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Abstract 

Antimicrobial resistance and inflammation remain two of the most persistent global 

health problems. Due to the growing limitations of current treatment, new and safer ther-

apeutic substances are increasingly needed. In this work, the biological potential of ethyl 

acetate extract from Prosopis laevigata was investigated. Three fractions (R4, R7 and R9) 

were tested for antimicrobial activity against fourteen microorganisms and their anti-in-

flammatory properties were evaluated using a model of edema-induced TPA in mice. The 

fraction R9 showed the strongest antimicrobial effect with Minimum inhibitory Concen-

tration (MIC) values below 25 μg/mL against several clinically significant strains. The 

same fraction also reduced inflammation in vivo and reached inhibitory levels similar to 

those produced by indomethacin. These results suggest that P. laevigata contains active 

metabolites with dual biological activity, which underlines its importance as a possible 

natural source of anti-inflammatory and antimicrobial agents. 
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1. Introduction 

Antimicrobial resistance (AMR) has become one of the most serious public health 

problems in the world. It occurs when microorganisms such as bacteria, fungi or parasites 

develop the ability to survive exposure to drugs that once eliminated them, leading to 

longer and more difficult infections [1]. If this trend continues, it is estimated that in the 

future there will be many deaths, approximately ten million per year, all related to AMR 

by the year 2050 [2]. Key mechanisms include limited drug absorption, targeted modifi-

cation, enzymatic degradation and activation of waste pumps that exclude antibiotics 

from microbial cells [3]. 

Inflammation is a natural biological process that protects the body from infection or 

injury. It involves complex interactions between the innate and adaptive immune system. 

Inflammation has signs that make it noticeable: Redness, heat, pain, swelling and 
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eventually lose the affected organ or area (temporarily the function) [4,5]. Non-steroidal 

anti-inflammatory drugs (NSAIDs) are widely prescribed to control inflammation, alt-

hough their chronic use can cause gastrointestinal, liver or kidney complications [6]. 

For centuries, traditional medicine in Mexico has relied on the use of medicinal plants 

to treat various ailments. These include inflammatory conditions, infections, gastrointes-

tinal disorders, burns and diabetes [7,8].Within the genus Prosopis, there are many plants 

that have medicinal properties which are traditionally used for treatment of conditions 

such as colds, diarrhea, dysentery, inflammation, fever and even promote wound healing; 

in some regions, Prosopis flowers are mixed with sugar and used to prevent miscarriages 

[9]. 

Given the growing need for alternative treatments that combine efficacy with minor 

side effects, this study was focused on evaluating antimicrobial and anti-inflammatory 

activities of Prosopis laevigata ethyl acetate extract. 

2. Materials and Methods 

2.1. Plant Material 

The plant material was collected in Las Calaveras, Higuerón, in the state of Morelos, 

Mexico, at the following coordinates (18°35′16″ N, 99°10′35″ W, 895 m). Leaves from the 

Prosopis laevigata plant were collected in December 2019. For taxonomic identification, it 

was necessary to take the specimen to the herbarium at the Autonomous University of 

Morelos, where Master of Science Gabriel Flores identified the specimen and left a sample 

in the herbarium under voucher number 39811. 

2.2. Preparation of Extracts 

The Prosopis laevigata leaves are dried at room temperature in the shade. Once the 

plant material is completely dry, it is ground using a Pulvex mill to produce 4 mm 

particles. They are then macerated using solvents of increasing polarity. In this case, 4 L 

of n-hexane, ethyl acetate, and methanol (Merck, Darmstadt, Germany) are used, each left 

to stand for 24 h. After 24 h, each one is concentrated using a rotary evaporator to obtain 

each extract. In this project, only the ethyl acetate extract is used. 

2.3. HPLC-Photo Diode Array (PDA) Analysis of the Ethyl Acetate Extract 

For this analysis, an HPLC system with a photodiode array detector was used 

together with a Supercosil LC-F colum 4.6 mm × 250 mm internal diameter, 5 μm particle 

size; Sigma-Aldrich, Bellefonte, USA). The chromatographic separation used a binary 

mixture of acetonitrile(B) with 0.5% trifluoroacetic acid (A). The gradient started only with 

A and then the amount of B was slowly increased during the run until it reached 100%. 

At the end the system was brought back to the initial conditions to allow the column to 

stabilize before the next injection. The equipment was maintained at a flow rate of 0.9 

mL/min while 10 μL were injected. * The detector recorded signals in the range of 190–600 

nm, terpenes were analyzed at 220 nm and at 350 nm phenolic compunds. 

* Method used at CIBIS-IMSS: “Flavonoides Isis-Flavonoidesaza”. 

2.4. Chromatographic Fractionation of the Ethyl Acetate Extract of P. laevigata 

49.3 g of ethyl acetate extract was adsorbed using silica gel. It was then applied to a 

gravitational column packed with silica gel. Solvents were needed for elution; in this case, 

the following solvents were used for column elution: n-hexane and ethyl acetate, which 

were mixed to increase polarity. The result of this chromatographic column was 45 

fractions. Thin-layer chromatography was used to observe the components and group 

them according to the similarity of their components, resulting in 11 groups (R1–R11).The 
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antimicrobial and anti-inflammatory activity of the R4, R7, and R9 fractions were 

evaluated. 

2.5. Microorganisms 

Antimicrobial assays were performeed using the microdilution method in 96-well 

plates. Fourteen strains were evaluated, including two types of microorganisms: bacteria 

(Gram-positive and Gram-negative) and yeast.The strains used in this study are listed 

below: 

Gram-positive strains (Staphylococcus aureus ATCC 29213, methiciclin-resistant 

Staphylococcus aureus ATCC 43300, Staphylococcus epidermidis ATCC 1042, Staphylococcus 

epidermidis ATCC 1228, Staphylococcus epidermidis ATCC 35984, methicilin-resistant 

Staphylococcus heamolyticus and Enterococcus faecalis ATCC 29212) 

Gram-negative strains (Klebsiella pneumoniae ATCC 700603, Pseudomonas aeruginosa 

ATCC 27853, Escherichia coli ATCC 1047, Escherichia coli ATCC 25922, Salmonella dublin 

ATCC 9676 and Enterobacter cloacae) 

Yeast (Candida albicans ATCC 10231). 

* Note: The microorganisms were provided by CIBIS-IMSS. 

2.6. Minimum Inhibitory Concentration (MIC) 

The Minimum Inhibitory Concentration (MIC) was determined following the meth-

odology proposed by Sarker et al. [10], only a few changes were made, but only in the 

concentrations. This method required standardization of all bacteria, using the McFarland 

scale at 0.5 units. (1.5 × 108 colony-forming units [CFU]/mL). DMSO (200 μL) and H2O (800 

μL) were used to dilute the fractions. Serial dilutions were performed to test the fractions. 

25, 50, 100 and 200 μg/m were the four concentrations used in this test. Two microliters of 

each bacterium and yeast were inoculated. These were incubated at a temperature of 37 °C 

for a period of 24 h. A positive control and a negative control were used: gentamicin and 

DMSO, 10 μg/mL and 2%, respectively. All analyses were performed in triplicate [11]. 

2.7. 12-O-tetradecanoylphorbol-13-acetate (TPA)-Induced Mouse Ear Edema 

This process followed the methodology described by Payá [12]. The mice were 

randomly divided into five groups, each consisting of five animals. Acetone was the ideal 

solvent used for dissolving the treatments, as this solvent does not interfere with 

inflammation results, according to reports. The treatments are applied directly to the ear 

(topically). This occurs immediately after the agent that causes inflammation, i.e., TPA, is 

also applied topically. According to Payá’s methodology, the study can be allowed to 

continue for up to 6 h. In this case, after 4 h had passed, all the animals were sacrificed 

using the cervical dislocation method. Circular cuts were made from each ear (treated and 

untreated) with a diameter of 6 mm. These were then weighed to determine the 

percentage of inflammation. 

The calculation was performed using the following formula [13]: 

𝐼𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 % = (
∆𝑤 𝑐𝑜𝑛𝑡𝑟𝑜𝑙 −  ∆𝑤 𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡

∆𝑊
) × 100  

∆𝑤 = 𝑤𝑡 − 𝑤𝑛𝑡  

𝑤𝑡 = 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑒𝑐𝑡𝑖𝑜𝑛 𝑜𝑓 𝑡ℎ𝑒 𝑡𝑟𝑒𝑎𝑡𝑒𝑑 𝑒𝑎𝑟  

𝑤𝑛𝑡 = 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑒𝑐𝑡𝑖𝑜𝑛 𝑜𝑓 𝑡ℎ𝑒 𝑛𝑜𝑛 − 𝑡𝑟𝑒𝑎𝑡𝑒𝑑 𝑒𝑎𝑟  
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2.8. Statistical Analysis 

Statistical analysis was performed using ANOVA, followed by a post-hoc test by 

Dunnett’s, which was applied in the TPA-induced edema model. This served to compare 

the treatment with the positive control (indomethacin). 

Note: A p-value ≤ 0.05 was considered stastistically significant. 

3. Results 

3.1. High-Performance Liquid Chromatography (HPLC) Analysis of the Ethyl Acetate Extract 

The chromatographic analysis of ethyl acetate extract from P. laevigata was carried 

out by HPLC at a detection wave of 330 nm, in order to characterize its chemical profile 

and perform its comparison with the standar of luteolin Figure 1. The chromatogram 

obtained showed the presence of various compounds. Each compound has a specific 

retention time and absorption bands. In order to identify luteolin, a standard with a 

wavelength similar to the extract was used, a UV-Vis spectrum. A significant retention 

time was observed at 13.917 min (λ max = 199.0, 253.3 and 349.4 nm) Table 1, which 

suggests that this compound corresponds to luteolin. The comparison with the luteolin 

standard indicates the presence of components of this type, which could be related to its 

biological activity. 

 

Figure 1. Chemical profiles: (a) ethyl acetate extract; (b) luteolin. Retention time from the chroma-

tographic analysis of the ethyl acetate extract from P. laevigata and comparison. 

Table 1. Retention time from the chromatographic analysis of the ethyl acetate extract from P. laev-

igata. 

Retention Time Absorption Bands λmax 

13.917 199.3, 253.3, 349.4 

15.867 195.8, 254.5, 371.8 

b 

a 
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18.800 194.6, 222.7, 337.4 

20.000 193.5, 338.6, 350.6 

27.633 191.1, 218.1, 341.0 

27.833 193.5, 223.9, 255.7 

27.983 192.3, 241.5, 335.1 

28.217 192.3, 253.3, 343.4 

Time in minutes, bands in nm. 

3.2. Antimicrobial Analysis 

The Minimum Inhibitory Concentration (MIC) was used to determine the 

antimicrobial activity of three fractions of the ethyl acetate extract: R4, R7, and R9. These 

were evaluated against 14 strains. According to the Table 2, the R9 fraction presented an 

antimicrobial effect against 11 strains; the R4 fraction presented an antimicrobial effect 

against 10 strains. Finally, the R7 fraction presented an antimicrobial effect against 6 

strains. 

Table 2. Antimicrobial analysis of 3 fractions against 14 strains using the plate microdilution meth-

odology. 

Microorganism R4 R7 R9 

Staphylococcus aureus ATCC 29213 50 n/a 100 

Methicillin-resistant S. aureus 43300 100 n/a 100 

Staphylococcus epidermidis ATCC 35984 <25 n/a <25 

Staphylococcus epidermidis ATCC 12228 200 n/a 100 

Staphylococcus epidermidis ATCC 1042 n/a n/a <25 

Staphylococcus haemolyticus MR isolated n/a n/a <25 

Enterococcus faecalis ATCC 29212 <25 <25 <25 

Klebsiella pneumoniae ATCC 700603 <25 <25 <25 

Pseudomonas aeruginosa ATCC 27853 <25 <25 <25 

Escherichia coli ATCC 1042 n/a 50 n/a 

Escherichia coli ATCC 25922 n/a n/a n/a 

Salmonella dublin ATCC 9676 <25 <25 <25 

Enterobacter cloacae ATCC 700323 <25 n/a n/a 

Candida albicans ATCC 10231 <25 <25 <25 

Positive control: gentamicin (10 μg/mL). Negative control: DMSO 2%. No activity: n/a. 

3.3. Anti-Inflammatory Analysis 

For the TPA-induced ear inflammation model, mice exposed exclusively to TPA 

developed a marked ear edema (11.025 mg), confirming the successful induction of 

inflammation. In contrast, the positive control group (treated with indomethacin) showed 

a significant inhibition of edema with a value of 1.380 mg. Fractions obtained from 

Prosopis laevigata’s ethyl acetate extract also exhibited significant anti-inflammatory 

effects. R9 fraction reduced edema to 2.675 mg, while R4 and R7 reduced edema to 2.850 

mg and 3.450 mg respectively. These values correspond to the rates of edema inhibition: 

75.74%, 74.15%, and 68.71% compared to the TPA group. The demonstrated efficacy of R9 

and R4 is extremely important because it is close to the inhibitory effect of indomethacin 

which indicates that R7 and R9 have compounds with anti-inflammatory potential. 

Statistical analysis showed that fractions R4, R7 and R9, have anti-inflammatory effects 

comparable to positive control (indomethacin) as shown in Figure 2. 
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Figure 2. TPA: 12-O-tetradecanoylphorbol-13-acetate INDO: Indomethacin. R4, R7 and R9: Frac-

tions from the ethyl acetate extract of P. laevigata. Values are mean ± SEM. p < 0.05 (ANOVA, Dun-

nett’s test). 

4. Discussion 

Prosopis laevigata has long been used in traditional medicine in Mexico. It is used to 

control various diseases, including eye conditions, dermatological problems such as rash 

and gastrointestinal problems. It is also used for conditions such as dysentery, an intesti-

nal infection that is characterized by inflammation and bloody diarrhea, often caused by 

Shigella spp. Or amoebas and is usually transmitted by contaminated food or water [14–

16]. 

Due to the relevance of the preliminary data, we focused on the air parts of P. laevigata 

and assessed the biological activity of the ethyl acetate extract. TPA acts as a powerful 

pro-inflammatory agent that triggers a cascade of cellular reactions in the skin. After ex-

posure, keratinocytes and epidermal dendritic cells are activated and release key inflam-

matory mediators, including the alpha factor of tumor necrosis, leading to an acute in-

flammatory reaction characterized by infiltration of neutrophils, macrophages and mast 

cells in dermal tissues [17,18]. What was found in this work was that P. laevigata ethyl 

acetate exhibits biological activity in both models (in vivo e in vitro). In the TPA-induced 

inflammatory model, fractions R4 and R9 showed edema of 74.15% and 75.74%, respec-

tively. These values were close to the effect produced by the reference drug (indometha-

cin), which achieved an inhibition of 87.48%, suggesting that these fractions may contain 

compounds with anti-inflammatory properties. Identification of luteolin in the chemical 

profile of the extract could partly explain these effects. In terms of antimicrobial activity, 

the R4, R7 and R9 fractions showed efficacy against several clinically relevant strains. In 

particular, R9 showed a minimum concentration (MIC) below 25 μg/mL against several 

strains, including Staphylococcus epidermidis, Klebsiella pneumoniae, Salmonella Dublin, Pseu-

domonas aeruginosa and Candida albicans. In addition, it showed moderate activity against 

a resistant strain: Staphylococcus aureus. Both R4 and R9 showed overlapping antimicrobial 

and anti-inflammatory patterns, suggesting that they can share bioactive metabolites that 

act on more than one target. This multifunctional activity is pharmacological as it can re-

duce the need for more drugs or inspire the design of hybrid therapeutic compounds. This 

type of therapeutic activity is especially valuable as it can help reduce polypharmacy or 

serve as a model for multifunctional drugs. These results provide a solid foundation for 
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future studies focusing on the isolation of active compounds and a deeper understanding 

of their mechanisms of action. In addition, the evidence highlights the potential of P. laev-

igata as a promising source of natural substances with antimicrobial and anti-inflamma-

tory properties. In addition, antimicrobial and anti-inflammatory activity was observed 

in another extract of the same plant [18], which strengthens the importance of species as 

a potential source of bioactive compounds. 

As a result, P. laevigata is positioned as a valuable source of bioactive compounds 

with remarkable therapeutic potential, opening up new avenues for research and devel-

opment of antimicrobial and anti-inflammatory drugs. 

5. Conclusions 

The R9 fraction of P. laevigata showed greater activity compared to the other two 

fractions (R4 and R7), as an antimicrobial and anti-inflammatory agent. All tested fractions 

showed statistically similar anti-inflammatory activity to the positive control 

(indomethacin). 
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