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Abstract

We expounded the effect of intravenous arginine on the healing
of human skin graft donor sites. This randomized study was double blind and
controlled by placebos from October 2012 to May 2015. Nine patients were
selected into the arginine group and 10 were selected into the control group.
There was no significance in age, weight, BMI, CRP, albumin and total plasma
protein in arginine and control groups. Angiogenesis, re-epithelialization and
neutrophil influx of wound healing were measured. The concentrations of
plasma amino acid were measured to evaluate our intervention. In our study,
plasma arginine and ornithine concentrations in arginine group were the
highest after arginine-treated at 2 days. Supplementation of intrave-
nous arginine could not affect on healing of human skin graft donor sites,

Introduction

In the field of organ transplantation, induction of donor
specific transplantation tolerance is still the ultimate
goal of researchers and clinicians. It is an important
means to increase the survival time of grafts and to eli-
minate various toxic and side effects caused by taking
immunosuppressant for a long time (Lindford et al,,
2011). However, so far, although there developed vari-
ous methods of tolerance induction in animal studies,
there is almost no scheme of tolerance induction which
could be used clinically. Thus, to seek a new method or
scheme of tolerance induction will help solve the many
problems that organ transplantation is facing.

The barrier functions of skin tissue mainly embodies in
two aspects: on one hand, it is to prevent the internal
milieu disorder caused by the loss of internal water in
the body, electrolyte and other substances; on the other
hand, it is to prevent the body from invasion of various
toxic substances (Roche-Kubler et al., 2015; Takabayashi

-44. improve angiogenesis, reepithelialization or neutrophil influx in rats.

et al., 2015). Many factors, such as large area deep burn,
trauma, chronic ulcer, and some operations including
congenital malformation operation and tumor resection
often cause skin defects, which needs adequate skin to
cover the wound to promote wound repair (Raza et al.,
2014). Skin wound healing is a complex and highly
coordinated process, during this process, wound
covering has important significance. It can promote
wound repair and prevent infection (Greenwood and
Dearman, 2012). Skin graft is the popular method of
treatment for traumatic and burns and for skin and
tissue defects caused by other factors, and it’s the most
common operation in plastic surgery and burns surgery
(Read and Bach, 1980).

As an important component of surgical nutrition,
arginine may improve the nutritional support (Yurkiv
et al., 2015). The current researches on the relationship
between arginine and growth of xenografted tumor
have no unified conclusion with the observation for
phenomenon (Wu et al.,, 2014). Some researches indicate
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that arginine has antitumor effect, while others think
arginine could promote tumor growth; and if the
antitumor effect exists, the mechanism is still inconclusive
(Nakase et al., 2012).

Materials and Methods
Design and subjects

Our department conducted a randomized study that
was double blind and controlled by placebos from
October 2012 to May 2015. The sample size for this
study, built on average healing time of donor sites of 10
days, was determined and computed with confidence
of 80 % and accepting an a of 5%. 19 participants from
each group were to be included so as to discover an
additional healing of 15%. Each and every participant
underwent skin autografting as an integral part of
reconstructive surgery. Within half a year before
surgery, a measurement of body mass index and weight
loss was taken in order to decide upon the status of
clinical nutrition in accordance with the principles.
Criteria for enlisting participants consisted of the
following: aged between 16 and 75, no kidney or liver
failure, no pregnancy, non-use of steroids, no immune
deficiency diseases, and no diabetes mellitus. Prior to
an operation each of the participants was assigned at
random to either of arginine (n = 9) and placebo
treatment (n = 10) groups, by an independent clinical
pharmacist, with the help of numbered envelopes. A
block randomization was selected to equally divide
subjects in both groups. On the basis of literature at the
commencement of the study, the maximum amount of
arginine that was tolerable was administered. All
participants were given additional arginine or placebo
intravenously (Bufa, Netherlands) over the course of 5
days, starting during surgery, so as to make an
evaluation of the different processes during the begi-
nning stages of wound healing (inflammatory and
proliferative phase). The supplementation given intra-
venously included either a dose of 30 g of arginine
every day, dissolved in 1000 mL 0.9% NaCl and
adjusted to pH 7.2 using 10% HCL (net nitrogen intake
45.7 mmol/L) or a placebo treatment composed of a
dose of 25.2 g of alanine every day, dissolved in 1000 ml
0.9% NaCl (net nitrogen intake 44 mmol/L). With a
view to undertaking a double-blind study the infusions
were rendered isovolumetric and isonitrogenous.
Despite the unlikelihood of turning them isocaloric, the
arginine infusion made up 120 kcal and the placebo
infusion 100.8 kcal. Nevertheless, on a metabolic stress
occasion, these differences are very small and thus
oftentimes overlooked. Patients were provided with an
infusion of 1000 mL every day in two doses of 500 ml
equally spaced out during the daytime. Oral intake of
food was permitted if need be, so as to ensure the
clinical employment of arginine as a possible
immunonutrient treatment.

Wound model

All clinical wound procedures were performed at the
Department of Plastic Surgery, University Hospital
Maastricht, The Netherlands. Split skin grafts were
made available with the assistance of an electric
dermatome with a thickness of 0.3 mm under general
anesthesia and aseptic conditions. The donor sites were
made use of for the purpose of evaluating wound
healing. The fluid of the wound was garnered at the
donor sites by spreading a layer of Gordasoft on it
initially and followed by a polyvinyl alcohol sponge
and a see-through dressing at the top afterwards, as
depicted above.

Measurement of the surfaces of all donor sites

Twenty-four hours prior to collection of wound fluid
there was a change of the wound dressing by removing
the transparent dressing and the sponge, followed by
reapplying a new sponge and see-through dressing. 24
hours afterwards removal of the sponge took place, and
it was stored on ice until further processing. By means
of this protocol a wound fluid sample for 24 hours was
made use of each time for analysis. Wound fluid sam-
ples were taken from each patient by employing this
method on day 2, 5 and 10 respectively. 3-mm punch
biopsies were taken from the central part of the donor
site. Before the biopsies were excised, lidocaine was
locally injected. At a subsequent time a venous blood
sample was taken from a major vein in the cubital fossa.

Sample gather

Blood was centrifuged at 4,000 rpm at 4°C for 10 min
and stored at -80°C until analysis. After centrifugation,
dry sulphosalicylic acid (20 mg) was vortexed and
liquid nitrogen were added into 500 mL of plasma and
deproteinized. Wound fluid was also centrifuged at
11,000 rpm at 4°C for 10 min and then was treated
similar to the plasma. The recovery of fluid from the
sponges was validated and found to be constant.

Evaluation of wound healing

2, 5 and 10 days post-surgery were chosen to reflect the
inflammatory phase at 2 days, the proliferative phase at 5
days and re-epithelialization at 10 days. Biopsies firstly
were fixed in 4% formaldehyde, then processed and
embedded in paraffin. Biopsies sections fixed were
subsequently obtained using a microscope (Nikon
Eclipse 80i microscope, USA).

Sections stained with hematoxylin and eosin

In wound biopsies sections, polymorphonuclear neutron-
phils (PMNs) were defined as per high power field (HPF)
at 40 of magnification at 2, 5 and 10 days post-surgery.
Micro-vessel density (MVD) of wound biopsies was
also measured at 2, 5 and 10 days post-surgery as
described by (Baeten et al., 2002). Immunolabeling of
mouse-anti-human alpha smooth muscle actin (Beast-
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Bio, China) and mouse-anti-human CD31 (Beast Bio,
China) were used to stain vessels in the sections. Two
independent investigators were measured using a
microscope (Nikon Eclipse 80i microscope, USA).

Re-epithelialization

The image of the donor sites were measured with
Canon EOS 300 and analyzed on days 5 and 10. Two
blinded independent observers used morphometric
program ImageJ to measure the planimetry surface of re
-epithelialized skin. The area of re-epithelialized skin
was measured and analyzed as a percentage of the total
wound area. Wound fluid samples were quanti-
tative analysis and expressed as colony forming units.

Measurement amino acids in plasma

The levels of arginine, citrulline and ornithine concen-
trations in plasma were determined using a fully
automated HPLC system as described previously (Van
Eijk et al., 1994).

Statistical analysis

All data are expressed as mean * standard deviation
and repeated-measures ANOVA was used to compare
both groups. P<0.05 was considered statistically
significant.

Results
Patient characteristics

Nine patients (male/female: 6/3) were selected into
arginine group and 10 patients were selected into
control group (Table I). In arginine group, age average
was 43.1 years, weight average was 80.9 kg, BMI was
26.3 kg/cm?2, CRP average was 12.6 mg/L, albumin
average was 32.5 g/L and total plasma protein was 67.7
g/L (Table I). In control group, age average was 43.5
years, weight average was 81.3 kg, BMI was 26.8 kg/
cm?, CRP average was 12.9 mg/L, albumin average was
31.6 g/L & total plasma protein was 65.9 g/L (Table I).

Table I

Arginine Control

(n=9) (n =10)
Age (years) 43.1 43.5
Male/female 6/3 5/5
Weight (kg) 80.9 81.3
BMI (kg/cm?) 26.3 26.8
CRP (mg/L) 12.6 129
Albumin (g/L) 325 31.6
Total plasma protein (g/L) 67.7 65.9

Characteristic of operations

Reason for operation of arginine group was burns (1
patient), trauma (6 patients), malignancy (3 patients) and
other reason (3 patients) (Table II). Reason for operation of
arginine group was burns (1 patient), trauma (5 patients),
malignancy (1 patient) and other reason (4 patients) (Table
1I).

Table II
Reason for operation Arginine Control
n=9) (n=10)

Burns 1 1
Trauma 6 5
Malignancy 3 1
Other 3 4
Type of operation

Split skin graft 8 6

Muscle transposition +

split skin graft

Split skin graft + split 3 5

skin graft

Plasma amino acids

Plasma arginine and ornithine concentrations of
supplementation with arginine group were higher than
those of control group (Figure 1A-B). Especially, plasma
arginine and ornithine concentrations in arginine group
were the highest after arginine-treated at 2 days (Figure
1A-B). Meanwhile, when arginine-treated at 5 days,
plasma arginine and ornithine concentrations in argi-
nine group were higher (Figure 1A-B). But, there were no
significance in plasma citrulline and sumAA concen-
trations of arginine group or control group (Figure 1C-
D). In control group, plasma alanine concentrations
begin to increase and peaked at 2 days after arginine-
treated, comparison with control group (Figure 1E).

Evaluation of wound healing

There were no significance in number of PMN/HPF,
vessels and percentage of the total wound area of
arginine group or control group (Figure 2A-C).

Discussion

Arginine is a substrate of NO synthesis, it can synthesis
a large number of NO under the actions of NO synthase
(Morris and Labhasetwar, 2015). It is a kind of gas
molecules with functions to inhibit the proliferation of
smooth muscle cell (Wang et al., 2014). In our study,
plasma arginine and ornithine concentrations in arginine
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Figure 1: Plasma arginine (A), ornithine (B), citrulline (C), sumAA (D), and alanine (E) concentrations; #p<0.05 compared with 0 day
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Figure 2: Evaluation of wound healing
group were the highest after arginine-treated at 2 days.

Arginine is the physiological precursor of NO, and it
forms NO after catalyzed by NO synthase (Ognibene et
al., 2010). Exogenous arginine is one of the ways to
enhance the content of NO (Yurkiv et al, 2015).
Presently, it has been reported in the literature at home
and abroad that arginine has protective effects towards
different skin graft, and its protective effects towards
flap is accomplished by means of following mechanisms:
Exogenous arginine becomes the source of NO after
catalyzed by NO synthase inside body, and the increa-
sed NO content in skin tissue can play its positive role:
firstly, to improve flap microcirculation: content of
endothelin has increased in skin tissue after skin flap
forming, the corresponding increased NO can reduce
the vessel contraction effect and improve blood stream
state.

Through CGMP, NO decreased platelet aggregation rate,
inhibited the formation of thrombus, reduced resistance
of blood flow and improved microcirculation of the flap

(Ozyazgan et al., 2007; Debats et al., 2009; Debats et al.,
2011; Afraz et al.,, 2012). Secondly, to inhibit the injury
of leukocyte mediated: foreign scholars found in the
study of skin graft that after lifting the flaps, inflamma-
tory cells increased including leukocyte and mastocyte,
which mainly increased white blood cells. NO can
inhibit the injury by inhibiting leukocyte-adhesion and
aggregation. But, there were no significance in plasma
arginine and ornithine concentrations, number of PMN/
HPF, vessels and percentage of the total wound area of
arginine group or control group. Supplementation of
intravenous arginine could not affect on healing of
human skin graft donor sites, improve angiogenesis, re-
epithelialization or neutrophil influx in rats.

Ethical Issue

The study protocol was endorsed by the Medical
Ethical Committee of the Hospital; besides, each
participant provided informed consent.
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