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Background

 Eggshell membrane is an equivalent to the extracellular matrix (ECM)

and is primarily composed of fibrous proteins and GAGs, in addition to

other sulfated glycoproteins.

 It has traditionally been used as a natural bandage on burned and cut

skin injuries in Asian countries. In addition, it has been recently

reported to be effective as a dressing for skin graft donor sites1.

Our aim:

 Investigate the impact of industrially produced Purified Eggshell

membrane Powder (PEP) on MMP regulation and wound healing in

cultured dermal fibroblasts and mouse trials, aiming to use PEP as an

ingredient in a low-cost wound healing product.

Materials and Methods
PEP: eggshell membranes were produced by a patented process owned by Biovotec AS, purified, dried and

milled to small particles <100 micron. PEP was characterized using scanning electron microscopy (SEM),

histology and HPLC techniques. The in vitro effect of PEP was examined in primary dermal fibroblast cultures

by incubating with 1 mg/mL PEP for three days and then analyzed using gelatin zymography, ELISA and

immunofluorescence staining. Mice with excisional wounds (n=3-4) were used to examine the effect of PEP in

vivo, and wound sections were analyzed using in situ zymography and immunohistochemistry.
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FIGURE 1. Characterization of PEP. A) SEM photograph of eggshell mem
powder showing fibrous protein, collagen-like structure. B) Staining with
Sirius Red demonstrates the presence of collagens (left panel) and the
crosslinking of collagens at surface of fibers (right panel). HA, hyaluronic acid; CS, chondroitin sulphate; DS, dermatan 

sulphate; HS, heparan sulphate. ND, non-detected.

Table 1. The composition of GAG types in PEP
GAG type Sulfation (S) % record

HA None S 81

CS 0-S 6

4-S 12

6-S 1

CS/DS 4-S,6-S ND

HS 2-S Negligible

2-S,4-S Negligible

2-S,6-S Negligible

2-S,4-S,6-S Negligible

Results

SEM analysis and histological collagen staining of PEP shows a fibrous

protein structure reflecting its collagen content (Fig. 1).

Glycosaminoglycan (GAG) analysis revealed a high content of

hyaluronic acid (81%) in addition to chondroitin-sulfate GAGs (Table 1).

Regarding the in vitro study, when incubated with PEP (1 mg/mL),

dermal fibroblasts seemed to be attracted to and migrated into PEP

aggregates (Fig. 2). Gelatin zymography analysis revealed an increased

activation of matrix metalloproteinase (MMP)-2 with PEP, although the

mRNA expression and protein secretion were unchanged (Fig. 3).

Further, PEP reduced vinculin in focal adhesion sites and rearranged the

cytoskeleton, in addition to the increased syndecan-4 shedding,

suggesting an influence on cell migration (Fig. 4). In vivo study, when

PEP was applied onto excisional wounds in mice, the wound closure was

significantly improved at 3, 7, and 10 days, as compared to the non-

treated wound (Fig. 5). In situ zymography assessment of MMP activity

in sections from the PEP-treated and non-treated wounds demonstrated

a significantly higher MMP activity at the wound edges of the treated

wound at day 3 (Fig. 6). Moreover, an increased expression of MMP-2

and MMP-9 was observed at wound edges in PEP-treated wound Fig.

7).

FIGURE 2. Examinations of in vitro fibroblast cultures
incubated with PEP (1 mg/mL) for 1 day. A) Light microscopy
and B) Fluorescence microscopy using Live/dead assay kit
demonstrate the cell migration and growth into PEP
aggregates. (PEP clusters are visualized as red structures.
Viable cells stained green).

FIGURE 3. Assessment of PEP influence on MMP-2 in fibroblast culture
after 3 days incubation. A) Gelatin zymography analysis of cell medium
for MMP-2 activity. B) Real-time PCR of cell fraction for mRNA
expression, and C) ELISA analysis of cell medium for MMP-2 level.

FIGURE 4. PEP influence migration processes. Fibroblasts were incubated
with/without PEP for 3 days. A) Immunostaining of fibroblasts with
vinculin antibody and phalloidin demonstrate a reduction of focal
adhesion sites in addition to a rearrangement of intracellular actin
filaments to cell cortex in PEP-treated cells. B) ELISA assay of cell medium
show a modest increased shedding of syndecan-4 in PEP treated in
compare to non-treated cells.

FIGURE 5. In vivo wound healing experiment using mouse
splinting model. A) Excisional wound splinting model in wild
type mice (C57BL/6J,13-15 weeks) using animal protocol
CMM-18. B) Wound closure curve showing the accelerated
wound healing in mouse excisional wound splinting model
after application of PEP (2.5 mg/cm2 wound) in comparison to
non-treated control wounds.

FIGURE 6. Histological sections of mouse wounds 3 days after wounding. H&E-staining illustrates
the wound sites (upper panels). In situ zymography with DQ-gelatin analysis of non-treated and
PEP-treated wound sections showing an increased MMP activity in the wound edges of treated
wounds (lower panels).

FIGURE 7. Immunohistochemistry analysis of wound sections at day 3 after wounding revealed
increased expression of MMP-2 and MMP-9 (red) at the wound edges of PEP-treated wounds in
comparison to control wounds. The nuclei were counterstained with Hoechst (blue).
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Conclusions

 PEP promotes wound healing in mice

 PEP influence the MMP activity both in vitro and in vivo

 The increased MMP activity at early phase (day 3)

might be of important for matrix degradation and cell

migration into wound site
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