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Introduction 

The Trat Agroforestry Research and Training Station, located 

at 37/1 Village Number 8, Tha Kum Subdistrict, Mueang 

District, Trat Province 23000, represents a significant 

repository of diverse medicinal plants whose bioactivities 

remain largely unexplored. This study investigates the 

bioactivities of selected plants from this unique ecological 

resource, aiming to fill a critical gap in our understanding of 

Thai medicinal plants. It is well established that medicinal 

plants generally possess antioxidant properties, a 

characteristic commonly found across many plant families. 

These antioxidant properties play a crucial role in humans by 

maintaining the balance of free radicals, which helps prevent 

disorders or diseases such as cancer, diabetes and 

inflammation (1-4). Moreover, when unbalanced, free radicals 

can damage cellular function through oxidative stress 

mechanisms (5). Hence, consuming antioxidants derived 

from plant extracts is a significant preventive care step. 

 Thailand's biodiversity presents a rich source of 

medicinal plants with therapeutic potential, particularly 

within the Trat Agroforestry Research and Training Station, 

which contains numerous unstudied medicinal plants. 

Medicinal plants in Trat Province have the potential to be a 

source of bioactive compounds with medical applications. 

Traditional knowledge suggests that medicinal plants may 

offer advantages over synthetic substances, potentially 

reducing toxicity while providing therapeutic benefits. 

Consequently, it is highly advantageous that Thailand 

possesses this resource for the examination of medicinal 

plants to expand scientific knowledge. 

 This study analysed 16 medicinal plants from 8 
families collected in the Trat Agroforestry Research and 

Training Station, Trat Province, Thailand. Each plant family 

examined represents renowned Thai medicinal plants. 

Examples include the Acanthaceae family, represented by 

plants such as Andrographis paniculata and Acanthus 

montanus, which are known for medicinal properties 

including cold relief, immune support and anti-cancer, anti-

diabetic and anti-sickness effects (6). The Amaranthaceae 

family (e.g., Amaranthus spinosus) is valued for its antioxidant 

and anti-inflammatory effects, alongside other medicinal and 

culinary applications (7, 8). The Rutaceae family includes 

aromatic plants used in traditional remedies for toothaches 

and asthma (9). However, these represent only a few 

examples of well-known Thai medicinal plants. Many more 

Thai medicinal plants remain unresearched. Additional 

research into  Thai medicinal plants is vital for promoting 

local alternatives to synthetic medications. 
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Abstract  

This study investigates the bioactivity properties of 16 ethanolic extracts from medicinal plants, representing 8 families, collected from the 

Trat Agroforestry Research and Training Station in Trat province. The research specifically examines three bioactivity properties: antioxidant 

activity, anti-diabetic activity and anti-inflammatory activity. Antioxidant activity was evaluated using DPPH, FRAP, ABTS and nitric oxide 

scavenging assays. The anti-diabetic activity was determined by inhibiting alpha-glucosidase and alpha-amylase, while the anti-

inflammatory activity was assessed by inhibiting BSA denaturation. The findings indicate that Volkameria inermis exhibited the highest 

antioxidant potential, as measured by DPPH (IC50 = 0.011 ± 0.005 mg/mL), ABTS (IC50 = 57.173 ± 6.901 mg/mL), FRAP (IC50 = 0.070 ± 0.020 mg/

mL) and nitric oxide scavenging (IC50 = 0.127 ± 0.071 mg/mL) and was characterized by a significant phenolic compound content (121.92 ± 

0.66 mg GAE/g). Moreover, extracts from the Garcinia family, specifically Garcinia cowa and Garcinia hanburyi, demonstrated notable anti-

diabetic properties, inhibiting alpha-glucosidase (IC50 = 1.383 ± 0.131 mg/mL) and alpha-amylase (IC50 = 0.233 ± 0.012 mg/mL), respectively. 

Notably, Gnetum gnemon was the only plant to exhibit substantial anti-inflammatory activity (IC50 = 0.034 ± 0.011 mg/mL) through its 

capacity to protect bovine serum albumin (BSA) from degradation. Consequently, further research is warranted to identify the key substances 
and mechanisms of action that contribute to the development of effective therapeutic agents and medicinal applications. 
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Materials and Methods 

Plants sample 

All medicinal plant samples in this study (Table 1) were 

collected from Trat Agroforestry Research and Training 

Station (12.392010821848181, 102.66834337205964) during 

7-8 November 2020 by collecting the whole plant for shrub 

and collected only leaves for the tree. Each sample was 

labeled and contained in the zip lock bag. All plant materials 

were identified and authenticated by Assoc. Prof. Srunya 

Vajrodaya (Ph.D), Department of Botany, Faculty of Science, 

Kasetsart University. 

Sample drying and sample grinding 

After sample collection, all materials were dried at room 

temperature for 7 days, then each plant sample was ground 

into a powder with a blender and weighed the powder after 

finishing grinding. 

Sample extraction 

The sample powder was macerated in ethanol with a ratio 
weight by volume 1:10 for 7 days. Then, the sample vial was 

weighed and the weight was recorded before containing the 

crude extract. After maceration, the sample solution was 

evaporated by an evaporator to get rid of all solvent, to get 

the crude extraction for each sample and transferred into a 

vial. The vial was weighed again after containing the crude 

extract and the net weight of each crude sample extract was 

calculated. All crude extract was kept in the dark at 4 °C for 

further bioactivity assay. 

Chemical reagents 

Chemical reagents for this study include 2,2-diphenyl-1-

picrylhydrazyl (DPPH), Ethanol, Methanol, 2,4,6-Tris(2-pyridyl)-

s-triazine (TPTZ), 6-hydroxy-2,5,7,8-tetramethyl chroman-2-

carboxylic acid (Trolox), Iron(III) chloride, Sodium acetate 

trihydrate, 37 % HCl, glacial acetic acid, 3,4,5-trihydroxy 

benzoic acid (gallic acid), quercetin, Folin–Ciocalteu reagent, 

sodium carbonate, aluminum chloride, Potassium phosphate 

buffer, alpha-Glucosidase, p-nitrophenyl- α-D-glucopyranoside 

(PNPG), Sodium carbonate (Na2CO3), Starch solution, Sodium 

phosphate buffer, alpha-Amylase, Dinitrosalicilic acid (DNS), 

tricine, calcium chloride, sodium chloride, bovine serum 

albumin (BSA). 

Determination of antioxidant activity 

DPPH assay 

This study used standard methods from previous reports 

with some adaptations (10, 11). The fundamental principle 

underlying this methodology was evaluating antioxidants 

by measuring their ability to convert a purple 2,2-diphenyl-1

-picrylhydrazyl (DPPH) solution through electron donation 

(12). The yellow solution absorbed light at 520 nm. To 

prepare samples, 2 mg of each crude extract was dissolved 

in 1 mL methanol, yielding a concentration of 2 mg/mL, 

then diluted to 1, 0.5, 0.25 and 0.125 mg/mL. A 0.1 mM DPPH 

solution was prepared by dissolving 0.7886 mg of DPPH in 

20 mL methanol (in the dark). After preparation, 100 µL of 

each sample concentration and DPPH solution was 

transferred into a 96-well microplate, using triplicate for 

each concentration. A sample blank (sample in methanol) 

and a control blank (DPPH in methanol) were included. The 

samples were incubated in the dark for 30 minutes, then the 

absorbance was measured at 520 nm with a microplate 

reader. Percent inhibition was calculated from the 

absorbance and the IC50 value was determined from the 

correlation between percent inhibition and sample 

concentration. The calculation of percent inhibition 

employed a consistent equation across all experiments, 

which was described in further detail. In this study, the 

percentage inhibition was determined utilizing the 

following equation. 

Percent inhibition =  

 (Abscontrol-(Abssample-Abssample blank)/Abscontrol)*100 

Ferric Reducing Antioxidant Power (FRAP)  

The core reagent for this experiment was the FRAP solution. 

This methodology was conducted according to procedures 

previously reported (13). The FRAP solution was freshly 

prepared by mixing the three solutions including 300 mM 

acetate buffer, 10 mM TPTZ and 20 mM FeCl3. The 15 µL of 

methanolic plant samples extracted in different 

concentrations and 285 µL of FRAP solution were transferred 

into a microplate using a micropipette and kept in the dark for 

30 minutes, then the microplate was placed into a microplate 

reader and measured at wavelength 593 nm. The standard 

Trolox was also carried out in the same way. Each experiment 

Common name Scientific name Family Part used 

Phuk Kraad Talay (ผกัคราดทะเล) Wedelia biflora Asteraceae Whole plants 

Phuk Kraed  (ผกัแครด) Synedrella nodiflora Asteraceae Whole plants 

Phuk Krad Hua Waan  (ผกัคราดหวัแหวน) Acmella oleracea Asteraceae Whole plants 

Khee Kai Yaan (ขีไ้ก่ยา่น) Mikania cordata Asteraceae Whole plants 

Sarb Rang Sarb Ga (White florets) (สาบแรง้สาบกาดอกสขีาว) Ageratum conyzoides Asteraceae Whole plants 

Sarb Rang Sarb Ga (Purple florets) (สาบแรง้สาบกาดอกสมีว่ง) Ageratum conyzoides Asteraceae Whole plants 

Sarb Muang (สาบมว่ง) Praxelis clematidea Asteraceae Whole plants 

Rong Thong (รงทอง) Garcinia hanburyi Clusiaceae Leaves 

Cha Muang (ชะมวง) Garcinia cowa Clusiaceae Leaves 

San Soak (สนัโสก) Clausena excavata Rutaceae Leaves 

Keuy Taay (เขยตาย) Glycosmis pentaphylla Rutaceae Leaves 

Ya Yaa (หญา้หยา) Asystasia gegantica Acanthaceae Whole plants 

Yaa Pun Nguu (หญา้พนัง)ู Achyranthes aspera Amaranthaceae Whole plants 

Phuk Liang (ผกัเหลยีง) Gnetum gnemon Gnetaceae Leaves 

Sam Ma Nga (ส ามะงา) Volkameria inerme Lamiaceae Leaves 

Yha Nhon Taay (หญา้หนอนตาย) Pouzolzia pentandra Utricaceae Whole plants 

Table 1. List of medicinal plants for the study  

https://plantsciencetoday.online


3 

Plant Science Today, ISSN 2348-1900 (online) 

was carried out in triplicate and the mean absorbance was 

recorded. The content within the analysed sample was 

expressed as mg of trolox equivalent (TE) per gram of extract. 

ABTS assay 

For the ABTS assay, the methodology followed the protocol 

reported, with some modifications (14). For this study, the 7 

mM stock solution of ABTS.+ and 2.45 mM potassium 

persulfate was prepared in a 1:1 ratio and allowed to react 

in the dark for 12-16 hr. Before use, the stock solution was 

diluted with methanol to absorb approximately 0.7 ± 0.05 at 

734 nm. A total of 20 µL of the sample at varying 

concentrations was combined with 180 µL of the ABTS.+ 

solution in a 96-well microplate, with water used for sample 

blanks and allowed to react for 45 sec before incubating at 

room temperature for 15 min. Absorbance was measured at 

734 nm using a microplate reader. For the control, 180 µL of 

ABTS.+ solution was mixed with 20 µL of methanol. Each 

experiment was conducted in triplicate and the absorbance 

values were expressed as percent inhibition and converted 

to IC50 values. 

Nitric Oxide (NO) scavenging assay 

The ability to scavenge nitric oxide was assessed by the 

previous report (15). This study focused on the ability of plant 

sample extracted could scavenge colorimetric NO metabolite 

in the pink form generated from sulfanilamide reacting with 

NO2 released from sodium nitroprusside dihydrate (SNP) and 

N-(1-naphthyl) ethylenediamine. The 0.1 M stock of 

phosphate buffer was prepared and pH was adjusted to 7.4 

and stored at 4 °C. 20 mM of sodium nitroprusside dihydrate 

played as a NO donor and was prepared by dissolving in 

phosphate buffer. The stock of Griess reagent was also 

prepared by dissolving N-(1-naphthyl) ethylenediamine 

dihydrochloride and sulfanilamide with 2 % phosphoric acid 

(H3PO4). In the sample step, 100 µL of plant samples extracted 

in each different concentration and SNP were transferred into 

a 96-well microplate and kept under light for 60 min, then 

Griess reagent (H3PO4 for sample blank) was added into each 

well-containing sample extracted and SNP. The samples were 

kept in the dark for 10 min and absorbance was measured at 

560 nm. The experiment was performed in triplicate and the 

results were reported as IC50 value which was calculated from 

percent inhibition. 

Total Phenolic Contents (TPC) and Total Flavonoid Contents 

(TFC) assay 

TPC and TFC assays were essential for evaluating total 

antioxidant capacity by measuring phenolic and flavonoid 

contents in plant extracts against standard reagents. Gallic 

acid and quercetin were used as standards for TPC and TFC, 

respectively (16). The TPC assay involved diluting 0.2 M Folin - 

Ciocalteu's reagent and dissolving sodium carbonate in 

water. A plant extract was prepared at 1 mg/mL and varying 

concentrations of gallic acid (200, 100, 50, 25, 12.5 µg/mL) 

were dissolved in methanol for the standard. Each 

concentration was added to a 96-well microplate with the 

reagent and sodium carbonate, with absorbance measured 

at 765 nm, targeting a standard curve absorbance of 0-1. The 

same procedure was applied to the plant extract, with 

absorbance expected to range from 0.2-0.8, while the blank 

included gallic acid and the sample extract reacting with 

water. In the TFC assay, a 2 % w/v aluminium chloride (AlCl3) 

stock solution was prepared in methanol, with the plant 

extract again at 1 mg/mL. Varying concentrations of 

quercetin (50, 25, 12.5, 6.25, 3.125 µg/mL) were dissolved in 

methanol for standard preparation. In a 96-well microplate, 

100 µL of the AlCl3 solution was added followed by the plant 

extract, incubated for 15 min at room temperature and 

absorbance was measured at 415 nm. Quercetin replaced the 

plant extract in the standard method, while both were mixed 

with methanol in the blank. Absorbance for the sample 

extract and quercetin should have been approximately 0.2-

0.8 and 0-1, respectively. The assay was performed in 

triplicate, with results expressed as gallic acid equivalents for 

TPC and quercetin equivalents for TFC. 

Determination of anti-diabetic activities 

Alpha-glucosidase inhibition activities assay 

Alpha-glucosidase was an enzyme that catalysed the 
hydrolysis of disaccharides and oligosaccharides into glucose 

(17). In this study, p-nitrophenyl-α-D-glucopyranoside (pNPG) 

served as the substrate and was hydrolysed to p-nitrophenol, 

which was measured at a wavelength of 405 nm. A 100 mM 

potassium phosphate buffer (pH 6.8) was prepared by mixing 

1 M monopotassium phosphate and 1 M dipotassium 

phosphate in equal proportions. A 2 mM pNPG solution was 

made using the potassium phosphate buffer, while a fresh 1 

U/mL alpha-glucosidase solution was also prepared in the 

same buffer. Additionally, a 0.1 mM sodium carbonate 

solution was prepared in water. For the assay, 20 µL of the 

plant extract (or buffer for controls) was added to a 96-well 

microplate, followed by 50 µL of potassium phosphate buffer 

to each well. Next, 10 µL of the alpha-glucosidase solution (or 

buffer for blanks) was added and the mixture was incubated 

at 37 °C for 15 min. Subsequently, 20 µL of pNPG was added 

to each well, followed by another incubation at 37 °C for 15 

min. Finally, 50 µL of 0.1 M sodium carbonate was added and 

the absorbance was measured at 405 nm using a microplate 

reader. The experiment was conducted in triplicate and the 

percent inhibition was calculated to derive the IC50 value. 

Alpha-amylase inhibition activities assay 

Alpha-amylase and alpha-glucosidase enzymes had similar 

functions but distinct properties. Alpha-amylase hydrolysed 

long-chain carbohydrates, such as starch, into smaller units 

like oligosaccharides, whereas alpha-glucosidase converted 

disaccharides into glucose. Alpha-amylase was in the 

salivary glands and pancreas, while alpha-glucosidase was 

found in the epithelial cells of the small intestine (18). For 

the experiment, a sodium phosphate buffer (20 mM, pH 6.9) 

was prepared by dissolving 1.693 g of Na3PO4 and 175.2 mg 

of NaCl in water, adjusting the pH to 6.9 and bringing the 

volume to 500 mL. A 1 % starch solution was made by 

dissolving 0.5 g of starch in 50 mL of warm sodium 

phosphate buffer. Alpha-amylase was prepared at 0.5 mg/

mL concentration in the buffer. A Dinitrosalicilic acid (DNS) 

solution was created by mixing 1 g of DNS, 20 mL of 2M 

NaOH (prepared by dissolving 8 g NaOH in 100 ml water) 

and 30 g of potassium sodium tartrate. In the experimental 

procedure, 200 µL of the plant extract (for the sample and 

sample blank) or sodium phosphate buffer (for the control 

and control blank) was added to a microcentrifuge tube, 
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followed by 200 µL of starch solution. The mixture was 

incubated for 10 min at 25 °C. Subsequently, 200 µL of alpha

-amylase solution (for sample and control steps) or sodium 

phosphate buffer (for blanks) was added and the mixture 

was incubated again for 10 minutes at 25 °C. Finally, 400 µL 

of DNS solution was added to each tube and then incubated 

at 100 °C for 5 min. After cooling, 50 µL of solution from each 

tube was transferred to a 96-well microplate, followed by 

the addition of 200 µL of water and absorbance was 

measured at 540 nm using a microplate reader. The 

experiment was performed in triplicate to calculate percent 

inhibition and determine IC50 values. 

Determination of anti-inflammatory activity  

Protein denaturation is one cause of inflammation (18). The 

inhibition of protein denaturation serves as a method to 

evaluate anti-inflammatory activities (19). Therefore, this 

study needed to learn about the potential of samples 

extracted to inhibit protein breakdown and further develop 

into anti-inflammatory drugs. The experimental method 

was adapted from (20) and (21). First, a 10X tris buffer saline 

(TBS) stock solution was prepared by dissolving 12 g of tris 

base and 44 g of NaCl. The pH was adjusted to 7.6, then the 

final volume was adjusted to 500 mL with distilled water. 

Next, 50 mL was transferred from the 10X TBS stock solution 

and diluted with 450 ml distilled water to acquire a 1X TBS 

working solution. Fifty ml of 0.2% w/v bovine serum 

albumin (BSA) was prepared by dissolving 0.1 g BSA in 50 

mL of 1X TBS solution. One hundred fifty µL of each different 

concentration of samples extracted (1X TBS for the control 

step) was transferred to a microcentrifuge tube, followed by 

150 µl of 0.2 % w/v BSA. The mixture was heated at 72 °C for 

10 min and then allowed to cool for 20 min. Finally, the 

solution from each single tube was transferred to a 96-well 

microplate and absorbance was measured at 660 using a 

microplate reader. Sample blank and control blank were 

also carried out and the experiment was performed in 

triplicate and calculated for percent inhibition and finalized 

the results as IC50 value. 

Statistical analysis 

All tests were performed for 3 triplicates per experiment. 

The results are expressed as mean value ± SD (n=3). The 

difference among the treatments were determined, using 

the analysis and LSD test for the post-hoc comparison. The 

means deferring at the p ≤ 0.05 were considered significant 

differences. The analysis was performed using SPSS. 

 

Result and Discussion 

Determination of antioxidant activities 

According to the results derived from the ethanolic extraction 

of 16 medicinal plants, as shown in Table 2. The findings are 

represented by the IC50, FRAP, TPC and TFC values. 

Volkameria inerme demonstrated significant antioxidant 

activity through low IC50 values and high FRAP results. In 

terms of total phenolic content, Volkameria inerme had a 

high concentration of phenolic compounds compared to 

others but was lower than Pouzolzia pentandra, which had 

the highest. Various antioxidants exhibit precursor free 

radicals in DPPH, FRAP, ABTS and nitric oxide assays. The 

study indicates the presence of multiple compounds in the 

ethanolic extract of Volkameria inerme that stabilize free 

radicals, positioning it second among the 16 samples 

analysed. This suggests the potential for various phenolic 

compounds to neutralize different free radicals in reactions. 

Despite Pouzolzia pentandra being expected to have the 

highest phenolic content, its antioxidant properties are less 

pronounced than those of Volkameria inerme. While phenolic 

compounds are common in medicinal plants (22), the 

phenolic assessment from Pouzolzia pentandra may show 

limited interaction with the antioxidant methodologies 

applied in this research. 

 The findings of this investigation regarding the 

antioxidant properties of Volkameria inerme align, highlighting 

its rich composition of crucial antioxidants, particularly 

acteoside (23). Additionally, leaf extracts demonstrate 

significant antioxidant activities, with elevated DPPH and ABTS 

radical scavenging capabilities (24, 25). Nevertheless, the 

antioxidant potential of Volkameria inerme utilizing FRAP 

assay and nitric oxide scavenging mechanisms remains 

underexplored, presenting an opportunity for further research. 

This suggests that the findings from the FRAP analysis and 

nitric oxide scavenging studies could open new inquiries into 

the constituents of this medicinal plant. Furthermore, the TFC 

analysis revealed that the methanolic extract of Volkameria 

inerme contained fewer flavonoid compounds compared to 

extracts from other plants. Specifically, the quercetin-related 

concentration was recorded at 10.77 ± 0.61 mg QE/g, while 

Achyranthes aspera exhibited the highest flavonoid 

concentration at 66.71 ± 0.13 mg QE/g. Importantly, the TFC 

results for Volkameria inerme were consistent with previous 

studies. A flavonoid content of 16.65 ± 1.59 mg QE/g in the leaf 

extract of Volkameria inerme, alongside a phenolic content of 

58.55 ± 3.19 mg GAE/g was reported (26). The current study 

demonstrated that Volkameria inerme possessed a greater 

number of phenolic compounds, while flavonoid levels 

remained comparable. However, there is a paucity of research 

regarding the phenolic and flavonoid compounds in 

Volkameria inerme and specific antioxidant compounds have 

yet to be identified. Further investigations and reviews of 

pertinent literature will likely be warranted shortly. 

Determination of anti-diabetes activities 

In this investigation, the compound's anti-diabetic efficacy 

was evaluated by its capability to inhibit alpha-amylase and 

alpha-glucosidase activity, as shown in Table 3. Only Garcinia 

cowa and Garcinia hanburyui exhibited significant IC50 values 

for alpha-amylase inhibition. A different extract showed 

inhibition levels independent of its concentration. Multiple 

Garcinia species demonstrate notable anti-diabetic effects. 

Garcinia atroviridis can reduce blood sugar levels and inhibit 

both alpha-amylase and alpha-glucosidase activities (27). 

Extracts from Garcinia xanthochymus, Garcinia kola and 

Garcinia linii are recognized for their blood sugar regulation 

and amylase inhibition. Anti-diabetic compounds such as 

flavonoids and xanthones not only exhibit anti-diabetic 

effects but also enhance lipid metabolism and regulate blood 

sugar levels. These compounds also improve insulin 

sensitivity and alleviate diabetic complications (28, 29).  
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 Garcinia cowa is a medicinal plant known for its anti-

diabetic efficacy, supported by previous studies. Study 

indicates that ethyl acetate extracts from Garcinia cowa stem 

bark have an IC50 of 12.54 ± 0.49 µg/mL for alpha-amylase 

inhibition (30). The ethanolic leaf extract exhibited an IC50 of 

28.22 ± 0.39 µg/mL, which is considered superior in this study. 

Other studies highlight the role of flavonoids and 

triterpenoids in regulating blood glucose and lipid 

metabolism (31). Furthermore, the antioxidant properties of 

Garcinia cowa significantly enhance its anti-diabetic 

potential. A report revealed that methanolic leaf extracts 

exhibit strong antioxidant activity, with an EC50 of 1597.5 ± 

99.3 µg/mg and phenolic content of 36.91 ± 3.07 mg/g, 

surpassing previously reported values in this study (32). 

 Moreover, a new compound from Garcinia cowa has 

been discovered. Garcinia cowone K (Fig. 1), a decahydro-1H-

xanthene derivative, exhibits antidiabetic properties. This 

compound features several functional groups, such as 

carbonyl and benzoyl, contributing to its bioactivity. The 

carbonyl groups in Garcinia cowone K play a key role in 

inhibiting the alpha-glucosidase enzyme, which is vital for 

glucose metabolism regulation. These functional groups 

likely interact with the enzyme's active site, leading to 

inhibitory effects and glucose modulation (33). Consequently, 

Garcinia cowa exhibits sufficient anti-diabetic properties for 

potential drug development. 

 In terms of anti-diabetic effects via alpha-glucosidase 

inhibition, Garcinia hanburyi extract shows superior enzyme 

inhibitory properties with an IC50 of at least 0.03 ± 0.02 mg/

mL, indicating its anti-diabetic similarities with other Garcinia 

species. Nonetheless, research on the anti-diabetic effects of 

Garcinia hanburyi leaf extract remains limited, primarily 

focusing on gamboge, a resin from the plant. Gamboge 

contains key compounds like gambogoic acid, moreollic acid, 

gambogic acid and 10-methoxygogenic acid (Fig. 2). These 

compounds significantly inhibit alpha glucosidase, with 

methoxy group of ring A and pentenyl pyran moiety of ring D 

in gambogoic acid exhibiting the highest inhibitory activity 

(34). 

 Previous investigations have examined alpha-

glucosidase inhibition. A study explored the bioactivities of 

Garcinia mckeaniana leaf extracts, revealing the presence of 

various xanthone derivatives, including norathyriol, which 

exhibits significant alpha-glucosidase inhibitory effects with 

an IC50 of 0.07 µM (35). Additionally, Volkameria inerme shows 

comparable alpha-glucosidase inhibition to Garcinia 

hanburyi, with similar IC50 values (0.12 ± 0.03 mg/mL), possibly 

due to its antioxidant properties and high phenolic 

compound levels. However, research on the anti-diabetic 

properties of Volkameria inerme remains scarce. Further 

investigation into the alpha-glucosidase inhibitory properties 

of Garcinia hanburyi and Volkameria inerme leaf extracts is 

warranted, particularly regarding solvent effects, isolation of 

active compounds, structural analysis and potential 

applications in diabetes treatment development. 

Determination of anti-inflammatory activities 

In the anti-inflammatory assessment, only the Gnetum gnemon 

extract yields an IC50 inhibition percentage value. Other 

extracts cannot derive this value due to factors observed in 

prior experiments. Certain extracts display inhibition 

percentages that are not concentration-dependent, with 

higher concentrations sometimes resulting in negative 

inhibitions. Additionally, negative percentage inhibitions are 

also observed like the study, possibly due to experimental 

errors or some condition (21). This suggests the tested extracts 

may not effectively inhibit denaturation and could, in some 

instances, promote it. Such results may stem from inadequate 

maturation of the extract prior to experimentation, leading to 

component degradation or the presence of inhibitors resistant 

to denaturation. Some extracts do exhibit anti-denature effects 

on BSA at low concentrations, consistent with findings from 

(36) regarding Boehmeria jamaicensis leaf extract. BSA 

denaturation is substantially prevented at concentrations 

below 0.012 ug/mL, while higher concentrations inversely 

affect efficacy. Additionally, extracts with non-diluted 

suppression rates resemble results which examined 99 

Jamaican plant extracts, noting variable inhibition tendencies 

(20). This indicates that the ability of these extracts to prevent 

protein denaturation is not solely dosage-dependent, 

Scientific name Family 

Anti-diabetes activity Anti-inflammatory activity 

(IC50, mg/mL) 
Alpha-amylase inhibition 

(IC50, mg/mL) 
Alpha-glucosidase inhibition                    

(IC50, mg/mL) 

Wedelia biflora Asteraceae N/A 1.030±1.000a N/A 

Synedrella nodiflora Asteraceae N/A 0.103±0.083a N/A 

Acmella oleracea Asteraceae N/A 0.360±0.260a N/A 

Mikania cordata Asteraceae N/A 0.100±0.023a N/A 

Ageratum conyzoides Asteraceae N/A 1.670±1.600a N/A 

Ageratum conyzoides Asteraceae N/A 1.730±1.640a N/A 

Praxelis clematidea Asteraceae N/A 0.637±0.607a N/A 

Garcinia hanburyi Clusiaceae 0.892±0.179 0.233±0.012a N/A 

Garcinia cowa Clusiaceae 1.383±0.131 0.173±0.083a N/A 

Clausena excavata Rutaceae N/A 0.507±0.467a N/A 

Glycosmis pentaphylla Rutaceae N/A 0.243±0.167a N/A 

Asystasia gegantica Acanthaceae N/A 0.227±0.037a N/A 

Achyranthes aspera Amaranthaceae N/A 0.350±0.163a N/A 

Gnetum gnemon Gnetaceae N/A 0.543±0.504a 0.034±0.011 

Volkameria inerme Lamiaceae N/A 0.117±0.176a N/A 

Pouzolzia pentandra Utricaceae N/A 0.100±0.020a N/A 

Table 3. Determination of anti-diabetes and anti-inflammatory activity from ethanolic extract from 16 studied medicinal plants  
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maintaining consistent inhibition across assessed dosages. 

Independent dosage inhibition could enhance pharmaceutical 

research by ensuring uniform effectiveness of compounds 

within specific dosage ranges, thereby improving therapeutic 

reliability. 

 The anti-inflammatory effects of Gnetum gnemon on 
BSA denaturation remain unexplored. Prior studies have 

indicated that its leaf extracts possess anti-inflammatory 

properties via lipoxygenase and cyclooxygenase inhibition 

(37). The bioactive constituents of Gnetum gnemon, such as 

saponins, tannins, flavonoids and phenolic compounds, 

demonstrate notable anti-inflammatory effects (38). Another 

study revealed that an ethanol extract of Gnetum gnemon 

leaves contains stilbenoid compounds that significantly 

reduce nitric oxide synthesis, a major inflammatory mediator 

(39, 40). There is potential for Gnetum gnemon to provide 

considerable anti-inflammatory benefits, though further 

research is essential to confirm this in future investigations. 

Future studies are also required to explore the compounds 

responsible for BSA denaturation inhibition in Gnetum 

gnemon. (41) suggested that flavonoids may play a significant 

role in preventing BSA denaturation. However, the 

mechanisms by which flavonoids influence heat-induced BSA 

denaturation remain unexplained, while it was proposed by a 

study that these compounds may interact with various 

binding sites on BSA to maintain its structural integrity during 

denaturation (36). 

 

Conclusion  

The evaluation of the antioxidant, anti-diabetic and anti-

inflammatory activities of 16 medicinal plant extracts using 

ethanol as a solvent. This study revealed that Volkameria 

inermis is a plant that showcases a wide range of biological 

properties. Through many experiments, it has been 

established that this plant possesses antioxidant properties, as 

evidenced by outcomes from DPPH, ABTS, FRAP and nitric 

oxide scavenging methodologies, as well as its abundance in 

phenolic and flavonoid compounds. Moreover, its promising 

antioxidation properties have the potential and contribute to 

many other positive biological effects, encompassing anti-

diabetic and anti-inflammatory effects. Additionally, the 

Garcinia genus, including Garcinia cowa and Garcinia hanburyi 

have been identified as a promising sample of investigation 

regarding their anti-diabetic properties and showing potential 

to develop as an antidiabetic drug., while Gnetum gnemon in 

 

Fig. 2. The structure of compounds (1-4) which were isolated from gamboge identified as (1) gambogoic acid, (2) moreollic acid, (3) gambogic 
acid and (4) 10-methoxygambogenic acid.  

 

Fig. 1. Structure of Garcinia cowone K. 
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this study exhibit the potential as an anti-inflammatory agent. 

However, the analysis of crucial phytochemical compounds in 

various plant types and the study of the mechanisms of action 

of those compounds in various acts still require further 

research in the future. Especially the anti-inflammatory 

properties of Gnetum gnemon, which in this report may be the 

first to report results using BSA denaturation methods, which is 

expected this report might be good information for further 

studies. 
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