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Abstract
Physiological events in the initial inflammatory stage of cutaneous wound healing influence
subsequent stages. Proinflammatory cytokines coordinate molecular and cellular processes during
the inflammatory stage. Polyunsaturated fatty acids (PUFA) alter proinflammatory cytokine
production, but how this phenomenon specifically influences wound healing is not clearly
understood. In the present study, effects of marine-derived ω-3 eicosapentaenoic and
docosahexaenoic PUFA on proinflammatory cytokines in wound serum and time to complete healing
in healthy, human skin were evaluated. We compared plasma fatty acid levels in two groups (N=30)
at baseline and after 4 weeks of eicosapentaenoic/ docosahexaenoic PUFA supplements (active) or
placebo (control). Eight small blisters on participants’ forearms were created. Proinflammatory
cytokines interleukin-1β (IL-1β), IL-6, and tumor necrosis factor-α were quantified in blister fluid
at 5 and 24 hours after creation. Wound area was calculated daily. Eicosapentaenoic and
docosahexaenoic plasma fatty acid levels were significantly higher in the active group. Additionally,
we found significantly higher IL-1β levels in blister fluid in the active group and time to complete
wound closure was somewhat longer. These results suggest that eicosapentaenoic and
docosahexaenoic PUFA may increase proinflammatory cytokine production at wound sites and thus,
depending on the clinical context, have noninvasive, therapeutic potential to affect cutaneous wound
healing

Wound healing is a complex, sequential, biological process that occurs in at least three
overlapping stages, the first being inflammation.1 Molecular and cellular processes during the
inflammatory stage of skin healing are initiated and amplified to a large degree by a group of
protein mediators known as proinflammatory cytokines.1,2 Proinflammatory cytokine
synthesis and activity are affected by the concentration of ω-3 polyunsaturated fatty acids
(PUFA) eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), obtained primarily
from fish oil, in plasma, tissue and cellular membranes as well as the ω-3 to ω-6 ratio.3

The ω-6 arachidonic acid (AA) and the ω-3 EPA are released from the phospholipid bilayer
of cellular membranes in response to stimuli such as wounding and are competitively
metabolized with EPA being the preferential substrate.4,5 A general assertion can be made that
as dietary quantities of marine-derived EPA and DHA increase and are metabolized more lipid
mediators known as eicosanoids result that are less biologically potent for inciting cellular
responses than those from AA metabolism, which subsequently influences proinflammatory
cytokine production.5,6
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In addition, EPA and DHA are believed to affect the actual gene expression of proinflammatory
cytokines at the level of transcription by altering cellular membrane fluidity, cell to cell
signaling, mobility of cells, interaction of receptors with their agonist, membrane function such
as capping, and formation of secondary signals.4,7 The effects of ω-3 PUFA on the locally
produced proinflammatory cytokines during the inflammatory stage of cutaneous wound
healing has been only minimally studied in human in vivo wounds and thus, is not yet clearly
understood. Depending on the clinical context, manipulating proinflammatory cytokine
production locally, either positively or negatively, during the inflammatory stage could
noninvasively assist the wound healing process. The purpose of this study was to examine the
effects of EPA and DHA dietary supplementation on proinflammatory cytokine production at
blister wound sites during the inflammatory stage of healing and the subsequent time to
complete cutaneous wound healing in a healthy human population.

The primary proinflammatory cytokines are interleukin-1β (IL-1β), IL-6 and tumor necrosis
factor-α (TNF-α). They are secreted by neutrophils, macrophages, mast cells, fibroblasts and
endothelial cells and have autocrine, paracrine and endocrine effects.2,8–10 These cytokines
play essential roles in the signaling of biological processes during the inflammatory stage of
wound healing by binding to receptors on target cells.1,2,11 Collectively, this network of
proinflammatory cytokines assists in controlling infection and preparing tissue for further
repair by enhancing phagocytic activity, stimulating keratinocyte migration at wound edges,
fibroblast chemotaxis and proliferation, breakdown of extracellular matrix proteins and by
regulating the release of additional cytokines and growth factors.1,2 An increased expression
of proinflammatory cytokines within a few hours after tissue injury has been shown to
correspond to the inflammatory stage of wound healing and normal repair.12 Conversely, a
diminished production of proinflammatory cytokines in the initial stage of wound healing was
found in glucocorticoid-treated mice and was associated with impaired wound healing.11

Studies have shown that increasing dosages of the ω-3 PUFA EPA and DHA in the form of
encapsulated fish oil to a concentration of 1% of the total phospholipid fatty acids will decrease
systemic lymphocyte proliferation and IL-1β, TNF-α, and IL-6 by as much as 90%, 70%, and
60%, respectively.13 A total daily intake of 1.6 g of EPA and 1.1 g of DHA resulted in a
significant reduction in proinflammatory cytokine production systemically after 4 weeks of
consumption.14 Based on dietary estimates for the US population, the mean adult intake for
EPA and DHA is only 0.03–0.06 g/day and 0.06–0.09 g/day, respectively,15 but a therapeutic
threshold is quickly reached with dietary supplementation.16 Dietary supplements of EPA and
DHA could affect local cellular and molecular activity, such as the gene expression of
proinflammatory cytokines, during the inflammatory stage of healing and thus, subsequent
stages.

Numerous studies exist regarding the correlation between increased levels of ω-3 PUFA and
diminished proinflammatory cytokine production in peripheral blood monocytes and plasma,
but a few studies have shown enhancement in the production of certain proinflammatory
cytokines in cells such as fibroblasts and peritoneal macrophages treated with ω-3 PUFA.17–
19 Furthermore, a positive correlation was found between collagen production in EPA-treated
porcine medial collateral ligament fibroblasts and proinflammatory IL-6 production in in vitro
wounds.20 The mixed study findings concerning the effects of ω-3 PUFA on proinflammatory
cytokine levels may be related to variations in study designs and cell types, but collectively
the results point to their potential ability to affect epidermal wound healing because of their
influence on proinflammatory cytokine levels and thus, cell types that are important to the
healing process.

We attempted to clarify the effects of ω-3 EPA and DHA PUFA on cutaneous healing in vivo
in healthy individuals to address a gap in the literature regarding potential relationships among
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increased EPA/DHA consumption, proinflammatory production, and cutaneous wound
healing. Our hypotheses were that individuals consuming ω-3 EPA/DHA dietary supplements
for 4 weeks before blistering would have significantly lower levels of proinflammatory
cytokines at blister wound sites and a slower time to complete wound healing than those in the
control group consuming a placebo for the same interval of time.

MATERIALS AND METHODS
Procedures

This randomized, double-blind, repeated measures, experimental study was conducted at the
General Clinical Research Center (GCRC) at The Ohio State University. The majority of the
sample was recruited from the surrounding academic area and medical center. Based on a power
analysis with an estimated large effect size of .40, power at .80, and .05 significance, 14
participants per group were necessary to conduct a two-group repeated measures analysis of
variance (ANOVA).21 Effect size was based on documented reductions in systemic
proinflammatory cytokine levels due to ingestion of EPA and DHA.13,22,23 One additional
subject (11%) per group was added to account for possible attrition based on previous studies
using a blister initiation procedure24 for a total number of 30 subjects. Thirteen men and 17
women were assigned by computerized random sort to either the EPA/ DHA supplement or
placebo group and blinded as to treatment.

Participants were healthy individuals between 18 and 45 years of age with the ability to read
and write English. Individuals were excluded if they were taking nonsteroidal anti-
inflammatory drugs, aspirin, lipid-lowering medications, nutritional supplements or
corticosteroids and those experiencing chronic inflammatory skin diseases or were pregnant
or lactating. Individuals who had immunologic related health problems such as cancer,
autoimmune diseases, diabetes mellitus or peripheral vascular disease, difficulties with wound
healing, surgery in the past year, self-reported current smokers or those reporting drinking 10
or more alcoholic beverages per week were also excluded.

After Institutional Review Board (IRB) approval, participants were recruited through
advertisements placed in the university newspaper and on university bulletin boards. Following
a complete explanation of the study including potential risks and benefits, informed written
consent was obtained from eligible individuals. In addition to IRB approval, all research
methods conducted were in compliance with the ethical rules for human experimentation stated
in the 1975 Declaration of Helsinki.

Visit one took place at the GCRC at which time demographic data were collected that included
age, gender, ethnicity, and education level. Body measurements consisted of height, weight,
sagittal abdominal diameter (SAD), and body mass index (BMI). The primary investigator
(PI), who was blinded to group assignment, provided verbal and written instructions to
participants to take five softgels (Group 1- ω-3 softgels, Group 2 – placebo softgels) at bedtime
until study completion. A specific date to begin the softgels was assigned to each participant.
A total daily intake of 1.6 g of EPA and 1.1 g DHA has been determined to decrease
proinflammatory cytokine production in peripheral blood after 4 weeks of consumption and,
thus was the chosen dosage and time frame for this study.14 The placebo softgel contained
2.4mL of mineral oil. All softgels were the same in appearance and packaged in like containers
by J.R. Carlson Laboratories, Inc. (Arlington Heights, IL). Verbal and written instructions were
given to participants to maintain their usual diets, but to exclude fish, seafood, kelp and
flaxseeds until study completion. Blood was collected for plasma fatty acid analysis after an
8-hour fast. Food frequency questionnaires (FFQ) were completed, which reflected micro and
macro nutrients for the three months before study enrollment.
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Four weeks after beginning the softgels, each participant was admitted before 9 a.m. for a 26-
hour stay at the GCRC and was discharged the following morning. Parking (or bus) expenses
and controlled meals were provided. Participants received $150 after completing the 5-week
study. An illustration of the design and variable measurement points during the GCRC stay
and postblistering period is provided (Figure 1).

Blister initiation
A suction blister protocol was modeled after one utilized in studies at the National Institute of
Allergy and Infectious Diseases and at The Ohio State University.24,25 A similar suction
blister device was also used (Electronic Diversities, Finksburg, MD). The blister wound model
has been used extensively to examine, among other processes, epidermal regeneration.26 Two
templates, possessing a total of eight circular orifices 8mm in diameter, were taped to the volar
surface of the nondominant forearm. A vacuum of 350 mmHg was applied through a pump
attached to a regulator until blisters formed 1 − 1½ hours (Electronic Diversities). The
dermoepidermal junction was separated by the gentle suction and eight sterile 8-mm blisters
were formed. Fluid was aspirated from each blister (0.05–0.1 mL) with a 27 gauge needle and
syringe; the blister roof (epidermis) was removed with sterile scissors. Two plastic templates,
which contained a total of eight wells, were placed directly over the blister wounds. Using a
syringe with an attached angiocath the template wells were filled with 0.8–1.0 mL of 70%
autologous serum, consisting of serum from the subjects’ own blood combined with Hanks’
balanced salt solution, and the eight well tops sealed with sterile tape. The autologous serum-
buffer solution was aspirated via an angiocath attached to a syringe from four of the wells 5
hours after blister formation. In 24 hours the remaining solution was aspirated from the other
four wells and the template removed. A standard wound care protocol was initiated before
discharge.

After discharge
Daily assessments of the healing of the superficial blister sites occurred for 8 consecutive days
after discharge and then every 4 days until complete healing. The PI, blinded to group
assignment, utilized the single digital camera photogrammetry (SCP) method of wound
assessment to quantify daily wound area yet to be healed for all eight blisters (Verge
Videometer Measurement Documentation [VeV MD], Winnipeg, Manitoba, Canada).

Plasma fatty acid assay
The fatty acids evaluated in plasma included total ω-3 PUFA, ω-3 EPA and DHA, total ω-6
PUFA, ω-6 AA, and the ω-6/ω-3 ratio and were quantified by gas chromatography/ mass
spectrometry (GC/MS) at Metametrix Clinical Laboratory (Norcross, GA). Fasting blood
samples (1.0 mL) were collected in EDTA vacutainers and centrifuged at 720 g for 30 minutes
at room temperature to isolate the plasma fraction. The plasma samples were stored a −80°C
before analysis. Sample preparation consisted of a methyl esterification reaction followed by
liquid/liquid extraction before analysis. The samples were analyzed using an Agilent 6890N
GC with autosampler and an Agilent 5973N mass spectrometer (Agilent Technologies, Inc.,
Santa Clara, CA). The analytical separation was performed on a HP-23 (Cis/Trans FAME
capillary column) 60 mm × 0.25 mm × 0.25 mm film thickness.

Stress assays
Increased stress has been associated with diminished proinflammatory production and delayed
wound healing and thus, is essential to consider in an in vivo wound healing study.24,27 In this
study all subjects completed a Perceived Stress Scale (PSS) on admission to the GCRC (after
4 weeks of treatment or placebo). The PSS is a 10-item questionnaire with a scale of 0 (never)
to 4 (very often) that measures how unpredictable, uncontrollable and overloaded one perceives
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their daily life in the previous month. Possible scores range from 0 to 40 with a higher score
suggesting greater perceived stress.

Salivary cortisol was measured on admission to the GCRC and at 5 and 24 hours postblistering
to appraise the potential stressful effects of the blistering procedure. Saliva was obtained from
a dental cotton roll and assayed by the GCRC core lab using the solid-phase radioimmunoassay
(RIA) procedure (Diagnostic Products Corporation, Los Angeles, CA). Salivary cortisol is a
valid and reliable measure of unbound hormone in the blood and reflects the physiological
stress response.28

Proinflammatory cytokine assay
Locally produced proinflammatory cytokines (IL-1β, TNF-α, and IL-6) were measured in the
blister fluid obtained at 5 and 24 hours postblister formation. Determinations were made by
the GCRC core lab using electrochemiluminescence Multiplex System Sector 2400 imager
(Meso Scale Discovery [MSD], Gaithersburg, MD). Samples were assayed in duplicate using
the Human Proinflammatory II 4-Plex Ultra-Sensitive Kits.

Macroscopic analysis of wound healing
Wound healing was defined as the advance of the wound margins toward the wound center.
Daily area yet to be healed was measured by a noncontact method using SCP and the wound
measurement software (VeV MD, Vista Medical, Winnipeg, Manitoba, Canada) on 8
consecutive days after blister initiation and every 4 days thereafter until complete (100%)
healing occurred. An orientation card of known dimensions was placed next to blister sites in
view of the camera. The blister images were then downloaded to the VeV MD computer
software program. Blister wounds were compared to the known size of the orientation card per
the computer software. The wound perimeters were outlined on the computer with a cursor by
the PI and the sum of the areas yet to be healed for all eight blisters was then calculated.

Total surface area yet to be healed for all eight blisters at each time point for 15 randomly
selected subjects was recalculated by the same PI who was blinded to group assignment (active
or placebo) and compared to initial calculations to evaluate intrarater reliability of the VeV
measurement system. Significant Pearson’s correlation coefficients ranged from 0.59 to 0.99
with an average of 0.88 signifying that the VeV measurement system demonstrated high test–
retest intrarater reliability in the current study.

Statistical analyses
Statistical analyses were conducted using the SPSS statistical package.

A two-group (with and without ω-3 fatty acid EPA/DHA supplement) across time (at GCRC
admission, 5 and 24 hours after blistering) within and between group ANOVA was used to
compare salivary cortisol levels. t-tests were used for between group comparisons of socio-
demographic data, body measurements, plasma fatty acid levels (0 and 4 weeks),
proinflammatory cytokines at blister sites (5 and 24 hours postblistering), total area yet to be
healed (cm2/day) for all eight blisters, total lapsed time (days) to 0 cm2 wound closure, PSS
scores and nutritional data generated by the FFQs. Within group comparisons of plasma fatty
acid levels and proinflammatory cytokines in blister sites were evaluated with paired t-tests.
Significance levels were set a priori at α=0.05.
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RESULTS
Demographics, nutritional, and stress influences

Demographic characteristics describing participants in the active and placebo groups are
displayed in Table 1 with similar data for both groups. Baseline nutritional data obtained from
the FFQs showed no statistically significant differences between the active and placebo groups
in regard to nutrients that could potentially influence wound healing (Table 2).

Statistical analyses of PSS scores (at GCRC admission) and salivary cortisol levels (at GCRC
admission and at 5 and 24 hours postblistering) demonstrated that participants in both groups
were similar in their psychological and physiological reactions to stress. Salivary cortisol levels
at times 1 and 3 were significantly higher than at time 2 for all participants (F=17.558, df=1,
p < 0.001), however the interaction between treatment group and time was not significant
(Table 3). The correlation between PSS scores and salivary cortisol levels was not significant
perhaps because PSS scores reflected perceived psychological stress in the preceding month
while salivary cortisol levels represented the physiological stress response at the time the
salivary sample was collected.

Plasma fatty acid measures
As expected, at 4 weeks postenrollment, those who received the EPA/DHA supplement for 4
weeks, had significantly higher plasma EPA (t=8.17, df=16, p < .000), DHA (t=8.25, df =21,
p < .001), and total ω-3 PUFAs (t=8.50, df=19, p < .001), and significantly lower ω-6 PUFAs
(t= −2.67, df=28, p < .01), AA to EPA ratio (t= −6.023, df=13, p < .001) and total ω-6 to ω-3
ratio (t= −10.50, df=18, p < .001) than the placebo group (Table 4).

Fatty acid plasma levels were also examined for each individual to evaluate within group
change from baseline to 4 weeks. Not surprisingly, the change in plasma fatty acid measures
for participants who received the EPA/DHA supplement was significantly higher than the
placebo group for EPA (t=6.30, df=21, p < .001), DHA (t=5.75, df=27, p < .001), and total
ω-3 PUFAs (t= 5.85, df=27, p < .001), and significantly lower for AA (t= −2.50, df=27, p < .
02), total ω-6 PUFAs (t= −2.45, df=27, p < .02), ratio of AA to EPA (t= −5.12, df=27, p < .
001) and ratio of total ω-6 to total ω-3 fatty acids (t= −8.04, df=27, p < .001). From these data
it can be surmized that the EPA/DHA supplements were taken appropriately.

Proinflammatory cytokine responses
As anticipated, IL-1β, IL-6, and TNF-α proinflammatory cytokines levels in blister wound
serum increased across the two time points, 5 and 24 hours postblistering, for both groups.
Unexpectedly however, and contrary to our original hypothesis, participants who received
EPA/DHA supplementation to their diet for 4 weeks, had significantly higher rather than lower
levels of the IL-1β proinflammatory cytokines in the blister fluid at 24 hours postblistering
than the placebo group (t=2.52, df=25, p < .05) (Figure 2B).

To examine the relationships among predictor variables and IL-1β values at 24 hours
postblistering, 15 possible variables were chosen for a forward stepwise multiple regression
procedure. Interestingly, using that procedure the model chose gender and the ratio of AA/EPA
at week 4 as the two primary predictors of IL-1 levels at 24 hours post-blistering Together
those two variables explained 47.4% of the variance in the IL-1β values at that time point.
Males and participants with lower AA:EPA ratios had higher IL-1β levels. Lower AA:EPA
ratios were significantly correlated (p < .001) with the active treatment group.

There were higher quantities of IL-6 and TNF-α cytokines (Figure 2D and F) in blister fluid
for both groups across time, but again, participants who consumed the EPA/DHA supplement
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for 4 weeks produced nonsignificantly higher levels of IL-6 and TNF-α cytokines in blister
fluid at 24 hours postblistering.

Wound healing measures
The overall wound size in centimeter square for participants who received the ω-3 fatty acid
EPA/DHA (fish oil) supplement for 4 weeks compared with those who consumed the placebo
for the same interval, was not significantly different at any time point.

Time to complete wound healing was then evaluated (Figure 3). The number of days to
complete wound healing (100% closure) was not significantly different between the two
groups, although the mean number of days to complete healing for those who consumed the
EPA/DHA supplement for 4 weeks before the blistering procedure, was slightly longer (10.7
days) than the mean (9.8 days) for those in the placebo group.

DISCUSSION
In the present work, we observed that with an EPA/DHA dose of 1.6 and 1.2 g/day respectively,
there were significant increases in plasma fatty acids levels for both EPA and DHA from
baseline to four weeks for individuals in the active group, which were basically consistent with
several previous studies.16 In addition, there were significantly diminished quantities of AA
and ratio of total ω-6–ω-3 fatty acids in individuals consuming the EPA/DHA supplement for
4 weeks, which were outcomes also aligned with some earlier research findings.14,29

Collectively, the plasma fatty acid results from the present study validated the use of the
supplements by participants in the active group during the study interval and that the supplied
dose was adequate to raise plasma fatty acid levels from baseline. There were no significant
changes in plasma fatty acid levels for participants in the control group who consumed the
placebo, mineral oil, for 4 weeks.

Interestingly, a recent study revealed that when EPA and DHA were provided as supplements
to the diet in a total dose as low as 1 g/day in the form of ethyl esters, which are taken up much
more slowly than the more rapidly absorbed triacyglycerols from fish, EPA, and DHA plasma
levels rose from 0.6% to 1.4% and 2.9% to 4.3% respectively within only 10 days.30
Additionally, both EPA and DHA values returned to near baseline measures within 10 days of
discontinuing the supplements. In the current study, the decision to use the chosen EPA/ DHA
dose was based on work by Caughey et al.,14 which reported plasma proinflammatory cytokine
inhibition after 4 weeks with the same dose. It may be beneficial in future wound studies to
include smaller EPA/DHA dosages, in the form of both ethyl esters and triacyglycerols, for
shorter time periods in a stratified design. Correlating data from this type of design may clarify
the minimal EPA/DHA doses that affect the target mediators, such as proinflammatory
cytokines, that control inflammatory responses during wound healing.

Not surprisingly, we found that IL-β, IL-6, and TNF-α proinflammatory cytokine levels in
blister fluid were significantly increased across time from 5 to 24 hours after blister wound
initiation in both groups in response to tissue trauma, which is consistent with earlier studies
using suction blister models.11,24,25

Although the findings of significantly elevated IL-1 levels at 24 hours postblistering in the
active group over the placebo group were not consistent with our original hypothesis, the results
were in concert with a study that observed higher IL-1 expression in EPA treated nonirradiated
and UVB-irradiated keratinocytes.31 Interleukin-1 assists in regulating fibroblast proliferation
and collagen synthesis2 therefore, it can be posited that its initial upregulation at the wound
site, as a result of EPA/DHA dietary supplementation, could be a pathway to regulate collagen
formation. Improved production of healthy collagen is advantageous for efficient healing of
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skin with minimal scarring and for providing strength for connective tissues such as ligaments.
17 In addition, initial IL-1 expression increases keratinocyte growth, important for
reepithelialization,32 induces the production of IL-6 and has a stimulatory effect on
angiogeneses.

Unexpectedly, the other primary predictor variable that contributed to the 47.4% of the variance
in IL-1 values at 24 hours postblistering was gender (males), which could be related to the
possible modulatory effects of local and systemically produced steroid hormones. Though the
understanding of the role of estrogen in cytokine production is limited, it has been postulated
that estrogen has an inhibitory effect on proinflammatory cytokine activity that could vary with
tissue type.33 This is one explanation for the naturally occurring sexual dimorphisms of various
inflammatory-related neurological disorders. It may be beneficial for future wound healing
studies that explore the effects of EPA/DHA consumption on proinflammatory cytokine
production to include measures of estrogen and testosterone, so that potential variations in data
correlated to gender can be analyzed more thoroughly.

Although not statistically significant, higher quantities of IL-6 and TNF-α were also found in
the wound fluid in the active group at 24 hours postblistering when compared with those in
the placebo group. These identified trends may have translated to statistical significance if a
larger sample size had been utilized. Again, these findings were not aligned with our original
hypotheses, but were similar to a few previous studies that investigated the effects of EPA and
DHA on tissue healing in animal models and cell cultures.20,31 For example, a study by
Hankenson et al.20 found that EPA significantly elevated IL-6 release in medial collateral
ligament cells in a bovine model. The researchers also found a significant linear correlation
between IL-6 levels and collagen production. This suggests that EPA dietary supplementation
may facilitate healing in tissues that particularly benefit from increased collagen production,
such as ligaments. An interesting result in the present study was that increased levels of TNF-
α in blister fluid at 24 hours postblistering were associated with slightly slower healing in the
active group, which differs from an earlier study that demonstrated diminished local levels of
TNF-α in healing-impaired glucocorticoid-treated mice.11

In the present study, we established that the time to complete wound healing (100% closure)
for all eight blisters did not differ significantly between the two groups, however, those in the
active group who consumed the EPA/DHA supplement for 4 weeks took approximately 1 day
longer to heal than those in the placebo group. Considering the small size of the blister wounds,
this finding could be of clinical significance. The higher levels of proinflammatory cytokines
in blister fluid, found at 24 hours postblistering in the active group, suggest a more vigorous
early inflammatory reaction. Therefore, it may have taken longer for the exudative stage of the
inflammatory response to resolve, which may have resulted in a slightly longer time to complete
wound closure. A previous study that measured wound healing in dog models also observed a
longer time for reepithelialization in surgical wounds after ω-3 PUFA supplementation when
compared with other dietary alterations.34 Furthermore, another research paper reported that
topical administration of ω-3 PUFA to surgical wounds of mice was associated with slower
wound closure in the first 10 days after surgery.35 Conversely, Ruthig et al.36 found improved
reconstitution of epithelial integrity with both ω-3 and ω-6 PUFA-treated intestinal cells in rats
following mucosal injury. Once again, these variable findings support the need for additional
research studies to elucidate the effects PUFA have on wound healing and compare outcomes
among similarly designed endeavors.

In summary, this study is the first to examine the effects of ω-3 (EPA/DHA) fatty acid dietary
supplements on proinflammatory cytokine production in blister wound fluid and subsequently
on cutaneous healing in a healthy human population. The results presented in this paper linked
the EPA/DHA dietary supplements, taken by the participants in the active group, to a decreased
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plasma AA:EPA ratio from baseline and a significantly higher production of the
proinflammatory cytokine IL-1β at blister wound sites at 24 hours postblistering, when
compared with the placebo group, and nonsignificantly slower wound healing. Although not
consistent with the original hypotheses, the study findings support the proposition that dietary
ω-3 PUFA demonstrate ability to affect the local production of inflammatory mediators, such
as proinflammatory cytokines, that regulate the wound healing process. Future research will
hopefully clarify whether they are beneficial or detrimental to various wound types and
populations of patients. This knowledge is desirable because the use of fish oil supplements,
as well as other forms of complementary/ alternative medical (CAM) or integrative therapies,
is growing briskly in the US

In 2002, 36% of adults in the US used some form of CAM therapy, such as dietary supplements,
for health reasons.37 Approximately 12% of the adult population adds fish oil/ω-3 fatty acids
to their diet and that number is on the rise.38 Essential fatty acid sales increased 50.3% in 2003
over 2002 and represented 11.5% of supplements’ total dollar sales.39 Thus, many individuals
are consuming varying doses of EPA and DHA through supplements, which may alter cellular
and molecular activities that influence wound healing. As our understanding of their bioactivity
expands, it may be found increasingly important for clinicians to evaluate patients’ ω-3 fatty
acid use when a wound is anticipated or already present, particularly if negative effects are
identified.

Glossary

AA arachidonic acid

DHA docosahexaenoic acid

EPA eicosapentaenoic acid

IL-1β interleukin-1beta

IL-6 interleukin-6

PUFA polyunsaturated fatty acids

TNF-α tumor necrosis factor-alpha
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Figure 1.
Stugy design.
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Figure 2.
Proinflammatory cytokine production-blister fluid in active (n=16) and placebo (n=14) groups.
Upper and lower bars represent largest and smallest values that are not outliers.
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Figure 3.
Days to complete healing by active (n=16) and placebo (n=14) groups. Upper and lower bars
represent largest and smallest values that are not outliers.
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Table 1

Demographic characteristics of participants (N=30)

Activea
(n=16)

Placeboa
(n=14)

Age, mean years (SD) 23 (5.4) 28 (8.4)

Male (%) 44 43

White (%) 76 79

African American (%) 12.5 7

Asian (%) 12.5 14

Educational level (%)

   College graduates 39 57

   Undergraduate students 56 43

   High school graduates 6 0

Height, centimeters (SD) 168.6 (8.8) 172.1 (9.5)

Weight, kilograms (SD)

   Baseline 74.6 (24.8) 76.7 (18.5)

   4 weeks 75.6 (26.0) 76.7 (19.1)

BMI, kg/m2(SD)

   Baseline 26.1 (7.5) 25.7 (4.4)

   4 weeks 26.4 (7.8) 25.6 (4.5)

SAD, centimeters (SD)

   Baseline 19.4 (4.9) 18.6 (2.7)

   4 weeks 19.8 (5.1) 18.7 (3.3)

a
No significant differences between groups; BMI, body mass index; SAD, sagittal abdominal diameter.
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Table 2

Dietary characteristics of participants at baseline (N=30)

Mean (SD)

Active
(n=16)

Placebo
(n=14)

FFQ data (visit 1) estimates daily intake for preceding 3 mos.

Mean vitamin C mg/day (SD) 125.3 (69.0) 136.9 (84.5)

(RDAs 75–90 mg/day)

Mean protein g/day (SD) 91.3 (32.1) 91.4 (53.5)

(RDAs 46–56 g/day)*

Mean kilocalories/day (SD) 2046.6 (562.6) 2188.0 (1084.4)

(RDAs 1,848–3,141 kcal/day)**

Mean EPA g/day (SD) .09 (.17) .04 (.04)

Mean DHA g/day (SD) .24 (.40) .09 (.07)

(AI 0.50 g/day EPA+DHA)***

Data below from demographic questionnaire (visit 1)

  Mean cups of caffeine/day (SD) 1.4 (1.8) 1.6 (1.5)

  Mean alcoholic drinks/week (SD) 1.2 (2.2) 1.2 (2.2)

*
Based on 0.8 g/kg body weight for reference body weight for adults 18– > 70 years of age.

**
Estimated energy requirements (EER) for men and women 30 years of age; For each year below 30, add 7 kcal/day for women and 20 kcal/day for

men. For each year above 30, subtract 7 kcal/day for women and 20 kcal/day for men. Requirements vary with BMI and physical activity level.

***
Source: International Society for Study of Fatty Acids and Lipids; Recommendations for Dietary Intake of Polyunsaturated Fatty Acids in Healthy

Adults (2004).

Source: Food and Nutrition Board, Institute of Medicine, National Academies; Dietary Reference Intakes for Energy, Carbohydrate, Fiber, Fat, Fatty
Acids, Cholesterol, Protein, and Amino Acids (2002).

RDA, Recommended Dietary Allowances; AI, Acceptable Intake.
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Table 3

Stress characteristics of participants (N=30)

Mean (SD)

Active
(n=16)

Placebo
(n=14)

Mean PSS Scores (SD) 13 (3.4) 12 (6.5)

Higher score (0–40)=greater stress over preceding month

Mean salivary cortisol levels (µg/dL; SD)

Time 1 (GCRC entry-a.m.) 0.40 (0.2) 0.39 (0.2)

Time 2 (5 hours postblistering-p.m.) 0.16 (0.2)* 0.14 (0.1)*

Time 3 (24 hours postblistering-a.m.) 0.34 (0.2) 0.39 (0.3)

*
Significantly different from both Times 1 and 3 within groups (p < .001).

PSS, Perceived Stress Scale.
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