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Abstract
Introduction: Impairments in wound healing commonly occur among patients with diabetes. Herbal medicines have a long history of usage in wound
care management. Super green (SG) is a newly discovered natural product
obtained from Musa paradisiaca. This study aimed to investigate the efficacy
of the topical application of SG in healing surgical wounds in diabetic rats.
Material and methods: Wistar rats received a one-time intraperitoneal injection of streptozotocin to induce type 1 diabetes. Full-thickness excisional
skin wounds were created on the backs of the rats. The relevant groups were
topically treated with the indicated concentrations of SG or vehicle dressing
throughout the study duration. Histological analysis was performed and the
mRNA levels of proinflammatory cytokines were measured to evaluate the
improvement of wound closure.
Results: The wound area ratio of the SG (1/6000 dilution)-treated group
was greatly reduced compared to that of the vehicle-treated group. The histological analysis showed fewer inflammatory cells, accelerated re-epithelialization, and increased collagen deposition in SG 1/6000-treated wounds.
The gene expression levels of tumor necrosis factor-α, interleukin-1β, and
interleukin-6 were decreased and the levels of type I and type III collagen
were increased after SG treatment.
Conclusions: These results show that the most therapeutically efficacious
concentration of SG (1/6000 dilution) can enhance wound repair in diabetic rats. SG has the potential to be a new treatment strategy for diabetic
wounds.
Key words: wound healing, diabetes, Musa paradisiaca extract,
inflammatory cytokines.

Introduction
Diabetes mellitus (DM) is a metabolic disorder characterized by
chronic hyperglycemia that currently affects over 472 million people
worldwide [1]. Diabetes is often accompanied by a range of disorders,
including obesity [2], atherosclerosis [3], peripheral arterial disease [4],
and obstructive sleep apnea [5]. Impaired wound healing is a common
complication in patients with diabetes that severely affects life quality
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[6]. Normal wound healing is a dynamic and complex process involving inflammation, re-epithelization, neovascularization, and tissue remodeling
[7]. Persistent inflammation, poor circulation and
limited nutrients [8] are associated with impaired
diabetic wound healing [9]. Hyperglycemia increased oxidative stress and led to development
of chronic low-grade inflammation [10]. A cluster
of pro-inflammatory cytokines, such as tumor necrosis factor-α (TNF-α), interleukin-1β (IL-1β), and
interleukin-6 (IL-6), may significantly influence
the progression of inflammation in diabetes [11].
Treatments that enhance diabetic wound healing
are often associated with reducing inflammatory
cytokines in the diabetic wound environment [12].
Although the treatment of diabetic wounds has
been greatly improved, the management of severe
or chronic wounds is still challenging. Therefore,
it is important to develop novel therapies for patients with wound healing difficulties.
Natural products and their phytochemicals
have been used for wound healing for a long
time. Natural products with wound healing properties have been reported to have anti-inflammatory, antioxidant, antibacterial and procollagen
synthesis actions [13]. Musa paradisiaca (Linn).
commonly known as banana, belongs to the family Musaceae, which mainly grows in tropical and
subtropical regions. Banana fruits and peels are
rich in dietary fibers, vitamins, potassium, magnesium, and serotonin [14]. Different parts of this
plant have been traditionally used for the treatment of various diseases. The fruits are used for
the treatment of diarrhea, diabetes, and intestinal lesions; the leaves are used for the treatment
of eczema and burns; the flowers are used for
the treatment of dysentery and menorrhagia; the
roots are used for anthelmintic treatment; and so
on [15]. Recently, pharmacological investigations
have shown that some of the bioactive phytochemicals of Musa paradisiaca have antioxidative
stress [16], antimicrobial [17], antidiabetic [18],
and wound healing properties [19]. It was recently discovered that super green (SG), a water-soluble substance extracted from the leaves, peels
and stems of Musa paradisiaca (Linn), seems to
have antibacterial effects. The present study investigated the role of SG in the healing of surgical
wounds in diabetic rats. The results will be useful
for its development as a drug for the enhancement of wound healing.

Material and methods
Experimental animals
Eight-week-old male Wistar rats (250–280 g)
were obtained from the National Institute of Legal
National Laboratory Experimental Animal Center.
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The rats were maintained at a controlled temperature of 22 ±2°C on a 12-h light/dark cycle. The experimental protocols were approved by the Institutional Animal Ethics Committee of Tajen University
(No. 102-22). All experiments conformed to the
Guide for the Care and Use of Laboratory Animals
as well as the guidelines of the Animal Welfare Act.

Streptozotocin (STZ)-induced diabetes
Diabetes was induced in the rats by using
streptozotocin (Sigma-Aldrich, St. Louis, MO,
USA), a compound that has a preferential toxicity toward pancreatic β cells. Diabetic conditions
were induced by a single intraperitoneal injection of STZ at a concentration of 60 mg/kg body
weight in overnight-fasted rats [20]. After three
days of induction, blood samples were collected
from the tail vein and measured using an automatic analyzer. Animals with fasting blood glucose levels greater than 250 mg/dl were considered diabetic.

Dosing protocol of SG and standard drug
SG was obtained by patented extraction technology and was provided by Natural Well Technical
Ltd. Company, Taiwan. The SG stock solution was
diluted 1 : 6000 (SG/6000), 1 : 3000 (SG/3000),
1 : 1000 (SG/1000) and 1 : 500 (SG/500) and
mixed with ointment base to obtain a 1% SG
ointment. An antimicrobial drug, chlorhexidine
gluconate solution (Panion & BF Biotech Inc, Taipei, Taiwan), was mixed with the ointment base
to obtain a 4% chlorhexidine gluconate (CG) ointment. Additionally, a commercial 1% Sulfasil ointment (silver sulfadiazine, Sinphar, Yilan, Taiwan)
was used.

Excision wound model and experimental
design
One week after diabetes induction, the diabetic
rats were randomly classified into seven groups
(n = 6): group 1 (the vehicle-treated diabetic
group), group 2 (the CG-treated diabetic group),
group 3 (the Sulfasil-treated diabetic group),
group 4 (the SG/6000-treated diabetic group),
group 5 (the SG/3000-treated diabetic group),
group 6 (SG/1000-treated diabetic group), and
group 7 (the SG/500-treated diabetic group).
The rats were anesthetized with 2% isoflurane
to minimize suffering. After the hair on the back
of each rat had been removed, the skin was sterilized with 70% alcohol, and a full-thickness excisional wound (1.5 cm × 1.5 cm) was created on
the dorsal skin. The drugs were applied topically
once a day for 15 consecutive days of treatment.
Each rat was individually caged. All rats had free
access to food and water.
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Wound healing analysis
Rat wounds were photographed under isoflurane anesthesia on day 0, day 3, day 7, day 10
and day 15 after induction. A standard ruler was
placed on the side of the wounds. The wound areas were measured using ImageJ Software, and
the area observed on day 0 was considered 100%.

Histopathological examination
At the end of the experiment, rats were anesthetized with 2% isoflurane, and the wound area
was sampled for histological examination. Skin
tissue samples were formalin-fixed and embedded in paraffin. The section thickness of skin tissue was 5 μm. After hematoxylin and eosin (HE)
staining, wound healing was evaluated in terms
of the extent of dermal inflammation, angiogenesis, presence of granulation tissue, and re-epithelialization [21]. The parameters used to assess
healing were as follows: for dermal inflammation,
“–” – no dermal inflammation, “+” – mild dermal
inflammation, “++” – moderate dermal inflammation; and “+++” – marked dermal inflammation;
for angiogenesis, “–” – no angiogenesis, “+” – mild
angiogenesis (< 5 vessels per high-power field),
“++” – moderate angiogenesis (6–10 vessels per
high-power field), and “+++” – marked angiogenesis (> 10 vessels per high-power field); for granulation tissue thickness, “–”– none, “+” – scant,
“++” – moderate, and “+++” – marked; for re-epithelialization, “–” – no re-epithelialization, “+” –
< 50% of the wound, “++” – > 50% of the wound,
and “+++” – complete re-epithelialization [22, 23].
Collagen deposition in diabetic wounds was
assessed by Masson’s trichrome staining [24].
Collagen fibers were stained blue, and muscle and
connective tissues were stained red. HE staining
or Masson’s staining was performed according
to the manufacturer’s protocol. Samples were
observed using optical microscopy. The collagen
deposition volume and other parameters were
quantified using ImageJ. Five different fields of visions were randomly selected.

Real-time quantitative PCR detection
The expression of collagen I, collagen III, IL-1β,
IL-6 and TNF-α in wound tissues in STZ-treated
rats was measured using RT-PCR. Total RNA was
extracted from tissue samples using the TRIzol
method (Thermo Fisher Scientific, Waltham, MA,
USA) and processed according to the manufacturer’s instructions. Five micrograms of RNA were
reverse transcribed to cDNA using the Transcriptor First Strand cDNA Synthesis Kit (Roche, Basel,
Switzerland). Amplification and detection were
performed with a LightCycler 480 system (Roche).
Gene expression was quantified using the relative

standard curve method. β-Actin was used to normalize the RT-PCR results. The primer sequences
used were as follows:
collagen I(α1) F: 5′-CTGGCAAGAACGGAGATGAT-3′;
collagen I(α1) R: 5′-AATCCACGAGCACCCTGA-3′;
collagen III(α1) F: 5′-CAGGAAACCCAGGAGAAAGG-3′;
collagen III(α1) R: 5′-CCAGCTACTCCTATAGGTCCTG-3′;
TNF-α F: 5′-CAGCCTCTTCTCCTTCCTGAT-3′;
TNF-α R: 5′-GCCAGAGGGCTGATTAGAGA-3′;
IL-6 F: 5′-GATGAGTACAAAAGTCCTGATCCA-3′;
IL-6 R: 5′-CTGCAGCCACTGGTTCTGT-3′;
IL-1β F: 5′-CAGCCAATCTTCATTGCTCA-3′;
IL-1β R: 5′-AGTCATCCTCATTGCCACTGT-3′;
β-actin F: 5′-CTAAGGCCAACCGTGAAAAG-3′;
β-actin R: 5′-GCCTGGATGGCTACGTACA-3′.

Statistical analysis
The data are expressed as the means ± SEM
(n = 6). Statistical analysis was performed by oneway ANOVA followed by the Bonferroni post hoc
test. The statistical analysis software used was SPSS
21. P < 0.05 was considered statistically significant.

Results
Effect of SG on wound healing in diabetic
rats
To evaluate the effect of SG ointment on lesion area, we compared wound healing in diabetic
rats treated with different drugs. In morphological
microanalysis, the wounds appeared clean without signs of irritation or bleeding throughout the
experiment (Figure 1 A). On day 10, the topical
application of SG at various dilutions and Sulfasil significantly decreased wound size compared
to that in the vehicle-treated group. On day 15,
the wound closure effect of SG at a dilution of
1/6000 was more effective than that of other dilutions of SG and was comparable with the effect of
Sulfasil (Figure 1 B). Figure 1 C shows the wound
area ratio of each group during the wound healing process. Healing was promoted after SG and
Sulfasil treatment, and the wound area ratio of
the SG/6000-treated group was more decreased
between day 7 and day 10 than that of the other
groups. However, CG failed to affect wound contraction compared with that in other groups.

Histopathological examination
Images of HE-stained wound sections of skin
on day 15 are shown in Figure 2. Inflammatory cell infiltration (inflammation), epidermal cell
regeneration (re-epithelization), granulomas
(granulation), and the number of blood vessels
(angiogenesis) are presented in Table I. Inflammatory cell infiltration was observed in all diabetic
groups; however, SG/6000, SG/3000 and Sulfasil
treatment decreased the inflammatory effects.
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Figure 1. Effect of SG on skin wound healing in diabetic rats. A – Representative images of the lesion
area after treatment with different drugs on postwounding day 15. B – Wound volumes on various
days during the healing process. Lesion area measurement of wounds from each group. C – Wound
closure rate (%). The measurements obtained on
day 0 were considered 100% of the lesion
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The values are expressed as the means ± SEM s (n = 6).
*P < 0.05, **p < 0.01 compared with the vehicle-treated
group.
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Figure 2. HE-stained skin tissue sections 15 days after induction in diabetic rats treated with different drugs (scale
bar: 50 μm). The parameters used to assess the healing of excision wounds in the diabetic rats are shown in Table I

Among these treatments, SG/6000 was the most
effective. The number of new blood vessels in the
lesions was increased in the SG/6000–, SG/3000–
and Sulfasil-treated groups. To evaluate the kinetics of wound closure, the number of granulomas
was measured. The SG/6000- and Sulfasil-treated
groups exhibited more granulomas than the other groups. Moreover, the SG/6000-treated group

4

showed higher re-epithelialization levels than
those of the other groups. After treatment with
CG, the wound size of the STZ-treated diabetic
rats was not obviously improved.

Analysis of collagen deposition
Total collagen content was analyzed using
Masson’s trichrome staining. Our results indicat-
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Table I. Histological comparison of excision wound values per treatment
Treatments
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Re-epithelialization
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+
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+

–

BE/1000
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++

+

–

BE/500

+++

+

+

–

The parameters used to assess the healing of excision wounds in the diabetic rats were evaluated as follows: dermal inflammation
(inflammation), neovascularization (angiogenesis), epidermal epithelial cell regeneration and healing (re-epithelialization) and granulation
tissue (granulation).
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SG/
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500

ed that vehicle- and CG-treated diabetic wounds
had poor collagen deposition (Figure 3 A).
The SG- and Sulfasil-treated type 1 diabetic
groups exhibited significantly increased collagen deposition on day 15. Compared with the
groups treated with other dilutions of SG, the
SG/6000-treated group showed the highest level
of collagen deposition (Figure 3 B). Moreover, the
gene expression levels of collagen I and collagen
III were markedly increased in the SG/6000-treated group compared with the vehicle-treated diabetic group (Figure 4).

Figure 3. Masson’s trichrome staining of day 15
wounds (A) (scale bar: 50 μm) and quantitation of
collagen deposition (B). The values are expressed
as the means ± SEMs (n = 6)
*P < 0.05 compared to the vehicle-treated diabetic group.

Effect of SG on mRNA expression levels
of inflammatory cytokines
To investigate the molecular mechanism of
SG-induced wound healing activity, the expression levels of related inflammatory cytokines were
examined. TNF-α, IL-1β, and IL-6 are the major
genes that are generally involved in wound healing. On day 3, a significant decrease in the expression of TNF-α, IL-1β, and IL-6 in the wound tissue
of SG/6000-treated rats compared with vehicle-treated rats was noted (Figure 5). Meanwhile,

Arch Med Sci5

Yung-Ze Cheng, I-Min Liu, Juei-Tang Cheng, Bor-Shyh Lin, Flank Liu

B

5

*

4

*

*

3
2

*
*
*

1
0

Vehicle CG Sulfasil SG/
				 6000

4
*

GS/
3000

SG/
1000

SG/
500

Relative collagen IIII mRNA

Relative collagen I mRNA

A

3

*

*
*

2

*

*
1

0

Vehicle CG Sulfasil SG/
				 6000

GS/
3000

SG/
1000

SG/
500

Figure 4. Quantification of collagen I (A) and collagen III (B) gene expression levels in the wounds of diabetic rats
treated with different drugs. The values are expressed as the means ± SEMs (n = 6)
*P < 0.05 compared to the vehicle-treated diabetic group.
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SG/3000 and Sulfasil treatment showed modest
effects.

Discussion
SG is a water-soluble natural product obtained
from Musa paradisiaca plants. It has been documented that extracts of Musa species have antibacterial and antioxidant activities [25], and promote the healing of burn wounds [19]. Impaired
wound healing is a common and potentially serious complication in diabetes [26]. In the present
study, we used excisional wound models to investigate the role of SG in diabetic rats [27]. Further-
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Figure 5. Quantification of the expression of the
inflammatory cytokines TNF-α (A), IL-1β (B), and
IL-6 (C) in the wounds of diabetic rats treated with
different drugs. The values are expressed as the
means ± SEMs (n = 6)
*P < 0.05 compared to the vehicle-treated diabetic group.

more, the wound healing effects of SG at a 1 : 6000
dilution were superior to those of SG at other concentrations in the initial stage of wound healing
in STZ-induced diabetic rats. In contrast, the higher dilution of SG had better effectiveness in promoting wound healing in the late stage. However,
CG did not promote wound-healing activity in
STZ-induced diabetic rats. The findings of the
present study indicated that SG/6000 was beneficial to skin wound healing in diabetic rats.
The wounds of diabetic rats in the present
investigation showed prolonged inflammation,
microvasculature aberrations that result in irreg-
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ular circulation and diminished angiogenesis and
decreased collagen production, which was similar
to the previous study [28]. Many factors, including a hyperglycemic environment, chronic inflammation, wound infection, vascular insufficiency,
and hypoxia, have been shown to impair wound
healing in diabetes [29]. In the wound tissue of
diabetic mice, the absence of the expression of
various growth factors delays re-epithelization
and granulation tissue formation [30]. In our histopathological studies, SG/6000 significantly decreased inflammation and increased granulation
tissue formation and neovascularization of excision wounds in diabetic rats. Moreover, SG/6000
improved collagen deposition compared with that
in other groups. Collagen is an essential and main
component of granulation tissue that contributes
to wound strength and the healing process [31].
It has been reported that collagen deposition
in acute wounds is impaired in type 1 diabetes,
which might be due to the inhibition of fibroblast
proliferation [32]. During the early stages of healing, the levels of type III collagen are increased
[33]. In the remodeling phase, collagen III that is
produced rapidly in the extracellular matrix is replaced by collagen I, which has a higher tensile
strength but takes more time to be deposited
[34]. In the current study, SG/6000 significantly
increased collagen deposition and elevated the
gene expression of collagen type I and collagen
type III. Therefore, SG/6000 has been suggested
to improve diabetic wound healing in terms of increasing collagen formation.
In the present study, SG/6000 treatment significantly decreased the number of inflammatory
cytokines compared with that in other groups.
Persistent inflammation in diabetes is associated with delayed wound healing. In diabetes, high
glucose promotes inflammation through endothelial cell damage, the release of proinflammatory
cytokines, and capillary permeability [35]. In the
inflammatory phase, activated macrophages produce growth factors and inflammatory cytokines
such as TNF-α, IL-1β, and IL-6 [34]. In the wound
healing process, proinflammatory cytokines are
involved in cell proliferation and differentiation as
well [36]. IL-6 plays a crucial role in many wound
healing phases, promoting the migration and proliferation of keratinocytes [37]. In the early stages of wound healing, TNF-α and IL-1β stimulate
granulation tissue formation and neovascularization. TNF-α has been reported to regulate vascular endothelial growth factor levels and collagen
synthesis in wound healing [38, 39]. IL-1β inhibits
type I collagen synthesis during the repair phase
of the wound healing response [40]. However, the
persistence of inflammatory cytokines impairs the
healing of diabetic wounds. SG treatment regulated these mediators by reducing proinflammatory

cytokines at the early stage of wound healing and
promoting wound repair at the late postinjury
stages.
Our results indicated that SG/6000 has more
potent anti-inflammatory wound healing stimulating properties than silver sulfadiazine. Silver
sulfadiazine has been utilized in advanced wound
care to improve the microenvironment of wounds
[41]. The application of heparan sulfate can accelerate tissue regeneration in the early phase of
tissue repair [42]. Nonetheless, a recent study indicated that silver dressings do not decrease the
amount of bacteria in diabetic wounds [43]. A previous study documented that extracts of Musa
paradisiaca have antibacterial activity against
Pseudomonas aeruginosa and Staphylococcus aureus [44] and can increase the viability of collagen
fibrils by increasing the strength of collagen fibers
[45]. In addition, Musa species show antidiabetic and better ulcer healing effects in diabetic rats
with co‑occurring gastric ulcers [46]. Therefore, SG
might be a target for the treatment of diabetes.
In conclusion, the present study showed that
SG improves the healing process in diabetic rats
through its anti-inflammatory effect and may help
us cure wound injury in the clinic in the future. SG
ointment has the potential to be a new alternative
therapeutic strategy for wound healing.

Acknowledgments
We thank Natural Well Technical Ltd. Company
for providing the super green extract.

Conflict of interest
The authors declare no conflict of interest.
References
1. Dunachie S, Chamnan P. The double burden of diabetes
and global infection in low and middle-income countries. Trans R Soc Trop Med Hyg 2019; 113: 56-64.
2. Wang N, Zhang JP, Xing XY, et al. MARCH: factors associated with weight loss in patients with newly diagnosed
type 2 diabetes treated with acarbose or metformin.
Arch Med Sci 2019; 15: 309-20.
3. Atwa H, Gad K, Hagrasy H, et al. Is subclinical atherosclerosis associated with visceral fat and fatty liver in
adolescents with type 1 diabetes? Arch Med Sci 2018;
14: 1355-60.
4. Mejias SG, Ramphul K. Prevalence of peripheral arterial
disease among diabetic patients in Santo Domingo, Dominican Republic and associated risk factors. Arch Med
Sci Atheroscler Dis 2018; 3: e35-e40.
5. Teng Y, Wang S, Wang N, et al. STOP-Bang questionnaire
screening for obstructive sleep apnea among Chinese
patients with type 2 diabetes mellitus. Arch Med Sci
2018; 14: 971-8.
6. Spravchikov N, Sizyakov G, Gartsbein M, et al. Glucose
effects on skin keratinocytes: implications for diabetes
skin complications. Diabetes 2001; 50: 1627-35.

Arch Med Sci7

Yung-Ze Cheng, I-Min Liu, Juei-Tang Cheng, Bor-Shyh Lin, Flank Liu

7. Demidova-Rice TN, Hamblin MR, Herman IM. Acute and
impaired wound healing: pathophysiology and current
methods for drug delivery, part 1: normal and chronic
wounds: biology, causes, and approaches to care. Adv
Skin Wound Care 2012; 25: 304-14.
8. Grzelak T, Wedrychowicz A, Grupinska J, et al. Neuropeptide B and neuropeptide W as new serum predictors of
nutritional status and of clinical outcomes in pediatric
patients with type 1 diabetes mellitus treated with the
use of pens or insulin pumps. Arch Med Sci 2019; 15:
619-31.
9. Zhao R, Liang H, Clarke E, et al. Inflammation in chronic
wounds. Int J Mol Sci 2016; 17: 2085.
10. Ramalho T, Filgueiras L, Silva-Jr IA, et al. Impaired wound
healing in type 1 diabetes is dependent on 5-lipoxygenase products. Sci Rep 2018; 8: 14164.
11. Javor J, Ferencik S, Bucova M, et al. Polymorphisms in
the genes encoding TGF-beta1, TNF-alpha, and IL-6
show association with type 1 diabetes mellitus in the
Slovak population. Arch Immunol Ther Exp 2010; 58:
385-93.
12. Tong M, Tuk B, Shang P, et al. Diabetes-impaired wound
healing is improved by matrix therapy with heparan
sulfate glycosaminoglycan mimetic OTR4120 in rats.
Diabetes 2012; 61: 2633-41.
13. Ibrahim N, Wong SK, Mohamed IN, et al. Wound healing
properties of selected natural products. Int J Environ Res
Public Health 2018; 15: E2360.
14. Kumar KPS, Bhowmik D, Duraivel S, et al. Traditional
and medicinal uses of banana. J Pharmaco Phytochem
2012; 1: 51-63.
15. Imam M, Akter S. Musa paradisiaca L. and Musa sapientum L: a phytochemical and pharmacological review.
J App Pharm Sci 2011; 1: 14-20.
16. Shodehinde SA, Oboh G. Antioxidant properties of
aqueous extracts of unripe Musa paradisiaca on sodium nitroprusside induced lipid peroxidation in rat pancreas in vitro. Asian Pac J Trop Biomed 2013; 3: 449-57.
17. Kapadia SP, Pudakalkatti PS, Shivanaikar S. Detection of
antimicrobial activity of banana peel (Musa paradisiaca
L.) on Porphyromonas gingivalis and Aggregatibacter
actinomycetemcomitans: an in vitro study. Contemp
Clin Dent 2015; 6: 496-9.
18. Kalita H, Boruah DC, Deori M, et al. Antidiabetic and
antilipidemic effect of musa balbisiana root extract:
a potent agent for glucose homeostasis in streptozotocin-induced diabetic rat. Front Pharmacol 2016; 7: 102.
19. Amutha K, Selvakumari U. Wound healing activity of
methanolic stem extract of Musa paradisiaca Linn.
(Banana) in Wistar albino rats. Int Wound J 2016; 13:
763-7.
20. Mohammadimanesh A, Vahidiniya AA, Doaei S, et al.
The effect of different types of honey on the lipid profile
of streptozotocin-induced diabetic rats. Arch Med Sci
Atheroscler Dis 2019; 4: e113-8.
21. Chan JK. The wonderful colors of the hematoxylin-eosin
stain in diagnostic surgical pathology. Int J Surg Pathol
2014; 22: 12-32.
22. Altavilla D, Saitta A, Cucinotta D, et al. Inhibition of lipid peroxidation restores impaired vascular endothelial
growth factor expression and stimulates wound healing and angiogenesis in the genetically diabetic mouse.
Diabetes 2001; 50: 667-74.
23. Altavilla D, Galeano M, Bitto A, et al. Lipid peroxidation
inhibition by raxofelast improves angiogenesis and
wound healing in experimental burn wounds. Shock
2005; 24: 85-91.

8

24. Kamber M, Papalazarou V, Rouni G, et al. Angiotensin
II inhibitor facilitates epidermal wound regeneration in
diabetic mice. Front Physiol 2015; 6: 170.
25. Karuppiah P, Mustaffa M. Antibacterial and antioxidant
activities of Musa sp. leaf extracts against multidrug resistant clinical pathogens causing nosocomial infection.
Asian Pac J Trop Biomed 2013; 3: 737-42.
26. Berlanga-Acosta J, Schultz GS, Lopez-Mola E, et al. Glucose toxic effects on granulation tissue productive cells:
the diabetics’ impaired healing. Biomed Res Int 2013;
2013: 256043.
27. Cheng KY, Lin ZH, Cheng YP, et al. Wound healing in
streptozotocin-induced diabetic rats using atmospheric-pressure argon plasma jet. Sci Rep 2018; 8: 12214.
28. Seitz O, Schurmann C, Hermes N, et al. Wound healing
in mice with high-fat diet- or ob gene-induced diabetes-obesity syndromes: a comparative study. Exp Diabetes Res 2010; 2010: 476969.
29. Baltzis D, Eleftheriadou I, Veves A. Pathogenesis and
treatment of impaired wound healing in diabetes mellitus: new insights. Adv Ther 2014; 31: 817-36.
30. Pastar I, Stojadinovic O, Yin NC, et al. Epithelialization
in wound healing: a comprehensive review. Adv Wound
Care (New Rochelle) 2014; 3: 445-64.
31. Ganeshkumar M, Ponrasu T, Krithika R, et al. Topical application of Acalypha indica accelerates rat cutaneous
wound healing by up-regulating the expression of type I
and III collagen. J Ethnopharmacol 2012; 142: 14-22.
32. Black E, Vibe-Petersen J, Jorgensen LN, et al. Decrease of
collagen deposition in wound repair in type 1 diabetes
independent of glycemic control. Arch Surg 2003; 138:
34-40.
33. Volk SW, Wang Y, Mauldin EA, et al. Diminished
type III collagen promotes myofibroblast differentiation
and increases scar deposition in cutaneous wound healing. Cells Tissues Organs 2011; 194: 25-37.
34. Serra MB, Barroso WA, da Silva NN, et al. From inflammation to current and alternative therapies involved in
wound healing. Int J Inflam 2017; 2017: 3406215.
35. Kaur R, Kaur M, Singh J. Endothelial dysfunction and
platelet hyperactivity in type 2 diabetes mellitus: molecular insights and therapeutic strategies. Cardiovasc
Diabetol 2018; 17: 121.
36. Koh TJ, DiPietro LA. Inflammation and wound healing:
the role of the macrophage. Expert Rev Mol Med 2011;
13: e23.
37. Werner S, Krieg T, Smola H. Keratinocyte-fibroblast interactions in wound healing. J Invest Dermatol 2007;
127: 998-1008.
38. Totomoch-Serra A, Munoz ML, Burgueno J, et al. Association of common polymorphisms in the VEGFA and
SIRT1 genes with type 2 diabetes-related traits in Mexicans. Arch Med Sci 2018; 14: 1361-73.
39. Krzyszczyk P, Schloss R, Palmer A, et al. The role of macrophages in acute and chronic wound healing and interventions to promote pro-wound healing phenotypes.
Front Physiol 2018; 9: 419.
40. Chesney J, Metz C, Stavitsky AB, et al. Regulated production of type I collagen and inflammatory cytokines
by peripheral blood fibrocytes. J Immunol 1998; 160:
419-25.
41. Murphy PS, Evans GR. Advances in wound healing: a review of current wound healing products. Plast Surg Int
2012; 2012: 190436.
42. Olczyk P, Mencner L, Komosinska-Vassev K. Diverse roles
of heparan sulfate and heparin in wound repair. Biomed
Res Int 2015; 2015: 549417.

Arch Med Sci

Wound healing is promoted by Musa paradisiaca (banana) extract in diabetic rats

43. Finley PJ, Huckfeldt RE, Walker KD, et al. Silver dressings improve diabetic wound healing without reducing
bioburden. Wounds 2013; 25: 293-301.
44. Agarwal PK, Singh A, Gaurav K, et al. Evaluation of
wound healing activity of extracts of plantain banana
(Musa sapientum var. paradisiaca) in rats. Indian J Exp
Biol 2009; 47: 32-40.
45. Tsuchiya H, Sato M, Miyazaki T, et al. Comparative study
on the antibacterial activity of phytochemical flavanones against methicillin-resistant Staphylococcus aureus. J Ethnopharmacol 1996; 50: 27-34.
46. Kumar M, Gautam MK, Singh A, et al. Healing effects of
Musa sapientum var. paradisiaca in diabetic rats with
co-occurring gastric ulcer: cytokines and growth factor
by PCR amplification. BMC Complement Altern Med
2013; 13: 305.

Arch Med Sci9

