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RESEARCH ARTICLE

Combretum lanceolatum flowers ethanol extract inhibits hepatic
gluconeogenesis: an in vivo mechanism study
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Paulo Teixeira de Sousa Juniora, Claudia Marlise Balbinotti Andradea, Nair Honda Kawashitaa, Gisele
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aDepartment of Chemistry, Federal University of Mato Grosso, Cuiabá, Mato Grosso, Brazil; bDepartment of Physiological Sciences,
State University of Londrina, Londrina, Parana, Brazil; cDepartment of Clinical Analysis, School of Pharmaceutical Sciences,
São Paulo State University, UNESP, Araraquara, São Paulo, Brazil

ABSTRACT
Context Ethnopharmacological studies have demonstrated that plants of the Combretum genus
presented antidiabetic activity, including Combretum lanceolatum Pohl ex Eichler (Combretaceae).
Objective This study investigated the hepatic mechanisms of action of C. lanceolatum flowers
ethanol extract (ClEtOH) related to its antihyperglycaemic effect in streptozotocin-diabetic rats.
Materials and methods Male Wistar rats were divided into normal (N) and diabetic control (DC)
rats treated with vehicle (water); diabetic rats treated with 500 mg/kg metformin (DMet) or 500 mg/
kg ClEtOH (DT500). After 21 d of treatment, hepatic glucose and urea production were investigated
through in situ perfused liver with L-glutamine. Changes in the phosphoenolpyruvate
carboxykinase (PEPCK) levels and in the activation of adenosine monophosphate-activated protein
kinase (AMPK) and insulin-signalling intermediates were also investigated.
Results Similar to DMet, DT500 rats showed a reduction in the rates of hepatic production of
glucose (46%) and urea (22%) in comparison with DC. This reduction was accompanied by a
reduction in the PEPCK levels in liver of DT500 (28%) and DMet (43%) when compared with DC.
AMPK phosphorylation levels were higher in the liver of DT500 (17%) and DMet (16%) rats. The
basal AKT phosphorylation levels were increased in liver of DT500 rats, without differences in the
insulin-stimulated AKT phosphorylation and in the insulin receptor levels between DC and
DT500 rats.
Discussion and conclusion The antidiabetic activity of ClEtOH can be attributed, at least in part, to
inhibition of hepatic gluconeogenesis, probably due to the activation of both AMPK and AKT
effectors and reduction in the PEPCK levels.
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Introduction

Diabetes mellitus (DM) is a chronic endocrine disorder
resulting from defects in pancreas insulin production
and secretion and/or insulin resistance in peripheral
tissues, leading to abnormalities in carbohydrate, lipid
and protein metabolism. Lifestyle changes in modern
society, such as diminished physical activity and
increased ingestion of high-energy foods have explained
the high incidence of DM, which is reaching epidemic
proportions worldwide (Hossain et al. 2007; van Dieren
et al. 2010). In 2013, more than 382 million people had
diabetes, with estimation to rise to 592 million world-
wide by 2035 (Guariguata et al. 2014).

Chronic hyperglycaemia accounts for the establish-
ment of diabetic complications, such as retinopathy,
nephropathy, autonomic and peripheral neuropathies
and vascular diseases, these contributing to the

morbidity and mortality related to this disease
(Nickerson & Dutta 2012). Impaired glucose uptake by
adipose and skeletal muscle tissues and increased rate of
hepatic gluconeogenesis appear as the main causes of
hyperglycaemia in insulin-deficient and/or resistant
states. Therefore, therapeutic options that restore these
biochemical disturbances are beneficial to treat diabetic
patients, such as metformin, a widely prescribed
antidiabetic agent, which improves peripheral glucose
uptake and inhibits hepatic glucose output, among other
benefits (Klip & Leiter 1990; Viollet et al. 2012). It is
interesting to note that metformin has derived its
structure from guanidine, a compound isolated from
Galega officinalis L. [Fabaceae (Leguminosae)] (Bailey &
Day 1989). Hence, it stimulated the number of studies
focusing on the search of novel medicines from natural
origin to treat DM; these studies are now concerned not
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only in confirming the traditional knowledge about the
use of medicinal plants but also in investigating the
mechanisms of action that explain the antihyperglycae-
mic effect of herbal species.

Some studies have reported that plants from
Combretum genus possess antidiabetic activity
(Pannangpetch et al. 2008; Ojewole & Adewole 2009;
Chika & Bello 2010). Among these, Combretum
lanceolatum Pohl (Combretaceae), commonly known
as ‘‘pombeiro-vermelho’’ can be cited as largely dis-
tributed in the Brazilian Pantanal. Recent studies by
Dechandt et al. (2013) demonstrated that the treatment
of streptozotocin (STZ)-diabetic rats with the
C. lanceolatum flowers ethanol extract (ClEtOH) for 21
d improved various parameters classically altered in
diabetes, including a decrease in the blood and urinary
glucose levels. In addition, a decrease in the urinary urea
and an increase in the weight of soleus and extensor
digitorum longus (EDL) muscles were also observed,
suggesting that the extract could be acting, at least in
part, through reduction in the hepatic gluconeogenesis.
Also, the beneficial effects of the treatment with ClEtOH
were very similar to that promoted by metformin.
Furthermore, in vitro incubations of liver slices with
ClEtOH or with metformin were able to stimulate
adenosine monophosphate-activated protein kinase
(AMPK) (Dechandt et al. 2013).

Considering that at least part of the inhibitory action
of metformin on hepatic gluconeogenesis occurs through
AMPK stimulation (Lochhead et al. 2000; Zhou et al.
2001), the objective of this study was to investigate the
changes in the rate of gluconeogenesis and in the AMPK
activation in liver of diabetic rats treated with ClEtOH,
which could be related with its antihyperglycaemic effect.
For this, the rate of hepatic gluconeogenesis in situ, the
protein levels of phosphoenolpyruvate carboxykinase
(PEPCK), key enzyme of this process and the changes in
the phosphorylation levels of AMPK in liver were
determined. Changes in the insulin-signalling compo-
nents, insulin receptor (IR) and AKT were also
investigated.

Materials and methods

Plant material and extraction preparation

Flowers of C. lanceolatum were collected in Poconé,
Mato Grosso, Brazil (S 16�18056.400; W 056�32021.500;
126 m of elevation) in July 2010 and identified by Dr.
Germano Guarin Neto, in Central Herbarium of UFMT,
where a voucher specimen was deposited under the
number 39 149. The flowers of C. lanceolatum were dried
at room temperature and grounded in electric grinder;

later the powder (5.960 g) was placed in maceration with
ethanol (13 L at each extraction) at room temperature
under occasional shaking, in seven cycles of 7 d. The
mixture was filtered and the ethanol was evaporated
under reduced pressure at 38 �C and the residue was
dried at 40 �C to afford ClEtOH (2.350 g; 39.43%).
ClEtOH was stored at 4 �C and, at the time of use, it was
suspended in water and orally administered by gavage.

Animals

Male Wistar rats weighing 180–200 g (38–40 d old) were
kept into individual metabolic cages, housed under
environmentally controlled conditions (24 ± 1 �C) with a
12 h light/dark cycle and they had free access to water
and normal lab chow diet (Purina�Labina). All experi-
ments were performed between 08:00 and 10:00 am. The
animals were managed according to the Brazilian College
of Animal Experimentation (COBEA) and procedures
received prior institutional approval by Committee for
Ethics in Animal Experimental from UFMT (protocol
no. 23108.029613/09-3).

Induction of diabetes mellitus

Experimental diabetes mellitus was induced by a single
intravenous injection of streptozotocin (STZ, 40 mg/kg)
dissolved in 0.01 M citrate buffer (pH 4.5), in previously
15 h fasted rats. Non-diabetic, control animals were
obtained injecting vehicle (0.01 M citrate buffer). Five
days after STZ administration, rats with postprandial
glycaemia values of approximately 500 mg/dL were used
in the experiments. Plasma glucose levels were deter-
mined by the glucose oxidase method (Bergmeyer &
Bernt 1974) using a commercial kit (Labtest Diagnostica
SA, Lagoa Santa, Brazil).

Experimental design and analysis

The animals were randomly assigned into four groups:
N, non-diabetic rats (treated with vehicle, water); DC,
diabetic control rats (treated with water); DMet, diabetic
rats treated with 500 mg/kg metformin; DT500, diabetic
rats treated with 500 mg/kg ClEtOH. The groups
received vehicle (water), metformin or ClEtOH by oral
gavage, once a day, for 21 d. Body weight was monitored
daily. Plasma glucose levels were monitored at every 5 d
(blood samples collected from the tip of the tail). At the
end of the treatment, the animals were euthanised in
order to collect the liver and blood samples, as well as to
perform liver perfusion analysis. Liver and serum
samples were stored at�80 �C until analysis.
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Insulin serum levels were determined through immu-
noenzymatic assay (Millipore Corporation, Billerica,
MA). In liver, the protein levels of PEPCK and the
changes in the AMPK activation and in the insulin-
signalling components (IR and AKT) were determined
through Western blotting. Hepatic glucose and urea
production from L-glutamine were investigated through
in situ perfused liver.

Liver perfusion

Livers of rats fasted for 15 h were perfused in situ as
previously described (Obici et al. 2008). After a 10 min
pre-perfusion period, the gluconeogenic substrate
L-glutamine, under saturating concentration (5 mM),
was dissolved into the perfusion fluid and infused during
50 min. Samples of the effluent perfusion fluid were
collected at 5 min intervals and the concentrations of
glucose and urea were measured by glucose oxidase
reaction (Bergmeyer & Bernt 1974) and urease reaction
(Bernt & Bergmeyer 1965), respectively, using commer-
cial kits (Labtest Diagnostica SA, Lagoa Santa, Brazil).
The differences in the glucose and urea production
during and before the infusion of L-glutamine were used
to calculate the area-under-the-curves (AUC), expressed
as mmol/g.

Western blotting analysis

Fragments of liver were homogenised in 50 mM Tris-
HCl buffer (pH 7.4) at 4 �C containing 150 mM NaCl,
1 mM EDTA, 1% Triton X-100, 0.1% sodium dodecyl
sulphate (SDS), 10 mM sodium pyrophosphate, 100 mM
sodium fluoride, 10 mM sodium orthovanadate,
5 mg/mL aprotinin and 1 mM phenylmethylsulphonyl
fluoride. The homogenates were centrifuged at
11 000 rpm for 40 min at 4 �C and the supernatants
were used for analysis. Protein levels were determined
using bovine serum albumin as standard (Bradford
1976). Samples containing 100 mg protein were pre-
pared with sample buffer (250 mM Tris-HCl, 50%
glycerol, 10% SDS, 500 mM dithiothreitol, 0.1% bro-
mophenol blue, pH 6.8) and subjected to SDS-PAGE
analysis on 10% acrylamide gels (Laemmli 1970).
Proteins were electroblotted onto nitrocellulose mem-
branes (Towbin et al. 1979). After blocking, membranes
were incubated overnight at 4 �C with anti-PEPCK
(1:5000, Santa Cruz, CA), anti-AMPK (1:1000, Cell
Signaling Technology, Danvers, MA), anti-p-[Thr172]-
AMPK (1:1000, Cell Signaling Technology, Danvers,
MA) anti-IR (1:750, Santa Cruz, CA), anti-AKT (1:500,
Santa Cruz, CA) and anti-p-[Ser473]-AKT (1:500, Santa
Cruz, CA). Anti-histone (1:500, Santa Cruz, CA) was

used as the internal control. Primary antibodies were
detected by peroxidase-conjugated secondary antibodies
and visualised with chemiluminescent substrate
(1.25 mM luminol, 0.198 mM p-coumaric acid,
0.00915% hydrogen peroxide, 0.1 M Tris-HCl and pH
8.5). Band intensities were quantified using the ImageJ
Program (Version 1.38, NIH, Bethesda, MD).

Insulin-signalling studies

To examine the changes in the insulin-signalling com-
ponents in liver of each experimental group, animals
were fasted 5 h before the morning of the experiment.
After this period, the animals were anesthetised with
ketamine/xylazine (50 mg/5 mg for each kilogram of
animal) and then intraperitoneally injected with 0.9%
sodium chloride (non-stimulated animals; basal values)
or with 10 U insulin/kg (stimulated animals); after
10 min, liver samples were quickly removed and stored
at�80 �C until analysis. The IR and AKT protein levels
and the phosphorylation levels of AKT (serine-473
residue) were determined through Western blotting
analysis as described above.

Statistical analysis

Data were expressed as mean ± standard error of mean
(SEM). Statistical analysis was performed with GraphPad
Prism 5.01 (GraphPad Software, Inc., La Jolla, CA). One-
way analysis of variance (ANOVA) followed by the
Newman–Keuls test was used to analyse differences
among different groups. Unpaired Student’s t-test was
used to compare the changes in the AKT phosphoryl-
ation levels between non-stimulated and insulin-
stimulated groups. Differences were considered signifi-
cant at p50.05.

Results

Confirmation of the antidiabetic activity of

ClEtOH

At the beginning of the experiment, DC, DMet and
DT500 rats exhibited similar values of plasma glucose
and body weight. As expected, the initial and final
postprandial glycaemia values were increased in DC rats
when compared with N. After 21 d of treatment,
postprandial glycaemia was decreased in DMet (39%;
p50.05) and DT500 (31%; p50.05) rats. Similarly,
fasting glycaemia values were also decreased in DMet
(41%; p50.05) and DT500 (27%; p50.05) rats in
comparison with DC (Table 1).
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It was observed a minor body weight gain in DC rats
when compared with N. DMet and DT500 rats had a
greater weight gain; after 21 d of treatment, the
body weight values were 11% (p50.05) and 18%
(p50.05) increased, respectively, when compared with
DC (Table 1).

These results confirm previous findings regarding the
antidiabetic activity of ClEtOH (Dechandt et al. 2013),
allowing the investigation of the hepatic mechanisms of
action of the extract.

Insulin serum levels

The postprandial serum insulin levels were signifi-
cantly lower in all groups of diabetic rats in comparison
with N rats, evidencing the diabetogenic effect of
STZ. The treatment of diabetic rats with metformin or
with ClEtOH did not change the insulin serum
levels when compared with DC rats (N¼ 2.983 ± 0.512;
DC¼ 0.645 ± 0.154; DMet¼ 0.772 ± 0.144; DT500¼
0.659 ± 0.082, ng/mL, n¼ 5–10 animals). Therefore, the
changes observed in the hepatic gluconeogenesis cannot
be attributed to the ClEtOH action in stimulating the

pancreatic insulin production/secretion and/or in
inhibiting the insulin degradation.

Rates of hepatic gluconeogenesis and

ureogenesis

As expected, liver of DMet rats perfused with
L-glutamine showed a reduction in the rates of glucose
(68%; p50.05) and urea production (22%; p50.05) in
comparison with DC rats (Figure 1). The hepatic glucose
production was 46% lower (p50.05) in DT500 rats
when compared with DC; this reduction was accom-
panied by a decrease of 22% (p50.05) in the urea
production (Figure 1).

PEPCK protein levels

Corroborating the findings on the hepatic glucose
and urea production, it was observed that the protein
levels of PEPCK in liver of rats from DMet and
DT500 groups were 43% (p50.05) and 28% (p50.05)
decreased, respectively, in comparison with DC
(Figure 2).

Figure 1. Hepatic glucose (A) and urea (B) production from saturating concentration of L-glutamine (5 mM) in diabetic rats
non-treated (DC), treated for 21 d with 500 mg/kg metformin (DMet) or with 500 mg/kg Combretum lanceolatum flowers ethanol
extract (DT500). Data represent mean ± SEM of 5–7 animals per group. ap50.05 versus DC (ANOVA followed by Newman–Keuls).

Table 1. Body weight and postprandial and fasting plasma glucose levels of diabetic rats non-treated (DC), treated for 21 d with
500 mg/kg metformin (DMet) or with 500 mg/kg Combretum lanceolatum flowers ethanol extract (DT500).

Body weight (g) Postprandial plasma glucose levels (mg/dL) Fasting plasma glucose levels (mg/dL)

Groups Initial Final Initial Final Final

N 196.1 ± 10.13 307.6 ± 9.77 123.7 ± 10.01 122.9 ± 9.45 87.3 ± 14.11
DC 195.4 ± 7.93 250.4 ± 7.34a 494.0 ± 52.74a 529.9 ± 24.69a 196.0 ± 30.64a

DMet 199.9 ± 7.64 277.8 ± 10.15b 505.4 ± 56.36a 323.9 ± 38.49a,b 115.0 ± 14.29b

DT500 210.3 ± 7.62 295.9 ± 7.50b 488.0 ± 50.45a 367.2 ± 71.96a,b 143.6 ± 12.94a,b

Data represent mean ± SEM of 6–7 animals per group.
ap50.05 versus N;
bp50.05 versus DC (ANOVA followed by Newman–Keuls).
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Changes in the AMPK activation and in the
insulin-signalling intermediates

AMPK was activated in liver of DMet rats, since the
AMPK phosphorylation levels were 16% higher
(p50.05) than values from DC. In a similar magnitude,
DT500 rats showed a 17% increase (p50.05) in the
phosphorylation levels of AMPK (Figure 3).

The protein levels of IR were not different in liver of
DT500 rats in comparison with values of N or DC rats
(Figure 4A).

The basal AKT phosphorylation in liver of DC rats
was 32% lower [p50.05; DC(�) versus N(�)] than N,
showing the impairment in the hepatic insulin signalling,
probably due to the low insulin levels as a consequence
of pancreatic beta cells destruction by STZ. The basal
AKT phosphorylation levels were similar between N and
DT500 rats [DT500(�) versus N(�)], showing that
diabetic rats treated with ClEtOH recovery, at least in
part, the capacity to activate the insulin signalling. This
improvement can be also noted when comparing DC
and DT500 rats, since the basal AKT phosphorylation of
DT500 rats was approximately 2-fold increased [p50.05;
DT500(�) versus DC(�)] in comparison with DC
(Figure 4B). As expected, the insulin administration
increased the AKT phosphorylation in comparison with
basal values, in both DC [162%; p50.05; DC(+) versus
DC(�)] and DT500 [157%; p50.05; DT500(+) versus
DT500(�)] rats; however, no differences were found in

the insulin-stimulated AKT phosphorylation levels
between DC and DT500 rats [Figure 4B; DT500(+)
versus DC(+)].

Discussion

Previous studies demonstrated that ClEtOH reduced
plasma glucose levels in STZ-diabetic rats after 21 d of
treatment; the extract also reduced the urinary urea
levels and the mass loss of soleus and EDL skeletal
muscles (Dechandt et al. 2013), indicating a possible role
in the inhibition of gluconeogenesis. Attempting for this,
the present study showed that at least part of the
antihyperglycaemic effect of ClEtOH is related to the
reduction of the hepatic glucose output, since its
production was reduced in liver of diabetic rats treated
with ClEtOH. Furthermore, this inhibitory effect on the
glucose production was accompanied by a decrease in
the protein levels of PEPCK, a key enzyme of
gluconeogenesis process, probably due to the activation
of both AMPK and AKT effectors in liver of diabetic rats
treated with ClEtOH.

It is well known that the regulation of liver
gluconeogenesis involves the transcriptional control of
glucose-6-phosphatase (G6Pase) and PEPCK, enzymes
that catalyse committed steps of this process. In DM, the
association of low insulin levels (or insulin resistance
state) with increased levels of glucagon and

Figure 3. Phosphorylation (Thr-172 residue) levels of AMPK in
liver of diabetic rats non-treated (DC), treated for 21 d with
500 mg/kg metformin (DMet) or with 500 mg/kg Combretum
lanceolatum flowers ethanol extract (DT500). Data represent
mean ± SEM of 13–15 animals per group. ap50.05 versus DC
(ANOVA followed by Newman–Keuls).

Figure 2. Protein levels of PEPCK in liver of diabetic rats non-
treated (DC), treated for 21 d with 500 mg/kg metformin (DMet)
or with 500 mg/kg Combretum lanceolatum flowers ethanol
extract (DT500). Data represent mean ± SEM of 6–7 animals per
group. ap50.05 versus DC (ANOVA followed by Newman–Keuls).
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glucocorticoids contributes to the increased expression of
gluconeogenic enzymes and the high rate of glucose
production and disposal (Jacobson et al. 2005; Rizza
2010). Along with the diminished inhibitory effect of
insulin on gluconeogenesis, the increased glucose output
is favoured by the augmented offering of substrates to
the liver, mainly lactate, glycerol and alanine. Attempting
to clarify the relative contribution of the different
substrates for gluconeogenesis in DM, Bazotte et al.
investigated the hepatic glucose output in diabetic rats
(fasting or fed states) using liver perfusion with isolated
substrates at saturating concentrations and at a constant
flow rate (Ferraz et al. 1997; Akimoto et al. 2000). The
authors found that although alanine is the most
important amino acid substrate for gluconeogenesis,
the glucose production in liver of diabetic rats perfused
with L-alanine was unchanged in comparison with
perfusions without the amino acid, in both fasted
(Ferraz et al. 1997) and fed (Akimoto et al. 2000)
diabetic rats. Different from L-alanine, the production of
glucose and urea was much increased in liver of diabetic
rats perfused with L-glutamine (Akimoto et al. 2000),
justifying the option for this amino acid in the present
study. Finally, the glucose production in liver of diabetic
rats perfused with L-lactate, pyruvate or glycerol was also
increased (Ferraz et al. 1997).

The restoration of liver PEPCK levels has been
pointed out as one important target to decrease both
liver glucose output and hyperglycaemia in DM. Among
the pharmacological options to treat DM, it has been

demonstrated that metformin suppresses hepatic glucose
production through the down regulation of PEPCK
expression; this action is achieved after the activation of
AMPK (Lochhead et al. 2000; Zhou et al. 2001). AMPK
is a serine/threonine protein kinase that controls the
physiological energy dynamics in several tissues (Hardie
2007). In liver, AMPK inhibits glucose production
reducing the PEPCK expression through inhibition of
CREB-regulated transcription coactivator 2 (CRTC2)
(Koo et al. 2005) and forkhead box O (FoxO1) (Barthel
et al. 2002), two transcriptional factors that control the
gene expression of gluconeogenic enzymes (Jitrapakdee
2012). Data of the present study showed that AMPK
phosphorylation levels were increased in liver of diabetic
rats treated with metformin (Figure 3), which explains, at
least in part, the decrease in the PEPCK levels (Figure 2)
and the subsequent fall in the hepatic glucose output
(Figure 1A). Since L-glutamine was used in the experi-
ments as gluconeogenic substrate, the amino acid
deamination (and the subsequent urea production) is
an essential step prior to the disposal of alpha-
ketoglutarate to gluconeogenesis process; in this way,
decrease in the urea output was also observed in liver of
diabetic rats treated with metformin (Figure 1B). Taken
together, these results showed that gluconeogenesis was
inhibited in diabetic rats treated with metformin
explaining, at least in part, the decrease in plasma
glucose levels (Table 1).

It has been widely recognised that AMPK is an
important target to treat DM and other metabolic

Figure 4. Insulin-signalling changes in liver of normal rats (N), diabetic rats non-treated (DC) or treated for 21 d with 500 mg/kg
Combretum lanceolatum flowers ethanol extract (DT500). Protein levels of IR (A) and basal (�) or insulin-stimulated (+)
phosphorylation (Ser-473 residue) levels of AKT (B). Data represent mean ± SEM of 5–7 animals per group. Comparison among basal
values (ANOVA followed by Newman–Keuls): ap50.05 versus N(�); bp50.05 versus DC(�). Comparison between basal and insulin-
stimulated phosphorylation (Student’s t-test): cp50.05 versus DC(�); dp50.05 versus DT500(�).
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disorders (Gruzman et al. 2009; Viollet et al. 2009).
Therefore, the discovery of plant preparations that exert
its antidiabetic activity through AMPK activation is
extremely interesting throughout the search of isolated
compounds or during the development of phytotherapic
formulations to be used in diabetes treatment. In this
way, our data confirm that ClEtOH led to AMPK
activation, since its phosphorylation levels were
increased in liver of diabetic rats treated with the extract
(Figure 3). Quercetin, the major constituent of ClEtOH,
can be mentioned as responsible for the AMPK activa-
tion; the in vitro incubation of liver slices with quercetin,
ClEtOH or metformin increased the AMPK phosphor-
ylation (Dechandt et al. 2013). In agreement with these
findings, Sato et al. (2013) also observed that the
phosphorylation of AMPK was increased in liver from
adult offspring rats of protein-restricted dams that
received quercetin during lactation, which could be a
beneficial mechanism against the long-term metabolic
disturbances related to malnutrition during gestational
periods. So, the AMPK activation can explain, at least in
part, the decrease in the protein levels of PEPCK
observed in liver of diabetic rats treated with
ClEtOH (Figure 2).

A decrease in both glucose (Figure 1A) and urea
(Figure 1B) outputs by the liver of diabetic rats treated
with ClEtOH was observed. It is important to highlight
that both glucose and urea production values were very
similar between diabetic rats treated with metformin or
with ClEtOH, as well as the PEPCK levels, demonstrat-
ing that the pharmacological efficacy of ClEtOH in STZ-
diabetic rats was equivalent to that of the classical
antidiabetic agent. It has been reported that plants of the
Combretum genus or their isolated compounds exert
antidiabetic activities through PEPCK inhibition. In a
study of Zhang et al. (2008), it was demonstrated that the
stimulation of AMPK and the subsequent PEPCK down-
regulation expression in liver of diabetic db/db mice are
involved in the improvement of glucose tolerance
promoted by combretastatin A-4, a resveratrol structural
analogue isolated from Combretum caffrum tree. Welch
(2010) observed that high-fat diet diabetic mice treated
for 7 weeks with the n-butanol fraction from Combretum
micranthum leaf extract showed a decrease in liver
PEPCK expression, which could explain the antidiabetic
activity (Chika & Bello 2010).

The inhibition of PEPCK expression and the subse-
quent decrease in the glucose production by gluconeo-
genesis can be also achieved through the activation of
another kinase, named protein kinase B (PKB) or AKT.
It is well established that AKT is an important insulin
downstream effector involved in the hepatic gluconeo-
genesis inhibition; once activated by insulin, AKT

phosphorylates and inhibits FoxO1 transcriptional
factor, so inhibiting the PEPCK gene expression
(Cheng & White 2011). Interestingly, our present data
showed that the basal phosphorylation levels of AKT
were increased in liver of diabetic rats treated with
ClEtOH, when compared with non-treated diabetic rats,
reaching values similar to that found in N rats
(Figure 4B). Considering that no changes were observed
neither in the abundance of IR (Figure 4A) nor in the
insulin-stimulated AKT phosphorylation (Figure 4B) in
liver of rats treated with ClEtOH, it can be suggested that
the extract did not improve the insulin sensitivity. In
addition, the basal AKT stimulation occurs without
changes in the serum insulin levels (see Results section).
Taken together, these data suggested that ClEtOH
probably has compounds that, isolated or combination,
present an insulin-like action, stimulating insulin-
signalling intermediates. Corroborating our hypothesis,
Dai et al. (2013) attributed the antidiabetic effect of
quercetin to its ability to stimulate AKT (and also
AMPK) in skeletal muscle cells, leading to an increased
glucose uptake. Finally, the stimulation of hepatic AKT
could explain not only the decrease in the PEPCK levels
and in gluconeogenesis but also the increase in the
hepatic glycogen content previously observed in diabetic
rats treated with ClEtOH (Dechandt et al. 2013); the
stimulation of liver glycogen synthesis could be an
additional mechanism of the extract that also contributes
to reduce hyperglycaemia.

Conclusions

The findings of the present study suggest that the
inhibition of gluconeogenesis participates as one
important mechanism of action of C. lanceolatum
flower extract related to its antihyperglycaemic effect,
which probably depends on the activation of both
AMPK and AKT effectors. Combretum lanceolatum
appears to be a promising Brazilian plant to be used
in phytotherapic formulations to reduce hypergly-
caemia and to improve other disturbances related to
diabetes mellitus.
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