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Abstract Cecropia peltata is popularly known as

‘‘guarumbo’’ in Mexico and is used in traditional medicine

for treatment of diabetes mellitus. C. peltata plants were

cultivated in a hydroponic system under controlled condi-

tions. Gradients of light (20, 30 and 100 lmol m-2 s-1)

and nitrate concentrations (13, 2 and 0.2 mM) were applied

to estimate their effect on biomass allocation and accu-

mulation of bioactive (chlorogenic acid and isoorientin)

phenolic compounds over a 28-day period. According to

carbon nutrient balance (CNB) hypothesis predictions,

biomass accumulation in foliage was stimulated by the

highest irradiance (100 lmol m-2 s-1); similarly, at

highest irradiance in combination with lowest nitrate con-

centration (0.2 mM), root growth was stimulated (root-to-

shoot ratio increased twofold with respect to the control).

In these conditions, total phenolics (TP) and chlorogenic

acid (CGA) contents were higher in aerial parts than in

roots, with a 3.8-fold increase in TP and a 7.7-fold increase

in CGA in foliage with respect to the control plants.

Isoorientin was accumulated at very low levels. Antioxi-

dant activity and total phenolic content showed a strong

positive correlation. Phenylalanine ammonia-lyase activity

(PAL) in aerial parts exhibited significant changes ([two-

fold) by highest irradiance. C. peltata plants allocate bio-

mass and/or phenolic compounds to compensate the

oxidative damage (increase in MDA levels) due to changes

in light and nitrate restriction. The results are the basis for

the establishment of a system of C. peltata culture in view

of the potential use of C. peltata in therapeutic preparations

for the treatment of diabetes mellitus.
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Abbreviations

AA Antioxidant activity

CGA Chlorogenic acid

CNB Carbon nutrient balance

DM Dry mass

FM Fresh mass

ISO Isoorientin

MDA Malondialdehyde

PAL Phenylalanine ammonia-lyase

ROS Reactive oxygen species

RSR Root-to-shoot ratio

TBA Thiobarbituric acid

TP Total soluble phenolics

Introduction

Plants are an important source of secondary metabolites

with pharmacological properties and have been used
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throughout history to prevent and cure diseases in humans

(Raskin et al. 2002; Cai et al. 2004). However, in the

widespread consumption of some medicinal species from

natural growing areas or field cultivation, essential topics

regarding quality control, safety, efficacy and environ-

mental conservation have not been fully considered

(Mosaleeyanon et al. 2005; Street and Van Staden 2008).

Within this context, the establishment of controlled crops is

a potential strategy for an adequate supply of authentic

plant raw material, with homogenous morphologic char-

acteristics and chemical constituents that are likely to be

commercially exploited (Raskin et al. 2002; Mosaleeyanon

et al. 2005).

It is known that raw material quality in medicinal plant

cultivation is determined by dry matter yield as well as by

the content of bioactive compounds (target compounds,

e.g., phenolics); both parameters are afforded mainly by the

environment in which the plants grow, development status

and seasonal collection (Gray et al. 2003). Biomass is

partitioned among plant organs to optimize the uptake of

light, carbon dioxide, nutrients and water to maximize

plant growth rate (Ryser and Eek 2000). Furthermore, it

has been reported that to improve the obtainability of a

limited resource, the plant component responsible for its

achievement (roots for minerals, shoots for light) grows

relatively more than under unrestricted conditions (López-

Bucio et al. 2003; Grechi et al. 2007).

Biomass allocation is commonly referred to as the dis-

tribution of carbon (C) among plant organs; however, the

term is also applied to functional activities within organs,

such as distribution of defensive compounds (Coviella

et al. 2002). The carbon nutrient balance (CNB) hypothesis

predicts that the pattern of allocation to defensive com-

pounds depends on the relative availability of carbon and

nutrients, as well as on their relationship with the plant

growth rate. Under conditions of high photosynthesis rate

or reduction of available nitrogen (N), production of

C-based defense compounds will be favored, whereas

under the opposite conditions, N-based defense compound

synthesis will be carried out (Coviella et al. 2002; Fritz

et al. 2006; Grechi et al. 2007). According to these pre-

dictions, it has been demonstrated that the production

of phenolics can be stimulated by low nitrate levels

(Armstrong et al. 1970; Fritz et al. 2006; Palumbo et al.

2007; Le Bot et al. 2009), high light (Hemm et al. 2004;

Jaakola et al. 2004; Mosaleeyanon et al. 2005) and other

biotic and abiotic stresses, e.g., pathogen attack, mechanic

wounding, ultraviolet (UV) radiation, low temperatures and

nutrient deficit (Bernards and Ellis 1991; Kováčik and

Bačkor 2007; Clé et al. 2008; Jansen et al. 2008). Phen-

ylalanine ammonia-lyase enzyme (PAL) catalyzes the

conversion of phenylalanine into trans-cinnamic acid;

therefore, this enzyme causes the flux of primary into

secondary metabolites in the phenolics pathway. PAL

activity and other phenylpropanoid enzymes are mainly

regulated via de novo synthesis. Hemm et al. (2004)

showed that PAL genes are highly expressed in light-grown

Arabidopsis roots, and Fritz et al. (2006) reported that PAL

gene expression was induced by nitrate deficiency in

Nicotiana tabacum plants.

Cecropia peltata (Loefl) and C. obtusifolia trees (Cec-

ropiaceae), popularly known as ‘‘guarumbo’’ in Mexico,

are used in traditional medicine for the treatment of dia-

betes mellitus (Argueta et al. 1994; Aguilar et al. 1998),

and clinical studies have validated their effectiveness

against this disease (Herrera-Arellano et al. 2004; Revilla-

Monsalve et al. 2007). Guarumbo leaves contain phenolic

compounds such as chlorogenic acid (CGA) and isoorientin

(ISO) (Andrade-Cetto and Wiedenfeld 2001; Nicasio et al.

2005; Nicasio-Torres et al. 2009); both compounds possess

hypoglycemic, hypolipidemic and antioxidant properties

(Ko et al. 1998; Rodrı́guez de Sotillo and Hadley 2002).

Additionally, it has been reported that CGA stimulates

glucose uptake in both insulin-sensitive and -resistant

adipocytes (Alonso-Castro et al. 2008). Some Mexican

industries have been currently employing guarumbo leaves

for the production of drugs (Quı́micos y Vegetales Rowi,

S.A. de C.V., Zapopan, Jalisco; Ciencia y Salud: Fórmulas

Herbolarias, México, D.F.), and guarumbo leaves have

been recently exported to Europe for the same purpose

(Gutiérrez-Domı́nguez and Betancourt-Aguilar 2008).

The present need for a quality-controlled supply of

C. peltata raw material for further clinical investigation

and potential development of a phytopharmaceutical

requires standardized and controlled production systems.

C. peltata and C. obtusifolia multiplication was reported

through in vitro plantlet apical buds, which preserved the

ability to produce both bioactive compounds (Nicasio-

Torres et al. 2009). Nonetheless, to our knowledge, studies

have not been reported on guarumbo plants improving the

bioactive compound contents by abiotic stress induction.

Considering that biomass yield and phenolic contents in

guarumbo are important parameters in the quality of this

medicinal species, the aim of this study was to explore the

effect of light and nitrate supply on biomass allocation, as

well as bioactive CGA, ISO and total soluble phenolic

compounds contents in a controlled hydroponic culture of

C. peltata plants.

Materials and methods

Plant material

Mature fruits were obtained from a Cecropia peltata tree

previously collected in Cunduacán, Tabasco State, and
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acclimated in Xochitepec, Morelos State, Mexico. This

specimen was identified (code number 14123) by Abigail

Aguilar, Director of the Mexican Institute of Social Secu-

rity’s (IMSSM) medical plants herbarium of Mexico

(Nicasio-Torres et al. 2009). Seeds were surface sterilized

by successive immersion in 70% ethanol for 5 min, which

was followed by immersion in a commercial bleach solu-

tion (Cloralex�:water, 1:5 v/v) for 10 min. Disinfected

seeds were washed three times with sterile distilled water.

Subsequently, the seeds were transferred aseptically to

glass jars containing 30 ml of solid half-strength Murash-

ige and Skoog (1962) medium, supplemented with 1.5%

(w/v) sucrose and 0.3% (w/v) phytagel, and adjusted to pH

5.7 prior to autoclaving (121�C for 18 min). Seeds in glass

jars were incubated at 26 ± 2�C during a light:dark

(16:8-h) photoperiod under 30 lmol m-2 s-1 of irradiance

supplied by cool-white fluorescent lamp.

Hydroponic culture

Eight-week-old seedlings (5 cm in height) were acclima-

tized to ex vitro conditions as described by Osuna et al.

(2008). For a short time, plantlets were hydroponically

grown in plastic containers (covered with transparent

plastic bags to prevents desiccation) with 60 ml of slightly

modified Hoagland solution (Hoagland and Arnon 1950):

13 mM NO3
-, 6 mM K?, 4 mM Ca2?, 2 mM SO4

2-,

2 mM Mg2?, 1 mM H2PO4
-, 46.2 lM H3BO3, 17.9 lM

Fe2?-K2EDTA, 9.1 lM Mn2?, 0.76 lM Zn2?, 0.31 lM

Cu2? and 0.10 lM MoO4
2- to pH 5.8. The nutrient solu-

tion was renewed every 7 days and relative humidity was

reduced gradually until the plastic bags were removed from

the plants. After 4 weeks, plants were transplanted to

300-ml potting foam cups filled with mineral perlite and

were watered with nutrient solution (50 ml) every other

day during 4 weeks. Conditions in the growth chamber

were 25�C and light:dark (16:8-h) photoperiod under

30 lmol m-2 s-1 irradiance supplied by cool-white fluo-

rescent lamp. Sixteen-week-old plants were employed as

experimental units.

Experimental design

Nine treatments (Table 1) were applied by means of a

combination of two factors: irradiance (20, 30 and

100 lmol m-2 s-1) and nitrate concentration in the nutri-

ent solution (13, 2, and 0.2 mM). To ensure adequate

supply of K? and Ca2?, the salts withdrawn from the

nutrient solution were replaced by equivalent moles of

K2SO4 and CaCl2. Plants were watered with 50 ml of

nutritional solution every other day for a period of 28 days.

All experiments were carried out in the growth room.

Control conditions were 30 lmol m-2 s-1 of irradiance

and 13 mM of nitrate concentration. Cool-white fluores-

cent lamps were utilized to modify the amount of light

reaching the plants. At the beginning of the experiment

(d0), three plants were harvested as referents of initial

values from the parameters to be evaluated. The remainder

samples were collected at day 28 (d28). A second experi-

mental plant batch was achieved under 30 and

100 lmol m-2 s-1 of irradiances in combination with 13

and 0.2 mM nitrate concentrations for chlorophyll, hydro-

gen peroxide and lipid peroxidation (MDA) evaluations in

fresh vegetal material.

Chemical analyses from fresh material

Chlorophyll

The concentration of total chlorophyll was determined

using the method of Lichtenthaler (1987) in the acetone

(80%) extract acquired from fully expanded third young

leaf. The absorbance of cleared extract was measured at

663.2 and 648.8 nm.

Hydrogen peroxide and lipid peroxidation

The endogenous H2O2 level was determined as H2O2–

titanium complex produced as a result of the reaction of

tissue-H2O2 with titanium tetrachloride by the method of

Brennan and Frenkel (1977). Lipid peroxidation in leaf

tissue was determined in terms of malondialdehyde (MDA)

content by thiobarbituric acid (TBA) reaction as described

by Heath and Packer (1968). MDA equivalent was calcu-

lated from the difference in absorbance at 532 and 600 nm

utilizing extinction coefficient of 155 mM-1cm-1.

Table 1 Experimental design of two factors: irradiance, and nitrate

supply, each at three levels

Treatment Irradiance Nitrate

(lmol m-2 s-1) (mM)

d0

A (initial values) 30 13

d28

B 20 13

C 20 2

D 20 0.2

E (control) 30 13

F 30 2

G 30 0.2

H 100 13

I 100 2

J 100 0.2

Initial values are sampled as reference parameters on the starting day

(d0) and the remainder of treatments on day 28 (d28)
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Harvesting and growth parameters

Plants were carefully separated into aerial parts and roots,

and were dried at room temperature under darkness con-

ditions. Fresh mass (FM) and dry mass (DM) of each

sample were registered, and root-to-shoot ratio (RSR) was

determined as the relation of root/aerial part (g g-1) of

DM.

Chemical analyses from dry material

Obtaining extract

Finely ground dry material (0.2 g) was separately extracted

three times by maceration at room temperature with

methanol (1:100, w/v) during 24 h, followed by filtration

through filter paper (Whatman No. 1). Extracts were

pooled and concentrated to dryness under reduced pressure

and stored in glass containers (Nicasio et al. 2005; Nicasio-

Torres et al. 2009).

Total soluble phenolic compounds (TP)

The concentration of TP was determined by the Folin-

Ciocalteu colorimetric method (Cai et al. 2004; Silva et al.

2007). Extracts were re-dissolved in methanol (1 mg ml-1)

and oxidized with Folin-Ciocalteu reagent (10% v/v); after

10 min, the reaction was neutralized with saturated sodium

carbonate solution (8%, w/v). After incubation for 90 min

at room temperature (23�C), absorbance was measured at

760 nm using a Jenway 6305 spectrophotometer. Quanti-

fication was performed on the basis of the CGA standard

curve. Results were expressed as milligram of TP equiva-

lents (eq) to CGA per gram DM, as well as milligram of TP

equivalents (eq) to CGA per plant.

Antioxidant activity (AA)

AA was carried out by the improved ABTS�? method

described by Re et al. (1999). The ABTS�? radical cation was

generated by reacting 7 mM ABTS and 2.45 mM potassium

persulfate after incubation at room temperature (23�C) under

darkness conditions for 16 h. The ABTS�? solution was

diluted with water to an absorbance of 0.700 ± 0.050 at

734 nm (Jenway 6305 spectrophotometer). Extracts were

re-dissolved in methanol (1.58 mg ml-1), and 20 ll was

mixed thoroughly with 1 ml of ABTS�? solution. The reac-

tive mixture was allowed to stand at room temperature for

5 min and absorbance was immediately recorded at 734 nm.

CGA standard solutions in methanol (0–200 lg ml-1) were

prepared and assayed under the same conditions. Results

were expressed in terms of CGA equivalent antioxidant

activity per gram of DM.

HPLC analysis

HPLC analyses for CGA (Sigma Chemical Co., St Louis,

MO, USA) and ISO (Indofine Chemical Co., Inc., USA)

were conducted on a Waters (Separation Module 2695)

HPLC with a system controller (Millennium System

Manager Software) and under conditions previously

established by Nicasio-Torres et al. (2009). Samples

(60-ll) were eluted onto a Spherisorb ODS-2 column

(250 mm 9 4.6 mm, 5 lm) at a 1 ml min-1 flow rate with

a binary gradient of mobile phases as follows: (A) H2O–

(H3PO4 0.5%), and (B) CH3CN–CH3OH (1:1) within

32 min. Peak purity of the tested sample was determined

by comparing its UV spectra with the authentic standard.

Calibration curves were constructed with standard solu-

tions of 20, 40, 80 and 100 lg ml-1 of CGA and ISO in

methanol by monitoring absorbance at 300 nm employing

a Waters 2996 photodiode array detector. Standard curve

linear regressions based on peak area of standards utilizing

a zero-intercept model showed R2 = 0.999.

Phenylalanine ammonia-lyase (PAL) activity

PAL was extracted and its activity was determined,

making some modifications to the method described by

Kováčik and Bačkor (2007). Fresh samples (0.2 g) were

mixed in the tissue homogenizer during 50 s with 3 ml of

cold sodium borate buffer 0.1 M (pH 8.8) containing

20 mM of b-mercaptoethanol. The mixture was main-

tained for 30 min in an ice bath (4�C), then centrifuged at

12,500 rpm at 4�C during 20 min, and this final extract

was employed for the enzymatic assay. The reaction

mixture with 2.1 ml of sodium borate buffer 0.1 M (pH

8.8) and 0.5 ml of extract was pre-incubated at 40�C for

5 min; subsequently, the reaction was initiated by the

addition of 0.3 ml of L-phenylalanine 100 mM. After 1 h

of incubation at 40�C, the reaction was stopped by the

addition of 0.1 ml of HCl 6 N. Simultaneously, the blank

for every sample was carried out with 2.4 ml of sodium

borate 0.1 M (pH 8.8), 0.5 ml of the extract and 0.1 ml of

HCl 6 N. Change of absorbance was evaluated after 1 h at

277 nm. Enzymatic activity was reported as U g-1 of fresh

mass (FM), where U = difference of absorbance after 1 h

at 277 nm h-1.

Statistical analysis

Data were analyzed by two-way analysis of factorial var-

iance (ANOVA); p values of B0.05 were considered to be

important. Significant differences among treatment means

were calculated by Tukey test. After linear regression of

the data of TP versus AA, the square of the Pearson cor-

relation coefficient (R2) was reported along with its
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p value; correlations with p values of B0.01 were consid-

ered as significant (SAS, 9.1; SAS Institute, Inc.).

Results

Growth parameters

During plant development, we observed that at 30 and

100 lmol m-2 s-1 of irradiance, the plants’ foliage pre-

sented leaves with chlorosis (yellowing) and a reddish

tonality in the vascular tissue area with a nitrate deficiency

(Fig. 1). Similarly, we observed that plants developed with

greater irradiance presented more abundant secondary

roots after 28 days of culture.

With regard to growth under control conditions

(30 lmol m-2 s-1 irradiance and 13 mM nitrate), dry

biomasses of aerial parts and roots (Fig. 2) increased nearly

threefold with respect to initial biomasses (d0) at the end of

the experiment.

In aerial parts, after 28 days, significant differences of

dry mass (DM) were not found among low-irradiance

treatments (20 and 30 lmol m-2 s-1); however, in treat-

ments with higher irradiance (100 lmol m-2 s-1),

DM increased significantly (F = 87.68; p \ 0.0001;

Tukey0.05 = 0.22), up to 1.7-fold more than that of the

control. Under this higher-irradiance condition, we

observed a non-significant decrease in DM accumulation

on reducing the nitrate concentration (13, 2, and 0.2 mM).

At the beginning of the experiment, chlorophyll con-

centration was significantly higher than that obtained at the

final time in all treatments (Table 2). H2O2 concentration

did not show significant differences among all treatments;

however, MDA content was significantly increased 2.1-

and 2.5-fold with respect to the control in the treatments

with 0.2 mM of nitrate at 30 and 100 lmol m-2 s-1 of

irradiance, respectively.

In roots, statistical analysis indicated that biomass

accumulation was generated due to the interaction of

greater irradiance and lower concentration of nitrate

(F393 = 5.92; p = 0.0032). In the treatment with highest

irradiance, in an effect contrary to the tendency observed in

aerial parts, DM increased on diminishing the concentra-

tion of nitrate.

By means of the root-to-shoot ratio (RSR) parameter

(Fig. 3), we analyzed the difference in growth between

aerial parts and roots. In the control, at 28 days we obtained

a relation similar to that of the beginning (d0). Likewise, in

low-irradiance treatments (20 and 30 lmol m-2 s-1), we

found no significant differences in RSRs at 28 days with

respect to the control; in contrast, in 100 lmol m-2 s-1

treatments, the relation of RSR increased significantly

(F = 111.76; p \ 0.0001; Tukey0.05 = 0.02), up to nearly

2.0-fold, which was favored on diminishing the concentra-

tion of nitrate (F = 29.37; p \ 0.0001; Tukey0.05 = 0.02).

Chemical analysis and PAL activity

The accumulation of total soluble phenolics (TP) was

determined both in aerial parts and in roots (Tables 3, 4).

On initiation (d0), the concentration of aerial parts was 1.8

times greater than that of the roots, a relation that increased

2.3-fold at the end of the study (d28) under control con-

ditions (30 lmol m-2 s-1 irradiance and 13 mM nitrate).

The abundance of CGA in aerial parts is noteworthy; at the

beginning (d0), a content presented that was twofold

greater than that of the roots, and at 28 days this relation

increased from six to eightfold in the different treatments.

On the other hand, as a general tendency, PAL activity was

greater in roots than in aerial parts.

As an important tendency in aerial parts, we observed

that TP, AA and CGA contents increase as irradiance

increases, and the concentration of nitrate decreases

(Table 3), an effect contrary to that of biomass allocation

(Fig. 2). Significant increments in the TP, AA and CGA

parameters (Table 5) were obtained under the condition of

greater irradiance (100 lmol m-2 s-1) and lower concen-

tration of nitrate (0.2 mM), whereas PAL activity increased

significantly only with greater irradiance.

Regarding roots, none of the factors evaluated affected

PAL activity (Tables 4, 5). Significant increases in TP and

AA parameters were obtained under the condition of

greater irradiance (100 lmol m-2 s-1) and lower nitrate

concentration (0.2 mM) because of the interaction of both

factors for TP, and independently to the same extent by the

irradiance as by the nitrate concentration in the case of AA.

CGA content was favored only by the effect of greater

irradiance (Table 5).

Through linear regression analysis between TP and AA

contents obtained in the different treatments (Table 1;

5 cm 

5 cm 

(a) 
 
 
 
 
 
 
 

(b) 

Irradiance 30 30 100 100 µmol m 2 s 1 

Nitrate 13 0.2 13 0.2 mM 

- -

Fig. 1 Physical characteristics of a leaves and b roots from Cecropia
peltata plant development under two conditions of irradiance and

nitrate levels after 28 days of culture
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Fig. 4), we found a significant positive correlation in the

aerial parts (R2 = 0.9; p \ 0.001; n = 10), as well as

in the roots (R2 = 0.8; p \ 0.001; n = 10). In the com-

parison of the straight-line equation of aerial parts (y =

0.9893x ? 0.253) and roots (y = 1.2753x ? 0.7647), the

greater value of the slope for roots is highlighted.

A commercially useful expression of the results of FT

and CGA contents is to consider total biomass per plant. In

Figs. 5 and 6, total yields are represented under the dif-

ferent study conditions. We observe that accumulation of

phenolics is greater in aerial parts (6.5-fold) than in roots

(Fig. 5). TP levels in aerial parts increase significantly

-1.5

0.0

1.5

3.0

D
ry

 M
as

s 
(g

)

aerial part

root
*

* *

* *

C

d0    d28

Irradiance 30 20 20 20 30 30 30 100 100 100 µmol m-2 s-1

Nitrate 13 13 2 0.2 13 2 0.2 13 2 0.2 mM 

Fig. 2 Combined effects of

irradiance and nitrate supply on

dry mass accumulation in aerial

parts and roots of Cecropia
peltata plants sampled prior to

(d0) and at the end of the

experiment (d28). Vertical bars
represent the standard error (SE)

of mean (n = 3). An asterisk
indicates a significant difference

against the control

(C) according to the Tukey

multiple range test

Table 2 Combined effects of irradiance and nitrate supply on total chlorophyll, hydrogen peroxide (H2O2) and malondialdehyde (MDA)

contents in Cecropia peltata-plant aerial parts

Treatment Total chlorophyll H2O2 MDA

Irradiance Nitrate (mg g-1 FM) (nmol g-1 FM) (nmol g-1 FM)

(lmol m-2) (mM)

d0

30 13 2.794 ± 0.024 a 0.15 ± 0.01 ns 18.82 ± 3.41 c

d28

30 (control) 13 1.817 ± 0.176 b 0.06 ± 0.03 ns 29.68 ± 4.24 bc

30 0.2 1.784 ± 0.227 b 0.15 ± 0.01 ns 62.74 ± 3.15 a

100 13 1.465 ± 0.195 b 0.08 ± 0.03 ns 41.56 ± 1.56 b

100 0.2 1.166 ± 0.042 b 0.23 ± 0.10 ns 74.35 ± 3.70 a

Plants were sampled prior to initiation (d0) and at the end of the experiment (d28). Values represent means (n = 3) ± standard error (SE) and are

significantly different when these are followed by dissimilar letters in each column, according to the Tukey multiple range test (p \ 0.05)

ns not significant, FM fresh mass

0.0
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0.2

0.3

0.4
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R
o

o
t-

to
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h
o

o
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g
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 -1
D

M
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Irradiance 30 20 20 20 30 30 30 100 100 100 µmol m-2 s-1

Nitrate 13 13 2 0.2 13 2 0.2 13 2 0.2 mM 

d0    d28

C

* *

Fig. 3 Combined effects of

irradiance and nitrate supply on

root-to-shoot ratio (RSR)

(g g-1DM) of Cecropia peltata
plants sampled prior to (d0) and

at the end of the experiment

(d28). Vertical bars represent

the standard error (SE) of mean

(n = 3). An asterisk indicates a

significant difference against the

control (C) according to the

Tukey multiple range test
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under greatest irradiance (F = 33.99; p \ 0.0001;

Tukey0.05 = 4.97) and least nitrate concentration (F =

5.34; p = 0.0151; Tukey0.05 = 4.97), that is, 3.8-fold in

aerial parts and 7.6-fold in roots with respect to the control.

In the roots, we found an interaction between greatest

irradiance and least nitrate concentration (F393 = 9.76;

p = 0.0002; Tukey0.05 = 0.55).

With respect to CGA (Fig. 6), its contents per plant is

the result of the interaction of both factors (irradiance and

nitrate concentration), both in the aerial parts

(F393 = 4.8; p = 0.0082; Tukey = 0.305) and in the

roots (F393 = 5.35; p = 0.0051; Tukey0.05 = 0.019). The

greatest increments were also obtained with the highest

irradiance and least nitrate concentration, that is, 7.7-fold

in aerial parts and 10.4-fold in roots with respect to the

control. In addition, CGA content in the aerial part was

19.2-fold greater than that in the root. Notwithstanding

this, under the condition of highest irradiance, CGA

Table 3 Combined effects of irradiance and nitrate supply on total soluble phenolics (TP), antioxidant activity (AA), chlorogenic acid (CGA)

and phenylalanine ammonia-lyase (PAL) activity in Cecropia peltata aerial parts

Treatment TP (mgCGAeq g-1 DM) AA (mgCGAeq g-1 DM) CGA (mg g-1 DM) PAL (U g-1 FM)

Irradiance (lmol m-2 s–1) Nitrate (mM)

d0

30 13 5.66 ± 0.85 7.38 ± 1.07 0.16 ± 0.04 2.79 ± 0.04

d28

20 13 7.04 ± 1.84 6.13 ± 0.95 0.12 ± 0.05 1.86 ± 0.52

20 2 3.40 ± 0.24 4.21 ± 0.48 0.07 ± 0.01 1.98 ± 0.36

20 0.2 6.33 ± 0.81 5.72 ± 0.81 0.17 ± 0.03 1.89 ± 0.56

30 (control) 13 5.21 ± 1.59 4.94 ± 0.94 0.14 ± 0.09 1.86 ± 1.01

30 2 5.95 ± 0.96 5.29 ± 0.48 0.07 ± 0.02 1.56 ± 0.80

30 0.2 8.64 ± 1.36 9.25 ± 1.09 0.25 ± 0.06 1.80 ± 0.28

100 13 6.68 ± 1.84 7.74 ± 1.62 0.20 ± 0.10 3.06 ± 0.41

100 2 8.45 ± 0.77 7.99 ± 0.54 0.23 ± 0.07 3.35 ± 1.46

100 0.2 13.29 ± 1.51 13.78 ± 2.18 0.70 ± 0.15 4.38 ± 0.48

Plants were sampled prior to initiation (d0) and at the end of the experiment (d28). Values represent means (n = 3) ± standard error (SE)

DM dry mass, FM fresh mass

Table 4 Combined effects of irradiance and nitrate supply on total soluble phenolics (TP), antioxidant activity (AA), chlorogenic acid (CGA)

and phenylalanine ammonia-lyase (PAL) activity in Cecropia peltata plant roots

Treatment TP (mgCGAeq g-1 DM) AA (mgCGAeq g-1 DM) CGA (mg g-1 DM) PAL (U g-1 FM)

Irradiance (lmol m-2 s-1) Nitrate (mM)

d0

30 13 3.18 ± 0.50 5.89 ± 1.36 0.08 ± 0.00 3.23 ± 0.19

d28

20 13 1.82 ± 0.14 3.21 ± 0.60 0.02 ± 0.01 3.06 ± 0.34

20 2 2.45 ± 0.21 3.15 ± 0.21 0.02 ± 0.00 3.02 ± 0.12

20 0.2 2.91 ± 0.44 4.21 ± 0.39 0.04 ± 0.01 3.25 ± 0.03

0 (control) 13 2.19 ± 0.05 2.89 ± 0.48 0.02 ± 0.00 3.01 ± 0.06

30 2 2.23 ± 0.25 3.79 ± 0.78 0.02 ± 0.00 2.95 ± 0.50

30 0.2 2.53 ± 0.17 3.99 ± 0.50 0.04 ± 0.01 2.50 ± 0.20

100 13 2.34 ± 0.26 4.39 ± 0.34 0.01 ± 0.00 3.84 ± 0.79

100 2 2.92 ± 0.28 4.36 ± 0.80 0.01 ± 0.00 3.14 ± 0.22

100 0.2 5.34 ± 0.94 7.37 ± 1.19 0.09 ± 0.03 3.02 ± 0.18

Plants were sampled prior to initiation (d0) and at the end of the experiment (d28). Values represent means (n = 3) ± standard error (SE)

DM dry mass, FM fresh mass
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accumulation was greater under nitrate-deficiency condi-

tions (0.2 mM). It is noteworthy that being under the

same conditions also allowed obtaining greatest biomass

in the plant (Fig. 2).

In Fig. 7, the chromatographic profiles of aerial-part

extracts obtained under the greatest-irradiance condition

are present, in which we observe a general tendency in

the increase of CGA signal (retention time = 11.0–

11.9 min; kmax = 326.7 nm) due to the effect of nitrate-

concentration diminution, while the ISO flavonoid

(retention time = 16.0–16.5 min; kmax = 350.6 nm) pre-

sented low levels that could not be quantified under the

conditions of the system employed. Additionally, in aerial

parts, we found two signals similar to isoorientin, which,

because of its retention time (17.7 and 18.6 min) and

maximal absorption in UV (kmax = 337.4 and 339.8 nm),

might correspond to certain structurally related

compounds.

Table 5 Summary of analysis of variance (ANOVA) results for parameters evaluated in Cecropia peltata aerial parts (Ap) and roots (Ro) due to

the effect of two factors: irradiance, and nitrate concentration (I*N = irradiance–nitrate interaction)

Parameter Irradiance (lmol m-2 s-1) Nitrate (mM) I*N

20 30 100 F(p) 13 2 0.2 F(p) F(p)

Total phenolics (mgCGAeq g-1DM) Ap 5.59 b 6.60 b 9.47 a 6.93 (0.0059) 5.93 b 6.31 b 9.42 a 6.27 (0.0086) ns

Ro 2.32 b 2.39 b 3.53 a 8.97 (0.0020) 2.12 b 2.53 b 3.59 a 11.10 (0.0007) 3.60 (0.0200)

Antioxidant activity (mgCGAeq g-1DM) Ap 5.35 b 6.49 b 9.84 a 12.39 (0.0004) 5.83 b 6.27 b 9.58 a 9.62 (0.0014) ns

Ro 3.52 b 3.56 b 5.37 a 7.83 (0.0036) 3.50 b 3.77 b 5.19 a 5.77 (0.0116) ns

Chlorogenic acid (mg g-1DM) Ap 0.12 b 0.15 b 0.37 a 9.67 (0.0014) 0.11 b 0.14 b 0.37 a 10.44 (0.0010) ns

Ro 0.01 b 0.02 b 0.06 a 10.52 (0.0009) 0.02 0.03 0.04 ns ns

PAL activity (U g-1FM) Ap 1.74 b 1.91 b 3.59 a 5.55 (0.0133) 2.26 2.29 2.69 ns ns

Ro 2.82 3.11 3.13 ns 2.92 3.03 3.10 ns ns

Values represent means (n = 9) and are significantly different when these are followed by dissimilar letters in each row, according to the Tukey

multiple range test (p \ 0.05)

ns not significant
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Discussion

C. peltata is an arboreal species in its adult state and the

gathering of its leaves in different status of development, in

addition to environmental factors, can signify important

variation in its chemical composition and have repercus-

sions on its pharmacological efficacy (Alonso-Castro et al.

2008). The culture of ‘‘guarumbo’’ under controlled con-

ditions is a viable alternative for obtaining reliable, safe

and effective plant material, in addition to being a useful

system for increasing the yields of quality parameters that

favor the commercialization of this medicinal species. In

the present study, by means of the manipulation of the light

and nitrate supply, we modified the growth and phenolic

compounds accumulation of C. peltata plants.

In control plants (30 lmol m-2 s-1 of irradiance and

13 mM of nitrate), accumulation of total biomass increased

due to the growth effect during the 28 days of the study

(Fig. 2). Regarding the remainder of the treatments, vari-

ation in light and nitrate supply exerted an impact on yield

and distribution of biomass. Plants at least levels of irra-

diance (20 and 30 lmol m-2 s-1), despite their not having

a nutrient limitation (13 mM of nitrate), developed low

biomass levels in foliage. It has been mentioned for

different species that during growth, photosynthetic

capacity is dependent on the intensity of the light. Plants

developed under low irradiance would contain a lower

amount of their photosynthetic components and, conse-

quently, a lower CO2 fixation rate (Horton 2000;

Mosaleeyanon et al. 2005; Poorter et al. 2006). Contrari-

wise, under the same nitrate condition (13 mM) and with

the increase of irradiance up to 100 lmol m-2 s-1, plants

increased their biomass significantly, a response that

coincided with other reports in the literature (Ryser and

Eek 2000; Mosaleeyanon et al. 2005; Grechi et al. 2007).

With the irradiance increase, CO2 fixation increases, thus a

greater content of photosynthates in leaves is available for

new tissue translocation and growth (Horton 2000). One

visual characteristic of plants under this treatment of high

irradiance and high nitrogen concentration was the ten-

dency of the foliage to lose turgidity, which may be related

to a greater stomatic opening, which in turn permits greater

transpiration in leaves.

Hydrogen peroxide concentration did not show signifi-

cant changes in all treatments, probably due to an increase

of antioxidant systems such as peroxidase enzyme (POD),

as was observed by Konieczny et al. (2008) in zygotic

embryos from Heliantus annus.

-0.5

0.0

0.5

1.0

1.5

2.0

C
h

lo
ro

g
en

ic
 A

ci
d

(m
g

 p
la

n
t-1

)

aerial part

root

Irradiance 30 20 20 20 30 30 30 100 100 100 µmol m-2 s-1

Nitrate 13 13 2 0.2 13 2 0.2 13 2 0.2 mM 

C

*

*

d0    d28

Fig. 6 Combined effects of

irradiance and nitrate supply on

chlorogenic acid content (CGA)

in Cecropia peltata plant aerial

parts and roots sampled prior to

(d0) and at the end of the

experiment (d28). Vertical bars
represent the standard error
(SE) of mean (n = 3). An

asterisk indicates a significant

difference against the control

(C) according to the Tukey

multiple range test

0 10 20 30

(a) 
13 mM

CGA

2 mM

0.2 mM

 
(b) 

OH

OH

O

O

HO

OHO

HO

OH

Time (min)

A
b

so
rb

an
ce

 a
t 

30
0 

n
m

Fig. 7 a HPLC profiles of

methanolic extracts of aerial

parts from plant development

with 100 lmol m-2 s-1

irradiance and three different

levels of nitrate; chlorogenic

acid contents (CGA) correspond

to the signal of chlorogenic acid

peak (rt = 11.0–11.9 min;

kmax = 350.6 nm). b Structural

representation of chlorogenic

acid

Acta Physiol Plant (2011) 33:2135–2147 2143

123



Under greatest-irradiance conditions, no significant

diminution of foliar biomass caused by reduction in nitrate

supply (2 and 0.2 mM) could be related with the photoin-

hibition process in plants. The overexcited chlorophylls

incite the formation of oxygen singlet (ROS) in the thyla-

koid membranes, causing damage in photosystem compo-

nents, especially in phostosystem II, an effect known as

photoinhibition. In addition, it is well known that ROS-

induced membrane lipid peroxidation is a reference for

cellular damage based on oxidative stress (Khan and Panda

2008). MDA is formed by decomposition of polyunsatu-

rated fatty acids and used as an indicator of oxidative stress

(Tewari et al. 2006). The significant increase in MDA

levels associated with lipid peroxidation are linked with

oxidative stress in C. peltata plant development under

conditions of nitrate deficiency (0.2 mM), mainly under

100 lmol m-2 s-1 of irradiance.

It has been reported that there is partial closing of the

stomas under nitrate-deficiency conditions (Cabrera 2002);

thus, the capacity is limited for utilizing high levels of

light, and the leaves absorb more luminous energy than that

required for the assimilation of available CO2. In these

treatments with nitrate deficiency, we observed greater

turgidity in foliage, which suggests a smaller stomatic

opening. Consequently, diminution of intracellular CO2

reduces photosynthesis and subsequently plant growth.

Another important characteristic comprised symptoms of

chlorosis in leaves (Table 2; Fig. 1) due to the diminution

of chlorophyll related with nitrogen deficiency in the tis-

sues, as reported previously in Hypericum perforatum

plants (Briskin et al. 2000). On the other hand, in rice

plants grown in a high-luminosity environment, Horton

(2000) refers to the decrease in the chlorophyll content as a

photoprotective response to the excess of light.

Nitrate-deficiency conditions (0.2 mM) also favored

biomass allocation toward the roots (greater RSR value up

to nearly 2.0-fold). Grechi et al. (2007) reported that

changes in the RSR of Vitis vinifera plants are controlled

by equilibrium aspects in the C:N internal levels. López-

Bucio et al. (2003), in Arabidopsis plants, refer to the

same allocation effect toward roots and postulate that

nutrients such as nitrate possess signaling functions with a

profound impact on radicular-system architecture. Also, it

was reported that nitrate not only exerts an effect on the

roots, but also functions as a signal for the metabolism

and development of the entire plant (Takei et al. 2002;

Urbanczyk-Wochniak and Fernie 2005; Miller et al.

2007).

The results of this study are consistent with the functional-

equilibrium hypothesis (FEH) (Marcelis and Heuvelink

2007), in which biomass allocation was modeled on the

whole plant, and in which it was established that plants, on

finding themselves in an environment limited by an

essential resource (e.g., nitrogen), respond with an increase

in allocation toward the structure responsible for acquisi-

tion of the element that is restricted (Wilson 1988; Grechi

et al. 2007). With these results, the plasticity of C. peltata

is corroborated to distribute its resources under limited

nutrient conditions in an efficient manner.

Allocation patterns toward compounds of defense

(phenolics) found in this study are congruent with the pre-

dictions of the CNB hypothesis: When the production of C

is greater than that required for growth, the excess of C is

allocated to the formation of secondary metabolites (Bryant

et al. 1983; Coviella et al. 2002; Mosaleeyanon et al. 2005;

Le Bot et al. 2009). The results of the production of

secondary metabolites (TP) comply with the CNB hypoth-

esis. In aerial parts, in highest-irradiance treatments

(100 lmol m-2 s-1 irradiance), TP content (Table 3)

increases as nitrate concentration decreases (0.2 mM), a

condition under which nitrogen limitation is perceived.

Observation of the reddish tonality in vascular tissue zones

of leaves (Fig. 1) might be related with the accumulation of

phenolic compounds (e.g., anthocyanins). Under these

conditions, the significant increase of TP can be interpreted

as: photosynthesis surpasses the growth demand, and, on

there being an excess of carbohydrates that accumulate in

plants with nitrate deficiency, the C assimilated is available

for biosynthesis of compounds that do not require N (e.g.,

phenolics). Phenolic accumulation due to light increase or

nitrate deficiency has been reported in different studies

(Briskin and Gawienowski 2001; Coviella et al. 2002;

Mosaleeyanon et al. 2005; Fritz et al. 2006; Poorter et al.

2006; Grechi et al. 2007; Palumbo et al. 2007; Le Bot et al.

2009). Under high-irradiance and nitrate-deficiency condi-

tions, the assimilated carbon is directed toward the fol-

lowing two key components: (a) the biomass increase in

roots, as previously mentioned, and (b) toward the increase

of levels of carbon-rich secondary metabolites, such as

phenolics.

In the experimental model of this study, the combination

of high-irradiance and nitrate-deficiency factors could be

stress factors in C. peltata plants through the formation of

reactive oxygen species (ROS), which are strongly oxi-

dating molecules (Laloi et al. 2006). It has been established

that accumulation of ROS causes disequilibrium in intra-

cellular redox balance, known as oxidative stress (Tewari

et al. 2006; Khan and Panda 2008). One of the cellular

mechanisms for avoiding tissue damage is the production

of antioxidant compounds for ROS uptake (Dixon and

Paiva 1995; Grace and Logan 2000; Winkel-Shirley 2002;

Cai et al. 2004). According to the results, under highest-

irradiance and greatest nitrate-deficiency conditions

(100 lmol m-2 s-1 irradiance and 0.2 mM nitrate), aerial

parts presented the highest concentrations of TP (up to 6.5-

fold) in comparison with the content in roots, which
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suggests that the oxidative-stress level in aerial parts is

greater because these are in direct contact with light, while

the roots are not, thus requiring lower levels of antioxidant

response. Correlation analyses suggest that phenolic com-

pounds contribute significantly to the antioxidant response

of the extracts evaluated, and that in aerial parts (R2 = 0.9;

p \ 0.001; n = 10) there is a greater association between

TP content and AA (R2 = 0.8; p \ 0.001; n = 10). Like-

wise, comparison of the slopes of aerial parts (0.9893) and

roots (1.2753) suggests that compounds with greater anti-

oxidant activity are found in root extracts.

As mentioned previously, CGA content (Fig. 6)

increased importantly (7.7-fold in aerial parts and 10.4-

fold in roots with respect to the control) under greatest-

irradiance and least nitrate-concentration conditions

(100 lmol m-2 s-1 irradiance and 0.2 mM nitrate). CGA

is a low-molecular weight phenylpropanoid that possesses

an important antioxidant function in the cells of photo-

synthetic tissues (Sakihama et al. 2002; Heo et al. 2007),

counterattacking the damaging effects of the ROS

(Clé et al. 2008). As an antioxidant, CGA (Fig. 7b) possesses

three important characteristics for its structure–function

relationship: (a) the catechol group; (b) the double link

conjugated in the propanoid-residue chain and (c) the steri-

fication of the cafeic-acid terminal carboxyl group with a

quinic-acid–OH group for the formation of CGA (Grace and

Logan 2000). Additionally, these authors have proposed that

CGA could perform another important function in a dissi-

pation mechanism of photochemical energy. An increase has

been reported in other species of the concentration of CGA of

up to fourfold in Nicotiana tabaccum plants because of the

diminution of nitrate from 12 to 0.2 mM (Fritz et al. 2006),

and due to the excess of light in Solanum lycopersicum from

200 to 900 lmol m-2 s-1 (Urbanczyk-Wochniak and Fernie

2005).

With respect to ISO, the culture conditions employed

did not stimulate its accumulation, which coincides with

other studies that refer to ISO as an inducible phytoalexin

in response to biotic stress (McNally et al. 2003), although

other factors, such as developmental state or exposure to

sunlight (UV), might be required to stimulate its biosyn-

thesis and accumulation in C. peltata plants (Clé et al.

2008; Nicasio-Torres et al. 2009).

The C. peltata-plant extracts obtained in this study

presented a bioactive compound chemical profile (a greater

content of CGA than ISO), similar to extracts evaluated in

clinical and laboratory pharmacological assays in which

its antidiabetic properties were corroborated (Herrera-

Arellano et al. 2004; Revilla-Monsalve et al. 2007). In

addition, the activity of the extract is not solely due to these

compounds, but also to the complex mixture of the dif-

ferent metabolites, although the latter have not been

chemically characterized (Nicasio-Torres et al. 2009).

PAL activity was observed to be increased only in aerial

parts by the effect of greatest irradiance; however, its

activity in aerial parts as well as in roots does not correlate

with the increments presented in phenolic levels on

diminishing nitrate content. In this respect, it is known that

PAL is the key enzyme in phenolic-compound biosynthe-

sis, and it has been reported that it is activated and its

expression induced in response to different stress condi-

tions, among these, an increase in light (Hemm et al. 2004;

Jaakola et al. 2004) and nitrate deficiency (Fritz et al.

2006). Different studies mention that PAL-activity

increases during the first days of stress, and once the

required compounds have been synthesized, the enzyme’s

activity decreases (Bernards and Ellis 1991; Kováčik and

Bačkor 2007). When C. peltata plants were submitted to

different treatments, PAL activity could have increased to a

maximum in days prior to the analysis, with which phen-

olics were synthesized and later diminished to levels

observed at the end of the treatments (d28).

Conclusion

In this study, we demonstrated that C. peltata plants dis-

tribute the carbon assimilated in photosynthesis as a

response to the availability of light and nitrate, whether due

to the structural formation of the different organs (biomass)

and/or to the accumulation of secondary metabolites with

functions of protection and employment of nutritional

resources. Under the condition of high irradiance, growth

of foliage and roots was favored; in addition to these latter

components, nitrate limitation interacted with light to

increase their biomass. Similarly, in the treatment with

higher irradiance and low nitrate concentration, we

obtained greater TP (3.8-fold) and CGA (7.7-fold) contents

in plant foliage with respect to the control: TP and AA

content correlated positively, while PAL activity increased

mainly in the aerial parts due to the effect of greater irra-

diance, and there were no important changes in PAL

activity in the roots. Allocation differences of phenolic

compounds in the distinct supply levels of light and nitrate

in C. peltata plants are congruent with the predictions of

the CNB hypothesis.

The culture of C. peltata under controlled conditions

does not require plant development until adult age, because

it has been reported that the metabolites of interest are

present in the early stages of their development (Nicasio-

Torres et al. 2009). The results of this study are the basis

for the establishment of a system of culture of C. peltata by

means of nitrate limitation under high-irradiance condi-

tions for supplying high-quality prime matter, in view of

the potential use of C. peltata in therapeutic preparations

for the treatment of diabetes mellitus.
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(2008) Micropropagation of Aristolochia elegans (Mast.). J Crop

Sci Biotech 10(3):141–146

Palumbo MJ, Putz FE, Talcott ST (2007) Nitrogen and gender effects

on the secondary metabolism of yaupon, a caffeine-containing

North American holly. Oecologia 151:1–9

Poorter H, Pepin S, Rijkers T, Jong Y, Evans JR, Körner C (2006)

Construction costs, chemical composition and payback time of

high- and low-irradiance leaves. J Exp Bot 57(2):355–371

Raskin I, Ribnicky DM, Komamytsky S, Ilic N, Poulev A, Borisjuk

N, Brinker A, Moreno DA, Ripoll C, Yakoby N, O’Neal JM,

Comwell T, Pastor I, Friendler B (2002) Plants and human health

in the twenty-first century. Trends Biotechnol 20:522–531

Re R, Pellegrini N, Proteggente A, Pannala A, Yang M, Rice-Evans C

(1999) Antioxidant activity applying improved ABTS radical

cation decolorization assay. Free Radic Biol Med 26(9/

10):1231–1237

Revilla-Monsalve MC, Andrade-Cetto A, Palomino-Garibay MA,

Wiedenfeld H, Islas-Andrade S (2007) Hypoglycemic effect of

Cecropia obtusifolia Bertol aqueous extract on type 2 diabetic

patients. J Ethnopharmacol 111:636–640

Rodrı́guez de Sotillo DV, Hadley M (2002) Chlorogenic acid

modifies plasma and liver concentrations of cholesterol, triacyl-

glycerol, and minerals in (fa/fa) Zucker rats. J Nutr Biochem

13:717–726

Ryser P, Eek L (2000) Consequences of phenotypic plasticity vs.

interspecific differences in leaf and root traits for acquisition of

aboveground and belowground resources. Am J Bot

87(3):402–411

Sakihama Y, Cohen MF, Grace SC, Yamashi H (2002) Plant phenolic

antioxidant and prooxidant activities: phenolics-induced oxida-

tive damage mediated by metals in plants. Toxicology

177:67–80

Silva EM, Souza JNS, Rogez H, Rees JF, Larondelle Y (2007)

Antioxidant activities and polyphenolic contents of fifteen

selected plant species from the Amazonian region. Food Chem

101:1012–1018

Street RA, Van Staden SJ (2008) South African traditional medicinal

plant trade- challenges in regulating quality, safety and efficacy.

J Ethnopharmacol 119:705–710

Takei K, Takahashi T, Sugiyama T, Yamaya T, Sakakibara H (2002)

Multiple routes communicating nitrogen availability from roots

to shoots: a signal transduction pathway mediated by cytokinin.

J Exp Bot 53(370):971–977

Tewari RK, Kumar P, Sharma PN (2006) Magnesium deficiency

induced oxidative stress and antioxidant responses in mulberry

plants. Sci Hortic 108:7–14

Urbanczyk-Wochniak E, Fernie AR (2005) Metabolic profiling

reveals altered nitrogen nutrient regimes have diverse effects

on the metabolism of hydroponically-grown tomato (Solanum
lycopersicum) plants. J Exp Bot 56(410):309–321

Wilson JB (1988) A review of evidence on the control of shoot:root

ratio in relation to models. Ann Bot 61:433–449

Winkel-Shirley B (2002) Biosynthesis of flavonoids and effects of

stress. Curr Opin Plant Biol 5:218–223

Acta Physiol Plant (2011) 33:2135–2147 2147

123


	Changes in biomass allocation and phenolic compounds accumulation due to the effect of light and nitrate supply in Cecropia peltata plants
	Abstract
	Introduction
	Materials and methods
	Plant material
	Hydroponic culture
	Experimental design
	Chemical analyses from fresh material
	Chlorophyll
	Hydrogen peroxide and lipid peroxidation

	Harvesting and growth parameters
	Chemical analyses from dry material
	Obtaining extract
	Total soluble phenolic compounds (TP)
	Antioxidant activity (AA)
	HPLC analysis
	Phenylalanine ammonia-lyase (PAL) activity

	Statistical analysis

	Results
	Growth parameters
	Chemical analysis and PAL activity

	Discussion
	Conclusion
	Acknowledgments
	References


