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Abstract

Neem tree (Azadirachta indica A. Juss. fam. Meliaceae) has been extensively employed to combat diverse
pathologies. Moreover, it has been described that its leaf extract present anticarcinogenic action. Thus,
the neem extract (NE) chemical and antioxidant properties was evaluated, and also, the capacity of two
dermatological formulations incorporated with neem extract (F1 and F2) to avoid oxidative UVB-induced
skin injury in hairless mice. NE constituents were investigated and free radical scavenging ability were
determined by different methods in vitro. Skin from mice treated with F1 and F2 and submitted to UVB
radiation were tested for different parameters of inflammation and oxidative injury. Results show that the
NE polyphenol and flavonoid content were 135.30 and 37.12mg/g, respectively. High performance liquid
chromatography (HPLC) results demonstrated the existence of azarachtin, rutin, ursolic acid and tannic
acid. NE presented scavenging ability by ABTS radical, ferric-reducing antioxidant power (FRAP), inhibition
of lipid peroxidation and iron chelation. In vivo, it was observed that mice treated with F1 and F2 showed
amelioration of the inflammation by reducing UVB induced skin edema. However, only samples from
animals treated with F1 had lower neutrophil recruitment (measured by myeloperoxidase activity), and
returning the oxidative status to baseline levels in parameters such as reduced glutathione level, ferric
reducing ability (FRAP), and scavenging of free radical (ABTS). Concluding, NE demonstrated a good
antioxidant property in vitro, and the data suggest the use of NE added F1 to prevent skin damage caused
by UVB irradiation.
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1. INTRODUCTION

UVB radiation induces DNA damage by forming pyrimidine dimers, photoadducts, and DNA
protein cross-links (Rastogi et al., 2010), leading to detrimental effects on biological systems.
UVB exposure can also indirectly damage other cellular macromolecules such as proteins,
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lipids, and carbohydrates by generating reactive oxygen species (ROS) (Kim et al., 2015). It is
well established that the inflammatory response that follows acute UV light irradiation of the
skin and the degenerative process related to chronic UV exposure are largely mediated by the
overproduction of ROS and free radicals, along with the impairment of antioxidant systems
(Aquino et al., 2002).

Many efforts have been made in the search for strategies to avoid oxidative stress
generated by sun exposure. Given the background, antioxidants from vegetable origin may
represent new options for manage and avoid oxidative stress-mediated disorders. In recent
years, various studies have been performed trying to establish and characterize natural
antioxidants for topical application, including both isolated compounds and natural extracts
(Marquele-Oliveira et al., 2007; Vicentini et al., 2008; Martinez et al., 2016b; Campanini et al.,
2014).

Neem tree (Azadirachta indica A. Juss. fam. Meliaceae), a plant native from India and
acclimated in most of tropical and subtropical countries, is of great medicinal value and largely
distributed throughout the world. Its major chemical constituents include many biologically
active components, for instance alkaloids, flavonoids, triterpenoids, phenolic compounds,
carotenoids, steroids, ketones and volatile oils (El-hawary et al., 2013). Notably, trees from
different tropical areas of the world are reported to contain a high level of polyphenolic
compounds (Siddiqui et al., 1992; Sultana et al., 2007), but due to the ample dimension of
geographical distribution, a large variety of morphological and biochemical characteristics
have been reported, since phenolic contents of neem can be influenced by geographical
locations and other abiotic factors (Ghimeray et al., 2009).

Preparations from the leaves of this plant have demonstrated well documented effects,
such as antipyretic, hypoglycemic, antiulcer, antimalarial, antibacterial, antifungal, antiviral,
antifertility (Biswas etal.,, 2002), and anticarcinogenic effects (Balasenthiletal., 1999).
Additionally, neem oil is useful to treat skin infections (Biswas et al., 2002). Neem preparations
in general are regarded as multi-functional, with the advantage of low toxicity, especially those
preparations obtained from leaves, as already reported (Biswas et al., 2002; Balasenthil et al.,
1999).

Thus, the employment of dermatologic formulations with A. indica might represent a
promising approach for skin preservation against injuries generated by UV irradiation.
The present study intended to perform a chemical characterization of A. indica ethanolic
extract (neem tree), along with the in vitro determination of the extract’s antioxidant capacity,
and then the in vivo measurement of the effectiveness of formulations with the neem extract
(NE) incorporated in the avoidance of oxidative skin injury, caused by UV in hairless mice.

2. MATERIAL AND METHODS

2.1. Chemicals

Quercetin (purity 99%) was acquired from Acros Organics (Geel, Belgium). Folin Ciocalteau
was purchased from Fluka Chemical Co. (Sd8o Paulo, Brazil). Reduced glutathione (GSH),
hexadecyltrimethylammonium bromide (HTBA), 2,2' azino bis(3 ethylbenzothiazoline 6
sulfonic acid) (ABTS), (2,4,6 Tris(2 pyridyl)s triazine) (TPTZ), 5,5'dithio-bis-(2-nitrobenzoic acid)
(DTNB), Azarachtin (purity 95%), rutin (purity =94%), ursolic acid (purity =90%), tannic acid
(purity 95%), Trolox and acid galic were supplied by from Sigma Chemical Co. (Sdo Paulo,
Brazil). Materials for formulations were obtained from Galena (Campinas, Brazil). All other
reagents utilized were of pharmaceutical grade.

2.2. Plant material and preparation of the extract

Leaves of Neem tree (Azadirachta indica A. Juss. fam. Meliaceae) were collected from
Instituto Agrondmico do Parana (IAPAR) (Latitud-23° 21’ 28.96" South, Longitude- 51° 9' 42.84"
West), Londrina-Parana, Brazil, by the Prof. Dr. José Carlos Duarte in November, 2010.

Rev Ciénc Farm Basica Apl. 2020;41:e633

2/14



Prevention of UVB radiation-induced oxidative stress in mice by topical administration of Azadirachta indica (neem) extract

The plant material was authenticated by Dra. Ana Odete Santos Vieira and a voucher
specimen was deposited at the Herbarium of Universidade Estadual de Londrina under code
No. FUEL 48154. Neem leaves were dried in a forced air drying oven and milled, using a knife
mill to pass through a 1 mm screen. The extract was prepared by ethanolic extraction,
(1:10 w/v) kept for 3 days on a shaker at ambient temperature, and then filtered under
vacuum.

2.3. Chemical characteristics of neem extract (NE)

2.3.1. Total flavonoids and polyphenol contents

The Folin Ciocalteau colorimetric method was applied to analyze the total polyphenol
content of NE (Kumazawa et al., 2004). Therefore, 0.5 mL of NE was blended with 0.5 mL of
the Folin Ciocalteau testing agent and 0.5 mL of 10% Na,COs, and then 1 h of incubation at
room temperature (RT) the absorbance was determined at 760 nm (Evolution 60, Thermo
Scientific). Total polyphenol content was represented as milligrams per gram (gallic acid
equivalents). The aluminum chloride colorimetric method was employed to determinate the
total flavonoid composts of NE. To 0.5 mL of NE, 0.5 mL of 2% AICl3 ethanolic solution was
included. After 1 h at RT, the absorbance was analyzed at 420 nm. Total flavonoid contents
were estimated as quercetin (mg/g) from an analytical curve (Kumazawa et al., 2004).

2.3.2. HPLC

The high-performance liquid chromatography (HPLC; Shimadzu) was employed to evaluate
the A. indica extract. The equipment utilized was equipped with a photodiode array detector
(SPD M10Avp), multisolvent delivery system (LC 10Avp), oven control system (CTO 10ASvp),
and controlled software Class VP 6.14 software. Chromatography was operated using an
analytical reverse-phase column Spherisob® (C 180DS) (250%4.6mm i.d.; particule size 5 pm;
Waters). The HPLC-grade reagents were obtained from Panreac®, and water was purified
using Milli-Q-plus filter systems (Millipore). The chromatographic conditions were settled as:
a gradient of acidified H,O (2% formic acid; solvent A) and acetonitrile (2% formic acid;
solvent B) was used at a flow rate of 1 mL/min, and the volume injected was 20 pL (0 min,
0% B; 5 min, 0% B; 20 min, 2.5% B; 30 min, 5% B; 50 min, 15% B; 60 min, 25% B; 65 min, 30%B;
70 min, 45%B; 75 min, 50%B; 80min, 70% B; 85 min, 90%B; 90min, 100%B; 95 min, 100% B;
110 min, 0% B). For every main peak in the chromatograms, UV spectra were registered
(Campanini etal., 2014). The following compounds were employed as references:
Azadirachtin (A), rutin (B), ursolic acid (C) and tannic acid (D).

2.4. Determination of in vitro antioxidant efficacy of NE

2.4.1. Scavenging ability of NE using ABTS method

The method was carried out as reported by Sanchez Gonzalez et al. (2005) with few
adjustments. After the reaction of ABTS 7mM stock solution with 2.45mM of potassium
persulfate, the radical cation ABTS was achieved. This solution was diluted in phosphate buffer
(pH 7.4, 0.1 M) to obtain an absorbance of 0.7 at 730 nm. 50 pL of Neem samples were
combined with 4 mL of the diluted ABTS solution. The concentrations of NE obtained in the
reaction medium were 0.7 to 12.5 pL/mL. After 6 minutes of incubation at RT, the absorbance
was determined in a spectrophotometer at 730nm (Sanchez-Gonzalez et al., 2005). Samples
were prepared and appraised in triplicate and the ABTS radical scavenging ability was
determined by the following equation: Equation I: % of activity = [1 - (sample
absorbance/control absorbance)] x 100.
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2.4.2. Evaluation of the Ferric Reducing Antioxidant Power (FRAP) of NE

NE ferric reduction antioxidant power analysis was executed as reported by Sanchez
Gonzalez et al. (2005) with few adjustments.

FRAP reagent was prepared with 2.5 mL of a solution of TPTZ (10 mM) in HCI (40 mM),
2.5 mL FeCl3(6H,0) solution and 25 mL of acetate buffer (pH 3.6, 0.3 mM). The solution was
incubated at 37° C for 30 minutes. For the assay, 900 pL of FRAP reagent were added to 90 pL
of water and 10 pL of trolox standard or 10 pL of NE (50 pL/mL in the reaction medium).
The analysis was executed in a spectrophotometer at 595 nm, after 30 minutes of incubation
at37° C.

An analytical curve with different concentrations of trolox (4.0 - 20.0 yM) was employed for
subsequent determination of results in pmol/L trolox equivalent/pL/mL of extract. A positive
control was operated using ethanol (Sanchez-Gonzalez et al., 2005).

2.4.3. Iron-induced lipid peroxidation

The ability of the NE to inhibit in vitro lipid peroxidation was evaluated by diminish in
the malondialdehide (MDA) formation, which is a secondary product of lipid
peroxidation. Samples of NE (0.094 to 6.0 yL/mL in the reaction medium) were added to
reaction medium containing 1 mL of reaction medium (KCl 130 mM and tris-HCI 10 mM,
pH 7.4) and 2 mM sodium citrate, mitochondria (1 mg of protein) and amonical ferrous
sulphate 50 pM. Reaction was incubated at 37 °C for 30 min. After, MDA formation was
determined using 1 mL of thiobarbituric acid (TBA) 1% prepared in NaOH 50 mM, 0.1 mL
of NaOH 10 M and 0.5 mL of H3PO4 20% followed by incubation for 20 min at 85 °C.
The MDA-TBA complex was extracted with 2 mL of n-butanol, centrifuged at 3000 x g for
15 min and the absorbance determined at 535 nm. The mitochondria were obtained
from hairless mice and their isolation was performed by differential centrifugation.
The mitochondrial protein content was determined by the biuret reaction. All analysis
were made in triplicate. The inhibition of iron-dependent lipoperoxidation was
determined by equation | (Casagrande et al., 2006).

2.4.4. Determination of iron-chelating activity of NE using the bathophenanthroline
(BPS) assay

BPS is a strong chelator of ferrous ion and this reaction results in a colored complex.
NE (0.50 to 10 pL in the reaction medium) chelating activity of iron was monitored through the
elimination of the Fe, (BPS); complex formation. Measurements were performed at 530 and
700 nm. All measurements were made in triplicate (Casagrande et al., 2006).

2.5. Formulations

Both formulations (F1 and F2) were prepared by the same method, but with different
lipid content (Table 1). In addition, the self-emulsifying wax Polawax® was also utilized
in the two formulations, but at variated concentrations (10% in F1 and 2% in F2), and in
F2 the stabilizing agent Aristoflex AVC® (20% of solution at 5%) was added.
Caprylic/capric triglyceride (5%) was used as the emollient and propylene glycol (5%) as
humectant. A mixture of parabens was used as preservative and deionized water was
utilized for the preparation of the formulations. NE was incorporated (10%) into the
formulations at room temperature. All concentrations of the formulations raw materials
were described as percentages weight/weight. Control formulations did not contain
extract.
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Table 1. Percent composition (weight/weight) of F1 and F2

Components F1 F2
Polawax® @ 10.0 2.0
Caprylic/ capric triglyceride 5.0 5.0
Aristoflex AVC® (5%) © - 20.0
Propylene glycol 5.0 5.0
Triethanolamine - 0.2
Solution of methyl (10%) and propylparaben (2%) 1.0 1.0
Deionized water (qsp)* 79.0 84.82

* Quantity sufficient for preparation; ¢ Self-emulsifying wax (Cetostearyl alcohol and polyoxyethylene derived from a
fatty acid ester of sorbitan 20 OE); » Ammonium Acryloyldimethyltaurate/VP Copolymer

2.6. Assessments of formulation containing NE against UVB-induced skin damage
in vivo

2.6.1 Animals and experimental protocol

In vivo experiments were executed in sex matched hairless mice (HRS/J), weighing
20to 30 g, obtained from University Hospital of Londrina State University. Mice were
accommodated in cages, in a 23 + 2°C temperature controlled room, with free access to water
and food and maintained under 12 h light and 12 h dark cycles. All procedures were operated
with the consent of the Animal Ethics Committee (O. Circ. CEEA No. 164/2013 in September
04, 2013, process No. 7074.2012.88) and all efforts were made to reduce the number of
animals involved, as well as their suffering. The animals were casually assigned to groups with
5 mice each as follows: non-irradiated control, irradiated control, irradiated and treated with
F1 without NE, irradiated and treated with F1 added with NE, irradiated and treated with
F2 without NE, and irradiated and treated with F2 added with NE. Mice received topical
treatment on the posterior surface with 0.5 g of the formulation, 12 h, 6 h, and 5 min before
the irradiation and finally right after irradiation.

2.6.2. Irradiation

The UVB source of irradiation consisted of a Philips TL40W/12 RS lamp (Medical-Holand)
emitting a constant spectrum between 270 and 400 nm with a peak emission at 313 nm.
The lamp was mounted 20 cm overhead the table where the mice were allocated on, resulting
in an irradiation of 0.384 mW/cm?, as determinate by an IL 1700 radiometer (Newburyport,
MA, USA) with sensor for UV (SED005) and UVB (SED240). The dose of UVB employed was
4.14 J/cm? (Martinez et al., 2017), (Campanini et al., 2013). After 12h UVB exposure, the mice
were euthanized by 1.5% isoflurane, and the full thickness of the dorsal skins were extracted
and placed at -80° C for further analysis. For the measurement of cutaneous edema, the
samples collected were weighed immediately after the extraction and were not frozen.

2.6.3. Edema evaluation

By measuring the increment in the dorsal skin weight, the skin edema was evaluated. After
removal of the dorsal skin, using a mold, a constant area was determined, and successively
the weighing was performed. The result is expressed in mg of skin (Campanini et al., 2013).

2.6.4. Myeloperoxidase (MPO) activity

MPO colorimetric assay was employed to analyze the UVB induced neutrophils migration
to skin, as reported formerly (Martinez etal.,, 2015). Samples of posterior skin were
homogenized in K;HPO4 buffer 0.05M (pH 6.0) containing 0.5% HTAB using a Tissue-Tearor
(Biospec). The homogenates were centrifuged at 16.100g for 2min at 4°C, and 30 pL of the
resulting supernatant were mixed with 200 pL of 0.05 M K;HPO4 buffer (pH 6.0), containing
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0.0167% o-dianisidine dihydrochloride and 0.05% hydrogen peroxide. The absorbance was
measured at 450 nm. MPO activity of samples was compared to a standard curve of
neutrophils. The findings were described as number of neutrophils per mg of skin.

2.6.5. Reduced glutathione (GSH) assay

GSH was determined as described previously (Martinez et al., 2016a). Briefly, skin samples were
homogenized in 0.02 M EDTA using a Tissue-Tearor (Biospec). Whole homogenates were treated
with 50% trichloroacetic acid and were centrifuged twice at 2700g for 10 min at 4 °C. The reaction
mixture contained 50 pL of sample, 100 pL of 0.4 M Tris, and 5 pL of DTNB (1.9 mg/mL in methanol).
The color developed was read at 405 nm. The standard curve was prepared with 5-150 pM of GSH.
The results are presented as pM of GSH per milligram of skin.

2.6.6. FRAP and ABTS assay

The FRAP assay was utilized to measure the reducing ability of the skin. Formerly, a curve
of trolox (0.5 to 20 pM) was prepared and the findings were demonstrated as pM trolox
equivalent per mg of skin. The ABTS radical scavenging potential of the skin was calculated by
the decline of absorbance at 730 nm. Previously, a curve of trolox (1 to 25 pM) was realized
and the findings were demonstrated as pM trolox equivalent per mg of skin (Martinez et al.,
2015).

2.7. Statistical analysis

The GraphPad Prism® 7 software was employed to analyze the presented results, and they were
expressed as mean + standard error mean (SEM). The data originated from the in vitro analysis were
obtained from two distinct experiments, comprising triplicates for each one. The concentration of
NE necessary to suppress the oxidative process by 50% (ICso) was established utilizing hyperbolic
curve. In vivo findings are demonstrated as mean + SEM of 5 mice per group per experiment and are
representative of two distinct procedures. The differences were analyzed by ANOVA followed by
Tukey's test. Statistical differences were considered significant at p < 0.05.

3. RESULTS

Findings demonstrated that NE presented 135.3+0.09 mg/g and 37.12+0.05 mg/g of
polyphenols and flavonoids, respectively. Reference compounds azarachtin, rutin, ursolic acid
and tannic acid were identified in the ethanolic extract (Figure 1). Identification of main
biological compounds was carried out by HPLC-UV-DAD (Liquid Chromatography with
PhotoDiode Array Detection Amax) and compared with commercial standards (Sigma-Aldrich).

60

ude: -1687 mAU

Asymmely

Retertign Time A

50

40

30

20

<
P
==
% o
10

I S

0 10 20 30 40 50 60 70 80 9 100 110 120 130 140

minutes

Figure 1. Identification of main components of Azadirachta indica ethanolic extract using high-performance
liquid chromatography. Azadirachtin (A), rutin (B), ursolic acid (C) and tannic acid (D).
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NE demonstrated ABTS radical scavenging capacity (Figure 2A), inhibition of lipid peroxidation
(Figure 2B) and iron chelating activity (Figure 2C) with ICsp of 3.82 pL/mL, 1.165 pL/mL and
2.324 yl/mL, respectively. For quercetin control, the values found were 1Cso of 0.82 pg/mL,
0.34 pg/mL and 4pg/mL for ABTS assay, lipid peroxidation and iron chelation assays, respectively.
Ferric reducing antioxidant power of NE, as evaluated by FRAP assay, was 0.265 pmol/L trolox
equivalent/pL/mL of extract.

125+ A
2 1004
=
=
2 75 "
)
'5.: 501 ICso=3.8uL/mL
& 254

Ll T ¥ T 1
0.0 25 5.0 75 100 125 150

concentration ( pL/mL)

754

|C5g= 1185|.l|_fm|_

Inhibition of
lipid peroxidation (%)

concentration ( pL/mL)

-
b

g

ICso= 2.324uL/mL

Fe*? chelation (%)

n
T

(=]

A L T L] 1
25 5.0 7.5 100 125
Concentration ( uLfmL)

e
o

Figure 2. Scavenging ability of neem extract using ABTS method (concentrations of neem on the reaction
medium, 0.7 - 12.5 yl/mL) (A). Inhibition by neem extract of lipid peroxidation induced by Fe?"citrate
(concentrations of neem on the reaction medium, 0.094 - 6.0 uL/mL) (B) and chelating activity of Fe?* ions by
neem extract (concentrations of neem on the reaction medium, 0.50- 10 pL/mL) (C). Results are represented by
means + SEM of three separated experiments.

Several studies have shown that exposure to UVB light leads to skin edema, which can be
considered a marker of skin inflammation (Afaq et al., 2005b; Bhatia et al., 2011). As shown in
Figure 3, UVB exposure increased punch weight approximately 1.5 fold in comparison with
untreated irradiated animals and irradiated animals treated with control formulations.
F1 and F2 containing NE were able to minimize edema formation, lowering punch weight
values to control levels.
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Figure 3. Effect of formulations containing neem extract on UVB irradiation-induced edema. The skin
edema was determined 12 h after the end of irradiation. Bars represent means + SEM of 2 separated
experiments, 5 mice per group. *p < 0.05 compared to the control (non-irradiated) group, **p < 0.05
compared to irradiated group and formulation 1 (F1) control group, and ***p < 0.05 compared to
irradiated group and formulation 2 (F2) control group. Non-irradiated group (NI), neem extract (NE).

The results showed that the UVB radiation induced an increase of approximately 8.3 fold
in the MPO activity in skin samples from untreated irradiated animals and from irradiated
animals treated with control formulations. F1 containing NE inhibited MPO activity induced by
UVB to the level of non-irradiated control (Figure 4), while F2 did not influence significantly the
reduction in neutrophils recruitment. It is also important to notice that UVB irradiation leads
to an imbalance between ROS and the endogenous antioxidants, causing the elevation of the
first and the depletion of the last (Valko et al., 2007).
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Figure 4. Effect of formulations containing neem extract on UVB irradiation-induced MPO activity.
The MPO activity was determined 12 h after the end of irradiation. Bars represent means + SEM of
2 separated experiments, 5 mice per group. *p < 0.05 compared to the control (non-irradiated) group,
and **p < 0.05 compared to irradiated group and formulation 1 (F1) control group. Non-irradiated
group (NI), neem extract (NE).

The dosage of UVB irradiation employed in the experiment was able to significantly reduce
approximately 2.67 fold the endogenous antioxidant GSH in skin samples from the irradiated
group control compared with samples from non irradiated control. The findings
demonstrated that only F1 added with NE was able to inhibit depletion of endogenous
antioxidant GSH, and maintain levels similar to those found in the non irradiated control
group (Figure 5A). UVB radiation also reduced the antioxidant capacity of the skin of irradiated
mice compared with non irradiated control, as demonstrated by the FRAP and ABTS tests
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(Figure 5B and 5C, respectively). However, animals treated with F1 formulation containing NE
presented levels comparable to those found in non irradiated control in both tests. F2 added
with NE was not effective in inhibiting significantly the reduction of antioxidant capacity due
to exposure of the skin to UVB radiation.
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Figure 5. Effect of formulations containing neem extract on UVB irradiation-induced GSH (A) depletion
and the antioxidant capacity of skin by ferric reducing antioxidant power (FRAP) (B) and ABTS assay (C).
The antioxidant activity was determined 12 h after the end of irradiation. Bars represent means + SEM
of 2 separated experiments, 5 mice per group. *p < 0.05 compared to the control (non-irradiated)
group, and **p < 0.05 compared to irradiated group and F1 control group. Non-irradiated group (NI),
neem extract (NE).

4. DISCUSSION

Recently, extracts from antioxidant rich plants achieved attention from studies throughout
the world, due to the possibility of been used as a treatment and prevention of oxidative
stress-mediated disorders (Marquele-Oliveira et al., 2007).

The plant Azadirachta indica, also known as Neem, is an antique specie recognized for its
extensive range of biological activities. Diverse parts of the tree, such as bark, seed, leaf, fruit,
gum, and oil, contain compounds that are regarded as responsible for remarkable therapeutic
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applications, including antiviral, antibacterial, antitumor, antimicrobial, antipyretic, analgesic,
antifungal, anti-inflammatory and immunostimulant (El-hawary et al., 2013; Siddiqui et al.,
1992; Sultana et al., 2007; Ghimeray et al., 2009; Biswas et al., 2002).

In this study, findings demonstrated that the polyphenol content of the NE was
approximately 3.65 times superior to the total flavonoid content, validating other studies that
show that A. indica contains not only flavonoids, but also a variety of other polyphenolic
substances, like tannins, coumarins, and dihydrichalconas (van der Natetal, 1991).
In addition, NE obtained in this study showed higher content of polyphenols and flavonoids
than those found by Ghimeray etal. (Ghimeray etal., 2009) (ranging from 23.85 to
237.00 pg/mg and 13.72 to 93.17 pg/mg, respectively). This difference can be elucidated by
the fact that, as it has been well reported, phenolic contents of neem can be influenced by the
geographical location of the trees, likewise by several abiotic factors (Kaura et al., 1998). This
information is relevant since it has been also reported that divergences in the levels of
phenolic substances provoke fluctuations in the antioxidant activity of the plant (Biswas et al.,
2002).

Chemical investigation on the products of neem tree was extensively undertaken in the
middle of the twentieth century. More than 135 compounds have been isolated from different
parts of the tree and several reviews have also been published on the chemistry and structural
diversity of these compounds (Koul et al., 1990; Champagne etal., 1992). In this study,
azadirachtin, rutin, ursolic acid and tannic acid were identified in the extract as major
compounds. It is possible that these substances may exert synergistic antioxidant effect.

It is important to consider that oxidative stress is related with the kind of generated ROS,
also with the location and the manner how ROS are generated, and on the oxidative target as
well. In view of this, the antioxidant capacity of NE was measured by four different methods
in vitro, and demonstrated in all four methods a relevant and dose dependent antioxidant
activity, as indicated by the values of ICso. NE demonstrated ABTS radical scavenging capacity,
inhibition of lipid peroxidation and iron chelating activity with |Cso of 3.82 pL/mL, 1.165 pL/mL
and 2.324 pL/mL, respectively. Tephrosia sinapou extract presented radical scavenging
capacity, and inhibition of lipid peroxidation with 1Cs of 54.51 pyL/mL and 20.10 pL/mL,
respectively (Martinez et al., 2012). Moreover, Beta vulgaris dye enriched in betalains, extract
with prominent anti-inflammatory and antioxidant effects, showed ABTS scavenging capacity,
inhibition of lipid peroxidation and iron chelating activity with 1Cso of 41.14 pL/mL, 491.90
pL/mL and 38.88 pL/mL, respectively (Martinez et al., 2020). These studies corroborates the
relevance of free radical scavenging activity of NE, since values of ICso were lower than others
extracts, what may suggest the effectiveness in vivo of NE.

The findings indicate that the antioxidant properties of the extract depend on a
combination of activities, such as sequestration of free radicals and chelation of transition
metals, which will prevent the formation of radicals and, consequently, lipid peroxidation. It is
notable that the antioxidant method can evaluate the activity of the whole extract, since the
components present in the extract might be acting in a synergic form. Moreover, considering
the difficulty of employment specific markers, due to the extract chemical constitution
variation according to the collecting area, the antioxidant evaluation might be a useful
alternative (Marquele-Oliveira et al., 2007; Park et al., 2002).

Antioxidants from vegetal sources are presented as alternatives to manage and avoid
oxidative and stress-mediated disorders, among them those originated in the skin (Afaq &
Mukhtar, 2006). As the skin is the main barrier to solar radiation, it is deeply affected by the
harmful effects of solar radiation, which UVB rays being of major importance (Ichihashi et al.,
2003). The two fundamental consequences of exposition to UVB are the development of
inflammatory process mediated by an overproduction of ROS, and the depletion of
endogenous antioxidant. Furthermore, the accumulation of injuries from prolonged exposure
to UVB was shown to be a cause of skin cancer and premature skin aging (Afaq et al., 2005a).

Therefore, in recent years, many researches have been trying to establish and characterize
natural antioxidants for topical application. Studies have been carried out, not only with
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isolated compounds, such as quercetin (Vicentinietal., 2008), genistein and daidzein
(Huang et al., 2008), but also with plant extracts, such as Glycyrrhiza glaba and Ginkgo biloba
(Di Mambro & Fonseca, 2005).

The spectrum of UV light that induces edema in hairless mice and erythema in humans is
the same. Because of this similarity, a change in sensitivity to UV radiation in mice, as
evaluated by skin edema, should reliably predict this change in humans (Campanini et al.,
2013). Our results clearly show that NE incorporated to both formulations was able to inhibit
skin edema in animals exposed to UV irradiation. Supporting the present data, it has been
already demonstrated that the ethanolic extract of A. indica inhibited carrageenan induced rat
paw edema (Sonika et al., 2010), suggesting that NE has applicability in inflammation models
with different triggering mechanisms. Indeed, studies show that other plants with antioxidant
activity in vitro have in vivo anti-inflammatory activity screened by different mechanisms
(Martinez et al., 2012, 2020; Campanini et al., 2014).

MPO plays an important function in the defense of the innate immune system and can be
employed as a marker of the existence of neutrophils or inflammation (Jantschko et al., 2005).
One of the special products from neutrophils is the heme enzyme MPO, which is stored in
large amounts in the azurophilic granules of these cells. MPO derived hypochlorous acid
(HOCI) reacts with proteins, DNA, and lipids to form long lived oxidants, which have been
implicated in processes like carcinogenesis, atherosclerosis, and chronic renal failure (Witko-
Sarsat et al., 2000). Treatment with F1 containing NE significantly reduced UVB irradiation
induced infiltration of leukocytes into the skin of treated hairless mice, thus demonstrating its
anti-inflammatory and protective activity. In agreement, A. indica leaves extract reduced the
MPO activity in acetic acid (Gautam et al., 2013) and trinitrobenzene sulfonic acid-induced
colitis in rats (Moneim et al., 2014).

GSH is an epidermal marker sensitive to UVB generated oxidative stress (Valko et al., 2007).
GSH is the primary internal redox regulator during oxidative stress occurrence and a well-
known antioxidant; therefore, any change in GSH levels indicates an imbalance of the internal
redox (Campanini et al., 2013).

The redox status of glutathione has been confirmed as an early and sensitive sensor of UVB
induced epidermal oxidative stress, suitable for testing the protective antioxidant effects of a
substance (Martinez et al., 2017). Topical treatment with F1 added with NE maintained GSH
levels close to non irradiated control, thus demonstrating that this formulation significantly
prevented UVB irradiation induced depletion of GSH. A. indica provided a significant protective
effect against cisplatin induced renal oxidative stress by measuring GSH levels (Moneim et al.,
2014). Additionally, F1 was the only treatment which demonstrated improvement at the
antioxidant capacity of the skin, demonstrated by FRAP and ABTS assays. ABTS assay has been
found to correspond efficiently with endogenous glutathione levels, whilst FRAP assay
precisely reproduced plasma levels of ascorbic acid, uric acid and a-tocopherol (Katalinic et al.,
2005).

Active molecules in extracts present varied chemical and physical characteristics to be
considered in the development of pharmaceutical formulations. Moreover, semi-solid
emulsions are used as vehicles to pharmaceutical formulations for skin release and their
coloidal properties influence drug bioavailability (Campanini et al., 2014). Thus, it is important
to use formulations with different proportions of lipidic to determine the effectiveness in vivo.
The excipients and concentrations used in formulations F1 and F2 were chosen based on the
previous studies of our group. Release may be improved by selecting the appropriate vehicle.
Herein, it was found that the formulation with higher lipid content was effective in all
parameters, while the one with less lipid content is effective only in the reduction of edema
formation, thus the difference in lipid content may affect the release of active components of
the NE, and consecutively the effectiveness in vivo.

Therefore, the present data demonstrated that there is a beneficial effect of NE against
UVB-induced skin oxidative stress and also that the type of formulation used can influence
the antioxidant efficiency of the extract. Thus, the data suggest the use of NE added
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formulation with higher lipid content to prevent skin damage caused by UVB irradiation and
demonstrates the importance of conducting further pre-clinical and clinical studies with this
extract.
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