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Abstract: To investigate the effects of Co-Venenum Bufonis Oral Liquid (cVBOL) on radiation-induced esophagitis 
in rats. Irradiation (30 Gy) with X-RAD 225 x-ray was applied to induce esophagitis in 64 Wistar rats and treated 
by different methods. The body weight of rats either in RT group, cVBOL+RT, or EM+RT group was significantly 
decreased when compared with that in normal group (P<0.0001). After irradiation, histopathological studies, 
immunohistochemistry, and MRI scanning on esophagus were performed. Serum TNF-α,IL-6 and IL-10 were also 
determined by ELISA at 7, 14, 21 and 28 days after radiation treatment. The results demonstrated that radiation 
caused esophageal injury and thickening of esophageal tissue layers. The esophageal tissues after radiation 
treatment showed typical pathological changes of esophagitis. Radiation also caused esophagus edema. Treatment 
of cVBOL reduced the severity of histological esophageal lesion, decreased the expression of bFGF and TGF-β1, 
and lowered serum levels of inflammatory cytokines including TNF-α, IL-6 and IL-10 over 28 days after radiation 
treatment. In conclusion, cVBOL treatment is effective to prevent radiation induced esophagitis and reduces radiation 
induced esophagitis may be mediated through its ant-inflammatory effects.
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Introduction

Radiation therapy or radiotherapy is one of the com-
monly used treatments for cancer patients. For example, 
radiotherapy is one of the mainstream treatments for 
advanced esophageal cancer, one of the most common 
malignant tumors of digestive tracts and the fourth lead-
ing cause of cancer death in China [8]. About 80% of 
the patients with esophageal cancer are treated with ra-
diotherapy-based comprehensive treatment. Although a 
direct delivery of radiation to the tumor of the patient 
has been applied, radiotherapy induced acute and long-
term damages to the surrounding normal tissues are still 

a common complication [1, 5, 21]. Radiation-induced 
esophagitis is one of the most common inflammatory 
reactions to radiotherapy in thoracic tumor [20, 24, 29].

Radiation induced esophageal injury is an aseptic in-
flammation of esophageal mucosa. The radiation main-
ly causes the esophageal mucosal injury. The main ef-
fector cells are monocytes and macrophages, which are 
over-activated in response to radiation stimulation and 
release a large number of inflammatory mediators, such 
as IL-6, IL-10 and TNF-α, leading to pathological dam-
age [26]. The target cells of acute radiation-induced 
esophageal injury are mucosal basal cells. Radiation also 
induces oxidative stress through the formation of hy-
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droxyl radicals by the decomposition of water molecules 
in esophageal tissue to cause the damage to normal 
esophageal tissues. Excessive oxygen free radicals can 
attack fatty acids, proteins and nucleic acids, resulting 
in decreased membrane fluidity, increased permeability, 
swelling of mitochondria and release of lysosomes, lead-
ing to tissue damage, causing and aggravating inflam-
matory reaction [13].

The pathological manifestations of radiation-induced 
esophagitis are congestion, edema, erosions, inflamma-
tory exudative changes or even ulcers of the esophagus 
[3, 7]. The clinical manifestations were dysphagia, pain, 
burning sensation and aggravation after eating [15, 33]. 
Severe radiation induced esophagitis causes the patient 
to be afraid of radiotherapy, reducing the patient’s com-
pliance and resulting in treatment failure [6].

To treat patients with radiation induced esophagitis, 
relieving severe pain and improving the quality of life 
of cancer patients becomes the main goals. In order to 
achieve this goal, medicines are used to relieve esopha-
geal smooth muscle spasm, inhibit gastric acid secretion, 
induce detumescence by using high doses of anti-inflam-
matory medicines. however, the early use of antibiotics 
and hormones is not conform to rationale of clinical drug 
use, since radiation induced esophagitis is aseptic inflam-
mation [2, 11, 25, 27]. Traditional Chinese medicine has 
been widely accepted by patients because of its low 
toxic side effects and its applicable in the early stages of 
esophagitis. Although traditional Chinese medicine has 
been used to treat patients with radiation induced esoph-
agitis by reducing fever and detoxifying toxins, the basic 
research on the treatment of radiation induced esopha-
gitis with traditional Chinese medicine has rarely been 
reported.

Venenum Bufonis was a Chinese medicine preparation 
widely used in clinical cancer therapy in China, which 
is also known as toad venom or Chan Su, derived from 
the dried white secretion of the skin and parotid venom 
glands of the toad bufo bufo gargarizans Cantor or bufo 
melanostictus schneider [14, 22, 31]. Venenum Bufonis 
used in traditional Chinese medicine, exhibits antipyret-
ic, detoxicant, diuresis, stasis-eliminative and pus-dis-
charging properties [19, 28]. It was demonstrated to have 
significant anti-cancer effects of a variety of cancers, 
including hepatic, gastric, pancreatic and esophageal 
carcinoma [12, 16, 18, 30]. Cinobufagin is the main ac-
tive component in venenum bufonis, and as a monomer, 
it has clear molecular and structural formulas. Basic and 
clinical studies have shown that the pharmacological 
activity of cinobufagin is similar to that of venenum 
bufonis [32]. Venenum bufonis contains various com-
pounds, including polypeptides, bufadienolides, indole 

alkaloids, and organic acids. Bufadienolides are widely 
recognized as the main active components of venenum 
bufonis; however, venenum bufonis also shows varying 
degrees of toxicity [4, 23]. To explore the efficiency of 
Chinese medicine in the treatment of radiation induced 
esophagitis,clinicians, through clinical observation, have 
found that Co-Venenum Bufonis Oral Liquid (cVBOL) 
is effective to prevent and treat radiation induced esoph-
agitis. In this study, the effects of cVBOL on radiation 
induced esophagitis in rats were observed and the un-
derlying mechanisms of therapeutic effects were studied.

Materials and Methods

Animals
This study included 64 female Wistar rats of 8-week-

old (200.7 ± 2.155 g) obtained from Jinan PengYue 
experimental animal breeding Co., Ltd., Jinan, Shan-
dong, China (Certificate of Quality No. SCXK (Lu) 
20140007). The rats were quarantined for at least 3 days 
before exposure to irradiation. All groups received stan-
dard laboratory chow and water ad libitum. The experi-
mental animal techniques and animal handling proce-
dures were approved by the Institutional Animal Care 
and Use Committee of the Shandong Cancer Hospital 
and were in compliance with the National Institutes of 
Health Guide for the Care and Use of Laboratory ani-
mals.

Drugs
The Co-Venenum Bufonis Oral Liquid (cVBOL) was 

processed and formulated in the Pharmacy Department 
of the Shandong Cancer Hospital. The concentration of 
crude medicinal components contained in the cVBOL 
was 0.491 g/ml by dissolved in water. The major com-
ponents of cVBOL were Radix Scrophulariae, Paeoniae 
Radix Tree Peony Bark and Venenum Bufonis (Shanxi 
C&Y Pharmaceutical Group Co., Ltd., Datong, Shanxi, 
China). The major components of Esophagus Mixture 
(EM) [34] was 16 × 104 U gentamycin sulfate injection, 
10 mg dexamethasone injection, 10 mg anisodamine 
injection mixed with 100 ml 1% procaine hydrochloride 
oral liquid. All solutions were administered orally. Rats 
were anesthetized with subcutaneous injection of 3% 
pentobarbital sodium administered (Sigma-Aldrich Co., 
LLC, St. Louis, MO, USA).

Animal models of radiation-induced esophagitis
The irradiation exposure was performed by using X-

Ray 225 (Radsource, North Branford, CT, USA) with 
exposure dose rate of 219.93 cGy/min. According to the 
literature [10], the total irradiation dose was 30 Gy and 
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the irradiated area was 2 cm×5 cm and 5 mm lead was 
used.

Rats were divided into four groups: (1) The treatment 
group (cVBOL+RT), in which rats were given 100g/
ml.bw cVBOL through intra-esophageal perfusion with 
a stainless-steel feeding needle after irradiation exposure 
(2) The positive control group (EM+RT), in which rats 
were treated with Esophagus Mixture of 111.7g/ml.bw 
using the same route of administration as cVBOL after 
irradiation. (3) The radiation treatment only group (RT), 
in which rats was not subjected to any treatment follow-
ing irradiation. (4) The normal group, in which rats did 
not receive irradiation and any treatment. Rats were 
sacrificed at 7, 14, 21, or 28 days after irradiation treat-
ment.

General observation
The body weight of rats was measured every week 

after administration, and the behavioral and physiologi-
cal indexes such as diet, drinking water, behavioral ac-
tivities, rat fur, defecation and mental state were ob-
served every day.

Blood collection
Wistar rats were anesthetized after an intraperitoneal 

injection of 3% pentobarbital sodium. All blood samples 
were obtained from different time points using capillary 
tubes introduced into the medial retro orbital venous 
plexus. The serum was separated by centrifugation at 
3,000 rpm for 10 min. Samples were stored at −80°C 
until required as described previously.

Tissue collection and histopathological examination
Wistar rats were euthanized with carbon dioxide (CO2) 

and the esophagus was resected, tissue were immedi-
ately fixed in 10% formalin at room temperature for 24 
h, embedded in paraffin and sectioned at 4 µm, mounted 
on glass microscope slides. Esophagus sections were 
stained with hematoxylin-eosin staining and examined 
using microscope and observation on epithelium and 
inner esophageal layer including lamina propria, mus-
cularis mucosa and muscularis externa (BX35, OLYM-
PUS, Tokyo, Japan). The sections were stained with IHC 
and Observation indexes: (1) positive expression of 
whole epithelium; (2) positive cell rate. Observation 
methods: (1) the positive expression of epithelial layer 
was observed under low power microscope; (2) 10 vi-
sual fields were randomly selected under high power 
microscope for positive cell count performed using 
Image-ProPlus version 6.2 software and the visual fields 
were obtained by moving from left to right in order, each 
field was not repeated. The percentage of positive cells 

in each visual field was calculated and averaged.

Immunohistochemistry
Sections of esophagi were stained by immunohisto-

chemistry. Then the sections were blocked with serum 
and incubated with antibodies against TGF-β1 (1:500) 
(Wuhan Servicebio Technology Co., Ltd., Wuhan, Chi-
na), bFGF (1:200) (Wuhan Servicebio Technology Co., 
Ltd.) followed by secondary antibodies of HRP-conju-
gated Goat Anti-Rabbit (1:200) (Wuhan Servicebio 
Technology Co., Ltd.).

ELISA assay of cytokines
The serum TNF-α, interleukin-6 (IL-6) and interleu-

kin-10 (IL-10) levels were determined by specific en-
zyme-linked immuno sorbent assay (ELISA) kit (CUS-
ABIO, Wuhan, Hubei, China) following the procedure 
provided by ELISA kit. Samples were run in 96 well 
plates and determine absorbance using a microplate 
reader (SpectraMax i3, San Jose, CA, USA) at 450 nm 
and the concentrations of cytokines were obtained based 
on the standard curve.

Magnetic resonance imaging (MRI) scan and 
imaging analysis

All animals were scanned MRI (Discovery MR750W 
3.0T, GE, Concord, MA, USA) at 7, 14, 21, 28 days 
after establishing the injury model. Briefly, animals were 
anesthetized with 3% pentobarbital sodium. Rats were 
placed prone onto the MRI table and secured. MRI scans 
using a T1-weighted with an echo time (TE) of 80 ms 
and repetition time (TR) of 3,000 ms was performed. All 
surviving animals received a final MRI scan to document 
image change in esophagus. Two radiology specialists 
independently evaluated all MRI images.

Statistical analysis
All data were analyzed by SPSS statistical software 

version 13.0 (SPSS, Chicago, IL, USA) and the data 
mean ± SD (X ± SD) was evaluated using one-way 
ANOVA at significance levels of P<0.05, <0.001, and 
<0.0001.

Result

Effect of cVBOL on general condition and body 
mass of rats

During the full period of experiments, the rats in each 
group had no abnormal behavior, bright and clean hair 
color, normal breath, stool shape, eating, drinking and 
activity. The groups of cVBOL+RT, EM+RT, RT was 
not significantly different with the normal group in 0 day 
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(F=2.191, P=0.0981). The body weight of each rat was 
measured every day for 28 consecutive days. The data 
showed that the body weight of the four groups was not 
significantly different from each other before treatment 
(P<0.05). The body weight of rats in RT group was sig-
nificantly lower than that in normal group on 7, 14, 21, 
28 days (P<0.001). In addition, the body weights in 
normal group increased significantly compared with the 
cVBOL+RT in 7, 14, 21, 28 days (P<0.001). The body 
weights in normal group increased significantly com-
pared with the EM+RT in 7, 14, 21, 28 days (P<0.05). 
These results suggest that the rats in RT group have 
shown manifest reduced and the RT model is success-
fully constructed (Table 1).

cVBOL reduces pathological changes after radiation 
treatment

There were no pathological lesions in the whole 
esophageal layers (muscularis mucosa, inner esophageal 
layer and epithelium) of the rat in normal group. The 
epithelium of the esophageal mucosa was intact and 
smooth, and there was no blood vessel congestion under 
the microscope. No infiltration of inflammatory cells in 
each layer of tissues was observed.

On the 7th day after irradiation treatment, the lesion 
of mucosal layer of the esophagus, the stratified flat 
epithelium was thickened, in which the lesion involved 
the submucosa in the model group (RT). Significant at-
tenuated lesion in mucosal epithelium and reduced the 
squamous epithelium thickening was illustrated with the 
treatment group (cVBOL+RT).

On the 14th day of RT group, the much more serious 
damage in squamous epithelium of the mucosal epithe-
lium and the spinous processes appeared. The cVBOL 
reduced the damage in epithelial layer of mucosa and 
increased thickness of the lamina propria.

On the 21st day in RT group, the esophagus demon-
strated necrosis and exfoliation of mucosal epithelium, 
edema or vacuoles in basal cell layer, and moderate in-
flammatory cells infiltration in lamina propria, which 
were reduced by cVBOL treatment.

On the 28th day in RT group, severe necrosis and 
exfoliation of mucosal epithelium, multiple vacuoles in 
basal cell layer and ulceration foci in some cases were 
observed. Treatment of cVBOL improved the integrity 
of epithelial layer of mucosa, increased the thickness of 
the lamina propria, and reduced neutrophils infiltration 
(Fig. 1).

cVBOL reduces the expression of bFGF and 
TGF-β1 after radiation treatment

As shown in Fig. 2, IHC staining showed that bFGF 
and TGF-β1 were expressed in inflammatory cells, fi-
broblasts cells and vascular endothelial cells. The expres-
sion was mainly found in cytoplasm with brown gran-
ules. The number of cells that expressed bFGF or TGF-β1 
did not significantly change over 28 days of period in 
normal group. Radiation treatment (RT group) signifi-
cantly increased the number of cells that expressed bFGF 
or TGF-β1 from day 7 to day 28 when compared with 
normal group. Application of cVBOL (cVBOL+RT 
group) significantly lowered the number of cells that 
expressed bFGF or TGF-β1 at all 4 time points observed 
after radiation treatment (Table 2 and 3).

cVBOL reduces esophageal edema after radiation 
treatment

After establishing the model of radiation induced 
esophagitis in rats, magnetic resonance imaging (MRI) 
was used to monitor the progression of esophagitis and 
the effect of cVBOL treatment. As shown in Fig. 3, the 
lesion was shown as a wide high light intensity area in 
the model group. Irradiation induced esophageal muco-
sal edema and stenosis at the 28th day. While only slight 
esophagus edema was observed in the treatment group 
and the control group on the 28th day (Fig.3).

cVBOL decreases the levels of IL-6,IL10 and TNF-α 
after radiation treatment

TNF-α, IL-6 and IL-10 function as important inflam-
matory cytokines in radiation induced esophagitis. The 
severity of radiation induced esophagitis could be eval-

Table 1.	 Body weights of the rats at different times

Group
Time after radiation (Day)

0 7 14 21 28

cVBOL+RT Group 200.7 ± 2.502 212.0 ± 1.702*** 227.4 ± 3.119** 244.7 ± 3.453** 257.2 ± 4.564**
EM+RT Group 200.8 ± 1.849 213.2 ± 4.152** 228.1 ± 5.282* 238.4 ± 6.749*** 249.4 ± 5.537***
RT Group 200.9 ± 1.444 209.6 ± 4.311*** 215.6 ± 6.620*** 223.5 ± 6.788*** 238.8 ± 8.950***
Normal Group 200.3 ± 2.410 217.4 ± 4.244 232.8 ± 5.713 252.7 ± 6.323 279.1 ± 6.872

F 2.191 17.89 10.57 19.81 30.15
P 0.0981 <0.0001 <0.0001 <0.0001 <0.0001

vs Normal group *P<0.05, **P<0.001, ***P<0.0001.
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Fig. 1.	 The pathological change in the esophageal tissue by radiotherapy (RT) X-ray 225. Esophageal tissue of Treatment group 
(cVBOL+RT), Control group (Esophagus Mixture+RT), Model group (RT) on 7th, 14th, 21st, 28th day (H&E×100, 400).

Fig. 2.	 Immunohistochemistry results of the expression of bFGF and TGF-β1 in esophageal tissues of rats in each group. (A) Esophageal 
tissue of rat in the normal group (×400). (B) Esophageal tissue of rat in treatment group (cVBOL+RT, ×400). (C) Esophageal 
tissue of rat in the control group (EM+RT, ×400). (D) Esophageal tissue of rat in the model group (RT×400).
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Table 2.	 Positive cells expression of bFGF results

Group
Time after radiation (Day)

7 14 21 28

cVBOL+RT Group 26.6 ± 1.08†*** 29.4 ± 2.06†††** 43.6 ± 1.60†*** 43.2 ± 3.60††***
EM+RT Group 29.2 ± 1.39†*** 31.8 ± 1.39†††*** 38.6 ± 1.03††*** 44.2 ± 1.39††***
RT Group 40.6 ± 4.02** 51.6 ± 1.89*** 59.4 ± 3.09*** 73.8 ± 4.18***
Normal Group 13.0 ± 0.89 13.4 ± 1.08 14.2 ± 0.58 14.8 ± 0.66

vs. RT group: †P<0.05, ††P<0.001,†††P<0.0001, vs Normal group: *P<0.05, **P<0.001, ***P<0.0001.

Table 3.	 Positive cells expression of TGF-β1 results

Group
Time after radiation (Day)

7 14 21 28

cVBOL+RT Group 27.2 ± 0.86†*** 30.6 ± 1.63†** 38.4 ± 1.08†††* 42.8 ± 1.43††***
EM+RT Group 26.8 ± 1.24†** 31.8 ± 1.07††*** 39.4 ± 1.50††*** 43.4 ± 0.93†††***
RT Group 33.0 ± 1.30*** 42.8 ± 1.39*** 53.0 ± 1.30*** 57.8 ± 1.63***
Normal Group 18.0 ± 0.95 19.4 ± 1.21 22.2 ± 0.97 22.8 ± 0.73

vs. RT group: †P<0.05, ††P<0.001,†††P<0.0001, vs Normal group: *P<0.05, **P<0.001, ***P<0.0001.

Fig. 3.	 Comparative analysis of MRI on 7th and 28th day. MIR scan image in Normal group, Treatment group 
(cVBOL+RT), Control group (Esophagus Mixture+RT), Model group (RT)
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uated directly by the change in these inflammatory cy-
tokines. As shown in Table 4–6, radiation treatment in-
duced progressive increase in serum levels of TNF-α, 
IL-6 and IL-10, which were decreased by cVBOL treat-
ment, the effects were compatible to Esophagus Mixture 
treatment.

Discussion

In this study, the role of a Chinese medicine, cVBOL, 
was investigated in radiation induced esophagitis in rats. 
The results indicated that cVBOL is effective in prevent-
ing or attenuating radiation induced esophageal damage.

Currently, the commonly used treatment for radiation 
induced esophagitis is antibiotics and topical anesthetics. 
The basis for use of these medicines is generally em-
pirical and some of these drugs are not effective and even 
toxic. Treatment by using cortical hormones to relieve 
symptoms is also unlikely to cure. Lack of objective 
criteria or tools is a hurdle to evaluate and analyze the 
effects of a treatment [9]. In this respect, animal models 
of radiation induced esophagitis are a good choice for 
this purpose.

In animal experiments, Northway MG has been used 

opossums to establish the model of acute radiation in-
duced esophagitis. Endoscopy, mucosal biopsy and 
esophageal barium film were used to test the pathologi-
cal changes and evaluate the efficacy of drugs [17]. The 
changes of body weight, survival time, esophageal pa-
thology and inflammatory cell score have also been used 
to evaluate the efficacy of the drug in the treatment of 
radiation induced esophagitis in C3H mice [10].

In this study, rats were used and radiation induced 
esophagitis was established, in which the progressive 
pathological and MIR changes in the esophagus were 
observed. We therefore evaluated the effectiveness of 
cVBOL in preventing and treating radiation esophagitis 
in this rat model. The results of the toxicity test used in 
this study showed that the cVBOL had little effect on the 
body mass of rats, the body weight in cVBOL+RT, 
EM+RT groups was lower than those in the normal 
group. The rats in the normal group did not receive ra-
diation injury and drug treatment, while the rats in the 
RT group received radiation injury. In the later observa-
tion, it was found that the body weight of the rats in the 
RT group was significantly lower than that in the normal 
group. It shows that esophageal injury has a significant 
effect on the body weight of rats. The difference between 

Table 4.	 Secretion of Wistar rat’s serum IL-6 factor at different time points

Group
Time after radiation (Day)

7 14 21 28

cVBOL+RT Group 1.13 ± 0.07†††* 1.53 ± 0.06††† 3.69 ± 0.05†††*** 4.76 ± 0.06†***
EM+RT Group 1.27 ± 0.04†††** 1.87 ± 0.22††† 3.65 ± 0.10†††*** 4.68 ± 0.22 †***
RT Group 3.93 ± 0.28*** 4.45 ± 0.19*** 5.35 ± 0.13*** 6.70 ± 0.39***
Normal Group 0.87 ± 0.04 1.33 ± 0.07 1.52 ± 0.07 1.97 ± 0.10 

vs. RT group: †P<0.05, ††P<0.001,†††P<0.0001, vs Normal group: *P<0.05, **P<0.001, ***P<0.0001.

Table 5.	 Secretion of Wistar rat’s serum IL-10 factor at different time points

Group
Time after radiation (Day)

7 14 21 28

cVBOL+RT Group 11.02 ± 0.25†** 11.69 ± 0.37†* 14.79 ± 0.55†††* 16.47 ± 0.466†††***
EM+RT Group 11.42 ± 0.36†** 12.39 ± 0.49†* 15.85 ± 0.50†††** 16.14 ± 0.58†††**
RT Group 13.22 ± 0.42*** 19.85 ± 3.75* 22.03 ± 0.27*** 29.82 ± 0.68***
Normal Group 7.66 ± 0.41 10.23 ± 0.20 11.41 ± 0.22 11.62 ± 0.23

vs. RT group: †P<0.05, ††P<0.001,†††P<0.0001, vs Normal group: *P<0.05, **P<0.001, ***P<0.0001.

Table 6.	 Secretion of Wistar rat’s serum TNF-α factor at different time points

Group
Time after radiation (Day)

7 14 21 28

cVBOL+RT Group 9.510 ± 0.12†††*** 11.43 ± 0.42†*** 12.58 ± 0.11††*** 13.39 ± 0.22†††***
EM+RT Group 8.678 ± 0.89†* 10.61 ± 0.46†** 12.34 ± 0.32††** 13.36 ± 0.55†††**
RT Group 13.26 ± 0.27*** 15.86 ± 0.83*** 27.88 ± 2.06*** 42.85 ± 2.82***
Normal Group 4.733 ± 0.18 6.313 ± 0.29 8.163 ± 0.39 9.318 ± 0.28

vs. RT group: †P<0.05, ††P<0.001,†††P<0.0001, vs Normal group: *P<0.05, **P<0.001, ***P<0.0001.



RADIATION-INDUCED ESOPHAGITIS IN RATS

361|Exp. Anim. 2020; 69(3): 354–362

the normal group and the cVBOL+RT group was caused 
by esophageal injury. There was no significant difference 
in body weight between the cVBOL+RT group and the 
EM+RT group, indicating that it was not the weight dif-
ference caused by drugs. This effect is consistent with 
that reported in literature [30].

The results showed that a Chinese medication combi-
nation, cVBOL, can significantly improve the general 
condition of rats, attenuate esophageal injury, and reduce 
the histological lesion after radiation treatment. Com-
pared with the effectiveness of commonly used the com-
bination (EM) that includes gentamycin, dexamethasone, 
anisodamine, and procaine, the effects of cVBOL is 
compatible to prevent radiation induced esophagitis. 
Radiation caused esophageal edema at 7 and 28 days 
after treatment illustrated by MRI. In addition, signifi-
cant increase in serum inflammatory cytokines that in-
clude TNF-α, IL-6 and IL-10 after radiation treatment, 
indicating that radiation induces a systemic inflamma-
tory response. Application of cVBOL can not only reduce 
esophageal edema, but also significantly down-regulate 
the levels of serum TNF-α, IL-6 and IL-10 in rats fol-
lowing radiation treatment, suggesting that anti-inflam-
matory reaction induced by radiation might be a mecha-
nism through which cVBOL prevent radiation induced 
esophagitis.

In conclusion, the cVBOL has remarkable therapeutic 
effects on radiation-induced esophagitis in rats, suggest-
ing that cVBOL is a potential alternative for the treat-
ment of radiation induced esophagitis.
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