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SUMMARY ARTICLE

The Role of Vitamin E in Thermal Burn Injuries, Infection, 
and Sepsis: A Review

Marc A. Thompson, PhD,*,  Kameel Zuniga, PhD,* Linda Sousse, PhD,* Robert Christy, PhD,* and 
COL Jennifer Gurney, MD†

 Thermal burn injuries are still a serious public health concern in the United States, due to the initial insult 
and resulting comorbidities. Burned patients are increasingly susceptible to colonization by endogenous and 
exogenous microorganisms after having lost skin, which acts as the primary protective barrier to environmental 
contaminants. Furthermore, the onset of additional pathophysiologies, specifically sepsis, becomes more likely in 
burned patients compared to other injuries. Despite improvements in the early care of burn patients, infections, and 
sepsis, these pathophysiologies remain major causes of morbidity and mortality and warrant further investigation 
of potential therapies. Vitamin E may be one such therapy. We aimed to identify publications of studies that 
evaluated the effectiveness of vitamin E as it pertains to thermal burn injuries, infection, and sepsis. Several 
investigations ranging from in vitro bench work to clinical studies have examined the impact on, or influence of, 
vitamin E in vitro, in vivo, and in the clinical setting. To the benefit of subjects it has been shown that enteral or 
parenteral vitamin E supplementation can prevent, mitigate, and even reverse the effects of thermal burn injuries, 
infection, and sepsis. Therefore, a large-scale prospective observational study to assess the potential benefits of 
vitamin E supplementation in patients is warranted and could result in clinical care practice paradigm changes.

BURN INJURY, INFECTION, AND SEPSIS
Thermal burn injuries are still a serious public health concern 
in the United States. Their prevalence not only impacts mor-
tality, but also confounds long-term morbidity and organ dys-
function. In 2019 The U.S. National Fire Protection Agency 
reported over 1.2 million fires; these resulted in nearly 17,000 
burn injuries and over 3700 deaths, an increase of 24% from 
a decade ago.1 In 2016 alone, approximately 338,000 people 
sustained flame burn injuries in the United States, according 
to the National Hospital Ambulatory Medical Care Survey 
(NHAMCS, 2016).2 Even relatively small burns (<20% of 
the TBSA) can be incapacitating, disfiguring, and painful; 
they become increasingly traumatic with the introduction of 
comorbidities such as smoke inhalation, prolonged inflam-
mation, and vascular insufficiencies, all of which can lead 
to chronic complications and negatively impact the overall 
quality of life.3,4

Burned patients are also increasingly susceptible to col-
onization by endogenous and exogenous microorganisms 

after having lost skin, which acts as the primary protective 
barrier to environmental contaminants. Burn injury also 
predisposes patients to infection by local and systemic factors 
due to effects on metabolic and immunologic host defenses.5,6 
Furthermore, burn eschar provides an environment condu-
cive to bacterial growth because of its protein richness, wound 
avascularity, and release of toxic substances.7,8

Additional systematic reviews of the prevailing research lit-
erature reveal that the prevalence of sepsis, often stemming 
from infection in burn patients can be greater (8%–42.5%) 
than trauma patients (2.4%–16.9%) and even critical care 
patients (19%–38%).9 Improved outcomes for severely burned 
patients have been attributed to medical advances in resuscita-
tion, nutritional support, pulmonary care, burn wound care, 
and infection control practices.10

Despite improvements in the early care of burn patients, 
infections, and sepsis, these pathophysiologies remain major 
causes of morbidity and mortality6,11 and warrant further in-
vestigation of potential therapies.

PRODUCTION OF OXIDANTS AND FREE 
RADICALS
Postinjury oxidative stress, a hallmark of burn injuries, in-
fection, and sepsis, may arise when the level free radicals 
such as reactive oxygen species (ROS) and reactive ni-
trogen species (RNS) exceeds the host’s innate antioxi-
dant defenses. Burns as well as smoke inhalation injuries 
are most commonly associated with systemic inflammatory 
responses and significantly increased levels of RNS and 
ROS.12 At the acute stages of burn injury, ROS in partic-
ular are released in large quantities during what is known 
as the respiratory burst response of neutrophils, endothe-
lial cells, and other phagocytes, as they produce radicals 
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like hydrogen peroxide (H2O2) and superoxide (O2).
13 It 

has been established that, in response to burn injuries, in-
flammatory cells produce these free radicals in excess, ulti-
mately leading to lipid peroxidation14 which compromises 
the cellular membrane and induces further damage.15 
Patients who sustain burns with concomitant smoke in-
halation injury have gross evidence of systemic and pul-
monary oxidant/oxidative damage, in addition to lung 
injury. The degree of oxidative stress after these injuries is 
greatly correlated to the degree of organ dysfunction and 
mortality.16,17

Nitric oxide (NO) is a free radical scavenger that is intri-
cately involved with the innate immune response,18–21 and 
concentrations of NO in burned patients are likely to reflect 
the activation of the immune system and act as a surrogate of 
the overall immune status of the individual. The upregulation 
of inducible nitric oxide synthase (iNOS) during systemic in-
flammatory response syndrome (SIRS) post burn has been 
observed, along with the accumulation of NO byproducts in 
blood and tissue.18,21,22 Studies measuring NO byproducts in 
the ovine model of burn and smoke inhalation have also found 
that serum NO is increased at least 3-fold postinjury compared 
to uninjured control animals.23,24 iNOS and NO have an 
important role in the changes in both systemic and pulmo-
nary blood flow and in the microvascular permeability that 
occurs in concomitant burn and smoke inhalation injury.23–25 
Following the combined injuries, large concentrations of O2 
and NO combine to produce peroxynitrite (ONOO−),26,27 
which is a powerful oxidant and nitrosating and nitrating 
agent.28 It is particularly detrimental because it can readily 
trigger DNA single-strand breakage and induce significant 
damage to lipids and proteins.29 Without interventions that 
counter the effects oxidative radicals such as ONOO−, burned 
patients are likely to experience degraded increased infections, 
delays to wound healing, and prolonged ICU needs among 
other complications of severe oxidative stress.

VITAMIN E HISTORY, STRUCTURE, AND 
FUNCTION
In 1922, Evans and Bishop discovered vitamin E in the 
form of a micronutrient that was essential for reproduction 
in rats.30 It was rediscovered between several groups in the 

late 1940s31–33 and placed under the classification of a cel-
lular antioxidant component because it was shown to effect 
lipid peroxidation, which precedes diseases such as atheroscle-
rosis.34 Vitamin E subsequently proved effective at preventing 
lipid peroxidation, providing electron stabilization, mitigating 
myopathies, and reducing RNS as well as ROS in athero-
sclerosis as well as burn pathophysiology.35–40 A  timeline of 
milestones in the discoveries and utilization of vitamin E can 
be found in Figure 1.

The term “vitamin E” encompasses a group of potent, 
lipid-soluble chain-breaking antioxidants, and includes four 
tocopherols (α-, β-, γ-, and δ-tocopherol) and four tocotrienols 
(α-, β-, γ-, and δ-tocotrienols). Vitamin E’s chain-breaking 
capability allows it to react directly with free radicals by 
transforming them to more stable, nonradical products. Of the 
vitamin E antioxidants, α-tocopherol has the highest biological 
activity in humans and will comprise the largest focus in this 
review. Alpha-tocopherol is an endogenous lipid-soluble chain 
breaking antioxidant and is documented as protecting poly-
unsaturated fatty acids found in cell membrane phospholipids 
from the effects of free radicals by donating its hydrogen 
atom.41 Once introduced, α- as well as γ-tocopherols are ab-
sorbed into the small intestine and transported in large part 
due to the cytosolic alpha-tocopherol transfer protein (α-TTP) 
for storage in the human liver, brain, placenta, or delivered to 
tissues in need of antioxidant functions.42,43 This transfer pro-
tein maintains several advantageous physiological roles with 
regard to vitamin E transport and metabolism. Most notable 
is that it allows for near complete absorption of the most bio-
logically active tocopherol, α-tocopherol, while also supporting 
vitamin E metabolism or excretion, as the most vitamin E dense 
organ, the liver, does not will not accumulate toxic levels of vi-
tamin E.42,44

The molecular functions specifically fulfilled by tocopherols 
have yet to be fully elucidated and described in burns, infec-
tion, or sepsis. It has been seen that oxidative stress significantly 
reduces tocopherol concentrations in burned patients,45,46 
and that it may be remedied with supplementation.47 In ad-
dition, it is possible that these compounds also have broader 
systemic effects. Early epidemiological studies have reported 
that high vitamin E intake is correlated with a reduced risk 
of cardiovascular diseases,48,49 fatty liver disease,50,51 and can 
attenuate diabetic neuropathy,52,53 whereas intake of other 

Figure 1. Timeline ranging from the year of vitamin E discovery to investigative studies on vitamin E’s role in burn injuries and sepsis.
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dietary antioxidants (such as vitamin C) have led to differing 
results.49,54,55 It remains to be elucidated whether these effects 
are strictly a product of antioxidant function but it appears at 
the very least that antioxidant roles in anti-inflammatory and 
antioxidant physiology can attenuate the resultant oxidative 
species.56

VITAMIN E POTENTIAL ROLE IN BURN INJURY, 
INFECTION, AND SEPSIS
To date, it has been noted that supplemental antiox-
idant vitamins added to enteral feeding solutions are 
well absorbed and correlated with improved antioxidant 
defenses, as determined in a number of in vivo and clin-
ical studies.57–60 Mito-Vit-E, a triphenyl phosphonium 
(TPP)-conjugated form of vitamin E, specifically protects 
mitochondria from oxidative stress as a result of the TPP 
cation accumulating within the negatively charged mito-
chondrial inner membrane,61 and burn injuries treated 
with vitamin E promote quicker reduction of exudates, 
pain, and bacterial load based on clinical observations, 
compared to untreated wounds.4 It has also been reported 
to attenuate lipopolysaccharide (LPS) endotoxin-induced 
activation of alveolar macrophages in vitro in response to 
and was attributed in large part to decreased TNF pro-
duction and increased prostaglandin E2 production.62 
Additionally, vitamin E has displayed significant involve-
ment in mitigating and treating septic shock.63–65 This 
review will delve further into the previously published 
investigations that may further elucidate the role of vi-
tamin E in burn injuries, infections, and sepsis; to gain a 
better understanding of the mechanisms involved and the 
potential impact vitamin E may have as a therapeutic for 
these pathophysiologies.

METHODS

Three online databases: PubMed, NIH RePorter, and the 
U.S. Army Medical Research and Development Command 
(MRDC) Library Electronic Access Portal (LEAP) were 
searched for the keywords “Vitamin E,” “Tocopherol,” 
“Burn,” “Infection,” and “Sepsis.” Searches were limited 
to the year 2000 to the current date. The last search was 
performed in January 2022. Searches were filtered for free 
text on clinical studies, comparative studies, or reviews, all in 
English. In vivo animal studies and clinical studies focused 
on thermal contact injuries and inhalation injuries. Chemical 
burns were excluded. Relevant references cited from those ar-
ticles were also examined (Figure 2).

RESULTS

Studies that met the criteria for discussion of the scientific 
methods and results totaled 27. Ten burn studies (2 in vitro, 
5 in vivo animal, 3 human), 6 infection studies (2 in vivo an-
imal, 4 human), and 11 sepsis studies (2 in vitro, 4 in vivo, 5 
human) were admitted. Some articles cited contained perti-
nent information but exceeded that stated window for con-
sideration (2010–2022) and were therefore referenced but 
excluded discussion of data.

Vitamin E in Burn Injury
Ten studies related to thermal burn injuries and vitamin E 
cleared the established guidelines. Results included in vitro 
studies in the form of protection from induced heat shock and 
chemically induced oxidative damage, in in vivo large animal 
models of burn injury, as well as in clinical investigations of 
pediatric and adult burned patients.

Figure 2. Flow chart of study selection process.
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The phenomenon of heat-shock response in cells, a cellular 
protective mechanism activated by different stressors such as 
high temperature or infections, was described as early as the 
1960s66 and has since become a precursor to more complex 
models of understanding the cellular response to thermal 
burn injuries.67 Consequently, in vitro studies introducing 
interventions to the cellular heat-shock response are strongly 
correlated with the physiologic response to burn injuries.68 
Inducing heat-shock also allows for the evaluation of prophy-
lactic as well as postinjury therapies. To determine the damage 
preventative qualities of vitamin E before cellular heat-shock 
response, Butt et al69 isolated healthy fibroblasts from patient 
biopsies at the Jinnah hospital in Lahore, Pakistan. Dermal 
fibroblasts were pretreated with 100  µM vitamin E for 24 
hours at 37°C, followed by induced heat shock for 10 minutes 
at 51°C in fresh serum free medium. 3-(4,5-Dimethyl-2-
thiazolyl)-2,5-diphenyl-2-i-tetrazolium bromide and lactate 
dehydrogenase assays observing cell metabolic activity and 
cell plasma membrane damage, respectively; results were 
compared to experimental groups of fibroblasts with or 
without pretreatment and/or induced heat shock. Vitamin E 
preconditioning significantly (P < .05) improved cellular via-
bility in the vitamin E pretreated group (123.92 ± 10.63%) 
versus all experimental groups (110.56  ±  3.85% pretreated 
heat injured group; 50.8 ± 2.21% heat injured group). Butt 
concluded that Vitamin E preconditioning did in fact shield 
the cells from the damaging effects of heat-shock injury in 
vitro. Additional experimentation suggested the antioxidant 
content in culture positively affected the PI3K/Akt pathway, 
leading to the activation of survival or proliferation associated 
genes and down regulation of apoptotic genes.70,71

In a similar cytoprotective in vitro experiment, Bonferoni 
et  al72 encapsulated α-tocopherol using chitosan oleate, an 
amphiphilic chitosan salt, to physically stabilize and deliver 
the resulting nano-emulsion to separate primary keratinocyte 
and primary fibroblast cultures in vitro. Cells were induced 
with a range of H2O2 concentrations (0.5–2.5  mM), mim-
icking burn-induced oxidative damage. Assays measured cy-
totoxicity and proliferative potential of the cultures compared 
to unloaded chitosan oleate and untreated controls. In 
keratinocytes, the α-tocopherol treated cells displayed signif-
icantly (P < .05) greater proliferation compared to all groups 
at 24 hours and remained significantly greater than controls 
after 7 days, although not-statistically different than unloaded 
chitosan oleate treatments alone after 7 days. α-Tocopherol 
loaded treatments in the range of 0.25 to 10 µM increased fi-
broblast viability compared to untreated controls. Fibroblasts 
with induced oxidative damage via H2O2 appeared to be 
protected by the antioxidant activity of α-tocopherol, at 
delivered concentrations between 5 and 10 µM.

The role of vitamin E has also been studied in the acute ovine 
model of burn and smoke inhalation injury, which is a highly 
translatable model.24,46,73 Traber et al46 tracked the depletion 
of plasma α-tocopherol in the ovine model of burn and smoke 
inhalation, which used 48 inspired breaths of cotton smoke 
under deep anesthesia, along with a 40% TBSA third-degree 
flame burn injury. Deuterated vitamin E was administered 
prior to injury to accurately measure depletion. Traber noted 
significant depletions of α-tocopherol as disappearances in 
the plasma were 1.5 times greater and half-lives were 8 hours 

shorter in injured sheep compared to sham animals after 48 
hours (P < .05), supporting the hypothesis that burn and in-
halation injury causes lipid peroxidation that depletes vitamin 
E.46 Even after 75 hours, α-tocopherol levels showed no signs 
of recovering back to baseline concentrations.

This depletion was found to extend to prolonged met-
abolic imbalances in human subjects as well.74 In a clinical 
study of eight pediatric patients with 25% TBSA third-de-
gree burns, Herndon et  al measured both plasma and adi-
pose α-tocopherol levels; plasma concentrations are indicative 
of short-term vitamin E status, while, adipose concentrations 
indicative of long-term vitamin E status and are a more ac-
curate measurement of antioxidant capacity.75 Sourced tissue 
was obtained as early as 2 hours postinjury peripherally to 
the wounded area. α-Tocopherol levels were within normal 
ranges (199 ± 40 nmol/g adipose tissue) within the first week 
of injury; however, adipose α-tocopherol levels dropped sig-
nificantly at 2 and 3 weeks (133 ± 13 nmol/g adipose tissue 
and 109 ± 8 nmol/g adipose tissue, respectively), suggesting 
a decrease of 6.1 ± 0.6 nmol/g adipose tissue per day over the 
first month. This drastic decrease in vitamin E normally takes 
years of depletion. The hypermetabolic state resulting from 
burn injuries in both pediatric and adult patients metabolism 
may limit the availability of essential nutrients like vitamin E 
acutely and chronically.76,77 Such depletion warrants further 
investigation into the ability to replenish nutrients and rectify 
the metabolic derangement.

Yamamoto et al78 nebulized the chronic ovine model of burn 
and smoke inhalation injury with solution of approximately 
33.3% vitamin E (32.0% γ-tocopherol, 1.3% α-tocopherol) and 
66.6% ethanol. Control animals received 33.3% sterile water 
and 66.6% ethanol. Animals received a 20% flame burn with 
24 breaths of cotton smoke. Animals received their respective 
treatments from 3 to 48 hours postinjury and were observed 
up to 3 weeks. Tocopherol levels in the lung were confirmed 
to be significantly (P  <  .01) increased compared to control 
animals (38.5 ± 16.8 nmol/g vs 0.39 ± 0.46) with decreases 
in the lipid peroxidation marker, malondialdehyde (MDA), in 
the vitamin E-treated group (data not provided). The ratio of 
arterial oxygen partial pressure to fractional inspired oxygen 
(PaO2/FiO2) provides a measure of the oxygen in the blood 
relative to the oxygen concentration that is breathed, and was 
increased significantly in vitamin E-treated animals compared 
to controls, suggesting improved pulmonary oxygen transfer 
and delivery. Significant clinical measurements between 
groups included pulmonary shunt fraction (percentage of 
nonoxygenated blood pumped through the heart), peak and 
pause pressures (pulmonary resistance and compliance, re-
spectively), lung bloodless wet-to-dry weight ratios (index of 
lung water accumulation), and bronchiolar obstruction (frac-
tion of initial expiration relative to vital capacity) were all sig-
nificantly improved in the vitamin E-treated group (P < .05).

A prospective double-blind placebo controlled pilot study 
by Barbosa et  al59 tested the impact of vitamin E (1.35 
times upper intake level), vitamin C (1.5 times upper intake 
level), and zinc (2.0 times upper intake level) supplementa-
tion on burned children (mean age: 54.2  ±  48.9  months; 
mean % burn TBSA: approx. 16%, N  =  32). Antioxidant 
requirements were calculated by the Curreri equation79 and 
The new U.S. Dietary Reference Intakes for vitamins C and 
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E.80 Antioxidant supplements were administered after meals 
via syringes from the second day of admittance to the hos-
pital; administration was divided into three doses per day at 
regular time points and maintained for 7  days. The effects 
of the individual antioxidants could not be determined since 
all treated subjects received combined mixtures of the three 
micronutrients. Serum levels of vitamin E, but not vitamin 
C or zinc, began to resolve themselves regardless of vitamin 
E supplementation. The lack of change in vitamin C levels, 
at least, was thought to reflect its possible preferential con-
sumption to neutralize oxyradicals, or to perform other 
naturally occurring antioxidant functions postinjury. As a re-
sult, the vitamin-supplemented group (n = 17) did still dis-
play a markedly significant increase in vitamin E, compared 
to the nonsupplemented group (n = 15). Barbosa surmised 
that these differences may arise from a physiologic prefer-
ence or requisite depletion of vitamin C or zinc needed to 
neutralize the generation of oxyradicals. Malondialdehyde, 
which is one of the final products of polyunsaturated fatty 
acid peroxidation and a marker of oxidatve stress,81 was sig-
nificantly decreased in treated patients (P < .05) compared to 
controls. Antioxidant supplementation also reduced the time 
to healing (wound re-epithelialization) from 7.5 ± 1 days in 
untreated patients to 5.3 ± 1 days in treated pediatric patients. 
Similar decreases in vitamin E immediately after burn injury, 
followed by a rapid recovery of levels upon supplementation, 
were seen by Mingjian nearly two decades earlier82 in 35 se-
verely burned patients (mean age: 31.8 years; mean % burn 
TBSA: approx. 37.4%; male = 27, female = 8). Similarly, lipid 
peroxide levels acted counter to vitamin E levels, increasing as 
vitamin E decreased and vice versa.

Al-Kaisy et  al tested the combination therapy of topical 
povidone-iodine ointment with systemic administration of 
vitamins E and C on 38 thermally injured patients of different 
age groups (1–60 years), sex (male = 18, female = 20), occu-
pation, and burn TBSA ranging from 10% to 80% as estimated 
by The Rule of Nines.83 Injured patients were managed by sur-
geons according to hospital policy regimens and were treated 
with topical povidone-iodine ointment, another documented 
antioxidant product,80 in addition to drugs prescribed by 
the hospital drug policy. Alternatively, patients were treated 
with topical povidone-iodine ointment and oral vitamin E 
(400 mg) and vitamin C (500 mg), each once daily, inclusive 
of drugs prescribed by the hospital drug policy.84 In addition, 
12 healthy subjects (5 males and 7 females) of the same age 
range as that of patients, served as controls. Unfortunately, 
patient attrition during the study prevented comparisons to 
the standard hospital policy regimen. Malondialdehyde levels 
were significantly (P < .05) decreased as early as 2 days and 
as late as 4 days for both the povidone-iodine treated (57% 
and 74%, respectively) and the povidone-iodine and vitamin-
supplemented groups (96% and 142%, respectively) compared 
to injured patients receiving standard care. Povidone-iodine, 
and oral vitamins E and C significantly (P  < 0.05) reduced 
the healing time by 2 days (22.7%), compared to the group 
treated with topical povidone-iodine ointment only.

Systemically administered vitamin E provides several 
benefits, as burn injuries are known to cause systemic as well 
as local complications specifically associated with ROS.85 
Research has also proven that the local administration of 

vitamin E on burn injuries provides significant benefits as 
well. Periera et al86 investigated the topical application of pol-
ymer films loaded with vitamin E and aloe vera, on human 
subjects, albeit on a limited sample size of healthy humans 
(two males and three females between 26 and 37 years). Films 
were comprised of polyvinyl alcohol (PVA, 400 Da), hyalu-
ronate, sorbitol, polyethylene oxide (PEO, 1000  kDa), so-
dium alginate, aloe vera, and vitamin E (3.55 ± 0.10% wt/
wt) in the form of alpha-tocopherol acetate. Periera validated 
the delivery of vitamin E by applying the films to undamaged 
skin, tape stripping the skin, and subsequently quantifying 
the deposited vitamin E via HPLC. Vitamin E was found in 
the deepest portion of the stratum corneum at near milligram 
concentrations (101.65 ± 2.93% recovery), suggesting signifi-
cant bioavailability may be achieved if applied to damaged and 
accessible burned skin.

Vitamin E in Burn Comorbidities
Apart from the acute damage resulting from burn injury and 
in conjunction with systemic inflammatory and oxidative 
effects, unburned tissue, specifically skeletal muscle and bone, 
are also affected by severe burn injury. Necrotic regions aside, 
tissue peripheral to the burn injury is characterized by a zone 
of hypoperfusion and decreased metabolic rate, followed by 
the initiation of reperfusion coupled with increased inflam-
matory cytokines, adrenergic stress, and increased gluco-
corticoid levels. The cytokine and glucocorticoid imbalance 
in particular promote energy dependent processes leading 
to a hypermetabolic state, ultimately contributing to skel-
etal muscle wasting and bone resorption due to caloric 
requirements and prolonged oxidative stress.

It has been found that urinary cortisol levels increase 3- 
to 10-fold postburn87 and can remain elevated for at least 
3  months after injury.88,89 Exogenous glucocorticoids can 
similarly increase whole body muscle protein breakdown in 
humans as much as 5% to 20%.90 Hypercortisolemia can lead 
to both central and peripheral insulin resistance in both ad-
ipose tissue and skeletal muscle.91,92 Since both insulin re-
sistance and hypercortisolemia cause muscle proteolysis,93,94 
cortisol may directly and indirectly contribute to muscle 
wasting and bone resorption in response to burns.

The initial effect on bone have been characterized in a sheep 
model of burn injury as an acute increase in urinary excretion 
of the C-telopeptide of type I collagen, a biomarker of bone 
resorption, oberserved as early as day 1 postburn.95 Within 
the first 5 days there is histologic evidence of increased bone 
resorption87 along with increased apoptosis of osteoblasts.96

Experimentally, vitamin E supplementation has shown 
the ability to alleviate stress on skeletal muscle caused by 
increases in glucocorticoids. In vitamin E deficiency, mem-
brane deformation and anemia have been observed due to ox-
idative damage to red blood cells.97 De Andrade Belo et al98 
investigated if diets deficient in vitamin E negatively affected 
endogenous plasma cortisol levels in pacus fish submitted to 
normal (5 kg/m3) or elevated and stress inducing (20 kg/m3) 
stocking densities. Dietary supplementation of 12.6, 58.2, or 
310.4 mg of vitamin E/kg dry diet was provided for a period 
up to 20 weeks under these stocking conditions. The one diet 
considered vitamin E deficient (12.6  mg/kg) was the only 
group resulting in a negative correlation between vitamin E 
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supplementation and increased cortisol levels throughout the 
study (p2 = −0.31691), the effect of increased dietary vitamin 
E was attributed to decreased lipid peroxidation and oxidative 
stress in the 58.2 and 310.4 mg of vitamin E/kg groups.

Early work by Ohtsuka et  al99 investigated the effects of 
vitamin E on oxidative stress in rat skeletal muscle induced 
by subcutaneous injections of corticosterone. Male Sprague-
Dawley rats were fed a basal diet or a diet supplemented 
with 5000  mg dl-α-tocopherol acetate/kg for 10  days. 
Subcutaneous injections of corticosterone (0, 25, or 100 mg/
kg body weight/d) were administered over the final 4 of 
those 10 days. For rats receiving the basal diet, corticosterone 
increased muscle loss as indicated by weights of the extensor 
digitorum longus (EDL) and gastrocnemius (GAST) mus-
cles, with greater muscle loss as the corticosterone concentra-
tion increased (93.5 ± 3.6, 83.1 ± 7.5, 69.6 ± 5.6 mg EDL; 
1.17 ± 0.09, 0.97 ± 0.13, 0.80 ± 0.04 g GAST). Rats with diets 
supplemented with vitamin E showed reduced muscle loss in 
the 25 and 100 mg groups; this was the case for both the EDL 
and GAST muscles (93.6 ± 6.5, 89.4 ± 5.1, 76.6 ± 7.2 mg 
EDL; 1.18 ± 0.11, 1.09 ± 0.08, 0.88 ± 0.09 g GAST). In ad-
dition, protein carbonyl content of the gastrocnemius muscle 
as well as lipid peroxide concentrations in the gastrocnemius 
and blood plasma were used as an index of oxidative damage. 
Protein carbonyl content was significantly (P < .001) reduced 
in the 100 mg vitamin E diet group, compared to the basal 
diet groups (1.82 ± 0.36 vs 2.70 ± 0.38 µmol/g protein), re-
spectively. Similarly, lipid peroxide was significantly reduced 
in the gastrocnemius muscle compared to basal die controls 
(0.260 ± 0.234 vs 1.188 ± 0.501 nmol MDA/g protein), al-
though, there were no significant difference to be found in 
the plasma.99

The expression of connexin43 and connexin45 
hemichannels have been proposed to play a critical role in 
the mechanism underlying myofiber atrophy induced by 
the synthetic glucocorticoid, dexamethasone. Balboa et al100 
treated 8-week-old C57BL6 wild-type (WT) male mice 
with 10 mg/kg dexamethasone for 7 days. A subset of these 
mice received diets supplemented with 2000 IU/kg dl-α-
tocopherol acetate). The dl-α-tocopherol acetate was found 
to rapidly inhibit the activity of connexin43 and connexin45 
hemichannels in freshly isolated myofibers of treated mice. 
Immunohistochemistry also showed that Atrogin-1, a protein 
degradation marker, was significantly reduced (P < .05) in dl-
α-tocopherol acetate diet supplemented mice compared to 
those without supplementation (actual values not provided).

Work by Wong et al evaluated palm vitamin E (PVE) as a 
potential agent to prevent bone loss.101 Twelve-week-old male 
Wistar rats were given standard rat chow or a high-carbohydrate 
high-fat (HCHF) diet to induce metabolic syndrome,102 
HCHF fed rats were then either treated with tocopherol-
stripped corn oil as a vehicle control group, 60  mg/kg, or 
100 mg/kg PVE. At the end of the study, rats were evaluated 
for bone density. Wong noted increased osteoblast surface, os-
teoid surface, bone volume, and trabecular thickness, as well as 
decreases eroded surface. The improvements in bone charac-
teristics were suggested to be correlated with decreased leptin 
levels in the 60 mg/kg and 100 mg/kg PVE supplemented 
rats (2050.00 ± 246.92 and 530.36 ± 74.14 pg/ml, respec-
tively) compared to the HCHF fed rats (3425.55 ± 377.31 

pg/ml). Leptin also acts as a potent inhibitor for bone forma-
tion through the central nervous system.47 Norazlina et al103 
induced osteoporosis in female Sparague-Dawley rats via 
ovariectomy, prior to feed treatments. Rats were fed standard 
feed, palm vitamin E at 30 mg/kg rat weight, palm vitamin 
E at 60 mg/kg rat weight, or α-tocopherol at 30 mg/kg rat 
weight, for 10 months postprocedure. Bone mineral density 
was lower in ovariectomied rats compared to intact rats and 
Norazlina noted there were significant (P < .05) increases in 
bone calcium content in the femoral and vertebral bones in 
intact rats supplemented with palm vitamin E at 60 mg/kg rat 
weight and 30 mg/kg rat weight α-tocopherol (173.9 ± 15.6, 
182.3 ± 10.3 mg Femoral; 47.2 ± 2.0, 50.3 ± 1.7 mg Lumbar) 
compared to rats supplemented with 30 mg/kg palm vitamin 
E (134 ± 4.1 Femoral; 40.8 ± 1.5 mg Lumbar).103 It should 
be noted that the metabolic syndrome model and osteoporosis 
model employed by Wong and Norzalina, respectively, display 
distinct differences than that of a true burn injury. They do, 
however, carry similarities such as metabolic syndrome leading 
to hyperglycemia, similar to burn injuries,104,105 or a lack of 
antioxidant estrogen following postovariectomy leading to 
increased lipid peroxidation and free radical formation.106,107

Vitamin E in Infection
Seven studies looked at the role of vitamin E with regard 
to wound and systemic infection after thermal injuries. The 
body’s immune system is protective against outside bacterial, 
fungal, parasitic, and viral invaders, thus preventing infection 
which can ultimately lead to sepsis and death. Because of this, 
vitamin E is found in immune cells at a higher concentration 
compared to other blood cells, and is one of the most ef-
fective nutrients to influence immune function.108 Vitamin E 
reacts with peroxyl radicals and prevents oxidation of poly-
unsaturated fatty acids that are present in the immune cell 
membranes and further damage to the cell.109 Therefore, not 
only is vitamin E important in modulating immune function 
in burn infections, but it has a role in all infectious and im-
mune etiologies.

Numerous in vivo studies have demonstrated that vitamin 
E is effective in reducing infection in respiratory and parasitic 
infections. In a study by Tantcheva et al, male ICR mice were 
administered doses of vitamin E (50 mg/kg) and/or vitamin 
C (80 mg/kg) once-daily 3 days before infection with H3N2 
influenza virus.110 Results showed that lipid peroxidation 
levels measured in blood plasma were restored by vitamin E 
treatment when compared to levels increased by influenza 
infection. This reduction was more prominent with combi-
nation treatment with vitamin C.  Parasitic infections have 
also been investigated in response to vitamin E treatment, 
as presented by De Wolf et  al.111 Twenty worm-free lambs 
were supplemented with vitamin E with either 5.3 IU/kg/d 
(minimum daily requirement) or 10 IU/kg/d (requirement 
for optimal immune function) for 12 weeks and infected with 
10,000 Haemonchus contortus (H. contortus) third stage larvae 
5 weeks after vitamin E treatment.111 No differences were 
observed serum vitamin E, IL-4 and IFN-γ concentration, 
however lower reduction in packed cell volume (PCV) was 
observed in lambs receiving 10 IU/kg (P < .02) compared to 
lambs receiving 5.3 IU/kg. In addition, there was lower fecal 
egg count (P <  .11) in 10 IU/kg-treated lambs (279 ± 72 
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eggs/g) versus lambs treated with the minimum daily require-
ment (484 ± 86 eggs/g). Overall, increased vitamin E supple-
mentation lowered the worm burden by 49%.

Benefits of vitamin E for regulating infection have also 
been demonstrated in clinical human studies, including pneu-
monia. Shen et al studied 183 patients with stroke-associated 
pneumonia who were untreated or treated with low-dose 
(50 mg/d) or high-dose (100 mg/d) vitamin E.112 CD47 and 
CD55 levels, markers for neutrophil migration and activation, 
were measured in whole blood on the second day after admis-
sion and the day before patient discharge. Although CD55 
levels did not differ between groups, CD47 levels after ad-
ministration of vitamin E compared with patients receiving no 
treatment, with the highest levels seen in patients treated with 
high-dose vitamin E. The hospitalization time was also shorter 
with patients treated with vitamin E, leading to better clin-
ical outcome. Vitamin E has also been shown to lower pneu-
monia rates in smoking adults. In a study by Hemila et al,113 
male smokers aged 50 to 69 years old was administered 50 mg 
of vitamin E per day for 5 to 8 years, and the incidence of 
hospital-treated, community-acquired pneumonia was meas-
ured at the end of the study.113 Among 2216 patients who 
smoked 5 to 19 cigarettes a day, the incidence of pneumonia 
was reduced by 69% in patients receiving vitamin E and 
prevented pneumonia in 12.9% of patients receiving vitamin 
E. Among 5253 patients who smoked more than 20 cigarettes 
a day, the incidence of pneumonia in patients taking vitamin 
E supplements was lowered by 14%, indicating vitamin E may 
lower infection rates. In two different studies, smokers who 
are known to have an increase in oxidative stress had better 
infectious outcomes if treated with vitamin E. Generally, three 
factors effect burn injury mortality: age, TBSA, and inhala-
tion injury. Of the three, inhalation injury is the strongest 
predictor of mortality; 114 therefore, assumptions can be made 
from the smoking population that vitamin E supplementation 
could potentially have a positive effect on decrease pneumonia 
in the burn patient population. Given that pneumonia is not 
uncommon in intubated burn patients and the mortality is 
high, any impact to improve outcomes is important further 
investigate.

Vitamin E in Sepsis
Sepsis, the body’s extreme response to infection associated 
with inflammation and oxidative stress, has been associated 
with lower vitamin E levels, leading to tissue damage and even-
tual multi-organ system failure.61,115–117 Initiated by the in-
travascular activation of host’s immune response to infection, 
the level of circulating pro-inflammatory cytokines increases, 
stimulating the pro-coagulatory state, and leading to the pro-
duction of ROS, sepsis, and septic shock.118 Lowered vitamin 
E levels associated with sepsis has been known to cause ac-
celerated apoptosis and tissue damage and higher mortality 
rate in numerous clinical studies.115,116,119 Administration of 
vitamin E or α-tocopherol to clinically septic patients and in 
vivo models has been shown to lower levels of tissue damage 
and organ failure with reduced oxidative stress.120–122

Ng et  al studied the effects of α-tocopherol and its 
derivatives on lipopolysaccharide (LPS)-induced inflamma-
tory responses in mouse peritoneal macrophages in vitro to 
determine whether treatment of LPS-induced macrophages 

decreased nitrite concentration in the cells, an indicator 
of nitric oxide (NO) and oxidative stress.123 Levels of pro-
inflammatory cytokines including TNF-α and IL-6 were also 
measured by ELISA. Briefly, the cells were incubated with 
1 µg/ml of LPS with varying concentrations of tocotrienol-
rich fraction, α-tocopherol, and α-tocopheryl acetate. NO 
and PGE2 (prostaglandin E2, elevated in septic patients) levels 
increased 6- and 200-fold, respectively, when treated with 
LPS, but co-treatment with LPS and vitamin E derivatives 
reduced NO and PGE2 levels by up to 79.6% and 99.3%, re-
spectively. Vitamin E and its derivatives also increased anti-in-
flammatory activity by reduction in TNF-α, IFN-γ, IL-1β, ad 
IL-6 compared to samples treated only with LPS.

In a similar study, Minter et al also tested three forms of vi-
tamin E on human umbilical vein endothelial cells (HUVECs) 
treated with LPS to mimic sepsis.61 LPS exposure increased 
the concentration of free radicals (oxidative stress) significantly 
when compared to the vehicle control (P  =  .022). On the 
other hand, when the cells were treated with the three forms 
of vitamin E, radical production was reduced (P = .023). In 
addition, the metabolic activity of the HUVECs was also sig-
nificantly reduced in LPS-only treated HUVECs compared to 
untreated cells (P < .0001) and cells treated with the vitamin 
E derivatives (P  <  .05), with MitoVitE, the mitochondria 
targeted form of vitamin E, downregulated the genes involved 
in the toll-like receptor (TLR) pathway and leading to an an-
ti-inflammatory reaction. These in vitro models can be effec-
tive in understanding the foundation of the initial responses to 
vitamin E in sepsis, but these models are not always represen-
tative of what happens in a 3D environment especially in vivo.

Numerous in vivo models have been used to study the 
effect of vitamin E on sepsis. Similar to humans, a decrease 
in vitamin E in a porcine experimental sepsis model led to 
increased oxidative injury and lipid peroxidation.65 Atli et al 
induced sepsis in rats by cecal ligation and perforation (CLP) 
and studied the effect of selenium treatment in conjunction 
with vitamin E injection or selenium and vitamin E alone on 
the changes in lung tissue damage.120 Rats were administered 
selenium at 100 µg/d for 2 days and consequently at 40 µg/d 
for 5 days prior to CLP. If vitamin E was administered, it was 
given intramuscularly at 250  mg/kg/d for 7  days prior to 
CLP. Results showed that lung tissue damage was reduced in 
rats treated with selenium and/or vitamin E when compared 
to untreated rats through a blind pathological examination of 
lung histological tissue. Levels of blood oxygenation was also 
increased with treatment, with decreased levels of CO2. The 
combination of selenium and vitamin E treatment resulted in 
the optimal reduction in lipid peroxidation, increase in blood 
oxygenation, and overall reduction in tissue damage.

In a study by Godbout et  al, 3-month-old mice were 
injected with vegetable oil containing α-tocopherol for 
3 days and then injected with LPS on the fourth day to in-
duce sepsis to determine the effects of α-tocopherol.121 Whole 
brain homogenates were assayed for IL-6 production, lipid 
peroxidation, and α-tocopherol concentration. Results showed 
the LPS-induced IL-6 production in the brain whereas it was 
almost undetectable in saline-treated mice. IL-6 production 
in LPS-treated mice peaked at 4 hours and remained ele-
vated up to 24 hours compared to the control saline-treated 
group. When mice were treated with α-tocopherol prior to 
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LPS injection significantly reduced (P < .001) IL-6 concentra-
tion in the brain by 77% when compared to the LPS-injected 
mice. IL-6 in plasma also significantly decreased (P < .02) by 
25% with α-tocopherol treatment. Lipid peroxidation, an indi-
cator of oxidative damage in cellular membranes, in the brain 
increased significantly (P < .02) almost 2-fold with LPS treat-
ment compared to the saline-treated group. Similar to decrease 
in IL-6, treatment with α-tocopherol prior to LPS treatment 
decreased lipid peroxidation in the brain by 62% (P  =  .07), 
indicating that treatment was able to reduce oxidative damage. 
In a similar study by Lowes et al, rats were injected with LPS 
and peptidoglycan (PepG) to induce sepsis.124 Following in-
jection of LPS/PepG, rats were injected with saline (con-
trol) or MitoE, a chromanol moiety of vitamin E attached 
to a triphenyl phosphonioum cation. This MitoE acts within 
the mitochondria and delivers tocopherol. Liver damage was 
assessed by measuring plamsa alanine amino transferase (ALT) 
and aspartate amino transferase (AST) activity, whereas renal 
function was by measuring plasma creatinine concentration. 
In order to measure mitochondrial respiration, mitochondria 
were isolated from the liver and a Clark-type oxygen electrode 
and oxygen consumption was used to measure the number of 
ATP molecules made they pass the respiratory chain to oxygen 
(ATP:O). Finally, oxidative damage was assessed by measuring 
plasma lipid hydroperoxides and liver protein carbonyl levels. 
25% of rats only given LPS/PepG died under anesthesia be-
fore the end of the experiment, whereas no rats died in treated 
groups. ATP:O ratios in LPS/PepG treated rats were lower in 
the liver mitochondria than the saline or uninfected control, 
whereas MitoE-treated mice had similar ATP:O ratios to the 
saline-treated group. Liver damage (ALT and AST activity) and 
renal damage (creatinine level) were elevated in LPS/PepG 
treated rats compared to saline-treated rats, with lowered ALT 
and AST activity and creatinine levels in rats treated with MitoE 
when compared LPS/PepG treated rats. Oxidative damage 
(plasma lipid hydroperxoide) was also observed in LPS/PepG 
treated mice compared to untreated control, with reduced 
levels observed when treated with MitoE. These studies dem-
onstrate that administration of vitamin E and its derivatives can 
reduce oxidative and tissue damage, inflammation, and mito-
chondrial dysfunction in in vivo models.

Vitamin E/α-tocopherol has also been investigated in the 
clinical setting. In a randomized, prospective study conducted 
by Nathens et  al, 595 patients, 91% victims of trauma, were 
administered α-tocopherol or ascorbic acid every 8 hours (301 
patients) or received the standard care to serve as the control 
group (294 patients).122 Lower percentage of patients de-
veloped pneumonia and acute respiratory distress syndrome 
(ARDS) when they received α-tocopherol compared to patients 
receiving the standard care (15.0%). In addition, treated patients 
had a lowered alveolar inflammatory response with decreased 
alveolar white blood cell protein concentration by 53.2% and 
TNF-α, IL-1β, and IL-6 concentrations compared to patients 
receiving standard care. Acute renal failure incidence was not 
significantly difference between patients receiving α-tocopherol 
treatment and standard care. This study concluded when 
administered early, vitamin E with ascorbic acid reduced the 
rate of organ failure and ICU hospitalization time.

Aisa-Alvarez et al studied the effect of numerous antioxi-
dant treatments on septic shock patients with multiple organ 

failure.64 Ninety-seven patients were either treated with vi-
tamin C, vitamin E, n-acetylcysteine, melatonin, or no treat-
ment. The treatments were administered orally or through 
nasogastric tube for 5 days in conjunction with the standard 
therapy for each patient. Organ dysfunction was evaluated 
by assigning a SOFA (sequential organ failure assessment) 
score (neurologic, respiratory, hemodynamic, hepatic, and 
hematologic) at admission and during treatment. Oxidative 
stress markers were also measured collected blood plasma at 
the beginning and 48 hours. These included total antiox-
idant capacity, lipid peroxidation (LPO), and carbonylation 
(indication of acute kidney injury) levels were also measured. 
Compared to the control group, the SOFA score of patients 
treated with vitamin E did not significantly differ on each day 
up to 5 days of treatment. However, LPO and carbonylation 
levels did decrease (P <  .17 and P <  .07, respectively) with 
vitamin E treatment suggesting a multifactorial response to 
vitamin E supplementation. Only vitamin C and melatonin 
treatment was able to decrease the SOFA score significantly, 
suggesting that a combination of antioxidant treatments is re-
quired for the best clinical outcome.

Limitations of Vitamin E Treatment
As discussed in previous sections, oxidative stress as a result 
from burn injuries can lead to poor outcomes such as mul-
tiple organ failure and possible death. Therefore, vitamin E 
treatment is an attractive treatment because it has been shown 
to reverse the effects of oxidative stress. However, there are 
reported studies suggesting antioxidant treatment, including 
vitamin E treatment, showed no clinical efficacy in sepsis-
induced multiorgan failure.125,126 It has been suggested that 
the effectiveness of vitamin E and other antioxidant treatments 
depends on the individual patient’s inflammatory response 
and the timing and duration of administration. A  study by 
Heyland et al enrolled 1200 patients with at least two organ 
failures and were supplemented with antioxidants including 
selenium, zinc, β-carotene, and vitamins E and C within 24 
hours of admission into the ICU.126 The study concluded 
there were no differences in mortality or improved outcome 
when patients were administered with antioxidants. This may 
be due to possible disruption of normal signaling involved 
in the response to severe infection.125 ROS produced from 
mitochondria are responsible for the activation of lymphocytes 
and monocytes during the response to infection.127,128 ROS 
production controls the activation of TLRs for bacterial clear-
ance may suggest the activation of the inflammasome and 
T cells.69,129,130 Therefore, the disruption of this mechanism 
of ROS by antioxidants such as vitamin E may not improve 
the outcome of organ associated with multiple organ failure. 
ROS levels can control the level of inflammatory response; 
therefore, the timing and the condition of the patient is crit-
ical in administering vitamin E.  Immunosuppressed patients 
such as older individuals or individuals with comorbidities 
may not benefit from vitamin E administration and can be 
detrimental to the patient’s outcome.131 On the other hand, 
during periods of a cytokine storm with exaggerated inflam-
matory response such as ARDS, vitamin E administration may 
be beneficial to suppress immune response. Further studies 
will need to be conducted to determine whether timing and/
or the immune system profile of the patient has any effects on 
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the benefits of vitamin E administration for burn injuries and 
burn injury-related sepsis.

SUMMARY

Several investigations ranging from in vitro bench work to clin-
ical studies have examined the impact on, or influence of, vitamin 
E as it pertains to thermal burn injuries, infection, and sepsis. 
The inflammation and oxidative stress that accompany these 
maladies often result in poorer healing outcomes, concomitant 
complications, and chronic detriments to the injured individual. 
The systemic impact of oxidative radicals is evident based on the 
significant depletions of antioxidants such as vitamin E, vitamin 
C, and zinc. To the benefit of subjects it has been shown that 
enteral or parenteral vitamin E supplementation can prevent, 
mitigate, and even reverse the effects of thermal burn injuries, 
infection, and sepsis. Additionally, as discussed, direct applica-
tion of vitamin E to a wound has resulted in similarly improved 
wound outcomes, lending credence to its versatility. Although 
there are some reports indicating vitamin E has no effect on 
improving patient outcome, there needs to be further investi-
gation to determine the best timing and the patient profile that 
benefits from vitamin E administration. In total, the published 
works on the use of vitamin E suggest there is value in its use 
as a singular therapeutic or in combination with other agents to 
improve healing outcomes for those afflicted by the aforemen-
tioned pathophysiologies.

FUTURE DIRECTIONS

There is clear evidence of potential benefits of vitamin E sup-
plementation to mitigate the detrimental effects after injury. 
Clinical research outcomes are challenging in their reproduc-
ibility given the diversity of the patient population as well as 
heterogeneity of care algorithms and lack of standardized 
clinical metrics without a defined clinical trial. A  large-scale 
prospective observational study to assess the potential benefits 
of vitamin E supplementation in patients is warranted. 
Additionally, the down side to vitamin E supplementation is 
negligible and the potential benefit is dramatic. Prospective 
data-driven approaches to vitamin E supplementation should 
be strongly considered and could result in clinical care practice 
paradigm changes.
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