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Abstract

The diabetic foot ulcer (DFU) is an invariably common complication of diabetes mellitus, it is also a significant cause of
amputation as well as extended hospitalization. As most patients with DFU suffer from malnutrition, which has been related
to improper metabolic micronutrients status, alterations can affect impaired wound healing process. Micronutrients and
herbal remedies applications present a wide range of health advantages to patients with DFU. The purpose of this review
is to provide current evidence on the potential effect of dietary supplementations such as vitamins A, C, D, E, magnesium,
zinc, copper, iron, boron, and such naturally occurring compounds as Aloe vera, Naringin, and Radix Astragali (RA) and
Radix Rehmanniae (RR) in the administration of lower extremity wounds, especially in DFU, and to present some insights
for applications in the treatment of DFU patients in the future.
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Nutrition has been recognized as an important element in
helping wounds to heal and the improvement of arterial dis-
ease, and it plays a significant role in the process."”
Micronutrients also play a vital role in the form of trace ele-
ments and vitamins, since they influence the course followed
by the healing wound.” When supplementary micronutrients
are administered, the risk of developing pressure wounds may
be reduced. A randomized control trial showed that giving
nutritional supplement reduced the incidence of pressure
ulcers in bedbound patients.” When wounds heal, the process
involves both hypermetabolic and catabolic states. Catabolism
may be reduced by nutrients, limiting its effects thereby lead-
ing to the anabolic state.>’ In the healing process, it is there-
fore beneficial to provide trace elements such as magnesium,
zinc, iron and boron, vitamins A, C, D, E or herbal remedies.
This will also apply in the case of wounds to the lower extrem-
ities. Nutritional assessment is a complex task usually carried
out by trained dietitians and/or suitably trained physicians to
provide detailed account of the nutritional status of a patient.
The aim of this review is to provide current evidence on the
potential effect of intake of micronutrients and natural com-
pounds supplementation for the management in diabetic foot.

Search Strategy

A literature search was performed using such electronic
databases as Scopus, Web of Science, internet searches and
other trials registers, including Science Direct and Clinical

Trials.gov. Some of the appropriate keywords used included
dietary, micronutrients, natural compounds, supplementa-
tion, wound healing, and diabetic foot ulcer (DFU). All pub-
lished data from 1980 to March 31, 2017 relevant to the
effect of dietary micronutrients and natural compounds sup-
plementation for patients with diabetic foot were retrieved in
the review.

Authors independently selected 38 studies, and extracted
the data. In case of an inconsistent decision, all authors dis-
cussed the selection to find a unanimous solution. The
reference list of each selected article was reviewed for further
relevant study.
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Vitamins

Vitamin D. Many important biological and physiological pro-
cesses are influenced by vitamin D.* When vitamin D is not
present in sufficient quantities, its absence will affect dermal
fibroblast-mediated tissue repair since this is normally pro-
moted by the transforming growth factor beta 1 (TGFB1). If this
occurs, the healing of the wound will take much longer than
usual. In contrast, when vitamin D levels are high, wound heal-
ing is accelerated even if TGFp1 levels are low. For this reason,
it is useful to support wound healing with vitamin D supple-
ments, which may also have the effect of reducing fibrosis.”

Razzaghi and colleagues'’ studied diabetic patients with
foot ulcers and reported that 50000 IU vitamin D supple-
ments taken at 2-week intervals for a period of 3 months
provided benefits in terms of healing through the enhanced
glycemic control. Among the outcomes was an improve-
ment in inflammation and oxidative stress.'® The lower lev-
els of parathyroid hormone production that resulted from
vitamin D supplementation can limit the production of
C-reactive protein (CRP), which would contributes to
inflammation,'" and can also limit the generation of the
reactive oxygen species, which would lead to oxidative
stress.'® A recent study reported that cytokine is also a sig-
nificant factor in infection, and patients with DFUs exhib-
ited higher concentrations of inflammatory cytokines.
Vitamin D deficiencies can exacerbate this scenario since
the outcome can be heightened levels of inflammatory cyto-
kines. It is therefore recommended that a 25-hydroxyvita-
min D <25 nmol/L supplements be administered to diabetes
mellitus patients experiencing foot infections.'?

Vitamin E. Vitamin E has a history of use in the treatment of
skin as well as wound healing going back more than half a
century. The category encompasses tocopherols and tocotri-
enols, and has been shown to be effective in supporting wound
healing since it works as the primary lipid soluble antioxidant.
Musalmah and colleagues” studied the efficacy of
a-tocopherol as an antioxidant when applied to wound closure
in normal and streptozotocin-induced diabetic rats. The rats
were separated into 2 groups; control rats and streptozotocin-
induced diabetic rats, and then each category was subdivided
into a group receiving treatment and a group not treated. The
treatment was a daily dose of 200 mg/kg bodyweight
a-tocopherols, and the results revealed a reduction in plasma
malondialdehyde levels in the treatment group along with
heightened levels of glutathione peroxidase activity, which
served to speed the closure of wounds in these rats (P < .05)."

Jain and Jain'* examined the activity of vitamin E in pre-
venting diabetic complications from developing and pro-
gressing. In the test group, it was reported that 3 key
measures were all significantly lowered: postprandial blood
sugar (PPBS), total cholesterol (TC), and diastolic blood
pressure (DBP). This showed that vitamin E was able to halt

the progression of the condition and also slowed the onset
of complications, including foot ulcers, cardiovascular dis-
ease, and retinopathy.'*

The problems in wound healing can be examined using
diabetic mice through consideration of heightened lipid per-
oxidation. Galeano and co-workers'> explained that
Raxofelast, a form of vitamin E (IRFI 016; 2,3-dihydro-
5-hydroxy-4,6,7-trimethyl-2-benzofuranacetic acid), can
serve as a scavenger of reactive oxygen species, which can
thus inhibit the lipid peroxidation, and cause damage to cap-
illary permeability, endothelial cells, and fibroblast and col-
lagen metabolism. Raxofelast can prevent lipid peroxidation
in the polyunsaturated fatty acids of the membranes through
its angiogenic activity. Furthermore, it is also reported to
promote the generation of fibroblasts and keratinocytes.'

Vitamin C. Vitamin C, or ascorbic acid, plays the role of a
reducing agent and thus has an effect in various body tissues.
It is active in reproduction, immunity, growth, and reactions
to infection. It is a key ingredient in the synthesis of collagen
for the skin and is a necessary component in the formation of
cartilage. If vitamin C levels are inadequate, wound healing
can be adversely affected and the risk of infection is increased.
One slight problem for humans is that ascorbic acid cannot be
directly synthesized because this would require gulonolac-
tone oxidase enzyme to be available. Hence, it is necessary to
take vitamin C in the fruit, vegetable, or tablet form.'®

Many studies investigated the role of vitamin C in wound
healing and found that vitamin C can be associated with
antioxidant activity, collagen synthesis, and cellular apopto-
sis. In the inflammatory phase, it is necessary to have vita-
min C for neutrophil apoptosis to occur, while the
proliferative phase requires vitamin C for the synthesis,
maturation, secretion, and degradation of collagen.'” "

A recent study demonstrated that use of maltodextrin/
ascorbic acid for treatment through a preclinical model
involving in vitro healing in wound healing.”® The study
was also applied to in vivo venous leg ulcers. The in vitro
treatments worked in the same way as the in vivo cases,
with the addition of maltodextrin/ascorbic acid serving to
promote the levels of TGFB1, as well as MMP-1 (matrix
metalloproteinase-1) expression and gelatinase activity. At
the same time, TIMP-1 (tissue inhibitor of MMP-1) was
reduced, leading to repair of the monolayer through height-
ened collagen turnover. In addition, as the level of gelatino-
lytic activity rose, this resulted in the repair of the fibroblast
monolayer. Assessment of in vivo cases revealed that
patients who received the maltodextrin/ascorbic acid treat-
ment at 12 weeks showed significantly greater improve-
ment in cellular biomarkers and tissue morphology in
comparison with the control groups, while wound healing
was enhanced by a factor of 3.7 times (P =.034). The results
suggest, therefore, that maltodextrin/ascorbic acid is a suit-
able treatment to improve the healing of chronic wounds.
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Vitamin C can moderate several phases of wound heal-
ing, including inflammation, proliferation, and remodeling,
and accordingly, it is confirmed to support the overall pro-
cess. Vitamin C supplements help complete the inflamma-
tory phase, and when there is sufficient vitamin C circulating
in the body this will serve to stimulate fibroblast migration
along with matrix deposition and neovascularization as the
transcript levels of HO-1, TGFB, CTGF (connective tissue
growth factor), and VEGF (vascular and endothelial growth
factor) become extenuated. Furthermore, vitamin C can sup-
port the healing of wounds via pleiotropic mechanisms that
occur in the metabolism of collagen.? It is also understood
that vitamin C supplementation can be effective in maintain-
ing the vitamin levels in plasma and tissue, and this is impor-
tant because these vitamin levels normally fall significantly
when they are required to support wound healing.

Vitamin A. Vitamin A, also known as retinal, is necessary for
the formation of bone, cellular differentiation, and the
immune system. It also promotes wound healing physiolog-
ically, and its absence can be detrimental to the process.*

It was found that vitamin A can improve the initial
inflammation of a wound site by boosting monocytes and
macrophages and moderating the action of collagenase. It
can also serve to promote epithelial cell differentiation
while acting as a stimulant on the immune system.”

Meanwhile, vitamin A plays an important role in the skin
epidermis, promoting both growth and differentiation.
When vitamin A supplementation is administered, the out-
comes can include improved macrophage activity and syn-
thesis of collagen. In animals, experimentation has shown
that vitamin A boosts epidermal growth factor receptor
expression. The recommended supplementation daily dos-
age of 25000 IU is aimed to promote wound healing.’

Minerals and Trace Elements

Furthermore, vitamins trace elements have been shown to
comprise an essential component of the wound healing pro-
cess in addition to vitamins already discussed. Minerals and
trace elements play an important role in DFUs. Frequently,
the body requires doses daily in very small amounts for
homeostasis, particularly during wound healing. Especially,
minerals and trace elements perform as cofactors in many
enzymes involved in wound repair. However, inappropriate
doses of minerals and trace elements, dietary deficiency or
dietary excess, can be harmful.

Magnesium. Magnesium acts as a substantial role in glucose
homeostasis and insulin sensitivity. In addition, magnesium
acts as a cofactor for many enzymatic reactions. It is also
essential for collagen and protein formation and tissue
development. In the processing of collagen formation dur-
ing wound curing, magnesium interacts with adenosine

triphosphate (ATP).** Low serum magnesium levels are
associated with an enhanced risk of developing DFUs.
Hypomagnesemia was associated with poor glycemic con-
trol, neuropathy, coronary artery diseases, diabetic retinop-
athy, hypertension, and foot ulcerations.”> Some studies
reported the relationship between serum magnesium deple-
tion and risk factors for the progression of DFUs (odds ratio
=29, 95% CI = 1.7-6.8, P = .01).” The magnesium levels
in subjects with diabetics and foot ulcers were lower than
those in healthy subjects without foot ulcers (P < 0.001).”’
In type 2 diabetes, magnesium deficiency associated with
the development of endothelial dysfunction altered insulin
function, neuropathy, and abnormal platelet activity.**®
Hence, the level of magnesium should be controlled in sub-
jects with type 2 diabetes and foot ulcers.

Zinc. Zinc is an important trace element in various cellular
metabolisms. Zinc is a significant part of the human diet it
benefits wound healing. Zinc metalloproteinases are
involved in DNA and RNA synthesis, protein and collagen
synthesis, immune function, cellular proliferation, and
wound curing. For the healing process, zinc is also an
important cofactor for lysyl oxidase enzymes, which are
involved in the cross-linkage of collagen. Tests applied to
animals with low serum zinc levels, and also to normal
animals,” zinc deficiency was reported to delay wound
healing.” Some research revealed that venous leg ulcers are
associated with low zinc levels, particularly if senses of
taste or smell are reduced (another possible sign of zinc
deficiency), thus zinc supplements may be helpful. Further-
more, Larijani and colleagues®® demonstrated that serum
zinc level was significantly decreased in type 2 diabetes
patients with foot ulcers compared to those without foot
ulcers. Zinc consumption is 11 mg/d for men and 8 mg/d for
women, while zinc supplementation recommendations to
improve wound curing is up to 40 mg/d. However, abun-
dant zinc consumption interrupts copper and iron absorp-
tion and can cause depletion of these essential minerals.**
Assessment of mineral contents are needed to confirm that
the use of supplementation that will not interfere with trace
element homeostasis.

Copper. Copper is a necessary cofactor in protein synthesis
and important for collagen formation in wound healing.
Thus, copper deficiency may be a cause for impaired wound
healing.”**

Iron. Tron acts as a cofactor in collagen synthesis. Iron is
associated in wound healing that is required for hydroxyl-
ation of two amino acids; proline and lysine.” Commonly,
anemia and iron depletion are a problem in patients with
DFU. Wright and colleagues®' reported on 27 DFU patients:
14 (51.9%) were anemic, and 2 (7.41%) had severe anemia
(Hb <10 g/dL). Takayama and Aoki’> explained that
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lactoferrin, which is a glycoprotein that binds to iron and is
secreted from the glandular epithelial cells, serves to sup-
port the healing process through its beneficial effect on the
initial inflammatory phase. It is able to inhibit excessive
immune responses while simultaneously aiding the devel-
opment of granulation tissue and the process of re-epitheli-
alization. Lactoferrin also promotes the migration of
fibroblasts and keratinocytes while boosting the synthesis
of collagen.*

Boron. Boron is defined as a necessary element for many
plants, specially, cell wall structure and the functions of
plants. On the other hand, several findings revealed the sig-
nificance of boron requirements in human nutrition and
metabolism, but the mechanism is still unknown. Neverthe-
less, the effect of boron on diabetic wound curing has not
been elucidated so far. A recent study demonstrated that
boron derivatives (boric acid and sodium pentaborate pen-
tahydrate [NaB])-containing gel formulation improved
rates of wound repairing in streptozotocin-induced diabetic
rats and histopathological scores.*®

Herbal Remedies

Regarding the increased incidence of diabetes, global bur-
den of DFU is dramatically raised and urgently needs to be
improved. Traditional medicine has been recommended as
an adjunctive therapy for managing DFU. Since impaired
wound healing in diabetic patients is complex and involv-
ing several factors, natural remedies that combine various
therapeutic actions, such as fibroblast-proliferating, antidia-
betic, anti-inflammatory, antimicrobial, and antioxidant
properties are of interest.

Most founding reports use herbal remedies in a form of
wound dressing, but less information is provided for suc-
cessive oral intervention in acceleration of the wound heal-
ing process.

Herbal products that are rich in phenolic compounds,
flavonoids, terpenoids, quinones, coumarins, saponins,
complex carbohydrates, glycosides or presenting bitter
taste, usually exhibit positive effects on controlling diabetic
complications. Saponins modulating the activity of enzymes
are related to glucose metabolism and improved insulin
resistance. Polyphenolic compounds, especially flavonoids,
are among the classes of compounds that are focused on the
health aspects about their antioxidant properties as well as
anti-inflammatory and antidiabetic properties.

Aloe vera. Aloe vera is a member of succulent plant in the
lily (Liliaceae) family. It is widely naturalized and culti-
vated in tropical climates for agricultural and medicinal
uses. Extracts of the gel are employed in various pharma-
ceutical preparations for skin, treatment of burns, and for
ingestion. Though the gel is considered naturally safe, some

people could be allergic to substances in the yellow sap. A.
vera gel is believed to be a rich source of anti-hyperglyce-
mic and antioxidant compounds, such as saponins, qui-
nones, sterols, and triterpenoids. Another 2 major
constituents in 4. vera, glucose-6-phosphate and mannose-
6-phosphate, have shown wound healing and anti-inflam-
matory activity. Glucomannan and gibberellin stimulate
fibroblast activity and proliferation, which turns to increase
collagen content and thereby stimulating wound healing.

Some experimental studies conducted in diabetic ani-
mals have suggested that oral ingestion of A. vera may
attenuate the diabetic foot wound. Daburkar et al** reported
significant wound healing effect of 4. vera gel extract in
streptozotocin-induced diabetic rats. Oral administration of
A. vera gel extract (300 mg/kg) either alone or in combina-
tion of topical application for a period of 9 days signifi-
cantly improved glucose homeostasis, along with increased
level of DNA and glycosaminoglycans (GAGs) in the gran-
ulation tissues. The results bring acceleration of ulcer heal-
ing and tensile strength.

Mechanism underlines wound healing activity of A. vera
extracts may occur through improvement of insulin resis-
tance and lowering blood glucose levels. Anti-inflammatory
effects of 4. vera could also be explained by an antioxidant
mechanism since it attenuated free radical damage to the
regenerating tissues.

GAGs, especially hyaluronic acid (HA), is believed to be
one of the important factors to facilitate ulcer healing.
Increased content of HA and other GAGs in the granulation
tissue in response of 4. vera administration is therefore sup-
ported that treatment potential of A. vera on DFU is, at least
in part, occurred through its effect on GAGs.

Other proposed mechanisms related to healing effects of
A. vera gel may include keeping wound moist, initiating
epithelial cell migration, accelerating collagen deposition
and maturation, and the reduction of inflammation.

While several studies demonstrated positive effects of 4.
vera gel to improve DFU, some others claimed it has no
effect, or even delaying the healing process. Contradictory
results found may be explained by the differences in the
extraction process and stability of the active ingredients.

Naringin. Naringin is a major flavanone glycoside in grape-
fruit, which is responsible for the juice’s bitter taste. Narin-
gin is metabolized to the flavanone naringenin in humans.
As a known antioxidant compound, it has also shown anti-
diabetic and anti-apoptotic properties. Healing potential of
naringin in animal models of DFU was evaluated.” Daily
administration of naringin (per os) at a dose of 40 or 80 mg/
kg for 16 days to diabetic rats significantly reduced the
wound area as well as modulating glucose homeostasis.
Naringin may facilitate wound healing through various
mechanisms using such activities to promote angiogenesis,
inhibiting endothelial apoptosis, reducing level of blood
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Table 1. Summary of the Effect of Dietary Micronutrients and Natural Compounds Supplementation to Wound Healing in Diabetic

Foot Ulcer.

Nutrient Mechanism Effect to Wound Healing Reference

Vitamin D Accelerated even if TGFBI levels are low Reduced fibrosis in wound 9

Vitamin E Revealed a reduction in plasma malondialdehyde Speeded the closure of wound 13
level along with heightened levels of glutathione
peroxidase activity

Vitamin C Promoted the levels of TGFS 1, MMP-1 expression Repaired the monolayer through heightened 20
and gelatinase activity while reduced TIMP-I level collagen turnover

Vitamin A Promoted epithelial cell differentiation while acting  Improved macrophage activity and synthesis 7,23
as a stimulant on the immune system of collagen

Magnesium Interacted with ATP in the processing of collagen Reduced risk of developing diabetic foot 24-26
formation and involved in protein formation and ulcers
tissue development

Zinc Involved in the cross-linkage of collagen, DNA Accelerated wound healing and associated 7,30
and RNA synthesis, protein synthesis, immune with venous leg ulcers and type 2 diabetic
function, cellular proliferation foot ulcers

Copper Involved in protein and collagen synthesis Enhanced wound healing 7,24

Iron Required for hydroxylation in collagen synthesis Reduced risk of developing diabetic foot 7,31

ulcers

Boron Required for human nutrition and metabolism, but Effects on diabetic wound healing has not 33

the mechanism is still unknown been elucidated so far.
Improved rates of wound repairing in STZ-
induced diabetic rats

Aloe vera Inhibited inflammation, stimulated fibroblast Accelerated ulcer healing and tensile strength 34
proliferation and increased collagen synthesis in STZ-induced diabetic rats

Naringin Increased angiogenesis, inhibited cell death, reduced Controlled glucose homeostasis and reduced 35
blood level of glucose and oxidative stress wound area in diabetic rat model

Radix Astragali  Inhibited inflammation, accelerated angiogenesis and  Showed synergistic effects on increased rate 36-38

and Radix tissue remodeling of wound healing

Rehmanniae

Abbreviations: TGFf 1, transforming growth factor beta |; MMP-I, matrix metalloproteinase-|; TIMP-1, tissue inhibitor of MMP-1; ATP, adenosine

triphosphate; STZ, streptozotocin.

glucose, and oxidative stress. Molecular mechanisms
underline its effects are proposed via upregulation of
growth factors (IFG-1, TGFB and VEGF-c) and downregu-
lation of inflammatory cytokines (TNF-a, IL-1f and IL-6)
expression. Thus, it is subsequently increased angiopoietin
and collagen synthesis, which prevents delayed ulcer
healing.

Radix Astragali and Radix Rehmanniae. Radix Astragali (RA)
and Radix Rehmanniae (RR), are 2 principal components of
a traditional Chinese medicine formula for treating diabetes
and its complications, have been evaluated in their effec-
tiveness in treating diabetic wounds.

Synergistic interaction between the extracts used as
herbal formula has found efficiently enhanced rate of
wound healing in the model of diabetic rats.*® The combina-
tion stimulated proliferation of B-cell and secretion of insu-
lin, thus simply ameliorate diabetic condition. Improvements
of DFU healing occurred through various controlled
processes of inflammation, angiogenesis, and tissue

remodeling. RA played a prominent role in stimulation of
fibroblast proliferation and inhibition of the inflammatory
process. It had also been reported to moderate insulin resis-
tant and meliorate endothelial dysfunction. RR, however,
favored angiogenesis and tissue regeneration.”’

Evaluation of the clinical effect of Chinese herbal medi-
cine (CHM) treatment in terms of being effective and safe
was publicized in a systematic review of randomized con-
trolled trials (RCTs) of DFU.*® RA, along with other herbal
extracts are favored as active ingredients of herbal reme-
dies for treating DFU that achieved positive effects in
RCTs.

Meta-analysis of the data does favor the use of CHM to
managing DFU. Ingestion of CHM combined with standard
therapy tended to give better outcomes compared with
using standard therapies alone. For example, a higher num-
ber of patients whose wounds were healed or showed sig-
nificant reduction in wound area, and a larger mean of blood
flow volume. On the contrary, few adverse events on the
use of CHM had been reported, including dry mouth,
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epigastric pain, nausea, and diarrhea. To address a definite
conclusion, if herbal remedies were good enough for clini-
cal practice, further high-quality RCTs are recommended.

Discussion

Chronic foot wounds are a common and challenging com-
plication of diabetes, which causes higher rate amputation
as well as prolonged hospitalization. Malnutrition causes
improper metabolic alterations that affect the impaired
wound healing process. Micronutrients, without the small
quantities required, can cause serious adverse effects.

Understanding of the role of micronutrients and herbal
remedies in the process of wound healing may bring out
effective therapeutic approaches that resolve impaired dia-
betic wounds (Table 1). The use of micronutrients and natu-
ral compounds exhibit a wide range of health benefits to
patients with diabetic foot ulcer. Zinc and various vitamins
play a vital role in modulation of cell proliferation, collagen
metabolism, and inflammation.

The role of antioxidant supplementation is apparently
via inhibition of oxidative stress, which potentially dimin-
ishes infection and inflammation. Several plants have been
demonstrated to have potential wound healing abilities, as
well as their antidiabetic, antioxidant, and anti-inflamma-
tory activity. Use of herbal remedy that combined various
plant extracts could be more effective due to the synergistic
effects of the various active compounds.

Oral supplementation of nutrients and/or herbal reme-
dies can be effective; however, improper use of high-dose
administration is considered harmful. Hence, further studies
require, not only to demonstrate the effectiveness of the
treatment but also to address its safety. Monitoring the
uptake and body status of micronutrients should be inte-
grated in routine clinical practice to conduct adequate sup-
plementation which is safe and effective. Nevertheless,
such additional aspects, including dosing, administrative
route, timing of treatment, and role of individuals against
combination therapy need to be clarified.

Nutrition is important for wound healing process in dia-
betic foot. Although there is less conclusive evidence due to
small sizes in published RCTs, most researchers favor the
role of nutritional supplements in promoting diabetic wound
care.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect
to the research, authorship, and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support
for the research, authorship, and/or publication of this article: this
research project was supported by Chiang Mai University.

References

1. Williams JZ, Barbul A. Nutrition and wound healing. Crit
Care Nurs Clin North Am. 2012;24:179-200.

2. Thies F, Garry JM, Yaqoob P, et al. Association of n-3 polyun-
saturated fatty acids with stability of atherosclerotic plaques:
a randomised controlled trial. Lancet. 2003;361:477-485.

3. Ye J, Mani R. A systematic review and meta-analysis
of nutritional supplementation in chronic lower extrem-
ity wounds. Int J Low Extrem Wounds. 2016;15:296-302.
doi:10.1177/1534734616674624.

4. Wild T, Rahbarnia A, Kellner M, Sobotka L, Eberlein T. Basics
in nutrition and wound healing. Nutrition. 2010;26:862-866.

5. Stratton RJ, Ek AC, Engfer M, et al. Enteral nutritional
support in prevention and treatment of pressure ulcers:
a systematic review and meta-analysis. Ageing Res Rev.
2005;4:422-450.

6. Biesalski H. Micronutrients, wound healing, and prevention
of pressure ulcers. Nutrition. 2010;26:858.

7. Patel GK. The role of nutrition in the management of lower
extremity wounds. Int J Low Extrem Wounds. 2005;4:12-22.

8. Strange RC, Shipman KE, Ramachandran S. Metabolic syn-
drome: a review of the role of vitamin D in mediating suscep-
tibility and outcome. World J Diabetes. 2015;6:896-911.

9. Ding J, Kwan P, Ma Z, et al. Synergistic effect of vitamin D
and low concentration of transforming growth factor beta 1, a
potential role in dermal wound healing. Burns. 2016;42:1277-
1286.

10. Razzaghi R, Pourbagheri H, Momen-Heravi M, et al. The
effects of vitamin D supplementation on wound healing and
metabolic status in patients with diabetic foot ulcer: a ran-
domized, double-blind, placebo-controlled trial. J Diabetes
Complications. 2017;31:766-772.

11. Struglia M, Stamerra CA, Di Giosia P, et al. 6D. 06: vita-
min D deficiency and endothelial dysfunction in rheumatoid
arthritis patients. J Hypertens. 2015;33(suppl 1):e84.

12. Tiwari S, Pratyush DD, Gupta SK, Singh SK. Vitamin D
deficiency is associated with inflammatory cytokine concen-
trations in patients with diabetic foot infection. Br J Nutr.
2014;112:1938-1943.

13. Musalmah M, Fairuz AH, Gapor MT, et al. Effect of vita-
min E on plasma malondialdehyde, antioxidant enzyme lev-
els and the rates of wound closures during wound healing in
normal and diabetic rats. Asia Pac J Clin Nutr.2002;11(suppl
7):S448-S451.

14. Jain AB, Jain VA. Vitamin E, its beneficial role in diabe-
tes mellitus (DM) and its complications. J Clin Diagn Res.
2012;6:1624-1628.

15. Galeano M, Torre V, Deodato B, et al. Raxofelast, a hydro-
philic vitamin E-like antioxidant, stimulates wound healing in
genetically diabetic mice. Surgery. 2001;129:467-477.

16. Naidu KA. Vitamin C in human health and disease is still a
mystery? An overview. Nutr J. 2003;2:7.

17. Ronchetti IP, Quaglino D Jr, Bergamini G. Ascorbic acid and
connective tissue. Subcell Biochem. 1996;25:249-264.

18. Anderson B. Nutrition and wound healing: the necessity of
assessment. Br J Nurs. 2005;14:S30,S32,S34.

19. Vissers MC, Wilkie RP. Ascorbate deficiency results in
impaired neutrophil apoptosis and clearance and is associated



250

The International Journal of Lower Extremity Wounds 16(4)

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

with up-regulation of hypoxia-inducible factor lalpha. J Leukoc
Biol. 2007;81:1236-1244.

Salgado RM, Cruz-Castafieda O, Elizondo-Vazquez F, et al.
Maltodextrin/ascorbic acid stimulates wound closure by
increasing collagen turnover and TGF-f1 expression in vitro
and changing the stage of inflammation from chronic to acute
in vivo. J Tissue Viability. 2017;26:131-137.

Mohammed BM, Fisher BJ, Kraskauskas D, et al. Vitamin
C promotes wound healing through novel pleiotropic mecha-
nisms. Int Wound J. 2016;13:572-584.

MacKay D, Miller AL. Nutritional support for wound heal-
ing. Altern Med Rev. 2003;8:359-377.

Levenson SM, Gruber CA, Rettura G, Gruber DK, Demetriou
AA, Seifter E. Supplemental vitamin A prevents the acute
radiation-induced defect in wound healing. Ann Surg.
1984;200:494-512.

Stechmiller JK. Understanding the role of nutrition and
wound healing. Nutr Clin Pract. 2010;25:61-68.

Pham PC, Pham PM, Pham SV, Miller JM, Pham PT.
Hypomagnesemia in patients with type 2 diabetes. Clin J Am
Soc Nephrol. 2007;2:366-373.

Rodriguez-Moran M, Guerrero-Romero F. Low serum mag-
nesium levels and foot ulcers in subjects with type 2 diabetes.
Arch Med Res. 2001;32:300-303.

Keskek SO, Kirim S, Karaca A, Saler T. Low serum mag-
nesium levels and diabetic foot ulcers. Pak J Med Sci.
2016;29:1329-1333.

Dasgupta A, Sarma D, Saikia UK. Hypomagnesemia in type 2
diabetes mellitus. Indian J Endocrinol Metab. 2012;16:1000-
1003.

Rostan EF, DeBuys HV, Madey DL, Pinnell SR. Evidence
supporting zinc as an important antioxidant for skin. /nt J
Dermatol. 2002;41:606-611.

Larijani B, Shooshtarizadeh P, Mosaffa N, Heshmat R.
Polymorphonuclear leucocyte respiratory burst activity

31.

32.

33.

34.

35.

36.

37.

38.

correlates with serum zinc level in type 2 diabetic patients
with foot ulcers. Br J Biomed Sci. 2007;64:13-17.

Wright JA, Oddy MJ, Richards T. Presence and charac-
terisation of anaemia in diabetic foot ulceration. Anemia.
2014;2014:104214.

Takayama Y, Aoki R. Roles of lactoferrin on skin wound
healing. Biochem Cell Biol. 2012;90:497-503.

Demirci S, Dogan A, Aydin S, Diilger EC, Sahin F. Boron
promotes streptozotocin-induced diabetic wound healing:
roles in cell proliferation and migration, growth factor expres-
sion, and inflammation. Mol Cell Biochem. 2016;417:119-
133.

Daburkar M, Lohar V, Rathore AS, Bhutada P,
Tangadpaliwar S. An in vivo and in vitro investigation
of the effect of aloe vera gel ethanolic extract using ani-
mal model with diabetic foot ulcer. J Pharm Bioallied Sci.
2014;6:205-212.

Kandhare AD, Ghosh P, Bodhankar SL. Naringin, a flava-
none glycoside, promotes angiogenesis and inhibits endo-
thelial apoptosis through modulation of inflammatory and
growth factor expression in diabetic foot ulcer in rats. Chem
Biol Interact. 2014;219:101-112.

Lau KM, Lai KK, Liu CL, et al. Synergistic interac-
tion between Astragali Radix and Rehmanniae Radix in a
Chinese herbal formula to promote diabetic wound healing. J
Ethnopharmacol. 2012;141:250-256.

Lau TW, Lam FF, Lau KM, et al. Pharmacological investiga-
tion on the wound healing effects of Radix Rehmanniae in
an animal model of diabetic foot ulcer. J Ethnopharmacol.
2009;123:155-162.

Chen M, Zheng H, Yin LP, Xie CG. Is oral administration
of Chinese herbal medicine effective and safe as an adjunc-
tive therapy for managing diabetic foot ulcers? A system-
atic review and meta-analysis. J Altern Complement Med.
2010;16:889-898.



