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Abstract: This study aimed to evaluate the efficacy of collagen-calcium alginate as an accelera-
tor of wound healing in a clinical case of ten horses attended at the University Veterinary Hospi-
tal (UVH) at Omar Al-Mukhtar University, having non-healing chronic wounds. The pattern of 
wound healing was evaluated both clinically and by planimetry. All cases showed healing pro-
gress after the application of the collagen-calcium alginate film. The study results suggested that 
collagen-calcium alginate film can be a better wound healing biomaterial in horses. It can be 
used as a less expensive skin substitute in order to stimulate and promote wound healing in ani-
mals especially in the case of chronic non-healing wounds.  
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INTRODUCTION 

One of the most complicated biological events 
after birth is wound healing (Gopinath et al., 
2004; Schäffer et al., 2004). It is a complex 
process of replacing dead tissue with vital tis-
sue (Khaled & Ashraf, 2008; Khaled et al., 
2014). The aims of any wound treatment are 
to alleviate animal pain and discomfort, func-
tional and cosmetic recovery, economical and 
time-efficient procedures, and prompt deci-
sion-making in case of signs of delayed heal-
ing. (Ashraf & Khaled, 2008; Ballard & 
Baxter, 2000). In chronic wounds, the main 
focus of wound healing has been on the rela-
tionship between tissue degradation by excess 
inflammation and tissue synthesis induced by 
a pro-healing environment. Due to their bio-
compatibility, biodegradability, and nontoxici-
ty, natural polymers have been increasingly 
studied for health care applications (Mali et 
al., 2006). The collagen based film is a poten-
tially useful biomaterial since it is the main 

component of the connective tissue and ena-
bles the release of regulated drugs within the 
target tissues (Gopinath et al., 2004). Algi-
nates are highly absorbent gel-forming materi-
als with haemostatic properties (Blaine, 1947), 
and it has long been recognized that when a 
gel is produced on the wound surface dehydra-
tion is prevented, and rapid wound healing oc-
curs (Winter, 1962). Alginates are known to 
break down to simple monosaccharide type 
residues in contact with body fluids and be 
fully absorbed. The wound exudates turn the 
calcium into sodium salt, allowing the dress-
ing to dissolve by dissolution. Any remaining 
residual fibers inside the wound are biode-
graded, thereby eliminating the need for full 
removal (Burrow et al., 1983). With collagen-
calcium alginate biomaterial, early wound 
healing can be encouraged (Khaled et al., 
2014). The present research was carried out to 
test the efficacy of calcium alginate film for 
wound healing.  
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MATERIALS AND METHODS 

In the Central Leather Research Institute, 
Chennai, calcium alginate film was developed 
at a thickness of 0.2 mm (Figure1) (Khaled et 
al., 2016; Khaled et al., 2014; Rafi et al., 
2008). Ten horses suffering from unhealed 
wounds that attended the University Veterinary 
Hospital (UVH), Omar Al-Mokhtar University, 
were chosen. Wound characterizations for all 
horses are given in Table 1. Animals were 
treated with regular saline and povidone-iodine 
with a course of antibiotics for a period of 26 
days without signs of wound healing. Wounds 
were treated for one to two minutes with calci-

um alginate film soaked in Gentamicin solution 
(Dutch Farm Veterinary Pharmaceuticals, the 
Netherlands).  
The treatment was conducted once every three 
days, and four to five applications were admin-
istered to treat the wounds. Clinical observa-
tions, bacteriological analysis, and wound pla-
nimetry were determined for wound healing by 
square counting procedures (Richard et al., 
2000) at the boundary between the normal skin 
,the wound and the outlined region. As defined 
by Bohling et al. (2004), the percentage of epi-
thelialization, wound contraction, and total 
wound healing were determined.  

 

 
Figure: (1). Appearance of collagen-calcium alginate film (2 x 2cm sheet). 

 
Table: (1). Characterization of the wounds in examined horses  

Duration of 
Illness (days) 

Wound 
Size (cm2) Exudate Nature and site of wound Sex 

Age in 
Months 

Case 
No 

20 12.6 Purulent Right hand F 22 1 
11 7.3 Serosanguinous Left hand F 36 2 
7 14.3 Exudates  Left elders from the neck M 53 3 
12 16 Exudates Left hand F 18 4 
7 8.2 No exudate Right elders from the neck F 29 5 
24 4.8 Purulent Left man M 48 6 
18 17.8 Serosanguinous Left hand F 66 7 
26 9.8 No exudate Right hand F 40 8 
20 11.6 No exudate Left hand F 33 9 
9 8.1 Serosanguinous Right hand M 50 10 

 M= Male, F= Female 
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RESULTS 

Collagen-calcium alginate film with therapeu-
tic ultrasound massage was well tolerated in 
all the cases. No animals showed any intoler-
ance or bandage disturbance throughout the 
treatment. The formation of healthy granula-
tion tissue was observed in all cases without 
any side effects. After the first application of 
collagen-calcium alginate film, there was a 
marked reduction in wound discharge and the 
development of new shiny and bright red 
granulation tissue, which indicated angiogene-
sis and the healing of the wound. Staphylo-

coccus aureus Pseudomonas, and Klebsiella 
species were isolated from cases 1 and 7 and 
Pseudomonas from cases 5 and 6. No organ-
isms were isolated from cases 2, 3, 4, and 8. 
Staphylococcus aureus, Pseudomonas, and 
Klebsiella species were the common organ-
isms isolated from infected wounds. Wound 
planimetry indicated that all the cases showed 
progress in epithelialization, contraction, and 
wound healing. Contraction ceased when the 
epithelialization of the wound is completed 
(Table2 and Figure 2). 

 
Table: (2). Wound planimetry 
 

 
 
 

Wound healing (%) 
Characteristics 

Case 
No 5th 

(day 15) 
4th 

(day 12) 
3rd 

(day 9) 
2nd 

(day 6) 
1st 

(day 3) 

NR 
83.54 
89.38 
90.58 

45.15 
73.89 
89.43 

24.12 
32.78 
51.12 

9.32 
13.98 
23.09 

Epithelialization 
Contraction 
Wound healing 

1 

NR 
89.32 
90.53 
79.97 

56.41 
82.10 
76.28 

32.10 
41.90 
49.67 

11.67 
22.10 
34.78 

Epithelialization 
Contraction 
Wound healing 

2 

NR 
82.51 
96.32 
82.39 

60.21 
90.16 
88.01 

36.91 
51.88 
46.09 

14.82 
24.18 
22.81 

Epithelialization 
Contraction 
Wound healing 

3 

96.21 
94.01 
89.19 

83.05 
93.82 
79.98 

65.28 
82.84 
79.89 

47.32 
63.11 
39.09 

9.89 
32.98 
39.85 

Epithelialization 
Contraction 
Wound healing 

4 

89.65 
90.27 
93.78 

83.27 
85.36 
92.52 

67.95 
73.92 
79.43 

31.98 
73.52 
42.45 

18.09 
28.97 
27.11 

Epithelialization 
Contraction 
Wound healing 

5 

NR 
79.54 
82.98 
85.29 

63.63 
69.34 
78.43 

46.98 
53.97 
39.48 

11.98 
21.98 
34.50 

Epithelialization 
Contraction 
Wound healing 

6 

89.84 
92.87 
86.37 

80.12 
89.63 
79.54 

61.86 
79.49 
81.95 

31.89 
58.65 
41.96 

19.46 
34.98 
25.98 

Epithelialization 
Contraction 
Wound healing 

7 

NR 
79.73 
88.89 
84.95 

63.94 
75.89 
79.85 

42.97 
63.52 
52.90 

13.87 
27.52 
29.89 

Epithelialization 
Contraction 
Wound healing 

8 

87.97 
96.78 
92.98 

78.23 
91.99 
82.12 

59.12 
81.13 
72.89 

35.89 
61.90 
41.97 

10.86 
35.89 
32.97 

Epithelialization 
Contraction 
Wound healing 

9 

NR 
75.89 
92.98 
90.23 

60.87 
78.93 
80.31 

38.96 
58.93 
60.19 

11.98 
33.87 
39.53 

Epithelialization 
Contraction 
Wound healing 

10 
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Figure: (2) Wound characterization and healing percentages for fifteen days 
 

DISCUSSION 

In all cases, the application of collagen-calcium 
alginate film was well tolerated by the animals. 
The collagen-calcium alginate film is easy to 
apply on the wound without any adverse reac-
tion and was well accepted by all the animals. 
The application of collagen-calcium alginate 
film did not show any adhesion of the gauze 
during wound dressing. 

The colour of the wound bed in all cases was 
red while cases 2 and 5  showed a bright beefy 
red colour, which indicates healthy granulation 
tissue with neovascularisation (Taylor & Bayat, 
2003), and resistance to infection until the epi-
thelial barrier is re-established (Hosgood, 2003; 
Pope, 1993). The bright red colour observed is 
due to the microvascular network throughout 
the granulation tissue (Tonnesen et al., 2000). 
The basic fibroblast growth factor sets the stage 
for angiogenesis during the first three days of 
wound repair (Schäffer et al., 2004) and plays 
an important role in granulation tissue for-
mation and the wound healing process 
(Takehara, 2000). Granulation in all the cases 

was flat without any exuberant nature; granula-
tion tissue with a smooth surface facilitates the 
migration of epithelial cells (Pope, 1993). In 
cases 1,3,4,6,7,8,9, and 10 the granulation tis-
sue was red in colour due to neovascularisation 
(Taylor & Bayat, 2003). Mal-odour was ob-
served up to Day 12 in all cases (Taylor & 
Bayat, 2003). The presence of bacterial infec-
tion was the common cause for the mal-odour 
observed, because all the wounds were infect-
ed. Serous discharge was noticed up to Day 12 
in cases 2 and 5, and mild serous discharge was 
noticed up to Day 8 in cases 4 and 9; subse-
quently, the discharge was reduced because 
healthy vascular granulation tissue is resistant 
to infection (Hosgood, 2003; Pope, 1993). On 
Day 4, epithelialisation was significantly better 
in all cases, because collagen from the wound 
margins began to migrate to form new epitheli-
um (Rangaraj et al., 2011).  

The percentage of wound contraction on post 
wound Days 4 and 8 of all cases showed no 
significant difference, this may be because of 
an inherent property of fibroblasts that appears 
early in the process of wound contraction after 
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some time, do not contract as forcefully as 
those that appear later (Bohling et al., 2004). 
All the cases showed a maximum mean per-
centage of total wound healing from Days 4 to 
8; this is in concurrence with the results of 
Bohling et al. (2004) but differs from the find-
ings of (Swaim et al., 1993). Staphylococcus 
aureus, Psudomonous, Klebsiellasp Escherich-
ia coli is the common infection in wounds 
(Kumar et al., 2006). All wounds can be con-
taminated regardless of the precautions taken 
(Arul Jothi et al., 2006). Collagen-calcium al-
ginate film is a biocompatible protein that does 
not interfere with the body’s normal immuno-
logic response and can be used in non-healing 
chronic wounds, which require a trigger to 
stimulate the normal healing process. 

CONCLUSION 
The present study has shown that collagen-
calcium alginate film can be used as a wound-
healing stimulant to promote the healing of 
chronic wounds in animals. This is a promising 
finding because collagen-calcium alginate film 
is an inexpensive biomaterial as a skin substi-
tute to stimulate wound healing in animals 
where the cost of treatment is a major consid-
eration. 
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 لجینات في التئام الجروح المزمنة في الخیولأجین والكالسیوم �ة واق�ات الكولافعال تقی�م
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غیر  امزمن اجرح م الجروح في الخیول التي تعانيالتئا ؛ لتسر�علجیناتأالكالسیوم  فعال�ة الكولاجینهدف الدراسة تقی�م المستخلص : 
. تــم تقیــ�م نمــط التئــام جامعــة عمــر المختــار )UVH(�انــت موجــودة فــي المستشــفى الب�طــري الجــامعي  ، هــذه الخیــولقابــل للشــفاء

ألجینــات.  الإكلین�كــي. أظهــرت جم�ــع الحــالات تقــدماً جیــداً فــي الشــفاء �عــد دهــن غشــاء الكــولاجین الكالســیوم ى المســتو الجــروح علــى 
و�مكـن  ،أفضل في التئام الجروح في الخیـولاقترحت نتائج الدراسة أن فیلم الكالسیوم الكولاجین ألجینات �مكن أن �كون مادة حیو�ة 

 .لتئام الجروح المزمنة التي لا تلتئم في الحیواناتتحفیز الأقل تكلفة  اجلد� بد�لا استخدامه

 .المادة الحیو�ة ، الكولاجین الكالسیوم ألجینات ، التئام الجروح ، الجروح المزمنة:  الكلمات المفتاح�ة
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