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Introduction 

Diabetes mellitus (DM) is a chronic metabolic disease that 

has now been recognized as one of the most challenging health 

problems
1,2

. Main symptom of DM is hyperglycemia (high blood 

glucose levels) which often time leads to severe diabetic 

complications over time, including coronary artery disease, stroke, 

peripheral artery disease, retinopathy, nephropathy, and neuropathy.
3,4

 

To treat patients with DM is essential to control the level of 

postprandial blood glucose. This is found to be helpful to prevent any 

further complications caused by DM. α-Glucosidase inhibitors are a 

class of drugs with the ability to treat DM patients by preventing the 

carbohydrates digestion and consequently deferring glucose 

absorption as well as suppressing the postprandial hyperglycemia. 

Therefore, the inhibitors of α-glucosidase are usually suggested as 

vital agents to treat patients with DM. They can be used alone or in 

combination with other antidiabetic agents for the treatment of type 2 

diabetes mellitus (T2DM) and can also be used for patients with type 1 

diabetes mellitus (T1DM).
2
 

Alpha-Glucosidase (α-Glucosidase) inhibitors, which are classified as 

third generation oral hypoglycemic agents have shown vital inhibition 

of postprandial blood glucose in T2DM patients, and have been 

recommended as a first line therapy by the International Diabetes 

Federation and the American Association of Clinical Endocrinologists. 

Hence, α-glucosidase is considered a safe natural inhibitor with little 

or no side effects which has gradually attracts broad interests for use 

as a main ingredient in the management of T2DM around the world.
5
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Alpha-Glucosidase serves as enzymes that catalyze the exo-hydrolysis 

of 1,4-α-glycosidic linkages which lead to the release of α-glucose. 

Inhibition of this enzyme has the ability to reduce carbohydrates 

absorption from the digestive tract. As a result, it reduces postprandial 

glucose level.
6
 

Clausena excavata is a plant of the family Rutaceae. It typically grows 

in India, China and Southeast Asia.
7-8

 The plant is categorized as a 

wild shrub and several of its components are used in traditional 

medicine.
7
 Previous studies indicate that  

C. excavata possesses some pharmacological properties.
9
 Previously 

reported constituents are the carbazole alkaloids, coumarins, 

flavonoids and limonoids. 
9-13

  In the course of continuing the search 

for α-glucoidase inhibitors from natural sources we hereby report on 

the evaluation of the α-glucosidase inhibitory activity of the extract, 

fractions and isolated compounds from C. excavata. This is the first 

report of α-glucosidase inhibitory activity of isolated compounds and 

fractions from C. excavata roots. 

 

 

Materials and Methods 

General experiment procedure  

1D and 2D NMR experiments were performed on a Bruker 600 MHz 

(
1
H) and 151 MHz (

13
C) spectrometer in solvent CDCl3. The chemical 

shifts were reported in ppm with referenced to tetramethyl silane as 

internal standard. Vacuum liquid chromatography and analytical 

preparative thin layer chromatography were performed on Kieselgel 

60 (F254, Merck). Merck Kieselgel 60 (40-63 μm) was employed for 

column chromatography. Spectrophotometric measurements for the α-

glucosidase inhibition were recorded on a TECAN Infinite 50 

microplate reader spectrophotometer  

 

Plant material  

The roots of C. excavata were collected in Naypyitaw region, 

Myanmar in July 2016. The plant was identified by the Botany 

Department, Mandalay University, Myanmar with the specimen 

voucher number UM-22032018. 
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Extraction and isolation 

The roots were air dried and then were cut into small pieces. The 

powder material (3.6 kg) was extracted with 95% ethanol (12.0 L) to 

yield a crude extract. After removing the solvent, 100 g of the extract 

was dissolved in methanol (300 ml) then it was extracted thrice using 

n-hexane in ratio 1:1(v/v). The methanol fraction (80.4 g) was 

subjected to Vacuum Liquid Chromatography (VLC) over silica gel 

eluting step-wise with mixture of n-hexane and ethyl acetate (EtOAc) 

to yield seven combined fractions (CF-1 to CF-7). Fraction CF-6 (25.6 

g) was further fractionated by VLC with a gradient of n-hexane and 

ethyl acetate (n- hexane, 90:10-10:90, ethyl acetate) to obtain sub-

fractions AF-1 to AF-7. AF-2 (80.60 mg) was further purified by silica 

gel column chromatography using three solvent systems of n-hexane-

chloroform-ethyl acetate with the ratio of 100-70: 5-10: 5-20. A total 

of 67 fractions were collected and fractions 41-58 yielded a white 

amorphous solid and they were combined and purified in ethyl acetate 

to produce 4.5 mg of compound 1. AF-1 was subjected to column 

chromatography using n-hexane-ethyl acetate (n-hexane, 90:1-10:100, 

EtOAc) to obtain compounds 2 (9.8 mg) and 3 (28.6 mg) as pale 

yellow solids.  

 

α-Glucosidase inhibitory activity 

The α-glucosidase inhibitory activity was investigated using a protocol 

previously described by 
10

. The inhibition against rat intestinal maltase 

and sucrase by the isolated compounds and fractions were determined 

using the aforementioned protocol. A 10 μL of phosphate buffer (pH 

6.9, 30 μL), 20 μL of the substrate solution (maltose: 10 mM; sucrose: 

100 mM) in 0.1 M phosphate buffer, glucose kit (80 μL) and the 

acetone extract of rat intestinal crude enzyme solution (20 μL) were 

mixed. The reaction mixture was then incubated at 37°C for either 10 

min (for maltose) or 40 min (for sucrose). The concentration of 

glucose released from the reaction mixture was detected by the 

glucose oxidase method using a glu-kit (Human, Germany). 

Enzymatic activity was quantified by measuring absorbance at 503 

nm. The percent inhibition of reaction was calculated using the 

formulae; 

 

 [(A0-A1)/A0] × 100 

 

where A0 is the absorbance without the sample, and A1 is the 

absorbance with the sample. The IC50 value was determined from a 

plot of percentage inhibition versus sample concentration. Acarbose® 

was used as standard control and the experiment was performed in 

triplicate.  

In addition, the inhibition against yeast by all isolated compounds was 

determined by the method described by 
11

. Sample (10 μL) with the 

concentrations (5.0, 1.0, 0.20 and 0.04 mg/mL) was mixed with yeast 

(0.4 U/mL) in 1 mM phosphate buffer (pH 6.9), followed by shaking 

with microplate shaker about 2 min and pre-incubation at 37°C for 10 

min. To the reaction mixture was added 50 μL of p-nitrophenyl-α-D-

glucopyranoside (PNPG) and then the mixture was incubated at 37°C 

for 20 min. After the incubation period, the reaction was quenched by 

adding Na2CO3 (1M, 100 μL). The release of p-nitrophenoxide from 

PNPG was detected by a microplate reader at 415 nm (iMark 

microplate reader).  

 

Statistical analysis 

All data are given as duplicate measurements and analyzed by non- 

 

 

 

 

 

 

 

 

 

 

 

 

 

linear regression analysis. Quantitative data obtained were analyzed 

descriptively. All measurement was done in duplicate. 

 

 

Results and Discussion 

Compound 1 was obtained as a white amorphous powder. The proton 

NMR spectrum showed the presence of two cis-olefinic signals at δH 

6.17 (1 H, J = 9.3 Hz, H-3) and 7.84 (1 H, J = 9.3 Hz, H-4). The 

presence of three aromatic protons was indicated by an ABX system at 

δH 7.44 (d, J = 8.5 Hz, H-5), 6.78(1H, dd, J =2.2, 8.5 Hz, -6H) and δH 

6.70 (d, J =2.2 Hz, H-8) (Table 1). The 
13

C-NMR spectrum of 

compound 1 showed a cyclic lactone carbonyl at δc 162.4, three 

quaternary carbons 111.6, 162.2, 155.9, three aromatic CH carbons at 

110.7, 129.2, 113.3, and two olefinic CH carbons at 144.7, 102.1 

(Table 1). The DQF-COSY spectrum showed neighboring proton 

connections between δH 6.16 (H-3) and δH 7.84 (H-4), and also δH 6.78 

(H-6) with 7.44 (H-5), and 6.70 (H-8). The long range HMBC 

experiments of compound 1 also confirmed the positions of protons 

and carbons in the compounds. From the above data, the structure of 

compound 1 was identified as umbelliferone (Figure 1) and the 

chemical shift data were in agreement with literature reports.
12

 

Compound 2 was obtained as a yellowish solid. The 
1
H-NMR data of 

compound 2 revealed protons characteristic of a coumarin moiety by 

two doublet signals at δH 6.16 and 8.04 (each 1H, J = 9.6 Hz). 

Moreover, the presence of prenyl moiety was indicated by signals at 

δH 6.23 (dd, J = 17.4, 10.5 Hz, 1H), 5.08 (dd, J = 17.4, 0.9 Hz, 1H), 

5.06 (dd, J = 10.5, 0.9 Hz, 1H), and two germinal methyl group at 1.64 

(s, 6H). The existence of a benzopyan ring was shown by a singlet 

signal representing two methylene protons at δH 2.75 (s, 2H) and 

another set of germinal methyl groups at δH 1.49 (s, 6H) (Table 1). The
 

13
C-NMR and DEPT-90 and 135 spectra also indicated the presence of 

a cyclic lactone and ketone carbonyls at δC 160.6 and 198.2, 

respectively (Table 1). All the NMR data support compound 2 being 

clausenidin (Figure 1) and its NMR data also matched with literatures 

reports.
13- 14

 

Compound 3 was also obtained as a pale yellow solid. The 
1
H-NMR 

spectrum of the compound suggested a carbazole alkaloid type moiety 

based on the aldehyde proton signal at δH 9.93, N-H at 8.21, a 

hydrogen bonded OH at 11.42. Two singlets signals at δH 6.84 (s, 1H), 

and 8.05 (s, 1H) indicated a disubstitution on ring B. An ABX system 

of signals at 7.85 (d, J = 8.3 Hz, 1H), 6.89 (m, 1H) and 6.88 (d, J = 2.2 

Hz, 1H) revealed that position C-7 of ring A was substituted. The 
1
H-

NMR also showed the presence of one methoxy group at δH 3.93 (s, 

3H). The existence of aldehydic carbonyl at δC 195.1 was confirmed 

by 
13

C-NMR, together with DEPT-90 and 135. After careful analysis 

of the 2D NMR and comparison with previous report the compound 3 

was identified as 2-hydroxy-3-formyl-7-methoxycarbazole (lasine) 

(Figure 1).
13

 

The α-glucosidase inhibitory effect of the methanol fraction, n-hexane 

fraction, and the two of the isolated compounds (2 and 3) were tested 

using rat intestinal (maltase, sucrose) baker yeast enzymes. The 

methanol fraction with IC50 of 0.020 mg/mL showed a higher 

inhibitory activity than the n-hexane fraction with IC50 of 0.041 μg/mL 

against maltase enzymes. But the two fractions (methanol and n-

hexane) showed moderated activity against sucrase with IC50 values of 

0.063 mg/mL each. Clausenidin (2) and lasine (3) showed no 

inhibition against yeast enzymes (Table 3). 

 

 

 

 

 

 

 

 

  
Figure 1: Chemical structures of isolated compounds from C. excavate 
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Table 1: The 
1
H (600 MHz), 

13
C (151 MHz) NMR spectral data of compounds 1 and 2 in CDCl3 

Position δH (multi, J values in Hz) δc (ppm) 

 1 2 1 2 

2 - - 162.4 160.6 

3 6.17 (d, J = 9.3 Hz, 1H) 6.16 (d, J = 9.6 Hz,1H) 110.7 110.8 

4 7.84 (d, J = 9.3 Hz, 1H) 8.04 (d, J = 9.6 Hz,1H) 144.7 138.6 

4a - - 111.6 103.2 

5 7.44 (d, J = 8.5 Hz, 1H) - 129.2 160.0 

5a - - - 104.0 

6 6.78 (dd, J =2.3, 9.6 Hz, 1H) - 113.3 198.2 

7 - 2.75 (s,2H) 162.2 47.7 

8 6.70 (d, J = 2.2 Hz, 1H) - 102.1 80.0 

8a - 1.49 (s, 3H) 155.9 27.2 

8b  1.49 (s, 3H)  27.2 

9a  -  159.9 

10  -  114.5 

10a  -  159.0 

 41.0  -  ׳1

1a1.64  ׳ (s, 3H)  29.5 

1b1.64  ׳ (s, 3H)  29.5 

 149.6  (dd, J = 17.4, 10.5 Hz,1H) 6.23  ׳2

3′ - - - 108.4 

 a׳3

 b׳3

 5.08 (dd, J = 17.4, 0.9 Hz, 1H) 

5.06 (dd, J = 0.9, 10.5 Hz, 1H)                                                            

  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2: The 
1
H (600 MHz), 

13
C (151 MHz) NMR spectral data of compound 3 in CDCl3 

Position δH (mult, J Hz) δC (ppm) 

1a - 145.7 

1 6.84 (s, 1H) 96.9 

2 - 160.6 

3 - 126.8 

4 8.05 (s, 1H) 125.9 

4a - 115.4 

5a - 117.9 

5 7.85 (d, J = 8.3 Hz, 1H) 120.5 

6 6.89 (m, 1H) 95.6 

7 - 159.2 

8 6.88 (d, J = 2.2 Hz, 1H) 108.9 

8a - 141.5 

7-OCH3 3.93 (s,3H) 55.7 

-CHO 9.93 195.1 

-NH 8.21 - 

-OH 11.42 - 
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Table 3: α-Glucosidase inhibitory activities of fractions and isolated compounds 

Fraction/Compound 

α-Glucosidase inhibition 

Baker’s yeast IC50 

(mM) 

Maltase 

IC50 (mg/mL)* 

Sucrase 

IC50 (mg/mL)* 

n-hexane fraction - 0.041 0.063 

methanol fraction - 0.020 0.063 

2 NI - - 

3 NI - - 

Acarbose 0.1030 2.35 (μM) 15.48 (μM) 

                            * Nonlinear regression analyses were evaluated by Sigma-Plot 12.5 

                            NI = no inhibition at concentration ≤ 5 mg/mL 

 

 

Conclusion 

Three compounds were obtained from C. excavata. The antidiabetic 

activity of the compounds and fractions were evaluated. The methanol 

fraction showed higher inhibitory activity than the n-hexane fraction 

against maltase enzymes. Among the three isolated compounds, 2 and 

3 were tested against the yeast enzymes but both did not show any 

inhibition.  
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Quartiles

The set of journals have been ranked according to their SJR and divided into four equal groups, four quartiles. Q1 (green)
comprises the quarter of the journals with the highest values, Q2 (yellow) the second highest values, Q3 (orange) the third
highest values and Q4 (red) the lowest values.

Category Year Quartile
Analytical Chemistry 2019 Q4
Biochemistry 2019 Q4
Complementary and Alternative Medicine 2019 Q4
Drug Discovery 2019 Q4

SJR

The SJR is a size-independent prestige indicator that ranks
journals by their 'average prestige per article'. It is based on
the idea that 'all citations are not created equal'. SJR is a
measure of scienti�c in�uence of journals that accounts
for both the number of citations received by a journal and
the importance or prestige of the journals where such
citations come from It measures the scienti�c in�uence of
the average article in a journal, it expresses how central to
the global scienti�c discussion an average article of the

Citations per document

This indicator counts the number of citations received by
documents from a journal and divides them by the total
number of documents published in that journal. The chart
shows the evolution of the average number of times
documents published in a journal in the past two, three and
four years have been cited in the current year. The two
years line is equivalent to journal impact factor ™
(Thomson Reuters) metric.

Cites per document Year Value
Cites / Doc. (4 years) 2017 0.000
Cites / Doc. (4 years) 2018 0.191
Cites / Doc. (4 years) 2019 0.164
Cites / Doc. (3 years) 2017 0.000
Cites / Doc. (3 years) 2018 0.191
Cites / Doc. (3 years) 2019 0.164
Cites / Doc. (2 years) 2017 0.000
Cites / Doc. (2 years) 2018 0.191
Cites / Doc. (2 years) 2019 0.164

Total Cites Self-Cites

Evolution of the total number of citations and journal's self-
citations received by a journal's published documents
during the three previous years.
Journal Self-citation is de�ned as the number of citation
from a journal citing article to articles published by the
same journal.

Cites Year Value
S lf Cit 2017 0

External Cites per Doc Cites per Doc

Evolution of the number of total citation per document and
external citation per document (i.e. journal self-citations
removed) received by a journal's published documents
during the three previous years. External citations are

% International Collaboration

International Collaboration accounts for the articles that
have been produced by researchers from several countries.
The chart shows the ratio of a journal's documents signed
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calculated by subtracting the number of self-citations from
the total number of citations received by the journal’s
documents.

by researchers from more than one country; that is
including more than one country address.

Year International Collaboration

Citable documents Non-citable documents

Not every article in a journal is considered primary research
and therefore "citable", this chart shows the ratio of a
journal's articles including substantial research (research
articles, conference papers and reviews) in three year
windows vs. those documents other than research articles,
reviews and conference papers.

Documents Year Value
N it bl d t 2017 0

Cited documents Uncited documents

Ratio of a journal's items, grouped in three years windows,
that have been cited at least once vs. those not cited during
the following year.

Documents Year Value
Uncited documents 2017 0
Uncited documents 2018 44
Uncited documents 2019 126
Cited documents 2017 0
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