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Significance: Only a few decades ago, the primary focus of nutritional sup-
plementation was to prevent deficiencies of essential nutrients. It is now
recognized that, at higher than essential levels, selected nutrients can have a
pharmacologic effect to prevent or treat disease.
Recent Advances: Two of the most important pharmaconutrients, arginine,
and the omega-3 polyunsaturated fatty acids in fish oil, have been shown to
have profound effects on wound healing and infections.
Critical Issues: Both arginine and fish oils have independent benefits, but the
combination appears to be much more effective. This combination has been
shown to affect outcomes involving wound healing and infections, as reviewed
here, and can also affect incidence and outcomes in cardiovascular disease,
diabetes, organ transplant rejection, and other inflammatory conditions. These
possibilities have not yet progressed to widespread clinical application.
Future Directions: The optimal combinations of immunonutrients, timing of
administration, and the doses needed for best results need to be determined in
preclinical and clinical studies. Also, the mechanisms involved in the admin-
istration of pharmaconutrients need to be established.

SCOPE AND SIGNIFICANCE

This review examines the effects
of arginine and omega-3 fatty acids
in fish oil on wound healing and the
development of wound infections.
The amount of data available in the
literature is expansive, but this re-
view will focus on the potential im-
pact on clinical care. In particular,
we wish to emphasize the potential
benefit of a safe, easily-applied and
effective treatment that could po-
tentially save billions of healthcare
dollars on a yearly basis.

TRANSLATIONAL RELEVANCE

Animal studies on the use of argi-
nine and fish oil, as well as other
amino acids, such as ornithine, glu-
tamine or citrulline, and other lipids,

such as oleic acid, are needed to in-
struct the conditions for clinical studies.

CLINICAL RELEVANCE

Immunonutrients may have clini-
cal relevance in treatment or pre-
vention of wound complications,
including poor healing and the de-
velopment of hypertrophic scars, as
well as decreasing wound infections
by more than 50%, which could have
profound benefits for improving
quality of life.

DISCUSSION
Arginine and wound healing

l-Arginine (referred to hereafter
simply as arginine) is a conditionally
indispensable amino acid that is a
component of the urea cycle and is
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Abbreviations
and Acronyms

CLP = cecal ligation and
puncture

DHA = docosahexaenoic acid

EPA = eicosapentaenoic acid

HOSF = high oleic acid
sunflower oil

ICU = intensive care unit

IGF-1 = insulin-like growth
factor I

IL = interleukin

iNOS = inducible nitric oxide
synthase

IV = intravenous

KO = knockout

LTB = leukotriene B

MDSC = myeloid derived
suppressor cells

NO = nitric oxide

NOS = nitric oxide synthase
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readily intraconverted to citrulline,
ornithine, and agmatine.1 Arginine
is synthesized in healthy humans but
additional arginine is needed for
young growing animals and after in-
jury, including burns and certain
diseases.1 Each gram of dietary pro-
tein supplies about 54 mg of arginine,
but this can vary greatly with food
type and arginine can be destroyed
by cooking. Thus,*4–5 g of arginine
is ingested by adults consuming an
average diet in the United States.
About 2 g arginine/day is synthesized
by the kidney from citrulline.2

Highly reactive nitric oxide (NO) is
generated from arginine by nitric
oxide synthase (NOS), which also
releases citrulline that can be re-
cycled to arginine.1 NO has many
biological effects related to regula-
tion of vascular tone and blood flow
and thus, hypertension and athero-
sclerotic disease. Administration of
arginine improves blood flow to limbs
of both healthy and diseased indi-
viduals,1 or to free myocutaneous
flaps,3 and some of the effects persist
for weeks after intravenous (IV) in-
fusion. Another important finding is
that arginine stimulates the release
of growth hormone, as well as insu-
lin-like growth factor I (IGF-1), both
of which can improve wound healing.
Agmatine, also derived from argi-
nine, can promote vasodilatation and
lower blood pressure. When given
orally, arginine is absorbed quickly,
varying between 21% and 68% with a
half-life of 1.5–2 h after an oral dose
of 6 g. It is excreted by the kidney but
almost totally reabsorbed. Thus, ar-
ginine is a normal dietary ingredient
that can be given in oral doses of 2–3
times the normal dietary intake with-
out evidence of significant toxicity.

The role of arginine in wound
healing has been summarized ex-
tensively in reviews by Arnold and
Barbul4 and Stechmiller et al.5 In
1978, Seifter et al.6 showed that ani-
mals previously fed an arginine-

deficient diet, when supplemented
with arginine, had an increased sur-
vival rate and increased wound-
breaking strength, as well as in-
creased wound collagen accumula-
tion. Other experiments by the same
group showed that animals fed a
normal diet supplemented with 1%
arginine had enhanced wound heal-
ing.6 Stechmiller et al.5 emphasized
that there are two pathways for ar-
ginine metabolism within wounds
that contribute to improved wound
healing: NOS isoforms and arginase
isoforms. The production of inducible
nitric oxide synthase (iNOS) peaks
within 24–72 h after wounding, pro-
ducing NO and citrulline. NO plays a
major role in antimicrobial activity
and improving blood flow to the
healing wound. The iNOS pathway is
inhibited by transforming growth
factor-b (TGF-b), which is thought to
be an autocrine regulator of macro-
phage NO production. TGF-b can
additionally stimulate the arginase
pathway and production of collagen.
Conditions that inhibit iNOS in the
wound, such as corticosteroids and
diabetes, are associated with im-
paired wound healing.

Arginase catalyzes the breakdown
of arginine to ornithine and urea, and
is the final step in the urea cycle. Two
isoforms, arginase 1, and arginase 2,
are encoded by distinct genes and
differ in their tissue distribution and
subcellular localization. Both argi-
nase 1 and arginase 2 appear to play
a role in wound healing by generat-
ing ornithine, which may be further
metabolized to polyamines through
the action of ornithine decarbox-
ylase.7 The polyamines are factors
necessary for cellular growth and
regulate numerous genes.8 However,
restriction of polyamine synthesis
has not yet proven useful for cancer
prevention or other complications. In
iNOS knockout (KO) mice, arginine
does not enhance wound healing,
while ornithine continues to be ef-

RNA = ribonucleic acid

SSI = surgical site infections

TGF = transforming growth
factor

TPN = total parenteral nutrition

VEGF = vascular endothelial
growth factor
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fective. Ornithine can enhance wound breaking
strength and collagen deposition in both wild type
and iNOS KO mice.9 Arginine may also be impor-
tant for stimulation of TGF-b, vascular endothelial
growth factor (VEGF) and keratinocyte growth
factor.10

Arginine supplementation is, perhaps, best
known for its beneficial effect on the healing of
cutaneous wounds,11 but it also improves the
healing of fractures12 and impaired wounds under
a variety of circumstances, such as diabetes,13 and
after hemorrhage/trauma.14 In burn wound heal-
ing, the effect may be dose-dependent.15 The effect
of arginine supplementation on wound healing is
partly dependent upon growth hormone16 and is
partly mediated by NO because dietary supple-
mentation did not enhance wound healing break-
age strength and/or collagen deposition in iNOS
KO mice.17 However, Zhang et al.18 reported that
arginine supplementation increased protein bal-
ance in skin wounds and muscle by a mechanism
independent of NO production. Almost all animal
studies have been done in acute wounds, rather
than chronic wounds, which may be considerably
different.

Surprisingly few studies have been done on the
role of arginine supplementation for healing of
wounds in humans. Leigh et al.19 performed a
study in which doses of arginine (4.5 or 9 g) were
administered orally twice daily for 3 weeks to pa-
tients with pressure ulcers. The healing rate was
similar between the two groups, but both groups
were estimated to achieve improvements compared
to historical control patients. Hurson et al.20 ad-
ministered 17 g free arginine or a placebo for a
period of 14 days to healthy, nonsmoking elderly
volunteers and found that arginine caused a sig-
nificant elevation of IGF-1 and improved nitrogen
balance compared to controls. In another study,
arginine supplementation (17 g free arginine) was
given daily for 2 weeks to 30 healthy elderly sub-
jects and compared to 15 subjects in a placebo
group.21 Volunteers had subcutaneous placement
of polytetrafluoro-ethylene catheters and, in addi-
tion, small split thickness wounds were created on
the upper thigh. Arginine enhanced hydroxy-
prolene accumulation, indicating increased col-
lagen production, but did not influence the rate of
epithelialization of the wounds. Further, the argi-
nine group had increased responses of peripheral
lymphocytes to mitogenic and allogeneic stimula-
tion, and serum IGF-I levels were significantly el-
evated. Perhaps the most convincing positive
clinical wound healing study was done by De Luis
et al.22 Seventy-two patients with oral or laryngeal

cancer were randomly allocated to receive supple-
ment with arginine and fiber; controls received an
isocaloric, isonitrogenous enteral formula. Both
supplements were started within 24 h after surgery
via an enteral tube. Fistula formation was signifi-
cantly reduced by the arginine-containing formula
(5.2% vs. 17.6%, p = 0.026) and the length of post-
operative stay was shorter (24.3 days vs. 36.1 days,
p = 0.036). In a subsequent study by De Luis et al.,23

patients with oral or laryngeal cancer received an
enteral diet supplemented with 20 g arginine/day
or an isocaloric, isonitrogenous enteral formula
containing 12.3 g arginine/day. Fistula formation
was significantly less frequent in the high dose
arginine group compared to the low dose group
(3.4% vs. 10.5%, p = 0.006). The length of postop-
erative stay, however, was similar. Also in this
study, arginine was started postoperatively. No
differences were detected in postoperative infec-
tious complications.

Thus, arginine appears to improve wound
healing through a variety of mechanisms involv-
ing secretion of growth hormone and IGF-1, the
effects of NO and polyamines, and increased syn-
thesis of proline and hydroxyproline. Adminis-
tration of arginine to improve wound healing
demonstrated that supplementation with up to
20 g/day is safe and relatively well tolerated in
adults, but to date there is insufficient evidence
regarding the most effective doses and timing of
administration.

Arginine and infection
Several animal studies have demonstrated that

arginine administration may favorably influence
outcome during sepsis. In a study by Wang et al.,24

arginine was given to rats for 10 days before sepsis
was induced by cecal ligation and puncture (CLP).
Rats were then given total parenteral nutrition
(TPN) for 3 days, with one group receiving sup-
plementation with arginine. Phagocytic activity of
peritoneal macrophages was improved and bacte-
rial counts were diminished in animals receiving
IV arginine. In another model, arginine, given by
gavage for 3 days before CLP or at the time of
surgery, was associated with an improved survival,
although not when it was started immediately af-
ter CLP.25 In still another experiment using rats,
supplemental arginine was given enterally for 7
days after a 30% burn injury and compared to
controls receiving no arginine.26 Survival was sig-
nificantly improved in the 8 days after burn injury
in arginine-treated animals (100% survival vs.
66.6%). These effects are thought to be due, in part,
to a reduction in bacterial translocation from the
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intestine.27,28 The effects of arginine are also as-
sociated with production of NO,29,30 restoration of
depressed macrophage functions,31 improvements
in T cell function32–34 and the production of poly-
amines.35

While excess enteral arginine may be protective
in preventing infections, it does not seem to be as
effective in combatting established infections.36

Guinea pigs were implanted with osmotic pumps
infusing a mixture of Escherichia coli and Sta-
phylococcus aureus, and then fed by gastrostomy
with isonitrogenous and isocaloric diets containing
different concentrations of arginine. Survival was
significantly decreased in animals receiving 6% of
energy from arginine, and was modestly decreased
in animals receiving 2% or 4% of energy from ar-
ginine. In another experiment, Peck et al.37 showed
high doses of supplemental arginine (50 g arginine/
kg) increased mortality in protein malnourished
mice after infection with Salmonella typhimurium.
However, the administration of 2% of energy from
arginine 10 days before allogeneic blood transfu-
sion and 5 days before undergoing CLP improved
survival (56% in the arginine supplemented group
vs. 28% and 20% in the control diet groups). After
burn injury and gavage with E. coli (to produce
translocation), survival was 100% in an arginine-
supplemented group versus 35% or 50% in control
groups.28 In another study,38 prefeeding mice with
arginine and/or glutamine was able to reverse the
susceptibility to infections caused by prednisone in
a burn model with gut-induced sepsis.

Wischmeyer39 reviewed the use of arginine in
critical care and emphasized that there was little
benefit and, perhaps, harm when arginine alone
was given to septic patients. Heyland et al.40 also
suggested harmful effects. Any adverse effects of
arginine supplementation during sepsis are most
likely related to generation of NO and its effects on
cardiovascular function, including reduction in
systemic blood pressure. However, other mecha-
nisms could be important, including an increase in
microbial growth rate and suppression of phago-
cyte function. This obviously requires further
study. Kalil and Danner41 reported studies in mice,
rats, guinea pigs, rabbits, pigs, sheep, and dogs
that showed mixed results, particularly related to
mortality. These results, mostly beneficial, may
have been partly related to the dose of arginine
administered, with 2% of dietary energy provided
by arginine being the most effective in reducing
mortality. The patients in clinical studies have
mostly been reported using combinations of im-
munonutrients, such as found in Impact� (Nestle,
Inc.), a product containing supplemental arginine,

omega-3 fatty acids, and ribonucleic acid (RNA).
Like the animals studies, a variety of results have
been obtained. When adverse effects have been
reported, it has been mostly in patients with severe
sepsis requiring vasopressors and/or cardiovascu-
lar disease. Luiking and Deutz42 suggest that there
is little evidence that additional arginine, by itself,
is beneficial in septic patients, especially those in
shock, and this could be due to enhanced NO pro-
duction, which might have detrimental effects on
cardiovascular stability.

In brief, arginine can be used safely and effec-
tively to prevent infections in patients, but has
possible adverse effects in patients with estab-
lished sepsis, especially in the presence of hypo-
tension. It appears that a dose of *2% of energy is
optimal and that supplementation is more effective
when given before challenge.

OMEGA-3 FATTY ACIDS
AND WOUND HEALING

Because the biologic role of omega-3 fatty acids
in vascular physiology and immunologic responses
has been studied in depth for decades, it is sur-
prising that their potential role in the healing of
both acute and chronic wounds has generated so
little attention.

Ekci et al.43 performed colon anastomoses in rats
and demonstrated that postoperative anastomotic
bursting strength was significantly higher in ani-
mals receiving preoperative dietary supplementa-
tion with a combination of ascorbic acid and fish oil.
Bursting strength was also improved in animals
supplemented with either ascorbic acid or omega-3
fatty acids, but these improvements were not sta-
tistically significant in this study, which had only a
small number of animals per group. In contrast,
Albina et al.,44 fed animals a diet containing fish oil
for 21 days before surgical incision was made and
for 10 or 30 days after wounding. They showed that
collagen content was similar at both 10 and 30
days, but 30 day wounds were significantly weaker
in animals treated with fish oil compared to ani-
mals receiving corn oil.

McDaniel et al.45,46 studied the effects of fish oil
administration compared to mineral oil in healthy
adults. Patients between the ages of 18 and 45 were
randomly assigned to receive a total of 1.6 g of ei-
cosapentaenoic acid (EPA) and 1.2 g of docosahex-
anoic acid (DHA) per day, or 2.4 mL mineral oil per
day orally, both along with low-dose aspirin. Eight
millimeter blisters were created on the nondomi-
nant arm. As expected, plasma fatty acid profiles
showed a significant shift to the omega-3 fatty
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acids with a significant reduction in the ratio of
omega-6/omega-3 fatty acids. On day 5, the group
receiving the omega-3 supplement had greater
epithelialization of the blisters than did the control
group, and they also had a shift in plasma eicosa-
noids toward the EPA profile, clearly suggesting
improved wound healing.

Other fatty acids may also have important effects
on wound healing. For example, 20 mm2 open exci-
sional skin wounds in mice were treated with topical
linolenic acid (omega-3), linoleic acid (omega-6), or
oleic acid (omega-9) for 20 days. The wounds treated
with oleic acid closed much quicker than ones trea-
ted with linoleic acid or vehicle control.47 Oleic acid
also downregulated cyclooxygenase 2 (COX-2) and
induced collagen type III expression in another
study.48 The same study also showed that omega-3
fatty acids accelerated early (5 days) closure of
open wounds, although not as much as oleic acid.
Interestingly, levels of tumor necrosis factor-a,
interleukin-10 (IL-10), and IL-17 mRNA were
significantly up regulated by oleic acid, whereas
linoleic acid did not cause significant changes in
these cytokines. Unfortunately, no studies have
compared EPA and/or DHA with oleic acid.

Our interpretation is that omega-3 fatty acids
in fish oil may have a beneficial effect on early
wound epithelialization, but may inhibit later
collagen deposition, possibly minimizing scar for-
mation.

Omega-3 fatty acids and infection
The omega-3 fatty acids clearly inhibit many in-

flammatory responses. A prospective randomized
double-blind clinical trial compared the gene ex-
pression profiles of peripheral blood mononuclear
cells from normal subjects who consumed daily either
1.8 g EPA plus DHA, 0.4 g EPA plus DHA, or 4.0 g
high oleic acid sunflower oil (HOSF).49 The high EPA
plus DHA intake changed the expression of 1,040
genes, whereas HOSF intake changed the expression
of only 298 genes. EPA plus DHA intake resulted in
decreased expression of the genes involved in in-
flammatory and atherogenic-related pathways. The
HOSF group also showed downregulation of these
same classes of genes but to a lesser degree. Further,
Trocki et al.50 showed that burned guinea pigs fed
diets containing 5–50% of nonprotein calories as fish
oil had better outcomes with the lower levels of fish
oil, the best being with 15%.

Wang et al.51 reported clinical outcomes from a
prospective randomized clinical trial in which pa-
tients were given TPN containing either an omega-
3 fatty acid enriched emulsion or medium chain
and long chain triglycerols for 5 days after surgery

for gastrointestinal disease. There were no differ-
ences in changes of VEGF, C-reactive protein, IL-8,
IL-1, and IL-10, but administration of fish oil led to
an increase in leukotriene B (LTB5/LTB4 ratio)
and a decrease in IL-6 and nuclear factor kappa B.
Slight but not statistically significant reductions
in infections occurred in the patients receiving
omega-3 fatty acids. The conclusion was that IV
omega-3 fatty acids will favorably influence cyto-
kine profiles to an anti-inflammatory state. In
similar studies by Han et al.,52 a nonsignificant
reduction in infection rates was observed in pa-
tients receiving IV omega-3 lipids.

Evaluations were made by Heller et al.53 on 661
patients from 82 hospitals that received TPN for 3
or more days (mean 8.7 – 7 days). The amount of
fish oil infused as Omegaven� (Fresenius-Kabi),
had a significant inverse relationship with mor-
tality, reducing mortality, infection rates and
length of stay when administered in doses between
0.1 and 0.2 g/kg/day. The least antibiotic demand
was seen in patients receiving 0.15–0.2 g/kg/day of
the fish oil. Pradelli et al.54 performed a meta-
analysis of controlled trials of surgical and inten-
sive care unit (ICU) patients receiving parenteral
nutrition who were randomized to receive omega-3
PUFA-enriched lipid emulsions or not. A total of 23
studies involving 1,502 patients were analyzed. No
significant difference in mortality was found (re-
lative risk = 0.89), but omega-3 enriched emulsions
had a strong reduction in infection rate (relative
risk = 0.61) and length of stay in the ICU ( - 1.92
days) and in the hospital overall ( - 3.29 days). Gas
exchange, liver function, and antioxidant status
were also improved.

The conclusion is that omega-3 fatty acids from
fish oil will reduce wound infections.

Studies with both arginine and omega-3
fatty acids

In an animal experiment,55 different combina-
tions of arginine, glutamine, glycine, fish oil, and
medium-chain triglycerides were added to a highly
defined AIN-76A oral diet (ICN Biomedicals, Inc.)
for 10 days before allogeneic blood transfusion and
an additional 5 days before being challenged with
burn injury and gavage with E. coli to induce
translocation. Survival was reproducibly improved
in animals that received fish oil or glutamine com-
pared to regular chow, AIN-76A diet, or diets sup-
plemented with medium chain triglycerides plus
glutamine, glycine or arginine. These findings show
that combinations of arginine and fish oil fed pre-
operatively are superior to their use individually
and that the effect of individual immunonutrients,
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such as arginine or fish oil can have a significant
influence on outcome.

A number of clinical studies have shown the ef-
fectiveness of dietary supplements containing
combinations of arginine and fish oil. Daly et al.56

were among the first to show a beneficial effect of
Impact on outcome after upper gastrointestinal
surgery for malignancies. Impact is a commercial
dietary product containing fish oil and arginine,
which is based mostly on studies performed at the
Shriners Hospitals for Children—Cincinnati for
treatment of seriously burned patients. Sig-
nificantly fewer wound complications occurred in
the supplement group compared to the standard
group (11% vs. 37%, p = 0.002) and mean length of
stay was shorter. In another study by Farreras
et al.,57 patients having resection for gastric cancer
were randomized to receive Impact� or an isocalo-
ric nitrogenous control diet. Wound healing was
assessed by placing a subcutaneous catheter. Pa-
tients receiving Impact had fewer episodes of
wound healing complications (0% vs. 26.7%,
p = 0.005) and had higher hydroxyprolene content
within subcutaneously implanted catheters. Oka-
moto et al.58 also performed a study in patients
undergoing resection for gastric cancer. Impact
was given for 7 days preoperatively and compared
to a group receiving standard formulas. Sig-
nificantly fewer infections occurred in the patients
receiving Impact (6%) compared to a standard diet
(28%) ( p < 0.05). Importantly, the mean duration of
the systemic inflammatory response syndrome in
the supplemented group was 0.77 – 0.9 days com-
pared to 1.34 – 1.45 days in the conventional group
( p < 0.05).

Horie et al.59 examined the effects of Impact on
patients undergoing resection for colorectal cancer.
The Impact group had no surgical site infections
(SSI) compared to 14.7% of patients in the control
group. Improvement in wound healing using com-
bined immunonutrients was also documented in a
meta-analysis by Waitzberg et al.60 In patients
having gastrointestinal surgery, anastomotic leaks
were decreased by 46% when Impact supplemen-
tation was part of the preoperative treatment.

Several meta-analyses have been done which
show the benefit of combinations of arginine and
fish oil. Zheng et al.61 reviewed 13 randomized
controlled trials involving 1,269 patients. Im-
munonutrition significantly reduced the postop-
erative infection rate (odds ratio = 0.41) and hospital
stay ( - 3.48 days) without any serious side effects.
Similar findings were observed in studies by Marik
and Zaloga62 and Wilhelm and Kale-Pradhan.63

Braga64 recently published a meta-analysis of the

potential clinical benefits of perioperative im-
munonutrition in surgical patients, important be-
cause he was responsible for performance of many
of the baseline studies. The conclusion of that
analysis was that studies which included arginine
and omega-3 fatty acids (usually with RNA, as
Impact) consistently reduced postoperative infec-
tions and length of hospital stay in patients under-
going gastrointestinal surgery and many other
types of surgery. Economic analysis showed that
there was a cost savings related to use of im-
munonutrition, especially when started preopera-
tively and continued for a few days postoperatively
in both well-nourished and malnourished patients.
Braga further concluded that additional studies
should be done to test the efficiency of long-term
treatment and also the benefit of different combi-
nations of the immunonutrients. In still another
meta-analysis, Drover et al.65 also showed that Im-
pact given perioperatively reduced SSI by 51%, but
immunonutrients containing arginine without fish
oil were not nearly as effective.

CONCLUSIONS

It is clear that both arginine and the omega-3
long chain polyunsaturated fatty acids can have
major effects on wound healing and wound infec-
tion in both experimental animals and humans.
However, it must be emphasized that energy and
protein requirements must be met before any
supplement, including arginine, can be effective.
The administration of arginine by itself can im-
prove wound healing when given during the peri-
operative period, but it has variable effects on
responses to infections. High doses of arginine
should be avoided in patients with established
sepsis, especially when given intravenously, since
it may cause hypotension or other adverse cardio-
vascular events. Less than 10 g daily given orally to
adults is well tolerated and safe. Omega-3 fatty
acids (given as fish oil) are also safe when given
orally in doses approximating 3.5% of energy
(*1.5–2% of energy as DHA + EPA). These doses of
omega-3 fatty acids appear to have a relatively
strong effect in reducing wound infections and also
recovery from serious generalized infections in
both experimental animals and man. However,
omega-3 fatty acids may inhibit tensile strength of
healing wounds after several days. In doing so, it
might reduce the incidence of excessive scar for-
mation, but this has not been studied in humans
and there are few good animal models. A combina-
tion of omega-3 fatty acids and arginine appears to be
much more effective than either given alone. Several
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meta-analyses involving thousands of pa-
tients have shown that a combination of
arginine and omega-3 fatty acids is effec-
tive in reducing SSI by*50% and also
significantly reducing hospital and ICU
length of stay. This combination appears to
be more effective because there is a shift
toward the development of anti-inflamma-
tory mediators and cells (Th2 and M2) and
much more arginase resulting in a marked
increase in myeloid derived suppressor
cells (MDSC) that have anti-infective
properties. We are currently studying the
effects of different nutrients on develop-
ment of different types of MDSC.

What has not yet been established by
appropriate animal or clinical studies are
the following: (1) What is the optimal
amino acid and fatty acid mixture to im-
prove wound healing and protect against
infection? (2) What are the optimal dos-
ages? (3) What is the most effective tim-
ing and duration of administration of
these combined preparations?

It will be possible, using optimal mix-
tures and concentrations of immunonutrients, to
have a profound improvement in the care of sur-
gical and traumatic wounds.
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TAKE-HOME MESSAGES
� Arginine administration can improve wound healing.

� The best dose for arginine supplementation appears to be about 2%
of energy.

� The effects of arginine on both wound healing and infection are better
when started preoperatively or before challenge.

� Arginine is safe except when given to patients with active sepsis, es-
pecially those with hypotension.

� Omega-3 fatty acids from fish oil can prevent wound infections and can
improve early wound healing, but after several days may decrease the
deposition of collagen, possibly preventing extensive scarring.

� Combinations of omega-3 fatty acids and arginine are much more ef-
fective in preventing infection than either one alone.

� When given to surgical patients, immunonutrients containing arginine
and fish oil can have anti-inflammatory effects and reduce wound in-
fections by*50%.

� Combinations of arginine and fish oil can also reduce the incidence of
adult respiratory distress syndrome and shortened hospital stay in sur-
gical patients.

� Energy and protein requirements must be met if supplemental arginine is
to be effective.
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