million cases (Tsang et 

al., 2016). In contrast, the incidence rate of insulinomas in 

animals varies by species, with sporadic cases reported in 

ferrets, dogs, and cats (Hawks et al., 1992; Buishand, 

2022). While the majority of insulinomas in humans are 

benign, they often present as malignant in dogs and 

ferrets, with a malignancy rate of 95%. These tumors are 

frequently associated with severe imbalances in blood 

glucose levels and insulin secretion (de Herder et al., 

2006; Greene and Bright, 2008; Bełtowski et al., 2018; 

Ryan et al., 2021; Kornya et al., 2022), leading to 

complications such as hypoglycemic coma, seizures, 

ataxia, and behavioral changes (Varela et al., 2018; Scott 
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and Howe, 2019; Sato et al., 2024). In animals, these 

tumors can significantly affect health, particularly in 

companion animals, where cases of insulinoma have been 

documented across various species (Hess et al., 2013; Yau 

and Rissi, 2014; Binici et al., 2016; Foxx et al., 2022). 

The management of insulinomas presents unique 

challenges due to limited treatment options and the 

tumor's endocrine nature, which complicates efforts to 

effectively ablate the tumor while preserving surrounding 

tissue (Gómez Ochoa et al., 2021; Hendricks-Wenger et 

al., 2022). In both veterinary and human medicine, 

surgical resection of the tumor remains the standard 

procedure; however, it is associated with a high risk of 

trauma and compromised pancreatic function in later 

stages (Miwa et al., 2009; Jilesen et al., 2016; Crinò et al., 

2023). Alternatively, minimally invasive procedures, such 

as endoscopic ultrasound-guided ethanol ablation (EUS-

EA) and radiofrequency ablation, have shown promising 

results by reducing complications and procedural costs 

while providing symptomatic relief in various clinical 

cases. (Qin et al., 2014; Crinò et al., 2023; Matsumoto 

and Kato, 2023). Anhydrous ethanol ablates tumor tissue 

through mechanisms of cellular dehydration and 

denaturation. Its high permeability enables ethanol to 

rapidly penetrate cell membranes, resulting in the loss of 

intracellular water and subsequent cell death. 

Additionally, ethanol can induce protein coagulation and 

vasoconstriction, thereby reducing blood supply to the 

tumor and enhancing therapeutic efficacy. However, the 

use of ethanol is limited by the potential for ulcerative 

complications in adjacent tissues, peritonitis, pancreatic 

pseudocysts, and hematomas (Mehrabi et al., 2014; 

Matsumoto and Kato, 2023). 

Nevertheless, there have been no successful cases of 

ablative treatment using a single agent alone for 

neoplastic lesions in the pancreas (Moyer et al., 2017). 

Therefore, in order to enhance efficacy and safety, 

alternative local ablative agents, including lauromacrogol, 

polidocanol, and paclitaxel, are being explored. 

Lauromacrogol induces tissue ablation through chemical 

necrosis, primarily causing apoptosis or necrosis by 

disrupting cell membranes and intracellular structures. 

Polidocanol, a surfactant, exerts its ablation effect by 

compromising the integrity of cell membranes. It reduces 

the surface tension of the membrane, leading to the 

leakage of cellular contents and ultimately resulting in cell 

death. Additionally, paclitaxel is a microtubule inhibitor 

that suppresses cell division by disrupting the dynamic 

stability of microtubules. It promotes microtubule 

polymerization, thereby blocking the normal progression 

of the cell cycle and inducing apoptosis in tumor cells. 

Although lauromacrogol, polidocanol, and paclitaxel show 

promise in ablation therapies, they lack extensive clinical 

data regarding their efficacy, dosing, and side effects, 

particularly in large-scale studies (Gaballa et al., 2019; 

Gallo et al., 2022). Consequently, there is an urgent need to 

identify gaps in knowledge, optimize dosing strategies, and 

evaluate long-term outcomes through further investigation. 

The current study aims to evaluate the comparative efficacy 

of four pharmacological agents including anhydrous 

ethanol, polidocanol, lauromacrogol, and paclitaxel in 

ablating subcutaneous insulinomas in a nude mouse model. 

Additionally, this study will assess the necrosis rates, 

diffusion properties, and adverse effects associated with 

these local ablative agents, seeking insights into safer and 

more effective alternatives for the treatment of insulinoma 

in both humans and veterinary medicine. 

 

MATERIALS AND METHODS 

 

Ethical statement: The study was conducted after the 

ethical approval of the “Animal Experimentation Ethics 

Committee” of Guangxi Medical University (approval 

number: 2023-E248-01). The study adhered to Guiding 

Opinions on the Treatment of Laboratory Animals issued 

by the Ministry of Science and Technology as well as the 

Laboratory Animal Guideline for Ethical Review of 

Animal Welfare issued by the National Standard 

GB/T35892-2018 of the People's Republic of China. 

 

Procurement of chemicals: Fetal bovine serum was 

purchased from Biological Industries (BI, Kibbutz Beit 

Haemek, Israel). RPMI 1640 medium was purchased from 

Gibco (Shanghai, China). Penicillin-streptomycin was 

purchased from Thermo Fisher Scientific (Waltham, MA, 

USA). The 0.25% trypsin digestion solution with EDTA 

was purchased from Solarbio Life Sciences (Beijing, 

China). The lauromacrogol injection reagent was obtained 

from Shaanxi Tianyu Pharmaceutical Co., Ltd (Shaanxi, 

China. The anhydrous ethanol injection reagent was 

obtained from National Pharmaceutical Group Guorui 

Pharmaceutical Co., Ltd (Anhui, China). The 1% 

polidocanol injection reagent (2 mL: 20 mg) was acquired 

from Hameln Pharmaceuticals GmbH (Hameln, Germany), 

and paclitaxel (10 mL: 60 mg) was obtained from Jiangsu 

Aosaikang Pharmaceutical Co., Ltd (Jiangsu, China). 

 

Cell culture: The insulinoma cell lines Ins-1 and Min-6 

were obtained from Procell Life Sciences & Technology 

Co., Ltd. (Wuhan, China). These cells were cultured in 

RPMI 1640 medium containing 10% fetal bovine serum 

and 1% penicillin-streptomycin, and grown in a 

humidified incubator using 5% CO2 and 37°C. In this 

study, the number of cell passages was kept below 30. 

 

Tumor models: In this study, SPF-grade female Balb/c 

mice (20 ± 2g, 4−6 weeks-old) were obtained from the 

Animal Experimental Centre of Guangxi Medical 

University (Nanning, China). 

A total of 1 × 107 Ins-1 cells were subcutaneously 

injected into the dorsal region of 4-6 weeks-old BALB/c 

nude mice to establish a subcutaneous tumor model. 

Following the implantation of cells, tumor nodules 

became visible at the injection site and were observed by 

the naked eye. Tumor size was measured every 2 days, 

and a tumor growth curve was plotted accordingly. The 

body weight and tumor volume of each mouse were 

recorded before the surgery. For each tumor, three 

morphological dimensions (L: length, W: width, and H: 

height) were measured. The volume of each tumor was 

estimated using the formula for an ellipse:  

 

V=𝜋𝐿𝑊H/6 

 

Once the subcutaneous tumors reached a diameter of 

8-10 mm, the mice were subjected to fasting, and 
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starvation tests were initiated. Blood glucose levels were 

measured every 3-4 hours using a blood glucose meter 

(Accu-Chek; Roche, Basel, Switzerland). The starvation 

test was concluded when the blood glucose level dropped 

below 2.8mmol/L, at which point plasma insulin levels 

were regularly measured. ELISA kit (Cloud Clone, Katy, 

TX, USA, Catalogue number: CEA448Mu) was used to 

analyze insulin levels from serum samples collected from 

nude Balb/c mice, detecting the absorbance at 450 nm. 

Each sample was assayed in triplicate, and the results 

were expressed as mean ± standard deviation.  

 

Experimental design: Following the establishment of the 

tumor model, tumor-bearing mice were randomly divided 

into five groups (n=4 per group): 1. saline (control), 2. 

anhydrous ethanol, 3. lauromacrogol, 4. polidocanol, and 5. 

paclitaxel groups. The mice were anesthetized, and varying 

doses of all ablation agents (0.1mL, 0.15mL, 0.2mL, and 

0.3mL) were injected into the central region of the tumor 

using an 8mm, (31G) sterile insulin syringe (Shanghai 

Kindly Medical Instruments Co., Ltd., Shanghai, China) at 

a controlled infusion rate of approximately 0.1mL every 30 

seconds, ensuring bloodless draw of the needle injection. 

Experiments that included significant drug spillage were 

excluded from the study. Following the procedure, mice 

were housed in an SPF facility and were monitored for 

feeding behavior and any signs of skin surface breakage, 

crusting, or infection at the tumor site. 

 

Tumor necrosis rate: 72 hours post-treatment, tumors 

were assessed for necrosis. Briefly, mice were euthanized 

by intraperitoneal injection of pentobarbital (150mg/kg), 

and tumors were excised, weighed, and measured. The 

tumor tissue was sectioned into four equal pieces along 

the longitudinal axis and labeled as T1−T4 (Fig. 1a). The 

tumor necrosis rate was calculated using Image-Pro Plus 

6.0 (Media Cybernetics, Bethesda, MD, USA). The mean 

necrosis rate was determined using the weighted average 

method by using the following formula:  

 

NR=(S-N) / S 

 

where S is the total tumor area (mm2) and N is the 

residual tumor area (mm2).  

 

Histopathological studies: For histopathological studies, 

sections from subcutaneous insulinomas were fixed in 

10% formalin, embedded in paraffin, sectioned, and 

stained with Hematoxylin and Eosin for microscopic 

features. Each group comprised eight xenograft mice, with 

results validated through three independent experimental 

replicates. 

 

Immunohistochemical analysis: Mounted tissue 

sections from the tumor were deparaffinized, rehydrated, 

and subjected to antigen retrieval using citrate buffer 

(pH 6.0) at 95°C for 30 minutes. Endogenous peroxidase 

activity was quenched with 3% hydrogen peroxide, and 

non-specific followed by blocking with 5% normal 

serum for 1 hour. Sections were incubated overnight at 

4°C with primary antibodies against chromogranin A 

(CgA), synaptophysin (Syn), and insulinoma-associated 

protein 1 (Insm1), followed by biotinylated secondary 

antibodies. Detection was performed using a peroxidase-

based DAB kit, and sections were counterstained with 

hematoxylin. The intensity of immunostaining was 

assessed using a light microscope and quantified with 

Image-Pro Plus 6.0 software (Media Cybernetics, 

Bethesda, MD, USA).  

 

Drug dispersion rate: The dispersion speed of the drugs 

was estimated by injecting all the ablation agents:  

anhydrous ethanol, lauromacrogol, polidocanol, and 

paclitaxel after mixing with 10% methylene blue in 

anesthetized mice at varying doses of all ablation agents 

(0.1mL, 0.2mL, or 0.3mL) (n=3 per group). Thirty 

minutes following the methylene blue-labeled ablative 

drug injection, the nude mice were humanely euthanized, 

and tumors were bisected along the long axis, and 

organized by drug-dose gradient. The drug dispersion 

pattern was estimated through methylene blue tracing, 

documenting the shape, extent, and uniformity of staining. 

High-resolution images of tumor sections were captured 

using Image-Pro Plus 6.0 software for detailed analysis. 

The stained areas in each tumor section were quantified, 

and the drug dispersion rate was calculated. 

 

Statistical analysis: SPSS statistical software (version 

19.0, Chicago, IL, USA) was used for statistical analysis 

of the data. Data were presented as the mean ± standard 

deviation. Differences among multiple groups were 

analyzed using one-way analysis of variance (One-way 

ANOVA). LSD-t-test was used for two-way comparisons 

between groups while student’s t-test was employed for 

comparisons between two groups. The paired t-test was 

used to compare the treatment outcomes before and after 

in the same group of animals. P<0.05 was considered as 

statistically significant. 
 

RESULTS  

 

The results indicated that the insulinoma animal model 

exhibited an earlier onset of hypoglycemia and lower blood 

glucose levels during the starvation test compared to the 

control group (without tumor) (Fig. 1 b-c). Additionally, 

insulin levels were significantly elevated in the insulinoma 

group, while the control group maintained lower mean 

insulin levels (Fig. 1 d). The results indicated that within 1–

2 weeks post-transplantation of Ins-1 and Min-6 cells 

subcutaneously, tumors became visible and exhibited 

exponential growth, reaching a treatment-appropriate 

volume within 2–3 weeks (Fig. 2 a). 

 

Histopathological studies: During histopathological 

examination, the transplanted tumors exhibited pathological 

features resembling that of insulinoma. The tumor cells 

were observed to be arranged in nests of clusters, with 

strips of interstitium rich in blood sinusoids. The nuclei 

exhibited fine chromatin with inconspicuous nucleoli. 

Besides, the nuclei had one nuclear schism/10 high power 

field (HPF), and no necrosis was seen (Fig. 2 b).  

 

Immunohistochemical analysis: Immunohistochemical 

analyses showed that the tumor cells expressed 

chromophore A (CgA), synaptophysin (Syn), and 

insulinoma-associated protein 1 (Insm1) (Fig. 2 c).  
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Fig. 1: Establishing animal models for insulinomas. a. The tumor tissue was cut into four pieces at equal distances along the long axis and labeled as 
T1−T4 (schematic diagram). b. The blood glucose levels in mice with insulinoma generated from Ins-1 cells were measured through a starvation test. 

c. The blood glucose levels in mice with insulinoma generated from Min-6 cells were measured through a starvation test. d. Insulin levels in the 

insulinoma model group after starvation test-induced hypoglycemia (pg/mL). 

 

 
 
Fig. 2: Histological staining of subcutaneously transplanted tumors. a. The changes in the volume of subcutaneously transplanted tumors. b. Light 
micrograph after hematoxylin & eosin staining of a transplanted tumor with transplanted INS-1 cells (A: 100x; B: 200x). c. Immunohistochemical 
staining of Ins-1 generated tumors. The proteins to be detected were Cg (A), Syn (B) and Insm1 (C) 

 

Body weight and changes in tumor-bearing nude mice: 

Twenty tumor-bearing nude mice that successfully 

underwent modeling, anesthesia, and ablation treatment, 

and survived 72 hours post-ablation were divided into five 

experimental groups. The average body weight of tumor-

bearing nude mice before ablation was (19.595 ± 1.135g), 

with no statistically significant difference among the 

groups (P>0.05). In the polidocanol and normal saline 
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groups, the body weights of nude mice slightly increased; 

in the absolute ethanol group, body weight slightly 

decreased, while in the paclitaxel group, body weight 

significantly decreased (Fig. 3), showing a statistically 

significant difference between groups (P<0.05). Detailed 

changes and trends in body weight before ablation and 72 

hours post-ablation are shown in Fig. 4. 

 

 
 
Fig. 3: Changes in body size of nude mice after ablation in the paclitaxel 

group. The tumor-bearing nude mice exhibited a significant decrease in 
body weight, a noticeable reduction in dorsal fat, skin wrinkling, and 
prominent visibility of the spine. 
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Fig. 4: Scatter plot showing the trend of weight change before and 72 

hours after ablation therapy in each group. The weights are presented 
in (g). 

 

Changes in tumor volume: The mean subcutaneous 

tumor volume in nude mice before ablation was found to 

be 575.31 ± 201.13 mm3, with no statistical difference 

between groups (P>0.05) (Fig. 5 a). No statistical 

difference was found between the groups before and after 

ablation (P>0.05, F=2.021) (Fig. 5 b). 

 

Necrosis Assessment: According to drug biodistribution 

data, the drug deposition in tumors peaked 24−48 hours 

after drug administration. According to the preliminary 

pre-test, more liquid necrosis was still visible in the 

section of the tumor specimen obtained 48 hours after 

ablation, so we finally set the observation endpoint at 72 

hours after surgery, or when the tumor volume exceeded 

2,000 mm3. The focus of observation was the tumor 

margin zone, which generally was the junction area 

between necrotic tissue and the residual tumor (Fig. 5 c-f). 

Using a microscope, the necrotic area was characterized 

by irreversible nuclear lysis and nuclear division of the 

tumor cells, with inflammatory cell infiltration at the 

margins. A clear demarcation line between necrotic and 

tumor tissue was visible (Fig. 5 g-h). 

 

Tumor necrosis percentages: The overall tumor area (S) 

and residual tumor area (N) are shown in Fig. 6 a-d. At 72 

hours after ablation, the tumor necrosis percentages in each 

group were: paclitaxel group: 93.20 ± 8.71%, ethanol group: 

86.51 ± 11.92%, polidocanol group: 70.48 ± 26.12%, 

polyglactin group: 34.26 ± 10.72%, and saline group: 3.29 ± 

0.54%). There were significant differences in tumor necrosis 

rates among the five groups when 0.1ml, 0.15ml, and 0.2ml 

of ablation drugs were used. paclitaxel has a higher necrosis 

rate than the remaining groups (P<0.001) (Fig. 6 e). When 

the dose of ablation drug was 0.3ml, the difference of tumor 

necrosis rate among the five groups was statistically 

significant. The necrosis rate of paclitaxel and absolute 

ethanol group was higher than that of the other two groups 

(P<0.001) (Fig. 6 e). Our results indicated that the tumor 

ablation effect of the ethanol and paclitaxel groups was 

higher than that of the other ablative drugs. In addition, there 

was no statistical difference (P>0.05) in the percentages of 

necrosis caused by the ablative agents at doses of 0.2 mL 

and 0.3 mL in each group (Fig. 6 f). These data suggest that 

there is a threshold effect on the ablation effect. When the 

dosage of the ablation drug is greater than 0.2ml, the 

ablation effect cannot be improved by increasing the dose of 

the ablation agent. 

 

Drug dispersion rate: The methylene blue tracing was 

observed and recorded in Fig. 6 g. The specific values and 

comparisons of blue-stained areas of each group are 

shown in Table 1, and Fig. 6 h, which showed statistical 

significance between the groups using analysis of variance 

(P<0.05). The results showed that paclitaxel diffused 

fastest in tumors, followed by ethanol and polidocanol, 

while lauromacrogol was the slowest. 
 

Table 1: Specific values of blue-stained areas (mm2) for each group for 
measuring the rate of drug dispersion. 
Drugs Dosage Anhydrous ethanol lauromacrogol Polidocanol Paclitaxel 

 Left Right Left Right Left Right Left Right 

0.1mL 18.56 19.06 20.93 12.35 39.85 42.38 34.42 31.04 
0.2mL 55.43 42.49 16.17 31.84 39.21 24.29 60.52 55.29 

0.3mL 57.75 50.89 22.78 36.50 35.34 40.91 53.56 88.38 

"Left" refers to the left side of the tumor divided in half in Fig. 6 g, while 
"right" refers to the right side of the tumors in the same Figure. The 

values are presented as area (mm2) for all groups including Anhydrous 
ethanol, lauromacrogol, polidocanol, and paclitaxel groups to determine 
the rate of drug dispersion. 

 

DISCUSSION 
 

This study demonstrates the feasibility of ethanol-free 

ablation as an effective treatment for insulinomas. 

Through a prospective investigation using an animal 

model of insulinoma, we have assessed the viability, 

practicality, and safety of these drugs as ablative agents. 

Furthermore, we have evaluated the penetration and 

diffusion of different drugs within tumors, thereby 

establishing a theoretical foundation for the selection of 

effective, safe, and stable ablative agents for clinical 

applications. 

Modern gene engineering techniques have 

facilitated the development of various pancreatic islet β-

cell lines. Among these, the rat insulinoma (RIN) cell 
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Fig. 5: Comparative analysis of tumors before and after ablation therapy. a. Scatter plot of tumor volumes before ablation in each group. b. Scatter 
plot showing changes in tumor volumes before and after ablation in each group. c-f. Macroscopic analysis of tumor necrosis 72 hours post-ablation at 

a 0.2 mL drug dose for each group. c. 0.2 mL ethanol: charred tumor surface with partial necrosis, adhering to smooth muscle tissue. d. 0.2 mL 
lauromacrogol:  central necrotic tissue interwoven with residual tissue, a visible ablation zone, and local congestion. e. 0.2 mL polidocanol: central 

caseous necrosis with multiple fissures and no significant residual tumor necrosis. f. 0.2 mL paclitaxel: central caseous necrosis with multiple fissures, 

charred tumor surface, and no apparent residual necrosis. g-h. Light micrographs of hematoxylin & eosin staining in the EA group post-ablation (g= 
100x; h= 200x) 
 

line was one of the earliest established, originating from 

inbred NEDH rats subjected to high-dose radiation 

(Chick et al., 1977). The INS-1 subline of the RIN 

series, which maintains stable expression for over 80 

passages, has been widely utilized for studying β-cell 

growth, survival factors, and the development of 

organoid or animal models (Schubert et al., 2013). In 

addition to RIN cell lines, the MIN cell line has also 

been reported as suitable for creating insulinoma mouse 

models. (Zheng et al., 2023; Chen et al., 2024). To date, 

most insulinoma animal models are based on 

experimental rodents. Immunodeficient BALB/c nude 

mice are commonly used as hosts for xenograft models, 

with tumor formation reported at various sites, including 

the adrenal gland, subrenal capsule, subcutaneous tissue, 

pancreas, and liver. Recently, genetically engineered 

mice have also been successfully utilized to establish 

insulinoma models. A classic modeling method involves 

transplanting rat RIN cell line cells (INS-1 or RIN-m5f) 

into the subrenal capsule of nude mice. This procedure 

necessitates a surgical incision on the kidney plane, 

isolation of the kidney outside the abdominal cavity, 

transplantation of the cells, and suturing the kidney back 

into place. Schubert U's team (Schubert et al., 2013) 

demonstrated that transplanting rat INS-1 cells into the 

adrenal gland of diabetic mice effectively established an 

insulinoma model. Similarly, Professor Collantes M 

(Collantes et al., 2017) successfully transplanted RIN-

m5f cells into the left dorsal subcutaneous region of 

male athymic BALB/c nude mice. Functional rat insulin 

production by the subcutaneous tumors was confirmed 

by measuring blood glucose and C-peptide levels. 

Numerous studies worldwide have utilized this 

subcutaneous tumor model for research on radiation, 

pharmacology, and genetic studies (Detour et al., 2017; 

Murakami et al., 2021). In addition to the above modeling 

methods, the insulinoma model established by genetically 

engineered mice has also been adopted by more and more 

researchers in recent years (Bollard et al., 2018). 

The subcutaneous tumor model is relatively simple 

and easy to observe. Therefore, we cultured the INS-1 and 

Min-6 cell lines, both of which have been successfully 

used in the literature to establish insulinoma nude mice 

models, and transplanted them subcutaneously into nude 

mice. Tumors became visible to the naked eye within 1 to 

2 weeks and exhibited exponential growth. Once the 

tumor diameter reached approximately 0.8 to 1.0 cm, we 

removed food from the cages and replaced the bedding 

with non-nutritive materials to induce hypoglycemia in 

the mice through starvation tests. As the physiological 

function of the pancreatic islets in the experimental mice 

remained intact and the nude mice consumed food 

frequently, random blood glucose levels remained stable 

after tumor formation, with no spontaneous hypoglycemia 

observed. However, the starvation tests successfully 

induced hypoglycemia in the model group, accompanied 

by high plasma insulin peaks, closely resembling the 

blood glucose and insulin curve characteristics of clinical 

insulinoma patients. Pathological and 

immunohistochemical examinations further confirmed the 

success of the model. Ethanol is a well-established local 

ablative agent. However, its application in the treatment
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Fig. 6: Necrosis rates and drug diffusion analysis. a-d. Visualization of the whole tumor area and surviving tumor area in four samples from the same 
tumor (treated with 0.2mL ethanol ablation) under low magnification using Image-Pro Plus software. e. Box plot comparison of necrosis rates among 
groups using box plots treated with varying doses of ablation agents. f. Comparison of necrosis rates among groups treated with 0.2mL and 0.3mL 

ablation agents. g. Tumor sections dissected along the long axis with yellow sampling frames outlining dark, blue-stained areas for area calculation. h. 
Comparisons of the areas of blue staining areas (mm2) among groups 30 minutes post-ablation. 
 

of pancreatic lesions can result in uncontrollable adverse 

effects, such as pancreatitis and peritonitis. Extensive 

efforts have been made to enhance the effectiveness and 

safety of ablative therapy for insulinoma. Various drugs 

have been explored, including lauromacrogol, ethanol 

combined with poppy seed oil, and paclitaxel combined 

with gemcitabine (Choi et al., 2018; Qin et al., 2018; 

Gaballa et al., 2019). While successful cases have been 

reported for each of these drugs, the studies demonstrate 

considerable variability and a lack of comparative analysis 

(Schoemaker and van Zeeland, 2021). In recent years, the 

"ethanol-free" ablation technique has been shown to be 

safer and more effective for certain hepatic and pancreatic 

cystic lesions, demonstrating a reduced incidence of 

adverse reactions (Moyer et al., 2016; Moyer et al., 2017; 

An et al., 2022; Eso et al., 2022). Building on previous 

studies, we hypothesized that "alcohol-free" ablation 

could also be applicable to solid tumors of the pancreas. 

In this study, we established an insulinoma xenograft 

model in nude mice with endocrine functionality and 

conducted a series of ablative procedures on the tumors. 

The aim was to demonstrate that a diverse range of drugs, 

beyond traditional ethanol, can serve as local ablative 

agents for insulinomas and other solid pancreatic tumors. 

Based on the findings of this study, we concluded that 

paclitaxel and ethanol, administered at the same dosage, 

exhibited the highest efficacy in single ablation of 

subcutaneous insulinomas in nude mice, with no 

significant difference observed (93.20 ± 8.71% vs. 86.51 

± 11.92%). Additionally, polidocanol demonstrated the 

second-highest efficacy in tumor ablation.  

Paclitaxel, a novel anti-microtubule agent, promotes 

the polymerization of microtubule protein dimers while 

inhibiting depolymerization. Consequently, it disrupts the 

normal dynamic reorganization of the microtubule 

network, which is essential for both interphase and mitotic 

cell functions. Studies have indicated that oral paclitaxel 

may serve as a chemotherapy option for malignant tumors 

in dogs, as it can reduce tumor size and improve clinical 

symptoms through mechanisms such as anti-angiogenesis, 

apoptosis, and cell cycle arrest (Chae et al., 2020; Yang et 

al., 2020). Additionally, one study demonstrated that 

paclitaxel could induce cellular toxicity, suggesting its 

potential use for the local ablation of liver tumors in 

rabbits. (Chen et al., 2021). However, in the paclitaxel 

group, nude mice exhibited reduced appetite and 

significant weight loss following drug administration, 

prompting us to consider potential systemic reactions 
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resulting from the local use of chemotherapeutic agents. 

Multiple studies have demonstrated that in the local 

chemical ablation of pancreatic cystic neoplasms (PCNs) 

using paclitaxel, no detectable blood drug concentrations 

were observed after injection into the PCNs. Systemic 

toxicities commonly associated with chemotherapy, such 

as myelosuppression, neurotoxicity, alopecia, and 

cachexia, were rarely observed with local application. (Oh 

et al., 2008; Oh et al., 2011; Attila et al., 2019; Canakis et 

al., 2020). This is because ablation therapy involves local 

injection under endoscopic ultrasound guidance, allowing 

for the concentration of the drug around the tumor without 

inducing systemic effects associated with intravenous 

administration. Furthermore, the systemic dose of 

paclitaxel used in chemotherapy for tumor patients can 

reach up to 175 mg/m², which far exceeds the doses 

reported for local ablation. Therefore, we conclude that 

when paclitaxel is used as an ablation agent in humans, its 

systemic effects remain within an acceptable range. 

There is a paucity of large-scale clinical studies 

regarding the efficacy and safety of lauromacrogol as an 

ablative agent in tumor ablation therapy. However, current 

research suggests that lauromacrogol may exert a 

destructive impact on tumor tissues by generating thermal 

or cryogenic effects. Additionally, lauromacrogol has the 

potential to exhibit anti-tumor effects through 

mechanisms such as apoptosis induction and angiogenesis 

inhibition. It has demonstrated a clear therapeutic effect as 

an ablative agent for pancreatic cystic neoplasms (PCNs) 

and as a sclerosing agent for spider veins and varicose 

veins (Ardeshna et al., 2022; Gao et al., 2023; Min et al., 

2023). Professor Qin from our research team (Qin et al., 

2014) has reported relevant research on endoscopic 

ultrasound-guided ethanol ablation (EUS-EA) for the 

treatment of symptomatic insulinoma patients. For 

spherical tumors, the ethanol injection volume was set at 

half of the tumor's diameter. For elliptical or irregularly 

shaped tumors, the ethanol injection volume was 

calculated using the following formula: (long axis + short 

axis) / 2. If the tumor was located near blood vessels or 

the pancreatic duct, the ethanol injection volume was 

reduced to one-half or one-third of the standard volume. 

To mitigate some inevitable complications, such as 

abdominal pain and pancreatitis following EUS-EA, 

Professor Qin explored the use of lauromacrogol as an 

ablative agent in conjunction with this method. A total of 

11 lesions in 7 patients with insulinoma were treated with 

endoscopic ultrasound-guided fine-needle injection (EUS-

FNI), with a total of 16 procedures performed. After one 

or multiple sessions of polidocanol ablation, all patients 

experienced symptom relief, with normalization of blood 

glucose levels, improved insulin levels, and elevated C-

peptide levels, and no adverse events were reported (Qin 

et al., 2018). Although this method demonstrated initial 

efficacy, many patients required repeated ablation to 

achieve effective symptom control. This observation led 

us to hypothesize that the single-session efficacy of 

polidocanol ablation is limited, particularly when the 

dosage is insufficient. The molecular formula of 

polidocanol is C₁₂H₂₅(OCH₂CH₂)ₙOH, with a molecular 

weight of approximately 600 when n=9. While 

polidocanol has a similar molecular structure to that of 

lauromacrogol, the value of n in the molecular formula for 

polidocanol is more stable. When n ranges from 7.9 to 

9.8, its molecular weight is approximately equal to that of 

lauromacrogol, which is around 400. In contrast, the value 

of n in the molecular formula for lauromacrogol is 

unstable, resulting in a variable molecular weight. 

Consequently, polidocanol exhibits higher stability and 

purity. To date, there have been no reports on the 

utilization of polidocanol for solid tumor ablation in 

humans or animals. However, its application in the 

treatment of cystic tumors has been documented. For 

instance, after two ultrasound-guided sclerotherapy 

treatments with polidocanol, the volume of thyroid cystic 

masses in geldings gradually decreased over six months, 

indicating that intralesional injection of polidocanol can 

serve as an effective sclerosing agent for cystic masses 

(Mageed et al., 2023). Additionally, reports have 

indicated that 1% polidocanol can be used as a sclerosing 

agent to treat mucous cysts in the orbits of dogs (Stuckey 

et al., 2012). Despite its molecular structure and 

pharmacological actions being similar to those of 

lauromacrogol, polidocanol exhibits greater stability and 

purity. Therefore, it is hypothesized that polidocanol may 

yield a superior ablative effect compared to 

lauromacrogol. This study aimed to verify this hypothesis 

and confirmed that polidocanol indeed demonstrated 

improved ablative efficacy. The group treated with 

polidocanol exhibited a higher percentage of necrosis 

following single ablation compared to the lauromacrogol 

group (70.48 ± 26.12% vs. 34.26 ± 0.72%). Additionally, 

adverse effects such as appetite loss and sudden weight 

reduction were observed in the paclitaxel group after drug 

administration, raising concerns about potential systemic 

reactions resulting from the topical application of 

chemotherapeutic agents. Considering that polidocanol 

has fewer systemic toxic and side effects than 

chemotherapy drugs, the prospect of its use in the clinic is 

still promising. More studies are needed to explore the 

ablation effectiveness and mechanism of polidocanol. 

This study has several limitations. Firstly, the use of a 

nude mouse model imposes constraints on the drug's 

tolerability. Additionally, while this experiment provided 

preliminary insights into drug dosing, the experimental 

nude mice were limited by the amount of drug that could 

be administered, preventing an in-depth investigation of 

higher concentrations and larger doses. To address the 

differences in dosing between animal models and clinical 

applications, several approaches can be considered. These 

include refining dose calculation methods based on body 

weight, surface area, and anatomical differences between 

animal models and humans; utilizing physiologically-

based pharmacokinetic modeling for more accurate 

predictions; conducting experiments on animal models 

that closely resemble human physiology, such as primates 

or larger animals, to enhance the translational relevance of 

findings; and employing advanced computer simulations 

and in vitro tissue models to predict optimal dosages and 

assess potential side effects. These methods can 

effectively complement animal studies and bridge the gap 

to clinical trials. Importantly, the amount of ablative drug 

used is primarily determined by the size of the tumor and 

the physical characteristics of the drug. Thus, the exact 

volume administered must be carefully calibrated to avoid 

systemic absorption while ensuring localized treatment. 
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Conclusions: In conclusion, INS-1 and MIN6 cells can 

successfully establish a subcutaneous insulinoma 

xenograft model in nude mice with intact endocrine 

function. This study established the feasibility and 

effectiveness of ethanol-free ablation for insulinomas, 

thus offering new therapeutic ideas and providing a 

theoretical foundation for clinical treatments. 
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