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ABSTRACT

This study assessed the bioactive properties aft@eous extract d¥l. officinalis for its anti-inflammatory activity
and its protection against hepatic and renal lesiagnduced by acetaminophen (APAP). Animals pretéckavith
the crude extract in pleurisy induced by carragaeshowed a reduction in the amounts of exudathh@mumbers
of leukocytes and polymorphonuclear cells. Intragasadministration of the extract for seven day®opto the
APAP-induced lesion showed no protective effecheriver. The treatment with the extract inducedrecrease of
serum aspartate aminotransferase, indicating a aé¢oxicity. Contrarily, the same treatment reddiche APAP-
induced lesion in kidney, with respect st@lutamyltransferase. The results suggested thatektract was not
hepatoprotective and could lead to an increasehmlesions induced by the APAP. On the other hdmedextract
was nephroprotective against the lesions inducethbyAPAP and showed an anti-inflammatory effecplearisy
carrageenan-induced.

Key words: AcetaminophenMelissa officinalis pleurisy, anti-inflammatory, kidney, liver

INTRODUCTION attributed to the main constituents, such as
rosmarinic acid, essential oils and phenolic
In recent years, interest in medicinal herbs hagompounds. The infusion dfl. officinalis leaves
been growing worldwide, particularly in Brazil. has been widely used in folk medicine, because of
Despite the great biodiversity of the familyits sedative and antispasmodic properties and
Lamiaceae in Brazil, approximately 75% ofgastrointestinal disorders.
Lamiaceae species cultivated as medicinal herbs everal species of Lamiaceae, such Pasilla
southern Brazil are exotic, namelfelissa frutescensand Salvia leriifolia, have shown anti-
officinalis (L.), Rosmarinus officinalis (L.), inflammatory activity (Hosseinzadeh et al. 2003;
Origanum x applii(Domin) Boros andvientha x Osakabe 2004). Traditional herbal remedies have
rotundifolia (L.) Huds (Garlet and Irgang 2001). A been used for centuries to alleviate the
number of studies have demonstrated the hepaiieflammatory conditions. Among the constituents
and renal protective effect of the species obf plant bioactive extracts, the phenolic
Lamiaceae, with pharmacological propertiescompounds have a recognized hepatoprotective
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and anti-inflammatory action. Rosmarinic acid andrhe experiments with inflammation can be carried
flavonoids inhibit several enzymes involved in theout using different drugs, such as carrageenan, a
inflammatory process, such as monooxygenaseplysaccharide that causes a reproducible
lipooxygenase and cyclooxygenase (Petersen amtflammatory reaction and remains the standard
Simmonds 2003; Svobodova et al. 2003). On thiritant for examining the acute inflammation and
other hand, some flavonoids, such asnti-inflammatory drugs. Otherwise, hepatic and
epigallocatechin gallate, found in green tea, antenal lesions can be experimentally induced by
phenolic compounds may induce hepatotoxicity irmcetaminophen. Acetaminophen (APAP),
mice (Galati and O’brien 2004). Likewise, thecommonly known as paracetamol, is widely used
tincture of Salvia officinalissignificantly reduced as an analgesic and antipyretic drug, and can be
the total percentages of leukocytes and monocytésund either in pure formulations or as a
in bone marrow (Oniga et al. 2007). constituent in a number of medicines. The
Extracts from the leaves &osmarinus officinalis consumption of high doses of this drug can cause
showed a dose-dependent anti-inflammatorgentrolobular hepatic necrosis, as it is a powerful
activity (Altinier et al. 2007). Several studiesvha hepatotoxic agent (Lin et al. 2000). In additian, i
described the medicinal properties of species afan lead to renal necrosis in the proximal tubule,
Lamiaceae. Animals pretreated with a leaf extraatith a significant reduction in glomerular filtrat

of Mentha piperitashowed an increase in the (Bessems and Vermeulen 2001).

activities of the enzymes superoxide dismutasklepatic lesion caused by the APAP is associated
and catalase, and a decrease in the formation bt only with high doses, but also with chronic use
malondialdehyde in liver exposed to gammaat low concentrations, particularly in the presence
radiation (Samarth et al. 2006). Althoulytentha of other pre-disposing factors, such as chronic
spicata caused markedly nephrotoxic changes irmlcohol consumption, periods of fasting, and drug-
the rats, extracts dflentha piperitahad no effect to-drug interaction during prolonged treatment. In
(Akdogan et al. 2003). Mice pretreated withspite of the wide use d¥lelissain folk medicine
Origanum majoranand exposed to lead showed an Brazil, few studies on the protective effect of
reduction in the activities of aspartatethe crude extract on the liver and kidney and its
aminotransferase and alanine aminotransferase, asti-inflammatory effect are available. The
well as urea and creatinine (El-Ashmawy et alobjective of this study was to evaluate the anti-
2005). Extracts of another species of Lamiaceamflammatory activity of a crude aqueous extract
Rosmarinus tomentosus prevented cirrhosis of M. officinalis (L.) in pleurisy induced by
induced by thioacetamide (Galisteo et al. 2006)arrageenan and to assess its effects in the
Rosmarinus officinalishas also been reported toprotection against hepatic and renal lesions
preserve the cellular integrity and limit the sétyer induced by acetaminophen.

of carbon tetrachloride-induced injury. Similarly,

it has been reported that the extracts of thi

medicinal herb accelerate the recovery of glycogeMATERIALS AND METHODS

stores and stimulate the activity of glutathidge

transferase in liver (Sotelo-Félix et al. 2002). Plant material

Melissa officinalisis a well-known medicinal Plants ofMelissa of'fICInalls(L) were cultivated in
plant. This species shows high levels ofthe pots with regular watering and a natural
polyphenols, which represent the fraction ofphotoperiod. The plants were taken to the
phenolic compounds with the highest biologicalaboratory 15 days prior to the onset of the
activity (Petersen and Simmonds, 2003). Extractexperiments, and kept at £5C with a 16-h
and constituents fronM. officinalis have been photoperiod. Samples of the leaves (50 g) were
well documented. Dried leaves contain 0.02-0.8980mogenized with distilled water (1.5 wiv). The

essential oil (with the main components beingxtract was filtered on the paper with the aid of a
citral and citronellal) and 11.8% of total vacuum pump, and then centrifuged at 15°C for 15

polyphenol compounds comprising totalminutes at 4500 g. The supernatant was stored at
hydroxycinnamic compounds 11.3% (rosmarinic-20°C. Prior to use, the extract was analyzed in

acid 4.1%) and total flavonoid compounds 0.5%®rder to quantify its quercetin-derived components
(Carnat et al. 1998). (total phenolics and flavonoids).
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Animals Control animals were injected both i.p. and i.pl.
A controlled experimental study was conductedvith saline solution. The experiments were
using Wistar albino ratsR@ttus norvegicys The performed on different days and the total number
animals were kept on the shelves with ventilatedf animals per group was six.

cages that provide 60 air cycles per hour, a kaati

humidity ranging between 55-65%, a 12 h light-Hepatotoxicity of APAP

dark cycle, a temperature of 22+2°C with freeMale rats (weighing 215 to 300 g) were treated
access to food and water. The animals wermtraperitoneally with different concentrations of

maintained in accordance with the “GuidingAPAP (300, 650, 800, 1000 or 1500 mg/kg) in
Principles in the Care and Use of Animals” by theorder to determine its toxicity and the survival

Council of the American Physiological Society.curve (n = 10 for each group). Alanine

The experimental protocol was approved by theminotransferase (ALT), aspartate

Ethics Research Committee of Pontificiaaminotransferase (AST) activity and mortality

Universidade Catdlica do Rio Grande do Sulvere evaluated 24 h after the administration of

(PUCRYS). APAP. Saline administration was used as the
control treatment. Kaplan-Meier test was used to
Carrageenan-induced pleurisy investigate the survival.

The pleurisy was induced by the injection of 0.2

mL of sterile saline solution (NaCl 0.9%) Administration of extracts

containing carrageenan (1%) (Sigma ChemicalMale rats (weighing 215 to 300 g) were pre-treated
into the right pleural space of female ratsntragastrically (i.g.) for seven days with 5.0
(weighing 200-250 g) under anesthesia (Paul.et ahL/kg per day of saline solution or the aqueous
2009). The animals were euthanized 4 h later in extract of M. officinalis Considering the
CO, chamber. The chest was then carefully openddteractions that might occur at the digestive leve
and the pleural cavity was rinsed with 2.0 mL ofbetween polyphenols and other dietary nutrients,
saline solution containing 1% EDTA (Boschi et al.reducing the intestinal absorption (Silberberglet a
2008). The exudates and rinse solution werg2006), the extract  was administered
removed by aspiration and the total volume wastragastrically at a concentration of 500 mg/kg
measured. The exudates contaminated with blogd:10 w/v). This concentration was 2.5 fold higher
were discarded (Spiller et. &008). The amount of than the concentration administered
exudates was calculated by subtracting the volumatraperitoneally in the pleurisy experiment.
injected (2.0 mL) from the total volume recoveredOn the sixth day of the pre-treatment, the animals
(Santos et al. 2010). Total leukocytes were dilutediere transferred to metabolic cages and
in Thoma solution (1:20) and counted in amaintained under this condition for 48 h.
Neubauer chamber using light microscopylmmediately after the last intragastric
Cytological slide smears stained with May-administration of the pre-treatment, the APAP
Grunwald/Giemsa were used for differential(800 mg/kg - 4 mL/kg), or saline solution (control
leukocyte counts in a light microscope (Lunardellireatment) were administered intraperitoneally.
et al. 2006). The plasma exudation was determindglood samples were collected from the animals 24
by protein concentration exudate. The exudath after the treatment with APAP or saline solution
obtained from the pleural cavity was centrifuged athrough retro-orbital sinus puncture. The samples
1200 x g for 10 minutes and the total proteinwere centrifuged at 1500 x g for 15 minutes. Urine
content of the supernatant measuredamples were also collected from the animals
spectrophotometrically using the Biuret techniquealuring 24 hours after the treatment with APAP or
(Lopes et al. 2006). saline solution. Urine samples were centrifuged at
In the treatment groups, animals were500 x g for 10 minutes.

intraperitoneally (i.p.) injected in the bolus (&2u The animals were divided into four groups (pre-
therapy) 30 minutes before the carrageenarreated i.g. for seven days + treated i.p.), in the
induced pleurisy with the extracts M. officinalis  following manner: group saline + saline; group
at concentrations of 50, 100 and 200 mg/kg in aaline + APAP; group extract + saline; group
final volume of 1.0 mL. In the inflammation extract + APAP. The experiments were performed
group, saline solution was injected i.p. 30 minutesn different days and the total number of animals
before the intrapleural (i.pl.) carrageenan inftti per group was Six.
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The hepatotoxicity of the APAP was assessed bgxcretion of y-glutamyltransferase (GGT).
the analysis of the biochemical markers ALT andQuantification was performed by the kinetic
AST in serum. The analyses were carried oumethod according to a previously described
according to a previously described procedurprocedure (Schumann et al. 2002c; Schumann et
(Schumann et al. 2002ab; Schumann et al. 201Gl. 2010). Subsequently, the GGT activity was
The renal injury was analyzed through the urinargalculated in relation to the urinary volume in 24h

Table 1 - Effects of M. officinalis (50, 100 and 200 mg/Kg) on exudate volume, towlkbcytes,
polymorphonuclear leukocytes (PMNs) and total proie the pleural cavity in carrageenan-inducedupsy.
Results are expressed as mean+SEM. The differéatden column indicate differences (P < 0.05).

Volume (mL) Leukocyte (x1G/cavity)  PMNs (x10/cavity) Protein (g/dL)

Control 0.07+0.02 10.57+1.04 3.12+0.18 0.17+0.05
Inflammation 0.85+0.05 46.18+1.19 42.4620.99 1.55+0.0%
50 mg/Kg 0.83+0.07 41.33+1.68 37.36+1.64 1.53+0.0%
100 mg/Kg 0.55+0.08 30.56+2.39 26.23+2.08 1.52+0.0%"
200 mg/Kg 0.34+0.06 22.14+2.20 18.57+1.87 1.34+0.08
Quantification of the extract compound % FW) and flavonoids (0.14 % FW). In the 500

Phenolic compound levels were assessed by timeg of extract, there were 1.25 mg and 0.5 mg of
colorimetric reaction wusing Folin-Ciocaulteauphenolic compounds and flavonoids, respectively.
reagent and 20% NaO;. The absorbance (765 More than 95% of the total polyphenol compounds
nm) was determined in a spectrophotometer aften the lemon balm are hydroxycinamic compounds
30 minutes incubation at 25°C in the dark. GalliqCarnat et al. 1998), representing approximately
acid was used as the standard in order to establigtil9 mg hydroxycinamic in 500 mg of the extract.

the calibration curve, which ranged from 0.25 toThe administration of carrageenan induced an
0.0078 mg/mL (r = 0.996). inflammatory response, which resulted in an
The levels of quercetin-derived flavonoids wereincrease in the volume of the exudate and
determined by the colorimetric technique, usindeukocyte migration (P < 0.05) compared with the
the reaction with 96% ethanol, 10% aluminiumcontrol group. Similarly, polymorphonuclear cells

nitrate and 1M potassium acetate. The absorban@@MNs) and total protein concentration in the

was determined in a spectrophotometer (415 nnexudate were significantly increased (P < 0.05)
after 5 minutes. Quercetin was used as a standacdmpared with the control. The groups of animals
in order to establish the calibration curve, whichpre-treated with 200 and 100 mg/kg of the extract
ranged from 0.125 to 0.0039 mg/mL (r = 0.999)followed by the injection of carrageenan showed a
The flavonoid content was expressed as mgeduction in the amounts of the exudate (60 and

quercetin equivalents/g FW. 35.3%, respectively) (Table 1), in the numbers of
leukocytes (52 and 33.82%, respectively) and
Statistical analysis polymorphonuclear cells (56.26 and 38.22%,

The results were statistically evaluated through threspectively). However, in the groups of animals
analysis of variance (ANOVA) with a LSD post pre-treated with 50 mg/kg, the parameters
hoc test using the SPSS (Statistical Package éor tlanalyzed, except the leukocytes, were unaffected.
Social Sciences) 18.0 software and expressed &be extract at a concentration of 200 mg/kg
the mean + standard error of mean (SEM). Theaused a reduction in the total proteins (13.55%),
level of statistical significance was defined as P whereas the concentrations of 100 and 50 mg/kg

0.05. had no effect on the total protein in the pleural
exudate, compared with the carrageenan group
(Table 1).

RESULTS The hepatotoxic effect of the APAP was

concentration-dependent. Concentrations higher

The aqueous extracts oMelissa officinalis than 650 mg of the APAP led to a drastic
contained high levels of phenolic compounds (0.381crement in the ALT and AST levels (Fig.1) and
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caused animal death (Fig. 2). The concentration @roup (72.5+2.57 U/L and 23.0£1.21 UIL,
800 mg of the APAP was considered as the subespectively) (Figures 3A and 3B). The pre-
lethal dose, and therefore, it was used for indycintreatment with the aqueous extractfofficinalis

the hepatic lesion. did not reveal any hepatotoxic effects, when saline
With respect to the hepatic lesion, no significantvas used as the treatment. The levels of AST and
differences were observed in the levels of ASTALT in this group (67.0+1.65 U/L and 24.66+1.98
(67+1.65 U/L) and ALT (24.7#1.98 U/L), U/L, respectively) did not differ from those
compared to the extract + saline to the saline ®bserved in the saline + saline group (Figures 3A
saline (Figures 3A and 3B). This result indicatecand 3B). However, when the animals were pre-
that the aqueous extract bf. officinalis was not treated with the extracts dfl. officinalis and
hepatotoxic. The levels of AST and ALT in theafterwards treated with the APAP, the levels of
saline + APAP group (122.1+5.08 U/L andAST (168.8+4.82 U/L) and ALT (55.2+16.72 U/L)
47+3.69 UJ/L, respectively) were significantly were increased, compared with the saline group.
higher than those observed in the saline + saline
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Figure 1 - Aspartate aminotransferase (AST) and alanine amainsferase (ALT) activity in the
serum of rats treated with intraperitoneal admiatin of acetaminophen (APAP) in
different doses. Results are expressed as mearik@ndrtical bars show the SEM.
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Figure 2 - Curve that relates the mortality to the acetamieop(APAP) dose (Kaplan-Meier survival
curve).
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Figure 3 - Aspartate aminotransferase (AST) (A) and alanineatransferase (ALT) (B) activity in
the serum of rats pre-treated whh officinalis (500 mg/kg) extract or saline and treated
with acetaminophen (APAP, 800 mg/Kg) or saline. URssare expressed as means and
the vertical bars show the SEM. The different lsti@dicate significant differences (P <
0.05).

Although the levels of AST and ALT in the serumsuggesting that the extract was not nephrotoxic
were increased in the animals treated with théFig.4). Urine levels of GGT increased in the
APAP, histopathological analysis did not show thesaline + APAP group (268.7+98.8 muU/24h)
presence of necrosis in the centrolobular region afompared with the saline + saline group,
the hepatic parenchyma, indicating that thendicating that the APAP was nephrotoxic.
increase in the serum levels of transaminases couldthough the levels of GGT were high in the
not always be histologically certified (data notanimals pre-treated with the extract + APAP
shown). (74.7£23.0 mU/24h), they were significantly lower
The GGT comparison between the extract + salin@ < 0.05) than those observed in the saline +
(2.5+1.2 mU/24h) and the saline + saline grouAPAP group and showed no differences from the
(4.6£3.9 mU/24h) showed no differences,saline + saline group (Fig. 4).

400+
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Saline + Saline Saline + APAP Extract + Saline Extract + APAP

Figure 4 - y-glutamyltransferase (GGT) activity in the urinerafs pre-treated with d¥l. officinalis
(500 mg/kg) extract or saline and treated with améophen (APAP, 800 mg/Kg) or
saline. Results are expressed as means and tieabedrs show the SEM. The different
letters indicate significant differences (P < 0.05)
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DISCUSSION concentrations of the extracts and the
inflammation markers evaluated.
The extracts oM. officinalis at concentrations of Results showed that the administration of APAP
100 and 200 mg/kg resulted in the reduction in theesulted in an increase in the serum levels of both
volume of the pleural exudate, and in the levels oAST and ALT. The APAP hepatotoxicity could be
both leukocytes and polymorphonuclear cellscharacterized by an increase in the levels of AST
However, the reduction in total proteins occurredand ALT, due to both centrolobular necrosis and
only in the animals in the group pre-treated witthemorrhage (lto et al. 2004). Similar to what
the concentration of the extract at 200 mg/kgoccurs in the liver, the APAP is metabolized by
These results indicated an anti-inflammatorythe P450 cytochrome in the kidney, producing an
response. At the same time, 50 mg/kg of extradatermediary cytotoxin (NAPQI), which is a free
showed no anti-inflammatory effect. Curcuminradical (Bessems and Vermaulen 2001) that is
and other polyphenols may inhibit arachidonicrapidly conjugated by glutathione (GSH). GSH
acid metabolism, reducing the production of prodepletion, either hepatic or renal, leads to APAP
inflammatory metabolites such as certaircytotoxicity (Stern et al. 2005).
prostaglandins (Yang et al. 2001). Oil fromAcute starving in the rats may cause an increase in
Ocimum sanctum seeds can inhibit the the hepatotoxicity of APAP. This effect has been
enhancement of vascular capillary permeabilityelated to the reductions in the hepatic GSH levels
and leukocyte  migration following an and in the conjugation capacity of APAP with
inflammatory stimulus (Singh et al. 2007). Theglucuronide and sulfate (Price et al. 1987).
extracts ofRosmarinus officinalishowed a dose- Considering this, more APAP is metabolized by
dependent response with an anti-inflammatory?450, resulting in the increase of NAPQI
activity similar to that observed with production.
indomethacin, a nonsteroidal anti-inflammatoryAlthough it has been shown that the extractMof
drug (Altinier et al. 2007). Other species ofofficinalis contain high levels of phenolic
Lamiaceae, such aferilla frutescens Salvia compounds and flavonoids, and that they have no
leriifolia andLeonitis leonurusialso showed anti- hepatotoxic effect, the extracts did not proteet th
inflammatory activity (Hosseinzadeh et al. 2003jiver or kidneys against injury, as has been
Osakabe 2004). Tanetin, a lipophilic flavonolreported for other species of Lamiaceae (Samarth
extracted fromTanacetum partheniunmhibited et al. 2006; El-Ashmawy et al. 2005; Galisteo et
eicosanoids, a derivative of arachidonic acidal. 2006). Phenolic compounds are considered
suggesting an anti-inflammatory action (Williamschemopreventive agents because they induce
et al. 1995). The same occurred with othephase Il enzymes, such as glutathiorg
flavonoids, which inhibited cyclooxygenase,transferase, which is involved in the detoxificatio
monooxygenase and lipooxygenase through thef xenobiotics. In addition, it has been reported
metabolism of arachidonic acid (Svobodova et athat most phenolics exhibit an important pro-
2003) Cyclooxygenase-2 (COX-2) may display aoxidant effect, especially when tissue injury cause
pro-inflammatory activity in the first phase of the release of free iron or copper (Yang et al.
carrageenan-induced pleurisy, in which2001). Intriguingly, the intragastric dose of the
polymorphonuclear cells predominate, which isextract + APAP resulted in a higher serum AST,
followed by a phase during which there is antiindicating a rise in toxicity. However, there was n
inflammatory activity, when mononuclear cellsobserved difference between the extract + saline
predominate (Derek et al. 1999). Rosmarinic aciqgroup and the saline group, indicating that the
found in all the members of the family Lamiaceaegxtract was not hepatotoxic. The increase in the
displays anti-inflammatory action, inhibiting toxicity of the extract + APAP was an unexpected
monocyclooxygenase, lipooxygenase an@bservation. This could likely result from the pro-
cyclooxygenase (Janicsak et al. 1999). oxidant effect on the injured liver. Besides the
The extracts ofM. officinalis contain phenolic direct biological effects of the polyphenols,
compounds, such as quercetin and rosmarinic acigimultaneous administration of the drugs and these
which show anti-inflammatory properties and anti-compounds could induce the pharmacokinetic
oxidant action (Svobodova et. &003; Marongiu alterations in the drugs, leading to an increase in
et al. 2004). The present results suggested thte toxicity or diminishing the therapeutic effects
there was a dose-response effect in relation to the
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Dietary phenolics have been shown to act as pr@bserved in the liver. Although the acute renal
oxidants in the systems containing redox-activéesion does not always occur simultaneously with
metals, leading to the formation of reactive oxygeithe hepatic lesion, renal GSH depletion leads to
species and phenoxyl radicals (Decker 1997). IAPAP cytotoxicity (Stern et al. 2005), which can
the presence of QDtransition metals such as Cube characterized by an increase of GGT in the
and Fe catalyze the redox cycling of phenolicsyrine levels (Lee et al. 2002).

leading to the formation of reactive oxygen specie¥he data obtained in the present study suggested
and other organic radicals that can damage thbat the extract was not hepatoprotective and could
DNA, lipids, and other biological moleculeslead to an increase in the lesions induced by
(Sakihama et al. 2002). Considering the effect odAPAP. On the other hand, the extract was
APAP in inducing the hepatic necrosis and thaephroprotective against the lesions induced by
presence of high levels of iron and copper storedPAP and showed an anti-inflammatory effect on
in the liver, the increase in the toxicity of thepleurisy carrageenan-induced. These results might
extract + APAP could be related to the presence dfelp in clarifying the great clinical relevancetbé
extracellular copper and iron released by thaqueous extract d¥l. officinalis in elucidating its
lesioned liver, leading to increased pro-oxidantole as an anti-inflammatory agent.

and hepatotoxic effects of the extracts.
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