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Comparison of the effect of topical versus 
systemic L-arginine on wound healing in acute 
incisional diabetic rat model
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Background: Diabetes is associated with endothelial dysfunction and impaired wound healing. The amino acid L-arginine is the 
only substrate for nitric oxide (NO) synthesis. The purpose of this study was to compare the topical versus systemic L-arginine 
treatment on total nitrite (NOx) and vascular endothelial growth factor (VEGF) concentrations in wound fluid and rate of wound 
healing in an acute incisional diabetic wound model. Materials and Methods: A total of 56 Sprague-Dawley rats were used of which 
32 were rendered diabetic. Animals underwent a dorsal skin incision. Dm-sys-arg group (N = 8, diabetic) and Norm-sys-arg group 
(N = 8, normoglycemic) were gavaged with L-arginine. Dm-sys-control group (N = 8, diabetic) and Norm-sys-control group (N = 8, 
normoglycemic) were gavaged with water. Dm-top-arg group (N = 8, diabetic) and norm-top-arg group (N = 8, normoglycemic) 
received topical L-arginine gel. Dm-top-control group (N = 8, diabetic) received gel vehicle. On the day 5 the amount of NOx in 
wound fluid was measured by Griess reaction. VEGF/total protein in wound fluids was also measured on day 5 using enzyme-linked 
immunosorbent assay. All wound tissue specimens were fixed and stained to be evaluated for rate of healing. Data were analyzed 
using SPSS software (version 18.0, Chicago, IL, USA) through One-way analysis of variance test and Tukey’s post-hoc. Results: In 
dm-sys-arg group, the level of NOx on day 5 was significantly more than dm-top-arg group (P < 0.05). VEGF content in L-arginine 
treated groups were significantly more than controls (P < 0.05). Rate of diabetic wound healing in dm-sys-arg group was significantly 
more than dm-top-arg group. Conclusion: Systemic L-arginine is more efficient than topical L-arginine in wound healing. This 
process is mediated at least in part, by increasing VEGF and NO in the wound fluid.
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complications. Decreased NO production leads to 
impaired vasodilatation and neuropathy.[3] Reduced 
NO production by gene knockout impairs wound 
healing.[4] Gene therapy strategies have been effective in 
increasing cutaneous NO concentration and improving 
diabetic wound healing.[5] Furthermore, NO has a 
modulatory role in vascular endothelial growth factor 
(VEGF) mediated wound healing process. VEGF is a key 
angiogenic molecule with an important role in vascular 
permeability, which underlines the significance of VEGF 
in wound healing.[6] NO production and subsequent 
angiogenic activity of endothelial cells is dependent upon 
VEGF activity, and VEGF is synthesized through NO 
induction in some cell types including vascular smooth 
muscle cells, macrophages, and keratinocytes.[7] Since it 
has been shown that angiogenesis is impaired in diabetic 
wound healing, overexpression of VEGF can improve 
impaired angiogenesis in diabetes.[8] L-arginine as the 

INTRODUCTION

The worldwide burden of diabetes is attributed to 
its various accompanying complications including 
impaired wound healing, which can ultimately result 
in amputation. Despite of demanding research and 
subsequent advances in diabetic wound care an effective 
treatment has yet to be determined. This complication 
has been observed even in case of glycemic control.[1] 
The diabetic wound shows several defects indicative 
of local endothelial dysfunction. Reduced wound NO 
expression, impaired healing as well as reduced collagen 
accumulation and wound breaking strengths have 
been demonstrated in experimental diabetic animal 
models of acute cutaneous wound healing.[2] It has been 
suggested that changes in nitric oxide (NO) production 
and metabolism may cause endothelial dysfunction, 
which is responsible for diabetic microvascular 
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main and only substrate for NO synthesis has been used in 
improving diabetic wound healing. Furthermore, L-arginine 
plays a key role in protein synthesis and urea cycle and is a 
precursor of polyamines, and proline.[9] Some studies have 
shown that L-arginine supplementation improves vascular 
endothelial dysfunction.[10] L-arginine has been administered 
in either systemic or topical manner to enhance wound 
healing. Because of undetectable levels of arginine at the 
wound site during the acute phase of healing, the topical 
route of administration could be efficient.[9,11] No study has 
been done yet about comparing systemic versus topical 
L-arginine in diabetic wound healing. In this study, systemic 
versus topical application of L-arginine on the rate of wound 
healing, NO and VEGF concentrations in wound fluid were 
compared in an acute incisional diabetic wound model.

MATERIALS AND METHODS

Animals and experimental protocol
The study protocol was approved by the Ethical Committee 
of Isfahan University of Medical Sciences, Isfahan, Iran 
according to principles of laboratory animal care (http://
grants1.nih.gov/grants/olaw/references/phspol.htm, 
accessed 18 May 2012). This was an experimental study 
that included 56 males Sprague-Dawley rats weighing 
180-220 g were purchased from Razi Institute, Karaj, Iran. 
All of the animals were kept in 12 h light/dark cycle with 
23°C temperature. The study was done in the physiology 
department of Isfahan Medical Faculty. The rats were 
rendered diabetic by injection of a single dose of 65 mg/kg 
streptozotocin (STZ; Sigma, USA), in saline-sodium citrate 
buffer (Sigma, Inc., St. Louis, MO., pH 4.5). Blood glucose 
levels of animals were measured 2 weeks after STZ injection 
and animals with blood glucose levels above 300 mg/dl were 
considered as diabetic.

After general anesthesia with sodium pentobarbital 
(80 mg/kg, intraperitoneal), hair on the back was shaved 
and then wiped with sterile water. A rectangular 1.5 cm × 
1 cm wound site on the dorsum of the rats, was outlined 
using a template and the tissue excised to the level of the 
panniculus carnosus muscle by dissecting scissors and 
forceps. The wounds were covered by a layer of medical 
adhesive (Comfeel® Plus Transparent).

The animals were divided into seven groups of 8 animals 
each. Group 1, consisting of diabetic rats were gavaged 
with L-arginine (1 g/kg) twice daily (given as L-arginine 
hydrochloride in 1 ml water) (dm-sys-arg). Group 2 
consisting of normoglycemic rats were gavaged with 
L-arginine (1 g/kg) twice daily (given as L-arginine 
hydrochloride in 1 ml water) (norm-sys-arg). Group 3 
consisting of diabetic rats were gavaged with 1 ml water 
twice daily (dm-sys-control). Group 4 consisting of 

normoglycemic rats were gavaged with 1 ml water twice 
daily (norm-sys-control). Group 5, consisting of diabetic 
rats, received 1cc topical L-arginine 20% once daily (dm-
top-arg). Group 6 consisting of normoglycemic rats received 
1cc topical L-arginine 20% once daily (norm-top-arg). 
L-arginine 20% consisted of 20 g L-arginine per 100 g of 
gel; the vehicles were 0.2 g Nipastat sodium, 2.5 g Natrosol 
250 HHX Pharm, and 78.4 ml purified water.[11] Group 7, 
consisting of diabetic rats, received 1cc gel vehicle once 
daily (dm-top-control).

Two samples of wound fluid were collected using sterile 
nitrate-free absorbent paper strips for measurements of 
VEGF and total nitrite (NOx) levels according to standard 
protocols that had been used in previous studies.[12-14]

Determination of total nitrite in wound fluid
On day 5 the amount of NOx in wound fluid was measured by 
Griess reaction according to the manufacturer’s instruction 
(R&D Systems, USA).[15] Briefly, 50 μl aliquots of wound 
fluid were mixed with an equal volume of Griess reagent (a 
mixture of 0.1% naphthyl ethylenediamine dihydrochloride 
in water and 1% sulfanilamide in 5% phosphoric acid) and 
incubated for 10 min at room temperature. The absorbance 
was measured at dual wavelengths 570 nm/650 nm by the 
spectrophotometer. The NOx level of wound fluid was 
measured using the Griess assay after conversion of NO3 
to NO2 with the NO reductase enzyme.

Determination of vascular endothelial growth factor/total 
protein in wound fluid
The amount of VEGF in wound fluid was measured using 
enzyme-linked immunosorbent assay using available 
reagents and recombinant standards (R&D Systems, 
Minneapolis, USA) according to manufacturer’s instruction 
only on 5th-day samples. The VEGF assay has a minimum 
sensitivity of 30 pg/ml.

The concentration of total protein (TP) in wound fluid was 
determined by the Lowry’s method using the commercial 
kit (Pars Azmoon, Iran).

The VEGF concentration of wound fluid was reported after 
correction by the TP level (VEGF/TP × 107).

Histological examination
On day 11, all animals were euthanized by pentobarbital 
overdose. All wound tissue specimens were fixed in 
10% neutral-buffered formalin for at least 24 h at room 
temperature. After fixation, the specimens were dehydrated 
in graded ethanol, cleared in xylene, and embedded in 
paraffin. Five-micron-thick sections were prepared and 
mounted on glass slides, dewaxed, rehydrated to distilled 
water, and stained with hematoxylin and eosin. As part of 
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the histological evaluation, all slides were examined by a 
pathologist, without knowledge of the previous treatment, 
under a microscope from ×10 to ×40 magnifications. Each 
slide was given a histological score ranging from 1 to 12: 
(1-3) None to minimal cell accumulation, no granulation 
tissue or epithelial travel; (4-6) thin, immature granulation, 
dominated by inflammatory cells with a few fibroblasts, 
capillaries, or collagen deposition, and minimal epithelial 
migration; (7-9) moderately thick granulation tissue, 
dominant inflammatory cells, more fibroblasts and collagen 
deposition, extensive neovascularization, and minimal to 
moderate migrating epithelium; (10-12), thick, vascular 
granulation tissue dominated by fibroblasts and extensive 
collagen deposition, and epithelium partially to completely 
covering the wound.[16]

Statistical analysis
We analyzed our data with SPSS software (version 18.0, 
Chicago IL, USA). All data are expressed as the mean plus 
or minus the standard deviation (mean ± SD). Data were 
analyzed by One-way analysis of variance test, followed by a 
Tukey’s post-hoc multiple comparison. P < 0.05 was accepted 
as the measure for statistical significance.

RESULTS

Measurement of total nitrite on day 5 post wounding
The amount of NOx in wound fluid of dm-sys-arg group 
was significantly more than all other groups (P = 0.01). The 
difference of NOx between dm-top-arg, dm-top-control 
and norm-top-arg was not statistically significant. The 
concentration of NOx in norm-sys-arg group was not 
significantly more than norm-sys-control group while 
norm-sys-arg group had significantly more NOx level than 
dm-sys-control group (P < 0.05).

The amount of NOx in norm-sys-control group was significantly 
more than diabetic control groups (P < 0.05) [Figure 1].

Measurement of vascular endothelial growth factor/total 
protein on day 5 postwounding
Vascular endothelial growth factor/TP level in all arginine 
treated groups were significantly more than control groups 
(P = 0.001).There was no significant difference between dm-
sys-arg and dm-top-arg groups. VEGF/TP level in dm-top-
arg group was significantly more than norm-top-arg group 
(P = 0.001) [Figure 2].VEGF/TP level in norm-sys-arg group 
was significantly more than norm-top-arg group (P = 0.005).

Wound healing in systemic versus topical L-arginine 
treated groups on day 11
The rate of wound healing in all arginine treated groups, 
and norm-sys-control group was significantly more than 
diabetic control groups (P < 0.05). The rate of wound healing 
in dm-sys-arg and norm-top-arg groups was significantly 
more than dm-top-arg group (P = 0.02) [Figure 3].

DISCUSSION

This study aimed to compare the effects of systemic versus 
topical application of L-arginine on wound levels of NOx, 
VEGF concentrations and wound healing in STZ-induced 
diabetic rats.

Our results showed that L-arginine treatment increased 
the wound fluid NOx and VEGF in the systemically treated 
diabetic animals more than control normoglycemic animals; 
however there is no difference between their pathological 
healing scores.

Macrophages are one of the important supply of NO 
synthesis in the wound site during wound healing 
process.[17] Furthermore, macrophages are one of the major 
sources of VEGF in wound sites. More NO and VEGF in 
L-arginine treated diabetic animals could be explained 
by increased numbers of macrophages causing more and 
sustained inflammation in diabetic wounds.[18] It has been 

Figure 1: Wound fluid total nitrite concentration was measured by Griess reaction on day 5 post wounding. Data are reported in µmol/ml ± SDM (*P < 0.05)
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oral L-arginine supplementation decreased the advanced 
glycation end products and inflammatory protein 
production in diabetic rats, which have pro-oxidant effects 
and playing a substantial role in the development of diabetic 
complications.[24] In the same way, it has been shown that 
systemic treatment with L-arginine exerted an inhibitory 
effect of hemoglobin glycation and lipid peroxidation 
in vivo.[25] In another study, L-arginine improved insulin 
sensitivity index and increased adiponectin production 
whereas decreased IL-6 and monocyte chemoattractant 
protein-1contents.[26]

Second, oral administration of L-arginine can reverse 
systemic endothelial dysfunction.[22] It has been shown 
that oral L-arginine supplementation can increase the 
arginine/asymmetric dimethylarginine ratio and, therefore, 
increase endothelial NO synthesis and decrease superoxide 
production.[27]

The third mechanism by which the superior effect of 
systemic administration of L-arginine could be explained 

shown that diabetic mice had increased levels of the pro-
inflammatory cytokines such as tumor necrosis factor -α 
and IL-6 and decreased level of IL-10, an anti-inflammatory 
cytokine.[19]

Our results demonstrated that systemic L-arginine 
treatment was associated with more wound fluid levels 
of NOx expression and better wound healing compared to 
topical L-arginine treated diabetic animals.

Several lines of evidence can explain that why systemic 
L-arginine administration is more effective in diabetic 
conditions. First, Lower plasma arginine levels were reported 
in diabetic rats and patients. Dietary supplementation with 
L-arginine decreased plasma levels of homocysteine, fatty 
acids, and triglycerides, and improved insulin sensitivity 
in various animal models including STZ-induced diabetic 
rats, genetically obese Zucker diabetic fatty rats, and diet-
induced obese rats.[20-22] Similar results have been reported 
for obese humans with type-II diabetes receiving oral or 
intravenous administration of arginine.[23] Furthermore, 

Figure 2: Wound fluid vascular endothelial growth factor (VEGF)/total protein (TP) was measured on day 5 post wounding. Date are reported in VEGF/TP × 107 (*P < 0.05)

Figure 3: The histological scores of wound healing were examined by a pathologist, without knowledge of the prior treatment. Data are reported in mean scores ± 
SDM (*P < 0.05)
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includes arginase/NO synthase competition. The Vmax 

of arginase for arginine exceeds that of NOS (1000 fold) 
even though the affinity of NOS for arginine is greater. 
Hence, arginase activity in the wound is likely to deplete 
the arginine and to reduce NO content. It has been 
demonstrated that increased arginase expression/activity 
contributes to endothelial dysfunction in diabetic rats. 
Since, arginase is expressed by different cells participating 
in wound healing process; it has been shown that arginase 
inhibitor could lead to increased arginine bioavailability 
in the wound environment.[28] This fact may explain more 
NOx in wound fluid of L-arginine treated diabetic animals 
compared to normoglycemic rats in our study.

Other studies suggested an important role for NO in 
regulating growth factor-mediated processes during wound 
repair. Therefore, we hypothesized that supplemental 
arginine might increase wound levels of NO with the 
subsequent increase in VEGF production.[7] Angiogenic 
effect of VEGF has been suggested to be dependent on NO 
pathway through several mechanisms. NO increased VEGF 
production through Akt pathway. Moreover, VEGF has a 
key role in the process of wound healing.[29]

It has been shown that neutralization of VEGF lowered 
the chemotactic activity of endothelial cells and impaired 
wound healing.[6] Topical administration of VEGF has 
been shown to improve diabetic wound healing by 
increasing epithelialization, matrix deposition, and cellular 
proliferation.[30]

Furthermore, supplemental L-arginine has been shown 
to increase VEGF concentration after physical exercise.[31] 
It has been shown that VEGF expression is dependent on 
NO expression by activation of inducible NO synthase.[7] 
Burns et al. have shown that, the change of VEGF expression 
was concomitant with NO concentration in wound healing 
process.[32]

The beneficial effects of L-arginine on wound healing could 
be explained through two metabolic pathways the first 
which occurs in the 1st 3 days, is accelerated by NO synthase, 
citrulline and NO as end products. Second pathway 
starts a few days later, in which arginine is converted to 
ornithine by arginase. Ornithine is an essential substance 
for the production of collagen. This is compatible with our 
findings in which systemic L-arginine treated group showed 
improved wound healing compared to diabetic control.[9]

Gosselink et al. demonstrated that topical L-arginine 
treatment increased healing in chronic anal fissure by 
reduction of anal resting pressure and normalizing anal 
blood flow. L-arginine treatment was effective even in 
patients that do not respond to other NO donors like 

isosorbide dinitrate.[11] However, in a study it has been 
shown that local L-Arginine caused excess production of 
NO without changing the amount of ornithine, polyamines 
and proline, which is indicative of arginase and ornithine 
decarboxylase inhibition.[33] It could explain lower efficiency 
of topical versus systemic L-arginine in our study.

CONCLUSIONS

Systemic application of L-arginine led to more expression of 
VEGF and NO that resulted in wound healing improvement. 
Future studies such as clinical trials are needed to realize 
whether similar findings are observed in human.
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