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ABSTRACT
Background: This study aimed to isolate the bioactive components from the aerial parts of 
Premna odorata Blanco and to evaluate the hypoglycemic potentials of the crude extracts, 
sub-fractions and final isolate. Materials and Methods: The plant material underwent a 
series of enzyme assay-guided isolation and purification having the fractions assayed 
for inhibitory activity against α-amylase using 3,5-dinitrosalicylic acid (DNS) colorimetric 
method for each stage. H.1 isolate was tested for α-amylase and α-glucosidase inhibitory 
activity and glucose uptake by yeast cells. Phytochemical characterization and 1H and 
13C NMR spectral analysis were done for the structure elucidation of H.1. Results: In 
vitro amylase studies revealed that at 100 μg/mL concentrations, hexane crude extract, 
fraction F (20%/80% and 10%/90% n-hexane/dichloromethane fractions) and F.3 (10:1 
v/v petroleum ether/ethyl acetate sub-fraction) exhibited 34.38±0.116%, 71.86± 
4.909% and 42.16±1.257% inhibition against α-amylase (at 1000 μg/mL concentration), 
respectively. H.1 isolate exerted significant inhibition (p < 0.05) of 55.99± 2.202% and 
72.43±3.988% against α-amylase and α-glucosidase enzyme (both at 1000 μg/ mL 
concentration), respectively and significant glucose uptake of 13.85± 0.368%. The 
purified isolate was spectroscopically confirmed as a 5:1 mixture of β- sitosterol (H.1a) 
and stigmasterol (H.1b). Conclusion: The compounds have significant inhibitory activity 
against carbohydrate-hydrolyzing enzymes and may be potentially developed as adjuvant 
pharmacotherapy for type 2 diabetes.
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INTRODUCTION

In 2019, International Diabetes Federation 
statistically determined that roughly 463 
million adults are affected by diabetes 
mellitus, well-known as diabetes.1 Sustained 
reduction in postprandial hyperglycemia will 
lower the risk of  developing cardiovascular 
diseases, bone and joints disorders, 
cerebrovascular and peripheral vascular 
diseases and other long-term complications 
including skin-related problems, sexual 
dysfunction and digestive and metabolism 
problems.2 The emerging demands for 

therapeutic agents that can manage this 
metabolic disorder had led natural product 
experts to identify and isolate naturally-
occurring compounds having antidiabetic 
properties from plants.3 Prior to the 
discovery of  insulin by Banting and Best 
(1922), the primary diagnosis of  diabetes is 
solely based on traditional practices.4 Most 
common families of  medicinal plants both 
ethno-botanically known and scientifically 
identified to have anti-hyperglycemic 
property are Asteraceae, Euphorbiaceae and 
Gentianaecae.5
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Oral hypoglycemic agents known for treatment 
and management of  type 2 diabetes are metformin, 
acarbose, sulfonylureas and meglitinides or glinides 
(insulin secretagogues), thiazolidinediones, dipeptidyl 
peptidase-4 inhibitors, such as sitagliptin, vildagliptin, 
saxagliptin, linagliptin and alogliptin and sodium 
glucose co-transporter-2 inhibitors like dapagliflozin, 
canagliflozin and empagliflozin.6-11 However, each oral 
agent has its own pharmacokinetics, effectiveness and 
pleiotropic, cardiovascular and other side effects.12 World 
ethnobotanical information has reported that almost 
800 plants have potential hypoglycemic property.13 
Ampalaya fruit (Momordica charantia), garlic (Allium 
sativum L.) and turmeric or luyang dilaw (Curcuma longa), 
kangkong leaves (Ipomoea aquatica), malunggay leaves 
(Moringa oleifera) and banaba leaves (Lagerstroemia speciose) 
are some plants in the Philippines that underwent 
preliminary studies for their anti-hyperglycemic 
properties.14-18 World Health Organization (WHO) has 
statistically determined that about 80% of  the world’s 
population still prefer phytomedicine or herbal medicine 
for primary healthcare over conventional therapies due 
to unexpected or dissatisfied outcomes, expensive cost 
of  treatments and severe side effects of  oral agents.19 
The primary reason of  diabetes is oxidative stress and 
growing presence of  reactive oxygen species.20 Plants are 
natural antioxidants that prevent beta-cell dysfunction, 
increase the performance of  pancreatic cell for better 
insulin secretion or reducing intestinal absorption of  
glucose and maintain blood glucose level.21 In particular, 
these plants are abundant in antidiabetic compounds 
such as flavonoids, tannins, phenolic and alkaloids.22 
Moreover, some 25% of  the prescription drugs are 
still derived either directly or indirectly from plants.23 

With these supporting information, it is requisite 
for researchers and scientists to continuously study 
naturally-occurring compounds for possible treatments 
of  various diseases such as diabetes.
Premna odorata Blanco, widely known as “alagaw/
alagau”, is a tree native to tropical Asia, including the 
Philippines and is used as a traditional medicine by 
indigenous groups and local residents.24,25 It is one of  
the blends of  the commercialized herbal mixture known 
as “Pito-Pito”, which is used for folkloric applications 
of  headaches, abdominal pains, fever, cough, colds, 
migraine, asthma and diarrhea.26 The decoction of  
alagaw leaves was reported to have medicinal properties 
for respiratory disorders and calmative properties for 
nervous conditions like palpitations.27 Other significant 
medicinal properties of  P. odorata are cytotoxic activity 
against HL-60 and MCF-7 cancer cell lines, anti-viral 
and anti-microbial activity.28-31 However, there are still no 

existing research claiming the plant as a possible source 
of  hypoglycemic agents. Hence, the present study 
was undertaken to isolate the inhibitory components 
against α-glucosidase and α-amylase from the aerial part 
(leaves, stem, fruit and flower) of  P. odorata. The isolated 
compound was also studied for their effects on glucose 
transport across yeast cells. Only fraction containing the 
highest activity of  the α-amylase inhibitors underwent 
further purification and the final isolate was subjected 
to 1H and 13C NMR spectroscopic analyses for structure 
elucidation.

MATERIALS AND METHODS 

Plant Materials and Identification

The aerial parts (leaves, stem, flower and fruits) of  P. 
odorata were collected from San Fernando, Pampanga, 
Philippines on March 2016. The plant was also 
taxonomically identified and certified by Manuel D. 
Ching, Chief  (CIPGR Section) of  the Bureau of  Plant 
Industry which was filed at Mapúa University. The aerial 
parts of  the plant were washed, air dried for one week 
and grinded using a blender. The total mass of  the 
grinded aerial parts of  the plant materials was 5 kg.

In vitro Pancreatic Amylase Inhibition Assay

The amylase inhibitory activity assay was conducted 
according to the procedure performed by Kazeem et al. 
with trivial alterations.32 Briefly, the plant extract solution 
was prepared by mixing approximately 0.01 g of  each of  
the chosen fractions with 100 mL of  0.02 M phosphate-
buffered saline (PBS, 6.7 mM NaCl, pH of  6.9) or with 
DMSO for nonpolar extracts. All the solutions were 
subjected to a sonicator without heat for a duration 
of  two hours. Then, the solutions were filtered for the 
removal of  undissolved solid residues. Afterwards, 100 
μL of  refrigerated α-amylase enzyme solution (0.005 
g in 5 mL 0.02 M PBS) was added to 100 μL plant 
extract solution. Following this, the reaction mixtures 
were incubated for roughly 10 min at 25°C. After pre-
incubation, 100 μL of  a 1% (w/v) starch solution was 
added with the sample mixtures. The samples were 
incubated furthermore for 10 min at 25°C. The addition 
of  200 μL of  dinitrosalicylic acid solution (DNS, 30 
g sodium potassium tartrate tetrahydrate, 20 mL 2M 
NaOH, 1 g DNS powder and 100 mL distilled water) was 
done to stop the enzymatic reaction. The solutions were 
heated for 15 min in a boiling water bath. Afterwards, 
the solutions were cooled. Following this, the solutions 
were diluted with 3 mL cold distilled water. For each 
concentration of  the extract used, blank solutions were 
prepared by replacing amylase solution with 100 μL PBS. 
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This was done to deduct the absorbance generated by 
the plant extract from the overall absorbance. Negative 
control incubations, representing 100% amylase activity, 
was established by doing the same procedure but 
replacing the plant extract with 100 μL PBS. Likewise, 
another blank was prepared for pure control having 0% 
enzyme activity. Acarbose solution (100 ppm) was used 
as the positive control and treated in the same manner 
as the plant extract solution. All assay procedures were 
performed in triplicate. The absorbance of  the yellow-
orange resulting solution was measured using UV-visible 
spectrophotometer at 540 nm.
The results were demonstrated using percent inhibition.
                          (Ac+ - Ac-)  - (As - Ab)
% Inhibition=  × 100% (1 )
                                      Ac+ - Ac-
where Ac+ denotes the absorbance of  100% amylase 
activity of  pure control, Ac- denotes the absorbance of  
blank for pure control having 0% amylase activity, As 
denotes the absorbance of  test sample and Ab denotes 
the background absorbance of  plant extract solution.

In vitro α-Glucosidase Inhibition Assay

The glucosidase inhibitory activity assay was carried 
out according to the method performed by Bachhawat 
et al. with trivial alterations.33 Briefly, the plant extract 
solution was prepared by mixing approximately 0.01 g 
of  each of  the chosen fractions with 100 mL of  0.02 
M phosphate-buffered saline (PBS, 50 mM NaCl, pH 
of  6.9) or with DMSO for nonpolar extracts. All the 
solutions were subjected to a sonicator without heat 
for a duration of  two hours. Then, the solutions were 
filtered for the removal of  undissolved solid residues. 
Afterwards, 50 μL of  refrigerated α-glucosidase enzyme 
solution (0.0033 g in 3.3 mL of  0.1 M PBS) was added to 
50 μL plant extract solution. Following this, the reaction 
mixtures were incubated for roughly 10 min at 37°C. 
After pre-incubation, 50 μL of  5 mM p-nitrophenyl-α-
D-glucopyranoside was added to the resulting mixture. 
Furthermore, the samples were incubated for 30 min at 
37°C. The addition of  50 μL of  50 mM NaOH solution 
was done to stop the enzymatic reaction. Following 
this, the solutions were diluted with 3 mL cold distilled 
water. For each concentration of  the extract used, 
blank solutions were prepared by replacing glucosidase 
solution with 100 μL PBS. This was done to deduct the 
absorbance generated by the plant extract from the overall 
absorbance. Negative control incubations, representing 
100% glucosidase activity, was established by doing the 
same procedure but replacing the plant extract with 100 
μL PBS. Likewise, another blank was prepared for pure 
control having 0% enzyme activity. Acarbose solution 
(100 ppm) was used as the positive control and treated in 

the same manner as the plant extract solution. All assay 
procedures were performed in triplicate. The absorbance 
of  the yellow resulting solution was measured using 
UV-visible spectrophotometer at 405 nm.The results 
were demonstrated using percent inhibition as shown by 
Equation 2. 
                          (Ac+ - Ac-)  - (As - Ab)
% Inhibition=  × 100%  (2)
                                      Ac+ - Ac-
where Ac+ denotes the absorbance of  100% glucosidase 
activity of  pure control, Ac- denotes the absorbance of  
blank for pure control having 0% glucosidase activity, As 
denotes the absorbance of  test sample and Ab denotes 
the background absorbance of  plant extract solution.

Glucose Uptake in Yeast Cells 

The principle of  glucose uptake in yeast cells was based on 
the method carried out by Cirillo.34 Initially, commercial 
baker’s yeast prepared in aqueous mixture underwent 
multiple stages of  washing through centrifugation. 
The centrifuged yeast was obtained and a 10% v/v 
suspension was made in distilled water. Extract solution 
(500 µg/mL) was mixed with 25 mM glucose solution. 
The resulting mixture was incubated for 10 min at 37°C. 
The reaction was started by the addition of  100 µL of  
yeast suspension. The mixture was incubated again for 
60 min at 37°C. Then, the mixture was centrifuged and 
the resulting supernatant underwent DNS colorimetric 
method to spectroscopically determine the remaining 
glucose. Metformin solution was used as the positive 
control and treated in the same manner as the plant 
extract solution. The absorbance of  the yellow-orange 
resulting solution was measured using UV-visible 
spectrophotometer at 540 nm.
The percent increase in glucose uptake by yeast cells was 
estimated using the formula below.
                                                     Abscontrol-AbssampleIncrease in glucose uptake (%) =   × 100%  (3)
                                                            Abscontrol

where Abscontrol denotes the absorbance of  the control 
(comprising all the reagents except the test sample) 
and Abssample

 denotes the absorbance of  the test sample 
(plant extract and metformin).

Bioassay-Guided Isolation and Purification of the 
Plant Material

Five 30-g samples of  the plant were soaked in each of  
the following solvents: water, acetone, dichloromethane 
(DCM) or methylene chloride and n-hexane. The 
soaking lasted for three days. Afterwards, the extract-
containing solvents were air-dried. The crude extracts 
obtained from each soaking solvent were evaluated for 
their enzymatic inhibition activity against α-amylase. 
Finally, the extract which exhibited the highest inhibition 
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activity was chosen for gradient elution chromatography. 
The remaining grinded sample of  P. odorata was soaked 
in the chosen solvent for three days. Then, the extracts 
were filtered and air-dried. The chosen extract, with 
5 mL volume, was subjected to gradient elution 
chromatography having 10% increment, starting from 
the least polar up to the most polar mobile phase. Thin-
layer chromatography was performed for the monitoring 
of  the separation process of  the different fractions 
obtained. Fractions with the same retention factor were 
combined and subjected to α-amylase assay. Further 
purification was done for the fraction obtained from 
the gradient elution chromatography having the highest 
percent inhibition against the enzyme. The purification 
process involved flash liquid column chromatography 
with thin layer chromatogram monitoring. Eluents 
from the different fractions having the same retention 
factor were combined and tested for inhibition activity 
against the enzyme. The purified fraction was purified 
again using petroleum ether for the removal of  residues 
and pigments. The purified fractions were stored in the 
refrigerator for structure elucidation. 

Phytochemical Characterization and Structure 
Elucidation

The purified isolate, H.1, was subjected to nuclear 
magnetic resonance (Varian VNMRS Spectrometer in 
CDCl3 at 600 MHz) for structure elucidation of  the active 
constituents from the aerial parts of  P. odorata. Salkowski 
test was performed to detect any presence of  sterol in 
the final isolate. The procedure involved shaking equal 
volumes of  chloroform and extract dissolved in DMSO. 
Afterwards, equal volume of  concentrated sulfuric 
acid was slowly added. If  sterol is present in sufficient 
amount, the chloroform layer (upper layer) assumes a 
cherry-red to purple color while the sulfuric acid layer 
(lower layer) is seen to be brownish-yellow that becomes 
deeper and redder for several hours.35

Statistical Analysis

Experimental data were collected in triplicate and 
expressed as mean±SEM (standard error of  mean). 
Levene’s test of  homogeneity of  variances was 
performed. The test assumes equal variances if  p > 
0.05. Significance of  differences among the groups was 
analyzed by performing one-way analysis of  variance 
(ANOVA), followed by Dunnett’s post hoc test for 
comparison of  the test samples to the control group. 
The software used to perform these tests was IBM SPSS 
Statistics 25. The differences were deemed significant 
at p < 0.05.

RESULTS AND DISCUSSION
One of  the therapeutic approaches to pharmacology of  
type 2 diabetes is targeting enzymes known to hydrolyze 
complex carbohydrates prompting an elevated level 
of  postprandial plasma glucose. Pancreatic α-amylase 
inhibition has been one of  the targets for glycemic 
control by preventing or delaying the oligosaccharide 
breakdown to absorbable simple sugars in the intestinal 
brush border, prompting a lowered blood glucose level 
and subsequently postprandial insulin release.36 Moreover, 
another therapeutic target involves α-glucosidase 
suppression to delay starch and glycogen breakdown 
into their monomers.37 Non-insulin dependent glucose 
uptake has also been a therapeutic alternative for type 
2 diabetes treatment.38 Hence, the extract of  P. odorata 
underwent in vitro α-amylase inhibitory studies through 
DNS colorimetric method, α-glucosidase inhibitory 
assay and glucose uptake by yeast cells. The isolation 
of  the possible hypoglycemic agent involved a series 
of  enzyme assay-guided separation, as depicted in 
Figure 1. The inhibitory activities of  the crude extracts 
from various soaking solvents were determined for the 
selection of  solvent, as shown in Figure 2 (a). Hexane 
crude extract exhibited the maximal inhibition activity 
against α-amylase with 34.38±0.116% inhibition. The 
standard positive control acarbose showed 68.79± 
0.112% inhibition against α-amylase. There was a 
statistically significant difference (p < 0.05) among the 
inhibitory activities of  the extracts and the positive 
control. However, post hoc tests determined that the 
crude extracts of  acetone, n-hexane and standard drug, 
acarbose had significant differences when compared 
with the negative control while the crude extracts of  

Figure 1: Bioassay-guided isolation of active components 
having inhibitory activity against α-amylase.
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water, dichloromethane and ethanol had insignificant 
differences. The remaining dried powders of  P. odorata 
were soaked in n-hexane. The total mass of  the hexane 
crude extract was 23.718 g.
Thin layer chromatography showed a good separation 
on the extract when 1:1 n-hexane/dichloromethane 
solvent system was used as a mobile phase. Different 
fractions were obtained for every 10% increment of  the 
solvent, starting from the least polar (n-hexane) up to 
the most polar (dichloromethane) solvent. The fractions 
containing the same retention factor, as visualized on the 
TLC plate, were combined. A total of  7 fractions were 
obtained after the gradient elution chromatography. The 
inhibitory activities of  each fraction were determined 
and are shown in Figure 2 (b). Fraction F (20%/80% 
and 10%/90% n-hexane/dichloromethane) exhibited 
the maximal inhibition activity against α-amylase with 
71.86±4.909% inhibition. The aforementioned fraction 
exceeded the activity of  the standard positive control 
acarbose that showed 70.56±3.249% inhibition against 
α-amylase. There was a statistically significant difference 
(p < 0.05) among the inhibitory activities of  the extracts 
and the positive control. However, post hoc tests 
determined that Fraction E, Fraction F and acarbose 
had significant differences when compared with the 
negative control while Fraction A, B, C, D and G had 
insignificant differences. Approximately 1 g of  Fraction 
F was collected after gradient elution chromatography.
F.1 (0.1958 g), F.2 (0.0842 g), F.3 (0.3468 g) and F.4 
(0.0727 g) were obtained after subjecting Fraction 
F to flash column chromatography using 10:1 
petroleum ether/ethyl acetate as mobile phase. The 
inhibitory activities of  each fraction were determined 
and are shown in Figure 2 (c). From all the fractions 
obtained, F.3 exhibited the maximal inhibition activity 
against α-amylase with 42.16±1.257% inhibition. The 
aforementioned fraction failed to exceed the activity 
of  the standard positive control acarbose that showed 
73.77±2.101% inhibition against α-amylase. There was 
a statistically significant difference (p < 0.05) among 
the inhibitory activities of  the extracts and the positive 
control. Post hoc tests determined that all fractions and 
acarbose had significant differences when compared 
with the negative control. ANOVA analysis showed that 
the fractions having the highest activities (n-hexane, F 
and F.3) from each stage of  fractionation are statistically 
different (p < 0.05).
The inhibitory activity of  H.1 isolate against α-amylase 
was determined and is shown in Figure 3 (a). The final 
isolated extract exhibited 55.99±2.202% inhibition 
against α-amylase. The aforementioned fraction failed 
to exceed the activity of  the standard positive control 

acarbose that showed 68.35±1.917% inhibition against 
α-amylase. There was a statistically significant difference 
(p < 0.05) among the inhibitory activities of  the isolate 
and the positive control. Post hoc tests determined that 
H.1 isolate and acarbose had a significant difference 
when compared with the negative control. 
The H.1 isolate and acarbose were able to demonstrate 
some inhibitory activity against α-glucosidase enzyme, as 
shown in Figure 3 (b). H.1 isolate, having 72.43±3.988% 
inhibition against α-glucosidase, exceeded the inhibitory 
activity exhibited by the standard drug acarbose 
that showed 50.21±4.571% inhibition. There was a 
statistically significant difference (p < 0.05) among 
the inhibitory activities of  the isolate and the positive 
control. Post hoc tests determined that H.1 isolate and 

Figure 2: α-Amylase percent inhibition of fractions (a) 
from various soaking solvents, (b) from gradient elution 
chromatography and (c) from purification. The data are 
indicated as the mean ± SEM; (n = 3). Asterisks (*) were 

assigned to samples that showed significant difference with 
respect to control (p < 0.05). Positive Control: Acarbose.
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acarbose had a significant difference when compared 
with the negative control. 
The research was able to assess the in vitro antidiabetic 
potential of  H.1 isolate and metformin using glucose 
uptake by yeast cells, as shown in Figure 3 (c). H.1 
isolate, having 13.85±0.368% uptake failed to exceed 
the glucose uptake exhibited by the standard drug 
metformin that showed 50.81± 0.660% uptake. There 
was a statistically significant difference (p < 0.05) between 
the uptake of  the isolate and the positive control. Post hoc 
tests determined that H.1 isolate and metformin had a 
significant difference when compared with the negative 
control. 
H.1 isolate (0.0557 g) was isolated as a white amorphous 
and needle-like powder with a characteristic odor that 
is soluble in non-polar solvents like dichloromethane, 
n-hexane and petroleum ether and insoluble in polar 
solvents like water. It produced a positive result for 
sterol when Salkowski test was performed. There was 
a formation of  purple color in the chloroform layer 
(upper layer) and yellow-brown in the sulfuric layer 
(lower layer) which demonstrates the presence of  sterol. 
The Rf value of  the purified isolate was 0.50 using 1:1 
petroleum ether/diethyl ether solvent system. 
1H NMR spectra displayed three olefinic protons at 
δ 5.000 (dd), 5.100-5.150 (dd) and 5.333 (br. s.) ppm. 
The multiplet at δ 3.522 ppm is attributed to the carbon 
attached to the OH group. The three methyl doublets 
that appeared at δ 0.810, 0.813 and 0.989 ppm, two 
methyl singlets at δ 0.678 and 0.996 ppm and a methyl 
triplet at δ 0.826 ppm were revealed by 1H NMR spectra. 
Complex multiplets at δ 2.235, 2.283, 1.491 and 1.834 
ppm corresponded to the two CH2 adjacent to the 
carbon attached to the OH group. 
Distinct 13C NMR signals at δ 140.759 and 121.718 ppm 
corresponded to tri-substituted double bonds, C5=C6. 
Substituted alkene, C22=C23, was also revealed by the 
δ 138.310 and 129.275 ppm signals. Moreover, CH(OH) 
bond was also identified by the δ 71.812 ppm signal.
Salkowski test result highly suggested that H.1 has a 
sterol backbone. The distinct signals displayed by 1H 
NMR and 13C NMR spectra propose that H.1 isolate is a 
stigmasterol. However, 13C NMR spectra demonstrated 
almost 40 carbon signals but stigmasterol only has 
29 carbons. This means that H.1 is a combination of  
compounds. The NMR signals resembled the signals 
of  β-sitosterol and stigmasterol based on literature, as 
depicted in Tables 1 and 2. Moreover, β-sitosterol and 
stigmasterol have been previously identified from the 
hexane extract and DCM sub-extract of  the leaves of  P. 
odorata.39,40 The structures of  the isolated compounds are 
shown in Figure 4. 

The study was able to demonstrate the antidiabetic 
effect of  P. odorata by testing its inhibitory activity 
against carbohydrate-hydrolyzing enzymes and glucose 
uptake by yeast cells. The purified isolate underwent in 
vitro bioassays for its amylase and glucosidase enzyme 
inhibition and glucose uptake by yeast cells. Acarbose 
was used as the positive control for both enzyme 
inhibition assay while metformin was utilized for glucose 
uptake by yeast cells. The purified isolate, H.1, was 
able to exhibit significant α-amylase and α-glucosidase 
inhibitory activity. It was revealed that the effectiveness 
of  the purified isolate as α-glucosidase inhibitor was 
greater than that of  the positive control. Additionally, 
significant glucose uptake was observed for the purified 
isolate. It can be scrutinized that the percent inhibition 
against α-amylase varies from every stage of  isolation. 
The variation of  the activity from every stage can be 
caused by the synergistic activity of  phytoconstituents in 
combination with possible hypoglycemic agents present 
in the extract.
In vitro  enzyme inhibition study of  Kumar et al. has 
revealed that β-sitosterol and stigmasterol showed 48.8 
and 44.3% α-amylase inhibition, respectively and 52.5 
and 34.2% α-glucosidase inhibition, respectively, at the 
dose of  50 µg/kg.45 A 21-day β-sitosterol treatment 

Figure 3: (a) α-Amylase percent inhibition, (b) α-glucosidase 
percent inhibition and (c) glucose uptake by yeast cells. The 

data are indicated as the mean±SEM; (n = 3). Asterisks (*) 
were assigned to samples that showed significant difference 

with respect to control (p < 0.05). Positive Control (PC): 
Acarbose (a and b), Metformin (c).

Figure 4: β-Sitosterol (H.1a) and Stigmasterol (H.1b).
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to  streptozotocin-induced diabetic rats has resulted 
in decreases in glycated hemoglobin, blood glucose 
and nitric oxide, with accompanying elevated levels of  
serum insulin.46 β-sitosterol has also exhibited insulin 
sensitivity promotion in rats fed with diet high in fat 
possibly by increasing nitric oxide levels.47 The activity 
between β-sitosterol and stigmasterol has been known to  
synergistically enhance the hypoglycemic effect of  the 

two compounds.48 Stigmasterol can also be a potential 
therapeutic drug for type 2 diabetes mellitus probably 
by targeting GLUT4 glucose transporter and enhancing 
GLUT4 expression and translocation.49

Plants are capable of  producing mixtures of  sterols 
including β-sitosterol, stigmasterol, campesterol 
and cholesterol.50 These phytosterols interact 
with phospholipids for plasma membrane fluidity 

Table 1: Experimental and literature-based 1H NMR chemical shift values of 
β-sitosterol and stigmasterol.

Carbon H.1a β-Sitosterol41 H.1b Stigmasterol41,42

Position δH δH δH δH

1 1.084 (1H, m), 
1.839 (1H, m)

1.08 (1H, m), 
1.83 (1H, m)

1.084 (1H, m), 
1.839 (1H, m)

1.08 (1H, m), 
1.83 (1H, m)

2 1.491 (1H, m),
1.834 (1H, m)

1.49 (1H, m), 
1.82 (1H, m)

1.491 (1H, m),
1.834 (1H, m)

1.49 (1H, m), 
1.82 (1H, m)

3 3.522 (1H, m) 3.53 (1H, m) 3.522 (1H, m) 3.53 (1H, m)

4 2.235 (1H, m),
2.283 (1H, m)

2.24 (1H, m),
 2.28 (1H, m)

2.235 (1H, m),
2.283 (1H, m)

2.24 (1H, m),
 2.28 (1H, m)

5 - - - -

6 5.333 (br. s.) 5.35 (br. s.) 5.333 (br. s.) 5.35 (br. s.)

7 1.567 (1H, m),
1.98 (1H, m)

1.56 (1H, m), 
1.98 (1H, m)

1.534 (1H, m), 
1.98 (1H, m)

1.53 (1H, m), 
1.98 (1H, m)

8 1.466 (1H, m) 1.46 (1H, m) 1.466 (1H, m) 1.46 (1H, m)

9 0.933 (1H, m) 0.94 (1H, m) 0.933 (1H, m) 0.94 (1H, m)

10 - - - -

11 1.448 (2H, m), 
1.479 (2H, m)

1.45 (2H, m), 
1.48 (2H, m)

1.448 (2H, m), 
1.479 (2H, m)

1.45 (2H, m), 
1.48 (2H, m)

12 1.165 (1H, m), 
1.971 (1H, m)

1.15 (1H, m), 
1.97 (1H, m)

1.165 (1H, m), 
1.971 (1H, m)

1.15 (1H, m), 
1.97 (1H, m)

13 - - - -

14 1.034 (1H, m) 1.03 (1H, m) 0.989 (1H, m) 1.00 (1H, m)

15 1.057 (1H, m),
1.567 (1H, m)

1.05 (1H, m), 
1.55 (1H, m)

1.062 (1H, m), 
1.567 (1H, m)

1.06 (1H, m), 
1.55 (1H, m)

16 1.248 (1H, m) 1.24 (1H, m), 1.273 (1H, m), 
1.648 (1H, m)

1.27 (1H, m), 
1.71 (1H, m)

17 1.129 (1H, m) 1.13 (1H, m) 1.129 (1H, m) 1.13 (1H, m)

18 0.66 (3H, s) 0.68 (3H, s) 0.678 (3H, s) 0.70 (3H, s)

19 0.996 (3H, s) 1.01 (3H, s) 0.996 (3H, s) 1.01 (3H, s)

20 1.342 (1H, m) 1.36 (1H, m) 2.008 (1H, m) 2.04 (1H, m)

21 0.989 (3H, d) 0.94 (3H, d) 0.989 (3H, d) 1.02 (3H, d)

22 1.329 (2H, m) 1.32 (2H, m) 5.100-5.150
(1H, dd)

5.15 (1H, dd)

23 1.155 (2H, m) 1.15 (2H, m) 5.000 (1H, dd) 5.02 (1H, dd)

24 0.933 (1H, m) 0.93 (1H, m) 1.534 (1H, m) 1.53 (1H, m)

25 1.648 (1H, m) 1.65 (1H, m) 1.440 (1H, m) 1.44 (1H, m)

26 0.810 (3H, d) 0.82 (3H, d) 0.810 (3H, d) 0.84 (3H, d)

27 0.813 (3H, d) 0.83 (3H, d) 0.813 (3H, d) 0.83 (3H, d)

28 1.220 (1H, m) 1.22 (1H, m) 1.165 (1H, m) 1.15 (1H, m)

29 0.826 (3H, t) 0.85 (3H, t) 0.826 (3H, t) 0.80 (3H, t)
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and permeability during development and stress 
conditions.51,52 Literature suggests that β‐sitosterol 
and stigmasterol are obtained in a mixture form, with 
stigmasterol having the maximum portion.53-55 The two 
compounds are both difficult to obtain in pure state 
since their structures are almost alike, only differing 
on the presence of  carbon 22 and 23 sigma bond in 
β-sitosterol and double bond in stigmasterol. Moreover, 
only one fraction was spotted when the isolates were 
subjected to thin layer chromatography.

CONCLUSION

The present study proved that the extract of  the aerial 
parts of  P. odorata has significant antidiabetic activity. 
The bioassay-guided fractionation afforded white 
amorphous solid that was elucidated as a mixture of  
β-sitosterol and stigmasterol. Numerous studies have 
also demonstrated the hypoglycemic potentials of  
β-sitosterol and stigmasterol. Hence, the purified isolate 
can be potentially developed as therapeutic agents for 
glycemic control. 

Table 2: Experimental and literature-based 13C NMR chemical shift values 
of β-sitosterol and stigmasterol.

Carbon H.1a β-sitosterol43 H.1b Stigmasterol44 Nature of 
Carbon

Position δc δc δc δc

1 37.252 37.3 37.252 37.3 CH2

2 31.876 31.9 31.876 31.9 CH2

3 71.812 71.9 71.812 71.9 CH(OH)

4 42.306 42.3 42.306 42.3 CH2

5 140.759 140.8 140.759 140.8 C=CH

6 121.718 121.8 121.718 121.8 =CH

7 31.669 31.7 31.669 31.7 CH2

8 31.906 32.0 31.906 32.0 CH

9 50.191 50.2 50.191 50.2 CH

10 36.505 36.6 36.505 36.6 QCa

11 21.081 21.2 21.081 21.2 CH2

12 39.773 39.8 39.773 39.8 CH2

13 42.321 42.4 42.321 42.4 QCa

14 56.768 56.8 56.768 56.8 CH

15 24.300 24.4 24.300 24.4 CH2

16 28.243 28.3 28.243 28.3 CH2

17 56.055 56.1 56.055 56.1 CH

18 11.854 11.9 11.854 11.9 CH3

19 19.395 19.5 19.027 19.1 CH3

20 36.144 36.2 40.482 40.6 CH

21 18.774 18.9 18.974 20.0 CH3

22 33.945 34.0 138.310 138.4 CH2/C=CH

23 26.074 26.2 129.275 129.2 CH2/C=CH

24 45.838 46.0 51.234 51.3 CH

25 29.151 29.2 33.945 34.0 CH

26 19.813 19.9 18.974 18.9 CH3

27 19.027 19.1 21.208 21.3 CH3

28 23.066 23.1 25.400 25.5 CH2

29 11.977 12.1 12.046 12.1 CH3

aQuaternary (4o) Carbon
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