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ABSTRACT

Background: Camellia sinensis, the most consumed and popular beverages
worldwide, and Eugenia uniflora, a Brazilian native species, have been already
confirmed to have beneficial effects in the treatment of diabetes mellitus.
However, their potential acting together against an enzyme linked to this
pathology has never been exploited. Objective: The aim of this study was to
evaluate the inhibitory properties of individual and combined ethanolic extracts
of the leaves of C. sinensisand E. uniflora over alpha-glucosidase, a key digestive
enzyme used on the Type 2 diabetes mellitus (T2DM) control. In addition, their
inhibitory activity against 2,2-diphenyl-1-picrylhydrazyl radical (DPPH®) and
peroxyl radicals was also assayed. Materials and Methods: Enzyme inhibition
and antioxidant potential were assessed based on in vitro assays. Total phenolic
compounds, carotenoids, and chlorophylls A and B were achieved using
spectrophotometric methods. Results: E. uniflora was almost 40 times more
active on alpha-glucosidase than C. sinensis and combined extracts showed a
significant synergistic effect with an obtained IC,; value almost 5 times lower
than the theoretical value. C. sinensis extract was twice more active than E.
uniflora concerning DPPH?®, in contrast, E. uniflora was almost 10 times more
effective than C. sinensis on inhibition of peroxyl radicals with a significant
synergistic effect for combined extracts. The extracts activities may be related
with their phytochemicals, mainly phenolic compounds, and chlorophylls.
Conclusion: Combined C. sinensis and E. uniflora ethanolic extracts showed
synergistic effect against alpha-glucosidase and lipid peroxidation. These herbal
combinations can be used to control postprandial hyperglycemia and can also
provide antioxidant defenses to patients with T2DM.
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SUMMARY
e Alfa-glucosidase and antioxidant Interaction between Camellia sinensis L.
Kuntze and Eugenia uniflora L. ethanolic extracts was investigated.

INTRODUCTION

Diabetes mellitus is becoming a major public health concern, with
high social and health-care costs since it affects over 387 million
people worldwide causing 4.9 million deaths in 2014 (1 death each
7 s) according to the International Diabetes Federation. In Brazil,
this pathology is present in around 13 million people between
20 and 79 years old.l! Type 2 diabetes mellitus (T2DM) accounts
for 90% of cases of diabetes and is characterized by individuals
with postprandial hyperglycemia associated with low production
of insulin, resistance to insulin, or both. One strategy used to
control T2DM is the use of inhibitors of digestive enzymes such as
alpha-glucosidase that is present in the intestine which catalyzes’
the digestion of complex carbohydrates, converting them into easily
digestible monosaccharides.”? Inhibitors of this enzyme are used by
individuals with T2DM to promote a decrease in glucose uptake and
consequently a reduction in blood sugar levels. Different glucosidase
inhibitors are currently used in patients with T2DM, namely acarbose,
the first alpha-glucosidase inhibitor that is produced by fermentation
of actinomycetes called Actinoplanes sp. and miglitol which is
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e Extracts showed synergistic effect over alpha-glucosidase and peroxy! radi-
cals.

e Total phenolic, carotenoids and chlorophylls A and B can be responsible by
the observed activities.

e Extracts could be used as alternative to control postprandial hyperglycemia.

e Extracts could increase antioxidant defenses to patients with T2DM.
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Abbreviations Used: T2DM: Type 2 diabetes mellitus; DPPH: 2,2-diphenyl-
1-picrylhydrazyl radical; PNPG: 4-Nitrophenyl
B-D-glucuronide; LOO: Lipid peroxidation;
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CAE: Chlorogenic acid equivalent

Access this article online
Website: www.phcogres.com

Quick Response Code:

Correspondence:

Dr. Juliana Vinholes,

Embrapa Clima Temperado, BR 392, KM 78,
C. P 403, CEP 96010-971, Pelotas-RS, Brazil.
E-mail: julianarochavinholes@gmail.com
DOI: 10.4103/0974-8490.197797

synthesized starting from the naturally occurring 1-deoxynojirimycin
as a lead structure.® Since then, several studies have been performed
in different species aiming to find new sources of inhibitors of this
enzyme due to increase cases of T2DM in the world. Researchers have
proposed different species as natural sources of alpha-glucosidase
inhibitors including Camellia sinensis L. Kuntze (green tea), the most
consumed and popular beverages worldwide,* and Eugenia uniflora L.
(Brazilian Pitanga), a Brazilian native species that, shows in recent
years an interesting potential as source of bioactive compounds. Both
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species have been already confirmed to have beneficial effects in the
treatment of diabetes mellitus. C. sinensis tea consumption was effective
against type 2 diabetes in a retrospective cohort studies in Japan and
Taiwan.! Moreover, different studies also showed the positive effect
of C. sinensis on T2DM prevention and treatment that was related with
their phytochemicals mainly flavonols,” methylxanthine alkaloids,
and polysaccharides® by different mechanisms including inhibition
of glucosidases.'”’ E. uniflora leaves have been empirical used in
the T2DM treatment and also showed inhibitory properties against
alpha-glucosidase."""*! E. uniflora leaves are source of macrocyclic
hydrolysable tannin dimers (eugeniflorins D1 and D2), oenothein
B, 1,2,4,6-tetra-O-galloyl-fl-o-glucose, gallocatechin and myricitrin,
compounds that may be responsible for the species activity."® Besides,
it is well known that leaves also contain chlorophylls and carotenoids
pigments, and these phytochemicals compounds can also confer good
antioxidant activities for both species, which is an additional feature
for the treatment of patients with T2DM which have their antioxidants
defenses altered.

It is well established that when compounds with different properties
are combined, numerous interactions can occur toward each other
which can result in effects different from the formers. These effects can
be classified as synergistic, antagonistic, or additive. The combination
of extracts with different composition and the presence of synergistic
effect is of great interest from the pharmacological point of view
since the biological effect of the combined product is greater than
the sum of individual agents.!'"” Thus, smaller quantities of extracts
are required to achieve the desirable effect which may improve the
health-promoting properties of both products. Thus, the aim of this
work was to determine the alpha-glucosidase inhibitory activity, and
antioxidant effect of combined ethanolic extracts of C. sinensis L.
Kuntze and E. uniflora L. leaves to assess their potential use in the
T2DM treatment. In addition, the phytochemicals present in both
extract were also determined and their relation with the observed
biological effects discussed.

MATERIALS AND METHODS

Chemicals

Reference compounds and reagents were purchased from different
suppliers.  2,2-diphenyl-1-picrylhydrazyl radical (DPPH'), iron
sulfate heptahydrate, linoleic acid, Tris-HCl, phosphate buffer,
alpha-glucosidase (type I from bakers yeast), and 4-nitrophenyl
a-D-glucopyranoside (PNP-G) were obtained from Sigma-Aldrich (St.
Louis, MO, USA). Ethanol was purchased from Synth (Diadema, SP,
Brazil), ethyl ether, dichloromethane, ascorbic acid, phosphoric acid
hydrogen peroxide solution (30% w/w) was from Impex (Diadema,
SP, Brazil) and Acarbose (Glucobay) was from Bayer Pharma
AG (Leverkusen, Germany).

Samples

C. Sinensis (green tea), from a commercial brand, was purchased from
local market in Pelotas and deposited in the laboratory of Food Science
and Technology under the number: CS-01. E. uniflora leaves from purple
genotype (plant identification PIT102, deposit number: ECT450) were
collected from the Active Germplasm Bank of native fruits at Embrapa
Clima Temperado (Brazil, 31°40°47”S, 52°26'24”W), on November
21, 2014 and identified by the PhD Gustavo Heiden Curator of the
Embrapa Clima Temperado Herbarium. After collection, the sample was
transported immediately to the laboratory, where it was placed in oven at
37°C until constant weight. Samples were powdered and sieved (<1 mm)
for further extraction.
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Preparation of extracts

Samples were extracted with ethanol 95% using 1 g of sample/100 ml
of solvent, at 200 rpm, during 60 min. Extracts were filtered through
paper filter (Whatman n°4) and further evaporated under pressure at
40°C. Ethanolic extracts yields were 14.47% + 2.47% and 6.87% + 1.08%
for C. sinensis and E. uniflora, respectively. Samples were redissolved in
ethanol leading to extracts with concentration of 3.5 mg/ml, which were
further stored at —20°C until analysis.

Alpha-glucosidase inhibition and antioxidant

potential
General

To evaluate the antihyperglycemic and antioxidant potential of leaves
extracts in vitro assays were performed by spectrophotometric methods
using an Amersham, ultraviolet-visible Ultrospec-3100 Pro Amersham
Bioscience spectrophotometer. The IC, | values were calculated using
at least 5 concentrations for each extract, and combined extracts (1:1).
Three extracts were prepared for each sample and assays were
performed in triplicate (n = 9) and expressed as * standard error of
the mean (SEM).

Alpha-glucosidase inhibitory activity

The effect on alpha-glucosidase was assessed using a procedure previously
reported with a slightly modification.!®! Briefly, 20 pl of extract or
ethanol (control) was added to a vial with 100 pl of PNP-G (3.25 mM)
in phosphate buffer (pH 7.0). The reaction was initiated by the addition
of 100 pl of enzyme (9.37 U/ml in phosphate buffer, pH 7.0), and vials
were incubated at 37°C for 10 min. The reaction was stopped by adding
0.600 ml of Na,CO, (1M), and the absorbance at 405 nm was measured.
Acarbose was used as positive control (85-1360 pg/ml).

2,2-diphenyl-1-picrylhydrazyl radical scavenging activity

The hydrogen atoms or electrons donation ability of the extracts was
measured from the bleaching of purple-colored methanol solution of
DPPH" by adaptation of the methods reported in the literature.!'*2!
Briefly, 50 pl of each extract or ethanol (control) were added to 200 pl
of a 0.6 mM DPPH' methanol solution. The reaction was mixed and
incubated in the dark for 30 min at room temperature; samples were
read at 515 nm.

Lipid peroxidation inhibition

Lipid peroxidation (LOO) was measured according to the method
described in the literature.?!! Briefly, the reaction mixture contained
50 ul of extract or ethanol (control), 250 pl linoleic acid (20 mM), 150 pl
Tris-HCI (100 mM, pH 7.5), and 50 ul FeSO,.7H,0 (4 mM). Linoleic
acid peroxidation was initiated by the addition of 50 pl of ascorbic acid
(5 mM) followed by incubation for 60 min at 37°C. The addition of 1.5 ml
of ethanol-ether (3:1, v/v) and vortexing for 1 min allowed the separation
of conjugated dienes in the organic layer that was spectrophotometrically
measured at 233 nm.

Calculation of effects

Theoretical effects values for alpha-glucosidase and antioxidant activities
of the mixtures were calculate as weighted mean experimental IC,
values [Table 1] and considering the additive contributions of 50%
individual extracts as follows:

Theoretical IC_ = IC, C. sinensis x 0.50 + IC,  E. uniflora x 0.50

The classification in additive, synergistic, or antagonistic effects was
performed by comparison of obtained IC, values with the theoretical
IC,, value according to literature.?>*! The interaction was considered
additive when theoretical IC_; and experimental IC, values show
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Table 1:1C50 values for alpha-glucosidase, 2,2-diphenyl-1-picrylhydrazyl radical, and lipid peroxidation inhibition of individual and combined ethanolic

extracts of Camellia sinensis L. Kuntze and Eugenia uniflora L

Acarbose Camellia sinensis L. Eugenia uniflora L. Camellia sinensis L. + Eugenia uniflora L. Effect
Experimental Theoretical
Alpha-glucosidase, IC, | (ug/ml) 413.6+20.2 10.68+2.02 0.26+0.05 1.04+0.20%** 5.47+1.02 SN
DPPH, IC,  (ug/ml) 8.28+0.27 15.45+0.70 12.72+0.04 11.87+0.36 AN
Lipid peroxidation, IC, (ug/ml) 10.42+0.09 0.96+0.18 3.87+0.54* 5.69+0.23 SN

Results are expressed as mean values+SEM of three experiments performed in triplicate (n=9). Significance differences were compared between obtained and theoretical
values (*P<0.05, **P<0.0001). SN: Synergistic effect; AN: Antagonistic effect; DPPH: 2,2-diphenyl-1-picrylhydrazyl radical; SEM: Standard error of the mean

differences lower than 5%; for synergistic effect, the experimental IC,
values are more than 5% lower than theoretical values, and antagonistic
effect when experimental IC,  values was more than 5% higher when
compared with theoretical values as can be seen in Figure 1.2

Phytochemical analysis
Total phenolic compounds

Total phenolic content was measured according to the Folin-Ciocalteu
method adapted from Swain and Hillis.?*! Briefly, 50 pl aliquot of the
extract and the control (50 pl of ethanol) were each combined with
250 pL of 0.25 N Folin-Ciocalteau reagent. After 3 min reaction, 500 pl
of Na,CO, (IN) was added, the mixtures were incubated for 2 h at room
temperature, the absorbance was measured at 725 nm, and the results
were expressed as mg of chlorogenic acid equivalents per 100 g of sample
(CAE mg/100 g of sample) using a chlorogenic acid (0-0.4 mg/ml)
standard curve.

Total carotenoids and chlorophylls content

Carotenoid, chlorophyll A, and chlorophyll B contents were assessed
according to literature.” The ethanolic extracts were analyzed at different
wavelengths and quantified according to the following equations:

Chlorophyll A =13.36A _, - 5.19 A,
Chlorophyll B=27.43A,, - 8.12 A,
Carotenoids = (1000A . —2.13Chlorophyll A — 97.63Chlorophyll B)/209

where A, A, . and A, are the absorbance’s read at 470 nm, 649 nm,

and 664 nm, respectively. Results are expressed as pg/g of sample.

Statistical analysis

Data are reported as mean + SEM of three extracts analyzed in
triplicate (n = 9). One-way analysis of variance was employed to compare
the means related to the evaluated parameters. Significant differences
were considered when P < 0.05.

RESULTS
Alpha-glucosidase inhibition

A dose response inhibitory effect over alpha-glucosidase was observed
for both extracts and their combination as can be observed in
Figure 2. The inhibition of 50% of the enzyme (IC,) was lower for
E. uniflora, followed by combined extracts and C. sinensis [Table 1].
The combination was found to be synergistic since the experimental
IC,, values were more than 5% lower than theoretical value [Table 1].
Both extracts and their combination showed IC, lower than acarbose
(positive control).

2,2-diphenyl-1-picrylhydrazyl radical scavenging
activity
All ethanolic extracts, under the assays conditions, inhibit the free

radical DPPH" in a concentration-dependent way [Figure 3a] with IC_|
values ranging from 8.28 to 15.45 pg/ml [Table 1]. C. sinensis was almost
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Figure 1: Classification in additive, synergistic, or antagonistic effects
using the inhibition of alpha-glucosidase as example. TIC, | = Theoretical
IC,, and EIC, = Experimental IC_|

2 times more effective than E. uniflora. The extracts combination showed
an antagonistic effect on DPPH" since the experimental value of IC, was
6.68%, which was higher than 5%, when compared with the theoretical
IC,, value [Table 1].

Lipid peroxidation inhibition

C. sinensis and E. uniflora ethanolic leaves extracts and their
combination were evaluated as inhibitors of LOO". Figure 3b displays
the dose-dependent behavior observed for all extracts. E. uniflora was
10 times more effective than C. sinensis with IC,, values of 0.96 and
10.42 pg/ml [Table 1], respectively. A synergistic effect was observed
when combining both extracts on the LOO" inhibition, with an
experimental value of IC, | 3.87 pg/ml, which is lower than the theoretical
value and lower than the IC, found for C. sinensis alone.

Phytochemicals

Total phenolic compounds

The total phenolic content of the C. sinensis and E. uniflora extracts was
measured, and the results were expressed as milligram of CAE per 100 g
dried weight sample. As can be observed on Table 2, the total phenolic
compounds in C. sinensis (812.58 + 117.15 mg of CAE/100 g of sample)
and E. uniflora (663.82 + 107.58 mg of CAE/100 g of sample) were not
significantly different.
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Total carotenoids

The total content of carotenoids in ethanolic extracts of C. sinensis and
E. uniflora is presented in Table 2. C. sinensis (0.13 £ 0.03 ug/g of sample)
was 2-fold richer in these compounds than E. uniflora (0.07 £ 0.02 ug/g
of sample).

Chlorophylls

The contents of chlorophylls in the extracts are presented in Table 2.
C. sinensis also showed higher concentrations of chlorophyll
A (0.96 * 0.16 mg/g of sample) than E. uniflora (0.60 + 0.09 mg/g of
sample), conversely, E. uniflora had higher amounts of chlorophyll
B (0.46 + 0.11 mg/g of extract), almost 2 times, when compared to C.
sinensis (0.18 + 0.02 mg/g of sample).

DISCUSSION

Hyperglycemia, typical in patients with T2DM, is characterized by the
abnormal increase in the level of fasting and postprandial blood glucose.
Thus, controlling postprandial hyperglycemia is a major therapeutic
approach for T2DM management. Different strategies can be used to
decrease the high levels of glucose after a carbohydrate-rich meal, inhibit
the enzymes responsible for their digestion is an example. Thus, in this
study, we evaluated the potential of C. sinensis and E. uniflora and their
combination as inhibitors of alpha-glucosidase, an enzyme present in the
human body responsible for the carbohydrate breakdown.

Both extracts were tested at same concentration; however, E. uniﬂom
achieved almost 100% of alpha-glucosidase inhibition with lower
amounts. As consequence, the IC,, found for C. sinensis was almost
40 times higher than the IC | of E. uniflora. C. sinensis and E. uniflora
ethanolic extracts were 40 and 1500 times more effective than the
positive control acarbose, respectively. C. sinensis showed an IC_
(10.68 pg/ml) almost 30 times lower than reported for a hydro-alchoholic
extract (IC,) = 299 pg/ml).?” In addition, this value is slightly higher
than the IC, reported in the literature for C. sinensis water extracts
4.42 pg/ml, but lower than 2040 pg/ml reported by other authors.?*!
This variation was expected since samples, extraction procedure and
enzymatic protocols used were not the same. The alpha-glucosidase
inhibitory value for E. uniflora (0.26 ug/ml) [Table 1] was lower than the
value described in the literature.¥ These authors have studied different
fractions of leaves ethanolic extract, instead of whole extract, and have
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Figure 2: Effect of different concentrations of individual and combined
extracts of Camellia sinensis and Eugenia uniflora on alpha-glucosidase

found that 4 fractions were capable of inhibiting almost 50% of the
enzyme at a concentration of 100 ug/ml. Nevertheless, both extracts were
more effective on alpha-glucosidase inhibition than extracts of Bauhinia
species, commonly used to treat T2DM. >

Concerning the interaction between C. sinensis and E. uniflora ethanolic
leaves extracts on the inhibitory activity of alpha-glucosidase, the value
obtained was almost 400 times more effective than acarbose. A similar
result was observed for the herbal mixture of Allium sativum plus
Lagerstroemia speciosa on the inhibition of alpha-glucosidase, where
their combination was also more effective than the positive control
miglitol.*!

Since the alpha-glucosidase inhibition by combined extracts was greater
than the individual extracts, lower amounts of extract were needed to
achieve the biological effect. This fact can be very beneficial to human
health, due to the increased therapeutic effect and the reduced toxicity.
As far as we are concerned, this is the first report about the interaction of
C. sinensis and E. uniflora ethanolic leaves extracts and their inhibitory
effect against the alpha-glucosidase enzyme.

As recent studies shows that T2DM patients have an increased
free-radical production and reduced antioxidant defense, which leads to
different health complications, supplementation with antioxidants agents
can be useful in their treatment. Therefore, the antiradical potential of
C. sinensis, E. uniflora, and combined extracts was evaluated.

Different in vitro methods can be used to measure the efficiency of
natural antioxidant compounds either as pure or as plant mixtures.
Owing to the complex nature of extracts and their mechanisms of
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Figure 3: Effect of different concentrations of individual and

combined extracts of Camellia sinensis and Eugenia uniflora on
2,2-diphenyl-1-picrylhydrazyl radical (a) and lipid peroxidation (b)

Table 2: Total phenolic, carotenoids, chlorophylls (A and B) contents in ethanolic extracts of Camellia sinensis L. Kuntze and Eugenia uniflora L

Sample Phenolics? Carotenoids® Chlorophyll A Chlorophyll B®
Camellia sinensis 812.58+117.15 0.13£0.02 0.96+0.16 0.18+0.02
Eugenia uniflora 663.82£107.58 0.07£0.01 0.60£0.09 0.46+0.11

*mg of CAE/100 g of sample, "mg/g of sample. Results are expressed as mean values+SEM of three experiments performed in triplicate (n=9). CAE: Chlorogenic acid

equivalent; SEM: Standard error of the mean
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action, a single method is not capable to provide a comprehensive view
of their antioxidant profile. In addition, the comparison of results with
those found in the literature is very difficult since the assays conditions
cannot be exactly the same and the relative effectiveness of antiradical
compound is highly dependent on their concentration, test system, time,
and selected assay. Thus, the radical-scavenging activity of C. sinensis
and E. uniflora and their combination was assessed by means of two
assays: DPPH" and peroxyl radicals.

The hydrogen atoms or electrons donation ability of C. sinensis and
E. uniflora ethanolic leaves extracts and their combination was measured
from the bleaching of purple colored methanol solution of DPPH". This
assay is frequently used for the screening of the antiradical activity of
different matrix and isolated compounds, due to its reproducibility,
simplicity, and fastness. The present study showed better results on the
inhibitory effect over the free radical DPPH" when comparing the IC_
found for C. sinensis with those reported in the literature for ethanolic
extract (IC,) = 10.35 + 0.14 pg/ml), water extracts (IC,; = 15.63 and
60.00 pg/ml), and hydroalcoholic extracts (IC_ = 201.3 ug/ml).>?>%]
Antagonistic effect occurs when the combination of extracts reduces
the observed activity relatively to extracts tested alone, indicating the
E. uniflora and C. sinensis combined extracts had a negative effect over
DPPH" inhibition. Nevertheless, this is the first report of the DPPH"
inhibitory effect of C. sinensis and E. uniflora combined extracts, as far
as we known.

Peroxyl radicals (LOO") are the product of oxidation of lipids after
the attack of reactive oxygen species. In individuals with diabetes, this
product is present in higher amounts when compared to nondiabetic
ones.? This radical species can cause alterations on cell membrane
lipids, process that can result in cell damage, death, and neoplasia which
are probably involved in the complications of diabetes and also in the
incidence of several chronic and degenerative diseases. Concerning
E. uniflora extracts, results found under the assay conditions tested in
the present study showed inhibitory properties 6-60 times lower than
reported in the literature.*>*! E. uniflora ethanolic extracts inhibited
the LOO" in rat’s brain and liver homogenates at concentrations ranging
from 6.3 to 50 pg/mLP*! In addition, the administration of an aqueous
extract (IC, = 60.00 pg/ml) to Type 1 non obese diabetic mices reduces in
76% the serum LOO* when compared to the untreated and by 69% when
compared with acute diabetic animals.* In respect to C. sinensis, the
IC,, value found was 30 times lower than that reported for an ethanolic
extract (IC,, = 333.29 + 17.90 ug/ml).5 Moreover, a statistically
significant decrease on LOO* markers in diabetic patients treated with
green tea extract capsule was also reported (200 mg of standardized
extract of C. sinensis L. leaves, adjusted to 70% polyphenols) after 9
months or after 18 months on a follow-up study.””!

A synergistic effect was observed when combining both extracts on
the LOO" inhibition. The combination of both extracts had a positive
effect on the studied biological property. Thus, inhibition of LOO" can
be achieved at low concentrations reducing the amounts of individual
extracts needed, which can improve, for instance, the protection of
membrane cells against oxidative injuries.

Different biological activities have been attributed to phenolic
compounds, including the alpha-glucosidase and antioxidant activities
studied here in. It is well stablished by different studies that the total
phenolic composition of a matrix gives an idea of how rich this product
is in antioxidants since these parameters are closely related. The total
phenolic composition found for C. sinensis was similar to those found
by other authors while for E. uniflora higher values were reported.’***!

Although different studies suggest a correlation between the total
amounts of phenolic compounds and the biological activity, this
was not observed in the present study. Our result indicates that
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probably, the type and amounts of individual phenolic compounds
present in these matrices drives the inhibitory effect. C. sinensis is
known to have high flavonoid content, primarily catechins such
as (—)-epigallocatechin gallate, (—)-epigallocatechin, (-)-gallocatechin,
and (+)-catechin.*! Conversely, E. uniflora leaves extract is poorly
characterized with only two studies reporting its composition. One
report of identification of myricetin and quercetin derivatives in a
fraction obtained from ethanolic extract and other about macrocyclic
hydrolysable tannin dimers (eugeniflorins D1 and D2), oenothein
B, 1,2,4,6-tetra-O-galloyl-fl-o-glucose, gallocatechin, and myricitrin
isolated from the leaves.'®4!) Thus, further study is needed, such as
bio-guided fractionation, to determine the phenolic compound or
group of compounds, responsible for the observed biological activity.
Nevertheless, the amounts of phenolic compounds provided by both
extracts can be partially responsible for the alpha-glucosidase inhibition
and can also offer good antioxidant protection for patients with T2DM.
Other important phytochemicals are carotenoids and chlorophylls; these
compounds are colorful pigments abundant in fruits and vegetables.
Carotenoids are considered important bioactive compounds for human’s
health as scientific studies demonstrate their important role in reducing
the risk of degenerative diseases.*? Different studies have demonstrated
significant decrease of plasma antioxidants by carotenoids (a- and
y-tocopherol, a and P-carotene, lycopene, P-cryptoxanthin, lutein,
and zeaxanthin) in the progression of diabetes and its associated
complications such as endothelial dysfunction and atherosclerosis. !
The amounts of carotenoids in C. sinensis was similar to those found in
literature, and these are the first report about the amounts of carotenoids
in E. uniflora leaves extracts.*! As far as we are concerned carotenoids
have never been studied as inhibitors of alpha-glucosidase; however, as
previously stated, they are important phytochemicals that could prevent
the development of degenerative diseases. This fact is mainly because
carotenoids are important antioxidant compounds, they have been
reported as active toward peroxyl radicals, a deleterious radical species
that can be in the origin of different degenerative diseases, but with no
activity against DPPH" radicals.*”

Regarding chlorophylls and their related compounds, they are among
the best candidates for the chemicals responsible for the general
protection afforded by vegetables. The main benefits of chlorophylls are
their anticarcinogenic activity, related to their antioxidant effects; and
their contribution to a positive hematological status due to the similarity
between chlorophyll structure and hemoglobin. The total content of
chlorophylls was proposed as quality parameter for C. sinensis and the
concentration found among 14 samples ranged from 1.18 + 0.16 to
1.98 + 0.11 mg/g of sample.*! Thus, the value found in the present study
was in agreement with the reported value. No report was found about the
chlorophyll content in E. uniflora as far as we known. Although there are
no studies reporting the inhibition of alpha-glucosidase by chlorophylls,
different studies showed that natural matrices rich in these types of
compounds have an important role in diabetes.” The chlorophylls
effect over DPPH* and LOO" have been reported.®®! Chlorophyll A and
B inhibited 40% of DPPH" at a concentration of 0.18 m/mg for both
compounds. This value is lower than the concentrations of chlorophylls
in both extracts [Table 2], indicating that these compounds can partially
explain their DPPH" inhibition. The same behavior was also observed in
the reduction on LOO* for both compounds, where chlorophyll A and B
showed IC, values of 4.40 and 23.59 ug/g, respectively.”"!

Taken together, these results indicates that the inhibitory effect
on alpha-glucosidase and LOO" activities is likely mediated by the
contribution of several or multiple bioactive compounds of the extracts,
which is confirmed when extracts are combined, and a synergistic effect
was observed.
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CONCLUSION

The ethanolic extracts of E. uniflora and C. sinensis and their combination
showed remarkable inhibitory activity over alpha-glucosidase,
being 40-1500 times more effective than acarbose. A synergistic
effect was found in the interaction of E. uniflora and C. sinensis over
alpha-glucosidase and LOO". These results may be partially explained
by the presence and combination of phenolic compounds, chlorophylls
A and B, and carotenoids. This study indicates that individual and
combined extracts may be used for the treatment of diabetes mellitus,
by inhibiting the enzyme, and also protecting the T2DM patients by
improving their antioxidant status.
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