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The production of reactive species over physiological levels associated to pathogenic bacteria could
represent a high risk for many diseases. The Rosmarinus officinalis L. is used around the world due its
pharmacological proprieties. So, in this study our aim is to test for the first time if R. officinalis L. extract
(eeRo) and its fractions (DCM, EA, ButOH) could have better or similar antioxidant action to standars and
among themselves in vitro or ex vivo, in brain, stomach and liver of rats. Moreover, we intend to clarify
their possible effects on pathogenic bacteria. The eeRo was obtained from the dried leaves subjected to
an alcoholic extraction and fractioned. The quantification of the constituents of eeRo and fractions were
done by HPLC. The antioxidant proprieties of R. officinalis was analyzed by DPPH*" radical scavenging,
total antioxidant, dichlorofluorescein, lipid peroxidation and sodium nitroprusside -induced lipid per-
oxidation assays. The Minimum inhibitory concentrations of R. officinalis L. were tested with standard
strains of danger bacteria. The eeRo, DCM, EA had significant total antioxidant and DPPH®" radical
scavenging activities. The DCM and eeRo got significant effects against basal levels of reactive species in
liver, stomach and brain. The eeRo and DCM protected the liver and brain against lipid peroxidation. The
eeRo, DCM, EA and ButOH had inhibitory effect in the Gram-positive and Gram-negative bacteria. In
general way, the DCM and eeRo had the best antioxidant and antibacterial effects among all tested
fractions.
© 2017 Center for Food and Biomolecules, National Taiwan University. Production and hosting by Elsevier
Taiwan LLC. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).

1. Introduction

synthesize such a medicine in the laboratory would be neither cost-
nor time-effective, whereas medicines derived from the constitu-

Pathogenic bacteria can release toxins capable of causing lesions
in different organs and the oxidative stress is produced as a
consequence of these bacterial lesions.! Thus, oxidative stress
caused by bacterial infections represents a potential health risk to
various organs such as the liver’ and stomach® and brain.* To
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ents of plants benefit from having undergone nature's toughest
test, natural selection.” Under normal conditions, levels of reactive
oxygen spcies (ROS) are controlled by endogenous antioxidante
systems.® However, elevated production of free radicals over
physiological levels, either directly or indirectly by lipid peroxida-
tion, is a serious component of many diseases, including gastric
ulcers and carcinogenesis.”

The R. officinalis L. belongs to the Lamiaceae family. It is popu-
larly known in Europe as rosemary and in Brazil as Alecrim.® In
many parts of the world, this plant is used for flavoring food, drinks,
and cosmetics.” Some studies have demonstrated pharmacological
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effects of R. officinalis L. against inflammatory processes,’ hepato-
toxicity,” atherosclerosis, ischaemic heart disease, respiratory dis-
orders, gastric ulcers, some kinds of cancers.” The known
pharmacological effects of this plant are attributable to its phenolic
components, such as rosmarinic acid, carnosic acid and carnosol.?
These phenolic compounds have naturally strong antioxidant ef-
fects; among them, carnosic acid and carnosol account for 90% of
antioxidant activity of R. officinalis L.

In this context, the phenolic compounds are the main plant
biomolecules that can be used as antioxidant agents in humans or
animals. They could play a significant role in the prevention of
oxidative stress and a high number of ROS-associated pathologies.'®
The natural plant products can also act against pathogenic bacteria
in humans. For example, Staphylococcus aureus, Staphylococcus
epidermidis, Pseudomonas aeruginosa, and Bacillus cereus are all
associated with a high number of human pathologies. The S. aureus
is a major human pathogen that is capable of causing persistent and
skin infections.!! The staphylococcus epidermidis is generally found
on human skin and mucosal surfaces they are considered oppor-
tunistic microorganisms responsible for cardiovascular pathol-
ogies'? and nosocomial infections. The P. aeruginosa is a pathogen
that is hospital-acquired. It remains inside mucus and grows under
anaerobic conditions and causes bronchiolitis and pneumonia.'®
The B. cereus is adapted to growth in the intestinal tract of mam-
mals and can cause emesis, diarrhea, gastroenteritis, and food
borne disease.'® In the present study, the aim is evaluates the ability
of fractions of R. officinalis L. extract to act as antioxidants and
scavenge radicals more effectively than standard compounds and
among themselves in vitro or ex vivo in the brain, stomach, and liver
of rats. Additionally, we elucidated the possible action of these
compounds on Gram-positive and Gram-negative bacteria.

2. Materials and methods
2.1. Chemical, apparatus and general procedures

All chemical were of analytical grade. Ethanol was obtained
from local suppliers with purity 99%. Methanol, acetic acid,
chlorogenic acid and caffeic acid purchased from Merck (Darm-
stadt, Germany). Rosmarinic acid, carnosic acid, quercetin, rutin,
kaempferol, ascorbic acid and gallic acid were acquired from Sigma
Chemical Co. (St. Louis, MO, USA).

2.2. Obtaining of ethanolic extract of R. officinalis L. (eeRo)

The eeRo was obtained from the dried leaves (40 °C) of this
plant, which were collected in the Botanical garden of Federal
University of Santa Maria, Brazil. The leaves were subjected to an
alcoholic extraction (100% ethanol, 1.5 h, 60—70 °C) in the Soxhlet
apparatus with some modifications in relation to original tech-
nique."” The voucher specimen was deposited in the herbarium of
UFSM under the number of SMDB 15.050. The access to genetic
patrimonial was approved by CNPq under the number 010757/
2014-7.

2.3. Fractioning of eeRo

O eeRo was solubilized in a solution of ethanol and water 1:1,
this solution was added separately to dichloromethane, ethyl ace-
tate and buthanol, at different times of fractionation, in a separator
funnel to get DCM, EA and ButOH fractions, respectively according
to Kamdem et al., 2012 with some modifications.°

2.4. Quantification of constituents of eeRo and its fractions by
HPLC—DAD

The chromatographic analyses were conducted using a promi-
nence liquid chromatograph (Shimadzu, Kyoto, Japan) equipped
with an SLC-10A controller, LC-20AD pump, SIL-10AF auto sampler
and SPDM10A PDA detector. LC Solution V. 1.24 SP1 system soft-
ware was used to control the equipment and to calculate data and
responses from the LC system. A reversed phase ODS-Hypersil
Thermo Scientific C18 column (250 x 4.6 mm i.d., 5-um particle
size) (Bellefonte, United States) was used. The mobile phase con-
sisted of 2% acetic acid (solvent A) and methanol (solvent B) with a
flow rate of 0.8 mL/min; DAD detection at 280 nm; injection vol-
ume of 20 and 50 pl for standers and tested compounds, respec-
tively. A gradient elution was performed as follows: 5% of solvent B
until 2 min and changed to obtain 25%, 40%, 50%, 60%, 70% and 100%
of solvent B at 10, 20, 30, 40, 50 and 60 min, respectively. Stock
solutions of standards references were prepared in the HPLC mobile
phase at a concentration range of 0.070—0.140 mg/ml for the gallic,
chlorogenic, caffeic, rosmarinic, carnosic acids, rutin, quercetin and
kaempferol.

2.5. Antioxidant assays without tissue

2.5.1. DPPH*" radical scavenging method

The radical scavenging activities of eeRo and its fractions were
determined as previously described by Brand-Williams et al., 1995
with modifications.'® This Kinetic method determine the antirad-
ical activities of antioxidants based in reduction of free radical 2,2-
Diphenyl-1-picrylhydrazyl (DPPH®). The reduction of radical DPPH*
is observed with the decrease of absorbance at 518 nm at 0 min,
1 min and every 15 min until the reaction reached a plateau. Each
fraction and the ascorbic acid were tested at concentrations of
1-300 pg/ml. DPPH*" was added to final concentration of 0.3 mM
and allowed to react at room temperature for 30 min in dark
conditions. The absorbance was measured using Spectra Max Plate
Reader® M, (Molecular Devices), Sunnyvale, California, USA.

2.5.2. Total antioxidant capacity assay

The total antioxidant potential of eeRo and its fractions were
evaluated by the phosphomolybdenum method as previously
described."” This is a spectrophotometric method used to quanti-
tative determination of antioxidant capacity of plant extracts and
vitamins. This assay is based on the reduction of Mo(VI) to Mo(V) by
the sample analyte and the subsequente formation of a green
phosphate/Mo(V) complex at acidic pH. The compounds were
tested at concentration of 1-300 pg/ml with reagent solution
(0.6 M sulfuric acid, 28 mM sodium phosphate and 4 mM ammo-
nium molybdate, 3 ml) in a water bath at 95 °C for 90 min. After
cooling the mixture to room temperature, the absorbance was
measured at 695 nm against a blank control.

2.6. Animals

Male adult Wistar rats (250—300 g), from our own breeding
colony were used. The animals were maintained on a 12 h light:
12 h dark cycle, at a room temperature of 22 + 2 °C with free access
to food and water. The animals were treated according to the
standard guidelines of the Committee on the Ethics of Animal Ex-
periments of the Federal University of Santa Maria, Brazil. The
protocol was approved by the same Committee (044/2012).

2.7. Tissue preparation

The rats were sacrificed by decapitation, and the liver, brain and
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stomach were quickly removed, placed on ice, and homogenized in
10 volumes of cold tris buffer (10 mM, pH 7.4). The homogenates
were centrifuged at 4000 g at 4 °C for 10 min to yield a low-speed
supernatant fraction (S1) for each tissue that was used for SNP-
induced lipid peroxidation and H2DCF-DA assays. The liver and
brain samples were prepared in a Potter manual homogenizer
containing a straight glass rod and a 10 ml glass tube of local pro-
vider. The stomach samples were prepared in T10 Basic Ultra Turrax
homogenizer 230V, made in China by Ika. The tubes containing the
liver, brain and stomach samples were immersed in ice during
processing and the temperature was maintained at around 4 °C.

2.8. Antioxidant assays with tissue homogenates

2.8.1. Sodium nitroprusside (SNP)-induced lipid peroxidation assay
The antioxidant effect of the eeRo and its fractions (1-300 g/
ml) were evaluated against SNP (10 uM)-induced thiobarbituric
acid reactive substances (TBARS). The S; was pre-incubated for
1 h at 37 °C in a buffered medium with the compounds in the
presence or absence of SNP. Lipid peroxidation formation was
determined spectrophotometrically at 532 nm, using malondial-
dehyde (MDA) as a standard, according to Ohkawa et al, 1979.'®

2.8.2. HyDCF-DA assay

2’-7'-Dichlorofluorescein (DCF) levels was used to evaluate the
basal cellular formation of reactive oxygen species (ROS).'° Aliquots
(20 pl) of S supernatants in tris—HCI buffer (10 mM; pH 7.4) were
incubated with gallic acid or eeRo and its fractions (1—-300 pg/ml)
and 2’-7'-dichlorofluorescein diacetate DCFH-DA (1 mM). After
DCFH-DA addition, the medium was maintained in the dark for
60 min until fluorescence was measured (excitation at 488 nm and
emission at 525 nm, and both slit widths used were at 1.5 nm). DCF
levels were determined using a standard curve of DCF, and the
results were analyzed as a percentage value in relation to the
control group.

2.9. Protein quantification

Protein concentration was estimated by the Bradford method
using with bovine serum albumin as standard.’’ This method
describes a protein determination which involves the binding of
Coomassie Brilliant Blue to protein causing a shift in the
maximum absorption from 465 to 595 nm which is measured.
This process is completed around 2 min, it is stable for 1 h and
there are litlle or no interference from cations and carbohy-
drates. Aliquots (10 pl) diluted 1:100 from S1 supernatants in
tris—HCl buffer (10 mM; pH 7.4) or bovine serum albumin (10, 20,
30, 40 ul from 1 mg/ml solution) were added to final volume 1 ml
of Coomassie Brilliant Blue. This solution was determined spec-
trophotometrically at 595 nm. The results were expressed as pro-
tein mg/ml.

2.10. Assays with bacteria

2.10.1. Microorganisms

We used the standard strain of Staphylococcus aureus
(ATCC®25923TM), Staphylococcus epidermidis (ATCC®12228TM),
Pseudomonas aeruginosa (ATCC®27853TM) and Bacillus cereus
(ATCC®14579TM). For the experiments the inoculum was stan-
dardized according to the McFarland 0.5 scale by optical density on
spectrophotometer (0.08 e 0.1 of absorbance at 625 nm).

2.10.2. Minimum inhibitory concentration (MIC)
To verify whether the eeRo and its fractions have influence on
bacteria growth, we assessed the MIC. Bacteria was seeded on

plates with Mueller Hinton agar and allowed to grow for 24 h at
37 °C. A total of 50 pL of the standardized microorganism suspen-
sion diluted 1:1000 in Mueller Hinton broth was placed in each test
well of a 96-well microtiter plate, along with an equal volume of
eeRo and its fractions to be tested at different concentrations (8, 16,
32, 64,128, 256, and 512 pg/mL). The plates were incubated for 24 h
at 37 °C. The MIC was considered as the lowest concentration of the
test product able to inhibit the growth of microorganisms evi-
denced by the use of 2, 3, 5 triphenyltetrazolium chloride 1%.%!

2.11. Statistical analysis

Statistical analysis was performed using GraphPad (version 5.0
for Macintosh OSX, GraphPad Software, San Diego, CA). Significance
was assessed by one-way ANOVA analysis of variance, followed by
Newman—Keuls test for post hoc comparison for all assays. Values
of p < 0.05 were considered statistically significant. Results are
expressed as mean of three to six determinations.

3. Results
3.1. HPLC analysis

HPLC fingerprinting of a crude extract of R. officinalis L. and its
fractions revealed presence of gallic acid (tR = 6 min) in eeRo
(0.0044 mg/g), EA (tR = 6 min; 0.41 mg/g); chlorogenic acid
(tR = 15 min) in eeRo (0.93 mg/g), ButOH (5.35 mg/g); caffeic acid
(tR =16 min) in eeRo (0.28 mg/g), DCM (0.01 mg/g), EA (1,75 mg/g);
rosmarinic acid (tR = 20.5 min) in eeRo (12.381 mg/g), DCM
(267 mg/g), EA (115 mg/g), ButOH (7.47); quercetin (tR = 26 min), in
eeRo (7.9 mg/g), EA (27.7 mg/g); carnosic acid (tR = 65 min) in eeRo
(89.83 mg/g), DCM (23.5 mg/g), EA (9.6 mg/g), ButOH (5.07 mg/g)
(Table 1).

3.2. Total antioxidant capacity (TAC) assay

The ascorbic acid at 30 ug/ml was used as the control (Fig. 1). The
eeRo, EA, and DCM at 100 pg/ml and the ButOH at 300 pg/ml had
similar TAC to control. Moreover, the eeRo, EA, and DCM at 300 pg/
ml had TAC significantly higher than control (Fig. 1). In this way, the
eeRo at 1-300 pg/ml was not significantly different from the DCM
and EA. The DCM, at all concentrations tested, was not significantly
different from the EA. On the other hand, the eeRo, DCM, and EA at
100 and 300 pg/ml had better antioxidant activity than ButOH at
the same concentrations (Fig. 1).

3.3. DPPH*" radical scavenging assay

Additionally, the eeRo at 10—100 pg/ml exerted a greater

Table 1

The quantification of phenolics and flavonoids composition of ethanolic extract of
Rosmarinus officinalis L. (eeRo) and its fractions: DCM (from dichloromethane), EA
(from ethyl acetate), ButOH (from buthanol). Data are reported as means of three
determinations.

Compounds eeRo DCM EA ButOH
mg/g mg/g mg/g mg/g

gallic acid 0.0044 — 041 —
chlorogenic acid 0.93 - - 5.35
caffeic acid 0.28 0.01 1.75 -
rutin - - - -
rosmarinic acid 12.381 267 115 7.47
quercetin 7.9 - 27.7 -
kaempferol - — - -
carnosic acid 89.83 235 9.6 5.07
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Fig. 1. Assay of total antioxidant capacity assay (TAC) of ethanolic extract of R. officinalis L. (eeRo) (A) and its fractions: DCM (from dichloromethane) (B), EA (from ethyl acetate)
(C), But OH (from buthanol) (D). Ascorbic acid (E). The ascorbic acid was used as control at 30 pg/ml. Data are reported as means + SEM of three to six determinations. One-way
ANOVA, followed by Newman—Keuls test posttest, respectively. *p < 0.05, significant difference when compared to control. *<4p < 0.05 significant difference among groups with

different letters.

radical-scavenging effect than EA and ButOH, respectively. The
DCM at 10 pg/ml had a greater radical-scavenging effect compared
to EA. The DCM and EA at 10—100 pg/ml had a greater protective
effect than the ButOH (Fig. 2). However, the ButOH, eeRo and DCM,
and EA, respectively at 3—100, 3—30, and 3—10 pg/ml had worst
radical scavenging action than ascorbic acid (Fig. 2).

3.4. The H,DCF-DA assay

In liver, the eeRo at 300 pg/ml decreased basal levels of ROS
(Fig. 3-A) similarly to gallic acid (Fig. 3E). The eeRo and DCM at
300 pg/ml exerted a greater protective effect in liver than gallic acid
at the same concentrations tested. The DCM and EA at 100—300 pg/
ml decreased basal levels of ROS in relation to the control. More-
over, the DCM at 300 pg/ml had greater effects than it did at 100 pg/
ml. On the other hand, the ButOH was not significantly different to
control. The eeRo was not significantly different from the DCM and
EA. The DCM had not significantly different effect to EA (Fig. 3).

In stomach, the eeRo at 300 pg/ml reduced ROS levels when
compared to control (Fig. 4-A). Similar to the antioxidant standard
(Fig. 4E), the DCM at 100—300 pg/ml reduced ROS levels in com-
parison to control. However, the EA and ButOH had no significant
differency in relation to control. There was no difference among
gallic acid, eeRo, and the other fractions. The comparison between
eeRo and DCM had no significant difference (Fig. 4).

In brain, there was no significant difference among eeRo and
DCM or EA. The DCM at 30—300 pg/ml significantly reduces ROS
levels when compared to the control. The DCM had better antiox-
idant effects at 100—300 pg/ml than at 30 pg/ml. The eeRo (Fig. 5A)
and gallic acid (Fig. 5E) at 300 pg/ml had greater effect than they at

100 pg/ml against ROS. The eeRo, DCM, and EA fractions were not
significantly different than gallic acid (Fig. 5E).

3.5. SNP-induced lipid peroxidation assay

In liver, the gallic acid (Fig. 6E) and the eeRo and DCM were able
to protect the liver against lipid peroxidation induced by SNP
(Fig. 6). The gallic acid at 1-300 pg/ml had a crescent protective
effect (Fig. 6E). The EA fraction at 3—300 pg/ml and the ButOH
fraction at 100—300 pg/ml significantly reduced lipid peroxidation
levels induced by SNP. When the eeRo fraction was compared to
gallic acid, there was no difference found at the same concentra-
tions tested (Fig. 6).

In brain, the gallic acid (Fig. 7E) and the eeRo, DCM, and EA
significantly protected brain against the effects of lipid peroxida-
tion induced by SNP (Fig. 7). Furthermore, gallic acid (Fig. 7E) and
the DCM were found to have greater effects at 3—300 pug/ml than at
1 pug/ml. The EA at 1-10 pg/ml had a crescent protective effect
against lipid peroxidation with higher effect at 10—300 pg/ml. The
ButOH at 30—300 pg/ml significantly protected brain against lipid
peroxidation caused by SNP. However, ButOH had greater effects at
100—300 pg/ml than at 30 pg/ml (Fig. 7).

3.6. Effects of eeRo, DCM, EA and ButOH on bacteria

The crude extract and its fractions isolated from R. officinalis L.
had a significant antimicrobial effect (Table 2). The order of
approximate decrease in efficiency for bacteria were as follow as:
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a) The S. aureus: DCM (better efficiency) > eeRo > EA > ButOH d) The B. cereus: DCM (better efficiency) = eeRo > EA > ButOH
(anyone effect); (anyone effect).

b) The S. epidermidis: DCM (better efficiency) = eeRo > EA >
ButOH (worst efficiency);

c) The P. aeruginosa: DCM (better efficiency) = eeRo >
EA = ButOH (worst efficiency);

4. Discussion

Various plants have been used for years in traditional medicine
due to their advantageous effects.” After thorough analysis of the
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Table 2

Analyses of ethanolic extract of Rosmarinus officinalis L. effects (eeRo) and its
fractions: DCM (from dichloromethane), EA (from ethyl acetate), ButOH (from
buthanol) on bacteria minimum inhibitory concentration (MIC). Data are reported as
means of three determinations.

Compounds S. aureus S. epidermidis P. aeruginosa B. cereus
pg/ml pg/ml pg/ml pg/ml

eeRo 128 16 128 32

DCM 64 16 128 32

EA 256 32 512 256

ButOH - 512 512 —

eeRo, DCM, EA and ButOH, it was possible to identify carnosic and
rosmarinic acids as the main constituents of the eeRo and DCM
fractions. In the EA fraction, rosmarinic acid and quercetin were the
major constituents, while carnosic, rosmarinic, and chlorogenic
acids were identified as the main compounds in the ButOH fraction
(Table 1). The eeRo, DCM, EA, and ButOH fractions had antioxidative
or radical-scavenging effects significantly higher than or similar to
antioxidant standards (Figs. 1-7). In addition, these compounds
significantly inhibited Gram-positive and Gram-negative bacterial
colony growth (Table 2). Supraphysiological ROS levels are a main
cause of human disease.?? The eeRo, EA, and DCM at 100 pg/ml and
the ButOH at 300 pug/ml were able to exert antioxidative effects
in vitro (Fig. 3) that were similar to those of ascorbic acid at 30 pg/
ml, which is recognized as a standard antioxidant (Fig. 3E). Thus, we
hypothesize that these R. officinalis L. extracts and fractions could
be used in a future as antioxidant medicines.

In the present work, the DPPH®" assay was performed to eval-
uate the scavenging activity of different compounds.’” We
observed significant radical scavenging by the eeRo, DCM, EA, and
ButOH (Fig. 2). It is reasonable to infer that they could neutralize
free radicals in biological systems as well (Figs. 3—7) because rad-
icals in an assay and in biological systems are not fundamentally
different; they all have one or more unpaired electrons in their
structure.> However, in this assay, the ButOH only had significant
effects at the two higher concentrations, indicating that the eeRo,
DCM, and EA are better at scavenging DPPH®" radicals than the
ButOH. Moreover, the eeRo, DCM, and EA at their highest concen-
trations had greater DPPH*" radical scavenging than ascorbic acid
(Fig. 2). These findings indicate that the eeRo, DCM, and EA have
excellent radical-scavenging activity, similar to the standard tested
(Fig. 2). The oxidative stress can be generated by ROS in different
organs, and is involved in the etiology of several chronic diseases
including hepatic disease, diabetes, cancer, and neurodegenerative
disorders.? In this context, the DCF is highly reactive with ROS and
has been appropriately considered a marker of oxidative stress in
animal tissue assays.'® Thus, the antioxidant effects of an extract of
R. officinalis L. and its fractions were tested in presence of DCHF
(Figs. 3—5) and were effective against physiological levels of ROS
present in the liver (Fig. 3), stomach (Fig. 4), and brain (Fig. 5). Thus,
they can be considered effective antioxidative compounds.

In the liver, the eeRo, DCM, and EA decreased basal ROS levels
similarly to gallic acid (Fig. 3). Therefore, the DCM and EA can be
considered to have antioxidant effects, since their effects are pre-
sent at a concentration smaller than gallic acid (Fig. 3E), a recog-
nized antioxidant standard. It is also reasonable to infer that the
DCM and EA fractions have a greater ability than GA to neutralize
ROS. The DCM fraction had significant antioxidant effects (Fig. 3) in
the liver probably it dues this fraction had the highest rosmarinic
acid concentration, as well as the second-highest carnosic acid
levels. The EA had the second-highest levels of rosmarinic acid
among all the fractions, and the second-greatest variability of
identified constituents (Table 1) that could act synergistically to

produce antioxidant effects (Fig. 4). Thus, the DCM and EA fractions
could potentially be good options in the auxiliary prevention or
treatment of pathologies related to oxidative stress in the liver.?>

Similarly, in the stomach, the DCM and eeRo produced antiox-
idant effects against ROS at same concentrations as GA. These data
prove that the DCM and eeRo fractions had excellent antioxidant
activities in the stomach, similarly to the standard used. The DCM
and eeRo fractions had the greatest antioxidant effects in the
stomach (Fig. 4) as compared to the other fractions, probably due to
their compositions previously described (Table 1). The composition
of the eeRo included the highest variability of identified com-
pounds, and elevated levels of carnosic acid (Table 1). These find-
ings could be applied in the prevention or treatment of pathologies
such as gastric and peptic ulcers, which are associated with
oxidative stress.’® In the brain, the eeRo and DCM had similar
antioxidant capacity as gallic acid in reducing ROS levels (Fig. 5).
These results are probably due the concentration and variability of
their phenolic compounds, as previously described (Table 1).
Moreover, the DCM can be reported to have antioxidant effects,
since these effect were observed at a lower concentration than the
standard. It is reasonable to infer that the DCM has greater anti-
oxidant efficacy than the standard. These data could possibility be
used in the prevention or treatment of neurodegenerative diseases
that are associated with oxidative stress. The brain is very sensitive
to antioxidant protection by the DCM, eeRo, and EA (Fig. 5). The ROS
levels in liver were also significantly decreased by the DCM, eeRo,
and EA (Fig. 3), but in higher concentrations than in the brain
(Fig. 5). The stomach was sensitive to the effects of the DCM and EA
(Fig. 4) at the same concentration as in the liver. The DCM and eeRo
had the same antioxidant effects in the liver (Fig. 3) and stomach
(Fig. 4) mainly due to their high levels of carnosic acid. The Carnosic
acid levels (Table 1) are the key in explaining the absence of anti-
oxidant activity in stomach by the EA (Fig. 4). However, in the DCM,
the high levels of carnosic acid was complemented by notably
greater levels of rosmarinic acid (Table 1), which explains the fact
that the DCM had greater antioxidant effects than the others in the
liver (Fig. 3), stomach (Fig. 4), and brain (Fig. 5). Additionally, it is
reasonable to conclude that, in the liver (Fig. 3), rosmarinic acid
(Table 1) is more effective than other compounds (Figs. 3—5),
because the EA, with elevated levels of rosmarinic acid (Table 1),
had significant antioxidant effects at vastly smaller concentrations
than the eeRo (Fig. 3).

The lipid peroxidation is a cause or consequence of oxidative
stress and is associated with some dangerous pathological condi-
tions in the liver.” Thus, it is common to use SNP, a reagent that is
able to generate ROS and stimulate dangerous lipid reactions, as a
lipid peroxidation agent.>> Accordingly, the R. officinalis L. extract
and fractions were tested in presence of sodium nitroprusside.

In the liver, the eeRo and DCM were similar to GA (Fig. 6), in that
at all tested concentrations, they significantly protected against
lipid peroxidation. In addition, for the same organ, the EA also
produced a significant protective effect at smaller concentrations.
In contrast, the ButOH had an antioxidant effect only at the highest
concentrations tested (Fig. 6). Thus, the eeRo and DCM can be
suggested to have the greatest antioxidant effects (compared to the
EA and ButOH), mainly due their phenolic composition, as previ-
ously described (Table 1). Protecting the brain against lipid perox-
idation and consequently oxidative stress is very important.* This
organ is very sensible to damage caused by ROS (Fig. 7).* The eeRo,
DCM, and EA in brain produced excellent effects, similar to the
antioxidant standard used against the lipid peroxidation. Because
they produced effects at lower concentrations, it can be suggested
that they are more effective than the ButOH against lipid peroxi-
dation (Fig. 7). The antioxidative effects of all extract and fractions
of R. officinalis L. against lipid peroxidation were more pronounced
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in the brain (Fig. 7) than the liver (Fig. 6).

These antioxidant effects are similarly observed in basal levels of
ROS for same organs (Figs. 5 and 3, respectively). These extracts
produced significant effects at lower concentrations against
induced lipid peroxidation (Figs. 3 and 5) than against basal ROS
levels. This data to indicate that under elevated oxidative stress
conditions with high levels of ROS and lipid peroxidation, the eeRo,
DCM, EA, and ButOH could offer sufficient antioxidative protection
at much lower concentrations (Figs. 6—7) than the concentrations
used in basal tests (Figs. 3 and 5). This explanation lets us to hy-
pothesize that the extract and fractions of R. officinalis L. could
potentially be used at lower concentrations to prevent or treat
oxidative imbalance without affecting physiological ROS thresholds
and their signaling pathways.

In the brain (Fig. 7), the DCM, eeRo, and EA had similar pro-
tective effects, probably due to their composition (Table 1) as pre-
viously described. In the liver (Fig. 6), similar to the brain (Fig. 7),
the DCM and eeRo had antioxidant effects at the lower concen-
tration tested. However, in the liver, the EA had significantly lower
anti-lipid peroxidation activity than the DCM and eeRo (Fig. 6); this
is probably attributable to lower levels of carnosic acid as compared
to the DCM and eeRo. The ButOH was unable to exert any significant
antioxidant effect on basal levels of ROS. However, when this
fraction was tested against lipid peroxidation in the brain and liver,
it produced concentration-dependent protective effects, possibly
due to the synergistic action of equivalent concentrations of the
chlorogenic, rosmarinic, and carnosic acids present (Table 1).

There are various species of bacteria that are able to cause dis-
ease in animals and humans.! In the present study, the effect of the
eeRo and its fractions on bacterial colonies was investigated. The
bacteria evaluated included: S. aureus, responsible for intestinal
infections and endocarditis; S. epidermidis, present in cases of
endocarditis 2°; B. cereus, a common bacteria in gastroenteritis
pathogenesis '4; and P. aeruginosa, a dangerous pathogenic micro-
organism in endocarditis’® and respiratory infections®’ (Table 2).
Our data indicate that the DCM could be used in association with
other compounds for the prevention or treatment of pathologies
caused by S. aureus.

The DCM and eeRo were demonstrated to have the best anti-
bacterial effects compared to the others against S. epidermidis, P.
aeruginosa, and B. cereus. The DCM and EA in small concentrations
were able to inhibit some kinds of Gram-positive and Gram-
negative bacterial colonies. The DCM had an antibacterial effect
on S. aureus colonies at a 50% smaller concentration than the eeRo
(Table 2); rosmarinic acid is the only constituent of DCM present at
concentrations higher than in eeRo (21.5 times). We can speculate
that the antibacterial effects against S. aureus were due to ros-
marinic acid. However, the eeRo had excellent antibacterial effects
at a 50% smaller concentration than in the EA for the same bacteria.
The single substance found at higher levels in the eeRo than in the
EA is carnosic acid (9.36 times) (Table 1); thus, we could conclude
that a significant portion of the anti-bacterial effect against
S. aureus is produced by carnosic acid. The ButOH had antibacterial
effects only on the S. epidermidis and P. aeruginosa colonies
(Table 2), probably due to the synergic action of the equivalent
concentrations of rosmarinic, carnosic, and chlorogenic acids
(Table 1). Among all the tested compounds, the DCM and eeRo had
the lowest MIC (Table 2), suggesting that their composition of
phenolic compounds (Table 1) could potentially be used as a
treatment for animals and humans against the bacteria tested in
the present study (Table 2).

In conclusion, the extract and of R. officinalis L. had excellent
antioxidant action in vitro and ex vivo, in the liver, stomach, and
brain of rats. Moreover, the extract and fractions were able to
inhibit pathogenic Gram-positive and Gram-negative bacterial

colony growth. We demonstrate that the DCM and eeRo have the
better phenolic compound composition, with effective antioxidant
and antibacterial activity against numerous diseases whose path-
ogenesis is associated with oxidative stress and bacterial infection.
In this context, the DCM and eeRo could be a significant option for
an important multi-mechanistic approach to oxidative stress
associated bacterial infections.
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