
Introduction

Factors affecting skin wound healing have always been a

central consideration in surgical practice. Breach in

continuity of skin or mucous membrane exposes the

deeper tissues to infections. In this regard, factors

affecting healing of skin wound need to be understood

thoroughly. 

Stress and pollution are unavoidable phenomena

affecting the body system at various levels. A large

number of people are exposed to potentially hazardous

noise levels in their daily modern life, such as noise from

work environments, urban traffic, household appliances

etc. Numerous studies have been carried out to study the

effect of loud noise stress on various systems. Loud noise

causes hearing loss.1 In utero exposure to loud noise

results in altered immune response in postnatal life.2

There is a high prevalence of oropharynx infections of

viral, bacterial and fungal origins in persons exposed to

high pressure amplitude and low frequency noise.3

Exposure to loud noise causes raised systolic blood

pressure (SBP).4 Loud noise causes changes in nocturnal

sleep architecture and heart rate (HR).5 A chronic noise-

induced stress accelerates the ageing of the myocardium

and increases the risk of myocardial infarction (MI).6 Noise

exposure contributes towards community annoyance.7

Stress related alterations in wound repair could have

important clinical implications, particularly for surgical

recovery. The objective of the study was to determine the

impact of loud noise stress on the biological process of

wound healing. Understanding the effects of physical

environmental stimuli would allow us to design

healthcare environments that generate potential health

benefits.

Subjects and Methods
The randomised control trial was conducted at the

Department of Anatomy, College of Physicians and

Surgeons Pakistan (CPSP) Regional Centre, Islamabad,

from September 2007 to September 2008. Animals used

in the study were obtained from the National Institute of

Health (NIH), Islamabad. There were 240 male Sprague

Dawley rats weighing between 250-300g. They were

randomised into control group A and experimental group

B. Each group comprised 120 animals. Important

histological changes take place during 1, 3, 5 and 7 days

after surgery,8 and therefore main groups were divided

according to day of sacrifice (DOS) of animals into four
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Objective: To determine the effect of loud noise stress on wound healing in a skin tissue.

Methods: The randomised control trial was conducted at the Department of Anatomy, College of Physicians and

Surgeons Pakistan Regional Centre, Islamabad, from September 2007 to September 2008. The study comprised 240

male Sprague Dawley rats who were randomised into control group A and experimental group B. Each group

comprised 120 animals. Main groups were further subdivided into four subgroups of 30 animals each. After

induction of local anaesthesia a linear full thickness skin incision paravertebral to thoracic spine was made. The

experimental group B was exposed to loud noise stimulus. The animals were decapitated 1, 3, 5 and 7 days after

surgery. Histological data was collected in the incisional space of the wound. Polymorpho-nuclear leukocytes,

macrophages, fibroblasts and blood vessels, were analysed quantitatively, whereas re-epithelialisation and content

of collagen fibres in the incisional space were analysed qualitatively. 

Results: Macrophages were decreased initially 3 days after surgery and were increased 5 and 7 days after surgery in

the experimental subgroups. Similarly, blood vessels and fibroblast were significantly decreased in experimental

subgroups 3 days after surgery, but were increased significantly in experimental subgroups 7 days after surgery.

Nothing significant was found regarding re-epithlialisation and collagenisation of wound. 

Conclusion: Loud noise stress affects the important cells involved in the healing of the wound. Therefore, it is

expected to have an impact on the stages of wound healing.
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subgroups i.e. (A1 to A4 and B1 to B4); each subgroup had

30 animals. The animals were kept in cages numbered 1 to

10. The animals were housed in cages in a temperature-

controlled room (28°C-31°C). Twelve-hour light-dark cycle

was maintained with lights on at 6am and off at 6pm. In

order to minimise all undesired stressors, such as

handling, habitat, etc., the animals were acclimatised to

environment for at least one week in the animal house at

the institution's Department of Anatomy. Twenty animals

were used at one time (10 exposed group and 10

controls). On the day of surgery, a cage was selected

randomly from a pool of all the 10 cages having animals

fulfilling the inclusion criteria. The repetitive coin toss

would bisect the set of cages until a selection was made.

Heads would exclude animals in the lower half of the set,

and tails would exclude animals in the upper half. For

example, if the first toss was heads, then only cages

between 6 and 10 were selected. If the second toss was

tails, then only the cages between 6 and 8 were selected.

If the third toss was tails again, then 6 and 7 were selected.

If the fourth toss was heads, then cage 6 was selected.

In the first randomisation, cage 6 was selected and

removed, the animals were removed from the cage and

given their permanent designation i.e., 6a, 6b.

Subsequent cages were selected in the same way after a

repeat numerical designation. The number was noted on

the cage card. All the 20 animals removed from different

cages received the same anaesthesia and surgical

procedure. Anaesthesia was induced by intramuscular

injection Ketamine 5ml (50mg) + 0.5ml (50mg) Xylazine.

Rat dose was 0.1ml/100g body weight.9 Skin on the right

side of dorsum of rat was shaved and cleaned. A linear

2cm full-thickness incision, extending through epidermis

and dermis to the panniculus carnosus, para vertebral to

thoracic spine was made. The incision was surgically

closed with metallic clips with disposable skin stapler. The

animals were randomised to exposure by coin toss, heads

= exposure to loud noise stimulus; tails = non-exposure.

Loud noise stimulus (recorded noise of aeroplanes and

machine-guns) was played in an auto reverse stereo

cassette player. Loud noise was produced by two loud-

speakers (50 watts each) placed at distance of 40cm from

the cages. A precision sound level meter was used to set

the intensity of sound ranging from 97dB(A) to 102 dB(A)

in cages. The level of noise was chosen as comparable

with the noise frequently detected at industrial

workplaces.10 Ten animals were exposed at one time.

Control animals were exposed to only the usual 30dB(A)

to 60 dB(A) noise of the animal care facility. All the animals

of control group A and experimental group B were

decapitated with guillotine on the scheduled day. 

Subgroup B1 was exposed to loud noise 8 hours for 1 day.

Subgroup B1 and A1 were decapitated 1 day after surgery.

Subgroup B2 was exposed to loud noise 8 hours daily for

3 days. Subgroup B2 and A2 were decapitated 3 days after

surgery. Subgroup B3 was exposed to loud noise 8 hours

daily for 5 days. Subgroup B3 and A3 were decapitated 5

days after surgery. Subgroup B4 was exposed to loud

noise 8 hours daily for 7 days. Subgroup B4 and A4were

decapitated 7 days after surgery. Skin wound was

harvested with sharp scissors along with a rim of healthy

tissue (approximately 5mm). Skin tissue was fixed in 10%

formalin. Skin tissue was processed and sectioned at

approximately 6µm thickness. Tissue sections were

stained with haematoxylin and eosin (H&E) for the study

of cell morphology and epithelialisation of skin tissue. The

connective tissue elements of skin tissue were studied

after staining with Mallory's trichrome stain. 

The number of neutrophils, macrophages, fibroblasts and

blood vessels were recognised in the incisional space

under oil immersion lens in a pre-calibrated unit area in

eye piece graticule. Regeneration of epithelium was

assessed as whether the incisional space had been

bridged by the migrating edge of the growing epithelium

from the wound edge or not. The observation was

labelled as complete or incomplete bridging of the

incisional space by the newly-formed epithelium.

Statistical analysis of the data was done with SPSS 10.

Quantitative data regarding the number of neutrophils,

macrophages, fibroblasts and blood vessels was analysed

by Student's t test for the detection of any significant

differences between the mean number in the

experimental and control groups. All the quantitative data

was expressed as mean±SD. P<0.05 was considered

statistically significant. Content of collagen fibres and

regeneration of epidermis was analysed qualitatively. 

Results
In subgroups A1 and B1, 1 day after surgery the epithelial

cells from the wound edges migrated across the incisional

space, but did not bridge the incisional space. Subgroup

A2 and B2, 3 days after surgery demonstrated that the

incisional space was bridged with two to three layers of

epithelium. A complete re-epithelialisation of the surface

of the incisional space was observed in subgroups A3 and

B3, 5 days after surgery. Subgroups A4 and B4, 7 days after

surgery showed all the layers of epithelium.

Quantitative analysis in subgroups A1 and B1, A2 and B2,

showed that the difference in the mean number of

neutrophils between the experimental and control

subgroups was insignificant (Table-1). In subgroups A3

and B3, polymorphonuclear leukocytes (PMNL)
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represented only the minor fraction of the cellular

infiltrate. The difference in the mean number of PMNL in

the subgroup B3, and its control subgroup was

insignificant (p>0.05). In subgroups A4 and B4 the cells of

acute inflammation i.e. neutrophils, became almost

extinct. The statistical difference between the mean

number of PMNL in the subgroup B4 and its control

subgroup A4 was insignificant (p>0.05). 

In subgroups A1 and B1 the mean number of blood

vessels between the experimental and control subgroup

was insignificant (p>0.05). Similarly, mean number of

blood vessels in the experimental subgroup B2 was not

significant compared to control subgroup A2 (p>0.05).

Also the mean blood vessels in the subgroup B3 and its

control subgroup A3 were insignificant (p>0.05).

However, in subgroups B4 mean number of blood vessels

were present in significantly increased number compared

to its match control subgroup A4 (p<0.05). 

Fibroblasts did not appear in subgroups A1 and B1.

Fibroblasts were significantly decreased in the

experimental subgroup B2 compared to control subgroup

A2 (p<0.05). However, the difference in the mean number

of fibroblasts in the subgroup B3 and its control subgroup

A3 was insignificant (p>0.05). Fibroblasts were present in

significantly increased number in the incisional space of

the wound in the subgroup B4 compared to subgroup A4

(p<0.05).

Macrophages were not seen in subgroups A1 and B1.

Macrophages were significantly decreased in the

subgroup B2 compared to its control subgroup A2

(p<0.05). The mean number of macrophages between

subgroup A3 and subgroup B3 was statistically significant

(p<0.05). Macrophages were significantly increased in
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Table-1: Mean number of neutrophils, macrophages and fibroblasts in the incisional space of the wound in control (A) and experimental (B) group per unit area.

Sub group Neutrophil Pvalue Macrophage Pvalue Fibroblast Pvalue Blood vessels Pvalue

Mean±SD Mean±SD Mean±SD Mean±SD

A1 (DOS 1) 19.82± 1.43 0.47 ZERO ZERO 0.78 ± 033 0.63

B1 (DOS 1) 19.39 ± 1.83 0.81 ± 0.34

A2 (DOS 3) 3.11 ±1.58 0.4 1.61 ± 0.80 *0.01 5.95 ± 1.55 * 0.04 1.11±0 .56 0.1

B2 (DOS 3) 2.74 ± 1.82 2.18± 0.84 6.95 ± 1.94 1.41 ± 0 .38

A3 (DOS 5) 0.75 ± 0 .95 0.22 1.95± 0.36 0.007* 16.18± 3.98 0.19 3.16 ± 1.24 0.1

B3 (DOS 5) 0.41± 0.38 1.70 ± 0.50 14.61 ± 2.88 2.66 ± 1.29

A4 (DOS 7) 0.12 ± 0. 33 0.53 0.99 ± 0.59 0.06 10.25 ± 3.47 *0.00 1.86 ± 0.98 *0.00

B4 (DOS 7) 0.16 ± 0.36 0.69±0.47 6.75 ± 2.35 1.13 ± 0.42

*Significant= p? 0.05.

DOS= Day of sacrifice.

Table-2: Number of specimens (percentage) and frequency showing different staining intensity of collagen fibres in the incisional space in the control (A) and experimental (B) group.

Collagen 3 DOS 5 DOS 7 DOS 

content GROUP II GROUP III GROUP IV

in incisional SUBGROUP SUBGROUP SUBGROUP

space A2 (n=30) B2 (n=30) A3 (n=30) B3 (n=30) A4 (n=30) B4 (n=30)

Mild (%age) 100 (n=30) 90 (n=27) - - - -

Moderate (%age) - - 76 (n=23) 83 (n=25) 7 (n=2) 17 (n=5)

Intense (%age) - - 23 (n=7) 17 (n=5) 93 (n=28) 83 (n=25)

Absent((%age) - 10 (3=n) - - - -

n= number of specimens. DOS= Day of sacrifice of animals.

Figure: Cells and blood vessels in the incisional space of wound in different post

wounding days.



wound in the experimental subgroup B4 compared to

control subgroup A4 (p<0.05).

Regarding the extra-cellular matrix components, no

collagen fibres were seen in subgroups A1 and B1. In

subgroups A2 and B2 collagen was more near the

periphery of the incisional space. There was a mild

staining reaction. In experimental subgroup B2 90%

revealed the presence of collagen fibres whereas control

subgroup A2 exhibited collagenisation of incisional space

in 100% of specimens (Table-2). In subgroups A3 and B3

there was a moderately intense staining reaction when

compared to day 3 specimens. Collagen was arranged in

fibre bundles. Bundles of collagen fibres were running

between blood vessels and other cells constituting the

granulation tissue. There was a moderate staining

reaction in 83% of specimens and intense reaction in 17%

of specimens in subgroup B3 and 76% moderate and 24%

intense in subgroup A3. In subgroups A4 and B4 collagen

fibres were arranged in irregular manner compared to

organised pattern seen in the adjacent unwounded

dermis. In some of the specimens, collagen fibres were

seen running parallel to the epidermis signifying the

beginning of the organisation of the wound. Collagen

fibres gave an intense staining reaction in both subgroups

B4 and A4. 

Significant changes occurred in the mean number of

macrophages, fibroblasts and blood vessels in the

experimental subgroups in different post-wounding days

(Figure).

Discussion
The results showed re-epithelialisation of the wound

surfaced 3 days after surgery invariably in all the

experimental and control animals. The process of re-

epithelialisation is facilitated by factors released by the

activated fibroblasts and macrophages in the wound

space.11 Although macrophages and fibroblasts

decreased 3 days after surgery in the present study in the

experimental group, but it can be assumed that the

factors released by the activated fibroblasts and

macrophages might be in enough concentration to

contribute to the re-epithelialisation process. 

Although neutrophil function is impaired by stress and

distressed individuals faced additional risks from infection

after wounding12 but in the present study the difference

in the mean number of neutrophils between the

experimental and their control subgroups was not

significant. It can be presumed that their function might

be compromised which subsequently affected the other

cells taking part in the wound-healing process. In the

present study the macrophages were significantly

reduced in the experimental rats compared to their

control subgroups 3 days after surgery. Our results

correspond with the previous study that states that the

innate non-specific immune response, as well as the

specific immune response, is delayed by stress.13 Also,

elevated adrenal glucocorticoids in acute stress

conditions or major depression attenuate the

differentiation and function of monocyte.14 Macrophages

were still decreased in number in the stressed subgroup 5

days after surgery in the present study. That shows that

macrophages are more sensitive to stress compared to

neutrophils.

The results of the present study regarding the number of

fibroblasts in the area of wound showed a significant

decreased fibroblast population in the experimental

subgroup 3 days after surgery. Decreased fibroblast in this

study correlate with the observations made by earlier

study15 that levels of plasma cortisol were elevated in

post-operative period and the peaks were seen 1 and 3

days after surgery. Cell movement into tightly woven

extra-cellular matrix may require an active proteolytic

system, including collagenases, gelatinase A and

stromelysin that can cleave a path for cell migration.16

Stress impairs the synthesis of collagenases, elastase and

tissue plasminogen activator by macrophages.17 It

probably retards the fibroblast migration in the wound

space as seen in this study.

Fibroblasts seen in experimental subgroup 5 days after

surgery was not significantly different from its normal

control subgroup. Recruitment of macrophages in the

wound and their subsequent activation in the wound

space might cause increased proliferation of fibroblasts in

the wound. Also, the activated keratinocytes initiate

growth factors that cause the proliferation of fibroblasts

in the wound.18 Fibroblasts were seen in a significantly

increased number in experimental subgroup than in their

control counterparts 7 days after surgery. One possible

explanation could be their delayed migration in the

wound space under the effect of stress. 

Macrophages and wound hypoxia are the two

predominant factors controlling the wound

angiogenesis.19 Wound macrophages, but not un-

stimulated monocytes or macrophages, are capable of

inducing angiogenesis.19 Activated macrophages in the

wound secrete the pro-angiogenic cytokines.20 There was

no recruitment of macrophages in the incisional wound

space after 1 day of surgery. So the number of vessels in

the experimental subgroup after 1 day of surgery was not

significantly different from its control subgroup. Blood

vessel formation in the area of wound was not
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significantly different in our study 3 days after surgery in

the experimental animals compared to their controls. The

most probable cause of the decreased vascularity of

wound could be due to decreased macrophage function

in the wound i.e. pro-angiogenic cytokines released by

the activated macrophages. The blood vessels in the

incisional space of the wound in experimental subgroup 5

days after surgery were not statistically significant

compared to its matched control subgroup. Hypoxia is

one of the factors to drive the angiogenic response by up-

regulating angiogenic cytokines observed during wound-

healing. Hypoxia peaked in the granulation tissue stage at

day 4 due to increased cellularity and cellular

proliferation.21 There was significantly increased number

of vessels in the stressed subgroup than their control

subgroup 7 days after surgery. The increased vessels could

be a part of normal phenomenon of wound-healing. Little

evidence for the induction of this process exists, but the

reduced demands on oxygen supply might lead to

regression of the neo-vessels by endothelial cell

apoptosis.16 Thus persistence of vessels in the granulation

tissue could be due to the presence of fibroblasts in the

wound synthesising the extra-cellular matrix. The

nutrients to the active cells in the wound space were

being provided by these vessels. 

Conclusion
Consistent with the evidence that stress delays wound-

healing, the results of the study suggested that loud noise

was another important environmental stressor that

affects the wound-healing cascade.
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