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RESUMO

MIRANDA, Lyvia Lopes, M.Sc., Universidade Federal de Vicosa, julho de 2Bfito de
extratos vegetais no reparo 6sseo e cutaneo em modelos anim@isentadora: Reggiani
Vilela Gongalves. Coorientadeg Mariaurea Matias Sarandy Souza e Rdmulo Dias Novaes.

O reparo de lesdes teciduais € um processo bioldgico natural essencial para a sobrevivéncia de
todos os organismos superiores. A utilizacdo de produtos naturais para tratamento de lesdes
vem crescendo em todo o mundo, pois representam uma alternativa eficaz e com baixos
efeitos colaterais para os individuos. Esse ested® por objetivo investigar o efeitoed
extratos vegetai:a cicatrizacdo de fraturas O0sseas e feridas cutdneas em animais. Esta
dissertacdo € composta por dois artigos. No artigo 1, foi realizada uma revisdo sistematica.
Foram selecionados 27 estudos que avaliaram o efeito do extrato de plantas no reparo 0sseo.
A avaliacdo da qualidade dos estudos incluidos foi realizada utilizando os critérios descritos
nas diretrizes ARRIVE para Relatérios de Pesquisa Animal. Apesar da grande variacédo entre
alguns parametros analisados na revisdo sistematica, 0os animais tratados com espécies
vegetais, no geral, apresentaram resultados positivos quanto a estimulacdo da proliferacao
celular. O artigo 2, consistiu em uma investigacdo experimental, onde vinte e cinco ratos
Wistar (+349g), com trés meses de vida, foram obtidos do Biotério Central da Universidade
Federal de Vicosa e individualizados em gaiolas com alimento e ajuiditum Apds
anestesia, foram feitas duas feridas por queimadura (12 mm de diametro) no dorso de cada
animal, os quais foram igualmente randomizados em cinco tratamentos: Sal: salina; VP:
veiculo da pomada (lanolina e vaselin@B controle positivo (sulfadiazina de prata 1%);

PB1: pomadaB. oleraceaa 10%; e PB2: pomada. oleraceaa 20%. Os animais foram
tratados com a pomada, diariamente, durante oito dias. A pomada a base do extrato de
Brassicaoleraceavar. capitata nas concentracfes 10 e 20% promoveu maior celularidade,
vascularizacdo, bem como aumento dos componentes fibrosos da matriz extracelular,
aumentando a expressdo das enzimas antioxidantes. Nossos achados demonstraram por mei
da revisdo sistematica que extratos vegetais estimulam o reparo 0sseo e, o estudo
experimental evidenciou a eficacia da pomada a base do extr&mskca oleraceana

aceleracao da cicatrizacao de feridas por queimadura em ratos Wistar.
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ABSTRACT

MIRANDA, Lyvia Lopes, M.Sc., Universidade Federal de Vicosa, July, 2Bff8ct of plant
extracts on bone and cutaneous repair in animal modelsAdviser: Reggiani Vilela
Goncalves. Co-Advisers: Mariaurea Matias Sarandy Souza and Rémulo Dias Novaes.

The repair of tissue lesions is a natural biological process essential for the survival of all
higher organisms. The use of natural products for the treatment of injuries has been growing
all over the world as they represent an effective alternative and with low side effects for
individuals. This study aimed to investigate the effect of plant extracts on the healing of bone
fractures and cutaneous wounds in animals. This dissertation is composed of two articles. In
article 1, a systematic review was carried out. Twenty-seven studies evaluated the effect of
plant extract on bone repair. The quality evaluation of the included studies was performed
using the criteria described in the ARRIVE guidelines for Animal Research Reports. Despite
the great variation among some parameters analyzed in the systematic review, the animals
treated with plant species, in general, presented positive results regarding the stimulation of
cell proliferation. Article 2 consisted of an experimental investigation, where twenty - five
Wistar rats (x 3499), with three months of life, were obtained from the Central Biotery of the
Federal University of Vigosa and individualized in cages with food and water ad libitum.
After anesthesia, two burn wounds (12 mm diameter) were made on the back of each animal,
which were equally randomized in five treatments: Salt: saline; VP: ointment vehicle (lanolin
and vaseline); SS: positive control (1% silver sulfadiazine); PB1: BRO&teraceaointment;

and PB2: 20%B. oleraceaointment. The animals were treated with the ointment daily for
eight days. The ointment based on the extractBodssica oleraceavar. capitata at
concentrations 10 and 20% promoted greater cellularity, vascularization, as well as increase
of the fibrous components of the extracellular matrix, increasing the expression of the
antioxidant enzymes. Our findings demonstrated through systematic review that plant extracts
stimulate bone repair and the experimental study evidenced the efficBcgssica oleracea

extract ointment in accelerating the healing of burn wounds in Wistar rats.

vii



1. INTRODUCAO GERAL

1.1 Reparo tecidual

Feridas provocadas por diferentes agentes lesivos surgem constantemente
comprometendo a estrutura e funcéo de tecidos (Basu et al., 2017) e expondo individuos ao
risco de outras complicacdes de saude como infeccbes (Ho et al., 2017).

O reparo de feridas causadas por diferentes agentes lesivos, € um processo biologico
natural essencial para a sobrevivéncia de todos os organismos superiores (Takeo et al., 2015)
Neste processo, células, matriz extracelular (MEC), proteinas derivadas de plasma e fatores de
crescimento atuam juntos para restaurar a integridade do tecido danificado (Gibon et al.,
2016; Eming et al., 2014; Basu et al., 2017).

O processo cicatricial ocorre em trés fases: inflamatdria, de proliferacdo e de
remodelamento (Mulholland et al., 2017). Durante a primeira etapa, ha liberacdo de
mediadores e recrutamento de leucdcitos, que sao fundamentais para eliminar restos de tecido
e infeccBes durante a cicatrizacao, ajudando assim na reparacao do tecido lesado (Curtis et al.,
2014). Na fase de proliferacdo ocorre a formagédo do tecido de granulagéo rico em colageno
tipo Il (Hyldig et al., 2017; Werner & Antsiferova, 2016). Na fase de remodelamento, o
colageno tipo Ill é substituido pelo tipo I, que é mais espesso e resistente (Docheva et al.,
2015) e, como resultado da interacdo entre células, matriz extracelular e citocinasp ocorre
fechamento da ferida (Bankoti et al., 2RINo caso de fraturas 6sseas, na fase inflamatoria,

h& o recrutamento de células-tronco mesenquimais especificas (CTMs), que irdo proliferar e
se diferenciar em células osteogénicas. Apds isso ocorre a formacdo de um calo de
fibrocartilagem, que sofre mineralizacéo, reabsorcéo e é entdo substituido por osso&Marsell
Einhorn, 2011).

1.2 Fraturas 6sseas

O osso € um tecido biolégico dinamico formado por células metabolicamente ativas
gque compdem uma estrutura rigida (Loi et al., 2016). Sua por¢cédo organica € formada por
células (osteoblastos, ostedcitos e osteoclastos), fibras colagenas e substancia base
(proteoglicanos e glicoproteinas) (Levengood & Zhang, 2014). A capacidade de re@enera
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do osso é influenciada por uma variedade de mecanismos bioquimicos, biomecanicos,



celulares, hormonais e patolégicos (Agarwal & Garcia, 2015). O remodelamento ésseo ocorre
por meio da reabsorcdo e neoformacdo ¢ssealiada por osteoclastos e osteoblastos,
respectivamente (Saran et al., 2014).

Fraturas Osseas podem estar relacionadas a varios fatores como traumatismos
(Rodriguez-Merchan et al., 2013) osteoporose (Cauley, 2013), ma nutricdo (Karpouzos et al.,
2017), tabagismo (Prada et al., 2017), falta de exercicios fisicos (Moreira-Marconi et al.,
2016), envelhecimento e doencas (Zimmermann et al., 2015), além de poder afetar diferentes
ossos (Palacios et al., 2014). Essas lesdes associadas a variaveis como idade, sexo e co
morbidades médicas podem aumentar os riscos de morbidade e mortalidade dos,pacientes
sendo um importante problema de saude publica (Belmont et al), 2014

1.3Queimaduras cutaneas

A pele, maior 6rgdo do corpo humano, é composta pela epiderme e derme. Esse 6rgdo
€ responsavel pela manutencdo da homeostase do organismo vivo, além de formar uma
barreira de protecdo contra agentes quimicos, fisicos e biolégicos (Ho et al., 2017). Feridas
provocadas por queimadura, trauma mecanico, cortes, e cirurgias surgem constantemente
neste 6rgdo comprometendo sua estrutura e fungdo e expondo individuos ao risco de outras
complicacbes de saude como ulceracdes e infecgbes (Basu et al., 2017).

Queimaduras sdo consideradas um problema de saulde publica, causando cerca de
265.000 mortes por ano e, quando nao fatais, sdo uma das principais causas de morbidade,
gerando altos gastos financeiros para o tratamento (World Health Organization, 2016).

As feridas por queimadura podem ser causadas por calor, produtos quimicos,
eletricidade, radiacdo, e sao classificadas como primeiro grau (superficial - atingindo a
epiderme), segundo grau (espessura parcial - atingindo epiderme e derme) e terceiro grau
(espessura total - atingindo epiderme, derme, hipoderme e musculos) (Bahramsoltani et al.,
2017). Ha também queimaduras de quarto grau que podem atingir os ossos (&asoori
Hoomand, 2017). A profundidade da queimadura é definida por temperatura, tempo de
exposicdo, pressdo de contato e € a principal determinante do prognéstico apés as lesdes
(Singer et al., 2010).

Queimaduras cutaneas sao um fator de risco para o desenvolvimento de infeccdes, ja
gue destroem a primeira barreira de defesa contra agentes infecciosos, a pele, e guando oc
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em areas extensas leva a imunossupressao, favorecendo o processo infeccioso (Ramirez-
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Blanco et al., 2017)A maior compreensdo dos mecanismos de aceleracdo do processo de
reparo de feridas, bem como o desenvolvimento de novos farmacos, poderd beneficiar
pacientes com queimaduras graves, levando a um processo de reparo mais rapido (Takeo et
al., 2015; Rowan et al., 201L5

1.4 Extratos vegetais

Plantas medicinais e seus derivados possuem uma variedade de constituintes como
alcaloides, oleos essenciais, flavonoides, taninos, terpenoides, saponinas, &cidos graxos e
compostos fendlicos. Esses compostos potencializam os seus efeitos de melhora do processo
cicatricial, além de ser uma forma de tratamento simples, barata e com menos efeitos
colaterais (Rekik et al., 2016

Para um processo de cicatrizagao eficiente, alguns cuidados sdo necessarios. A escolha
do farmaco ideal e a agilidade em iniciar o tratamento podem evitar infecgbes (Hashmi et al.,
2017). Atualmente, a maioria das drogas disponiveis possuem atividade antimicrobiana em
vez de efeito cicatrizante (Bahramsoltani et al., 2014). Porém, existe uma tendéncia nos
estudos de fitoterapicos que possuam diferentes componentes ou principios ativos com acgéo
sinérgica, que tenham efeito antimicrobiano e cicatrizante (Agra et al., 2013).

As folhas de repolhdBfassica oleraceaear. capitatg sdo usadas na cura de feridas e
para alivio da dor nas articulacbes na medicina tradicional (Samuelsen et al., 2007; Vale et al.,
2014). Componentes fitoquimicos como glucosinolatos, taninos (acidos fendlicos) e
flavonoides tém sido relacionados a acao cicatrizante de plantas do Béssioa(Carvalho
et al.,, 2008; Nugrahedi et al., 2015; Hassini et al., 2017; Samec et al., 2017). Estudos
realizados pelo nosso grupo de pesquisa também tém mostrado a acédo estimuladora dessa
planta na cicatrizacdo de feridas cutaneas de segunda intencdo (Goncalves et;al., 2013
Sarandy et al., 2015), porém, a acao deste fitoterapico em queimaduras cutdneasade terce
grau ainda n&o € conhecida.



2. OBJETIVOS

2.1 Objetivo geral

Avaliar o efeito de extratos vegetais no processo de cicatrizacdo de fraturas 0sseas e

gueimaduras cutaneas em animais.

2.2 Objetivos especificos

e Reunir as informagdes resultantes de um conjunto de estudos sobre o efeito de extratos
vegetais e seus derivados no reparo 6sseo em animais.

e Determinar, por meio da revisdo sistematica, se existe um critério de selecdo das espécies
de plantas utilizadas para cicatrizacdo 6ssea, a distribuicdo geogréafica de cada espécie,
bem como qualquer evidéncia de bioprospeccéo baseada em dados etnobotanicos.

e Avaliar a qualidade da escrita e/ou metodolégica dos estudos incluidos na revisao
sistematica.

e Avaliar os efeitos da pomada a baseBdeleracea(10 e 20%) sobre a velocidade de
fechamento da area da queimadura.

e Analisar os efeitos da pomada a basd3deleracea(10 e 20%) sobre a quantidade de
fibras colagenas, elasticas, fibroblastos, mastécitos e vasos sanguineos no tecido
cicatricial de feridas por queimaduras de terceiro grau em ratos Wistar.

e Avaliar a acdo da pomada a baseBdeleracea(10 e 20%) sobre enzimas antioxidantes
(superdxido dismutase, catalase e glutationa S transferase), geracdo de marcadores de
estresse oxidativo tecidual (malondialdeido e proteinas carboniladas) e espécies reativas
de oxigénio (6xido nitrico e peroxido de hidrogénio).
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Abstract

Bone tissue repair is a dynamic process coordinated by osteoprogenitor cells of the
periosteum and endosteum, responsible for the formation of a new bone matrix. Studies using
natural products for bone lesions treatment have been growing worldwide. We developed a
systematic review to compile the results of works with animal models investigating the effect
of plant extracts in the treatment of bone lesions and analyze the methodological quality of the
studies on this sulgé Studies were selected in the Pubmed/Medline and Scopus databases
according to the PRISMA statement. The research filters were constructed using three
parameters: animal model, bone repair, and plant extracts. The bias analysis of the 27 selected
works was done using the ARRIVE guidelines. The animals treated with plant extracts
presented positive results in the osteoblastic proliferation and, consequently, accelerated
osteogenic differentiation and bone callus formation, as well as bone fracture repair. In
addition, the bias analysis evidenced the absence of standardization of the experimental
designs, showing that it is necessary to improve the methodology in further studies in order to

achieve a better quality of the scientific evidence.

Keywords: bone healing, bone tissue, vegetal products, traditional medicine, animal studies.
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1. Introduction

Bone remodeling is a mechanism of bone tissue replacement or reconstruction
regulated by intracelular and hormonal factors [1]. This repair process is composed of a
complex sequence of cellular events [2] that include phases of inflammation, cell proliferation
and bone remodeling, which is controlled by osteogenesis and angiogenesis [3]. In most
cases, bone fractures are caused by specific bone traumas or diseases. These diseases ca
cause bone tissue destruction or weakening, which can lead to fracture even in a trivial trauma
[4].

The bone has high capacity of remodeling, being able to regenerate and maintain its
structure and function. However, there are clinical situations in which the acceleration of bone
formation is desirable [5]. Research has been carried out to better understand the mechanisms
that regulate this repair process and identify new therapeutic targets for the treatment of bone
fractures [6,7]. In this context, natural products, biomaterials and their derivatives have stood
out as a promising alternative to minimize side effects, reduce costs and promote a fast and
efficient repair process [8].

Drugs derived from medicinal plants are consumed by about 60% of the world's
population and represent the main form of treatment of traditional medicine in some countries
like Brazil, China and India [9]. Medications containing extracts, fractions and plant isolates
can be distributed in capsules, pills, oils, gels, ointments, aqueous and hydroalcoholic
solutions, infusions and poultices [10]. Studies have shown that some molecules extracted
from natural compounds have high anti-inflammatory, antioxidant and regenerative effects,
which justifies the successful use of these products in different diseases [11]. However, the
mechanisms by which compounds of natural origin act in the process of bone healing are still
poorly understood. Current evidences are sparse, fragmented and based on punctual

researches, which makes inconsistent the results described in the literature.
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Clinical and preclinical studies have attempted to demonstrate the positive effects of
plant compounds on cell proliferation and bone matrix formation. However, this proposition
is not always confirmed, mainly due to the great methodological variations involving the
extract preparation, therapeutic schemes and mechanisms of action. Therefore, it is necessary
to compile data from several studies in order to clarify the aforementioned discrepancies. In
this context, the systematic review is a powerful tool that incorporates the variability between
studies and allows the obtaining of an overall estimate of the use of plant extracts in the
treatment of bone lesions. Thus, we systematically analyzed the preclinical evidenae
to establish the relevance of the use of vegetal products in bone repair. In addition, we aimed
to determine if there is a rational selection criterion of the plants species used, the geographic
distribution of each species, as well as any evidence of bioprospection based on
ethnobotanical data. We also performed a critical analysis of the studies, aiming to improve
the quality of the reports, preventing the reproduction of methodological failures in new

studies.

2. Methodology
2.1 Search strategy

The PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-analyses)
strategy was applied to identify all studies included in this review [12]. A direct search was
carried out from two comprehensive electronic databases PubMed/MEDLINE and SCOPUS.
The secondary search was based on the screening of reference list of all relevant studies
identified in the direct search.

Structured search filters were developed for each database. The search filters were
initially constructed considering standardized descriptors extracted from PubMed thesaurus

(MeSH - Medical Subject Headings). All descriptors were combined in a complete three-level
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search strategy based on: (i) animal model, (i) bone repair, and (iii) plant extracts.
Standardized descriptors were defined by MeSH algorithm and non-MeSH descriptors were
characterized by the [TIAB] algorithm, which was also used to recover recently published and
studies in process of indexation. A previously published and optimized animal filter was
applied in PubMed search interface [13]. The same search filters used for bone repair and
intervention were adapted for Scopus. The own Scopus animal filter (Keywanimals

[limit to]) was used in this database. Only studies in English, Portuguese and Spanish were
recovered and no chronological limits were applied in our search strategy. All relevant studies
published until August 27, 2018 (updated search date) were recovered and included in the

systematic review.

2.2Records screening and eligibility
All research records recovered in database search were analyzed and duplicates were

removed considering the authors, title, journal and year of publication. After title and abstract
screening, all potentially relevant studies were evaluated in full-text for eligibility according
specific inclusion and exclusion criteri@nly studies investigating the relevance of plant
extracts on bone repair in preclinical studies with animal models. The exclusion criteria were
based on(i) it’s not bone, (ii) it’s not plant, (iii) laminectomy, (iv) absence of bone defect, (v)
biomaterial, (vi) in vitro, (vii) review, (viii) secondary studies, (ix) marketed products, (x)
associated treatment, (xi) other language, (xii) bone marrow. Literature reviews were admitted
only when original data were additionally reported. Eligibility was independently analyzed by
the researchers and disagreements were resolved by consensus. Considering enhance the
research strategy comprehensiveness, the reference lists of all relevant papers identified from

databases search were screened for additional studies.
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2.3 Data extraction

An initial selection based on title and abstract (TIAB) was conducted by three
independente reviewers (LLM, MMS, and FCSAM). In case of disagreements, a fourth
reviewer (RVG) decided whether the study met the inclusion and exclusion criteria. In order
to discard subjectivity in the data collection and selection strategy, the information was
independently extracted by the four reviewers (LLM, MMS, FCSAM, and RVG) and
analyzed separately.

Data were extracted and tabulated in a descriptive way (descriptors and results tables).
The data extraction was categorized as follows: (I) characteristics of the publication: author,
year and country; (II) characteristics of the animal model: species, sex, age and weight; (1)
treatment characteristics: total number of animals, number of animals in each group, control
group, treatment time, osteoporosis induction, bone type, bone defect model, lesion size,
anesthetics and euthanasia procedure; (IV) plants: species, used part, popular indication,
extraction and purification method, dose, administration, secondary metabolites and

geographical distribution.

2.4Methodological bias
Reporting bias was analyzed based on methodological requirements described in
ARRIVE (Animal Research: Reporting of Vivo Experiments) guideline [14]. This strategy
requires the complete screening of all manuscript sessions (abstract to acknowledgement and
funding) to evaluate the completeness of the scientific reports in animal studies. The
screening strategy was based on short descriptions of essential characteristics such as baseline
measurements, sample size, animal allocation, randomization, experimental concealment,

statistical methods, ethnical statement and generalizability power. A table summarizing all
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relevant and applicable aspects was constructed considering the specificity and aims of the

systematic review.

3. Results
3.1PRISMA Guideline

From the PubMed/Medline and Scopus database, 274 articles were recovered. A total
of 24 duplicated studies and 214 with thematic inadequacy were excluded after reading the
title and abstract. Of the 36 remaining studies, 12 articles were excluded after reading the full
text because they did not meet the eligibility criteria. Thus, 24 studies were included in the
systematic review. The reference list of all included studies was analyzed to ensure the
identification of additional relevant studies and 2 of them were recovered, totalizing 26

studies (Figure 1).
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Figure 1. PRISMA diagram. Different phases of selection of studies for conducting qualitative
and quantitative analyses. Flow diagram of the systematic review literature search results.
Based on ‘Preferred Reporting Items for Systematic Reviews and Meta-Analyses: The
PRISMA Statement’. http://www.prisma-statement.org. From: Moher D, Liberati A, Tetzlaff

J, Altman DG, The PRISMA Group (2009).
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3.2 Qualitative analysis

The analyzed studies were conducted in 10 different countries, especially China
(26.9%, n=7), followed by India (23.1%, n=6), Cameroon (11.5%, n=3) and Brazil, Turkey
and Germany (7.7%, n=2 each). The most commonly used animal models used were murine
(88.5, n=23) and rabbits (11.5%, n=3). Considering the animal strain, 57.7% (n=15) were
Sprague Dawley rats, 19,2% (n=5) Wistar rats, 11.5% (n=3) New Zealand white rabbits, and
11.5% (n=3 did not report the strain. From the experimental models, 61.5% (n=16) used
female animals, 19.2% (n=5) used males, 3.8% (n=1) used both sexes, and 15.4% (n=4) of all
studies did not report this information. The animal’s age ranged from 7 weeks to 15 months
for rats, 6 months for rabbits, and 38.5% (n=10) of the studies did not report this information
The weight of rats ranged from 150 to 310 g, 1.62 to 5 kg for rabbits, 28 to 33 g formaice, a
15.4% (n=4) of the studies did not report this data (Table 1).

Regarding the treatment time, there was great variation, from 12 days (15.4% n=4
12 weeks (7.7%, n=2). Six studies (23.1%) reported that they had induced osteoporosis in the
animals. The most evaluated bone was the femur (53.8%, n=14) followed by the tibia (23.1%,
n=6). The methods used to perform the bone defects were described in B42&%of the
studies. 34.6% (n=9) were performed by insertion of a drill bit. A lesion of 0.8 mm in
diameter was created in 30.7% (n=8) of the studies. 53.8% (n=14) studies did not report this
information. Regarding the anesthetic procedure, 38.5% (n=10) of the studies used ketamine
and xylazine, 7.7% (n=2) used chloral hydrate, and 38.5% (n=10) did not report or did not use
anesthesia. Most of the studies (84.6%, n=22) did not report or did not use pharmaco
postoperatively. More than half of the studies (65.4%, n=17) did not report the euthanasia
procedure of the animals. 11.5% (n=3) used decapitation under anesthesia. The data cited

above can be analyzed in Table 2.
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Table 1. Description of the main characteristics of the animal model in the studies
demonstrating the action of plant extracts in the bone repair process.

T . x
9 2 S ¢ £
Title ) 5 = = 5 2
2 3 £ 3 © =
n O E & &
The effect oDavallina orientalison bone healing- Chow et al., . . »
preliminary report. 1982 [15] China Mice ! 112w 28339
The use of Chinese herbal medicine on experimenta Huang and .
) You, 1997 China Rats M ? 250-350g
fracture healing.
[16]
The effects otepidium sativunseeds on fracture-induce  Juma Ab, Saudi New Zealand 6m 4.5k
healing in rabbits. 2007 [17] Arabia white rabbits ’ 9
The effects of phytoestrogens on fracture healing:  Oztiirk et al., New Zealand 5
experimental research in New Zealand white rabbits 2008 [18] Turkey white rabbits ’ ’ 1.62+0.05kg
Formononetin promotes early fracture healing throug Huh et al Sprague-
stimulating angiogenesis by up-regulating VEGFR-2/Fll - 500 /ov Korea Daf,’vleg s M 2m 280-300g
in a rat fracture model. Y
Equol but not genistein improves ear_ly metaphyseal Kolios et al., Germany Sprague- F am 5
fracture healing in osteoporotic rats. 2009 [20] Dawley rats
Absence of positive effect of black cohogtinficifuga Kolios et al., German Sprague- F am 5
racemosgon fracture healing in osteopenic rodent mod 2010 [21] y Dawley rats
Bone quality associated with daily intake of coffee:  Lacerda et al., . - 5 5 .
biochemical, radiographic and histometric study. 2010 [22] Brazil Wistar rats ’ ’ 250-300g
In vitro & in vivoassessment of a herbal formula usec Peng et al., China New Zealand M 6m 5
topically for bone fracture treatment. 2010 [23] white rabbits ’
Piper sarmentosuranhances fracture healing in Estai et al., . Sprague- 5 .
ovariectomized osteoporotic rats: a radiological study 2011 [24] Malaysia Dawley rats F ’ 200-2509
A novel quercetin analogue from a medicinal plant
promotes peak bone mass achievement and bone he: Sharan et al Sprague-
after injury and exerts an anabolic effect on osteatjior 2011 [25] India Dawley rats F ? 200+20g

bone: the role of aryl hydrocarbon receptor as a atedof
osteogenic action.
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Table 1. Continued.
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Evaluation of Cameroonian plants towards experimen Ngueguim et Sprague-
bone regeneration. al., 2012 [26] Cameroon Dawley rats F 4m 220+20g
The bone fracture-healing potential@fmocarpum Kumar et al., . Wistar albino .
cochinchinensemethanolic extract on albino wistar rats 2013 [27] India rats F 3m 150-200g
Ethanol extract oPeperomia pellucidgPiperaceae) : )
promotes fracture healing by an anabolic effect on Ngueguim et Cameroon Sprague F 4m 200+20g
al., 2013 [28] Dawley rats
osteoblasts.
Salvianolic acid B promotes bone formation by increasi )
activity of alkaline phosphatase in a rat tibia fuaetmodel: He and Shen, China Sprague M 7w 225¢g
. 2014 [29] Dawley rats
a pilot study.
Evaluation of a topical herbal agent for the promotd Siu et al., Sprague- 152+ 5
bone healing. 2015 [30] Hong Kong Dawley rats F 1.41m ’
Repair of critical calvarias defects with systemic Burim et al., . Wistar albino 5 .
Epimedium sagittaturaxtract. 2016 [31] Brazil rats M ’ 200-2509
The effects oNigella sativaseed extract on bone healing Ezirganli et Wistar albino .
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Root bark ofSambucus williamsi{ance promotes rat
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2016 [33] Dawley rats
pathway.
Ulmus daV|d|anaextragt improves lumbar V(_ertebral Zhuang et al., China Rats = ” 250-270g
parameters in ovariectomized osteopenic rats. 2016 [34]
Dried and free flowing granules 8pinacia oleracea . )
accelerate bone regeneration and alleviate postmesalp: Adhikary et India Sprague F 3m 180-200g
. al., 2017 [35] Dawley rats
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Tanshinol alleviates osteoporosis and myopathy in ~ Chen et al., . Sprague- ¥ ~
glucocorticoid-treated rats. 2017 [36] China Dawley rats F 4-5m 250-2759
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Aqueous extract dPeperomia pellucidgL.) HBK Florence et - .
accelerates fracture healing in Wistar rats. al., 2017 [37] Cameroon  Wistar rats F 3m 150-2009
Heartwood extract frorDalbergia sissogpromotes fracture
healing and its application in ovariectomy-induced Karvande et India Sprague F ? 220+209g
; al., 2017 [38] Dawley rats
osteoporotic rats.
Ethanolic extract oDalbergia sissopromotes rapid . )
regeneration of cortical bone in drill-hole defewtdel of Khedgikar et India Sprague F ? 180+20g
rat al., 2017 [39] Dawley rats
Guava fruit extract and its triterpene constituenteha
osteoanabolic effect: Stimulation of osteoblast Porwal et al., India Sprague- F 5 220420
differentiation by activation of mitochondrial resgtion via 2017 [40] Dawley rats +eU9

the Wntf-catenin signaling.

M: male; F: female; d: day; w: week; m: month; ?: naitesd.
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Table 2. Description of the main characteristics of the treatment in the studies demonstrating the action of ptanhekialcone repair
process.
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Chowetal., 30 10 Saline ? No Femur Osteotomy ? Ether inhalation ? ?
1982 [15] ! ! ?
Huang and You, 5 Tibia / 5 5 5 5 5
1997 [16] 75 ? No treatment 12d No fibula ? ? ? ? ?
Juma Ab, 2007 6 3 Routine diet 12w No Femur Drill machine ? Ketamine and ? ?
[17] xylazine
Ozturk et al. - Alfazin and
' ? ? ? ? ?
2008 [18] 22 11 ? 35d No Tibia : : Propofol ? ?
Paraformaldehyde
Huh Eitlg]l 2009 ?  144/12 Saline 21d No Femur ? ? ? ? / tiletamine-
zolazepam
. . Decapitated undel
Kolios et al., Phytoestrogen- Yes - ” Ketamine and 5
2009 [20] 48 12 free 35d OoVX Tibia Osteotomy : xylazine ? deep ce
anesthesia
. . Decapitated while
Kggcl)g ?;f]l" 36 12 thﬁleigg\?ven_ 35d g\(j)s( Tibia Osteotomy ? Ke)t(a:glzrilr?eand ? under deep CO
Y anesthesia
Lacerda et al. . Incisor teeth 2,2,2 Veterinary Anesthetic
' ? " 2,
2010 [22] 42 ’ Water 7,21, 42d No Maxilla extraction ’ tribromoethanol pentabiotic overdose
Without
Peng [ezts?l., 2oL 30 11/22  treatment with 8w No Tibia Fracture device ? ? ? ?
plants
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. . _— . Antibiotic Baytril
Estai et al., 201! . Yes Blunt guillotine- Xylazil and h 5
[24] 4 6 Saline bw ovx ~ TeMUr e blade device ketamine ~2nd povidone- -
iodine solution
Insertion a drill
Sharan et al. Gum acacia in Yes bit with a 0.8mm
’ ? ? ?
2011 [25] 60 10 water 2w OoVvX Skull diameter of 0.8 diameter ’ ' '
mm
Ngueguim et al., Acacia gum in . . 0.8mm 5 5 5
2012 [26] 42 6 water 12d No Femur Drill machine diameter ? ? ?
Kumar et al., ? 3 Saline 0,7,14,21d No Femur Fracture device ? Ketaminz_a ? ?
2013 [27] ’ T ’ hydrochloride ’ ’
Insertion a drill
Ngueguimetal., Acacia gum in bit with a 0.8mm 5 5 5
2013 [28] ’ 6 distilled water 12d No Femur diameter of 0.8 diameter ’ ’ ’
mm
He and Shen Custom-made
2014 [29] 20 10 Saline 12w No Tibia three-point ? ? ? Ketamine
bending device
. . 2mm (femur), .
Siu et al., 2015 20 10 Without any 6w No Femgr and Electric drill 2.4mm (tibia) Ketamlr_le and ” ”
[30] treatment tibia xylazine
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. . . Antibiotic
. Trephine drill Ketamine and .
B;glr% etal, 40 20 Saline 7,14, 21, No Calvaria with a 8 mmin 8mm diameter xylazine prophyla)_(ls CO, chamber
[31] 42d . . (benzathine
diameter hydrochloride P
benzylpenicillin)
Ezirganli et al., 5 Yes ) . Ketamine and 5 Barbiturate
2016 [32] 32 16 ? 2, 4w oVX Calvaria Trephine burr 5mm xylazine ? overdose
YZ%nl%ng]l., 96 24 Distilled water 2,4, 8w No Femur Ost?Noitrer;)e/w\:lwth a ? Chloral hydrate Penicillin sodium ?
Insertion a drill
Zhuang et al., bit with a 0.8mm Ketamine and 5 5
2016 [34] 32 8 Methylcellulose lad No Femur diameter of 0.8 diameter xylazine
mm
. Insertion a drill
: Vehicle / o
Adggkle17r)/[§;]al., ? 10 Parathyroid 14d ? Femur dia?nltevtvgrhoef‘o 8 d(i)égngtgr ? ? ?
hormone (PTH) '
mm
ngig T;gll" 96 241160r Dlsggclagt\r/iv;ter/ 6w GYI(?)SP Tibia ? 2mm Chloral hydrate ? Cardiac puncture
Decapitated while
Florence et al. . Insertion a drill under ketamine
J ? ? ?
2017 [37] 30 5 Distilled water 14d No Femur bit ? ? ? and valium
anesthesia
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Insertion a drill
Karvande et al., Acacia gum in bit with a 0.8mm Ketamine and 5 5
2017 [38] 40 10 distilled water ow No Femur diameter of 0.8 diameter xylazine ' '
mm
Insertion a drill
Khedgikar et al. Acacia gum in bit with a 0.8mm
d 2 ? ? ?
2017 [39] 32 ’ distilled water 2w No Femur diameter of 0.8 diameter ’ ' '
mm
Insertion a drill
Porwal et al. bit with a 0.8mm Ketamine and
! ? ? ?
2017 [40] 20 ’ Water 12d No Femur diameter of 0.8 diameter xylazine ’ ’

mm

d: day; w: week; m: month; OVX: ovariectomized; Gl@Ricocorticoid; ?: not related.
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3.3 Treatment characteristics

From the 26 studies, 80.8% (n=21) reported the scientific name of the plant, and

19.2% (n=5) cited only the popular name. The most used plant structures were the leaves
(19.2%, n=5), followed by whole plant and roots (11.5%, n=3 each), and 26.9% (n=7) did not
record this information. Most of the authors (26.9%, n=7) did not report the solvent used to
extract the components of the plant. Among the studies that presented such information, the
most used methods were ethanol (38.5%, n=10)aandter/ethanol mixture (19.2%, n=5).
The most used treatments in the control groups were saline solution (23.1%, n=6), followed
by acacia gum in aqueous medium (19.2%, n=5), and 7.7% (n=2) reported no treatment. Most
of the studies reported oral administration (46.2%, n=12); however, in 11.5% of the cases
(n=3) this information was not reported.

India was the most cited country (11.5%, n=3) in relation to the geographical
distribution of plant species, but many studies (65.4, n=17) did not record this information. In
relation to the investigated plants, 38.5% (n=10) realized the phytochemical prospecting,
26.9% (n=7) of them quoted the phytochemical components already reported in the literature
and 34.6% (n=9) not described this information. The most common secondary metabolites

were flavonoids, cited in 30.8% (n=8) studies (Table 3).
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Table 3. Treatment characteristics in the studies demonstrating the action of plant extracts in the bone repair process.

S © c 8 a
& c s E S ¢ =
o - ] o aE < [0} E Q R
2 g 2 I ) g 9 7 £ =
= e} o — o = > o
= o o) 5 c o> o £ S =
n g = q>) < e S o
S c © c ©
Q c < Q o
(%] = o o
3 & s
o) O]
Chow et al. . ) . ;. 10mg/kg or .
! ? ? ? ?
1982 [15] Davallina orientalis ? Fractures (traditional uses)  Methanol : 30mglkg Intraperitoneally ? ?
Huang and — . . . .
Ru-Yih-Jin-Huang Saan anc 5 Disorders of orthopedics 5 China Medical : 5 5
YOI[Jl’61]997 Jie-Guu-Saan ’ (traditional uses) ’ College Hospital 08¢ Topic/orally ’ '
. L . From the local
Juma Ab, idi . d Diuresis, rt])llellfunctlor(;,‘ (;ouglf > market of the type It I 5 5
2007 [17] Lepidium sativum Seeds fracture el?sgg (tradiciona ? grown in the Al- 69/day Orally ? ?
Qaseem area
Ozturk et al., . . Bone loss and resorption, ” N . Middle East and Souther
2008 [18] Vitex agnus-castus. Fruits heart disease (reports) Ethanol : 0.75mg Injection Flavonoids (reports) Europe
Vascular diseases breast From a herbal
I;gggeflagl]., m:;tg?gr?gfeus Root cancer, climateric bone  Water/ethano  supplier in Seoul Z%glkg/f }/;nd Orally Isoflavone Formononetin ?
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Kolios et al., L . Reduce climacteric complain . » »
2010 [21] Cimicifuga racemosa Rhizomes (proven) Water/ethano  Cultivated plants 24,9mgl/dy Orally ? ?
Protein expression of the I
La;:{ga[zezt]al., Coffe ? vitamin D receptor, osteoblas Water Ué?g:oSAS’PR'SgZ?IO 1.2mU/cay ? Caffeine (reports) ?
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Radix Dipsaci, Ramulus
Peng et al Sambucus Williamsii, Anti-inflammatory and bone From a herbal supplie
9 " Rhizoma Notoginseng, Flo: ? forming (traditional uses anc Water/ethano in AnHui Province, ? Topic ? ?
2010 [23] S . ;
Carthami, Rhizoma Rhei an reports) China
Fructus Gardeniae
. . . Alkaloids, amides,
Estai etal, Piper sarmentosum Leaves _D_|abetes, hypaﬁ_ensmn anq ? From a supplier 125mg/kg/day Orally flavonoids, lignans, ?
2011 [24] joint aches (traditional uses; )
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Sharan et al., . -, 1.0mg/kg/ay and . .
? ?
2011 [25] Ulmus wallichiana Stem bark  Fractures (traditional uses) Ethanol : 5.0mglkgidy Orally Flavonoid Quercetin ?
Elephantopus mollis,
Spilanthes africana, Urena Leaves Collected from
Ngueguim et lobata, Momordica twigs or’ Bone diseases and fracture Ethanol Dschang region 250, 500 and Orally 5 5
al., 2012 [26] mult_lﬂora, Asy_sta5|a_ _ whole plant repair (traditional uses) Cameroon 750mg/kg
gangetica and Brillantaisia
ovariensis
Kumar et al Ormocaroum Collected from Jungles of Coromandel
" locarp Leaves Fractures (traditional uses)  Methanol Kancheepuram 100 mg/kg' Topic/orally ? coast and dry forest fron
2013 [27] cochinchinense L ) ; h
district, Tamil Nadu Tamil Nadu, India
Ngueguim et  Peperomia pelluciddL.) Fractures, abdominal pain, Collected from Damp areas from
alg 20913 28] P HBpK ) Whole plant headache, hypertension Ethanol Dschang region, 100 and 200mg/kg Orally ? Cgmeroon
" (traditional uses) Cameroon
Cardiovascular, hepatic,
He and Shen, Radix Salviae miltiorrhizae kidneys and lungs diseases 5 5 . . . . 5
2014 [29] (Danshen) Root trauma wounds and fracture ; ; 40mg/kg/dy Intraperitoneally Salvianolic acid B ?
(used in clinical practice)
Carthami Flos (C), Dipsaci
Siu et al., Radix (D), Notoginseng 5 . Herbal supplier in . > 5
2015 [30] Rhizoma (), Rhei Rhizom ? Fractures (traditional uses) Water/ethano Hong Kong 0.5mL Topic ? ?
(R)
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Imported from
Burim et al., ) ) . . Bone-repair, osteoporosis Shaanxi Jiahe N . .
2016 [31] Epimedium sagittatum  Dried leaves (reports) Water/ethano Phytochem Co, Ltd, 0.3mL Gavage Flavonoid icariin Asian countries
Shaanxi, China
Analgesic, antipyretic, anti-
. . inflammatory, antimicrobial, . . .
Ezirganli et Nigella sativa Seed antibacterial, antifungal, ? ? 10mg/kg/cdy Oro-gastric Proteins, Qlkalmds,_ ?
al., 2016 [32] . - A A tube essential oils, saponin
antiparasitic, antiasthmatic,
antioxidant, antineoplastic
Yang etal.,  Sambucus wiliamsiiance Root bark Fractures, osteoporosis Ethanol chj?lnc?ecrt?oggtm of 340 and 680mg/k Orall Lignans, Iridoids China
2016 [33] (SWH) (traditional uses) e Y 9/kg Y gnans,
Inflammation, edema,
Zhuang et al., Ulmus davidianaPlanch Stem-bark  stomach cancer (traditional ~ Ethanol ? 50, 100, 250 and Gavage Flavonoids (catechin) Korean peninsula
2016 [34] uses) 500mg/kg
Increased satiety in females Ascorbate. carotenoids
Adhikary et L and lipid-lowering effects in . 125, 250, 500, and ' o ”
al., 2017 [35] Spinacia oleracea Whole plant postmenopausal women Ethanol Cultivated plants 750mg/kglday™ Orally tocophero'ls, phenolics, ?
A flavonoids, folate
(previous reports)
Chen et al., o . Osteoporosis, osteogenesit From BIYU Bio- . .
? ? ?
2017 [36] Salvia miltiorrhiza ? (reports) ? Tech, Inc. 25 and 50mg/kg Intragastrically Tanshinol ?

29



Table 3. Continued.

8 7 .
& = g
s =1 c <] =]
= Q o)
%] = € o [ =
[a) = 5 Y = = 2 =
= - © o = c ) @© ] (%]
— = o = P ks I} =3 £ S
ke) K] kel 15 - =% o %} > 3)
= o o) 5 c o> o c S =
n 2 c Qo c IS 3 =%
= = = = =] c ]
Q c < Q >
[%2] b= o o
a8 3 9]
o) O]
Abdominal pain, abscesses
. . acne, boils, colic, fatigue
Florence et al. Peperomia pellucidgL.) ’ i e Collected from 100, 200 and . . . .
2017 [37] HBK Whole plant got;t, rheumatic, joint pain, Water Limbe, Cameroon 400mglkg Orally Flavonoids (reports) America, Africa and Asia
racture management
(traditional uses)
Stimulation of new cell
wth, tissue regeneration
Karvande et o growth, Collected from 250, 500 and . : :
' ?
al., 2017 [38] Dalbergia sissoo Heartwood (re_ports) _ Ethanol Lucknow, India 1000mg/kg/dy : Neoflavanoides (reports) Indian subcontinent
Fevers, inflammation
(traditional uses)
Khedgikar et o Stlmulatlon of new pone cells Collected from 250, 500 and Phytoestrogens, Flavonoic . .
Dalbergia sissoo Leaves tissue regeneration, eye Ethanol A Orally Indian subcontinent
al., 2017 [39] . Lucknow, India 1000mg/kg/dy (reports)
ailments (reports)
. . Collected from .
Porwal et al., Psidium guajava Fruits Dlabe_tes, ob¢§|ty, Ethanol  Sitapur, Uttar Pradest 250mg/kg ? Polyphenals, carotenoids ?
2017 [40] osteoporosis (traditional use: India (reports)
?. not relaed
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3.4Main parameters analyzed to evaluate the extract action in bone repair

The most analyzed parameters among the 26 papers found in this review were
histopathological analyzes 84.6% (n=22) [16, 18, 19, 20, 21, 22, 25-40], followed by
radiological analyzes 76.9% (n=20) [17-26, 28, 29, 31, 33, 35-40]. These analyzes
demonstrated mainly osteoblastic proliferation, angiogenesis, and increased formation of bone
matrix with fracture closure and bone callus formation. Only 23.1% (n=6) [22, 23, 27, 30, 33,
37] performed blood tests, and the most cited parameters wéfec@aent and serum
alkaline phosphatase. Only 38.5%10) [16, 17, 23, 24, 26, 27, 31, 32, 36, 37] reported
whether the fracture had complete, partial or absent closure. Other analyzes related to bone
strength, tensile strength and expression of genes that stimulate bone formation and
osteogenic differentiation were performed in 53.8%il#) [15, 18, 19, 21, 22, 28, 30, 31, 33-

35, 37-39] of the studies (Table ).4
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Table 4.

Description of the main results of the studies demonstrating the action of plant extracts in the bone repair process.

Studies Blood analyzes Histopathology Radiological analyzes Total fracture closure Other analyzes
Chow et al Davallina orientalisextract increased bone strenc
1982 [15] ’ ? ? ? at the fracture site and was the best result at tl
lowest concentration (10mg/0.5 mL saline)
Huang and Animals treated with Ru-Yih-Jin-Huang-Sas Treated animals presentec
You, 1997 g}RYJHS)hand Jle-Glgu-Sa?ln (JGS) extract ? complete closure of the ?
[16] showed 1 hydroxypro ine, collagen, T DNA, fractures
RNA and protein synthesis
Juma Ab The group receiving supplementation witl Fracture healing continued
! ? seeds of sativumpresented 1 amount of for up to 12 weeks and was ?
2007 [17] .
bone callus nearly complete in all group
Ossification, evaluation of spongy bone an
Ozturk et al., bone marrow showed no significant differen The tissue repair wafsin the group treated witt Scintigraphy: The scintigraphy data of the
between groups X ? o i
2008 [18] I . 0.75mg oiVitex agnus-castus [group 1) fractured tibias weré in group 1
Intramembranous ossification was superior
endochondral ossification
The group treated with Formononetin
presented 1 amount of bone callus, 1

angiogenesis, chondrogenesis in the bon . . RT-PCR: The expression of osteocalcin (OCN!

Huh et al., callus adjacent to the newly formed trabecu Rgdmgraph; were tal_<en at the time of and osteopontin (OPN) mRNA was further
P sacrifice, and inappropriate callus fracture ? . ) /
2009 [19] bone, and endochondral ossification stimulated in Formononetin-treated group after
. . ) . were excluded
Immunohistochemistry: Formononetin 1 days

VEGF and VEGFR-2 expression at the fract
site
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Table 4. Continued.

Studies Blood analyzes Histopathology Radiological analyzes Total fracture closure Other analyzes
In general, bone callus was more robust ifi-1 In general, EQ a_nd E presented bettgr nun
: of nodes proximal to callus formatioh,
. estradiol (E) -treated group, followed by Equ . .
Kolios et al., A, dorsal callus density, and EQ 1 density of
? (EQ) -treated group. The Genistein (G) grot ? ?
2009 [20] was less effective in relation to callus endosteal bone callus
¢ ; Treatment with EQ followed by E inducec
ormation : .
the highest values of callus formation
Mechanical tests:The stiffness (S) and yield loa
In CR group Cimicifuga racemosgthe callus (yL) were highest in the 1B-estradiol group (E),
Kolios et al., 5 structure was slightly enhanced compared w  The tibia osteotomies of all 36 rats heale: 5 followed by theCimicifuga racemosagroup (CR)
2010 [21] ’ control group (C), but the levels did not reac adequately ’ Fluorochrome labeling: Most callus apposition
those of the 1B-estradiol group (E) occurred in the endosteal region in all three grot
followed by the dorsal region
Calcium levels (mg%) were A possible delay in the osteogenic process \ Colorimetry: calcium levels in the urine (mg/24 |
Lacerda et istically high g imal P ; g wveoli of 9 p d with Animals treated with coffee showed more were statisticallyt in animals treated with coffee
al., 2010 statistically highest In animals apparent in the alveoli of rats treated with radiotransparence when compared with ? when compared to controls. In maxillary bone (r
. treated with coffee when coffee, which had lower volume bone densi ’ o :
[22] controls Ca/mg bone), these levels wdran animals that
compared to controls from the 7th to the 42nd day after surgery . .
ingested coffee throughout the experimental per
Peng et al E:;?f;:g;?gé‘;ltﬁeeszgg gt? of Callus size 1 from 2 to 5 weeks in the group The application of A
9 " b ; ? treated with FH. In addition, the callus promoted fracture ?
2010 [23] levels of Serum Alkaline . . lidati
Phosphatase compaction rate was 1 (1.9 times) consolidation
Ovarectomized control animals (OVXC)
presented T number of callus with soft tissue.
Estai et al., 5 5 In Sham (SO), ovarectomized + estrogel Fracture line slightly 5
2011 [24] (OVX + ERT) and ovarectomized + Piper detectable ’

sarmentosum (OVX + P.s.) groups it
occurred callus reduction and remodeling
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Table 4. Continued.

Studies Blood analyzes Histopathology Radiological analyzes Total fracture closure Other analyzes
In contrast to the controls, 6-C-b-D-
glucopyranosyl- (2S, 3S) - (p) -3, 4', 5,7- . . .
Sharan et al. tetrahydroxyflavanol (GTDF) at both doses 1 GTDF in both doses 1 the mineral apposition
? . - rate, elastic modulus, maximum load anc ? ?
2011 [25] bone mineral density and osteocytes . .
h mineral deposition
The bone marrow did not present any
cytomorphological differences
. . Computed tomography: The parameters a
Ngueguim et Ealgri)cgir:?gx)s T:i:'gigl% 2ersesslli§2tgfe s the dose of 750mg/kg indicated a more Fracture closure was better
al., 2012 ? pr P compact and structured assembly of the ~SA-treated groups than in ?
Runx2, and 1 recruitment of osteoblasts at the -
[26] . newly formed bone plate in SA and EM EM
fracture site
treatments
Ca levels:Lower levels in the
treatment group than
untreated/norma) 7d, and 1 14,
21d. Except for the topical The bones in the treatment groups has fus
Kumar et al application group. and the tissues around the fracture area h The fusion of fractured bone
2013 [27] " Inorganic phosphorous levels:  grown, completely covering over the fusec ? is was not complete in ?
17d,and | 14, 21d of bones, which was not seen in the control grc untreated group
application in all the treated rat which had incomplete and slow healing
Levels 1 in the treated groups.
(alkaline phosphatase levels
were similar).
Culture: The Peperomia pellucida extract exhibi
Compared to the control; the extract at ba dose-dependent increased mineralized nodul
Nauequim et The extract induced a significantly higher doses increased bone volume (BV/TV), formation in bone marrow stromal cells (BMC), i
%\I %013 5 mineral (calcein label) deposition over the  trabecular thickness (Tb.Th), trabecular 5 relation to control.
.[’28] ’ control. The increase was 9.45% at 100mg/ number (Th.N), and decreased trabecule ’ PCR: Peperomia pellucida extract exhibited a d

dose and 84.85% at 200mg/kg dose  separation (Tb.Sp) and structure model inc

(SMI)

dependant increase in the mRNA levels of gen
coll, osteocalcin and BMP-2, over the control. T
highest levels occurred at a dose of 200 mg/k
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Table 4. Continued.

Studies Blood analyzes Histopathology Radiological analyzes Total fracture closure Other analyzes
He and The group treated with Salvianolic acid B
Shen, 2014 ? 40mg/kg/d (Sal B) had cartilaginous cells, bone |, 04564 hone callus growth in Sal B grot ? ?
matrix, trabeculae formation, spongy and compax
[29] bone
There was 4 in the bone- Biomechanical testsCDNR treated bone showe
specific alkaline phosphatase 16.5% h_|gher normalized yield stre_ngth, a_nd al
(BALP) level, and 4 trend of _ 13.8% higher energy to feach the yield point, bc
Siu et al serum deoxy;;yridinoline (Dpd) Bone volumg (BV} it changed from15.43rhn of them in relation the cont_rol
2015 [30']' However there was no to :_L7.11mrﬁ in Chinese herbal paste (CDNF ? ? Transdermal transport: all the ch_emlcal markers
significant di’fference between while from 15.05mrto 18.02mrfin control of CDNR,_ except olegnohc acid (OA), were
the two groups at each time detect_ed in the_ rat skin, and those 7 markers
point throughout the study detected in the skin, except kaempferol (KAE) a
OA, could be found in the muscle
) . . . In both the test and control
: The bone matrix deposition was more The soft X-ray images showed a highest . . L
B;é'{% %i‘]l N ? pronouncgd in the test group thanin the con reduction in the bone c_iefect area in the te r?;?légfﬁ;?;g?gitnzgeag‘a HPLC: TI;)e(t:T;(z?\r:vggrlscgrrrgtllc:ﬂgegﬁarl|n in the
group in all of the experimental periods group than that in the control bone at 42 days e
In control group, the defect:
The osteoblastic activity in the study groups contained mostly soft
Ezirganli et both 2 and 4 weeks was high_er tha_m_ that of con_n_ect!ve tissues and little
al. 2016 5 cont.rol groups. Ospeoclastlc activity was 5 ossification. In stugiy group, 5
'[’32] ’ determined as higher in the control groups tl ’ the defects were filled with ’
in the study groups. Ossification was greate lamellar bone containing
4 weeks bone marrow. Both of them
on the 4th week
Column chromatography: Thirteen Iridoids and
Ethanol extract .Of root bark of L . ten Lignans were found in EE-rbSWH.
Sambucus williamsiHance The connective tissue at the fracture site | Culture: Compared with the Model group, EE-
(EErbSWH) 1 serum alkaline Immunohistochemistry: At low dose, treatme k_)een replaceq by the mature osteoblasts rbSWH it induced an 104% 1 of mineralized
Yang et al., phosphatase (ALP) level at BMP-2. BMPRIB_BMPRII and Runx?2 fibrous callus in the EE-rbSWH groups, ar 5 dules by 340me/ke and 90% 1 by 630me/ke i
2016 [33]  weeks 2 and 4, and 1 the serum 1 ’ ! the 340mg/kg group was better than ’ nodules by SAUme/ke an o1 by 680mgkg in

osteocalcin (BGP) levels at
weeks 4 and 8, compare with
the Model group

proteins at week 2, compared with the Mod

680mg/kg group, but it was still existing ir
the Model group

BMC.
PCR: At low dose, treatment 1 expressions of
BMP-2 and Runx2 mRNA genes at weeks 2 anc
compared with the Model
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Table 4. Continued.

Studies Blood analyzes Histopathology Radiological analyzes Total fracture closure Other analyzes
In comparison to the contrdllimus davidiana
Zhuang et extract (UDE)t BVITV at 2.50'?“.9"@ dose. At HPLC: (-)-catechin was found to account for 7.«
100mg/kg dose had no significant effect or )
al., 2016 ? . . ? ? + 0.82% of the extract, and (+)-catechin for 3.7
[34] BV/TV. There was no difference in BV/TV 0.38% of the extract
between 250 and 500mg/kg dose. The ’
maximum effective dose was 250mg/kg
. PCR: SOE exhibited a doséependent 1 in the
- - 0,
tsriiczlsacﬁgr/rlft?erll/)d 2115\2{[]1;\11\11)11 ﬁg“e’ expression of BMP2, COL1, BMP4 over the
In Spinaceae oleraceaxtract (SOE) treatmen trabecular se aratign (Tl; S ) an’ d structu vehicletreated control group. The highest 1
mineralized callus was observed at 750mg/| r Sep P occurred in SOE 750mg/kg-1/d-1. Intermittent P’
. ) model index (SMI) by 26% and 46%, . . .
. 1/d-1 dose as compared to the vehicle-trea . showed a greater 1 in expression of bone formation
Adhikary et group and the defect region was bridged by respectively. genes as compared to the extract
? -1/d- ? :
al.[,325(]J17 ’ end of treatment. Corioge%t :Qizgigﬂgﬁgdlc/fmlmﬁg ?s ’ SOG in 750mg/kg-1/d-1 increased the gene
Dried granular form o8. oleraceaxtract pa o  co0) A expression of BMP2, BMP4, COL1, and the
o o . BV/TV in 39% and Tb.N in 58%. 1 in bone . . . .
(SOG) exhibited 1 calcein intensity compared . difference in fold change was equivalent to the
: volume was corroborated by a 45% | in NN .
with control, was analogous to PTH-treate: Tb.Sp and a 54% in SMI compared with tt exhibited in PTH-treated animals. SOG at a low
=P control arou P dose did not show significant fold change in BMI
group BMP4, and COL1 expression
Tanshinol at a dosage of 25mg/kg reversed GC-induced damage was attenuated by
glucocorticoid-induced (GC) decrease in th treatment with tanshinol (in both the 25 ar After six weeks, bone defec
Chen et al., 5 parameters % labeled perimeter (L.Pm), 50mg/kg doses). BV/TV |, Tb.Sp and SMI had healed completely in 5
2017 [36] ’ mineral apposition rate (MAR), bone formatic were 1 in the GC groups compared with the each of the experimental '
rate (BFR) per unit of bone surface (BFR/B¢ control, and were reversed by the groups
BFR/BV, and BFR/TV

administration of tanshinol or calcitriol
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Table 4. Continued.

Studies Blood analyzes Histopathology Radiological analyzes Total fracture closure Other analyzes
Calcium concentrations: 1 in bone with extract
. 100 and 200 mg/kg compared to the normal con
10&523/';2“2 x(t\r/\e;;té;\;h;tse At dose 400 mg/kg did not modify in non-fractur
compared to the normal contrc llus d -, d d d it The treatment of fractured rats with the ple h rati as compared to the.n(_)rmal cont_rol
and fractured control. 200 Cal.uﬁ I eposition Waﬁ ose hepden enF’ZW't extract at the doses of 100, 200 and 40( There was complete closur Phosphorus concentratlg(nu in serum with N
F{Ij\(fre;g;et mg/kg: 1 WBCs with respect to ms I/*?( tgvﬁﬁéngsgtacsasza:ntog c?)?’r? :lct?a% mg/kg induced a dose dependent decreas of the hole in the rats exzitcrgé)t() ié(())on&:m/ikmgsmcgo mg anig ;g ?ﬁgenvg;;]a
'[’37] the fractured control. de?\sgin 400 mg/ kg dose as comp;red to- the drill hole diameter to 28.75, 71.43 ant receiving the plant extract & 9 %ontrol P
o : : )
400 mg/kg for the fractured rat fracture control 100% decrease respectively in comparisor 400 mg/kg Alkaline phosphatase concentrationsy in serum
| granulocyte and & value of the fractured control ith 00 ma/ka f d
mean platelet volume (MPV) with extract 400 mg/kg fractured rats as compai
compared to the normal contrc to the fracture control. | in bone with extract 400
P mg/kg non-fractured rats with respect to the nor
control
Karvande et Compared to control, heartwood ethanolic PCR: HEE dose dependently stimulated osteoge
al. 2017 5 extract (HEE)t calcein fluorescence intensit HEE treatment to rats BV/TV, Tb.N and| 5 and chondrogenic genes such as BMP-2 by ~5(
.[’38] ’ by ~61% at 250mg/kg, ~73% at 500mg/kg a Tb.Sp, SMI ’ BMP-4 by ~45%, RUNX2 by ~60% and Col-1 b
~70% at 1000mg/ kg dose, respectively ~72% compared with control group
PCR: EE at different dosesthe mRNA levels of
. . the f/c|>(ur c?enesfover the control.ﬁHosz\t/ﬁr, 25(C
Quantification of various mCT parameter: mg/kg dose of EE was most effectiyethe
Khedgikar et The ethanolic extract (EE) induced a showed that all the doses 250, 500 and 1( expression of BMP-2 (60%), BMP-4 (28%), Run
al., 2017 ? significantly higher mineral (calcein label) mg/kg/d of EE improved the bone ? 2 (44%) and COL-1 (66%).
[39] deposition over the control microarchitecture compared to the contrc Culture: Percentage change stained cells wa:
group approximately 35% at 250mg/kg and 28% at
500mg/kg dose compared to control, but 250mg
dose has better response
. Percentage bone volume at the tissue le\
Porwal et That compared to the control, guava triterpe o s )
al., 2017 ? enriched extract (GE) increased mineral (BV/TV9%) was _5|g'n|f|cantly higher at the ? ?
" . fracture callus site in the GE group over tt
[40] deposition (calcein label) by ~50% .
vehicle
1:increase: decrease; d: days; ?: not related.
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3.5Bias analysis

Detailed results of the bias analysis are depicted in Figure 2 and Table 5. An average
of 57,50 + 8,73 ARRIVE items were met by the original included studies. In general, the
works published more recently have better met the methodological quality criteria analyzed.
Primary and secondary objectives were clearly stated by 73.1% (n=19) of the studies, while
80.8% (n=21) reported ethics committee permission for performing the research. The number
of animals per group was reported in 88.5n=23) of the studies, and only 19.2% (n=5)
reported a blind controlled study. Most studies (92.3%, n=24) provided information about the
treatment description, the therapeutic dose administered and treatment duration (96.2%, n=25
eacl). However, only 7.% (n=2) reported the period when the treatment was administered.
All studies (100%, n=26) reported the animal species and 88.5% (n=23) described the animal
strain. The sex and weight were reported in 84.6% (n=22) and 88.5% (n=23) of the works,
respectively, and 65.4% (n=17) of the studies provided information about the age of the
animals. No study reported description of genetic modification status, anth 46-22)
presented information regarding previous procedures performed on the animals. Among the
articles, 30.86 (n=8) reported the housing of experimental animals (facility type, cage or
housing type, material and number of cage companions), ando53814) provided
information about the experimental conditions (temperature, humidity, light cycles, feed and
water). Only 26.% (n=7) of the studies performed assessments and interventions related to
animal welfare. Regarding the sample size, %6(8=20) of the studies reported the total
number of animals used and the number of animals in each experimental group, butténly 3.8
(n=10 explained the reason for choosing such numbers. The details of how the animals were
allocated to experimental groups (randomization or matching) were reported by 34.6% (n=9)
of the studies, and no study described the order in which animals in different groups were

treated and assessed. The experimental outcomes were clear in 84.6% (n=22) of the studies.
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Statistical analyzes were performed by 88.5% (n=23) of the studies, 84.6% (n=22) of them
specified the unit of analysis for each dataset, and 88.5% (n=23) specified the methods used
to assess whether the data met the assumptions of the statistical approach. Information
regarding mortality was described in %7n=2) of the studies, and no study described
modifications to the experimental protocols made to reduce adverse events. A coherent
interpretation of the results and the direct relationship between objectives and hypothesis were
described in all included studies (100%, n=26), and 26.9% (n=7) commented about the
limitations of the studies. Comments on the importance of applying the results to human
biology were found in 53.8% (n=14) of the studies, and 57.7% (n=15) mentioned sources of

funding and the role of the funder in the study (Table 5).

Porwal et al., 2017 ]
Khedgikar et al., 20174
Karvande et al., 20174
Florence et al., 2017420000
Chen et al., 2017 400

Adhikary et al., 2017
Zhuang et al., 2016
Yang et al., 20164
Ezirganli et al., 20164
Burim et al., 20164:
S et al., 20154

He and Shen, 2014400
Ngueguim et al., 2013 i sinnin s s B
Kumar et al , 2013
Ngueguim et al , 2012
Sharan et al., 2011
Estai et al., 20114
Pengetal., 20104
Lacerda et al., 20104
Kolios et al., 20104:
Kolios et al., 20094
Hubh et al., 2009
Oztiirk et al., 2008
Juma Ab, 20074
Huang and You, 19974
Chow et al., 1982

.....

® oo » @ ® &
Methodological quality (itens covered, %)

Figure 2.Analysis of methodological bias (reporting quality) for each study included in the
review. Based on Animal Research: Reportingno¥ivo Experiments - ARRIVE guidelines
(www.nc3rs.org.uk/arrive-guidelines). The dotted line indicated the mean quality score (%).
Detailed bias analysis stratified by domains and items evaluated is presented in Table 4.
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Table 5. Analysis of methodological bias of the studies demonstrating the action of plant extracts in the bone repair process.
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Title
?gﬁyer:tte and concise description of the article X X X X X X X X X X X x X X X X X X X X X X X 24 9230%
Abstract
Background summary, research objectives, X X X X X X X X X X X X X X X X X X 18 69,23%
methods, principal findings, and conclusions
Introduction
Sulfficient scientific background X X X X X X X X X X X X X X X X X X X X X X X X 24 9230%
E’;mgﬁg'o” of the experimental approach and X X X X X X X X X X X X X X X X X X X X X X X X 25 9615%
Objectives
Clear primary and second objectives X X X X X X X X X X X X X X X X X X X 19 73,07%
Materials and Methods
Nature of the ethical review permissions, relevar
licenses and national or institutional guidelines fi X X X X X X X X X X X X X X X X X X X X X 21 80,77%
the care and use of animals
Study design
Number of animals per group X X X X X X X X X X X X X X X X X X X X X X X 23  88,46%
Information on whether the experiment was X X X X X 5 19,23%

performed as a blind controlled study
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Table 5. Continued.
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Experimental procedures
Treatment Description X X X X X X X X X X X X X X X X 24 9230%
Treatment dosage X X X X X X X X X X X X X X 25 96,15%
Treatment Duration X X X X X 25  96,15%
Time of day of treatment administration X X 2 7,69%
Experimental animals
Information regarding animal species X X X X X X X X X X X X X X X X X X X X 26 100%
Animals’ strain X X X X X X X X X X X X X X X X X 23 88,46%
Animals’ sex X X X X X X X X X X X X X X X X X X X 22 8461%
Animals’ Weight range X X X X X X X X X X X X X X X X X X X X X X X 23 88,46%
Animals’ Age X X X X X X X X X X X X X X X X X 17  65,38%
Description of genetic modification status (Knot 0 0,00%
out, transgenic, SPF)
Information related to previous procedures X X X X X X X Xx X X X X 12 46,15%
performed on the animals
Housing and husbandry
Housing of experimental animals (facility type,
cage or housing type, material, number of cage X X X X X X X X 8 30,77%
companions)
Husbandry conditions (breeding program, X X X X X X X X X X X X X X 14 5384%

light/dark cycle, temperature, water)
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Table 5. Continued.

Housing and husbandry

Chow et al., 1982 [15]

Huang and You, 1997 [16]

Juma Ab, 2007 [17]

Oztiirk et al., 2008 [18]

Huh et al., 2009 [19]

Kolios et al., 2009 [20]

Kolios et al., 2010 [21]

Lacerda et al., 2010 [22]

Peng et al., 2010 [23]

Estai et al., 2011 [24]

Sharan et al., 2011 [25]

Ngueguim et al., 2012 [26]

Kumar et al., 2013 [27]

Ngueguim et al., 2013 [28]

He and Shen, 2014 [29]

Siu et al., 2015 [30]

Burim et al., 2016 [31]

Ezirganli et al., 2016 [32]

Yang et al., 2016 [33]

Zhuang et al., 2016 [34]

Adhikary et al., 2017 [35]

Chen et al., 2017 [36]

Florence et al., 2017 [37]

Karvande et al., 2017 [38]

Khedgikar et al., 2017 [39]

Porwal et al., 2017 [40]

Welfare-related assessments and interventions
were carried out before, during, or after the
experiment

x

x

26,92%

Sample size

Total number of animals used in each
experimental and the number of animals in eac
experimental group

Explanation regarding the decision of the numb
of animals and details of sample size calculatio

20

76,92%

3,84%

Allocating animals to experimental groups

Full details of how animals were allocated to
experimental groups (including randomization ¢
matching)

Order in which the animals in the different
experimental groups were treated and assesse

34,61%

0,00%

Experimental outcomes

Clear experimental outcomes assessed

22

84,61%

Statistical methods

Statistical methods used for each analysis

23

88,46%
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Table 5. Continued.

Chow et al., 1982 [15]
Huang and You, 1997 [16]
Juma Ab, 2007 [17]
Oztiirk et al., 2008 [18]
Huh et al., 2009 [19]
Kolios et al., 2009 [20]
Kolios et al., 2010 [21]
Lacerda et al., 2010 [22]
Peng et al., 2010 [23]
Estai et al., 2011 [24]
Sharan et al., 2011 [25]
Ngueguim et al., 2012 [26]
Kumar et al., 2013 [27]
Ngueguim et al., 2013 [28]
He and Shen, 2014 [29]
Siu et al., 2015 [30]
Burim et al., 2016 [31]
Ezirganli et al., 2016 [32]
Yang et al., 2016 [33]
Zhuang et al., 2016 [34]
Adbhikary et al., 2017 [35]
Chen et al., 2017 [36]
Florence et al., 2017 [37]
Karvande et al., 2017 [38]
Khedgikar et al., 2017 [39]
Porwal et al., 2017 [40]

Statistical methods

Unit of analysis specifications for each dataset X X

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

22 84,61%

Methods used to assess whether the data met-

0,
assumptions of the statistical approach X X X X X X X X X X X X X X X X X X X X X X X 23 8846%

Results

Baseline data

Description of animals health status, for each

0,
experimental group, before treatment 0 0,00%

Number analyzed

Numbz_arorammalsmeau:hgrouplncludedlne:X X X X X X X X X X X X X X X X X X X X X X X X X 25 9615%
analysis (absolute numbers)
Animals or data not included in the analysis (an

0,
explanation for the exclusion) X X 2 7,69%

Outcomes and estimation

Information (Mean= Standard Deviation) X X X X X X X X X X X X X X X X X X X X X X 22 8461%

Adverse events

Information regarding mortality of experimental

0,
animals (Mean=Standard Deviation) X X 2 7,69%
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Table 5. Continued.

Adverse events

Chow et al., 1982 [15]

Huang and You, 1997 [16]
Juma Ab, 2007 [17]
Oztiirk et al., 2008 [18]

Huh et al., 2009 [19]

Kolios et al., 2009 [20]

Kolios et al., 2010 [21]
Lacerda et al., 2010 [22]
Peng et al., 2010 [23]
Estai et al., 2011 [24]
Sharan et al., 2011 [25]
Ngueguim et al., 2012 [26]

Kumar et al., 2013 [27]
Ngueguim et al., 2013 [28]
He and Shen, 2014 [29]
Siu et al., 2015 [30]
Burim et al., 2016 [31]

Ezirganli et al., 2016 [32]
Yang et al., 2016 [33]
Zhuang et al., 2016 [34]
Adbhikary et al., 2017 [35]
Chen et al., 2017 [36]
Florence et al., 2017 [37]
Karvande et al., 2017 [38]
Khedgikar et al., 2017 [39]
Porwal et al., 2017 [40]

Moadifications to the experimental protocols mar
to reduce adverse events

0 0,00%

Discussion

Interpretation /scientific implications

Interpretation of the results, taking into account
the study objectives and hypotheses, current
theory and relevant studies

Comments on the study limitations (sources of
bias, limitations of the animal model, imprecisia
associated with the results)

X X X X X X X X X 26 100%

7 26,92%

Generalisability /translation

Comments on how the findings are likely to
translate to other species or systems, including
relevance to human biology

X X X X X X 14 53,84%

Funding

List of funding sources and the role of the
funder(s) in the studt

X

X X X X

X X X

X X X X X 15 57,69%

Results of total

14

17 20 21

30

24

25 22 24 26 24 25

18 25 26 23 30

22 24 22 26 26 25 27 24 23

X: related; unmarked: not related.
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4. Discussion
4.1 General aspects

In this study, we conducted a systematic review to aedhe effect of plant extracts
and its derivatives on bone repair in animal models. Despite the great heterogeneity of the
studies, in general, the use of plant extracts was effective for treating bone lesions.
Histopathological and radiological analyzes demonstrating bone remodelling (new bone
formation, bone callus, cell proliferation and osteogenesis) were the main findings of this
study, suggesting that some components of the extracts may favour the synthesis of certain
cell types, probably due to the interactions of these cells with the components of the extracts.
Taking into consideration that the biological activity of a natural product is generally due to
the synergism between its constituents, which potentiate its therapeutic properties, the study
of plants for the treatment of many different diseases has been increasing gradually [41, 42,
43]. We believe that the development of therapeutic strategies based on the use of plants is
opening a new perspective and represents a promising therapy as an alternative to
conventional medicines and synthetic products [44, 45, 46].

The use of natural products for the treatment of injuries is an old practice [47] and
represents an important source of bioactive compounds that contribute directly to the
development of new drugs [48]. Our findings showed that most of the studies were conducted
in China and India, countries known for having a millenary practice in traditional medicine
[49]. This interest is probably due to the extensive and diverse flora found in these countries
and to the vast traditional ethnomedicinal knowledge that serve as a basis for the researches
[50, 51]. It is already known the great ethnopharmacological potential of different
phytotherapics whose popular knowledge has favors and potentiate research in different
health areas, thus directing the rational choice of medicinal plant [52, 53]. In addit®n, it i

noteworthy that in China, 40% of all health care provision is based on medicinal plants [54,
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55]. However, a limiting factor found here was the language, which hinders access to
information and reduces the dissemination of the data obtained to the scientific community
[56].

As one of the objectives was to research experimental models closer to the human
model, our studies focused an vivo experiments. Initially all animal species were
considered. However, after selection by inclusion criteria, only studies with rats, mice and
rabbits were admitted. It is noteworthy that there was a predominance of studies performed in
murine models. Although these models do not allow the direct extrapolation of the results to
human models [57], they can provide important insights into the biology and pathophysiology
of the lesions and are indispensable for researchefsTb8 advantage of working with such
animals is mainly due to reduced costs, as more animals can be housed in a limited space, and
the reproductive cycle is shorter. These characteristics allow, in a shortern soicient

number of animals for large study groups, enabling a relevant statistical analyssis [59

4.2 Main parameters analyzed and therapeutic findings

The studies presented different methodologies, and this could be justified by the
difference of objectives and parameters analysed. However, important information such as
sex, age, weight of the animals and description of the methods for performing the bone defect
were neglected in some studies. The absence of this information compromises the
comprehension of the studies, since biological and methodological variables directly affect
the response to the treatments][80 was also observed that, in addition to bone fracture,
some studies have induced osteoporosis in animals, mainly evaluating the action of
phytotherapics as estrogen stimulants [20, 21, 24, 25, 32, 36]. Warriner et al. (2410) [61
published a systematic review investigating different works involving the association between

bone fractures and osteoporosis and reported that the main fracture sites related to this disease

46



were vertebrae, femoral neck, radius and ulna. In our review, we found that the most
evaluated bone was the femur followed by the tibia, probably due to the greater resistance and
size of these bones.

Two other parameters that varied widely were the size of the lesion or bone fracture,
and the time of treatment, which can also compromise the reproduction of the work as well as
the comparison between the different groups treated with extracts. Image analysis, such as
radiological findings and tomography, are fundamental for studies with fractures [62]
However, histopathological analyses play a complementary role in helping to interpret and
confirm the cellular action of phytotherapeutic compounds in tissue repdifTeS action of
osteogenic cells on bone callus formation, cell organization and osteoconductive targeting are
factors that can be confirmed histologically [64, 65, 66], thus leading the experiment to a
greater reliability of its results. The trabecular area, regions of spongy bone and compact
bone, indicated in radiological and histopathological analyses, were higher in the
phytotherapeutic treatment groups when compared to the control groups, demonstrating an
efficiency of extracts in the bone repair. This observation suggests that some of the
components of the extract, or the synergism between them may favour the synthesis of certain
cell types and, consequently, accelerate the synthesis of bone matrix, accelerating the
formation of bone callus [67]. In this context, radiological and histopathological analyses also
confirm whether the fracture was totally, partially or not closed. Similar results were found by
Neto et al., who evaluating the effect of a poultice prepared from the leaGéeonbpodium
ambrosioides Lon bone repaim rabbits. Phytochemical analysis of the agqueous extract of
this plant revealed the strong presence of saponins, flavonoids, tannins and alkaloids, which
may contribute to its effect on bone formation [68].

The use of phytotherapics has been increasing considerably in the last years, indicating

that phytotherapy currently represents an effective way to treat the most varied tissue
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dysfunctions [69, 70]. This curative effect is probably related to the extensive source of
bioactive compounds that are found in extracts obtained from natural products [71, 72
However, the positive effects may vary according to the species of the plant and its part used.
It is common to find studies that demonstrate, through different chromatographic analyses,
different concentrations of flavonoids, tannins and triterpenes in bark and leaves of the same
plant species [73, 74, 75], and that the protective effect of an extract should take into account
the part of the plant [76]. In this review, we observed that approximately a quarter of the
studies do not provide the scientific name of the species or the part of the plant used, which
reduces the accuracy and reproducibility of the studies. The diversity of the compounds
directly interferes on their performance in the organism, and their metabolites differ according
to the parts of the plant, as well as the region and climate where they were colleftéd [77

for the secondary metabolites found in the phytochemical description of the studies, we
observed that 30.8% were flavonoids, indicating the positive action of this compound on the
bone repair. The role of flavonoids in skin repair is already known, but recent studies have
demonstrated the action of this compound also on bone repair [18, 24, 25, 31, 34, 35, 37, 39].
Another important fact to be informed in works with phytotherapics is the knowledge about
the extraction techniques as well as solvents used, since they can determine the isolation of a
biologically active compound, directing the researcH.[T8is bias was found frequently in

our study, since 26.9% of the studies did not report the solvent used for extraction, which
makes it difficult to obtain the extract again.

For the analysis of the quality of the works, we used an approach based on the
ARRIVE Guide, describing minimum information that can compromise the quality of the
writing as well as the reproduction of the study][Jspects related to the organization and
writing of the evaluated articles showed that more than half of the studies presented

introduction with relevant scientific base as well as clearly written objectives. Through the
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bias analysis, flaws were detected in the reporting of the methodological procedures of the
experiments, and it was found that many papers neglected information about the Ethics
Committee approval, double-blind studies and experimental conditions such as light cycles
and randomization. These results point to the need to improve experimental designs and
current guidelines in animal experiments reporting as a means to ensure an adequate level of

scientific evidence [79

4.3 Limitations of the study

A great contribution of this work is based on the global estimation of the use of plant
extracts for the treatment of bone lesions. However, the results presented here should be
interpreted with caution, since it can be argued that the selection process of the studies may be
biased due to different factors, such as the initial exclusion based only on the reading of the
titles and abstracts or the inclusion of more than one study of the same group of researchers.
However, the work selection process carried out in our review was based on widely
recommended and accepted practices for performing systematic reviews [12, 80].

Another relevant issue highlighted in our work is related to the bias of the publication.
For this, we used the ARRIVE Guidelines, which allowed us to test the bias of the studies
individually and, later, collectively. After this analysis, we realized that aspects reldtes to
organization of the experiments were neglected, including lack of randomization. These
factors highlight the need to enhance experimental designs and current guidelines in reporting
animal experiments as a means to ensure an adequate level of scientific evidence. Finally, it
was observed that the methodologies used and evaluation parameters are extremely
heterogeneous, with different measures being reported in all the studies, such as analysis of
the size of the lesion or fracture, as well as histopathological analyses. Despite the

improvement in the methodological quality of individual studies from 2009, much still needs
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to be done to allow the reproducibility of the studies. Interestingly, most papers did not report
whether the results of their studies could be translated into other species and systems,
including some relevance to human biology. Considering the experimental model used in
most studies and the social relevance of bone lesions for the world population, the translation
of the results and its applicability for the treatment of the disease in humans is fundamental to
allow the continuity of studies with medicinal plants, since the goal is to develop a drug that

improves the quality of life of humans.

5. Conclusion

The results of this study demonstrated that the use of plant extracts stimulates bone
repair, increasing osteogenesis, rate of calcification, and the formation and mineralization of
bone callus, accelerating the process of new bone formation in the fracture region. However,
the methodological flaws found in some studies make it difficult to understand and use data in
studies for the human condition. Therefore, more complete methodological descriptions are

needed to better compare the studies and to allow the reproducibility of future trials.
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ARTIGO 2:

Pomada a base de extrato dBrassica oleraceaar. capitataacelera o processo de

cicatrizacdo de queimaduras de terceiro grau em ratos Wistar

Resumo

Queimaduras sdo responsaveis por mais de 265 mil mortes por ano no mundo. As infec¢des
sdo a principal causa de morte em pacientes queimados, por iSso quanto menor o tempo de
cicatrizacdo, melhor é o prognosti@aseado nisto, este estudo teve por objetivo investigar o
efeito da pomada a base Beassicaoleraceavar. capitatana aceleragéo da cicatrizacao de
feridas cutaneas produzidas por queimadura. Vinte e cinco ratos Wistar (x349g), com trés
meses de vida, foram obtidos do Biotério Central da Universidade Federal de Vicosa e
individualizados randomicamente em gaiolas com alimento eaaplilsitum Apos anestesia,

foram feitas duas feridas por queimadura (12 mm de diametro) no dorso de cada animal, os
quais foram aleatoriamente divididos em cinco tratamentos: Sal: salina; VP: veiculo da
pomada (lanolina e vaselina); SS: controle positivo (sulfadiazina de prata 1%); PB1: pomada
B. oleraceaa 10%; e PB2: pomada oleraceaa 20%. Os animais receberam a pomada nas
feridas, diariamente, durante oito dias. A area da ferida foi mensurada a cada quatro dias e,
simultaneamente, foram retirados fragmentos para andlises histopatologicas (celularidade,
vasos sanguineos e componentes da matriz extracelular) e andlises do perfil oxidativo
(enzimas antioxidantes, marcadores de oxidacao lipidica e proteica, além de 6xido nitrico
(NO) e 4gua oxigenada £6%). A pomada a base do extratoRlassicaoleraceavar. capitata

nas concentracdes 10 e 20% promoveu aumento de células e vasos sanguineos, bem comc
aumento dos componentes fibrosos da matriz extracelular, aumentando taratdédade

das enzimas antioxidantes e acelerando o processo de recuperacdo do tecido cutaneo apos

gueimaduras de terceiro grau.

Palavras-chave:Repolho;queimaduras; cicatrizacao de feridas; estereologia; estresse

oxidativo; atividade antioxidante.
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1. Introducgéo

A pele, maior 6rgdo do corpo, é composta pela epiderme e derme, além de ser
responsavel pela manutencdo da homeostase do corpo, e servir como barreira de protecao
quimica, fisica e bacteriana [1]. Feridas provocadas por queimadura, trauma mecanico, cortes,
tumores, ma circulacdo sanguinea e cirurgias podem comprometer a estrutura e funcéo da pele
[2], expondo individuos ao risco de outras complicacdes de saude como ulceragbes e
infeccdes [3].

Feridas por queimadura afetam mais de 11 milhdes de pessoas anualmente em todo o
mundo [4] e podem ser causadas por calor, produtos quimicos, eletricidade, radiacédo, entre
outras, e sao classificadas como primeiro grau (superficial - atingindo a epiderme), segundo
grau (espessura parcial - atingindo epiderme e parte da derme) e terceiro grau (espéssura tota
- atingindo epiderme, derme, hipoderme e musgy®ms6]. A profundidade da queimadura
esta relacionada ao tempo de exposi¢do ao agente agressor, temperatura e pressado sob o tecic
e estes fatores determinam o progndstico ap6s as lesfes [7]. Andlises histoldgicas do tecido
podem ser usadas para confirmar o grau da lesdo, entretanto, apds a queimadura os elemento:
celulares e parenquimatosos da pele sdo comprometidos, dificultando a avaliacdo da
profundidade da queimadura [8].

O processo cicatricial é essencial para a sobrevivéncia de todos 0s organismos
superiores [9k ocorre em trés fases: inflamatdria, de proliferacdo e de remodelamento [10]
Durante a primeira etapa, quando a barreira epidérmica é violada, ocorre a liberacdo de
mediadores derivados de plaguetas, subprodutos bacterianos e quimioatrativos que
promovem a hemostasia do tecido [11]. Além disto, leucécitos sdo recrutados, eliminando
restos de tecido lesado e infec¢des, permitindo que a préxima etapa ocorra de forma
harmoniosa e eficaz [12]. Na fase seguinte, ocorre a proliferacdo de células e vasosalevando
formacdo do tecido de granulacédo, muito vascularizado e rico em colageno tipo Il [T3, 14].
tecido de granulacdo, apesar de fragil, € essencial para a maturacao tecidual e deve estar
presente para que ocorra a deposicdo do proximo colageno na ferida [15]. Na fase de
remodelamento, o colageno tipo Il é substituido pelo tipo I, que € mais espesso e se organiza
em feixes de fibras, conferindo a cicatriz forca e resisténcia [16]. O resultado final deste
processo que envolve a interacdo entre células, matriz e citocinas € o fechamento rapido e
eficaz da ferida [17].

A inducdo da fase inflamatéria e o recrutamento de células imunes em lesbes por
queimaduras, levamoducdo de Espécies reativas de Oxigénio (ERO’s) [18]. Na tentativa

de neutralizar o estresse oxidativo, pode haver um aumento no consumo das defesas
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antioxidantes no tecido, ocasionando reducéo da capacidade antioxidante. Assim, resultando
em um aumento exagerado das ERO’s, excedendo a capacidade do sistema para neutraliza-las

e elimina-las, causando excesso na producéo de radicais livres no tecido [19]. O organismo
defende-se contrBRO’s envolvendo varios sistemas antioxidantes endégenos enzimaticos e
ndo enzimaticos, entre eles destacamos as enzimas antioxidantes, superoxido dismutase
(SOD), catalase (CAT) e glutationa S-transferase (GSTF2ADque atuam neutralizando ou
impedindo a formacédo de radicais livres, que podem ser prejudiciais as biomoléculas vitais e,
consequentemente, aos tecidos do corpo [23]. A diminuicdo das enzimas de defesa
antioxidante e o processo de degradagao dos constituintes celulares comprometem o processo
cicatricial, levando a um reparo tecidual ineficaz [24].

Feridas por queimaduras graves precisam de tratamento rapido para evitar infeccdes
gue sao a causa mais comum de mortalidade em pacientes queimados [25]. Por isto, existe
uma necessidade crescente de farmacos adequados com este objetivo no mercado [26], ja que
a maioria das drogas disponiveis atualmente possui atividade antimicrobiana em detrimento
ao efeito cicatrizante [27]. Neste contexto, o uso de plantas medicinais e seus derivados sao
importantes, uma vez que varios compostos fitoquimicos podem atuar de forma sinérgica e
ser eficazes para inibir a proliferagcdo de microorganismos e estimular o fechamento das
feridas [28, 29], além de ser uma forma de tratamento simples, barata e provavelmente
apresentar menos efeitos colaterais [30].

O repolho Brassica oleracea@ar. capitatgd pertence ao género Brassica e a familia
Brassicaceae (Cruciferae) [31], € uma planta com grande importancia econdmica, cultivada e
usada na alimentagcdo em todo o mundo [32]. As folhas de repolho sdo usadas para a cura de
feridas e alivio da dor nas articulagdes na medicina tradicional [33, 34]. Componentes
fitoquimicos de plantas do género Brassica como glucosinolatos, sulforafanos, taninos (acidos
fendlicos) e flavonoides, ja foram relacionadas a acado cicatrizante [3B8]3&
antimicrobiana [3941]. Baseado nisto, nosso objetivo foi desenvolver um estudo Unico para
avaliar o efeito da pomada a baseBdassica oleraceaar. capitata (10 e 20%) no processo

de cicatrizacdo de queimaduras cutaneas de terceiro grau em ratos Wistar.
2. Material e métodos
2.10Obtenc&o do material vegetal

Folhas deBrassica oleraceaar. capitataforam coletadas em uma area preservada de
Mata Atlantica no estado de Minas Gerais, Brasil (20°43°00°'S e 42°291@ W200
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metros acima do nivel do mar). As amostras foram selecionadas, higienizadas por imerséo
em hipoclorito de sédio a 2% em &agua destilada por 2 minutos, e lavadas em agua potéavel
autoclavada por 2 minutosA extracdo foi feita por maceracdo empregando-se veiculo
alcool/propilenoglicol como solvente extrator. Em seguida, a suspensdo foi slabrmeti
ultrassonicacdo (Unigue, MaxiClean 1400, Sdo Paulo, SP) e filtracdo a vaceatmato
concentrado foi aquecido a 55°C em estufa por 24 h para retirada do solvéste. #xpcesso

da extracédo e filtracdo, o extrato concentrado foi incorporado ao veiculo da pomada formada

por lanolina anidra a 30% e vaselina solida 70%, até completa homogendzex#ato.

2.2Preparo da formulacao
A formulagdo da pomadafoi preparada como segue: 1) extrato glicélico Rle

oleraceavar. capitata (10% ou 20% em peso); 2) Veiculo da pomada: alcool cetostearilico
(5% em peso), monooleato de sorbitano etoxilado (10% em peso), vaselina (10% em peso),
acido graxo com éster poliol (5% em peso), lanolina anidra (15% em peso), carbamida (5%
em peso), conservantes (metilparabeno, propilparabeno e hidroxitolueno butilado [1:1, 10%
em peso]), 6leo de ricino hidrogenado (5% em peso) e agua desmineralizada (15% .em peso)
Finalmente, o extrato foi incorporado no veiculo da pomada até a homogeneizagdo completa
[42].

2.3 Animais

Ratos WistarRattus norvegicygn=25), machos, com peso de 335,4+169, trés meses
de vida, provenientes do Biotério Central da Universidade Federal de Vicosa (UFV) foram
transportados em veiculo particular, em microisoladores com filtro de protecdo, até o Biotério
da Biologia Geral (UFV), onde foram alocados randomicamente em gaiolas individuais,
diariamente higienizadas e mantidas em ambiente com temperatura controlada (x22°C). O
fotoperiodo foi estabelecido em ciclos de 12 horas de claridade e 12 horas de escuriddo. Agua
e racao foram fornecidos aos animags libitum O estudo foi aprovado pela Comissao de
Etica no Uso de Animais (CEUA) da UFV (n° 90/2017).

2.4 Realizacdo das queimaduras de pele
Os animais foram anestesiados com Pentobarbital (70 mg/ kg) para a realizacdo das
gueimaduras e nao foi administrado analgésico ap6s o procedimento cirlrgico, uma vez que a
aplicacao de medicamentos pode alterar a migracao e proliferacéo celular, comprometendo o

processo de reparo cutaneo. A regido dorso-lateral dos animais foi raspada e duas feridas
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circulares por queimadura de terceiro grau foram criadas por meio de um cilindro de ferro de
12 mm de didmetro, que foi aquecido em agua fervente (100 °C) e pressionado sobre o dorso
dos animais durante 30 segundos [adaptado de [43]]. A area das feridas por queimaduras foi
mensurada com a utilizacdo de paquimetro analégico (Mitutoyo Sul Americana Ltda®, Séo
Paulo, Brasil) [44].

2.5Calculo da area e taxa de contracéo da ferida
A éarea e a taxa de contracado da ferida foram avaliadas a cada quatrolidiasdaiti
imagens digitalizadas com 320 x 240 pixels (24 bits / pixel) obtidas por camera de
smartphone Asus Zenfone 2 ZE551ML (ASUS, Bja#\ area da ferida foi calculada pela
formula A=TII x raio (r)°. A taxa de contracdo da ferida (TCF) foi calculado pela raz&o: area
inicial da area da ferida (Ao) - area medida em um determinado dia (Ai) / area da ferida
inicial (Ao) x 100 [45].

O processo de cicatrizacao foi analisado na amostra coletada no ultimo dia do experimento.

2.6 Design experimental

Os animais foram divididos aleatoriamente em cinco grupos (n= 5/grupo): Grupo SAL
(feridas tratadas com solucéo salina a 0,9%6upo VP (feridas tratadas com o veiculo da
pomady Grupo SS (feridas controle tratadas com Sulfadiazina de prata@wpp PB1
(feridas tratadas com pomada a base do extratBrasica oleraceana concentracdo de
10%); Grupo PB2 (feridas tratadas com pomada a base do extr&maskica oleraceana
concentracdo de 20%). A quantidade de pomada aplicada foi de 0,1g em cada ferida,
diariamente.

As feridas foram limpas diariamente com solugao salina a 0,9% antes da aplicacéo da
pomada. Todos os tratamentos foram iniciados 24 horas ap0s a realizacdo das feridas e
repetidos uma vez ao dia ao longo de oito dias. Fragmentos do tecido em regeneragéo foram
coletados nos dias zero (Ferida 0= FO0), quatro (Ferida 1=F1) e oito (Ferida 2=F2), repetindo o
processo anestésico relatado anteriormente para retirada das amostras (Pentobarbital - 70 mg/
kg). Os fragmentos continham tecido do centro da ferida e parte do tecido ileso, presente na
regido adjacente a borda da lesdo. Ao final do tratamento, os animais foram eutanasiados por

meio de exsanguinagao por puncéo cardiaca apds procedimento anestésico.
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2.7 Analises histoldgicas

Os fragmentos retirados das feridas nos dias quatro e oito foram fixados em solucéo de
formaldeido 10% tamponado em fosfato de sédio 0,1 M (pH 7,2), desidratados em &lcool
etilico, diafanizados em xilol e incluidos em parafina. Foram obtidos cortes histolégicos de 4
um de espessura em microtomo rotativo Leica Multicut® 2045 (Reichert-Jung Products,
Germany) os quais foram corados com Hematoxilina e Eosina para andlise de fibroblastos e
vasos sanguineos [46]. Pela técnica modificada de Sirius Red foi realizada a analise das fibras
colagenas [47] e para a diferenciacao de fibras elasticas foi utilizada a aoloedg@nétodo
de Verhoeff [48]. A coloragdo com azul de toluidina foi utilizada para identificar mastocitos
[49]. Seccdes semi-seriadas foram realizadas aproveitando um a cada dez cortes, para evitar
analise repetida do tecido. Imagens histolégicas foram obtidas em microscopio de-luz BX
60® (Olympus, Séo Paulo, Brasil) acoplado a uma camera fotogréafica digital modelo QColor-
3® (Olympus, Séo Paulo, Brasil). Para cada corte foram obtidas, de forma randomizada,
cinco imagens com resolucdo de 2884 pixels para contagem de fibroblastos e vasos
sanguineos e de 10248 pixels para fibras elasticas e colagenas. Células, vasos sanguineos
e fibras foram analisados em aumento de 200x. Foi utilizada uma grade de 300 interseccfes
para contagem de fibroblastos e vasos sanguineos e de 256 intersecfes para fibras elasticas
colagenas, associada ao software de andlise de imagens Image Pro-plus 4.5 (Media
Cybernetcs®, Silver Spring, USA). Mastécitos foram analisados em aumento de 400x, 10
campos histologicos foram analisados randomicamente em cada seccao histologica para
obtenc&o de uma éarea total (AT) de 3.11 %@ O nimero de mastdcitos por unidade de

area histoldgica foi calculado de acordo com a equacdoXQAast cells / AT [50].

2.8 Andlises biogquimicas
Amostras de tecido retiradas de cada ferida foram imediatamente congeladas em
nitrogénio liquido (-196 °C) e armazenadas em freezer a -80 °C. Os fragmentos de pele dessas

amostras foram homogeneizados em tampé&o fosfato e centrifugados a 4 °C [51].

2.8.1 Atividade de superéxido dismutase
A atividade da SOD foi determinada pelo método baseado na redugéo do superoxido
(O?) e do perdxido de hidrogénio, diminuindo assim a auto-oxidacdo do pirogalol [52]. A
atividade da SOD foi calculada como unidades por miligrama de proteina, com U de SOD

definido como a quantidade que inibiu a taxa de auto-oxidacdo do pirogalol em 50%.
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2.8.2 Atividade de catalase
A atividade da catalase (CAT) foi determinada pelo método de Aebi, 1984, usando
H>0. como substrato. Uma unidade de atividade CAT foi definida como a quantidade de
enzima que decompde 1 mmol deCA por 1 minuto. A atividade da catalase foi calculada

como U por miligrama de proteina [53].

2.8.3 Atividade de glutationa S-transferase
A atividade da glutationa S-transferase (GST) foi medida [54] de acordo com a formacao
de 2,4-dinitroclorobenzeno conjugado com glutationa (CDNB). Uma unidade de atividade de
GST foi definida como a quantidade de enzima que catalisou a formacdo de um pmol de

produto/min/ml. A atividade da GST foi expressa em U por miligrama de proteina.

2.8.4 Determinacgdo de malondialdeido
A extensdo da peroxidacdo lipidica (LPO) foi medida por meio dos niveis de
malondialdeido total (MDA) [55]. A concentracdo de MDA foi determinada usando a curva
padrdo de concentracdes conhecidas de 1,1,3,3-tetrametoxipropano (TMPO). Os resultados

foram expressos em pumol/L por mg de proteina.

2.8.5 Oxidacao de proteinas
O teor de proteinas carboniladas foi medido utilizando o procedimento 2,4-
dinitrofenilhidrazina (DNPH) [56] com base nos grupos carbonil que reagem com DNPH. Os
pellets resultantes dos homogenatos obtidos dos fragmentos de pele foram usados para
quantificacdo. Os resultados foram expressos em nmol por mg de proteina.
Todos os dados bioquimicos descritos acima foram normalizados em relacdo aos
niveis de proteinas totais no sobrenadante de acordo com o protocolo de Bradford (1976) e os

resultados foram expressos em pmol/L por mg de proteina [57].

2.8.6 Producéo de Oxido NitricoNO)

A producao deNO foi estimada pela producéo de MOz pela reacédo padrao de
Griess [58]. Foram incubadd$® pL de sobrenadantes de cada grupo de tratamento com um
volume igual de reagente Griess (1% sulfanilamida, 0,104 Naftil) etilenodiamina e 2,5%
H:PQw) a temperatura ambiente, por 10 minutos. A conversdo da absorbancia em
concentragcdes micromolares ® foi obtida a partir de uma curva padréo de nitrito de sodio

(0-125 uM) e expressa em concentragdes de NO (umol/L).
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2.8.7 Producéo de Peroxido de Hidrogénio ¢B>)

A producéo de bD- foi medida em sobrenadantes de tecidos homogeneizados, como
descrito acima. Foram incubad®® ul. de sobrenadante com 50 uL de dicloridrato de a-
fenilenodiamina (OPD) e um volume igual de peroxidase tipo Il 15 mmol / L. A conversao da
absorbancia em concentragbes micromolares & fbi calculada a partir de uma curva
padréo utilizando uma concentragcdo conhecida f#&.HDs resultados foram expressos em

umol/L [59].

2.9 Analise estatistica
A andlise estatistica foi realizada por meio do software GraphPad Prism 7 (GraphPad
Software Inc., San Diego, Calif., USA). Os dados foram relatados como média e desvio
padrao (média + DP) e foi feita uma analise de variancia One-way ANOVA seguido pelo teste
paramétrico de Student-Newman-Keuls. Uma probabilidade de p <0,05 foi considerada

estatisticamente significante.

3. Resultados
3.1Contracgéo da ferida
Nos dias quatro (F1) e oito (F2), a area da ferida foi significativamente reduzida nos
grupos tratados com. oleraceaa 10% e 20% quando comparado aos demais grupos. A taxa
de contracao da ferida foi maior no grupo tratado com a pomdlaotigaceavar. capitataa

20% (PB2) do que nos outros grupos no dia oito (F2). (Tabela 1).

Tabela 1. Area (mn?) e taxa de contracdo da ferida (TCF) (%) em animais tratados com

extrato deBrassica oleraceaar. capitataem diferentes concentracoes.

SAL VP SS PB1 PB2
FO Area 156,6+20,1 161,6+29,4 141,3+15,7 126,9+13,3 134,9+13,5
TCF 0,0+0,0 0,0+0,0 0,0+0,0 0,0+0,0 0,0+0,0
F1 Area 153,1+33,4 178,4+18,8 138,4+32,3 87,4+19,7* 97,7+224*
TCF 10,3+6,9 3,3+20,6 2,4+18,4  31,4+10,8 27,8+13,3
F2 Area 142,2+30,0 155,4+34,7 133,9+50,4 67,6+20,9* 66,4+21 4*
TCF 15,9+14,3 10,4+19,8 28,1+18,0 47,2+12,2 51,4+125*

SAL: solucéo salina a 0,9%; VP: veiculo da pomada; SS: sulfadiazina de prata (1%), PB1:
pomadaB. oleraceaa 10%; e PB2: pomada oleraceaa 20%. FO = tecido intacto; F1, F2 =
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tecido cicatricial apos quatro e oito dias, respectivamente. Dados representados como média *
DP. * Diferenca estatistica entre os tratamentos: SAL, VP e SS.

3.2Resultados histopatologicos

O numero de células e vasos sanguineos no grupo tratado com a [Boroklacea
10% (PB1) aumentou em relacdo aos grupos controle SAL, VP e SS no dia quatro. Ainda no
dia quatro, o grupo PB2 apresentou numero maior de células quando comparado a PB1 e
SAL. No dia oito, a celularidade foi maior nos dois grupos tratados com a pdnada
oleraceal0% (PB1) e 20% (PB2) em relacdo ao grupo SAL e SS, e o numero de vasos
sanguineos foi maior no grupo PB2 comparado & SAL e SS (Figura 1-A, B).

O numero de mastécitos foi maior no grupo tratado com a poBwanlaracea20%
(PB2) em comparacdo aos grupos SAL, VP e SS no dia quatro. No dia oito, foi maior em
ambos os tratamentos com a pomada (10% e 20%, PB1 e PB2 respectivamente) comparada

aos grupos SAL e VP (Figura 1-C). A Figura 2-D mostra um corte histolégico do grupo
tratado com a pomada oleracea20% (PB2) no dia quatro.
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Figura 1. Proporcdo deA - Células, B - Vasos sanguineos, C - Mastdcitos no tecido
cicatricial de ratos em diferentes tratamentos. F1: tecido tratado apds quatro dias, F2: tecido

tratado apos oito diasA&: solucdo salina a 0,9%; VP: veiculo da pomada; SS: sulfadiazina
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de prata (1%), PB1: pomaéa oleraceaa 10%; e PB2: pomad& oleraceaa 20%. Os dados

estdo representados como média = P ¢ ¢ representam diferencas estatisticas em relacio
aos grupos: SAL, VP, SS e PB1, respectivamente. (p < 0,05) (teste de Student-Newman-
Keuls). D - Fotomicrografia representativa de mastécitos (setas) no tecido cicatricial de
gueimadura tratada com a pomada a base do extral. déeracea coloracdo azul de

toluidina (barra = 50um).

A proporcao de fibras colagenas do tipo Ill ndo foi diferente estatisticamente entre os
grupos no dia quatro. No dia oito, foi menor nos grupos tratado8aenaceal0% (PBl)e
20% (PB2) quando comparado aos demais. O grupo tratado com sulfadiazina de prata (SS)
teve menor proporcao quando comparado a SAL e VP (Figuja 2-A

A proporcao de fibras colagenas do tipo | foi maior no grupo com concentracdo da
pomada em 20% (PB2) em relacéo a todos os outros grupos no dia quatro. No dia oito, foi
maior nos grupos tratados cdinoleracea(10% e 20%) e sulfadiazina de prata (SS) em
relacdo a SAL e VP (Figura 2yBAlém disso, a propor¢ao do grupo tratado com a maior dose
da pomada (PB2) foi maidlo que o grupo que recebeu a menor dose (PB1).

Em relacdo a proporcdo de fibras elasticas, no dia quatro, ndo houve diferenca
estatistica entre os grupos. No dia oito, a propor¢ao foi maior no grupo tratado com a pomada
B. oleracea20% em relagdo aos grupos SAL e VP (Figura 2-C). Os grupos PBl1 e SS
apresentaram valores maiores quando comparados a VP. A Figura 3-D mostra um corte

histol6gico do grupo tratado coi oleracea20% (PB2) no dia oito.
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Figura 2. Proporcao dé& - Fibras colagenas Tipo |, B - Fibras colagenas TipcC - Fibras

elasticas no tecido cicatricial de ratos em diferentes tratamentos. F1: tecido tratado apés
quatro dias, F2: tecido tratado ap0s oito dias. SAL: solucdo salina a 0,9%; VP: veiculo da
pomada; SS: sulfadiazina de prata (1%), PB1: porBadderaceaa 10%; e PB2: pomada
oleraceaa 20%. Os dados estdo representados como médias # BP; 9 representam
diferencas estatisticas em relacdo aos grupos: SAL, VP, SS e PB1, respectivamente (p < 0,05)
(teste de Student-Newman-Keuls). D - Fotomicrografia representativa de corte histologico de
pele mostrando o efeito do tratamento cBmoleracea20% (PB2) no dia oito em ratos
Wistar com les@o por queimadura, evidenciando a presenca de colageno Tipo | (vermelho -

setas) e Tipo Il (verde) colorac&mius red (barra = 100um).

3.3 Resultados bioquimicos
3.3.1 Enzimas antioxidantes
A atividade de SOD foi significativamente maior no grupo tratado com a pdfada
oleraceaa 20% (PB2) quando comparado aos outros grupos nos dias quatro e oito (Figura 3-
A). A atividade de CAT também foi maior no grupo tratado &roleracea20% (PB2) em
comparacao a todos os outros grupos no dia quatro. No dia oitofoCA&ior em ambos os
grupos tratados com a pomaBlaoleracea(PB1 e PB2) em relacéo a SAL, VP e SS (Figura
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3-B). Os valores de GST foram maiores no grupo tratado com a pdnadieraceal0%
(PB1) no dia quatro em relacdo a SS, e em ambos os grupos trataddsoteracea(PB1 e
PB2), em relacdo a SAL e VP, no dia oito (Figura 3-C).
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Figura 3. Atividade de: A - superéxido dismutase (SOD), B - catalase (CATYJutationa
S-transferase (GST) no tecido cicatricial de ratos em diferentes tratamentos. F1: tecido tratado
apos quatro dias, F2: tecido tratado ap0s oito didk: Solugdo salina a 0,9%; VP: veiculo

da pomada; SS: sulfadiazina de prata (1%), PB1: poBadiraceaa 10%; e PB2: pomada

B. oleraceaa 20%. Os dados estdo representados como médias * DP Y representam
diferencas estatisticas em relagcédo aos grupos: SAL, VP, SS e PB1, respectivamente (p < 0,05)

(teste de Student-Newman-Keuls).

3.3.2 Marcadores oxidativos
Os niveis de MDA foram significativamente menores no grupo tratado com a pomada
B. oleracealO e 20% e no grupo SS em relagéo ao grupo VP no dia quatro. No oitavo dia ndo
houve diferenca estatistica entre os grupos (Figura 4-A).
Os valores de PCN foram menores nos grupos tratados com a pdnwdel@aceall e
20% quando comparado ao grupo SAL no dia quatro. No dia ditmhouve diferenca

estatistica entre os grupos (Figura 4-B).
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Figura 4. Niveis de: A - malondialdeido (MDAJ,- proteinas carboniladas (PCN) no tecido
cicatricial de ratos em diferentes tratamentos. F1: tecido tratado ap6s quatro dias, F2: tecido
tratado apos oito diasA&: solucdo salina a 0,9%; VP: veiculo da pomada; SS: sulfadiazina
de prata (1%), PB1: poma@a oleraceaa 10%; e PB2: pomad& oleraceaa 20%. Os dados

estdo representados como médias +TPrepresentam diferencas estatisticas em relagcdo aos
grupos: SAL, VP, respectivamente. (p < 0,05) (teste de Student-Newman-Keuls).

3.3.3 Oxido Nitrico e Peroxido de Hidrogénio (NO e HO2)

A producgao de nitrito e nitratdNO2/NOs) ndo foi diferente estatisticamente entre os
grupos no dia quatro. No dia oitimj maior nos grupos tratados com a pomada a bage de
oleraceaa 10% e 20% (PB1 e PB2) em relacdo ao grupo controle SAL (Figura 5-A

Os niveis de kD2 ndo apresentaram diferencas estatisticas no dia quatro. No dia oito, o
contetdo de kD> foi maior nos grupos tratados com a pomBdaleraceal0% e 20% (PB1

e PB2) e no grupo SS em relagédo aos grupos SAL e VP (Figura 5-B
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Figura 5. Niveis de: A - Oxido NitricdNQ), B - Perdxido de hidrogénio §8) no tecido

cicatricial de ratos em diferentes tratamentos. F1: tecido tratado apos quatro dias, F2: tecido

tratado apos oito diasA&: solucdo salina a 0,9%; VP: veiculo da pomada; SS: sulfadiazina

de prata (1%), PB1: pomaéa oleraceaa 10%; e PB2: pomada oleraceaa 20%. Os dados
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estdo representados como médias +Prepresentam diferencas estatisticas em relagcio aos
grupos: SAL e VP, respectivamente. (p < 0,05) (teste de Student-Newman-Keuls).

4. Discusséao

Queimaduras ocorrem devido a exposicdo da pele a agentes quimicos, fisicos ou
biolégicos, ocasionando destruicao tecidual, infeccao, dor e até a morte [60]. Por essa razéo,
pesquisas recentes se concentraram em encontrar compostos que melhorem o processo de
reparo [61]. No presente estudo, utilizamos o extratBressica oleraceaar. capitata uma
planta muito utilizada na culinaria e popularmente conhecida como repolho [62], para avaliar
seu efeito na cicatrizacdo de feridas por queimadura na pele. Nossos resultados mostram que a
pomada a base de repolho promove a proliferacédo celular e vascular, bem como sintese da
matriz extracelular, acelerando o processo de cicatrizacao de feridas de terceiro grau.

Em nosso estudo, a reducéo significativa da area das queimaduras de pele nos grupos
tratados conB. oleraceaa 10% e 20% evidencia o aumento na proliferacéo e diferenciacéo
celular e na sintese de proteinas. Resultados semelhantes foram obtidos por Sarandy et al.,
[63], que demonstrou que o extrato Bi@ssica oleraceaar. capitata promoveu um reparo
tecidual mais rapido em feridas cutaneas de segunda intencdo. Essa aceleracdo do fechamentc
das feridas se deve, provavelmente, a elevada presenca de flavonoides e antocianinas no
extrato deB. oleraced64, 65]. Esses compostos tém elevado poder terapéutico, pois, além de
possuirem alta atividade antioxidante, estimulam a formacdo de novos vasos e garantem ao
tecido maior nutricdo, promovendo a recuperacao rapida do tecido lesa@8][66

O aumento de células e vasos nos grupos tratados com o extrddocasica
principalmente no quarto dia, demonstra uma fase inflamatoria acelerada e intensa [69]. Os
mediadores liberados na fase inflamatéria estimulam a sintese de colageno e,
consequentemente, a formacédo do tecido de granulagéo, rico em vasos e células [70, 71]. A
alta celularidade e vascularizacdo podem estar relacionadas ao aumento do metabolismo
celular e, possivelmente, da nutricdo tecidual, importantes para o fechamento do tecido [72]

A potencializagdo do processo inflamatoério no inicio do reparo pode levar a uma recuperacao
mais rapida do tecido [73], principalmente associando esses resultados aos de contracdo da
ferida, onde foi demonstrada a maior reducéo da area da queimadura nos grupos tratados com
a pomada a base do extratoBleleracea

A diminuicdo do colageno Tipo Il e 0 aumento do coldgeno Tipo | e de fibras elasticas
nos grupos tratados com a pomada observado no oitavo dia, demonstram elevados indices de

maturacao do tecido. O colageno lll, fragil e pouco resistente, deve predominar no inicio do
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processo, durante as fases inflamatorias e de proliferacédo, pois serve de arcabouco e suporte
para a deposi¢do do colageno do tipo |, que confere maior forca e resisténcia ao tecido [46,
61]. Ambos os tipos de colageno sao fundamentais para um processo de cicatrizacdo saudavel
[74]. Possivelmente, a maior deposicao de colageno | esta relacionada ao aumento no niumero
de células e vasos neste tecido, indicando a alta atividade metabdlica do mesmo apds o
tratamento conB. oleracea Quanto maior concentracdo destas proteinas no tecido, maior é a
atividade dos fibroblastos durante o reparo e mais rapido serad o fechamento da ferida [75]
Estes achados podem estar relacionados também ao predominio de flavonoides, ja que este
composto influencia a sintese de colageno e esta ligado ao aumento da traducéo de proteinas
importantes para o processo de recuperacdo de feridas cutangay. [E6tas moléculas sédo
bioativas para o tratamento de varias desordens com efeito antioxidante e regenerativo, e
possuem elevada capacidade de estimular o fechamento rapido e eficaz de feridas [79, 80].

A diminuicdo nos niveis de MDA e PCN nos grupos que receberam a pom&da de
oleraceaindica o elevado poder antioxidante deste extrato, reduzindo o dano tecidual causado
pela oxidacdo de lipideos e proteinas. O MDA é um subproduto da peroxidacéo lipidica
derivado da quebra de acidos graxos poli-insaturados [81]. No processo de queimaduras
ocorre intensa lesédo tecidual e, por isso, € comum encontrar excesso de MDA no tecido, uma
vez que o aumento deste marcador indica lesdo das membranas celulares, frequentemente
associada ao aumento local do estresse oxidativo [82]. Outro bom marcador de injuria
tecidual € o conteudo de proteinas carboniladas (PCN), ja que mostra o nivel de oxidacao e
desnaturacao das proteinas [83]. Sarandy et al. [51], relataram que houve reducao dos niveis
de MDA e PCN analisadas em feridas cutaneas de segunda intencdo em ratos Wistar tratados
com S. pseudoquinaAinda nesse estudo, os autores relatam a acdo dos flavonoides como
antioxidante efetivo, reiterando nossos achados com o tratamento com exBatialacea
Provavelmente este potencial antioxidante pode ser justificado pelo elevado numero de
compostos com efeito protetor presentes no extra®ralgsica como compostos fendlicos,
antocianinas e sulforafanos.

Os resultados demonstrados acima para marcadores de estresse oxidativo corroboraram
com 0S nossos resultados para enzimas antioxidantes, ja que 0s grupos que rdgeberam
oleraceaapresentaram aumento das principais enzimas responsaveis pela protecdo do tecido,
como SOD, CAT e GST. A partir dai podemos sugerir que o potencial antioxidante do extrato
deB. oleracease deve a sua capacidade de inibir a oxidacao lipidica e proteica, por estimular
fortemente a acdo das enzimas antioxidantes, contribuindo para um reparo tecidual mais

rapido e eficaz das feridas por queimadura. As enzimas superoxido dismutase (SOD), catalase
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(CAT) e glutationa S-transferase (GST) sdo responsaveis pela protecao do tecido contra danos
oxidativos causados por espécies reativas de oxigéniexeeso (ERO’s) [84, 85]. A
importancia destas enzimas para o processo de reparo cutaneo ja é aodtesal.
Resultados semelhantes foram demonstrados por Al-Roujayee [89], onde apds o tratamento
com o composto fendlico Naringenin em ratos Wistar queimados, houve aumaeatzichas
antioxidantes SOD, CAT e GST e consequente reducédo da peroxidacao lipidica das células e
aumento da sintese de matriz, tornando a cicatriz mais resistente.

Quando um tecido esta sofrendo injuria ocorre aumento de espécies reativas de
oxigénio, como anion superoéxido, que eliminam o 6xido nitrico (NO) tecidual, reduzindo
assim suas concentracfes efetivas e acdes de sinalizacdo nas células [90]. Normalmente 0s
niveis deNO em um tecido lesado por queimadura é baixo, devido as elevadas concentracdes
de ERO’s e baixos niveis de enzimas antioxidantes [91]. Em nosso estudo houve um aumento
de NO nos grupos tratados coBi oleracea o que pode indicar diminuicdo de ERO’s no
tecido, demonstrando novamente o efeito antioxidante deste extrato. O O0xido Ni@)cé (
uma molécula importante que regula diversas funcdes fisioldgicas vitais, como a resposta
imune, e, em alguns casos, hiveis elevados deste marcador podem sinalizar para homeostase
do tecido [92]. Resultados semelhantes foram encontrados por Brisbois [93], que demonstrou
gue oNO melhora a cicatrizacdo em camundongos feridos por queimaduras, reduzindo a
infecgd@o e o crescimento bacteriano, acelerando o processo de cura das feridas.

O peroéxido de hidrogénio ¢a.) é geradoin vivo pela dismutagdo do anion-radical
superéxido (&) por enzimas como superoxido dismutase (SOD) [94]. Em les6es, € formado
rapidamente e € um promotor essencial da resposta inflamatéria da cicatrizacdo de feridas
[95]. Quando os niveis de 2B, estdo elevados no tecido h4 um aumento de enzimas
antioxidantes como CAT e peroxidases ligadas a tioredoxina [96]. Aumentos nos niveis de
H>0. sob condi¢cbes de estresse tém sido relatados, como em situacbes de feridas por
queimadura [97]. Em geral, niveis elevados desta molécula no tecido indicam estresse
tecidual, no entanto, podem mostrar também uma via ativa e eficaz de desintoxicacdo das
células pelas enzimas antioxidantes. Levando em consideragdo os resultados encontrados em
nosso estudo acreditamos que a segunda hipétese é a mais aceita, ja que todos 0s sistemas
defesa estdo super-estimulados e que os marcadores de estresse estdo diminuidos nc
tratamento com Brassica. Estes achados poderiam justificar também o aumento de CAT
tecidual, uma vez que esta enzima utiliz®Hcomo substrato, portanto, 0 aumento de CAT
pode indicar a necessidade de eliminar o excesso de peréxido, para manter a homeostase
tecidual [98].
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5. Conclusao

Nossos resultados mostram que a pomada a base do extBrasdiea oleraceaar.
capitata quando aplicada nas doses dee 20%, acelera o fechamento da area da ferida, bem
como a proliferacdo de células e vasos sanguineos, modulando a producdo dos componentes
da matriz, estimulando a formacdo de uma cicatriz forte e resistente em queimaduras de
terceiro grau. Além disso, o repolho é amplamente usado na alimentacdo humana e possui
baixo potencial de toxicidade, sendo uma alternativa segura de tratamento. Este estudo deve
ampliar o conhecimento cientifico em relacdo a eficAcia deste produto fitoterdpico na
cicatrizacdo, podendo ser util para atenuar o risco de complicagcbes como infeccdes,

beneficiando os pacientes que sofreram lesdo por queimadura.
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CONCLUSOES GERAIS

Os resultados dos estudos demonstraram que o uso de extratos vegetais estimula o

processo rapido e eficaz de reparo 6sseo e de cicatrizacdo de queimaduras cutaneas.

84



