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Wound healing effects of paste type acellular
dermal matrix subcutaneous injection
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‘Wound healing is a physiological response in which various ele-

Science, Daekyeung University, Gyeongsan, Korea

Background Acellular dermal matrix (ADM) helps wound healing by stimulating angiogene-
sis, acting as a chemoattractant for endothelial cells, providing growth factors, and permit-
ting a substrate for fibroblasts to attach. The current standard for using paste-type ADM (CG
Paste) in wound healing is direct application over the wounds. The major concerns regarding
this method are unpredictable separation from the wounds and absorption into negative-
pressure wound therapy devices. This study aimed to investigate the effects of subcutaneous
injection of paste-type ADM on wound healing in rats.

Methods Full-thickness skin defects were created on the dorsal skin of rats. Eighteen rats
were randomly divided into three groups and treated using different wound coverage meth-
ods: group A, with a saline dressing; group B, standard application of CG Paste; and group C,
injection of CG Paste. On postoperative days 3, 5, 7, 10, and 14, the wound areas were ana-
lyzed morphologically. Histological and immunohistochemical tissue analyses were performed
on postoperative days 3 and 7.

Results Groups B and C had significantly less raw surface than group A on postoperative
days 10 and 14. Collagen fiber deposition and microvessel density were significantly higher in
group C than in groups A and B on postoperative days 3 and 7.

Conclusions This study showed comparable effectiveness between subcutaneous injection
and the conventional dressing method of paste-type ADM. Moreover, the injection of CG
Paste led to improved wound healing quality through the accumulation of collagen fibers
and an increase in microvessel density.
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defect and different types of cells interact with biochemical fac-

tors, including growth factors and enzymes, to assist tissue re-

ments are combined and work together. The proliferative phase
of the wound healing process is significant, since it is the stage in

which granulation tissue grows from the wound bed to fill the

generation. Proper wound management is essential for wound
healing. In the past, the concept of wound management was
limited to the role of absorbing exudates, cleaning the affected
area, and sealing the wound. More recently, many therapies that
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facilitate spontaneous healing at the cellular and molecular lev-
els have been introduced [1].

A biomaterial is defined as a natural or synthetic non-drug
substance that replaces or augments a certain function, while
maintaining contact with tissue and fluids [2]. Silver-based
foam products (Mepilex Ag; Mdlnlycke, Gothenburg, Sweden),
sutures for wound closure (Surgical Gut Suture; Ethicon,
Somerville, NJ, USA), and porcine dermis biomaterials (EZ
Derm; Mélnlycke) are representative examples of biomaterials.
The characteristics required for biomaterials used in wound
management include nontoxicity, a minimal foreign body reac-
tion, natural degradation, and function at a molecular level [3].

Human acellular dermal matrix (ADM) is a biomaterial that
has been shown to be useful in tissue regeneration and wound
healing and is actively used in clinical practice (Alloderm; Life-
Cell Corp.,, Branchburg, NJ, USA).

Previously-identified mechanisms through which ADM af-
fects wound healing include scaffolding for granulation tissue
formation [4], inclusion of receptors for fibroblast attachment
[5], angiogenesis stimulation [6], function as a chemoattractant
of vascular endothelial cells [7], and inclusion and protection of
growth factors [8]. Although ADM is commonly used in the
form of a thin sheet, it has recently been used in a micronized
form because of its ease of handling and ability to be used in
various types of wounds. In clinical cases where a micronized
ADM was applied to chronic pressure sores and sinus tract
wounds, it resulted in an improvement in the size and depth of
the wounds [9-11].

CG Paste (CG Bio, Seongnam, Korea), used in this study, is a
paste-type micronized ADM that is currently used safely in clin-
ical practice. It is a type of biomaterial and bio-absorbable
wound dressing that is applied to open wound areas, including
external wounds and chronic ulcers. There are disadvantages
when micronized ADM is applied using the conventional meth-
od as a dressing (Cymetra, LifeCell Corp; GRAFTJACKET
Xpress, KCI USA, Inc., Austin, TX, USA; CG Paste, CG Bio).
For example, it easily detaches, can become a source of infec-
tion, and does not have an adequate healing effect. In this re-
gard, we speculated that injection of CG Paste into the wound
bed would make it less likely to detach and be a source of infec-
tion and could facilitate wound healing by creating a dynamic
environment within the wound.

In this experiment, we first performed a biocompatibility test
in white rats to rule out problems that could occur during off-la-
bel use of this product. The model was designed so that CG
Paste would be injected into the subcutaneous layer of the skin
surrounding a full-thickness skin defect. Ultimately, the present
study aimed to investigate the effect of the subcutaneous injec-
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tion of ADM on wound healing in full-thickness skin defects in

white rats.

METHODS

Animal testing was conducted in accordance with the ethical
standards of the Animal Experimentation Ethics Committee of
the College of Medicine of Yeungnam University. Twenty male
white rats (Sprague-Dawley rats) aged 8 weeks, weighing 250 to
350 g, were used in the experiment. For adaptation to the exper-
imental environment, the rats were raised for one week in the
living conditions that were used throughout the duration of the
experiment (e.g., temperature, humidity, light, and air). Food
and drinking water were freely supplied.

Experiment
Excisional wound model
One day before the full-thickness skin defect was made, the dor-
sal hair of 18 white rats was completely removed using an elec-
tric razor. The anesthesia used was a mixture of 40 mg/kg of
ketamine hydrochloride (Ketara; Yuhan Corp., Seoul, Korea)
and 3 mg/kg of xylazine (Rompun; Bayer, Seoul, Korea) and
was administered by intramuscular injection. Before the experi-
ment, the rats were disinfected with 10% povidone iodine solu-
tion, followed by 70% alcohol.

A 2x2 cm?, full-thickness skin defect was formed using a No.
1S surgical knife on the dorsum of each white rat, leaving a thin

subcutaneous fat layer.

Experimental treatment
The white rats were divided into three groups: group A, group
B, and group C. Six rats were assigned to each group, and the

following treatment for each group was applied.

GroupA (physiological saline dressing group, six rats)

To observe the natural healing process in the white rats after a
full-thickness skin defect was made, physiological saline was ap-
plied evenly to the affected area (Fig. 1).

Group B (CG Paste scrub dressing group, six rats)
Immediately after the full-thickness skin defect was made, 0.5
mL of CG Paste was evenly applied to the wound surface using

a sterile swab.

Group C (CG Paste injection group, six rats)
Immediately after the full-thickness skin defect was made, 0.5
mL of CG Paste was evenly injected into the subcutaneous layer

of the wound bed in four directions (cephalic, caudal, left, and
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Fig. 1. Applied methods of dressing material

(A) Normal saline dressing was applied in group A (the control
group). (B) CG Paste 0.5 mL was applied directly on the wound in
group B. (C, D) CG Paste 0.5 mL was injected into the subcutaneous
layer in four directions from the wound margin (cephalic, caudal,
left, and right) in group C.

I/

right) from the wound margins, using a 23-gauge needle.

After each treatment, a sterile gauze and fixed dressings with
Tubifast garments (Tubifast green bandage, Mélnlycke) were
applied to prevent self-injury to the skin defect area.

Tissue harvesting and evaluation

Evaluation by gross observation

The wound healing status of the 18 white rats was observed on
days 3, 5, 7, 10, and 14 after the formation of the full-thickness
skin defect and treatments for each experimental group. The
skin defect area was photographed using a digital camera (Can-
on EOS 6D, Tokyo, Japan), and the open wound area was mea-
sured using a computerized image analyzer (Image]; National
Institutes of Health, Bethesda, MD, USA). An open wound was
defined as a wound area in which the wound bed with a full-
thickness skin defect was not re-epithelialized. Percentage of
open wound size = 100~ (re-epithelialized area + initial wound
size (2x 2 cm?*) ] x 100.

Histological evaluation

The areas where the skin defects were made were harvested, in-
cluding areas of normal tissue, and the specimens were fixed in
formalin. Later, they were cut into sections with a thickness of 3
pm using a dermatome. Then, after each specimen was attached
to poly-L-lysine-coated slides, they were subjected to deparaf-
finization and hydration, and hematoxylin-eosin staining and
Masson trichrome staining were carried out. Tissue slides ob-
tained by Masson trichrome staining were quantitatively evalu-
ated for collagen fiber deposition using a computerized image
analyzer (Image]).
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Immunohistochemical analysis

The level of CD31 expression was measured to compare the
microvessel density (MVD) in the dermal layer during wound
healing. On days 3 and 7 after the formation of the full-thickness
skin defect and treatments for each experimental group, tissue
was harvested from the dorsum of the white rats. The entire
dermal layer of the wound margin at the site of the full-thickness
skin defect was observed. The measurement of MVD was based
on Weidner method [12]. At a low-power resolution ( x 100),
we selected the area with the largest number of vessels stained
with rabbit polyclonal anti-CD31 antibody around the fibro-
blasts of the dermal layer. The criterion for the positive determi-
nation of vascularization was that the endothelial cells of the
blood vessels were brown, and the vessels contained red blood
cells. From the area selected as having the largest number of ves-
sels at the low-power resolution ( x 100), five areas were ran-
domly selected at high-power resolution (x200) and photo-
graphed, and the number of blood vessels per unit area was as-
sessed as a mean value, using a computer image analyzer (Leop-

ard; Zootos, Uiwang, Korea).

Statistical analysis

For each experimental group, the size of the wound, thickness of
the skin in the defect area, degree of collagen fiber accumula-
tion, and MVD were determined as mean * standard deviation.
The Mann-Whitney U-test was used for comparisons between
two groups, the Kruskal-Wallis test was used for comparisons
among three groups, and the Friedman test was used to deter-
mine whether significant differences were present between the
experimental groups. The statistical analysis program SPSS ver-
sion 17.0 (SPSS Inc., Chicago, IL, USA) was used, and the Bon-
ferroni correction was applied. The result was determined to be
statistically significant by the Kruskal-Wallis test if the P-value
was less than 0.05, by the Mann-Whitney U-test if the P-value
was less than 0.017, and by the Friedman test if the P-value was
less than 0.0S.

RESULTS

Results of gross observation

The size of the wounds on days 3, S, 7, 10, and 14 after full-
thickness skin defect formation and application of experimental
treatments is shown in Fig. 2, and the ratio of the open wound
area to the initial skin defect area was calculated as a percentage
and is presented in Table 1. The open wound size of each group
significantly decreased (group A, P <0.001; group B, P < 0.001;
group C, P<0.001). There was no significant difference in the
wound size between the experimental groups on days 3, S, and
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Fig. 2. Sequential gross photographs of wounds

POD, postoperative day.

Group A Group B

POD 3

POD 5

POD 7

POD 10

POD 14

Table 1. Sequential macroscopic changes in wound size

POD Group A Group B Group C
POD 3 96.2+3.6 954433 971+28
POD 5 929+7.8 88.1+6.6 90.7 £ 4.1
POD 7 89.4+11.3 81.3+88 843152
POD 10 86.1+14.0 66.4+9.8 M7+73
POD 14 81.4+11.3 574498 59.7+6.8
Values are presented as mean =+ standard deviation.

POD, postoperative day.

7 after full-thickness skin defect formation (P> 0.05). On days
10 and 14 after full-thickness skin defect formation, a signifi-
cantly greater decrease in the wound area was observed in group
B and group C compared to that in group A (P=0.013 and P=
0.007 on day 10; P=0.009 and P = 0.004 on day 14, respective-
ly). There was no significant difference between group B and
group C (P =0.4S5 on day 10, P=0.89 on day 14) (Fig. 3).

Evaluation of histological results
Masson trichrome staining (Fig. 4) was used to quantitatively
evaluate the formation of collagen fibers. More collagen fibers
were observed in group C than in the other two groups, espe-
cially on postoperative day 7.

On day 3 after full-thickness skin defect formation and the
treatment for each group, the RGB blue color intensities were
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Fig. 3. Time-course macroscopic changes in wound healing

During the experiment, the open wound size of each group sig-
nificantly decreased (group A, P<0.001; group B, P<0.001; group
C, P<0.001). On postoperative days (POD) 10 and 14, groups B
and C showed significantly smaller areas of raw surface than
group A. “Statistically significant difference between groups C
and A (P=0.007 on days 10, P=0.004 on days 14); "Statistically
significant difference between groups B and A (P=0.013 on days
10, P=0.009 on days 14); IFriedman test during the experiment,
each group (P<0.05).

120

100

60

Open wound (%)

40 - <+ GroupA
-= Group B
20 ~+ Group C

POD 3 POD 5 POD 7

Days after wound formation

POD 10 POD 14

269+£21.2,245+39.8, and 203 +25.4 in groups A, B, and C, re-
spectively. A lower intensity value indicates a darker blue color
and, thus, more collagen. There was no statistically significant
difference in the values of RGB blue color intensity between the
experimental groups.

On day 7 after the completion of full-thickness skin defect for-
mation and the treatment for each experimental group, RGB
blue color intensity was found to be 228 +32.8,214+22.0, and
153+27.8 in groups A, B, and C, respectively. Statistically sig-
nificant differences in RGB blue color intensity were found be-
tween groups C and A (P=0.001) and groups C and B (P=
0.004). No statistically significant difference was found between
groups A and B (P=0.76) (Fig. S).

Results of immunohistochemical analysis
On day 3 after full-thickness skin defect formation and treat-
ment, groups A, B, and C showed 2.73+0.61 vessels/high-pow-
er field (HPF), 4.18 £0.73 vessels/HPF, and 7.21 £ 1.30 ves-
sels/HPF, respectively. Statistically significant differences were
found in the number of vessels between groups C and A and
groups C and B (P=0.008 and P=0.011, respectively). No sta-
tistically significant difference was found between groups A and
B (P=0.064).

On day 7 after treatment, groups A, B, and C showed 4.01 +
0.49 vessels/HPF, 5.19 + 1.18 vessels/HPF, and 7.58 + 1.29 ves-
sels/HPF, respectively. A statistically significant difference was
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Fig. 4. Masson trichrome-stained slides of specimens

POD 3

POD 7

Fig. 5. RGB intensity of Masson trichrome staining

Lower values of color intensity indicate a darker blue color of the
specimen. Group C showed significantly more collagen deposition
than groups A and B on postoperative day (POD) 7. “Statistically
significant difference between groups C and A (P <0.017); YStatisti-
cally significant difference between groups C and B (P<0.017).
Mann-Whitney U-test between two groups (groups C and A, groups
Cand B; P<0.05).
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RGB intensity of Masson trichrome staining

o
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found in the number of vessels between groups C and A (P=
0.009). However, no statistically significant difference was
found between groups B and C (P=0.125) and groups B and A
(P=0.097) (Figs. 6 and 7).
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Masson trichrome staining revealed that collagen fiber deposition was elevated in group C compared to groups A and B. Darker blue stains indi-
cate more deposition of collagen fibers (all figures, X 200 magnification). POD, postoperative day.

DISCUSSION

The comprehensive concept of a wound includes lacerations,
punctures, amputations, abrasions, and surgical wounds, which
are often encountered in reconstructive surgery. When a wound
is left open and expected to heal without surgical treatment, it is
called wound healing by second intention or secondary union.
A dressing is a means of helping wound healing by secondary
intention. An ideal wound dressing keeps the wound clean, with
adequate wetting, protects the affected area from pressure and
physical impact, reduces edema, and is inexpensive. In addition,
careful consideration should be given to the role of the dressing
material suitable for the specific characteristics of the affected
area (e.g., exudate absorbency, adhesion, bacterial inhibition,
and debridement) and physical properties of the dressing (e.g,,
ointment, film, foam, and gel) [13].

Although traditional wound management was limited to ab-
sorbing exudates and wiping out the affected areas, it has recent-
ly evolved to include the use of hyperbaric oxygen therapy, neg-
ative-pressure wound therapy (NPWT), stem cells, platelet-rich
plasma, and biomaterials.

CG Paste is a biomaterial applied to wounds, and its clinical ef-
ficacy has recently been studied by several researchers in animal
experiments and clinical trials. It is manufactured by combining
a micronized ADM, which is produced by lyophilizing and pul-
verizing the ADM processed from human tissue, and a gelatin
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Fig. 6. Immunohistochemical analysis of anti-rat CD31 antibody
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Fig. 7. CD31-positive microvessel density

Group C showed a higher microvessel density than groups A and B
on postoperative days (POD) 3 and 7. Statistically significant differ-
ences were found between group C and the other groups on POD 3
and between groups A and C on POD 7. Bars show mean =+ stan-
dard deviation. HPF, high-power field. ?Statistically significant dif-
ference (P<0.017). Mann-Whitney U-test between two groups
(P<0.05).

M Group A M Group B ™ Group C

CD31 positive microvascular vessels
(vessels/HPF)

POD 3 POD 7

material derived from porcine skin, which is a biocompatible,
water-soluble, natural polymer.

The main component of the micronized ADM has no immu-
nogenicity, so there is no foreign body reaction when it is inject-
ed into the body, and it is known to induce migration of fibro-

Black arrows indicate polyclonal anti-CD31 antibody-stained vessels that are newly formed. On postoperative days 3 and 7, group C showed
higher microvessel density than groups A and B (all figures, X 200 magpnification). POD, postoperative day.
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blasts by providing an extracellular matrix, enabling it to survive
as autogenous tissue [14,15]. ADM is known to help heal
wounds through mechanisms such as acting as a scaffold for
granulation tissue formation, providing receptors for fibroblast
attachment, stimulating angiogenesis, functioning as a chemoat-
tractant of vascular endothelial cells, and including and protect-
ing growth factors.

Gelatin is a protein-based synthetic biomaterial. It is a dena-
tured protein that is biodegradable, biocompatible, and non-an-
tigenic. Gelatin is frequently utilized as a scaffold in tissue engi-
neering and for a variety of purposes including compression
sponges (e.g., Gelfoam, Pfizer; Surgifoam, Ethicon) for hemo-
stasis [16].

In contrast, when CG Paste is applied to the affected part of
the body, as in its conventional use, there are disadvantages. For
example, CG Paste can detach from the affected area and be
smeared on the dressing foam material or drained together with
the exudates in the case of NPWT. In addition, chronic open
wounds, which are not responsive to dressing treatment, are less
likely to have a widespread distribution of blood flow or growth
factors in the wound bed [17]. Therefore, it was thought that no
matter how good a dressing material may be, topical application
alone might have limitations in terms of stimulating the expres-
sion of growth factors and cytokines necessary for effective
wound healing.

Therefore, we hypothesized that if CG Paste is injected into
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the subcutaneous layer of the wound bed, it would have a regen-
erative effect by allowing surrounding cells, including fibro-
blasts, to come into contact with the ADM, stimulating the ex-
pression of various growth factors and positively affecting colla-
gen synthesis and microvessel neovascularization. Thus, since in
matrix cell scaffold structures, various growth factors and cyto-
kines play an important role in tissue regeneration, injecting CG
Paste into the wound was expected to be more effective than
topical application for forming an extracellular matrix.

A biocompatibility test was first performed to determine
whether CG Paste caused a foreign body reaction when injected
into the body of a white rat. Histological examination showed
mild chronic inflammation rather than a foreign body reaction.
This finding suggests that CG Paste can be used not only
through the conventional method, but also by injection.

According to the results of the experiment, group C (the CG
Paste injection group) showed a similar wound healing rate to
that of group B (the CG Paste scrub dressing group), while
group C was superior to group A ( gauze dressing group) in terms
of gross observations of the wound, suggesting that CG Paste
can be used clinically by injection. As shown by BOTOX (Aller-
gan, Irvine, CA, USA), the clinical use of a medical product may
be modified in addition to its originally intended indications or
usage.

The histological examination using Masson trichrome staining
revealed that more collagen fibers were formed in group C (CG
Paste injection group) than in the other groups. Collagen was
first applied as a biomaterial in 1881, and the familiar catgut su-
ture (Surgical Gut Suture, Ethicon) is also an example of a colla-
gen-rich biomaterial [ 18]. Collagen fibers constitute most of the
extracellular matrix in the body by forming a collagen fibril-
based network, and simultaneously affect the migration and
stimulation of various surrounding cells by forming well-orga-
nized, three-dimensional scaffolds [19].

The presence of more collagen fibers in the experimental
group suggests two clinical possibilities. First, the quality of
wound healing may have improved through increased structural
integrity of the extracellular matrix. According to this possibility,
as the number of collagen fibers increases, the repaired tissue
will be stronger and better able to withstand tensile forces, and
the regenerated dermal layer will be strengthened through in-
creased cross-linking between the fibers. Second, collagen fibers
may dynamically increase the remodeling phase of wound heal-
ing by affecting the migration of surrounding cells, including fi-
broblasts. It is also worth noting that there are economic advan-
tages of increasing the dynamicity of the remodeling phase (e.g,,
growth factor-based dressings and cell-based therapies, includ-
ing stem cells) over existing therapies.
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The MVD observed in the entire dermal layer of the wound
margins was higher in group C (the CG Paste injection group)
than in the other groups, which suggests the possibility of neo-
vascularization. We think that a great deal of angiogenesis would
have had to occur for the collagen fibers to be viable, and further
investigations should be carried out to show the specific cells,
growth factors, and pathways through which CG Paste injection
induces angiogenesis.

In this study, we demonstrated that when CG Paste was inject-
ed into the subcutaneous layer of the wound margin, it en-
hanced wound healing, in contrast to the conventional method
of applying CG Paste topically on the wound. This was con-
firmed by the fact that CG Paste injection was comparable to
the conventional method with respect to the rate of wound re-
covery and by the results of the histological examination, which

showed an increase in the amount of collagen fibers and MVD.
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