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Introduction

The pathogenesis of dissecting aneurysm remains unclear (1).  
Nowadays, most of our understanding has focused on 
the end-stage condition, whilst not much is known 
about the early stages of the condition due to the lack of 
applicable animal models (2). To date, the establishment 
of dissecting aneurysm animal models has mainly relied on 

mechanical means, drug induction, and gene knockdown. 
Furthermore, the animal models have been mainly 
focused on the treatment of dissecting aneurysm using 
surgical or interventional strategies (3). In small sized 
animals, the studies were mainly focused on pathogenesis, 
signaling pathways, and potential treatment targets and 
drug efficiency. BAPN, as an irreversible lysyl oxidase 
inhibitor, can bind with elastin or amino and alkyl groups 
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competitively, which then inhibits the cross-linking between 
elastin and collagen, leading to development of dissection 
aneurysm.

At present, animal models of aortic dissection have 
been typically established based on surgical methods or 
BAPN treatment (4). Such models have contributed to 
investigations into the pathogenesis of aortic dissection, 
however, there are indeed some limitations of these models 
(5,6). Above all, success rates were not high, which might 
have led to sacrifice of many animals in the experimental 
setting. In this study, we aimed to investigate the effects of 
BAPN on the arterial walls of rodents, to analyze the gross 
or pathological changes of the arterial walls and other tissues 
of rodents treated with BAPN at different concentrations or 
doses, and to compare these to the characteristics of human 
dissecting aneurysms. We present the following article in 
accordance with the ARRIVE reporting checklist (available 
at https://dx.doi.org/10.21037/jtd-21-605).

Methods

Animals

Male specific-pathogen free Sprague Dawley (SD) rats 
(4–5 weeks, 110 g) and male C57BL6 (3 weeks) were 
purchased from the Institute of Health and Environmental 
Medicine, Academy of Military Medical Sciences. All 
animals underwent adaptive feeding for 3 days before 
further analysis. The study protocols were approved by the 
Ethical Committee of Tianjin Chest Hospital. Experiments 
were performed under a project license granted by the ethics 
committee of Tianjin Chest Hospital, in compliance with 
national or institutional guidelines for the care and use of 
animals.

Experimental design and grouping

Eighteen rats were randomly divided into 3 groups and 
were fed BAPN solution at a concentration of 0.2% (SD-
0.2, n=6), 0.4% (SD-0.4, n=6), or 0.6% (SD-0.6, n=6). 
Forty C57BL6 mice were randomly divided into 4 groups 
and were fed 0.2% BAPN solution (C57-0.2, n=10), 0.4% 
BAPN solution (C57-0.4, n=10), 0.6% BAPN solution 
(C57-0.6, n=10), or distilled water (control, n=10). All 
animals had free access to food and water. Daily water 
drinking volume was recorded, together with body weight 
per week.

Procedures

The animals were sacrificed after anesthesia using barbital 
sodium via intraperitoneal injection. The large artery was 
separated from the initiation of the ascending aorta to the 
crotch of iliac artery. Additionally, aberrant bone tissues, 
lung, and the ruptured intestinal wall were separated.

Statistical analysis

All normally distributed data were presented as mean ± 
standard deviation. SPSS 19.0 software was used for the 
Student’s t-test, and GraphPad 5.0 software was used for 
plotting data. Image-Pro Plus 6.0 software was utilized for 
the image analysis and determination of vascular parameters. 
P<0.05 was considered to be statistically significant.

Results

Effects of BAPN on body weight and water drinking 
volume

With the increase in BAPN concentration, there was a 
significant increase in drug intake in both the C57 mice 
and SD rats, while water drinking volume and body weight 
showed a decreasing trend, especially in SD rats (Figure 1).

Survival analysis

With the increase in BAPN concentration, the survival of 
SD rats and C57 mice significantly decreased (Figure 2). 
The 4-week survival rates in the SD-0.2 group, SD-0.4 
group, and SD-0.6 group were 83.3%, 50.0%, and 43.3%, 
respectively. The 7-week survival rates in the SD-0.2 group, 
SD-0.4 group, and SD-0.6 group were 33.3%, 16.7%, and 
0%, respectively. The 4-week survival rates in the C57-
0.2 group, C57-0.4 group, and C57-0.6 group were 70.0%, 
80.0%, and 50.0%, respectively. The 7-week survival rates in 
the C57-0.2 group, C57-0.4 group, and C57-0.6 group were 
50.0%, 40.0%, and 40.0%, respectively. The survival rates in 
the 0.6% BAPN group showed the lowest 4-week and 7-week 
survival rates for both the SD rats and C57 mice.

Large artery lesions

No aneurysm was observed in the SD-0.2 group, SD-
0.4 group, and SD-0.6 group 4 weeks after treatment. 
Approximately 7 weeks after treatment, the number of 
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animals with large artery rupture or aneurysm was 1, 2, 
and 0 in the SD-0.2 group, SD-0.4 group, and SD-0.6 
group, respectively. Among the 2 rats with aneurysms in the 
SD-0.4 group, 1 died from aortic rupture at week 6. The 
rupture site was localized at the ascending aorta. The other 
rat died at week 7 from pathologically confirmed aneurysm 
(Figure 3). No obvious abnormalities were observed in the 
large arteries of other rats.

The prevalence of aneurysms at week 4 in the C57-0.2 
group, C57-0.4 group, and C57-0.6 group was 10%, 20%, and 
20%, respectively. At week 7, the prevalence of aneurysms in 
these groups was 50%, 70%, and 60%, respectively (Table 1). 
After sacrifice, 1 animal in the C57-0.2 group had pathologically 
confirmed aneurysm in the ascending aorta. One animal in the 
C57-0.4 group had pathologically confirmed aneurysm in the 
ascending aorta, while 2 animals had pathologically confirmed 
aneurysm in the descending aorta. Additionally, 2 animals in 
the C57-0.6 group had pathologically confirmed aneurysm in 
the ascending aorta (Figure 4).

The tunica media of the large artery showed thickening 
under the microscope, together with irregularity in the 
arrangement of the elastic fibers, as well as infiltration of 

Figure 1 Changes in body weight, water uptake, and BAPN uptake in C57BL/6 mice (A-C) and Sprague Dawley (SD) rats (D-F). BAPN, 
beta-aminopropionitrile.
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Figure 2 Survival curves of C57BL/6 mice (A) and Sprague 
Dawley (SD) rats (B).
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Figure 3 Macroscopic and microscopic observations of dissecting aneurysms in Sprague Dawley (SD) rats (A) and C57BL/6 mice (B). The 
images were observed under a magnification of 100×.

A

B

0.2 mm

0.1 mm

Figure 4 Obvious thickening was noticed in the tunica media of the large artery in C57BL/6 mice. The elastic fibers were not normal in 
structure, and displayed rupture and disarrangement together with massive inflammatory cell infiltration. The images were observed under a 
magnification of 100×.

0.1 mm

Control                                                   C57-0.2%                                                 C57-0.4%                                                   C57-0.6%

Table 1 Incidence of dissecting aneurysm

Group
C57BL6 mice Sprague Dawley rats

4 weeks 7 weeks 4 weeks 7 weeks

0.2% 10% (1/10) 50% (5/10) 0 16.7% (1/6)

0.4% 20% (2/10) 70% (7/10) 0 33.3% (2/6)

0.6% 20% (2/10) 60% (6/10) 0 0
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massive red blood cells and lymphocytes. In C57 mice, the 
diameter of the ascending aorta and the area of the tunica 
media showed an increasing trend (Figure 5).

Other organ changes

In C57BL/6 mice, 1 mouse showed scoliosis in the C57-
0.4 group. Another animal had massive pleural effusion, 
combined with compression and collapse of lung lobe. No 
other aberrant changes were noticed in the other mice.

In SD rats, 3 rats showed intestinal rupture after 
treatment with 0.2% BAPN, 2 rats showed intestinal 
rupture after treatment with 0.4% BAPN, and 4 rats showed 
intestinal rupture after treatment with 0.6% BAPN (Table 2).  
These animals showed intestinal obstruction from the 
intestinal segment. Furthermore, rupture was observed in 
the descending colon, which resulted in severe peritonitis. 
Moreover, severe intestinal tympanites was observed in the 
jejunoileum. After dissection, scoliosis was noticed together 
with a tumor-like bulge in the peripheral part of the spinal 
column and ribs near the costovertebral joints, displaying a 
solid texture and white color (Figures 6 and 7).

Discussion

There are dozens of AD animal models, involving mice, rats, 
rabbits, dogs, and pigs. Modeling methods mainly include 
three methods: surgical or interventional instruments, drug 
induction, and gene knockout. Mechanical methods (e.g., 
surgery or intervention) including balloon dilation, double-
angle suture of internal membranes are mainly used for 
large animals. Drug induction is mainly used in small animal 
models. It has been adopted by more and more researchers 
as it involves simple procedure and cost-effective process. 
The drugs included Ang II, BAPN, mercaptoethylamine, 
and semicarbazide, among which Ang II and BAPN 
are the most widely used. Some studies involved single 
administration of BAPN alone, the combination of BAPN 
and AngII, as well as simultaneous administration of BAPN 
and Ang II (4,7,8).

Inflammation plays a key role in the occurrence and 
development of aortic dissection. Macrophages presented 
in inflammatory infiltrates could result in aortic wall 
damage. The macrophages in the aneurysm wall express 
matrix metalloproteinase (MMP), which destroys elastic 
fibers and collagen fibers, and causes the aortic wall to be 

Figure 5 The diameter of the ascending aorta and tunica media area in C57BL/6 mice showed significant increases in the experimental 
groups compared with the control group.
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Table 2 Animal complications

Group
Sprague Dawley rats C57BL/6 mice

Intestinal rupture Skeletal malformation Pleural effusion Intestinal rupture Skeletal malformation Pleural effusion

0.2% 50% (3/6) 0 (0/6) 0 (0/6) 0 (0/10) 0 (0/10) 0 (0/10)

0.4% 33% (2/6) 33% (2/6) 0 (0/6) 0 (0/10) 10% (1/10) 10% (1/10)

0.6% 66% (4/6) 33% (2/6) 0 (0/6) 0 (0/10) 0 (0/10) 0 (0/10)
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mechanically weakened. Metalloproteinases, inflammatory 
factors and other substances, secreted from the stimulated 
macrophages, can cause matrix destruction, smooth muscle 
cell apoptosis, all of which destroy the structure of the 
aortic wall (9,10).

Angiotensin II can stimulate the activity of macrophages. 
It was reported that high level of circulating angiotensin 
II promoted the release of norepinephrine (NA) from 
sympathetic nerve endings, and then up-regulated 
expression of MMP-2. It is known to degrade extracellular 
matrix including collagen and elastin. Liu et al. (11) 
reported that superior cervical sympathectomy could inhibit 
the formation of BAPN-induced AD by inhibiting the 
increase of heart rate and the concentration of MMP-9 in 

the aortic wall.
Lysyl oxidase, with a molecular weight of 32,000, is a 

monoamine oxidase with copper binding sites (12,13). It 
can oxidate the lysine residues on collagen and elastin, 
which contributes to extracellular matrix (ECM) stability 
by promoting the covalent cross-linking of the fibrous 
proteins. The lysyl oxidase family consists of 5 members 
encoding lysyl oxidase (LOX) and lysyl oxidase-like 
1-4 (LOXL1-LOXL4) (12,14). They are modulated by 
specifically expressed genes, which results in structural and 
functional changes of LOX (14,15). LOX has been shown 
to play important roles in several processes, including the 
stability of the ECM, inhibiting the cellular phenotype 
transmission induced by the Ras gene, as well as inhibiting 

Figure 7 Pathological changes of other organs except the aorta. (A) Local myocardial cells beneath the epicardium were arranged in a 
loosened manner, together with infiltration of lymphocytes. (B) Separation was noticed in the tunica muscularis, together with massive red 
blood cells and inflammatory cell infiltration. (C) For the rib tumor, calcium salt deposition was noticed, and heterogeneous cancer cells 
were identified. The images were observed under a magnification of 100×.

A B

Figure 6 Scoliosis (arrow), rib tumour (arrow), and rupture position (arrow) in an animal from the Sprague Dawley (SD)-0.4 group (A) and 
the SD-0.6 group (B).
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the pathogenesis of cancer (16). Moreover, it has been 
shown to play crucial roles in maintaining the stability of 
ECM structure and function, organ development, trauma 
recovery, and cancer metastasis (17). In several malignancies 
including colorectal cancer, bladder cancer, esophageal 
cancer, and head and neck cancer, LOX family related 
proteins were reported to be significantly up-regulated, 
which was linked to promoting cancer metastasis (18).

Elastic lamina is the main component of the aortic 
media. Changes in its structure and composition cause 
changes in the mechanical and functional of the aorta. As an 
irreversible lysyl oxidase inhibitor, BAPN could bind with 
elastin or amino and alkyl groups competitively, which then 
inhibited the cross-linking between elastin and collagen (19). 
BAPN treatment can lead to thickening of the tunica media 
of the large artery, together with irregularity of elastin and 
collagen fibers, as well as necrosis. These conditions are 
consistent with the lesions of the large arteries in aortic 
dissection (AD) patients. However, the exact molecular 
signaling mechanisms in this process are still not clear. 
Studies confirmed that hypoxia, designated as a factor 
generally considered to be a harmful factor of disease, 
showed a certain protective role in the TAD model induced 
by BAPN (20). This mechanism of action may be related to 
the stimulation of HIF-1a and LOX expression by hypoxia. 
This may further reverse the inflammatory response and 
extracellular matrix (ECM) degradation.

The 3-week-old mice used in this study were at a stage 
of rapid growth, and BAPN might have inhibited the 
generation of the ECM in the large artery, which then led 
to the formation of aneurysms or aortic dissection. There 
were significant differences between the 2 species, which is 
considered to be closely related to their development (4). In 
a previous study, Ren et al. reported that the model success 
rate of aneurysms in FVB mice was significantly lower than 
that of C57 mice (4).

In this study, we selected 6-week-old C57BL/6 mice for 
the animal model, and no aberrant changes were observed 
in the large artery at week 6 after BAPN treatment. In 
contrast, the model success rate of 4–5-week-old SD rats 
was lower, with higher mortality. This may be related to 
the gestational age and mature development. In the C57-
0.4 group, 1 mouse was pathologically confirmed to have 
scoliosis, and 1 animal showed massive pleural effusion. In 
SD rats, the prevalence of intestinal rupture or costal tumor 
was greater than the rates of aneurysm.

BAPN can trigger cardiac failure by modulating collagen (19).  
Furthermore, Kubota et al. reported that BAPN could lead 

to multiple bone malformations in chick embryos (21). 
Based on the molecular roles and targets of BAPN, we 
speculated that it might play negative roles in connective 
tissues rich in elastin and collagen. BAPN triggered a high 
success rate in establishing the animal models, leading to 
some functional impairment or even death. In our future 
studies, we will focus on the effects of mortality on the 
modeling process.

The prevalence of dissecting aneurysms in the C57-
0.4 group was 70% after treatment with 0.6 g·kg−1·d−1 
BAPN. Using similar methods, Gao et al. established an 
animal model of dissecting aneurysm, which demonstrated 
dose-dependent effects of BAPN on the pathogenesis of 
dissecting aneurysm (7). In contrast, Ren et al. reported 
that it was not possible to establish a positive correlation 
between modeling success and drug intake (4). Indeed, 
it is still a challenge to calculate quantities after mixing 
BAPN with animal feed or water. Therefore, there might 
be significant errors in the accurate uptake of BAPN, and 
extensive protocols are needed to verify the stability.

There are some limitations of this study. Most of the 
animals used were less than 4 weeks old, and the successful 
establishment of the animal models was extremely low. 
Furthermore, the sample size was small, and the stability 
of the model requires multiple experiments with a large 
sample size. In this study, we could not perform qualitative 
and quantitative analysis for elastin and collagen. It will be 
further studied in our subsequent experiments. Statistical 
analysis was not possible as the data for water drinking, 
weight, and death were not normally distributed. Moreover, 
as a study involving animal models, it does not wholly 
represent human processes.

Conclusions

In conclusion, BAPN at a concentration of 0.4% was 
feasible to produce an animal model of dissecting aneurysm, 
with the features of low cost and convenient procedures. 
The prevalence of intestinal rupture and scoliosis induced 
lethal complications in SD rats, and these complications 
were significantly higher than the rates of dissecting 
aneurysm, which warrants further investigation.
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