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Objective: The goal for this study was to evaluate the effects of an Aloe vera-based Nerium 

oleander extract (NAE-8®), compared to an extract of A. vera gel alone (ALOE), and to an aque-

ous extract of N. oleander (AQ-NOE) in bioassays pertaining to dermatologic potential with 

respect to antioxidant protection, anti-inflammatory effects, and cytokine profiles in vitro.

Methods: Cellular antioxidant protection was evaluated in three separate bioassays: The cel-

lular antioxidant protection of erythrocytes (CAP-e) assay, protection of cellular viability and 

prevention of apoptosis, and protection of intracellular reduced glutathione levels, where the last 

two assays were performed using human primary dermal fibroblasts. Reduction of intracellular 

formation of reactive oxygen species (ROS) was tested using polymorphonuclear cells in the 

absence and presence of oxidative stress. Changes to cytokine and chemokine profiles when 

whole blood cells and human primary dermal fibroblasts were exposed to test products were 

determined using a 40-plex Luminex array as a method for exploring the potential cross-talk 

between circulating and skin-resident cells.

Results: The NAE-8® provided significantly better antioxidant protection in the CAP-e bioas-

say than AQ-NOE. NAE-8® and AQ-NOE both protected cellular viability and intracellular 

reduced glutathione, and reduced the ROS formation significantly when compared to control 

cells, both under inflamed and neutral culture conditions. ALOE showed minimal effect in these 

bioassays. In contrast to the NAE-8®, the AQ-NOE showed induction of inflammation in the 

whole blood cultures, as evidenced by the high induction of CD69 expression and secretion of 

a number of inflammatory cytokines. The treatment of dermal fibroblasts with NAE-8® resulted 

in selective secretion of cytokines involved in collagen and hyaluronan production as well as 

re-epithelialization during wound healing.

Conclusion: NAE-8®, a novel component of a commercial cosmetic product, showed beneficial 

antioxidant protection in several cellular models, without the induction of leukocyte activation 

and secretion of inflammatory cytokines. The biological efficacy of NAE-8® was unique from 

both ALOE and AQ-NOE.
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Introduction
Historical use as well as recent clinical and laboratory studies have identified the 

benefits of a number of natural ingredients for skin care. Consequently, a number 

of these plant components and extracts are being developed today not only for their 

“anti-aging” effects but also for a number of dermatologic disorders as well. Among 

the most well-known plants with regard to skin care is Aloe vera. This plant has been 

used for centuries with both internal as well as topical applications for a wide variety 

of therapeutic properties which include antibacterial, antifungal, antioxidative, and 
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antiviral activities.1–4 In recent years, A. vera Linnaeus has 

become a subject of interest because of its beneficial effects 

on human health. This plant belongs to the family Liliaceae, 

is a perennial herb with 30–60 cm long juicy leaves, and is 

found growing in temperate climates in many parts of the 

world. To date, more than 75 active ingredients including 

aloesin, aloeemodin, acemannan, aloeride, methylchromones, 

flavonoids, saponin, amino acids, vitamins, and minerals 

have been identified from the inner gel of leaves. It has anti-

inflammatory, antioxidant, antimicrobial, anticancer, antidi-

abetic, immuneboosting, and hypoglycemic properties. Daily 

supplementation with this gel material has been reported to 

be effective against stroke, heart attacks, leukemia, anemia, 

hypertension, AIDS, radiation burns, and digestive disorders, 

as well as serving as a beneficial component in cosmetic 

products.5

The plant Nerium oleander (synonym N. indicum Mill, 

and N. odorum Aiton) belongs to the Dogbane family 

Apocynaceae. It is an evergreen shrub or small tree typi-

cally growing to 2–6 m in height, and is cultivated all over 

the world, particularly in temperate climates. Leaves are in 

pairs of three or whorled, very green, leathery, and are nar-

rowly elliptic to linear entire. Flowers grow in clusters in 

terminal branches, each 2.5–5 cm, funnel-shaped with five 

lobes, fragrant, and show various colors from pink to red, 

white, peach, and yellow. Its ethnomedicinal uses include 

treatment of diverse ailments such as heart failure, asthma, 

corns, cancer, diabetes, and epilepsy.6–8 Less well appreci-

ated are the skin care benefits of extracts of N. oleander that 

include antibacterial, antiviral, immune, and even antitumor 

properties associated with topical use.9–13

Despite the traditional use of N. oleander in skin care, 

combined with recent findings on beneficial mechanisms 

of action, some controversy surrounds the perception of 

the safety of the use of N. oleander for topical use. By far, 

most of the toxicity associated with the generic term “ole-

ander” is due to use and abuse of what is known as yellow 

oleander or Thevetia peruviana, an entirely different plant 

than N. oleander.14,15 Yellow oleander has its own unique 

cardiac glycoside content that includes compounds such 

as thevetia. In contrast, while N. oleander contains cardiac 

glycosides such as oleandrin, reports to the USA Poison 

Control Center database have indicated extremely rare seri-

ous adverse events associated with this specific plant. Lin 

et al13 and Newman et al16 have shown that while oleandrin 

is a potent inhibitor of human malignant melanocyte prolif-

eration, it is not toxic to normal human cells. In fact, it has 

been shown that many types of human malignant cells, but 

not normal human cells, are growth inhibited by extracts of 

N. oleander.13 This information has, in fact, led two compa-

nies (Phoenix Biotechnology, Inc and Nerium Biotechnology, 

Inc) to explore the use of different extracts of N. oleander 

for anticancer activity. Beyond the content of cardiac gly-

cosides, it is now recognized that N. oleander also contains 

many components already commonly used today in skin 

care products. These include, for example, the triterpenoid 

compounds oleanolic and ursolic acid.10–12,17–21

While no single skin care product can truly be said to 

be anti-aging, there are normal aging-associated activities 

that are well documented to be accelerated by overexposure 

to sunlight (ultraviolet [UV] damage), free radicals, inflam-

mation, and other mediators of dermal stress that do indeed 

accelerate the aging process with associated wrinkles and 

under-hydration of skin tissue. Thus, the goal of skin care 

health often includes support of basement membrane con-

nective tissue and anti-oxidative support, as well as anti-

inflammatory and hydration measures, all of which are cited 

as beneficial anti-aging measures of dermal health.22

The present study was aimed at investigating the relative 

safety and skin health benefits of a novel A. vera gel-based 

extract of N. oleander (NAE-8®), which was designed to offer 

beneficial skin health benefits based on components of both 

plants. In the current study, the relative skin health benefits of 

both A. vera and N. oleander extracts were compared to the 

novel use of A. vera gel (ALOE) in order to extract beneficial 

molecules associated with skin health from N. oleander.

Materials and methods
Reagents
The following reagents were purchased from Sigma-Aldrich 

Co (Saint Louis, MO, USA): phosphate-buffered saline (PBS), 

Roswell Park Memorial Institute (RPMI)-1640 medium, 

penicillin-streptomycin 100X, lipopolysaccharide, 0.25% 

trypsin-ethylenediaminetetraacetic acid (EDTA), hydrogen 

peroxide, Histopaque®-1077, and Histopaque®-1119. The 

following reagents were purchased from Thermo Fisher Sci-

entific (Waltham, MA, USA): dichlorofluorescein diacetate 

(DCF-DA), ThiolTracker™ Violet, Cal-Lyse™ whole blood 

lysing solution, and CellEvent™ Caspase-3/7 green flow 

cytometry assay kit. CD69 fluorescein isothiocyanate and 

heparin vacutainer tubes were purchased from BD (Franklin 

Lakes, NJ, USA). Human adult dermal fibroblasts and DF-1 

fibroblast medium were purchased from Zen-Bio (Durham, 

NC, USA). The Bio-Plex Pro™ Human Chemokine Panel, 

40-Plex was purchased from Bio-Rad Laboratories  Inc 

(Hercules, CA, USA). 2,2′-Azobis(2-amidinopropane) 
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dihydrochloride (AAPH) was purchased from Pure Chemical 

Industries, Ltd (Osaka, Japan).

Botanical extracts
An A. vera-based N. oleander extract (NAE-8®) and an aque-

ous-based N. oleander extract (AQ-NOE) were provided by 

Nerium Biotechnology, Inc (San Antonio, TX, USA). Aloe 

mucilage liquid from Aloe barbadensis served as a control 

and was prepared as described in US Patent No 4,957,907.23 

The ALOE was obtained from the same lot as that used to 

perform the Aloe-based extraction of active compounds 

from the N. oleander leaves. Briefly, the ALOE was mixed 

with milled, dried leaves from N. oleander plants (9:1, 

volume:weight). The mixture was then heated with agitation 

and the resulting extract filtered. Details of the extraction 

procedure are given in the issued US patent 8,524,286.24 

The specific concentration of oleandrin in the final NAE-8® 

extract was carefully monitored using state-of-the-art liquid 

chromatography–mass spectrometry equipment (Analytical 

Food Laboratories, Grand Prairie, TX, USA). This was done 

in order to assure extract quality and consistency from each 

and every extract. All further dilutions of extracts were 

performed using PBS as the diluent.

Folin–Ciocalteu antioxidant assay
The Folin–Ciocalteu assay (also known as the total phenolics 

assay) was used to examine the relative antioxidant capacity 

of the test products.25 This assay measured antioxidants using 

the Folin–Ciocalteu reagent. The Folin–Ciocalteu reagent 

was added to serial dilutions of products, which were then 

thoroughly mixed and kept at room temperature for 5 minutes. 

Next, color was produced by adding sodium carbonate, and 

the reaction was allowed to continue for 30 minutes at 37°C. 

Optical density was measured with a colorimetric plate reader 

set to an optical absorbance of 765 nm. The data was reported 

in gallic acid equivalents per mL of product, with gallic acid 

used as a reference standard.

Isolation of polymorphonuclear  
cells and erythrocytes
Upon written informed consent from subjects, and as 

approved by the Sky Lakes Medical Center Institutional 

Review Board (Federalwide Assurance 2603) for ethical 

standards, peripheral blood was drawn from healthy human 

donors into heparinized vacutainer tubes. Blood was lay-

ered onto a double gradient of Histopaque with densities 

of 1.119 and 1.077 g/L and centrifuged at 500× g for 25 

minutes. Polymorphonuclear (PMN) cells and erythrocyte 

layers were harvested separately and cells washed with PBS, 

followed by centrifugation at 500× g for 10 minutes. PMN 

cells were washed twice and erythrocytes four times prior 

to use in assays.

CAP-e bioassay
In the cellular antioxidant protection of erythrocytes (CAP-e) 

assay, human erythrocytes were exposed to serial dilutions 

of test products in physiological saline for 20 minutes.26 Any 

antioxidant compounds able to cross the cell membrane could 

enter the interior of the cells during the incubation period. 

Following the exposure to products, erythrocytes were 

washed twice with PBS to remove any compounds that were 

not absorbed by the cells. Erythrocytes were then loaded with 

the indicator dye DCF-DA that becomes fluorescent when 

oxidized, and the peroxyl free radical generator AAPH added 

to trigger oxidation. Relative fluorescence intensity was 

measured at 488 nm using a Tecan Spectrafluor plate reader 

(Tecan, Männedorf, Switzerland). The baseline was defined 

by the low fluorescence intensity of the untreated control 

cells (cells treated with PBS but no test product or AAPH). 

The positive control was defined by erythrocytes exposed 

to AAPH alone resulting in maximum oxidative damage. 

When a reduction of fluorescence intensity was observed 

in erythrocytes exposed to a test product prior to exposure 

to AAPH, it was indicative of a test product that contained 

antioxidants able to penetrate the cells and thus protect them 

from oxidative damage.

Apoptosis in human primary  
dermal fibroblasts
H

2
O

2
 was added to primary dermal fibroblasts to trigger oxi-

dative stress-induced apoptosis, and to assess whether the pre-

treatment of dermal fibroblasts with test product was able to 

protect the viability of cells when exposed to oxidative stress. 

Human dermal fibroblasts were cultured to approximately 

80% confluence. Cells were then exposed to products for 

30 minutes, products removed, and cells treated with 1 mM 

H
2
O

2
 for 1 hour. H

2
O

2
 was removed and the cells trypsinized 

and stained with CellEvent™ Caspase-3/7 Green Flow 

Cytometry Assay kit (Thermo Fisher Scientific) and acquired 

by flow cytometry using an Attune® acoustic focusing cytom-

eter. Data was analyzed for either the absence (viable cells) or 

presence (apoptotic cells) of activated Caspase-3/7, indicated 

by green fluorescence. Testing was performed where each 

testing condition (negative, positive controls, and each serial 

dilution of test product) was conducted in duplicate. Negative 

controls consisted of cells not exposed to test products or 
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H
2
O

2
, and positive controls consisted of cells exposed to H

2
O

2
 

in the absence of test products.

Intracellular glutathione levels in human 
primary dermal fibroblasts
ThiolTracker™ Violet is a bright and robust intracellular thiol 

probe for reproducible detection of intracellular levels of 

reduced glutathione.27 Since reduced glutathione represents the 

majority of intracellular free thiols in the cell, ThiolTracker™ 

Violet can be used to estimate the cellular level of reduced 

glutathione by flow cytometry. In the current study, human 

dermal fibroblasts were cultured to approximately 80% conflu-

ence, at which time cells were treated with test products for 

30 minutes. Test products were removed and oxidative stress 

conditions induced by H
2
O

2
 treatment (1 mM for 1 hour). Pilot 

work determined that a 1-hour treatment with H
2
O

2
 resulted 

in a 40%–50% reduction in intracellular reduced glutathione 

levels. Following treatment with H
2
O

2
, cells were stained 

with ThiolTracker™ Violet, detached by trypsinization, and 

acquired by flow cytometry using an Attune® acoustic focus-

ing cytometer. Data were analyzed for changes in fluorescence 

intensity, which reflects the reduced glutathione level in the 

cells. Negative controls consisted of cells not exposed to test 

products or H
2
O

2
, and positive controls consisted of cells 

exposed to H
2
O

2
 in the absence of test products.

PMN cell production  
of reactive oxygen species
Human PMN cells were used for testing effects of a product 

on reactive oxygen species (ROS) formation.28 Freshly puri-

fied human PMN cells were exposed to serial dilutions of 

the test products. Cells were then washed and loaded with 

the indicator dye DCF-DA, which turns fluorescent upon 

exposure to ROS. Formation of ROS was triggered by addi-

tion of H
2
O

2
 (2 mM for 45 minutes). Cells were washed, 

transferred to cold RPMI-1640 medium, and stored in the 

dark on ice. Fluorescence intensity was evaluated by flow 

cytometry using an Attune® acoustic focusing cytometer. The 

low fluorescence intensity of untreated control cells served as 

a baseline and PMN cells treated with H
2
O

2
 alone served as 

a positive control. The testing was performed on PMN cells 

from three different healthy donors.

Expression of CD69 on leukocyte subsets
Peripheral whole blood was drawn from three human donors 

and used to establish cultures where 40 mL of blood was 

combined with 140 mL of RPMI-1640 medium containing 

1× penicillin/streptomycin. Serial dilutions of products or 

lipopolysaccharides (10 ng/mL) were added to cultures in a 

volume of 20 mL and cultures incubated at 37°C, 5% CO
2
 for 

24 hours. Each condition was assayed in triplicate. Untreated 

controls consisted of cells exposed to PBS in the absence of 

test products. After 24 hours, blood cells were isolated from 

each culture well and stained for 15 minutes with 10 mL of 

CD69-fluorescein isothiocyanate monoclonal antibody. Cells 

were then fixed and red blood cells lysed using Cal-Lyse™ 

whole blood lysing solution, following manufacturer’s instruc-

tions. Flow cytometry was performed with an Attune acoustic 

focusing flow cytometer. Data analysis utilized gating on the 

forward/side scatter to evaluate CD69 expression on lympho-

cyte, monocyte/macrophage and PMN cell subsets.

Cytokine profiles from whole blood 
cultures and dermal fibroblast cultures
Supernatants were harvested from human whole blood (three 

donors) and dermal fibroblast 24-hour cultures, and concentra-

tions of 40 cytokines and chemokines were analyzed. IL-1β, 

IL-2, IL-4, IL-6, IL-8 (CXCL8), IL-10, IL-16, interferon 

γ (IFN-g), tumor necrosis factor α (TNF-α), macrophage 

migration inhibitory factor (MIF), granulocyte-macrophage 

colony-stimulating factor (GM-CSF), I-309 (CCL1), eotaxin 

(CCL11), eotaxin-2 (CCL24), eotaxin-3 (CCL26), macrophage 

inflammatory protein 1α (MIP-1α) (CCL3), MIP-3α (CCL20), 

MIP-3β (CCL19), MCP-1 (CCL2), MCP-2 (CCL8), MCP-3 

(CCL7), MCP-4 (CCL13), MIP-5 (CCL15), TARC (CCL17), 

6Ckine (CCL21), MDC (CCL22), MPIF-1 (CCL23), TECK 

(CCL25), CTACK (CCL27), Gro-α (CXCL1), Gro-β (CXCL2), 

ENA-78 (CXCL5), GCP-2 (CXCL6), MIG (CXCL9), IP-10 

(CXCL10), I-TAC (CXCL11), SDF-1α (CXCL12), BCA-1 

(CXCL13), SCYB16 (CXCL16), and fractalkine (CX3CL1) 

were quantified using Bio-Plex protein arrays (Bio-Rad 

Laboratories Inc) and utilizing xMAP® technology (Luminex, 

Austin, TX, USA).

Statistical analysis
Averages and standard deviations for each data set were cal-

culated using Microsoft Excel. Statistical analysis of in vitro 

data was performed using the two-tailed, dependent t-test. 

Statistical significance was designated as P,0.05, and a high 

level of significance was designated as P,0.01.

Results
Antioxidant capacity
The antioxidant capacity of the two N. oleander extracts were 

compared in the Folin–Ciocalteu assay, and ALOE was included 

as a control. The antioxidant capacity of the NAE-8® extract 
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was stronger than the AQ-NOE, and the ALOE only contributed 

minimally to this effect (Figure 1). The difference in antioxidant 

capacity between the two extracts was statistically significant 

across the concentration range of 3–25 mL/L.

Cellular antioxidant protection
The relative cellular antioxidant protection was tested in the 

CAP-e bioassay that uses human erythrocytes as a cellular 

model for cellular antioxidant uptake and protection from free 

radical damage. The importance of the erythrocyte model is 

that this cell type does not produce free radicals as part of 

intercellular communication or apoptosis.26 Therefore, when 

reduced intracellular oxidative stress is seen in the presence 

of a test product, the data can be conclusively interpreted, as 

in the current study: the test product contained antioxidants 

capable of entering and protecting the cells. Using this model, 

the NAE-8® provided a significantly better cellular anti-

oxidant protection than the AQ-NOE across a concentration 

range of 1–33 mL/L (Figure 2). The ALOE did not contribute 

to this effect; in contrast, the ALOE increased the cellular 

oxidative stress at the highest concentration tested. Therefore, 

it can be concluded that the antioxidants in NAE-8® capable 

of entering and protecting cells from oxidative stress were 

not derived from the ALOE.

Protection of dermal fibroblasts  
from apoptosis
Pretreatment of dermal fibroblasts for 30 minutes with serial 

dilutions of NAE-8® and AQ-NOE extracts protected cells from 
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Figure 1 The concentration-dependent antioxidant capacity for the Aloe vera-based 
Nerium oleander extract (NAE-8®) and the aqueous N. oleander extract (AQ-NOE) are 
shown as gallic acid equivalents (GAE). The very minor antioxidant capacity of Aloe 
gel alone (ALOE) is shown as a control, since NAE-8® is extracted using this gel in the 
process. The antioxidant capacity of NAE-8® was higher than that of AQ-NOE.
Notes: Levels of significance of data sets when comparing matching concentrations 
of NAE-8® to the AQ-NOE are indicated by asterisks. Significance P,0.05 is 
indicated by *, and a high level of significance P,0.01 is indicated by **. Samples 
were assayed in duplicate. Data are presented as the mean ± SD.
Abbreviation: SD, standard deviation.
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Figure 2 The cellular antioxidant protection provided in the CAP-e assay by the Aloe 
vera-based Nerium oleander extract (NAE-8®) and the aqueous N. oleander extract 
(AQ-NOE) is shown as percent (%) inhibition of intracellular oxidative damage. The 
cellular antioxidant protection of Aloe vera gel alone (ALOE) is shown as a control, 
since NAE-8® is extracted using this material in the process. The antioxidant capacity 
of NAE-8® was higher than that of AQ-NOE. ALOE did not contribute to this 
protective effect, demonstrating that the compounds in NAE-8® capable of entering 
into and protecting cells from oxidative damage were not derived from Aloe.
Notes: Levels of significance of data sets when comparing matching concentrations 
of the NAE-8® to the AQ-NOE are indicated by asterisks: significance P,0.05 is 
indicated by *, and a high level of significance P,0.01 is indicated by **. Samples were 
assayed in duplicate. Data are presented as the mean ± SD.
Abbreviations: SD, standard deviation; CAP-e, cellular antioxidant protection of 
erythrocytes.

apoptosis following a 1-hour exposure to H
2
O

2
 (Figure 3). The 

three highest concentrations of NAE-8® and AQ-NOE resulted 

in 35%–55% higher viability than dermal fibroblasts that were 

not pretreated with products prior to exposure to H
2
O

2
.

Protection of intracellular  
glutathione stores
Pretreatment of dermal fibroblasts for 30 minutes with serial 

dilutions of NAE-8® and AQ-NOE extracts protected cells 
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Figure 3 The viability of dermal fibroblasts treated with H2O2 for 1 hour either alone 
or following a 30-minute incubation with test products. Results are represented as the % 
change compared to the H2O2 treated control. The three highest concentrations of both 
the aqueous Nerium oleander extract (AQ-NOE) and the Aloe vera-based N. oleander 
extract (NAE-8®) resulted in a 35%–55% protection from apoptosis. Conversely, 
pretreatment with serial dilutions of ALOE (aloe gel alone) did not lead to protection.
Notes: Significance P,0.05 is indicated by *, and a high level of significance P,0.01 is 
indicated by **. Samples were assayed in duplicate. The data are representative of two 
different experiments with similar results. Data are presented as the mean ± SD.
Abbreviation: SD, standard deviation.
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from oxidation of intracellular glutathione following a 1-hour 

exposure to H
2
O

2
 (Figure 4). Pretreatment of cells with the 

two highest concentrations of NAE-8® and the highest con-

centration of AQ-NOE resulted in a reduction in oxidation of 

intracellular glutathione following H
2
O

2
 treatment.

Inhibition of ROS production
An inflammatory response is typically associated with free 

radical formation via several different pathways, includ-

ing the formation of ROS by inflammatory cells such as 

PMN cells.29 In the present study, when ROS formation was 

induced by an inflammatory insult in PMN cells previously 

treated with the test products, a significant reduction in ROS 

formation was observed when compared to the level of ROS 

induction in untreated cells (Figure 5). In parallel, when 

PMN cells were exposed to test products in the absence of 

an inflammatory insult, both NAE-8®- and AQ-NOE-treated 

PMN cells showed a significant reduction of baseline ROS 

levels (Figure 6). The ALOE did not contribute to the anti-

inflammatory effects seen for similar concentration ranges 

of the NAE-8® extract.

Activation of leukocyte subsets
Treatment of whole blood cultures with lipopolysaccharide 

or the 0.2 mL/L dilution of AQ-NOE resulted in an increase 

in CD69 expression on lymphocytes, monocytes, and PMN 

cells from all three donors (Figure 7). The highest concentra-

tion of NAE-8® (0.2 mL/L) showed a slight increase in CD69 
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Figure 4 Intracellular reduced glutathione levels in dermal fibroblasts treated with H2O2 
for 1 hour either alone or following a 30-minute incubation with test products. Results 
are shown as the mean fluorescence intensity of the ThiolTracker™ Violet indicator 
dye divided by a factor of 1,000. The two highest concentrations of the Aloe vera-based 
Nerium oleander extract (NAE-8®) and the highest concentration of the ALOE (Aloe 
gel alone) and aqueous N. oleander extract (AQ-NOE) protected intracellular reduced 
glutathione levels in dermal fibroblasts exposed to oxidative stress.
Notes: Statistical significance was calculated by comparing to cells treated with 
H2O2 in the absence of test products, and is indicated by *P,0.05, and **P,0.01. 
Untreated (UT) cell cultures are shown as a control. Samples were assayed in 
duplicate. The data are representative of three different experiments. Data are 
presented as the mean ±SD.
Abbreviation: SD, standard deviation.
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Figure 5 The inflammation-induced intracellular formation of reactive oxygen 
species (ROS) in polymorphonuclear (PMN) cells is shown as the percent (%) 
change relative to untreated PMN cells. Samples were assayed in triplicate and 
the data shown are representative of three separate experiments using PMN cells 
from three different healthy adult donors. Both the Aloe vera-based Nerium oleander 
extract (NAE-8®) and the aqueous N. Oleander extract (AQ-NOE) inhibited ROS 
formation across a similar concentration range, and the inhibition at concentrations 
between 0.002–0.2 mL/L was statistically significant when compared to PMN cells 
not exposed to test product (*P,0.05, **P,0.01). At the concentration of 0.2 
mL/L, the NAE-8® performed significantly better than the AQ-NOE (*P,0.05). In 
comparison, Aloe gel alone (ALOE) did not contribute to this anti-inflammatory 
effect, suggesting that the compounds in NAE-8® responsible for the reduced ROS 
production were not derived from the A. vera used during extraction.
Note: Data are presented as the mean ± SD.
Abbreviations: SD, standard deviation; UT, untreated.
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Figure 6 The levels of intracellular formation of reactive oxygen species (ROS) in 
non-inflamed polymorphonuclear (PMN) cells (in the absence of induced oxidative 
stress) is shown as the percent (%) change, relative to untreated PMN cells. Samples 
were assayed in triplicate, and the data shown are representative of three similar 
experiments using PMN cells from three different healthy adult donors. Both the Aloe 
vera-based Nerium oleander extract (NAE-8®) and the aqueous N. Oleander extract (AQ-
NOE) inhibited ROS formation across a similar concentration range, and the inhibition 
at concentrations between 2–20 mL/L was statistically significant when compared to 
PMN cells not exposed to test product (*P,0.05, **P,0.01). In comparison, Aloe gel 
alone (ALOE) did not contribute to this anti-inflammatory effect, suggesting that the 
compounds in NAE-8® responsible for the reduced ROS production were not derived 
from the ALOE used during extraction, but were derived from N. oleander.
Note: Data are presented as the mean ± SD.
Abbreviations: SD, standard deviation; UT, untreated.

expression on monocytes, but this was significant for only 

one of the three donors.

Production of cytokines and chemokines 
in human whole blood cultures
Results of Luminex testing of 40 cytokines and chemokines 

on human whole blood cultures exposed to the 0.2 mL/L 
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dilution of products for 24 hours are shown in Table 1. Each 

value represents an average of the concentration (pg/mL) 

from the three donors. Treatment with AQ-NOE resulted 

in an increase in cytokine/chemokine concentrations in 

cultures. Treatment with ALOE resulted in mostly no change 

or decreases in cytokine/chemokine concentrations in 

cultures. Treatment with NAE-8® resulted in responses 

in cytokine/chemokine concentrations in cultures that were 

in between the responses seen with ALOE or AQ-NOE 

extract treatment alone.

Production of cytokines and chemokines 
in human dermal fibroblast cultures
Results of Luminex testing of seven cytokines and chemokines 

on human dermal fibroblast cultures are shown in Figure 8. 

Of the 40 cytokines and chemokines tested, only seven were 

above detectable levels. Treatment with ALOE resulted in 

increases in cytokine/chemokine concentrations in dermal 

fibroblast cultures only. Treatment with AQ-NOE resulted 

in both increases and decreases in cytokine/chemokine 

concentrations in dermal fibroblast cultures. In some cases 

(IL-8, MCP-1, and CXCL11) treatment with NAE-8® resulted 

in changes in cytokine/chemokine concentrations in dermal 

fibroblast cultures that were unique to NAE-8®, and could not 

be accounted for by a simple averaging of the responses seen 

with ALOE or AQ-NOE treatments alone.

Discussion
The data presented in the current study is, to the best of our 

knowledge, the first research to establish the unique bioactivi-

ties of a novel extract of N. oleander, using ALOE instead 

of an aqueous-based extraction of bioactive compounds for 

topical use. The goal of this work was to examine cellular 

antioxidant protection by several parallel assays, as well as 

a more in-depth examination of cellular communication 

compounds (cytokines) between dermal fibroblasts and cir-

culating leukocytes, the latter representing cells present in the 

microcirculation of the skin, as well as in the skin tissue.

The testing of anti-oxidant capacity in the Folin–Ciocalteu 

antioxidant capacity assay showed superior antioxidant 

capacity of NAE-8® compared to AQ-NOE or ALOE. Fur-

thermore, testing of cellular antioxidant protection using 

the CAP-e assay showed that NAE-8® contains more anti-

oxidants that are bioavailable at the cellular level, compared 

to AQ-NOE. Interestingly, ALOE did not contribute to the 

cellular antioxidant protection by NAE-8®, suggesting that 

the Aloe-based extraction used for producing NAE-8® allows 

increased extraction of biologically relevant compounds. This 

erythrocyte model is crucial for the interpretation of cellular 

antioxidant uptake, since the erythrocyte does not contain 

mitochondria, therefore allowing a reduction of intracel-

lular oxidative damage to be conclusively linked to cellular 

antioxidant uptake.

Further testing of cellular antioxidant protection involved 

bioassays using human primary dermal fibroblasts, and 

showed comparable protection by NAE-8® and AQ-NOE 

from loss of viability and protection of intracellular reduced 

glutathione stores when cells were placed under oxidative 

stress. Glutathione is an important cellular antioxidant and 
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Figure 7 CD69 expression on lymphocyte (A), monocyte (B), and polymorphonuclear 
(PMN) cell (C) populations in 24-hour whole blood cultures. Samples were assayed 
in triplicate, and mean fluorescence intensity data are shown and are representative 
of three separate experiments using whole blood from three different healthy 
human donors. In all three cell types, exposure to the highest dose of the aqueous 
Nerium oleander extract (AQ-NOE) resulted in an increase in CD69 expression. 
Lipopolysaccharide (LPS) was used as a positive control (10 ng/mL) and resulted in 
an increase in CD69 expression on all three cell types. In the case of monocytes, the 
0.2 mL/L concentration of AQ-NOE activated cells better than LPS. Monocytes were 
also activated by the 0.2 mL/L concentration of Aloe vera gel alone (ALOE).
Notes: Statistical significance is indicated by asterisks with * indicating P,0.05 and 
** indicating P,0.01. Data are presented as the mean ± SD.
Abbreviations: SD, standard deviation; UT, untreated; NAE-8®, Aloe vera-based 
Nerium oleander extract.
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Table 1 Levels (pg/mL) of 40 cytokines/chemokines in WB culture supernatants

Cytokine UT LPS NAE-8® AQ-NOE ALOE

IL-1β 2.1±1.67 974.61±612.47* 5.08±3.98@ 207.25±160.61* 2.64±1.87
IL-2 1.87±0.25 13.23±0.86** 1.91±0.4@ 5.95±3.17* 1.81±0.63
IL-4 3.61±1.22 16.34±1** 3.76±1.12@ 8.2±4.24* 3.18±1.45
IL-6 10.98±3.15 10,131.85±1,748.65* 25±8.76*,# 930.17±989.68 10.95±5.57
IL-8 117.71±93.88 3,526.66±1,167.96** 233.48±156.3@ 2,419.47±2,019.21* 94.15±65.16
IL-10 5.13±1.19 124.05±43.87** 6.06±1.71@ 22.17±13.74* 5.06±0.61
IL-16 201.28±43.07 285.48±19.75** 159.2±12.14@,** 208.08±30.91 160.29±15.66
IFN-γ 2.89±1.44 219.28±219.44 3.42±1.23@ 20.75±15.86* 2.48±0.61
TNF-α 9.07±0.93 1,330.88±564.73** 9.92±0.52*,#,@ 47.45±34.29* 8.31±0.5*
MIF 4,914.98±2,540.82 5,520.86±2,233.47 3,690.04±1,737.98 3,626.85±816.77 5,280.78±2,844.22
GM-CSF 114.9±12.52 205.45±13.16** 125.47±8.33 138.88±12.99** 126.04±14.77
I-309 16.93±3.28 80.12±3.06** 19.5±3.04@ 44.82±22.77* 16.49±2.57
MCP-1 784.74±763.22 3,644.24±768.84** 922.15±596.99@ 1,721.63±1,199.48 433.19±264.21
MIP-1a 7±4.97 19,073.2±21,547.95 14.23±13.26@ 340.15±259.38* 6.28±4.85
MCP-3 15.49±7.24 133.11±21.54** 18.73±3.24#,@ 47.73±32.76 12.39±2.62
MCP-2 6.01±0.65 609.69±309.68** 6.77±1.06@ 12.68±5.72* 5.94±1.18
Eotaxin 11.87±0.91 43.8±1.44** 11.89±0.44@ 23.3±9.26* 11.98±0.73
MCP-4 9.19±3.28 30.35±8.3** 10.08±3.57@ 18.72±6.27* 9.03±4.13
MIP-5 931.94±140.76 1,055.89±196.52 926.38±158.77 971.19±172.27 964.8±188.65
TARC 13.41±4.73 38.31±6.4** 16.01±4.71 25.72±12.4 13.48±3.85
MIP-3β 12.7±4.96 58.19±14.41** 13.13±4.07@ 24.66±9.76* 11.99±5.23
MIP-3α 10.85±11.37 214.22±74.74** 12.63±10.27 172.5±196.42 5.3±5.19
6Ckine 1,253.13±112.12 1,466.51±167.08* 1,224.85±161.62 1,298±116.82 1,241.16±34.96
MDC 67.06±18.36 198.96±66.25** 67.39±17.19 113.42±64.02 64.61±12.67
MPIF-1 31.93±16.37 191.38±86.93** 30.84±17.54 40.31±10.92 31.48±19.65
Eotaxin-2 59.8±10.91 56.33±1.94 80.02±11.93**,#,@ 140.93±52.86* 57.93±5.38
TECK 22.09±7.03 285.05±18.76** 21.04±4.34@ 118.21±83.23* 30.62±22.41
Eotaxin-3 8.72±1.51 31.85±2.15** 8.76±1.08 18.34±7.46* 10.4±5.86
CTACK 25.17±22.06 31.4±25.13 21.15±18.66 25.67±25.25 26.57±25.16
Gro-α 76.83±7.19 377.08±66.19** 87.36±11.88# 313.25±248.13 73.63±3.64
Gro-β 17.32±4.12 67.08±8.26** 19.24±2.67 65.77±53.85 17.62±2.5
ENA-78 156.1±28 782.11±128.28** 176.58±42.66@ 477.5±295.39* 144.26±32.48
GCP-2 1.59±1.26 12.38±3.91** 0.79±0.02 5.39±6.33 0.84±0.17
MIG 16.82±1.92 47.45±2.27** 15.8±2.89@ 25.08±6.32* 16.23±1.21
IP-10 10.77±0.75 148.75±49.81** 11.19±0.7@ 17.68±6.11* 10.35±1.07
I-TAC 6.39±2.64 12.22±3.63** 6.52±2.77 8.23±3.83 6.74±2.24
SDF-1α 46.23±4.74 115.96±8.29** 48.5±8.15 69.49±30.6 43.58±3.21
BCA-1 0.41±0 4.11±3.29* 0.41±0 0.41±0 0.72±0.46
SCYB16 177.99±46.39 184.73±34.34 183.7±54.26 186.17±50.5 181.98±50.43
Fractalkine 28.06±14.04 230.69±56.84** 32.76±13.51 170.14±159.57 20.37±5.15

Notes: *,**Statistical significance (P,0.05, P,0.01, respectively) when comparing treatments to untreated controls (UT); #statistical significance (P,0.01, with the exception 
of Gro-α where P,0.05) when comparing NAE-8® to ALOE; @statistical significance (P,0.01) when comparing NAE-8® to AQ-NOE.
Abbreviations: UT, untreated; LPS, lipopolysaccharide; NAE-8®, Aloe vera-based Nerium oleander extract; AQ-NOE, aqueous extract of N. oleander; ALOE, A. vera alone.

functions as a cofactor for several cellular detoxification 

enzymes. Its role in the mitochondria includes protecting 

cells from the damaging effects of excessive ROS, leading 

to the triggering of apoptosis.30

The effects of each extract on immune cells was tested in 

whole blood cultures to allow optimal cross-talk between dif-

ferent cell types present in the microcirculation in skin tissue, 

as well as cytokine production in dermal fibroblast cultures 

and what this could mean in the skin. The presence of various 

immune regulatory cells in the skin, and the programming of 

these cells toward pro- versus anti-inflammatory activity, has 

a profound effect on skin health.31 Furthermore, the cross-talk 

between immune cells and skin cells is important in up- or 

down-regulating inflammatory conditions in the skin, as well 

as the initiation of repair mechanisms.32,33

The treatment of whole blood cultures with AQ-

NOE led to an overall induction of multiple cytokines/

chemokines, while ALOE treatment led to the production 
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of cytokine/chemokine levels similar to that of untreated 

cultures. The array included pro- and anti-inflammatory 

chemokines, of which a large number involve monocyte-

specific, skin-specific, and inflammation-resolving factors, 

which have been shown to be secreted by dermal fibroblasts 

after treatment with burn wound exudates.34 The array also 

includes factors associated with the chemokine profile seen 

in skin blisters during the resolution of an inflammatory 

response.35 Interestingly, in our current study, NAE-8® 

had selective effects on cytokine production in the whole 

blood cultures that were more moderate than those elicited 

by AQ-NOE.

The treatment of dermal fibroblasts with NAE-8® resulted 

in a robust induction of CXCL11 in dermal fibroblasts. A role 

has recently been shown for CXCL11 in re-epithelialization 

during wound healing.36 The effects on cytokine/chemokine 

production, unique to NAE-8®, included increases in produc-

tion of IL-8, MIF, MCP-1, and GCP-2, cytokines involved in 

the recruitment/chemotaxis of monocytes and granulocytes. 

This is interesting in light of evidence that fibroblasts 

maintain neutrophil viability both in culture and in the tissue 

microenvironment, suggesting that the production of these 

cytokines by dermal fibroblasts in response to NAE-8® points 

to effects relevant to interactions between dermal fibroblasts 

and immune cells in the skin.37,38 Furthermore, IL-8 and 

MCP-1 have been shown to play a role in altering collagen 

I and hyaluronan production when added to human dermal 

fibroblast cultures.39

The data presented here also provide a basis to argue 

that the topical treatment of skin with the NAE-8® extract is 

safe, both for dermal cells and for immune cells present in 

the skin and in the microvasculature. The treatment of cells 

did not compromise cellular viability, nor did it induce cel-

lular oxidative stress; on the contrary, there was a significant 

reduction in cellular oxidative stress in cells treated with the 

NAE-8® extract, both in the absence and in the presence of 

an inflammatory insult. The method of inducing oxidative 

stress in this study aimed at mimicking the oxidative stress 

after ultraviolet radiation, so the reduced cellular oxidative 

stress after NAE-8® treatment may suggest a role for NAE-8® 

in skin care associated with reduction of injury, as well as 

potential repair of sun damage.

Conclusion
The overall conclusion from the results presented here is that 

the NAE-8® extract has multiple beneficial effects to a cellular 

antioxidant protection system, and reduces cellular free radi-

cal production, both in the absence and in the presence of an 

inflammatory insult. Future work should include examination 

of the unique chemical profile associated with Aloe-based 

extraction of N. oleander leaves, when compared to a hot 

water extract, especially in the light of the improved safety 

and efficacy profile at the cellular level. The efficacy of skin 

treatment with NAE-8® before as well as after UV exposure 

is also in need of further ongoing clinical evaluation.
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