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ABSTRACT
BACKGROUND
Malondialdehyde (MDA) is an oxidant that causes damage to 
membranes, DNA, proteins, and lipids at the cellular level. 
Antioxidants minimize the effects of oxidants and thus help 
in formation of healthy granulation tissues with higher level 
of hydroxyproline and total protein. This study compared the 
effect of limited access dressing (LAD) with conventional closed 
dressing biochemically and histopathologically. 
METHODS
Seventy-two 12-65 years old burn patients with mean wound 
size of 14 cm2 were divided to two groups of LAD (n=37), and 
conventional dressing groups (n=35). Various biochemical 
parameters were measured in granulation tissue.  Histopathological 
analysis of the granulation tissue was studied too. 
RESULTS
LAD group showed significant increase in hydroxyproline, total 
protein, GSH, and GPx and decrease in MDA levels compared to 
conventional dressing group. A significant negative correlation 
between GSH and MDA was noted in LAD group, but in 
conventional dressing group there was no significant correlation. 
A significant negative correlation between GPx and MDA was 
noticed in LAD group, but in conventional dressing group was not 
significant. There was a histologically fewer inflammatory cells, 
increased and well organized extracellular matrix deposit, more 
angiogenesis in LAD group after 10 days while the difference 
was significant between the groups.
CONCLUSION
Our study showed a significant reduction in oxidative stress biomarker 
of MDA, increase in hydroxyproline, total protein, antioxidants and 
amount of ECM deposition, number of blood vessels and a decrease 
in the amount of inflammatory cells and necrotic tissues in LAD 
group indicating the better healing effect of burn wounds.
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Burns are a common traumatic injury that results 
both in local tissue damage and in a systemic 
mediator-induced response; there is evidence 
of both local and systemic oxidant changes 
manifested by increased free radical activity and 
lipid peroxidation. At the same time burn injury 
causes a remarkable decrease in total antioxidant 
status and a reduction in antioxidant scavenging 
capacity when compared with control.1 Auto 
oxidation processes arise from reactive oxygen 
species such as hydrogen peroxide, hydroxyl 
radicals, and superoxide radicals, generated 
as byproducts of aerobic metabolism or other 
processes such as thermal injury.2 

These reactive oxygen species (ROS) cause 
auto oxidation of polyunsaturated fatty acids 
leading to the formation of lipid peroxides. Such 
peroxides have numerous deleterious effects on 
biological systems3 and have been implicated 
pathogenesis of several diseases.4 There is 
strong evidence that the toxic products of burn 
oxidative stress are systemically circulating 
lipid peroxides. Lipid peroxides ultimately give 
rise to MDA that has been shown to react with 
proteins5 and amino acids.6 

One study reported a significant increase 
in lipid peroxide levels, as measured by MDA 
concentration, in the serum of rats and mice, 4 h 
after burn injury to the skin.7 An increased level 
of MDA was found in the plasma of burn patients 
shortly following burn injury, and lasting 
up to 12 days post injury.8 Among the major 
defense processes which combat the deleterious 
oxidation effects resulting from reactive 
oxygen species are reduced glutathione (GSH), 
certain glutathione-dependent enzymes; such 
as glutathione peroxidase (GPx), glutathione 
-S- transferase, and glutathione regenerative 
enzyme, glutathione reductase.9 

GPx, a selenium –enzyme, catalyzes the 
reduction of hydrogen peroxide, organic 
peroxides,10 GPx, along glutathione reductase, 
serves to detoxify a major portion of the cellular 
hydro-peroxides and peroxides generated 
by reactive oxygen species.11 Certain forms 
of glutathione -S- transferase, in addition to 
catalyzing conjugations of glutathione with 
toxic compounds (xenobiotics), including 
the degradation product of arachidonic acid, 
4-hydroxynon-2-enal12 have also been shown 

to catalyze the reduction of organic peroxides.13 
Depletion of cellular reduced glutathione (GSH) 
may reduce the cellular ability to destroy free 
radicals and reactive active species, thereby 
raising the general oxidative potential in the cells. 
Oxidized glutathione (GSSG) is a physiological 
indicator of the activity of the intracellular 
defense system against reactive oxygen, and it 
can be used to monitor oxidant stress in vivo.14

The biological processes for repair of burn 
wounds are unlikely to be different from 
those of any other wound,15 many strategies 
have been developed to try to manipulate this 
wound healing process,16 and to minimize the 
progression of burn wounds by involving deeper 
tissue in the acute phase. These strategies 
range from use of a variety of skin substitutes 
and dressings, such as polyurethane films and 
hydrocolloids,17 to the use of more complex and 
experimental techniques, such as hyperbaric 
oxygen therapy,18 application of growth factors 
and cytokine biology.19 One way of removal of 
harmful chemicals along with wound exudates 
and manipulating the wound environment with a 
view of promoting healing is to apply negative-
pressure wound therapy (NPWT) across the 
wound surface via a dressing.20

Burn treatments include a variety of dressings, 
as well as newer strategies, such as NPWT, which, 
by means of a suction force that drains excess 
fluids from the burn, tries to promote the wound 
healing process and minimize progression of the 
burn wound. Negative pressure is purported to 
induce an interstitial gradient shift which can 
cause a reduction in oedema, and a secondary 
increase in dermal perfusion, thus aiding in 
the removal of blood or serous fluid.21 It is also 
postulated that the ability of NPWT to produce 
a mechanical stress or force that has a direct 
effect in cellular activity due to increased levels 
of growth factors and development of new blood 
vessels and this contribute to a decrease in burn 
wound progression.22 The maintenance of a moist 
environment that provides optimal conditions 
for epithelialization and the prevention of tissue 
desiccation.23

 Limited access dressing (LAD) is a 
combination of intermittent NPWT and moist 
wound healing (cycle of 30 minutes suction and 
31/2 hours rest).20 The present study evaluates 
role of LAD on 10-30% total body surface area 
burn wounds of more than 6 weeks duration. 
Various parameters studied were levels of 
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hydroxyproline, total protein, malondialdhyde, 
reduced glutathione, glutathione peroxidase.

MATERIALS AND METHODS

The study is prospective randomized clinical 
trial which was carried out in the Department of 
Plastic Surgery and Burns, Kasturba Hospital, 
Manipal, India. Institutional Ethics Committee 
of Kasturba Medical College and Hospital, 
Manipal University approved the study protocol 
and study was registered to Clinical Trials 
Registry India, (Government of India) - CTRI 
number: CTRI/2015/01/005419. Informed 
consent was obtained from all patients or their 
next of kin before inclusion into the study.

Ninety patients of age 12 to 65 years (Mean 
age: 38.5) ailing from burn injury were enrolled 
into the study. After examined inclusion criteria 
[10-30% total body surface area (TBSA) burn 
wounds] and exclusion criteria (patients with 
collagen disorders, diabetic patients, leprosy 
patients, pregnant women, liver cirrhosis, HIV 
+ve status) and the cases had mean granulating 
wound of 18% (range10-30%) at the time of 

inclusion in the study. Seventy two patients were 
randomized of whom 37 and 35 were assigned 
to the LAD group (n=37), and conventional 
dressing group (n=35) by simple randomization 
(Figure 1) generating tables of random numbers 
through www.random.org. 

Numbers were assigned to a treatment group 
and sealed in opaque envelopes containing 
labelled paper with treatment and patient ID. On 
0th day, biopsies taken from both groups, LAD 
group- patients were treated with LAD with 
intermittent negative pressure. Conventional 
closed dressing group-patients were dressed 
daily with 5% povidone iodine solution soaked 
gauze. Wounds were washed daily both LAD 
and conventional group prior to dressing by 
povidone iodine solution. Out of 72 patients, 
twelve participants (Five in the LAD group 
and seven in the conventional dressing group), 
were withdrawn from the study before biopsies 
were taken. In Sixty patient biopsies were taken 
on 10th day and were analyzed for biochemical 
histopathologic parameters under study. 

Standard L-hydroxyproline, bovine serum 
albumin (BSA), standard glutathione, l-chloro-

Fig. 1: consort flow chart.
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2,4-dinitrobenzene, nictoinamide adenine 
dinucleotide phosphate (reduced form), 
glutathione reductase (type III, Baker’s yeast), 
cumene hydrogen peroxide (Sigma–Aldrich, 
St. Louis, MO, USA), thiobarbituric acid, tri-
chloroacetic acid, 1,1,3,3-tetramethoxypropane, 
all inorganic salts and organic reagents, graded 
alcohol, hematoxylin-eosin (Sigma-Aldrich, 
MO, USA).

The granulation tissue samples obtained 
from these subjects were used for the analysis. 
The wet weight of the tissues was noted and the 
tissues were dried at 60°C for 24 hours to record 
the constant dry weight. The dried tissues were 
treated with 10 mL 6N HCl and kept at 110°C 
for 24h. The neutralized acid hydrolysate of 
the dry tissues was used for determination of 
the hydroxyproline content by the method of 
Neuman and Logan. Granulation tissue samples 
wet weight was noted and homogenized by 
Rotex homogenizer in ice-cold 0.2 M phosphate 
buffer (pH: 7.4).  Homogenates were centrifuged 
at 15,000 rpm for 30 min in cooling centrifuge 
and supernatant was then used for determine 
total protein, lipid peroxidation and GSH, GPX 
activity was determined. Protein concentration 
was determined according to Lowry et al. (1951) 
using purified bovine serum albumin as standard.

Tissue hydrolysate was prepared and used for 
estimation of hydroxyproline,24 total protein,25 
lipid peroxidation,26 reduced glutathione,27 
and glutathione peroxidase activity.28 Tissue 
preparation for histopathologic study wound 
biopsies performed on days 0 and 10 were 
collected, fixed in 10% formalin, dehydrated 
through an increasing alcohol series (50%, 
70%, 90%, and 100%), cleared in xylene and 
embedded (Leica, EG1150 H) in paraffin wax 
(melting point:  56°C). Serial sections of 5 µm 
thickness were cut using a microtome (Leica, 
RM2255) and were stained with hematoxylin-
eosin  (Sigma-Aldrich, MO, USA). Each slide 
was given a histopathological score ranging 
from 1 to 12, with 1 corresponding to no 
healing and 12 corresponding to a completely 
reepithelialised wound.29 

The scoring was based on the degree of cellular 
invasion, granulation tissue formation, vascularity, 
and reepithelialization. The histopathological score 
was assigned by investigator; code describing 
treatment to the patients was broken after the 
scoring was completed. Statistical analysis 
for biochemical parameters was performed 

by Student’s t-test and data were expressed as 
mean±standard deviation (SD). Histopathological 
score between the groups was performed by 
Student’s t-test and data were expressed as 
mean±standard error (SE) using the SPSS software 
(15th version package, Chicago, IL, USA). A p 
value <0.05 was considered as significant. When 
appropriate, statistical uncertainty was expressed 
by the 95% confidence levels.

RESULTS

Hydroxyproline level (75.2±26.30 µg/mg dry 
tissue weight), total protein level (15.6±8.23 
mg/g wet tissue weight), GSH level (7.40±1.91 
µg/mg protein), GPx (112.3±46.4 µmol/min/
mg protein) were significantly higher in LAD 
group in comparison to the conventional group 
(27.8±15.5 µg/mg dry tissue weight, p=0.010), 
(10.26±4.94 mg/g wet tissue weight, p=0.003), 
(5.1±1.28 µg/mg protein, p=0.037) and (92±32.4 
µmol/min/mg protein, p=0.016), respectively 
(Table 1). MDA level significantly decreased 
in LAD group (12.8±6.62 nmole/mg protein) 
when compared to conventional dressing group 
(6.6±3.7 nmole/mg protein, p=0.002). 

In LAD group, a significant negative 
correlation was noted between GSH and MDA 
(Pearson correlation coefficient r=−0.399 
p=0.024, Figure 2A), but in conventional 
dressing group, there was a negative correlation 
that was not significant (Pearson correlation 
coefficient r=−0.229, p=0.242) between GSH 
and MDA levels (Figure 2B). A stronger 
negative correlation between MDA (oxidative 
stress bio-marker: decreased) and GPX (anti-
oxidant: increased) was noticed in LAD group 
when compared to conventional dressing group 
indicating a better protection of wound cells 
from ROS damage.

In LAD group, a significant negative 
correlation between GPX with MDA (Pearson 
correlation coefficient r=−0.450, p=0.010, Figure 
3A) was observed, but between GPX and MDA in 
conventional dressing group, there was a negative 
correlation that was not significant (Pearson 
correlation coefficient r=−0.313, p=0.104, Figure 
3B). A stronger negative correlation between 
MDA (oxidative stress bio-marker: decrease) 
and GPX (anti-oxidant: increase) was seen in 
LAD group when compared to conventional 
dressing group indicating a better protection of 
wound cells from ROS damage.
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Table 1: Levels of hydroxyproline, total protein, MDA, GSH, GPX in granulation tissue of burn wound in LAD group 
& Conventional dressing group.
Parameters LAD Group (n=32)   

 [Mean±SD]
Conventional dressing group (n=28)

 [Mean±SD]
p 
value

Day 0th Day 10th Day (0th-10th) Day 0th Day 10th Day (0th-10th)
Hydroxyproline (µg/mg 
of dry weight of tissue)

61.7±11.7 136.9±24.2 75.2±26.30 69.8±9.7 97.6±17.2 27.8±15.5 0.010

Total protein (mg/g of 
wet weight of tissue)

10.2±2.9 25.8±7.2 15.6±8.23 11.74±2.6 22.0±5.0 10.26±4.94 0.003

MDA (nmole/mg 
protein)

19.3±6.66 6.5±2.24 12.8±6.62 17.2±5.6 10.6±3.8 6.6±3.7 0.002

GSH (µg/mg protein) 15.1±4.1 22.5±3.1 7.40±1.91 15.8±3.41 20.9±4.01 5.1±1.28 0.037
GPx ( µMoles NADPH 
oxidized/min/mg  
protein)

261.0±64.1 373.6±65.4 112.6±46.4 251.1±76.0 343.1±78.6 92±32.4 0.016

SD: Standard deviation; LAD: Limited access dressing; MDA: Malondialdhyde; GSH: Reduced glutathione; GPx: 
Glutathione peroxidase; NADPH: Nicotinamide adenine dinucleotide phosphate.

Fig. 2: A: Correlation between GSH and MDA showing significant negative correlation in LAD Group (r=−0.399, 
p=0.024). B: Correlation between GSH and MDA showing no significant negative correlation in conventional 
dressing Group (r=−0.229, p=0.242).

Fig. 3: A: Correlation between GPX and MDA in LAD group showing significant negative correlation (r=−0.450, 
p=0.010). B: Correlation between GPX and MDA in conventional dressing group showing no significant negative 
correlation (r=−0.313, p=0.104).
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On 0th day of treatment, LAD and conventional 
groups showed a necrotic tissue with increased 
cellular infiltration (Figure 4A and 5A). On 10th 
day, LAD group showed an increase in ECM 
deposition, decrease in cellular infiltration 
and increased angiogenesis (Figure 4B) in 
comparison to that of the conventional dressing 
group (Figure 5B). Histopathological scoring 
on 0th day and 10th day, biopsies of granulation 

tissue of both groups were analyzed (Table 2). 
The average histological score of wounds was 
similar on 0th day both in LAD vs. conventional 
dressing group (5.2±0.43 vs. 4.56±0.45, Figure 
4A and 5A). 

Wound healing was markedly improved in 
LAD group (8.70±0.21) after 10 days of treatment 
in comparison to conventional dressing group 
(6.24±0.40). The mean±SE on 0th–10th day 

Fig. 4: A: Pre-LAD (0th day) appearance [(a) numerous neutrophils infiltration, (b) minimum number of fibroblasts, 
(c) fewer collagen fibers], B: Post-LAD (10th day) appearance [(a) maximum number of fibroblasts, (b) fewer 
inflammatory cells, (c) more proliferating blood capillaries (neovascularization), (d) Collagen bundles organized 
well between the cells] (Photograph with Olympus PM20 photomicroscope 20X magnification; H&E stain).

Fig. 5: A: Pre-Conventional dressing (0th day) appearance [ (a) numerous neutrophils infiltration, (b) minimum 
number of fibroblasts, (c) poor collagen fibers], B: Post-conventional dressing (10th day) appearance [(a) numerous 
neutrophils infiltration, (b) poorly developed matrix minimum number of fibroblasts, (c) Poor collagen bundles] 
(Photograph with Olympus PM20 photomicroscope 20× magnification; H&E stain).

Table 2: Histopathological grading score.
Group N 0th day 

(Mean ±SE)
10th day
(Mean ±SE)

(0-10th) day
(Mean ±SE)

p value

LAD 32 5.2±0.43 8.70±0.21 3.5±0.36
0.015Conventional dressing 28 4.56±0.45 6.24±0.40 2.3±0.29

A Student’s t-test was performed to determine the significant difference in the average (Mean) histological score 
of LAD and conventional group. The result indicates that there was a significant difference in the average score 
of the two groups (p=0.015), LAD: Limited access dressing.
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(LAD vs. conventional dressing group=3.5±0.36 
vs. 2.3±0.29; p=0.015). Consistent with these 
findings, the histological score of granulation 
tissue of LAD group was significantly higher 
(Figure 4B) with decreased neutrophil filtration 
and increased fibroblasts, collagen deposition, 
increased the number of capillary vessels per 
high power field than conventional dressing 
group (Figure 5B).

DISCUSSION

Thermal injury of the skin is an oxidation 
process, associated with biological and metabolic 
alterations; Free radical damage played a 
significant role in delaying wound healing and that 
ROS produced in response to cutaneous injury 
impeded the healing process by causing damage 
to cellular membranes, DNA, proteins, and 
lipids.30 Thermal injury generates free radicals 
from various cellular populations through many 
pathways; and the modulation of generated free 
radical activity with antioxidants seems to be an 
important part in treatment of burns.31

In burn patients alterations in the antioxidant 
micronutrient status and in the endogenous 
antioxidant defense against the deleterious 
effects of free radicals seem crucial, as pointed 
out by recent studies.32 A number of studies have 
proven that the advantages of NPWT in healing 
burn wounds,33 but there is lack of literature 
specifically stating about the reduction of the 
reactive oxygen species through NPWT and 
there is few literature available showing the 
effect of intermittent negative pressure dressing 
(LAD) on ROS and antioxidants.34

In the present study, the MDA, derived from 
the breakdown of fatty acid peroxide moieties, 
are be significantly decreased in to LAD group 
12.8±6.62 nmole/mg protein compared to 
conventional dressing group 6.56±2.24 nmole/
mg protein (Table 1). Higher level of MDA in 
conventional dressing group will have deleterious 
oxidative effects on membrane lipids35 result in 
poor granulation growth as observed clinically.20 

Free radicals and their scavenging systems are 
known to play a important role in the normal and 
delayed healing of certain types of wounds.36 

The magnitude of the generation of free radicals 
and their disposal mechanisms are known to 
be altered in burn patients, and some kind of 
correlation exists between altered free radical 
cascades and delayed wound healing.7

Enzymatic antioxidants such as GPx, GST, 
catalase levels play crucial role during burn 
wound healing.4 Therefore, estimation of 
antioxidants like GSH,GPx and protein content 
in granulation tissues is also relevant because 
these antioxidants hasten the process of wound 
healing by destroying the free radicals.37 In the 
present study, the mean±SD of GSH- 7.40±1.91, 
GPx- 112.3±46.4, total protein- 15.6±8.23 
content in LAD Group were significantly higher 
than the conventional dressing group (Table 1).

Collagen content of the granulation in 
wounds can be measured by monitoring the 
concentration of hydroxyproline which is a 
marker of collagen biosynthesis.38 Higher 
concentration of hydroxyproline reflects faster 
rate of wound healing which indicates increased 
cellular proliferation and thereby increased 
collagen synthesis.39 Lower concentration of 
hydroxyproline indicates poor wound healing.40  
Various studies on human wound models 
shown that dressing technique like mosit wound 
dressing41 and continuous NPWT42 increased  
the level of hydroxyproline content in wound 
granulation tissue.

In the present study the hydroxyproline 
content in LAD group was 77.32±30.19 (µg/
mg of dry weight of tissue) significantly higher 
than conventional dressing group (32.33±16.18, 
p=0.026). On correlation between GSH and 
MDA revealed a significant negative correlation 
(Pearson correlation coefficient r=−0.399, 
p=0.024) in LAD Group (Figure 2A), but 
in conventional dressing group, there was 
no significant negative correlation (Pearson 
correlation coefficient r=−0.229, p=0.242, 
Figure 2B). Correlation between GPx and 
MDA revealed a significant negative correlation 
between GPX with MDA (r=−0.362 p=0.028, 
Figure 3A), but conventional dressing group, 
there was no significant negative correlation 
(Pearson correlation coefficient r=−0.265, 
p=0.124) between GPX and MDA level (Figure 
3B). The significant negative correlation between 
GSH/GPx with MDA indicates significant 
reduction in oxidative stress in LAD group.

Various histological studies have shown 
that continuous NPWT increase in rate of 
granulation tissue formation, angiogenesis, 
and decreased inflammation.43 In our study 
wound healing was markedly improved in LAD 
group (8.70±0.21) after 10 days of treatment 
than compare to conventional dressing group 
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(6.24±0.40). The mean ±SE on 0th–10th day (LAD 
vs. conventional dressing group=3.50±0.36 vs. 
2.3±0.29; p=0.015).

In conclusion, the results obtained in this 
study showed a significant reduction of oxidative 
stress in LAD group in thermally injured patients 
(decreased MDA, increased GPx, GSH, negative 
correlation between GPx/GSH with MDA) and 
observation was supported by increased levels 
of hydroxyproline and total protein, amount 
of ECM deposition, degree of angiogenesis, 
decreased neutrophil infiltration and necrotic 
tissue in LAD group. Results of our biochemical 
and histopathological study supported the 
clinical observation indicating better clinical 
effect of LAD on granulation tissue.

CONFLICT OF INTEREST

The authors declare no conflict of interest.

REFERENCES 

1 Kao CC, Garner WL. Acute burns. Plast 
Reconstr Surg 2000;105:2482-93.

2 Agarwal RS, Sohal RS. Relationship between 
susceptibility to protein oxidation, aging, and 
maximum life span potential of different 
species. Exp Gerontol 1996;31:365–72.

3 Berlett BS, Stadtman ER. Protein Oxidation 
in Aging, Disease, and Oxidative Stress. J 
Biol Chem 1997;272:20313-6.

4 Rahman K. Studies on free radicals, 
antioxidants and co-factors. Clin Interv Aging 
2007;2:219–36.

5 Berger MM. Antioxidant micronutrients 
in major trauma and burns: evidence and 
practice. Nutr Clin Pract 2006;21:438-49.

6 Slatter DA, Bolton CH, Bailey AJ. The 
importance of lipid-derived malondialdehyde 
in diabetes mellitus. Diabetologia 
2000;43:550-7.

7 Horton JW. Free radicals and lipid peroxidation 
mediated injury in burn trauma: the role of 
antioxidant therapy. Toxicology 2003;189:75-88.

8 Sasaki J, Cottam GL, Baxter CR. Lipid 
peroxidation following thermal injury. J Burn 
Care Rehab 1983;4:251-4.

9 Meister A, Anderson ME. Glutathione. Ann 
Rev Biochem 1983;52:711-60.

10 Ursini F, Maiorino M, Valente M, Gregolin 
C. Purification from pig liver of a protein 
which protects liposomes and bio-membranes 

from peroxidative degradation and 
exhibits glutathione peroxidase activity on 
phosphatidyl choline hydroperoxides. Biochim 
Biophys Acta 1982;710:197-211.

11 Chance B, Sies H, Boveris A. Hydroperoxide 
metabolism in mammalian organs. Physiol 
Rev 1979;59:527-605.

12 Esterbauer H, Cheeseman KH, Dianzani 
MU, Poli G, Slater TF. Separation and 
characterization of the aldehydic products 
of lipid peroxidation stimulated by ADP-
Fe2+ in rat liver microsomes. Biochem J 
1982;208:129-40.

13 Lawrence RA, Burk RF. Glutathione 
peroxidase activity in selenium deficient 
rat liver. Biochem Biophys Res Commun 
1976;71:952-8.

14 Prohaska JR, Ganther HE. Selenium and 
glutathione peroxidase in developing rat brain. 
J Neuro Chem 1976;27:1379-87.

15 Granger DN, Rutili G, McCord JM. 
Superoxide radicals in feline intestinal 
ischemia. Gastroenterology 1981;81:22-9.

16 Hughes H, Jaeschke H, Mitchell JR. 
Measurement of oxidant stress in vivo. In: 
Packer L, Glazer A, editors. Methods in 
enzymology. San Diego, CA, Academic Press, 
1990;186:681-5.

17 Banwell PE. Topical negative pressure therapy 
in wound care. J Wound Care 1999;8:79–84.

18 Wasiak J, Cleland H. Burns (minor thermal). 
Clin Evid  2005;14:2388-96.

19 Villanueva E, Bennett MH, Wasiak J, 
Lehm JP.  Hyperbaric oxygen therapy for 
thermal burns. Cochrane Database Syst Rev 
2004;3:CD004727.

20 Kumar P. Exploiting potency of negative 
pressure in wound dressing using limited 
access dressing and suction-assisted dressing.  
Indian J Plast Surg 2012;45:302-15.

21 Ubbink DT, Westerbos SJ, Evans D, Land L, 
Vermeulen H. Topical negative pressure for 
treating chronic wounds. Cochrane Database 
Syst Rev 2008;16:CD001898.

22 Argenta LC, Morykwas MJ. Vacuum-assisted 
closure: a new method for wound control  and  
treatment:  clinical experience. Ann Plast Surg 
1997;38:563-76.

23 Pham CT, Middleton PF, Maddern GJ. The 
safety and efficacy of topical negative pressure 
in non-healing wounds: a systematic review. 
J Wound Care  2006;15:240-50.

24 Neuman Re, Logan Ma. The determination 



66 Negative pressure in burn healing

www.wjps.ir /Vol.7/No.1/January 2018

of collagen and elastin in the tissues.  J Biol 
Chem 1950;186:549-56.

25 Lowry OH, Rosebrough MH, Farr L, Randell 
RJ. Protein measurement with the folin-
phenol reagent. J Biol Chem 1951;93:265–75.

26 Ohkawa H, Ohishi N, Yagi K. Assay for lipid 
peroxides in animal tissues by thiobarbituric 
acid reaction. Anal Biochem 1979;95:351–58.

27 Beutler E, Duron O, Kefly BM. Improved 
method for the determination of blood 
glutathione. J Lab Clin Med 1963;61:882-8.

28 Paglia DE, Valentine, WN. Studies on the 
quantitative and qualitative characterization 
of erythrocyte glutathione peroxidase. J Lab 
Clin Med 1967;70:158-69.

29 Greenhalgh DG, Sprugel KH, Murray MJ, 
Ross R. PDGF and FGF stimulate healing in 
the genetically diabetic mouse. Am J Pathol 
1990;136:1235–46.

30 Gupta A, Singh RL, Raghubir R. Antioxidant 
status during cutaneous wound healing in 
immunocompromised rats. Mol Cell Biochem 
2002;241:1-7.

31 Arturson G. Pathophysiology of the burn 
wound and pharmacological treatment. R 
Hermans Lecture.  Burns 1996;22:255–74.

32 Al-Jawad FH, Sahib AS, Al-Kaisy AA. Role of 
Antioxidants in the treatment of burn lesions.  
Ann Burns Fire Disasters 2010;31:199–205.

33 Weinand C. The Vacuum-Assisted Closure 
(VAC) device for hastened attachment of a 
superficial inferior-epigastric flap to third-
degree burns on hand and fingers. J Burn 
Care Res 2009;30:362-5.

34 Honnegowda, Kumar P, Udupa P, Rao P, 
Bhandary S, Mahato KK, Sharan A, Mayya 
SS. Effect of limited access dressing on 
hydroxyproline and enzymatic antioxidant 
status in nonhealing chronic ulcers. Indian J 
Plast Surg 2014;47:216-20.

35 NishigakiI, Hagihara M, Hiramatsu M, 
Izawa Y, Yagi K. Effect of thermal injury 

on lipid peroxide level sofrat. Biochem Med 
1980;24:185-9.

36 Shukla A, Rasik AM, Patanaik GK. Depletion 
of reduced glutathione, ascorbic acid, vitamin 
E, and antioxidant defense enzymes in 
healing cutaneous wound. Free Radic Res 
1997;26:93-101.

37 Niwa Y, Kanoh T, Sakane T, Soh H, Kawai 
S, Miyachi Y. The ratio of lipid peroxides 
to superoxide dismutase activity in the skin 
lesions of patients with severe skin disease: 
an accurate prognostic indicator. Life Sci 
1987;40:921-7.

38 Kumar R, Katoch SS, Sharma S. 
β-Adrenoceptor agonist treatment reverses 
denervation atrophy with augmentation of 
collagen proliferation in denervated mice 
gastronomies muscle. Indian J Exp Biol 
2006;44:371–6.

39 Gupta A, Kumar R, Pal K, Banerjee PK, 
Sawhney RC. A preclinical study of the effects 
of sea buck thorn (Hippophae rhamnoides 
L.)  leaf extract on cutaneous wound healing 
in albino rats. Int J Low Extrem Wound 
2005;4:88-92.

40 Reddy GK, Stehno-Bittel L, Enwemeka CS. 
Laser photo stimulation accelerates wound 
healing in diabetic rats.  Wound Repair Regen 
2001;9:248-55.

41 Balakrishnan B, Mohanty M, Umashankar 
PR, Jayakrishnan A. Evaluation of an in situ 
forming hydrogel wound dressing based on 
oxidized alginate and gelatin. Biomaterials 
2005;26:6335-42.

42 Molnar JA. Applications of negative pressure 
wound therapy to thermal injury. Ostomy 
Wound Manage 2004;50:17-9.

43 Sinha K, Chauhan VD, Maheshwari R, 
Chauhan N, Rajan M, Agrawal A. Vacuum 
assisted closure therapy versus standard 
wound therapy for open musculoskeletal 
injuries.  Adv Orthop 2013;2013 :245940.


