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ABSTRACT: The anti-hyperglycemic effect of wood powder of Quassia amara (QA) was 
evaluated in normal and in alloxan diabetes-induced rats. After a 12 h fast and glycemic 
check, the animals were orally given 0.9% of saline (control group), metformin (500 mg/kg) or 
QA (200 mg/kg) and, 30 minutes later, they received an oral glucose dose (1g/kg). The blood 
glucose level was measured after 30, 60, 90 and 120 minutes. From the oral glucose dose, QA 
showed anti-hyperglycemic effects, similar to metformin, only in the diabetic animals (p<0.01) 
when compared to the control group. Although the anti-hyperglycemic mechanism of action 
of QA was not investigated, a mechanism similar to metformin can be suggested, since both 
presented similar results for the conditions tested, that is, normal and diabetic rats. It is believed 
that the use of QA in diabetics could help to control the blood glucose levels and be useful as 
an alternative therapy.
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RESUMO: Efeito anti-hiperglicêmico de Quassia amara (Simaroubaceae) em ratos normais 
e diabéticos. O efeito anti-hiperglicemiante do pó do lenho de Quassia amara (QA) foi avaliado 
em ratos normais e diabéticos aloxana induzidos. Após jejum de 12 horas e verificação da 
glicemia, os animais receberam administração oral de salina 0.9% (grupo controle), metformina 
(500 mg/kg) ou QA (200 mg/kg) e 30 minutos depois carga oral de glicose (1g/kg). A glicemia foi 
medida nos próximos 30, 60, 90 e 120 minutos. A partir da carga oral de glicose, a QA mostrou 
efeito anti-hiperglicemiante, similar a metformina, somente nos animais diabéticos (p<0.01) 
quando comparados ao grupo controle. Embora o mecanismo de ação anti-hiperglicemiante 
da QA não tenha sido investigado, podemos sugerir um mecanismo semelhante à metformina, 
visto que ambos apresentaram resultados similares nas duas condições testadas, ou seja, 
animais normais e diabéticos. Acredita-se que o uso de QA, em diabéticos, possa auxiliar no 
controle da glicemia e servir como terapia alternativa.
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INTRODUCTION
Chronic diseases are the major causes of 

death in developed countries and large Brazilian 
cities. Among them is Diabetes Mellitus (DM), a 
complex and debilitating disease characterized by 
extensive biochemical changes due to the absolute 
or relative lack of insulin or the inefficacy of its 
peripheral actions. The major symptoms of diabetes 
are polyuria, polidipsia and polyphagia, and its 
diagnosis is made by the detection of hyperglycemia 
and glycosuria (Silva-Costa et al., 2008). Most of 
the consequences of diabetes result from micro and 
macrovascular complications; the most common co-
morbidities linked to DM are renal failure, amputation 
of lower limbs, blindness, and cardiovascular 
disease, including coronary artery diseases and 

encephalic vascular accidents (Toscano, 2004). 
Conventionally, the insulin-dependent DM 

is treated with exogenous insulin (Felig et al., 1995), 
and the non-insulin-dependent DM with synthetic 
oral hypoglycemic agents such as sulphonylureas 
and biguanides (Rosac, 2002). However, most of the 
times the therapeutic administration of insulin is made 
difficult by the huge variation from patient to patient in 
their response to insulin therapy and for its dose and 
frequency (Sebbag et al., 1994), and synthetic oral 
drugs can cause adverse health effects (Raheja, 1977).

Although the literature does not describe 
the use of Quassia amara (QA) in the treatment 
of DM, the reports of the ingestion of this plant 
as an alternative treatment or in association with 
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conventional agents by individuals having type II 
DM is quite common.

There are many studies on the anti-diabetic 
active principles and/or results of pharmacological 
tests demonstrating the experimental and/or clinical 
anti-diabetic effectiveness of medicinal plants 
(Groover et al., 2002; Li et al., 2004). Several 
Brazilian plants are used as hypoglycemic agents 
(Provasi et al., 2005; Borges et al., 2008; Ferreira 
et al., 2008; Medeiros et al., 2009), some of them 
with scientific proof of their effects. For some 
phytotherapeutic agents, though, the hypoglycemic 
effect is the result of liver toxicity (Negri, 2005). 

Many phytotherapeutic agents with 
hypoglycemic action mimic one or more of the 
actions of insulin at the receptor or downstream. 
Other actions include: stimulate insulin release; 
increase the sensitivity of the insulin receptors; 
increase glucose use by the tissues; correct the 
protein and lipid metabolic disorders and improve 
the microcirculation (Li et al., 2004). 

Despite the little knowledge about the 
pharmacological action of QA, this plant is being 
frequently studied as an adjuvant or major product 
in the treatment of a series of diseases because 
of its anti-malarial (Cachet et al., 2009; Houël et 
al., 2009), analgesic and anti-edema (Toma et al., 
2003), anti-fungal and anti-bacterial (Ajaiyeoba & 
Krebs, 2003), anti-ulcerogenic (Toma et al., 2002), 
and male anti-fertility actions (Njar et al., 1995; 
Parveen et al., 2003),  among others. The QA is a 
bush measuring 2-6 m high from the Simaroubaceae 
family. Because of its wide geographical distribution, 
it has many popular names, such as “Amargo”, 
“Hombre Grande”,  “Pau Quassia”, “Marubá”, 
“Marupá”, “Quina de Caiena” (Toma et al., 2003).

As QA is used in popular medicine for the 
treatment of diabetes, this study aimed at testing 
the hypoglycemic effect of the wood powder of QA 
in normal and alloxan-induced diabetic rats, as a 
possible adjuvant method in the treatment of DM.

MATERIAL AND METHODS

Animals
It was used male Wistar rats weighting 

between 250 and 280 g. The animals were placed 
in an animal house at constant temperature of 
23ºC and automatically controlled photoperiod (12 
h light/12 h dark). The animals were freely fed with 
standard rodent chow (Nuvilab®) and tap water.

The experimental protocols were carried 
out according to the guidelines of the Brazilian 
College of Animal Experimentation (COBEA) with 
the approval of the Animal Ethics Committee of the 
State University of Maringá (CEAE – 061/2010).

Diabetes induction
Before diabetes induction the animals were 

fasted for 12 hours and then anesthetized with i.p. 
sodium thiopental (40 mg/kg) (Schanaider & Silva, 
2004). Alloxan at 2% was administered through the 
penile vein at the dose of 40 mg/kg and about 30 
minutes later the animals were allowed to eat (Lerco 
et al., 2003). To confirm the diabetic state, the plasma 
blood glucose was checked on the sixth day after 
the alloxan injection and only the animals showing 
prandial glycemia equal to 280 mg/dl or higher were 
selected. The experiments were carried out on the 
seventh day.

Preparation of QA 
The wood powder of QA (Santosflora®) 

was purchased at a pharmacy of natural products.  
The powder was obtained from the sun-dried wood 
of the plant (lot QUASP01/0409). The dose used 
was 200 mg/kg body weight. As the sensitivity 
to heat of the bioactive extract is not known, the 
aqueous preparation was made with water at room 
temperature.

Experimental procedure
The anti-hyperglycemic effect of QA was 

investigated through the oral glucose tolerance test. 
Normal and diabetic rats were randomly assigned 
to three groups of six animals each, receiving oral 
administration (gavage) of 0.9% saline, metformin 
(500 mg/kg) or QA (200 mg/kg).

According to the experimental protocol 
adopted (Souza et al., 2009), blood glucose was 
measured after a 12-hour fast. Next the animals of 
each group received either saline, metformin or QA 
and after 30 minutes, glucose gavage at the dose of 
1 g/kg. Blood glucose was measured 30, 60, 90 and 
120 min after the administration of glucose.

All the blood glucose values were obtained 
using reagent strips (MedSense – Optium) coupled 
to a portable digital glucose meter (Optium Xceed). 
The blood was sampled from the caudal vein.

Statistical Analysis
The glycemic values were expressed as 

mg/dl and the data are presented as mean ± SEM 
of 6-8 animals. The significance level was 5%. The 
calculation of the area under the curve (AUC) and the 
statistical analysis (ANOVA followed by Bonferroni) 
were carried with using GraphPad Prism software 
(version 4.0).

RESULTS 
Figure 1A shows the glycemic profile of the 

normal rats during 120 minutes after an oral load of 
glucose (1 g/kg). Thirty minutes after glucose, control 
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rats (previously treated with saline) had a significant 
rise of blood glucose. This was not prevented by 
the previous treatment with QA or metformin. At 60 
minutes the glycemic values of the three groups went 
back to the basal values and remained as such for 
the rest of the period.

The AUC values of figure 1B show that there 
was no significant difference in the response of the 
three groups during the period of 120 minutes.

Figure 2A shows the glycemic curves of 
alloxan-induced diabetic rats. The control animals 
(receiving saline) showed a significant rise of blood 
glucose at 30  and 60 minutes (230,67±26,12 and 
239,17±36,52, respectively) after the oral glucose 
load.  The values obtained at these time intervals 
after the administration of QA (126,43±8,48 
and 108,00±12,73, respectively) and metformin 
(117,00±18,84 and 102,00±16,19, respectively),  
however, showed a prevention the glycemic rise 
after the glucose load . The AUC values of these 
two groups of animals were not significantly different 
(figure 2B).  

DISCUSSION
This work is the first demonstration of the 

anti-hyperglycemic property of the wood powder of 
QA using experimental animals, thus giving support 
to its popular use in the treatment of diabetes. 

Phytochemical analyses of QA revealed 
the existence of numerous compounds, such as 
β-carbonile and indole alkaloids, steroids and the 
bitter quassinoids principles  (Toma et al., 2003), 
with hypoglycemic effects described in some 
studies (Negri, 2005; NoorShahida et al., 2009). The 
quassinoids are a class of substances found almost 
exclusively in plants of the Simaroubaceae family 
and exhibiting a wide range of biological activities 
(Almeida et al., 2007).

In our study,  QA exerted an ant i -
hyperglycemic effect in alloxan-induced diabetic 
rats, this model is comparable to type I diabetes, 
with almost complete destruction of the pancreatic 
β-cells (Lima et al., 2001). 

 The effect was similar to that observed with 

FIGURE 1. A. Blood glucose profile during 120 minutes after oral administration of 1 g/kg of glucose, in normal rats, 
subjected to gavage of 0.9% saline (NCN), QA (NQA) or metformin (NMF). The glycemic values are expressed 
in mg/dl. B.  Area under the curve (AUC).  The data represent the mean ± SEM of 6-8 animals.

FIGURE. 2. A. Blood glucose profile during 120 minutes after oral administration of 1 g/kg of glucose, in alloxan-
induced diabetic rats, subjected to gavage of 0.9% saline (DCN), QA (DQA) or metformin (DMF). The glycemic 
values are expressed in mg/dl. B. Area under the curve (AUC).  The data represent the mean ± SEM of 6-8 
animals. •p<0.05 and ••p<0.01 vs 0 minutes and *p<0.05 and **p<0.01 vs DCN. 
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metformin, preventing glycemic changes after an 
oral load of glucose.  The metformin is a biguanide 
of therapeutic use known as an oral hypoglycemic 
agent that acts inhibiting gluconeogenesis and, in the 
presence of insulin, stimulating peripheral glucose 
uptake, in addition to decreasing glucose absorption 
by the gastrointestinal tract (Fisman et al., 2004). 
Studies have shown that metformin does not act as 
insulin secretagogue and its action does not result 
in the an episode of hypoglycemia (Silva-Costa et 
al., 2008; Krents & Bailey, 2005). It also prevents 
the desensitization of the pancreatic islets in the 
presence of glucose (Marchetti et al., 2004).  

Also similar to metformin, the QA did not 
show hypoglycemic effect in normal rats subjected 
to the oral glucose load. Similar results were found 
in normal rats under 12-hour fast when other extracts 
were administered at the dose of 200 mg/kg (Souza 
et al., 2009), showing that plant products have 
only a marginal hypoglycemic effect under these 
circumstances (Ajikumaran et al., 2006). 

The mechanism of action of QA as an anti-
hyperglycemic agent is not yet known. However, the 
hypoglycemic effect of quassinoids was compared 
with glibenclamide in STZ-induced diabetic rats 
and normoglycemic mice, possibly acting as an 
insulin secretagogue on surviving β-cells of islets of 
Langerhans (NoorShahida et al., 2009).

A study showed that the anti-diabetic action 
of garlic can be caused by an improvement in the 
use of glucose by the cells of diabetic rats, showing 
an activity as intense as insulin or glibenclamide. 
This activity could be explained by a greater control 
over lipid peroxidation, in addition to an stimulating 
effect over insulin secretion (Augusti & Sheela, 1996; 
Kiss et al., 2006). 

The results found in this study, however, 
suggest that the mechanism of action of QA can be 
similar to that of metformin, once both elicit the same 
response in normal and diabetic rats. Additional 
investigations are necessary to test this hypothesis.

There is an ever-increasing number of 
scientific studies confirming the toxicity of plants 
until then used unrestrictedly and indiscriminately. 
In our study we used an oral dose of 200 mg/kg 
of the aqueous preparation of wood powder QA. 
Other investigations have shown that there is no 
sign of toxicity when high oral doses were tested in 
rats (Parveen et al., 2003; Mello et al., 2009), mice 
(Garcia et al., 1997; Mello et al., 2009) and rabbits 
(Mello et al., 2009). The QA is included in the “green 
list” of the Food and Drug Administration (FDA) as 
generally safe; its major bitter agent, quassina, is 
approved as food additive.

In conclusion, the oral administration of 
the aqueous preparation of wood powder of QA 
did not show significant results in normal rats, 

but showed anti-hyperglycemic effect  in alloxan-
induced diabetic rats. Although the mechanism 
of the anti-hyperglycemic action of QA has not 
been investigated, we can suggest a mechanism 
comparable to that of metformin, once that both 
presented similar results in the conditions tested. It 
is believed that the use of QA by diabetic individuals 
can help in the control of the blood glucose level as 
an alternative adjuvant therapy.
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