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ABSTRACT
Background: Phytoconstituents are known to have an arena of health benefits. The choice of
extraction solvents for a desired pharmacological activity is poorly characterized. Objectives:
The present study compared the use of different solvents to extract phytoconstituents, evaluate
cytotoxicity and anti-obesity activities. Materials and Methods: Leaves, bark, flowers or
tubers of fourteen commonly utilized plants in the Sri Lankan Ayurvedic system were used to
prepare extracts of distilled water (DW), ethanol or n-hexane. Phytochemical screening, total
phenolic and flavonoid contents (TPC and TFC), cytotoxicity and triglyceride assays were
performed. Results: DW served as the best solvent to extract the highest yield of phytochemicals followed by ethanol marking hexane as the least efficient solvent. The water extract
(WE) of Averrhoa bilimbi leaves and ethanol extract (EE) of Cassia auriculata showed the highest
TPC. The TFC was lowest in the hexane extract (HE) of all plants. The WE of plants showed
≥75% cell viability below 500 µg/mL with no potential anti-adipogenic activity. The EE of Justicia
adhathoda showed maximum lipid inhibition (88.31%), followed by Aerva lanata (74.65%),
and Cyperus rotundus (74.04%) at 100 µg/mL. The EE of Ipomoea aquatica (45.11%), Murrya
koenigii (41.04%), and Hemidesmus indicus (32.97%) showed the highest viable anti-adiposity
activity at 50 µg/mL. Conclusion: The WE of most plants provided a greater yield of phytoconstituents enabling their safe usage in higher doses during Ayurvedic medication. Ethanol
served as a better solvent to extract constituents responsible for anti-adipogenesis and no
possible correlation was found between the phenolic content and anti-adiposity.
Key words: 3T3-L1, Anti-adipogenesis, Ayurveda, Cytotoxicity, Phytochemicals, Medicinal
plants.
Key Message
•
Fifteen commonly used medicinal plant parts in Ayurvedic medication in Sri Lanka were
screened in the present study.
•
Distilled water, ethanol and n-hexane were used to prepare extracts and evaluated them
to obtain a higher yield of phytoconstituents, tested the total phenolic and flavonoid
contents.
•
The potential extracts were used to investigate the cytotoxicity and anti-adiposity.
•
The presence of flavonoids, tannins, terpenoids, alkaloids, steroids, anthocyanins and
coumarins were confirmed in both water and ethanol extracts. However, saponins and
leucoanthocyanins were not found in any of the extracted solvents.
•
Many of the water extracts of plants showed no cytotoxicity even at 500 µg/mL, whereas
the crude ethanol extracts of plants showed a diversification in their concertation levels
to maintain cell viability depending on the plant, however, was limited to levels below
100 µg/mL.
•
No possible correlation was found between the available phenolic content of extracts
and anti-adipogenic activity.
•
This study provides information to be used as a diagnostic tool for the correct identification
of aqueous or ethanolic extracts and the development of a standardized pharmaceutical
product that may be used by healers in Ayurvedic medication system.
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INTRODUCTION
Plants not only act as dietary supplements they also
play a beneficial role in treating many health problems
in both humans and animals. Medicinal plants are
utilized around the world under different name

categories such as Ayurveda in Sri Lanka, Unani and
Siddhi in India, Kampo in Japan, and the Janui in
Indonesia.[1] Plants are rich sources of useful
secondary metabolites that can be utilized for treating
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a vast range of diseases and disorders. These phytoconstituents are
usually acquired from different plant parts such as leaf, flower, bark,
twig, stem, and tuber contributing directly as therapeutic agents.[2] With
the isolation of active compounds or through successive fractionations,
these products occupy a greater proportion in the nutraceutical industry
due to their wide spectrum of biochemical activities.[3-5]
Sri Lanka has been gifted with vast fauna and flora collection by nature,
thus, hundreds of plants have been identified as therapeutic agents over
centuries. In time-honored traditional systems of medicine, regular
usage of many herbs have been conventionally recommended in managing
different diseases. Most of the herbal mixtures used therein consist of
water extract of several common plant parts in crude mixtures, locally
named as ‘kalka’, with poor scientific support to prove its traditional
claims. Out of 1,430 medicinal plant species, 250 species are regular
ingredients in the traditional Ayurvedic system,[6] with limited screening
studies carried out to elucidate beneficial phytoconstituents. In addition
to the climatic conditions in which the plants grow, the concentration of
extractable phenolic and other secondary metabolites is influenced by
the method of extraction, and selection of extraction solvent is poorly
characterized against cytotoxicity in previous studies.[7,8]
In the present study, we used leaves of Aerva lanata (L.) Juss. ex Schult.
(Polpala), Cassia auriculata L. (Ranawara), Centella asiatica (L.) Urban
(Gotukola), Alysicarpus vaginalis (L.) DC. (Aswenna), Justicia
adhathoda L. (Adhathoda), Averrhoa bilimbi L. (Bilin), Hemidesmus
indicus (L.) R. Br. (Iramusu), Ipomoea aquatica Forssk. (Kankun),
Murraya koenigii (L.) Spreng. (Karapincha), and Asparagus falcatus
L. (Hathavariya), bark of Salacia reticulata (Kothalahimbutu), stem of
Tinospora cordifolia (Willd.) Hook. f. and Thoms. (Rasakinda), flowers
of Averrhoa bilimbi L. (Bilin) and Aegle marmelos (Beli), and tubers of
Cyperus rotundus L. (Kalanduru). In the Ayurvedic medication system,
these plants are used for healing various ailments such as snakebites,
urinary tract infections, anorexia, asthma, abdominal colic and pain,
diabetes, dysentery, diarrhea, cough, rheumatism, fever, headache,
inflammation, skin diseases, sore eyes, and cancer with a paucity of
research evidence on anti-obesity properties. Thus, the attempt was to
compare the efficiency of different extracting solvents to extract various
phytochemicals from the fourteen medicinal plants and assess the effect
of each extract on cell viability and anti-obesity.

MATERIALS AND METHODS
Plant materials
Fresh leaves, flowers, bark, stem, and tubers were obtained from fourteen
selected plant species. A. lanata (leaves), C. auriculata (leaves), C. asiatica
(leaves), A. vaginalis (leaves), J. adhathoda (leaves), A. bilimbi (leaves and
flowers), H. indicus (leaves), I. aquatica (leaves), M. koenigii (leaves),
A. falcatus (leaves), S. reticulata (bark), T. cordifolia (stem), A. marmelos
(flowers) and C. rotundus (tubers) were collected from the dry zone in
Sri Lanka. All plant parts were identified at the laboratory of National
Herbarium, at the Department of National Botanical Garden under the
supervision of Dr. R. A. S. W. Ranasinghe (NH/BOT/4/2020-01 and
2020-24). A detailed description of the selected fifteen plant parts from
fourteen medicinal plants is illustrated in Table 1.
Chemicals and reagents
Quercetin, gallic acid, aluminum chloride, sodium nitrite, isoamyl alcohol, Dulbecco’s modified Eagle medium (DMEM), fetal bovine serum
(FBS), phosphate-buffered saline (PBS), Oil Red O (ORO), isopropyl
alcohol, and formalin were purchased from Sigma Chemical Co.
(St. Louis, USA). Ethanol, n-hexane, sodium hydroxide, chloroform, and
dimethyl sulfoxide (DMSO), ammonia was purchased from DAEJUNG
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Table 1: List of selected fourteen plants used for the experiments.
Scientific name

Plant family

Common name

Portion

Aerva lanata (L.) Juss. ex
Schult.

Amaranthaceae

Polpala

Leaves

Averrhoa bilimbi (L.)

Oxalidaceae

Bilin

Flowers/
Leaves

Murraya koenigii (L.)
Spreng.

Rutaceae

Karapincha

Leaves

Alysicarpus vaginalis (L.)
DC.

Fabaceae

Aswenna

Leaves

Hemidesmus indicus (L.)
R. Br.

Apocynaceae

Iramusu

Leaves

Ipomoea aquatica Forssk.

Convolvulaceae

Kankun

Leaves

Tinospora cordifolia
(Willd.) Hook. f. and
Thoms.

Menispermaceae

Rasakinda

Stem

Cassia auriculata (L.)

Fabaceae

Ranawara

Leaves

Asparagus falcatus (L.)

Asparagaceae

Hathavariya

Leaves

Centella asiatica (L.)
Urban

Apiaceae

Gotukola

Leaves

Justicia adhathoda (L.)

Acanthaceae

Adhathoda

Leaves

Cyperus rotundus (L.)

Cyperaceae

Kalanduru

Tubers

Aegle marmelos

Rutaceae

Beli

Flowers

Salacia reticulata

Hippocrateaceae

Kothalahimbutu

Bark

(Gyeonggi-do, Korea). Folin - Ciocalteu was purchased from VWR
chemicals (France) and all other chemicals were in analytical grade.
Preparation of the plant crude extracts
The plant parts were stored at −80°C for one week, crushed, freezedried and powdered. Plant extracts were prepared using pure ethanol,
n-hexane, and distilled water (DW) using the following procedure: one
gram of powdered samples were separately dissolved in 25 mL ethanol
(99.9%), DW, or n-hexane. Samples were vigorously shaken by hand and
placed in a shaker (GEMMY Orbit Shaker, Taiwan) at 250 rpm, overnight at room temperature. The mixtures were then centrifuged at 3,000
rpm for 10 min. The supernatants were collected to a new centrifuge tube
and filtered through Polyethersulfone (PES, 0.45 μm) or Polytetrafluoroethylene (PTFE, 0.45 μm) filter membranes and was freshly used for the
phytoconstituent analysis. For the in vitro studies, the resulting filtrates
were measured and rotary evaporated. Dried pellets were re-dissolved in
DMSO to a known concentration as the master stock and maintained the
DMSO level in medium below 0.4% and kept at −20°C until further use.
Phytochemical Screening
Preliminary qualitative phytochemical screening was conducted using
standard methods as described previously.[9-11]
Test for alkaloids (Wagner’s test)
Wagner’s reagent: 1.3 g iodine and 3 g potassium iodide were taken into a
volumetric flask and 100 mL DW was added. Prepared Wagner’s reagent
(2-3 drops) was added to 1 mL of the plant extract in a test tube. The
formation of red or brown precipitate indicated the presence of alkaloids.
Test for flavonoids
Diluted NaOH (2-3 drops) was added to 1 mL of the plant extract. The
observation of intensed yellow colour in the test tube changed to colourless
with the addition of few drops of diluted acid indicated the presence of
flavonoids.
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Test for saponins (Foam test)
Water was added to the plant extract 1:1 (v ∕ v) followed by heating for
5 min. The appearance of froth indicated the presence of saponins.
Test for steroids (Salkowski test)
Chloroform and conc. H2SO4 1:1 (v ∕ v) were added into 2 mL of the plant
extract by the sides of the test tube. The formation of a reddish-brown
ring at the junction indicated the presence of steroids.
Test for tannins (Braymer’s test)
Two mL of water and 5% FeCl3 (2-3 drops) were added to 2 mL of the
plant extract. The formation of a green precipitate indicated the presence
of tannins.
Test for terpenoids
Two mL of acetic anhydride and conc. H2SO4 (2-3 drops) were added
to 2 mL of the plant extract. The red colour formation indicated the
presence of terpenoids.
Test for coumarins
10% (v ∕ v) NaOH 3 mL was added to 2 mL of the plant extract. The
formation of a yellow colour indicated the presence of coumarins.
Test for anthocyanins
Two mL HCl (2N) and ammonia (few drops) were added to the 2 mL
plant extract. The pink-red colour turned into a blue-violet colour
indicated the presence of anthocyanins.
Test for leucoanthocyanins
Isoamyl alcohol and the plant extract were mixed in 1:1 (v ∕ v) ratio.
The appearance of a reddish upper layer indicated the presence of
leucoanthocyanins.
Determination of Total Phenolic Content
Total phenolic content (TPC) was determined according to the Folin –
Ciocalteu procedure by using gallic acid as the standard for forty-five
crude extracts from fifteen selected plant parts. Sample of 1 mL plant
extract was mixed with 5 mL 10% Folin – Ciocalteu reagent and incubated at room temperature. After 5 min, 4 mL of 7.5% (v∕v) sodium carbonate was added. The mixture was kept for 1 h at room temperature
and the absorbance of each sample was measured at 765 nm using Spectro
UV-VIS Double Beam PC Scanning Spectrophotometer (UVD 2960,
LABOMED.INC, USA). The TPC values were calculated using gallic acid
calibration curve within the range of 0.02-0.10 mg/mL and expressed as
gallic acid equivalents (GAE) mg/g of extract weight. Samples were
analyzed in triplicate.[12]
Determination of Total Flavonoid Content
Total flavonoid content (TFC) was determined using Aluminum Chloride
Colourimetric Assay using quercetin as the standard for forty-five crude
extracts from fifteen selected plant parts. TFC was expressed as quercetin
equivalents (QE) mg/g of extract weight and samples were analyzed in
triplicate as previously described.[13] Briefly, each sample (1 mL) was
mixed with 4 mL of DW and subsequently with 0.3 mL of a 5% NaNO2.
After 5 min, 0.3 mL of 10% AlCl3 was added. At the 6th min, 2 mL of
1.0 M NaOH was added to neutralize, followed by an addition DW up
to 10 mL level for further dilution. The absorbance of each sample was
measured at 510 nm using Spectro UV-VIS Double Beam PC Scanning
Spectrophotometer (UVD 2960, LABOMED.INC, USA). The TFC
values were calculated using the quercetin calibration curve ranging
from 100-1800 µg/mL.
248

Cell viability assay
3T3-L1 preadipocytes were obtained from the American Type Culture
Collection (Manassas, VA). Cell viability was determined by the colourimetric
method of 3-(4, 5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)2-(4-sulfophenyl)-2H-tetrazolium (MTS) assay. The yellow MTS solution
is reduced to purple formazan in the mitochondria of living cells. This
reduction takes place only when mitochondrial reductase enzymes are
active, and therefore conversion can be directly related to the number of
viable (living) cells. Briefly, cells were seeded in 96-well plates at a density
of 5,000 cells/well. After 2-day post-confluence, 3T3-L1 preadipocytes
were stimulated on day 0 (D0) for 72 h (D3) in differentiation activation
medium containing DMEM, 10% FBS with an inducer (1 μg/mL insulin,
0.25 μM dexamethasone and 40 μM troglitazone) as described elsewhere [14]
together with different concentrations of water extract (WE) (125, 250
and 500 µg/mL) or ethanol extracts (EE) (25, 50, 100 and 200 µg/mL).
On D3, the medium was changed to maintenance medium (DMEM with
10% FBS and 1 μg/mL insulin) along with the treatment for two more
days (D5). At the end of D5, the medium was replenished by adding
100 μL fresh 10% FBS/DMEM together with 20 μL MTS solution. Subsequently, the cells were incubated for 40 min at 37°C. The absorbance was
measured spectrophotometrically at 490 nm using a microplate reader
starting from 0 min, up to 40 min at 5 min interval points (Infinite
M200Pro, Tecan Wako, Japan).
Oil Red O Staining of Adipocytes
At the end of the treatment period, neutral lipids was measured using
ORO staining. Lipid accumulation of differentiated adipocytes were
fixed with 4% paraformaldehyde for 15 min. After removing the media,
cells were washed three times with PBS and stained with 60% ORO
solution for 20 min. The lipid accumulation in cells was visualized and
captured under a C2 confocal laser-scanning microscope (Nikon, Tokyo,
Japan) at 10X (scale bar:100 µm) magnification. For the quantification
of lipid accumulation, stained oil droplets in 3T3-L1 cells were extracted
with 100% isopropyl alcohol for 10 min. The absorbance of the extracted
dye was measured at 520 nm (Infinite M200Pro, Tecan Wako, Japan).
Statistical Analyses
The results were expressed as the means ± standard deviation of each
group. The statistical significance between the means of different
solvents of each plant part was determined by one-way analysis of variance (ANOVA) followed by Tukey comparison test and the differences
between the mean values of the control and treatment groups were
analyzed by Dunnett’s test. The level of significance was uniformly set
at p<0 .05.

RESULTS
Phytochemical screening
Qualitative biochemical estimations were conducted to detect different bioactive compounds in different solvent extracts. The results of all
sought bioactive substances are tabulated in Table 2.
The results of three different crude extracts of tested medicinal plants
confirmed the presence of flavonoids, tannins, terpenoids, alkaloids,
steroids, anthocyanins and coumarins. However, saponins and leucoanthocyanins were not found in any of the extracted solvents. All tested
phytochemicals except saponins and leucoanthocyanins were present in
the WE and EE, while alkaloids, terpenoids, flavonoids and coumarins
were the only metabolites found in the hexane extract (HE).
Total phenolic content of plant extracts
A quantitative study was further performed to quantify the available
phenol content in different plant extracts. The results of TPC related
to each extracting solvent are presented in Table 3. Nine out of fifteen
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Table 2: Phytochemical analysis of fifteen extracts made with different solvents.
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Table 3: Quantification of phenolic contents of the crude extracts.
Sample
No

Plant Name

WE

1

Aerva lanata

3.97±0.00a

1.13±0.00b

2

Averrhoa bilimbi (F)

4.61±0.01

3

Averrhoa bilimbi (L)

4

Table 4: Quantification of flavonoid contents of the crude extracts.
Sample
No

Plant Name

WE

1.57±0.01c

1

Aerva lanata

15.98±0.11a

49.52±0.04b

15.12±0.04c

2.02±0.00

1.74±0.00

2

Averrhoa bilimbi (F)

30.23±0.06

22.08±0.10

5.33±0.07c

7.78±0.00

1.64±0.00

c

0.08±0.00

3

Averrhoa bilimbi (L)

74.39±0.07

53.48±0.00

5.95±0.07c

Murraya koenigii

1.66±0.00a

1.95±0.00b

0.96±0.00c

4

Murraya koenigii

81.14±0.07a

59.31±0.14b

11.56±0.10c

5

Alysicarpus vaginalis

5.03±0.00

1.85±0.00

c

2.45±0.01

5

Alysicarpus vaginalis

16.66±0.00

42.10±0.00

18.58±0.04c

6

Hemidesmus indicus

6.90±0.01a

5.22±0.00b

2.49±0.01c

6

Hemidesmus indicus

146.23±0.19a

119.60±0.00b

23.20±0.04c

7

Ipomoea aquatica

4.66±0.00

1.61±0.00

c

4.31±0.02

7

Ipomoea aquatica

50.98±0.11

51.12±0.04

10.68±0.04b

8

Tinospora cordifolia

3.82±0.00a

2.50±0.01b

3.98±0.01c

8

Tinospora cordifolia

6.25±0.04a

26.29±0.00b

6.39±0.04c

9

Cassia auriculata

4.68±0.00

7.73±0.00

4.76±0.03

9

Cassia auriculata

44.79±0.00

84.10±0.00

15.73±0.11c

10

Asparagus falcatus

3.91±0.00a

1.77±0.00b

0.57±0.00c

10

Asparagus falcatus

18.79±0.00a

47.60±0.00b

7.77±0.04c

11

Centella asiatica

1.41±0.00

1.61±0.00

0.99±0.00

11

Centella asiatica

73.02±0.19

b

47.27±0.14

5.62±0.07c

12

Justicia adhathoda

7.58±0.02a

0.94±0.00b

0.06±0.00c

12

Justicia adhathoda

46.60±0.06a

59.06±0.07b

2.75±0.04c

13

Cyperus rotundus

2.25±0.00

1.78±0.00

3.44±0.01

13

Cyperus rotundus

36.98±0.00a

12.60±0.00b

10.91±0.11c

14

Aegle marmelos

1.41±0.00a

0.92±0.00b

1.89±0.01c

14

Aegle marmelos

114.35±0.19

51.16±0.17

12.10±0.06c

15

Salacia reticulata

7.40±0.00

5.13±0.00

2.03±0.00

15

Salacia reticulata

59.77±0.14a

89.23±0.00b

5.06±0.07c

EE

a
a

a

a

a

a

a

a

HE

b
b

b

b

b

b

b

b

c

c

c

c

c

EE

a

HE

b

a

b

a

b

a

a

a

b

a

a

b

Similar results were obtained in three independent experiments. All the values
were represented as mean ± standard deviation (n = 3), values that do not share a
letter are significantly different (p < 0.05).

Similar results were obtained in three independent experiments. All the values
were represented as mean ± standard deviation (n = 3), values that do not share a
letter are significantly different (p < 0.05).

plant parts used in this study were endowed with higher phenolic content
in the presence of DW. The WE of A. bilimbi (leaves) demonstrated the
highest TPC with 7.775 ± 0.000 mg GAE/g extract followed by the EE of
C. auriculata with 7.731 ± 0.000 mg GAE/g extract, respectively. The WE
of J. adhathoda showed 7.583 ± 0.019 mg GAE/g extract, with only 0.060
± 0.001 mg GAE/g extract found in the HE of the same plant. Moreover, the WE of both S. reticulata (7.402 ± 0.000 mg GAE/g extract) and
H. indicus (6.901 ± 0.005 mg GAE/g extract) showed higher levels of
TPC and the EE of H. indicus (5.219 ± 0.000 mg GAE/g extract) was the
second-highest to possess phenolic compounds from the rest of the EE
of different plant parts. When hexane was used as an extraction solvent,
highest levels of TPC were observed for C. auriculata (4.761 ± 0.026 mg
GAE/g extract), I. aquatica (4.307 ± 0.015 mg GAE/g extract), and T.
cordifolia (3.977 ± 0.005 mg GAE/g extract). Compared with ethanol
and DW, hexane was a better solvent to extract higher phenolic content
(p<0.05) from T. cordifolia (3.977 ± 0.005 mg GAE/g extract), C. rotundus (3.440 ± 0.013 mg GAE/g extract), and A. marmelos (1.891 ± 0.010
mg GAE/g extract).

Cytotoxicity assay for selecting potential plant extracts
With the understanding of the effectiveness of water and ethanol as
solvents possessing better extraction yields, we were intrigued to evaluate
the potential anti-adiposity activity of the WE and EE of plants. In this
context, it was mandatory to understand the cytotoxic levels of each
extract towards the adipogenic cell model, 3T3-L1. Thus, we conducted
the MTS assay to determine the cytotoxic potential of the WE and EE.
As shown in Figure 1, nine out of fifteen plant parts used in this study
showed almost 100% cell viability at 500 µg/mL in the presence of the
WE. As illustrated in Figure 2 a and b, EE of A. lanata, A. vaginalis,
T. cordifolia, C. asiatica, J. adhathoda, and C. rotundus showed no toxicity
at a concentration of 100 µg/mL, while A. bilimbi flowers and leaves,
M. koenigii, H. indicus, and I. aquatica were limited to a maximum
concentration of 50 µg/mL to maintain 100% cell viability. Both
A. marmelos and S. reticulata were toxic to adipocytes in the presence
of 50 and 100 µg/mL of EE, however, the WE of S. reticulata was a
better candidate to be tested against adipogenesis as it showed stronger
cell viability at 250 µg/mL.

Total flavonoid content of plant extracts
The content of flavonoids in plant extracts was determined using quercetin as the standard. Among the three solvents, the flavonoid content
of water and ethanol extracts was higher than that of the HE (Table 4).
The maximum flavonoid content was observed in the WE of H. indicus
(146.225 ± 0.188 mg QE/g extract), while the least was found in the HE of
J. adhathoda (2.746 ± 0.0360 mg QE/g extract). The WE of A. marmelos
(114.350 ± 0.118 mg QE/g extract) and M. koenigii (81.142 ± 0.072 mg
QE/g extract) showed second and third highest levels, respectively, while
H. indicus (119.600 ± 0.000 mg QE/g extract) and S. reticulata (89.225 ±
0.000 mg QE/g extract) showed the highest levels of TFC extracted using
ethanol. Although n-hexane was the least flavonoid extractable solvent,
it managed to extract 23.204 ± 0.036 mg QE/g extract from H. indicus,
marking the highest extracted flavonoid content compared to the HE of
other plant parts.
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Screening for potential plant extracts with anti-adipogenic properties
Depending on the experimental evidence of cell viability tests, different
concentrations of the WE and EE of all plants were selected to study their
effect on lipid accumulation. The 3T3-L1 preadipocytes were treated
with various doses of WE or EE for 5 days, and intracellular lipid
accumulation was examined by lipid droplets stained with ORO as an
indicator of the degree of adipogenesis. As shown in Figure 3, none of the
aqueous extracts showed inhibition of lipid accumulation, rather significantly increased adipogenesis due to A. lanata, A. bilimbi, M. koenigii,
A. vaginalis, H. indicus, I. aquatica, T. cordifolia, C. auriculata. Alternatively,
the EE of most plants effectively attenuated the triglyceride (TG) content
in adipocytes. The ORO images (Figure 4 a) and the quantification
results (Figure 4 b) showed that the EE of J. adhathoda inhibited lipid
accumulation by 88.31%, which is the highest inhibition demonstrated,
while A. lanata and C. rotundus suppressed adiposity (p<0.05) by 74.65
and 74.04%, respectively. M. koenigii and H. indicus suppressed lipid
Pharmacognosy Research, Vol 13, Issue 4, Oct-Dec, 2021
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Figure 1: The cytotoxic potential of different water extracts (WE) under
different concentrations (125, 250, 500 µg/mL). Cell viability was determined
by MTS assay. All data are shown as mean ± standard deviation of three
independent experiments. Significant difference was identified at *p < 0.05
compared to the control group.

Figure 2: The cytotoxic potential of different ethanol extracts (EE). 3T3-L1
cell viability was determined by MTS assay. (a) Cells were exposed to 25, 50,
100 µg/mL EE. (b) Cells were exposed to 50, 100, 200 µg/mL EE. All data are
shown as mean ± standard deviation of three independent experiments.
Significant difference was identified at *p < 0.05 compared to the control group.
Pharmacognosy Research, Vol 13, Issue 4, Oct-Dec, 2021

Figure 3: The effect of the water extracts (WE) on lipid accumulation in
3T3-L1 preadipocytes under lower concentrations (25 µg/mL for δ marked
samples and 50 µg/mL for rest of all) and higher concentrations (50 µg/mL
for δ marked samples and 100 µg/mL for rest of the samples). All data are
shown as mean ± standard deviation of three independent experiments.
Significant difference was identified at *p < 0.05 compared to the control group.

Figure 4: Effect of the ethanol extract (EE) on lipid accumulation in 3T3-L1
preadipocytes. Cells were treated with various doses of EE. After 5 days, cells
were fixed and stained with Oil red O. (a) Images of representative cells were
captured using a C2 confocal laser-scanning microscope with 10X
magnification. (b) Cells were treated with EE lower concentrations (25 µg/mL
for δ marked samples and 50 µg/mL for rest of all) and higher concentrations
(50 µg/mL for δ marked samples and 100 µg/mL for rest of all). All data are
shown as mean ± standard deviation of three independent experiments.
Significant difference was identified at *p < 0.05 compared to the control group.
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accumulation (p<0.05) in the presence of both concentrations, 50 and
100 µg/mL, however, due to the poor cell viability at 100 µg/mL, the
suppression in TG content due to 50 µg/mL EE was considered as
potential anti-adipogenic extracts. Moreover, the EE of A. vaginalis and
C. asiatica attenuated lipid accumulation by >50% (p<0.05), whereas the
EE of T. cordifolia was able to reduce the TG content by 31.02%. Both the
EE of A. marmelos and S. reticulata showed no anti-adipogenic activity
in the presence of the tested concentrations.

DISCUSSION
Crude plant extracts are generally a mixture of active and non-active
compounds. For the acceptance of medicinal plants into scientific
medicine, it is necessary that their effectiveness and safety be evaluated
and confirmed through active ingredient testing. To maximize the
extractive capability of phenolic and flavonoid components from plant
material is considerably dependent on the type of solvent. This study
was carried out to compare the efficiency of different extracting solvents
to elute different bioactive compounds, identify the cytotoxicity potential
and anti-obesity activity of commonly used medicinal plants in Sri Lanka.
The present study used three types of solvents with respective polarity
in descending order, DW>ethanol (99.9%)>n-hexane in the process of
extraction of each plant sample to obtain forty-five extracts altogether.
Ethanol and methanol as polar solvents are frequently used for the
extraction of phenolic compounds,[15-20] whereas several studies have
categorized phenols as moderate polar compounds.[21] It has also been
reported that phenolic compounds and flavonoids are polar compounds
and showed higher solubility in 50% hydroethanolic extract than in
water extract of guava leaves while possessing higher antioxidant
properties.[22] Nevertheless, we demonstrated that DW was the most
efficient solvent for extracting phenolic compounds from these medicinal
plants while n-hexane was merely capable of extracting minute levels
of phenolic and flavonoid constituents with a hydrophobic nature. This
result is consistent with previous reports showing that the phenolic
compound content of water extract was higher than in pure ethanol or
hexane.[23,24]
Phenolic compounds are abundant in most medicinal plants and
constitute an essential part of the human diet due to their antioxidant
and many other beneficial properties on health. We demonstrated that
DW extracted the highest phenolic compounds and flavonoid content
obtained from A. bilimbi leaves when compared with other plants. It has
been previously demonstrated that the EE of A. bilimbi leaves possessed
hypoglycemic, hypolipidemic, and anti-lipid peroxidative properties,[25]
and the aqueous extract of its fruit attenuated the blood glucose level
and oxidative stress in streptozotocin-induced diabetic rats.[26] The aqueous
and chloroform extracts of A. bilimbi leaves and fruits (100 mg/mL)
showed a positive antibacterial activity,[27] suggesting the type of secondary
metabolites expected to be extracted for a specific activity depend on
the extracting solvent. Further confirming this statement, we showed
M. koenigii, and C. asiatica performing better when used ethanol to
extract phenolic compounds and possessed lipid accumulation inhibition
capacity while maintaining strong cell viability. However, in our study,
M. koenigii showed a better flavonoid content when DW was used.
M. koenigii is an essential ingredient of spices in Sri Lankan culinary
and directly incorporated into boiling water or water-coconut milk
mixtures, probably enabling the utilization of its higher flavonoid
content for the benefit of the end-user. C. asiatica is a leafy vegetable,
commonly found in Sri Lankan lunch-platter used for skin problems,
wound healing and revitalizing brain cells and nerves for many
decades[28,29] and the ethanolic and methanolic extracts of C. asiatica
had shown significant protection and lowered the blood glucose in vivo.[30]
Concomitantly, we showed that the EE of C. asiatica extracted the highest
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flavonoid content compared to other solvents, suggesting it as a potential
natural antidiabetic therapeutic agent. Flavonoids are one of the major
groups classified under phenolic compounds. According to several
studies on flavonoids, flavones and catechins have been found as the
most powerful flavonoids to act as antioxidants for protecting the body
against reactive oxygen species.[31] In the present investigation, H. indicus
and S. reticulata showed the highest levels of TFC extracted using
ethanol. Previously it has been found that the EE of H. indicus had a
considerable low level of TFC, probably due to the difference in the
extraction method and the use of the whole plant for their study.[32]
Interestingly, our study revealed for the first time the effectiveness of
using water and ethanol as extracting solvents to obtain a higher amount
of both phenolic compounds and flavonoid content from H. indicus
leaves.
From this study, it was also postulated that hexane was an efficient
solvent for T. cordifolia, C. rotundus and A. marmelos in extracting
higher phenolic content, however, the only available phytoconstituent
in the HE of the three plants were alkaloids. This confirmed the higher
content of hydrophobic alkaloids present in the three plants. It is noteworthy that we showed hexane possessing the ability to extract phenolic
compounds from I. aquatica 1.7-fold higher than using ethanol as a
solvent contradicting with the high level of phenolic content identified in
the EE of I. aquatica leaf and stem,[33] probably due to the higher amount
of the only phytoconstituent, alkaloids found in the HE of I. aquatica
in our study. Alkaloids show hydrophilic properties under acidic
conditions and hydrophobic under neutral and basic conditions give
them unique properties of their usage in the medical industry.[34] Previous
studies provide sufficient evidence on phenolic compounds and alkaloids
for the management of non-communicable diseases such as obesity and
obesity-related complications.[35-37] Concordantly, we demonstrated the
presence of alkaloids in all extracts of tested plants, whereas the WE
and EE showed the highest availability, suggesting their potential to be
used for treating obesity as it was previously demonstrated that expression
levels of adipocyte marker genes being significantly downregulated due
to plant alkaloids.[38] Notably, that some polyhydroxylated alkaloids
have been isolated from the bark of Morus alba L. into methanol as the
extracting solvent, which has been identified as anti-obesity and antidiabetic agents.[39,40] The WE of Catharanthus roseus L. leaf showed antidiabetic and anticancer properties[41] and belongs to the same family of
H. indicus used in this study, which possessed a high concentration of
alkaloids in both WE and EE.
There are ubiquitous studies that have shown a positive correlation
between its phenolic and flavonoid content with the antioxidant capacity.[42,43]
Moreover, antioxidant activities have increased depending on the
concentration of the water extract of plants further strengthening the
correlation between the antioxidant capacity and phenolic content.[23,44]
However, no evidence between the phenolic content and anti-obesity
properties from plant extracts has been documented. Thus, we were
further intrigued to investigate the possible relationship between them,
which may give scientists a clue of potential plants with anti-obesity
properties during the initial screening of phytochemicals. In this context,
we selected the WE and EE of the screened plant parts as they
demonstrated the highest phenolic compounds and flavonoid content to
be investigated against cytotoxicity and adipogenesis.
The cytotoxic study showed the possibility of using water as an extracting
solvent for many plants used in this study, indicating its safety as
Ayurvedic herbal mixtures at higher doses, however, the EE of different
plants showed various doses that are considered as safe and possessed
anti-adipogenic activity as an added advantage. Adipogenesis is a
process involved with increased growth of adipocyte mass, adipocyte
differentiation, and accumulation of lipid in adipocytes. The synthesis
Pharmacognosy Research, Vol 13, Issue 4, Oct-Dec, 2021
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and storage of lipids, in the form of triglycerides is the primary function
of adipocytes. Hence, inhibiting adipogenesis would be one of the best
strategies for the management of obesity. Herbal extracts enriched with
polyphenols, alkaloids, etc., possess potent anti-adipogenic and hypoglycemic activities.[45] Our study results exhibited decreased lipid content in
all EE, except for A. bilimbi leaves and flowers, C. auriculata, A. falcatus,
A. marmelos, and S. reticulata. The EE of J. adhathoda demonstrated the
highest attenuation in lipid accumulation, however, with poor extractable
phenolic compounds into the EE (Table 3). On the other hand, J. adhathoda
eluted most flavonoids into the EE when compared with other two
solvents, corresponding to previous studies suggesting physiological
effects of flavonoids in the prevention of atherosclerosis and other
coronary heart diseases.[46] The EE of C. auriculata showed the secondhighest TPC and TFC, however, the extract was toxic to cells at a concentration low as 25 µg/mL averting the ability to measure its effectiveness
against adipogenesis. Concordantly, we showed 87.51 and 89.91% TG
suppression in the presence of 100 µg/mL C. auriculata and 50 µg/mL
A. falcatus EE, respectively, due to cell apoptosis. C. auriculata, locally
known as Ranawara is used as a treatment for urinary tract infection[47]
and previous evidence showed that 500 µg/mL EE of A. gonoclados root
tubers having α-glucosidase inhibitory activity.[48] However, these studies
have not shown an optimization of cytotoxicity under different extracts
or doses of the respective plants. It is noteworthy that a study demonstrated antiadipogenic effect of hexane, dichloromethane and methanol
extracts of A. marmelos up to 100 µg/mL, whereas the leaves extract had
yielded 14 compounds from the dichloromethane as the extracting
solvent and showed lipolytic activity up to 100 ug/mL.[49] Contrarily,
this study exhibited the EE of A. marmelos indicating its cytotoxicity at
a concentration of 25 µg/mL and reduced the cell viability to less than
50%, possibly due to the discrepancy in the extraction solvent and
method. Similarly, S. reticulata showed poor proliferation of cells that
was less than 75% up to 100 µg/mL EE concentration, even though it has
been earlier found that at 100 ug/mL of the WE, S. reticulata suppressed
adipogenesis in 3T3-L1 adipocytes,[50] confirming the importance of
identifying the correct solvent to extract the targeted phytoconstituents
responsible for a bioactivity. However, it was surprising that the relative
lipid content of A. marmelos and S. reticulata significantly increased
(p<0.05) at 50 µg/mL EE level, while they were found to be toxic (Figure 2).
As an explanation to this observation, we detected a significant differentiation of preadipocytes to adipocytes in the A. marmelos and S. reticulata
treated wells similar to the rest of the treatments, however, after the D3,
a partial layer of cells was recognized as dead. The reason for this
observation is not yet investigated, probably may be due to the
longer exposure time of the treatment to cells. A time-dependent treatment
test would be ideal to unveil a clue in this regard. Further, the results of
the present study demonstrated that the anti-obesity activity of screened
plant parts does not show a relationship with the available quantity of
phenolic and flavonoid contents.
The amount, quality, and activity of bioactive compounds present in
different plant species depend on the type of plant part, the age of plants,
climate, and type of solvent for extracting them. An arena of phyto
chemicals available in these crude extracts is responsible for different
bioactivities offering grand health benefits to the human body. In
Ayurvedic medication, crude WE is commonly used as a therapeutic
agent. According to our findings, DW was found to be a better solvent
for extracting bioactive compounds for many tested plant species while
maintaining cell proliferation. However, ethanol was also found to be
a modest extracting solvent with anti-adipogenic properties as a valueaddition. Since ancient times, it is common in Sri Lanka, where people
prefer drinking herbal porridge known as “kola kenda” that is made by
mixing different plant leaves, adding rice, boiling with water, and blending
to get the final porridge product indicating the diversified therapeutic
Pharmacognosy Research, Vol 13, Issue 4, Oct-Dec, 2021

properties rendered to the human body by nature. Nevertheless, the
findings of this study can be used as an indicator to optimize extraction
solvents, cytotoxicity assays, and screening therapeutic effects on
adipogenesis in future studies using these plants. To the best of our
knowledge, this is the first study to evaluate the efficacy of different
solvents, their cytotoxicity, and anti-adipogenic properties using an
assortment of Sri Lankan medicinal plants.

CONCLUSION
The therapeutic value of any drug depends not only on its clinical
efficacy, yet on its lack of toxic side-effects. The present experimental
evidence supports the time-tested traditional claim for the usefulness
of the water-based herbal mixtures of these commonly used medicinal
plants as rich sources of phytochemicals. All the tested plants showed
less or no toxicity when water was used as the extracting solvent while
ethanolic extracts performed well in the anti-adipogenic activity.
Further, no possible correlation was found between the phenolic
content and anti-adiposity. In this investigation, we demonstrated different
toxicity levels for different plant extracts enabling this information to be
used as a diagnostic tool for the correct identification of these aqueous or
ethanolic extracts and the development of a standardized pharmaceutical
product that may be used by healers in Ayurvedic medication system.
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sulfoxide; DW: Distilled water; EE: Ethanol extract; FBS: Fetal bovine
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GRAPHICAL ABSTRACT

SUMMARY
The Ayurvedic medication play an important role in the traditional
healing system in Sri Lanka. Fifteen commonly used medicinal
plant parts were characterized in the present study using distilled
water, ethanol and n-hexane as solvents. The presence of flavonoids,
tannins, terpenoids, alkaloids, steroids, anthocyanins and coumarins were confirmed in both water and ethanol extracts. Hexane was
the least phytoconstituents extractable solvent, while aqueous and
ethanol extracts showed better phenolic and flavonoid contents.
Many of the water extracts of plants showed no cytotoxicity even at
500 µg/mL in 3T3-L1 adipocytes, whereas the crude ethanol extracts
showed a diversification in their concertation levels to maintain cell
viability depending on the plant, however, was limited to levels below
100 µg/mL. Interestingly, no possible correlation was found between
the available phenolic content of extracts and anti-adipogenic
activity. The findings of this study unveil avenues to the development of potential pharmaceutical products towards suppressing antiobesity.
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