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Abstract

Background and Objectives: The Philippines is one of the world's emerging diabetes hotspots. In 2014, there
were 3.2 million Filipinos diagnosed with diabetes. By 2030, incidence is projected to increase by up to 7.8
million. This study aimed to determine the potential a-glucosidase inhibiting activity of the fractions of the
ethanolicextract obtained from Chyrsophyllum cainito L. leaves.

Methodology: The research employed thin layer chromatography (TLC) and flash column chromatography
techniquesfor the fractionation, and a-glucosidase inhibition test for the assessment of the activity.

Results and Conclusion: TLC optimization resulted to 15:65:10:10 hexane, ethyl acetate, methanol, and acetic
acid as the mobile phase, with silica gel GF254 as the stationary phase. The plates were viewed under white
light, UV (254 & 366 nm), and vanillin-sulfuric acid spray. Three different pools of fractions based on TLC Rf
values were collected from the flash column chromatography using a gradient mix of hexane, ethyl acetate,
methanol, and acetic acid with a flow rate of 3.9 mL per minute. These fractions exhibited higher percent
inhibition than Quercetin standard at 30, 70, and 150 pg/mL, with Fraction 2 having the highest activity,
followed by Fraction 1, then Fraction 3. Phytochemical tests suggest the presence of Anthraquinone glycosides

onthethree pooled fractions.
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Introduction

Diabetes is a serious condition that places people at risk
for greater morbidity and mortality. In the Philippines, it is on
the top ten leading causes of mortality. In 2014, there were
3.2 million among the 100 million Filipinos diagnosed with
diabetes, and it is projected to increase to 7.8 million by 2030
[1,2]. Drugs for the management of diabetes include the a-
glucosidase inhibitors which are used to prevent the increase
in postprandial hyperglycemia. They delay the digestion of
carbohydrates, leading to delay in absorption. They are not
only limited to the management of diabetes, but also to viral
therapy [3]. However, common side effects include flatulence,
occasional diarrhea and abdominal pain as these complex
carbohydrates become fermented instead in the large
intestine. These adverse reactions are among the common
causes of decreased patient medication compliance.
Medication compliance of patients having Type 2 diabetes
was found to be correlated with their glucose control
hemoglobin HbAlc [4]. Several anti-diabetic constituents

isolated from natural products have an important role in
diabetic management. The natural constituents, on the other
hand, exhibit less adverse effects, and researches are geared
to the isolation of these compounds that have been found
useful for diabetes management [5]. The Sapotaceae family
contains species exhibiting a-glucosidase inhibiting property.
One of the members of this family is star apple
(Chrysophyllum cainito L.). Star apple leaves were used by the
local healers of Aboudé-Mandéké in Africa as decoctions for
the traditional treatment of diabetes. Moreover, the
phytochemical screening of the star apple leaves yielded
alkaloids, flavonoids, sterols and triterpenes. Among these
constituents, the alkaloids, sterols and triterpenes were
inferred to cause the hypoglycemic effect on the rabbits [6].
Recent studies also have shown that the C. cainito leaves have
anti-helminthic, anti-oxidant, anti-inflammatory, and anti-
hypersensitive activities [7, 8].

The study aimed to isolate and characterize the fractions
responsible for the anti-diabetic activity of C. cainito leaves.
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Specifically, the study was designed to 1)determine the
optimum chromatographic conditions to isolate the
phytochemical constituents responsible for the anti-
diabetic activity of C. cainito leaves 2)determine the
fractions which exhibit the highest a-glucosidase inhibiting
property and 3)characterize the phytochemical
constituents of the active fractions.

This study focused on the fractionation and
characterization of the C. cainito leaves ethyl acetate
fraction. The method used in obtaining the ethyl acetate
fraction was modified Kupchan liquid-liquid partitioning.
Further fractionation was done using flash column
chromatography, resulting into pooled fractions. The study
also included identification of anti-diabetic property of the
pooled fractions through in vitro enzyme inhibition assay,
specifically yeast a-glucosidase inhibition assay.
Phytochemical screening was done in order to further
analyze and characterize the fractions.

Methodology
Experimental Design

The research involved post-test only design to assess the
a-glucosidase inhibition activity of C. cainito leaves fraction.
The method done to determine its anti-diabetic property
was a-glucosidase inhibition assay. Phytochemical
screening was employed for further characterization of
fractions with the highest a-glucosidase inhibition activity
obtained from flash column chromatography.

Materials or Instruments

The sample used were the C. cainito leaves. The reagent
used to get the crude ethanolic extract of the leaves was
technical grade 95% ethanol. The reagents used to obtain
the ethyl acetate fraction through Kupchan Partitioning
were distilled water, technical grade 95% ethanol, reagent
grade methanol, reagent grade n-hexane, reagent grade
dichloromethane, and analytical grade ethyl acetate. The
composition of the solvent system used for thin layer
chromatography (TLC) was reagent grade n-hexane,
analytical grade ethyl acetate, reagent grade methanol, and
reagent grade acetic acid. Silica gel GF254-coated
aluminum-back plates were used as stationary phase for
TLC. CAMAG ® UV Cabinet dual wavelength 254/366 and
vanillin-sulfuric acid spray reagent were used to view the
plates. The composition of the eluents for flash column
chromatography were reagent grade n-hexane, analytical
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grade ethyl acetate, reagent grade methanol, and reagent
grade acetic acid. Cotton, quartzsand, and silica gel 60 0.040
nm-0.063 nm (230-400 mesh), were used to pack the
column and Pyrex ® glass chromatography column
30x450mm with 125 mLreservoir and PTFE stop cock as the
column. The reagents used for the a-glucosidase inhibition
assay were distilled water, analytical grade sodium
hydroxide 297% and reagent grade monobasic potassium
phosphate to make pH 6.8 phosphate buffer, reagent grade
dimethylsulfoxide (DMSO), and sodium carbonate,
anhydrous 99.9%. 4-nitrophenyl-D-glucopyranoside
(PNPG) >299% was used as substrate, a-glucosidase from
Saccharomyces cerevisiae was used as enzyme, and
qguercetin 295% was used as control. Disposable 96-well
microplates were used as assay plates and high
performance CLARIOstar® monochromator multimode
microplate reader was used to read the absorbance.

Data Collection and Analysis

Fifty (50) kilograms of fresh C. cainito leaves were
collected from a single tree in a backyard in Marikina City in
December 2015 in the morning. Right after collection, the
fresh leaves were sorted and selected [9], then washed and
air-dried for 27 days in drying beds after garbling. The air-
dried leaves were further dried in an oven at 40°C for 2.5
hours until a moisture content of 2.13% was achieved. After
this, the leaves were milled, and subsequently sieved using
sieve no. 20. This was stored in clean plastic bags and keptin
a moisture-free environment prior to maceration after 24
hours of storage.

For the preparation of the crude ethanolic extract, the
modified method in [10] was adopted. The sieved leaves
were exhaustively macerated in ethanol in a 1:4 ratio (w/v)
for a total of 168 hours. All liquid extracts were evaporated
in vacuo (400C) at 0.08-0.09 MPa after filtration, then
evaporated to dryness (600C) in water bath prior to
lyophilization.

Modified Kupchan liquid partitioning [11] was used for
the fractionation of the extract. Ten (10) grams of the
lyophilized ethanolic crude extract were suspended in 200
mL 9:1 methanol: water solution in a separatory funnel,
followed by extraction with 600 mL n-hexane, then two
subsequent extractions of 200 mL n-hexane. The organic
hexane layer was set aside. The aqueous layer was extracted
with three portions of 200 mL dichloromethane. The
dichloromethane fraction was set aside. The aqueous layer
was extracted with three portions of 200 mL ethyl acetate.
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The aqueous layer was set aside. The ethyl acetate fraction
was evaporated in vacuo (400C) and evaporated to dryness
(600C) in water bath to completely remove the solvent and
obtain the extracts. The resulting concentrate was
subjected to further fractionation using flash column
chromatographyand TLC.

The chromatographic condition for the TLC was
optimized prior to running the flash column
chromatography. The concentrated crude ethyl acetate
fraction was dissolved in methanol to make a 10 mg/mL
solution. Five (5.0) microliters of the solution were applied
in duplicates to silica gel GF254-coated aluminum-back
plates. The solvent systems used to develop the TLC plates
of the crude ethyl acetate fraction can be seen in Table 1.
The plates were removed from the chamber and allowed to
dry after developing. Immediately after drying, visualization

of spots was carried out using different visualization
methods: under white light, UV detection at wavelengths
254 nm and 366 nm, and by spraying with vanillin-sulfuric
acid. The Rf values of the spots detected were then
obtained. The solvent system with the most efficient
separation of spots was noted and prepared for the flash
column chromatography.

The method for the flash column chromatography was
adopted from [12, 13]. First, the cotton plug was placed in
the column, then topped with 2 cm layer of quartzsand,
followed by packing of silica gel weighing 24.50 g, packed by
slurry pacing method using 50:50 hexane: ethyl acetate.
Positive air pressure was used to drain most of the eluent
until 2 cm above the silica packing off the column. After the
column was packed, a layer of quartzsand was added, about
2 cm thick on top of the silica. Using positive air pressure,

Table 1. Solvent systems explored to elute the crude ethyl acetate fractionin TLC

Solvent System Volume Ratio

Hexane: Ethyl Acetate
Hexane: Ethyl Acetate: Methanol

Hexane: Ethyl Acetate: Acetic Acid

Hexane: Ethyl Acetate: Methanol:
Acetic Acid

35:65
30:70
20:75:5
45:65:1
40:60:1
35:65: 1
25:75:5:5
15:65:10:10
15:60:10:15

10:65:10:15

Table 2. Order of solvent gradient used in the flash column chromatography with corresponding polarity indices

Solvent Order (100mL)

First Flash Column Second Flash Column Solvent Gradient Volume Polarity
Ratio Index
Chromatography Run | Chromatography Run

1st Not Performed * Hexane: Ethyl acetate 50:50 2.250
2nd 1st Hexane: Ethyl acetate 25:75 3.325
3rd 2nd Ethyl acetate: Methanol: 100 4.400
4th 3rd Ethyl acetate: Methanol: Acetic acid 80:10:10 4.650
5th 4th Ethyl acetate: Methanol: Acetic acid 70:20:10 4.720

*Not performed due to absence of spots eluted from 1st flash column chromatography run
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Figure 1. Ninety-six well plate design

the solvent was pushed again until the level was even with
the height of the quartzsand. The overall solvent run was
410 mm. A 0.2300 g portion of the crude ethyl acetate
fraction was dissolved in a minimal volume of ethyl acetate.
The solution was allowed to adsorb to 2.00 g of silica gel,
then the ethyl acetate was evaporated to dryness. The silica
gel with the adsorbed sample was then applied on top of the
quartzsand. Gradient elution was done, thereafter, with the
application of positive pressure (2.90 psi), thus, having a
flow rate of 3.9 mL per minute. The order of solvent gradient
applied can be seen in Table 2. Two (2) runs of flash column
chromatography were employed to obtain more samples.
Test tubes were used to collect every 5 mL of the fraction
eluted. Each fraction was subjected to TLC with the
chromatographic condition previously optimized.

Ten (10.0) microliters of each 5-mL fractions were
applied in silica gel GF254-coated aluminum-back plates
and ran under the prepared optimized TLC condition. After
reaching a solvent front of 8 cm, the plates were removed
from the chamber and allowed to dry. Spots were detected
using the previously mentioned visualization methods.
Similar fractions based on TLC spots were pooled,
evaporated to dryness at 40°C, then subjected to a-
glucosidase inhibition screening.

The in vitro screening for a-glucosidase inhibition was
adopted from [14]. Ten (10) milligrams each of the
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concentrated pooled fractions from flash column
chromatography, and the concentrated crude ethyl acetate
fraction were dissolved in 2.00 mL of DMSO, then filled to
volume of 10.00 mL using 100 mM phosphate buffer (pH
6.8), to obtain stock solutions having a concentration of 1
mg/mL each. From the stock solutions, test solutions were
prepared by adjusting the concentrations to 30, 70, and 150
pug/mL of the phosphate buffer. Quercetin standard was
used as positive control, which was also adjusted to the
previously mentioned various concentrations dissolved in
the phosphate buffer. Fifty (50.00) microliters of each test
solution were prepared in triplicates, and positioned in the
96-well plate as shown in Figure 1. Wells in triplicates were
also allotted for negative control initially containing 50.00
microliters of the phosphate buffer, for DMSO test solution
initially containing 50.00 microliters of DMSO, and for blank
test solution initially containing 100.00 microliters of the
phosphate buffer. To all the occupied wells, 50.00
microliters of the phosphate buffer, and 50.00 microliters of
2.5 mM p-nitrophenyl-D-glucopyranoside (pNPG) in the
phosphate buffer were added to the mixture in the
following order. These wells were followed by the addition
of 50.00 microliters of the phosphate buffer containing 0.2
U/mL yeast a-glucosidase, except for the blank test solution
wells. The plate was incubated at 37°C for 15 minutes,
followed by the immediate addition of 150.00 microliters of
0.3 M sodium carbonate solution to stop the reaction. The
plate was read using a microplate reader at 405 nm,
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factoring in the wells allotted for negative control, DMSO,
and blank test solutions. The percent inhibition was
calculated and plotted against the concentration. The
Inhibitory Concentration 50% (IC50) of each test fraction
was derived using linear regression. The IC50 of the test
extracts was compared to Quercetin standard.

Finally, phytochemical tests were conducted to
characterize the crude ethyl acetate fraction, and pooled
fractions that exhibited the highest a-glucosidase
inhibitory activities. The following tests were used to
confirm presence of Anthraquinone Glycosides (1)
General Test (2) Schouteten Reaction and (3) Modified
Borntrager. For Tannins and Phenolic Glycosides, the
following tests were done (1) Ferric Chloride Test and (2)
Gelatin Test.

Results

Optimum chromatographic conditions were
determined to fractionate the phytochemical constituents
responsible for the anti-diabetic activity of C. cainito leaves
crude ethyl acetate fraction. Among the solvent systems
used for developing the TLC plates, the 15:65:10:10 volume
ratio of hexane: ethyl acetate: methanol: acetic acid
produced the most number and separation of spots. The
TLC profile of the crude ethyl acetate fraction under
different visualization methods can be seen in Table 3. To
further fractionate the crude ethyl acetate fraction, it was
subjected to flash column chromatography. The 5-mL
fractions collected after each flash column chromatography
run were pooled based on their TLC chromatograms as seen
in Figure 2. The TLC profile of the fractions from the flash

Table 3. TLC profile of the crude ethyl acetate fraction under different detection methods

Rf Value White Light UV 254 nm UV 366 nm Vanillin H2S04
0.1969 No spot Light grey spot No spot Light reddish
brown spot
0.4188 No spot Grey spot No spot Light reddish
brown spot
0.5844 No spot Light grey spot No spot Light reddish
brown spot
0.7063 No spot Light grey spot No spot No spot

Figure 2. TLC chromatograms of the fractions from the first (leff) and second (right) runs of flash column
chromatography ranin 15:65:10:10 hexane: ethyl acetate: methanol: acetic acid visualized using UV 254.
*Red boxes indicate the pooled fractions
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Figure 3. TLC chromatogram of the crude ethyl acetate fraction (left), compared to the TLC chromatogram of the
fractions from the flash column chromatography run (right) showing two new groups of spots (in red boxes) which
were not initially seen on the TLC chromatogram of crude ethyl acetate fraction.
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Figure 4. Alpha-glucosidase inhibition activity profile of three pooled fractions from flash chromatography
and crude ethyl acetate fraction (30, 70, 150 ug/mL) of C. cainito leaves, compared to Quercetin standard.

column chromatography can be seen in Table 4. Upon visual
inspection and comparison of Rf values, two new groups of
spots were detected from the TLC chromatograms of flash
column chromatography fractions, which were not initially
detected in the TLC chromatogram of the crude ethyl
acetate fraction.
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The dried pooled fractions, as well as the crude ethyl
acetate fraction and controls, were subjected to a-
glucosidase inhibition assay after determining the optimum
chromatographic conditions. The pooled fractions in the 96-
well plate resulted to lighter yellow solutions, as compared
to Quercetin standard. Based on the a-glucosidase inhibition
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Fraction Pooled Rf Value
Fraction
First run of Flash 1-61 N/A* N/A*
Chromatography
(FCC) 62-63 1 0.2126
0.3969
0.6625
0.7469
64-70 2 0.2126
0.2750
0.3969
0.5342
71-89 3 N/A*
(traces)
Second run of 1-43 N/A* N/A*
FCC
44-45 1 0.8625
0.9187
46-48 2 0.4250
0.7375
49-65 3 N/A*
(traces)

Table 4. TLC profile of the fractions from the flash column chromatography under different detection methods

White light UV 254 nm UV 366 nm Vanillin H2SO4
No spot No spot No spot No spot
No spot Light grey No spot Light yellowish
spot brown spot
No spot Light grey No spot Light yellowish
spot brown spot
No spot Light grey No spot No spot
spot
No spot Light grey No spot No spot
spot
No spot Grey spot No spot Light yellowish
brown spot
No spot Light grey No spot Light yellowish
spot brown spot
No spot Light grey No spot Light yellowish
spot brown spot
No spot Grey spot Dark violet | Yellowish brown
spot spot
No spot No spot No spot No spot
No spot No spot No spot No spot
No spot Light grey Dark violet No spot
spot spot
No spot Grey spot Dark violet No spot
spot
No spot Light grey Dark violet | Yellowish brown
spot spot spot
No spot Dark grey Dark violet | Yellowish brown
spot spot spot
No spot No spot No spot No spot

*Not applicable due to absence/traces of spots detected

activity profile of each fraction, all fractions exhibited higher
percent inhibition than Quercetin standard at 30, 70, and
150 pg/mL as seen in Figure 4. Among the fractions, only
Fraction 3 exhibited a concentration dependent activity like
the Quercetin standard which is characterized by having
positive slope and IC50 values computed via linear

regression. The IC50 of Fraction 3, 58.02 pg/mL, was
significantly higher than the IC50 of Quercetin standard,
1399.06 pg/mL. Fraction 1 also exhibited a positive slope,
however, its IC50 value was negative. On the other hand,
Fraction 2 and crude ethyl acetate fraction exhibited
negative slopes despite having positive IC50 values.
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Table 5. Phytochemical screening of the fractions obtained from C. cainito leaves

Glycosides

Crude Ethyl

Flash Column

Flash Column

Flash Column

Acetate Fraction Chromatography Chromatography Chromatography

Fraction 1

Fraction 2

Fraction 3

(+)
Clear, light red
orange solution

(+)
Turbid top layer;
opaque yellow

(-)
Clear, very light
yellow solution

Turbid top layer;
opaque white

(+)
Clear, very light
red orange
solution

Turbid top layer;
opaque white

Anthraquinone General (+)
Clear, red orange
solution
Modified -
Borntrager Turbid top layer;
opaque white
bottom layer
Schouteten (-)
Reaction No fluorescence
Tannins and Ferric Chloride (-)
Phenolic Absence of
precipitate
Gelatin (+)
Reddish brown
curdy precipitate

bottom layer bottom layer bottom layer

() (+) ()
No fluorescence Bright purple No fluorescence
fluorescence

() (-) ()
Absence of Absence of Absence of
precipitate precipitate precipitate

() (-) )
Absence of Absence of Absence of
precipitate precipitate precipitate

To complete the characterization of the inhibitory
activity, fractions were subjected to phytochemical
screening. As seen in Table 5, the crude ethyl acetate
fraction tested positive for Anthraquinone glycosides, and
Tannins and Phenolic glycosides. On the other hand, all the
flash column chromatography fractions tested positive for
Anthraquinone glycosides only.

Discussion

The sieved leaves of C. cainito underwent exhaustive
maceration using ethanol as the solvent. Ethanol was
chosen due toits ability to dissolve both polarand non-polar
molecules, and its high volatility which enable complete
removal of the solvent from the extract. Soaking of fresh
plant material with organic solvents like in cold maceration,
is recommended since enzymes will be denatured,
preserving the stability of the solute [15].

Following the exhaustive crude ethanolic extraction was
the modified Kupchan partitioning. It was modified by
substituting chloroform with DCM as one of the extraction
solvents. This was done since DCM has almost the same
polarity index, 0.42, as chloroform, 0.40 [16]. DCM is among
the least toxic of the chlorinated methanes and has lesser
toxicity than chloroform [17]. Another modification was the
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usage of 600.0 mL n-hexane instead of the usual 200.0 mL
on the first partitioning. This was done since the initial
resulting solution had a very dark color that when only
200.0 mL of n-hexane was used, the layers were not evident,
thereby, disabling separation. The order of using n-hexane,
DCM, then ethyl acetate increases in polarity. The crude
ethyl acetate fraction was subjected to TLC and flash
column chromatography.

In order to find the best TLC condition to efficiently
separate the components of C. cainito leaves, 10.0 ug/mL
of the crude ethyl acetate fraction was developed in
different solvent systems. The first solvent system used was
composed of 25:75 hexane: ethyl acetate with hexane as
the non-polar solvent and ethyl acetate as partially polar
component. Since the spots barely move from the origin,
the polarity of the solvent system was increased by
increasing the portion of ethyl acetate, and eventually by
adding polar solvents methanol and acetic acid with
polarity indexes of 5.1 and 6.2 respectively [18]. The
portion of hexane, ethyl acetate, methanol, and acetic acid
was varied until the ratio reached 15:65:10:10 which gave
the most number of well-defined and well-separated spots.
This volume ratio was considered the optimal
chromatographic condition for TLC separation of C. cainito
leaves components. Spots were detected using different
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visualization methods. Compounds that absorb 254 and
366 nm include most compounds with aromatic rings and
conjugated double bonds leaving the colored spots, while
vanillin-sulfuric acid spray, known for its general detection
method for steroids, higher alcohols, phenols, and essential
oils (terpenoids, phenylpropanoids) [19], reacted with the
components of C. cainito leaves giving reddish brown spots.

Following the TLC optimization is the flash column
chromatography. Gradient elution was done to enhance the
separation of the compounds in the crude sample matrix.
The gradient solutions were composed of a variety of
mixtures of hexane, ethyl acetate, methanol and glacial
acetic acid having varying polarity indexes and strengths.
The gradient started from the least polar, that was the
hexane: ethyl acetate (25:75), which was followed by
solvent mixtures with increasing polarity indexes, up to
ethyl acetate: methanol: acetic acid (70:20:10) having the
highest polarity index among the solvent systems. The same
set of eluents were used on the first and second flash
column chromatography run except that 50:50 hexane:
ethyl acetate was omitted on the second flash column
chromatography run. The eluent, 50:50 hexane: ethyl
acetate was omitted since on the first flash column
chromatography run, there were no components eluted by
the said solvent which can be reflected on the TLC profile of
fractions 1 to 20. The first solvent gradient used in the flash
column chromatography has the least polarity index, hence
the first fractions extracted were expected to contain the
least polar components having high Rf values, while low Rf
valuesfor the polar substances.

Upon visual inspection and comparison of Rf values, two
new groups of spots were seen in the flash column
chromatography TLC chromatograms which were not
initially present in crude ethyl acetate fraction TLC
chromatogram. This indicated the improved separation
power of the flash column chromatography which was done
twice to provide enough samples for the a-glucosidase
bioassay. Those fractions with similar chromatograms from
the two runs were pooled resulting into three pooled
fractions. The TLC profiles of the chromatograms were not
exactly the same but followed the same trend where least
polar compounds were contained in the first pooled fraction,
mid-polar compoundsinthe second pooled fraction, and the
most polar compoundsin the third pooled fraction. Rf values
of the spots decreased as the fractionation continued.

After the two flash column chromatography runs, the a-
glucosidase inhibition assay was executed to determine the

enzymatic inhibition activity of the fractions. The a-
glucosidase is an enzyme secreted from the intestinal
chorionic epithelium, responsible for the degradation of
carbohydrates in the intestines. Thus, this enzyme became
drug targets for anti-diabetic drugs and the in vitro test
served as a determinant for compounds' enzyme inhibition
capabilities, hence, their anti-diabetic properties [20]. The
principle behind the assay involved the reaction of p-
nitrophenyl-D-glucopyaranoside with the a-glucosidase to
form a-D-glucopyranoside and p-nitrophenol, which is
yellow-colored in solution. Compounds with a-glucosidase
inhibitory activity stops the reaction, thereby, producing
less coloration dependent on their a-glucosidase inhibitory
power. The wells containing the crude ethyl acetate fraction
together with allthe pooled fractions produced less intense
yellow coloration as compared to Quercetin standard,
indicating relatively greater enzyme inhibition activity
compared to standard. The color produced in the reaction
was measured through its absorbance using a microplate
readerat405nm.

The crude ethyl acetate fraction and the three pooled
fractions from the flash column chromatography were
tested for their enzyme inhibition activity compared against
the Quercetin standard. This standard and its glycosides
were identified in numerous studies to possess high
inhibitory effects against the yeast a-glucosidase enzyme
having an IC50 of 0.017 mmol/L, greater as compared to
acarbose which has an IC50 of 0.091 mmol/L. Although
acarbose has been frequently used as the standard for a-
glucosidase bioassays, a study has shown that acarbose is a
potent inhibitor of mammalian sucrose and maltase, and is
inactive against the a-glucosidase from the yeast and
bacteria [21]. In the study, the Quercetin standard exhibited
a concentration dependent activity which was reflected by a
positive slope and positive IC50 value of 1399.06 pg/mL.
Based on the enzymatic activity profile, all fractions
exhibited higher percentinhibition than Quercetin standard,
however, only Fraction 3 exhibited a concentration
dependent activity like the Quercetin standard.

The concentration dependency of Fraction 1, Fraction 2,
and Crude ethyl acetate fraction cannot be established from
the data generated because of the strong activity exhibited
by the said fractions even at the lowest concentration used
in the study. This was characterized by either negative
slopes and/or negative IC50 values, therefore, smaller
concentrations than 30 pg/mL may be explored for toxicity
assays. The IC50 of Fraction 3, 58.02 ug/mL, was
significantly higher compared to the IC50 of the Quercetin
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standard, 1399.06 pg/mL. Crude ethyl acetate fraction
exhibited the highest a-glucosidase inhibition activity, next
to it is Fraction 2, followed by Fraction 1, then Fraction 3
with the least a-glucosidase inhibition activity relative to
the other fractions. It can be said that Fraction 2 contributed
mostly to the a-glucosidase inhibition activity of the Crude
ethyl acetate fraction.

To complete the characterization, the pooled fractions
and the crude ethyl acetate fraction of C. cainito leaves were
tested for their phytochemical contents as seen in Table 5. All
of the samples tested positive for Anthraquinone glycosides,
however, only the crude ethyl acetate fraction tested positive
for the gelatin test identifying the presence of Tannins and
Phenolic glycosides. This may be due to the flash column
chromatography extraction wherein tannins and phenols,
being polar compounds, did not elute to the fractions since
the column chromatogram gradient favored the elution of
non-polar compounds, thereby, retaining the polar
compounds to the stationary phase [22]. The pooled
fractions which tested positive to the phytochemical
screening for Anthraquinone glycosides, specifically Modified
Borntrager's Test, were Fraction 1 and Fraction 3. Negative
results on the rest of the fractions may indicate the presence
of a very stable form of Anthraquinone glycosides or a
reduced derivative of Anthraquinone—the Anthranols [23].

A test used to confirm the presence of Anthraquinone
glycosides and their forms is the Shouteten reaction.
Combined forms or dimer give a slight fluorescence while
reduced forms give off intense fluorescence. Fraction 2 gave
the most intense fluorescence, thus, it can be said that
Fraction 2 was composed of reduced derivative of
Anthraquinone in combined forms or dimer.

Relatively few studies focus on the potential of
Anthraquinone glycosides for their pharmacologic use [24],
however, in one study, four Anthraquinone compounds
namely emodin, aloe-emodin, physcion, and rhein were found
to exhibit strong a-glucosidase inhibition activity with IC50
values ranging from 4.12 uM to 5.68 uM [25]. It is possible that
the said Anthraquinone glycosides, or other compounds with
similar structure, were the ones responsible for the a-
glucosidase inhibition activity of the pooled fractions.
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