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Abstract

Background
In diabetes, delayed wound healing is one of the most prominent clinical manifestations and lacks
satisfactory therapeutic schemes. Persistent inflammation impairs the healing process which occurs in
the late phase of wound healing in diabetes mellitus (DM) mice. It has been report that dendrobium
officinale (DE) could decrease inflammation and the NF-κB signaling pathway plays a critical role in
regulated inflammation. The aim of the present study is to detect whether DE attenuated inflammation by
NF-κB to accelerate wound healing in diabetes.

Methods
Mice were induced to diabetes by streptozocin (STZ) for 15 days. Two circular 8-mm full-thickness
wounds were created on the back and then received DE treatment for 18 days. The percentage of wound
healing, re-epithelialization and collagen deposition were calculation to evaluation the effect of DE on
wound healing. The expression levels of interleukin (IL)- 1β and TNF-α in the wound site were determined
by WB. Macrophage deposition and the type of macrophage were detected by WB and
immunohistochemical staining. In addition, the expression of p65 was detected by WB.

Results
Herein, we observed that the late wound healing could be improved by dendrobium officinale orchid
extract (DE) in streptozotocin (STZ)-induced DM mice. The accumulation of collagen was increased by
DE treatment in the skin. We also found that the expression of pro-inflammation cytokines IL-1β, and
TNF-α were inhibited by DE treatment in the skin wounds of DM mice. Furthermore, the macrophages
accumulation which increased in diabetes wound site, were inhibited by DE treatment in the DM mice
wound skin. And the CD163 which is a marker of type 2 macrophage was increased by DE treatment.
Moreover, we confirmed that DE could decrease the expression of iNos which is a marker of type 1
macrophage by IHC in the skin wounds. And the levels of p65 and p65 phosphorylation were decreased
by DE.

Conclusions
Wound healing can be improved by DE through NF-κB signaling pathway to attenuated inflammation in
STZ-induced diabetic mice.

Background
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According to the WHO, diabetes affects 422 million people worldwide and the increase in prevalence is
occurring at a faster rate in low - and middley - income countries1, 2. Delay wound healing is one of the
primary secondary complications of diabetes and presently lacks satisfactory treatment options2.
Diabetic patients exhibit delayed healing of acute wounds, which often develop into chronic ulcers in their
feet and lower limbs1. Non-healing diabetic wounds represent a significant contributor to costs and poor
quality of life. Non-healing wounds also leading cause of lower extremity amputation which leads to
drastic increases in morbidity and mortality as the 5-year mortality rate post amputation is over 50%3.
The management of diabetic wounds is focused primarily on debridement, offloading, antibiotic therapy,
and in some cases, surgical revascularization including angioplasty and bypass4. And some new
potential therapeutic intervention have been report to improved diabetes wounds, such as sustained
delivery of growth factors, siRNA delivery, targeting micro RNA, and stem cell therapy5. However, even
with these therapeutic managements, there are approximately accounts for 60% of non-traumatic
amputations of the lower limb6, and nearly one-third of diabetic foot ulcers require surgery7. Now, the
traditional therapies based on natural origin compounds, such as plant extracts, honey, and larvae, are
interesting alternatives. These therapies offer new possibilities for the treatment of diabetes wound
healing, enhancing the access to the healthcare, and allowing overcoming some limitations associated to
the modern products and therapies, such as the high costs, the long manufacturing times, and the
increase in the bacterial resistance8. Thus, traditional therapies agent could be propose to improve wound
healing.

Wound healing is a complex biological process that involves a large number of cell types, growth factors,
and cytokines which results in the restoration of tissue integrity9, 10. Diabetes mellitus can cause impaired
wound healing by affecting one or more biological mechanisms of the process10. Multiple and complex
pathophysiological factors contribute to this failure to heal5. Diabetic wounds are characterized by
delayed wound healing due to persistent inflammation 11. The sustained inflammatory responses lead to
inappropriate activation and tissue injury and even to increased susceptibility to invasive microorganisms
and poor healing12.

Macrophages were exist in two different phenotypic states within the healing wound13, and the
dysfunction of macrophage14 is a component of the pathogenesis of non-healing and poorly healing
wounds15. So, macrophage is a determining factor in the low-grade inflammation associated with
diabetes wound healing.

Natural compounds which therapeutic activities by anti-inflammatory, antimicrobial, and cell-stimulating
properties have been used in skin wound care for many years8. Dendrobium candidum is a medicinal
herb that has been employed in China and Southeast Asian countries16. The Dendrobium candidum
display immunomodulatory, antioxidant, anticancer, and neuroprotective activities16. However, as a
natural compound, whether it could be used in skin wound care is still unclear. Thus, we hypothesized
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that Dendrobium officinale orchid extract (DE) could improve diabetic wound healing by regulation the
inflammation.

To prove our hypothesis, STZ-induced diabetes mice were used to study the effects of DE on wound
healing. The results show that DE can be improved the late wound healing in DM mice. And inflammation
was attenuated in the DE-treated DM mice. These findings suggest that DE can enhance wound healing,
decrease the expression of p65, p65 phosphorylation, and decrease the pro-inflammation cytokines
secretion. Hence, the identification effect of DE on wound healing by attenuate inflammation provides
novel insights into therapeutic strategy for diabetic wounds and likely makes DE into a potentially novel
medicine to treat chronic wounds.

Methods

Animals
Healthy virgin inbred ICR mice (7–8 weeks old, 31.2 ± 2.8 g, male) were purchased from CAVENS LAB
ANIMAL Co., (Changzhou, China) and allowed to rest for 2 weeks. All mice were maintained in a
controlled environment (12 h light/12 h dark cycle; relative humidity at 60%; ambient temperature 24 ± 
1℃) and were administered with standard laboratory food (ShooBree R Rat Food, Nanjing, China) and
water ad libitum. All mice experiments were performed in the animal facility according to the institutional
guidelines and were approved by the Institutional Animal Care and Use Committee of the Yunnan
Agricultural University. Adverse events were not observed.

Diabetes induction and monitoring
To induce diabetes in mice, we administered a single injection of STZ (100 mg/kg body weight, i.p.)
(MilliporeSigma, Shanghai, China). STZ was freshly dissolved in cold citrate buffer (0.05 M; pH 4.5).
Before STZ injection, all the mice were fasting overnight and weighed (41.1 ± 2.5 g). The blood glucose
levels (BGLs) of each mouse was measured using tail-vein blood samples by using a glucose meter
(Sannuo, Changsha, China). The mice were housed in a controlled environment for two weeks before
testing the BGLs. Mice with fasting BGLs > 17 mmol/L (about 306 mg/dL) were confirmed to be diabetic
and kept for up to 16 weeks to develop diabetic nephropathy as previously described17–19.

Excisional wounding and treatment
Mice were administered inhalational anesthesia using pentobarbital (30 mg/kg i.p.). Their dorsal fur was
shaved and skin was cleaned with an alcohol swab. Two circular 8-mm full-thickness wounds were
created on the back of each mouse with a dermal biopsy punch20. After the diabetic induced, mice were
randomly divided into the following three groups (n = 8 per group): normal group, DM group, DE group.
Normal and DM groups were treated with 1% carboxymethylcellulose (CMC) as placebo. For the DE
treatment group, we administered as a single dose of 20 mg/mL DE dissolved in 1% CMC. The drug or
placebo was topical applied on the wound. All groups were treated once daily and the wounds were not
covered.
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Assessment of wound healing
As previously described, three blinded reviewers carried out independent verification of all wound healing
assessment21. Mice were anesthetized and the wound surface area was recorded daily using a digital
camera (5D markerⅢ, Canon, Japan). The straight edges were used as scales in photographs, and the
wound area was calculated using NIH Image J Software (National Institute of Heath, Bethesda, MD, USA).
The initial wound size was calculated immediately after wounding, and wound closure was assessed
over time as the percentage of initial wound area.

Histochemical staining
Whole wounds were excised from the backside of mice using a 10-mm punch biopsy on post-wound day
8. Tissue samples of mice were fixed in 10% buffered formalin (0.1 M phosphate buffer, pH 7.4),
embedded in paraffin wax (Solarbio, China), cut into 3-µm sections, and used for histopathological
examination. The sections were randomly selected and stained with hematoxylin (Sigma, USA) and eosin
(Solarbio, China) to evaluate re-epithelialization. The percentage of re-epithelialization [(distance
traversed by epithelium over wound from wound edge/distance between wound edges) × 100] was
calculated for two sections per wound and was averaged over sections to provide a representative value
for each wound22. Mason’s Trichrome (Solarbio, China) was used to stain sections for evaluation of
Collagen deposition. The positive area stained in each image was then quantified by image pro-plus 6.0
(MEDIA CYBERNETICS, Maryland, USA) counting the number of clearly stained pixels above the threshold
intensity as previously described 18, 23. Images were captured using a Leica microscope and Leica
CellSens Dimension software (Leica Microsystems, Wetzlar, Germany). Slides were scanned at 200 × 
magnifications.

Immunohistochemical
Tissue samples of mice were fixed in 10% buffered formalin (0.1 M phosphate buffer, pH 7.4) over 24
hours and embedded in paraffin wax (Solarbio, China). All tissues were cut into 3-µm sections for staining
with an Avidin-Biotin Complex Kit (Vector Laboratories, Burlingame, CA, USA) and a 3,3’-diaminobenzidine
kit (Tiangen, Beijing, China). The primary antibody col1 + col3 (ab116223), iNOS (ab15323) and CD163
(ab182422), which are the marker of collagen, M1 and M2 macrophage respectively, were purchased
from Abcam, USA. The primary antibody F4/80 (sc-52664), which is a marker of macrophages, was
purchased from SANTA, USA. For all staining, inadequate staining samples due to technical problems
were excluded. Images were captured using Leica microscope and Leica CellSens Dimension software.
Slides were scanned at 200 × magnifications.

Immunoblot analysis
For the tissue, whole cell extracts were prepared by homogenization in protein extraction solution (10 µl
of PBS per mg wound tissue, Beyotime, China) containing phenylmethylsulfonyl fluoride (1 mM). Sixty
micrograms of protein were charged in each well, separated by 8% sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) and transferred to polyvinylidene difluoride membranes
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(Millipore, USA). The latter were blocked in 5% bovine serum albumin (BSA) and incubated with a primary
antibody overnight at 4℃ and then incubated with horseradish peroxidase-conjugated secondary
antibody for 1 h at room temperature. Antibodies against iNOS (ab15323) and CD163 (ab182422) were
purchased from Abcam, USA. The antibodies of Il-1β (sc-32294), TNF-α(C-4) (sc-133192), p65 (sc-56735),
p-p65(A-8) (sc-166748), and β-actin (sc-B0657) were purchased from SANTA CRUZ (USA). Anti-rabbit IgG
(# HAF008), anti-mouse IgG ( # HAF007) and anti-Rat IgG (# HAF005) were purchased from R&D
Systems (USA).

Statistical analysis
Data from the experiments are expressed as means ± SEM. Data were analyzed with a 1-way ANOVA or
Student’s t-test by SPSS 19.0 (IBM, Armonk, NY, USA) and Prism 5 (GraphPad Software, La Jolla, CA,
USA). Differences between groups of P ≤ 0.05 were considered significant.

Results

Delay wound healing appeared following administration of
STZ
In order to prove the hypothesis, we induced a diabetes model in ICR mice to verify the effect of DE on
wound healing and test the mechanism of DE involved in the attenuation of inflammation. Firstly, to
confirm that the model of diabetes was successful, the body weight and blood glucose levels (BGLs) of
animals were monitored for 2 weeks following the administration of STZ. The results showed that the
body weight was decreased at week 2 after injection with STZ (Table 1). And the BGLs started to rise at
week 1 after injection with STZ (Fig. 1A). Moreover, it reached to a high level (BGLs > 17 mmol/L) at week
2 (Table 2), confirming that the model was successful. We also monitored the BGLs of mice for ten days
to verify whether the levels of glucose in blood remained high (Fig. 1A) during the process of
experimental. In order to observed whether diabetes could delay wound healing in the model, excisional
wounding were administration and topical use at day1. The wound healing process was recorded as
described in the methods section. The process of wound healing took 19 days, and the wound areas were
then calculated22. The percentage of wound healing was measured, and we found that the wound
healing was significantly delay in the DM group at days 4, 5, 6, 7, 8, and 9 (Fig. 1B and 1C). These results
showed that delay wound healing appeared in diabetic mice and confirmed that the model in this
experiment was successfully prepared.
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Table 1
The body weight of mice before and after STZ induced

Treatment Day 0 (g) Day 14 (g)

Normal 40.04 ± 2.02 44.80 ± 6.46**

Diabetes 40.75 ± 3.29 34.22 ± 4.07

P value NS 0.009

The mice were randomly divided into two groups and detected the bodyweight before and after STZ
induced. Diabetes were induced in the mice with STZ injected intraperitoneally once, at a dose of
100 mg/kg. Normal mice were injected with only a saline vehicle. Data are expressed as mean values 
± SEM. Values represent an average for 8–16 mice. **P < 0.01 by unpaired Student’s t-test compared
to normal mice. STZ, streptozotocin.

Table 2
Effect of STZ treated on blood glucose in ICR mice after 2 weeks.

Treatment Normal Diabetes P value

Blood glucose 4.63 ± 0.83*** 25.56 ± 3.86 0.000

Ten-week-old male ICR mice and each littermate control mice were fed regular chow for one-week.
Animals were fasted overnight before the studies. Diabetes were induced in the mice with STZ
injected intraperitoneally once, at a dose of 100 mg/kg. Normal mice were injected with only a saline
vehicle. Data are expressed as mean values ± SEM. Values represent an average for 8–16 mice. ***P 
< 0.001 by unpaired Student’s t-test compared to normal mice. STZ, streptozotocin.

Wound healing in DM mice can be improved by DE
It has been reported that phytochemicals could play a role in wound healing24. In order to test whether DE
can improve diabetic wound healing, excisional wounding were administration and topical use at day1.
The wound healing process was recorded as described in the methods section. The process of wound
healing took 19 days, and the wound areas were then calculated. The percentage of wound healing was
measured, and we found that DE treatment could significantly improve the wound healing at days 4, 5, 6,
7, 8, and 9 (Fig. 1B and 1C) compare with the model group.

Then, hematoxylin-eosin staining was carried out to observe the effect of DE on the structure of the
wounded skin at day 8. Histological assessment showed that the wounds from STZ-induced DM mice
had less re-epithelialization on the edge of the wound than the control group, and DE could significantly
improve re-epithelialization (Fig. 2A).

Mason’s Trichrome stain also showed that DE could increase the level of re-epithelialization of the
wounded skin. In addition, wounds treated with DE also showed increased collagen deposition assessed
by trichrome staining (Fig. 2B) and IHC staining (Fig. 2C). These results showed that DE could improve
late wound healing in DM mice.
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The level of cytokines expression and macrophage accumulation were inhibited by DE in the DM mice
wound skin

As we known, the DE could have the ability to attenuate inflammation25. Thus, to evaluate the effect of
DE on inflammation in DM mice wounds, we measured the release of cytokines from the skin wound
tissue. The levels of IL-1β and TNF-α expression were higher in the diabetes group than the normal group
and could be significantly decreased by DE (Fig. 3A, 3B and 3C). Macrophages play a critical role in the
delayed wound healing process in DM mice 15, 26 by regulated the inflammation responded. To further
confirm whether the anti-inflammation effect of DE was related to macrophage, we detected macrophage
accumulation by IHC to evolution the effect of DE treatment on macrophage accumulation. The results
showed that DE could decrease macrophage accumulation significantly compared with the diabetes
group (Fig. 3D).

DE could alter the phenotype of macrophage
Macrophage M1/M2 polarization mediates tissue damage and inflammatory responses27 which could
play two opposing role during wound healing process13. It has a promote inflammation phenotype and
also could transformation to a reparative phenotype. In order to confirm which type of macrophages were
decreased by DE treatment, pro-inflammatory M1 marker iNOS and anti-inflammatory M2 marker CD163
were detected by immunohistochemistry. The results showed that iNOS was increased and CD163 was
decreased in diabetes mice skin. Nevertheless, the iNOS and CD163 expression levels can be recovered by
DE (Fig. 4A and 4B). Furthermore, we measured the expression of CD163 from the skin wound tissue by
WB to evolution the effect of DE on the alternative of type M2 macrophage. The similar result was
observed by immunoblot analysis (Fig. 4C and 4D). These results showed that DE treatment could alter
the phenotype of macrophage.

The NF-κB signaling pathway was inhibited by DE in the DM
mice wound skin
The transcription factor NF-κB is a critical regulator of immune and inflammatory responses. And
disproportionate increase in activated p65 is integral to the pathogenesis of many chronic diseases28. To
further understand the molecular mechanisms of the effect of DE on acceleration of diabetes wound
healing, canonical NF-κB p65 signaling pathway were detected by immunoblot analysis. The results
showed that the level of p65 and p65 phosphorylation were increased in diabetes wounds skin and the
activated p65 was attenuated by DE treatment (Fig. 5). These results suggest that DE could attenuate
activated canonical NF-κB p65 signaling pathway to decreased inflammatory responses.

Discussion
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Delayed wound healing is one of the most prominent clinical manifestations of diabetes29. Further,
inflammation plays a critical role in this healing process 13, 30. With more and more diabetic patient
population, the incidence of chronic non-healing wounds is on the rise31. Thus, novel therapeutics aimed
at controlling inflammation, reducing infection, and improving wound closure is urgently needed. In the
present study, we observed that DE could improve wound healing in diabetic mice through decreasing
macrophage-mediated inflammation by attenuate activated canonical NF-κB p65 signaling pathway. Our
results reveal that DE can inhibit macrophage-mediated inflammation in skin wounds.

Macrophages have been described to have many functions in wounds, including host defense, the
promotion and resolution of inflammation, the removal of apoptotic cells, and the support of cell
proliferation and tissue restoration following injury. Emerging evidence suggests that macrophage
dysfunction is a component of the pathogenesis of non-healing and poorly healing wounds30. In addition,
extensive research has reported that macrophage accumulation is observed in diabetic patients and
plays an important role in wound healing32. In type 2 diabetic humans, studies have been found that
sustained inflammasome activity in macrophages impairs wound healing and significantly higher
number of macrophages was present in the edge of both types of chronic ulcers33. Wound macrophages,
which derive mostly from circulating monocytes, are recruited to the site of injury and the F4/80 was used
to define the recruited macrophages34 in the wound area in this study. These researches showed that
macrophages promote chronic inflammation in diabetic wounds are established35.

Moreover, it has been reported that suppressing NF-κB p65 signaling could decreased the expression of
iNOS which is a marker of M1 type macrophage36. In addition, previous studies showed that the levels of
nuclear p65 and phosphorylated p65 (p-p65) were upregulated in pro-inflammatory phenotype
macrophages 37, 38. However, whether activated the p65 signaling pathway play a role on wound healing
in diabetes is still unclear. In this study, we found that the levels of nuclear p65 and p-p65 expression
were increased in the skin from STZ-induced DM mice which is frequently used in studies aimed at
investigations into diabetes complications19. These results showed the potential correlation between
macrophage accumulation and p65 signaling pathway in injury skin wound bed. And as expected, our
results also showed that the wound healing in DM mice can be improved by DE through inhibiting p65
signaling and macrophage accumulation.

During the proliferative phase, macrophages stimulate proliferation of connective, endothelial and
epithelial tissue directly and indirectly. Especially fibroblasts and keratinocytes cells are stimulated by
macrophages during this phase to induce and complete extracellular matrix formation and re-
epithelialization13. The abnormal levels of collagen accumulation can disrupt extracellular matrix
integrity and lead to the development of chronic wounds39. In this paper, we also found that DE could
increase re-epithelialization (Fig. 2A and 2B) and restore the collagen accumulation in diabetic wounds
(Fig. 2C and 2D).
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Inflammatory cytokines increase is observed in wounds of type-1 diabetic patients including CD40, IL-1α,
IL-2, IL-4 and IL-540. In addition, high levels of the pro-inflammatory molecules IL-1β was expressed in
chronic wound macrophages from type 2 diabetic patient20. With regard to the high level of macrophage
accumulation, we also found that the macrophage-mediated pro-inflammatory cytokines were
consequently overexpressed in the wound skin from DM mice and can be ameliorated by DE (Fig. 3).
Therefore, DE might accelerate wound healing in diabetes mice through inhibiting the inflammation by
blocking NF-κB signal.

Conclusion
In this study we report that wound healing can be improved by DE through attenuate activated canonical
NF-κB p65 signaling pathway in STZ-induced diabetic mice. Our findings provide a novel insight into the
therapeutic strategy for diabetic wounds and likely offer DE as a novel potential medicine to treat chronic
wounds.
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Figures
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Figure 1

Delay wound healing appeared following administration of STZ. STZ was freshly dissolved in cold citrate
buffer and a single i.p. injection of 100 mg per kg body weight was administered at day 0, and BGLs were
measured at day 0, day 7, day 14, day20, and day 25 after STZ injection (A). Values represent an average
for 8–16 mice. Error bars represent s.e.m. From week 1 onward, the differences between normal and
model groups were significant (P < 0.001). The curves are non-theoretical, drawn to emphasize trends in
the data. Wounds were created using 8-mm punch biopsies on the backs of STZ-induced DM mice and
normal mice. Change in wound area was recorded daily using a digital camera and Image J (NIH) until
complete healing was observed (B & C). Data are pooled from two experiments (n = 6 wounds in 6
mice/group, repeated 2×). BGLs, blood glucose levels. STZ, streptozotocin.
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Figure 2

Wound healing in DM mice can be improved by DE. Histopathological images showing paraffin sections
stained with H&E (A) and collagen deposition (B) of wounds on post-injury day 8. The diabetes group
shows less re-epithelialization (arrows indicate ends of migrating epithelial) and collagen deposition
(blue area) compared with both the normal and DE-treated groups. For IHC detection, 3-μm sections were
stained for collagen detection (C).Data are pooled from two experiments (n = 6 wounds in 6 mice/group,
repeated 2×). Statistical analysis was performed using one-way ANOVA. All data are expressed as mean
± SEM. DM, diabetes mellitus. DE, Dendrobium officinale Orchid Extract.
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Figure 3

The level of cytokines expression and macrophage accumulation were inhibited by DE in the DM mice
wound skin. Wounds in DM mice were treated with DE or placebo and harvested at day 8 post-injury.
Tissue was obtained from mice by performing punch biopsies on the backs of animals. And then, the
tissue was homogenized in protein extraction solution and 60 μg for each well for detected. To measure
the protein expressions of pro-inflammatory marker IL-1β and TNF-α (A & B), tissues were treated as
described earlier using western blotting. The tissue was obtained from the backs of mice was
homogenized in protein extraction solution and 60 μg for each well for detected. Immunohistochemisty
was performed on paraffin sections stained for F4/80(C). Brown area (red box shown) indicated positive
F4/80 staining. For all graphs, bars = mean ± SEM, n = 5. Statistical analysis was performed using one-
way ANOVA. ***Mean value was significantly different for the EGCG and normal group at the same time
point compared with the diabetes group. DM, diabetes mellitus. DE, Dendrobium officinale Orchid Extract.
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Figure 4

DE could alter the phenotype of macrophage. Wounds in DM mice were treated with DE or placebo and
harvested at day 8 post-injury. Tissue was obtained from mice by performing punch biopsies on the
backs of animals. Immunohistochemisty was performed on paraffin sections stained for M1 and M2
phenotype macrophage (A & B). The brown cell as positive area is indicate by arrows, iNOS (black
arrows) and CD163 (green arrows). The tissues from the backs of DM mice were homogenized in protein
extraction solution and 60 μg for each well for detected. The expression of CD163(C) was measured by
western blotting. For all graphs, bars = mean ± SEM, n = 5. Statistical analysis was performed using one-
way ANOVA. ***Mean value was significantly different for the EGCG and normal group at the same time
point compared with the diabetes group. DM, diabetes mellitus. DE, Dendrobium officinale Orchid Extract.
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Figure 5

The NF-κB signaling pathway was inhibited by DE in the DM mice wound skin. Tissue was obtained from
mice by performing punch biopsies on the backs of animals. And then, the tissue was homogenized in
protein extraction solution and 60 μg for each well for detected. To demonstrate the effect of DE on NF-
κB signaling pathway, p65 and p-p65 were detected by western blotting (A), and the OD values (B) were
calculated using the Image J software (NIH). For all graphs, bars = mean ± SEM and n = 3 for both
experiments, repeated 3×. ***Mean value significantly different from that for DM group, P < 0.001. DM,
diabetes mellitus. DE, Dendrobium officinale Orchid Extract.


