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ABSTRACT

Background: Scalding burn injuries can occur in everyday life but occur more frequently in 
young children. Therefore, it is important to develop more effective burn treatments.
Objectives: This study examined the effects of bee venom (BV) stimulation on scalding burn 
injury-induced nociception in mice as a new treatment for burn pain.
Methods: To develop a burn injury model, the right hind paw was immersed temporarily in 
hot water (65°C, 3 seconds). Immediately after the burn, BV (0.01, 0.02, or 0.1 mg/kg) was 
injected subcutaneously into the ipsilateral knee area once daily for 14 days. A von Frey test 
was performed to assess the nociceptive response, and the altered walking parameters were 
evaluated using an automated gait analysis system. In addition, the peripheral and central 
expression changes in substance P (Sub P) were measured in the dorsal root ganglion and 
spinal cord by immunofluorescence.
Results: Repeated BV treatment at the 2 higher doses used in this study (0.02 and 0.1 mg/kg) 
alleviated the pain responses remarkably and recovered the gait performances to the level of 
acetaminophen (200 mg/kg, intraperitoneal, once daily), which used as the positive control 
group. Moreover, BV stimulation had an inhibitory effect on the increased expression of Sub 
P in the peripheral and central nervous systems by a burn injury.
Conclusions: These results suggest that a peripheral BV treatment may have positive potency 
in treating burn-induced pain.
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INTRODUCTION

Burn injuries and their associated symptoms are major causes of mortality and postmortem 
disorders worldwide, and more than 300,000 people a year have died from various types 
of burns since 2009 [1]. According to global reports, burns are common among children, 
accounting for approximately 40–60 percent of all hospitalized burn patients [2]. Among 
the types of burns, scalding injuries by hot liquids occur more frequently in young children 
under 9 years of age. This specific injury is more serious because it can occur in everyday life, 
such as boiling water or hot water in the bathroom [3]. Therefore, it is important to develop a 
more effective burn treatment to reduce after-effect disorders and symptoms.
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Bee venom (BV) is a mixture of natural toxins produced by the western honeybee (Apis mellifera) 
used widely as an oriental traditional medicine for various diseases. Recently, it has been 
used in various treatments in complementary alternative medicine [4]. Several studies have 
examined the biological and pharmacological activities of BV and confirmed various effects, 
such as radiation prevention, anti-inflammatory, antibacterial, antiviral, and anti-cancer effects 
[5,6]. In addition, it has been reported to be effective in relieving inflammatory pain, such as 
arthritis and neuropathic pain [7,8].

The expression of substance P (Sub P) is increased in almost all currently identified 
inflammatory cytokines, and plays a major role in neurogenic inflammation, a local 
inflammatory response to certain types of infections or injuries [9-11]. Moreover, it is a 
neurotransmitter and a regulator of the pain factors that transmit the signals related to 
pain to the central nervous system [12]. Previous studies have shown that in various pain 
animal models, increased Sub P expression in the peripheral nervous system and the central 
nervous system plays a major role in the pain path or causes pain itself [13-16]. Based on these 
findings, this study examined the effects of repeated BV stimulation on pain, locomotion, 
and tissue damage caused by scalding burns, and further on the Sub P manifestation of the 
peripheral and central nervous system.

MATERIALS AND METHODS

Animals
Male ICR mice (Samtako, Korea), weighing 20 to 25 g at 5 weeks of age, were used in this 
experiment. All animal experiments were performed according to the policy of the Chungnam 
National University regarding the use and care of animals. Furthermore, this study was 
conducted with the approval of the Animal Experiment Ethics Committee of Chungnam 
National University (approval number: CNU-00919). The animals were housed in a standard 
environment consisting of a 12 h light/dark cycle, constant room temperature (maintained 
between 20 and 25°C), and 40–60% humidity. Food and water were supplied ad libitum.

Scalding burn model
The normal baseline values of the paw withdrawal frequency were measured one day before 
burn induction. To induce a scalding burn, the mice were anesthetized by an intraperitoneal 
(i.p.) injection of 2-2-2 tribromoethanol (250 mg/kg; Sigma, USA) dissolved in 2.5% of a 
methyl butane solution. After the animal was deeply anesthetized, the right hind paw was 
immersed temporarily in 65 ± 0.5°C of hot water for 3 sec. After inducing a burn, the mice 
were placed on a heating pad until they recovered from anesthesia.

BV stimulation
The BV from A. mellifera (BV [0.01, 0.02, and 0.1 mg/kg, 50 µL; Sigma]) was dissolved in a 
0.9% physiological saline solution and administered subcutaneously daily into the ipsilateral 
knee area from the day of burn induction for 14 days. The control group was administered the 
same volume of 0.9% of saline solution subcutaneously. Acetaminophen (Sigma) dissolved in 
0.9% physiological saline was used as a positive drug for a symptomatic treatment, and 100 
µL was administered intraperitoneally at a dose of 200 mg/kg using the same schedule as BV.
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Mechanical allodynia assay
To assess the nociceptive responses to innocuous mechanical stimuli (mechanical allodynia), 
the paw withdrawal response frequency was measured using 1.0 g of von Frey filament 
(North Coast Medical, USA). The mice were placed on a metal mesh grid under a plastic 
chamber, and the von Frey filament was applied to each hind paw from underneath the metal 
mesh flooring. The von Frey filament was applied 10 times to each hind paw with 10-sec 
time intervals, and the number of paw-withdrawal responses was counted. The results of 
mechanical behavior testing in each experimental animal are expressed as a percentage 
withdrawal response frequency, representing the percentage of paw withdrawals out of a 
maximum of 10 times.

CatWalk automated gait analysis
The changes in motor functions during walking were assessed by measuring the gait 
parameters using the automated gait analysis system. The CatWalk XT system (Noldus 
Information Technology, The Netherlands) has been used to evaluate the gait parameters in 
pain models, such as osteoarthritis [17] or neuropathic pain [18-20]. When mice walk freely 
through a dark tunnel, the downward pressure of each paw illuminates fluorescent light from 
the glass platform, and a video camera detects and records these light signals. The CatWalk 
XT software then analyzes various gait parameters automatically, such as paw print area, 
duty cycle, and stance phase. In this study, 2 parameters (print area and single stance) were 
examined to determine the antinociceptive effect of BV on burn-injured mice. The print area 
was measured by calculating the surface area contacted to the glass floor, and the single 
stance is the part of a step cycle, indicating the time (seconds) each paw touched the glass 
plate while walking. All CatWalk data was gained by calculating the percentage changes 
between the ipsilateral and contralateral hind paws (i.e., normal mice showed approximately 
50%, which means the ratio of ipsilateral vs. contralateral was 50:50).

Immunofluorescence
Immunofluorescence was performed at one and 7 days after burn induction. The mice were 
anesthetized with 2-2-2 tribromoethanol and perfused transcardially with heparinized 
phosphate-buffered saline (PBS, pH 7.4), followed by perfusion with 4% paraformaldehyde 
for 10 min. Ipsilaterally, the dorsal root ganglions (DRGs) and spinal cord of the lumbar 
enlargement (L4–L6) regions were extracted immediately and immersed in the same fixative 
solution overnight. After fixation, the tissues were immersed in a 30% sucrose solution 
with PBS until they sank to the bottom and were frozen after embedding in a Surgipath FSC 
22 frozen section compound. (Leica Biosystems Richmond Inc., USA). The compound-
embedded tissue arrays were sliced into 10-μm sections, which were then attached to silane-
coated slide glasses. To rinse the embedding compound, sections were washed 3 times with 
PBS solution for 10 min each time. Nonspecific binding was blocked with 3% bovine serum 
albumin in PBST for 1 h at room temperature. After blocking, the sections were incubated 
with 1:1,000 dilution of anti-Sub P antibody (#ab14184; Abcam, UK) in the blocking solution 
overnight at 4°C. They were then washed 3 times with PBST for 10 min each. After washing, 
the sections were incubated with a 1:500 dilution of Cy3-conjugated secondary antibody 
(Jackson ImmunoResearch Inc., USA) for one hour at room temperature. Stained sections 
were mounted with VECTASHIELD (Vector Laboratories Inc., USA) and analyzed using an 
Axiophot microscope (Carl Zeiss, Germany).
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Data analysis
The data are expressed as the mean ± standard error of the mean. The level of statistical 
significance was determined using an unpaired Student's t-test for the comparisons between 
2 means and by an analysis of variance followed by a Dunnett' test for multiple comparisons. 
Graph pad Prism 6 (Graph Pad Software, Inc., USA) was used for statistical analysis. A p value 
< 0.05 was considered significant.

RESULTS

Effects of BV stimulation on burn-induced nociceptive responses
Hot water scalding burn injuries produced dramatic mechanical allodynia, as shown in Fig. 1A. 
Burn-induced mechanical allodynia peaked after induction, which plateaued by day 7 and began 
to decrease thereafter. Repeated BV stimulation at doses of 0.02 and 0.1 mg/kg significantly 
reduced the increase in mechanical allodynia from day 3 after injection. In addition, the 
acetaminophen administration group, as a positive control, also showed a significant decrease 
in mechanical allodynia from 10 days after injection. On the other hand, the lowest dose used in 
this study, 0.01 mg/kg BV, did not show antinociceptive effects (Fig. 1A and B).

Effects of BV stimulation on burn-induced locomotion parameter changes
In the paw print area, scalding burns caused a decrease in the ipsilateral paw print area to 0% 
while walking in the control group administered the BV vehicle. Repeated BV stimulation at 
doses of 0.02 and 0.1 mg/kg gradually recovered the paw print area one day after injection. 
Moreover, the acetaminophen administration group used as a positive control also showed 
significant recovery in the paw print area 3 days after injection. On the other hand, the lowest 
dose used in this study, 0.01 mg/kg of BV, did not show a print area recovery effect (Fig. 2). 
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Fig. 1. Antinociceptive effect of subcutaneously BV stimulation on burn-induced mechanical allodynia. (A) Scalding burn-induced pain response significantly 
attenuated by repetitive BV administration over time. (B) The area under curve data also showed the same tendency. 
*p < 0.05 BV 0.02 mg/kg vs. Control; †p < 0.05 and ‡p < 0.005 BV 0.1 mg/kg vs. Control; §p < 0.05 Acetaminophen vs. Control; ∥p < 0.05 compared to the control group. 
BV, bee venom; AUC, area under the curve.



Similar to the paw print area, scalding burns also caused a decrease in the single ipsilateral 
stance to 0% during the walk in the control group, which had been administered the BV 
vehicle. Repeated BV stimulation at doses of 0.02 and 0.1 mg/kg and i.p. acetaminophen 
administration gradually recovered the single stance from one day after treatment. The lowest 
dose of BV stimulation (0.01 mg/kg) did not affect the print area in a single stance (Fig. 3).

Effect of BV stimulation on the burn-induced degree of tissue damage
The effects of BV stimulation on the degree of tissue damage degree caused by burns were 
examined by taking images of the affected area of the ipsilateral paw after inducing the burn. 
Damage to the ipsilateral paw was produced from one day after the burn induction. On the 
other hand, the repeated BV treatments of 0.02 and 0.01 mg/kg doses and acetaminophen 
administration reduced the tissue damage significantly over time. As shown in the figure, 
on the seventh day after burn induction, the difference in tissue damage between the group 
treated with BV and the control group was the greatest (Fig. 4).

Effects of BV stimulation on burn-induced changes of Sub P in DRG and 
spinal cord
Immunofluorescence staining one day after inducing the scalding burn revealed no changes 
in the expression of Sub P in the ipsilateral DRG (Fig. 5A). On the other hand, at 7 days after 
burn induction, the expression of Sub P was increased significantly in the control group. 
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Fig. 2. Recovery effect of subcutaneously BV stimulation on burn-induced paw print area. (A) Scalding burn-induced reduction of paw print area significantly 
recovered by repetitive BV administration over time. (B) The area under curve data also showed the same tendency. (C) The difference in the actual print area 
shown in the ipsilateral paw over time. 
*p < 0.05 and †p < 0.01 BV 0.02 mg/kg vs. Control; ‡p < 0.05, §p < 0.01 and ∥p <0.001 BV 0.1 mg/kg vs. Control; ¶p < 0.05, #p < 0.01 Acetaminophen vs. Control; **p < 
0.01 and ††p < 0.001 compared with control group. 
BV, bee venom; AUC, area under the curve; PID, post-induction day.
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Repeated BV stimulation at a dose of 0.1 mg/kg reduced the increase in Sub P expression 
in DRG significantly (Fig. 5B). Moreover, in the case of the spinal cord, the level of Sub P 
expression was increased dramatically in the dorsal spinal area at 1 (Fig. 6A) and 7 (Fig. 6B) days 
of after-burn induction. Repeated BV stimulation reduced the increase in Sub P expression in 
the spinal cord significantly (Fig. 6).
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DISCUSSION

Previous studies have reported the antinociceptive effects of BV in various pain models, such 
as arthritis [7], chemotherapy-induced peripheral neuropathy [21], and chronic constriction 
injury models [22]. On the other hand, repetitive subcutaneous BV stimulation inhibited 
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BV, bee venom; Sub P, substance P. 
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the pain mechanism caused by scalding burns. First, repetitive stimulation of BV on the 
ipsilateral knee area reduced the burn-induced nociceptive behavior in the mechanical allodynia 
test significantly, and the recovery of gait parameters in catwalk gait analysis supports the 
antinociceptive effect of treatment. In addition, BV stimulation reduced significantly the degree 
of tissue damage that occurs over time after the burn. Furthermore, the BV treatment reduced 
the burn-induced expression of Sub P in the DRG and spinal cord significantly. These results 
suggest that local BV stimulation has central and peripheral effects.

Scalding burns are thermal burns caused by heated liquids, such as boiling water or steam. In 
most cases, first- or second-degree burns are encountered, but prolonged contact with heat 
sources can cause third-degree burns. Typically, naked skin immersed in water at 60°C can 
cause burns within 3 seconds, and at 57°C, it takes 10 sec and 1.5 to 2 min at 52°C hot water 
[23]. The burn model used in this study was exposed to hot water at 65°C for 3 sec, resulting 
in tissue damage, including the common symptoms of burn injuries, such as redness, skin 
peeling, edema, and pain. Higher doses (0.02 and 0.1 mg/kg) of BV reduced the level of tissue 
damage significantly over time; the differences were most pronounced on the seventh day 
after the induction of burns.

In many injuries, including tissue damage, peripheral Sub P acts as a trigger to initiate the 
cytokines associated with inflammation, which is involved in all processes related to the 
nociceptive pathways via the neurokinin receptors [24]. In addition, pain intolerance after an 
inflammatory state has a significant effect on peripheral sensitization; other mechanisms are 
also involved. The Sub P-neurokinin receptor signal in the periphery and spinal cord acts as 
a co-transmitter that induces long-term changes in spinal excitation, which are collectively 
known as ‘central sensitization’ [25,26]. Certain pain relief mechanisms of BV are still 
unclear, but several mechanisms have been proposed. Previous studies reported the following 
mechanisms: activation of the spine α2-adrenoceptor [22,27], reduction of c-fos expression 
[28], and blocking of the N-methyl-d-aspartate receptor [29]. The present study showed that 
BV stimulation reduced the expression of Sub P significantly in DRG and spinal dorsal horn. 
In addition, Sub P was inhibited, suggesting an antinociceptive mechanism, leading to a 
decrease in neurokinin-1 signaling. Interestingly, the immunofluorescence results obtained 
one day after the burn injury showed no change in the expression of Sub P in the DRG. One 
day after the burn injury, the unchanged DRG expression suggests the significant transport of 
extrinsic Sub P to the peripheral (DRG) after its release from the periphery in response to the 
initial burn injury.

In conclusion, repetitive subcutaneous BV stimulation has potent antinociceptive effects 
in a scalding burn-induced pain mice model. This antinociceptive mechanism may inhibit 
the pain-producing pathways by suppressing the peripheral and central Sub P expression. 
These results are expected to improve the understanding of the anti-pain mechanism of BV 
stimulation and suggests that BV treatment may be effective in controlling pain for patients 
suffering from burn injuries.
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