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Abstract Acid soluble collagen (ASC) and pepsin-solu-

ble collagen (PSC) from the outer skin waste of marine eel

fish (Evenchelys macrura) were isolated and characterized.

The prepared collagen was used to test its effective drug

delivering potential in vitro condition. Present results were

confirmed as collagen by different physico-chemical tech-

niques like SDS–PAGE, HPLC, FTIR and SEM. Further

amino acid analysis corroborates isolation of type I colla-

gen. Both ASC and PSC comprising two different a-chains

(a 1 and a 2) were characterized as type I and contained

imino acid of 190–200 residues, respectively. The dena-

turation temperatures (Td) of ASC and PSC were 38.5 and

35.0 �C, respectively, which is promising as an advantage

for biomedical application due to closeness in Td to

mammalian collagen. Furthermore, the gel and film form-

ing capability of collagen samples containing implant

standard antibiotic was proved to be a suitable drug

delivering system.

1 Introduction

Collagen is the most abundant protein representing nearly

30 % of total proteins in the animal body. It is the major

component of extracellular matrix and is vital for

mechanical protection of tissues, organs, and physiological

regulation of cellular environment [1]. The use of collagen

is rapidly expanding in cosmetics and pharmaceutical

industry. However, its applicability is severely limited due

to high cost. Fish processing waste, which otherwise cause

serious environmental pollution, is a promising cost

effective collagen source. Collagen, a right-handed triple

superhelical rod, is unique in its ability to form insoluble

fibres that have high tensile strength. There are at least 29

different types of collagen, named type I–XXIX [2].

Among various types, type I collagen has been extensively

used as biomaterial for the development of tissue engi-

neering constructs and wound dressing systems due to its

low antigenic and high direct cell adhesion properties.

Type I collagen is commonly found in connective tissues,

including tendons, bones and skins [3]. All members of the

collagen family are characterised by domains with repeti-

tions of the proline-rich tripeptides, Gly-X–Y, involved in

the formation of the triple helix [3]. Collagen has a wide

range of applications in the leather and film industries, in

cosmetic and biomedical materials, and as food [4]. In

pharmaceutical applications, collagen can be used for

production of wound dressings, vitreous implants and as

carriers for drug delivery. In addition, collagen has been

used to produce edible casings for the meat processing

industries (sausages/salami/snack sticks).

The use of polymers for film coating of solid dosage

forms has been rapidly increasing over the past few years.

Most of the work on polymeric films has focused on the

importance of polymer–polymer blends. The influence of

drugs in the polymeric films has received limited attention,

despite their presence in film coatings. Several studies have

shown that it is possible for a small amount of drug to

either dissolve in the coating solution during film formation

or migrate from the tablet core to the film surface [5].

Migration of the drug can occur either during the coating

process or over a period of time, depending on the storage

conditions. In addition, drugs can also be present as part of
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the coating formulation as in the case of drug loaded pel-

lets. Besides these, collagen is also used as a moisturizer in

cosmetic creams for dry skin therapy. Apart from these,

collagen fibrils and their denatured derivatives like gelatin

are the main structural and functional component in many

biomedical processes.

Generally, in vivo absorption of collagen is controlled

by the cross-linking agent such as glutaraldehyde or by

induction of cross-linking through ultraviolet or gamma

irradiation. In addition, collagen could be used as con-

trolling material for transdermal delivery, along with

nanoparticles for gene therapy, basic matrices for cell

culture systems and good replacement/substitutes for arti-

ficial blood vessels and valves. Many studies have been

carried out from various sources for collagen extraction

like fish skin and fish bone from the seafood processing

industries. Therefore, in this study, the drug delivering

potential of implantable type I collagen isolated from the

outer skin waste materials of eel fish (Evenchelys macrura)

was attempted. The collagen recovered was successfully

tested for its drug delivering capacity through standard

drugs embedded in gels and films of extracted collagen.

2 Materials and methods

2.1 Fish skin preparation

Eel fish (E. macrura) skin was freshly collected from a

landing centre of Parangipettai (Lat.11�290N long.79�
460E), Tamil Nadu, south east coast of India. Residual meat

was removed manually and cleaned samples were washed

with tap water. The skin was washed with cold water

4–6 �C and cut into small pieces. The prepared skin sam-

ples were packed in polythene bags and kept at -20 �C

until used.

2.2 Pretreatment of skin

To remove non-collagenous proteins, the prepared fish skin

was mixed with 0.1 M NaOH at a skin/alkali solution ratio

of 1:10 (w/v). The mixture was continuously stirred for

12 h at 4 �C and the alkali solution was changed every 2 h.

The treated skin was then washed with cold water until a

neutral or faintly basic pH of wash water was reached. The

pH of wash water was determined using a digital pH meter.

2.3 Isolation of acid soluble collagen (ASC)

ASC was extracted as per the method of Nagai et al. [6]

with some suitable modification. All processes were carried

out at 4 �C with continuous stirring. The pretreated skins

were defatted with 10 % butyl alcohol with a solid/solvent

ratio of 1:10 (w/v) for 24 h and the solvent was changed

every 8 h. Defatted skin was washed with cold water

(4–6 �C), followed by soaking in 0.5 M acetic acid with a

solid/solvent ratio of 1:15 (w/v) for 48 h, and centrifuged at

10,0009g for 30 min. The ASC was salted out by adding

NaCl at final concentration of 0.8 M. The resultant pre-

cipitate was collected by centrifugation at 8,0009g for

20 min at 4 �C and dissolved in 10 volumes of 0.5 M

acetic acid. The obtained solution was dialysed against 10

volumes of 0.1 M acetic acid through the dialysis mem-

brane with the molecular weight cut-off of 30 kDa for 24 h

at 4 �C along with the changed the solution at every 6 h.

Subsequently, the solution was dialysed against 10 vol-

umes of distilled water until the neutral pH was obtained.

The dialysate was freeze-dried and referred to as ASC.

2.4 Isolation of pepsin soluble collagen (PSC)

After acid extraction, the insoluble residue was suspended

in 0.5 M acetic acid and digested with pepsin (Code No:

RM1250-HiMedia, India) (1:100 for 48 h) at 4 �C. It was

centrifuged (10,0009g) for 30 min and then the PSC (in

the supernatant) was salted out by adding NaCl to a final

concentration of 0.8 M. The solution was left overnight at

4 �C and the resultant precipitate was collected by centri-

fugation (8,0009g for 20 min). The precipitate was again

dissolved in 0.5 M acetic acid and dialyzed against 0.02 M

Na2HPO4 for 24 h to inactivate the pepsin. The precipitate

was collected by centrifugation and re-dissolved in 0.5 M

acetic acid. Finally, the solution was dialyzed with 0.1 M

acetic acid/distilled water and lyophilized. The yield of

PSC was also calculated in the same manner as for ASC.

Additionally, the accumulated yield of collagen was cal-

culated from the yields of both ASC and PSC.

2.5 Quantification of protein

The protein concentration of solubilized collagen samples

(ASC and PSC) was determined by following method of

Lowry et al. [7] using Bovine serum albumin (BSA) as a

standard.

2.6 SDS–polyacrylamide gel electrophoresis

(SDS–PAGE)

SDS-PAGE was performed by following the method of

Laemmli [8] using the discontinuous Tris–HCl/glycine

buffer system with 12 % resolving gel and 4 % stacking

gel. Following electrophoresis, the gel was stained for 4 h

with 0.3 % Coomassie brilliant blue R250 dissolved in

distilled water, methanol and acetic acid (20:70:10), and

then destained using a solution containing distilled water,

methanol and acetic acid (50:40:10). High molecular
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weight markers were used to estimate the molecular weight

of proteins. The markers used included myosin rabbit

muscle (205,000 Da), phosphorylase b (97,400 Da), BSA

(66,000 Da), ovalbumin (43,000 Da) and carbonic anhy-

drase (29,000 Da). Finally destained gels were plotted for

molecular weight determination under the gel documenta-

tion system (LARK, India).

2.7 Determination of denaturation temperature

The denaturation temperature (Td) was measured by

changes in viscosity, using an Ostwald’s type viscometer

followed by Zhang et al. [9] method with suitable modi-

fications. Briefly, 20 ml of 0.03 % collagen solution in

0.1 M acetic acid with 0.2 M sodium acetate buffer (pH

5.0) was used for viscosity measurements. Thermal deter-

mination curve was obtained by measuring viscosity at

various temperatures (20–55 �C) at 15 min interval. The

viscosity was calculated by using the following formula.

Fractional viscosity ¼ gsp Tð Þ � gsp 55�Cð Þ
� �

=

gsp 20�Cð Þ � gsp 55�Cð Þ
� �

;

where, gsp is the specific viscosity.

3 Amino acids analysis

The collagen samples were hydrolyzed under reduced

pressure in 6 M HCl at 110 �C for 24 h, and the hydroly-

sates were analyzed on a Merck-Hitachi LaChrome amino

acid analyzer (D-7000 RP-HPLC System, Darmstadt,

Germany).

3.1 Observation of scanning electron microscopy

(SEM)

The morphological characteristics of the isolated collagen

(ASC and PSC) were observed by JEOL JSM-5610LV

Field Emission Gun SEM (Tokyo, Japan).

3.2 Amide band patterning of ASC and PSC

The functional group of collagen sample was analyzed by

Fourier Transform Infra Red (FTIR) technique. The

lyophilized collagen samples (3 mg) were mixed with

dried potassium bromide (KBr) (100 mg) ground in a

mortar and pestle and then subjected to a pressure of about

5 9 106 Pa in an evacuate die for disc formation

(13 9 1 mm). The absorption intensity of the peaks was

calculated by the base-line method. Each sample was

scanned with three different pellets under identical condi-

tions. The resulting spectra were analyzed using ORIGIN

8.0 software (Thermo Nicolet, USA).

3.3 Preparation of drug complex gels

Gel dosage was formed using lyophilized collagen samples

prepared by dissolving 1 mg of collagens in 0.01 M citric

acid solution (pH 2.4). The samples were kept at 20 �C

until use. The dissolved samples were mixed with 10 mg/ml

of HPMC E15 (hydroxyl propyl methyl cellulose E15)

along with desired drugs and poured into a sterile Petri

plates. After the gel formation, the gel disc (6 mm) was

prepared using sterile micro tips.

3.3.1 Preparation of drug complex film

Collagen samples were dissolved in (1 mg/ml) 0.01 M citric

acid solution (pH 2.4) and kept in shaker at 20 �C until use.

The dissolved samples were mixed with film forming solu-

tion (HPMC E15—0.030 g, Talc—0.010 g, Tio2—0.010 g,

isopropyl alcohol—500 ml, MeCl2—500 ml) and 0.1 ml

(0.1 mg/ml) of known drugs. The solution was mixed and

poured into sterile petri plates for film formation.

3.3.2 Testing ASC and PSC gels and film for drug delivery

systems

The prepared gel and film was tested against seven human

pathogenic microorganisms were used as test antimicrobial

actions targets in this study including 4 bacteria, Klebsiella

pneumoniae, Staphylococcus aureus, Vibrio cholerae and

Pseudomonas aeruginosa and 3 fungi, Epidermophyton floc-

cosum, Trichophyton mentagrophytes and Candida albicans.

Specifically the disc diffusion assay was utilized to estimate

inhibition of growth in these pathogenic microbial species.

The agar disc diffusion method was employed for the

determination of antimicrobial activities of the drugs

(ampicillin and tetracycline) complex collagen gel and

film. Briefly, inoculum containing 194 CFU/ml was spread

on Mueller-Hinton agar plates for bacterial pathogens and

165 CFU/ml was spread on Mycological agar plates for

fungal pathogens strains. Using sterile forceps, the pre-

pared gel and film disc were laid down on the surface of

inoculated agar plates for drug delivery analysis. Further,

the plates were incubated at 37 �C for 24 h for the bacteria

and at room temperature (18–20 �C.) for 24–48 h for

yeasts strains. Each sample was tested in triplicate and the

zone of inhibition was measured as millimeter diameter.

4 Results

4.1 Yield of ASC and PSC from the skin of eel fish

ASC and PSC were isolated from the skin of marine eel

fish with yield of 80 and 7.1 % (based on the dry weight of
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skin), respectively. After lyophilization, ASC was obtained

as a colorless fibril like substance and PSC as pale black

colored substances with soft fibers.

4.2 Estimation and determination of eel fish skin

collagen

The amount of protein present in the eel fish skin collagen

was estimated as 93 and 198 mg/g in ASC and PSC,

respectively. Electrophoretic patterns of fish skin collagens

of E. macrura and type IV collagen from Human placenta

(Fluka, Sigma Aldrich Chemie Gmbh, Buchs, USA) are

shown in Fig. 1. The estimated molecular weight for a

chain of these collagens, using globular proteins as stan-

dards was *29–205 kDa.

4.3 Thermal stability of eel fish skin collagen

Figure 2 shows the Td of acids and pepsin-solubilized

collagen from E. macrura outer skin was calculated from

the thermal denaturation curves. ASC and PSC showed

transition curves with maximum denaturation temperatures

of 38.5 and 35.0 �C, respectively.

4.4 Amino acids profiling of eel fish skin collagen

ASC and PSC from the skin of eel fish E. macrura showed

similar amino acid compositions as shown in Table 1. Both

collagens had (278–263 glycine residues/1,000 residues) as

the major amino acid, followed by alanine (125–117 resi-

dues/1,000 residues), proline (96–102 residues/1,000 resi-

dues) and hydroxyproline (94–98 residues/1,000 residues).

4.5 Morphological structure of eel fish skin collagen

Morphological structures of the isolated collagen samples

were observed under SEM micro-photography with lower

and higher magnification. The fibrillar structure was noted

Fig. 1 SDS-polyacrylamide gel electrophoresis of eel fish

(E. macrura) and human placenta type IV collagen. Lane 1 contains

ASC. Lane 2 contains PSC. Lane 3 contains human placenta type IV

collagen. Lane 4 contains standard protein marker
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Fig. 2 Thermal denaturation curves of collagens (ASC, PSC) from

E. macrura and human placenta type IV collagen as a standard

Table 1 Amino acid composition of acid-soluble collagen and PSC

from E. macrura skin (residues per 1,000 total amino acid residues)

S. No Amino acid Three letter ASC PSC

1 Alanine Ala 125 117

2 Arginine Arg 56 40

3 Asparagine Asn 8 5

4 Aspartic acid Asp 60 56

5 Cystine Cys 12 15

6 Glutamic acid Glu 80 83

7 Glycine Gly 278 263

8 Histidine His 3 4

9 Hydroxylysine OH–Lys 4 6

10 Hydroxyproline OH–Pro 94 98

11 Isoleucine Ile 8 26

12 Leucine Leu 9 13

13 Lysine Lys 76 60

14 Methionine Met BDL 18

15 Phenylalanine Phe 5 3

16 Proline Pro 96 102

17 Serine Ser 31 36

18 Threonine Thr 24 22

19 Tryptophan Trp UND 2

20 Tyrosine Tyr 3 3

21 Valine Val 28 23

BDL below detectable level, UND undetectable
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in both collagens and also mentioned the porous three

dimensional collagen fibril sponges were observed by SEM

as shown in Fig. 3. However, the fibril width range 1 lm of

the ASC was lower than that of pepsin soluble collagen.

The width of collagen fibrillar tubes was uniform in size

(*1 lm). However, PSC had nodular like structures and

tubular in nature. These fibrils are a larger in size, ([1 lm)

with irregular structures. The revealed SEM images has

confirmed that both the samples showed the cross-section

in contact with the mold that expose an inter-connected

network pore configuration with a pore size of 90–250 lm.

The regular porous structure was clearly visible in ASC

when compared to PSC.

4.6 Secondary structural confirmation of eel fish skin

collagen

The representative FT-IR spectra of standard (type IV

collagen) and ASC and PSC of eel fish fingerlings in the

4000–400 cm-1 wave number regions are presented in

Fig. 4a–c. The main bands are labeled in the figures. The

vibrational assignment of FT-IR spectra for standard,

extracted collagen of ASC and PSC are presented in

Table 2. It is based on the probable frequencies of vibra-

tions of different group frequencies as reported in the

literature and their relative intensity in the FT-IR spectra.

As could be seen in the figure, the FTIR spectrum of eel

fish collagen is quite complex and contains several bands

belonging to lipids, proteins, carbohydrates, nucleic acids

and symmetric and asymmetric NH, C–H, C=O, CH3, CH2,

OH group frequencies and amide (Amide A, B, I, II and III)

stretching bands of proteins.

4.7 Testing for drug delivery system

The solidification of collagen gel and film was observed

within 12 h. The proof of drug delivering capacity of both

ASC and PSC collagens was obvious from the anti-

microbial activity observed against human pathogenic

culture plates following incubation and the activity was

expressed as zone of inhibition was tabulated (Tables 3, 4).

5 Discussion

The total yield of isolated collagen from E. macrura (eel

fish) was found to be 87.1 %. The ASC and PSC were

provisionally estimated as 80 and 7.1 %, respectively (dry

weight basis). The skin was absolutely solubilised by

Fig. 3 Scanning electron microscopic plates exhibiting the fibrillar structure of ASC and PSC isolated from E. macrura (1 and 10 lm resolution)
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Fig. 4 a Fourier transforms

infrared spectra of Standard

type IV collagen (human

placenta collagen). b Fourier

transforms infrared spectra of

ASC from the skin of E.
macrura. c Fourier transforms

infrared spectra of PSC from the

skin of E. macrura
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0.5 M acetic acid, as shown by the high yield of ASC. This

result was in agreement with Jongjareonrak et al. [10] who

reported the incomplete solubilisation of bigeye snapper

skin in 0.5 M acetic acid. The present result was explained

by the fact that collagen molecules in marine eel fish skin

were most likely cross-linked by covalent bonds through

the condensation of aldehyde groups at the telopeptide

region as well as the inter-molecular cross-linking, leading

Table 2 General peak assignments of the FT-IR spectra consist of control Std. type IV collagen, ASC and PSC from eel fish E. macrura skin

Control (STD) Acid soluble collagen Pepsin soluble collagen Region and peak assignments

Peakwave numbers cm-1

3,545 3,529 – N–H asymmetric stretching of primary amide (Monomer)

3,421 3,421 3,395 Amide A: mainly N–H stretching of proteins

2,959 3,079 3,079 Amide B: CH3—asymmetric stretch

2,922 2,923 2,924 Amide B: CH2—asymmetric stretch

2,852 2,853 2,854 CH3—symmetric stretch: mainly proteins

1,743 1,743 1,742 Carbonyl C=O stretch: lipids

1,644 1,649 1,653 Amide I: C=O stretching of proteins

1,578 1,542 1,541 Amide II: N–H Bending/C–N stretching of proteins

1,541 – – Amide II: N–H Bending/C–N stretching of proteins

1,461 1,458 1,458 CH3—asymmetric bending: mainlylipids

1,339 1,338 COO—symmetric stretch: mainly phospholipids

1249 1,241 1,243 Amide III (b-sheet, protein)

1156 – 1,165 CO–O–C asymmetric stretch: glycogen and nucleic acids

– 1,079 – PO2—symmetric stretching: mainly nucleic acids

1,020 1,022 1,022 C–O stretching/C–O banding of the C–O–H carbohydrates

833 – – Out of plane breathing Tyr; PO2—asymmetric Stretch DNA (B-form)

723 – 723 Adenine

670 669 670 CH2 banding, carbohydrates, proteins, and lipids (sterols of fatty acids)

– 562 559 N–H Out of plane banding

467 467 467 Out of plane ring banding

Table 3 Zone of inhibition produced by ASC and PSC gels and films tested against bacterial pathogens for drug delivering potentiality

Name of the bacterial pathogens Zone of inhibition (cm)

Tetracycline with

collagen gel

Tetracycline with collagen

film

Ampicillin with

collagen gel

Ampicillin with collagen

film

ASC PSC ASC PSC ASC PSC ASC PSC

Klebsiella pneumoniae 2.2 2.2 2.0 1.8 0.0 0.0 1.3 1.2

Staphylococcus aureus 2.2 2.2 1.8 1.7 1.0 0.0 1.5 1.3

Vibrio cholerae 2.2 2.2 2.8 2.3 1.9 1.0 1.8 1.2

Pseudomonas aeruginosa 1.7 1.6 1.4 1.2 1.3 1.0 1.7 1.4

Table 4 Zone of inhibition produced by ASC and PSC gels and films tested against fungal pathogens for drug delivering potentiality

Name of the fungal pathogens Zone of inhibition (cm)

Nystatin with collagen gel Nystatin with collagen film

ASC PSC ASC PSC

Epidermophyton floccosum 2.4 1.7 1.6 1.4

Trichophyton mentagrophytes 2.5 1.8 1.6 1.5

Candida albicans 2.2 0.0 1.3 0.0
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to a decrease in the solubility of collagen [9]. The yields of

ASC and PSC from bigeye snapper skin were 6.4 and

1.1 % (wet weight basis), respectively [10], whereas for

brownstripe red snapper skin, the yields of ASC and PSC

were 9 and 4.7 % (wet weight basis), respectively [10]. The

content of ASC and PSC fraction in eel fish skin was dif-

ferent from those reported in squid skin (36.2 and 16.4 %)

[11], Japanese sea bass caudal fin (5.2 and 36.4 %) [12].

The present investigation, the ASC concentration was

higher than that of other sources like ASC of fish skin (63.1

and 58.7 %), cuttlefish skin (2.0 %), diamondback squid

outer skin (1.3 %) and grass carp skin (8 %) [3, 9, 12].

Hence eel fish skin could be a potent source of collagen for

industrial exploitation. Therefore, there is a prospect of

using the fish processing waste as an alternative source of

collagen; which otherwise may cause serious environ-

mental pollution.

The electrophoretic patterns of ASC and PSC indicated

that the fractions contained no disulfide bonds. The eel fish

skin collagen is composed largely of a-chain along with

considerable amounts of inter and intra molecular cross

linked components of a-chains; b (dimmer) and c (trimer).

That kind of dimmer and trimer were observed in collagen

of bigeye snapper [4]. ASC contained three different chains

such as a1 (95 kDa), a2 (76 kDa) and a3 (95 kDa), PSC

contained as a1 (95 kDa), a2 (76 kDa) and a3 (95 kDa)

chain. As in type I collagen from eel fish skin, the collagens

from ASC and PSC comprised of at least two different a-

chains (a 1 and a 2) with different mobilities, which

indicated that the collagens from these E. macrura species

might be of type I. Similar electrophoretic patterns of type I

collagen from the skin of brown stripe red snapper were

reported by Jongjareonrak et al. [13]. Apart from a-chains,

both ASC and PSC also contained high molecular weight

(MW) components, including b-(210 kDa) and c-

(368 kDa)-components as well as their cross-linked mole-

cules. However, the cross-linking of collagen in fish skins

is extremely low and the highly cross-linked molecules are

rarely found. When comparing the proportion of high MW

components between ASC and PSC, the former contained

the higher band intensity of b- and c-chains as well as more

cross linked components than the latter. The result sug-

gested that the intra- and inter-molecular cross-links of

collagens were richer in ASC than in PSC. After digestion

by pepsin, some b- and c-components of ASC might be

cleaved into a -components, as evidenced by the increased

band intensity of the a-chains. Similar electrophoretic

protein patterns were found in ASC and PSC from the skin

of large fin long barbel catfish (Mystus macropterus) [14].

Pepsin cleaves the cross-link containing the telopeptide,

and the b-chain is concomitantly converted to two a-

chains. Type I collagen was found in the Nile perch [3] and

bigeye snapper [4].

The E. macrura collagen had a thermal denaturation (Td)

for ASC and PSC at 38.5 �C, and 35.0 �C respectively, and

it was 10.0 �C and 6.5 �C higher than that of type IV

collagen from human placenta (28.5 �C). The result sug-

gested that the intramolecular hydrogen bonds stabilising

the triple helix structure of collagen might be disrupted to

some levels in the presence of acetic acid, mainly due to

the repulsion of collagen molecules in acidic solution [15].

Furthermore, a higher cross-linkage of marine eel fish

collagen more likely contributed to the higher Td of both

ASC and PSC. Td of collagen from the skin of E. macrura

was slightly higher than that of sardine (28.5 �C), red sea

bream (28.0 �C) muscle of carp (32.5 �C) and Japanese sea

bass (30 �C) [12] but was close to that of calf skin collagen

(40.8 �C) [16].

In contrast, Td of collagen from E. macrura was much

higher than that of collagen from cold-water fish skin

including cod skin (15 �C) and that of other tropical fish

such as brownstripe red snapper (31.5 �C) and bigeye

snapper (30.4 �C) [10]. Thermal denaturation temperature

of marine animal’s collagen has correlated with the imino

acid content of proline and hydroxyproline. The higher

content of imino acids is associated with increasing thermal

denaturation [4]. Thermal stability of isolated collagen was

relatively higher (38.5 �C) than other fish waste collagens

reported elsewhere may be due to presence of high imino

acid content. The isolated collagen may serve as an

attractive alternative to mammalian collagen for biomedi-

cal and pharmaceutical applications owing to its fair

closeness in Td with mammalian collagen.

The amino acid composition of the collagens was

expressed as amino acid residues per 1,000 total amino

acid residues and was shown in Table 2. As collagen is

triple helical in nature with characteristic amino acid

repeat, (Gly–Pro–Hyp) n, glycine (Gly) was the most

abundant with the amount of 278 and 263 of the total

amino acid present in ASC and PSC isolated from eel fish

respectively. The imino acid content (proline ? hydroxy-

proline) of ASC and PSC was 190 and 200/1,000 residues,

which was higher than those of most fish collagens such as

grass carp skin collagen (186 residues/1,000 residues) and

bigeye snapper skin collagen (193 residues/1,000 residues)

[4, 9]. In the present study, the degree of hydroxylation of

proline residues in ASC and PSC were recorded as 46.7

and 47.6 %, respectively.

The variation in imino acid content amongst different

species is mostly due to different living environments of

habitat, particularly temperature. Additionally, the imino

acid content was reported to have a major influence on the

thermal stability of collagen [3]. Pro ? Hyp rich zones of

collagen molecules are most likely involved in the for-

mation of junction zones that are stabilised by hydrogen

bonding [17]. Thus, collagens from marine eel fish are
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expected to be more stable than those from the other fish

species. When comparing the imino acid content between

ASC and PSC, it was found that the former contained a

slightly lower content than the latter. It was suggested that

the telopeptides removed by pepsin digestion contained

fewer imino acids. As a result, the PSC obtained had a

higher proportion of imino acids. No methionine and

tryptophan were found in ASC. Generally, type I collagen

has low amounts of cysteine (*0.2 %) and methionine

(*1.24–1.33 %) [18].

The morphology structures of eel fish collagens were

found to that the ASC and PSC are fibrillar in nature and

the ASC collagen fibrils were smaller than the PSC. The

width of collagen fibrillar tubes was uniform in size

(*1 lm). However, PSC had nodular-like structures with

tubular in nature. These collagen fibrils are a larger in size,

([1 lm) with irregular structures. Pore size of collagen

increased at higher water content during preparation. The

size was moderate for in vivo studies and comparatively

similar with the previous reports [19]. In addition the

collagen extracted from the bone of horse mackerel and

croaker could be used as bio-film or scaffold that can be

used for wound healing purposes because, for wound

management, freeze-dried collagen sponges are frequently

placed onto wounds without cells [20, 21]. The epineurium

consist of thick bundles of collagen fibrils measuring about

10–20 l width; they were wavy and ran slightly, obliquely

to the nerve axis. Between these collagen bundles, very

coarse meshwork of randomly oriented collagen fibrils was

present [22]. The outer one consisted of longitudinally

oriented bundles of about 1–3 l in width. The collagen

fibril arrangement described above may protect the nerve

fibers against external forces. Similarly, the organization of

collagen fibrils in the human cornea and sclera was studied

by scanning electron microscopy, after digestion of cellular

elements by sodium hydroxide, and by conventional

transmission electron microscopy. The collagen fibrils in

the cornea had a uniform diameter of about 25 nm. The

sclera, however, was composed of collagen fibrils with

various diameters ranging from 25 to 230 nm [23].

Although these collagen fibrils formed bundles, they were

not parallel but were entangled in individual bundles.

These collagen bundles varied in width and thickness, often

gave off branches, and intertwined with each other. Pore

size, porosity and surface area are widely recognized as

important parameters for a biomaterial to understand their

biomedical importance [24]. In addition, other architectural

features such as pore shape, pore wall morphology and

interconnectivity have also suggested for cell seeding,

migration, growth, mass transport, gene expression, and

new tissue formation [25]. Generally, uniform and regular

network structure of collagen as drug carriers is propitious,

for well-proportioned distribution for other drugs [9].

Based on the forgoing account, the isolated eel fish colla-

gen could be used as an appropriate drug carrier system.

The FTIR spectrum of ASC and PSC contained several

bands representing amide A, amide B, amide I, amide II

and amide III. FTIR spectra for both ASC and PSC were

similar to those of collagens from other fish species [3]. A

free N–H stretching vibration occurs in the range of

3,400–3,440 cm-1.When the NH group of a peptide is

involved in a hydrogen bond, the position is shifted to

lower frequency, usually 3,300 cm-1 [26]. The amide A

band of ASC and PSC was found at a wave number of

3,421 and 3,395 cm-1 respectively, it is associated with the

N–H stretching frequency. The result indicated that the NH

groups of this collagen were involved in hydrogen bonding,

probably with a carbonyl group of the peptide chain. The

amide B band positions of ASC and PSC were found at

wave numbers of 3,079 and 3,079 cm-1, respectively,

representing the asymmetrical stretch of CH2 [3]. The

amide I band, with characteristic frequencies in the range

from 1,600 to 1,700 cm-1, was mainly associated with

stretching vibrations of the carbonyl groups (C=O bond)

along the polypeptide backbone [27], which is a sensitive

marker of the peptide secondary structure [28]. The amide

II bands positions were detected around 1,540–1,542

cm-1(ASC, 1,542 and PSC, 1,541 cm-1). Compared to the

normal absorption range of the amide II bands position

(1,550–1,600 cm-1), the position is shifted to lower fre-

quency, 1,540 cm-1, which also showed the existence of

hydrogen bonds in each collagen. The helical structure of

the collagen was confirmed from IR absorption ratio

between the 1,241 (amide III) and 1,458 bands, which was

approximately equal to each preparation. The results

showed the helical structures of collagens were kept well.

Fourier transform infrared spectrum of ASC and PSC from

eel fish skin had great similarity to each other, which

suggested their structures were quite similar.

Several studies have proved that the collagen could be

used as a carrier in drug delivery system. In the present

study, the isolated collagen was tested as drug carrier

against human pathogenic (bacteria and fungi) microor-

ganisms. The standard commercial drugs such as ampicillin

and tetracycline were successfully delivered by the ASC

and PSC gels and films. The results were confirmed with

the zone of inhibition produced by the delivered drugs. The

ASC and PSC gels and films also showed the equal potency

in delivering drugs against bacterial and fungal human

pathogens. Hence, both collagen gels and films could be

used as potential drug delivery systems in future.
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