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ABSTRACT
OBJECTIVE: Nerium oleander (Apocynaceae) and Aloe vera (Liliaceae) are among the widely used herbal rem-
edies for treating skin diseases and possess numerous activities such as antibacterial, antiviral, antifungal, and 
antioxidant. The aim of this study was to investigate the possible wound healing effect of Aloev era-based extract 
of the N. oleander leaf (NAE-8®) based on its antioxidant, anti-inflammatory, and DNA repair capacity along with 
histological changes and to compare them with the traditional silver sulfadiazine treatment (SSD).

METHODS: Twenty-four Wistar albino rats were randomly grouped as follows: i) control, ii) burn alone  (burn), iii) 
burn with topical NAE-8® (burn+NAE-8®) treatment, and iv) burn with topical 1% silver sulfadiazine (burn+SSD) 
treatment. All groups received their related topical application twice a day for 14 consecutive days. Upon comple-
tion of the experimental protocol, trunk blood and skin tissues were collected for measuring malondialdehyde 
(MDA), glutathione (GSH), myeloperoxidase (MPO), tumor necrosis factor alpha (TNF-α), interleukin-1β (IL-1β), 
%DNA in the tail (%DNAT) levels along with histological examinations.

RESULTS: Thermal injury-induced alterations in MDA, GSH, MPO, TNF-α, IL-1β, and %DNAT levels were signifi-
cantly reversed by NAE-8® treatment. These ameliorative effects were also supported by histological findings.

CONCLUSION: Findings of the present study suggest that NAE-8® is a promising remedy for treating skin burn 
injury. 
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Evaluation of the wound healing potential of 
Aloe vera-based extract of Nerium oleander

Experimental   PHARMACY

Burn injuries constitute an important public 
health problem inducing numerous poten-

tially fatal complications, including shock, anemia, 
electrolyte imbalances, renal failure, and metabolic 
disturbances [1, 2]. Initial responses to thermal in-
jury are denaturation of proteins and destruction 

of membrane integrity followed by activation of 
the inflammatory cascade, alterations in the cyto-
kine milieu by rapid release of various cytokines 
such as tumor necrosis factor alpha (TNF-α) and 
interleukins (IL), and secretion of reactive oxygen 
species (ROS) [2–4]. Oxidative stress emerging 



from tremendous production of ROS is among 
the most important mechanisms responsible for 
local and distant pathophysiological events dur-
ing burn progression [5]. Recent evidences suggest 
that overproduced ROS triggers lipid, membrane, 
nucleic acid, and protein damages leading to lipid 
peroxidation, double-strand DNA breaks (DSB), 
and single-strand DNA breaks (SSB) along with 
apoptosis [6–8]. Tissue injury after thermal trau-
ma is associated with elevated ROS levels in addi-
tion to effects of activated neutrophils and macro-
phages creating the need for wound treatment with 
agents that possess anti-inflammatory or antioxi-
dant [9].
Nitrofurazone [10], silver sulfadiazine [11], and 
many other remedies have been utilized in burn 
control and treatment. Phytomedicines to cure 
burns are brought into the medical forefront dur-
ing the last decades. Although herbal products are 
extensively preferred and have become more widely 
available commercially, modern scientific methods 
and clinical trials are needed for confirming claims 
about their therapeutic effects. 

Nerium oleander (synonym N. indicum Mill) is 
a well-known evergreen flowering shrub belonging 
to the Apocynaceae family and numerous activities 
including antibacterial, antiviral, antifungal, anti-
inflammatory, and antioxidant [12, 13] have been 
attributed to the presence of alkaloids, flavonoids, 
phenolics, and glycosides in different parts of the 
plant [14]. Aloe vera, with its use in dermatologi-
cal disorders, has an important role in traditional 
and contemporary medicine because of the occur-
rence of various biologically active compounds 
such as flavonoids, saponin, amino acids, vitamins, 
and minerals [13–15]. On the basis of above-men-
tioned knowledge, the present study was under-
taken to evaluate the ameliorative effect of an Aloe 
vera-based extract of the N. oleander leaf (NAE-
8®) on wound healing in a burn induced rat model  
and to compare the treatment efficacy with that 
of silver sulfadiazine (SSD), a widely used human 
medicinal product in burn treatment. For this pur-
pose, rats  were randomly allocated to four groups 
consisting of six rats in each group: i) control, ii) 
burn alone (burn), iii) burn with topical NAE-
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8® treatment (burn+NAE-8®), and iv) burn with 
topical 1% SSD treatment (burn+SSD). After 
completion of the experimental protocol, the skin 
tissue and blood samples were used for conducting 
certain biochemical and genotoxicity assays along 
with histological stainings.

MATERIALS AND METHODS

Chemicals and reagents
All chemicals were purchased from Sigma-Aldrich 
Co. (St Louis, MO, USA), Bio-Optica (Milano, 
Italy). or E. Merck Co. (Darmstadt, Germany). 
TNF-α and IL-1β enzyme-linked immunosor-
bent assay (ELISA) kits were purchased from 
eBiosience, Bender MedSystems GmbH (Vien-
na, Austria). Silverdin® (1% SSD ointment) was 
bought from Deva Holding Drug Company (Is-
tanbul, Turkey). NAE-8® was obtained from Ner-
ium Biotechnology Inc (San Antonio, TX, USA).

Animals 
Twenty-four Wistar albino rats weighing 200–
250 g were obtained from Marmara University 
School of Medicine Animal House. The rats were 
housed in individual cages at a constant tempera-
ture (20°C±2°C) with a 12 h light–dark cycle 
and were fed with a standard rat chow and water 
ad libitum throughout the study. Ethics commit-
tee approval for all procedures was received from 
the Animal Care and Use Committee of Marmara 
University School of Medicine, Istanbul, Turkey 
(Approval ID: 63.2015.mar, Approval Date: 6 
November 2015). 

Experimental design
The dorsal part of each rat was shaved using an 
electric razor under brief ether anesthesia. The 
animals were anesthetized with ketamine (80 mg/
kg, ip) and xilazyne (10 mg/kg, ip) prior to ther-
mal injury. The shaved back of each animal was 
immersed in water at 90°C for 10 s to produce a 
partial-thickness second degree burn injury cover-
ing 30% of the total body surface area, whereas an-
imals in the control group were immersed in 25°C 



water and resuscitation was achieved by subcuta-
neous injection of 10 ml/kg physiological saline. 
All groups received the respective topical applica-
tion of NAE-8®, 1% SSD, or physiological saline 
at a dose of 2 ml/kg/day; 2 g/kg/day, or 2 ml/kg/
day, respectively, twice a day for 14 consecutive 
days. At the end of the experiment, animals were 
euthanized by decapitation followed by the collec-
tion of trunk blood used for TNF-α, IL-1β, and 
%DNAT measurement. Skin tissue samples were 
kept at −20°C for biochemical assays, whereas the 
samples for histological examination were stored 
in 10% neutral buffered formalin at room temper-
ature (25 °C).

Malondialdehyde and glutathione levels  
Skin tissue samples were homogenized (w/v 10%) 
in 10% trichloroacetic acid and centrifuged at 
3000 rpm at 4°C for 15 min. The supernatants 
obtained were used for determining malondialde-
hyde (MDA) and glutathione (GSH) levels. MDA 
levels were examined by monitoring the reaction 
between same volume of trichloroacetic acid and 
supernatant at 100°C [16]. Absorbance was mea-
sured at 532 nm, and the results are expressed as 
nmol MDA/g tissue. GSH levels were determined 
using a modification of the Ellman procedure [17] 
by measuring the absorbance at 412 nm, and the 
results are expressed as µmol GSH/g tissue.

Myeloperoxidase activity  
Myeloperoxidase (MPO) activity was measured 
via a MPO-dependent reaction of o-dianisidine 
and hydrogen peroxide at 460 nm using a similar 
procedure as reported by Hillegass et al. [18] and 
the results are expressed as U/g tissue.

Cytokine assays  
Serum TNF-α and IL-1β levels were assayed in 
duplicates using the commercial ELISA kits, and 
the results are expressed as pg/ml.

Single-cell gel electrophoresis (Comet assay)  
The alkaline comet assay was performed using on 

a modified procedure of that used by Singh et al. 
[19]. Each slide was blindly viewed by one slide 
reader under a fluorescence microscope (Olym-
pus-BX51, Olympus Corporation, Tokyo, Ja-
pan) equipped with an excitation filter of 546 nm 
and a barrier filter of 590 nm. The percentage of 
DNA in the tail (%DNAT) was taken as a mea-
sure of DNA-break frequency by scoring 100 cells 
per sample using image analysis software (BAB 
Bs200Pro Image Processing and Analysis System 
of BAB Muh., Ankara, Turkey). 

Histological examination  
The excised skin stored in 10% neutral buffered 
formalin solution was dehydrated in ascending 
alcohol series, cleared in xylene, and embedded in 
paraffin. Paraffin sections (3 µm thick) were cut, 
deparaffinized, and stained with hematoxylin and 
eosin (H&E) or Gomori’s one step trichrome. All 
sections were blindly examined and photographed 
under a light microscope (Olympus-CX41RF, 
Olympus Corporation, Tokyo, Japan) by an ex-
perienced histologist. Congestion, necrosis, in-
flammatory cell infiltration, fibroblast prolifera-
tion, epithelization, and angiogenesis were scored 
semiquantitatively and ranked as none, slight, and 
moderate, as reported by Kwansang et al. [20].

Statistics  
Statistical analyses were performed using the 
GraphPad InStat (GraphPad Software, San Di-
ego, CA) program. All results are provided as 
means±standard error of mean; groups of data 
were compared using one-way analysis of vari-
ance (one-way ANOVA) followed by Tukey’s 
multiple comparison tests. Values of p <0.05 were 
considered as significant.

RESULTS 

The effect of NAE-8® on investigated parameters in 
each group is presented in Table 1. NAE-8® treat-
ment significantly reduced the elevated MDA level 
in the burn+NAE-8® group (47.07±12.71 nmol/g; 
p<0.001) compared with that in the burn group 
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(185.38±17.55 nmol/g) . Compared with the burn 
group, similar positive effects were also observed for 
skin GSH levels in the burn+NAE-8® (p<0.001) 
and burn+SSD groups (p<0.05).

The significant elevation in MPO activity in 
the burn group (3.94±0.71 U/g; p<0.001) com-
pared with that in the control group (0.77±0.12 
U/g) was abolished by NAE-8® (1.58±0.08 U/g) 
and SSD treatments (2.81±0.61 U/g), and only 
the burn+NAE-8® group showed a statistically sig-
nificant difference compared with the burn group 
(p<0.01). 

Serum TNF-α and IL-1β levels were re-
duced by both NAE-8® and SSD treatment in the 
burn+NAE-8® and burn+SSD groups, respectively, 
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compared with those in the burn group, as demon-
strated in Table 1.

A significant (p<0.001) increase the mean 
%DNAT was observed in the burn group 
(30.25±0.73) compared with that in the control 
group (25.42±0.25). Treatment with NAE-8® and 
SSD significantly reduced the increase in the mean 
%DNAT triggered by burn injury, and the images of 
comets are shown in Figure 1.

Histological analysis revealed that skin sections 
from the control group showed regular tissue char-
acteristics with intact sebaceous glands, hair follicles, 
and dermal collagen (Fig. 2A, E). Burn trauma led 
to severe degeneration with epidermal detachment, 
scabs formation of the necrotic tissue remnants, va-

Group MDA GSH MPO TNF-α IL1-β %DNAT  

  (nmol/g tissue) (µmol/g tissue) (U/g tissue) (pg/mL) (pg/mL)

i) Control 15.23±1.74 3.29±0.26 0.77±0.12 25.33±2.94 30.17±3.95 25.42±0.25

ii) Burn 185.38±17.55*** 1.78±0.18*** 3.94±0.71*** 45.17±3.72*** 108.25±16.89*** 30.25±0.73***

iii) Burn+NAE-8® 47.07±12.71+++ 3.19±0.25+++ 1.58±0.08++ 30.00±2.85++ 49.50±4.46+++ 27.91±0.28++

iv) Burn+SSD 135.49±22.83 2.74±0.17+ 2.81±0.61 30.17±1.30++ 29.50±2.40+++ 25.28±0.19+++

Table 1. Effect of NAE-8® on MPO activity and MDA, GSH, IL-1β, TNF-α, and %DNAT levels

*** p < 0.001 compared to with the control group, +p<0.05, ++p< 0.01 and +++p<0.001 compared to with the burn group (n=6 rats per/group). Data 
are expressed as mean±standard error of mean.

GSH: Glutathione; IL-1β: Interleukin-1β; MDA: Malondialdehyde; MPO: Myeloperoxidase; NAE-8®: Aloe vera-based extract of Nerium oleander; TNF-α: 
Tumor necrosis factor; SSD: 1% silver sulphadiazinesulfadiazine; %DNAT: The percentages of DNA in tail.

Figure 1.  Images of comets from burn injury (A), NAE-8® treatment after burn injury (B), and SSD treatment after 
burn injury (C).
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socongestion, and edema. There were extensive in-
flammatory cell infiltrations and no hair follicles or 
sebaceous glands in the dermis, as demonstrated in 
Figure 2B, F. 

The burn+NAE-8® and burn+SSD groups re-
vealed remarkable healing with decreases in inflam-
matory cells and necrosis along with increases in 
fibroblast proliferation, angiogenesis, and re-epithe-

lization compared with that in the burn group, as ob-
served using the H&E-stained skin sections (Table 
2, Figure 2C, D vs B). 

Decreased inflammatory cells in the burn+SSD 
and burn+NAE-8® groups were also observable 
with the Gomori’s one step trichrome stain (Figure 
2G, H). SSD treatment triggered the re-epitheliza-
tion process and reduced necrosis in the burn+SSD 
group compared with that in the burn group. Light 
microscopic findings revealed that NAE-8® and SSD 
treatment have shown similar healing processes with 
clearly developed epidermis and regular collagen lev-
els.

DISCUSSION 

Burn injury produces a burst of free radicals that 
interact with various biomolecules, leading to the 
destruction of cellular components, inflammatory 
reactions, increased oxidative stress in the cells, and 
delay in healing [21, 22]. The effects of antioxidant 
treatment on burn injuries have been comprehen-
sively studied because antioxidants prevent the oxi-
dation of biomolecules by eliminating overproduced 
ROS, removing inflammation products, and fa-

Akgun et al., Evaluation of the wound healing potential of Aloe vera-based extract of Nerium oleander 209

Table 2. Histological scores in burn wounds of treated 
groups

Group (n=6) Burn Burn+NAE-8® Burn+SSD

Congestion ++ + ++

Necrosis +++ ++ ++

Inflammatory cell infiltration +++ ++ ++

Fibroblast proliferation ++ +++ +++

Epithelization + ++ ++

Angiogenesis ++ ++ ++

−: none; +: slight; ++: moderate; +++: marked.

NAE-8®: Aloe vera-based extract of Nerium oleander; SSD: 1% silver 
sulfadiazine.

Figure 2.  Histological evaluation of wound skin sections stained with hematoxylin and eosin (H&E) and Gomori’s one 
step trichrome (×100). Regular tissue with epidermis (arrow) and dermis (asterics) in the control group (A, E). Ne-
crotic area/ crust (asterics), inflammatory cell infiltration (arrow), and collagen (c) in the burn group (B, F). Necrotic 
area/crust (asterics), re-epithelization (arrow), and collagen (c) in the burn+SSD group (C, G). Re-epithelization (ar-
row) and angiogenesis (arrowhead) in the burn + NAE-8® group (D). Re-epithelization (arrow), collagen (c), and 
fibroblast proliferation (arrowhead) in the burn + NAE-8® group (H).

A B C
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cilitating a quicker wound healing process [22, 23]. 
Lipid peroxidation, which is considered to be one 
of the most deleterious events occurring secondary 
to burn injury with excessive expression of MDA 
[24], has been seen in the burn group along with 
depletion of GSH stores [25]. NAE-8® treatment 
reversed these parameters, indicating that NAE-8® 
reduces lipid peroxidation and supports the main-
tenance of cellular integrity as a potent antioxidant. 
Similarly, Benson et al. [13] recently showed the 
protective effect of NAE-8® on intracellular reduced 
GSH stores in a study performed using human pri-
mary dermal fibroblasts. Various studies have also 
demonstrated the amendatory effect of Nerium 
on GSH and MDA because of its beneficial effect 
against lipid peroxidation [26, 27]. Consequently, 
the findings of the present study supported the an-
ticipated antioxidant activity of NAE-8® probably 
because of the contribution of well-known effects 
of each ingredient.

Severe burn injury represents a pathophysi-
ological condition in which activated neutrophils 
and macrophages produce increased levels of proin-
flammatory mediators, such as TNF-α and IL-1β, 
contributing to cellular injury [25–28]. The tradi-
tionally known anti-inflammatory activity of N. ole-
ander [27] has recently been confirmed by Dey and 
Chaudhuri in a study with murine splenic lympho-
cytes [29]. Besides, the anti-inflammatory activity of 
NAE-8® accompanying the induction of certain cy-
tokines in dermal fibroblasts of relevance to wound 
healing was demonstrated by recent reports [13, 30]. 
Our findings, which are consistent with those of pre-
vious reports , accentuated the significant downregu-
lation of burn-related increases in TNF-α and IL-
1β expressions by NAE-8® treatment. In addition 
to abnormal cytokine levels, burn-related significant 
increases in MPO activity was reduced by NAE-8® 
treatment, referring to its inhibitory effect of tissue 
neutrophil infiltration.

DNA damage including SSB, DSB, apurinic/
apyrimidinic site, and strand fragmentation can oc-
cur when the balance between endogenous oxidants 
and antioxidant defenses is impaired because of 
burn injury [31]. Furthermore, the relation between 
DNA strand breaks and heat has been previously 
investigated even though the underlying mechanism 

has not yet been clarified [32–34]. The evaluation of 
heat-induced production of DSBs was performed by 
comet assay [35]. The present study is, to the best 
of our knowledge, the first in vivo study examining 
combined effects of N. oleander and Aloe vera on 
thermal injury-induced genotoxicity by comet assay. 
DNA damage was escalated by burn injury as evi-
denced by the significantly increased %DNAT in the 
burn group. This elevation was reduced by NAE-8® 
treatment, which might be considered as a sign of its 
DNA repair capacity.

Regeneration of the epidermis, reduction in infil-
trated cell levels, the role of fibroblasts and endothe-
lial cells in repairing the dermis, and reinforcement of 
capillary growth and collagen development was pre-
viously underlined [36]. A study by Rout et al. [37] 
revealed that N. oleander extract has a remarkable 
wound healing activity in rats, most probably due to 
its antimicrobial and antioxidant activities. The en-
hancing effect of Aloe vera to collagen levels provid-
ing strength and integrity to the tissue matrix and 
playing an important role in hemeostasis along with 
epithelialization were also previously reported [15, 
38]. In accordance with the prior studies, the present 
study revealed clearly developed epithelization after 
NAE-8® treatment along with irrefutable reductions 
in the extent of necrosis and inflammatory cell in-
filtration. Furthermore, NAE-8® treatment strongly 
induced migration of fibroblasts which produce ma-
trix proteins, fibronectin, proteoglycan, hyaluronan, 
and collagens for wound repair [20].

In conclusion, analyzed data presented here with 
enhanced antioxidant and anti-inflammatory effects, 
DNA repair capacity, and histological findings sug-
gest that NAE-8® is a new therapeutic remedy in 
skin care to manage burn wound, which offers a sci-
entific reinforcement for future studies.
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