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ABSTRACT

Objectives:	This	study	aimed	to	examine	the	effects	of	wet-to-dry	bandages	for	the	treatment	of	
surgical	wounds	in	goats.
Materials and Methods:	Three	types	of	bandages,	i.e.,	the	calcium	alginate	gel,	the	homogenous	
platelet-rich	plasma	(PRP)	gel	dressing,	and	saline	dressing,	were	used	to	promote	the	healing	
process	for	the	management	of	wounds.	Artificial	circular	wounds	were	created	and	treated	with	
bandages	to	evaluate	their	effects	on	the	wound	healing	process	in	12	goats.	The	morphological	
parameters,	i.e.,	diameters	(cm),	duration	of	healing,	and	wound	contraction	(cm),	were	evalu-
ated	to	differentiate	the	postoperative	sequelae	on	wound	healing	process	up	to	day	30	in	three	
different	 treatment	groups	of	goats.	Tissue	specimens	 from	the	wounds	were	examined	histo-
pathologically	on	1st,	3rd,	7th,	and	30th	postoperative	days.	Finally,	the	obtained	data	were	ana-
lyzed	using	the	Statistical	Package	for	the	Social	Sciences	19	software.	
Results:	The	current	study	revealed	that	the	contraction	diameter	was	higher	in	calcium	alginate	
gel	and	PRP	gel	treated	group	when	compared	to	the	saline	dressing	group.	Aggregation	of	immu-
noreactive	cells	(neutrophils,	macrophages,	and	lymphocytes),	collagen	fiber	bundles	among	the	
cells,	and	proliferation	of	blood	vessels	were	observed	in	the	epidermis	of	calcium	alginate	gel,	
PRP	gel	treated	and	saline	dressing	wounds,	which	promote	the	healing	process	of	wounds.	 In	
visual	inspection,	the	number	of	reactive	cells	and	proliferation	of	blood	vessels	were	higher	in	
the	calcium	alginate	gel	and	PRP	gel	treated	group	than	the	saline	dressing.
Conclusion:	In	terms	of	epithelialization,	epidermal	characteristics,	neovascularization,	and	infil-
tration	of	immunoreactive	cells,	the	calcium	alginate	gel	and	the	homogenous	PRP	gel	dressings	
showed	the	best	healing	performance.	Therefore,	the	present	study	suggests	that	clinicians	could	
consider	 the	 calcium	alginate	 gel	 dressing	 and	homogenous	PRP	gel	 dressing	 as	beneficial	 for	
wound	care.
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Introduction 

The wound is a type of injury to the body that occurs 
from violence, accidents, or surgery that usually entail 
lacerations or breaking of a skin membrane and damage 
to underlying tissues, complexed with the involvement of 
profound structures, i.e., muscles, bones, tendons, nerves, 

and vessels [1]. It may be caused by physical, chemical, and 
thermal means. The factors responsible for the wounds are 
hypoxia, hypothermia, mechanical stress, anemia, medica-
tion, trauma, or pressure [2].

Depending on the source of wound creation, there are 
two types of wounds, such as open and closed wounds. 
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Based on the physiology of wound healing, wounds are 
of two types, i.e., acute and chronic wounds [3]. External 
violence more commonly produces open wounds in the 
skin of ruminant species [4]. The management of wounds 
requires the cleansing of the wound bed with antisep-
tic solution [5], topical or parenteral administration of 
antibiotics[6], and protection of wounds by bandages 
against foreign bodies and microorganisms. Sometimes, 
saline washes may be used for a friendly atmosphere for 
asepsis. However, covering a wound with medicated non-
stick gauze dressings absorbs wound exudates and fights 
against infection-producing microorganisms.

Wound healing is a complex process that typically 
undergoes restoration of tissue property, which means 
the cells, tissues, and parts of the body are restored to 
its usual form by the formation of connective tissues 
and reconstruction of the epithelium [7] and function 
[8,9]. Conceptually, the events of the wound healing pro-
cess include inflammation, epithelialization, granulation, 
fibroplasia, and contraction [10]. Closing of the wound 
is essential in the second intention healing process. This 
process depends upon mitotic fibroblasts for the forma-
tion of granulation tissues that will contribute to growth 
by the movement of epithelial cells to the central point of 
the injury [11].

Numerous factors affect wound healing, many of which 
if interfered with might lead to improper or impaired tis-
sue repair [12]. These factors have guided the progres-
sion of efficient therapeutic addresses to tissue repair, 
with minimization of the stimulating causes that delay or 
impair the healing process [13]. Skin grafting and biolog-
ical dressings are developed to impede restricted damage 
to the tissues [14]. The external protection of the wound 
can be provided by several means, and one of the crucial 
devices is the dressing and bandaging. The importance of 
wet-to-dry bandages during the wound healing process 
in the skin has not been investigated as yet, especially 
in goats. In this regard, the current experimental study 
is designed to show the after effects of the wet-to-dry 
bandages, i.e., calcium alginate gel dressings, homoge-
nous platelet-rich plasma (PRP) gel dressings, and saline 
dressing on the skin wound healing process in goats. The 
effects of these dressings are also compared with each 
other.

Materials and Method

Ethical approval

The animal protocol used in the present study was reviewed 
and approved by the guidelines for taking care of animals 

as accepted by the Animal Welfare and Experimentation 
Ethics Committee, Bangladesh Agricultural University, 
Mymensingh [AWEEC/BAU/2019(42)].

Animal models

The present study was carried out at the Department of 
Surgery and Obstetrics, Bangladesh Agricultural University 
(BAU), Mymensingh. Twelve apparently healthy Black 
Bengal goats (age ranged from 1 to 1.5 years and body 
weight ranged from 12 to 15 kg) were procured for this 
experimental study. Based on the application of bandages, 
the experimental animals were divided into three groups, 
i.e., saline dressing, calcium alginate gel dressing, and PRP 
gel dressing in skin wound healing process. Each experi-
mental group comprised four animals.

Surgical skin wounding

A total of 48 skin wounds were made on the thigh mus-
cles of all the experimental animals. The size of the created 
wounds was around 2.5 cm in length and 0.5 cm in depth. 
The experiment was conducted without using antibiotic, 
anti-allergic, or anti-inflammatory drugs. After the surgical 
operation, all necessary data were recorded from day 1 to 
30 of the experiment. The morphological characteristics, 
i.e., swelling, exudations, and securization of the wound, 
were reported to reveal the healing process. The wound 
swelling was observed from days 0 to 3 of the operation. 
The length of wound contraction and the diameter of the 
wounds were measured on days 1, 3, 5, 7, 15, and 30 of 
operation. Additionally, the histopathological study was 
also carried out with physical characteristics. 

Histopathological evaluation

The skin wounds were collected from all groups on days 
1, 3, 7, 15, and 30. They were removed, fixed in formalin, 
and then processed routinely for light microscopy. The 
fixed tissues were then dehydrated in ascending grades 
of alcohol and infiltrated in paraffin. Embedding of infil-
trated samples was carried out using liquid paraffin and 
then prepared using tissue blocks. After hardening at 
room temperature, the tissue blocks were sectioned at 6 
μm (micrometer) in thickness using a microtome (sliding 
microtome, MIC 509, Euromex, Japan). Then, the sections 
were allowed to stretch by floating on a tissue floating bath 
(round tissue floatation bath, Medicus Health, Kentwood, 
MI) at 37°C. Mounting of the sections was carried out on 
glass slides using an adhesive (egg albumin) and then 
allowed to dry on a slide warmer at 37°C. Finally, the dried 
sections were stained with the routine stain, i.e., Mayer’s 
Hematoxylin and Eosin (H&E), for microscopic study. 
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Photomicrographs

The histopathology of the skin wounds was examined 
under a light microscope at two different magnifications 
(4X and 10X). Necessary photomicrographs were taken 
from the selected sections for the interpretation of the 
experimental outcome. Then, the photographs were eval-
uated by visual inspection to compare the effects of the 
applied dressings on surgically created skin wounds.

Statistical analysis

All the data were analyzed by using the Statistical Package 
for the Social Sciences software version 19 (Chicago, IL). 
All the data were represented as mean ± standard devia-
tion (SD). The level of significance was expressed as ** = p 
< 1% of significance, * = p < 5% of significance, and NS = 
not significant.

Results

Morphological characteristics of skin wound during the 
healing process

The morphological characteristics of skin wound, i.e., 
duration of the healing process and contraction diameter 

(cm) of the wound, were evaluated by the postoperative 
effects of three different types of treatments on the heal-
ing of the wound (Figs. 1 and 2). The contraction diameter 
of the wound was presented in three different treatments 
(Tables 1, 2, and 3). Based on the data derived, the effects of 
dry and wet dressings on the diameter of the wound show 
that the diameter of contraction of the wound was signifi-
cantly higher in the calcium alginate gel treated group on 
days 3–27 and PRP gel treated group on days 5–27 in the 
wound area (Fig. 2). These experimental results, i.e., diam-
eter of the wound, did not present any statistical inequality 
in wounds between calcium alginate gel and PRP gel treat-
ments on day 1. 

The healing score was excellent in both the wounds 
treated with calcium alginate gel dressing and PRP gel 
dressing as the wound area decreased more rapidly (Fig. 
1). Prominent scar formation on the wound surface was 
seen in the control group (Fig. 1). No dehiscence was 
revealed in all the wounds of the goats in the experimental 
groups.

Based on the data of the healing score scale, calcium 
alginate gel dressing and homogenous PRP gel dress-
ing showed excellent performance on the wound healing 

Figure 1. Gross representation of surgical wounds closure treated by (1) calcium 
alginate gel dressing, (2) homogenous  platelet-rich plasma gel dressing, and (3) saline 
dressing or control.
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process (Tables 1 and 2). But the healing score was good in 
the wound that was treated with saline dressing (Table 3).

Histopathological assessments of the wound healing 
performance

The skin biopsies were collected from various kinds of 
wounds of the three treatment groups for histopatho-
logical analysis in the progression of repair of the wound 
healing process on days 1, 3, 7, 15, and 30. Histological 
evaluation of the wounds shows that the infiltration of 
numerous immunoreactive cells (macrophages, neu-
trophils, and lymphocytes) was observed under the 
keratin layers of the epidermis of wounds of calcium 
alginate gel and homogenous PRP gel on days 1, 3, and 7 
(Fig. 3). On the contrary, fewer reactive cells were found 
in the control group after treatment (magnification 10×). 
Histopathological alterations in the progression of repair 

of the wound healing process on day 15 are shown in 
Figure 3. On day 15, connective tissue with collagen fibers 
and full covering of epidermis with discrete inflammatory 
infiltration was observed in wounds treated with calcium 
alginate gel. Disruption of epithelial covering was found 
in wounds treated with homogenous PRP gel on day 15. 
The keratin layer of epithelial covering was irregularly 
disrupted in the wounds of the control group on D15 after 
treatment.

Histopathological changes in the progression of repair 
of the wound healing process on day 30 are shown in 
Figure 3. On day 30, complete healing was represented 
by more proliferating blood capillaries and inflammatory 
cells in the calcium alginate gel group. The homogenous 
PRP gel treated wounds showed the presence of a good 
number of blood vessels and inflammatory cells. Fewer 
blood capillaries and inflammatory cells were observed 
in the control groups in the wounds on D30. In the his-
topathological analysis, the presence of immunoreactive 

Figure 2. Graphical presentation of wound healing with calcium 
alginate gel, PRP gel, and saline dressing in Black Bengal goats.

Table 1.	 Effects	of	calcium	alginate	gel	dressing	on	surgical	wounds	
diameter	(cm)	(Mean	±	SEM)	in	goats.

Day Mean ± SEM (cm) p value Day Mean ± SEM (cm) p value

D1 2.43	±	0.031NS 0.949 D17 0.04	±	0.027** 0.0001

D3 2.2	±	0.025* 0.061 D19 0.01	±	0.006** 0.0001

D5 1.97	±	0.024** 0.0001 D21 0.00	±	0.000** 0.0001

D7 1.58	±	0.045** 0.0001 D23 0.00	±	0.000** 0.0001

D9 1.16	±	0.034** 0.0001 D25 0.00	±	0.000** 0.0001

D11 0.84	±	0.052** 0.0001 D27 0.00	±	0.000** 0.066

D13 0.45	±	0.078** 0.0001 D29 0.00	±	0.000NS –

D15 0.17	±	0.049** 0.0001

**	=	p <	1%	of	Significance,	*	=	p	<	5%	of	Significance,	NS=	Not	Significant

Table 2.	 Effects	of	platelet-rich	plasma	gel	dressing	on	surgical	
wounds	diameter	(cm)	(Mean±SEM)	in	goats.

Day Mean ± SEM (cm) p value Day Mean ± SEM (cm) p value

D1 2.44	±	0.033NS 0.949 D17 0.45	±	0.078** 0.0001

D3 2.31±	0.030NS 0.061 D19 0.17	±	0.049** 0.0001

D5 2.12	±	0.021** 0.0001 D21 0.04	±	0.027** 0.0001

D7 1.97	±	0.024** 0.0001 D23 0.01	±	0.006** 0.0001

D9 1.80	±	0.033** 0.0001 D25 0.00	±	0.000** 0.0001

D11 1.53	±	0.033** 0.0001 D27 0.00	±	0.000** 0.066

D13 1.16	±	0.038** 0.0001 D29 0.00	±	0.000NS –

D15 0.86	±	0.058** 0.0001

NS	=	Not	Significant.
**	=	p <	1%	of	significance;	*	=	p	<	5%	of	significance.

Table 3.	 Effects	of	saline	dressing	on	surgical	wounds	diameter	(cm)	
(Mean	±	SEM)	in	goats.

Day Mean ± SEM (cm) p value Day Mean ± SEM (cm) p value

D1 2.43	±	0.031NS 0.949 D17 1.24	±	0.053** 0.0001

D3 2.33±	0.031NS 0.061 D19 0.99	±	0.043** 0.0001

D5 2.24	±	0.033** 0.0001 D21 0.74	±	0.045** 0.0001

D7 2.10	±	0.034** 0.0001 D23 0.49	±	0.049** 0.0001

D9 1.97	±	0.031** 0.0001 D25 0.25	±	0.044** 0.0001

D11 1.81	±	0.046** 0.0001 D27 0.04	±	0.026NS 0.066

D13 1.61	±	0.062** 0.0001 D29 0.00	±	0.000 –

D15 1.41	±	0.054** 0.0001

*	=	p	<	5%	of	significance;	**	=	p	<	1%	of	significance.
NS	=	Not	Significant.
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Figure 3. Histopathological evaluations of wounds showing the progression of repair at day-1 (D1) and day-3 (D3), presence of 
numerous reactive cells (arrows) beneath the keratinized tissues of the epidermis of wounds of calcium alginate gel (a), presence of 
reactive cells beneath the keratinized tissues of the epidermis of wounds of homogenous PRP gel (b), and presence of few reactive 
cells at control groups after treatment (c). On day-7 (D7), newly formed connective tissue under the scab infiltrated with reactive cells 
(arrows) in wounds of calcium alginate gel (a), tissue reaction in wounds of homogenous PRP gel (b), and a huge number of reactive 
cells in wounds of control groups (c). On day-15 (D15), connective tissue with collagen fibers (f) between the cells and full covering 
of epidermis (k) with discrete inflammatory cells(arrows) in wounds of calcium alginate gel (a), disruption of epithelial covering in 
wounds of homogenous PRP gel (b), and irregular disrupted epithelial covering keratin layer in the wound of the control group (c). 
On day-30, stages of complete healing represented by the presence of numerous proliferating blood capillaries(arrows) and inflam-
matory cells (triangles) in calcium alginate gel group (a), presence of a good.
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cells, accumulation of purulent discharges, reformation of 
epidermis, and propagation of connective tissue (fibrous) 
were recorded, which will help to learn the routine wound 
healing performance.

Discussion

The skin is the biggest organ of an animal and human 
beings. Skin wound care has become a crucial concern 
accustomed to the progress of chronic wounds and its 
associated morbidity rates. To provide the best care for 
animals with wounds healing by secondary intention, it 
is crucial to explore good skin wound healing appliances. 
If a wound does not heal properly, it may advance into a 
chronic wound. This chronic wound may become a poten-
tial burden to the patient [15]. The current study design 
was aimed to detect the morphological and histopatholog-
ical characteristics of a surgical wound treated with dry 
dressings, i.e., calcium alginate gel dressing, homogenous 
PRP gel dressing, and wet dressing, i.e., saline dressing, 
during the healing process. In this experimental study, the 
surgical skin wounds were observed for 30 days postop-
erative care, and some novel findings of the use of wet-to-
dry bandages, i.e., calcium alginate gel, PRP gel, and saline 
dressings on the wound healing process in goat were 
established.

Alginate is a natural herbal copolymer [16]. It has a 
great water-absorbing trait, biodegradation, biocom-
patibility, excellent film-forming qualities, and capacity 
to entrap the bacteria that helps to fabricate the wound 
dressings [17]. Calcium alginate has outstanding cytocom-
patibility and histocompatibility characteristics. It acts as 
a booster of the wound healing process via elevating the 
contraction rate of wounds and modifying inflammatory 
reaction. It also increases the levels of type I collagen and 
hydroxyproline, leading to boost up the tensile strength of 
a wound [18]. Calcium alginate has stimulating effects on 
the expression of collagen type I and the rise of collagen 
type I to III ratios to a large area. This dressing affords a 
potential approach for healing of wounds [18].

On the other hand, PRP gel contains bioactive sub-
stances which enhance the healing process [19], and which 
contain an elevated level of platelets and an intrinsic level 
of fibrinogen [20,21]. In this study, it is shown that PRP 
topical application accelerates the rate of epidermal regen-
eration, increases wound tensile strength [22], and is use-
ful in soft tissue healing. 

Another parameter, wet dressing, allows healing for 24 
h due to the wet condition of the wound [23]. This mois-
ture-retentive dressing removes excess exudates [24]. 
Wet dressing promotes the excellent function of cells and 

proteases and stimulates rapid closing of the wound with 
a lesser degree of infection [25]. There is lesser shifting 
of the bandage during and in between change, which is 
more adjustable [25]. Overall, wet dressing decreases the 
costs for total wound care. The wet dressing does not des-
iccate the wound bed. When the dry dressing is removed,  
essential cells and tissue, granulation tissues, and regrown 
epithelial cells and WBCs, as well as dead tissues are not 
developed which is the main problem with dry dressing. 
So, wet dressing revealed an excellent healing score with 
no postoperative adverse effects in the current research 
work.

If the wound takes more than 12 weeks to heal, then 
it might be associated with metabolic disorders [13]. In 
this experimental study, the wounds were rapidly closed 
in 21 days, both in the calcium alginate gel treated group 
and PRP gel dressed group when compared to that of the 
control groups.

In this experimental study, the contraction diameter of 
the wound was statistically higher in both the calcium algi-
nate gel treated group and the PRP gel treated group. The 
contraction diameter, i.e., centripetal or concentric reduc-
tion, of an open wound is a prerequisite for the secondary 
intention healing of that wound that is produced by the 
migration of fibroblasts to granulation tissue on the skin 
margins. Usually, a wound contraction can conclude in a 
periodic complete wound closure; however, any irregular-
ities in contraction may result in the partial closure of the 
wound [26]. The current result suggests a good to excel-
lent wound closure with calcium alginate gel and PRP gel 
dressings.

The subsequent incursion of immunoreactive cells, 
i.e., neutrophils, macrophages, and lymphocytes, was 
observed in the inflammatory site, which is histopatholog-
ically examined by another group of researchers [27–29].

Histological evaluations of the wound showed the 
access of immunoreactive cells, accretion of purulent dis-
charges, reformation of the epidermis, and augmentation 
of connective tissue, i.e., fibrous, among the cells of the 
wounds treated with calcium alginate gel dressing and 
PRP gel dressing. This result is in line with human studies 
carried out by previous research [29].

The present surgical experimental study found that the 
diameter of the wounds treated by dry bandages (calcium 
alginate gel dressing and PRP gel dressing) were reduced 
significantly compared to the control group (wet dress-
ings). Applications of dry dressings, i.e., calcium alginate 
gel and homogenous PRP gel on wound healing, are excel-
lent than wet dressing. The characteristic of tissue destruc-
tion (calcium alginate gel) is almost similar in both calcium 
alginate gel dressing and PRP gel dressing. 
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Conclusion

The present study concludes that the wet dressing has a 
better beneficial effect on surgical wound healing. In addi-
tion to this, calcium alginate gel and homogenous PRP gel 
also showed good results on the wound healing process. 
The effects of the two gels are more or less similar. But, 
calcium alginate is a synthetic product which causes some 
side effects. On the other hand, PRP gel is a bioactive sub-
stance having no side effects. Therefore, the role of wet 
dressing is better in wound healing when compared to dry 
dressing. The present research study could help veterinary 
practitioners to consider the use of biomaterial substance 
in soft tissue healing and wet dressing for the wound heal-
ing in the skin of goats.
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