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Abstract Cecropia species are widely used in traditional

medicine by its anti-diabetic, anti-hypertensive and anti-

inflammatory properties. In the present study, we investi-

gated the neuroprotective and antioxidant effects of the

crude aqueous extract from Cecropia pachystachya leaves

in a rat model of mania induced by ketamine. The results

indicated that ketamine treatment (25 mg/kg i.p., for

8 days) induced hyperlocomotion in the open-field test and

oxidative damage in prefrontal cortex and hippocampus,

evaluated by increased lipid peroxidation, carbonyl protein

formation and decreased total thiol content. Moreover,

ketamine treatment reduced the activity of the antioxidant

enzymes superoxide dismutase and catalase in hippocam-

pus. Pretreatment of rats with C. pachystachya aqueous

extract (200 and 400 mg/kg p.o., for 14 days) or with

lithium chloride (45 mg/kg p.o., for 14 days, used as a

positive control) prevented both behavioral and pro-oxi-

dant effects of ketamine. These findings suggest that C.

pachystachya might be a useful tool for preventive inter-

vention in bipolar disorder, reducing the episode relapse

and the oxidative damage associated with the manic phase

of this disorder.
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Introduction

Bipolar disorder (BD) is a severe and chronic psychiatric

condition with an estimated prevalence around 1–3 % in

the worldwide population [1, 2]. The clinical course of this

disease is characterized by the occurrence of one or more

manic episodes that often cycles with euthymic and de-

pressive states. It has been even more recognized that re-

current episodes influence the outcome of BD by

increasing patient’s vulnerability to subsequent episodes

and reducing treatment response [3].

The pathophysiological mechanisms underlying BD are

still unknown and include genetic variations, dysregulation of

neurotransmitter systems and neural networks, neuroinflam-

mation and neurodegeneration [4, 5]. In this context, oxidative

stress plays an important role triggering cellular process as-

sociated with the development and progression of several

neurological and psychiatric disorders, including BD [4, 6].

Since the brain is particularly susceptible to oxidative

stress, considerable attention has been given to the role of

ROS in the development of neuropsychiatric disorders [7].

Preclinical studies conducted in animal models of mania

have suggested that oxidative stress is a major feature as-

sociated with the neurodegeneration and behavioral alter-

ations observed in these models [8–11]. Furthermore,

clinical studies also indicate high systemic markers of

oxidative damage in BD patients, suggesting that this
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biological phenomenon accompany illness etiology and

progression [4, 6, 12].

Despite continued efforts to optimize pharmacological

treatment for individuals with psychiatric disorders, efficacy

and tolerability of medication remains highly variable. Re-

cently, increasing amounts of preclinical and clinical studies

reveal a range of complex psychotropic activity from nu-

triceuticals medicines potentially beneficial for treating cer-

tain psychiatric conditions [13]. In this context, there are

several pharmacological studies that showed the effects of the

crude extracts of Cecropia species on CNS [11, 14–17]. In

addition, the aqueous extract of C. pachystachya, induced

sedative effects in mice [15], as well as antioxidant [18], hy-

poglycemic [19] anti-inflammatory and cytotoxic [20] ac-

tivities are also reported. Further, we recently reported the

neuroprotective potential of the crude extractC. pachystachya

against behavioral and biochemical dysfunctions induced by

chronic stress [11], suggesting that C. pachystachya might

represent an interesting tool tomanage the neurodegeneration

associated with psychiatric disorders.

Considering the impact ofBDonpatients and society, there

is an urgent need for the development of early intervention

strategies aimed to improve treatment efficacy. Prevention of

future episodes with natural compounds could avoid the

substantial negative consequences associatedwith the disease

[21]. In this context, the present work hypothesized that ad-

ministration of aqueous extract (AE) from C. pachystachya

might prevent some of the behavioral and neurochemical

modifications in amodel ofmania inducedbyketamine in rats.

Materials and Methods

Chemical and Reagents

Acetic acid and acetonitrile (HPLC grade) were provided by

Tedia� (Brazil). Water was purified on a MilliQ system

(Millipore�, Bedford, USA). All solutions used in HPLC

were filtered through a 0.45 lm membrane before use.

Chlorogenic acid (3-O-caffeoylquinic acid, C98.0 %), iso-

vitexin (40,5,7-tetrahydroxyflavone-6-glucoside, C98.0 %)

isoquercitrin (30,40,5,7-tetrahydroxyflavone-3-O-glucoside,
C98.0 %), isoorientin (30,40,5,7-tetrahydroxyflavone-6-glu-
coside, C98.0 %) and orientin (30,40,5,7-tetrahydrox-
yflavone-8-glucoside, C98.0 %) were purchased from

Sigma Aldrich� Co. (St. Louis, USA). Ketamine and Lithi-

um Chloride (LiCl) were purchased from Sigma Aldrich�

Co. (St. Louis, USA).

Plant Material and Aqueous Extract Preparation

Aerial parts of C. pachystachya Trécul were collected in

Viamão (State of Rio Grande do Sul) in March 2007. A

voucher specimen (ICN 150025) was deposited in the

Herbarium of Universidade Federal do Rio Grande do Sul,

Porto Alegre, Brazil. The leaves of C. pachystachya were

air-dried (35–40 �C) for 3 days and then extracted by in-

fusion. Briefly, powdered leaf material (100 g) was ex-

tracted with boiled distilled water (1000 mL, 90 �C) for

30 min, filtered, freeze-dried and stored at -20 �C until

use.

Chemical Characterization by High-Performance

Liquid Chromatography (HPLC)

The qualitative and quantitative analyses of aqueous ex-

tract were performed as previously described [22]. Briefly,

the separation was achieved on a Perkin Elmer Brownlee

Choice C18 column (150 9 4.6 mm i.d.; 5 lm) and a

gradient of solvent A (acetonitrile) and solvent B (acetic

acid 1 %, adjusted to pH 3.0) as follows: 5–20 % A

(0–30 min) and isocratic 20 % A (30–40 min) as the mo-

bile phase. The flow rate was kept at 1.0 mL/min. The

chromatograms were recorded at 340 while the UV spectra

were monitored over a range of 200–450 nm. All standard

solutions were analyzed in triplicate.

Animals and Drug Treatments

Female adult Wistar rats aged 11–12 weeks (250–300 g)

were obtained from the Central Animal House of the

Universidade Federal de Pelotas (UFPel), RS, Brazil.

Animals were maintained under controlled environment

(23 ± 2 �C, 12 h-light/dark cycle, free access to food and

water) and handled according to the Federation of Brazilian

Societies for Experimental Biology guidelines upon ap-

proval by the Ethics Committee of the UFPel (9194). The

following drugs were used: (1) ketamine dissolved in saline

solution (NaCl 0.9 %, w/v) administered by intraperitoneal

route (i.p.); (2) AE C. pachystachya administered by oral

route (p.o.); (3) LiCl dissolved in saline solution (NaCl

0.9 %, w/v) and administered by p.o. route twice a day.

Appropriated vehicle groups were also assessed simulta-

neously. The doses of ketamine and LiCl used in the pre-

sent study were chosen according to the literature [10, 23].

The C. pachystachya AE doses were previously determined

by a dose response curve evaluated in the forced swim test

and open-field test [17].

Experimental Protocol of Mania State

This protocol was designed to mimic the prevention pro-

tocol of the manic state, as previously proposed by Ghedim

et al. [10]. Rats received saline, C. pachystachya 200 and

400 mg/kg once a day or LiCl 45 mg/kg twice a day for

14 days. From the 8th to the 14th day the animals also
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received saline or ketamine (25 mg/kg), once a day, to-

taling eight experimental groups: saline/saline, ketamine/

saline, saline/LiCl 45 mg/kg, ketamine/LiCl 45 mg/kg,

saline/C. pachystachya 200 mg/kg, ketamine/C. pachys-

tachya 200 mg/kg; saline/C. pachystachya 400 mg/kg, and

ketamine/C. pachystachya 400 mg/kg. On the 15th day of

treatment, the animals received a single injection of ke-

tamine or saline and the locomotor activity was assessed in

the open-field apparatus after 30 min (Fig. 1).

Open-Field Test

Locomotor and anxiety-related behaviors were monitored

using an open-field apparatus, as previously described [11].

The apparatus consisted of a wooden box measuring

40 9 60 9 50 cm. The floor of the arena was divided into

12 equal squares and placed in a free noise environment.

Animals were placed in the rear left square and left to

explore it freely for 5 min. The total number of squares

crossed with all paws (crossings) was counted in order to

evaluate the ambulatory behavior. The number of central

crossings was the measure used to evaluate anxiety. The

apparatus was cleaned up with a 10 % alcohol solution and

dried after each individual animal session.

Biochemical Assay

Rats were killed by decapitation immediately after the

open-field test. Prefrontal cortex (PFC) and hippocampus

(HP) were manually dissected and homogenized in 10

volumes (1:10 w/v) of 20 mM sodium phosphate buffer,

pH 7.4 containing 140 mM KCl. Homogenates were cen-

trifuged at 7509g for 10 min at 4 �C, the pellet was dis-

carded and the supernatant was immediately separated and

used for the oxidative stress measurements. The protein

content was quantified by the method of Lowry et al. [24],

using bovine serum albumin as a standard.

Thiobarbituric Acid Reactive Species Formation

(TBARS)

The measure of lipid peroxidation was determined by

TBARS in according to protocol described by Esterbauer

and Cheeseman [25]. Briefly, homogenates were mixed

with trichloroacetic acid 10 % and thiobarbituric acid

0.67 % and heated in a boiling water bath for 25 min.

TBARS was determined by the absorbance at 535 nm.

Results were reported as nmol of TBARS per mg of

protein.

Carbonyl Protein Formation

The oxidative damage to proteins was assessed by the

determination of carbonyl groups content based on the

reaction with dinitrophenylhydrazine (DNPH), as previ-

ously described [26]. Proteins were precipitated by addition

of 20 % trichloroacetic acid and were re-dissolved in

DNPH. The absorbance was monitored spectrophotomet-

rically at 370 nm. Results were reported as nmol carbonyl

per mg of protein.

Total Sulfhydryl Content (SH Content)

This assay was performed as described by Aksenov and

Markesbery [27] which is based on the reduction of DTNB

by thiols, which in turn, becomes oxidized (disulfide)

generating a yellow derivative (TNB) whose absorption is

measured spectrophotometrically at 412 nm. Briefly, ho-

mogenates were added to PBS buffer pH 7.4 containing

EDTA. The reaction was started by the addition of 5,50-

Fig. 1 Schematic illustration of

experimental protocol
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dithio-bis(2-nitrobenzoic acid) (DTNB). Results were re-

ported as lmol TNB per mg of protein [27].

Catalase (CAT) Assay

CAT activity was assayed by the method of Aebi [28].

H2O2 disappearance was continuously monitored during

90 s in a spectrophotometer adjusted at 240 nm. CAT

specific activity was reported as units of enzyme per mg of

protein [28].

Superoxide Dismutase (SOD) Assay

Total SOD activity was measured by the method described

by Misra and Fridovich [29]. This method is based on the

inhibition of superoxide dependent adrenaline auto-oxida-

tion in a spectrophotometer adjusted at 480 nm. The

specific activity of SOD was reported as units per mg of

protein [29].

Statistical Analysis

Comparisons between experimental groups were per-

formed by one-way or two-way analysis of variance

(ANOVA) followed by Bonferroni post hoc test when ap-

propriate. The values are expressed as mean ± SEM.

p\ 0.05 was considered significant.

Results

Chemical Characterization of AE by HPLC

The phenolic characterization of C. pachystachya AE was

performed as described by Costa et al. [22]. It was possible

to identify five compounds of the AE by comparing theirs

UV spectra and the retention times (HPLC) with standard

references. According to chromatogram (Fig. 2) were

identified chlorogenic acid (1) isoorientin (2) orientin (3)

isovitexin (4) and isoquercetrin (5).

Behavioral Characterization Focusing

on Ambulatory Performance

The treatment with ketamine was efficient to induce hyper-

locomotion in rats, as evaluated by the increase in the number

of crossings in the open-field test. This locomotor parameter

is an indicative of manic episode as suggested by Ghedim

et al. [10]. Notably, as presented in Fig. 3, AE C. pachys-

tachya pretreatment (200 and 400 mg/kg) and LiCl pre-

treatment (45 mg/kg) prevented the hyperlocomotion

Fig. 2 HPLC chromatogram of

AE of C. pachystachya. 1

Chlorogenic acid

(27.2 ± 0.94 mg/gof extract), 2

Isoorientin (17.3 ± 0.59 mg/g

of extract), 3 Orientin

(17.2 ± 0.36 mg/g of extract), 4

Isovitexin (5.9 ± 0.27 mg/g of

extract), 5 Isoquercitrin.

Chromatographic conditions:

see ‘‘Chemical Characterization

by High-Performance Liquid

Chromatography (HPLC)’’

section

Fig. 3 Effect of AE C. pachystachya pretreatment (200 and 400 mg/

kg) and lithium chloride pretreatment (45 mg/kg) on ketamine-

induced hyperactivity in the open-field test. The number of crossings

was recorded. Data was expressed as the mean ± SEM (n = 5–7 for

group). **p\ 0.01 as compared to the vehicle/saline group.
#p\ 0.05 as compared to the vehicle/ketamine group
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induced by ketamine in the open-field test (pretreatment:

[F(3,40) = 3.52, p\ 0.01], ketamine treatment:

[F(1,40) = 16.42, p\ 0.01], interaction: [F(3,40) = 7.50,

p\ 0.05]). No changes in the anxiety behavior, evaluated by

the percentage of central crossings, were observed in the

ketamine, AE C. pachystachya and/or LiCl treatment (pre-

treatment: [F(3,41) = 0.57, p = 0.64], ketamine treatment:

[F(1,41) = 0.27, p = 0.61], interaction: [F(3,41) = 1.51,

p = 0.23]) (data not shown).

Measurement of Oxidative Stress Parameters

in the Prefrontal Cortex (PFC)

In order to evaluate a neuroprotective effect of AE C.

pachystachya against ketamine-induced model of mania, we

studied the effects ofAEC. pachystachya and/or LiCl in PFC

oxidative stress parameters. Figure 4a shows that AE C.

pachystachya (200 and 400 mg/kg) and/or LiCl (45 mg/kg)

pretreatment were able to prevent the increase in TBARS

levels induced by ketamine administration in PFC (pre-

treatment: [F(3,41) = 9.20, p\ 0.01], ketamine treatment:

[F(1,41) = 0.01, p = 0.92], interaction: [F(3,41) = 10.60,

p\ 0.01]). Figure 4b indicates that AE C. pachystachya

(200 and 400 mg/kg) and/or LiCl (45 mg/kg) pretreatment

administration prevented the protein damage induced by

ketamine. The two-way ANOVA revealed a significant in-

crease in the carbonyl protein formation induced by ke-

tamine, and a significant prophylactic effect of AE C.

pachystachya and LiCl (pretreatment: [F(3,31) = 7.76,

p\ 0.01], ketamine treatment: [F(1,31) = 12.98,

p\ 0.01], interaction: [F(3,41) = 7.78, p\ 0.01]). In ad-

dition, Fig. 4c shows that LiCl (45 mg/kg) alone is able to

increase the SH content in when compared to control group

(p\ 0.01). Moreover, AE C. pachystachya (200 and

Fig. 4 Effect of AE C. pachystachya pretreatment (200 and 400 mg/

kg) and lithium chloride pretreatment (45 mg/kg) on TBARS

formation (a); protein carbonyl (b); total SH content (c); superoxide
dismutase (SOD, d); and catalase (CAT, e) activity in the prefrontal

cortex (PFC) of rats. Data was expressed as mean ± SEM (n = 5–7

for group). **p\ 0.01 and *p\ 0.05 as compared to the vehicle/

saline group. #p\ 0.05 as compared to the vehicle/ketamine group
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400 mg/kg) and/or LiCl (45 mg/kg) pretreatment prevented

the decrease in SH content induced by ketamine in PFC

(pretreatment: [F(3,39) = 53.17, p\ 0.01], ketamine treat-

ment: [F(1,39) = 6.30, p\ 0.05], interaction: [F(3,39) =

6.51, p\ 0.01]). Then we compared the activity of the an-

tioxidant enzymes SOD and CAT. As shown in Fig. 4d ke-

tamine administration did not change the activity of SOD in

the PFC, as well no interaction were observed between AEC.

pachystachya (200 and 400 mg/kg) and/or LiCl (45 mg/kg)

(pretreatment: [F(3,34) = 1.50, p = 0.23], treatment:

[F(1,34) = 0.84, p = 0.37], interaction:[F(1,34) = 2.70,

p = 0.07]). There was also no evident difference in the CAT

activity between groups (pretreatment: [F(3,41) = 4.95,

p\ 0.01], treatment: [F(1,41) = 0.33, p = 0.60], interac-

tion: [F(3,41) = 1.19, p = 0.33]).

Measurement of Oxidative Stress Parameters

in the Hippocampus (HP)

The effects of AE C. pachystachya in oxidative stress pa-

rameters in theHPwere also evaluated.Asdepicted inFig. 5a,

AE C. pachystachya (200 and 400 mg/kg) and/or LiCl

(45 mg/kg) pretreatment were able to prevent the increase in

TBARS levels induced by ketamine administration in rats

(pretreatment: [F(3,36) = 4.97, p\ 0.01], treatment:

[F(1,36) = 3.35, p = 0.07], interaction: [F(3,36) = 3.31,

p\ 0.05]). Figure 5b indicated thatAEC. pachystachya (200

and 400 mg/kg) and/or LiCl (45 mg/kg) pretreatment ad-

ministration prevented the carbonyl protein formation in-

duced by ketamine, (pretreatment: [F(3,28) = 2.82,

p = 0.06], ketamine treatment: [F(1,28) = 11.14, p\ 0.01],

interaction: [F(3,28) = 5.24, p\ 0.01]).

The results in Fig. 5c demonstrated that ketamine treat-

ment did not change the total SH content when compared to

the control group. However, LiCl pretreatment (45 mg/kg)

associated to ketamine treatment increased the SH in the

hippocampus of rats (pretreatment [F(3,41) = 29.85,

p\ 0.01] ketamine treatment: [F(1,41) = 1.61, p = 0.21],

interaction: [F(2,33) = 29.85, p\ 0.01]). Notably, Fig. 5d

shows that SOD activity was significantly decreased by ke-

tamine and this effect was completely prevented in AE C.

pachystachya (200 and 400 mg/kg) and/or LiCl (45 mg/kg)

pretreated groups (pretreatment: [F(3,34) = 19.47,

p\ 0.01], ketamine treatment: [F(1,34) = 1.44, p = 0.24],

interaction: [F(3,34) = 9.81, p\ 0.01]). In addition, Fig. 5e

also indicated that ketamine-treated rats had a decrease in

CAT activity, and the pretreatment with both doses of AE C.

pachystachya (200 and 400 mg/kg) and/or LiCl (45 mg/kg)

were not able to prevent this effect (pretreatment:

[F(3,35) = 3.19, p\ 0.05], ketamine treatment: [F(1,35) =

17.87, p\0.01], interaction: [F(3,35) = 3.60, p\ 0.05]).

Discussion

Despite the challenge in replicating the complex symptoms

associated with psychiatric disorders, animal models have

been successfully able to mimic some of the neurochemical

and physiological characteristics of these conditions [30].

In the present study, we showed at the first time that the

oral administration of AE C. pachystachya prevented be-

havioral and biochemical changes observed in the mania

model induced by the administration of ketamine in rats.

The difficulties in finding good preclinical models for

psychiatric conditions lies in the lack of biological basis

underlying the diagnosis categories, associated with the

absence of clear boundaries between different psychiatric

manifestations and heterogeneity in symptoms manifesta-

tions. In this context, non-anesthetic doses of ketamin are

able to induce hyperlocomotion, stereotypy, impaired

cognitive function and social interaction [31, 32]. The

evaluation of the hyperlocomotion in rodents might rep-

resent a good and simple way to mimic a behavioral phe-

notype that is commonly associated with several

psychiatric conditions. Ketamine is a dissociative anes-

thetic that acts as a noncompetitive antagonist of the N-

methyl-D-aspartate (NMDA) glutamate receptor. High

densities of this receptor—are found in the HP and cerebral

cortex, critical areas involved in several behavioral func-

tions, including emotional patterns, memory processing

and cognition. The administration of ketamine mimics

several behavioral (e.g., hyperactivity) and neurochemical

alterations observed in individuals with BD experiencing a

manic episode. Moreover, it is already described that sub-

anesthetic doses of ketamine increase lipid peroxidation

and tissue protein oxidation in multiple cerebral structures

[33]. Ketamine is often associated with altered mitochon-

drial function and is capable to interfere with mitochondrial

complex I function, impair oxidative phosphorylation ef-

ficiency of glutamate-malate substrate, and decrease

NADH-ubiquinone oxidoreductase activity. In addition,

higher doses of ketamine were already showed to increase

mitochondrial nitric oxide synthase (mtNOS) activity

levels of nitric oxide and hydrogen peroxide generation

[34]. Previous studies have established that conventional

mood stabilizer, such as lithium chloride and valproate are

able to prevent behavioral and biochemical alterations

observed in ketamine-treated animals, thereby indicating

the predictive validity of the model [10, 11]. Moreover,

preclinical studies demonstrated that glutamatergic system

abnormalities are involved in the pathophysiology of BD,

pointing to the potential construct validity of this model

[35, 36]. Our work corroborates and extends these data

suggesting that this protocol fulfills adequate characteris-

tics of an animal model of mania, reinforcing previous
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proposals that both glutamatergic system and oxidative

stress might be involved in this particular stage of BD [4,

37].

In fact, oxidative stress has been implicated in the

pathophysiology of BD [7]. Clinical studies have been

showed the central and peripheral involvement of oxidative

damage in BD patients demonstrated that these markers

might hold promise to reflect brain alterations [38]. In-

creased ROS levels generate deleterious effects on signal

transduction, structural plasticity and cellular resilience,

mostly by inducing lipid peroxidation in membranes,

damage to proteins and nucleic acids [39]. Our results

showed that ketamine model induces oxidative damage by

increasing the amount of TBARS and carbonyl protein

formation in the PFC and HP of rats. Moreover, ketamine

administration reduced the activity of antioxidant enzymes

SOD and CAT in the HP. In agreement with these findings,

literature data shows that mania models increase ROS

generation in several brain regions [10, 11, 40]. The

mechanisms underlying these highly region-specific pat-

terns of vulnerability against oxidative damage and other

noxious stimuli are still far from being well understood.

Hippocampal neurons were extensively demonstrated in

the literature to be intrinsically more vulnerable to several

types of insults, including mechanical insult, traumatic

injury, kainic acid toxicity, stress and ischemic insults

when compared to cortical neurons [41–44]. In an attempt

to explain, at least partially, this selective pattern of vul-

nerability associated with ketamine administration, we

speculated that due to increased NMDA receptor densities

and lower energy capacities, as evidenced by increased

susceptibility to ischemic insults, hippocampal neurons are

more sensitive to ketamine in the mania model as well.

Indeed, the brain NMDA receptors are unevenly

Fig. 5 Effect of AE C. pachystachya pretreatment (200 and 400 mg/

kg) and lithium chloride pretreatment (45 mg/kg) on TBARS

formation (a); protein carbonyl (b); total SH content (c); superoxide
dismutase (SOD, d); and catalase (CAT, e) activity in the

hippocampus (HP) of rats. Data was expressed as mean ± SEM

(n = 5–7 for group). **p\ 0.01 and *p\ 0.05 as compared to the

vehicle/saline group. #p\ 0.05 as compared to the vehicle/ketamine

group
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distributed. Highest receptor densities are found in the

hippocampus (Ca1[Ca3) followed by cortical areas [45,

46]. As far as we aware, this is the first work reporting the

preventive effects of C. pachystachya treatment in oxida-

tive parameters induced by ketamine. These promising

antioxidant properties could be explained by the accumu-

lation of phenolic compounds and flavonoids observed in

the AE of this specie. Phytochemical analysis of the AE C.

pachystachya leaves showed isoorientin and chlorogenic

acid as the major compounds, as well as orientin, isovitexin

and isoquercetrin [22]. The biological activity of many

medicinal plants and other natural products are directly

related to their content of flavonoid and phenolic com-

pounds [47]. Literature data showed that chlorogenic acid

has anxiolytic, antioxidant and neuroprotective activities

[48, 49]. In addition, a positive correlation between the

level of flavonoids and the psychopharmacologic activity

was previously described [50]. Finally flavonoids, like the

isoorientin, are well known by their antioxidant properties,

preventing oxidative stress, which is believed to trigger

neurodegeneration in this animal model, as well as in the

clinical condition [51]. In this manner, we could suggest

that the neuroprotective effect of C. pachytachya might be

a result of direct actions in specific cellular targets (i.e.

monoaminergic receptors or transporters), combined with

indirect effects mediated by the decrease in the oxidative

stress and changes in the redox states of proteins, lipids and

nucleic acids [52, 53].

Recently, Gazal et al. [17] demonstrated that C.

pachystachya was able to prevent both the depressive be-

havior and the oxidative damage induced by chronic un-

predictable stress (CUS), supporting its neuroprotective

potential against behavioral and biochemical dysfunctions

induced by CUS. A previous work from our group showed

that curcumin, another natural antioxidant agent, prevented

the hyperlocomotion and the oxidative stress induced by

ketamine in rats [11]. From the clinical point of view, a

couple of studies investigated the potential antioxidant

effect of inositol, a member of vitamin B family in BD [54,

55]. In addition, the antioxidant N-acetyl-cysteine has been

extensively used in combination with BD pharma-

cotherapies, showing higher effectivity in the clinical trials

[13]. Therefore, it is becoming clear that compounds with

antioxidant properties can improve manic symptoms,

counteract neurodegeneration associated with oxidative

stress and should be explored as possible adjunct therapy.

The finding that AE of C. pachystachya, like LiCl, is

able to prevent ketamine-induced biochemical and behav-

ioral alterations is noteworthy. It is important to highlight

that in our study AE of C. pachystachya administration

produced similar protective effects to the well-established

mood stabilizer lithium chloride, used as a positive control.

This data may be of therapeutic relevance suggesting a

potential role for C. pachystachya in the management of

BD. Moreover, our findings support the hypothesis that the

prevention of oxidative stress is a main mechanism that

accounts for the etiology and progression of BD. However,

future investigations still need evaluate the anti-inflam-

matory effect of the aqueous extract of C. pachystachya

and their isolated compounds in the psychiatric conditions.
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(2002) Pharmacochemical study of aqueous extracts of Passiflora

123

Neurochem Res (2015) 40:1421–1430 1429

http://dx.doi.org/10.1155/2014/301294


alata Dryander and Passiflora edulis Sims. Acta Farmaceutica

Bonarense 21:5–7

51. Grosso C, Valentao P, Ferreres F, Andrade PB (2013) The use of

flavonoids in central nervous system disorders. Curr Med Chem

20:4694–4719

52. Sena LM, Zucolotto SM, Reginatto FH, Schenkel EP, De

Lima TC (2009) Neuropharmacological activity of the peri-

carp of Passiflora edulis flavicarpa degener: putative in-

volvement of C-glycosylflavonoids. Exp Biol Med (Maywood)

234:967–975

53. Park SH, Sim YB, Han PL, Lee JK, Suh HW (2010) Antide-

pressant-like effect of chlorogenic acid isolated from Artemisia

capillaris Thunb. Anim Cells Syst 14:253–259

54. Chengappa KN, Levine J, Gershon S, Mallinger AG, Hardan A,

Vagnucci A, Pollock B, Luther J, Buttenfield J, Verfaille S,

Kupfer DJ (2000) Inositol as an add-on treatment for bipolar

depression. Bipolar Disord 2:47–55

55. Eden Evins A, Demopulos C, Yovel I, Culhane M, Ogutha J,

Grandin LD, Nierenberg AA, Sachs GS (2006) Inositol aug-

mentation of lithium or valproate for bipolar depression. Bipolar

Disord 8:168–174

123

1430 Neurochem Res (2015) 40:1421–1430


	Preventive Effect of Cecropia pachystachya Against Ketamine-Induced Manic Behavior and Oxidative Stress in Rats
	Abstract
	Introduction
	Materials and Methods
	Chemical and Reagents
	Plant Material and Aqueous Extract Preparation
	Chemical Characterization by High-Performance Liquid Chromatography (HPLC)
	Animals and Drug Treatments
	Experimental Protocol of Mania State
	Open-Field Test
	Biochemical Assay
	Thiobarbituric Acid Reactive Species Formation (TBARS)
	Carbonyl Protein Formation
	Total Sulfhydryl Content (SH Content)
	Catalase (CAT) Assay
	Superoxide Dismutase (SOD) Assay
	Statistical Analysis

	Results
	Chemical Characterization of AE by HPLC
	Behavioral Characterization Focusing on Ambulatory Performance
	Measurement of Oxidative Stress Parameters in the Prefrontal Cortex (PFC)
	Measurement of Oxidative Stress Parameters in the Hippocampus (HP)

	Discussion
	Acknowledgments
	References




