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Introduction: Herbal products have been widely used for the treatment of diseases throughout the ages. In this research, we 
investigated antioxidant, antibacterial, anti-adipogenic, and anti-inflammatory activities of methanolic extracts of five ethnomedicin-
ally important plants; namely, Alnus nepalensis, Dryopteris sparsa, Artocarpus lacucha, Litsea monopetala, and Lyonia ovalifolia.
Methods: We investigated the DPPH free radical scavenging potential, sensitivity of selected bacterial strains towards the 
extracts using a disc diffusion assay, anti-inflammatory activity in RAW-264.7 cells, and anti-adipogenic activity by the ORO assay 
in 3T3-L1 preadipocytes.
Results and discussion: The extract of A. nepalensis showed significant antioxidant activity (IC50=4.838 µg/mL), followed by 
A. lacucha, L. monopetala, and L. ovalifolia, exhibiting comparable IC50 values to that of ascorbic acid (IC50=5.063 µg/mL). Alnus 
nepalensis also showed good antibacterial activity in disc diffusion methods, with remarkable zones of inhibition in A. baumannii 
(14.66 mm) and P. mirabilis (15.50 mm) bacterial species. In addition, A. nepalensis was found to increase adipogenesis in 3T3-L1 
cells, evidenced by increased lipid deposition in differentiated 3T3-L1 cells. A similar pattern of increased adipogenesis was observed 
on treatment with L. ovalifolia extracts. On the other hand, A. lacucha effectively reduced lipid deposition in 3T3-L1 cells at 100 µg/ 
mL (75.18±6.42%) by inhibiting adipogenesis, showing its potential use in the management of obesity. Furthermore, A. lacucha 100 
µg/mL (15.91±0.277 µM) and L. monopetala 75 µg/mL (12.52±0.05 µM) and 100 µg/mL (11.77±0.33 µM) significantly inhibited 
LPS-induced nitric oxide production in RAW 264.7 cells. Also, A. nepalensis and L. ovalifolia inhibited NO production significantly, 
endorsing their anti-inflammatory potential.
Conclusion: The findings from these in-vitro studies suggest that the selected five plants possess remarkable antioxidant, antibacter-
ial, anti-adipogenic, and anti-inflammatory activities. This study opens the door to conduct further advanced in-vivo experiments to 
find possible lead compounds for the development of valuable therapeutic agents for common health problems.
Keywords: Alnus nepalensis, Dryopteris sparsa, Artocarpus lacucha, Litsea monopetala, Lyonia ovalifolia

Introduction
Medicinal plants have been used to manage health ailments for ages and are still a critical intervention for many people in 
developing countries. Herbal resources have also been exploited to discover lead compounds and/or their intermediates, 
which can be developed into potent therapeutic agents by suitable modification. Given that many plants have not been 
scientifically explored for their pharmacological activities, nature undoubtedly holds great potential for the possible 
discovery of bioactive herbs and compounds.1–6
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The health-protective effect of fruits and vegetables for humans is mainly attributed to their antioxidant potential. 
Secondary metabolites derived from plants, in particular polyphenols, are the major contributors acting against oxidative 
stress. These polyphenols are distributed widely throughout the plant kingdom. So far, over 8000 different structures are 
known to have aromatic rings and one or more hydroxyl substituents as characteristic structural properties. Among them, 
flavonoids are commonly distributed phenolic phytochemicals. They are good antioxidants, known for their potential for 
metal chelation and free radical scavenging capacity.7 Besides their antioxidant properties, polyphenols possess anti- 
inflammatory, antitumor, pro-apoptotic, anti-angiogenic, cardioprotective, and anti-obesity activities.8 They have also 
been shown to inhibit low-density lipoprotein (LDL) oxidation and DNA damage, and to have antithrombotic and 
antimicrobial effects.7 Other activities include the modulation of cholesterol levels, anti-epileptic effects, inhibition of 
adipogenesis, and effects on glutamate metabolism.9 The literature also shows that several plants, such as grapes, 
cinnamon, Streblus asper, and Sida cordifolia, contain a range of polyphenols, with diverse bioactivities.10–14 

Therefore, estimation of the total phenolic, flavonoid, and antioxidant potential of plant extracts can provide valuable 
information about their pharmacological and nutraceutical potential. Also, chemical and pharmacological screening of 
plants can provide supportive data enabling them to be developed into nutraceuticals by incorporating health claims and/ 
or nutritional claims.15

Nepal is rich in medicinal and aromatic plants, constituting about 1515 to 2331 medicinally useful plants. This 
country is rich in biodiversity due to variaion in landscapes and physiographic regions. More than a hundred ethnic 
groups living in Nepal uses plants for the treatment of diseases, making the country rich in ethnomedicinal knowledge.16 

If this information is used properly in drug discovery, it can increase the chances of discovering promising drug 
candidates compared to random screening.17 Several drug discoveries have been successfully correlated with the 
ethnomedicinal uses of medicinal plants.18–21 Also, several bioactive medicinal plants can be combined to prepare 
pharmacologically active herbal formulations with reduced toxicity and increased efficacy.22–25 For this reason, we 
selected five ethnomedicinally important medicinal plants for our study. Alnus nepalensis D. Don is traditionally used to 
manage diarrhea, dysentery, stomach ache, cuts, and wounds.26 Artocarpus lacucha Bunch.-Ham. bark is another popular 
ethnomedicinal plant, which is used to treat boils and pimples, to eliminate purulent matter, and to treat worm 
infections.27 The edible young shoots of Dryopteris sparsa (D. Don) Kuntze are used in treating helminthic 
infections.28 Litsea monopetala (Roxb.) Pers. is used in cattle diarrhea, stomach ache, gastric ulcers, and bone 
fractures.29,30 Lyonia ovalifolia (Wall.) Drude is traditionally used for scabies, wound healing, allergy, and parasitic 
infection, and as an insecticidal agent.31–33

Although all five selected plants are reported to have valuable medicinal properties in the folk medicinal system of Nepal, 
there is little scientific evidence for their therapeutic potential. Previous research demonstrated the presence of antifilarial 
activity of diarylheptanoids, reported in a crude methanolic extract of A. nepalensis.34 The natural stilbene oxyresveratrol, 
isolated from the heartwood of A. lacucha, has received a lot of attention because of its huge therapeutic potential. 
Antioxidant, anti-inflammatory, neuroprotective, hepatoprotective, antimicrobial, and anticancer activities have already 
been found in oxyresveratrol.35 The biological activity of crude extracts of the genus Litsea, and the phytochemicals isolated 
from these extracts, has also been reported. Arfan et al evaluated the use of phenolic compounds isolated from the bark 
extract of L. monopetala for their antioxidant activity.36 Potential neuroprotective compounds, including secorhodomollo-
lides A and D, and lyonin A, have been isolated from L. ovalifolia.37 However, bioactive molecules in D. sparsa, and their 
pharmacological uses, remain unclear. Therefore, there is a strong rationale to validate the ethnomedicinal uses of such 
medicinal plants of Nepal. In this research, the anti-adipogenic, anti-inflammatory, antioxidant, and antibacterial activities of 
selected five medicinal plants were screened scientifically using well-accepted in-vitro test methods.

Materials and Methods
Plant Materials
Plant samples were collected from different places in the Kaski district of Nepal, with an elevation ranging from 900 to 
1200 m. Collected plant samples were dedusted and chopped into fine pieces measuring 1–1.5 cm. The chopped plant 
parts were shade dried at room temperature and stored in air-tight containers. The selected plant species were identified 
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with the help of a taxonomist from the National Herbarium Laboratories (KATH), Godawari, Kathmandu, and preserved 
in Pokhara University Herbarium, Pokhara University, Pokhara, Nepal. Details of the collection site, parts used, 
herbarium numbers, and local name of the selected plants are presented in Table 1. Photographic images of the dried 
plant samples are shown in Figure 1.

Cells, Bacteria, Reagents, and Chemicals
Aluminum chloride (AlCl3) and Folin–Ciocalteu phenol reagent were purchased from Fisher Scientific, India. Ascorbic 
acid was purchased from Qualigens Fine Chemicals, India. 2,2-Diphenyl-1-picrylhydrazyl (DPPH) was from Wako Pure 
Chemicals, Japan. Ferric chloride (FeCl3) was from Rasayan Laboratories, India. 3T3-L1 preadipocyte and RAW 264.7 
cells were obtained from the American Type Culture Collection (ATCC). Bacteria were isolated from clinical samples, 
identified and supplied by Manipal Teaching Hospital, Phulbari Pokhara. Growth medium (Dulbecco’s modified Eagle’s 
medium [DMEM]), penicillin and streptomycin antibiotic solution, phenol red-free DMEM, fetal bovine serum (FBS), 
and newborn calf serum (NCS) were from Life Technologies Corporation, Waltham, MA, USA. Components of the 
differentiation media (3-isobutyl-1methylxanthine [IBMX], dexamethasone [DXM], and insulin) were from Sigma- 
Aldrich, Darmstadt, Germany. Isopropanol, 10% formalin, and Oil Red O (ORO) were from Sigma-Aldrich, 
Darmstadt, Germany. The cell viability assay kit (thiazolyl blue tetrazolium bromide [MTT]) was from Alfa Aesar, 
Heysham, UK. Dimethyl sulfoxide (DMSO) was from Junsei Chemicals Co Ltd, Japan. Lipopolysaccharide (LPS) 
from Escherichia coli 0111:B4 and Griess reagent were obtained from Sigma-Aldrich, Darmstadt, Germany.

Extraction, Phytochemical Screening, and Total Phenolic Content (TPC) and Total 
Flavonoid Content (TFC) Determination
Dried samples (50 g) of all selected plant parts were extracted in 100% methanol (300 mL) by cold maceration method. 
All of the extracts were concentrated using a vacuum pump rotatory evaporator from Buchi, New Castle, USA. The 
concentrated extracts were dried using a freeze dryer from IIShin Lab Co (South Korea) to obtain the lyophilized extract. 
Phytochemical screening was performed according to the method reported by Bhatnagar et al.38 Qualitative phytochem-
ical screening of major groups of secondary metabolites, such as alkaloids, anthraquinones, flavonoids, glycosides, 
phenolics, reducing sugars, saponins, tannins, and terpenoids, was performed.

The Folin–Ciocalteu method was used to estimate the TPC in crude extract samples.39 In brief, 1 mL of 2 N Folin– 
Ciocalteu phenol reagent was mixed with 1 mL of 1 mg/mL plant extract (prepared by dissolving it in methanol), and 
then the mixture was diluted by the addition of 5 mL distilled water. After incubating for 5 minutes, 1 mL of 10% Na2 

CO3 solution was added, and then the mixture was incubated for 1 hour in the dark at room temperature. The absorbance 
of the final mixture was measured at 725 nm using a UV-visible spectrophotometer (Shimadzu, Japan). TPC was 

Table 1 List of Selected Medicinal Plants

Name of Plant Local Name Parts Used Site of Collection Herbarium Specimens No.

Artocarpus lacucha Barahar Stem, bark Lwang Ghalel-4, Koleli,  

Kaski, Nepal

A-112

Litsea monopetala Kutmero Stem, bark Khudi-12, Lekhnath,  

Kaski, Nepal

L-042

Dryopteris sparsa Kalo Kuthurke Root Lwang Ghalel-4, Koleli,  

Kaski, Nepal

D-076

Alnus nepalensis Uttis Leaves Lwang Ghalel-4, Koleli,  

Kaski, Nepal

A-113

Lyonia ovalifolia Thaune Leaves Lwang Ghalel-4, Koleli,  

Kaski, Nepal

L-041
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expressed as micrograms gallic acid equivalent per milligram of extract (µg GAE/mg), obtained by calibration curves of 
gallic acid at 500, 400, 300, 200, 100, and 50 µg/mL concentrations.

The aluminum chloride chelation method was used to approximate the amount of flavonoids in all plant 
extracts.40 First, a stock solution (1 mg/mL) of each plant extract in methanol was diluted with water in a 1:5 
ratio and mixed with 0.3 mL of 5% sodium nitrite solution. Then, the mixture was incubated for 5 minutes and 
0.3 mL of 10% of AlCl3 was added to it. This was followed by the addition of 2 mL of 1 M sodium hydroxide. 
The absorbance of the final mixture was taken at 510 nm using a UV-visible spectrophotometer. Total flavonoid 
was expressed as micrograms of quercetin equivalent per milligram (µg QE/mg) of the plant extract, obtained by 
calibration curves of quercetin at 500, 400, 300, 200, 100, and 50 µg/mL concentrations.

Antioxidant Activity
The antioxidant activity of the extracts was evaluated using DPPH free radical scavenging methods.41 The stock 
solution of 1 mg/mL of each plant extract and ascorbic acid was prepared by dissolving in methanol. Different 
concentrations of the test samples (0.1, 1, 10, and 100 µg/mL) were prepared by serial dilution using methanol. 
Then, 1 mL of these diluted samples at different concentrations was mixed with 1 mL of DPPH (60 µM) 
solution. The mixture was incubated for 30 minutes at room temperature, and the absorbance was measured at 
517 nm using a UV-visible spectrophotometer. Each assay was performed in triplicate. The percentage radical 
scavenging activity of each plant extract at different dilutions was calculated using the following equation:

Figure 1 Photographs of the selected medicinal plants.
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Antibacterial Activity
Antibacterial activity was assessed against Acinetobacter baumannii, Proteus mirabilis, Pseudomonas aeruginosa, 
Klebsiella pneumoniae, and Salmonella enterica enterica typhi by the disc diffusion method.42 Sterile agar (20 mL) 
medium was transferred into Petri dishes under aseptic conditions, and allowed to solidify. Bacterial suspensions with 
a density equivalent to 0.5 McFarland were prepared and inoculated into the agar with cotton swabs under aseptic 
conditions. Sterile paper discs of 6 mm diameter were impregnated with 10 μL of 100 mg/mL stock solution to make 
1 mg/disc. Each extract and the standard antibiotic disc were gently placed on top of the agar layer to give better contact 
with the agar plates preinoculated with bacteria. A disc with 10% DMSO was used as a negative control. Reference 
antibiotics (azithromycin, cefoxitin, and ciprofloxacin) were used as positive controls. The plant extract discs and 
standard antibiotic discs were allowed to diffuse into the plates for 1 hour, and then they were incubated at 37°C for 
24 hours in an inverted position. The zone of inhibition was measured using digital Vernier calipers. Each assay was 
performed in triplicate.

Anti-Adipogenic Activity
The anti-adipogenic activity was assessed in the 3T3-L1 cell line using the methods explained by Pandeya et al22 3T3-L1 
preadipocytes were cultured and subcultured in 10% NCS supplemented with DMEM growth medium with 1% antibiotics 
(penicillin–streptomycin). Cells were maintained under a humidified atmosphere of 5% CO2 at 37°C. Then, the obtained 
cells were seeded in a 96-well plate at a cell density of 7×103 cells per well and left overnight. The next day, the cells were 
treated with different concentrations of plant extracts in 10% FBS-supplemented DMEM. After 48 hours, the MTT assay 
was performed to calculate cell viability at different concentrations. Thus, a safe dose was used to evaluate the anti- 
adipogenic activity.

The Oil Red O (ORO) staining assay was used to quantify the amount of lipid deposited in differentiated 3T3-L1 
cells. 3T3-L1 preadipocytes were seeded into the 24-well plate at a cell density of 5×103 cells per well in 10% FBS- 
supplemented DMEM culture medium. The cultured plates were kept in an incubator until cells reached full confluency, 
and the cell medium was changed every 2 days. After that, cells were co-treated with non-toxic concentrations of extracts 
(obtained by the MTT assay) in cell differentiation media for 2 days. The cell differentiation media contained 
dexamethasone (1 µM), insulin (5 µg/mL), and 3-isobutyl-2-methylxanthine (IBMX 0.5 mM) in 10% FBS- 
supplemented DMEM. Differentiation media with the tested concentrations of extracts were replaced after 2 days by 
adipocyte maintenance medium (10% FBS-supplemented DMEM with 5 µg/mL of insulin; without extracts). After 2 
days, the adipocyte maintenance medium was replaced by 10% FBS-supplemented DMEM. On the eighth day of the 
experiment, cells were washed with phosphate-buffered saline and fixed in 10% formalin. Fixed cells were stained with 
ORO and viewed under an EVOS XL (Life Technologies, USA) microscope. The deposited stain was dissolved in 
isopropanol and quantified using a microplate reader at 520 nm.

The final results were expressed as percentage deposition of lipid in differentiated cells compared to control, as 
follows:

Anti-Inflammatory Activity
RAW 264.7 cells were thawed and subcultured in 10% FBS and 1% antibiotic (penicillin and streptomycin)- 
supplemented DMEM culture medium. Cultured cells were kept in an incubator in a humidified atmosphere at 37°C 
and 5% CO2. For the cell viability assay, subcultured stock cells at around 90% confluency were collected and seeded 
into a 98-well plate with a cell density of 2.5×104 cells per well in DMEM supplemented with 10% FBS. Cells were left 
overnight and then treated with different concentration of extracts in DMEM supplemented with 10% FBS. Eighteen 
hours after treatment, cell viability was measured using the MTT assay kit following the manufacturer’s protocol.

LPS-induced nitric oxide (NO) production in RAW 264.7 cells is a highly exploited method in research, as a cellular 
inflammatory model. NO produced in this way can be quantified in a cell culture medium in the form of nitrite (NO2-), 
a stable degradation product of NO. For anti-inflammatory activity, the nitrite concentration in the medium was 
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quantified by Griess reagent using the modified methods explained by Alhallaf and Perkins.43 In brief, the subcultured 
cells were seeded at a cell density of 15×104 cells per well in a 48-well plate in DMEM supplemented with 10% FBS, 
and incubated overnight. Then, treatment was carried out at a non-toxic concentration in phenol red-free DMEM 
supplemented with 10% FBS and incubated at 37°C. One hour after incubation, inflammation was induced by adding 
LPS solution to make 1 µg/mL concentration in the culture medium. After 18 hours of treatment, the nitrite concentration 
was measured in the culture medium using Griess reagent (equal amounts of 1% sulfanilamide in 5% phosphoric acid + 
0.1% naphthyl ethylenediamine di-hydrochloride in water). Then, 100 µL of culture medium was mixed with 100 µL of 
Griess reagent, and absorbance was measured after 10 minutes in a microplate reader at 540 nm wavelength. The 
quantity of nitrite in the cell supernatant was determined by comparison with the standard curve of sodium nitrite at 
different concentrations.

Statistical Analysis
Data are presented as a mean of three independent experiments ± standard deviation. Statistical significance between the 
groups was analyzed using a two-tailed Student’s t-test in Microsoft Excel 2010. Statistical significance was set at 
p˂0.05.

Results
Extraction Yield Value, Phytochemical Screening, and TPC and TFC Quantification
Measurement of the extraction yield value revealed the highest amounts in L. ovalifolia leaves (16.73%) and D. sparsa 
(16.73%), followed by A. lacucha (15.12%), L. monopetala (12.64%), and A. nepalensis (8.69%). The secondary 
metabolite screening tests revealed the presence of flavonoids, phenols, tannins, and terpenoids, but none of the samples 
showed the presence of alkaloids (Table 2). The quantification of TPC using Folin–Ciocalteu methods revealed variation 
from 423.49±0.89 µg GAE/mg of extract (A. nepalensis) to 46.38 µg GAE/mg of extract (D. sparsa) among the selected 
plants. Also, A. lacucha (331.47±0.21 µg GAE/mg), L. monopetala (167.08±2.25 µg GAE/mg), and L. ovalifolia (105.77 
±5.56 µg GAE/mg) showed significant phenolic content in their extracts. Furthermore, A. nepalensis had the highest 
amount of TFC (408.88±2.08 µg QE/mg of extract) among the selected plant extracts, as obtained by the aluminum 
chloride colorimetric method. This was followed by L. monopetala (371.55±12.99 µg QE/mg), and A. lacucha (360.88 
±3.54 µg QE/mg); D. sparsa (195.05±3.12 µg QE/mg) and L. ovalifolia (178.21±3.01 µg QE/mg of extract) had the 
lowest amounts of TFC, as shown in Figure 2.

Table 2 Presence and Absence of Phytochemicals in Selected Plant Extracts Obtained by 
Different Phytochemical Screening Methods

Phytochemicals A. nepalensis D. sparsa A. lacucha L. monopetala L. ovalifolia

Alkaloids - - - - -

Anthraquinones + + - - +

Flavonoids + + + + +

Glycosides + + + - +

Phenolics + + + + +

Reducing sugars - - + - -

Saponins - + - + +

Tannins + + + + +

Terpenoids + + + + +

Notes: +, present; −, absent.
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Antioxidant Activity
The DPPH free radical scavenging activity of the extracts showed that A. nepalensis extract inhibited DPPH free radical 
even at a low concentration, with an IC50 value of 4.838 µg/mL, which is slightly lower than that of the ascorbic acid 
standard (5.063 µg/mL). In addition, A. lacucha, L. monopetala, and L. ovalifolia had comparable IC50 values of 6.18 , 
8.79 , and 12.86 µg/mL, respectively, as shown in Figure 3.

Antimicrobial Activity
Bacterial susceptibility to the extracts was assessed by measuring the zone of inhibition (mm), which is shown in 
Figure 4. Only A. nepalensis showed antibacterial properties, represented by the zones of inhibition against A. baumannii 
(14.66 mm) and P. mirabilis (15.50 mm), among the selected plants. The positive controls, azithromycin, cefoxitin, and 
ciprofloxacin, inhibited A. baumannii with zones of inhibition of 29, 0, and 33.66 mm, and P. mirabilis with zones of 
inhibition of 15, 17.66, and 27.66 mm, respectively. This indicates that A. nepalensis extract has better antimicrobial 
properties than cefoxitin on A. baumannii, and was as effective as azithromycin and cefoxitin on P. mirabilis.

Figure 2 Total phenol (µg GAE/mg of extract) content (TPC) and total flavonoid (µg QE/mg of extract) content (TFC) of methanolic extract of five selected medicinal 
plants.

Figure 3 IC50 values of selected plant extracts.
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Anti-Adipogenic Activity
The cell viability of 3T3-L1 using the MTT assay showed that all plant extracts were safe for treatment in cells at 
concentrations up to 150 µg/mL, except for A. nepalensis (Figure 5). Slightly higher cell viability compared to the control 
group was observed at lower concentrations of A. lacucha, L. monopetala, D. sparsa, and L. ovalifolia. The difference 
was significant with L. ovalifolia and L. monopetala compared to the control. A safe dose was used for the evaluation of 
anti-adipogenic activity in cells.

Figure 4 Zone of inhibition of A. nepalensis against (A) A. baumanni and (B) P. mirabilis, and zone of inhibition of standard antibiotics against (C) A. baumannii, (D) P. mirabilis, 
(E) S. enterica enterica typhi, (F) P. aeruginosa, and (G) K. pneumoniae.

Figure 5 Cell viability of 3T3-L1 cells on treatment with different concentrations of plant extracts. Each set of data represents the mean of triplicate experiments ± standard 
deviation. Significant differences between the groups were calculated using a two-tailed Student’s t-test. *p˂0.05 vs control and **p˂0.01 vs control represent significant 
differences in cell viability of the extract-treated group compared to the non-treated control group.
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Inhibition of adipogenesis in cells, indicated by reduced lipid deposition in differentiated adipocytes, was evaluated 
using the ORO assay. The results showed that A. lacucha significantly inhibited the lipid deposition in differentiated 3T3- 
L1 cells at a concentration of 100 µg/mL (75.18±6.42%) (Figure 6). This result is supported by an ORO-stained image 
showing fewer red-stained fat droplets in this group compared to the control (Figure 7). Significantly increased 
deposition of lipid was observed at the lower dose of D. sparsa (50 µg/mL; 111.90±3.76%), the higher dose of 
A. nepalensis (100 µg/mL; 115.57±5.31%), and both doses of L. ovalifolia (50 µg/mL: 122.67±1.81%; 100 µg/mL: 
134.68±14.01% dose-dependent) compared to the control.

Anti-Inflammatory Activity
The cell viability of RAW 264.7 cells using the MTT assay showed that all plant extracts were safe for treatment in cells 
up to 150 µg/mL, except for A. nepalensis, which showed a significant reduction of cell viability (74.82±3.94%) at 150 
µg/mL (Figure 8). Slight toxicity was seen for A. lacucha at higher concentrations: 80 µg/mL (84.51±4.106%), 100 µg/ 
mL (90.366±1.07%), and 150 µg/mL (82.62±9.65%). The difference was significant only for 80 µg/mL. The rest of the 
plant extracts were found to be safe at the selected doses for treatment in cells. The obtained safe dose was used for the 
evaluation of anti-inflammatory activity in the LPS-induced RAW 264.7 cell model.

Quantification of a stable breakdown product of the NO free radical, NO2
−, accumulating in the cell media, was 

performed using Griess reagent, which demonstrated a significant increase in the amount in LPS-treated cells compared 
to control (Figure 9). All of the plant extracts, at all concentrations, reduced the LPS-induced NO production. However, 
significant differences in production compared to the LPS control were seen at the highest dose (100 µg/mL: 15.91±0.277 
µM) of A. lacucha, and at doses of 75 µg/mL (12.52±0.05 µM) and 100 µg/mL (11.77±0.33 µM) of L. monopetala, 75 
µg/mL (15.21±0.01 µM) of D. sparsa, and 75 µg/mL (15.668±1.04 µM) and 100 µg/mL (15.886±1.18 µM) of 
A. nepalensis (Figure 9).

Discussion
Among all of the studied extracts, A. lacucha significantly inhibited adipogenesis in 3T3-L1 cells. A significant reduction 
in lipid droplets can be observed in Figure 7. This extract also resulted in dose-dependent inhibition of NO production in 
RAW 264.7 cells. Similarly, extract of A. lacucha was found to have good antioxidant potential, with an IC50 of 6.18 µg/ 

Figure 6 Effect of extract treatment on percentage lipid deposition by 3T3-L1 cells using the ORO assay. Each set of data represents the mean of triplicate experiments ± 
standard deviation. Significant differences between the groups were calculated using a two-tailed Student’s t-test. *p˂0.05 vs control and **p˂0.01 vs control represent 
significant differences in lipid production of the extract-treated group compared to the non-treated control group.
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mL observed in the DPPH free radical scavenging activity test. In previous research, oxyresveratrol, a natural polyphenol 
with strong anti-adipogenic potential, was isolated from the heartwood of A. lacucha. This compound possesses anti- 
obesity, neuroprotective, antioxidative, antiviral, and anti-inflammatory activity.35,44 Furthermore, A. lacucha produced 
several flavonoids and phenolic compounds upon chemical isolation.45 These secondary metabolites may be responsible 
for the observed bioactivities. With its good anti-adipogenic and antioxidant activity, this plant has great potential for the 
isolation of lead compounds and to become a nutraceutical with multiple health benefits.

In the present study, L. monopetala was found to have good antioxidant potential in the DPPH free radical scavenging 
assay and anti-inflammatory activity in the LPS-induced RAW 264.7 macrophage model. A significant reduction in NO 
was observed at both treatment doses. Previous studies have also shown the good antioxidant activity and high phenolic 
content of L. monopetala.46 Further evaluation of the molecular mechanism of anti-inflammatory activity is necessary to 
determine the mechanism of NO inhibition. However, the genus Litsea has been reported to possess a wide range of 
secondary metabolites, including alkaloids, sesquiterpenes, flavonoids, lactones, lignans, and essential oil. Owing to these 
diverse secondary metabolites, promising bioactivities were observed in L. monopetala..47

The extract from D. sparsa resulted in a significant NO reduction at a lower dose when evaluated for anti- 
inflammatory activity. Except for its anti-inflammatory activity, D. sparsa did not show significant activity in any of 

Figure 7 Lipid accumulation in differentiated 3T3-L1 cells treated with different concentrations of extracts, as observed by an EVOS XL microscope at 10× magnification 
after ORO staining. (A) Control, (B) A. lacucha 50 µg/mL, (C) A. lacucha 100 µg/mL, (D) L. monopetala 50 µg/mL, (E) L. monopetala 100 µg/mL, (F) D. sparsa 50 µg/mL, (G) 
D. sparsa 100 µg/mL, (H) A. nepalensis 50 µg/mL, (I) A. nepalensis 100 µg/mL, (J) L. ovalifolia 50 µg/mL, and (K) L. ovalifolia 100 µg/mL. Red dots represent ORO-stained lipid 
droplets, and reduced density of stained droplets in extract-treated groups indicates anti-adipogenic activity of those extracts.
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the performed assays. This plant was also found to have lower phenolic and flavonoid contents than the other tested 
plants. Antioxidant activity was also found to be lower, having a higher IC50 value of 22.24 µg/mL. The lower amounts of 
phenolics and flavonoids may explain the higher IC50 of this plant. Although this plant showed positive test results for the 
presence of anthraquinones, glycosides, and saponins, no literature was found supporting the pharmacological properties 
of this plant. Therefore, further scientific evaluation is needed to justify its ethnomedicinal use in helminthic infection.

Methanolic extract of the leaves of A. nepalensis showed the highest antioxidant activity among the extracts of all plant 
samples, with an IC50 value of 4.83 µg/mL, which is lower than that of standard ascorbic acid (5.063 µg/mL). The amounts of 
total phenols (423.49±0.89 µg GAE/mg extract) and total flavonoids (408.88±2.08 µg QE/mg extract) were the highest of all 
the samples. Anti-inflammatory activity, as indicated by the inhibition of NO production, was significant at both concentra-
tions. Furthermore, potent antibacterial activity against A. baumannii and P. mirabilis, with zones of inhibition of 14.7±0.6 mm 
and 15.5±0.6 mm, respectively, was observed in bacterial susceptibility tests. The A. nepalensis extract was found to increase 

Figure 9 Effect of extract treatment on nitrite accumulation in the culture medium of LPS-induced RAW 264.7 cells. Each set of data represents the mean of triplicate 
experiments ± standard deviation. Significant differences between the groups were calculated using a two-tailed Student’s t-test. *p˂0.05 vs LPS-treated control and ##p˂0.01 
vs non-LPS-treated control represent significant differences in NO production of the extract-treated group compared to the non-treated group.

Figure 8 Cell viability of RAW 264.7 cells upon treatment with different concentrations of plant extracts. Each set of data represents the mean of triplicate experiments ± 
standard deviation. Significant differences between the groups were calculated using a two-tailed Student’s t-test. *p˂0.05 vs control and **p˂0.01 vs control represent 
significant differences in cell viability of the extract-treated group compared to the non-treated control group.
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adipogenesis in 3T3-L1 cells, and the difference was significant at a higher dose. Recent studies have shown that this plant 
contains diarylheptanoids with anti-inflammatory and antifilarial activity.48,49 These diarylheptanoids, especially platyphyllo-
side, inhibited the production of pro-inflammatory cytokines (mainly TNF-α and IL-6). Similar affirmative activity of this 
compound was observed in an in-vivo model of mice.50 A diarylheptanoid-rich fraction of this plant sample also seemed to 
attenuate pathogenesis in malaria, as evidenced by significant antiplasmodial activity in enzyme assays. This was further 
supported by the reduction of parasitemia and increased survival in an in-vivo study.51 All of these studies validate the anti- 
inflammatory and antibacterial activity of methanolic extract of A. nepalensis leaves found in this study. Since mature 
adipocytes are actively involved in glucose uptake, storage, and metabolism, an increase in adipogenesis is used as an 
approach to treat diabetic complications.52,53 Likewise, a significant increase in adipogenesis in 3T3-L1 cells during the 
treatment with A. nepalensis methanolic extract shows its high potential in diabetes management.

In this study, L. ovalifolia showed anti-inflammatory activity at a higher dose in RAW 264.7 cells. The plant also 
demonstrated mild antioxidant activity (IC50 value of 15.99±0.013 µg/mL) and significant amounts of total phenols (105.77 
±5.56 µg GAE/mg extract) and total flavonoids (178.21±3.01 µg QE/mg extract). The presence of triterpenes, diterpenoids, 
sesquiterpenoids, phenylpropanoids, iridoids, and lignans has already been reported in this plant.54,55 These secondary 
metabolites may be responsible for the anti-inflammatory and antioxidant activity of the extract. Also, the methanolic extract 
of this plant showed a dose-dependent increase in adipogenesis in 3T3-L1 cells, and the difference was significant compared to 
the control. Deposition of more lipids in treated cells compared to the control can also be observed in Figure 7. In previous 
research, lyonofolin B iridoids with insulin secretagogue activity were discovered by Hussain et al.56 This plant could thus be 
further studied and used to discover lead compounds to develop anti-hyperglycemic agents or manage diabetes-related 
metabolic disorder. Although the antimicrobial tests in this study did not demonstrate any antibacterial properties against the 
tested bacterial stains, antiviral and anti-inflammatory agents were isolated from L. ovalifolia in previous studies. The reported 
results also endorse the ethnomedicinal value of this plant as an anti-scabies, analgesic, and anti-allergic agent.31,57,58

This study provides good scientific justification for ethnomedicinally useful plants with regard to their antioxidant, 
antibacterial, anti-adipogenic, and anti-inflammatory activities, based on limited chemical and cell-based assays. More 
sophisticated analytical methods, such as liquid chromatography and mass spectroscopy (LC-MS), nuclear magnetic 
resonance (NMR) imaging, or animal model studies, should be conducted to obtain more pragmatic results. Therefore, 
this study provides a strong scientific basis for conducting more intensive research on the selected medicinal plants.

Conclusion
This study examined the antioxidant, antibacterial, anti-adipogenic, and anti-inflammatory activities of five ethnomedicinally 
important plants of Nepal. Among these five plants, A. nepalensis and A. lacucha exhibited significant TPC, TFC, and 
antioxidant capacity. The results also showed that high levels of polyphenolic compounds in plant extracts contribute to their 
antioxidant activities. A similar trend, although less prominent, was also observed between polyphenolic content and anti- 
inflammatory, antibacterial, and anti-adipogenic activities. Furthermore, A. nepalensis, A. lacucha, and L. monopetala extracts 
showed promising antimicrobial, anti-adipogenic, and anti-inflammatory activities. Data from these preliminary in-vitro tests 
provide a scientific basis for the traditional uses of these plants and demonstrate a need to perform further bioassay-guided 
fractionation to isolate potent bioactive molecules and validate their pharmacological activities.
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