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Abstract Type I collagen was extracted from the bone of

two marine fishes; Magalaspis cordyla and Otolithes ruber

and its efficacy in wound healing was studied. The yields of

acid soluble (30.5 and 27.6%) and pepsin soluble (45.1 and

48.6%) collagen were respectively as per their dry weight

basis. Extracted protein was characterized as type I colla-

gen basing on SDS PAGE, UV–Vis, FTIR spectrometer

and amino acid composition. The characterized collagen

was cross-linked with glutaraldehyde and found to possess

three dimensional pores and acted efficiently in healing the

excision wounds made on Wistar rats. Bone is generally

considered as waste and discarded in many processing

plant. But, the current study proved that it has excellent

medicinal importance and reveals a possible way to convert

this waste into a medicinally important source.

Keywords Collagen � Wound healing � Bone �
Magalaspis cordyla � Otolithes ruber

Introduction

Collagen is the most abundant protein in the animal king-

dom, accounting for 30% of the total protein in the human

body (Prockop and Kivirikko 1995). The extracellular

matrix (ECM) is the largest component of the dermal skin

layer and is composed of a variety of polysaccharides,

water and collagen proteins (Dalla Paola and Faglia 2006).

On the other hand collagen composes the largest fibrous

component in the organic matrix of bone; particularly type

I collagen constitutes approximately 90% (Pasteris et al.

2008). There are many other types of collagen present in

very insignificant quantities except type II collagen. In

skin/bone collagen grant strength, integrity and structure. It

consists of three polypeptide chains, one or more domains

of which are structured in a triple-helical conformation

deriving from their [Gly–X–Y]n composition (Nimni 1988;

Lee et al. 2001). As such, collagen is a natural material

with good biological compatibility that can be degraded

into physiologically tolerable compounds (Friess 1998).

Moreover, when tissues are disrupted following injury,

collagen is needed to repair the defect and restore anatomic

structure and function (Lazarus et al. 1994). During the

different phases of wound healing, the collagen present in

ECM provides a significant role in regulating and provid-

ing a framework for the many processes of healing.

A balance is needed between the protein degrading

activities of matrix metalloproteinases (MMPs) and other

cellular activity that synthesizes and deposits protein com-

ponents of granulation tissue during the wound healing

process. Many new collagen based wound care products aim

to reduce excessive protease levels and restore balance in the

wound environment. In addition, these products serve to

contribute functional ECM proteins to stimulate the healing

process (Schultz et al. 2003). There are an abundance of

collagen-based products on the market today but so far,

collagen has been mainly derived from the skin/bones of

bovine or porcine origin which might carry pathogens of

bovine spongiform encephalopathy (BSE) and foot and

mouth disease (FMD) (Liu et al. 2007; Muyonga et al. 2004;

Zhang et al. 2009a, b). In contrast with mammalian colla-

gens, fish collagens seem to be much safer as studied in

recent years were mainly from marine species, such as

ocellate puffer fish (Nagai et al. 2002), black drum (Ogawa

et al. 2004), brownstripe red snapper (Jongjareonrak et al.
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2005), deep-sea redfish (Wang et al. 2007), walleye pollock

(Yan et al. 2008).

On the other hand, a great amount of fish waste has been

dumped as commercial and domestic waste, which may

cause pollutions and emit an offensive odor. Although the

nutritional values of fish bone are fairly high (Shabeena

and Nazeer 2011; Ogawa et al. 2004), these useful

resources were not properly utilized. In our previous

studies we observed the antioxidant properties of horse

mackerel (Magalaspis cordyla) and croaker (Otolithes ru-

ber) skin and viscera peptides (Sampath Kumar et al.

2011a; 2011b) and now, we report the extraction and

wound healing properties of collagen obtained from bones

of these two marine fishes, which may have potential

application as biomedical materials and alternatives to

mammalian collagen.

Materials and Methods

Sample Collection

Marine fishes horse mackerel (Magalaspis cordyla) and

croaker (Otolithes ruber) were collected from Royapuram

sea coast (13� 60 2600N 80� 170 4300 E), Tamilnadu, India.

Three fishes (average body weight of 450 g) of horse

mackerel and croaker were washed thoroughly with run-

ning water and packed in polythene bags and brought to

laboratory. The collected samples were dissected and bone

was cut into small pieces and stored at -20�C until used.

Extraction of Bone Collagen

The extraction was carried out as per the protocol of Nagai

and Suzuki (2000). All the preparative procedures were

performed at 4�C with gentle stirring. The bones were

extracted with 0.1 N NaOH to remove non-collagenous

proteins, then washed with distilled water and lyophilized.

The insoluble bone was decalcified with 0.5 M EDTA (pH

7.4) for 5 days by changing the EDTA solution once a day.

After washing the residue with distilled water, fat was

removed with 10% butyl alcohol. The residue was then

washed with distilled water and lyophilized. Defatted bone

was thoroughly washed with distilled water and then stirred

in 15 volumes (w/v) of 0.5 M acetic acid for 24 h. The

suspensions were centrifuged at 9,0009g for 15 min at

4�C. The supernatants obtained were salted-out by the

addition of NaCl to a final concentration of 0.7 M. The

resultant precipitate was collected by centrifugation at

9,0009g for 15 min at 4�C and then dissolved in 0.5 M

acetic acid. The solution obtained was dialyzed against

0.1 M acetic acid for 2 days with change of solution after

every 6 h and 1 day with double distilled water, followed

by lyophilization in a freeze-dryer (Alpha 1-2 LD, Christ)

and finally acid-soluble collagen (ASC) was obtained.

Un-dissolved residue, obtained after acid extraction,

was suspended in 2 volumes (w/v) of 0.5 M acetic acid

containing 1.5% (w/w) pepsin for 30 h at 4�C with con-

tinuous stirring. The pepsin-soluble collagen (PSC) was

obtained by the same method as ASC. The extraction of

collagens was performed three times and the yield value

was the average of triplicate analysis.

UV–Vis Absorption Spectra

The UV–Visual absorption spectra of collagens were

recorded by an Amersham Biosciences (Ultraspec 2100

Pro). 1 mg of sample was dissolved in 2 ml of 0.5 M acetic

acid and the collagen solutions were centrifuged at

5,0009g for 10 min at 4�C. The clarified samples were

determined absorbance at different wavelength (from 200

to 420 nm) using the mode wave scan to get UV–Vis

spectra of each sample (Yan et al. 2008).

Sodium Dodecyl Sulphate Polyacrylamide Gel

Electrophoresis (SDS-PAGE) Analysis

SDS-PAGE was performed according to the standard

method of Laemmli (1970) with a slight modification,

using 8% resolving gel and 5% stacking gel. The collagen

samples were dissolved in a sample buffer, with 10% b-

mercaptoethanol, to reach a final concentration of 1 mg/ml,

and the mixed solution was boiled for 5 min. After elec-

trophoresis (100 v), the gel was stained for 2 h using 0.25%

Coomassie brilliant blue R250 solution and destained using

7.5% acetic acid and 5% methanol. Molecular weight

markers [myosin (205 kDa), phosphorylase B (97 kDa),

bovine serum albumin (66 kDa), ovalbumin (43 kDa), and

carbonic anhydrase (29 kDa)] were purchased from GE-

NEI was used as marker proteins and standard type I col-

lagen from calf skin (Sigma) was used as reference.

Fourier Transform Infrared Spectroscopy (FTIR)

FTIR spectra were obtained from tablets containing 2 mg

collagen samples in approximately 100 mg potassium

bromide (KBr). All spectra were recorded using an FTIR

spectrophotometer (Perkin Elner) from 4,000 to 500 cm-1

at a data acquisition rate of 2 cm-1 per point.

Amino acid Composition

The amino acid composition was identified by using the

methods of Yanhong et al. (2008) with small modifications.

The lyophilized collagen was digested with HCl (6 N) at

110�C for 24 h and neutralized with NaOH and loaded

186 Int J Pept Res Ther (2012) 18:185–192

123



onto high performance liquid chromatography (HPLC)

analysis was carried out in an Agilent 1100 assembly sys-

tem after precolumn derivatization with o-phthaldialdehyde

(OPA). Each sample (1 ll) was injected on a Zorbax 80 A

C18 column at 40�C with detection at 338 and 262 nm.

Mobile phase A was 7.35 mmol/l sodium acetate/triethyl-

amine (500:0.12, v/v), adjusted to pH 7.2 with acetic acid,

while mobile phase B (pH 7.2) was 7.35 mmol/l sodium

acetate/methanol/acetonitrile (1:2:2, v/v/v). The amino acid

composition was expressed as percentage of protein.

Preparation and Characterization of Pepsin Soluble

Collagen FILM

1% collagen solution in 0.5 M acetic acid was mixed with

0.1% glutaraldehyde (GTA) and stirred well over a mag-

netic stirrer to ensure uniform mixing of solution. This

mixture was transferred to a tray (23 9 18 cm) and frozen

at -20�C for about 3 h and then lyophilized.

Scanning Electron Microscopy

The morphology and microstructure of collagen from sur-

face of biofilm were observed using field emission scan-

ning electron microscopy (JSM-5600LV, JEOL, Japan)

with a beam voltage at 15 kV and field emission scanning

electron microscope (JSM-6701F, JEOL, Japan). The

samples were dried in a desiccator and sputter-coated with

platinum before SEM characterization.

Wound Healing Activity Test

Animals

Adult male Wistar albino rats weighing 150–180 g were

used for the experiment. The animals were left for 1 week

at animal house for acclimatization. They were maintained

on standard pellet diet and water ad libitum throughout the

experiment. The animals were randomly divided into five

groups of 5 animals each. The rats were anaesthetized prior

to and during infliction of the experimental wounds using

ketamine anesthesia (120 mg/kg body weight). The surgi-

cal interventions were carried out under sterile conditions.

The study was approved by the ethical committee for

animal experimentation (Ethical clearance number:

21/IAEC/10) by the SRM Medical College Hospital and

Research Centre, SRM University, Kattankulathur,

Tamilnadu, India.

Excision Wound Model

Excision wound model was used to evaluate the wound-

healing activity of pepsin soluble collagen extracted from

horse mackerel and croaker bone cross-linked with GTA.

The rats were inflicted with excision wounds as described

by Marton and Malone (1972), the dorsal fur of the animal

was shaved with an electric clipper and the area of the

wound to be created was outlined on the back of the ani-

mals with methylene blue using a stainless steel stencil.

Rats were divided into following 5 groups: group 1 served

as control with open wounds. Groups 2 and 3 consists of

rats covered with a film of collagen extracted from horse

mackerel bone and groups 4 and 5 consists of rats covered

with a film of collagen extracted from croaker bone, from

which the granulation tissue was removed on the sixth day

for groups 2 and 4; 12th day for groups 3 and 5. The

collagen film was supported by bandage material and the

wound closure rate was recorded on tracing sheet and a

permanent marker.

Estimation of Hydroxyproline

Dry granulated tissue from both control and treated group

was used for the estimation of hydroxyproline using the

procedure of Neuman and Logan (1950). Hydroxyproline

present in the neutralized acid hydrolysate was subse-

quently oxidized by sodium peroxide in the presence of

copper sulfate followed by para-dimethlyaminobenzalde-

hyde to develop a pink colour and that was measured at

540 nm by spectrophotometer.

Statistical Analysis

All the assays were conducted with five replicates and data

were expressed as mean ± standard error of mean (SEM).

The statistical analysis was performed using statistical

package for the social science (SPSS) 10.0 software (SPSS

Inc. Chicago, IL, USA). The significant difference was

determined with 95% confidence interval (P \ 0.05).

Results and Discussion

Both acid soluble and pepsin soluble collagen was prepared

from decalcified bones of horse mackerel and croaker.

These bones were solubilized easily with 0.5 M acetic acid

and then collagen was precipitated by addition of solid

NaCl to a final concentration of 0.7 M in 0.05 M Tris–HCl

(pH 7.5). These bones were not completely soluble in

0.5 M acetic acid, but after adding pepsin, the insoluble

bone pieces were completely soluble, forming a viscous

solution. The yields of acid and pepsin soluble collagen

from horse mackerel (30.5 and 45.1%) and croaker (27.6

and 48.6%) were respectively as per their dry weight basis.

The difference in the yield of ASC and PSC is due to many

inter-chain cross links at the telopeptide region of the
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collagen which resulted in low solubility in acid (Bama

et al. 2010). And the enzymatic digestion improves effi-

ciency of collagen extraction (Muyonga et al. 2004). The

yield of bone collagen from horse mackerel and croaker

was found to be similar with *40% in skipjack tuna,

Japanese sea bass, ayu, yellow sea bream and Japanese

horse mackerel (Nagai and Suzuki 2000) but the yield was

high than bigeye snapper (Kittiphattanabawon et al. 2005),

black drum and sheepshed seabream (Ogawa et al. 2004).

UV–Vis Absorption Spectra

The basic and simple way to characterize the collagen is to

wave scan the sample from 200 to 400 nm, because triple-

helical collagen has maximum peak at 230 nm and a

negative peak near 204 nm (Piez 1965). Generally, the

maximum absorption of protein is at 280 nm, since tryp-

tophan did not exist in the collagen extracted from the bone

of horse mackerel and croaker all the samples showed

maximum absorbance at 230 nm as shown in Fig. 1. But

lower level of absorbance was recorded for pepsin soluble

collagen than the acid soluble, which may be due to the

reduction in the level of tyrosine residue as reported by

Bama et al. (2010). Similar results were observed in col-

lagen extracted from large fin longbarbel catfish (Zhang

et al. 2009a), walleye pollock (Yan et al. 2008) and channel

catfish (Liu et al. 2007).

SDS-PAGE Pattern of Collagen

The acid and pepsin soluble collagen of horse mackerel and

croaker was characterized by SDS-PAGE using 8% resolv-

ing gel. Both ASC and PSC of bone had at least two different

a-chains (a 1 and a 2) and their cross-linked chains (Fig. 2).

In both species, the molecular mass of ASC and PSC subunit

was about *135 KDa for a 1, *115 KDa for a 2 and the

existence of a 3 chain was not identified clearly under the

current electrophoretic conditions. There were no significant

differences in ASC and PSC subunits which confirm that

pepsin digestion has not damaged the integrity of the triple

helix structure of collagen. The existence of at least two

different subunits shows that a major collagen from the fish

bone was type-I collagen. In electromobility, the positions of

the chains of collagen from ASC and PSC of both the fishes

were similar to those of standard type I collagen from calf

skin. Hence, a major component of collagen extracted was

type I collagen and these patterns were similar to the collagen

isolated from the bone of other reported fish species (Nagai

and Suzuki 2000; Ogawa et al. 2004).

FTIR Spectra

The FTIR spectra of ASC and PSC from these two fishes

bone were depicted in Fig. 3. The FTIR spectra of all the

samples were corresponding with standard type I collagen,

with a free N–H stretching vibration occurs in the range of

Fig. 1 UV–Vis spectra of ASC and PSC from horse mackerel (HM)

and croaker (CR) bone

Fig. 2 SDS-PAGE patterns of ASC and PSC of horse mackerel and

croaker bone on 8% gel. Lane 1 Marker; lane 2 Collagen type I; lane
3 ASC horse mackerel; lane 4 PSC horse mackerel; lane 5 ASC

croaker; lane 6 PSC croaker

Fig. 3 FTIR spectrum of ASC and PSC from the bone of horse

mackerel (HM) and croaker (CR) compared with standard type I

collagen
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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 (Li et al. 2004),

which was not observed in current study. Similar N–H

stretch vibration was recorded in the collagen extracted

from D. cuneatus (Nazeer et al. 2011). For all the extracted

collagens in the current study the NH stretching vibration

was within the range and conforms hydrogen bond exis-

tence. The amide I bands position of collagens were found

around 1,650 cm-1 which was appropriate in the range of

1,625–1,690 cm-1 for amide I bands position; The amide

II bands position were recorded around 1,530 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 frequency, which also reported by Duan et al.

(2009). The IR spectra of horse mackerel and croaker also

conforms the helical structure of collagen by the presence

of predominant peak at 1,240 cm-1 (amide III), which was

approximately equal in all the samples. The results showed

the helical structure of collagen was retained well and had

similarity to standard type I calf collagen.

Amino Acid Composition of Collagen

The amino acid composition of acid and pepsin soluble

collagen of horse mackerel and croaker expressed as per

100 residues, as shown in Table 1. Glycine (*30%) was

the most abundant amino acid in collagen from horse

mackerel and croaker bone, generally glycine occurs as

every third residue in collagen molecules, except for the

first 14 amino acid residues from the N-terminus and the

first 10 from the C-terminus (Wong 1989; Foegeding et al.

1996). There were relatively high contents of proline,

glutamic acid, alanine, hydroxyproline and serine. It is well

known that imino acids, such as proline and hydroxypro-

line exist in collagen and the amino acid composition of

collagen consists of numerous repeating Gly–Y–X residues

in a triple helical configuration. When Gly–X–Y is Gly–

Pro–Hyp, the hydroxyproline residues increase the heat

stability of the collagen triple helix because of bonding

with the hydroxyl group of the pyrrolidine ring. Therefore,

higher the imino acid content, the more stable are the helices

(Ikoma et al. 2003). However, the degree of hydroxylation of

proline residues will also influence the stability of the helix

structure of collagen (Ramachandran 1988). Therefore, the

amounts of proline and hydroxyproline are important for the

structural integrity of collagen. In the current study the

extracted collagen had 15.5 to 16.9% of imino acids, which

was less to those in collagens from sardine, red sea bream,

and Japanese sea bass (19.3–19.7%) (Nagai et al. 2004),

and bigeye snapper (19.3%) (Kittiphattanabawon et al.

2005), walleye pollock skin (18.4%) (Yan et al. 2008) and

channel catfish skin (17.0%) (Liu et al. 2007), but signifi-

cantly higher than those of collagens from edible jellyfish

exumbrella (12.2%) (Nagai et al. 1999) and D. cuneatus

(12.6%) (Nazeer et al. 2011). While other amino acids like

phenylalanine, tyrosine, isoleucine, methionine, and histi-

dine were very low in concentration and amino acids like

tryptophan and cysteine were not detected.

Preparation and Characterization of Pepsin Soluble

Collagen Film

The pepsin solubalized collagen from bone of horse

mackerel and croaker has cross linked with glutaraldehyde

(GTA), a commonly available commercial aldehyde.

Because, additional polymerization by aldol condensation

results in covalent intermolecular cross links connecting

distant collagen molecules (Nimni et al. 1987; Nimni

1988). And moreover, its efficiency has been optimized; it

is inexpensive and provides more persistent long-term

durability than other cross linking agents (Khor 1997).

Several studies reported on the in vivo response to GTA-

treated collagen materials in various animal models, as

well as in cell culture (Meade and Silver 1990). However,

the best part is treatment with GTA reduces the immuno-

genicity of collageneous material (Bajpai 1985), which is

the basic point in choosing this cross linker for the current

study.

Table 1 Amino acid composition (%) of ASC and PSC from horse

mackerel (HM) and croaker (CR) bone

Amino acid HM ASC HM PSC CR ASC CR PSC

Hydroxyproline 5.95 5.65 6.15 6.45

Aspartic acid 4.5 2.45 3.2 5.25

Threoninea 4.4 5.9 4.9 3.4

Serine 5.05 5.25 5.4 5.2

Glutamic acid 9.0 9.4 10.5 10.1

Proline 10.55 11.25 9.75 9.05

Glycine 30.55 30.65 31.8 31.7

Alanine 6.3 4.8 6.35 7.85

Valinea 3.2 4.1 3.85 2.75

Methioninea 1.75 1.55 1.25 1.65

Isoleucinea 1.95 2.3 2.25 1.9

Leucinea 4.05 4.5 2.45 2.0

Tyrosine 2.3 3.45 3.15 2.0

Phenylalaninea 1.7 1.45 1.1 1.35

Lysinea 3.5 3.55 2.6 2.55

Histidine 2.0 1.8 2.85 3.05

Arginine 3.22 1.95 2.45 3.75

Imino acids 16.5 16.9 15.9 15.5

a Essential amino acids
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Porous three dimensional collagen films were observed

by field emission scanning electron microscopy (FE-SEM)

as shown in Fig. 4a, b. SEM images has confirmed that

both the samples showed the cross-section in contact with

the mold that reveal an inter-connected network pore

configuration with a pore size of 70–140 lm. The size was

moderate for in vivo studies and comparatively similar

with the previous reports (Joseph et al. 2008; Lee et al.

2005). Basing on these results the collagen extracted from

the bone of horse mackerel and croaker can 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 (Jansson et al. 2001; Yannas et al. 1989).

Wound Healing Activity Test

The efficacy of collagen extracted from horse mackerel and

croaker bone on wound healing was experimentally eval-

uated on Wistar rats. Because, wound healing is a complex

multifactorial process occurs as a sequence of events,

which includes inflammation, proliferation, and migration

of different cell types (Sidhu et al. 1999). The healing of

open wounds depends in part on the proliferation of

fibroblasts and the laying down of a collagen matrix in the

dermis (McCauley et al. 1992). So, to accelerate the

healing process and contraction in wound area, extracted

fish collagen was supplemented to wounded rats, and the

hydroxyproline content in the granulated tissue was esti-

mated on the 6th and 12th day. The visual examination of

wounds showed that the wistar rats covered with collagen

film has promoted the granulation tissue formation and

good content of hydroxyproline presence as shown in

Fig. 5. Increase in hydroxyproline content of the granula-

tion tissue of the wounds indicated rapid collagen turnover,

thus, leading to quick healing of wounds (Rane and Mengi

2003). And on the other hand there is a gradual decrease of

hydroxyproline content in control group from 6th day to

12th day and significantly maintained in all the test groups

(P \ 0.05). Thus, we can infer from obtained results col-

lagen extracted from the bone of two marine fishes has

positive effect on wound healing in Wistar rats.
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