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RESUMO: “Atividades antidiabética e anti-radicalar de plantas da Amazônia venezuelana”. 
Os extratos aquoso e etanólico derivados de doze espécies coletadas na Amazônia venezuelana 
foram testados quanto à atividade antioxidante utilizando um radical DPPH e o efeito inibitório 
sobre a hidrólise de glicose-6-fosfato nos microssomas intactos e perturbados. Sem exceção, 
todos os extratos inibiram, em maior ou menor grau, a atividade enzimática microssomal de G-
6-Pase, resultando em maior inibição nos microssomas intactos do que nos perturbados. Efeitos 
marcantes foram observados para os extratos aquoso e etanólico de: Tontelea ovalifolia, Gustavia
pulchra, Phthirusa verruculosa, Phthirusa castillana, Psittacanthus acimarius, Tetrapterys 
styloptyera e Vismia japurensis. Os extratos etanólicos foram seqüestradores do radical DPPH 
mais efi cazes do que os correspondentes extratos aquosos em todos os casos. O extrato etanólico 
de Endlicheria anomala e o extrato aquoso de Phthirusa verruculosa exibiram as melhores CI50
com 100 e 250.0 ppm, respectivamente. Os valores de Kobs calculados para os extratos alcoólicos 
foram mais baixos do que os dos extratos aquosos das mesmas espécies, exceto Psittacanthus 
acimarius. Estes resultados poderiam estar relacionados a diferentes concentrações, ou mais 
provavelmente a diferentes composições de princípios ativos em ambos extratos.

Unitermos: Plantas amazônicas, atividade antidiabética, atividade anti-radicalar, glicose-6-
fosfatase. 

ABSTRACT: The aqueous and ethanol extracts derived from twelve plant species collected 
in the Venezuelan Amazon have been tested for antioxidant activity using a DPPH radical and 
inhibitory effect on the hydrolysis of glucose-6-phosphate in intact and disrupted microsomes. 
Without exception, all the extracts inhibited, to a greater or lesser degree, microsomal G-6-Pase 
enzymatic activity, resulting in greater inhibition on intact microsomes than on disrupted ones. 
Marked effects were observed for aqueous and ethanol extracts of: Tontelea ovalifolia, Gustavia
pulchra, Phthirusa verruculosa, Phthirusa castillana, Psittacanthus acimarius, Tetrapterys 
styloptyera and Vismia japurensis. Ethanol extracts were more effective DPPH radical scavengers 
than the corresponding aqueous extracts in all the cases. The ethanol extract of Endlicheria 
anomala and the aqueous extract of Phthirusa verruculosa, showed the best IC50 with 100 and 
250.0 ppm, respectively. The Kobs calculated for the alcoholic extracts were lower than those of 
the aqueous extracts for the same species, except Psittacanthus acimarius. These results could 
be related to different concentrations, or more likely different compositions of active principles 
in both extracts.

Keywords: Amazonian plants, antidiabetic activity, antiradical activity, glucose-6-phosphatase.

INTRODUCTION

Free radicals (ROS) are atoms or atomic groups 
containing unpaired electrons that indiscriminately pick 

up electrons from other species, converting those into 
secondary free radicals, and thus setting up a chain 
reaction that can cause substantial biological damage 
(e.g. lipids, proteins, DNA) leading to many chronic 
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diseases like cancer, Parkinson, Alzheimer, diabetes, and 
aging (Halliwell, 1994; Finkel and Holbrook, 2000). 

Oxygen free radicals can initiate peroxidation 
of lipids, which in turn stimulates glycation of protein, 
inactivation of enzymes and alteration in the structure 
and function of collagen basement and other membranes, 
and play a role in the long term complication of diabetes 
(Collier et al., 1990; Boynes, 1991). 

Plants may be a source of a wide variety of 
free radical scavenging molecules, such as phenolic 
compounds (e.g. fl avonoids, coumarins, quinones, etc), 
nitrogen compounds (alkaloids), terpenoids and some 
other metabolites (Larson, 1988; Delazar et al., 2006). 
Finding new natural sources of antioxidant compounds 
with potential antiradical activity can be useful to future 
therapy against diabetes mellitus (Mc Cune and Johns, 
2002; Sabu and Kuttan, 2002; Tiwari and Rao, 2002; 
Silva et al., 2005). 

The antioxidant activity was assessed using the 
1,1-diphenyl-2-picryl-hydrazyl (DPPH) radical which 
is widely used for quickly determination of polyphenols 
antioxidant capacity (Mc Cune and Johns, 2002; Silva 
et al., 2005; Vicentino and Menezes, 2007). Generally, 
the kinetics of H atom transfer is not evaluated, 
however could be even more important than the ability 
of antioxidants to transfer labile H atom to this radical 
(Koleva et al., 2001). Several studies of free radical 
scavenging reaction reported kinetic data like Kobs to 
estimate the “effi ciency” or capacity of antioxidants 
present in plant extracts (Naik et al., 2004; and 2006). 

On the other hand, previous results of the 
biological screening, referred to brine shrimp lethality 
test, cardiovascular and glucose-6-phosphatase (G-6-
Pase) assays of 17 plants belonging to 13 families from 
the Amazon region was reported (Jiménez et al., 2001). 
It is known that the G-6-Pase enzyme complex plays a 
critical role in blood glucose homeostasis and in type II 
diabetes (Westergaard and Madsen, 2001). 

In this paper we present glucose-6-phosphatase 
and DPPH based antioxidant assay from the ethanol and 
aqueous extracts of 13 Amazonian species. To our best 
knowledge, there are few data on mentioned activities 
of these plants. In the DPPH assay, we report the kinetic 
data and % inhibition. We also report preliminary 
phytochemical analyses of these extracts in order to fi nd 
out possible metabolite and activity relationship.

MATERIAL AND METHODS

Plant collection

The specimens were collected around the 
Cataniapo River, 8 km southeast from Puerto Ayachucho 
City, capital of the State of Amazonas, cartographically 
situated between 5° 36’-5° 39’N and 67° 6’-67° 29’W, 
with an altitude of 80-250 m above sea-level. Voucher 
specimens are deposited in the National Herbarium of 

Venezuela (VEN) and the Ambiental Ministry Herbarium 
at Puerto Ayachucho City (TFAV). Complete plant 
names, families and authority are indicated in Table 1.

Extract preparation

The collected fresh leaves and twigs from each 
plant were kept in cloth bags until the end of every day 
fi eld work, then chopped into pieces, fi lled a glass bottle 
of 500 mL capacity with 95% ethanol, and stored for two 
months at room temperature to accomplish exhaustive 
extraction. Then, the ethanol extract was decanted and 
concentrated in vacuum to dryness. The dry ethanol 
extract was treated with distilled water and the water 
soluble part was freeze-dried. The preparation thus 
obtained, named aqueous extract, was kept in a glass vial 
at -20 °C until biological assays were performed. The 
residual water-insoluble part is named ethanol extract 
in this work. These extract preparation procedures were 
not controlled quantitatively.

Phytochemical screening

Preliminary phytochemical analysis was 
carried out using thin layer chromatography. The TLC 
analysis was performed on silica gel plates developed 
with a mixture of dichloromethane-methanol (8:2 and 
9.75:0.25). Spots were revealed by the following spray-
reagents: Dragendorff reagent for alkaloids as orange 
spots; 5% methanol solution of saturated ceric sulphate 
in concentrate sulphuric acid for detection of terpenes 
and fl avonoids, the presence of triterpenoids suggested 
by violet spots and fl avonoids by yellow spots (Stahl, 
1969; Bilia et al., 1996); Phosphomolybdic acid for 
lipids, fatty acids, steroids and essential oils (Stahl, 
1969) with black or dark green spots and the universal 
Godin reagent, the observation of violet or blue and red 
spots is indicative of the presence of monoterpenoids 
including essential oils. Detection of polyphenols e.g. 
fl avonoids, xanthones, naphthoquinones were suggested 
by yellow spots and secoiridoids by brown spots with 
the same Godin reagent (Wagner et al., 1984).

Biological assays

Glucose-6-phosphatase assay

Liver microsomes were purifi ed as described from 
rats fasted overnight (Marcucci et al., 1983). Protein 
concentration was estimated using the modifi cation of 
the Lowry method described by Markwell et al. (1978). 
The G-6-Pase assay of intact and disrupted microsomes 
using Histone II A (Sigma Chemical Co. USA) was 
performed following Burchell et al. (1988). In brief, the 
assay was carried out with 40 L, 5 mM of G-6-P as 
substrate in the absence (control) or in the presence of 
40 L, 520 ppm, of aqueous or alcoholic extracts in 10 
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% DMSO and fi nally 20 L (20 - 30 g) of microsomal 
protein to give a 100 L fi nal volume. The reaction was 
taken in a water bath at 30 ºC for 10 min. It was stopped 
by adding 0.9 mL of 0.28% ammonium molybdate, 
1.11% sodium dodecyl sulphate and 1.11% ascorbic acid 
in 0.33 M sulphuric acid. The mixture was incubated at 
47 ºC for 20 min and the absorption of colored complex 
was recorded at 820 nm. Phloridzin (250 ppm) was 
used as a positive control. The activity is expressed 
as mol phosphate released/h/mg of protein and each 
value represents the average of 5 separate experiments ± 
standard deviation. The results are also expressed as the 
percentage of inhibition in comparison with control.

Antiradical activity

Radical scavengers detection on TLC plates was 
performed using the DPPH method (Cuendet et al., 
1997), being positive those compounds which exhibited 
yellow spots against a purple DPPH background. 

Quantitative evaluation of radical scavenging 
abilities of the aqueous and ethanol extracts was carried 
out by uv spectrophotometric measurement using 
quercetin as reference compound. DPPH has a purple 
colour ( max 515-517 nm) and becomes colorless in 
the presence of a substance capable of donating an 
electron. Absorbance decrease of freshly prepared 60 

M solution of DPPH in methanol in presence and 
absence of different concentrations of plant extracts was 
continuously recorded at 515 nm at 25 oC every 0.5 s. All 
the experiments were carried out in triplicate. The rate 
constants data were obtained to 1-5 min using an extract 
concentration corresponding to a total consumption of 
DPPH (Naik et al., 2004 and 2006; Andrade et al., 2007; 

Rocha et al., 2007).

RESULTS

Tables 1, 2, and 3 present the results of a 
preliminary phytochemical analysis, effects on the 
enzymatic activity of G-6-Pase and evaluation of the 
antiradical activity of 23 extracts derived from 12 plant 
species collected in the Venezuelan Amazon.

Phytochemical screening

Table 1 presents the preliminary phytochemical 
analysis of the extracts using thin layer chromatography. 
Almost all the ethanol extracts showed possible presence 
of triterpenoids and essential oils as blue-violet and 
red spots by ceric sulphate and Godin reagents. The 
majority of the aqueous and ethanol extracts showed 
the presence of alkaloids using the Dragendorff reagent. 
Secoiridoids were detected in the aqueous extracts of 
half of the plants examined, but less in the alcoholic 
extracts. Polyphenolic compounds other than fl avonoids 
were observed only in C. panamensis alcoholic extract 
using the Godin reagent. 

On the other hand, marginal presence of terpenes 
was observed in the aqueous extracts. Saponins were 
observed in the majority of the extracts. Whilst, yellow 
spots indicative of fl avonoids using ceric sulphate 
reagent, were observed only in G.  pulchra and P. 
acimarius ethanol extracts.

Glucose-6-phosphatase activity

The data are expressed in % inhibition in order 

 Phytochemical analysis (detection of antiradical activity)a, b 
Species (Family) Voucher number Aqueous extracts Ethanol extracts 

Irlbachia alata (Gentianaceae) 1548 AC 3, 4, 5 (3) 1, 1A,  (-) 
Tontelea ovalifolia (Hippocrateaceae) 1373 AC 1A, 3, 5 (3,5) 1, 1A, 3 (3) 
Endlicheria anomala (Lauraceae) 1282 AC 3 (3) 1, 1A (1A) 
Gustavia pulchra (Lecythidaceae) 1306 AC 1,5 (5) 1,1A, 2, 3 (2,3) 
Phthirusa verruculosa (Loranthaceae) 1325 AC 1A, 3, 4, 5 (3, 4, 5) 1, 1A, 3, 4 (3, 4) 
Phthirusa castillana (Loranthaceae) 1251 AC 1A, 3, 4, 5 (3, 4, 5) 1, 1A, 3 (3) 
Psittacanthus acimarius (Loranthaceae) 1302 AC 3, 4, 5 (3, 4, 5) 1, 2,  3, 4 (2, 3,4) 
Tetrapterys styloptera (Malpighiaceae) 1275 AC 1A, 3, 4, 5 (3, 4, 5) 1, 1A, 3, 4 (3, 4) 
Tetrapterys mucronata (Malpighiaceae) 1623 AC 1A, 3 (3) 1A (-) 
Calathea panamensis (Maranthaceae) 1374 AC 1A, 3 (3) 1A, 3, 6 (3, 6) 
Phorandendron piperoides (Viscaceae) 1385 AC ND 1, 1A, 3 (3) 
Vismia japurensis (Clusiaceae) 1295 AC 3, 4, 5 (3, 4, 5) NE 

Table 1. An aqueous and alcohol plant extracts screened and phytochemical analysis.

a1. Triterpenoid; 1A. Monoterpenoid; 2. Flavonoid (detected by ceric sulphate solution); 3. Alkaloids; 4. Secoiridoids, 5. saponins
(detected in the aqueous extracts); 6. Polyphenols (fl avonoids, Naphthoquinones or Xanthones). bThe number in parenthesis 
indicates the type of compound with the antiradical activity and the minus sign indicates no activity. ND: not detected. NE: not
evaluated.
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Species (Family) 

Aqueous extractsa Ethanol extractsa 

Intact microsomes Disrupted 
microsomes Intact microsomes Disrupted 

microsomes 
Activity % Activity % Activity % Activity % 

Irlbachia alata
(Gentianaceae) 1.18 ± 0.20 57.7 5.18 ± 0.90 0 1.38 ± 0.17 61.7 11.05 ± 0.96 1.3 

Tontelea ovalifolia 
(Hippocrateaceae) 0.37 ± 0.09 86.7 1.65 ± 0.32 65.8 0.68 ± 0.02 81.0 9.27 ± 0.80 17.2 

Endlicheria anómala 
(Lauraceae) 1.60 ± 0.05 43.0 4.46 ± 0.50 7.0 1.61 ± 0.08 55.3 10.09 ± 1.19 9.8 

Gustavia pulchra
(Lecythidaceae) 0.67 ± 0.03 76.0 2.94 ± 0.42 38.7 1.01 ± 0.31 71.9 10.88 ± 1.57 2.8 

Phthirusa verruculosa
(Loranthaceae) 0.25 ± 0.01 91.2 3.01 ± 0.83 37.7 0.30 ± 0.09 91.6 8.83 ± 0.82 21.1 

Phthirusa castillana
(Loranthaceae) 0.28 ± 0.01 90.0 3.15 ± 0.31 34.4 0.60 ± 0.04 83.3 11.02 ± 2.94 1.5 

Psittacanthus acimarius
(Loranthaceae) 0.64 ± 0.03 77.0 2.84 ± 0.40 40.9 0.42 ± 0.05 88.3 10.72 ± 0.80 4.2 

Tetrapterys styloptera 
(Malpighiaceae) 0.44 ± 0.02 84.2 3.58 ± 0.68 25.3 0.25 ± 0.08 93.0 7.88 ± 0.96 29.6 

Tetrapterys mucronata 
(Malpighiaceae) 2.12 ± 0.40 24.0 5.85 ± 0.87 0 1.95 ± 0.23 45.8 11.30 ± 0.86 0 

Calathea panamensis 
(Maranthaceae) 2.08 ± 0.36 25.4 4.44 ± 0.60 8.0 1.21 ± 0.02 66.3 10.73 ± 0.89 4.1 

Phorandendron piperoides 
(Viscaceae) 2.58 ± 0.56 8.0 4.19 ± 0.53 12.6 0.46 ± 0.03 87.3 8.39 ± 0.88 25.0 

Vismia japurensis 
(Clusiaceae) 0.28 ± 0.01 89.9 2.37 ± 0.38 50.6 NE NE NE NE 

Control 2.80 ± 0.60 - 4.80 ± 0.40 - 3.60 ± 0.71 - 11.19 ± 1.86 - 
Phloridzinb 1.14 ± 0.59 59.2 3.39 ± 0.35 29.4 1.55 ± 0.18 56.9 8.07 ± 0.91 27.9 

 
Species (Family) 

IC50 (ppm)A Kobs (s-1) 

Aqueous extracts Ethanol extracts Aqueous extracts Ethanol extracts 
Irlbachia alata (Gentianaceae) 1189.53 585.34 1.417 0.006 
Tontelea ovalifolia (Hippocrateaceae) 750.75 548.97 1.969 0.116 
Endlicheria anomala (Lauraceae) 825.25 100.00 0.067 0.012 
Gustavia pulchra (Lecythidaceae) 1030.50 657.47 0.352 0.067 
Phthirusa verruculosa (Loranthaceae) 250.00 164.28 0.275 0.160 
Phthirusa castillana (Loranthaceae) 674.54 147.34 0.095 0.014 
Psittacanthus acimarius (Loranthaceae) 337.97 142.80 0.186 0.264 
Tetrapterys styloptera (Malpighiaceae) NE 153.85 NE 0.037 
Tetrapterys mucronata (Malpighiaceae) 888.31 575.51 0.271 0.008 
Calathea panamensis (Maranthaceae) 757.58 586.51 fast 0.013 
Phorandendron piperoides (Viscaceae) NE 563.25 NE 0.160 
Vismia japurensis (Guttiferae) 726.60 NE 0.213 NE 
Quercetin 1.94B 0.748 

Table 2. Results of glucose-6-phosphatase hydrolysis inhibition for the extracts.

aThe assays for aqueous and ethanol extracts were performed in different days. bUsed as a positive control, NE: no evaluated.

Table 3. Antiradical activity: IC50 (ppm)  and Kobs (S-1) of aqueous and ethanol plant extracts.

a[DPPH] = 23.64 ppm (60 M). b[quercetin] = 82 g/mg DPPH, [DPPH] = 60 M.NE = Not evaluated. The errors in the IC50 were
less than 3%. The errors in the Kobs were calculated based on the fi tting parameters of the curves and in all the cases were less 
than 2%.
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to compare them with the results shown in previous 
reports (Jiménez et al., 2001). Without exception, all 
the extracts inhibited, to a greater or lesser degree, 
microsomal G-6-Pase enzymatic activity, resulting 
in greater inhibition on intact microsomes than on 
disrupted ones. Marked effects (>70 %) were observed 
for both aqueous and alcoholic extracts of T. ovalifolia,
G. pulchra, P. verruculosa and P. castillana, P. 
acimarius, T. styloptyera and V. japurensis (Table 2). 
These plants showed presence of alkaloids, secoridoids 
and saponins (Table 1). It is worth to note that all the 
extracts mentioned above showed more inhibition than 
the positive control phloridzin (Table 2).

Antiradical activity

Each extract was chromatographed on TLC plate 
in order to evaluate qualitatively radical scavenging 
ability of the components present in the extracts. The 
plates were sprayed with DPPH methanol solution 
and heated. A pale yellow spot against a DPPH purple 
background is indicative of trapping DPPH radical. The 
results are presented in Table 1. Spots corresponding to 
saponin, alkaloid and secoiridoid in the aqueous extracts 
from T. ovalifolia, P. acimarius, P. verruculosa, T. 
styloptera and V. japurensis showed positive yellowish 
color.

The IC50 (ppm) and Kobs (s-1) values of the 
extracts are shown in Table 3. The aqueous extracts of 
P. verruculosa, and P. acimarius, in which alkaloids, 
saponins and secoiridoids were detected, showed the 
best IC50 with 250.0 and 337.97, respectively (Table 
3). The aqueous extracts of T. ovalifolia, E. anomala,
T. mucronata, C. panamensis, P. castillana and V. 
japurensis, showed IC50 values between 600-900 ppm 
(Table 3). I. alata and G. pulchra, showed weak effects 
with IC50 values higher than 1000 ppm (Table 3), 
although in these extracts we detected alkaloids for I. 
alata, and saponins and alkaloids for G. pulchra (Table 
1). 

All the ethanol extracts tested had an IC50 lower 
than 700 ppm and were more effective DPPH radical 
scavengers than corresponding aqueous extracts in all the 
cases. The best results were obtained with E. anomala,
P. castillana and P. acimarius which showed IC50 of 
100, 147.34 and 142.80 ppm, respectively, followed by 
P. verruculosa (164.28 ppm) and T. styloptera (153.85 
ppm). The other six extracts tested had lower activities 
with IC50 close to 600 ppm.

The phytochemical studies showed the presence 
of alkaloids and with a minor proportion, secoiridoids 
in almost all the extracts. Flavonoids were detected only 
in the ethanol extracts of G. pulchra and P. acimarius.
Only mono and triterpenoids were detected in the ethanol 
extract of E. anomala. For this reason, no assumption can 
be made about the DPPH scavenger activity with respect 
to classes of compounds in these extracts. Nerveless, 

some triterpenoids with the aromatic phenol moiety 
like cognatin, isolated from Cheiloclinium cognatum,
and some phenolic components of essential oils like 
carvacrol detected in the Thymus genus had showed 
DPPH scavenger activity (Jeller et al., 2004; Tepe et 
al., 2005). Only in the ethanol extract of C. panamensis
non-fl avonoid polyphenols were detected. 

All the aqueous extracts were found to bleach 
the DPPH purple color. For I. alata, T. ovalifolia and C. 
panamensis, this bleach was reached in a few seconds, 
while, for the other species, the bleach was observed 
in the fi rst fi ve minutes. This scavenging of the DPPH 
radical could be considered mainly due to the presence 
of metabolites like essential oils, alkaloids, and 
polyphenols (Table 1 and 3).

The reaction rates observed for E. anomala and 
P. castillana, were slower than the other extracts. This 
probably means that the compounds containing labile 
hydrogen in these extracts are in minor proportion. The 
Kobs, calculated for the alcoholic extracts, are lower 
than those of the aqueous extracts for the same species, 
except P. acimarius. These results can be related 
to different concentrations, or more likely different 
compositions of active principles in both extracts.

DISCUSSION

Alkaloids and essential oils were detected 
in almost all the aqueous and alcoholic extracts. 
Secoiridoids were observed in the Loranthaceae family 
(Table 1). Saponins were common to eight of the aqueous 
extracts and triterpenoids were detected in almost all the 
alcoholic extracts. 

Psittacanthus calyculatus has been used in the 
traditional Mexican medicine as antidiabetic (Andrade-
Cetto and Heinrich, 2005; Barbosa-Filho et al., 
2005). Irlbachia alata, has been traditionally used as 
antimalarial in the French Guiana (Bertani et al., 2005) 
and one novel phosphatidylcholine, irlbacholine isolated 
from this specie, has been used as precursor for synthetic 
analogs with antifungal activity (Lu et al., 1999). 
Calathea warscewiczii is used by the Panama traditional 
medicine for several diseases (Gupta et al., 2005). The 
plant (aerial) infusions of Phoradendron bolleanum
and Phoradendron tomentosum have been used in 
Mexico by its hypoglycaemic effect. A phytochemical 
study of these species showed the presence of tannins, 
saponins, fl avonoids, coumarins from P. bolleanum and 
phoratoxins from Phoradendron tomentosum (Andrade-
Cetto and Heinrich, 2005). Tetrapterys styloptera and 
Phthirusa retrofl exa have been investigated for its 
anti-Mycobacterium tuberculosis activity (Rojas et al.,
2003).

No phytochemical and biological reports from 
Vismia japurensis have been made. Nevertheless, 5-
dihydroxy-8-methoxyxanthone has been isolated from 
Vismia amazonica and the plant has been tested for 
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antimutagenic activity (Sangwan et al., 1998). 
Alkaloids were detected in almost all the 

extracts studied (Table 1). Those compounds are known 
to exhibit a variety of biological activities including 
inhibition of malignant cell growth and proliferation, 
leishmanicidal, anti-HIV, anti-infl ammatory and 
antioxidant activities (Bacher et al., 2001; Chan-Bacab 
and Peña-Rodríguez, 2001; Ra ková et al., 2004; Singh 
et al., 2005; Barbosa-Filho et al., 2006; Castilhos et al., 
2007). On the other hand, secoiridoids are reported to 
show leishmanicidal and antioxidant activity (Chan-
Bacab and Peña-Rodríguez, 2001; Carrasco-Pancorbo 
et al., 2005). Triterpenoids and their glycosides 
(saponins) display a variety of biological activities 
such as immunomodulatory and antitumoral activity 
(Plohmann et al., 1997; Fulda et al., 1999). Polyphenols 
like fl avonoids and catechins have been shown to exert 
a broad spectrum of anti-HIV, leishmanicidal and 
antioxidant activity (Plumb et al., 1998; Yokozawa 
et al., 1998; Chan-Bacab and Peña-Rodríguez, 2001; 
Singh et al., 2005).

We have studied several plants belonging to the 
Amazonian region trying to seek a relationship between 
the inhibition of the G-6-Pase activity and the antiradical 
activity. These plants cited in Table 1, have not been 
reported previously concerning G-6-Pase enzymatic 
activity and DPPH antiradical activity.

G-6-Pase is the enzyme that catalyses the last step 
of neoglucogenesis and glycogenolysis, and its structure 
has been elucidated as fi ve polypeptide subunits (Burchell 
and Waddell, 1991). Its inhibition might be of some 
help in the control of the hyperglycaemia present in the 
diabetes. A relationship between inhibitory effects of the 
G-6-Pase activity and the presence of some metabolites 
like alkaloids, saponins, secoiridoids and polyphenols 
was observed for the evaluated extracts (Tables 1 and 
2). In general, the extracts were much more effective 
on intact microsomes than on disrupted ones. This 
fact means that the extract causes an inhibitory action 
mainly on the G-6-P transporter (T1 transporter) but 
also on the G-6-Pase catalytic subunit. It is also possible 
that the extracts affect the fl ow-out of phosphate ion 
and/or glucose and the products of G-6-P hydrolysis 
in microsomes (T2 and/ or T3 transporter), (Van 
Schaftingen and Gerin, 2002). Three species belonging 
to the Loranthaceae family were notably effective as 
well as V. japurensis, T. ovalifolia and T. styloptera. The 
ethanol extracts result more effective than the aqueous 
ones with inhibition percentages between 60 - 95 % for 
nine of the evaluated extracts.

Based on the mechanism of the DPPH reduction, 
and on previous studies of the antioxidant plants 
(unpublished results), it is possible to propose that 
the antioxidant activity could be due, at least in part, 
to the presence of metabolites with a labile hydrogen 
like phenolic compounds (e.g. fl avonoids, coumarins, 
naphthoquinones, tannins, etc.) and nitrogen-containing 

compounds (alkaloids). 
The results about the antiradical activity displayed 

by the ethanol extract of E. anomala are very singular. 
Its alcoholic extract is rich in compounds like terpenoids 
(essential oils and triterpenoids); Nerveless, the best 
antiradical activity was observed. Monoterpenoids like 
carvone possess high antioxidant activity (Elmastas et 
al., 2006; Souza et al., 2007) and some components of 
essential oils from Artemisia species have been showed 
antioxidant activity (Kordali et al., 2005).

The results from the Loranthaceae family are 
interesting; a relationship between the phytochemical 
constitution, the G-6-Pase inhibition activity and the 
antiradical activity (IC50 and Kobs) was observed for this 
family in both extracts. In fact, this family conformed 
by P. verruculosa, P. castillana and P. acimarius, rich 
in alkaloids, secoiridoids and fl avonoids (P. acimarius), 
showed high G-6-Pase inhibition and signifi cant 
antiradical activity. Another interesting alkaloid-
containing plant with presence of high antidiabetic and 
antioxidant activities was T. styloptera of Malpighiaceae 
family. These results suggest that the species of the 
Loranthaceae family are possible targets for further test 
as antidiabetic and antioxidant plants.
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