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Huiyang Shengji Extract improved wound healing by  
regulating macrophage phenotype transition 
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Abstract: Dysfunction of macrophage phenotype transition is a primary reason for wound healing failure caused by 
persistent inflammation. Huiyang Shengji Extract (HSE) is a Traditional Chinese Medicine prescription for treating 
chronic wounds. Little is known about the underlying molecular mechanism of HSE. This study aim to investigate the 
effect of HSE on macrophage phenotype transition in chronic skin wound of mice and macrophages in vitro. Balb/c 
mice were randomly divided into four groups: control (normal wound-NS treated), model (delayed wound-NS treat-
ed), HSE-treated groups, and bFGF-treated groups. The immunosuppressive mice were operated by full-thickness 
excision. Macrophage phenotype markers on the wound were analyzed by immunohistochemistry, real-time PCR, 
and Western blot. The in vitro cytotoxicity and phagocytosis of macrophages was assessed by CCK-8 and neutral 
red assays. Macrophage 1/2 (M1/M2) markers were analyzed using ELISA, flow cytometry, and real-time PCR. The 
results showed delayed wound healing in immunosuppressed mice. HSE promoted macrophage recruitment to the 
wounded tissue, decreased the expression of iNOS and IL-6, and increased the level of CD206, VEGF, and TGF-β 
during granulation tissue formation. In vitro, HSE inhibited the inflammatory activated macrophages secreting M1 
cytokines, promoted secretion of M2 cytokines, increased Arg-1 mRNA, and decreased iNOS mRNA significantly. In 
conclusion, an imbalance of macrophage phenotype contributed to impaired wound healing in immunosuppressed 
mice. HSE promoted impaired wound healing by regulating the macrophage phenotype transition: a potential thera-
peutic mechanism of HSE for the chronic non-healing wound. 
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Introduction 

Chronic non-healing cutaneous wounds, such 
as diabetic foot ulcers, venous leg ulcer, pres-
sure skin ulcer, and nutritional deficiency 
ulcers, affect the life of patients and cause an 
economic burden to the society [1-4]. The path-
ological characteristic of a non-healing wound 
is persistent inflammation [5-7]. Recent studies 
have shown that dysfunction of wound macro-
phage phenotypic transformation is one of the 
primary reasons for healing failure caused by 
persistent inflammation [8, 9]. Pro-inflammatory 
M1 macrophages (classically activated M1 
macrophages) release high concentrations of 
pro-inflammatory cytokines (TNF-α, IL-1β, IL-6, 
and IL-12) and inducible nitric oxide synthase 
(iNOS) in the inflammatory phase. Pro-healing 
M2 macrophages (alternatively activated M2 
macrophages) produce anti-inflammatory cyto-
kine (IL-10), growth factors (TGF-β1, VEGF, and 

PDGF), ECM, and arginase-1 (Arg-1) in granula-
tion tissue formation phase [10]. Wound M1 
macrophages transiting successfully to M2 
macrophages are indicative of inflammatory 
phase transition into granulation tissue forma-
tion phase [11, 12]. The persistence of an unre-
strained M1 macrophage population with an 
incomplete switch to an M2 phenotype has  
been shown as a typical characteristic of non-
healing wounds such as chronic venous leg 
ulcers of humans and mice [13]. M1 macro-
phages with high expression of IL-1β, IL-6, TNF-
α, and iNOS have been shown to persist through 
the late phases of wound healing of diabetic 
db/db mice [14]. Application of ex vivo generat-
ed M2 macrophages did not improve the murine 
healing response when polarized macrophages 
were injected into full-thickness excisional skin 
wounds of either C57BL/6 or diabetic db/db 
mice [15]. Therefore, regulating the macro-
phage phenotype switch of the wound may be a 
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novel therapeutic strategy to promote chronic 
wound healing [14, 16]. Alternative ways to 
modify the wound macrophages’ phenotype 
into a pro-healing profile, by blocking pro-
inflammatory factors such as IL-1β or TNF, have 
proven promising therapeutic approaches [14]. 

Huiyang Shengji Extract (HSE), Chinese herbal 
compound, is composed of Cinnamomi cortex 
(Cinnamomum cassia Presl, cortex), Ginseng 
radix et rhizome (Panax ginseng C.A.Mey., root 
and rhizome), Chuanxiong rhizoma (Ligusticum 
chuanxiong Hort., rhizome), Cervi cornu pantot-

richum (Cervus nippon Temminck or Cervus 
elaphus Linnaeus, young cornu) etc., (Editorial 
Committee of Pharmacopoeia of Ministry of 
Health P. R. China, 2010). It exhibits a satisfac-
tory clinical effect in patients with the non-heal-
ing wound and has been produced and applied 
in Beijing Hospital of TCM for sixty years [17]. 
Our previous results showed that HSE acceler-
ated normal human fibroblasts and ulcer mar-
gin fibroblasts proliferation by promoting more 
cells in the G0/G1 and S phase and up-regula-
tion of nuclear transduction factor c-fos and 
c-myc expression [18, 19]. However, little is 

Figure 1. UPLC/Q-TOF-MSE profile of HSE.
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known about the underlying molecular mecha-
nism of HSE.

In the present study, we aimed to investigate 
how HSE promotes chronic wound healing 
through regulation of wound macrophage  
phenotype transition in the impaired wound  
of hydrocortisone-induced immunosuppressive 
mice and activated macrophages by inflamma-
tion in vitro, providing experimental evidence 
for clinical application.

Materials and methods

Preparation of HSE 

HSE powders were provided by Beijing Hos- 
pital of TCM, affiliated with Capital Medical 
University, (Beijing, China). The powder, com-
posed of Cinnamomi cortex, Ginseng radix et 
rhizome, Chuanxiong rhizoma, Cervi cornu pan-
totrichum etc., was immersed in 95% alcohol, 
followed by flash extraction with herbal blitz-
krieg extractor (JHBE-50T, Henan Jinnai Tech. 
Co., Ltd), and centrifugation at 4000 rpm for 10 
minutes. Then supernatant was decompressed 
and recycled in order to evaporate it to powder. 
The alcohol extract of HSE was used for in vitro 
experiments.

The above powder was solubilized in distilled 
water for 30 minutes, flash extracted for 30, 
10, 10, and 10 seconds, centrifuged at 4000 
rpm for 10 minutes, and the supernatant was 
boiled and condensed. The precipitate was sol-
ubilized in distilled water, flash extracted for 
15, 15, 10, 10, and 10 seconds, and centri-
fuged. The supernatant is heated to boiling, 
condensed and dried in reduced pressure vac-
uum drying oven. These powders were alcohol 
extract-water extracting of HSE for animal 
experiments. HSE was solubilized in PBS, fil-
tered, and stored at 4°C.

The chemical profile of HSE was established by 
ultra performance liquid chromatography cou-
pled with quadrupole time-of-flight mass spec-
trometry (UPLC/Q-TOF-MSE) analysis (Figure 1). 
The ESI source was operated in the positive  
or negative ionization mode. The mass-scan 
range was 50-1500. 

Animals and grouping 

Male Balb/c mice weighing 18-20 g (6 weeks of 
age) were commercially obtained from Beijing 

HFK Bioscience Co. Ltd., China. The animals 
received humane care and were fed with stan-
dard mouse chow diet ad libitum. The animal 
experiments were approved by the Laboratory 
Animal Welfare Ethics Committee of Beijing 
Institute of TCM. The mice were allowed free 
access to a pellet diet and water and were 
housed in individual cages after wound opera-
tion. All methods were performed in accor-
dance with the relevant guidelines and 
regulations.

Sixty animals were randomly divided into each 
of the following six groups with ten mice per 
group: control (normal wound-NS treated), 
model (delayed wound-NS treated), basic fibro-
blast growth factor (bFGF) groups (delayed 
wound-bFGF treated), and HSE groups with 
high/medium/low dose (delayed wound-HSE 
high/medium/low dose treatment). These 
groups were observed for wound healing time 
and healing rate with Image-Pro Plus6.0 soft-
ware on day 0, 7, and 14 after wounding. The 
animals with delayed wound were treated by 
intramuscular injection of hydrocortisone (0.5 
mg/d, Tianjin Jinyao Amino Acid Co. Ltd., China) 
for 7 days [20, 21], and the control group 
received normal saline (NS). The mice were 
then anesthetized by intraperitoneal injection 
of pentobarbital sodium (60 mg/kg). The dorsal 
surface of the experimental mice was shaved 
and sterilized, and a 7 mm diameter full-thick-
ness wound was operated with a biopsy punch. 
Subsequently, the delayed wound group was 
treated by intramuscular injection of hydrocorti-
sone (0.25 mg/d) every other day, and the con-
trol group received NS. The HSE groups were 
externally treated with HSE (50 µL) with a high 
dose (0.036 g/cm2), medium dose (0.018 g/
cm2-equivalent to the clinical dose), and low 
dose (0.009 g/cm2) on an absorbable gelatin 
sponge (1 cm2, Xiang’en Medical Technology 
Development Co. Ltd., China). The model and 
control groups were both treated with N.S (50 
µL). The bFGF group was treated with bFGF (50 
µL, 90 AU/cm2, PeproTech, USA) on the same 
sponge. Transparent semipermeable dressings 
(Shandong dermcosy medical co., Ltd, China) 
were applied over the gelatin sponge. The exter-
nal medicine and dressing were changed every 
other day until 14 days (Figure 2). Next, one 
hundred and twenty mice were randomly divid-
ed into the following four groups with thirty ani-
mals per group: control, model, HSE-L (0.009 
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g/cm2), and bFGF (90 AU/cm2) groups. Es- 
tablishment of the animal model and medicine 
application as described above. The wounds 
were photographed by a digital camera on day 
0, 2, 4, 6, 8, and 10. The wound healing rate = 
(original area-sampling wound area)/original 
area × 100%. At day 3, 7, and 14 post-wound-
ing, the mice were sacrificed, and 0.5 mm skin 
tissue around the wound was harvested. The 
sliced samples were fixed in 10% formalin for 
HE, Masson staining, and immunohistochemis-
try. The remaining sections were prepared for 
real-time PCR (RT-PCR) and Western blot.

Cell culture

Human acute monocytic leukemia cell line 
(THP-1) was purchased from the Institute of 
Basic Medical Cell Resource Center (Chinese 
Academy of Medical Sciences) and maintained 
at 2 × 105 cells/mL in RPMI 1640 medium sup-
plemented with 10% FCS and 2 mmol/L 
L-glutamine.THP-1 cells (2 × 105/mL) became 
macrophages after stimulated with phorbol 
12-myristate 13-acetate (PMA, 100 ng/mL, 
Sigma-Aldrich) for 24 hours. The macrophages 
were then incubated in fresh RPMI 1640 (10% 
FCS, 1% L-glutamine). The activity of the macro-
phages was tested with Cell Counting kit-8 

(Dojindo Molecular Technologies Inc., Japan), 
and the phagocytic function was evaluated with 
neutral red dye assay. 

The macrophages were activated by stimula-
tion for 48 hours with LPS (100 ng/mL, Sigma) 
plus INF-γ (40 ng/mL, BioLegend) for an inflam-
matory state [22]. Consequently, the macro-
phages were divided into the following six 
groups: normal, activated macrophages, lovas-
tatin and HSE-high/middle/low dose group. 
Normal (PMA) and activated macrophage 
groups (PMA+LPS+INF-γ) were treated with 
RPMI 1640 medium, activated macrophages of 
HSE group were treated with HSE-high/middle/
low dose (0.0016/0.00032/0.000064 g/L), 
and activated macrophages of lovastatin gro- 
up were treated with lovastatin (10 µmol/L, 
National Institutes for Food and Drug Control, 
China). The supernatants of the macrophages 
treated with HSE/lovastatin/RPMI 1640 for 24 
hours were collected to test human TNF-α, 
IL-1β, IL-6, IL-10, IL-12, and VEGF with Cytometric 
Beads Array (Becton Dickinson and Co., USA), 
and TGF-β with ELISA kit (eBioscience).

Cell counting kit-8 assay

A total of 100 μL of macrophage suspension 
(5000 cells/well) was dispensed in a 96-well 

Figure 2. Schematic of immunosuppressive mice with skin ulcer. The animals of the model group were treated by 
intramuscular injection of hydrocortisone for 7 days (0.5 mg/d), and the control group received normal saline. A 
7 mm diameter full-thickness wound was operated on the backs of mice with a biopsy punch. Subsequently, the 
delayed wound group was treated by half dose of hydrocortisone every other day, and the control group received NS. 
The delayed wound of mice was externally treated with HSE (high/medium/low dose), bFGF and NS separately on 
an absorbable gelatin sponge, which were covered by transparent semipermeable dressings. “▲”: intramuscular 
injection of hydrocortisone, “↓”: externally treatment with HSE/bFGF/NS, “★”: sampling.
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plate. Then, 10 µL of various concentrations of 
HSE and cultured in a humid chamber (37°C, 
5% CO2) for 24 hours, followed by 10 µL of the 
CCK-8 solution, incubated in a humid incubator 
for 4 hours. The absorbance was measured at 
450 nm using a microplate reader.

Neutral red dye assay

After treatment with HSE for 24 hours, the 
supernatant of macrophages was discarded, 
the neutral red dye was added, the cells were 
incubated in a humid incubator (37°C, 5% CO2) 
for 4 hours, washed with PBS twice, and then in 
pyrolysis liquid overnight. Microplate reader 
was used for detection.

Cytometric beads array

Activated macrophages were treated with HSE/
lovastatin/RPMI 1640 for 12 and 24 hours, the 
supernatant of macrophages was collected for 
the assay. Vortex the mixture of capture beads 
and add 50 μL to all the assay tubes. Then, 50 
μL of the standard dilutions of TNF-α, IL-1β, 
IL-6, IL-10, IL-12, and VEGF cytokine was added 
to the control tube. A total of 50 μL of each 
unknown sample was added to the appropri-
ately labeled sample tubes. Subsequently, 50 

μL of TNF-α, IL-1β, IL-6, IL-10, IL-12, VEGF PE 
detection reagent was added to all the assay 
tubes followed by incubation in the dark for 3 
hours at room temperature. Then, 1 mL of wash 
buffer was added to each tube and centrifuged 
at 200 g for 5 minutes, the supernatant dis-
carded, and 300 μL of wash buffer added for 
resuspending the bead pellet. The sample data 
was acquired on the flow cytometer and ana-
lyzed using FCAP Array software.

ELISA

The plate was coated with 100 µL/well of cap-
ture antibody, sealed, and incubated overnight 
at 4°C. The wells were aspirated and washed 
three times with wash buffer followed by lock-
ing with 200 μL/well of diluent and incubation 
at room temperature for 1 hours. Then, 100 
μL/well of your samples is added to the appro-
priate wells, sealed, and incubated at room 
temperature for 2 hours. The process was then 
repeated for 3-5 washes. Subsequently, 100 
μL/well of detection antibody was added, the 
plate was sealed, and incubated at room tem-
perature for 1 hour, followed by repeating for 
3-5 washes. Finally, 100 μL/well of diluted 
Avidin-HRP was added, the plate sealed, and 
incubated at room temperature for 30 minutes. 
The process was repeated for 5-7 washes fol-
lowed by addition of 100 μL/well of TMB. The 
plate was incubated at room temperature for 
15 min, and then 50 µL of stop solution was 
added and then the plate was estimated at 
450 nm. 

Histopathological analysis

For histological preparations, the skin was fixed 
in 10% neutral buffered formalin and then 
embedded in paraffin. Skin tissues were sec-
tioned in 5 μm thickness slices for histopatho-
logical examination by hematoxy/eosin (HE), for 
collagen formation by Masson’s Trichrome 
staining (Nanjing Jiancheng Bioengineering 
Institute, China) and for collagen type I/III by 
Sirius red staining (Beijing Zhngshan Jinqiao, 
China). The stained sections were observed 
with a microscope (zeiss, Germany). 

Immunohistochemistry

Paraffin-embedded tissues were dewaxed and 
rehydrated. After brief PBS wash, the slides 
were blocked with 10% normal donkey serum 

Table 1. Primer sequences for targeted cDNAs
Primer (5’-3’) sequence (F: forward; R: reverse) bp
TNF-α F: CTCTGTGAAGGGAATGGGTG 94

R: GGGCTCTGAGGAGTAGACGATAAAG
IL-6 F: TCCTACCCCAATTTCCAATGCTCT 189

R: ACCACAGTGAGGAATGTCCACAA
IL-12A F: TCAACGCAGCACTTCAGAATCACAA 185

R: GAAGGCGTGAAGCAGGATGCAGAGC
IL-10 F: CTGGACAACATACTGCTAACCGACTC 86

R: AACTGGATCATTTCCGATAAGGC
TGF-β F: GCCCTGGATACCAACTATTGCTTCA 131

R: CAGAAGTTGGCATGGT
VEGF F: TGTGCAGGCTGCTGTAACGATGA 212

R: GTGCTGGCTTTGGTGAGGTTTGAT
ACTIN F: GCCTTCCTTCTTGGGTAT 97

R: GGCATAGAGGTCTTTACGG
iNOS F: TCATCCGCTATGCTGGCTAC 161

R: CTCAGGGTCACGGCCATTG
Arg-1 F: GCCAAGGTTATTGCAACTGCTGTG 119

R: GAAATCTACAAAACAGGGCTACTCTCA 
ACTIN F: ACTTAGTTGCGTTACACCCTT 156

R: GTCACCTTCACCGTTCCA
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for 30 minutes and then incubated with prima-
ry antibody against CD68 (1:200, Abcam, UK), 
iNOS (1:500, Abcam), and CD206 (1:500, 
Abcam). After an overnight incubation at 4°C, 
the slides were washed and incubated with 
TRITC-Affinipure donkey anti-mouse/rabbit IgG 
or 488-Affinipure donkey anti-rat IgG (Alexa 
Fluor; 1:500, Jackson ImmunoResearch) for 1 
hour, then sealed with mounting medium with 
DAPI. The images were captured by a micro-
scope using Axio Imager (Zeiss).

Real time-RT-PCR

Total RNA was isolated with ultrapure RNA kit 
(CWBio. Co. Ltd., China). cDNA synthesis was 

performed using HiFi-MMLV cDNA kit and 
UltraSYBR Mixture (with ROX) (CWBio). Primer 
sequences for targeted cDNA were listed in 
Table 1. PCR amplification parameters were: 
95°C for 10 minutes, (95°C for 15 s, 60°C for 
60 s) × 45 cycles, with ABI 7300 Real Time 
PCR. The relative quantitative analysis was car-
ried out using 2-ΔΔCt.

Western blot

The tissues were lysed in RIPA lysis buffer 
(Sainuobo, China). Protein concentrations of 
the lysates were determined using the Bici- 
nchoninic Acid Kit for Protein Determination 
(Sainuobo). A total of 20 µg lysates were sub-

Figure 3. Effect of HSE administration on chronic wound healing of immunosuppressive mice induced by systemic 
hydrocortisone. A. HSE with various doses reduced the wound healing time. B. Wound healing rate of HSE-L groups 
was higher than that of the model group on days 7 and 14 (P<0.05). C. The wound’s dynamic changes were ob-
served by digital planimetry. *P<0.05, **P<0.01 vs. model group.
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jected to a 10% SDS-PAGE analysis (Sainuobo) 
and transferred to nitrocellulose membrane 
(Millipore, Germany). The membranes were 
then blocked and incubated with primary anti-
bodies against VEGF (1:4000, Abcam), TGF-β 
(1:1000, Abcam), TNF-α (1:500, Abcam), and 
IL-6 (1:500, Abcam), overnight incubation at 
4°C. GAPDH (1:20000, Tiandeyue, China) 
served as a loading control. Incubation of all 
primary antibodies was followed by incubation 
with an appropriate goat anti-rabbit IgG (H+L) 
HRP secondary antibody (1:20000). The immu-
noreactive bands were visualized by enhanced 

chemiluminescence staining. The assay was 
carried out in at least three independent 
experiments. 

Statistical analysis

In vitro experiments were repeated at least 
three times. The data of healing time was 
expressed as median (25-75%), and the other 
results were presented as the mean ± standard 
deviation (SD). The data analysis was per-
formed using one-way ANOVA followed by the 
least significant difference (LSD) test. The dif-

Figure 4. Morphological changes of the chronic wound in immunosuppressive mice after treated by HSE-L or bFGF 
(n=10). A. HE staining was conducted on days 3, 7, and 14 post-wounding. B. Masson staining showed newborn 
collagen tissue (blue) of the model group was less than the control group on day 7. Compared with the model group, 
the newborn collagen tissue of HSE-L and bFGF groups was excessive. C. Sirius red staining on day 7 was used to 
differentiate collagen type-I (green) and type-III (red or yellow). Sparse collagen of the model group was mainly col-
lagen type-I and irregular arrangement, with little collagen type-III. Compared to the model group, excessive collagen 
type-III was seen with sparsely reticular arrangement for control/HSE-L and bFGF groups.



Huiyang Shengji Extract regulated macrophage phenotype transition

11697	 Int J Clin Exp Med 2018;11(11):11690-11705



Huiyang Shengji Extract regulated macrophage phenotype transition

11698	 Int J Clin Exp Med 2018;11(11):11690-11705

Figure 5. Macrophage number and a subpopulation of the chronic wound in immunosuppressive mice, after treat-
ment with HSE-L, were analyzed by immunofluorescence method. The data are expressed as the mean ± standard 
deviation (SD) of five mice per group. A. CD68-positive cells in the granulation tissue of HSE-treated mice were 
higher than the model group at day 3 after wounding (P<0.05). B. In the granulation tissue of HSE-treated mice, 
iNOS-positive cells were decreased compared with the tissue from the model group at day 3 (P<0.01). C. CD206- 
positive cells were increased in the granulation tissue of HSE-L and bFGF groups in comparison with the model 
group at day 7 (P<0.05). #P<0.05, ##P<0.01 vs. model group.

ferences were considered statistically signifi-
cant when P<0.05. The data were analyzed 
using SPSS20.0.

Results 

The role of HSE on delayed wound healing time 
and rate was elucidated through immunosup-
pressive mice. The wound healing time of con-
trol mice was 14 (12-14) days, of which the 
model group was prolonged up to 18 (16-19) 
days (Figure 3A). The wound healing time of the 
HSE groups with a low dose (HSE-L) was 12 (12-
19) days, medium dose (HSE-M) 14 (12-18) 
days, and high dose (HSE-H) 16 (12-18) days, 
whereas, the bFGF group healed in 15 (14-16) 
days. The wound healing rate of the model 
group was lower than that of the control group 
on day 7 and 14 (P<0.01, P<0.05). The wound 
healing rate of the HSE-L groups was higher 
than that of the model group on day 7 and 14 
(P<0.05). Compared with the model group, the 
healing rate of HSE-H group showed no differ-
ence, of which bFGF and HSE-M groups were 
higher on day 14 (P<0.05, Figure 3B). These 
results revealed that HSE-L had an adequate 
effect on delayed wound of immunosuppres-
sive mice, which was selected as the following 
experimental concentration of HSE. The wound 
dynamic changes were observed by digital pla-
nimetry (Figure 3C). 

To elucidate the histological characteristics of 
delayed wound after treatment by HSE-L, HE 
staining was conducted on day 3, 7, and 14 
post-wounding (Figure 4A). On day 3 post-
wounding, the epithelial cells of the control 
group became thick and crawled from the edge 
of the wound to the bed of the wound, and more 
inflammatory cells were infiltrated. Compared 
with the control group, distinct inflammatory 
reaction and an apparent gap were seen on the 
bed of wound for the model group. Compared 
with the model group, more cells (many inflam-
matory cells and little repairing cells) were gen-
erated on the bed of wound of HSE-L and bFGF 
groups. On day 7 post wounding, newborn, 

thickened, and intact epidermis was seen, with 
few infiltrating inflammatory cells on the wound 
of the control group. Distinct crusta, newly gen-
erated epidermis, and a large number of infil-
trating inflammatory cells were seen on the 
wound of the model group. In the case of the 
HSE-L group, epidermis on the edge of wound 
thickened and extended to the center of the 
wound and new born granulation tissue growth 
was seen with few infiltrating inflammatory 
cells. The bFGF group also showed newborn 
and thickened epidermis on the edge of the 
wound, with granulation tissue growth. On day 
14 post wounding, newborn compact granula-
tion tissue of the control group was observed 
with excess collagenous fiber, whereas, the lit-
tle collagenous fiber was seen in newborn gran-
ulation tissue of the model group. A large 
amount of the newborn fibroblast cells and 
blood capillaries were observed in the bed of 
wound for HSE-L group, whereas, newborn 
compact granulation tissue was seen for the 
bFGF group. Masson and Sirius red staining 
were conducted on day 7 post wounding. 
Masson staining showed newborn collagen tis-
sue (blue) in the model group that was less 
than that of the control group. Compared with 
the model group, the newborn collagen tissue 
of the HSE-L and bFGF groups was higher 
(Figure 4B). Sirius red staining was used to dif-
ferentiate collagen type-I (green) and type-III 
(red or yellow). The results showed sparse col-
lagen in the model group that was mainly col-
lagen type-I and irregular arrangement, with 
little collagen type-III. Compared to the model 
group, excess collagen type-III was observed 
with a sparse reticular arrangement for con-
trol/HSE-L and bFGF groups (Figure 4C).

To assess the number of macrophages on the 
wound, immunofluorescence analysis with an 
antibody to CD68 (the macrophage marker) 
was performed (Figure 5A). CD68-positive cells 
in the granulation tissue of HSE-L group were 
higher than in the model group at day 3 post-
wounding. To assess the infiltrating macro-
phages subpopulation on the wound, iNOS (a 
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Figure 6. Effect of HSE-L on mRNA and protein expression of M1/M2 cytokines on the wound of immunosuppressive 
mice by quantitative real-time PCR and Western blot. A. HSE-L increased the level of VEGF/TGF-β and IL-10 mRNA 
(M2 makers) and decreased the level of IL-6 mRNA (M1 markers) on day 3 post wounding (P<0.01). B. HSE-L de-
creased the IL-6/IL-12A and TNF-α mRNA (M1 cytokines) on day 7 post wounding (P<0.05) #P<0.05, ##P<0.01 vs. 
model group. C. Compared with the model group, HSE-L increased VEGF and TGF-β protein expression, decreased 
the protein expression of TNF-α and IL-6 (M1 cytokines) on day 7 post wounding. (P<0.05) #P<0.05, ##P<0.01 vs. 
model group.

marker of M1 macrophages) and CD206 (a 
marker of M2 macrophages) were examined. In 
the granulation tissue from HSE-L group, iNOS-
positive cells were decreased at day 3 (Figure 
5B), CD206-positive cells were increased at 
day 7 (Figure 5C) as compared with the wound 
of model group. BFGF groups also showed a 
similar result. The mRNA level and protein 
expression of M1/M2 type cytokines was 
detected on the wound of immunosuppressive 
mice. The result showed that HSE-L increased 
the level of VEGF/TGF-β and IL-10 mRNA and 
decreased the level of IL-6 mRNA (M1 markers) 
on day 3 post wounding (P<0.01, Figure 6A). 
HSE-L decreased IL-6/IL-12A and TNF-α mRNA 
on day 7 post wounding (P<0.05, Figure 6B). 
Compared with the model group, HSE-L 
increased the VEGF and TGF-β protein expres-
sion and decreased expression of TNF-α and 
IL-6 proteins on day 7 post wounding (P<0.05, 
Figure 6C) was observed. 

In vitro, Thp-1 cells developed into macro-
phages after treatment with PMA for 24 h. 
These cells were non-polarized macrophages. 
The effect of HSE on the activity of macro-
phages was tested by CCK-8 assay after cul-
ture with macrophages for 24 h. The result  
did not show any HSE effect of the activity of 
macrophages when the concentration was 
below 0.0016 g/L (Figure 7A). The capability  
of macrophages phagocytosis also was  
detected by the neutral red method. HSE 
improved the macrophages phagocytosis from 
0.000064 g/L to 0.008 g/L (P<0.05). The cho-
sen experimental concentration of HSE on 
macrophages was non-toxic, non-proliferative, 
and promoted the capability of macrophages 
phagocytosis. Thus, HSE-high/medium/low 
dose (0.0016/0.00032/0.000064 g/L) was 
selected for the downstream in vitro experi-
ments for macrophages.

After being stimulated by LPS and IFN-γ for 48 
hours, the macrophages secreted a high level 
of TNF-α, IL-6, and IL-1 (P<0.01), and a low level 
of IL-10, VEGF, and TGF-β (P<0.01, Figure 7B). 

Thus, it indicated that macrophages became 
inflammatory activated macrophages. The 
results further showed that HSE inhibited the 
activated macrophages secreting TNF-α, IL-6, 
IL-1 (P<0.05), and promoted those secreting 
VEGF, TGF-β, and IL-10 at 24 hours (P<0.01). 
Although IL-12 was also reduced but did not 
reach statistical significance, as well as, no dif-
ference between the activated macrophages 
and HSE groups for 12 hours (P>0.05). We also 
detected mRNA expression of Arg-1 (M2 mark-
ers) and iNOS (M1 markers) of activated ma- 
crophages treated by HSE for 24 hours (Figure 
7C). Compared with normal macrophages, 
Arg-1 mRNA level in activated macrophages 
was decreased significantly, and increased sig-
nificantly following treatment with HSE, while 
iNOS mRNA level was increased significantly in 
activated macrophages and decreased signifi-
cantly following treatment with HSE (P<0.01). 
As a positive control, lovastatin also showed 
similar effects on activated macrophages, but 
mainly decreased iNOS mRNA, TNF-α, IL-6, IL-1, 
and IL-12 protein level, increased Arg-1 mRNA 
and IL-10 protein, and had no effect on VEGF 
and TGF-β proteins.

Discussion

Dysfunction of macrophage phenotypic trans-
formation is known to be associated with dia-
betic wound, but little is known whether macro-
phage phenotype is related to delayed wound 
of immunosuppressive mice. The major conclu-
sions of this study are that: i) an imbalance of 
macrophage phenotype contributed to impaired 
wound healing in immunosuppressive mice; ii) 
HSE promoted impaired wound healing by regu-
lating the macrophage phenotype transition.

Because of the clinical complexity of chronic 
wounds, most animal models of chronic wound-
ing failed to recapitulate the clinical features of 
chronic wounds, resulted from ischemia, diabe-
tes, pressure, and reperfusion damage [4]. 
Since none of these models are optimal, we 
used animal models, which could be improved 
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to aid better our search for pathological mecha-
nisms and therapeutic targets to promote heal-
ing. In the present study, the excision wound 
model was immune-suppressive mice, which 
were treated by hydrocortisone (HC). Previous 
reports have shown stimulation with HC one 
week prior to wounding developed prolonged 
immune suppression, which significantly im- 
paired the wound healing [20, 21]. Our results 
show that the wound healing process of the 
model group was prolonged compared with the 
control group. M1 cells (iNOS-positive) of the 
wound of the model mice were increased and 
the M2 cells (CD206-positive) decreased as 
compared to the control group. The results also 
showed an elevated mRNA and protein level of 
IL-6 and TNF-α and lower mRNA and protein 
level of VEGF/TGF-β on the wound of the model 
mice. These suggest that an imbalance of mac-
rophages phenotypes contribute to impaired 
wound healing in immunosuppressive mice. 

An increasing number of studies revealed ther-
apies that could promote chronic wound heal-
ing with a target to modulate macrophages 
phenotype, e.g Substance P, 21R-Dihydroxy-
Docosahexaenoic acid, and TGF-β1 [23-25]. In 
the present study, our results demonstrate that 
HSE-L accelerated the delayed wound healing 
of immunosuppressive mice through shorten-
ing the healing time and elevating the healing 
rate, especially the effect appeared earlier than 
by bFGF. Histological observations showed that 
HSE relieved the inflammatory reaction and 
promoted the epithelial and granulation tissue 
growth, as well as, the collagen deposition of 
the delayed wound. Recruitment of macro-
phages to the granulation tissue plays a funda-
mental role in the wound healing [26]. The cur-
rent study revealed the delayed wound healing 
in immune-suppressive mice correlated with 
attenuated recruitment of macrophages to the 

granulation tissue. HSE and bFGF elevated the 
number of macrophages (CD68+ cells) on the 
wound, which indicated that HSE promoted the 
recruitment of macrophages to the wound tis-
sue. The macrophages recruited into the wound 
tissue express properties of M1 polarization 
during the early stages of wound repair, and 
express properties of M2 polarization during 
the later stages of wound repair [27]. Our 
results further revealed that HSE decreased 
the expression of iNOS and IL-6 (M1 markers) 
on the wound tissue of immunosuppressive 
mice during the early stages, and increased the 
level of CD206, VEGF, and TGF-β (M2 markers) 
in the wound tissue of immunosuppressive 
mice during granulation tissue formation stag-
es (Figures 5, 6). These suggested that HSE 
strengthens the M2 marker expression and 
weakens the M1 marker expression. Therefore, 
HSE could promote macrophages polarization 
from pro-inflammatory M1 to pro-healing M2 
macrophages on the wound of immunosup-
pressive mice. The role of bFGF in promoting 
wound healing has been recognized: accelerat-
ing healthy granulation and epithelialization, 
stimulating the extracellular matrix metabo-
lism, growth, and movement of mesodermally 
derived cells and facilitating VEGF and FGF pro-
duction [28-32]. In this study, bFGF showed the 
similar effects on delayed wound healing with 
HSE. However, the onset time was later than 
HSE. For example, VEGF mRNA level was up-
regulated at day 3 for the HSE group, but not for 
the bFGF group. The wound healing rate of the 
HSE group was elevated at day 7, but not for the 
bFGF group. 

To verify further whether HSE regulated the 
macrophages phenotype transition, we ana-
lyzed the level of M1/M2 markers of inflamma-
tory activated macrophages in vitro treated by 
HSE. The results showed that HSE inhibited the 

Figure 7. Effect of HSE on activated macrophages’ phenotype transition from M1 to M2 in vitro. A. Effect of HSE 
on cytotoxicity and phagocytosis capability of macrophages with CCK-8 assay and neutral red method. HSE had no 
effect on the activity of macrophages at a concentration <0.0016 g/L. HSE improved the macrophage phagocytosis 
with concentration from 0.000064 g/L to 0.008 g/L (P<0.05). ##P<0.01 vs. normal group. B. Effect of HSE on the 
inflammatory cytokines and growth factors secretion of activated macrophages with ELISA and Cytometric Beads 
Array HSE could decrease the level of TNF-α, IL-6, IL-12, IL-1 (M1 cytokines) and increase the level of IL-10, VEGF, 
and TGF-β (M2 cytokines) in the activated macrophages. Data represent the mean ± standard deviation (SD) from 
two replicated experiments. #P<0.05, ##P<0.01 vs. activated macrophages group. C. Effect of HSE on the mRNA 
expression of Arg-1 (M2 markers) and iNOS (M1 markers) of activated macrophages for 24 h by RT-PCR. Compared 
with the normal macrophages, Arg-1 mRNA level in activated macrophages decreased significantly, and increased 
significantly following treatment with HSE and lovastatin. iNOS mRNA level increased significantly in activated mac-
rophages and decreased significantly following treatment with HSE and lovastatin. #P<0.05 ##P<0.01 vs. activated 
macrophages group. 
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inflammatory activated macrophages secreting 
M1 cytokines and promoted those secreting 
M2 cytokines, and also increased the level of 
Arg-1 mRNA, as well as, decreased iNOS mRNA 
level significantly. Lovastatin was used as posi-
tive control because it can modulate the mac-
rophage function, which elicited the genetic 
program inhibiting M2 macrophage polariza-
tion, inducing apoptosis in macrophages th- 
rough the Rac1/Cdc42/JNK pathway, thereby 
increasing the expression of CD14 in macro-
phages after inhibition of the cholesterol bio-
synthetic pathway [33-35]. Lovastatin also 
showed a similar effect on activated macro-
phages but exhibited no effect on VEGF and 
TGF-β protein. HSE was better than lovastatin 
on the effect of macrophages polarization. Our 
findings revealed that HSE promoted the inflam-
matory activated macrophages polarizing to 
M2 macrophages from M1-polarized macro-
phages. These data support that HSE further 
promotes M1 macrophages transition to M2 
macrophages.

HSE is an external herbal medicine for the non-
healing wound in China; the active ingredients 
were of concern. Our research shows 21 chro-
matogram peaks that were identified by the 
UPLC/Q-TOF-MSE analysis (Figure 1). These 
peaks included: eleven types of components 
from chuanxiong rhizoma (chuanxiongol, ferulic 
acid, levistolide A, Z-ligustilide, Tokinolide B, 
E-ligustilide, Riligustilide, ysolecithin, enkyuno-
lideP, n-Butylphthalide, SenkyunolideP), eight 
types of ginsenosides (Rd, Rf, Re, Rg1, Rg2, 
Rg3, Rb1, and Rh1-components of ginseng 
radix et rhizoma), cinnamic aldehyde (compo-
nents of cinnamomi cortex), and lysophosphati-
dylcholine (component of cervi cornu pantotri-
chum). Rg1 improves lipopolysaccharide-
induced acute lung injury by inhibiting inflam-
matory responses and modulating infiltration  
of M2 macrophages [36]. Rh1 potentiates 
dexamethasone’s anti-inflammatory effects of 
chronic inflammatory disease [37]. Re inhibits 
TNF-α production [38]. The anti-inflammatory, 
related anti-oxidative, and MMP-9 inhibitory 
activities of 20(S)-Rg3, the major stereoisomer-
ic form of Rg3, are confirmed in macrophages 
[39]. Cinnamic aldehyde decreased the NO, 
TNF-α, and PGE2 levels in the serum and 
decreased iNOS, COX-2, and NF-κB expressions 
in the Carr-induced paw edema [40, 41]. 
However, little is reported about the effect on 

macrophage polarization of chuanxiong rhi-
zoma’s components, lysophosphatidylcholine, 
and cinnamic aldehyde.

Although the wound macrophages have been 
classified as either M1 or M2 macrophages, 
this simple dichotomous nomenclature does 
not adequately reflect the complex biology of 
macrophage subsets [25, 42]. The M2 macro-
phages are now further categorized into vari-
ous subtypes that promote wound healing, 
immune-regulation, or resolution of inflamma-
tion [43]. However, the mechanisms of HSE on 
regulating the M1-to-M2 phenotypic switch dur-
ing delayed wound healing remain to be eluci-
dated. Our future work will also include screen-
ing out the core components of HSE. 

Conclusions

HC-induced immunosuppressive mice exhibit-
ed dysregulated macrophage phenotype transi-
tion function in the wound, which in turn result-
ed in impaired wound healing. HSE promoted 
the impaired wound healing of immunosup-
pressive mice through regulating macrophage 
phenotype transition from pro-inflammatory 
M1 phenotype to pro-healing M2 phenotype, 
aiming to make it change from inflammatory 
phase to proliferative stage. The macrophages 
in vitro also confirmed this conclusion. This is 
an underlying mechanism of HSE for the thera-
py of chronic non-healing wound. 
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