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
Casearia sesris Swartz is a medicinal plant widely distributed in Brazil. It has anti-inÀammatory, antiulcer 
and antitumor activities and is popularly used to treat snakebites, wounds, diarrhea, Àu and chest colds. Its 
leaves are rich in oyenated tricyclic cis-clerodane diterenes articlary casearins. erein we evalated 
the antioidant activities of a fraction with casearins (C) isolated from C sesris and histoloical chanes 
on the central nervos system and livers of s scs mice. irstly in ir stdies (0.9 1.8 3.6 5. and 
7.2 μg/mL) revealed EC50 values of 3.7, 6.4 and 0.16 µg/mL for nitrite, hydroxyl radical and TBARS levels, 
resectively. Secondly C (2.5 5 10 and 25 m//day) was intraeritoneally administered to Swiss mice 
for 7 consective days. Nitrite levels in the hiocams (26.2 27.3 30.2 and 26.6 ) and striatm (26.3 
25. 3.3 and 27.5 ) increased in all treated animals (P < 0.05). Lower doses dropped reduced glutathione, 
catalase and BAS levels in the hiocams and striatm. ith the ecetion of this redction in BAS 
formation C dislayed only in ir antioidant activity. Animals ehibited histoloical alterations 
sestive of nerotoicity and heatotoicity indicatin the need for recation reardin the consmtion 
of medicinal formlations based on Casearia sesris.

  Clerodane diterenes Casearia sesris antioidant morholoical chanes toicity.
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

ree radical is an atom molecle or ion with short 
half-life chemical instability and naired electrons. 
ree electrons that characterize the radical are 
sally in the atoms of oyen slfr and nitroen 
clminatin in the emerence of reactive secies. 
Amon these there are the reactive oyen secies 
(OS) reactive nitroen secies (NS) from the 
decomosition of nitric oide (NO) and slfr 
derivatives (SS) enerated from the reaction of 
thiols with OS (Carocho and erreira 2012 
Alam et al. 2013).

Antioidants on the other hand are sbstances 
that inhibit the oidation rocess maintainin the 
eilibrim of formation and removal of elements 
harmfl to the body. Antioidant defenses tyically 
have enzymatic oriins articlarly ltathione 
eroidase (P) catalase (CA) and seroide 
dismtase (SO) or no enzymatic bases as 
eoenos rodcts sch as vitamins (tocoherols 
and ascorbate) carotenoids henolic comonds 
chelatin aents and synthetic comonds. nzymes 
revent the rodction of free radicals while non-
enzymatic antioidants inhibit and bloc oidative 
stress once they seester reactive secies (ahman 
2007 Alves et al. 2010 alliwell 2011).

Antioidant molecles derived from vee-
tables have biomedical otential secially tain 
into consideration that oidative stress directly 
articiates in the enesis and roression of many 
diseases sch as cancer diabetes cardiovasclar 
and neroloical illnesses (e.. Alzheimer and 
Parinson diseases) and ain rocess. ith the 
increase of life eectancy it becomes crcial to 
develo new strateies and theraies to combat 
chronic diseases (erreira et al. 2011 rishnaiah 
2011 Alam et al. 2013).

Nerodeenerative diseases can be derived 
from the action of reactive sbstances on neral 
athways casin damae to the nervos system 
homeostasis by liid oidation and neronal 
aotosis. Some stdies have reorted that once 

installed nerodeenerative framewor has a 
tendency to increase the content of free radicals 
and conseently liid eroidation levels de to 
the increased activity of membrane hosholiases. 
In other words oidative stress can both trier 
neronal disorder and even aravate it since free 
radicals are caable of damain cell membranes 
(Pala and ran 2008 reitas 2009 Camêlo 
et al. 2011). In this contet lant secies rodce 
secondary metabolites belonin to different 
chemical ros sch as alaloids and cyanoenic 
lycosides and non-nitroenos comonds sch 
as tannins, Àavonoids, terpenes and anthocyanins 
that resent antioidant activity (rishnaiah 2011 
López-Alarcón and Denicola 2013).

Casearia sesris Swartz (Salicaceae) is 
a medicinal lant widely distribted in Brazil 
and nown as aatona caf silvestre 
caf-do-diabo or cafeeiro-do-mato. thanolic 
etracts and essential oil from their leaves have 
antilceroenic activity and redce astric 
volme withot alterin the stomach  which 
corroborates their se on astrointestinal disorders 
(Aboin et al. 1987 Basile et al. 1990 steves et 
al. 2005). Leaf water extracts show phospholipase 
A2 inhibitory activity that revents damae effects 
on the msclar tisse after toin inoclation 
(Bores et al. 2000 Bores et al. 2001 Cavalcante 
et al. 2007). he antimicrobial action aainst 
athoens as fni and bacteria elains the ses 
to treat wounds, skin ulcerations, diarrhea, Àu 
and chest colds by the Brazilian ara Indian 
tribe and natives from the Shiibo-Conibo tribe 
(Per) (Carvalho et al. 1998 Oberlies et al. 2002 
osaddi et al. 200 Silva et al. 2006).

Analyses by nclear manetic resonance 
and -ray sectroscoy elcidated strctres of 
several comonds from C sesris belonin to 
the class of diterenoids incldin casearborins 
casearrewiins casearlcins casearinols zelanins 
corymbolsins caseamembrins casearinones 
intraetacins laetiarocerins and corymbotins. 
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hese molecles are reortedly nstable nder 
acidic conditions and readily derade to form the 
corresponding dialdehyde such as (−)-hardwickic 
acid. any of these comonds had their bioassay 
done with different rotocols and many have 
never been bioloically tested. Pharmacoloical 
roerties of the lant are mainly attribted to 
the clerodane diterenes secondary metabolites 
derived from isorene nits esecially fond 
in the leaves with cicatrizin anti-ohidian 
antibacterial antifni antirotozoal anti-
inÀammatory and antiulcer activities (Mosaddik 
et al. 200 steves et al. 2005 esita et al. 
2007 Cavalcante et al. 2007).

Additionally most of these comods have 
revealed remarable in ir and in i antitmoral 
activity on different histoloical hman and mrine 
cancer lines, such as Sarcoma 180, Ehrlich, Lewis 
lung cancer ascite, leukemias (HL-60, CEM, K-562), 
colon (C-8 C-116) breast (A-B/231 
s578- -1) melanoma (A/B-35 B-16/
10) rostate (PC-3 -15) ovarian (A-2780) 
lung (LX-1) and glioblastoma (SF-295) (Itokawa 
et al. 1990 orita et al. 1991 Oberlies et al. 2002 
an et al. 2009 a Silva et al. 2009 erreira et al. 
2010 Santos et al. 2010 erreira et al. 2011 201).

Based on these etensive ethnoharmacoloical 
traditions this stydy evalated the antioidant 
activity of a fraction from C sesris leaves 
sin in ir and in i eerimental rotocols 
and assessed histoloical chanes on the central 
nervos system and on the liver of rodents.

  

ACION O  ACION I CASAINS (C)

Leaves of C sesris were collected at Pare 
stadal Carlos Botelho (So iel Arcano 
state of So Palo State) by researchers of 
the Chemistry Institte of the So Palo State 
niversity. ocher secimens (AS0 AS05 
AS06 AS13 and AS19) were deosited 

at the erbarim aria neida P. afmann 
of the Botanical Institte of So Palo Brazil. 
he ethanolic etract from the leaves and its 
fraction were obtained as described in Santos et 
al. (2010). BrieÀy the etract was fractionated 
throh a solid hase etraction sin activated 
charcoal/silica el 60-200  (1:1 m/m) as 
stationary hase and heane/ethyl acetate (95:5 
v/v) ethyl acetate and methanol as the mobile 
hase rovidin three fractions resectively. 
he second fraction obtained corresonds to the 
fraction with casearins (C).

Clerodane diterpenes were identi¿ed at Núcleo 
de Bioensaios, Biossíntese e Eco¿siologia de 
Prodtos Natrais (NBB) Institte of Chemistry 
NSP (Araraara So Palo Brazil) sin hih 
performance liquid chromatography (HPLC-DAD) 
as described in Cladino et al. (2013) and nclear 
manetic resonance considerin literatre data 
(Itoawa et al. 1990 Santos et al. 2010). hese 
analyses showed C resents 56.5 (m/) of the 
total casearins with casearrewiin  and casearin  
bein the most resent molecles (9.9 and 1.2 
resectively) (erreira et al. 201).

All in ir sbseent stdies were erformed 
sin rowin concentrations of the C (0.9 1.8 
3.6, 5.4 and 7.2 μg/mL). All methods determined 
ercentae redction of the reactive secies and 
the concentration of C able to redce in 50 the 
initial antity of radicals (ffective Concentration 
- C50). The standard antioxidant Trolox (140 μg/
mL) was used, since it is a water soluble synthetic 
analoe of tocoherol traditionally sed as a 
reference in analyses of the antioidant otential 
of comonds isolated from lant etracts and 
foods (an en Ber et al. 1999 Badarinath et 
al. 2010, López-Alarcón and Denicola 2013, Taira 
et al. 2015). he ercentae of redction of free 
radicals in in ir reactions () was determined 
accordin to eanmonol et al. (199):   
100  (Ac - A) / Ac where Ac is the absorbance 
of control obtained from the reaction medim 
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withot samle and A is the absorbance vale of 
the tested sbstance (C).

VALUATION OF in ir ANIOIAN POTENTIAL ON 

ETABOLITE NII (NO2
-) EMOVAL

he radical nitrite (NO2
-) is obtained from the 

interaction of nitric oide with oyen and its 
formation is antified by riess reaction (Bas 
and azra 2006). Nitric oide was first enerated 
from the decomosition of sodim nitrorsside 
(SNP) in hoshate bffer 20 m ( 7.). he 
reaction medium (1 mL) in phosphate buffer con-
tainin SNP and C was incbated at 37 C for 1 h. 
An aliquot was removed and mixed with 0.5 mL 
of riess reaent. Chromohore absorbance was 
measred at 50 nm. he inhibition of nitrite 
rodction was antified comarin absorbance 
of controls (sodim nitrorsside 10 m and 
vehicle) and reslts were eressed as ercetal 
of nitrite formed by isolated SNP.

VALUATION OF in ir ANIOIAN POTENTIAL ON 

EMOVAL OF YDROXYL ADICAL (O)

he formation of hydroyl radical (O) by the 
Fenton reaction was quanti¿ed using the oxidative 
deradation of 2-deoyribose to malonaldehyde 
(A) which reacts with thiobarbitric acid 
(TBA) (Lopes et al. 1999). Reactions were initiated 
by the addition of ferros slhate (eSO) 6 m 
in soltions containin 2-deoyribose 5 m 
2O2 100 m and hoshate bffer 20 m in 
 7.2. o measre the antioidant activity byt 
the removin of the hydroyl radical different 
concentrations of the C were added to the 
system before the eSO addition. After 15 min 
at room temeratre reactions were bloced 
by hoshoric acid  (v/v) followed by BA 
(1 w/v in NaO 50 m). he soltions were 
heated for 15 min at 95 C and cooled to room 
temeratre. Absorbances were measred at 532 
nm and reslts were eressed as a fnction of the 
2-deoyribose deradation.

VALUATION OF in ir ANIOIAN POTENTIAL ON 

IOBABIIC ACI ACI SBSANCS (BAS) 

EMOVAL

his test is sed to antify liid eroidation 
(sterbaer and Cheeseman 1990) was adated 
to determine the antioidant caacity of the C 
sin homoenized e yol as a sbstrate rich 
in liids (imares et al. 2010).  yol was 
brieÀy homogenized (1% w/v) in phosphate 
buffer 20 mM (pH 7.4). Afterwards, 1 mL of the 
homogenate was sonicated and 0.1 mL of FC was 
added. Lipid peroxidation was induced by adding 
0.1 mL of 2,2-azo-bis-(2-methylpropionamidine)-
dihydrochloride (AAP) 0.12. Only vehicle was 
added to the control ro (SO ). eactions 
were erformed for 30 min at 37 C. After coolin 
samples (0.5 mL) were centrifuged in 0.5 mL of 
trichloroacetic acid (15) at 1200 rm for 10 min. 
An aliquot of 0.5 mL of supernatant was mixed 
with 0.5 mL TBA 0.67% and heated at 95 °C for 
30 min. Absorbances were measred at 532 nm and 
reslts were eressed as ercentae of BAS 
formed only by isolated AAP.

n i ANIOIAN VALUATION

o evalate in i antioidant activity adlt male 
Swiss mice (s scs) with 25-30  were 
obtained from the animal facilities of the ederal 
niversity of Pia. hey were et in well-
ventilated caes (Alesco So Palo) nder standard 
conditions of liht (12 h with alternative day and 
niht cycles) temeratre (2  1 C) and were 
hosed with access to commercial rodent stoc diet 
(Ntrilabor So Palo Brazil) and water ad ii. 
he investiational rotocols were aroved by 
the local thical Committee on Animal esearch 
(Process No. 0102/2011) and are in accordance with 
the national (Ci Brasieir de eriena 
Ania  COBA) and international standard on 
the care and se of eerimental laboratory animals 
(C irective of 1986 86/609/C).
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he fraction enriched in casearins (C) 
was reviosly solbilized in SO  and 
intraeritoneally administered at doses of 2.5 5 10 
and 25 m//day for 7 days (n  9 animals/ro). 
Neative and ositive controls were treated with 
SO  and ascorbic acid (AA 250 m//day) 
(Sima Aldrich) resectively.

Seven treated animals from each ro were 
randomly decaitated withot anesthesia their 
brains were dissected in ice and brain homoenates 
at 10 (w/v) were reared to measre rotein 
concentration (Lowry et al. 1951), lipid peroxidation 
levels nitrite ion and ltathione redced (S) 
and catalase (CA) in the hiocams and striatm 
of the rodents.

or histoloical analysis the brains of the 
remaining animals of each group were ¿xed in 
formalin 10 drin 72 h. Saittal cts of 1 m 
from reliminary incision close to the brains 
mammillary bodies were obtained. o eamine 
morholoical chanes by liht microscoy 
(Olympus, Tokyo, Japan) at magni¿cation of 
00 small ieces were rocessed embedded in 
paraf¿n and 3-5 μM thick sections were prepared 
and stained with hematoylin-eosin. Brain areas 
were observed and classi¿ed according to the Atlas 
of Painos and atson (1986).

eerinain  iid eridain and nirie in 
ees in e icas and sria

Levels of reactive substances to the thiobarbituric 
acid (BAS) were assessed to determine liid 
eroidation (raer and adley 1990). Btanol 
hase was sectrohotometrically analyzed at 
535 nm. eslts were eressed as nmoles of 
malondialdehyde (A)/ of homoenate.

Nitrite content in homoenates was based on 
the Griess reaction (Green et al. 1981). BrieÀy, 
500 µL of the sample were incubated with 500 µL 
of riess reaent at room temeratre for 10 min 
followed by absorbance measment at 550 nm. 
eslts were eressed in .

eerinain  redced aine  and 
caaase in e icas and sria

S concentration was erformed with llmans 
reaent 2-nitrobenzoic acid (NB) with 
free thiol, originating a mixed disul¿de plus a 
2-nitro-5-thiobenzoic (Sedlak and Linsay 1988). 
omoenates 10 (w/v) were reared in A 
0.02. hen they were centrifed at 3000 rm for 
15 min. The removal of 400 µL of the supernatant 
was carried out and 800 µL of Tris-HCl buffer 
0.4M, pH 8.9 and 20 µL of the DTNB 0.01M were 
added. After 60 s of reaction samles were read at 
12 nm. eslts were eressed in / of rotein.

Catalase activity was measred based on the 
rate of O2 and 2O rodction (Chance and aehly 
1955). he reaction medim was reared with 
2O2 (18 mL), Tris-HCl 1M, EDTA 5 mM pH 8.0 
(1.0 mL) and Milli-Q H2O (0.8 mL). Subsequently, 
940 µL of reaction medium and 60 µL of the homo-
enate from each oran were laced in artz 
cvette and read at 230 nm after 6 min at 37 C. 
eslts were eressed in /m of rotein. 

STATISTICAL ANALYSIS

In order to determine differences data were comared 
by one-way analysis of variance (ANOA) followed 
by the Newman-els test (P  0.05). n ir 
stdies were carried ot in trilicate and reresented 
indeendent bioloical evalations. he concentration 
able to redce 50 of the reactive secies (C50) was 
calclated from the rahs of  with rahPad 
Prism software.



erein we erformed in ir and in i stdies 
in order to demonstrate the antioidant activity of 
the C from C seris leaves aainst different 
reactive secies that case oidative stress. his 
stdy was carried ot sin a fraction comosed 
by a mitre of casearins since this reresents the 
most fol aroach in etnoharmacoloical ses 
by Brazilian olation. oreover it is liely 
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that distinct bioactive terenoids may ointly or 
indeendently contribte to bioloical effects 
(attenber 1985 erreira et al. 2011 mbhare 
et al. 2012).

Nitrite radical scavenin was erformed 
by the method of riess. Otcomes showed that 
there was a signi¿cant and progressive reduction 

in nitrite rodction with the increase of C con-
centration (0.9, 1.8, 3.6, 5.4 and 7.2 μg/mL) 
(26.2 30. 38.2 3.7 and 50  resectively) 
(P < 0.05, Fig. 1). Trolox (140 μg/mL), a reference 
antioidant dr redced rodction of nitrite in 
59.8. he C50 value of 3.7 (2.8-4.9) µg/mL was 
caable of redcin 50 of nitrite rodction.

   n ir effects of the raction with Casearins (C) on the removal of the metabolite nitrite 
(nitrite rodction indced by sodim nitrorssiate SNP) hydroyl radical (2-deoyribose deradation) 
and rodction of reactive sbstances to thiobarbitric acid (BAS levels indced by 22-azo-
bis [2-methylpropionamidine] dihydrochloride, AAPH). Trolox (140 µg/mL) was used as standard 
antioidant. ales are mean  S... of vales for in ir inhibition (n  5 eeriments in dlicate). 
P  0.05 comared to resective reaction medim by ANOA followed by Stdent-Neman-els.

Concernin the formation of hydroyl radical 
all concentrations of the C (0.9 1.8 3.6 5. 
and 7.2 µg/mL) signi¿cantly reduced free radical 
eneration in relation to the reaction media with 
a redction of 10.5 23.9 2.7 5.5 and 61.6 
resectively while rolo romoted a redction 
of 78.1 in relation to the system (P  0.05 i. 
1). Similarly in ir determination revelaed an 
C50 of 6.4 (5.7-7.3) µg/mL against hydroxyl 
radical formation.

Lipid peroxidation studies with FC (0.9, 
1.8, 3.6, 5.4 and 7.2 μg/mL) showed a signi¿cant 
redction in BAS eneration comared to 
the AAP (65.1 66.7 67.6 69. and 72. 

resectively) (P  0.05). rolo cased a 7.1 of 
decrease in BAS rodction (i. 1). Aain C 
ehibited a otent antioidant caacity with C50

of 0.16 (0.07-0.39) µg/mL.
able I describes liid eroidation and nitrite 

concentrations in the hiocams and striatm of 
C-treated mice for 7 days. It was noted that C 
redced BAS formation in hiocams at lower 
doses (59.9  1.5 57.  1. and 60.7  0.7 nmol of 
A/ homoenate for 2.5 5 and 10 m//day 
resectively) (P  0.05) thoh in hiher doses (25 
m//day) no alterations in BAS levels have 
been detected (P  0.05) when comared to the 
neative control (68.7  1. nmol). Only the dose 
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of 5 mg/kg/day signi¿cantly decreased TBARS 
formation in the striatm (5.5  1.6 nmol). On the 
other hand striatm (26.3  1.3 25.  0.7 3.3 
 2. and 27.5  1. ) and hiocams (26.2 
 2.7 27.3  0. 30.2  2.1 and 26.6  1.6 ) 

nitrite levels increased in all C-treated ros 
in comarison with neative (11.3  0. and 11. 
 0.6 ) and ositive (8.1  0.3 and 7.9  0. 
) controls (for C 2.5 5 10 and 25 m//day 
SO  and AA resectively (P  0.05).

ro
(m//

day)

BAS
(nmol of A/ 

homoenate)

Nitrite
()

S
(/ of rotein)

Catalase
(/ of rotein)

iocams Striatm iocams Striatm iocams Striatm iocams Striatm
ehicle 68.7  1. 62.9  1.9 11.  0.6 11.3  0. 1.6  0.2 1.5  0.1 9.9  0.7 10.9  0.9

AA (250) 3.1  1.9 7.6  1.7 7.9  0. 8.1  0.3 1.2  0.1 1.8  0.1 13.6  0. 13.1  0.

r
ac

tio
n 

w
ith

 
C

as
ea

rin
s (

C
) 2.5 59.9  1.5 62.1  1.3 26.2  2.7 26.3  1.3 1.0  0.3 0.8  0.2 .3  0.6 5.7  0.9

5 57.  1. 53.5  1.6 27.3  0. 25.  0.7 0.7  0.1 1.0  0.1 6.2  0. 6.3  0.5
10 60.7  0.7 60.8  0.6 30.2  2.1 3.3  2. 0.7  0.1 1.3  0.1 8.  0.7 8.  0.7
25 69.8  1.7 66.7  1.8 26.6  1.6 27.5  1. 0.9  0.2 1.3  0.1 9.  0. 8.9  0.6

 
          

            
      Casearia sylvestris    

        7       
         

eslts were eressed as mean  S... (n  9 animals/ro). BAS thiobarbitric acid reactive sbstances S redced 
ltathione AA ascorbic acid.
P  0 .05 comared with neative control by ANOA followed by Stdent-Neman-els.

Catalase and S levels showed differences 
after eosre to C and did not follow a tyical 
otcome for a sbstance with in i antioidant 
roerties (able I). So while lower doses (2.5 and 
5 m//day) droed S and catalase activities 
in hiocams (1.0  0.3 and 0.7  0.1 / of 
rotein) and (.3  0.6 and 6.2  0. /) and 
in the striatm (0.8  0.2 and 1.0  0.1 /) and 
(5.7 0.9 and 6.3  0.5 /) resectively (P  
0.05) hiher doses (10 and 25 m//day) did not 
alter S and catalase levels (P  0.05) in these 
brain areas in comarison with vehicle ro (1.6 
 0.2 and 1.5  0.1 /) and (9.9  0.7 and 10.9 
± 0.9 U/µg)]. However, these ¿ndings were lower 
than those in AA-treated animals (1.2  0.1 and 
1.8  0.1 /) and (13.6  0. and 13.1  0. /
) (P  0.05).

istoloical analyses revealed chanes in 
the hiocams sch as nclear vacolization 
ynotic nclei and hyerchromasia of the nclear 
material at lower doses (2.5 and 5 m//day i. 
2b and 2c). In addition there was a sliht vasclar 
conestion in the neative control ro (i. 2d 
and 2e) and an absence of atholoical alterations 
in the other ros which ehibited homoeneos 
nerons and central ncleoli. Neither lecocyte 
in¿ltration nor intense tissue damage, such necrosis, 
were detected.

orholoical alterations in the striatm of C-
treated mice are described in ire 3. At lower doses 
(2.5 and 5 m//day i. b and c resectively) 
disoranization of aons was observed bt normal 
tisse strias were seen in the other ros. Areas of 
necrosis or cellular in¿ltration were not detected.
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   istoloical analyzes in hiocams of mice intraeritoneally treated with a fraction with casearins etracted from 
Casearia sesris leaves at doses of 2.5  5  10  and 25 m//day  drin 7 days. Neative control  received 
DMSO 4%. Hematoxylin-eosin staining. Magni¿cation, 400x. Scale bar = 50 μM.
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   istoloical analyzes in the striatm of mice intraeritoneally treated with a fraction with casearins etracted from 
Casearia sesris leaves at doses of 2.5  5  10  and 25 m//day  drin 7 days. Neative control  received 
DMSO 4%. Hematoxylin-eosin staining. Magni¿cation, 400x. Scale bar = 50 μM.
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In liver eaminations vasclar conestion 
and hydroic deeneration were more aarent in 
ntreated and treated animals with C 2.5 5 and 
25 m//day (i. a b d and e resectively). 
Slight perivascular in¿ltration associated with 
necrosis was detected only at dose of 2.5 m//
day (i. b). inor hyerlasia of er cells 
was noted in all ros.



Oxidation is chemically de¿ned as the transfer 
of electrons between atoms. his henomenon 
is natrally resent in the metabolic rocesses of 
hman cells that can be eacerbated by ro-oidant 
sbstances or free radicals that case oidative 
damae. ree radicals are mainly rodced 
in cytolasmic oranelles and are involved 
in biochemical reactions enery rodction 
haocytosis and intracelllar sinalin. owever 
an ecess of them case deleterios effects on 
NA roteins liids and cell membranes leadin 
to deterioratin disorders collectively nown as 
oxidative stress (Alves et al. 2010, López-Alarcón 
and enicola 2013).

Plants habitally have terenes alleloathic 
sbstances with hih liohilicity that act in 
rotection aainst athoens and herbivores. Stdies 
with antioidants resent in frits veetables and 
aerial arts of medicinal lants ained rominence 
in the scienti¿c sphere due to the relationship 
between free radicals and etioloy of chronic 
diseases as roliferative and nerodeenerative 
disorders (ahman 2007 reitas 2009 arias et al. 
2013, López-Alarcón and Denicola 2013).

n ir antioidant activity is mainly based 
on chemical assays that assess the ability of a 
sbstance to redce the concentration of free 
radicals in a speci¿c reaction medium (Van Den 
Ber et al. 1999 enezes et al. 200 Badarinath et 
al. 2010). erein the roosed method to determine 
the in ir scavenin action of the nitrite ion as 
described above was based on the decomosition 

of SNP in nitric oide at hysioloical  nder 
aerobic conditions which rodce nitrites. he C 
reduced RNS levels with ef¿ciency higher than the 
aeos etract from rinda ciriia Linnaeus 
(biaceae) a secies with wide distribtion 
in Brazilian traditional medicine and reionally 
known as “noni” (Sera¿ni et al. 2011). Formerly, the 
heane etract of stem and root bars of C sesris
showed immnomodlatory ability throh the in 
ir inhibition of nitric oide rodction (NO) by 
macrohaes (9. and 97.1 resectively) at 50 
µg/mL (Napolitano et al. 2005). It was important to 
erform the evalation of C aainst NS since 
these radicals may case damae to bioloical 
comonents sch as the aromatic amino acid 
tyrosine and NA bases articlarly in anines 
by nitration or hydroylation (Carocho and erreira 
2012 Alam et al. 2013).

ydroyl radical is a very harmfl etremely 
reactive OS that is hardly scavened in i. 
It interacts with different nonspeci¿c cellular 
tarets and may attac NA roteins liids 
and membrane oranelles sch as mitochondria 
casin celllar breadown (Anderson and Phillis 
1999 alliwell 2011). n ir evalation of the C 
activity aainst hydroyl radical was carried ot by 
enton reaction in which radical rodction occrs 
from the reaction between hydroen eroide 
and a transition metal sch as iron or coer 
rodcin radicals that react with 2-deoyribose 
whose deradation can be sectrohotometrycally 
determined. Antioidants lie C can comete with 
2-deoyribose by free radicals casin a redction 
in its deradation (Alves et al. 2010). Stdies 
of the roerties of acarea ansiia
. an African medicinal lant that imroves the 
condition of I ositive atients by redcin 
oidative stress cased by the infection ossesses 
lower antioidant caacity aainst hydroyl radical 
(C50 of 99.4 µg/mL) when compared to the FC 
(6.4 µg/mL), emphasizing the therapeutic potential 
of C sesris sbstances (Awah et al. 2010).
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   istoloical analyzes in liver of mice intraeritoneally treated with a fraction with casearins etracted from Casearia 
sesris leaves at doses of 2.5  5  10  and 25 m//day  drin 7 days. Neative control  received SO . 
Hematoxylin-eosin staining. Magni¿cation, 400x. Scale bar = 50 μM.
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An alternative way to analyze oidative stress 
is achieved by quanti¿cation of lipid peroxidation. 
he liid radical is nstable and derades very 
raidly into secondary rodcts. ost of them are 
electrohilic aldehydes sch as A which is the 
main marer of oidative inry in the nsatrated 
liids in cell membranes leadin to oidation of 
fatty acids (LH) and the formation of the lipid 
radical (L•) (Reed 2011).

C revealed otent caacity of reaction with 
BAS (C50 of 0.16 µg/mL), since it reduced 
liid eroidation in hiher levels than those seen 
with carvacrol an effective antioidant henolic 
monoterpene with anti-inÀammatory properties 
present in Labiatae species (Guimarães et al. 2010, 
López-Alarcón and Denicola 2013).

Based on these reslts it was ossible to 
sest for mechanisms for the antioidant 

action of C aainst the rodction of nitrite 
hydroyl radical and liid eroidation tain 
into consideration the chemical strctre of the 
casearins (i. 5). ost of the comonds fond 
in the C are reresented by a series of oyenated 
tricyclic cis-clerodane diterenes in which the 
tetrahydrofran rin is C-acylated at ositions C-18 
and C-19 (an et al. 2009 Santos et al. 2010 
erreira et al. 2011). Allylic hydroens adacent to 
doble bonds at ositions 2 11 16 and 18 ossibly 
interact with radicals. hs atomic hydroen is 
often removed from casearins eradicatin inert 
sbstances sch as water nitros acid (NO2) 
and fatty acid and eneratin carbon stabilized 
radicals with the clerodane diteernes which 
miht blocade oidative damae and reserve 
biomolecules exposed to oxidative radicals (López-
Alarcn and enicola 2013).

   Plasible mechanisms of the in ir antioidant action on the nitrite radical formation of a 
fraction with casearins etracted from Casearia sesris leaves and based on the seleton of the casearins.

In fact the antioidant otential of distinct 
Casearia secies was also shown sin two of the 
most common radical scavenin assays BAS 
and 11-dihenyl-2-icrylhydrazyl (PP). Amon 
all bioactive comonds fond in the ethanolic etract 
of C sesris the theraetic effects of essential 
oils have been attribted to the bicicloermacrene 
a sesquiterpene with anti-inÀammatory activity 

(enezes et al. 200 osaddic et al. 200 
erreira et al. 2011).

In site of lasible evidences abot in ir
antioidant action of the C these discoveries do 
not arantee the maintenance of the C redo 
otential in oranic systems. he antioidant 
activity of a sbstance deends not only on its 
chemical reactivity bt also on its interaction with 
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oranic molecles and the imact that bioloical 
environments eert on it. In addition solbility 
concentration and comleity of the lant 
constituents are factors that can be modi¿ed within 
the oranism alterin its antioidant otential 
(Alves et al. 2010 alliwell 2011).

All hman tisses sffer oidative damae bt 
the brain cells do not divide and their metabolism 
is very deendent on oyen lcosis and AP 
to maintain normal hysioloy. rthermore the 
resence of oidizable ions and nerotransmitters 
favor cell damae. hs the evalation of the 
antioidant activity of natral rodcts sch as 
casearins becomes esecially imortant in tisse and 
orans more vlnerable to oidative stress lie the 
brain (Barbosa et al. 2006 Pala and ran 2008). In 
relation to C sesris comonds these analyses 
are also critical since they have chemotheraetic 
otential (erreira et al. 2010 Santos et al. 2010 
erreira et al. 2011 Prieto et al. 2013 erreira et al. 
201) and many cancer atients fail chemotheray 
becase of ndesired side effects in which liver 
and brain tisses are freently tarets of oidative 
stress and chemotheraetic toicity (illiams et 
al. 2002). hen in i stdies were also erformed 
to visalize rotection by the C aainst eneration 
of free radicals in comle systems.

n i otcomes of the hiocams and 
striatm sest that the C resents scavener 
activity in a concentration deendent way ecet 
in relation to BAS and nitrite levels since 
antioidant action was not fond for these two 
analytes. Brain S rolife of the animals ehibited 
similar absence of antioidant otential. S is 
an antioidant sbstance rimarily fond in the 
liver brain and idneys that contribte towards 
maintainin the activity of eoenos antioidants 
sch as AA and tocoherol. It is constitted by the 
etides lycine cysteine and ltamic acid which 
contribte to redce eroide content when oidized 
by ltathione eroidase (P). In the nervos 
system it can also act as a nerotransmitter via 

NA (N-methyl--asartate). Conseently its 
assessment in the central nervos system is etremely 
relevant since there is not enzymatic defense on 
hydroyl radical (Carocho and erreira 2012).

Catalase is an additional enzymatic defense 
aainst OS. In nervos tisses there are tyically 
low levels of catalase and its evalation is imortant 
de to oidative metabolism and intense free radicals 
generation, showing a more speci¿c protection against 
2O2 rodced nder atholoical conditions (Shim 
et al. 2003 Barbosa et al. 2006). Catalase activity 
showed dose deendent reslts in both hiocams 
and striatm areas indicatin that doses hiher than 
25 m/ cold overcome AA in the modlation of 
the enzyme. It is ossible that this increase reresents 
imrovement in combatin oidative stress. rther 
studies with higher doses are in progress to con¿rm it. 
Indeed the antioidant enzymes SO and catalase by 
virte of their ability to catalyze the disroortionation 
reactions of their sbstrates seroide radical and 
hydroen eroide resectively have an enormos 
theoretical advantae over eoenos antioidants 
that are stoichiometrically consmed. here are 
blished reorts of at least 30 different botanical 
extracts or puri¿ed phytochemicals that when ingested 
by mammals reslt in increased activities of SO 
and catalase with concomitant decreases in lasma 
BAS indicative of decreased liid eroidation 
which has come to be synonymos with decreased 
oidative stress. It is assmed that these sbstances 
act rimarily by direct indction of SO and catalase 
and that this reslts in decreased oidative stress 
(Nelson et al. 2006).

n ir assessments are erformed nder 
controlled conditions sch as temeratre  
well-de¿ned substrates concentrations and ideal 
reaction medim basically deendin on the 
intrinsic chemical roerties of the new sbstance. 
herefore failre to maintain the in i antioidant 
roerty of the C is robably associtated with the 
comleity of oranic systems and/or as a reslt 
of biotransformation into rodcts with lower 
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antioidant otential (Anderson and Phillis 1999 
Alves 2010). his biotransformation commonly 
occrs in the liver the main oran in the body able 
to metabolize enobiotics comonds convertin 
them into inactive sbstances and facilitatin 
their ecretion throht the idneys (rine) or bile 
(feces). imintion in S levels sests that C 
may also interfere in the process of detoxi¿cation 
activated by ltathione S-transferase (illiams et 
al. 2002 Ph et al. 2009).

Becase olynsatrated fatty acids are easy 
tarets for oidants and since the rocess of liid 
eroidation is once initiated a self-sstainin free 
radical chain rocess the accmlation of liid 
eroidation rodcts rovides the most common bio-
chemical marer of oidative stress. here is stron 
correlation between thiobarbitric acid-reactive 
sbstances (BAS) as a marer of liid eroidation 
and products that reÀect oxidative damage to DNA 
(Chen et al. 2005 Avila-Nava et al. 201). owever 
in normal healthy men who have low intae of frits 
and veetables and who miht be frther stressed by 
smoin and who have measrable levels of oidative 
stress a moderate slement of vitamins  C and 
folic acid rodced no alteration in measres of 
oidant damae (acob et al. 2003). Similarly stdies 
that have sed slementation with a concentrate 
of frits and veetables (an en Ber et al. 2001) 
or the daily intae of 600  of frits and veetables 
(oller et al. 2003) have rodced no effects on 
marers of oidative damae to liids or NA. hs 
reasonable intaes or administration of eoenos 
stoichiometric scaveners of oidants habitally fail 
to inhibit liid eroidation corroboratin artly 
with otcomes fond in in i stdies erformed 
with FC and demonstrating how dif¿cult is to prove 
the antioidant otentiality of bioactive sbstances in 
comlee oranisms.

hs histoloical analyse revealed lesions 
on hiocams and striatm areas at lower doses 
(2.5 and 5 m/) sch as nclear vacolation 
framentation of nclear chromatin and hyer-

chromasia of nclear material sestive of cell 
death while these chanes were artially reversed 
at higher doses (10 and 25 mg/kg). Likely, these 
¿ndings (reduction in TBARS levels at lower doses 
and increase of nitrite content) shold be related 
to the down modlation of enzymatic defenses 
stifyin more harmfl conseences (rishnaiah 
et al. 2011).

ith the ecetion of the redction of 
BAS formation C dislayed only in ir
antioxidant activity. These ¿ndings indicate that 
biotransformation into metabolites with lower 
antioidant caacity can be resonsible by neative 
reslts in animals which robably involve the liver 
basic machinery and its biochemical rocesses sch 
as oidation and hidroilation in absence of heatic 
inry. Interestinly C-treated animals ehibited 
alterations indicative of nerotoicity indicatin 
the need for recation reardin the consmtion 
of medicinal formlations based on C sesris
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

Casearia sesris Swartz  ma lanta medicinal 
amlamente distribda no Brasil. la ossi atividade 
anti-inÀamatória, antiulcerogênica e antitumoral e é 
olarmente tilizada ara tratar envenenamentos 
ofdicos ferimentos diarreia ries e resfriados. 
Sas folhas so ricas em diterenos clerodnicos 
tricclicos oienados articlarmente casearinas. 
Ai ns avaliamos as atividades antioidantes de 
m frao com casearinas (C) isolada de C sesris
e as alteraes histolicas no sistema nervoso 
central e fados de camndonos s scs. 
Primeiramente estdos in ir (09 18 36 5 e 
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7,2 μg/mL) revelaram valores de CE50 de 37 6 e 016 
µg/mL para nitrito, radical hidroxila e níveis de TBARS, 
resectivamente. m seida a C (25 5 10 e 25 m/
/dia) foi administrada intraeritonealmente or 7 dias 
consectivos em camndonos Swiss. Os nveis de 
nitrito no hiocamo (262 273 302 e 266 ) e no 
coro estriado (263 25 33 e 275 ) amentaram 
em todos os animais tratados com a C (P  0.05). 
As menores doses redziram os nveis de ltationa 
redzida de catalase e de BAS no hiocamo e no 
coro estriado. Com eceo da redo na formao de 
BAS a C demonstro atividade antioidante aenas 
in ir. Os animais eibiram alteraes histolicas e 
serem nerotoicidade e heatotoicidade indicando 
a necessidade de cidados em relao ao consmo de 
rearaes medicinais  base de Casearia sesris

 iterenos clerodnicos Casearia 
seris antioidante alteraes morfolicas toicidade.
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