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Abstract
Objective—The present study is designed to understand the contribution of peripheral vascular
disease and peripheral neuropathy to the wound-healing impairment associated with diabetes.
Using a rabbit model of diabetic neuroischemic wound-healing we investigated rate of healing,
leukocyte infiltration and expression of cytokines, Interleukin (IL)-8 and IL-6, and, neuropeptides,
Substance P (SP) and Neuropeptide Y (NPY).

Design of study—Diabetes was induced in White New Zealand rabbits by administering
alloxan while control rabbits received saline. Ten days later animals in both groups underwent
surgery. One ear served as a sham and the other was made ischemic (ligation of central+rostral
arteries), or neuroischemic (ischemia+ resection of central+rostral nerves). Four, 6mm punch
biopsy wounds were created in both ears and wound-healing was followed for ten days using
computerized planimetry.

Results—Non-diabetic sham and ischemic wounds healed significantly more rapidly than
diabetic sham and ischemic wounds. Healing was slowest in neuroischemic wounds, irrespective
of diabetic status. A high M1/M2 macrophage ratio and a high pro-inflammatory cytokine
expression, both indicators of chronic-proinflammatory state, and low neuropeptide expression
were seen in pre-injury diabetic skin. Post-injury, in diabetic wounds M1/M2 ratio remained high,
the reactive increase in cytokine expression was low and neuropeptide expression was further
decreased in neuroischemic wounds.

Conclusion—This rabbit model illustrates how a combination of a high M1/M2 ratio, a failure
to mount post-injury cytokine response as well as a diminished neuropeptide expression contribute
to wound-healing impairment in diabetes. The addition of neuropathy to ischemia leads to
equivalently severe impaired wound-healing irrespective of diabetes status, suggesting that in the
presence of ischemia, loss of neuropeptide function contributes to the impaired healing associated
with diabetes.
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INTRODUCTION
One of the most common complications of both, Type I and Type II diabetes is the
development of chronic non-healing foot ulcerations leading to severe morbidity and
mortality 1. The cause of impaired wound-healing in diabetes is multi-factorial and includes
vascular, neurologic and inflammatory alterations 2. Impaired diabetic wound-healing is
increased in skin areas that are affected by peripheral neuropathy and there is growing
evidence that cutaneous peripheral nerves regulate immune and cytokine response via
mediators such as neuropeptides Substance P and Neuropeptide Y 3, 4. Our group has shown
that these neuropeptides not only control cytokine release from leukocytes but also affect
endothelial cell function 5. A recent clinical study by our group also shows that increased
inflammation and aberrant growth factor expression in the skin are associated with failure to
heal diabetic foot ulcers 6.

In vivo investigation of diabetes-related impaired wound-healing is most commonly
performed in rodent models because of their economic feasibility, shorter reproduction times
and accessibility to genetically engineered mice models. However, skin healing in rodents is
largely mediated through contraction while in humans it occurs through re-epithelialization.
Rabbit ear skin is similar to human skin, having blood vessels that serve as a major heat-
exchange surface and are controlled by the autonomic nervous system for
thermoregulation 7-9. Both SP- and NPY-releasing nerves innervate the rabbit ear and are
involved in controlling the vascular tone, more specifically for thermoregulation 10. A
previous study from our lab that employed the rabbit ear wound-healing model showed that
diabetes affects the focused inflammatory cytokine response to injury and dysregulates
neuropeptide gene expression but this study did not assess the role of vascular ischemia and
neuropathy, two of the major contributing factors of diabetes-associated complications 11.

Our hypothesis is that in addition to vascular ischemia, neuropeptide dysregulation resulting
in the alteration of inflammatory response will impair wound-healing in diabetic rabbits.

To test our hypothesis, we used a rabbit neuroischemic model of ear wound-healing similar
to the model used by Chien et.al 12where, the intact cartilage stents the wound open and
hence most of the healing occurs through re-epithelialization 13. Our study is the first to use
this model to provide a comprehensive analysis of the combined effects of diabetes,
ischemia and denervation on wound-healing. Changes in immune cell infiltration, gene and
protein expression of inflammatory cytokines, neuropeptides, their receptors and associated
proteins were evaluated. Specifically, the infiltration of HLA-DR+ M1 macrophages,
responsible for development of chronic wounds, CD206+ M2 macrophages, involved in
tissue repair, CD177+ neutrophils and CD3+ T cells were evaluated. The expression of
cytokines, IL-6, IL-8 and, IL-8 receptor, CXCR1, all of which are pivotal for wound-healing
were assessed. We also analyzed the expression of SP and its pre-dominant receptor NK1R,
NPY and its pro-angiogenic receptors NPY2R and NPY5R, the enzyme Neprilysin (NEP)
that metabolizes SP and the enzyme Dipeptidyl Peptidase IV (DPPIV) that cleaves the 36
amino acid NPY to the angiogenic form, NPY3-36 4.

MATERIALS AND METHODS
Rabbits

New Zealand White rabbits (3.0–3.2kg, Millbrook Farms, Amherst, MA) received 75mg/kg,
i.v. alloxan monohydrate (diabetic group) or saline (non-diabetic group) on day (D)0. After
48 hours, rabbits that did not become diabetic with the first alloxan injection received
another 75mg/kg alloxan monohydrate, i.v. Normal blood glucose levels for rabbits varied
between 100mg/dl to 150mg/dl. Rabbits with blood glucose over 250mg/dl were considered
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diabetic 14. There were no significant changes in the weights of the non-diabetic and
diabetic rabbits (Table S1).

Surgical Models—In each surgical group on D10, one ear served as an experimental ear
and other as a sham ear (Fig.S1A). In one group, ischemia was created in the experimental
ear by ligating the central and the rostral artery leaving the caudal artery and all the veins
intact. In the second surgical group, central and rostral arteries were ligated along with,
central and rostral nerve resection creating the neuroischemia. In the sham ears, arteries and
nerves were dissected out but not ligated or resected. Following surgery, in both ears, four
full thickness circular wounds were created using a 6mm punch biopsy. The cartilage was
kept intact since it stents the wound open, and minimizes tissue contracture to less than 3%,
allowing the wound to heal by re-epthelialization 15. On D20, rabbits were euthanized and
wound tissue was harvested for analysis. This time-point was chosen based on the results of
our previous study where we observed that at least 50% wounds heal in the non-diabetic
sham group 11. The Harvard Medical Area Standing Committee on Animals approved all
study procedures.

Wound area measurement
Post-injury, wound-healing was monitored for ten days (from D10 to D20). Wounds were
photographed using Medical Hyperspectral Imaging camera (Hypermed Inc. Burlington
MA) and wound area was measured as change in pixels.

Tissue Analysis
Punch biopsies and the wound samples (1cm × 1cm, cut into 4 pieces) from each ear were
analyzed for gene (qRT-PCR) and protein (Immunohistochemistry-paraffin & -frozen and
western blot) expression analysis.

Gene Expression
Standard qRT-PCR was used to quantitate and compare levels of specific RNA transcripts.
Primers (Table S7) were obtained from Integrated DNA Technologies (Coralville, IA). For
quantitative analysis, target gene levels were normalized to beta-actin levels. Gene
expression in the wound samples was measured as fold change over the baseline gene
expression.

Histology and Immunohistochemistry (IHC)
Tissue samples were either formalin-fixed paraffin-embedded or were OCT-embedded and
frozen. Standard histology and IHC techniques were used. Antibody information is in Table
S8. To confirm specific staining for each primary antibody, an isotype negative control and
a no-primary antibody control was used. All H&E staining and IHC readings were
performed in a blinded fashion and an arbitrary scale of 1-5 was used to grade them. H&E
grading was performed on the basis of extent of leukocyte infiltration (distance cells
migrated from the wound margin) and intensity of leukocyte infiltration (# of infiltrating
cells). For immune cell infiltration, neuropeptide and cytokine IHC, data are presented as
fold change over the baseline infiltration. For macrophage studies, M1/M2 ratio is calculated
from the arbitrary raw scores. It is important to note that because of very high numbers of
positively stained total leukocytes (H&E) and macrophages (both M1 and M2) it was not
possible to count the number of cells but to use an arbitrary scale as explained above.

Western blot
Standard western blot techniques were used and specific antibody information is in
Supplemental Table S8. Densitometry was performed using Quantity One™ (Bio-Rad,
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Hercules, CA) software with protein levels corrected to β-Actin levels. Data are presented in
the form of densitometric analysis. Protein expression in the wound samples was measured
as fold change over the baseline protein expression.

Data Analysis and Statistics
Data were compared between non-diabetic and diabetic rabbits grouped into their specific
surgery. Representative images of western blot and immunohistochemistry are presented in
the supplemental data (Fig.S3-S6). All data are expressed as the mean±SEM and are
analyzed using either One-Way or Two-Way ANOVA test. An unpaired t-test is performed
and p<0.05 is considered statistically significant. Statistical analysis was done using
Statview (SAS Inc.). In addition to graphical representation of the data, numerical data is
presented in Supplementary Tables S1-S6. We have also presented graphical data showing
comparisons between sham, ischemic and neuroischemic wounds within non-diabetic or
diabetic rabbits in the Supplementary document (Figs. S7-S11).

RESULTS
Compared to Non-Diabetic Sham and Ischemic Wounds, Wound-Healing is Impaired in
Diabetic Sham and Ischemic Wounds

Wound-healing was impaired in the diabetic sham and ischemic wounds at D15 and D20
when compared to non-diabetic wounds (Figs. 1, S1B and S7). Interestingly, no differences
between non-diabetic and diabetic neuroischemic wounds were noted. However, amongst
non-diabetic animals neuroischemic wounds showed the most impaired healing when
compared to the other non-diabetic wounds, comparable to that observed in diabetic
wounds. Across all diabetic animals groups minimal differences in the rate of wound-
healing were noted. These results suggest that neuropathy and ischemia have additive effects
and that diabetes does not further impair neuroischemic wound-healing.

Pre-Injury Diabetic Rabbit Skin Shows Signs of Inflammation (Assessed By Leukocyte
Infiltration) But Post-Injury Fails to Mount a Satisfactory Inflammatory Response

In the present study, we evaluated the pre-injury (D10) and post-injury (D20 of experiment
and ten days after surgery) leukocyte infiltration in the wounds, respectively. In agreement
with our previous findings, baseline pre-injury skin leukocyte infiltration (extent and
intensity) was higher in diabetic compared to non-diabetic rabbits (Figs. 2A and S2). Post-
injury, the fold increase over baseline infiltration (extent and intensity) was higher in non-
diabetic sham, ischemic and neuroischemic wounds compared to diabetic wounds, clearly
indicating an impaired ability in the diabetic animals to mount an appropriate, focused
leukocyte response after injury (Figs. 2B, S2 and S8).

Diabetic Rabbits Have Increased M1/M2 Macrophage Ratio In Their Skin and Wounds
Since macrophages play important role in both, tissue repair (M2 activation pathway) and
development of chronic wounds (M1 activation pathway), we calculated M1/M2 ratio in the
tissues by analyzing HLA-DR+/CD18+ (M1) and CD206+/CD18+ (M2) macrophages at
baseline in the skin at D10 and in the wounds at D20 (Figs. 3A-3C and S3). Compared to
non-diabetic, diabetic rabbits had more M1 macrophages at baseline in the skin at D10 and
in the sham wounds at D20 (Fig. 3A). M2 macrophages were less in diabetic rabbits both, at
D10 and in all wounds at D20 (Fig. 3B). This resulted in a higher M1/M2 ratio in diabetic
rabbits in all surgical conditions (Figs. 3C and S9). Moreover, there were higher numbers of
M1 macrophages in diabetic rabbit skin at D10 than there were M2 macrophages in non-
diabetic rabbit skin at D10 probably resulting in overall higher number of leukocytes
observed in diabetic rabbit skin at D10. CD177+ neutrophils or CD3+ T cells were not
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observed in the skin of both, non-diabetic and diabetic rabbits on D10 and there were no
differences in their numbers between non-diabetic and diabetic rabbits in any wounds at
D20. However, in both, non-diabetic and diabetic rabbits, the neuroischemic wounds had the
highest number of CD177+ neutrophils (Fig. 4A) and CD3+ T cells (Fig. 4B). Higher M1/
M2 ratio indicated pro-inflammatory, impaired healing environment in the diabetic rabbits
and presence of CD177+ neutrophils suggests that the neuroischemic wounds remained in a
prolonged inflammatory phase of wound-healing.

Gene and Protein Expression of Inflammatory Cytokines Involved in Wound-Healing
Follow the Same Pattern as Leukocyte Infiltration

We evaluated the gene and protein expression of the main cytokines that are involved in
wound-healing. At baseline in the skin at D10, diabetic rabbits showed higher gene
expression of IL-8, CXCR1 and IL-6 with no differences in the protein expression (Figs. 5,
S4 and S5). After creation of the wound, the reactive fold change in gene expression over
baseline of IL-6, IL-8 and CXCR1 was lower, or trended to be lower in all diabetic wounds
when compared to non-diabetic wounds (Figs. 6A and S10A). The fold change in protein
expression over baseline was lowest for IL-6 followed by IL-8 and CXCR1 in diabetic
wounds when compared to non-diabetic wounds (Figs. 6B, S4, S5 and S10B).

Gene and Protein Expression of Neuropeptides, Their Receptors, and Enzymes That Are
Involved in Their Turnover Are Altered in Diabetes

At baseline in the skin at D10, gene expression of DPPIV was higher while that of NK1R
was lower in diabetic compared to non-diabetic rabbits while no other differences were
observed in the other factors. SP and NPY protein expression was lower and DPPIV was
higher in diabetic compared to non-diabetic rabbits (Figs. 5A, 5B, S4 and S6).

Compared to non-diabetic wounds, the fold change in gene expression over baseline of SP
was lower in the diabetic neuroischemic wounds, while the expression of NPY was lower in
the diabetic ischemic and neuroischemic wounds. DPPIV gene expression was lower in all
types of diabetic wounds. Interestingly, NK1R, NPY2R, NPY5R gene expression was not
changed in any diabetic wounds. NEP gene expression was reduced in the diabetic
neuroischemic wounds (Figs. 7A and S11A).

Overall, fold change over baseline of SP protein expression was not different between non-
diabetic and diabetic wounds except in neuroischemic wounds. NK1R protein expression
was increased in diabetic ischemic wounds. NPY2R and NPY5R protein expression were
increased in diabetic neuroischemic wounds. (Figs. 7B, S4, S6 and S11B).

DISCUSSION
In this model we have shown that the presence of diabetes results in impaired wound-
healing in both sham and ischemic wounds. Additionally ischemia alone reduces wound-
healing in non-diabetic animals with minimal reduction in diabetic rabbits. The presence of
neuroischemia results in the greatest impairment of healing in all animals and is so severe
that additional presence of diabetes does not further impair wound-healing. This may be
partially explained by the fact, that two of the most relevant long-term diabetes
complications are tissue ischemia and neuropathy. Diabetic animals have chronic cutaneous
inflammation, which can be detected prior to injury. However, they fail to mount an
adequate post-injury focal inflammatory response indicated by failure to switch from M1 to
M2 macrophage phenotype and reduced cytokine expression, both of which are required to
achieve wound-healing.
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In the present study we used a clinically relevant model that can serve to understand the
pathophysiology underlying diabetic wound-healing impairment and can be used for testing
future therapeutics. Although Chien et. al have used the neuroischemic model to study tissue
phosphate contents, our study is the first to compare the differences in wound-healing
between the ischemic and neuroischemic models 13. Moreover, our study is the first to
analyze and compare in depth the expression of neuroimmune markers in these models.

Diabetes is known to be associated with a systemic pro-inflammatory state. Our recent
clinical work shows that diabetic patients have increased skin leukocyte infiltration 6.
Similar to the clinical findings, in the present study we observed an increased leukocyte
infiltration in the diabetic rabbit skin. Most likely this increase was due to the increased M1
macrophage infiltration that is associated with chronic inflammation. Although pre-injury
chronic inflammation is deleterious for wound-healing, post-injury inflammation, mainly
achieved by adequate leukocyte infiltration and cytokine release, is needed for complete
wound-healing. In almost all wound types, the extent and intensity of acute infiltration was
higher in all non-diabetic wounds compared to diabetic. Neuroischemic wounds that heal the
slowest had the highest baseline macrophage infiltration compared to other wounds. These
results suggest that, to achieve successful wound-healing, there is a critical threshold for an
increase in focused acute infiltration in response to injury. Moreover, diabetes is associated
with leukocyte dysregulation with irregular and/or insufficient immune cell activation and
cytokine and growth factor secretion. Therefore, in diabetic wounds, even though there may
be a comparable number of infiltrating leukocytes, they may not reflect an adequate
response to injury. Further analysis of types of cells infiltrating the skin and wounds
suggests that, pre-injury, diabetic rabbit skin has a higher number of M1 while lower
number of M2 macrophages. Although there was no difference in the number of M1
macrophages between non-diabetic and diabetic (ischemic and neuroischemic) wounds,
there were lower number of M2 macrophages in all of the diabetic wounds leading to an
overall higher M1/M2 ratio in the diabetic wounds suggesting a chronic wound
environment. On D20, almost all of the infiltrating cells found in sham and ischemic wounds
were macrophages with a few CD177+ neutrophils and CD3+ T cells. Only the
neuroischemic wounds had high numbers of CD177+ neutrophils and CD3+ T cells.
Presence of neutrophils beyond the initial inflammatory stage is a hallmark of chronic
wounds.

Similar to our prior study, we found an up-regulation of IL-8, CXCR1 and IL-6 gene
expression in diabetic rabbits at baseline, suggesting a chronic pro-inflammatory effect of
diabetes.

Post-injury, the fold change from baseline gene and protein expression of IL-8, CXCR1 and
IL-6 was blunted in all diabetic wounds compared to non-diabetic wounds indicating that the
diabetes-related chronic up-regulation of cytokine expression at baseline may hamper the
much-needed focused up-regulation post-injury.

Neuroischemia may not have had any additional effect on wound-healing in the diabetic
wounds due to the already reduced baseline expression of neuropeptides SP and NPY.
Similar to other studies 16, 17, the gene expression of the NEP, the enzyme that breaks down
SP was higher in diabetic animals although it did not reach statistical significance. This
might further reduce the levels of SP and therefore negatively affected wound-healing.
Similar to previous studies 18, 19, the present study showed decreased NK1R gene
expression, the receptor for SP. Current information regarding the expression of NPY
receptors in diabetes is inconsistent 19, 20. In the present study, at baseline, there was no
difference in the gene expression of NPY2R and NPY5R between non-diabetic and diabetic
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rabbits. We did find that pre-injury, diabetes up-regulated both, gene and protein expression
of DPPIV.

Post-injury, there was a decrease from baseline in gene expression of SP and NPY in all
wounds. These results suggest that injury itself, irrespective of diabetic status can lead to
down-regulation of neuropeptides gene expression. The decrease in SP gene expression was
significant between non-diabetic and diabetic rabbits only in the neuroischemic wounds
whereas the decrease in NPY was significant between non-diabetic and diabetic rabbits in
almost all wound types. NK1R, NPY2R and NPY5R gene expression were not different
between non-diabetic and diabetic rabbits in any wounds. Gene expression of NEP was
increased over baseline in all wound types with no differences between non-diabetic and
diabetic wounds except in the neuroischemic wounds, where NEP expression is decreased in
diabetic wounds compared to non-diabetic wounds, maybe to counteract loss of SP. The
relative gene expression of DPPIV in sham and ischemic wounds was lower in diabetic
compared to non-diabetic wounds with no difference in neuroischemic wounds. Decrease in
local wound expression of DPPIV can reduce the formation of pro-angiogenic form of NPY
and thus affect wound-healing. These data once again suggest that diabetes and
neuroischemia can seriously affect angiogenesis through the dysregulation of the NPY
pathway in these rabbits. This is an important finding because DPPIV is known to
breakdown incretins and hence DPPIV inhibitors are clinically used for glycemic control.

The goal of this present study was to use a wound-healing model that most closely
resembles the human pathophysiology to understand the role of cytokines and neuropeptides
in wound-healing. Although the rabbit vascular ischemia model is commonly used, there are
few animal models of diabetic peripheral neuropathy, most of which are rodents 21-23. The
neuropathy/denervation model that we have used, although not perfect, has been used to
study the effect of sensory denervation on hypertrophic scarring in absence of diabetes and
vascular ischemia 24. Due to the bidirectional connection between nerves and inflammatory
cells, in a model of ‘denervation only’, we could expect partial wound-healing impairment
most likely through dysregulation of inflammation and deficiency of neuropeptides. We
acknowledge that at this time more work needs to be done to fully decipher the mechanisms
underlying the wound impairment in our model. Using in vitro models, our group is also
investigating the effect of neuropeptides on the individual cellular components that are
involved in wound-healing. We also acknowledge that the study has other limitations. Our
model is a type I diabetes model and although commonly used for wound-healing studies,
this may not model precisely the complexities of type II diabetes. Therefore it will be
interesting to use a high fat diet rabbit model of diabetes and perform similar investigations.
In the present study we used a 10 day time-point post-surgery to evaluate healing. However,
it could be possible that healing is impaired to the extent that it is delayed at that time point
but not abrogated. Currently our group is conducting studies where time to wound closure is
being evaluated along with an early post-surgery euthanasia time-point to investigate
differences in inflammation. Also, this model does not allow for investigation of the effect
of pressure on wound-healing. Pressure points associated with deformities in insensate feet
are a common problem in diabetes that eludes a perfect animal model at this time. Other
limitations include discrepancy in the gene and protein expression. Thus, for some genes
that were affected, we did not see a corresponding change in their respective protein
expression. This could be explained by the fact that some of these genes, especially the
neuropeptides and the cytokines undergo post-transcriptional and -translational
modifications. Moreover, there could be a delay in translation of the gene expression
changes to manifest in the protein expression changes. Another limitation is the lack of
specific antibodies in rabbits such including PGP 9.5, and hence we could not monitor this
critical neuronal marker. It should also be emphasized that most antibodies that achieved
successful staining were specific for humans and required time-consuming optimization.
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In conclusion, this study suggests that neuroischemia and diabetes have the greatest impact
on the wound-healing outcome. Although there were no differences in wound-healing
between non-diabetic and diabetic neuroischemic wounds, there are clear differences at the
molecular level. This model can be very helpful in investigating the pathophysiology of
diabetic neuroischemic wound-healing and for testing new therapeutics for the treatment of
diabetic neuroischemic wounds.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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CLINICAL RELEVANCE

Although, diabetic foot ulceration (DFU) is a major clinical problem and the most
common cause for hospital admissions in diabetic patients, there is limited basic and
translational research. One of the main reasons is the lack of appropriate animal models
that control for factors related to the major complications of diabetes, namely, neuropathy
and ischemia The aim of this study was to use a clinically relevant animal model of
neuroischemic wound-healing that is representative of human DFU and to examine the
contribution of neuropeptides and inflammation. These data, showing a link between
neuropeptide and cytokine function, diabetes, and neuroischemia, provide both a basis
and a model for studies of wound –healing therapies.
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Figure 1. Wound-healing: Comparison between non-diabetic and diabetic rabbit sham, ischemic
and neuroischemic wounds
Wound-healing was monitored over 10-day period from D10-D20. Photographs were
obtained on D12, D15 and D20 using Medical Hyperspectral Imaging camera. Using Adobe
Photoshop®, wound area was measured in pixels. Data are expressed as percent change in
wound area from D12 to D20 (N=6-18, mean±SEM, ***P<0.001 & *P<0.05).

Nabzdyk et al. Page 11

J Vasc Surg. Author manuscript; available in PMC 2014 September 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2. Leukocyte Infiltration: Comparison between non-diabetic and diabetic
H&E stained cross-sections were analyzed for leukocyte infiltration. An arbitrary scale of
1-5 was used for grading entire cross-sections. Grading was performed on the basis of extent
of infiltration (distance the cells migrated from the wound margin) and intensity of
infiltration (# of infiltrating cells). Data are presented in the form of arbitrary scores.
A. Baseline comparison: Data is expressed as fold change in infiltration (extent and
intensity) of diabetic rabbit skin compared to non-diabetic rabbit skin (N=6-12, mean±SEM,
*P<0.05).
B. Post-injury comparison within sham, ischemic and neuroischemic wounds: Data is
expressed as post-injury change in infiltration (extent and intensity) over the baseline in non-
diabetic and diabetic rabbit wounds (N=5-6, mean±SEM, ***P<0.001 & **P<0.01).
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Figure 3. Macrophage Infiltration: Comparison between non-diabetic and diabetic
OCT embedded 6μm frozen tissue sections were stained for macrophage marker CD18 and,
co-stained for either, M1 macrophage activation marker HLA-DR or M2 macrophage
activation marker CD206. Merged images (yellow) of HLA-DR+ (red) and CD18+ (green)
or CD206+ (red) and CD18+ (green) macrophages were obtained close to the wound
margins using standard fluorescent microscopy.
A. Representative images of M1+ macrophages and, B. Representative images of M2+
macrophages: Representative images are from non-diabetic and diabetic treatment groups
at Baseline and, Sham, Ischemic and Neuroischemic wounds (Mag =20X).
C. M1/M2 ratio: An arbitrary scale of 1-5 was used for grading cross-section images. M1/
M2 ratio was obtained based on arbitrary scores. (N=3-4, mean±SEM, ***P<0.001,
**P<0.01).
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Figure 4. Representative images of A) CD177+ (neutrophil) and, B) CD3+ (T cell) infiltration
Formalin fixed paraffin embedded 6μm cross-sections were stained with CD177 or CD3
primary antibody and analyzed for neutrophils and T cell infiltration respectively.
Representative images close to the wound margin are from non-diabetic and diabetic
treatment groups at Baseline and, Sham, Ischemic and Neuroischemic wounds (Mag=40X).
Arrows indicate staining for CD177+ or CD3+ cells.
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Figure 5. Cytokine, Neuropeptide and Their Receptor Expression: Comparison at baseline in the
expression of IL-8, CXCR1, IL-6, SP, NK1R, NEP, NPY, NPY2R, NPY5R and DPPIV between
non-diabetic and diabetic rabbits
A. Gene expression: Using standard Q-RT-PCR and 2-ΔΔCt analysis method, gene
expression was analyzed. Data are expressed as fold change over non-diabetic expression.
(N=12-15, mean±SEM, ***P<0.001, **P<0.01, *P<0.05).
B. Protein expression: Using standard western blot and immunohistochemistry methods,
protein expression was analyzed. For western blot quantification, densitometry was used.
For immunohistochemistry quantification, an arbitrary scale of 1-5 was used for grading
entire cross-sections. Data are expressed as fold change over non-diabetic expression
(N=6-12, mean±SEM, ***P<0.001, **P<0.01, *P<0.05).
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Figure 6. Cytokines And Their Receptors: Post-injury comparison in the expression of IL-8,
CXCR1 and IL-6 between non-diabetic and diabetic rabbits within sham, ischemic and
neuroischemic wounds
A. Gene Expression: Using standard Q-RT-PCR and 2-ΔΔCt analysis method, gene
expression was analyzed. Data are expressed as change of expression over the baseline in
non-diabetic and diabetic rabbit wounds. (N=5-6, mean±SEM, **P<0.01, *P<0.05).
B. Protein Expression: Using standard western blot and immunohistochemistry methods,
protein expression was analyzed. For western blot quantification, densitometry was used.
For immunohistochemistry quantification, an arbitrary scale of 1-5 was used for grading
entire cross-sections. Data expressed as change of expression over the baseline in non-
diabetic and diabetic rabbit wounds (N=4-6, mean±SEM, **P<0.01, *P<0.05).
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Figure 7. Neuropeptides, Their receptors and Related Enzymes: Post-injury comparison in the
expression of SP, NK1R, NEP, NPY, NPY2R, NPY5R and DPPIV between non-diabetic and
diabetic rabbits within sham, ischemic and neuroischemic wounds
A. Gene Expression: Using standard Q-RT-PCR and 2-ΔΔCt analysis method, gene
expression was analyzed. Data expressed as change of expression over the baseline in non-
diabetic and diabetic rabbit wounds (N=5-6, mean±SEM, *P<0.05).
B. Protein Expression: Using standard western blot and immunohistochemistry methods,
protein expression was analyzed. For western blot quantification, densitometry was used.
For immunohistochemistry quantification, an arbitrary scale of 1-5 was used for grading
entire cross-sections. Data expressed as change of expression over the baseline in non-
diabetic and diabetic rabbit wounds (N=4-6, mean±SEM, *P<0.05).
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