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Abstract 

Identifying its bioactive compounds is essential for understanding its therapeutic potential. The increasing 

prevalence of antibiotic resistance, inflammation-related diseases, and diabetes underscores the need for effective natural 

alternatives. Ixora duffii, a medicinal plant from the Rubiaceae family commonly used in traditional Vietnamese 

medicine, has not been evaluated its biological activities. Therefore, this study was conducted to investigate the 

antibacterial, antioxidant, anti-inflammatory, and antidiabetic activity of the ethanol, n-hexane, dichloromethane, ethyl 

acetate, and water extracts of I. duffii leaves. The antioxidant activity was assessed by methods of ABTS+, DPPH, RP, 

FRAP, and TAC. Anti-inflammatory effect was assessed by assays of protecting red blood cell membranes (RBCs), 

inhibiting denaturation of bovine serum albumin (BSA), inhibiting nitric oxide (NO). Antidiabetic efficacy was 

assessed by the inhibitory assays on 2 enzymes of α-amylase, α-glucosidase. Antibacterial activity was determined based 

on the diameter of the inhibition zone, minimum inhibitory concentration (MIC), minimum bactericidal concentration 

(MBC) against 4 strains of Gram-negative, Gram-positive bacteria (Listeria innocua, Staphylococcus aureus, 

Psedomonas aeruginosa, and Escherichia coli). The results showed that I. duffii leaf extracts had good activity in all 

tests. The ethyl acetate fraction (EF) exhibited the lowest IC50 values in antioxidant, antidiabetic, and anti-inflammatory 

tests, ranging from 5.15 ± 0.06 to 66.22 ± 0.40 µg/mL. EF inhibited Gram-positive bacteria more effectively than Gram-

negative bacteria, with antibacterial zone diameters ranging from 9.13 ± 0.31 to 26.83 ± 0.76 mm, MIC and MBC values 

ranging from 8 to 32 and 16 to 64 µg/mL. The I. duffii leaves extracts’ effects were linked to their polyphenol, 

flavonoid, alkaloid, tannin contents. These findings point to the possible use of I. duffii leaves as a natural antioxidant, 

antidiabetic, anti-inflammatory, and antibacterial agents. 
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Introduction 

Diabetes is one of the most widespread metabolic 

disorders in the world, which is identified by abnormally 

elevated blood glucose levels. According to a 2019 

World Health Organization (WHO) report, this is the 

ninth most common cause of death worldwide. Among 

the best methods to lower postprandial hyperglycemia is 

to block the enzymes that hydrolyze carbohydrates, such 

as α-amylase and α-glucosidase, in order to lessen the 

absorption of glucose [1,2]. Enzyme (α-amylase and α- 

glucosidase) inhibitor compounds originated from 

medicinal plants are becoming more and more popular 

due to their low side effects and relative effectiveness. 

In particular, positive outcomes were found in a report 

by Tran et al. [3] about the antidiabetic potential of the 

polyphenol-rich optimum extract from Curcuma 

zedoaria species and the extract shows the ability to 

effectively inhibit enzymes α-amylase and α-

glucosidase.  
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In addition to metabolic disorders, diabetes is also 

closely related to oxidative stress and inflammation. 

Long-term abnormally high blood sugar levels cause an 

excess of free radicals, resulting in oxidative stress, 

which leads to insulin resistance and makes glucose 

absorption simpler for cells. Furthermore, oxidative 

stress has a wide range of detrimental consequences on 

organs in the body, including the kidneys, which alter 

kidney function and contribute to diabetic kidney 

disease. Oxidative stress boosts the synthesis of 

inflammatory mediators, whereas inflammation causes 

an increase in reactive oxygen species. Many studies 

determined that chronic inflammation can also lead to 

insulin resistance, which raises blood sugar. Apart from 

the aforementioned issues, infections in individuals with 

diabetes are a reason for concern, since a compromised 

immune system makes most diabetic patients vulnerable 

to infections. Medicinal herbs have a lot of bioactive 

compounds that have strong biological properties, 

including polyphenols, flavonoids, alkaloids, tannins, 

and polysaccharides, among others, and they have few 

side effects [4-10]. Therefore, natural therapeutic agents 

are needed that have strong antioxidant, anti-

inflammatory, and antibacterial properties. 

Vietnamese traditional medicines frequently use a 

plant species called Ixora duffii, which is a member of 

the Rubiaceae family. Nonetheless, there are still 

relatively few scientific investigations on this medicinal 

plant. Therefore, we have conducted research on Ixora 

duffii, in order to clearly demonstrate their use according 

to scientifically based evaluation methods. The majority 

of these studies focus on Ixora species that are members 

of the family above, such as Ixora megalophylla, Ixora 

brachiata, Ixora coccinea, Ixora finlaysoniana, and 

Ixora brachypoda. In particular, Sadeghi-Nejad and 

Saki [11] found that ethanol and methanol extracts of I. 

brachiata roots suppressed the parasite Leishmania 

major promastigotes. The I. coccinea roots’ methanol 

extract, according to Muhammad et al. [12] includes 

natural compounds with potent antibacterial and 

antioxidant properties. Because the peptide fraction of I. 

brachypoda has antioxidant and good inhibitory 

properties against bacteria, fungi, and viruses, in 

addition to having moderate cytotoxicity on 2 cell lines 

(Human breast (MCF-7) cancer cell and 

Rhabdomyosarcoma (RD) cancer cell), Ogbole et al. 

[13] reported that the leaves of this species have good 

activity. The I. finlaysoniana leaf extract exhibits 

antibacterial, anti-inflammatory, and antioxidant 

properties, following to a study by [14]. These 

investigations have shown that the species Ixora have 

therapeutic potentials. As a result, we conducted a 

survey on the species I. duffii, which has yet to be the 

subject of published scientific research.  

 

Materials and methods 

Herbal materials  

Leaves of I. duffii (Figure 1) were gathered in 

Ninh Kieu district, Can Tho city (sampling coordinates: 

10°0′36″N, 105°27′0″E). Under the code 

CT_Idu202304010011, the samples were processed and 

kept in the Animal and Plant Laboratory of the 

Department of Biology, College of Natural Sciences, 

Can Tho University. I. duffii was identified by Associate 

Professor Dr. Dang Minh Quan (Department of Biology 

Education, School of Education, Can Tho University). 

After processing, 1500 g of fresh I. duffii leaves were 

obtained and dried at 55 °C before being crushed into 

powder. Particles of medicine powder measuring 60-

mesh were chosen for the investigation using a 

specialised powder sieve. Then, the YOKE DSH-10A 

moisture analyzer (YOKE, China) was used to 

determine the moisture content of I. duffii leaves powder 

and gave a result of 6.77 ± 0.35 %. The powder was then 

managed at 4 °C for subsequent experiments.
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Figure 1 I. duffii leaves. 

 

I. duffii leaves extraction 

The I. duffii leaf powder (950 g) was enclosed in a 

cotton bag and the study used the maceration method 

(for 24 h in 1000 mL of 99.5 % ethanol at ambient 

temperature). To produce the I. duffii leaf’s ethanol 

extract (199.5 g), the soaking solution was filtered 

through a filter paper, and the solvent was evaporated. 

n-Hexane, ethyl acetate, dichloromethane, and water 

were the solvents of increasing polarity that were 

utilized in liquid-liquid extraction with the I. duffii leaf’s 

ethanol extract (10 g). By using a rotating vacuum 

evaporator, extracts of n-hexane (2.66 g), ethyl acetate 

(1.48 g), dichloromethane (1.05 g), and water (3.69 g) 

were produced, in that order. To use in further studies, 

all I. duffii leaves extracts were kept in a refrigerator at 

4 °C. 

 

Phytochemical screening 

Following the standard methods, stated by Sharma 

et al. [15], the amounts of total polyphenols, flavonoids, 

alkaloids, and tannins in I. duffii leaves extracts were 

calculated. In which, the methods used for 

quantification are: Spectrophotometric method 

(polyphenols and flavonoids), gravimetric method 

(alkaloids), titrimetric method (tannins). Using the 

standard curve equation, the total of polyphenols, 

flavonoids, alkaloids, and tannins content in the extracts 

of I. duffii leaf were calculated in respective with gallic 

acid (mg GAE/g extract), quercetin (mg QE/g extract), 

atropine (mg AE/g extract), and catechins (mg CE/g 

extract), correspondingly. Particularly, CE (y = 0.0026× 

+ 0.0124; R² = 0.9968), AE (y = 0.002× − 0.0008; R² 

= 0.9964), QE (y = 0.0096× − 0.019; R² = 0.9955), and 

GAE (y = 0.0087× + 0.0215; R² = 0.9953) are the 

standard curves for the aforementioned chemicals. 

 

 

Examining the antioxidant capacities in vitro 

The methods reported by Duc et al. [16] were 

modified to assess the in vitro antioxidant activity of I. 

duffii leaves extracts. These methods included 2,2’-

azino-bis-3-ethylbenzothiazoline-6-sulfonic acid 

(ABTS+), reducing power (RP), ferric reducing-

antioxidant power (FRAP), 2,2-diphenyl-1-

picrylhydrazyl (DPPH), and total antioxidant activity 

(TAC) [18]. In all 5 previously stated antioxidant 

methods, ascorbic acid was utilized as the positive 

control. The half-maximal inhibitory concentration 

(IC50) and antioxidant effect were assessed based on the 

study conducted by [17].  

 

Examining the antidiabetic effects in vitro 

The in vitro antidiabetic efficacy of I. duffii leaves 

extract was assessed by its activity to inhibit the 

activities of α-amylase and α-glucosidase enzymes. The 

inhibition of α-amylase enzyme by I. duffii leaf extract 

was assessed using the approach described by [18]. 

Besides, according to Kifle et al. [19], the α-glucosidase 

enzyme inhibitory effect of I. duffii leaf extract was 

ascertained. In each of the aforementioned operations, 

acarbose served as the positive control. According to 

research by Wickramarate et al. [18], Kifle et al. [19], 

the inhibitory concentration of 50 % value (IC50, the 

concentration at which the extract or acarbose inhibits 

50 % of the activity of the 2 enzymes) will be used to 

assess how well α-amylase and α-glucosidase are 

inhibited. 

 

Examining the anti-inflammatory efficacy in 

vitro  

The in vitro anti-inflammatory activity of I. duffii 

leaves extracts is determined by its ability to protect red 

blood cell membranes (RBCs), inhibit denaturation of 

bovine serum albumin (BSA), and inhibit nitric oxide 
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(NO) as described by Tran et al. [3], Shah et al. [20], 

with some modifications. In this investiagation, 

diclofenac and ascorbic acid served as positive controls, 

while dimethyl sulfoxide (DMSO) 10 % was used as a 

negative control. 

 

Examining the antibacterial activity 

The antibacterial efficacy of I. duffii leaves 

extracts will be assessed using 3 methodologies 

including agar well diffusion, microdilution, and droplet 

counting, as delineated by [21]. The study will 

document the resistance ring diameter, minimum 

inhibitory concentration (MIC), and minimum 

bactericidal concentration (MBC) for each extract. 

Penicilin served as the positive control, whereas DMSO 

10 % functioned as the negative control in the 

assessment of antibacterial activity. Bacterial strains, 

including Listeria innocua ATCC33090, 

Staphylococcus aureus ATCC 6538, Psedomonas 

aeruginosa ATCC 27855, and Escherichia coli ATCC 

25922TM, were supplied by the Department of Biology, 

College of Natural Sciences, Can Tho University. 

 

Analytical statistics 

Data in the study are presented as mean ± standard 

error and were evaluated by one-way ANOVA 

(Tukey’s) test using Minitab 16 software for Windows. 

Significant differences were defined as  

p-values < 0.05. 

 

Results and discussion 

Polyphenol, flavonoid, alkaloid and tannin 

content of I. duffii leaves extracts 

Numerous published studies have demonstrated 

the significant biological benefits of polyphenols, 

flavonoids, alkaloids, and tannins found in medicinal 

plants, including their antiviral, antibacterial, 

antidiabetic, anti-inflammatory, and antioxidant 

qualities [22-24]. From there, this study quantified their 

content and evaluate their potential biological activities 

from the leaves of  I. duffii. As shown in Table 1, the 

total polyphenol content (TPC) ranged from 48.18 ± 

2.02 to 218.49 ± 5.18 mg GAE/g extract, while the total 

flavonoid content (TFC) varied between 38.19 ± 1.31 

and 167.88 ± 4.70 mg QE/g extract. Besides, between 

88.67 ± 9.46  and 239.50 ± 9.01 mg AE/g extract, the 

total alkaloid content (TAKC) changed, whereas the 

highest the total tannin content (TTC) is reached at 

272.95 ± 9.09 mg CE/g extract and the lowest at 86.41 

± 4.00 mg CE/g extract. 

 

Table 1 Results of surveying TPC, TFC, TAKC, TTC of I. duffii leaves extracts. 

Contents EE HF DF EF WF 

TPC (mg GAE/g extract) 184.00b ± 2.39 48.18e ± 2.02 64.27d ± 5.21 218.49a ± 5.18 87.26c ± 2.72 

TFC (mg QE/g extract) 116.67b ± 2.08 38.19e ± 1.31 57.29d ± 3.25 167.88a ± 4.70 74.83c ± 1.50 

TAKC (mg AE/g extract) 162.83b ± 5.77 88.67d ± 9.46 110.33c ± 3.82 239.50a ± 9.01 145.33b ± 3.82 

TTC (mg CE/g extract) 188.33b ± 12.36 86.41e ± 4.00 109.49d ± 4.84 272.95a ± 9.09 140.90c ± 5.88 

Note: TPC stands for total polyphenol content, TFC (total flavonoid content), TAKC (total alkaloid content), TTC (total 

tannin content), EE (ethanol extract), HF (n-hexane fraction), DF (dichloromethane fraction), EF (ethyl acetate fraction), 

and WF (water fraction). Values followed by different letters (a, b, c, d) in the same column are statistically different (p 

< 0.05). 

 

 Furthermore, the data indicate that the ethyl 

acetate fraction (EF) exhibited superior values in TPC, 

TFC, TAKC, and TTC, compared to other extracts, 

specifically TPC (218.49 ± 5.18 mg GAE/g extract), 

TFC (167.88 ± 4.70 mg QE/g extract), TAKC (239.50 ± 

9.01 mg AE/g extract), and TTC (272.95 ± 9.09 mg 

CE/g extract). Conversely, the values in n-hexane 

fraction (HF) were the lowest, with 4.53, 4.39, 2.70, and 

3.16 times lower than those in EF, respectively. This is 

elucidated based on the polarity of polyphenols, 

flavonoids, alkaloids, and tannins. The majority of these 

compounds have medium to high polarity, and because 

ethyl acetate is an organic solvent with the similar 

polarity, it is excellent for extracting the matching 

groups of natural compounds with medium to high 

polarity. 
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Antioxidant activity of extracts from I. duffii 

leaves (in vitro) 

Table 2 and Figure 2 illustrates the antioxidant 

capacities of I. duffii leaves extracts and ascorbic acid 

(AA). In this experiment, the concentration (µg/mL) at 

which 50 % of free radicals were neutralized or 

decreased by each sample or positive control (Abs0.5 or 

IC50) was employed. Duc et al. [16] stated that samples 

with IC50 values less than 50 µg/mL were very strong 

antioxidants, strong antioxidants were those with IC50 

values between 50 and 100 µg/mL, moderate 

antioxidants were those with IC50 values between 101 

and 150 µg/mL, and weak antioxidants were those with 

IC50 values more than 150 µg/mL [16]. In all 5 methods 

such as ABTS•+, DPPH, RP, FRAP, and TAC, the 

extracts from I. duffii leaves demonstrated strong to very 

strong antioxidant activity, according to the study’s 

findings. In all 5 methods, the extracts’ IC50 values for 

antioxidant activity varied from 8.91 ± 0.16 to 66.22 ± 

0.40 µg/mL. EF outperformed the other extracts in all 5 

methods. Specifically, the IC50 values of EF were 10.30 

± 0.08 µg/mL (ABTS•+ method), 8.91 ± 0.16 µg/mL 

(DPPH method), 14.94 ± 0.16 µg/mL (RP method), 

13.02 ± 0.08 µg/mL (FRAP method), and 16.11 ± 0.20 

µg/mL (TAC method). In the FRAP method in 

particular, the IC50 value of EF was roughly 6.3 times 

higher than AA (IC50 = 81.49 ± 3.97 µg/mL). 

 

Table 2 IC50 value (µg/mL) from anti-inflammatory, antidiabetic, and antioxidant in vitro assays. 

Methods 

The IC50 (µg/mL) values 

EE HF DF EF WF PC 

ABTS•+ 12.10d ± 0.04 39.55a  ± 0.24 34.33b ± 0.80 10.30e ± 0.08 26.32c ± 0.49 7.00f ± 0.17 

DPPH 11.87d ± 0.12 37.38a  ± 0.08 30.26b ± 0.36 8.91e ± 0.16 24.60c ± 0.16 6.12f ± 0.41 

RP 15.98d ± 0.12 51.06a  ± 0.79 66.22b ± 0.40 14.94e ± 0.16 33.98c ± 0.12 5.04f ± 0.25 

FRAP 15.73e ± 0.09 45.72b  ± 0.31 41.35c ± 0.56 13.02e ± 0.08 30.93d ± 1.20 81.49a ± 3.97 

TAC 18.59d ± 0.07 57.05a  ± 0.46 81.93b ± 0.34 16.11e ± 0.20 37.47c ± 0.13 13.67f ± 0.28 

α-Amylase 8.28d ± 0.16 26.01a ± 0.48 24.03b ± 0.50 5.97e ± 0.11 19.14c ± 0.47 5.99e ± 0.03 

α-Glucosidase 5.15d ± 0.06 22.3a ± 0.14 18.44b ± 0.18 3.09e ± 0.02 15.51c ± 0.04 5.38d ± 0.56 

BSA 7.07e ± 0.04 27.71b ± 0.95 25.53c ± 0.21 5.27f ± 0.01 21.95d ± 0.04 54.27a ± 0.84 

RBCs 9.29e ± 0.10 34.39b ± 0.21 29.66c ± 0.95 6.73f ± 0.08 27.08d ± 0.40 57.32a ± 0.89 

NO 14.12d ± 0.13 43.25a ± 0.70 36.04b ± 0.31 11.41f ± 0.07 28.07d ± 0.66 63.46a ± 0.02 

Note: The Tukey test was performed to compare mean and standard deviation. EE (ethanol extract), HF (n-hexane 

fraction), DF (dichloromethane fraction), EF (ethyl acetate fraction), WF (water fraction), PC (positive control). Values 

followed by different letters (a, b, c, d) in the same column are statistically different (p < 0.05). 

 

To explain the superiority of EF, we can relate it 

to the polarity of the solvent (ethyl acetate) and the types 

of compounds commonly isolated from EF in other 

studies. Since ethyl acetate is a medium-polarity 

solvent, it may dissolve the majority of polar and non-

polar substances, particularly secondary. This 

completely coincides with our quantitative results, 

because TPC, TFC, TAKC, TTC in EF are all higher 
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than the remaining extracts. More than that, 

polyphenols, flavonoids, alkaloids, and tannins are 

frequently in charge of biological effects including 

antidiabetic, antimicrobial, anti-inflammatory, and 

antioxidant effects. For instance, polyphenols and 

flavonoids possess significant antioxidant effects due to 

their unique chemical structure, particularly the 

presence of many hydroxyl groups (-OH) connected to 

benzene rings. These hydroxyl groups can transfer 

electrons or hydrogen, which helps to neutralize free 

radicals and prevent oxidation in the body without 

creating dangerous new free radicals. The structure of 

flavonoids, with 3 carbon rings (C6-C3-C6) and 

hydroxyl groups (-OH) distributed in various places, 

forms a powerful defensive network. As a result, 

polyphenols and flavonoids not only act as antioxidants, 

but also aid to minimize cell damage and protect the 

body from oxidative illnesses [25]. The study conducted 

by Gontijo et al. [26] isolated 4 polyphenol and 

flavonoid compounds from the ethyl acetate fraction of 

the fruit of Garcinia brasiliensis and conducted a survey 

of antioxidant activity using the DPPH and RP methods. 

The results showed that all 4 compounds had antioxidant 

activity in both test methods. Furthermore, from the 

ethyl acetate fraction of Ehretia asperula leaves, Duc et 

al. [16] identified 7 chemicals, 5 of which were 

polyphenols and flavonoids. They reported that all 

compounds, including 5 compounds from 7 compounds 

above, had strong to very strong antioxidant activity 

after evaluating the antioxidant activity of all isolated 

compounds using 5 methods similar to our study. 

Specifically, caffeic acid had IC50 values of 5.70 ± 0.01; 

5.57 ± 0.02; 6.79 ± 0.03; 12.72 ± 0.06; and 8.43 ± 0.15 

μg/mL in all 5 methods, ABTS•+, DPPH, RP, FRAP, and 

TAC, respectively. 

 

 

Figure 2 The IC50 values of 5 antioxidant methods. 

 

In vitro antidiabetic activity of extracts from I. 

duffii leaves 

The results shown in Table 2 and Figure 3 

indicate that EF exhibits the most favorable IC50 values. 

The α-amylase and α-glucosidase enzyme inhibitory 

activities for EF have IC50 = 5.97 ± 0.11 and IC50 = 3.09 

± 0.02 µg/mL, respectively. Compared to the IC50 values 

of AC (IC50, α-amylase = 5.99 ± 0.03 µg/mL; IC50, α-

glucosidase = 5.38 ± 0.56 µg/mL), these 2 results were 

comparatively superior. The α-amylas as well as α-

glucosidase enzymes had IC50 values of 26.01 ± 0.48 

and 22.3 ± 0.14 µg/mL, respectively, making HF the 

sample with the lowest findings. Furthermore, the 

polarity of the solvent and the compounds that 

frequently surfaced in EF extracts in other studies, 

which were covered in the section on assessing the 

antioxidant activity of I. duffii leaves extracts, may help 

to explain why EF had such superior IC50 values in 

antidiabetic testing. In fact, many studies have 

demonstrated that secondary metabolites such as 



Trends Sci. 2025; 22(7): 10028   7 of 15 

  

polyphenols, flavonoids, alkaloids or tannins are related 

to antidiabetic activity [27-29], our study quantified the 

extracts from I. duffii leaves and found that EF is rich in 

these compounds. A number of published research can 

be consulted to have a better understanding of secondary 

metabolites’ antidiabetic potential. According to a study 

conducted by Bouyahya et al. [28], flavonoids primarily 

assist regulate hyperglycemia via binding to the glucose 

transporter receptor and the peroxisome proliferator-

activated receptor gamma. Human lipid metabolism, 

glucose uptake, insulin utilization, and glucose tolerance 

will all be improved by this interaction. Furthermore, 

alkaloids are very promising compounds for the 

treatment of diabetes [28]. According to Mechanick et 

al. [30], berberine, a quinoline alkaloid, has the activity 

to deactivate di-saccharides in cells, which makes it an 

intriguing component of alkaloid compounds’ 

antidiabetic effect. Furthermore, diabetes and oxidative 

stress are inextricably linked, since several studies have 

found that oxidative stress plays an indispensable role in 

the adverse progression of diabetes. Diabetes, 

particularly type-2 diabetes, is linked to high levels of 

oxidative stress because elevated blood sugar levels 

produce reactive oxygen species (ROS), which damage 

cells, proteins, and DNA. This oxidative stress leads to 

insulin resistance, cellular malfunction, and diabetes 

consequences (neuropathy and nephropathy). 

Antioxidants can boost insulin sensitivity by lowering 

oxidative stress in organs including the liver, muscle, 

and adipose tissue. This enhances cells’ activity to react 

to insulin and absorb glucose effectively. Many natural 

compounds, including polyphenols, flavonoids, 

alkaloids, and tannins have antioxidant and antidiabetic 

activities. They not only inhibit oxidation, but also 

regulate glucose metabolism and insulin action [31]. 

Therefore, it can be inferred that EF has good 

antioxidant qualities due to its secondary metabolites, 

which can reduce oxidative stress and diabetes more 

effectively than other extracts. This is also the first time 

extracts from I. duffii have been tested for in vitro 

antidiabetic efficacy utilizing 2 different techniques of 

blocking the aforementioned 2 enzymes.

 

 

Figure 3 The IC50 values of 2 antidiabetic methods. 

 

In vitro anti-inflammatory activity of extracts 

from I. duffii leaves 

Table 2 and Figure 4 show that I. duffii leaves 

extracts outperformed the positive control (PC) with 

IC50 values in anti-inflammatory testing ranging from 

5.27 ± 0.01 to 43.2 ± 0.70 µg/mL. EF had the highest 

IC50 values compared to the other extracts in all 3 

techniques (BSA, RBCs, NO•), whereas HF produced 

the lowest findings, 5.26, 5.11, and 3.80 times lower 

than those of EF, respectively. Once again, EF was the 

most significant subject according to the IC50 values 

obtained from analyzing the extracts’ anti-inflammatory 

activity. It also demonstrated that its anti-inflammatory 

activity was highly prominent, in addition to its strong 

antioxidant and antidiabetic capabilities. This is 

completely consistent with published studies on the role 

of compounds such as polyphenols, flavonoids, 

alkaloids, tannins in the antioxidant process, reducing 



Trends Sci. 2025; 22(7): 10028   8 of 15 

  

oxidative stress, thereby controlling inflammation as 

well as diabetes. Prolonged inflammation oxidizes 

macromolecules such as proteins, DNA, and RNA, 

resulting in the generation of many new damaging free 

radicals [8]. Besides, Kalaskar et al. [32] extracted and 

investigated anti-inflammatory activity of components 

from the ethyl acetate fraction of Ficus microcarpa stem 

bark, including catechin, p-hydroxycinnamic acid, and 

oleanolic acid. Catechin, a flavonoid compound, has the 

strongest COX (cyclooxygenase) inhibitory activity, 

with IC50 = 9.02 μM for COX-1 and 50.38 μM (COX-2) 

[32]. In 2024, Krishna et al. [33] extracted 2 flavonoid 

compounds from the water fraction (the fraction with the 

strongest antioxidant activity in that study) and 

investigated their anti-inflammatory potential by 

measuring NO• generation inhibition in RAW 264.7 

cells. The study found that diosmetin-7-O-β-D-

glucuronide, a flavonoid compound, effectively 

inhibited the enzyme with an IC50 value of 16.72 ± 1.01 

μM [33]. Therefore, by combining these articles and our 

data on the content of TPC, TFC, TAKC, and TTC in 

EF, we can thoroughly explain how these compounds 

contribute to EF’s anti-inflammatory, antioxidant, and 

antidiabetic activities.

 

 

Figure 4 The IC50 values of 3 anti-inflammatory methods. 

 

In vitro antibacterial activity of extracts from I. 

duffii leaves 

Diabetes and infections are strongly associated 

because high blood glucose levels can impair the 

immune system and allow bacterial invasion. Foot 

infections are one of the most devastating conditions 

among patients with severe diabetes. Many studies have 

demonstrated that diabetes and infections frequently 

interact, with some conditions causing insulin resistance 

to worsen [34,35]. The extracts of I. duffii leaves were 

investigated for antibacterial activity using 3 methods: 

Agar well diffusion, microdilution, and drop count. 

These are typical approaches for screening novel 

antibacterial compounds, and this is the first time they 

have been employed with I. duffii. The study 

investigated the antibacterial activity of I. duffii leaf 

extracts using 4 types of Gram-negative (P. aeruginosa, 

E. coli), Gram-positive (L. innocua, S. aureus) bacteria, 

which can grow well and safely under basic laboratory 

conditions. The 2 kinds of Gram-negative bacteria are 

briefly described as follows: P. aeruginosa is frequently 

connected with infections caused by a weakened 

immune system, whereas E. Coli is frequently 

associated with pathogens in the intestinal, urinary, or 

sepsis. Both kinds of bacteria have an outer layer that 

renders them resistant to antibacterial agents and 

medicines. As a result, their selection will aid in the 

complete evaluation of the antibacterial activity of 

extracts from I. duffii leaves against difficult-to-treat 

microorganisms. The remaining 2 bacteria are then 

preliminary characterized, L. innocua is a Gram-positive 

bacterium and a non-pathogenic relative of L. 

monocytogenes. Therefore, L. innocua was chosen for 

the survey because it has physiological properties with 

Listeria species but is safer because it is not pathogenic 

[36]. Finally, S. aureus (Gram-positive bacterium), 
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which is usually linked with pneumonia or skin 

infections, has a high resistance to methicillin (a 

penicillin-derived semisynthetic antibiotic) [37]. Both 

of these Gram-positive bacteria lack an outer membrane, 

therefore extracts from I. duffii leaves were tested 

against basic bacterial cell structures to determine their 

antibacterial activity. Finally, by selecting these 4 

bacterial strains for the antibacterial activity of I. duffii 

leaves, the study will able to determine if this medicinal 

plant may be a viable alternative or complement to 

prevent antibiotic resistance.  

Table 3 compares the results of antibacterial 

diameter of I. duffii leaves extracts through the agar well 

diffusion method. Extracts from I. duffii leaves have 

antibacterial zone diameters ranging from 0 to 26.83 ± 

0.76 mm, whereas penicillin (PN) has an antibacterial 

zone diameter of 0 to 29.40 ± 0.70 mm. Specifically, in 

the survey on Gram-negative bacteria (P. aeruginosa), 

the inhibitory concentrations of the extracts and PN 

ranged from 32 to 128 μg/mL. Of which, EF had the best 

antibacterial zone diameter compared to the remaining 

extracts with antibacterial zone diameter values of 10.47 

± 0.71 mm at 32 μg/mL, 13.83 ± 0.45 mm at 64 μg/mL, 

and 16.03 ± 0.72 mm at 128 μg/mL, respectively. These 

values were 1.21, 1.09, and 1.15 times lower than 

penicillin at the corresponding concentrations. In 

addition, HF and DF were not able to inhibit P. 

aeruginosa at all tested concentrations. In the results of 

antibacterial zone diameter evaluation for E. coli, the 

antibacterial zone diameter of the extracts ranged from 

9.13 ± 0.31 to 16.57 ± 0.21 mm, corresponding to the 

concentration level from 16 to 128 μg/mL. Notably, at a 

concentration of 16 μg/mL, EF showed an antibacterial 

zone diameter of 9.13 ± 0.31 mm, while the remaining 

extracts and PN had no inhibitory ability. For the L. 

innocua, the inhibitory concentrations of the extracts (8 to 

128 μg/mL) and the most prominent extract in terms of 

antibacterial zone diameter results was still EF, this 

extract showed antibacterial zone diameter results in all 5 

concentrations tested including 8, 16, 32, 64, 128 μg/mL. 

At 8 μg/mL, EF had an antibacterial zone diameter of 9.30 

± 0.40 mm, while PN, EE, HF, DF, WF had no results. In 

addition, when compared with other extracts of I. duffii 

leaves at a concentration of 128 μg/mL, the antibacterial 

zone diameter of EF was the largest (23.80 ± 0.66 mm), 

larger than EE, HF, DF, WF by 1.47, 2.18, 1.79, 2.03 

times, respectively. Finally, the data from S. aureus, EF 

was still the extract with the best antibacterial zone 

diameter, with the antibacterial zone diameter value at a 

concentration of 8 μg/mL being 13.77 ± 0.40 mm, while 

other extracts and penicillin did not give any results. It is 

noteworthy that at 16 μg/mL, EF had an antibacterial zone 

diameter of 17.07 ± 0.38 mm, while EE was 11.53 ± 0.31 

mm, PN was 15.30 ± 0.46 mm, HF and DF and WF did 

not show any results. Conclusively, EF outperformed the 

other extracts in its ability to inhibit all the bacteria tested 

(P. aeruginosa, E. coli, L. innocua, S. aureus) at most of 

the tested concentrations.

 

Table 3 Antibacterial zone diameter (mm) of I. duffii leaves’ extracts and penicillin (PN). 

Bacterial 

strains 
Samples 

Diameter of antibacterial zone at different concentrations (μg/mL) of extracts 

8 16 32 64 128 

Pseudomonas 

aeruginosa 

EE - - - 11.07b ± 0.51 14.87a ± 0.40 

HF - - - - - 

DF - - - - - 

EF - - 10.47c ± 0.71 13.83b ± 0.45 16.03a ± 0.72 

WF - - - - 10.73a ± 0.40 

PN - - 12.67c ± 0.55 15.13b ± 0.57 18.43a ± 0.57 

Escherichia 

coli 

EE - - 10.50c ± 0.76 13.80b ± 0.46 16.57a ± 0.21 

HF - - - - - 

DF - - - - - 

EF - 9.13d ± 0.31 11.53c ± 0.31 13.60b ± 0.36 15.70a ± 0.27 

WF - - - - 12.43a ± 0.15 
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Bacterial 

strains 
Samples 

Diameter of antibacterial zone at different concentrations (μg/mL) of extracts 

8 16 32 64 128 

PN - - 14.00c ± 0.46 15.93b ± 1.08 19.57a ± 0.40 

Listeria 

innocua 

EE - 9.27d ± 0.32 11.37c ± 0.76 13.43b ± 0.65 16.23a ± 0.67 

HF - - - - 10.90a ± 0.53 

DF - - - - 13.30a ± 0.85 

EF 9.30e ± 0.40 11.83d ± 0.61 14.77c ± 0.50 18.97b ± 0.40 23.80a ± 0.66 

WF - - - 9.93b ± 0.59 11.73a ± 0.50 

PN - 13.00d ± 0.53 16.27c ± 0.84 20.37b ± 0.95 25.10a ± 0.79 

Staphylococcus 

aureus 

EE - 11.53d ± 0.31 14.13c ± 0.60 17.37b ± 0.55 19.90a ± 0.56 

HF - - - 9.23b ± 0.60 12.17a ± 0.59 

DF - - - 10.63b ± 0.67 15.37a ± 0.90 

EF 13.77e ± 0.40 17.07d ± 0.38 19.93c ± 0.35 22.90b ± 0.27 26.83a ± 0.76 

WF - - - 12.03b ± 0.50 14.27a ± 0.49 

PN - 15.30d ± 0.46 19.10c ± 0.44 24.17b ± 0.85 29.40a ± 0.70 

Note: Values followed by different letters (a, b, c, d) in the same column are statistically different (p < 0.05).  

"-" indicates no observed activity. EE (ethanol extract), HF (n-hexane fraction), DF (dichloromethane fraction), EF (ethyl 

acetate fraction), WF (water fraction), PN (penicillin). 

 

 The 2 most often used metrics for evaluating 

antibacterial activities are MIC and MBC. Resazurin is 

utilized as a color indicator in the microdilution 

technique, which is used to assess the antibacterial 

activity of antibacterial agents on 96-well plates. The 

lowest concentration that inhibits MIC is the lowest 

concentration of an extract that may stop bacterial 

growth in the measured concentration range (without 

affecting the color of resazurin). MBC is used to test the 

ability to eliminate bacteria rather than only inhibit 

them. The droplet live count technique was used to 

perform MBC; no colonies developed on the LB agar 

plate, and the MBC value is the lowest concentration in 

the extracts’ concentration range that can kill all bacteria 

[21]. For the above reasons, MIC and MBC were studied 

to evaluate antibacterial activity in addition to the well 

diffusion method. The results of MIC and MBC are 

shown in Table 4. Depending on the MIC values, the 

sample was classified as possessing outstanding 

antibacterial activity (MIC ≤ 20 μg/mL), excellent (20 < 

MIC ≤ 40 μg/mL), very good (40 < MIC ≤ 80 μg/mL), 

good (80 < MIC ≤ 160 μg/mL), moderate (160 < MIC ≤ 

320 μg/mL), and weak (MIC > 320 μg/mL). In addition, 

if the value (MBC/MIC) ≤ 4, the sample is considered 

to have bactericidal effect (killing or eliminating 

bacteria), (MBC/MIC) > 4, the sample is considered to 

have bacteriostatic effect [38-40].

 

 

 

 

 

 

 

 

 

 

 



Trends Sci. 2025; 22(7): 10028   11 of 15 

  

Table 4 The results of MIC and MBC of extracts from I. duffii leaves. 

Samples 
P.aeruginosa E. coli L. innocua S. aureus 

MIC MBC MIC MBC MIC MBC MIC MBC 

EE 64 128 32 64 16 32 16 32 

HF > 128 - > 128 - 128 - 64 128 

DF > 128 - > 128 - 128 - 64 128 

EF 32 64 16 32 8 16 8 16 

WF 128 - 128 - 64 128 64 128 

PN 32 64 32 64 16 32 16 32 

Note: “-“ indicates no observed activity. EE (ethanol extract), HF (n-hexane fraction), DF (dichloromethane fraction), EF 

(ethyl acetate fraction), WF (water fraction), PN (penicillin). 

 

Accordingly, the MIC values of the extracts from 

I. duffii leaves varied from 16 to > 128 μg/mL for 2 

Gram-negative bacteria and from 8 to 128 μg/mL for 2 

Gram-positive bacteria. Furthermore, the extracts’ MBC 

values for Gram-positive and Gram-negative bacteria 

range from 8 to 128 and 32 to 128 μg/mL, respectively. 

The strongest of these is EF, which has MIC and MBC 

values of 32 and 64 μg/mL for P. aeruginosa and 16 and 

32 μg/mL for E. coli. This indicates that the antibacterial 

activity of EF is excellent to outstanding. Furthermore, 

the MIC as well as MBC values of this extract against 2 

Gram-positive bacteria (L. innocua, S. aureus) were 

outstanding as both MIC and MBC values for the 2 

strains were 8 and 16 μg/mL, which were both lower 

than 20 μg/mL. In addition, it is interesting that the 

(MBC/MIC) value in all 4 tests was 2, which was lower 

than 4, so it can be concluded that EF has a complete 

bactericidal effect [38-40]. 

In summary, the EF is a very good antibacterial 

extract, especially against Gram-positive bacteria. The 

reason may originate from the morphological 

characteristics of the 2 strains of Gram-negative and 

Gram-positive bacteria. For Gram-positive bacteria, 

they have a cell wall composed mainly of 

peptidoglycan, while Gram-negative bacteria have a cell 

wall consisting of a thin layer of peptidoglycan 

combined with an outer membrane surrounded by 

lipopolysaccharide [36,37]. Therefore, EF can resist 

Gram-positive bacteria better because it can easily 

penetrate inside to contact the cell, while for Gram-

negative bacteria, it is more difficult to inhibit because 

they have a lipopolysaccharide membrane protecting the 

cell. To explain why EF has such good antibacterial 

properties, it is possible to relate the relationships 

between the polarity of the ethyl acetate solvent and the 

groups of compounds that often appear in the ethyl 

acetate extract that the study discussed. In addition, 

several investigations have shown that polyphenols, 

flavonoids, alkaloids, and tannins all have antibacterial 

properties [41-44]. The molecular structures of the 

compounds listed above contribute significantly to their 

antibacterial actions. Flavonoids’ special structure with 

hydroxyl groups (-OH) gives them strong antibacterial 

qualities. Bacterial cell membranes can be severely 

impacted by these (-OH) groups, which can reduce 

bacterial cell integrity and disturb membrane structure. 

Additionally, flavonoids’ ring structure can chelate, or 

bind, with metal ions like Fe2+ and Cu2+, deactivating the 

metabolic activities and preventing bacterial 

development [42,45]. In fact, Farooq et al. [46] tested 3 

chalcone compounds (precursors of flavonoids) for 

antibacterial activity against Gram-positive bacteria  

(S. aureus), and found that all 3 derivatives were 

resistant to this bacterial strain [46]. According to 

Huang et al. [41], tannins are a secondary metabolite 

with high antibacterial activity. This study group 

discovered that tannins may degrade bacterial cell 

membranes and attach to cell wall proteins and certain 

bacterial enzymes, limiting their growth and 

deactivating their normal physiological activities. This 

ability comes from the chemical structure of tannins, 

because tannins also belong to the polyphenol group like 

flavonois, so their structure also has (−OH) groups, but 

is more complex (the structure of tannins is a 

combination of many phenolic groups). Therefore, 

(−OH) groups in the structure of tannins have the ability 
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to combine with proteins and metal ions, creating 

insoluble complexes, inhibiting the growth of bacteria 

[47,48]. Furthermore, this group of chemicals not only 

works on bacteria but also helps to regulate plant 

microflora by living in symbiosis with beneficial 

bacteria strains [41]. Alkaloids are a fascinating 

collection of substances that have antibacterial 

properties through a variety of routes, including 

influencing bacterial protein production, changing cell 

membrane permeability, destroying bacterial cells, and 

inhibiting their metabolism. Furthermore, because most 

alkaloids’ structures contain at least one nitrogen atom 

(typically in the form of an amine), alkaloids can form 

complexes with metals such as iron (an crucial 

component in bacterial development) or interact with 

bacterial enzymes, limiting growth [44]. In 2018, Chi et 

al. [49] isolated 6 alkaloids and tested their antibacterial 

efficacy on Gram-negative and Gram-positive bacterial 

strains. All 6 compounds had MIC values ranging from 

0.12 to 1.32 μg/mL. Polyphenols have hydroxyl groups 

(-OH) in their structure, which can establish hydrogen 

bonds with the bacterial cell membrane, causing 

bacterial weakness and jeopardizing viability. 

Furthermore, polyphenols have the ability to deactivate 

several enzymes that are essential for their existence. 

From the above research results, combined with the 

results of TPC, TFC, TAKC, TTC as well as the 

excellent antioxidant activity of EF that the research 

team has conducted, it can be seen that the antibacterial 

ability of EF is superior to the remaining extracts is 

completely reliable. This is also the first time that the 

antibacterial activity of I. duffii species has been 

evaluated from its extracts through the 3 methods 

mentioned above. 

 

Conclusions 

The study and determined the content of 

polyphenols, flavonoids, alkaloids, tannins, antioxidant, 

antidiabetic, anti-inflammatory and antibacterial 

activities of I. duffii leaves extracts. The findings 

revealed that I. duffii leaf extracts have antioxidant, anti-

inflammatory, antibacterial, and antidiabetic properties. 

I. duffii leaves extracts demonstrated a greater inhibitory 

impact on Gram-positive bacteria than Gram-negative 

bacteria. EF (ethyl acetate fraction) has higher 

antioxidant, anti-inflammatory, antidiabetic, and 

antibacterial activity than the other extracts. This was 

determined by the amount of polyphenols, flavonoids, 

alkaloids, and tannins present in each extract. The 

aforesaid surveys on antioxidant, antidiabetic, anti-

inflammatory, and antibacterial properties show that I. 

duffii is a highly beneficial plant species. The study adds 

to reliable scientific information about this species, 

enriches our understanding of useful medicinal herbs, 

and demonstrates the great potential of I. duffii leaves as 

a natural alternative or support for synthetic drugs in the 

treatment of diseases caused by oxidative stress, 

inflammation, diabetes, or infection. 
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