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mice through the ERK signaling pathway
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Abstract

Burns are the most severe type of trauma, and the resulting ischemia and hypoxia damage can promote the
dysfunction and even failure of tissues and organs throughout the body, endangering patients’ life safety.
Recombinant human growth hormone (rhGH) has the functions of promoting protein synthesis to reverse
negative nitrogen balance, accelerating wound healing, and improving immune function, which is widely used
in the treatment of burns. However, the exact mechanism and pathway of thGH's action is not yet fully under-
stood. In this study, we observed the wound repair effect of recombinant human growth hormone (rhGH) on
burned mice and further analyzed the mechanism of action, which can provide more comprehensive reference
opinions for clinical practice. First, by establishing a burn mouse model and and intervening with different
doses of thGH, we found that the wound healing capacity of mice was significantly enhanced and the inflam-
matory and oxidative stress responses were obviously alleviated, confirming the excellent promotion of wound
repair and anti-inflammatory and antioxidant effects of thGH. Subsequently, we found that the expression of
p-ERK1/2/ERK1/2, EGF, TGF-f, and VEGF proteins was elevated in the traumatic tissues of mice after rhGH
intervention, suggesting that the pathway of action of hGH might be related to the activation of ERK pathway
to promote the regeneration of traumatic capillaries.
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1. Introduction

Burns are serious type of trauma, and the resulting
ischemia and hypoxia damage can promote immune dys-
function of tissues and organs throughout the body, as well
as the release of inflammatory neurotransmitters, even
leading to functional failure and endangering patients’ life
safety [1]. Burns rank fourth among the most common
traumatic injuries in the human body, with an average of
11 million new burn cases per year [2], of which 180,000
annual global deaths now attributed to burns [3]. Rather
than a unified standard for clinical treatment, burns are
managed differently, depending on the severity of patients.
Severe burns are often accompanied by complications
such as immunosuppression, infection, anemia, and severe
nutritional losses and deficiencies that require interven-
tion[4, 5]. Growth hormone has been generally recognized
by burn surgeons and included in burn treatment guide-
lines.

Recombinant human growth hormone (thGH), a pro-
tein consisting of 191 amino acid residues [6], can be used
as white freeze-dried powder with appropriate excipients
or stabilizers, whose basic biological function is to direct-

ly metabolize substances and indirectly promote growth.
rthGH has the functions of promoting protein synthesis
to reverse negative nitrogen balance, accelerating wound
healing, and improving immune function, which is widely
used in the treatment of burns [7, 8]. Since 2001, rhGH
has gradually been emphasized and popularized in the
treatment of burns in China. However, there is currently
a lack of authoritative reports on the timing, dosage, and
mechanism of rhGH use in burn patients, as well as a lack
of reliable reference opinions in clinical practice, resulting
in some controversy over the use of thGH.

To confirm the healing effect of rhGH on burn wounds,
this study conducts a preliminary analysis of the healing
effect of thGH on burn wounds in mice and the mecha-
nisms of action, which helps confirm the role of thGH in
burn treatment while laying a reliable foundation for the
follow-up research on thGH.

2. Materials and methods
2.1. Animal data

Twenty adult male balb/c mice, specific pathogen-free
with a body weight of 15-20 g, were selected for this study.
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The animals were ordered from Taizhou Jianyouda Bio-
medical Technology Co., Ltd., with the certificate number
SYXK (SU) 2022-0029. They were raised in a specific
pathogen-free environment (22-25°C, 40-50% humidity,
and 12:12-h light: dark cycle) and were allowed to eat and
drink freely. This study was approved by Animal Welfare
and Ethic Committee of Kangtai Medical Testing Services
Hebei Co., Ltd. and strictly adhered to the "3Rs (Repla-
cement, Reduction, and Refinement)" principle of animal
experimentation.

2.2. Grouping and modeling

According to the total body surface area (TBSA) = 9.1
x body mass (W)*?, the back depilation area was determi-
ned. After fasting for 12 hours, the mice were intraperito-
neally injected with ketamine (100 mg/kg) for anesthesia
and treated with sodium sulfide (8%) to remove back hair.
Following washing with warm water and marking the pre-
scalding area, the back depilation area received a 10% total
body surface area (TBSA) and full-thickness burn injury.
Immediately after scalding, dexamethasone (80 mg/kg)
was injected intraperitoneally, and 0.9% sodium chloride
injection (50 mL/kg) was given subcutaneously to prevent
shock. Then, 2% iodine tincture was applied to the wound,
8 h/time. The burned mice were then randomized into the
control group and groups A, B, and C, with 5 mice in each
group. The control mice were injected with 2.00 mL of
normal saline under the local wound, while groups A, B,
and C were injected with 0.2, 0.4, and 0.6 U/mL of thGH
(Changchun GeneScience Pharmaceutical Co., Ltd.) under
the local wound, respectively, once a day, for 14 days.

2.3. Wound healing

Wound photos with scales were taken on the Oth, 3rd,
7th, and 14th days after thGH intervention, and the wound
area was calculated by Image J image analysis software.

2.4. Sample collection

All mice were killed under anesthesia after thGH inter-
vention for 14 days. The full-thickness skin of the wound
was cut off: part of it was added to normal saline to prepare
tissue homogenate; some was fixed in paraformaldehyde
for the detection of pathological changes of wound sur-
face; and another part was stored at -80°C for Western blot
detection.

2.5. Determination of inflammatory and oxidative
stress responses

The supernatant was obtained after centrifugation of
tissue homogenate, to measure the levels of tumor necrosis
factor-o (TNF-a), and interleukin-1p/6 (II-1p/6) with en-
zyme-linked immunosorbent assay (ELISA) kits. All steps
followed the corresponding kit instructions. In addition,
malondialdehyde (MDA), superoxide dismutase (SOD),
and catalase (CAT) were measured using a fully automa-
ted biochemical analyzer (Myriad BS-2800M).

2.6. Hematoxylin-eosin (HE) staining

The back wound tissue was immobilized in 10% for-
maldehyde, dehydrated by gradient alcohol, transparen-
tized with xylene, embedded in paraffin, and sliced. After
dewaxing and routine HE staining, the histopathological
changes of the wound were observed.

2.7. Terminal deoxynucleotidyl transferase (TdT)-me-
diated dUTP nick end-labelling (TUNEL) staining

The immobilized epithelial tissue was sliced routinely
and added with protease K, TUNEL reaction liquid, and
converter-POD successively. And the nucleus was stained
with DAPIL. TUNEL staining was shown by a confocal la-
ser scanning microscope (CLSM). Five visual fields were
randomly selected to calculate the apoptosis rate.

2.8. Western blot

Wound tissue protein extraction and concentration de-
termination were made using a radioimmunoprecipitation
assay (RIPA) lysis buffer and a bicinchoninic acid (BCA)
protein assay reagent kit, respectively. Following sodium
dodecyl sulfate polyacrylamide gel electrophoresis (SDS-
PAGE), the protein samples were semi-dry blotted onto
polyvinylidene fluoride (PVDF) membrane, sealed with
5% skimmed milk powder for 2 hours, and incubated
overnight at 4°C with ERK1/2, p-ERK1/2, EGF, TGF-p,
VEGF, and B-actin (1:1, 000). A second antibody (1:5,
000) was added the next day for 1 hour of room tempera-
ture incubation. After that, the luminous liquid was drip-
ped onto the PVDF membrane for image collection by
chemiluminescence gel imaging system and gray value
analysis by Image J software.

2.9. Statistical analyses

After running the experiments in triplicates, the results
were obtained and presented as ( y+£s). SPSS25.0 was em-
ployed for statistical analyses. Multi-group comparisons
were performed using repeated-measures analysis of va-
riance and Bonferroni test, with the presence of statistical
significance indicated by P<0.05.

3. Results
3.1. Modeling and intervention results

During the study, all four groups of mice survived suc-
cessfully, with no mice death during burn modeling or
rhGH intervention.

3.2. Comparison of wound repair effects

The four groups showed no statistical difference in the
burn area on days 0 and 3 (P>0.05); however, a reduced
burn area in groups A, B, and C versus the control group
was observed at 7 and 14 days after intervention (P<0.05).
The burn area of the four groups began to decrease at
3d compared with 0d and reached the minimum at 14d
(P<0.05, Figure 1).

3.3. Comparison of inflammatory responses

The detection of inflammatory factors revealed lower
levels of TNF-a, IL-1B, and IL-6 in groups A, B, and C
compared with the control group (P<0.05), with those
in group C being the lowest and those in group A being
higher versus group B (P<0.05, Figure 2).

3.4. Comparison of oxidative stress damage

Compared with the control group, the three groups
of mice treated with rhGH showed an increase in SOD
and CAT and a decrease in MDA (P<0.05). Among them,
group C had the highest SOD and CAT, followed by group
B (P<0.05); while group C had the lowest MDA, followed
by group B (P<0.05, Figure 3).
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Fig. 1. Comparison of changes in burn area in mice. * denotes P<0.05
compared with 0d, # denotes P<0.05 compared with 3d, & denotes
P<0.05 compared with 7d, [ denotes P<0.05 compared with the
control group, (I denotes P<0.05 compared with group A, o denotes
P<0.05 compared with group B.
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Fig. 2. Comparison of inflammatory responses. A) Comparison of
TNF-a, B) Comparison of IL-1B, C) Comparison of IL-6. A denotes
P<0.05 compared with the control group, [1 denotes P<0.05 compared
with group A, o denotes P<0.05 compared with group B.

3.5. Pathological changes of wound tissue

On the 14th day, the control mice showed more severe
inflammatory cell infiltration in the wound tissue, with
visible granulation tissue and scarring. In groups A and
B, the level of inflammatory cell infiltration in the wound
tissue decreased significantly, while the level of epithe-
lialization and collagen formation increased significantly.
Group C had no inflammatory cell infiltration and well-
grown epithelial cells, with new collagen fibers arranged
neatly, which was close to normal skin tissue (Figure 4A).
TUNEL staining showed that the apoptosis rate of epithe-
lial cells in the wound tissue of the control group was the
highest among the four groups, while that of group C was
the lowest (P<0.05, Figure 4B).

3.6. Angiogenesis and ERK pathway expression

After testing, it was found that compared with the
control group, EGF, TGF-B, VEGF, and p-ERK1/2/
ERK1/2 protein expression in the epithelial tissue of mice
in group C was significantly increased (P<0.05, Figure 5).

4. Discussion

Burn wound healing is a complex and orderly biologi-
cal process controlled by the body. Wound re-epitheliza-
tion, neovascularization, and continuous granulation tissue
formation are the key steps during burn wound healing. In
addition, local inflammatory reactions can also occur in
the process of wound healing, the significance of which
lies in removing damaging elements (including pathogens
and other foreign bodies) and necrotic tissues to prevent
infection, which is a process that lays the foundation for
wound angiogenesis and repair [9]. In this study, we ex-
plored the effect of thGH on burn wound repair, which has
important clinical reference significance.

First of all, the burn area of all four groups was found
to decrease gradually over time, with a significantly smal-
ler burn area in the three groups of mice treated with hGH
compared with control mice on days 7 and 14, which pre-
liminarily confirms the excellent effect of thGH on pro-
moting burn wound healing, consistent with the previous

S P LA
Fig. 3. Comparison of oxidative stress damage. A) Comparison of
SOD, B) Comparison of CAT, C) Comparison of MDA. A denotes
P<0.05 compared with the control group, O denotes P<0.05 compa-
red with group A, o denotes P<0.05 compared with group B.
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Fig. 4. Pathological changes of wound tissue. A) HE staining of bur-
ned tissue (200%), B) TUNEL staining of burned tissue (200x). A
denotes P<0.05 compared with the control group, (I denotes P<0.05
compared with group A, o denotes P<0.05 compared with group B.
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Fig. 5. Angiogenesis and ERK pathway expression. A denotes P<0.05
compared with the control group, Cldenotes P<0.05 compared with

group A, o denotes P<0.05 compared with group B.
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research results [10, 11]. Among them, there was no dif-
ference in the burn area among the four groups at 0 and
3 days after intervention, which we speculated is related
to the periodicity of wound healing. As is well known,
the traditional wound healing process can be divided into
three phases, namely, the local inflammation phase, cell
proliferation and differentiation and granulation tissue
formation phase, and tissue remodeling phase, which are
interrelated and affect each other over time [12,13]. On
days 0 and 3, the trauma of each group of mice is in a
period of interaction between the first and second phases,
so it was impossible to observe the tendency of thGH to
significantly promote wound shrinkage.

Further observation of inflammation and oxidative
stress showed that the levels of inflammation and oxida-
tive products MDA in groups A, B, and C decreased signi-
ficantly, while antioxidants SOD and CAT increased, indi-
cating that thGH also has excellent anti-inflammatory and
anti-oxidative stress effects. As we all know, skin burns
can lead to tissue and cell damage, which in turn pro-
motes the production of massive inflammatory mediators
that can react on cells and activate inflammatory signal
pathways, leading to the generation of inflammatory me-
diators in greater quantities, forming a vicious circle, and
slowing down the speed and time of wound healing [14].
On the other hand, skin burns can induce tissue edema,
tissue hypoxia, imbalance of normal energy metabolism of
cells, and the generation of a large number of free radicals,
promoting the occurrence of oxidative stress [15]. Exces-
sive oxygen free radicals will damage cells and normal tis-
sues. For example, reactive oxygen species can bind to cell
membrane lipids to produce toxic substances such as MDA
[16]. Inflammation and oxidative stress are complemen-
tary and mutually reinforcing in the pathological changes
of burns. RhGH shows excellent anti-inflammatory and
anti-oxidative effects, which can also better promote the
repair of burn wounds and reduce the risk of complications
such as infection. Similarly, we observed a decrease in in-
flammatory infiltration and epithelial cell apoptosis rate in
groups A, B, and C after staining the wound tissues of each
group of mice, confirming the excellent effect of rhGH in
promoting burn wound repair. Moreover, Cristobal L et al.
also obtained consistent results with ours when exploring
the wound repair effect of rhGH on pressure ulcer mice
[17], which can support the accuracy of this paper.

Furthermore, the wound repair, anti-inflammatory, and
anti-oxidative stress effects increased with the increase
of dosage in the three groups of mice treated with thGH,
which also suggests that large doses of thGH should be se-
lected as far as possible in the future clinical application of
rhGH. However, as the pathway through which rhGH pro-
motes wound healing remains elusive, we further selected
group C, which has the most significant intervention effect
among groups A, B, and C, for in-depth analysis.

Research has shown that ERK is one of the most im-
portant signal transduction pathways in cells, playing an
important role in inflammatory response, oxidative stress,
cytoplasmic function regulation, etc. [18]. Currently, stu-
dies have confirmed that the transduction of ERK signa-
ling pathway is closely linked to both inflammatory res-
ponse and oxidative stress [19]. Meanwhile, Li YH et al.
also showed that botulinum toxin type A decreased the
proliferation of fibroblasts and prevented overdeposi-
tion of ECM through the inhibition of the TGF-1/Smad

and ERK pathways[20]. Therefore, we speculate that the
ERK pathway may be also involved in the promotion of
burn wound repair by thGH. After testing, the p-ERK1/2/
ERK1/2 protein expression in group C was found to be
more significantly increased compared with the control
group, confirming that thGH can activate the expression
of phosphorylated proteins of ERK1/2, activate the ERK
signaling pathway, reduce inflammatory mediator release,
and alleviate inflammation and oxidative stress, thus fa-
cilitating the healing of burn wounds. Meanwhile, EGF,
TGF-B, and VEGF protein levels in the epithelial tissue of
group C were all increased, which fully shows that thGH
can promote capillary angiogenesis during wound healing
and promote the synthesis of collagen. GH counld activate
ERK pathway[21] and phosphorylation of the ERK1/2
pathway can promote angiogenesis and led to accelerated
wound closure, which is consistent with our findings[22].
However, this study only preliminarily explored the acti-
vation of the phosphorylated ERK1/2 level by thGH, but
whether thGH plays a therapeutic role by activation the
ERK signaling pathway needs to be further studied.

5. Conclusion

rhGH could effectively promote the wound repair in
burned mice and showed excellent anti-inflammatory and
anti-oxidative stress injury effects, and its pathway of
action might be related to the activation of ERK signa-
ling pathway transduction to promote the regeneration
of wound capillaries. In the future, rhGH can serve as an
excellent burn treatment scheme to provide patients with a
more reliable prognosis.
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