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ABSTRACT

Aims: The aims of this study were: a) prepare crude extracts of commercial teas
Syzygium sp by different methods (maceration, decoction and infusion) in different
proportions (1:20, 1:50 and 1:100) and b) submit them the inhibition assays digestive
enzyme alpha-amylase before and after exposure to a simulated gastric fluid.
Place and Duration of Study: Laboratório de Bioquímica, Instituto de Ciências
Biológicas e Naturais, Universidade Federal do Triângulo Mineiro, Brazil, between August
2012 and July 2013.
Methodology: Five samples of Syzygium sp teas were purchased commercially from
pharmacies, drugstores and health food stores.
Results: In the first step - inhibition of enzymatic extracts of the teas without simulated
gastric fluid - the results showed significant inhibition of alpha-amylase (mean 92.84%,
CV = 3.86%). However, when these extracts were placed in contact with the simulated
gastric fluid was observed decreased inhibition of alpha – amylase, suggesting a possible
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reduction of hypoglycemic potential of these teas under physiological conditions.
Conclusion: Aqueous extract Syzygium sp have high percentages of inhibition of the
enzyme amylase, suggesting a potential hypoglycemic effect. Additional studies aiming at
elucidating the chemical compounds present in the extracts of Syzygium sp using
chromatographic techniques will be performed.
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1. INTRODUCTION

One of the major health problems affecting humanity today is diabetes. Slowly progressive
and silent, their losses bearer are numerous and serious. It is characterized as a chronic and
extremely debilitating, particularly the association of hyperglycemia with comorbidities such
as hypertension, obesity, and other circulatory problems that result in pathological metabolic
syndrome [1,2].

Of universal occurrence affects people of all age groups in both sexes in all countries of the
world. The adoption of unhealthy eating habits, reduction or absence of physical activity and
sedentary lifestyle are the main causes of this epidemic progress, according to the
consensus of scientific literature [3,2]. Besides all the health problems caused by diabetes,
should be considered the economic aspect, exposed by the high costs of drug treatment [4].
Several drugs are available commercially for therapy, especially insulin and oral
hypoglycemic agents, which represent large expenditures due to continuous use. Thus, the
search for new drugs and therapeutic alternatives more accessible and less costly represent
a promising path [3, 2]. Therefore, ethnopharmacological and ethnobotanical surveys related
to the traditional use of plants and plant extracts for the population, can provide important
information for the search for new treatments for diabetes.

An example is the species Syzygium sp (Myrtaceae), better known as Jamelão or jambolão,
used for many years by the population, mainly in the form of teas, due to his alleged
hypoglycemic and antidiabetic effects [5,6]. Despite the widespread use, the research that
was submitted revealed no consensus about its effectiveness as well as its toxicity.
Furthermore, studies have demonstrated that the hypoglycaemic effect were inconclusive as
to the elucidation of the mechanism of action [7,8,9,10].

In this context, in 2009 the Ministry of Health included Syzygium sp in the first list of species
potentially promising for therapeutic use, but still need more conclusive studies, called the
National List of Medicinal Plants of Interest (RENISUS), whose goal is to guide and direct
research with these species [11].

Thus, considering the great potential for use in therapy, the need for studies - especially
those related to the effectiveness and mechanism of hypoglycemic action - and the lack of
information related to your profile enzyme inhibition, the research objectives are: (a) prepare
commercial extracts from teas Syzygium sp by different methods (maceration, decoction and
infusion) in different proportions, and (b) use these extracts for the testing of the inhibition of
digestive enzymes amylase, before and after exposure to a simulated gastric fluid.
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2. MATERIALS AND METHODS

The analysis and the experiments were conducted in the Laboratório de Bioquímica, Instituto
de Ciências Biológicas e Naturais, Universidade Federal do Triangulo Mineiro - UFTM,
Brazil.

2.1 Sygyzium sp - Collection and Sample Preparation

Five samples (A, B, C *, D and E) of Syzygium sp teas were purchased commercially from
pharmacies, drugstores and health food stores in the cities of Uberaba, Lavras and Araxá, all
in the state of Minas Gerais, Brazil. At the time of purchase of the samples was requested a
copy of the technical report issued by the supplier.

Macroscopically, the samples showed up in the form of small fragments of leaves and stems.
The only exception was the sample C, which presented itself in the form of a fine powder,
which according to the supplier's technical report was obtained from the leaves of Syzygium
sp.

All samples were brought to the Laboratório de Bioquímica, Instituto de Ciências Biológicas
e Naturais/UFTM where extractions were prepared in aqueous solution by different methods
(maceration, decoction and infusion), described below. The aqueous extracts obtained were
aliquoted, stored in "eppendorfs" and stored in a freezer until the experimental analyzes.

2.1.1 Decoction

Samples of commercial teas were immersed in water in proportions of 1:20, 1:50 and 1:100
and taken to heating in a closed container. Upon reaching the boiling point, the mixture
remained at boiling for 10 minutes. After standing 30 minutes the mixture was filtered
(organza fabric), and the crude extract obtained was used in the enzyme inhibition assays.

2.1.2 Maceration

Samples of commercial teas were immersed in water in the proportions of 1:20, 1:50 and
1:100 at room temperature and allowed to stand for 10 days. Following the macerate was
filtered (organza fabric) and crude extract obtained was used in enzyme inhibition assays.

2.1.3 Infusion

Samples of commercial teas were immersed in boiling water in the proportions of 1:20, 1:50
and 1:100 over 10 minutes. Then the mixture was filtered (organza fabric) and crude extract
obtained was used in the enzyme inhibition assays.

2.2 Obtaining Enzyme

For the enzymatic assays was used the enzyme porcine pancreatic α-amylase type VIB
(Sigma ®).

2.4 Activity of α-amylase

The α-amylase activity was determined according to the methodology proposed by Noelting
& Bernfeld [12]. In this test, 50 µL of sample of plant extract and 50 µL of enzyme α-amylase
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were pre incubated for 20 minutes in a water bath at 37°C. The starch substrate was made
1% in Tris 0.05 mol L-1, pH 7.0 plus NaCl 38 mmol L-1 and CaCl2 0.1 mmol L-1. After addition
of 100 mL of the substrate, the mixture was incubated for four time periods. The reaction
was stopped by adding 200 µL of reagent 3,5 dinitro salicylic acid.  Then the product was
read in a spectrophotometer at 540 nm.

2.5 Determination of Inhibition

The inhibition of the enzyme was obtained by determining the slopes (absorbance vs. time)
of enzyme activity assays control (without plant extract sample) and enzyme + inhibitor (with
a sample of plant extract). The slope of the line is due to the formation of reaction product
per minute, and the presence of the inhibitor causes a reduction in this slope. The percent of
inhibition is calculated as the difference between the slopes (control and sample) divided by
the slope of the control.
* Due to the form of presentation (powder) - different from the other samples - sample preparation C had to be
adapted as the extraction ratios (1:100, 1:250 and 1:500) and separation of the extract (centrifugation rather than
filtration).
2.6 Preparation of Simulated Gastric Fluid

In order to simulate the process of digestion in the stomach in vitro, assays were also
performed enzymatic activities in the presence of a simulated gastric fluid. To this end, the
extracts were incubated with simulated gastric fluid prepared according to The United States
Pharmacopeia – [13], for 1 hour in a water bath at 37°C. After this period, sample were
neutralized with sodium bicarbonate salt to physiological pH and only then carried out the
activity tests.

2.7 Statistical Analysis

The results were submitted to analysis of variance using the software SISVAR [14].

3. RESULTS AND DISCUSSION

Initially, a survey was conducted regarding the potential for inhibition of alpha-amylase by
Syzygium sp samples, depending on the method of extraction and dilution.

The results of enzyme inhibition of extracts of commercial teas Syzygium sp by different
extraction methods and in different proportions, shown in Table 1, demonstrated significant
inhibition of the enzyme alpha-amylase, involved in the metabolism of carbohydrates, which
may suggest a hypoglycemic activity. Of the 135 tests, only four deviated from the overall
average of 92.84% (CV = 3.86%). They are: maceration B - 1:100, maceration D - 1:20,
maceration D – 1:50 and maceration D - 1:100, whose percentage inhibition were,
respectively, 76.68%, 80.04%, 69.46% and 45.99%.
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Table 1. Percent inhibition1 of alpha-amylase by aqueous extract of Syzygium sp obtained by decoction and infusion soaking in varying proportions

Sample Method of extraction and dilution
Decoction Maceration Infusion
1:20 1:50 1:100 1:20 1:50 1:100 1:20 1:50 1:100

A 94.78     ± 3.58 97.61     ± 1.19 96.66 ± 0.97 95.15   ± 3.14 93.19     ± 2.35 92.42     ± 2.44 95.49     ± 2.24 96.71      ± 1.97 93.92     ± 1.01
B 94.10 ± 3.70 97.64     ± 1.57 95.06  ± 0.87 92.70   ± 7.59 88.55     ±

10.80
76.68* ± 4.64 97.20     ± 1.99 96.72     ± 1.85 96.20     ± 2.57

D 92.18     ± 2.96 95.95     ± 1.54 93.48  ± 5.23 80.04* ± 6.38 69.46* ±
7.79

45.99* ± 5.97 94.98 ± 3.30 95.65     ± 1.50 95.62       ±
2.59

E 95.43     ± 1.89 95.73     ± 1.08 95.46  ± 3.73 92.58   ± 2.80 94.56     ± 1.86 92.54     ± 5.46 95.48     ± 1.38 94.23     ± 1.18 96.87     ± 1.47
1:100 1:250 1:500 1:100 1:250 1:500 1:100 1:250 1:500

C2 97.77     ± 1.06 95.72     ± 3.43 97.66   ± 2.05 96.89     ± 2.35 95.57     ± 3.76 96.59     ± 0.30 97.30     ± 1.85 96.59     ± 1.90 96.55     ± 0.53
1Data are the mean ± standard deviation of three replicates.

2Dilutions were adapted according to the form of presentation of the sample (powder), different from the other (leaves).
* Significant difference (p = .05) by the Scott-Knott test.
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As in our findings, Pereira et al [15] working with infusions of green and black teas found
alpha-amylase inhibition of 42.19% and 73.44%, respectively. The authors suggested that
such inhibition may be due to the presence of polyphenolic compounds in teas, since,
according Salunkhe et al [16], the hydroxylated aromatic ring characteristic of these phenolic
compounds, interacts with proteins causing a complexion. Corroborating this hypothesis,
several authors recently confirmed the inhibition of alpha-amylase by phenolic compounds
[17,18,19,20].

Regarding the potential hypoglycemic effect and potential use of inhibitors of glycolytic
enzymes as an aid in the treatment of obesity and diabetes, several authors have shown
promising results. Gunawan-Puteri et al [18] observed potent inhibitory activity of amylase in
leaf extracts of Phyllanthus urinaria and Artemisia vulgaris. According to the authors, this
activity may allow the exploration of the use of P. Urinary in treating patients with diabetes.

In vitro study indicated that the compound trilobatina obtained from extracts of leaves of
Lithocarpus polystachyus Rehd had strong inhibitory activity against alpha-glucosidase and
moderate against alpha-amylase, and present a moderate antioxidant activity and a strong
potential sweetener. According to the authors, these features, when combined into a
compound, are potentially useful for managing hyperglycemia induced by glucose and
provide the biochemical logic to other animal and clinical studies [21].

Gonçalves et al [17], have shown that phenolic compounds extracted from Vitis vinifera were
effective in inhibiting the enzyme alpha-amylase. The authors suggested that this inhibition
in the gut may contribute to the decrease in starch hydrolysis and consequently lead to a
reduction in postprandial glycemia.

After verifying the ability of extracts Sygyzium sp inhibit the enzyme alpha-amylase,
analyzes were performed to assess the behavior of these extracts against a simulated
gastric fluid. The results are shown in Table 2.

The results showed decreased inhibition of amylase when the extracts were placed in
contact with the simulated gastric fluid. There was a decrease and variation in the
percentages of amylase inhibition, suggesting a possible decrease in hypoglycemic potential
of these teas under physiological conditions. The acidic pH of gastric fluid may be the cause
of the decrease of the inhibitory activity of the extracts of Syzygium sp; this can be explained
by a conformation change, chemical reaction or other mechanism that causes the
inactivation of inhibitors present.

Pereira et al [15] evaluated the inhibition potential of green and black teas on the enzymes
alpha-amylase, alpha and beta-glucosidases observed that both inhibited the enzymes.
However, the authors found that after exposure of teas to a simulated gastric fluid inhibition
of the enzyme alpha-amylase disappeared. According to the authors, after drinking tea, the
passage through the gastrointestinal tract may lead to structural changes in the inhibitor due
to the acidic pH of the stomach, inactivating it.  As for glycosidases, black tea kept inhibition
even after exposure to simulated gastric fluid, suggesting that it may aid in carbohydrate-
restricted diet.
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Table 2. Percent inhibition1 of alpha-amylase by aqueous extract of Syzygium sp obtained by decoction and infusion soaking in varying proportions, before and after exposure
to a simulated gastric fluid

Method of extraction and dilution
Decoction Maceration Infusion

Sample ENZYME ASSAY 1:20 1:50 1:100 1:20 1:50 1:100 1:20 1:50 1:100

A
Before the fluid 97.50% 96.77% 95.83% 57.58% 40.48% 11.36% 92.16% 78.79% 28.00%
After the fluid 40.00% 22.58% 33.33% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

B
Before the fluid

____________
After the fluid

90.91%

64.00%

72.73%

18.18%

81.82%

36.36%

40.43%

23.21%

0.00%

1.79%

14.89%

26.79%

64.04%

32.69%

73.58%

11.54%

25.00%

2.04%

D
Before the fluid 93.15% 95.24% 86.05% 47.37% 20.59% 0.00% 93.33% 52.94% 62.96%
After the fluid 28.13% 7.14% 0.00% 15.56% 50.00% 12.50% 0.00% 0.00% 0.00%

E
Before the fluid 82.50% 87.50% 62.96% 96.97% 50.00% 62.96% 96.67% 94.59% 89.83%
After the fluid 0.00% 53.33% 15.79% 0.00% 12.12% 0.00% 0.00% 0.00% 9.43%

C2

1:100 1:250 1:500 1:100 1:250 1:500 1:100 1:250 1:500
Before the fluid 90.00% 96.23% 98.18% 85.19% 87.76% 85.71% 85.37% 98.53% 94.12%
After the fluid 78.05% 56.60% 20.29% 9.62% 6.12% 0.00% 72.09% 7.04% 17.11%

1 Enzymatic inhibition assays of the enzyme alpha-amylase before and after exposure to simulated gastric fluid, simultaneously performed for each dilution.
2Dilutions were adapted according to the form of presentation of the sample (powder), different from the other (leaves).
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Working with extracts of white bean flour, Pereira et al [22] observed inhibition of the enzyme
alpha-amylase from 79.1% to 81.81% before and after exposure to simulated gastric fluid,
respectively. The authors suggested that the inhibitor still stable after passage through the
stomach during digestion and found that extracts of white bean flour proved to be a potential
source of reducing the absorption of carbohydrates in the diet and, therefore, a promising
adjuvant for the treatment of obesity and diabetes.

Migliato et al. [23], demonstrated high levels of phenolic compounds in extracts of fruits of
Syzygium cumini. The presence of phenolic compounds in the leaves of Syzygium sp may
be responsible for the inhibition found in our work.

The results of this study reveal a high ability to inhibit alpha-amylase by extracts of Syzygium
sp (Jambolão), suggesting a potential use as hypoglycemic and antidiabetic. Despite this
promising potential mechanisms of action and physiological effects in the treatment of
diabetes are not yet determined, thus requiring, studies related to the identification of
bioactive compounds and biological assays to evaluate efficacy and toxicity.

4. CONCLUSION

Syzygium sp aqueous extracts obtained by decoction, maceration and infusion in the
proportions of 1:20, 1:50 and 1:100, show high percentage inhibition of the amylase enzyme,
suggesting a potential hypoglycemic effect thereof.

Moreover, when exposed to a simulated gastric fluid, the same extracts showed significant
decreases in the percentage inhibition of the amylase enzyme.

Additional studies aiming at elucidating the chemical compounds present in the extracts of
Syzygium sp using chromatographic techniques will be performed.
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