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Abstract: Objectives: This study was conducted to verify the efficacy of Bencao Shengji ointment (BSO) in treating
third-degree burn wounds in mice. Methods: In this study, a mouse model of third-degree burn wounds was estab-
lished, and the mice were randomly divided into three groups. In Group A, a gel containing recombinant human
epidermal growth factor was applied externally. In Group B, BSO was applied externally, and in Group C, Bencao
Nursing Solution (BNS) was applied externally. The efficacy of traditional Chinese herbal medicine preparations was
verified by observing and comparing burn wound healing, inflammatory reactions and scar formation in the skin of
mice in the three groups from Day 4 to Day 60. Results: The wound healing in Groups B and C was better than that
in Group A from Day 4 to Day 14. Compared with those in Group B and Group C, the degree of wound necrosis and
extent of inflammatory reactions in Group A were greater. From Day 15 to Day 45, the scars that formed after healing
in Group A were more obvious, and the scars that formed in Group B were the smallest. On the 60th day, the mice
in Group B had the shallowest burn scars on their skin, whereas the mice in both Group A and Group C exhibited
moderate to severe scar formation. Conclusions: BSO can better promote the healing of third-degree burn wounds

and reduce the formation of scars.
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Introduction

Burns are acute tissue injuries that are caused
by external factors such as heat, chemicals,
electricity, or radiation, and they affect mainly
the skin and mucous membranes [1, 2]. In
severe cases, burns can also affect subcutane-
ous fat, muscles, and even bones. In clinical
practice, burns are classified as first-degree,
second-degree, and third-degree burns accord-
ing to depth [3]. Among these burn types, third-
degree burns (full-thickness skin burns) may
temporarily prevent the sensation of pain due
to the destruction of skin nerve endings, and
these wounds appear as scabs and are difficult
to heal, often requiring surgical intervention [4].

Pathologically, this type of injury manifests not
only as immediate coagulative necrosis and
microvascular embolism but also as a cascade
inflammatory response, an oxygen free radical
burst, and the release of many proinflammatory

cytokines [1]. Although mild burns rarely pose a
direct threat to life, transient and intense pain
can continuously activate spinal dorsal horn
neurons through A & and C fibers, inducing cen-
tral sensitization and leading to chronic neuro-
pathic pain [5]. Moreover, the absence of the
epidermal barrier increases transdermal water
loss by more than 10-fold, causing electrolyte
imbalance, hypoalbuminemia, and high meta-
bolic status, significantly delaying wound heal-
ing [1, 6]. In the stage of scar hyperplasia,
excessive activation of the TGF-B/Smad signal-
ing pathway promotes the abnormal prolifera-
tion of myofibroblasts and disordered arrange-
ment of collagen [7]. Ultimately, activation of
this pathway results in the formation of hyper-
trophic scars or keloids, which not only restrict
joint movement but also lead to disfigurement,
causing anxiety, depression, and posttraumatic
stress disorders, with a psychological disability
rate of up to 34% [8, 9]. Additionally, scars that
are produced in later stages can cause serious
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inconvenience and psychological burden to
patients [10]. Severe burns can lead to a sepsis
cascade reaction 3-5 days after injury due to
the breakdown of the natural immune barrier,
displacement of the gut microbiota, and Thl/
Th2 immune drift [1, 11]. This can easily result
in secondary infections with pathogens such as
Pseudomonas aeruginosa and Staphylococcus
aureus, leading to fatal complications such as
sepsis and multiple organ failure [12]. According
to statistics, approximately 260,000 people
worldwide die from burn-related infections ea-
chyear, and approximately 15% of burn patients
in China are hospitalized or die due to infec-
tions [13].

Traditional treatment involves “early scabbing,
biological dressing coverage, and sequential
skin grafting” [14]. Although topical sulfameth-
oxazole silver can inhibit infections with broad-
spectrum bacteria, its cytotoxicity can delay epi-
thelialization [15]. Repeated debridement can
cause additional blood loss (loss of approxi-
mately 1-2% of circulating blood with each tre-
atment) [2]. Although large medium-thick skin
transplantation closes these wounds, the newly
formed epithelium at the donor site is thin and
prone to repeated rupture [7]. There is also a
risk of skin necrosis and pigmentation, and the
cost can reach 3,000 to 7,000 dollars per day,
causing a heavy economic burden for patients
in developing countries [16-19].

Topical preparations of traditional Chinese
medicine are emerging as a new strategy for
treating burns because of their “multicompo-
nent, multitarget, holistic regulation” character-
istics [20-22]. The main ingredients of Bencao
Shengji ointment (BSO) include Salvia miltior-
rhiza, Ligusticum chuanxiong, cinnamon, purs-
lane, star anise, and licorice. BSO is formulat-
ed with the principle of “promoting blood circu-
lation, removing blood stasis, and promoting
muscle growth through detoxification” [23].
Tanshinone 1A reduces COX-2 expression by
inhibiting NF-kB nuclear translocation, exerting
analgesic effects similar those of NSAIDs [24].
Ligustrazine can upregulate VEGF-A and SDF-
1a, promoting the homing of endothelial pro-
genitor cells [25]. Cinnamaldehyde activates
the TRPV1 channel to produce mild thermal
stimulation, accelerating local blood flow perfu-
sion [26]. Portulaca polysaccharides induce
the polarization of M2 macrophages and inhi-
bit excessive inflammation through the TLR4/
MyD88 pathway [27]. Shikimic acid in star ani-

se blocks STAT3 phosphorylation in fibroblasts
in scars [28]. Glycyrrhetinic acid simulates the
structure of glucocorticoids, reducing wound
edema without the side effects of hormone-
induced skin atrophy [29]. Network pharmacol-
ogy analysis revealed that the core targets of
BSO are enriched in the PI3K, Akt, HIF-1a, and
Notch pathways, suggesting that BSO can achi-
eve “scar-free healing” by regulating the stem
cell microenvironment [21, 30-33].

This study established a mouse model of third-
degree burn wounds, and the wound-healing
effect of BSO compound herbal preparations
were observed and verified, providing a theo-
retical basis for the application of these prepa-
rations in clinical practice.

Materials and methods
Experimental animals and drugs

Six-week-old specific pathogen-free (SPF) BA-
LB/c male mice weighing approximately 20 g
were purchased for experimentation (Zhuhai
Baishitong Biotechnology Co., Ltd.). Three ani-
mals were housed in each cage and given free
access to water and high-pressure sterilized
commercial rations. The bedding was changed
twice a week. These animals were carefully ma-
nipulated, always in the morning by the same
researcher who received veterinary training
and supervision. Drug A (recombinant human
epidermal growth factor gel, Guilin Huanuo Co.,
Ltd., Guoyao Zhunzi s20020112), drug B (BSO,
Hubei Guofutang Biomedical Technology Co.,
Ltd.), drug C (Bencao Nursing Solution, BNS,
Hubei Guofutang Biomedical Technology Co.,
Ltd.) were administered to the mice. BSO and
BNS are traditional Chinese medicine com-
pound preparations with the same composition
and different dosage forms, and they mainly
include Salvia miltiorrhiza, Ligusticum chuanx-
iong, cinnamon, purslane, star anise, and lico-
rice. This study followed the European Com-
mission Directive 86/609/EEC for animal ex-
periments (available at http://ec.europa.eu/
environment/chemicals/lab_animals/legisla-
tion_en.htm). The animal experiments perfor-
med in the study were reviewed and approved
by the Animal Experiment Ethics Committee of
Wuhan Hankou Hospital.

Burn model establishment

After the mice were anesthetized with sodium
pentobarbital, the hair on their backs was sha-
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ved with a razor, and the backs were depilated
with sodium sulfide until they were hairless.
Water-soaked pieces of paper were placed on
the backs of the mice (2.0 cm x 3.5 cm = 7.0
cm?, accounting for 10% of the body surface
area) to control the burn areas. Ethanol was
dropped with a dropper onto the backs of the
mice. The skin was soaked, and a lighter was
used to ignite the ethanol. A stopwatch was
used to measure the burn time, and the fire
was extinguished with a damp cloth after 30
seconds, 40 seconds, 1 minute and 30 sec-
onds, or 3 minutes. Third-degree burns were
defined according to previous research [34].
During the treatment period, all the animals
received closed and sterile bandages daily.
During this process, 30 mg/kg tramadol hydro-
chloride was administered for analgesia.

Postburn care

A total of 21 mice with burns were randomly
divided into three groups. Each group included
7 animals, and the animals were treated with
drug A, B, or C. The wounds of Group A and B
mice were treated with drugs A or B, respec-
tively. The wounds in Group C were evenly
sprayed with drug C. The drugs were adminis-
tered twice a day, once in the morning and eve-
ning, within 7 days after the burn was estab-
lished. The drugs were administered once a day
beginning on the 8th day. One mouse with a
burn that was not treated was used as a
control.

Skin observation

On the designated analysis date, photos of the
lesions were captured, and the various stages
of the healing process, including necrosis, in-
flammation, and scarring, were macroscopical-
ly examined. On Days 3 and 60 after wound
establishment, the animals were euthanized
via injection with 100 mg/kg thiopental sodi-
um, and wound healing, wound healing time,
infection, and scarring during healing were
analyzed.

Pathological examination

Changes in the surfaces of the wounds were
recorded 3, 7, 14, 30, 45, and 60 days after
burn injury. After the mice were sacrificed, the
burn wound and the surrounding skin (approxi-
mately 0.5 cm) were removed, spread on filter

paper, and then fixed in 10% formalin for subse-
quent pathological staining.

HE staining

Dewaxed paraffin sections were subjected to
the following staining conditions, xylene | for 30
minutes, xylene Il for 30 minutes, anhydrous
ethanol | for 10 minutes, anhydrous ethanol I
for 10 minutes, 95% alcohol for 5 minutes, 90%
alcohol for 5 minutes, 80% alcohol for 5 min-
utes, and 70% alcohol for 5 minutes, followed
by washing with distilled water. The slides were
immersed in Harris hematoxylin for 8 minutes,
rinsed with tap water, differentiated with 1%
hydrochloric acid alcohol for a few seconds,
rinsed with tap water for 10 minutes, returned
to blue with PBS for 5 minutes, and rinsed with
running water. The slides were then immersed
in eosin staining solution for 2 minutes. Then,
the sections were dehydrated and cleared un-
der the following conditions, 95% alcohol | for 5
minutes, 95% alcohol Il for 5 minutes, anhy-
drous ethanol | for 5 minutes, anhydrous etha-
nol Il for 5 minutes, xylene | for 5 minutes, and
xylene Il for 5 minutes. Then, the sections were
removed from the xylene, allowed to dry slight-
ly, and then mounted with neutral paraffin. Mi-
croscopic examination, image acquisition, and
analysis were then performed.

Ki67 staining

Xylene dewaxing was performed (2 times, 10
minutes each). The samples were hydrated by
sequential incubation in gradient ethanol solu-
tions (100%, 95%, 70%, and 50%) for approxi-
mately 3 minutes each. Finally, the samples
were rinsed with PBS. Sodium citrate buffer (pH
6.0) was used for antigen retrieval. The sec-
tions were heated to 110°C in a pressure cook-
er, maintained for 15 minutes, and then allowed
to cool naturally. Then, the slices were treated
with 3% hydrogen peroxide (H,0,) for 10 min-
utes to block endogenous peroxidase activity.
The cells were rinsed with PBS. The samples
were then incubated in blocking solution sup-
plemented with 3% BSA in PBS for 20 minutes
to reduce nonspecific antibody binding. The
Ki-67 primary antibody was diluted in PBS at a
dilution ratio of 1:100. The mixture was incu-
bated overnight at 4°C or at room temperature
for 2 hours. The cells were rinsed 3 times with
PBS for 5 minutes each. Then, an HRP-labeled
anti-rabbit 1gG secondary antibody was added,
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Figure 1. Determination of appropriate burn time and the early skin changes
in burns. From left to right, burn for 30 seconds (A), 40 seconds (B), 1 Min-
utes 30 seconds (C) and 3 minutes (D). Normal mouse skin (E). Day 3 of third

degree burn wound (F).

and the samples were incubated for 30 min-
utes. The cells were rinsed three times with
PBS. DAB color reagent (3,3’-diaminobenzidine)
was used for color development. The samples
were incubated for 5 minutes, and the forma-
tion of brown precipitates was observed. The
reaction was terminated with distilled water.
Next, the cell nuclei were stained with hema-
toxylin for 2 minutes and rinsed with running
water to develop the blue color. Then, the sam-
ples were dehydrated by sequential incubation
with gradient ethanol solutions (70%, 95%, and
100%) for 2 minutes each. Xylene was used for
transparency treatment. The slides were cov-
ered with neutral gum and a cover slip. Finally,
the staining results were observed with an opti-
cal microscope.

Ki67 quantification

Following the same protocol, two dermatopa-
thologists performed routine quantification of

Ki67 staining and calculated
the mean value [35]. To mini-
mize interobserver variability,
a consensus was reached fol-
lowing the assessment meth-
od. At least two randomly se-
lected high-power fields in uni-
formly stained cases were
evaluated. When Ki6G7 expres-
sion was heterogeneous, one
area with the highest expres-
sion (hot spot) and one with
the lowest expression (cold
spot) were chosen. The aver-
age of these two regions was
considered the final Ki67 sco-
re. Digital images were cap-
tured with a Roche slide scan-
ner, and the mean value was
obtained using a 20X micro-
scope objective.

Statistical analysis

All data analysis in this study
were performed by Student’s
t-test. SPSS 22.0 (Chicago, IL,
USA) was used for data analy-
sis. The difference of P<0.05
between the two groups was
considered statistically signifi-
cant.

Results

Establishment of a third-degree burn model in
mice and early skin changes associated with
burns

In the process of burn model establishment, we
first observed the degree of skin burns on the
backs of the mice subjected to modeling for 30
seconds (Figure 1A), 40 seconds (Figure 1B), 1
minute 30 seconds (Figure 1C) and 3 minutes
(Figure 1D). Then, we determined that the
appropriate duration for burn model establish-
ment was 1 minute 30 seconds. At this time
point, the burn affected the entire skin layer.
Black eschar was visible, and the viability of the
mice was acceptable. As shown in the following
figure (Figure 1F), compared with those in the
normal control group (Figure 1E), the mice in
the burn model group presented obvious black
necrotic areas on their backs, indicating an
inflammatory state on Day 3.
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up A (day 30)

|
Group C (day 3

(Figure 2B). The skin of the
mice in Group C exhibited local
skin peeling and necrosis (Fi-
gure 2C).

From 8-14 days after burn inju-
ry, the back skin of the mice in
Group A became severely dam-
aged and began to scab, with
obvious redness and infection
symptoms (Figure 2D). The sk-
in of the mice in Group B was
wrapped with ointment. Scabs
were found during the sam-
pling process, and the burned
skin was intact (Figure 2E). A
small part of the skin of the
mice in Group C was damaged
1 and began to scab (Figure 2F).
3 At 30 days after burn injury,
the back skin of the mice in
Group A had healed, with un-
even crusts and signs of shed-
ding (Figure 2G). The dorsal
skin in Group B healed. The
entire area was scabbed, and
there were slight signs of shed-
ding (Figure 2H). The skin on
the backs of the mice in Gr-
oup C healed slowly, and scabs
started to form (Figure 2I).

At 45 days after burn, the
wounds of the mice in each
group had completely healed.
The mice in Group B had slight
scars (Figure 2K), and the mice
in Groups A (Figure 2J) and C
(Figure 2L) had obvious scars.

Figure 2. Back skin status of burned mice from 4 to 45 days. The back skin

status from 4 to 7 days after burn in group A (A), group B (B) and group C
(C). The back skin status from 8 to 14 days after burn in group A (D), group
B (E) and group C (F). The back skin status at 30 days after burn in group A

Observation of the back skin
of the mice at 60 days after
burn injury

(Q), group B (H) and group C (I). The back skin status at 45 days after burn

in group A (J), group B (K) and group C (L).

Observation of the back skin of the mice dur-
ing days 4-45 after burn injury

From 4-7 days after burn injury, the burned skin
of the mice in Group A exhibited necrosis, and
the original burned skin was damaged (Figure
2A). The skin of the mice in Group B was intact
and covered with ointment, and no necrosis
was detected when the material was collected

5

After healing, the mice in Gr-

oups A and C (Figure 3A and
3C) had moderate to severe scars on their
backs, whereas the mice in Group B (Figure 3B)
had mild scars.

Pathological evaluation

On the 3rd and 60th days after burn injury
(Figure 4), pathological staining revealed disor-
dered epidermal and dermal structures, infiltra-
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Figure 3. Back skin status of burned mice at 60 days. The back skin status
at 60 days after burn in group A (A), group B (B) and group C (C).

tion of inflammatory cells into the dermis,
dense and increased collagen fibers, and disor-
dered arrangement in the untreated group. The
skin morphology of mice in Group B had basi-
cally returned to normal, with clear epidermal
and dermal structures and no abnormal in-
crease in collagen fibers. Compared with the
skin burn wounds in Group B, the skin burn
wounds in Groups A and C exhibited obvious
damage to the epidermal structure, a slight
increase in the number of collagen fibers in the
dermis, and the infiltration of inflammatory
cells. This finding was consistent with the for-
mation of scars in the gross images, which
revealed that the untreated group had the most
obvious scars, followed by Groups A and C, and
Group B which had the smallest scars.

The results revealed that the Ki67-positivity
rate of Groups B and C was significantly greater
than that of Group A on Day 60, indicating that
the healing and cell proliferation processes of
the skin burn wounds in Groups B and C were
better than those in Group A (Figure 5).

Discussion

The healing of burn wounds is a multifaceted
and long process that depends on various
repair mechanisms that depend upon the im-
mune system. This regeneration occurs through
three consecutive stages, namely, inflamma-
tion, proliferation, and remodeling, which may
lead to scar formation [36, 37]. The local micro-
environment, inflammatory reactions, infection,
and malnutrition are considered the most im-
portant reasons for wound healing failure [38-
41]. This study established a mouse model of
third-degree burns, and during the course of
the disease, there was an obvious inflammato-

60 'y Groupi:(?i SOXTW.

ry response that had a signifi-
cant effect on the healing of
burn wounds.

The treatment principles of
traditional Chinese medicine
are based mainly on syndrome
differentiation and treatment
[42]. The mechanism of treat-
ment with traditional Chinese
medicine includes promoting
skin tissue growth, inhibiting
the inflammatory response, in-
hibiting shock, and regulating
collagen metabolism, thereby
accelerating wound healing and inhibiting scar
hyperplasia [43, 44]. Guided by the principles
of traditional Chinese medicine syndrome dif-
ferentiation and treatment, BSO uses Salvia
miltiorrhiza, Ligusticum chuanxiong, cinnamon,
purslane, star anise, and licorice as the core
combination to achieve overall therapeutic
effects through multitarget synergistic effects.
Previous studies have confirmed that Salvia
miltiorrhiza may promote the healing of burned
skin by exerting anti-inflammatory effects, im-
proving local wound microcirculation, and ac-
celerating wound surface metabolism [21].
Ligusticum chuanxiong promotes the polariza-
tion of macrophages from a proinflammatory
phenotype to a pro-healing phenotype, which
can significantly accelerate wound closure. This
is evident in the reduction of inflammation and
the enhancement of angiogenesis and collagen
deposition, indicating that Ligusticum chuanx-
iong has great potential for use in clinical appli-
cations related to skin healing [30]. Cinnamon
accelerates wound healing by increasing the
expression of insulin-like growth factor (IGF)-1,
FGF-2, and vascular endothelial growth factor,
thereby increasing cell proliferation, collagen
synthesis, and re-epithelialization rates [45].
Purslane clears heat, relieves pain, exerts anti-
inflammatory effects, and promotes repair [32].
Star anise has anti-inflammatory, antibacterial,
and enhancing effects on cell proliferation,
migration, and angiogenesis, and it is common-
ly used to treat infectious wounds [22, 46].
Licorice is the core drug of various traditional
Chinese medicines that are used to promote
wound repair and can have anti-inflammatory
effects, promote blood circulation, regulate
immunity, and facilitate wound repair [33].

In our study, the inflammatory response in the
group treated with recombinant human epider-
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Figure 4. Pathological changes in mice after burn treatment. Pathological changes (HE staining). NC referred to the
normal control group. Nt referred to the non-treatment group. The scale bar is 250 um on 40X picture. The scale
bar is 100 uym on 100X picture. The scale bar is 50 ym on 200X picture. The scale bar is 25 um on 400X picture.
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Ki67 positive rate (%)

Figure 5. Immunohistochemistry results in mice after burn treatment. Expression and positivity rate of Ki67 in
Group A, Group B and Group C. The scale bar is 250 um on 40X picture. The scale bar is 200 yum on 100X picture.
The scale bar is 50 um on 200X picture. The scale bar is 25 ym on 400X picture. * represents P<0.05 and Group
A compared to Group C. *** represents P<0.001 and Group A compared to Group B. Statistical significance was

tested by Student’s t-test.

mal growth factor was significant 8 to 14 days
after burn injury, whereas the inflammatory
response was milder in the BSO and BNS
groups. During the same period, the wound
healing rate of the BSO and BNS groups was
faster than that of the human epidermal growth
factor treatment group. These findings indicate
that Salvia miltiorrhiza, Ligusticum chuanxiong,
and cinnamon are involved in the anti-inflam-
matory repair process, significantly accelerat-
ing wound closure by reducing inflammation
and enhancing angiogenesis. The anti-inflam-
matory, skin repair-promoting, and vascular re-
generation-promoting effects of purslane, star
anise, and licorice work synergistically with ot-
her components in BSO, resulting in superior
effects of BSO on inflammation, healing, and
scar formation.

At 45 and 60 days after burn injury, the scars in
the BSO group were significantly lighter than
those in the BNS and recombinant human epi-
dermal growth factor treatment groups. Con-
sidering the significant correlation between the
inflammatory response and scar formation, the
results indicated BSO had better anti-inflam-
matory effects and reduced scar formation.

In this study, the pathological results of the
BSO treatment group revealed that the inflam-
matory response was the lowest. The scars

8

were the lightest, and the degree of healing
was better. This finding was consistent with the
condition of the lesion in the gross images.
Ki67 is a nuclear protein that is present in the
nucleus of proliferating cells. The rate of Ki67
positivity can reflect the degree of cell prolife-
ration, and the higher Ki67 expression is, the
stronger the cell proliferation activity is [47].
Our experiment confirmed that the Ki67 posi-
tivity rate was highest in the BSO treatment
group, indicating that BSO exerted the best
healing effect, which was consistent with previ-
ous experimental results [48].

There are several limitations in this study. The
sample size of this study was limited, and the
results will need to be fully verified with a larger
sample size. In addition, the study focused
mainly on a mouse model, and further clinical
trials are needed.

In conclusion, experiments related to the use of
skin treatments for third-degree burns revealed
that the traditional Chinese herbal compound
BSO could alleviate the inflammatory response,
promote scar repair, and reduce scarring thr-
ough a variety of mechanisms.
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