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Alginate Dermal Substrate: Preliminary Report
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Alginate, a polymer of guluronic and mannuronic
acid, is used as a scaffolding material in biomedical
applications. The research was to produce highly-puri-
fied alginate from seaweeds and to evaluate the efficacy
of alginate as dermal substrate. Our alginate purification
method showed a production rate as high as 25%. The
purified alginate contained little polyphenol contents and
endotoxin, proteins. For study of wound healing, full
thickness skin defects were made on the dorsal area of
the animal models. And then alginate, fibroblast-growth-
factor mixed alginate, alginate-collagen complex, vase-
line gauze as control were applied on the wound, res-
pectively, and were evaluated grossly and histopatholo-
gically. For biocompatibility test, alginate and alginate-
collagen complex discs were implanted on the back of
Sprague- Dawly rats. Four weeks after implantation, the
animals were examined immunologically against alginate
and collagen. Alginate and FGF-mixed alginate, alginate-
collagen complex group showed statistically higher per-
centage of wound contraction and wound healing than
control group(p < 0.05). Alginate-collagen complex group
and FGF-mixed alginate group showed statistically
higher percentage of wound healing than alginate group.
The experiment of biocompatibility and immunologic
reaction against impanted alginate or collagen needs
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more investigation. Highly-purified alginate from sea-
weeds by our purification method, showed the effect of
wound healing, and addition of FGF or collagen in-
creases the alginate's wound healing effect. It shows the
possibility of alginate as a dermal substrate.
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Fig. 1. Extraction and purification of alginate from seaweed. (A, digestion with H;5O4 B, Na,CO; reaction; C, precipitation of
crude alginate with ethanol; D, resolution of crude alginate; E, decoloration of alginate with NaOCl; F, withdrawal of fine alginate;

G, neutralization of alginate).
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Alginate

Alginate + FGF

Alginate + Collagen

Fig. 2. Cross-linked lyophilized alginate sponge, FGF(fibro-
blast growth factor) mixed alginate sponge and alginate-
collagen complex sponge.
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Fig. 3. (Above, left) Circular shape full thickness skin defect(@=2 cm) was made on the back of rat and white rabbit. (Above,
right) Each dressing material was applied (A, fine mesh vaseline guaze; B, covalent cross linked alginate disc; C, fibroblast growth
factor in rat, alginate-collagen complex disc in white rabbit) (Below, left) Above each dressing material, aseptic gauze was laid
and sutured with Nylon 3-0 or Stapler. (Below, right) Change in wound size according to dressing materials at 10th day after
operation. Most of the wounds were healed between 25th and 30th day after operation.
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1) 2X|H[0|E & (Alginate extraction)
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Fig. 4. Calculation of wound size. (Above, left)
The initial size of each wound is same. (Above,
right) Drawing of each wound on the OHP
film. (Below, left) Sw=the initial wound. (Below,
right) Si=the wound on the day measured. Sg=
the area of granulation wound which is unepi-
thelized on the day measured. Evaluation of
each parameter associated wound healed can be
found; Size of wound healed=Sw-Sg, Size of
wound contraction=Sw-Si, Size of wound epi-
thelization=5i-Sg.
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& brown seaweed
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Fig. 5. The measurement of polyphenol about alginate ex-
tracted from a brown seaweed, tangle and commercial pro-

ducing algiante(Login).
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Table |. The Viscosity of Each Alginate Type

The types of alginate(%, w/v) CP(at 6 rpm) CP(at 3 rpm)
A brown seaweed > 500 > 1000
153 191
A sea tangle 149 172
16 16

Hydrolysis of a brown seaweed for 90 minutes
(0.5%) 25 5.0
(0.1%) 25 3.0
Hydrolysis of a sea tangle for 200 minutes
0.5%) 2.0 4.0
(0.1%) 1.0 15

(CP, centi-poise)

Table 1l. The Comparison of Chemical Composition in Each Alginate’s Type

The type of alginate The type of block OD % M/G ratio
MG 1.206 19

A brown sea weed MM 2121 34 0.75
GG 2.737 48
MG 1.323 25

A sea tangle MM 2.142 41 117
GG 1.724 33
MG 1.542 26

Hydrolysis of brown sea weed for 90 minutes MM 2173 37 1.02
GG 2.157 36
MG 1.104 19

Hydrolysis of brown seaweed for 3 hours MM 2.301 41 1.04
GG 2.209 39

M/G ratio=(% MM+ % MG/2)/ (% GG+ % MG/2)
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Fig. 6. The relationship between wavenumber and transmit-
tance of alginate {(Above) and covalent crosslinking alginate
(Below) using the FT-IR spectrophotometer.
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Fig. 7. The measurement of size of the
healed wound and wound contraction,
wound epithelization. (A, change in wound
size by wound contraction in rat’s study; B,
size of wound epithelialization in rat's
study; C, size of the healed wound in rat’s
study; D, change of wound size by wound
contration in rabbit's study; E, size of
wound epithelialization in rabbit’s study; F,
size of the healed wound in rabbit’s study)
The fibroblast growth factor mixed alginate
group and alginate-collagen complex
group show statistically higher degree of
the healed wound than alginate group(p <
0.05). The alginate group show statistically
higher degree of wound healing than
control group, undoubtedly.
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Fig. 8. Alginate (Left) and alginate-collagen discs (Right) was implanted on the dorsal area of rat. Four weeks following the
implantation, each animal was bled and the sera of each concentration were reacted with collagen or alginate for ELISA to test
specific antibody reacting with alginate and alginate-collagen. There was not statistically significant difference in OD values over

increasing serum dilution(p=0.561).

o> .
& N LN SRR RS El Alginate
< A M Collagen
Concentrations

S
N € Alginate
R M Collagen
Concentrations

Fig. 9. Alginate (Left) and alginate-collagen discs (Right) were implanted on the dorsal area of rat. Four weeks following the
implantation, each animal was sacrificed to obtain spleen cells. Splenic immune cells were reacted with an increasing dose of
collagen or alginate. There was no statistically significant difference in OD values in T cell responses by addition of alginate or

collagen(p=0.416).
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