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INTRODUCTION
Diabetes is one of the most dreadful diseases in terms 
of high mortality rate all over the world. High fasting 
and postprandial blood sugar level (hyperglycemia) is 
the main diagnostic feature of Diabetes that may be 
either due to insulin deficiency (Type-1) or impaired 
insulin action (Type-2) inside the body.1 Apart from 
hyperglycemia, a couple of severe macro and micro-
vascular complications are usually associated with 
diabetic patients affecting multiple organs at a time. 
Macro-vascular complications include coronary heart 
disease and stroke that are responsible for high rate 
of diabetic mortality and morbidity compared to the 
microvascular diseases (retinopathy, neuropathy, and 
nephropathy).2

Development and progression of diabetic symptoms 
are closely associated with increased oxidative stress 
within the body. It is already proved that oxidative 
stress plays a key role in developing vascular diseases 
by endothelial dysfunction.3 An elevated level of blood 
glucose triggers rapid production of highly reactive 
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oxygen and nitrogen species (ROS and RNS) which 
in turn destabilizes cellular antioxidant defense 
mechanism. Activation of transcription factors and 
protein kinases, excessive production of advanced 
glycation end products may act together in the 
overall oxidative stress development.4 Superoxide 
dismutase, catalase, glutathione peroxidase etc. are 
strongly affected by the excess production of free  
radicals which ultimately disrupt body immune  
system. Also collapsed glycemic control may result 
in inflammatory reactions that are responsible for 
visceral fat deposition, hyperlipidemia, hypertension  
and cardiovascular diseases.5 However, the precise 
mechanism behind the development of oxidative 
stress during diabetes is yet to be fully deciphered.
Presently, the treatment of diabetes relies mostly 
on the synthetic medicines and insulin therapy 
which could only relieve the preliminary suf-
ferings but can never be the ultimate solution 
to the problem. Also, it is rather impossible to 
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reduce the distress of the multiple adverse side effects viz. kidney and  
liver diseases.6 Use of herbal medicine in curing diseases has been a long-
term practice and already manifested to be a cost-effective and harmless 
reliever. The proposed mechanism of action of herbal therapy includes 
regulation of metabolism, prevention of β cell destruction, modulation of 
glucose absorption, enhancement of insulin secretion etc.7 Many plants 
(Momordica charantia L., Azadirachta indica A. Juss., Swertia chirayita  
(Roxb. ex Flem.), Trigonella foenum-graecum L. etc.) have already  
been recognized as hypoglycemic with their spectral disease-curing 
properties.8

The genus Litsea Lam. of the family Lauraceae comprises of 151 species 
as per the record of accepted names enlisted in ‘The Plant List’ database.9  

Litsea cubeba (Lour.) Pers. is a wild evergreen tree geographically  
distributed from the eastern Himalayas to South-East Asia traversing  
the countries of India, China, Taiwan, and Malaysia.10 Approximately,  
20 species of this genus has been in use in China for long in several indig-
enous herbal formulations for the treatment of gastrointestinal diseases, 
asthma, arthritis, pain management etc.11 Fruits are even used as spicy 
condiments in the indigenous cuisine of Taiwan and popularly known as 
may chang (mountain pepper) in Mandarin.12 The fruits are also used as 
carminative and in the preservation of fish in Indonesia.13 This species, 
in particular, is priced for its essential oils having antifungal, antibacterial,  
insecticidal and anticancer activities.14-19 The major components in the 
oils extracted from different parts of the plants were ascertained to be 
citral, β-phellandrene, and β-terpinene. The role of the essential oil in 
dendritic cell inhibition was reported that could be attributed to its 
potent immunosuppressive properties.20 The oil is also used as an active 
ingredient of aromatherapy and personal care products.21 Citral (neral 
and geranial) which is approximately 80% of the extracted essential oils 
are reported to be potent free radical scavengers and thus could act as a 
source of natural antioxidants.22

In India, the fruits and seeds are edible and usually consumed either raw 
or cooked in the form of pickle and chutney by many ethnic groups.23-24 
Use of L. cubeba as spice is also a common practice in different parts  
of India.25 In Arunachal Pradesh, the fruits are believed to confer  
beneficial and protective properties in heart and stomach disorders.26 

Flowers and fruits are used in the treatment of a sore throat by Chiru 
tribal community in Manipur.27 This plant is also reported to be in use by 
the natives of the Darjeeling and Sikkim Himalayan region for the treat-
ment of diabetes. Ethnic communities in this region often consume one 
or two raw fruits as masticatory and also as pickle to prevent and check  
hyperglycemia.28 Though the fruits have been used traditionally to  
control diabetes, but till now there are no such scientific reports claiming  
for the validation of the antidiabetic property of L. cubeba from this 
region. The antidiabetic property of the bark of this plant has been 
reported once previously from Western Java (Indonesia); pointing  
towards the antidiabetic virtue of this plant.29 Also, several other  
species of Litsea have been reported to possess antidiabetic properties. 
Lu et al. reported the potent role of the flavonoid contents extracted from 
the leaves of L. coreana in lowering blood sugar level, hyperlipidemia and 
inflammation in experimentally induced type-2 diabetic rats.30 Similarly, 
the ethanolic and methanolic extracts of L. japonica and L. glutinosa 
respectively also exhibited antidiabetic activity.31-32

The article thus aims to validate the hypoglycemic property of different 
solvent extracts in correlation with the free radical scavenging properties  
of L. cubeba fruits collected from Darjeeling Hills and also the preliminary  
characterization of active constituents through GC-MS. Further works 
in this regard is going on for the characterization of novel antidiabetic 
phytoconstituent(s) that might contribute to alleviating human suffering 
of type-2 diabetes.

MATERIALS AND METHODS
Plant material
Plant material (fresh fruits of L. cubeba (Lour.) Pers.) were collected  
from different localities of Chatakpur Forest (latitude 26º 96´N and  
longitude 88º 30´ E) and Dow Hill Forest (latitude 26º 89´N and  
longitude 88º 27´E) of Kurseong Sub-Division of Darjeeling District 
during the months of May to July 2016. A herbarium specimen (voucher 
specimen no. UGB/BOT/RC/01) was deposited at NBU-Herbarium  
(acronym: NBU), Department Of Botany, North Bengal University,  
Siliguri-734430, West Bengal for authentication (accession no. 10046). 
The collected fruits were shade-dried for about 15 days under the 
well-aerated condition at 25ºC. The dried fruits were then thoroughly 
washed under tap water, dried and ground to make a fine powder using 
a mechanical grinder. The powdered plant material was stored at room 
temperature for further use.

Preparation of plant extracts and estimation of extractive values
The powdered plant material was sequentially extracted in a Soxhlet 
apparatus using different solvents with their increasing polarity viz. 
hexane, acetone, methanol, ethanol and distilled water according to 
the method previously described.33 100 g of powdered material was 
extracted using 250 ml of hexane for 24-48 h and the extract was filtered 
using Whatman no.1 filter paper. The residue was air-dried and sequen-
tially extracted using other solvents. The pooled solvents following the 
extraction procedure were concentrated using rotary evaporator under 
reduced pressure and percentage yields of each solvent were determined. 
The concentrated extracts were stored at 4ºC for future use.

Phytochemical screening of extracts
Qualitative screening for the presence of phytochemicals was carried 
out from the concentrated plant extracts following standard protocols.34  

Presence and absence of quinones, tannins, saponins, anthocyanins,  
carotenes, phlobatanins, alkaloids, flavonoids, phenols, cardiac glycosides  
and terpenoids were determined.

In vitro antidiabetic activity
α-amylase inhibitory assay 
The assay of α-amylase inhibition was performed by quantifying the 
amount of reducing sugar liberated under assay conditions. A modified 
3,5- dinitrosalicylic acid (DNS) method was adopted to estimate the  
maltose equivalent.35 1 ml of the plant extracts were pre-incubated with  
1 Unit/ml α-amylase enzyme from porcine pancreas, Type VI-B (SIGMA) 
for 30 min and thereafter 1 ml(1% w/v) starch solution was added. The 
mixture was further incubated at 37°C for 10 min. Then the reaction was 
stopped by adding 1 ml DNS reagent and the contents were heated in a  
boiling water bath for 5 min. The absorbance was finally measured at  
540 nm and acarbose was used as positive control. 

α-glucosidase inhibitory assay
The α-glucosidase inhibitory assay was assessed following standard  
method with minor modifications.36 The reaction mixture contained  
1 ml of 2.5 mM 4-nitrophenyl α-D-glucopyranoside (PNP-G), 1.5 ml of  
phosphate buffer (pH 7.0) and 0.5 ml of plant extract at different concen-
trations. The reaction was initiated by the addition of 0.2 ml of 0.28 U/ml  
of the α-glucosidase enzyme from Saccharomyces cerevisiae (SIGMA) 
and subsequently incubated at 37°C for 30 min. The reaction was termi-
nated by the addition of 1 ml of 0.2 M sodium carbonate solution. The 
enzymatic hydrolysis of the substrate was monitored by the amount of 
p-nitrophenol released in the reaction mixture at 400 nm. Acarbose was 
used as positive control.
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In vitro antioxidant assays
DPPH radical scavenging assay

Different concentrations of plant extracts (0.1 ml) were mixed with 2.9 ml  
of the methanolic solution of 0.1 mM DPPH (2,2-Diphenyl-1-picryl-
hydrazyl).37 The mixture was kept in the dark at room temperature for  
30 min and absorbance was measured at 517 nm against a blank. Ascorbic 
acid was used as the standard. 

ABTS radical scavenging assay
ABTS (2,2’-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) scavenging  
assay was carried out as per the standard protocol.38 ABTS radical cation  
(ABTS+) was produced by the reaction of a 7 mM ABTS solution with 
2.45 mM of potassium persulphate. The ABTS+ solution was then diluted 
with ethanol to an absorbance of 0.7 ± 0.05 at 734 nm and stored in the 
dark at room temperature for 12 h before use. After addition of 25 µl of  
plant extracts to 2  ml of diluted ABTS+  solution, absorbance was  
measured at 734 nm after 6 min. Ascorbic acid was used as the standard. 

FRAP assay
The FRAP assay is based on the reduction of Fe+3-TPTZ to the colored 
form of Fe+2-TPTZ.39 The fresh FRAP reagent was prepared by dissolving  
50  ml of 10 mM 2,4,6-Tris(2-pyridyl)-s-triazine (TPTZ) and 50  ml of  
50 mM FeCl3.6H2O in 500 ml of acetate buffer (300 mM; pH 3.6). Subse-
quently, 75 μl of plant extracts (1mg/ml) was mixed with 2 ml of FRAP 
reagent and absorbance was measured at 593 nm in a spectrophotom-
eter after 12 min. FRAP activity was finally calculated from the standard 
curve of FeSO4 and expressed as mM equivalent of the Fe+2 ion. Ascorbic 
acid was used as the standard.

Nitric oxide scavenging assay
Nitric oxide scavenging activity was determined through Griess Illosvoy  
reaction.40 Different concentrations of plant extracts were mixed with  
2 ml of 10 mM sodium nitroprusside in 0.5 ml phosphate buffer (0.5M, 
pH 7.4) in a final volume of 3 ml. After incubation for 60 min at 37°C, 
Griess reagent [N-(1-Naphthyl) ethylenediamine (0.1%) and sulphanilic 
acid (1%) in H3PO4 (5%)] was added. Generation of pink chromophore 
was finally measured spectrophotometrically at 540 nm. Ascorbic acid 
was used as the standard. 

Hydroxyl radical scavenging assay
The reaction mixture was prepared with 1.5 ml of plant extract of  
different concentrations, 60 μl of 1 mM FeCl3, 90 μl of 1mM 1,10-phen-
anthroline, 2.4 ml of phosphate buffer (0.2 M; pH 7.8) and 150 μl of 0.17 M  
H2O2  and subsequently homogenised in a vortex.41 After that, it was  
incubated at room temperature for 5 min and the absorbance was  
measured at 560 nm against the blank. 

Calculation of IC25 and IC50 values

The IC25 and IC50 values of the in vitro antidiabetic and antioxidant activities  
of the extracts were calculated from the individual plots showing the 
percentage inhibition at different concentrations. The calculation was 
done following global curve fitting using nonlinear regression against  
four-parameter logistic function in SigmaPlot v14.0 according to the  
following formula:

Y (IC25 or IC50 value) = [(Imin – Imax) / 1 + (X / IC 25 or 50)
H] + Imax 

Imin is the minimum percent inhibition, Imax is the maximum percent 
inhibition, H is the hill slope.

Quantification of antioxidative biochemicals
Total phenol content (TPC)
TPC was determined following the Folin-Ciocalteau method with minor 
modifications.42 200 μl of plant extracts (1mg/ml) was mixed with 800 μl 
of freshly prepared Folin-Ciocalteau reagent and 2 ml of 7.5% sodium 
carbonate. The final volume was made up to 7 ml of distilled water and 
allowed to stand in dark for about 2 h. The absorbance was measured 
at 765 nm. Gallic acid was used as standard and the TPC contents were 
expressed as mg of gallic acid (GA) / g dried extract. 

Total flavonoid content (TFC)
TFC was determined using a modified aluminum chloride method.43 
500 μl of plant extracts (1mg/ml) was added with 500 μl 5% NaNO2 and 
incubated at room temperature for 5 min. Subsequently, 500 μl of 10% 
AlCl3 was added to it and again incubated for 5 min. After the incubation 
period, 1 ml of 1 mM NaOH was added to the reaction mixture. The 
absorbance was finally recorded at 510 nm and the TFC contents were 
expressed as mg of quercetin (QE) / g dried extract.

GC-MS analysis
GC-MS analyses of the methanolic and ethanolic extracts were performed  
using JEOL GCMATE II to identify the bioactive constituents. For 
GC-MS detection, an electron impact ionization system was imple-
mented with ionization energy of 70 eV. The helium gas was used as a 
carrier with a flow rate maintained at 1 ml/min and 2 µl injection volume  
was used with the injector temperature set at 250ºC. The initial temperature  
of the oven was maintained at 100 ºC for 5 min after that increased to 
220ºC at the rate of 4ºC/min and maintained further for 20 min. The 
mass spectral scan was performed at 0.5 s interval and range of scan was 
from 50 to 400 m/z. The spectrums obtained through GC-MS were finally 
compared with the MS data library of National Institute of Standards and 
Technology (NIST) for the identification of bioactive compounds.

Statistical analysis
All the tests were performed in triplicate and the data were presented  
as mean ± S.D. Sigma Plot v14.0 was used for plotting the graphs and 
calculation of IC25 and IC50 values of the scavenging assays. Principal 
Component analysis (PCA) was performed to evaluate the relationships 
of all the variables, using SPSS 21. 

RESULTS

Phytochemical screening of the extracts and extractive 
values
The presence and/or absence of different phytochemicals were presented 
in Table 1. It was observed that phenols, flavonoids and saponins were 
present in all the extracts. Only methanol extract showed the presence 
of phlobatanins. Alkaloids and cardiac glycosides were present in all the 
extracts except hexane. Quinones were present in methanol and acetone 
extracts and terpenoids were found in acetone and hexane extracts 
respectively. Both methanol and ethanol extracts showed positive result 
for tannins. Water, ethanol and methanol showed positive result for 
anthocyanins. Presence of carotenes was restricted among methanol,  
acetone and hexane extracts. The percentage extractive values were  
1.0 ± 0.89(hexane), 5.7 ± 0.55(acetone), 8.1 ± 0.87(methanol), 8.0 ± 1.55 
(ethanol) and 7.3 ± 1.17(water).

In vitro antidiabetic activity
α-amylase inhibitory assay
The enzyme inhibitory activity was increased according to the concen-
tration of both the methanol and ethanol extracts, followed by water 
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Table 1: Screening of secondary metabolites in different solvent extracts of the fruit powder of L. cubeba.

Secondary metabolites Hexane Acetone Methanol Ethanol Water

Phenols + ++ +++ ++ ++

Flavonoids + + +++ ++ ++

Alkaloids − + ++ ++ ++

Quinones − + + − −

Terpenoids ++ + − − −

Cardiac glycosides / Steroids − + + ++ ++

Tannins − − ++ + −

Saponins + ++ ++ ++ +

Anthocyanins − − + ++ ++

Carotenes ++ ++ ++ − −

Phlobatannins − − + − −

Here, the signs indicate ‘+++’ = high presence, ‘++’ = moderate presence, ‘+’ = low presence, ‘−’ = absent.

Figure 1: In vitro antidiabetic activities of the fruit extracts of L. cubeba. 
(A) α-amylase inhibitory activity. (B) α-glucosidase inhibitory activity. 
Here, the values represent the average of triplicate trials and the error 
bars are the standard deviation values.

extract (Figure 1A). The IC25 and IC50 value of the inhibitory activity of 
all the extracts was also listed in Table 2. The methanol extract showed 
the lowest IC50 value of 514.9 µg/ml followed by ethanol extract value 
of 1111.1 µg/ml. However, the remaining extracts (water, acetone and  
hexane) did not show any significant inhibitory activity as their IC50 values  
could not be determined from the range of concentrations tested. The 
IC25 and IC50 value of the standard drug acarbose could not be deter-
mined as the values were very low to be calculated, because it exhibited 
high activity even at very low concentrations.

α-glucosidase inhibitory assay
Inhibitory activity of the plant extracts was observed to increase with 
the concentration of both the ethanol and methanol extracts, followed 
by water extract (Figure 1B). The IC25 and IC50 values of the extracts are 
recorded in Table 2. Here the lowest IC50 value was recorded for ethanol  
extract (1426.5 µg/ml), closely followed by methanol extract (1435.7 µg/ml).  
However, hexane and acetone extracts failed to exhibit any significant 
inhibitory activity as their IC50 values could not be determined. The IC50 
value of acarbose was determined to be 18.05 µg/ml, whereas the IC25 
was even lower which could not be determined.

In vitro antioxidant assays
DPPH radical scavenging assay

The scavenging activity of different extracts was presented in Figure 2A.  
Ascorbic acid exhibited maximum scavenging activity followed by  
methanol, ethanol, water and acetone extracts, in a decreasing manner. 
No significant activity was observed in case of hexane extracts, as the IC50 

value could not be determined. Concentration of extracts and standards 
in terms of their IC50 values were in the following order: Ascorbic acid > 
methanol extract > ethanol extract > water extract > acetone extract as 
shown in the Table 2.

ABTS radical scavenging assay
ABTS radical scavenging of different extracts was presented in Figure 2B.  
Significant scavenging activity was observed in methanol extracts in 
the concentration between 100-400 µg/ml. The IC50 values were in the 
following order: Ascorbic acid > methanol extract > ethanol extract >  
acetone extract > water extract, indicating their corresponding scavenging  
properties (Table 2). However, no observable activity was found in hexane  
extracts. 
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Table 2: IC25 and IC50 values of in vitro antidiabetic and antioxidant activities of the different solvent extracts of fruit powder of L. cubeba.

Parameters
IC25 and IC50 

values
Hexane Acetone Methanol Ethanol Water

Acarbose / 
Ascorbic acid

α-amylase
IC25 ND 653.9 ND 23.3 ND ND

IC50 ND ND 514.9 1111.1 4235.4 ND

α- -glucosidase
IC25 1611.8 2016.1 ND 182.1 519.7 ND

IC50 ND ND 1435.7 1426.5 2289.5 18.05

DPPH
IC25 280.4 120.8 78.2 72.3 105.4 20.4

IC50 ND 823.6 308.7 330.5 577.4 69.3

ABTS
IC25 177.8 56.9 32.8 79.8 104.6 ND

IC50 ND 307.2 121.9 243.9 732.4 32.1

NO
IC25 ND 922.4 179.9 260.8 386.6 54.2

IC50 ND ND 596.3 1078.6 ND 180.1

OH
IC25 501.5 314.7 74.9 62.2 174.8 51.5

IC50 ND ND 337.8 287.7 779.9 146.4

Here, ‘ND’ indicates that the IC values do not fall within the range of the concentrations of plant extracts and therefore could not be determined using SigmaPlot and 
acarbose / ascorbic acid used as standard.Acarbose is used as a standard for in vitro antidiabetic assays and Ascorbic acid is used a standard for in vitro antioxidant 
activity assays.

Table 3: Solvent extractive values, FRAP activity, total phenol and total flavonoid content of the different solvent extracts of fruit powder of L. cubeba.

Solvent extracts Solvent Extractive Values
(in %)

FRAP activity
(mM Fe2+ equiv.)

Total Phenol Content 
(mg gallic acid equiv./g)

Total Flavonoid Content
(mg quercetin equiv./g)

Hexane 1.0 ± 0.89 0.29 ± 0.017 1.37± 0.4 25.89± 0.92

Acetone 5.7 ± 0.55 0.16 ± 0.009 117.41± 5.09 51.35 ± 6.19

Methanol 8.1 ± 0.87 0.47 ± 0.023 182.43± 1.23 189.36 ± 5.81

Ethanol 8.0 ± 1.55 0.44 ± 0.018 120.53± 2.79 145.64± 2.26

Water 7.3 ± 1.17 0.24 ± 0.007 105.33 ± 2.01 111.6± 2.36

Here, the values are the average of triplicate trials with their standard deviation.

Figure 2: In vitro antioxidant activities of the fruit extracts of  
L. cubeba. (A) DPPH free radical scavenging. (B) ABTS radical  
scavenging. (C) NO radical scavenging. (D) OH radical scavenging. 
Here, the values are the average of triplicate trials and the error bars 
are the standard deviation values.

Figure 3: Loading plot of contribution of variables of antidiabetic 
and antioxidant activities of L. cubeba on the bidimensional space 
formed by rotated principal components 1 and 2.
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FRAP assay
FRAP activity of the extracts was expressed in terms of mM of Fe+2 
equivalent. High reducing activity was observed in case of methanolic 
extract (0.47 ± 0.023 mM of Fe+2 equivalent) followed by ethanol extract  
(0.44 ± 0.018 mM of Fe+2 equivalent). The results were recorded in Table 3.

Nitric oxide scavenging assay
Nitric oxide scavenging activity of the standard and the extracts were 
shown in Figure 2C. Only methanol and ethanol extracts exhibited the 
scavenging property at the higher concentrations, as observed by their 
IC50 values. However, these values are comparatively much lower than  
the standard IC50 value of ascorbic acid. No significant scavenging activity  
was observed in the remaining extracts (Table 2).

Hydroxyl radical scavenging assay
Hydroxyl radical scavenging activity was observed in the following 
order: Ascorbic acid>ethanol extract>methanol extract> water extract 
(Figure 2D). The IC50 values of the extracts were listed in Table 2. Acetone 
and hexane extracts did not exhibit satisfactory scavenging activity.

Quantification of antioxidative biochemicals
Total phenol content

Total phenol content of the plant extracts was expressed in terms of mg. 
of gallic acid equivalent/g. According to the experimental outcome, the 
total phenol content of the extracts were maximum in methanol extract 
(182.43 ± 1.23mg. of gallic acid equivalent/g) followed by ethanol extract 
(120.53 ± 2.79 mg. of gallic acid equivalent/g) and acetone extract 
(117.41 ± 5.09mg. of gallic acid equivalent/g) as shown in the Table 3. 
Very less amount of phenolic content was found in hexane extract (1.37 
± 0.4 mg of gallic acid equivalent/g).

Total flavonoid content
Total flavonoid content of the extracts was expressed in terms of mg. 
of quercetin equivalent/g. The flavonoid content was high in methanol 
(189.36 ± 5.81mg. of quercetin equivalent/g) and ethanol extract (145.64 
± 2.26mg. of quercetin equivalent/g) compared to the others which were 
below that values (Table 3). 

Principal component analysis
Principal component analysis was applied to evaluate the all the experi-
mental data (Figure 3). PCA results exhibited that the first two principal  
components (PC1 and PC2) accounted for 83.24 % of the total variability,  
of which 46.16 % was along the first principal component (PC1), and 
37.07 % was along the second principal component (PC2). It was clearly  
observed that PC1 was positively correlated with α-amylase and  
α- glucosidase inhibitory activity, hydroxyl and ABTS scavenging activity.  
FRAP activity and NO scavenging activity was positively correlated with 
PC2. 

GC-MS analysis
The GC-MS analysis of the methanolic extract showed presence of  
19 compounds as shown in the Table 4 and the corresponding mass  
spectrum was shown in Figure 4. The chief compounds in that extract 
were - Butanamide N,N,3,3-tetramethyl; 1,2- Cyclooctanediol; 2-isopropy-
lidene-5-methylhex-4-enal; 7-oxabicyclo(4,1,0)heptan-2-one,3-methyl-
6-(1-methylethyl); 4,7,7-Trimethyl-3,9-dioxatricyclo [6,1,0,0(2,4)]nonan- 
5-one; a´-methyl-a´[4-methyl-3-entenyl]oxirenemethanol; (-)-Spathulenol;  
4H-1-Benzopyran-4-one; 7-Hydroxy-2-(4-hydroxyphenyl; Isoaroma-
dendrene Epoxide; Corymbolone; 1,3,3-Trimethyl-2-oxabicyclo-(2,2,2) 
octane,6,7-endo,endo-diol; Estra-1,3,5(10)trien-17-a´-ol; 2-Methoxy-4-[(2- 
pyridin-4-yl-ethylimino)-methyl]-phenol; Sandaracopimar-7,15-dien-
6-one; Oleic acid; 4H-1-Benzopyran-4-one; 5,7-dihydroxy-2-(4-hydro-
xyphenyl)- (Apigenin); 4H-1- Benzopyran-4-one; 5,7-dihydroxy-2-(4-

Table 4: Bioactive components identified from methanol extract of L. cubeba.

Sl. no. Compound names RT Peak
area (%)

Molecular 
formula

Mr

1 Butanamide, N,N,3,3-tetramethyl 6.45 0.028 C8H17NO 143.23

2 1,2- Cyclooctanediol 8.68 0.241 C8H16O2 144.21

3 2-Isopropylidene-5-methylhex-4-enal 10.07 0.369 C10H16 152.23

4 7-oxabicyclo(4,1,0)heptan-2-one,3-methyl-6-(1-methylethyl) [carvenone oxide] 11.52 0.710 C10H16O2 168

5 4,7,7-Trimethyl-3,9-dioxatricyclo[6,1,0,0(2,4)]nonan-5-one 12.18 0.497 C10H14O3 182

6 α-methyl- α[4-methyl-3-pentenyl]oxiranemethanol (1,2-oxolinalool) 13 0.653 C10H18O2 170

7 (-)-Spathulenol 13.45 0.81 C15H24O 220

8 4H-1-Benzopyran-4-one,7-Hydroxy-2-(4-hydroxyphenyl) 14.62 0.284 C15H10O4 254

9 Isoaromadendrene Epoxide 15.28 0.184 C15H24O 220

10 Corymbolone 16.25 0.326 C15H24O2 236

11 1,3,3-Trimethyl-2-oxabicyclo-(2,2,2)octane,6,7-endo, endo-diol 16.97 0.511 C10H18O3 186

12 Estra-1,3,5(10)-trien-17a-ol 17.78 0.781 C18H24O 256

13 2-Methoxy-4-[(2-pyridin-4-yl-ethylimino)-methyl]-phenol 18.25 0.255 C15H16N2O2 256

14 Sandaracopimar-7,15-dien-6-one 18.9 0.326 C20H30O 286

15 Oleic acid 19.52 1.506 C18H34O2 282

16 4H-1-Benzopyran-4-one, 5,7-dihydroxy-2-(4-hydroxyphenyl) [Apigenin] 19.83 0.597 C15H10O5 270

17 4H-1- Benzopyran-4-one, 5,7-dihydroxy-2-(4-hydroxyphenyl)-3,7-dimethoxy- 21.08 0.213 C17H14O6 314

18 Morin 21.7 0.199 C15H10O7 302

19 4H-1- Benzopyran-4-one, 5,7-dihydroxy-2-(4-hydroxy-3-methoxyphenyl)-3-methoxy- 24.38 0.056 C17H14O7 330
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antioxidant activities. Phenols and flavonoids were found as the major 
phytochemicals present in all the extracts which are very remarkable 
as these compounds are already found to be useful against diabetes-
related health issues. Presence of anthocyanins and tannins might also 
be important contributors of the antioxidative potential of the extracts. 
Carbohydrate-degrading enzymes are considered to be one of the major 
targets in treating hyperglycemia-induced obesity and other metabolic  
dysfunctions.6 These digestive enzymes (salivary and pancreatic alpha-
amylase, alpha-glucosidase) aid in the breakdown of complex carbo-
hydrates of food and hydrolyze them into smaller units of maltose and 
glucose, increasing the concentration of simple sugars in the blood-
stream.44 Inhibition of digestive enzymes viz. alpha-amylase and alpha-
glucosidase can effectively reduce the post-prandial glucose levels in  
blood in type-2 patients.45 In our experiments, it was observed that  
L. cubeba (Lour.) Pers. shows promising inhibitory activity upon both 
the enzymes. Methanol extract exhibited high inhibitory activity against 
α-amylase as indicated by the IC50 value (514.9 µg/mL). The IC50 value 

hydroxyphenyl)-3,7-dimethoxy-; Morin; 4H-1- Benzopyran-4-one and 
5,7-dihydroxy-2-(4-hydroxy-3-methoxyphenyl)-3-methoxy-.
Whereas the GC-MS analysis of the ethanolic extract identified 15 
compounds (Table 5) which were- 4-Hepten-3-ol,4-methyl-; 2(5H)-
Furanone,5-ethyl-3-hydroxy-4-methyl-; Phenol; 2,4-bis[1,1-dimeth-
ylethyl]-; Flavone; Tetradecanoic acid; Hexadecanoic acid Z-11, 
hexadeanoic acid, methyl ester;n-Hexadecanoic acid; Phytol; oleic 
acid;12-methyl -E,E-2,13-octadecadien-1-ol; 3,7,3´,4´-tetrahydroxyfla-
vone; 4H-1-Benzopyran-4-one; 5,7-dihydroxy-2-(4-methoxyphenyl)-; 
4H-1-Benzopyran-4-one; 5-hydroxy-2(4-hydroxyphenyl)-3,7-dime-
thoxy- and Isopropyl stearate . The mass spectrum of the GC-MS analy-
sis of ethanol extract was shown in the Figure 5.

DISCUSSION
A large number of active secondary metabolites were found to be present  
in the extracts which might be responsible for its hypoglycemic and  

Figure 4: GC-MS profile of methanol extract of L. cubeba. Here, the 
x‐coordinate,  or  abscissa represents the scan time (min) and the  
y‐coordinate, or ordinate represents the relative abundance in ppm.

Figure 5: GC-MS profile of ethanol extract of L. cubeba. Here, the  
x‐coordinate,  or  abscissa represents the scan time (min) and the  
y‐coordinate, or ordinate represents the relative abundance in ppm.

Table 5: Bioactive components identified from ethanol extract of L. cubeba.

Sl. no. Compound names RT Peak
area (%)

Molecular
formula

Mr

1 4-Hepten-3-ol,4-methyl- 10.65 0.929 C8H16O 128

2 2(5H)-Furanone,5-ethyl-3-hydroxy-4-methyl- 11.3 1.014 C7H10O3 142.75

3 Phenol, 2,4-bis[1,1-dimethylethyl]- 13.4 0.707 C14H22O 206

4 Flavone 14.17 0.464 C15H10O2 222

5 Tetradecanoic acid/ Myristic acid 15.72 1.003 C14H28O2 227.67

6 Hexadecanoic acid,Z-11 16.57 0.57 C16H30O2 254

7 Hexadeanoic acid, methyl ester 17 1.119 C17H34O2 270

8 n-Hexadecanoic acid/ palmitic acid 17.78 3.919 C16H32O2 256

9 Phytol 18.68 1.669 C20H40O 296

10 Oleic acid 19.47 5.979 C18H34O2 282

11 12-methyl -E,E-2,13-octadecadien-1-ol 20.13 1.912 C19H36O 280

12 3,7,3´,4´-tetrahydroxyflavone 21.42 0.76 C15H10O6 286

13 4H-1-Benzopyran-4-one, 5,7-dihydroxy-2-(4-methoxyphenyl)- 22.9 0.729 C16H11O5 312

14 4H-1-Benzopyran-4-one, 5-hydroxy-2(4-hydroxyphenyl)-3,7-dimethoxy-/ Kumatakenin 24.83 0.57 C17H14O6 314

15 Isopropyl stearate 27.52 0.528 C21H42O2 326
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oxidant activity by chelation of metal ions such as Fe+2 ions and also 
prevent lipid peroxidation in case of myocardial infarction.52 Scavenging 
of diabetes-induced reactive oxygen species generation, upregulation of 
antioxidative genes and prevention of hepatopathy by morin was also  
reported from several experiments.53 Other dietary flavones, 4H-1- 
Benzopyran-4-one, 5,7-dihydroxy-2-(4-hydroxyphenyl)-/ Apigenin and 
4H-1- Benzopyran-4-one, 5,7-dihydroxy-2-(4-hydroxyphenyl)-3,7-di-
methoxy- also possess significant immunomodulatory, antioxidant and 
anticancer properties.54-56 Evidence of insulin-secretagogue activity of 
apigenin in Diabetic rats was also reported.57 Phytol and its derivatives 
have already proved to confer improved glucose tolerance and insulin 
sensitization.58 Therefore, a number of bioactive components had been 
identified from the alcohol extracts that might act together for maintaining  
the overall glucose homeostasis. 

CONCLUSION
The use of synthetic alpha-amylase and glucosidase inhibitors (like  
acarbose, voglibose, migitol etc.) for the treatment of hyperglycemia  
imparts some unavoidable impacts on hepatic, gastrointestinal and  
urinary systems.59 Therefore, the urge for the adoption of herbal therapy 
remains the only way-out that could minimize the serious side effects of 
the synthetic drugs as well as able to satisfy the intervention of glucose  
homeostasis in diabetic people. The pre-requisites for herbal drug  
discovery rely mostly up on the primary health care system that is solely 
dependent up on the traditional knowledge of the ethnic people that is 
in practice for thousands of years. Taking cue from this, the fruits of 
L. cubeba were selected for assessment of antidiabetic and antioxidant 
activity, which has been known to prevent and check diabetes among the 
people of Darjeeling Hills. In our study, the fruit showed potent alpha-
amylase and glucosidase activity. Also, the GC-MS analysis revealed the 
presence of several compounds that may be correlated with the hypo-
glycemic property of the plant. The remarkable antioxidant property of 
the fruits may aid in scavenging the deleterious effects of free radicals 
generated in the body due to high blood sugar level. Therefore, based up  
on our observations, we could validate the hypoglycemic property of  
L. cubeba fruits that has been in use by the local people of Darjeeling Hills.
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GRAPHICAL ABSTRACT SUMMARY

• Litsea cubeba (Lour.) Pers. has been consumed in raw or pickled form by the 
local people of Darjeeling Hills as a traditional cure or remedy for hyperglyce-
mia and hyperlipidemia.

• The methanolic and ethanolic extracts of the fruit indicated their hypoglyce-
mic properties in the in vitro alpha-amylase and alpha-glucosidase inhibition 
assays.

• The extracts were also highly potent in scavenging free radicals like DPPH, 
ABTS etc.

• GC-MS characterization of the extracts indicated the presence of active com-
pounds facilitating the above mentioned properties.

• The present study thus provides an evidence of the hypoglycemic and antioxi-
dant activities of fruits of Litsea cubeba (Lour.) Pers.
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