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EDITORIAL

Em meio a tantas dificuldades, mesmo diante da
que vivemos neste momento, em escala mundial,
o Brazilian Journal of Natural Sciences segue sua
trajetéria de crescimento e comprometimento com a
divulgac¢ao da ciéncias naturais.

Na busca sempre de um editorial ético e
compromissado com as universidades em seus
cursos de graduagdo e pos-graduagdo, através de
seus alunos e professores pesquisadores, o Brazilian
Journal of Natural Sciences continua sua caminhada
para se tornar um periodico de referéncia nacional e
internacional.

Nesta edicdo apresentamos bandeiras distintas
através dos artigos publicados como: Eti6pia, India,
Peru e Brasil.

O Brazilian Journal of Natural Sciences esta
cumprindo seu papel de diminuir a distancia fisica das
informagdes e dos pesquisadores, aproximando-os de
forma a criar um ambiente fraterno onde a academia,
a ciéncia e a pesquisa possam usar um mesmo espago
para conversarem e exporem suas contribui¢oes
cientificas.

Somos muito agradecidos aos alunos, professores
pesquisadores e as universidades que contribuiram
com esta edi¢ao nos deixando felizes e orgulhosos
com nosso periddico.

Abracos fraternos a todos (as).

Carlos Jorge Rocha Oliveira
Editor Chefe

EDITORIAL

In the midst of so many difficulties, even in the
face of what we are experiencing at the moment, on a
global scale, the Brazilian Journal of Natural Sciences
follows its trajectory of growth and commitment to
the dissemination of natural sciences.

Always seeking an ethical and committed editorial
with universities in its undergraduate and graduate
courses, through its students and research professors,
the Brazilian Journal of Natural Sciences continues
its journey to become a national and international
reference journal.

In this edition we present different flags through
articles published as: Ethiopia, India, Peru and Brazil.

The Brazilian Journal of Natural Sciences is
fulfilling its role of reducing the physical distance of
information and researchers, bringing them together
in order to create a fraternal environment where
academia, science and research can use the same
space to talk and expose their scientific contributions.

We are very grateful to the students, research
professors and universities that contributed to this
edition, making us happy and proud with our journal.

Fraternal hugs to all.

Carlos Jorge Rocha Oliveira
Editor-in chief
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Abstract
Keywords: In the present study, antibacterial activity of leaf, stem bark and root
Schinus molle, bark extracts of Schinus molle (Anacardiaceae) was evaluated against two
phytochemical, essential bacterial (Xanthomonas and Ranstonia) and two fungal (Aspergillusniger
oil, GC-MS, antimicrobial and Fusariumvert) species using agar diffusion method. The stem and root
activity ethanol extracts of Schinusmolle exhibited relatively higher zone of inhibition

(11.3mm) against Xanthomonas campestris, pv. Campestris. Higher zone of
inhibition (10mm) was also observed by the ethanolic extracts of the root of
Schinus molle against Fusarium verticillioides followed by the chloroform
extracts of the root (8mm) against Aspergillus niger. Phytochemical analysis
of leaf, stem bark and root bark extracts of Schinus molle revealed the
presence of flavonoids, alkaloids, saponins, steroids, terpenoids, phenols,
quinines, carbohydrates and proteins. The occurrence of these biologically
active chemicals in the plants parts may justify their wide usage in traditional
medicine. From GC-MS analysis, three terpenoids namely monoterpene
(66.02%) as a major components, sesquiterpene hydrocarbons (13.63%)
and oxygenated sesquterpenes (11.07%) were identified from the roots.
The essential oils obtained from leaf have been also rich in oxygenated
sesquterpenes (68.28%), followed by sesquiterpene hydrocarbons (18.33%),
and alcohols (5.17%). The finding indicated that essential oils from different
parts of Schinus molle have a promising potential on inhibiting activity of
pathogenic microbes.
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Introduction

For thousands of years, human beings used plants
to treat various ailments and still many peoples from
developing countries rely on traditional doctors and
the collections of medicinal plants to treat health
problems (Mehani and Segni, 2013). The medicinal
plants are the plants whose parts (leaf, seed, fruits,
stems, roots, barks), extracts, infusions, decoctions,
powders are used in the treatment of different
diseases of humans, plants and animals (Samy, 2005).
The medicinal value of plants lies in some chemical
substances that produce a definite physiological
action on the human or animal body part of the plant.
Extracts of many plants are highly efficient against
parasitic as well as microbial infections (Bharti et
al., 2013; Jameela et al, 2016; Parekh and Chanda,
2006). Unlike synthetic pesticides and fungicides,
antimicrobials of plant origin are not associated with
many side effects and are environmental friendly.

The essential oils are volatile aromatic substance
extracted from the plant. They are produced
in aromatic and medicinal plants as secondary
metabolites and are obtained from various plant parts
(flower, seed, leaves, bark, herbs, wood, fruits and
roots) and stored in secretory cells, cavities, vessels,
or epidermal cells called glandular trichomes (Pedro,
2012). They have many therapeutic properties. In
herbal medicine, they are used for their antiseptic
properties against infectious diseases of fungal and
bacterial origin (Mehani and Segni, 2013). The
inherent activity of an oil extract may be related to
its chemical composition, the proportions of the
components and the interactions between them.
The chemical composition of the essential oil
consists mainly of monoterpene hydrocarbons (e.g.,
a-pinene, B-pinene, sabinene, terpinen-4-o), and
some sesquiterpenes such as (+) spathulenol and
germacrene-D (Lisin et al.,, 1999). Essential oils act
against microorganisms often causing instability in
the plasma membrane leading to cell lysis. Although
the antimicrobial activity can be triggered by a single
chemical compound, it usually appears to result
from a synergy between several chemicals in the oil
(Bhavanani and Balow, 1992; Elhayouni et al., 2008).

Schinus molle L. (Anacardiaceae) is one of very
important medicinal plant native to Argentina,
Bolivia and Peru but has since been introduced to
Ethiopia and known with local name as “Kundo

Berbere” (Ambharic) (Basil and Zakaria, 2014). This
plant plays an important role in pharmacology and
pharmaceutical chemistry because of its high essential
oil content in its different parts (Belhamel et al, 2008).
In Ethiopia, especially in Eastern part of Ethiopia, the
fresh leave was traditionally used to repel insects. The
insecticide effect of this plant might be combination
of bio active intergradients produce a physiologic
action on the insects.

Some studies have concluded that the Essential oils
asawhole have much greater antibacterial activity than
a mixture of the major components, which suggests
that minor components are critical for this activity
and may have a synergistic effect or potentiating
influence (Burt, 2004; Ljalem and Unnithan, 2014;
Marongiu et al, 2004). However, in Ethiopia, there
is no sufficient work on antimicrobial effect of leaf,
stem bark, fruit and root bark extract of S. molle on
growth and activity of different fungal and bacterial
strains. Therefore, this study was aimed to screen
phytochemicals, investigated the chemical constituent
of essential oils and evaluates antimicrobial activities
of leaf; stem and root bark extracts of S. molle against
selected plant pathogens (Fusariumverticillioides,
Aspergillusniger, Xanthomonascampestris, pv.
Campestris and Ralstoniasolanacearum).

Material and Methods
Plant Material Collection

The aerial parts (stem bark and leaf) and root
bark of Schinus molle plant were collected from
Eastern Hararghe, Ethiopia. Fresh plant materials
were thoroughly washed under tap water, dried with
blotting paper and made ready for extraction. The
plant species deposited at the National Herbarium of
the Addis Ababa University, Ethiopia and a voucher
specimen (No. TT-12) has been given.

Preparation of Plant Extracts

Fresh plant parts (stem and root barks and leaf of
Schinus molle) were collected and thoroughly washed
under tap water and shade-dried at room temperature
or three weeks. The dried plant parts were crushed
to fine powder using an electric grinder. Exposure
to direct sunlight was avoided to prevent the loss of
active components. The powder of collected plant
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materials (50 grams of each plant parts) were extracted
successively with 600 mL of n-hexane, chloroform
and ethanol for 6hours using Soxhlet extraction. Each
solvent was removed by rotary flash evaporator at
lower temperature under reduced pressure and the
crude extracts were stored in dark vials at 4°C for
future uses.

Hydro-distillation and purification of essential oil

The fresh leaf and stem bark of Schinusmolle
(600mg) was soaked in water at a ratio of 1:2 (w/v)
and subjected to hydro-distillationfor 6hours using
a modified Clevenger type glass apparatus. The
essential oil was separated from the aqueous layer by
separatory funnel, using the non-polar chloroform as
a solvent. The residual oil was dried over anhydrous
Na,SO, and kept in a refrigerator (5°C) for subsequent
experiments. Analysis of essential oil was carried
out by Clarus 600/600 P Gas Chromatograph/Mass
Spectrometer (Perkin Elmer, USA) system.

Microbial Culture preparation

Bacterial species (Xanthomonascampestris, pv.
Campestris and Ralstoniasolanacearum.) were used
for the antibacterial screening in this study. These
organisms were maintained on agar slope at 4C
and sub-cultured for 24hr before use. Similarly, the
fungal plant pathogens Fusarium verticillioides and
Aspergillus niger were used for the antimicrobial test
of the extract.

Microbial Susceptibility Testing

Standardized inoculums with 0.5 McFarland
standards were introduced onto the surface of sterile
agar plates, and a sterile glass spreader was used
for even distribution of inoculums. McFarland is a
barium sulphate standard against which the turbidity
of the test and controlled inoculum was compared.
McFarland was prepared by mixing two, solution
“A” is 1 % v/v solution of sulphuric acid (H,SO,) and
solution “B” is 1 % w/v solution of barium chloride
(BaCl,). To get 0.5 McFarland standard, concentration
equivalents to cell density of about 107- 10° CFUg, the
amount of 0.5 ml BaCl, of 1 % solution “A” was mixed
with 99.5 ml H SO, of 1 % solution “B” (Bauer et al,
1966). A sterile paper disc previously soaked in known

concentration of extracts will be carefully placed at
the centre of the seeded labeled agar. The plates were
incubated aerobically at 37 C and examined for zone
of inhibition after 24 hrs. Each zone of inhibition was
measured with a ruler and compared with the control
(Bauer et al., 1966).

Determination of Total Tannin and Phenol
Content

Tannin

Condensed tannin was analyzed by vanillin-HCl
method of (Price et al, 1980) using the modified
Vanillin-HC] methanol method. The Vanillin-HCl
reagent was prepared by mixing equal volume of 8%
concentrated HCl in methanol and 1% Vanillin in
methanol. The solutions of the reagent were mixed
just prior to use. About 0.2 g of the ground sample
was placed in small conical flask. Then 10 mL of
1% concentrated HCl in methanol was added. The
conical flask was capped and continuously shaken for
20 min and the content then is centrifuged at 2500
rpm for 5 minutes. About 1mL of the supernatant was
pipette into a test tube containing 5 mL of Vanillin-
HCI reagent. Absorbance at 450 nm was read on
spectrophotometer after 20 minutes incubation
at 30°C. A blank sample was also analyzed and its
absorbance was subtracted from sample absorbance.
A standard curve also prepared from catechin (1
mg/mL). Tannins content was expressed as catechin
equivalent as follows:

CX 10X 100

Tannin(%) = 00

Where: C is concentration corresponding to the
optical density, 10 is volume of the extract (mL), 200
is sample weight (mg).

Phenolic

Total phenolic content was determined according
to Folin-Ciocalteu method (Sharma and Gupta,
2010). Sample 200 mg was extracted with 4mL of
acidified methanol (HCL/Methanol/water, 1:80:10
v/v/v) at room temperature (25°C) for 2 hrs. Aliquot
of extract (200 uL) was added to 1.5 mL freshly
diluted (10 fold) Folin-Ciocalteu reagent. The mixture
was allowed to equilibrate for 5 min and then mixed
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with 1.5 mL of sodium carbonate solution (60 g/l).
After incubation at room temperature (25°C) for 90
min, the absorbance of mixture was read at 725 nm
(6505 uv/vis spectrophotometer, Model 6505, UK,
GENWAY). Acidified methanol was used as a blank.
Form the stock solution of standard gallic acid, a series
of six standard solutions (0, 5, 10, 15, 20, 25, 30 and
35 ppm) was prepared. The amount of total phenolic
was estimated from the calibrated curve as gallic
acid equivalent (GAE) in milligram per kilogram of
sample. Total phenolic content was calculated by the
following formula:

(pg/mL)xDfx100
Sample mass (db)

Total phenolic (ppm) =

Where: ug/mL is the absorbance
concentration, Df is dilution factor.

reading

Procedure of Phytochemical Tests

The different qualitative chemical tests were
performed for establishing the profile of given
extracts to detect various phyto-constituents present
in them. The phytochemical were analyzed according
to standard screening tests using conventional
procedures.

Test for Flavonoids

Lead acetate Test: -Extracts were treated with few
drops of lead acetate solution. Formation of yellow
colour precipitate indicates the presence of flavonoids.

Test for Alkaloids:

Wagner’s Test: -Filtrates were treated with Wagner’s
reagent (Iodine in Potassium Iodide). Formation of
brown/reddish precipitate indicated the presence of
alkaloids.

Hager’s Test: -Filtrates were treated with Hager’s
reagent (saturated picric acid solution). Presence of
alkaloids was confirmed by the formation of yellow
coloured precipitate.

Detection of Saponins
Foam Test: 0.5 gm of extract was shaken with 2 mL

of water. If foam produced persists for ten minutes it
indicates the presence of saponins.

Test for Steroid

5 drops of concentrated H,SO, was added to 1cm’
of the extract. A reddish brown colour indicates the
presence of steroids.

Test for Terpenoids

Salkowski test; - 5 mL of various solvent extract
was mixed in 2 mL of chloroform followed by the
careful addition of 3 mL concentrated (H,SO,). A
layer of the reddish brown coloration was formed at
the interface thus indicating a positive result for the
presence of terpenoids.

Detection of Phenols

Ferric Chloride Test: Extracts were treated with
3-4 drops of ferric chloride solution. Formation of
bluish black colour indicates the presence of phenols.

Test for Quinones

One ml of each of the various extracts was treated
separately with ferric chloride solution. Quinines give
coloration ranging from red to blue.

Test for Carbohydrates

Molisch test: Treat extract with few drops of
alcoholic alpha-naphthol. Add 0.2mL concentrated
sulphuric acid slowly along the sides of test tube,
purple to violet colour ring appears at junction was
showed the presence of carbohydrates.

Detection of proteins and amino acids

Xanthoproteic Test: -The extracts were treated
with few drops of conc. nitric acid. Formation of
yellow colour indicates the presence of proteins.

Ninhydrin Test: -To the extract, 0.25% w/v
ninhydrin reagent was added and boiled for few
minutes. Formation of blue colour indicates the
presence of amino acid.

Data Analysis

The data was analyzed by using simple statistical
methods. Experimental results were expressed as
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means * SD. All measurements were replicated three
times.

Results and Discussion
Phytochemical screening of the crude extracts

The different qualitative chemical tests were
performed for screening the profile of given extracts

to detect various phyto-constituents present in the
plant. The phytochemicals were analyzed according
to standard screening tests using conventional
procedures. The results of constituents of the crude
extract of parts of Schinus molle were presented in
table 1.

Table 1: - Phytochemical screenings results of crude
extracts of leaf, stem and root bark Schinusmolle.

No Phytochemical Leaf Stem Bark Root Bark

" Components Pether CF Eth Pether CF FEth |Pether CF Eth
1 Flavonoids - + + - + + - + +
2 Alkaloids - + + - + + - + _
3 Saponins - - - - - - - - +
4 Steroids + = + - - _ _
5 Terpenoids + - - + - - ++ U
6 Phenols - + - + + - - +
7 Quinones - - - + ++ - ++
8 Carbohydrates + + - ++ + - ++ + -
9. Proteins - - + - + + - = 4k

Note: ++ = strong presence, + = moderate presence, - = absence: P eth= Petroleum ether, CF= Chloroform

and Eth= Ethanol.

Phytochemical screenings results (Table 1) of
crude extracts of leaf of Schinus molle revealed
moderate presence of flavonoids, alkaloids, steroids,
phenols and carbohydrates. The crude extracts of
steam bark showed strong presence of quinones and
carbohydrates and moderate presence of flavonoids,
alkaloids, Phytochemical
screenings of crude extracts of root of schinus molle
also showed strong presence of terpenoides, quinones

steroid and phenols.

and carbohydrates and moderate presence of
flavonoids. Flavonoids were present in both ethanolic
and chloroform extracts of leaf, stem and root barks
of Schinus molle. Similarly, alkaloids were found in
both chloroform and ethanol extracts of leaf and
stem barks of Schinus molle. They were also found
in chloroform extracts of root barks while absent in
ethanol extracts. Terpenoids were found in petroleum
ether extracts of all plants parts while steroids were
found in both petroleum and chloroform extracts
of leaf and stem barks. Quinones were also present
strongly in ethanolic extract of the above-mentioned
plant parts. On the other hand, carbohydrates were
found all petroleum and chloroform extracts of only

all plant parts.

Tannin and Phenolic content of the different
parts of Schinus molle

The result of experiment for total tannin and
phenol contents from the leaf, stem and root bark was

indicated in table 2.

Table 2: Total tannin and phenolic content.

No Plant part Tannin Total phenol
mg/g mg/g

1 Stem bark 13.48 177.27

3 Rootbark  13.71 167.27

5 Leaf 592 58.86

This result showed that, the methanolic extracts of
the leaf, root and stem bark of Schinus molle showed
high amount of total phenolic content when compared
to the total tannin in the three parts of the plant.



310 Tesfahun Lamboro et al - Braz. J. Nat. Sci. — electronic journal ISSN: 2595-0584 - V.3 - N.2

Similar finding was reported by Kasmi et al, (2016)
there by higher phenolic content was observed on the
fruit of Schinus molle with aqueous solution extracts.

Our findings showed that Schinus molle is rich in
phenolic compounds which were mainly responsible
for several antimicrobial activities due to the trapping
potential of free radicals and activation of antioxidants
of the cells. Phenols activate the natural defensive
mechanism on the microbes.

Antimicrobial activity of leaf, stem and root
bark extract of Schinus molle

The result for antimicrobial effects of extracts
from leaf, stem and root bark of Schinus molle
against bacterial and fungal plant pathogens were
summarized below (Table 3 and 4).

Table 3: Antibacterial activities of leaf, stem and root barks extracts of Schinus molle.

Mean zone of inhibition (mm) on culture of test bacteria

Bacteria strains  Plant Part Solvents extract Control
n-Hexane CF Ethanol Positive Negative
Leaf 8.60+0.06 9.33+0.06 8.00+0.20
Stem bark 7.00+0.17 9.70+0.06 11.30+0.06  31.00+0.17 0
Xanthomonas
Root bark 9.70+0.12 9.30+0.15 11.30+0.06
Leaf 3.30+0.06 9.70+0.06 5.70+0.06
) Stem bark 6.00+0.10 1.70+0.15 6.30+0.12 9.70+0.06 0
Ranstonia
Root bark 9.70+0.12 2.70+0.06 6.70+0.06

The result revealed that stem and root bark
ethanol extracts exhibited relatively higher (11.3mm)
inhibition zone against Xanthomonas campestris, pv.
Campestris. The n- hexane extraction of leaf and stem
showed relatively less inhibition against Xanthomonas
as compared to others. Ralstonia showed relatively less

inhibition zone (1.7 and 2.7mm) against CF extracts of
stem and root. The CF leaf extracts and the n- hexane
root extracts showed relatively higher inhibition
against Ralstonia. As compared to Xanthomonas, less
inhibition of the plant extracts against Ralstonia were
observed (Table 3).

Table 4: Antifungal activities of leaf, stem and root barks extracts of Schinus molle.

Mean zone of inhibition(mm) on cultures of test fungi

Fungi strain Plant Part Solvent extracts Control
n-Hexane CF Ethanol Positive =~ Negative

Leaf 6.30£0.06 5.30+0.056 5.70%0.10

Aspergillusniger Stem bark  6.30+0.06  5.30+0.21  6.30£0.23  33.70+0.06  0+0.00
Root bark 6.70+0.06 8.00+0.20 6.70£0.12
Leaf 5.70+0.06 1.30+0.06 2.30+0.15

Fusariumvert Stem bark ~ 5.30+£0.31  1.30+0.06  7.00+0.10  24.30+0.06  0+0.00
Root bark 2+0.100 1.00+£0.00  10.00£0.00

Relatively higher zone of inhibition (10mm) was
observed by the ethanolic extracts of the root of
Schinus molle against Fusarium verticillioides followed
by the chloroform extracts of the root (8mm) against
Aspergillus niger. The least zone of inhibition was
detected in the chloroform extracts of the root, stem

and leaf extracts against Fusarium verticillioides. The
n-hexane and chloroform extracts of the plant showed
relatively higher zone of inhibition against Aspergillus
niger than Fusarium verticillioides (Table 4).

When the overall zone of inhibition was examined,
the crude extracts showed relatively higher zone of
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inhibition against the tested bacterial species than
fungal species. The ethanol extracts of stem and root
showed relatively higher zone of inhibition against the
tested bacteria than the other solvent extracts. Overall,
the maximum inhibition zone of crude extract in the
experiment was (12mm).

A report from Rhouma, et al, (2009) in the
antimicrobial activity of leaf extracts of Schinus
molle against Pseudomonas savastanoi pv. Savastanoi
showed similar results and the zone of inhibition were
between 9-12mm. Another report from (Mehani and
Segni, 2013) on the antimicrobial activity of plant
extract of Schinus molle on four bacterial pathogens
(E. coli, Pseudomonas aeruginosa, Staphyloccus and
Klebsiella pneumonia) with a zone of inhibition 13,
12.33, 11.67 and 10.5mm, respectively which is in
agreement with the current finding.

This result could be due to the polarity of the
compounds which were extracted by each solvent

and the ability of extracts to diffuse and dissolve in
different culture media used in the study. Absence of
antimicrobial activity does not mean that the bioactive
compounds are not present in the plant or the plant
has no activity against microorganisms. Presence
of inadequate quantities of active constituent or
constituents in the extract to exhibit the antimicrobial
activity can be the reason for the negative results.

Chemical composition of essential oil from leave
of Schinus molle

The major volatile components of essential
oils recovered by hydro distillation and their
retention time analyzed by GC/MS of Schinus
molle were summarized in the Table 5 and Fig 1
below. Analysis of essential oil was carried out
by Clarus 600/600 P Gas Chromatograph/Mass
Spectrometer (GC/MS).

Schinus molle L1
100
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7.51;222638
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13923
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Fig 1: Chromatograms of essential oil from leaf of Schinus moll

The result showed three alcohols, three
sesquiterpene  hydrocarbons, = one  aromatic
hydrocarbon, three oxygenated sesquterpenes

(91.78%) and other compounds (8.21%) totally
99.99% of the essential oils were identified from
Ethiopian leaf of Schinus molle by GC-MS (Table 5).
As shown by their proportion given in the Table 5,
the essential oils obtained from leaf have been found
to be rich in oxygenated sesquterpenes (68.28%),
followed by sesquiterpene hydrocarbons (18.33%),
and alcohols (5.17%). The published literature on
the chemical composition of essential oils of Schinus
molle growing in Egypt revealed that - eudesmol

(10.34%), elemol (10.27%), B- bisabolenol (5.06%)
and epi- a-muurolol (3.29%) as the major oxygenated
sesquiterpenes (50%) and p-cymene (9.42%) as the
mostabundant monoterpene hydrocarbons (19.4%) in
leaf oil (Dalia et al.,2016 ). However, the present study
result on the chemical composition of essential oils of
Schinus molle growing in Eastern Hararge (Ethiopia)
was different. These were hedycaryol (38.62%), -
eudesmol (21.81%) and Ar-turmeroneas (7.85%) the
major oxygenated sesquiterpenes (68.28%) followed
by y-Eudesmol (9.80%), y-elemene (6.12%) and a-
cubebene (2.41%) as sesquiterpene hydrocarbons
(18.33%).
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Table 5: Chemical composition of essential oil from leaves of Schinus molle

No | Constituent RT (min) %
Alcohols
1 | 1-Butyl-2-cyclohexen-1-ol 4.13 2.12
2 | (2-Penta-2,4-dienyl-cyclohexyl)-methanol 4.87 3.05
3 | (S)-(+£)-5-Methyl-1-heptanol 8.96 n.d

Sesquiterpene hydrocarbons

4 | y-elemene 6.92 6.12
5 | y-eudesmol 8.43 9.80
6 | a-cubebene 9.10 241

Aromatic Hydrocarbons

7 | 1,4- diethylbenzaldeyde 7.18 n.d

Oxygenated sesquterpenes

8 | Hedycaryol 7.51 38.62

9 | B-eudesmol 8.70 21.81

10 | Ar-turmerone 8.78 7.85
Total known identified compounds 91.78
Alcohols 5.17
Sesquiterpene hydrocarbons 18.33
Oxygenated sesquterpenes 68.28
Others (Unknown or not identified) 8.21

n.d. -not detected

Schinus molle B1 Scan El+
1004 6.25;3746486 TIC
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Fig 2: Chromatograms of essential oil from steam of Schinus molle
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Table 6: Chemical composition of essential oil from stem bark of Schinusmolle

No | Constituent | RT (min) | %
Monoterpene hydrocarbons
1 | a-pinene 4.93 0.77
2 | B-pinene 6.25 39.57
3 | a-Phellandrene 6.55 14.58
4 | p-Cymene 6.98 1.03
5 | d-limonene 7.12 10.07
Sesquiterpene hydrocarbons
6 | a-amorphene 19.64 n.d
7 | Germacrene A 20.52 13.63
Oxygenated sesquterpenes
8 | Elemol 20.36 2.22
9 | y-eudesmol 22.17 n.d
10 | Agarospirol 22.72 8.85
Total known identified compounds 90.72
Monoterpene hydrocarbons 66.02
Sesquiterpene hydrocarbons 13.63
Oxygenated sesquterpenes 11.07
Others (Unknown or not identified) 9.27

n.d. -not detected

According to the GC-MS investigation of the
essential oils, it was found that the stem bark of
Schinusmolle contained, three terpenes (also known
as terpenoids or isoprenoids) namely monoterpene
(66.02%) as a major component, sesquiterpene
(13.63%) oxygenated
sesquterpenes (11.07%) were identified from the stem
bark. Accordingly (Table 5 and Figure 4), B-pinene
(39.57%), a-phellandrene, (14.58%), Germacrene
A (13.63%), d-limonene (10.07%) and agarospirol
(8.85%) were analyzed as major constituents in
stem of these species. According to the published
literatures, essential oils collected form Schinus molle
in Tunisia, the species contained elemol (20.7%),
6-epi-shyobunol (20.36%), d-limonene (16.19%) and
a-eudesmol (7.01%) (Kasmi et al., 2016). The stem
oil 31% of monoterpene hydrocarbons and 43.82% of
oxygenated sesquiterpenes with myrcene (15.28%),
B-eudesmol (11.79%), elemol (9.79%), limonene
(6.43%) and p-cymene (5.91%) were obtained as the
major volatile components from the plant leaves in
Egypt (Dalia et al., 2016). The differences of chemical

hydrocarbons and

composition in the same plant species might be due
to different environmental and geographical factors.

Conclusion

Phytochemical screening results of crude extracts
of stem and root bark of Schinus molle revealed
strong presence of quinones and carbohydrates
and moderate presence of flavonoids, alkaloids,
steroids and phenols. As compared to chloroform
and n-hexane, stem and root bark ethanol extracts
exhibited relatively higher (11.3mm) inhibition zone
against Xanthomonas campestris, pv. Campestris.
Relatively higher zone of inhibition (10mm) was
observed by the ethanolic extracts of the root of
Schinus molle against Fusarium verticillioides followed
by the chloroform extracts of the root (8mm) against
Aspergillus niger. Furthermore, the leaf extract of the
plant were characterized and showed three alcohols,
three sesquiterpene hydrocarbons, one aromatic
hydrocarbon and three oxygenated sesquterpenes,
totally 91.78%) % of the essential oil were identified
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by GC-MS. The GC-MS analysis showed, three
terpenoids namely monoterpene (66.02%) as a major
components, sesquiterpene hydrocarbons (13.63%)
and oxygenated sesquterpenes (11.07%) were
identified from the stem bark. The finding indicated
that essential oils from different parts of Schinus molle
have a promising potential on inhibiting activity of
pathogenic microbes.
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Abstract

Plastic pollution is regarded as one of the major issues from the
Anthropocene epoch. Microplastics (<5 mm) are the result of the excessive
plastic production andlittering, thusbecoming widespread in the environment.
In this study, the presence and characteristics of microplastics extracted from
the gastrointestinal tract of sea urchin Tetrapygus niger was reported. An
average abundance of 3.22 + 0.49 microplastics per individual was found,
ranging from 1 to 5. Fibers were the dominant type (75.9%), followed by
fragments (24.1%). Regarding color, most of the particles found were blue >
red > black > green. These results are in lower magnitude levels than those
reported in others species from the same region. However, microplastics could
transfer from sea urchins to predators in higher trophic levels, like marine
mammals. Prospects for further research was discussed.

Introduction

Microplastics (MPs) are plastic particles smaller
than 5 mm in diameter (1,2). These particle have
been evidenced around the world, reaching marine
(3), terrestrial (4), freshwater environments (5) and
even remote areas (6). Thus, MP pollution has been
regarded as ubiquitous and widespread globally. MPs
are classified as primary or secondary. While primary
MPs are manufactured micro-sized (e.g., face scrubs
and production pellets), secondary MPs derive

from the break down of larger plastics under certain
environmental conditions (1).

Marine species from any trophic level may be
subject to MP ingestion due to its small size (7). Upon
ingestion, MPs could potentially biomagnify along
the food web and reach apex predators (8). MP uptake
threatensmarinebiotaduetotheadhered contaminants
and leaching additives under weathering conditions
(9) by causing ecotoxicological effects at a biomarker
level (10). Filter feeding organisms are expected to
perceive a higher exposure. However, research shows
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that marine grazers, like gastropods, could retain MPs
ingested from contaminated seaweed (11,12).

Sea urchins feed by rasping on top of their feeding
substrate with calcitic teeth, leaving scratches while
grazing for endolithic photosynthetic organisms (13).
In the sea urchin Paracentrotus lividus, this behavior
have shown to cause a bioerosion of larger plastics into
MPs (14). Since marine litter in mainly composed of
plastic items (15), benthic marine grazes with specific
feeding ecology could play role in the release of
secondary MPs to the environment. In spite of this,
information regarding the presence of MPs in sea
urchins from the environment is limited compared to
other benthic macroinvertebrates (e.g., bivalves).

In Peru, some studies have studied the presence
of MPs in marine environments (3,16,17), and two
assessing invertebrates (18,19). Here, the abundance
and characteristics of MPs extracted from the
gastrointestinal tract of sea urchin Tetrapygus niger
were reported.

Materials and Methods
Study area and sample collection

In February of 2020, T. niger samples (n = 9)
were collected from a recreational sandy beach
(12°58’56.7”S  76°30’14.1”W) located in Caiete
Province, Lima Region, Peru. The specimens were
carefully detached from intertidal rocks during low

tide. Then, samples were stored and transported to the
laboratory in precleaned sealed glass containers with
ice. In the laboratory, the sea urchins were stored at
-20 °C until further analysis.

Microplastic extraction and identification

The specimens were thawed prior analysis. The
MP extraction procedure from the soft tissues
was described elsewhere (17) (Fig. 1). In brief,
a clean cut was made along the circumference of
the sea urchin using clean sharp scissors and the
gastrointestinal tract was extracted by cutting
from the esophagus (not including the Aristotle’s
lantern) to the rectum. The tissues were weighted
and placed in a screw cab test tube filled with 10%
(w/v) KOH for tissue digestion. The tubes were then
shaken manually and incubated at 60°C overnight.
The whole digestate was vacuum filtrated through
a Whatman 41 filter paper. The filters were placed
in closed petri dishes. Filters were scanned using
a stereomicroscope. MPs larger than 100 pm
were identified based on their morphology and
characteristics and classified into fibers, fragments,
films and microbeads. The color of the MPs was
also recorded.

Since identifying the polymer type of the MPs is
generally amandatory procedure (20,21), the results
from this study are regarded as preliminary. Herein,
MPs are referred to “suspected microplastics”.

GIT dissection

GIT digestion

60 °C, 24 h incubation

Filter scanning

10% KOH

Vacuum filtration

Fig. 1. Procedural steps for MP extraction and identification from the gastrointestinal tract of sea urchins.



318 DE-la-TORRE, G.H. et. al. Braz. J. Nat. Sci. — eletronic journal ISSN: 2595-0584 - V.3 - N.2

Quality control

Quality control measures followed the ones
described as mandatory by Dioses-Salinas et al. (4). In
general terms, lab coats and polymer free gloves were
worn at all times. Plastic materials were avoided and
metal and glass wear were preferred. All the surfaces
were wiped clean with distilled water, samples and
reagents were covered when not in use. Liquids were
prefiltered using the glass filtration apparatus’ sand
core plate.

An airborne blank was conducted by placing
a wet filter on the work surface for as long as the
batch treatment lasted. Also, a 10% KOH blank was
prepared by filtering the same amount of reagent
used in the samples. Upon inspection, no fibres or

suspicious particles were found in the blanks. Thus,
quality control measured deemed sufficient.

Results

MP particles were observed in all of the sea
urchins. A total of 29 MPs were observed. Mean MP
concentration was 3.22 + 0.49 MP per individual
(MP/ind. + SEM) and 0.07 + 0.01 MP per gram of
wet weight (MP/g + SEM). Individual occurrence
ranged from 1 to 5 MPs per individual. Regarding
morphology, films and microbeads were not found.
The majority of the MPs were fibres (75.9%), followed
by fragments (24.1%). Blue colored particles were
the most abundant, followed by red, black and green
(Fig. 2).

241 %

Fragments

Green: 3.4%
Black: 3.4% 3
Red: 17.2%

Blue: 75.9%

Fig. 2. Charts showing the percentage of MP morphotypes and color.

Discussions

A general low prevalence of MPs is reported in T.
niger when compared to fish and bivalves from the
Lima Region reported in previous research (17,19).
MP intake by sea urchins are likely to be directly
influenced by their foraging activity. Studies with
periwinkles demonstrated macrophytes to be a viable
vector for MPs (11,12). However, the likeliness of
MPs to attach to biofilm surfaces in intertidal rocks
used as foraging grounds for benthic invertebrates are
unknown.

The dominance of fiber particles in marine species
is commonly reported in literature (17,19,22,23).
Importantly, Perez-Venegas (24) evidenced Otariids
from the Peruvian and Chilean coast to have ingested
mainly fibers. This indicates that MPs may pass from

prey to predator, scaling to higher trophic levels.
Although the information regarding the presence
of MPs in superficial waters is lacking in Peru,
publications on marine sediment reported little to no
fibres in their samples (3,16). This may be due to the
smallest particles being overlooked, as these studies
aimed for the “larger” MPs ranging from 1 to 5 mm.
Various ecotoxicological studies have
demonstrated that MPs can cause ill effects on sea
urchins at early stages of development (25-28). For
instance, in Lytechinus variegatus, production pellets
cause anomalous development of embryos (27),
while polystyrene and polymethyl methacrylate
microplastics induced a decrease in fertilization
success in Sphaerechinus granularis and caused
transmissible damage (28). Indeed, the bioavailability

of MPs may pose a threat to the development and
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survival of sea urchin populations.

Here, a preliminary assessment was carried out
reporting the presence of MPs in sea urchins from the
coast of a sandy beach in Peru. This is the first known
study to evidence such particles in echinoderms from
this region. A general low prevalence was observed,
although the MP morphologies are similar to those
reported in literature. Further studies must focus on
tracking the sources of MPs in the Peruvian coastline,
intake mechanics based on feeding ecology and MP
assessment at various trophic levels.
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Abstract

The quality control in pharmaceutical industries has been gradually
improved with the implementation of new strategies and technologies, in
order to make it possible to obtain increasingly effective and safe products.
With the advent of the Quality by Design (QbD) concept, the production
of medicines started to be optimized by delimiting the quality parameters
of the products from the initial stages of development and formulation
planning based on the characteristics of the active pharmaceutical
ingredient, aiming defect prevention and continuous improvement of the
production chain. Therefore, the present study constitutes a quantitative
analysis of notifications of irregularities in solid medicines published on
the National Health Surveillance Agency (ANVISA) official website during
the period from 2017 to 2019, using the Failure Mode Analysis and Effects
(FMEA) methodology in QbD context. Of the 421 notifications of irregular
pharmaceutical products analyzed, 28.5% corresponded to technical
complaints and, of this total, 60.0% were related to solid medicines. After
evaluating the data, it was found that approximately 80.0% of the non-
conformities found were related to aspect, dissolution, packaging, dosing
and purity. Thus, it can be inferred that the QbD is an efficient strategy for
the management of risks related to production, aiming at cost reduction and
implementation of strategies that allow the gradual reduction in the number
of technical complaints of these products.

Introducao

De acordo com um relatério do Sistema Mundial
de Vigilancia e Monitorizagio da Organizagdo
Mundial da Satde (OMS), estima-se que, em
paises subdesenvolvidos, cerca de um em cada dez
medicamentos comercializados ndo apresenta padroes
de qualidade aceitaveis, seja por irregularidades
relacionadas a falsificagdo de produtos ou ocasionadas
por erros de fabricagdo (1).

Com a expansdo da industria farmacéutica e
ampliacio da produgdo de medicamentos, novos
produtos sdo constantemente disponibilizados no
mercado. As formas farmacéuticas sélidas se destacam
em relagdo as demais por apresentarem vantagens
significativas, como facilidade de administragao e
transporte, maior tempo de validade e boa estabilidade
fisico-quimica (2).

Paralelamente, houve a necessidade de aumentar o
monitoramento da qualidade desses produtos, fazendo
com que as industrias farmacéuticas passassem a
investir na implementagdo de novas estratégias e
tecnologias que visam a obtengdo de produtos cada vez

mais eficazes e seguros. Uma das principais formas de
monitoramento na fase pds-comercializagdo é através
da notificagdo de queixas técnicas, que podem ser
definidas como qualquer irregularidade relacionada
a aspectos técnicos ou legais, capaz ou nao de causar
algum dano a saude individual e coletiva (3)21.0%
ineffective therapy and 9.0% adverse reaction to
medication. The pharmacological groups with highest
number of reports were: drugs that act on alimentary
tract and metabolism (25.1%.

O controle de qualidade deve ser enquadrado
como um elemento-chave de qualquer processo
industrial para conferir credibilidade aos produtos
e estabilidade as empresas no respectivo setor de
atuagdo. Com o surgimento da era da gestdao da
qualidade total a partir de 1980 (Figura 1), o foco
das industrias passou a ser no controle de variaveis
que podem afetar a qualidade desejada para os
produtos desde a fase de planejamento, por meio de
estratégias pautadas principalmente no conceito de
QbD (4,5)despite some impressive success stories,
the pharmaceutical industry have not yet fully
embraced QbD, particularly in routine commercial
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manufacturing (Rantanen and Khinast, 2015; Puiial
Peces et al., 2016.

Figura 1: Principais elementos da gestio da
qualidade total

Garantia da

Qualidade Controle

Estatistico

Gestao da
Qualidade Total

Inspeg¢ao

Figural. Elaborada pelos autores

Segundo Nadpara et al. (6), o QbD constitui uma
abordagem moderna para produtos farmacéuticos
que fornece um direcionamento para que as industrias
aprimorem seus processos de fabrica¢ao, por meio da
otimizagao de sistemas operacionais e gerenciamento
dos riscos relacionados a producao.

No entanto, o principal desafio a ser enfrentado é
a identificagdo de todos os potenciais pontos de falhas
capazes de comprometer a qualidade dos produtos,
uma vez que a maioria dos processos ndo possuem
um padrdo minuciosamente delimitado. Diante deste
contexto, o uso de ferramentas de qualidade se torna
uma importante alternativa para auxiliar em tomadas
de decisao envolvendo o direcionamento de recursos
para praticas de melhoria continua em etapas
consideradas mais criticas (7,8).

Tendo em vista a amplitude da bibliografia
disponivel para pesquisa a respeito de gestao de riscos
em processos industriais, a metodologia FMEA foi
a ferramenta mais adequada para este estudo, uma
vez que permite a identificacdo das irregularidades
que representam maiores riscos, possibilitando o
planejamento de agdes corretivas e preventivas capazes
de diminuir a ocorréncia de nao-conformidades
(9,10).

Neste sentido, o objetivo do trabalho foi avaliar
quantitativamente notificacbes de medicamentos
solidos irregulares publicadas pela ANVISA durante
o periodo de janeiro de 2017 a dezembro de 2019, a

partir do uso da ferramenta FMEA dentro do contexto
de QbD.

Materiais e Método

O presente estudo foi realizado por meio de um
levantamento de dados de notificagdes de queixas
técnicas de medicamentos solidos publicadas na forma
de Resolugoes Especificas (RE) na area de “Produtos
Irregulares” do site oficial da ANVISA (11), durante o
periodo de janeiro de 2017 a dezembro de 2019.

Apds uma busca sistematica, realizou-se a coleta
das notificagdes de acordo com a forma farmacéutica
e o tipo de irregularidade apresentada pelos produtos.
Foram considerados dados relacionados a problemas
farmacotécnicos, contaminagdo, descumprimento de
normas gerais de fabricagio e nao-conformidades
em embalagens, para posterior subdivisio em 12
categorias (Tabela 1)

Logo apds, os numeros de notificagoes foram
contabilizados separadamente de acordo com
as respectivas categorias e procedeu-se as etapas
subsequentes de aplicagdo da ferramenta (Figura 2).

Figura 2: Etapas de aplicagdo da ferramenta
FMEA para andlise de ndo conformidades em
formulagdes solidas entre janeiro de 2017 e dezembro
de 2019

Identificar o tipo de n&o- conformrdade ou

l

Levantar as possiveis causas da falha e os

potenciais efeitos na qualidade do produto
8

Classificar a falha segundo os indices de

Ocorréncia, Severidade e Detec¢do

Calcular o Nimero de Prioridade de Risco
(NPR)
2

[ Definir plancs de acéo ]
[ 4 h |
Padronizar o processo e verificar o Implementar medidas de confrole e
andamento das acbes atualizar os procedimentos

Fonte: Adaptado de Saxer (10).

Na classificacio de ocorréncia (Tabela 2),
principal critério adotado foi a frequéncia em que uma
dada falha se repetiu durante do periodo estudado. Ja
o indice de severidade foi definido de acordo com as
possiveis consequéncias que a falha pode trazer, sendo
assim, o principal critério adotado foi a gravidade dos
efeitos, considerando aspectos como riscos a saude
dos usudrios, comprometimento da eficacia e perda da
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credibilidade do produto. Por fim, a escala de detec¢ao
foi estabelecida a partir da probabilidade de se evitar

a falha, desta forma, quanto menor a quantidade de  nao-conforme chegar ao cliente (9,10).

Tabela 1: Categorizagdo das notificagdes de queixas técnicas de medicamentos

CATEGORIA IRREGULARIDADES INCLUSAS

Aspecto - Alteragdo de caracteristicas organolépticas (cor, sabor, odor e textura).
Contaminagao Contagem de microrganismos acima da especificagdo ou presenga de pirogénio
microbioldgica & § P ¢ P ¢4 €€ PITogento.

Contaminagdo por
substincia ativa

- Presenca de substincias ndo descritas na formulagéo.

Descricao - Divergéncias entre a descri¢do e o aspecto do produto.
Desintegracao - Reprovagio no teste de desintegracao.
Dissolucao - Reprovagdo no teste de dissolugao.
Doseamento - Teor de principio ativo fora da especificagdo.
- Caracteristicas do produto diferentes das constantes na embalagem original;
- Auséncia de informagdes em roétulos ou falhas na gravacao dos dados dos
produtos nas embalagens;
Embalagem
- Embalagem do produto com material diferente do registrado;
- Falta de contetido no frasco do produto ou problemas no envase.
Estabilidade - Reprovagio nos testes de estabilidade.
Formulagao - Presenca de grumos ou irregularidades na superficie dos medicamentos.
Peso-médio - Peso fora da especificagdo ou do limite de variagao.
- Presenca de impurezas ou de formas polimorfas menos ativas;
Pureza - Resultados fora da especificagdo para testes de substincias correlatas;

- Utilizagdo de matéria-prima irregular ou proibida.

Tabela 1. Elaborada pelos autores

controles pré-existentes, maior o valor atribuido, uma
vez que havera um aumento do risco de um produto
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Tabela 2: Classificagdes de Ocorréncia, Severidade e Detecgdo

3 OCORRENCIA SEVERIDADE DETECCAO
INDICE
Classificacao |Critério | Classifica¢ao | Critério Classifica¢iao |Critério
. Falha
- sem efeitos . .
o imediatamente
na eficicia ou
detectada
seguranca do
por controle
produto; (o
. automatico ou
Chance lveza - Falhas que nao Certamente ferramentas
1 cada3 ND* sao notificadas pelo |a falha sera .
remota . simples (ex.
anos cliente, mas que detectada .
monitoramento
configuram 1
. do peso médio dos
descumprimento )
L. medicamentos de
de Boas Praticas de s
. forma automatica e
Fabricacio. )
continua)
- Falhas que nao
causam riscos a
satde, mas sdo
o Falha evitada
detectaveis (ex.
) . ou detectada
Frequéncia 2 vezes capsula faltando); Muito alta or controle por
2 q i acada3 |Bem leve - Falhas que probabilidade P P
muito baixa Lo ) amostragem (ex.
anos indicam problemas |de detec¢do L
d analises de controle
€ processo que
P d de qualidade)
afetam os produtos
esporadicamente (ex.
embalagem vazia).
- Falhas que nio tém
impacto direto na
p, ] Falha evitada ou
. 3 vezes eficicia do produto, | Alta
Frequéncia . detectada por
3 . acada3 |Leve mas podem causar | probabilidade .
baixa i B controle visual/
anos questionamento de detecgdo )
.. . manual continuo
quanto a integridade
ou estabilidade.
Falha evitada ou
- Falha pode detectada por
4 vezes Chance X
Pouco . representar uma controle visual/
4 acada 3 |Baixa h ) moderada de o
frequente nédo-conformidade ) manual periédico
anos detec¢io

regulatoria.

(checagens
aleatdrias)
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- Caracteristicas
organolépticas
questionaveis (ex.
cheiro desagradavel,
sabor atipico); Falha evitada ou
.. 5 vezes - Desvios de Falha detectada durante
Frequéncia . , . B
5 . acada3 |Consideravel |qualidade eventualmente |a execucdo de
ocasional i .
anos visualmente detectada Procedimentos
perceptiveis que Operacionais Padrdao
podem comprometer
a eficécia do
medicamento (ex.
capsulas abertas).
- Falhas que sdo
facilmente percebidas
elo cliente,
P oo Falha pode ser
prejudicando a .
] detectada ou evitada,
P . 6 vezes quantidade de vendas | Falha ] -
requéncia orém em situacoes
6 4 acada3 |Moderada do produto; regularmente P ) ¢
moderada especificas, como
anos - Perda de detectada ) o
inspegoes internas e
desempenho 7
, auditorias
perceptivel (ex.
medicamento nio faz
efeito).
- Informacgéo ausente
ou incorreta em
folhetos, bulas ou
rétulos; Falha evitada
7 vezes - Erros no rétulo (ex. |Baixa ou detectada por
7 Frequente acada3 |Grave prazo de validade probabilidade | verificagio pontual
anos incorreto); de detecgio (ndo prevista em
- Falha no protocolo)
fechamento das
embalagens primaria
e/ou secunddria.
- Irregularidade de
) & . Falha pode ser
fabricac¢io; . ) ) ~
L 8 vezes Probabilidade |evitada, porém nio
Frequéncia . - Falha pode causar . . ] ]
8 acada 3 |Muito grave . muito baixa de |existe mecanismo
elevada recolhimento ou 3 i
anos . detecgdo definido para
suspensdo das vendas 5
) deteccdo
do medicamento.
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Frequéncia
muito elevada

9 vezes
acada3
anos

E. grave*

- Produto incorreto
(incoeréncia entre
rétulo e conteudo);
- Medicamento
apresenta
constituintes em
concentragoes
diferentes das
especificacoes

da féormula
original, podendo
causar sérias
consequéncias
clinicas.

Falha
normalmente
nao
identificada/
nio evitada

Falha sem
qualquer controle
técnico, manual ou
visual que permita
a deteccdo

10

Frequéncia
mdaxima

10 vezes
acada3
anos

Critica

- A falha representa
risco potencial

de seguranga ao
paciente, de vida ou
a saude;

- Contaminacao
microbiologica,

Falha quase
nevitavelmente
detectada

Falha negligenciada
ou imperceptivel

quimica ou fisica,
com possibilidade
de consequéncias
clinicas.

Tabela2. ND*= Nao detectavel; E. grave*= Extremamente Grave; Fonte: Adaptado de Stersi e Rito (9).

A partir da atribui¢ao dos indices de ocorréncia,
severidade e deteccdo, o NPR foi calculado de acordo
com a férmula abaixo:

Numero de Prioridade de Risco (NPR) =
Ocorréncia x Severidade x Detec¢ao

O célculo do NPR possibilita a avaliagdo dos niveis
decriticidade das falhas e a defini¢do de quais etapas do
processo devem ser priorizadas. Para a determinagio
das falhas mais criticas, deve-se considerar que, se as
escalas vdo de 1 a 10, o valor mdximo de NPR para
uma falha que apresente simultaneamente indices
maximos de O, S e D ¢é igual a 1000. Sendo assim,
para a obten¢do de 90% de confianga estatistica para
0 processo, 90% dos valores mais elevados de NPR

devem ser priorizados. Desta forma, todos os valores
de NPR iguais ou acima de 100 devem ser classificados
como criticos ou inaceitaveis (4,9).

Resultados e Discussao

No periodo de 2017 a 2019, ao todo foram
publicadas 421 notificagdes de produtos farmacéuticos
irregulares pela ANVISA, sendo 136 referentes ao
ano de 2017, 108 ao ano de 2018 e 177 de 2019. Deste
total, 120 (28,5%) estavam relacionadas a problemas
farmacotécnicos, contaminagdo, descumprimento
de normas gerais de fabricagdo e ndo-conformidades
em embalagens. Destas notificagdes, 72 (60,0%) eram
sobre medicamentos sdlidos, tais como comprimidos,
capsulas, pos liofilizados, pos para suspensio e

drageas (Tabela 3).
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Tabela 3: Quadro FMEA de notifica¢cdes de formas farmacéuticas sdlidas

fabricag¢do do produto;
- Auséncia de mecanismos de
deteccio efetivos.

detectéveis pelo
cliente, podendo
gerar reclamagoes

g o g 3
£ 2 TEE %%
5 @ K- s & |Possiveis causas da falha Efeitos potenciais | O NPR
=] —~E = Z 9
Sl BT 3 g
g g =
- Materiais de embalagem fora .
. s Auséncia ou erro
das especificagdes; . R
A . de informagoes
- Auséncia de mecanismo de
Embalagem 10 que podem 10 630
controle de rotulagem;
. comprometer o
- Falha nos mecanismos de
.. tratamento
fechamento de recipientes.
- Falhas no desenvolvimento
da formulagao;
- Presenca de polimorfismo Recolhimento
. . nas matérias-primas; Ou suspensao
Dissolu¢ao 10 prt < P 10 160
- Falhas na qualificagdo de das vendas do
fornecedores de matérias- medicamento
primas;
- Processo pouco robusto.
- Incompatibilidade entre Comprometimento
farmaco e excipientes; da eficacia do
Aspecto 7 - Problemas relacionados a produto e chance 7 105
estabilidade do produto; de ndo-adesio ao
- Contaminagdo do produto. |tratamento
- Falhas nos equipamentos (ex.
calibra¢do ou manutengdo);  |Risco de
- Auséncia de mecanismos de | consequéncias
Comprimido | Doseamento 5 controle efetivos; clinicas decorrentes| 5 90
- Falha na defini¢ao das de subdose ou
especificagdes de teor do overdose
produto.
- M4 qualidade das matérias-
primas; Consequéncias
- Uso de matérias-primas clinicas decorrentes
Pureza 4 . P . L 4 72
irregulares ou proibidas; de ineficicia do
- Auséncia de mecanismos de | produto
controle efetivos.
- Processo pouco robusto; .
AL . Recolhimento
- Auséncia de mecanismos de ol SUSbensio
Peso-médio 2 controle efetivos; P 2 32
. das vendas do
- Falhas nos equipamentos (ex. .
. ~ . medicamento
calibra¢do ou manutengio).
- Ndo-conformidade ~ .
‘o Nao causam risco
regulatoria; .
. ~ a satde, mas
- Troca da formula-padrao S0 facilmente
Descrigdo 4 ou de insumos durante a 4 24
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- Materiais de embalagem fora
das especifica¢des;
- Auséncia de mecanismo de

Auséncia ou erro
de informagdes

Embalagem controle de rotulagem; que podem 2 7 126
- Falha nos mecanismos de comprometer o
. tratamento
fechamento de recipientes.
- Ma qualidade das matérias-
primas; Recolhimento
- Uso de matérias-primas ou suspensao
Pureza irregulares ou proibidas; das vendas do 108 160
- Auséncia de mecanismos de | medicamento
controle efetivos.
- Falha na sanitizagdo das Risco potencial
linhas de produgao; de se b
Contaminagao - Presenca de contaminantes cetransa a0
por substincia em matérias-primas; pac1f.:lr)1.tler’;1c3m d 1 10 20
ativa - Troca da férmula-padrio possibace de
ou de insumos durante a c;)’n.sequenaas
fabricacao dos produtos. chnicas
Cépsula - Falhas nos equipamentos (ex.
calibra¢do ou manutengio); Consequéncias
- Auséncia de mecanismos de clinicas decorrentes
Doseamento controle efetivos; de subdose ou 1 9 18
- Falha na definic¢do das
especificagdes de teor do overdose
produto.
- Processo pouco robusto; .
- Auséncialzle mecanismos de Recolh1mer~1t0
Peso-médio controle efetivos; Zg:::ﬁgg:?o 1 8 16
- Falhas nos equipamentos (ex. medicamento
calibragdo ou manutengio).
- Falhas no desenvolvimento
da formulagéo;
;\:{; ;lsl;lahdade das matérias- Perda de
Desintegragdo - Falhas na qualificagdo de desem?enho . 1 6 12
fornecedores de matérias- (reducao d © efeito
primas; farmacologico)
- Auséncia de mecanismos de
controle efetivos.
- Materiais de embalagem fora Auséncia ou erro
das especifica¢des; de informaces
P¢ liofilizado Embalagem - Auséncia de mecanismo de que podem 4 7 252
controle de rotulagem;
- Falha nos mecanismos de comprometer o
tratamento

fechamento de recipientes.
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- Alta atividade de agua na
formulagdo devido a falha no
processo de liofilizagao;
- Matérias-primas de ma
qualidade; Risco potencial
- Condigoes ambientais de seguranca ao
Contaminagédo ndo-controladas durantea | paciente, com 10 80
microbioldgica produgao; possibilidade de
- Falha nos mecanismos de | consequéncias
fechamento de recipientes; | clinicas
- Falha na sanitizagdo das
linhas de producao;
- Paramentac¢io inadequada
dos colaboradores.
- Incompatibilidade entre .
. .. Comprometimento
farmaco e excipientes; ..
. . | da efic4cia do
- Problemas relacionados a
Aspecto . produto e chance 5 75
estabilidade do produto; B B
o de nao-adesio ao
- Contaminag¢ido do
tratamento
produto.
- Falhas nos equipamentos
(ex. calibragdo ou
manutenc¢io); Consequéncias
- Auséncia de mecanismos | clinicas decorrentes
Doseamento . 9 18
de controle efetivos; de subdose ou
- Falha na defini¢do das | overdose
especificagoes de teor do
produto.
- Materiais de embalagem
fora das especificagoes; Auséncia ou erro
- Auséncia de mecanismo |de informagoes
Embalagem de controle de rotulagem; |que podem 7 126
- Falha nos mecanismos | comprometer o
de fechamento de tratamento
recipientes.
- Problemas de
estabilidade; i
. L Recolhimento
pé - Qualidade da matéria- -
¢ para ~ ) ou suspensao
p - Formulagéo prima; P 8 48
suspensio D das vendas do
- Auséncia de estudo sobre )
- - medicamento
as caracteristicas fisico-
quimicas do farmaco.
- Incompatibilidade entre .
. .. Comprometimento
farmaco e excipientes; L.
, . | da eficacia do
- Problemas relacionados a
Aspecto produto e chance 5 30

estabilidade do produto;
- Contaminagao do
produto.

de n3o-adesdo ao
tratamento
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- Materiais de embalagem fora .
. ~ Auséncia ou erro
das especificagdes; . .
A . de informagdes
) - Auséncia de mecanismos de
Drégea Embalagem 1 que podem 1 719 | 63
controle de rotulagem;
. comprometer o
- Falha nos mecanismos de
.. tratamento
fechamento de recipientes.
- Auséncia de estudos sobre as | Perda de
caracteristicas fisico-quimicas |desempenho
do farmaco; (redugdo do efeito
Estabilidade 1 |- Condigdes ambientais farmacolégico), 1 6 2 12
inadequadas durante a podendo
fabricagdo, armazenamento e | prejudicar a venda
transporte. do produto

Tabela 3. Elaborada pelos autores

De acordo com o levantamento, as formas
farmacéuticas solidas que apresentaram os maiores
nimeros de notificacbes foram os comprimidos

(58,3%) e pos liofilizados (19,4%), conforme Figura 3.

Figura 3: Notificagdes de formas farmacéuticas
solidas de janeiro de 2017 a dezembro de 2019

Drageas;
2,8%

Pos para suspensao;
8,3%

Pés liofilizados;

19,4%
Comprimidos;
58,3%
Capsulas;
11,1%
Figura 3. Elabora pelos autores
De acordo com Juliani (12), apesar de

apresentarem algumas vantagens em relacao a outras
formas farmacéuticas, os comprimidos possuem
desvantagens significativas, como limitagio da
quantidade de firmaco na preparacdo e dificuldade
de ajuste da dose do medicamento final, que podem
ser fatores determinantes para um maior numero
de notificagdes de irregularidades caso nao sejam
cuidadosamente formulados.

Ja a forma farmacéutica que apresentou o menor

numero de notificagdes foi a de dragea, com 2,8%
do total. No entanto, pelo fato de o processo de
drageamento demandar tempo e técnica, aumentar o
tamanho do comprimido em cerca de 50% de peso/
volume e possuir custo mais elevado, as drageas
estdo sendo cada vez mais substituidas no mercado
pelos comprimidos revestidos por filme, o que pode
justificar o baixo numero de notificagdes (12).

Das 72 notificagbes de medicamentos sdlidos
irregulares, aproximadamente 80% estavam relacionadas
a aspecto, dissolugdo, embalagem, doseamento e
pureza (Figura 4). Além disso, a partir da analise dos
NPR obtidos, as irregularidades relacionadas aos trés
primeiros parametros foram classificadas como criticas,
devido ao alto nimero de notificagdes e impacto
significativo na qualidade dos produtos.

Figura 4: Categorias de
apresentadas por formas farmacéuticas solidas entre
janeiro de 2017 a dezembro de 2019

irregularidades
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1.4%
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" Descrigo
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Embalagem _—
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|_Desintegragio
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Figura 4. Elaborada pelos autores
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Com relagio a embalagens, a estratégia do
Design Space, no contexto de QbD pode contribuir
significativamente para a diminuigdo do numero
de notificagées relacionadas a embalagem dos
medicamentos. Nesse estudo, as ferramentas de
delineamento experimental (DoE) levam a um
conjunto de experimentos, cuja analise estatistica
pode apontar os principais fatores capazes de
prejudicar a estabilidade do produto ou a fungdo de
acondicionamento, como dimensao, cor, flexibilidade,
diagramacao, formato e aspectos graficos (5,13).

Ainda de acordo com o levantamento, outra nao-
conformidade relevante observada para comprimidos
e pos foi o aspecto. Este parametro é importante
para a credibilidade do produto, pois por meio
das caracteristicas organolépticas (como cor, odor,
sabor e textura) é possivel identificar a ocorréncia
de alteragdes fisico-quimicas, contaminagdes ou
processos de degradagdo capazes de comprometer a
estabilidade ou eficicia do medicamento, podendo
representar riscos a seguranca do paciente (14,15).

Propriedades quimicas e bioldgicas como pureza,
pKa, estabilidade fotolitica e oxidativa, coeficiente de
particdo e permeabilidade as membranas bioldgicas
também devem ser consideradas, uma vez que
influenciam diretamente na escolha dos adjuvantes da
formulagdo e materiais de embalagem mais adequados
para o acondicionamento do produto (5).

Segundo Andrade Jr. (16), outro estudo de
suma importancia para o desenvolvimento de
medicamentos é o de compatibilidade farmaco-
excipiente, realizado principalmente por meio de
técnicas analiticas que empregam métodos térmicos,
como calorimetria diferencial exploratéria (DSC),
analise térmica diferencial (TGA) e termogravimetria
(TG), cujo principal objetivo é minimizar problemas
relacionados a possiveis rea¢des entre os insumos
farmacéuticos ativos e os demais componentes
da formula¢do, como perda da estabilidade e
variabilidade de aspecto. Além disso, podem ser
uteis para a maximiza¢do do prazo de validade do
produto, aprimorar o entendimento sobre interagoes
entre medicamentos e evitar desperdicio de matérias-
primas.

Além do aspecto, outros parametros diretamente
ligados a performance dos medicamentos que
apresentaram um nuimero significativo de notificagoes
foram desintegragdo, dissolugdo, peso-médio e
doseamento. Os ensaios de desintegragao e dissolucao

estdo diretamente ligados ao efeito terapéutico de um
medicamento, uma vez que sdo etapas imprescindiveis
paraabiodisponibilidade do firmaco no organismo. Ja
os ensaios de peso-médio e doseamento, por estarem
relacionados a uniformidade dos medicamentos sao
importantes para assegurar aspectos posoldgicos do
produto (14).

Uma das principais estratégias do QbD para evitar
ndo-conformidades relacionadas a esses pardmetros
¢ a realizacdo de estudos de pré-formulagdo, que
consiste no desenvolvimento do produto a partir
fisico-quimicas do farmaco
e dos excipientes, considerando aspectos como
desempenho clinico desejado, estabilidade, seguranca
e eficécia (16).

Nadpara e colaboradores (6) destacaram que os
estudos de pré-formula¢ao sdo importantes para o
controle de qualidade de matérias-primas, uma vez
que quanto maior a variabilidade das propriedades
dos insumos utilizados no processo de fabricagéo,
maior a chance de obtencido de um produto fora dos
padroes desejados (Figura 5).

das caracteristicas

Figura 5: Principais estudos de pré-formulagao
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Fonte: Adaptado de Nadpara et al. (6)

Propriedades fisicas como fluxo e densidade podem
impactar diretamente em operagdes como compressio
de comprimidos ou enchimento de capsulas,
resultando em nao-conformidades relacionadas a
peso-médio e aspecto, por exemplo. Além disso,
dependendo da classificagio biofarmacéutica do
insumo farmacéutico ativo, as caracteristicas de
solubilidade entre diferentes polimorfos impactam
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diretamente na dissolu¢do e biodisponibilidade dos
farmacos, sendo assim, os processos de sintese e
quantificacdo de impurezas e produtos de degradacao
nas matérias-primas se tornam imprescindiveis para
garantir a pureza adequada para a produgdo do
medicamento (5,13).

O método analitico utilizado no controle de
qualidade também pode influenciar a ocorréncia
de notificagdes de irregularidades, principalmente
ao gerar resultados pouco confidveis. Apesar de
ndo-obrigatério até o momento, o conceito de
QbD pode ser aplicado no contexto analitico para
o desenvolvimento e validagio de métodos (17).
De acordo com o guia de qualidade ICH Q8 (R2)
sobre Desenvolvimento Farmacéutico proposto
pelo Conselho Internacional para Harmonizagao
de Requisitos Técnicos para Medicamentos de Uso
Humano (18), a técnica de Analytical Quality by
Design (AQbD), contrapde o método tradicional de
Quality by Testing (QbT), ao estabelecer as variaveis
capazes de afetar o método analitico antes mesmo
do inicio do desenvolvimento, permitindo métodos
robustos, reprodutiveis e de maior confiabilidade.
Desta forma, a aplica¢io do AQbD possui diversas
vantagens e constitui uma abordagem eficaz para a
diminui¢ao de falhas no controle de qualidade que
podem resultar em notificagdes de queixas técnicas.

Outros tipos de notificagdes em evidéncia foram
de contaminag¢ao microbioldgica ou por substincias
ativas. De acordo com a diretriz ICH Q7 sobre
Boas Praticas de Fabricagdo (19), algumas formas
de mitigacao de contaminagdes durante a producao
de medicamentos sdo a implementagdo de sistemas
adequados de ventilacio no ambiente de producio,
selecdo criteriosa dos conservantes das formulagoes,
validagdo de processos de limpeza, medidas de
controle de pragas e uso de equipamentos apropriados
para controle da pressaio do ar, microrganismos,
poeira, umidade e temperatura.

Outra alternativa importante para a diminuicao
do numero de produtos
implementa¢ao de mecanismos de controle de
qualidade em tempo real, a partir dos quais pardmetros
especificos sdo avaliados durante a produgido do
medicamento para facilitar a rastreabilidade de falhas,
otimizar os processos e reduzir a quantidade de testes
de liberacéo de lotes (6,15).

A implementagdo destes mecanismos pode ser
feita por meio de ferramentas de Tecnologia Analitica

nio-conformes ¢ a

de Processos (PAT), como medi¢des de controle e
analisadores na linha de produ¢ao ou programas de
monitoramento que realizem testes completos do
produto em intervalos definidos, visando reduzir a
variabilidade de insumos e equipamentos durante
o processo de fabricacdo, otimizar o tempo do ciclo
produtivo, gerar informagdes sobre os produtos em
tempo real durante os testes de liberagdo e automatizar
0s processos para reduzir erros decorrentes de falhas
humanas (8,13).

Conclusao

Por meio do uso da metodologia FMEA foi
possivel notificagoes
de queixas técnicas de medicamentos sélidos, de
acordo com a frequéncia, probabilidade de detec¢ao
e o impacto gerado pelas falhas, priorizando-as

avaliar quantitativamente

de acordo com o nivel de criticidade. Além disso,
pode-se concluir que as estratégias do QbD, uso de
ferramentas baseadas em modelos matematicos
e mecanismos de controle em tempo real, podem
contribuir significativamente para a diminui¢do de
ocorréncias de desvios de qualidade, rejeicao de lotes
de produtos, ndo-conformidades regulatorias e custos
com investigagdes de reclamagdes de consumidor,
por meio da incorporacéo de atributos de qualidade
nos produtos desde o processo de desenvolvimento.
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Resumo

O cancer de pele é a neoplasia mais frequente no Brasil e o principal agente
causal é a radiagdo ultravioleta (UV) proveniente do sol. A recomendag¢ao
mais aceita, para a prevencao, é a diminui¢ao da exposi¢ao ao sol e o uso de
protetores solares, tanto fisicos quanto quimicos. Com objetivo de reduzir
a incidéncia da doen¢a e demostrar que a preven¢do é mais econdmica
do que o tratamento, deve-se apresentar informacdes principalmente aos
grupos de risco, para maior compreensao da magnitude do problema e
estimula-las através da fotoeducagdo como medida efetiva de prevencao,
através do controle dos fatores de risco e estimulo aos fatores protetores. Foi
realizado uma revisdo nao sistematica da literatura e consultadas as bases de
dados PubMed, Lilacs, SciElO e google académico, utilizando os seguintes
descritores em portugués e inglés: Health Education, primary prevention,
skin neoplasm. Os artigos selecionados foram aqueles que abordam com
relevancia o tema fotoeduca¢ao para prevencdo ao cincer de pele. A revisao
da literatura evidéncia um importante problema de satde publica, que se
agrava com a falta de conhecimento e informagdo das pessoas. Portanto,
nota-se a importancia da fotoeducagdo ao publico em geral e principalmente
aos grupos de riscos para prevenciao e deteccao precoce do cancer de pele e
consequente diminui¢do da morbimortalidade.
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Abstract

Skin cancer is the most common neoplasm in Brazil and ultraviolet
radiation (UV) from the sun is the main causative agent. The most accepted
recommendation for prevention is to reduce sun exposure and the use of
sunscreens, physical and chemical. In order to reduce the disease incidence
and demonstrate that prevention is more economical than treatment,
information should be presented mainly to risk groups, for a better
understanding of the magnitude of the problem and to stimulate them
through photo education as an effective measure of prevention by controlling
risk factors and encouraging protective factors. A non-systematic literature
review was carried out and the PubMed, Lilacs, SciElO and google academic
databases were consulted, using the following descriptors in portuguese
and English: Educagdo em Saude/Health Education; preven¢ao primaria/
primary prevention; neoplasia cutanea/skin neoplasm. The selected articles
were those that relevantly address the topic of photo education to prevent
skin cancer. The literature review highlights an important public health
problem, which is aggravated by the lack of knowledge and information of
people. Therefore, itis noted the importance of photoeducation to the general
public and mainly to the risk groups for prevention and early detection of

skin cancer and consequent decrease in morbidity and mortality.

Introducao

A pele é o maior 6rgao do corpo humano e o
cancer de pele é a neoplasia mais frequente no Brasil,
correspondendo a 30% de todos os tumores malignos
registrados no pais, segundo o Instituto Nacional do
Cancer (INCA a,b, 2018).

Dentre os tumores de pele, o tipo ndo-melanoma é
o de maior incidéncia. O INCA estima, para cada ano
do triénio 2020-2022, cerca de 176.930 novos casos.
Os mais frequentes sdo o carcinoma basocelular
(CBC) e o carcinoma espinocelular (CEC), com
baixa mortalidade e alto percentual de cura, se forem
detectados precocemente (INCA, 2020).

O melanoma cuténeo representa 3% das neoplasias
malignas da pele, mas é considerado mais grave devido
a alta possibilidade de metastase. O prognodstico
desse tipo de cancer pode ser considerado bom, se
detectado nos estadios iniciais. Para triénio 2020-
2022, a estimativa é de 8.450 novos casos, para cada
ano (INCA, 2020).

O grande numero de casos de neoplasia de pele,
possiveis mutilagées e o alto custo do tratamento
cirurgico, além de outros tratamentos complementares
avancados,
quimioterapia, tornam esse um problema importante

nos  casos como radioterapia e

de saide publica no pais, com repercussido, tanto na
esfera publica como na privada (ROCHA et al., 2002).

O principal agente causal do cancer de pele ¢ a
radiacdo ultravioleta (UV) proveniente do sol, que
danifica o 4cido desoxirribonucleico das células da
pele, exerce efeito supressor no sistema imune cutaneo
(CASTILHO et al., 2010).

Acredita-se que 90% dos canceres da pele nao
melanomas e 65% dos melanomas possam ser
atribuidos a exposi¢do solar inadequada (POPIM et
al., 2008).

Um dos principais grupos de risco do cancer de pele
nao melanoma, sdo trabalhadores que desenvolvem
suas atividades ao ar livre, com exposigao solar cronica
e cumulativa, como os agricultores, pescadores, garis,
carteiros, marinheiros, trabalhadores da constru¢ao
civil, guardas de transito, caminhoneiros, salva-vidas,
atletas, agentes de saude, entre outros (DIEPGEN et
al., 2012). As doses de radiagao UV recebidas por
esse grupo podem ser de seis a oito vezes maiores do
que as recebidas por trabalhadores que exercem suas
fungdes em ambientes fechados (SARAIYA et al,
2004).

O envelhecimento da populagio tem sido
reconhecido como um fenémeno global e muitos
trabalhos sugerem que este fenomeno também
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contribui para o aumento da incidéncia de neoplasias
cuténeas. Explicado pelo aumento do tempo e nimero
de pessoas sob os efeitos nocivos da exposicio
cumulativa aos raios UV (UMEZONO et al., 2019).

Outros fatores de riscos que contribuem para a
génese das lesoes de pele sao fatores genéticos, historia
familiar de céncer, sistema imune debilitado por
doengas ou uso de imunossupressores. Destaca-se,
ainda, para o melanoma, a presenca de nevos atipicos
e numerosos, considerados lesdes pré-malignas
(GALLAGHER et al., 2006).

A recomendagéo mais aceita, em se tratando
de prevengao do cancer de pele, é a diminui¢do da
exposi¢do ao sol e o uso de protetores solares, tanto
tisicos quanto quimicos (OLIVEIRA et al., 2018).

Além da prevengdo, a conscientizagio da
populagao para diagnostico precoce traz beneficios
e evita agravamento das lesdes e mutilagoes com
reducdo da morbimortalidade (CORTEZ et al., 2016).

Com objetivo de reduzir a incidéncia da doenca
e demostrar que a prevengao ¢ mais econdémica do
que o tratamento, deve-se apresentar informagoes
principalmente aos grupos de risco, para maior
compreensao da magnitude do problema e estimula-
las a investirem na fotoeducagdo como medida efetiva
de prevencio, através do controle dos fatores de risco
e estimulo aos fatores protetores.

Material e Método

Estudo descritivo, que foram seguidos os principios
éticos da Declarac¢do de Helsinki revisada em 2000 e da
Resolug¢ao 196/96 do Conselho Nacional de Saude. Foi
realizado uma revisdo ndo sistematica da literatura e
consultadasasbases de dados PubMed,Lilacs, SciElO e
google académico, utilizando os seguintes descritores
em Ciéncia da Saude (DeCS) em portugués e inglés:
“Educacgdo em saude/Health Education”; “prevencio
primadria/primary prevention’; “neoplasia cutanea/
skin neoplasm” utilizados de maneira combinada
com o operador booleano “AND”.

A analise dos artigos seguiu os seguintes critérios
de inclusdo: artigos em inglés e portugués; textos
originais com acesso online completo; estudo em
humanos; publicados no periodo de janeiro de 2010 a
mar¢o de 2020; estudos prospectivos ou retrospectivos
observacionais; revisao de literatura sistemdtica e nao
sistematica; ensaio clinico controlado; guia de pratica
clinica e estudos de coorte

Os critérios de exclusdo foram relatos de casos,
incluindo editoriais, resenhas, cartas ao editor e
estudos em animais. Os artigos encontrados nessa
estratégia foram selecionados pela leitura dos seus
titulos e resumos e selecionados aqueles que abordam
com relevancia o tema fotoeducagdo para preven¢iao
ao cancer de pele.

Resultados

LOURENCO et al. (2010), avaliaram o
conhecimento da populagao de Ipora, em Goids, sobre
o fotoenvelhecimento. Os autores demonstraram que
54,2% conheciam os maleficios do sol sobre a pele,
mas ndo se protegiam frequentemente e somente 4,6%
dos entrevistados usavam protetor solar todos os dias.

OLIVEIRA et al. (2011) propuseram estudo para
identificar os habitos relacionados a exposi¢do solar
dos professores de Educagéo Fisica (EF) que trabalham
com atividades aquaticas. Estudo observacional do
tipo transversal através de questionario com 123
professores. Do grupo exposto ao sol, verificou-se
que, apenas 17,9% sempre se protegiam. Concluiram
que o grupo se encontrava, frequentemente, exposto
a radiagao solar e, portanto, trata-se de categoria com
grande risco de desenvolvimento de cancer de pele.
Assim, esse grupo deveria ser alvo de maior atencgao e
cuidados relacionados a prevencao.

SOUZA et al. (2011) estimaram os custos do
tratamento do cancer de pele ndo-melanoma no
Estado de Sao Paulo entre 2000 a 2007 e concluiram
que o cancer de pele representa grande impacto
financeiro ao sistema publico e aos sistemas privados
de satde. Por esta razdo, se fazem necessarias politicas
publicas de preven¢do, campanhas educativas e
conscientiza¢do da popula¢io, direcionadas a publicos
especificos, como criangas, adolescentes e seus pais,
assim como profissionais que estio em constante
exposi¢do ao sol.

REINAU et al. (2013) conduziram uma revisiao
sistemdtica da literatura e constataram que os
comportamentos relatados de protecio do sol foram
amplamente inadequados, com muitos trabalhadores
declarando que nunca ou raramente usavam camisa
de manga comprida (50-80%), chapéu (30-80%) e
protetor solar (30-100%), enquanto trabalhavam.
No entanto, ha evidéncias crescentes de que a
educacdo ocupacional sobre seguranga solar ¢é
eficaz em aumentar os habitos de protegdo solar
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dos trabalhadores ao ar livre e, presumivelmente, na
diminui¢do das taxas de queimaduras solares. Com
base nessas descobertas, os programas de protecao
solar no ambiente de trabalho oferecem potencial
para reduzir a carga de cancer de pele em pessoas alto
risco.

SCHALKA et al (2014) desenvolveram, em
conjunto a Sociedade Brasileira de Dermatologia,
o Consenso Brasileiro de Fotoprote¢ao, o primeiro
documento oficial com recomendac¢des envolvendo
a fotoprotecdo no Brasil. Quase todo o territdrio
nacional esta localizado entre o Equador e o Trépico
de Capricérnio, o que certamente torna o Brasil um
dos paises do Mundo com maior extensdo de terra
na proximidade do sol. O litoral brasileiro, onde vive
a maioria de sua populagdo, tem mais de 8.500 km
de extensdo. Devido as caracteristicas geograficas
e tendéncias culturais, os brasileiros estio entre os
povos com maior exposi¢do anual ao sol. Dados
epidemioldgicos mostram aumento continuo na
incidéncia de cancer de pele nao-melanoma e
melanoma. A fotoprote¢do pode ser entendida como
conjunto de medidas que visam reduzir a exposicao
solar e prevenir o desenvolvimento de dano actinico
agudo e cronico. Medidas fotoprotetoras sio:
fotoeducacao, fotoprote¢do topica, fotoprotecio oral
e fotoprotecao mecénica (obtida por sombra, roupas
e acessorios).

GORDON & ROWELL (2015) realizaram revisao
sistemdtica sobre estimativas nacionais dos custos do
sistema de satde do cancer de pele e o custo-eficacia
do rastreamento e prevencdo. Os custos do cincer de
pele foram maiores para a Australia, Nova Zelandia,
Suécia e Dinamarca. de prevencao
sao altamente efetivas e podem ser econdmicas.
Programas de detecgdo precoce de melanoma
voltados para individuos de alto risco também pode

Iniciativas

ser custo-efetivos; no entanto, andlises atualizadas sao
necessdrias. Portanto, a incidéncia e os custos com
0 cancer, em muitos paises, crescerdo. Investimento
publico e programas de prevencao e detecgao precoce
mostram potencial com beneficios para saude e
economia.

SILVA et al. (2016) pesquisaram os habitos de
protecdo dos carteiros no municipio de Mossord, no
Rio Grande do Norte. Todos os carteiros relataram o
fornecimento do protetor solar pela empresa, mas 60%
deles o utilizavam apenas uma vez ao dia, acreditando
que ja estariam protegidos.

PURIM et al. (2014), identificaram que os
habitos solares adotados por um grupo de atletas
sdo improprios e concluiram que hd necessidade de
ampliar medidas fotoprotetoras, visando a preven¢ao
de doengas neoplasicas e do envelhecimento cuténeo,
relacionados a exposi¢ao solar desprotegida.

CARDOSO et al. (2017) analisaram a prevaléncia
de fotoprotecao e seus fatores associados no grupo de
risco para cancer de pele em Teresina, Piaui. Um total
de 243 agentes comunitarios de satde participaram
do estudo. A taxa de prevaléncia de uso de filtro solar
foi de 34,2% para aqueles que usam o filtro solar
diariamente. Considerando o uso de filtro solar na
maioria dos dias da semana, a prevaléncia aumentou
para 55,2%. Sessenta e oito agentes de saude (28%)
relataram ndo usar filtro solar. Os fatores associados
a maior uso de filtro solar foram género feminino,
idade avancada e conhecimento dos efeitos negativos
do sol. Concluiram que grupos de trabalhadores
expostos a frequente radiac¢ao solar devem ter maior
prevaléncia de fotoprote¢ao do que a populagao geral
e ha necessidade de implementacdo de estratégias
educativas em relagao a fotoprotecao.

ZIEHFREUND et al. (2019) realizaram revisdo
sistematica com o objetivo de fornecer visao atualizada
da prevengdo primadria, conhecimento e atitudes
comportamentais relacionados ao cancer de pele,
incluindo trabalhadores ao ar livre. O conhecimento
e a atitude relacionados ao sol mostraram diferencas
substanciais com alguns resultados alarmantes.
Trabalhadores agricolas da Italia e trabalhadores
rurais migrantes latinos ndo tinham conhecimento
adequado. Vinte e dois por cento dos trabalhadores
rurais migrantes latinos nos EUA nunca tinham
ouvido falar de céancer de pele. Trabalhadores
agricolas da Suica e funcionarios do parque estadual
dos EUA demonstraram alto conhecimento, enquanto
trabalhadores hispanicos americanos e latinos tinham
conhecimento insuficiente sobre o cancer de pele.
Entre varios grupos ocupacionais ao ar livre, 9-86%
dos trabalhadores aplicavam protetor solar durante o
trabalho. A busca de sombra durante o trabalho variou
de 4 a 85% entre trabalhadores de areas externas
de varios grupos ocupacionais. A porcentagem de
trabalhadores em atividades ao ar livre que declararam
usar qualquer tipo de chapéu no trabalho variou
entre 3% e 94%. Concluiu-se que o conhecimento e
comportamento relacionados ao sol em geral precisam
ser melhorados o mais rapido possivel. Programas de
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protecao solar usando novas tecnologias parecem ter
grande potencial para aumentar o conhecimento.
O uso de mensagens personalizadas ou aplicativos
para smartphones podem ser muito eficazes em larga
escala, especialmente para grupos de alto risco.
ZINK (2019), refere que o carcinoma de
queratinocitos,
melanoma, é o cancer maligno mais comum em

também conhecido como néo
todo Mundo, ocasionando imenso custo econdmico
na saide. Estima-se em 4% de todas as despesas
para tumores malignos, apenas nos EUA. Com a
radiagao solar ultravioleta sendo o principal fator de
risco, varios paises incluindo a Alemanha, aceitaram
o carcinoma de queratindcitos
ocupacional de profissdes ao ar livre (agricultores,
jardineiros, trabalhadores da
e outros). A prevaléncia nesses grupos de alto
risco é signiﬁcativa, mas a conscientizacdo e o
ainda permanecem

Portanto, conhecimento atualizado

como doenca

construcdo  civil

comportamento preventivo
inadequados.
sobre o tratamento e particularmente estratégias de
prevencdo sdo de grande interesse para profissionais
de saide, bem como pesquisadores e autoridades.

RAGAN et al. (2019), apresentaram estudo com os
dados da principal fonte de informagédo sobre a saude
da populagéo civil ndo institucionalizada dos Estados
Unidos (National Health Interview Survey -NHIS). Em
2015, avaliaram, por entrevistas, os comportamentos
de protecdo solar entre os trabalhadores agricolas e da
construgdo civil que estdo com risco aumentado de
cancer de pele, por causa dos altos niveis de exposi¢ao
a radiagdo ultravioleta. Foram incluidos no estudo
2.298 trabalhadores agricolas e da construgao civil. A
prevaléncia do uso de filtro solar e a procura de sombra
foram baixas e nao diferiram significantemente entre
grupos, variando de 15,1% a 21,4% para uso de
filtro solar e 24,5% a 29,1% para busca de sombra. A
prevaléncia do uso da protegdo vestudrio foi maior
entre os trabalhadores agricolas (70,9%) do que
entre os trabalhadores da construcio civil (50,7%).
Concluiram, que esses dados podem ser usados para
melhorar as abordagens de saude ocupacional, com
iniciativas de educacdo e prevencido para reduzir o
risco de cancer de pele nesses grupos.

PETERS et al. (2019) realizaram estudo para
caracterizar os niveis de exposicdo a radiacdo
ultravioleta solar entre trabalhadores ao ar livre,
canadenses. ~ Monitoraram
trabalhadores no ano de 2016 (final do verao / inicio

em trés provincias

do outono de 2016) através de crachd de medi¢ao
de radiagdo UV. Foi realizada dosimetria pessoal e
comparada com o limite de exposigdo recomendado
internacionalmente (1,3 SED), bem como o total
de radiagao UV disponivel, por data. A média da
dose pessoal de radiacdo UV dos trabalhadores
participantes foi quase cincovezes olimite. Apenas 14%
dos trabalhadores experimentaram niveis “aceitaveis”
de radiagdo solar; 10% foram expostos em dez vezes
o limite. Trabalhadores de servicos publicos tiveram
o dobro da exposi¢do dos trabalhadores municipais.
Portanto, a superexposi¢do solar ultravioleta entre
trabalhadores ao ar livre é preocupagao, mesmo no
Canad4, com radiagdo UV de ambiente relativamente
baixa. A implementa¢ao de programas de seguranga
solar deve ser apoiada em esfor¢o para reduzir a
exposi¢ao nesse grupo vulneravel de trabalhadores.

WILD et al. (2020) no relatério mundial do
cancer da Organizacio Mundial de Saude (OMS)
reafirmam que a incidéncia de céncer de pele esta
aumentando em todo o mundo, ndo apenas nas
populagoes brancas. Uma expectativa de vida mais
longa contribui para esse aumento de risco, porque
o cancer de pele nio melanoma é mais comum em
pessoas idosas. A maneira mais eficaz de reduzir a
incidéncia de cincer de pele é evitar a exposicao
solar desnecessaria e adotar medidas preventivas
pessoais de protegdo contra a luz solar, usar roupas
de protegao, usar chapéu, aplicar protetor solar e usar
sombra. O publico deve ser avisado de que a forga da
radiagdo UV ndo se correlaciona com a temperatura.
Mesmo em dias nublados, cerca de 80% da radiacao
solar UV atinge o nivel do solo. Cerca de 10% da
radiagao solar UVB passa através de janelas de vidro.
Os melanomas cutaneos podem surgir de um nevos
benigno preexistente ou ocorrer na pele cronicamente
danificada pelo sol.

Conclusao

A revisdo da literatura evidéncia um importante
problema de satde publica com a alta incidéncia de
cancer de pele e alto custo do seu tratamento, que se
agrava com a falta de conhecimento e informagio
das pessoas, expondo-as a fatores de risco sem
devida protegdo. Portanto, nota-se a importancia da
fotoeducagao, contra seu principal fator de risco, a
exposi¢do solar cumulativa e prolongada, através de
tecnologias e de fontes de informagdo acessivel ao
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publico em geral principalmente aos grupos de riscos
para prevencdo e detecgdo precoce do cancer de pele e
consequente diminuigdo da morbimortalidade.
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Resumo

O microbioma humano sofre variagdo nas mais diversas regides do
nosso corpo, de acordo com as condigdes a qual esta exposto, sendo de
vital importancia para a saude humana. Apresenta diversas condigdes que
podem promover o estabelecimento de microrganismos e em desequilibrio
favorecem o desenvolvimento de microrganismos patégeno-oportunistas, o
conhecimento da distribuigdo destes microrganismos nos diferentes érgaos
e seu papel bioldgico conduz a um melhor entendimento da sua complexa
dinamica, aprimorando o desenvolvimento de novas formas de diagnostico
e até mesmo de tratamento de certas patologias. Dentre as patologias
mais estudadas na atualidade podemos citar as infec¢des ocasionadas por
fungos sdao uma das dreas amplamente estudadas. Estes microrganismos
estdo se tornando cada vez mais resistentes aos tratamentos convencionais,
aumentando os relatos de resisténcia, especialmente as espécies de Candida,
que apesar de estar presente na flora normal do organismo humano vém
causando diversos casos de contaminagido e infecgdes, denominados
candidoses na literatura. Devido ao aumento da resisténcia aos tratamentos
antifingicos convencionais ¢ necessario a elaboragdao de estratégias que
possam prevenir e tratar a disseminagao destes microrganismos. Para isso,
estudos alternativos com plantas medicinais vém crescendo e ampliando
o entendimento e aplicabilidade de novos compostos com finalidades
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Microbiome

antimicrobianas, visto que, ha milénios a humanidade utiliza plantas para
tratamento de diversos tipos de doencgas e esse conhecimento tradicional
facilita a busca de alvos de pesquisa de componentes naturais provenientes
de plantas, permitindo a comprovacéo cientifica desses efeitos terapéuticos.
Este trabalho tem por objetivo um levantamento bibliografico das
aplicabilidades da planta de Phyllanthus niruri L. (Quebra-pedra), frente aos
desafios da ciéncia ao desenvolver novas fontes de combate a microrganismos
resistentes.

Abstract

The human microbiome undergoes variation in the most diverse regions
of our body, according to the conditions to which it is exposed, being of
vital importance for human health. It presents several conditions that can
promote the establishment of microorganisms and in imbalance favor the
development of opportunistic pathogens, the knowledge of the distribution
of these microorganisms in different organs and their biological role
leads to a better understanding of their complex dynamics, improving
the development of a new one forms of diagnosis and even treatment of
certain pathologies. Among the most pathologies studied today, we can
mention infections caused by fungi is one of the widely studied area.
These microorganisms are becoming increasingly resistant to conventional
treatments, increasing reports of resistance, especially the Candida species,
which despite being present in the normal flora of the human organism
have been causing several cases of contamination and infections, called
candidosis. Due to the increased resistance to conventional antifungal
treatments, it is necessary to develop strategies that can prevent and treat
the spread of these microorganisms. For this, alternative studies with
medicinal plants have been growing and expanding the understanding and
applicability of new compounds with antimicrobial properties, since, for
millennia, makind has used plants to treat various types of diseases and this
traditional knowledge facilitates the search for research targets of natural
components from plants, allowing scientific proof of these therapeutic
effects. This work aims at a bibliographical survey of the applicabilities of the
Phyllanthus niruri L. (stone-breaker) plant, in the face of the challenges of
science when developing new sources to combat resistant microorganisms.

Germano et al., 2018). The human microbiome
consists of a complex diversity of microorganisms that
colonize each individual, which may be commensal or
pathogenic microorganisms, establishing a symbiotic

Since birth, the human body is exposed to several
microorganisms species, which are housed in various
organs and tissues, such as skin, genitourinary and
gastrointestinal systems, this interaction is called
“microbiome” (Cardoso, 2015; Sender et al. 2016;

relationship between the human organism and
microorganisms, such as Candida albicans (Weber
and Polanco, 2012; Cardoso, 2015; Wilson, 2018). A
healthy human presents favorable and unfavorable
conditions for the establishment of different species
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and can contain approximately 3.8 x 10" microbial
cells (Sender et al. 2016). Most of them are harmless
throughout life for healthy hosts, remaining viable
and active in the organs and can help in essential
functions, such as digestion, induction of production
of components used for metabolism and defense of
the host, can also be used activity against pathogenic
microorganisms. These characteristics demonstrate an
important biological interaction with our microbiota
(Cho and Blaser, 2012; Weber and Polanco, 2012;
Cardoso, 2015; Sender et al., 2016; Gajdacs et al.,
2019).

Health and disease are closely linked to the normal
human microbiota, the microorganisms inhabit the
host without causing apparent damage or disease,
however, under certain conditions of imbalance of
the host, can cause some disturbances to the human
body by differentiation and proliferation. When the
host defence mechanisms are unable to eliminate
them, they can spread through out the tissues and
cause infectious diseases, which can eventually be
serious (Lamont and Jenkinson, 2010; Cardoso, 2015;
Germano et al., 2018).

Oral Microbiome

Soon after the birth of an individual, the oral
microbiota begins to establish itself, where the
microbial diversity and quantity will change in the
course of their life (Santos Junior and Izabel, 2019).
Because this location is the beginning of the digestive
system, it is considered as the gateway to the human
organism, where some microorganisms can enter
and establish. In this environment, microorganisms
are mixed with saliva, proteins and enzymes in the
digestion process, which can hinder their eradication
and study in different environments due to the
presence of different components present in oral
conditions (Silva, 2016; Campo, 2018).

The oral cavity of an individual is cohabited
by several microorganism’s species that live in the
various regions of the interior of the mouth (tongue,
teeth and others) (Cardoso, 2015). Each individual
can have different types of microorganisms, which
in balance maintain the oral and general health
of the host organism. However, when the host
organism is affected, its health is impaired and
these microorganisms take advantage, becoming
pathogenic; this is what happens in fungal infections,

usually caused by Candida species, which can favor
or promote some diseases such as dental caries and
periodontal diseases (Cardoso, 2015; Silva, 2016;
Campo, 2018; Wilson, 2018; Gajdacs et al., 2019). The
imbalance between the host and the microbiota can
promote infections and other types of diseases such
as pericarditis, pneumonia, gastric ulcer, coronaritis,
and many more (Cardoso, 2015; Silva, 2016; Campo,
2018; Gajdacsetal., 2019). The presence of unbalanced
Candida spp in the host can promote the formation of
dental biofilm, which can be co cultured with bacteria,
can be colonize in different places of the oral cavity,
such as tongue, gums, labial mucosa and palate, and
can adhere to oral prostheses or implants, forming
a layer composed of numerous microorganisms
(Peixoto et al., 2010; Campo, 2018).

Candida spp.

Taxonomically, approximately 200 species of
Candida are described in the Fungi Kingdom,
division Eumycota, subdivision Deuteromycotina,
however some species are grouped in the subdivision
class Blastomycetes and Family
Cryptococcaceae (Santana et al., 2013).

The cell structure of fungi is similar to that of
other eukaryotic organisms, consisting of a cell wall
composed mainly of polysaccharide chitin, being a
relatively rigid and dynamic structure, which provides
several essential properties to the cell by maintaining
the cells shape and providing the osmotic support.
Other important functions of cell wall are physical
protection, is related to cell signaling, adhesion
to surfaces and reproduction etc. This structure is
also composed of a phospholipid membrane, with
predominating ergosterol, cytoplasm with organelles,
vacuoles and the nucleus with stored genetic
material (Fukuda et al., 2009; Santana et al., 2013).
Microorganisms of the genus Candida are yeast-like,
unicellular eukaryotic fungi. Their morphology can be
oval, rounded or elongated with asexual reproduction
by budding, called blastoconidia (Santana et al., 2013).
Candida  species,
morphological forms can be identified, namely
blastopores and hyphae, these two morphological
forms has a high potential to produce solid and
resistant biofilms, causing serious infections (Alvares
et al., 2007; Purisco, 2010; Simoes et al., 2013; Ruiz
and Pereira, 2016, Quindos et al., 2018). This fungi

Ascomycotina,

For most two  distinct
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have an accelerated development, quickly forming
extensive biofilms on different surfaces of the host,
including the oral mucosa that, together with the
constant salivary production and the consumption of
foods that serve as a source of nutrients for microbial
growth, This microorganism has the ability to adhere
and form germ tubes, which can cause disease in the
host by tissue invasion, production of extracellular
proteases, induction of hypersensitivity or production
of toxins and the formation of biofilm. (Lamont and
Jenkinson, 2010; Silva, G., 2013; Bath et al., 2014;
Silva, 2016; Oliveira, 2019).

Infections caused by the genus Candida, are
referred as candidiasis or, more recently, candidosis in
the literature. They are caused by fungi that proliferate
rapidly, form extensive biofilms on different surfaces
of the host, including the oral mucosa with the favor
of constant salivary production and the availability of
high concentrations of nutrients for microbial growth.
The biofilm structure, formed by these fungi, can also
be installed in hospital and personal devices, such as
catheters and prosthetic surfaces or devices (Lamont
and Jenkinson, 2010; Bath et al,, 2014). In elderly
and immunosuppressed patients, the conversion of
normal oral Candida into an infectious pathogen can
be much more harmful, forming biofilms on mucous
membranes and on prosthetic surfaces, where
infected oral prostheses cause prosthetic stomatitis in
most cases associated with erythematous candidiasis
(Silva, 2013; Bath et al., 2014).

Candidiasis can be mucous, cutaneous-mucous,
cutaneous or visceral, with optimal growth in moist
and warm areas, which affect vaginitis, dermatitis
and candidiasis. These manifestations of the disease
do not normally cause a threat to the life of the host,
but they represent a socioeconomic problem of high
importance. chronic
mucosal infections are associated with low activity
of the immune system, individuals with hereditary
immunological defects and carriers of the human
immunodeficiency virus or iatrogenic. Chronic
vaginal candidiasis is affected by several factors,
such as diabetes mellitus, pregnancy, antibiotic
therapy, among others. And disseminated candidiasis
is associated with a low neutropaenia, leukemia,

Cutaneous candidiasis and

chemotherapy or immunosuppression in post-
transplant patients (Alvares et al., 2007).

Currently, infections caused by Candida spp. can
vary from superficial lesions to serious and widespread

infections, having great importance for the frequent
incidence with which they colonize and infect the
human body, corresponding to approximately 80% of
the infections caused by fungi registered in hospitals,
where half of these infections turn into candidemia
(blood infection caused by the fungus Candida spp.),
representing a high mortality rate (Colombo and
Guimaries, 2003, Alvares et al., 2007; S4 Silva et al.,
2009; Ruiz and Pereira, 2016).

About 10% of these microorganisms are considered
to be etiological agents in human infections, generally
characterized as opportunistic
present on the mucous surface and skin of human
beings (Santana et al, 2013), where they are
commonly found in the gastrointestinal system of
80% of the healthy population, and 30% of the female
population has colonization by Candida spp. in the
vaginal mucosa (Colombo and Guimardes, 2003).

Clinically they are not pathogenic to humans,
but are classified as opportunistic pathogens, as
they have the potential to invade hosts, becoming
responsible for many cases of hospital infections
and high mortality, especially in patients with low
immune system activity. The Candida contamination
corresponds to 80% of fungal infections registered in
hospitals, and eradication in health sectors is essential
due to the manifestation of the infection and the
rapidly colonization (Colombo and Guimardes, 2003;
Cardoso, 2015; Silva et al., 2014; Ruiz and Pereira,
2016).

Infections of the genus Candida represent a
growing problem in the areas of public health,
increasing the length of patients hospitalization and
increasing the hospital cost (Menezes et al., 2012;
Costa and Santiago, 2016). Thus, due to the increased
incidence over the years the rate of morbidity and
mortality caused by Candida spp. has become a fact.
The pathogenic power of Candida spp. has been
particularly well studied in C. albicans (Cardoso,
2015; Silva et al., 2014; Ruiz and Pereira, 2016).

The study of the Candida albicans is extremely
important due to its virulence factors. And medicinal
plants are very important for the development of
natural drugs for treatment. Although there are
drugs used against the Candida spp, making them
less susceptible to these drugs, which produce low
susceptibility to the treatment, due to the development
fungal resistance (Barbedo and Sgarbi, 2010; Costa
and Santiago, 2016; Liu et al., 2016; Silva, 2017; Revie et

microorganisms
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al., 2018). Incorrect use of available antimicrobials can
also increase the toxicity to the host, action spectrum
problems and side effects. Assessing and monitoring
the susceptibility of these microorganisms is of great
importance in order to reduce the risk of spread and
avoid resistance. On the other hand, the importance of
related research in the discovery of novel compounds
that act against these microorganisms is development
of new strategies to prevent, reduce or assist treatment
against fungal infections (Bergold and Georgiadis,
2004; Costa and Santiago, 2016; Liu et al., 2016; Silva,
2017; Revie et al., 2018).

The use of natural products as an alternative
therapeutic agent

Medicinal plants are considered to have therapeutic
action, based on popular or scientific knowledge.
Herbal medicines are prepared only by plant species,
with no mixing with synthetic compounds (Oliveira,
2016).

The use of plants for medicinal purposes was one
of the first treatment resources used against diseases
by ancient people, which have been scientifically
improved since then (Braz et al., 2015; Buso Ramos,
2016). Since ancient times, empirical knowledge about
the use of plants has been observed and passed from
generation to generation by different ethnic groups,
used for treatments and disease prevention (Escola de
Sadde Publica, 2018; Silva, 2008).

In several countries, mainly in the populations
which haslittle or no access to conventional medicines,
treatment based on empirical knowledge has been
adopted as a form of prevention and cure for many
diseases (Ledo etal., 2017). In Brazil, knowledge about
the use of medicinal plants was acquired through
indigenous practices, as well as practices derived from
the knowledge of immigrants and also by slaves, which
has become a traditional folk medicine, which has
recently been recognized by the World Organization
of Health (Escola de Saude Publica, 2018). Brazil has
the highest plant biodiversity in the world, with more
than 60,000 species cataloged, of which only 8% have
been researched on biotic and medicinal compounds
(Salomé, 2007).

In 1991, the WHO (World Health Organization)
reported the necessary contribution of traditional folk
medicine in social assistance, mainly to inhabitants
with little accessibility to health systems and began

to encourage the use of proven and studied medicinal
plants, showing that 80 % of the population uses plants
torelieve unpleasant symptoms or pain (Salomé, 2007).
The approval of the National Policy on Integrative and
Complementary Practices (PNPIC) and the National
Policy on Medicinal and Herbal Plants (PNPMF)
allowed the implementation of phytotherapy in
the Unified Health System (SUS), allowing users of
health services to know and use the medicinal herbs,
ensuring that the values and traditions passed on
between generations are preserved and that the use
of plants occurs correctly and safely, balancing the
existing strands between traditions and innovations.
Medicines derived from plant materials have a great
importance in global health. Also, this knowledge
has been maintained for generations because of the
continuous and natural supply of phytomedicines,
being an effective alternative to the antimicrobial
resistance which is currently frequent in Brazil
Indiscriminate and excessive use of antimicrobials
are key reasons for the development of this resistance.
Further phytomedicinal products have low side effects
and they are cost effective (Brasil, 2006; Martins et al.,
2012; Queiroga, 2015; Brasil, 2016).

The use of medicinal plants in health systems
has become increasingly relevant to public health,
allowing social inclusion and impacting the country’s
productivity, also allowing to preserve the culture of a
people and care for the environment. Medicinal plants
can be used as a strategy for innovation, knowledge,
used as a way of preventing diseases and contributing
to the advancement of scientific research (Feiria,
2015; Queiroga, 2015; Boni, 2016; Buso-Ramos, 2017;
Anibal et al., 2017; Barbosa, 2018; Oliveira, 2019).

Medicinal plants are proven to be the source of
several natural antioxidants, an extensive variety
of secondary metabolites (Martins et al., 2012). Its
compounds also have several types of biological
activities, including antifungal,
antitumor, antiparasitic, anti-inﬂammatory,
healing, and many others (Nunes et al., 2016).
They are considered one of the main sources for
the development of therapeutic agents for several
conditions, including for infectious diseases (Silva,
2008; Buso-Ramos,2017).

Recently, plants are being studied more and more
in order to demonstrate their therapeutic potential
and to find less aggressive and efficient treatments
that help in conjunction with drugs or decrease

antimicrobial,
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the resistance acquired by microorganisms to
antimicrobials already used, thus research with plants
has been showing of great importance to combating
infections (Martins et al., 2012; Nunes et al., 2016).

In this context, the Phyllanthus genus is
investigated, especially in this work the species
Phyllanthus niruri, that has shown wide biological
activity and great therapeutic potential, justifying the
exploration of this plant in research.

Phyllanthus spp.

The classification of the genus consists of: Kingdom:
Plantae; Division: Angiosperm; Class: Dicotyledonous;
Order:  Tubiflorae;  Family:  Euphorbiaceae /
Phyllanthaceae; Subfamily: Phyllanthoideae,
Tribe: Phyllantheae, Subtribe: Flueggeinae, Genus:
Phyllanthus (Rehder et al., 2003; Silva and Sales, 2004).

The genera was first referred by Linnaeus, in
1737 in the book “Systema Naturae”, but it was only
established later by the same author in 1753, in the
book “Species Plantarum” (Silva and Sales, 2004).
The genus Phyllanthus (from the Greek phyllon: leaf
and anthos: flower) is made up of herbs, shrubs or
monoecious or dioecious trees, comprising more
than 8,000 species spread over most continents (Sarin
et al., 2014), being considered the most diverse and
the largest genus of the Euphorbiaceae family because
the diversity of vegetative and floral characteristics
(Kassuya et al., 2003; Rehder et al., 2003; Torres et al.,
2003, Martins et al., 2014; Falcon et al., 2019).

The Phyllanthus genus is prevalent in tropical
and subtropical regions, in the most diverse types of
vegetation (Rehder et al., 2003). It can be found in the
American, African, Asian and Australian continents.
In South America, Brazil is the country wich
contains the largest number of species, approximately
100 species, where 40% of them are found in the
southeastern states of Brazil, which comprises the
country’s Phyllanthus diversity center (Martins, 2013;
Martins et al., 2014; Ledo et al., 2017).

In Brazil they are called “Erva-pombinha” or
better known as “Quebra-pedra” among other
variations of popular name; the most common species
are herbs: Phyllanthus amarus Schum. and Thonn,
Phyllanthus niruri L. and Phyllanthus tenellus Roxb.
Miill. Arg. Some species have a landscape character
despite not being cultivated. However, in most cases,
they are considered as weeds, invaders in agriculture

and rural areas (Torres et al., 2003; Silva and Sales,
2004) where several species of the same genus grow
together, causing confusion in their identification
(Sarin et al., 2014). For this reason, they are called
“species complexes”, where a group of organisms
share very similar phenotypic and morphological
properties. Therefore, the classification based only
on morphological characters may be erroneous.
Within the Phyllanthus genus there is the “P. niruri
complex”, which comprises several taxa with leaf and
floral characteristics extremely similar to the species
P, niruri L. (Alonso and Amaral, 2010).

Previously, the species P. amarus, P. fraternus and
P. debilis were grouped into a single group of the
species P. niruri, mentioned as species of the “niruri
complex”. The genus Phyllanthus is paraphyletic, so
there are two problematic and confused species: P
niruri and P. amarus, which are often confused, but
are two individual species (Lee et al., 2006). Currently,
it has been clarified that P. niruri is an American
species. Thus, the identification of the species can
often be mistaken, requiring the use of chemical and
molecular markers to identify Phyllanthus species
(Sarin et al., 2014). Although there are other species
of the genus, called “Quebra-pedra’, only P. niruri has
officially proven medicinal properties (Farmacopéia
Brasileira, 2010; Oliveira, 2016).

Ithasbeen used in the form ofleaves infusion, stems
and roots for the treatment of numerous disorders, as
it has different diuretic, analgesic, anti-inflammatory,
antimicrobial and antitumor properties (Torres et al.,
2003). Plants of the genus Phyllanthus are commonly
used to treat liver, kidney and bladder calculi. Also
used to treat colds, asthma, bronchial infections,
jaundice, dysentery, inflammation and genitourinary
infections, such as herpes and gonorrhea, in addition
to diabetes. Recently, it was discovered the possible
application in the treatment against the acquired
immunodeficiency virus (HIV), Hepatitis B and
cancers (Kassuya et al., 2003; Rehder et al., 2003;
Salomé, 2007; Messias et al., 2015). Extracts made
with Phyllanthus species have been reported to
have good pharmacological effects, such as anti-
hepatotoxic, anti-hyperglycemic and anti-hepatitis B
virus (Salomé, 2007; Sarin et al., 2014).

Thus, the purified active compounds obtained
from different Phyllanthus species have demonstrated
antinociceptive activity, against hepatitis,
inflammation and allergies (Kassuya etal.,2003; Torres
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et al., 2003; Salomé, 2007). Most plants belonging to
the Phyllanthus genus have several combinations of
secondary metabolites and more than 50 compounds
that classify them as medicinal plants (Sarin et
al.,, 2014; Oliveira, 2016), as the beta-sistoterol
compound among others, which acts on calculi
prevention, inhibition and elimination, in addition to
anti-inflammatory and analgesic activity (Kassuya et
al., 2003; Sarin et al., 2014; Oliveira, 2016). The high
quantity and efficiency of the components present in
the plant make it a medicinal plant that is commonly
used for preventive and curative treatments (Braz et
al,, 2015).

The study of phytochemical
have a great importance, since it recognizes the
phytochemical compounds abundant in the plant
species of interest, identifying the most present,
relevant and useful compounds and secondary
metabolites found in medicinal plants (Bessa et
al., 2013). The use of ethnobotanical information
and pharmacology helps in the search for bioactive
compounds existing in medicinal plants, considering
agrotechnological, biotechnological, pharmacological
and microbiological parameters (Bessa et al., 2013).
Within the Phyllanthus genus, there is a great variety
of metabolites and the potential for the treatment of
various pathologies. To prove the beneficial effects
of the plant reported by popular medicine, several
countries have been studying the plants of this genus
(Salomé, 2007).

components

Phyllanthus niruri L.

The Phyllanthus niruri species has a variety of
popular names, such as: “stone-breaker, pigeon-weed”
and “burrow-wall” among others, but the best-known
common name is “stone-breaker” in portuguese
“Quebra-pedra”. It is the species of the genus with
greater use in traditional medicine (Brazetal., 2015), it
is a weed with 30 to 60 cm in height, grows in any type
of soil, as well as growing between stones, walls, and
cracks and it can be found with flower and with fruits
throughout the year in all Brazilian states. It is native
to the Amazon and other tropical regions of Brazil and
the world, such as Nigeria, Ghana, Bahamas, India,
China, among others (Girach et al., 1994; Oliveira,
2016; Leao et al., 2017). It is considered as a “weed”,
because of its wide distribution, rapid proliferation
and adaptability, which allows its incidence in several

regions of the world (Silva and Sales, 2004).

According to the Brazilian Pharmacopoeia, the
species is characterized as herbaceous, glabrous, with
branched or simple stems, the main branches are thin
with no leaves, with lateral branches with alternating,
opposite, simple, membranaceous, glabrous, oblong-
elliptical leaves, of attenuated apex, of olive-green
color and pale green abaxial face. When looking
at the leaves together they appear to be composed,
with blades 0.95 cm long and up to 0.6 cm wide, and
petioles with a maximum length of 0.1 cm. They have
schizocarpous fruits, of the tricoca type, with 0.1 cm
to 0.25 cm in diameter, globose, exposed to the abaxial
region of the branches, separating into carpids; olive
green, membranous and verrucous endocarp; 2 seeds
per lotus, triangular, with the ventral faces straight
and the dorsal face rounded, warty, prominent warts,
with acute to rounded apex; cylindrical pedicels,
approximately 0.5 cm long at maturity; persistent,
membranous chalice, developed. The macroscopic
characteristics of Phyllanthus niruri are decisive
to distinguish them since the species can be very
similar to others when observed with the anatomical
characteristics (Farmacopéia Brasileira, 2010; Martins
etal., 2014).

Currently, it is present in the National List of
Medicinal Plants of Interest to SUS-RENISUS, with
high productive potential for the Ministry of Health
of Brazil, which suggests studies to subsidize the
preparation of herbal products and advises on the use
of medicinal plants made available for the population
(Queiroga, 2015; Escola de Satde Publica, 2018).
Although other species of the genus are also called
“Quebra-pedra’, only P. niruri has officially proven
medicinal properties (Farmacopéia Brasileira, 2010;
Oliveira, 2016), which does not cause psychological,
physical changes or blood toxicity, does not showing
results related to the toxic effects of the product (Braz
et al., 2015).

Initial studies with P. niruri were performed by
Brazilians researchers, since this plant is native to
the country. The plant has a long history of use by
Brazilians against several kind of diseases (Kaur et
al., 2017), featuring various chemical compounds
that have biological activities, what makes this plant
considered as a medicinal plant with high therapeutic
potential for preventive and curative treatments
(Lorenzi e Matos, 2002; Salomé, 2007; Marques, 2010;
Cruces et al., 2013; Escola de Saude Publica, 2018).
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Among these activities, is the antimicrobial capacity
is one of the major therapeutic use of P. niruri due
to presence of antimicrobial components. Some
authors have demonstrated the ethyl esters have an
antimicrobial activity against oral microorganisms,
S. mutans, S. gordonii, P. gingivalis, F. nucleatum
e C. albicans (Huang et al.,, 2010). The ethyl ester
of hexadecanoic acid and ethyl ester can be found
in various plant extracts of the plant and act as
hemolytic, pesticide, antioxidant, in addition to
having antifungal and antibacterial action (Tyagi e
Agarwal, 2017), especially on the yeast C. albicans
(Santos Primo, 2013; Anibal et al., 2017).

The presence of metabolites and other compounds
in the P niruri plant, such as fatty acids, steroids,
hexadecanoic acid ethyl ester (palmitic acid) and
linolenic and linoleic acid ethyl ester, it assist in
antioxidantand anti-inflammatory functions, as well as
anti-acne, antihistamine, hemolytic, antiandrogenic,
antiparasitic or nematicide, in addition to presenting
antimicrobial activity (Santos, 2017; Tyagi e Agarwal,
2017).

The beta-sitosterol compound present in the
P. niruri plant was antinociceptive and anesthetic
potential, also has effective against several microbial
species, such as S. aureus, S. pyogenes, B. subtilis,
P. aureginosa, S. typhi e C. albicans (Acikara et al.,
2014; Odiba et al., 2014; Sarin et al,, 2014; Yinusa
et al., 2016). Phytol also present in this plant has
been shown anti-inflammatory, antinociceptive and
antimicrobial (Leite, 2010; Ghaneian et al., 2015;
Tyagi e Agarwal, 2017).

This species has been widely used in Brazilian
popular medicine as a therapeutic treatment against
variousdiseases,whereresearch carried outinthelast
35 years with cells and animal models has provided
the knowledge of valuable scientific evidence that
demonstrates the benefits of its use, among which
are the properties against flu, dysentery, vaginitis,
gastritis, besides having a calming effect (Braz et
al., 2015; Messias et al., 2015; Lee et al., 2016). It
has properties against genitourinary and intestinal
infections; kidney and liver disorders, especially in
the treatment of urinary system and kidney stones,
with diuretic and analgesic factors; decreases the
fixation of calcium oxalate in the renal walls and
increases filtration through the glomeruli, causing
relaxation of the ureter and excretion of uric acid,
which facilitates the natural elimination of calculi

(Cruces et al., 2013; Braz et al., 2015).

The use of the plant helps to fight inflammation
and infections, has an anesthetic, antioxidant,
antispasmodic,
anti-hyperalgesic and antinociceptive character
(Gorski et al., 1993; Venturi e Randi, 1997; Lorenzi
e Matos, 2002; Nascimento, 2008; Aita et al., 2009;
Marques, 2010; Oliveira et al., 2012; Lee et al., 2016;
Escola de Saude Publica, 2018; Oliveira et al., 2019).
It has also been demonstrated as a potential anti-
hepatitis B, anti-diabetes and also as antiplasmodial,
antiviral and antimicrobial, including anti-caries
activities, which can be used in products for oral
use (Venturi e Randi, 1997; Lorenzi e Matos, 2002;
Nascimento, 2008; Aita et al., 2009; Marques, 2010;
Oliveira et al., 2012; Sunitha et al., 2017; Escola de
Saude Publica, 2018; Oliveira et al., 2019). The use
of the Phyllanthus niruri L. plant as an infusion
prevents the agglomeration of calcium oxalate,
and also prevents the adhesion of crystals in the
epithelium, decreasing the endocytosis process and
consequently the formation of calculi. The species
has a self-defense that regulates the passage of
calcium in its cells, accumulating these particles in

antilipolytic, anti-inflammatory;,

its leaves, and this natural self-defense is maintained
in the aqueous extract of the herb when the
infusion is prepared, promoting the antispasmodic
action and anti-hyperuricemic effects, used as a
methanolic extract also demonstrates a reduction
in uric acid (Braz et al., 2015; Lee et al., 2016).

The wide use of Phyllanthus niruri, due to its
widespread use and knowledge of its therapeutic
characteristics, is scientifically studied in several
regions, mainly in India and Brazil , and the lack
of a pre-established protocol for the performance
of all tests limits the comparisons between the
results of research that occur worldwide with this
species (Salomé, 2007; Lee et al, 2016; Escola
de Saude Publica, 2018). Based on the available
literature, the species P. niruri is commonly used
and has numerous biological activities, and data
on sensitivity to P. niruri extract, as well as activity
against microorganisms in planktonic state or
biofilm, may increase knowledge about the use of
extracts as an antimicrobial agent in the treatment
of bacterial and fungal infections or as coadjuvants,
along with enabling its pharmacological action as
a pharmacological agent, and analyze the possible
side effects.
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Conclusion

Through surveys carried out in this review, we
may conclude that, researchs with medicinal plants,
has been of great importance for the discovery of
new compounds with antimicrobial properties.
The understanding of these medicinal plants makes
it necessary to know the mechanism of action by
each component, when it comes in contact with the
microorganism and thus, in this context, to be able to
expand the options for the use of herbal medicines.
The knowledge of the Phillanthus niruri and its
applicability as antimicrobial agent cited in this review
must be take in account by researches in this area of
investigation according the avaiable methodologies to
know more about these specie and its applicability as
medicinal agent.
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Citrus essential oil, commonly, known as lime oil, has been widely
Citrus essential oil,

reported in traditional system of medicine. Industrially, oil is isolated by
monoterpenes, limonene, mainly by hydrodistillation from fruit and peel of Citrus aurantifolia,
antifungal, antioxidant. family, Rutaceae. Cultivation practice of citrus plants dates back for over
4000 years and are one of most valuable fruit crops in the world. In this
review, we aim to summarise the phytochemical and biological properties
of citrus oil. The literature was collected from various online resources
such as e journals, books and magazines. The citrus essential oil is globally
used in food industry to impart citric flavour and odour to cuisines. Llime
juice and oil is known to possess multiple biological properties including
anti-cancer, antimicrobial, antioxidant, antiulcer, anti-inflammatory,
hypolipidemic, antityphoid and hepatoprotective properties. Due to potent
antibacterial and antifungal properties, citrus oil is becoming important
component of skin care products. The medicinal importance of plant is
due to presence of various secondary metabolites, alkaloids, carotenoids,
coumarins, essential oils, flavonoids, phenolic acids, and triterpenoids.
The citrus oil is rich in aromatic compounds namely, monoterpenes and
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their derivatives, aldehydes, ketones, esters, alcohols such as limonene
(58.4%), P-pinene (15.4%), y-terpinene (8.5%), citral (4.4%) and others.
The bitter taste and aroma of citrus fruit peels is attributed to limonoids.
p-caryophyllene constitute 5.7% of all the sesquiterpenes. On the basis of the
available information, we conclude that citrus oil possess huge potential to

be developed into pharmaceutical products.

Introduction

The genus Citrus (Rutaceae) is one of the most
widely consumed and economic important group
(1). The global production of citrus fruits has
significantly increased to 82 million tons in the
years 2009-2010 (2). Around 70% of the world’s
total marketable citrus are grown in the America,
Brazil, Mediterranean countries. Of these, India is
the world’s largest producer of different varities of
limes (Table 1) while China produces most of the
world’s mandarins an important variety of lime
(3,4). Citrus products are a rich source of vitamins,
minerals and dietary fibers that are essential for
growth and development of body. The fruits possess

Table 1. Some popular varieties of citrus

antioxidant (6),
antiulcer, anti-inflammatory, and hypolipidemic,
antityphoid and hepatoprotective (7) properties.
The essential oils contain many volatile compounds,
mainly aldehydes, ketones, esters, alcohols and
terpenes, which give the characteristic aromas

anti-cancer (5), antimicrobial,

and flavours of the citrus fruits. Because of their
nutritional values and pleasant aromas, some of
citrus fruit juices are used as functional drink (3, 8).
Limonoids are the principal compounds found in
citrus fruit peels where they produce the bitter taste
and the zest aroma (9-11). Citrus-peel essential oils
are amongst the most important of these, including
orange, lemon, mandarin, tangerine and grapefruit
oils are leading oils in terms of volume (12,13).

S.No. | Variety Reference
1 Sweet oranges (Citrus sinensis Osbeck) (14)
2 Mandarins (Citrus reticulata Blanco) (15,16)
3 Grapefruits (Citrus paradisi Macfadyen) (17)
4 Lemons (Citrus limon Burmann) (18)
5 Limes (Citrus aurantifolia Swingle) (19)

Chemical constituents

The peculiar phytochemical composition of the
peel and leaf oils of C. aurantifolia suggest use of the
essential oils as a characteristic taxonomic marker
for species (20) (Table 2, Fig. 1). The phytochemistry
of citrus oil has been studied extensively by many
researchers. GC-FID and GC-MS of hydrodistilled
essential oil of C. aurantifolia, shows presence of
limonene (58.4%), f- pinene (15.4%), B-terpinene
(8.5%), and citral (4.4%) as the major constituents (21).
Some exclusive terpenes such as the sesquiterpene
santal-10-en-2-ol have been identified in the lime

peel oil (22). An oxygenated monoterpene, fenchol,
has also been isolated in C. aurantifolia (23,24).
Some other mono- and sesquiterpene hydrocarbons
and oxygenated monoterpenes such as B-pinene,
neryl acetate, geranyl acetate, f3-bisabolene, (E)-a-
bergamotene, germacrene D and p-caryophyllene
(25) have also been reported in C. aurantifolia. In
addition, lime oil also contain coumarins which are
known to cause phototoxic reaction in humans. In
experimental animals, these coumarins were found
to promote tumour formation on skin and abdominal
epithelium of mice induced by 9,10-dimethyl-1,2-
benxanthracene and benzo-[a]-pyrene (26-28).
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C. aurantifolia peel oil

The chemical composition of C. aurantifolia peel
oil is very similar to that of C. hystrix, a Malaysian
citrus species with presence of monoterpenes (94.6%).
The two most abundant compounds were limonene
(39.3%) and p-pinene (28.4%). However, the former
can be distinguished by the presence of relatively
high concentrations of geraniol (7.5%), neral (5.3%)
and geranial (2.1%), citronellal (0.1%) with absolute
absence of citronellol. GC-MS analysis of some species
of citrus, C. hystrix D.C., C. aurantifolia Swingle, C.
maxim Merr. and C. microcarpa Bunge, revealed that
C. hystrix peel oil comprises mainly of monoterpenes
(97.2%) with p-pinene (39.3%), limonene (14.2%),
citronellal (11.7%) and terpinen-4-ol (8.9%) as the
major components. Other monoterpenes present
in appreciable amounts include a-terpineol (3.0%),
terpinene (2.4%), a-pinene (2.0%), linalool (1.9%) and
furanoid cis-linalool oxide (1.9%). 17 sesquiterpenoids
in smsll quantities constituting 2.6% of the oil have
also been identified in the lime essential oil. Myrcene,
is present at 1.6% and 1.8% concentrations in the peel
oils of C. maxima and C. microcarpa. In comparison,
peel oils of C. maxima and C. microcarpa contained
more than 94% of monoterpene hydrocarbon,

Table 2. List of phytochemicals in C. aurantifolia

limonene, and could be one of the important natural
sources of limonene.

C. aurantifolia leaf oil

The leaf oil of C. aurantifolia contain the highest
concentration of monoterpenes amongst other species
of citrus. Geranial (19.4%), limonene (16.4%), neral
(11.4%), nerol (9.5%), geraniol (7.5%) and geranyl
acetate (6.6%) are the major constituents of the leaf oil
of C. aurantifolia. Sesquiterpenes present in amounts
greater than 1% concentration are p-caryophyllene
(5.7%), (Z)-nerolidol (2.0%), (Z)-p-farnesene (1.8%)
and p-elemene (1.6%). whilst, the leaf oil of C. hystrix
contains mainly citronellal (72.4%) and related
compounds, citronellol (6.7%) and citronellyl acetate
(4.1%). Of the other 39 components present in the leaf
oil of C. hystrix, only p-pinene (1.9%), linalool (1.7%)
and trans-sabinene hydrate (1.5%) are present at greater
than 1% concentration. Sesquiterpenes accounts for
only 4.5% of the oil. In contrast, C. macrocarpa leaf
oil possess more than 70.8% sesquiterpenes with
hedycaryol (19.0%), p-sesquiphellandrene (18.3%),
a-eudesmol (14.4%) and p-eudesmol (8.6%). While,
p-pinene (13.4%), linalool (6.1%) and (E)-p-ocimene
(2.0%) are main the monoterpenes C. macrocarpa leaf.

S.No. | Type Compounds Reference
1 Sugars Glucose, fructose and sucrose (1-15%) (10,29,30)
2 Polysaccharides Cellulose, hemicelluloses and pectin (31)
Citric and malic acids with small quantities of succinic,

3 Organic acids malonic, lactic, oxalic, phosphoric, tartaric, adipic and | (20,32)
isocitric acids

4 Lipids I?hosp'holipids. (0. 1%?, palr.nitic, palmitoleic, oleic, (14.33)
linoleic and linolenic acids
Ascorbic acid, thiamine, riboflavin, niacin, pantothenic

5 vitamins acid, inositol, biotin, vitamin A, vitamin K, pyridoxine, |(33)
paminobenzoic acid, choline and folic acid

6 Inorganic elements Potassium and nitrogen (80%), calc‘ium, iron, (34)
phosphorus, magnesium and chlorine

7 Flavonoids Flavanones, flavones and anthocyanins (1,31,35)

8 Limonoids Limonene (36,37)

9 Volatile compound | Limonene (21,38)
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Fig. 1. Structures of major chemical constituents present in C. aurantifolia essential oil

Health Benefits of phytochemicals isolated from
Citrus

Citrus is rich in flavonoids including apigenin,
rutin, quercetin, kaempferol, nobiletin, hesperidin,
hesperitin, and neohesperidin. Quercetin, has been
reported as one of the most active flavonoids that
possess significant anti-inflammatory, anti-tumor,
anticancer, anti-prostatitis, anti-allergic and anti-
asthmatic (31,39-43). Carotenoids found in citrus
are f3-carotene, lutein, zeaxanthin and cryptoxanthin
(44,45). Presence of vitamin C in citrus enhances
its medical applicability in treatment of stress, cold,

chills, muscle fatigue and scurvy (40, 46-50).
Pharmacological activities of C. aurantifolia
Pharmacological activities of the extract of

different parts of C. aurantifolia have been studied.

The plant possesses the numerous biological activities

described below:

Antibacterial activity

Antimicrobial activity of citrus oil against several
pathogens, including, S. aureus, Escherichia coli,
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Klebsiella pneumonia, Pseudomonas spp, A. niger and
C. albicans, has extensively been studied (28,51-55).
Hydrodistilled lime oil (12.25-100 pg/ml) possess
potent antibacterial activity against gram positive
compared to gram negative strains (56). The values of
zone of inhibition (ZOI) recorded for lime essential
oil against some microbes investigated in study
were, S. aureus (10 to 20 mm), Enterococcus faecalis
(26 mm), Salmonella spp. (6-10 mm) and C. albicans
(24 mm). The oil demonstrates powerful results
in isoniazid-resistant strain of Mycobacteria that
suggest probably, oil could have role in overcoming
antimicrobial resistance (57,58). The antibacterial
activity of C. aurantifolia has been attributed to the
presence of phytochemicals, 5, 8-dimethoxypsoralen,
5-geranyloxypsoralen, palmitic acid, linoleic acid,
oleic acid, 4-hexan-3-one and citral (58).

Abubakar U Zage found that citrus ethanolic
extract (2.125-20 mg/ml) shows significant activity
against clinical isolates of Shigella, Salmonella typhi,
Klebsiella. The study indicated that Shigella was more
sensitive to the extract with average zone of inhibition
of 14.90 mm, followed by Klebsiella (14.49 mm), E.
coli (13.77 mm) and S. typhi (12.01 mm) (59-61).
In comparison, citrus peel methanolic extract is
potent against S. aureus at concentration 31.25 pg/
ml, while ethyl acetate extract is effective at higher
concentration, 250-750 ug/ml (62).

Antifungal

The oil is becoming an important component of
dermatological formulations used in skin and scalp
diseases (63). Antifungal effects of citrus oil has been
studied against Malassezia furfur in in vitro model
using disk diffusion method. In a study, oil elicited
fungistatic effects in a dose dependent manner with
zone of inhibition of 2.6 mm at minimum inhibitory
concentration (MIC) 2 mg/ml when compared to oil-
untreated culture (64,65). Lime essential oil at 2 mg/
ml was found to inhibit growth of M. furfur, KCCM
12679 cultured on sabrouds dextrose agar media with
incubation temperature 37°C for 2-7 days, ZOI was
found to be 2.6 mm when compared with reference
standard (66).

In some studies, A. niger have shown explicitly
high susceptibility to oil isolated from lime leaves (55).
Matan. N. concluded that limonene in lime oil inhibits
the growth of A. nmiger cultured in potato dextrose

agar medium at 70°C. Additionally, monoterpene
hydrocarbon, at MIC 90 ul/ml, also showed synergistic
activity with other secondary metabolites present in
lime oil (67, 68). Due to antifungal activity of citrus,
the plant may be a potential candidate for use in
agriculture and food industry for protection against
aflatoxin contamination. The effects of lime essential
oil on some species of molds has been determined by
Matan and Matan. At concentration, 20-200 pl/ml,
the oil was found to be fungistatic as well as fungicidal
on the test species. Lime oil was effective at 100 ul/ml
against P chrysogenum and Penicillium sp. while A.
niger was susceptibile at only higher concentrations of
lime oil (140 pl/ml). The MIC values performed by the
broth dilution of all conditions were examined (70).

Anti-obesity activity

Co-administration of C. aurantifolia essential oil
with ketotifen in wistar mice suppressed weight gain
in animals. The weight loss was described due to
possibility of promoting anorexia, reduction in both
the amount of food intake compared with the control
group. (71)

Anticancer/cytotoxic activity

C. aurantifolia fruit from Texas, USA, consists of at
least 22 volatile compounds, and its major compounds
limonene (30%) and dihydrocarvone (31%) and
five active components of C. aurantifolia seeds
such as limonin, limonexic acid, isolimonexic acid,
B-sitosterol glucoside, and limonin glucoside. Patil
and group reported that 100 pg/ml extract of C.
aurantifolia inhibits the growth of colon SW-480
cancer cell in 78% after 48 h of exposure. It increased
level of caspase-3. (72). They also reported that C.
aurantifolia extract can stop the growth of pancreatic
Panc-28 cancer cells with inhibitory concentration
50%, IC,,, 18-42 uM. Among all the phytochemical
tested in study, the order of apoptosis was isolimonexic
acid > limonexic acid > sitosterol glucoside > limonin
> limonin glucoside, based on the expression ratio of
Bax/Bcl-2) (73).

Antioxidant property

Both fruit and peel juice of Citrus aurantifolia
posses numerous flavonoids that contribute to
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antioxidant effects of plant. Lime juice and peel
inhibits LDL oxidation in a dose dependent
manner. At 234 nm polyphenolic extract solution
of fresh lime juice (0-40 pl) prepared in DMSO,
showed significant antioxidant property measured
by lowry method (74). Patil and group revealed
that freeze-dried lime juice extracted with different
solvents, such as chloroform, acetone, methanol
and methanol/water (8:2). The chloroform extract
showed the highest (85.4 and 90%) radical-
scavenging activity analysed by 1,1-diphenyl-
2-picryl hydrazyl (DPPH) and 2,20 -azino-bis
(3-ethylbenzthiazoline-6-sulfonic acid) (ABTS)
methods at 624 ug/ml (72). Limonoids possess the
ability to inhibit tumor formation by stimulating
the enzyme glutathione S-transferase (GST),
enzyme that catalyzes the reaction of glutathione
(75). Endogenously produced radical oxygen
species (ROS) perpetuate ongoing inflammation
that is a major factor in airway remodelling in
asthma. Vitamin C is a major antioxidant present
in airways. The plants enriched with phenolics
and ascorbic acid have shown promising results
in counteracting the radical production in lungs,
thereby, indicating prophylactic role of plant
in several diseases including, asthma (76-80).
Concentrated juice of C. aurantifolia cv. swingle
(Lime) at 250 pg/l, is able to significantly inhibit
proliferation of phytohaemagglutinin activated
mononuclear cells suggesting immunomodulating
activity of plant that suggests immuno-modulatory
property of plant (81, 82).

Anti-cholinesterase activity

The essential oils isolated from some species of C.
aurantifolia and C. aurantium have shown significant
inhibitory activity on AChE and BChE with IC50
values of 139.3-147.5 pg/ml and 235.5 to 266.6 pg/ml
respectively (83, 84).

Anti-fertility activity

In experimental animals, oral administration
of undiluted lime juice to Sprague-Dawley female
rats has shown to compromise fertility by partially
blocking ovulation, ova formation (5.10 +/- 2.37)
in comparison with the control animals (12.70 +/-
1.14) (85).

Cardiovascular activity

C. aurantifolia is used in African folk medicine
for the management of hypertension. the effect was
validated in ex vivo studies conducted on isolated
heart of rabbit. Aqueous extract of C. aurantifolia
(10-80 mg/ml-10-20 mg/ml) produced both negative
inotropic and chronotropic effects on the heart
induced a dose-dependent relaxation of contractions
produced by adrenalin (3.10-3 mM) and KClI (80 mM)
(86). In cadmium induced hypertensive model of
spargue daweley rats, C. aurantifolia fruit extract, 0.75
g/kg, was able to successfully reduce both diastolic
and systolic blood pressure (87).

Conclusion

C. aurantifolia is valued for its nutritional qualities
and numerous health benefits.
health benefits of C. aurantifolia and its essential oil
are attributed to multitude of bioactive compounds
including terpenes and phenolic components. This
opens new horizons for development of essential
oils into pharmaceutical products. However, lack
of scientific evidence to confirm medicinal value
warrants need of huge research in this direction.

The innumerable
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Resumo
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forma a melhorar o seu aspecto é o principal motivo dessa pesquisa. Pode-se
observar, por exemplo, que basicamente a radiofrequéncia ou vacuo, quando
utilizados com o objetivo de gerar um processo inflamatdrio controlado,
estimulam a produgao de colageno e elastina e que os fatores de crescimento
ajudam no processo de cicatrizagao e renovagdo celular. Esta pesquisa tem
como objetivo apontar o caso das estrias desenvolvidas pela gravidez e o
seu tratamento estético por meio dos recursos eletroterapicos e principio
ativo citados acima, ela se desenvolveu por meio de revisdo de literatura
integrativa, onde foram selecionadas obras publicadas entre o periodo de
2010 - 2020, que possibilitaram uma abordagem qualitativa e cientifica
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Introducao

A pele ¢é considerada o maior érgdo do corpo
humano e possui intumeras fung¢des como: a
preservacao homeostdtica, a sintese da vitamina
D, a prote¢do do corpo e o auxilio no equilibrio
do organismo, além disso, também possui fungdo
sensitiva na protecao contra agentes externos, onde
ocorre a captagdo e eliminagdo de vérias substincias
quimicas e tdxicas, e a absor¢io de radiacoes
ultravioletas (Da Costa, 2016, p. 8, 10).

Um dos problemas relacionados a pele sdo as
estrias, que sdo afeccdes que aparecem por meio
de lesdes purpuras e que progridem em anomalias
embranquecidas e atroficas. Nesse contexto ocorrem,
por exemplo, alteragdes de colageno, no enchimento
do espaco entre as células e as fibras do conjuntivo
e fibroblastos (Dolovitsch; Walter; Coelho, 2016, p.
2), ou seja, “por haver perda na capacidade de sintese
dos fibroblastos e, comparado a pele sem lesdo,
ha alteracdo no tecido conjuntivo, diminui¢do do
colageno, da elastina e das fibras de fibrilinas”. (Reis,
2016, p. 10). Esse acontecimento é muito comum
durante o periodo de gravidez.

NORMAL

ESTRIA

Fig. 1. Figura explicativa diferenciando uma pele
normal de uma estria e suas alterages do colageno
(ALVES, 2015).

As estrias ndo estdo relacionadas apenas a gravidez,
e que também é comum em homens, e quanto a idade,
podera aparecer em qualquer faixa etaria. Ja as partes
afetadas do corpo, “o surgimento é mais importante
no abdome, mas podem também ocorrer estrias nas
mamas, axilas, glateos, drea inguinal interna e coxas”
(Addor, 2010, p. 254).

Destaca-se ainda que, no caso da gravidez, as
estrias poderdo ser mais severas conforme o nimero
maior de gestagdes, uma vez que as distensdes sao

novamente desenvolvidas na mesma regido, isso
envolve portanto, um novo estiramento do tecido e o
aumento do peso que, alids, é proprio da gravidez (De
Souza; De Paula; Sobrinho, 2016, p. 42).

Embora a estria nao seja uma patologia, seu
surgimento podera gerar resultados desagradaveis,
assim como “acarretar problemas emocionais e,
tendo-se em vista que satide se descreve por bem-
estar fisico e psicoldgico, as estrias passam a ter
grande importancia social e clinica”. (Santos; Coelho,
2017, p. 1).

A radiofrequéncia possui uma corrente de
alta frequéncia que produz calor por conversio,
alcan¢ando de maneira profunda as camadas da pele,
possibilitando uma melhor oxigenagao, nutrigao
e dilatagdo dos vasos sanguineos (Moreira; Giusti,
2013, p. 23).

De acordo com Guirro e Guirro 2004, o vicuo
promove uma sucgdo na pele através da pressao
negativa, fazendo com que o sangue seja encaminhado
com mais intensidade para a superficie, acarretando
um aumento da circulagio.

Os Fatores de crescimento (do inglés growth factor)
formam um conjunto de substancias, a maioria de
natureza proteica, que juntamente com hormonios,
desempenham
importante papel na comunicagéo intra e intercelular.
A funcao principal dos fatores de crescimento é o
controle externo do ciclo celular, mediante abandono
da quiescéncia celular (Rother,1989)

citocinas e neurotransmissores

Segundo Salven 2000, a fun¢ao dos fatores
de crescimento nido se limita a estimulagdo da
proliferagdo celular mediante a regulagdo de seu
ciclo iniciando a mitose, mas é também crucial na
manuten¢do da sobrevivéncia, na estimulagdo da
migragdo e na diferenciagdo celular, bem como
na apoptose. Eles promovem a diferenciagdo e a
maturagdo das células, dependendo do tipo de fator
de crescimento envolvido, bem como de seu local de
acao. As proteinas 6sseas morfogenéticas (BMPs), por
exemplo, estimulam a diferenciagdo dssea, enquanto
o fator de crescimento endotelial vascular (VEGF)
estimula a diferenciagdo dos vasos sanguineos.

Quanto ao tratamento de estrias existem
diversas técnicas, dentre elas, a radiofrequéncia e
a vacuoterapia associadas a cosméticos contendo
de crescimento,

fatores que tém apresentado

resultados significativos.
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Metodologia

Trata-se de uma revisdo narrativa de literatura
publicadas no periodo entre 2010 a 2020 e utilizou-
se como base de dados: Scientific Electronic Library
Online (SciELO) e Google Académico, numa busca
entre marc¢o de 2020 a maio de 2020.

Foi utilizada a estratégia de PICO: Populagio/
Paciente (P): mulheres com estrias ocasionadas
pela gravidez; Intervencdo (I): técnicas no ambito
da estética e cosmética; Comparagdo (C): nao hd;
Desfecho/Outcome (O): o uso da radiofrequéncia,
fatores de crescimento e vacuo no tratamento de
estrias. Considerou-se como pergunta de pesquisa:
“O que se pode fazer para tratar estrias ocasionadas
pela gravidez?

Delimitou-se como critério sistematico de inclusao
artigos na integra, na lingua portuguesa, publicados
entre 2010 e 2020, no Ambito da estética e cosmética.
Os critérios para exclusdo utilizados foram: pesquisas
que ndo disponibilizaram o texto na integra, sem
aderéncia ao objeto de estudo.

Os descritores selecionados que se encontram
disponiveis no Portal dos Descritores da Scientific
Electronic Library Online (SciELO) sao: gravidez,
estrias, radiofrequéncia, vacuo, fatores de crescimento.
Foram combinados da seguinte maneira: estrias AND
gravidez and radiofrequéncia, fatores de crescimento
e vacuo and mulheres com estrias ocasionadas pela
gravidez.

Discussao

A pele tem o papel importante de manter a
homeostasia do organismo e a sensibilidade, agindo
na defesa contra agentes externos, evitando a
eliminagao de liquido e eletrolitos. A pele “pesa cerca
de 4kg e tem superficie de cerca de 1.8m? [...] a 4gua
constitui cerca de 70% da composi¢io quimica da
pele, distribuindo-se diferentemente pelas diversas
camadas”. Lopes (2017, p. 13).

A pele é rica em lipidios, glucidios e sais minerais,
possui nervos sensoriais e autondmicos, que mediam
as sensagdes de toque, vibragao, pressao, dor e coceira,
além de dispor de elementos biomecanicos que lhe
permite responder a agressividade sofrida. Costa et al
apud Khavkin (2016, p. 18).

Além disso, a pele por ser anisotrdpica, possui
acao elastica diversa, e por isso se exterioriza de

acordo com o sentido em que a energia é sobreposta.
Nesse sentindo, é responsivel por um grupo
variado de atributos, por exemplo, hemorregulagao,
metaboliza¢do, protecdo imunoldgica, fluxo e
termorregulagao. (Costa et al apud Fontenelle; Azulay,
2016, p. 18).

Sendo assim, a pele possui variagdes quanto a sua
forma, e é constituida em duas camadas: epiderme
e derme. A epiderme cumpre o papel de proteger
o tecido, ela é mais externa, e é responsavel pela
renovacao das células, divide-se em: cdrnea, lucida,
granulosa, espinhosa e basal. Ja a derme é rica em
colageno, elastina e reticulina, seus vasos sanguineos e

linfaticos sdo responsaveis pela condugédo de diversas
substincias que sdo essenciais ao metabolismo
organico, e é dividida em papilar e reticular (BRAIT
et al, 2018, p. 80).

Fig.2.Camadas: Epiderme, Derme, ofoliculo piloso
em corte longitudinal e um outro foliculo em corte
obliquo pegando o bulbo piloso. Fonte: Disponivel
em: https://docplayer.com.br/68921181-Sistema-

tegumentar-i-pele-fina-material-pele-fina-lamina-1-
tecnica-he.html. Acessado em 10/07/2020.

A derme possui fibras proteicas, terminagdes
nervosas, Orgdos sensoriais, glandulares, vasos
sanguineos, e desfruta de uma tela subcutanea ante
a pele que é composta por tecido conjuntivo areolar
e paniculo adiposo, o que concede mobilidade a
pele no ambito subjacente culminando na protecao
e isolamento térmico, além de ser responsavel por
conservar energia do corpo. Ainda quanto a questao
celular da derme, os fibroblastos permitem a formagao
das fibras e da substincia amorfa, o que ¢ significante
na firmeza e elasticidade da pele (Idem, 2018, p. 80).
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Fig. 3. Corte histologico da pele, onde podem ser
observadas as duas camadas da derme com as papilas
dérmicas penetrando na epiderme (modificada de
Sorrel & Caplan, 2004).

E por meio dos vasos sanguineos que ocorre a
sustentacdo e a oxigena¢do das células dérmicas e
epidérmicas, e com isso a preservacdo térmica do
corpo. Percebe-se que a elevacdo de temperatura
corporal gera impulsos nervosos, que proporciona
o alargamento dos vasos sanguineos da derme
culminando em aumento de circulagdo no tecido,
diante disso, ocorre o acréscimo de irradiacdo térmica
para o centro fazendo com que a temperatura do
corpo abaixe. No caso de diminui¢ao de temperatura
do corpo, pode-se perceber que o retrair dos vasos
sanguineos acarreta uma menor circulagao do sangue
na pele, diminuindo, portanto, o calor (Isaac et al
2010, p.127).

Vale ressaltar, que tanto a epiderme como a
derme, estdo dispostas acima de uma tela subcutanea
de adipocitos que sdo ordenados verticalmente e
destinados num plano reto as camadas superficiais por
toda regido cutanea. No que diz respeito aos lébulos
gordurosos, compreende-se que “sdo entrelagados
por septos fibrosos orientados perpendicularmente
a superficie e ancorados a derme”. (Brait et al apud
Cunha; Cunha; Machado, 2018, p. 80).

Fisiopatologia das estrias

A pele estd propicia a diversas disfung¢des e/ou
patologias, como ¢ o caso das estrias. Seu surgimento

ocorre por meio da granulagdo dos mastocitos e
estimulagdo macrofica nas fibras elasticas, culminando
no crescimento da elastdlise no sitio epitelial. No
inicio do processo, sua aparéncia é em forma de linha
e tortuosa, em tonalidade avermelhada, onde ainda
¢ normal a vascularizagdo do tecido, o que permite
um melhor tratamento. Em seguida, as estrias sdo
embranquecidas e mais profundas, tendo aparéncia
de envelhecimento, largas e mais estendidas (Cosme,
2015, p. 3).

Entao, logo percebe-se que as estrias avermelhadas
devido
ao estiramento intenso das fibras eldsticas e do

desenvolvem elementos “inflamatérios
rompimento de capilares sanguineos, podendo-se
observar em alguns casos sinais clinicos algicos e
prurido intenso”. (Brait et al apud Sabbag; Amaral;
Ayala, 2018, p. 81).

J4 as estrias nacaradas,
consequéncia da auséncia do coldgeno e da elastina,

que sdo as fibras responsaveis pela firmeza do tecido,

desenvolvem-se em

diante disso ocorre a flacidez. Também ocorre “um
epitélio pregueado com falhas na secre¢do sudoripara,
sebacea e no crescimento do pelo. Nesse caso as fibras
estdo em sua maioria rompidas e as lesoes podem
causar fibrose”. (Brait et al apud Sabbag; Oliveira; Lupi
2018, p. 81).

As estrias atroficas sdo cicatrizes em consequéncia
da redugéo de coloragao dos eritrdcitos, uma vez que
ocorre a diminui¢do da hemoglobina, culminando
na elevagdo do branqueamento central das hemacias.
Isso envolve a desestabilizacdo das fibras elasticas
e colagenas, que podem estar bastante danificadas,
embora com espagos cutaneos ainda preservados.
(Brait et al, 2018, p. 81).

Quanto a sua classificagdo elas poderao ser:
mecanica, endocrinoldgica e infecciosa. A mecéanica
¢ o resultado do estiramento do tecido, que culmina
na agressio das fibras elasticas que acabam se
desprendendo em partes, como também as colagenas
que além de desprenderem se alargam (Pontes,
2013, p. 4). Quanto a sua causa pressupOe-se estar
na acumula¢ido de gordura, “um crescimento muito
rapido durante a adolescéncia, uma hipertrofia
muscular muito rdpida ou uma distensao abdominal
consideravel, como nos casos de uma gestagdo”
(Bizarrias; De Souza; Péres, 2017, p. 491).

A endocrinolégica relaciona-se com algum tipo de
medicamento utilizado no combate de uma doenga.

7

Vale ressaltar que estudos apontam que é comum
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a presenca de hormonio esteroide em estrias, por
exemplo, na gravidez e na obesidade, onde ocorre sua
acdo no fibroblasto. Ja a infecciosa estd relacionada
em consequéncia de infecgoes no tecido, onde as
fibras elasticas sdo agredidas (Bizarrias; De Souza;
Péres apud Guirro; Guirro, 2017, p. 491).

Estrias em consequéncia da gravidez

O surgimento de estrias ¢ bastante comum nos trés
ultimos meses de gravidez devido as varias alteragoes
no organismo feminino, essas mudangas, dependendo
da gestante, podem variar, sendo também fisicas e/ou
emocionais e “interferem no sistema imunoldgico,
hormonal e vascular que deixam as mulheres mais
propensas a alteragdes cutineas” (Franzen; Foppa;
Zancanaro, 2016, p. 403).

Durante o periodo de gravidez a mulher estd sujeita
a diversas alteragdes no organismo, onde é comum
que anomalias hormonais, no sistema imunologico e
vascular ocorram, resultando em diversos problemas
na pele.

No periodo de gestagdo, entende-se que ocorre
um complexo processo através da “combinacdo de
estiramento mecanico da pele, fatores genéticos,
alteracdes enddcrinas e eventualmente a secrecdo
do hormonio relaxina durante a gravidez, isolados
ou associados”. (De Souza; De Paula; Sobrinho apud
Chang et al , 2016, p. 42).

De Souza; De Paula; Sobrinho apud Addor, 2016,
p. 43, entende que o processo da formacao da estria
esteja:

“Relacionado a ruptura de fibras coldgenas e
elasticas do tecido conjuntivo da derme, devido a
distensdo da pele. Estruturas da matriz extracelular
da derme, tais como as fibras elasticas, coldgenas
e fibronectina, que promovem a distensdo da pele
se rompem causando o aparecimento de estrias,
podendo comprometer as propriedades biomecénicas
da pele, como a firmeza e elasticidade”

No periodo de gravidez, pressupde-se que as
alteragdes do corpo sejam naturais para efeito da
evolugdo gestacional; com isso, o estiramento do
tecido diante do desenvolvimento do feto e 0 aumento
de peso da gestante, acabam criando um cenario
propicio para o surgimento de estrias.

Aponta-se que as estrias em gestantes sdo mais
comuns no abdome, quadris, gliteos e mama, e em
consequéncia do aumento do peso nos bracos, e axilas,

e por serem lesdes principalmente visiveis acabam
gerando afligdes no ambito estético (De Souza; De
Paula; Sobrinho apud Sato, 2016, p. 45).

Portanto, entende-se que as estrias em algumas
mulheres, na gestacdo ou apods, poderd interferir
de maneira significante em sua qualidade de vida,
ocasionando baixa autoestima e outros problemas de
ordem psicologica (Reis, 2016, p. 10).

Terapia combinada para tratamento das estrias

Existem algumas técnicas de tratamentos para
estrias, mas que além de serem desafiadoras exigem
da paciente compromisso e perseveranca. Tem-se
observado que os resultados positivos nos tratamentos
de estrias em seu inicio sdo mais eficientes que em
estrias mais avancadas. Esses tratamentos buscam,
principalmente, a eliminagio do tecido fibroso,
trocando-o por novas células, e assim, reconstituindo
sua elasticidade e aspecto (Dolovitsch; Walter;
Coelho, 2016, p. 2).

Dentre as técnicas de tratamentos estdo a
radiofrequéncia, o vacuo e os fatores de crescimento,
obtendo-se resultados significativos nos tratamentos
de estrias, mas que devem ser observadas suas
restrigoes em caso de gravidez.

Radiofrequéncia

A radiofrequéncia é considerada um método que
oferece bons resultados, pois otimiza o colageno
e a elastina, uma vez que sao essas as fibras que se
rompem dando inicio a estria.
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Fig. 4. Fonte: Disponivel em: <<https://consulin.
com.br/site/dicas/radiofrequencia-profundidade/>>.
Acesso em: 28 de Mai de 2020. Radiofrequéncia e sua
profundidade.
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A radiofrequéncia possui uma corrente de
alta frequéncia que produz calor por conversdo,
alcancando de maneira profunda as camadas da pele,
possibilitando uma melhor oxigenagdo, nutri¢ao
e dilatagdo dos vasos sanguineos (Moreira; Giusti,
2013, p. 23).

Sua agdo por meio de energia eletromagnética, nao
¢ invasiva, além de ser considerada segura, quando
aplicada dentro dos parametros corretos, e apresenta
resultados satisfatdorios no tratamento de estrias,
podendo ser utilizada em qualquer tipo de pele. Sua
aplicacao através da elevagao de temperatura do
tecido, desencadeia de forma continuada intimeros
efeitos fisioldgicos, dentre eles: o aquecimento do
tecido, o estimulo da vasodilatacdo e a reconstrugdo
do colageno (Hansen et al apud Borelli, 2016, p. 132).

Segundo De Souza; De Paula; Sobrinho apud
Crocco; Mantovani; Volpine (2016, p. 48) apontam
que:

“Essa tecnologia produz calor pela rotagdo de
dipolos que sua aplicagdo proporciona que pode
chegar a 65°C na derme. Esse aumento de temperatura
estimula a neocolagénese, provocando a reorganizagao
do colageno. No tratamento de estrias, essa técnica
pode ser utilizada em associagdo com o laser de
585 nm (Pulsed dye laser- PDL) demonstrando alta
eficacia”

Estudos tem comprovado que a radiofrequéncia
além de eficiente, possui uma margem de seguranca
significativa, e que sua contragdo exercida sobre o
colageno e estimulacao dos fibroblastos por meio de
ondas curtas auxiliam na recuperagdo da firmeza e
da elasticidade do tecido, melhorando sua aparéncia
(Gadelha, 2018, p. 8).

Diante disso, o tratamento por radiofrequéncia
ndo tem apresentado efeitos colaterais, além de obter
boas avaliacdes quanto o seu tratamento contra as
estrias (Rezende; Pinheiro; Mendonga, 2016, p. 62).
Alids, apds o periodo de regeneragao tecidual, lhe tem
sido associado outras técnicas, como o caso do vacuo,
que possibilita um resultado semelhante.

Vacuoterapia

Na atualidade o vacuo tem sido utilizado em
diversos tratamentos de pele, inclusive, em casos de
estrias, seu uso concomitante por meio de uma pressao
negativa desenvolve uma aspiragiao ndo invasiva no
tecido. Sua pressdo devera causar uma sangria “ser

continua ou pulsada [...] isso provoca uma depressao
no local, formando uma prega cutanea e o rolamento
das estruturas envolvidas” (Oliveira apud Silva 2016,
p- 20).

Quanto ao vacuo ¢é considerada uma técnica
antiga, Oliveira apud Silva (2016, p. 20), aponta que:

“Os antigos egipcios foram os pioneiros a utilizar
as ventosas e ao longo dos anos foi sendo aperfeicoada
por varios médicos da medicina chinesa. O aparelho
gera uma pressdo negativa provocando uma sucg¢do
ndo invasiva da pele, podendo ser continua ou pulsada
isso provoca uma depressio no local, formando
uma prega cutinea e o rolamento das estruturas
envolvidas”.

Fig. 5. Fonte: Disponivel em: <<https://www.
google.com/search?q=vacuoterapia>>. Acesso em 28
de Mai de 2020. . Vacuoterapia em estrias

Segundo Guirro; Guirro (2004):

“O vacuo promove uma sucgdo na pele, fazendo
com que o sangue seja encaminhado com mais
intensidade para aquela drea, acarretando um
aumento da circulagdo onde ird ativar a troca gasosa
entre os tecidos e os capilares. Aumentando a pressao
osmotica do tecido intersticial, consequentemente
melhorando a permeabilidade dos
provocando um edema local”

A vacuoterapia ocorre através do desfibrosamento
gradativo cutaneo em que o tonus da epiderme
recebe estimulos culminando em sua reformulacio.
O vacuo paralelamente & compressdo contraria, faz
que as células de etimologia mesenquimatica, que
sao responsaveis pelo coliageno e elastina, como
também, as glicoproteinas e proteoglicanas do tecido
conjuntivo, recuperem a tonicidade e elasticidade da
pele. (Oliveira 2016, p. 21), ou seja, se deve a submissao

capilares
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da forca de deslocamento do fibroblasto, elevando,
portanto, a producdo de coligeno e da elastina
“comparados a um fibroblasto em repouso, sendo
este um aspecto fundamental para uma melhora da
elasticidade, tonicidade e mobilidade do tecido”.

A vacuoterapia embora possibilite resultados
significativos na restauracdo da elasticidade da pele,
regeneragao do tecido, cicatrizes atréficas e fibrdticas,
e seja mais propriamente aplicada em casos de
estrias, celulites, rugas e flacidez, possui algumas
contra indicagdes no caso de afeccbes (Oliveira,
2016, p. 22). Por exemplo, em tratamento de estrias
a pressao negativa em detrimento da sangria deve ser
considerada pelo profissional, ndo sendo indicado o
seu uso em casos de diabéticas, uma vez que podera
ter consequéncias no processo de cicatrizagio do
tecido. Outra situacdo estd em pessoas com cancer,
uma vez que podera haver estimulagdo do sistema
linfatico, podendo se desenvolver um espalhamento
de células contaminadas (Oliveira apud SILVA, p. 20).

Fatores de crescimento

Segundo Rother 1989, os fatores de crescimento
vém do inglés growth factor, formando um conjunto
de substancias, a maioria de natureza proteica,
que juntamente
neurotransmissores desempenham importante papel
na comunicacio intercelular. Sua func¢io principal é o
controle externo do ciclo celular, mediante abandono
do repouso na célula.

No entanto, a func¢éo dos fatores de crescimento
ndo se limita a estimulagdo da proliferagdo celular
mediante a regulagdo de seu ciclo iniciando a
mitose, mas é também crucial na manutengio
da sobrevivéncia, na estimulacio da migracdo e
na diferenciagdo celular, bem como na apoptose.
(Mansbridge 1999).

Eles promovem a diferencia¢do e a maturagdo das
células, dependendo do tipo de fator de crescimento
envolvido, bem como de seulocal de agdo. As proteinas
6sseas morfogenéticas (BMPs), por
estimulam a diferenciacio dssea, enquanto o fator de
crescimento endotelial vascular (VEGF) estimula a
diferenciagdo dos vasos sanguineos (Salven, 2000).

De acordo com Salven, 2000 os fatores de
crescimento agem como sinalizadores entre as
células, unindo-se a receptores celulares especificos
situados na membrana celular que transmitem o

com hormonios, citocinas e

exemplo,

sinal do exterior para o interior da célula, mediante
o acoplamento de diferentes proteoquinases que se
fosforilam e ativam uma cascata de sinais que acaba
com a ativagdo de um ou varios genes .

As pesquisas apontam alguns
crescimento, dentre eles: o Transformador Beta,
o Fibroblastico e o Insulinico, junto aos recursos
eletroterapicos podem ser usados no tratamento
das estrias. Esses fatores ndo possuem, por
exemplo, importancia diante das agressividades das
estrias no tecido. Eles sdo agentes que promovem o
colageno, a elastina, além de atuarem diretamente
no processo quimico das células (Costa et al, 2020,
p. 48).

O fator de crescimento Beta tem, dentre
varios aspectos, a funcdo de otimizar a sintese
do colageno, além do equilibrio do crescimento,
“controle,
desenvolvimento e reparo tecidual, além de inibir a
apoptose celular”. (Brait et al, 2018, p. 81).

Sua a¢do no processo de surgimento de novos
vasos sanguineos por meio dos existentes, permite
que estimule os fibroblastos na producio de
colageno, além de atuar na multiplicagdo celular,
culminando na cicatriza¢ao do tecido afetado pelas
estrias (Brait et al, 2018, p. 82).

O fator de crescimento Insulinico ajuda a
eliminar e prevenir as estrias, pois estimula a
construcio de células dos tecidos, além de elevar as
taxas de colageno e elastina. Portanto, é importante
na reestruturacdo do tecido agredido pelas estrias,
além auxiliar na constru¢ao da matriz extracelular
refazendo as fibras e ocasionando preenchimento
cutdneo e diminuido a extensiao estriada. Quanto
aos resultados, embora significantes, tem-se
percebido ser bem variado, dependendo da reacio
do organismo de cada paciente (Cosme; Piatti;
Caramori, 2015).

J4 o fator de crescimento Fibroblastico, atua
basicamente na estabilizacgio da angiogénese
e divisio das células eucaridticas que tém seus

fatores de

diferenciagdo, proliferacio celular,

cromossomos partidos em células menores do
organismo, além de estimular a multiplicagdao dos
fibroblastos. Por fim, o fator Fibroblastico atua
na sistematizacio das células responsaveis pelo
sistema imunoldgico do organismo, nas células
T/ neutroéfilos que sdo responsaveis pelo processo
imunitario e o controle infecioso. (Brait et al, 2018,
p. 82).
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Conclusao

As novas tecnologias e a busca por tratamentos
mais eficazes na drea da estética estdo amplamente
impulsionadas pela busca constante por um corpo
perfeito ou a melhoria de alguma disfunc¢éo estética
incomoda, sendo assim a preocupa¢ao de fazer um
estudo para melhorar o aspecto das estrias.

Conclui-se que a terapia combinada
radiofrequéncia e vacuoterapia, podem ser de grande
importancia no tratamento das estrias pos gestacdo,
visto que seus mecanismos de agdo agem removendo
células mortas, aumento da circulagio sanguinea,
trazendo aporte nutricional, oxigenagdo e com isso
aumentando a produgio de coldgeno e elastina.

Alguns produtos
cosmecéuticos contendo fatores de crescimento como
ativos principais, podem ser considerados seguros
e eficazes para aplicagdo tépica, uma vez que nio
promoveram a proliferacao de células andmalas, bem
como, em alguns casos, estimularam a proliferagao
de fibroblastos normais, células cruciais no processo
de reparagao tecidual e associado aos recursos
eletroterapicos podem ser de grande ajuda no
tratamento das estrias pds puerpério.

com

autores relatam que

Espera-se que com essa revisio possam servir
para novas pesquisas. A sugestdo é que seja realizado
um estudo de caso pratico onde possa comprovar a
eficacia ou nao da terapia combinada sugerida nesse
estudo.
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