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Abstract

Swertia chirayita is used as a traditional medicinal plant due to its pharmacological activities,

including antioxidant, antidiabetic, antimicrobial, and cytotoxic. This study was aimed to

evaluate the therapeutic efficacy of newly synthesized nanosuspensions from Swertia chir-

ayita through nanotechnology for enhanced bioactivities. Biochemical characterization was

carried out through spectroscopic analyses of HPLC and FTIR. Results revealed that extract

contained higher TPCs (569.6 ± 7.8 mg GAE/100 g)) and TFCs (368.5 ± 9.39 mg CE/100 g)

than S. chirayita nanosuspension, TPCs (500.6 ± 7.8 500.6 ± 7.8 mg GAE/100 g) and TFCs

(229.5± 3.85 mg CE/100 g). Antioxidant activity was evaluated through DPPH scavenging

assay, and nanosuspension exhibited a lower DPPH free radical scavenging potential (06

±3.61) than extract (28.9± 3.85). Anti-dabetic potential was assessed throughα-amylase

inhibition and anti-glycation assays. Extract showed higher (41.4%) antiglycation potential

than 35.85% nanosuspension and 19.5% α-amylase inhibitory potential than 5% nanosus-

pension. Biofilm inhibition activity against E. coli was higher in nanosuspension (69.12%)

than extract (62.08%). The extract showed high cytotoxicity potential (51.86%) than nano-

suspension (33.63%). These nanosuspensions possessed enhanced bioactivities for thera-

peutic applications could be explored further for the development of new drugs.

1. Introduction

Several drugs and synthetic compounds have been used for the treatment of infectious dis-

eases. However, excessive use of medications has several side effects, such as organ damage

and cellular toxicities [1]. For example, cisplatin enhances the risk of nephron malfunctioning,

liver damage, and gastric toxicity [2]. In contrast, benzofuran causes visual hallucinations and
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panic attacks [3]. Therefore, there is an urgent need to search for medicines to overcome these

side effects. Therefore, medicinal plants and their extracts are excellent sources of bioactive

compounds such as antioxidants, alkaloids, phenols, and flavonoids [4]. These bioactive com-

pounds have been tested in clinical trials and thus possess therapeutic potential for the treat-

ment of different diseases [5].

Swertia chirayita is used as a traditional medicinal plant and belongs to the Gentianaceae

family. It is abundantly present in the temperate Himalayas region and used against different

infectious diseases due to the presence of bioactive compounds [6]. The S. chirayita roots are

used to treat leprosy, cholera, liver problems, and joint discomfort. The medicinal benefits of

S. chirayita leaves have antiviral, analgesic, hypoglycemic, and antimalarial characteristics. S.
chiravita also possesses anti-cancer, antimicrobial, and anti-allergic activities [7]. It also

reduces blood sugar levels through its impact on insulin release [8].

Several studies have reported on the synthesis and formulations of nanosuspensions in

many medicinal plants such as Terminalia arjuna [9], Ginkgo biloba [10], Mentha arvensis L
[11], Allium cepa [12], and Nigella sativa L. [13]. These studies have shown promising results

in increasing the bioavailability of natural bioactive compounds. However, there is little infor-

mation available on the compositions of S. chirayita novel nanosuspension. As a result, more

research is needed to investigate the possible function of higher bioavailability of natural bioac-

tive chemicals in this plant’s nanosuspensions.

Nanotechnology has shown promising results in improving the extraction, purification, and

bioavailability of natural products found in medicinal plants. Nanoparticles possess exceptional

chemical, optical, and thermal properties and have become hopeful options for various biologi-

cal applications [14]. One such approach that has shown improved absorption of medicines

with low solubility is through the use of nanosuspension technology [15]. Nanosuspensions are

used to produce nano-delivery systems that can increase the ability of hydrophobic medications

to dissolve properly in an aqueous solution, thereby increasing their bioavailability [16].

The interest in using nanosuspensions for therapeutic applications has increased in drug

delivery. With the help of nanosuspensions, particle sizes are reduced, increases drug delivery

to target areas. It also improves stability after curing and enhances drug adhesion. Such nano-

suspension characteristics have greatly increased the bioavailability and effectiveness of hydro-

phobic medicines [17]. Nanosuspensions are currently used for revolutionary cancer therapies

and nano-drug delivery systems for fighting cancer and inflammatory diseases [13].

This study was aimed to evaluate the antioxidant, antidiabetic, antimicrobial, and cytotoxic

activities of newly synthesized nanosuspensions from Swertia chirayita through nanotechnol-

ogy. Biochemical characterization was carried out through spectroscopic analyses of HPLC

and FTIR. These cheap, readily available methods could serve as potential sources for

enhanced bioactivities of novel phytochemicals.

2. Material and methods

2.1 Chemical and reagents

Phenolic acids (benzoic acid, chlorogenic acid, salicylic acid, kaempherol, gallic acid, vanillic

acid, and quercitin), Folin-Ciocalteu reagent, and 2,2-diphenyl-1-picrylhydrazyl (DPPH) were

procured from Sigma-Aldrich Co. (St. Louis, United States). The source of bovine serum albu-

min was Alpha-Aesar Co. in the United States, whereas Merck Germany provided polyvinyl

alcohol (PVA). Merck (Darmstadt, Germany) provided the solvents and chemicals for HPLC

analysis. Analytical-grade materials were utilized throughout the research.
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2.2 Plant material collection and extract preparation

Swertia chirayita was purchased from the registered market of Faisalabad and confirmed by

the Department of Botany at the University of Agriculture in Faisalabad, Pakistan. After drying

and grinding, the plant was crushed into powder, then stored in a clean, covered jar. The

extraction of the powdered sample was performed at room temperature, and fatty substances

were removed by the process of maceration with petroleum ether. The extraction was made by

the Soxhlet apparatus., where the solvent was 95% ethanol [18]. The extract was kept at room

temperature for evaporation, then taken in falcon tubes and stored in the freezer at -18˚C.

2.3 Structural characterization

2.3.1 High-performance liquid chromatography. S. chirayita whole plant extract that

had been dried and hydrolyzed and used for HPLC analysis. In sample preparation, dried

material of 0.5 grams was dissolved into 20 mL of 70% ethanol. After that, addition of 10 mL

of 1M HCl was done, and the solution was then gently stirred. It was then placed in a water

bath and refluxed for two hours at 90˚C. The final mixture underwent HPLC analysis after

refluxing. At a wavelength of 280 nm, measurements were taken after injecting a 20 μL sample.

The corresponding retention times of different compounds were determined. The apparatus

used for HPLC analysis was Flexar FX-20 with a C-18 column [19].

2.3.2 FTIR spectroscopy. In order to understand the structural and functional groups

present in the powdered S. chirayita plant, Fourier Transform Infrared Spectroscopy (FTIR)

was applied. The sample was initially subjected to bireduction in a solution containing chlor-

oauric acid and centrifugation was performed on the resultant solution for 15 minutes at a

speed of 10,000 rpm. Then, 20 mL of deionized water was used to wash the collected pellet

three times to eliminate any undesirable proteins or enzymes that were not attached to the par-

ticles. Agilent Cary 630 FTIR instrument was employed for the FTIR analysis, using a diffuse

reflect-array mode and a 4 cm resolution. To achieve the desired signal/noise ratio, a total of

512 scans were completed [20].

2.4 Nanosuspension preparation

The nanoprecipitation technique was applied for the synthesis of nanosuspensions. One gram

of extract was initially dissolved in 7.5 mL of a 3:1 solution of acetone and ethanol. By gradually

infusing the solution into 10 mL of water, an emulsion was created, and the mixture was stir-

red at 1000 rpm constantly. The resultant emulsion was diluted in 20 mL of PVA solution

(0.2% w/v in water) to avoid fusion and bubbling. The solution was stirred for 3 hours at room

temperature at 500 rpm. This enabled the evaporation of the solvent and led to formation of

nanosuspension. At -18˚C, the nanosuspension was freeze-dried for further use [18].

2.5 Antioxidant profile

2.5.1 Total phenolic contents (TPCs). Phenolic contents were measured by using the

Folin-Ciocalteu reagent. First, 125 μL test samples were mixed with 25 μL of 10% diluted

Folin-Ciocalteu reagent. After that, 3mL Na2CO3 (1 percent w/v) was added to the solution

and was incubated at 37˚C for two hours. The absorbance was measured at 750 nm through a

spectrophotometer and the results were calculated as mg GAE/g using the calibration curve of

gallic acid [21].

2.5.2 Total flavonoid content (TFCs). By the AlCl3 colorimetric approach, contents of

flavonoid were measured. In 96-well plates, a mixture of 9.5 μL of NaNO2 and 1.56 mL of dis-

tilled water was combined with the test samples (38 μL each). Then, 19 μL of 10% AlCl3 was
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poured to the solutions and incubated for almost 5 minutes. The optical density (OD) was

then assessed using a twin-beam UV/Visible spectrophotometer at about 510 nm. Finally,

using the calibration curve for catechin, the total contents of flavonoid in the nanosuspension

and extract was determined [22].

2.5.3 DPPH radical scavenging assay. When determining the antioxidant capacity, the

2,2-Diphenyl-1-picrylhydrazyl (DPPH) technique is a popular, quick, easy, and economical

approach. It assesses a substance’s capacity to function as a free radical scavenger (FRS) or

hydrogen donor using free radicals. This assay uses the DPPH testing process function for cap-

turing the free radicals. For the antioxidant potential of nanosuspensions and extract, DPPH

assay was performed. By abiding by standard regulations, 250 μL of DPPH solution was mixed

with 2.5μL of extracts and nanosuspension solutions. Aluminum foil was used to cover result-

ing mixture and left for 35 minutes. Finally measured absorbance at 520 nm by spectropho-

tometer [13]. Percentage DPPH scavenging was calculated as:

% DPPH scavenging ¼ A controlð Þ � A sampleð Þ=A controlð Þ½ � � 100

2.6 Biofilm formation inhibition assay

The following procedures were followed throughout the quantitative and qualitative biofilm

inhibition experiments:

2.6.1 Biofilm inhibition assay. A biofilm inhibition assay was used to assess antibacterial

efficacy. 100 μL of Staphylococcus aureus and Escherichia coli with samples and nutrient broth

were added to 96 wells plate, followed by aerobic incubation at 37˚C overnight. Phosphate

buffered saline (pH = 7.40) was used to rinse the plates three times and agitated to remove any

adhering bacteria. Afterward, crystal violet stain 100 μL (50%) was applied precisely and any

excess stain was eliminated by rinsing with tap water. The absorbance was subsequently mea-

sured using a plate reader (BioTek, USA) at 630 nm [11]. The positive control in experiment

was ciprofloxacin, whereas the negative control was nutrient broth. Percentage inhibitions

were calculated as:

% Biofilm inhibition ¼ A controlð Þ � A sampleð Þ=A controlð Þ½ � � 100

2.6.2 Biofilm formation inhibition assay. The glass slides were covered with nutrient

broth and exposed to a clean bacterial strain culture overnight at 37˚C. The slides were then

washed with 2% crystal violet dye. Nutrient broth served as negative control whereas for posi-

tive control ciprofloxacin was employed. The capacity of the created extract/fractions to stop

the growth of microbial biofilms was examined under a microscope.

2.7 Assessment of antidiabetic properties

2.7.1 Antiglycation activity. Antiglycation activity was performed in-vitro to evaluate the

phytochemicals nature present in S. chirayita nanosuspension and extract that can inhibit

methyl glyoxal-induced fluorescence in BSA. The solution mixture of 45 mL of 67 mM

sodium; phosphate buffer (pH 7.3), 450 mg of bovine serum albumin (BSA), and 4.5 milli-

grams of D-glucose was incubated for two days at 37˚C. Afterward, measured the absorbance

of a diluted 0.2 mL portion of the reaction mixture using a spectrophotometer with excitation

and emission wavelength at 370 nm and 440 nm (BMS-UV-2600) respectively. Metformin was

employed as a reference material, and for the negative control, the solution without D-glucose
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was used [13]. The test sample inhibition percentage was computed as:

% inhibition ¼ A 440nmð Þ=A 370nmð Þ � A 440nmð Þ½ � � 100

2.7.2 Alpha-amylase inhibition assay. In a 96-well plate, 30 μL of 20% (v/v) samples and

standard acarbose were mixed together as a reference solution for evaluating the alpha-amylase

inhibition activity. Then, amylase solution 10 μL was administered in each well with 0.02 M

sodium phosphate buffer (pH = 7.0). 20 μL of 1M HCl and 75-microliter solution of iodine

were then poured to each well. The wavelength of 630nm was used to measure the samples’

absorbance against the blank [23].

The below formula was used for % inhibition computation:

% inhibition ¼ A controlð Þ � A sampleð Þ=A controlð Þ � 100

2.8 Hemolytic assay (Preliminary cytotoxicity)

Initially, 3 mL of blood samples were subjected to centrifugation at 8000 rpm for 5 minutes for

the separation of plasma. The resulting RBC pellets were then subjected to three rounds of cen-

trifugation with 5 mL of cold PBS saline. Following that, the pellets were centrifuged at 8000

rpm for 5 minutes. In Eppendorf tubes, a diluted 180 μL of blood cell suspension was com-

bined with 20 μL of each test sample and washed with PBS. PBS was used as a negative control,

whereas 0.1% triton X-100 was applied as a positive control. Finally, an ELISA reader (BioTek,

Winooski, VT, USA) was used to measure the absorbance at 570 nm [24]. The following for-

mula was used to compute the % hemolytic inhibition:

% Hemolysis ¼ A Sampleð Þ � A Negative Controlð Þ=A Positive Controlð Þ

� A Negative Controlð Þ � 100

2.9 Statistical evaluation

One-way ANOVA (Analysis of variance) was applied to analyze the data and mean compari-

son of two populations i.e., extract and nanosuspension. The p-value of less than 0.05 indicated

significance and results were stated as the percentage (%), mean, or standard deviation of the

three replicated measurements.

3. Results

3.1 Structural characterization

3.1.1 High-performance liquid chromatography. The chromatogram of HPLC showed

that only one flavonoid, quercetin, was detected in the sample. However, several phenolic com-

pounds were identified, including p-coumaric acid, ferulic acid, gallic acid, and chlorogenic

acid, based on the chromatogram analysis (Fig 1).

Table 1 shows the chromatograms generated by HPLC, illustrating the peaks of various

active phytochemicals present in the S. chirayita. The following compounds, as evident in

Table 1 were detected in varying quantities: p-coumaric acid (64.37 ppm), gallic acid

(1.5022 ppm), HB acid (4.987 ppm), caffeic acid (4.682 ppm), kaempferol (0.8695 ppm), ferulic

acid (3.486 ppm), quercetin (57.2 ppm), and benzoic acid (0.3013 ppm). The values of these
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compounds are expressed in parts per million (ppm). Among these compounds, quercetin is a

flavonoid, while p-coumaric acid and ferulic acid are phenolic compounds.

3.1.2 Fourier-transform infrared spectroscopy. Fig 2 and Table 2 provide the predicted

absorption values obtained from FTIR analysis, identifying various functional groups present

in the powder of S. chirayita. The observed peaks and bands indicated that specific functional

groups within the sample are present. The strong peak observed at 3278 cm-1 suggests the

presence of alcohol in the sample. A medium peak observed at 2918 cm-1 indicates the exis-

tence of alkane functional groups. Another band at 2849 cm-1 show that both alkanes and

aldehydes are present. Lastly, the medium bands observed at 1010 cm-1 suggest the presence

of sulfoxide functional groups.

3.2 Antioxidant activity

Table 3 shows the total phenolic content (TPCs) and total flavonoid content (TFCs) of Swertia
chirayita extract and nanosuspensions. S. chirayita extract exhibited higher TPCs of

569.6 ± 7.8, whereas the nanosuspension demonstrated a slightly lower content of 500.6 ± 2.4.

Fig 1. HPLC profile of S. chirayita whole plant extract.

https://doi.org/10.1371/journal.pone.0293116.g001

Table 1. Quantification of different flavonoids and phenolic compounds from S. chirayita.

Retention Time (min) Compound Name Area (mv. s) Height Amount (ppm)

3.133 P-coumeric acid 535700.5 48356.5 64.37

3.400 Gallic acid 171917.1 22527.3 1.5022

6.712 HB acid 430153.7 32180.1 4.987

7.494 Caffeic acid 799935.8 31040.1 4.682

10.745 Kaempherol 213141.2 18094.0 0.8695

12.448 Ferulic acid 454448.5 21089.9 3.486

16.991 Quercetin 821189.5 59797.1 57.2

18.831 Benzoic acid 87280.8 8664.7 0.3013

https://doi.org/10.1371/journal.pone.0293116.t001
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Regarding TFCs, the extract contained 368.5 ± 9.39, while the nanosuspension displayed a

lower content of TFCs (229.5 ± 3.85). The assessment of DPPH radical scavenging activity

revealed that S. chirayita extract exhibited high DPPH-free scavenging activity (28.9%) as com-

pared to nanosuspensions (6%). These results suggest that the compounds present in the

extract possess a longer-lasting bioavailability.

3.3 Biofilm inhibitory potential

Our current study found that S. chirayita extract exhibited a percentage inhibition of 62.08%

against E. coli, while the nanosuspension demonstrated a higher percentage inhibition of

69.12% as given (Fig 3) and Table 3. In the case of S. aureus, the extract showed a percentage

inhibition of 80.67%, whereas the nanosuspension displayed a lower percentage inhibition of

40.33%.

3.4 Antidiabetic potential

3.4.1 Antiglycation potential. Table 3 shows that ethanolic extract demonstrated a per-

centage inhibition of antiglycation 41.4%, while the nanosuspension displayed a slightly lower

percentage inhibition of 35.8%.

Fig 2. FTIR spectra of Swertia chirayita powder.

https://doi.org/10.1371/journal.pone.0293116.g002

Table 2. FTIR spectrum chart indicating the identified functional groups in S. chirayita powder.

Peak no Characteristic absorption Identified Functional Groups Compounds Class

1 3278 O-H stretching Alcohols

2 2918 C-H stretching Alkane

3 2849 C-H stretching Alkane/Aldehyde

4 1010 S-O stretching Sulfoxide

https://doi.org/10.1371/journal.pone.0293116.t002
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3.4.2 Alpha-amylase inhibition. Table 3 shows that ethanolic extract demonstrated a

higher percentage of alpha-amylase inhibition activity, 19.5% greater inhibition activity than

the nanosuspension, which exhibited only a 5% inhibition activity.

3.5 Hemolytic potential

The results demonstrated that the plant extract of S. chirayita exhibited a significantly higher

hemolytic activity of 51.86% compared to the nanosuspension, which showed a lower hemo-

lytic activity of 33% (Table 3).

Table 3. Comparison of different assays of S. chirayita nanosuspension and extract.

T
reatm

ents

Antioxidant profile Antidiabetic profile (%) Biofilm inhibition (%) C
ytotoxicity

(%
)

TPC TFC DPPH Glycation inhibition α-am
ylase

inhibition

EC SA

SNS 500±7.8 229.5±3.85 06±3.61 35.8 5 69.12 40.33 33.63

SE 569.6±7.8 368.5±9.39 28.9±3.85 41.4 19.5 62.08 80.67 51.86

Control 750.87±6.63 244.44±2.63 89.56±0.00 56.91 82.53 59.39 42.01 96.45

* Results are represented as a percentage or as the mean and standard deviation of measurements taken in triplicate. SNS stands for Swertia chirayita nanosuspension,

SE stands for Swertia chirayita extract, and EC: Escherichia coli. SA: Staphylococcus aureus. TPC: Total phenolic contents, TFC: Total flavonoid content, DPPH:

2,2-diphenyl l-picrylhydrazyl., ciprofloxacin (antimicrobial assay)., metformin (antiglycation assay)., and BHT (butylated hydroxytoluene)

https://doi.org/10.1371/journal.pone.0293116.t003

Fig 3. (a) Positive control (E. Coli) (b) Negative control (E. Coli) (c) (Qualitative assay) inhibition of E. coli by extract fraction (min.), (d) Inhibition of E. coli by

nanosuspension fraction (max.), (e) Positive control (S. aureus) (f) Negative control (S. aureus) (g) Inhibition of S. aureus by extract fraction (min.), (h) Inhibition of S.
aureus by nanosuspension fraction (max.).

https://doi.org/10.1371/journal.pone.0293116.g003
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4. Discussion

A study identified three major compounds from S. chirayita by HPLC, such as swertiamarin,

mangiferin, and amarogentin. The retention times were approximately 8.5 min, 13.6 min, and

21.7 min, respectively [25]. In line with the findings of V Kumar’s study and previous research

[26], also utilized HPLC analysis to investigate S. chirayita. According to their research, the

plant contained gallic acid (0.562 ppm) and caffeic acid (0.568 ppm). Furthermore, a study

corroborated the presence of various phytoconstituents in S. chirayita using HPLC analysis.

The results of the study showed that the plant extract included quercetin, gallic acid, swertia-

marin, ferulic acid, rutin, and amarogentin. The retention times for these compounds were

determined to be 1.82 min, 2.29 min, 2.9 min, 15.57 min, 20.82 min, and 22.31 min, respec-

tively [27]. Based on retention time and peaks, our investigation is in line with all these studies.

The FT-IR analysis of Swertia chirayita revealed several significant peaks corresponding to

various functional groups. Notably, peaks at 3,610.74 cm-1, 3,089.96 cm-1, and 2,125.56 cm-1,

indicated the presence of capping agents such as flavonoids, hydroxyl compounds, alcholic

and phenolic compounds as well as primary and secondary amines. Additionally, a peak at

166.50 cm-1 and 864.11 cm-1 further supported the presence of these capping agents [28].

Expanding on this research, another group of scientists conducted an analysis of extracts of

Swertia chirayita adsorbed on ZnONPs using FTIR to spot distinctive bands of functional

groups. The analysis of ZnONPs derived from aqueous and alcoholic extracts revealed intrigu-

ing observations. Specifically, a peak at 2,931 cm−1 suggested the existance of C-H bonding

arising from aromatic compounds. Furthermore, a band at 1,630 cm−1 indicated C = C bond

stretching, typically associated with the alkenyl group. Notably, the peaks observed at 1,394 cm

−1 and 1,378 cm−1 provided evidence of antioxidants, specifically polyphenols, as they repre-

sented C–F stretching vibrations [29]. In the present work, several functional groups in S. chir-
ayita nanosuspensions were discovered, and the absorption predicted by the FTIR was

validated.

Our findings agree with the earlier research. Previous research demonstrated that S. chir-
ayitamethanolic extract showed high phenolic contents (67.49 ± 0.5 mg GAE/g) [30]. Another

experiment investigated the crude methanolic extract of S. chirayita and found that its differ-

ent fractions exhibited high total phenolic contents and reported that total flavonoid contents

in S. chirayita were higher than Torilis leptophylla [31].

The free radical scavenging activity of various plant extracts was calculated. Our findings

are coherent with those of previous investigations. In a study, among different crude methanol

extracts, S. chirayita showed significant DPPH free radical scavenging at a level of 95.56% at a

concentration of 100 μg/ mL. Therefore, the IC50 value for Swertia chirayita was found to be

lowest at 23.35 0.6 μg/mL. S. chirayita proved to be the best antioxidant among the different

species [30].

The ethanol extract of S. chirayita contains active flavonoids and polyphenols. The highest

antibacterial activity observed in the extract was consistent with the findings. Another investi-

gation demonstrated the antibacterial activity of extracts. Significant activity was displayed by

the methanol extract against B. subtilis (5 mm at 800 μg/mL) while only mild activity was

exhibited by E. coli and S. typhi (4 mm at 800 μg/mL). It had less effect on P. mirabilis and B.

polymyxa (1 mm at 800 g/mL), though [32].

According to previous study, both methanolic and aqueous leaf extracts of S. chirayita
depicted strong % inhibition of alpha-amylase, i.e., 74.21±0.73* and 75.25±0.84* respectively

[33]. A study investigated that ethanolic extract of S. chirayita exhibited 43% α-glucosidase

inhibition. They also observed a significant difference between α-glucosidase inhibition of

ethanolic and water solution (ρ<0.05) [34]. Scientists demonstrated the medicinal effect of S.
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chirayita in lowering glucose levels (14.5%) in diabetic individuals [35]. Similar to the above

results, our study also confirmed that the S. chirayita extract had higher antiglycation activity

than the nanosuspension.

A study revealed that a dosage of xanthone (1 and 5 M) derived from S. chirayita was help-

ful against cancer (EAC) and identified three major compounds from cells, MCF-7 and

MDA-MB-231 cell lines without damaging the normal cells (fibroblast) [36]. Another investi-

gation reported that ZnO-NPs synthesized from S. chirayita extract exhibit significant cyto-

toxic activity against cancer cells. On HCT-116, Caco-2, and HEK-293 cells, their IC50 values

were found to be 34.356 ± 2.71 and 32.856 ± 2.99 μg/mL, 52.15 ± 8.23 and 63.1 ± 12.09 μg/mL,

and 582.84 ± 5.26 and 615.35 ± 4.74 μg/mL, respectively [37].

5. Conclusion

This study focused to evaluate the medicinal efficacy of Swertia chirayita nanosuspension and

extract and investigate the potential benefits of nanotechnology in enhancing the bioactivities of

the whole plant nanosuspension. Biochemical characterization was carried out through spectro-

scopic analyses of HPLC and FTIR that confirmed the presence of bioactive compounds such as

gallic acid, kaempherol and querctin. The results demonstrated extract contained higher TPCs

(569.6 ± 7.8 mg GAE/100 g)) and TFCs (368.5 ± 9.39 mg CE/100 g) than S. chirayita nanosus-

pension TPCs (500.6 ± 7.8 500.6 ± 7.8 mg GAE/100 g)) and TFCs (229.5± 3.85 mg CE/100 g).

Antioxidant activity was evaluated through DPPH scavenging assay, and nanosuspension

exhibited a lower DPPH free radical scavenging potential (06 ±3.61) than extract (28.9± 3.85).

Antiglycation and α-amylase inhibition assays were used to determine the antidiabetic activity

of the nanosuspension and extract. Extract exhibited stronger (41.4%) antiglycation activity

than 35.85% nanosuspension and 19.5% α-amylase inhibitory potential than 5% nanosuspen-

sion. In comparison to extract (62.08%), nanosuspension demonstrated greater biofilm inhibi-

tion efficiency against E. coli (69.12%). Extract showed high cytotoxicity potential (51.86%) than

nanosuspension (33.63%). It was concluded that although the plant nanosuspension had a

noticeable impact, the plant extract had superior antimicrobial, antioxidant, and antidiabetic

properties and could be explored further for the development of new drugs.
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