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Abstract

:

The usefulness of traditional plants in Mexico to treat human ailments has been known since ancient times. This work evaluated the antimicrobial, anticoagulant, antioxidant, cytotoxic, and anti-inflammatory potential of ethanolic extracts of Aloe vera, Equisetum arvense, Mimosa tenuiflora, Lippia graveolens, and Syzygium aromaticum. The antimicrobial activity of the extracts was evaluated against Streptococcus mutans and Streptococcus sorbinus; a significant inhibitory effect of the L. graveolens extract on both bacteria was observed at concentration levels of 250 µg/mL and greater. The anticoagulant activity was evaluated in terms of prothrombin time (PT) and activated partial thromboplastin time (APTT), A. vera and M. tenuiflora extracts showed no significant difference (p ˂ 0.05) in PT compared with the control, and for APTT the extracts of A. vera, L. graveolens, and S. aromaticum decreased the APTT significantly (p ˂ 0.05) compared with the control. The antioxidant potential by DPPH assay indicated that the E. arvense extract behaved statistically the same as the control. The cytotoxic activity was evaluated in HGF-1 cells using the fluorometric microculture cytotoxicity assay technique, and none of the extracts was toxic at 125 and 250 µg/mL concentrations. Finally, the anti-inflammatory activity was evaluated using ELISA, where the A. vera extract showed the best anti-inflammatory capacity. Further research on the search for bioactive metabolites and elucidation of action mechanisms of the most promising extracts will be carried out.
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1. Introduction


The damage or loss of primary teeth causes severe problems for children such as the tilting of teeth, reduction in the vertical dimension in the case of molars, closed bite in the case of incisors, loss of esthetics, psychological disorders, language problems, speech defects, as well as social effects, among others; therefore, preserving a primary tooth is significant [1]. One of the leading causes of the loss of primary teeth at an early age is oral caries [2]. From the large number of bacteria found in the oral cavity, microorganisms belonging to the genus Streptococcus, specifically the mutans and sobrinus species, have been associated with caries [3]. Different studies indicate that the incidence of caries is higher when S. mutans and S. sobrinus coexist in the oral microflora. Therefore, they should be considered equally virulent concerning dental caries [4].



Caries can cause pulp exposure accompanied by acute or chronic pulp infection and therefore can cause pain to the patient; for these reasons, immediate attention should be given to a primary tooth with pulp exposure, pulpotomy being the treatment of choice to preserve them [5]. Pulpotomy treatment in primary teeth consists of the removal of the pulp located in the crown or coronal pulp, the placement of a medication such as formocresol at the entrance of the root canals to preserve the root pulp, and the final permanent restoration, which is traditionally a steel crown [5].



The material or substance placed in contact with the root pulp must meet the ideal conditions of being bactericidal, harmless to the pulp and surrounding tissues, and promoting the preservation and repair of the root pulp [6]. The common treatment is formocresol which has bacteriostatic and coagulant properties; although it has been the treatment of choice for decades, it has been associated with pulp devitalization [7]. On the other hand, it has been proven to have toxic effects, has been considered a potential carcinogen, and has presented cytotoxicity, mutagenicity, and embryotoxic and teratogenic effects [7]. Therefore, it is necessary to find new alternatives such as natural products like plants [8]. Plants are a source of bioactive molecules because they have properties reported as antimicrobial, antiparasitic, anticancer, healing, analgesic, anti-inflammatory, and tissue repairing, among others, and represent a potential alternative in pulp treatment [9,10,11]. The discovery and use of natural sources such as plants are not new because approximately 80% of the world’s population in developing countries uses plants to treat various ailments [12]. This is mainly due to the presence of adverse effects or drug resistance by microorganisms, so the increase in preference for plant-based products is increasing daily. However, many studies are still needed to explore the potential use of traditional or indigenous medicinal plants to treat diseases [13].



Among the plants commonly used to treat oral or dental problems, Aloe vera (Xanthorrhoeaceae) can reduce plaque, gingivitis, and S. mutans in the oral cavity with effects comparable to those of chlorhexidine [14]. One of the most widely used plants worldwide to treat various conditions is Equisetum arvense (Equisetaceae), which is a plant that has analgesic, anti-inflammatory action comparable to that of conventional drugs against osteoarthritis or rheumatoid arthritis and has efficacy against pain; however, its mechanisms of action are not yet entirely known [15]. Mimosa tenuiflora (Leguminosae) is a plant that possesses flavonoids and tannins with a high potential for controlling microbial growth on bacteria of medical importance such as Escherichia coli, Enterobacter aerogenes, Pseudomonas aeruginosa, Klebsiella pneumoniae, Staphylococcus aureus, and Providencia spp [16]. Teas or infusions of Lippia graveolens (Verbenaceae) have shown activity against microbes related to oral health and hygiene, such as Staphylococcus aureus, E. coli, S. mutans, Lactobacillus acidophilus, and Candida albicans [17]. Another of the most commonly used plants for oral problems is Syzygium aromaticum (Myrtaceae). The essential oil eugenol is widely used as an anesthetic treatment for toothache and has anti-inflammatory and antimicrobial properties [18].



Therefore, this study focused on the antimicrobial, anti-inflammatory, coagulating, and antioxidant capacity of ethanolic extracts from the five plants mentioned above, commonly known as aloe or sabila, horsetail tepezcohuite, Mexican oregano, and clove, respectively, as an alternative treatment for the pulpotomy. These plants were selected for their high demand for use as traditional medicinal agents in Mexico and Latin America, as well as for their previously mentioned scientific properties. For this reason, the relevance of this study is focused on demonstrating the beneficial potential of these plants as well as providing a scientifically focused overview of their safe use.




2. Materials and Methods


2.1. Chemicals and Reagents


All chemicals and solvents were of analytical grade. 1,1′-Hexamethylenebis[5-(4-chlorophenyl)biguanide] (Chlorhexidine), 2,2-diphenyl-1-picrylhydrazyl (DPPH), absolute ethanol (EtOH), amphotericin B, antibiotic-antimycotic solution (penicillin/streptomycin) stabilized, dimethyl sulfoxide (DMSO), Dulbecco’s Modified Eagle Medium (DMEM), fetal bovine serum (FBS), fluorescein diacetate (FDA), l-glutamine, thiazolyl blue tetrazolium bromide (MTT), and vitamin E were purchased from Sigma-Aldrich (Merck KGaA, Darmstadt, Germany). The Interleukin 1 Beta (IL-1β) human, Interleukin 10 (IL-10) human, and Tumor necrosis factor-alpha (TNF-α) human ELISA kits were purchased from Invitrogen™ (Thermo Fisher Scientific Inc., Madrid, Spain). Muller-Hinton (MH) agar medium was purchased from BD Bioxon (Becton Dickinson & Company, Franklin Lakes, NJ, USA).




2.2. Cell Culture


Human gingival fibroblasts (HGF-1, ATCC CRL-7222) were maintained in DMEM, supplemented with 10% FBS, 2 mM L-glutamine, 100 units/mL penicillin/streptomycin, and 0.25 μg/mL amphotericin B at 37 °C, 5% CO2, and 95% relative humidity [19].




2.3. Plant Material, Extraction, and Phytochemical Tests


The plants (Table 1) were purchased in Pacalli® (www.pacalli.com.mx, accessed on 12 February 2022), a local store in the city of Monterrey, Mexico, in dried form and were identified by Professor Dr. Marco A. Guzman Lucio, Chief of the Herbarium of Facultad de Ciencias Biologicas at Universidad Autonoma de Nuevo Leon, Mexico. The extraction was performed with EtOH. For this, 60 g of milled plant material was subjected to extraction with 600 mL of EtOH, each using Soxhlet equipment for 48 h [20]. Before extraction, each specimen was ground using a manual mill, being careful not to pulverize them. Finally, the extracts were filtered, and EtOH was removed in a rotary evaporator under reduced pressure and stored (4 °C) in amber bottles until use. Equation (1) was used to calculate the extraction yield percentage:


   %   Yield  =  (       Final   weight     Initial   weight     )  × 100  



(1)







The following tests were performed to identify the phytochemical groups of each extract: KMnO4 (unsaturations), Antrone (carbohydrates), Lieberman–Buchard (sterols, triterpenes), Shinoda (flavonoids), NaOH (coumarins), Baljet (sesquiterpene lactones), sulfuric acid (quinones), NaHCO3 (carboxyl group), ferric chloride (tannins) and Dragendorff (alkaloids) [21,22,23].




2.4. Antimicrobial Assays


The antimicrobial activity of the extracts was evaluated against S. mutans (ATCC 700611) and S. sobrinus (ATCC 700611) by 0.05 on the McFarland scale. The strains S. mutans and S. sobrinus were chosen because they are the main microorganisms causing caries and pulp pathologies, including pulpitis. The agar-well diffusion method was used to investigate antimicrobial activity [24]. Autoclaved Mueller–Hinton agar medium (20 g/L; pH 7) was poured into Petri plates, and overnight, refreshed bacterial culture was inoculated. Wells (10 mm) were labeled, and plant extracts (250 to 3000 µg/mL), 0.12% chlorhexidine (C+: positive control), and EtOH (negative control) were poured into their respective wells. The inhibition zone (mm) was measured after 24 h incubation at 37 °C.




2.5. In Vitro Anticoagulant Assays


The coagulant activity of the extracts was analyzed to verify that the extracts did not interfere with the coagulation process. Prothrombin time (PT) and activated partial thromboplastin time (APTT) were measured by ascertaining the behavior of the extract in human venous blood samples from healthy donors. Peripheral venous blood samples were drawn from the donor with clotting times within the normal range using 4.5 mL BD Vacutainer® (Becton, Dickinson & Company, NJ, USA) tubes with 3.2% sodium citrate anticoagulant. The venous blood sample was centrifuged at 5000 rpm for 15 min, then 2.9 mL of plasma plus 100 µL of the corresponding extract were placed in microcentrifuge tubes, and the final concentrations for each extract evaluated were 500 and 1000 µg/mL; for the blank, no extract was added, only 3 mL of plasma. The tubes were incubated for 4 min at 37 °C [25]. The test was performed using an automated coagulometer (Sysmex CA-560; Sysmex, Kobe, Japan); the instrument marks precisely the moment the clot is produced, and the results are expressed in seconds.




2.6. Antioxidant Activity Tests


The plant extracts’ antioxidant capacity at different concentrations (31.25 to 500 µg/mL) was tested by using a DPPH radical assay [26]. The DPPH was prepared as 125 μM in methanol, 100 μL of each sample was taken, and 100 μL of DPPH was added. The samples were incubated at 37 °C room temperature for 30 min, protected from light. The absorbance (Abs) at 517 nm was measured using a spectrophotometer Genesys 20 (Thermo Fisher Scientific, Waltham, MA, USA). The inhibitory percentage of the DPPH radical scavenging ability was calculated against the control of the DPPH solution without a sample. As a positive control (C+), a solution of vitamin C was used and EtOH as a blank control; the reduction percentage was calculated using Equation (2):


   %   DPPH   Reduction  =  (       Abs   Blank  −  Abs   Treatment     Abs   Blank     )  × 100  



(2)




where Abs Blank: Absorbance of the DPPH (DPPH without sample), Abs Treatment: absorbance of the reaction mixture (DPPH with sample).




2.7. Cytotoxic Activity Assays


Cell viability on HGF-1 cells was measured using a fluorometric microculture cytotoxicity assay (FMCA) [27]. First, 2 × 104 cells per well were placed in a 96-well microplate with DMEM medium plus 10% FBS at 37 °C (5% CO2) and an atmosphere of 95% humidity [19]. These were left to incubate for 24 h for adaptation. Extracts were added at different concentrations (250–1000 μg/mL) and incubated for 24 h, after which the medium was removed, and the cells were washed with phosphate-buffered saline (PBS) [28]. Next, 100 μL of PBS containing 10 μg/mL FDA was added, followed by 30 min of incubation, after which fluorescence was measured at 495 nm in a scanning fluorometer, GloMax® Multi + Microplate Multimode (Promega, Madison, WI, USA). The negative control (C−) consisted only of culture medium. Viability was quantified as a function of the relative fluorescence intensity proportional to the number of cells that survived. The values were standardized with the relative fluorescence units of the C− conditions. The percentage of live cells under experimental conditions was obtained from this value. Cell viability was determined using Equation (3):


   %   Cell   viability  =    Abs   Treatment     Abs   C  −   × 100  



(3)







The cytotoxicity parameters were taken based on the international standard ISO 10993-18:2021 for the biological evaluation of medical devices (Part 18: Chemical characterization of medical device materials within a risk management process). The cytotoxicity classification based on the % of cell viability was as follows. Noncytotoxic: 100–75%, Slightly cytotoxic: 74–50%, moderately cytotoxic: 49–25% and extremely cytotoxic 24–0%.




2.8. Anti-Inflammatory Assays


According to the manufacturer ’s recommendations, the levels of interleukin IL-1β, IL-10, and TNF-α on HGF-1 cells were estimated using the Novex Protein life commercial ELISA kits. The absorbance of all samples was read at 450 nm. The levels of cytokines were expressed as pg/mL at 0, 24, 48, and 72 h. The protocol indicated in the kit insert was followed with a sensitivity better than 60 pg/mL, and then the readings were taken at 450 nm.




2.9. Statistical Analysis


All results were expressed as mean value ± standard deviation of triplicate determinations from three independent experiments. One-way ANOVA performed the statistical analysis at a 95% confidence level (95% CL), and a Tukey post hoc test was applied. The half-maximal inhibitory concentration (IC50) and the upper (UL) and lower (LL) limit values were calculated via the Probit test. Statistical analyses were performed using the IBM–SPSS software Ver. 21 (IBM Corp., New York, NY, USA).





3. Results and Discussion


3.1. Phytochemical Tests


The results for the phytochemical tests and extraction yields are shown in Table 2. All extracts were positive for unsaturations, and S. aromaticum was negative for carbohydrates. The A. vera extract was negative in the Lieberman–Burchard test and positive in the NaHCO3 test. All extracts except M. tenuiflora were negative in the Dragendorff test. Interest in the use of medicinal plants such as those studied in this research has been increasing in Latin America [29,30] because they grow mainly in tropical and subtropical climates, and they contain high contents of phytochemical constituents such as polysaccharides, different essential minerals, amino acids, vitamins, flavonoids, alkaloids, and other active compounds [31,32]. For this reason, they have been applied since pre-Hispanic times as classical medicinal herbs and are used in the cosmetic, food, and health industries [33,34,35].



It is important to note that the presence of some of the metaboitins may vary in the extracts when compared to the literature; this may be due to the concentration of secondary metabolites in the extracts, the type of extraction, the solvent used, and the methodology used to identify them, other important factors are the date and area of collection of the plant, as this may cause diversity in the concentration of these components [36]. In this research, we only qualitatively determined the families of phytochemical compounds in the extracts evaluated; however, analytical studies are needed to qualitatively determine the compounds in each of the extracts as well. It is important to study the mechanisms of action of the active compounds in the plants evaluated in this research, as well as to determine how they exert their biological effects in in vitro and later in vivo models.




3.2. Antimicrobial Activity of Extracts


The agar well diffusion method was used to investigate the antimicrobial activity. It was observed that all five extracts showed activity against S. mutans at 3000 µg/mL (p < 0.05). The extract with the best activity was L. graveolens because it showed activity at all the concentrations evaluated in comparison with the positive control, and the one with the lowest activity was the A. vera extract because it only showed activity at the highest concentration; the extracts E. arvense, M. tenuiflora, and S. aromaticum showed significant activity (p < 0.05) at 1000 µg/mL and above (Table 3). Table 4 shows the results against S. sorbinus. The E. arvense extract showed no significant activity compared to the positive control. The extract with the best antimicrobial activity was L. graveolens with significant activity from 500 µg/mL, followed by A. vera with significant activity from 1000 µg/mL. S. aromaticum and E. arvense extracts showed significant activity at 2000 and 3000 µg/mL, respectively.



In both cases, the ethanol extract of L. graveolens was the most effective and showed significant activity compared to the positive control. As shown in Table 3, L. graveolens extract showed highly significant activity (p < 0.01) compared to C+ at all concentrations tested against S. mutans, and Table 4 shows that L. graveolens extract showed highly significant activity (p < 0.01) at 2000 and 3000 µg/mL compared to C+, when tested against S. sorbinus.



Among the measures for chemical control of dental plaque, mouthwashes are used as adjuvants because they interfere with the composition and metabolism of the biofilm [37]. Among the most widely used is chlorhexidine. It is considered the “gold standard” due to its broad-spectrum antimicrobial activity against different oral pathogens such as S. mutans, S. oralis, Lactobacillus acidophilus, L. fermentum, or Candida albicans [38,39]. However, side effects have limited its applications. Research using herbal mouthwashes such as aloe vera and tea tree oil indicated that they could decrease plaque, gingivitis, and the concentration of S. mutans in the oral cavity of children. This activity was comparable to that of chlorhexidine [14]. Therefore, the current trend has focused on searching for natural solutions [39,40].




3.3. Anticoagulant Activity of Extracts


With the continuous increase in the search for new treatments from medicinal plants [25], we set out to examine the anticoagulant potential of A. vera, E. arvense, M. tenuiflora, L. graveolens, and S. aromaticum. Coagulation tests analyzed the coagulant activity of the extracts to verify that the extracts did not interfere with the coagulation process. Therefore, in vitro coagulation tests of PT and APTT were performed and compared with the times of a healthy patient (control patient). Data represent means ± SD in seconds, taking the times of a healthy patient as a positive control.



Figure 1 shows the activity of the extracts versus PT; we observed that the extracts, E. arvense at 500 and 1000 µg/mL, L. graveolens at 500 and 1000 µg/mL, and S. aromaticum at 500 and 1000 µg/mL presented a statistical difference (p < 0.05) in comparison with the evaluated control, the other treatments did not present a statistically significant difference (p > 0.05) compared with the control. Figure 2 shows the activity of the extracts against APPT. It is observed that the extracts corresponding to A. vera at 500 and 1000 µg/mL, E. arvense at 1000 µg/mL, L. graveolens at 500 and 1000 µg/mL, and S. aromaticum at 1000 µg/mL showed significant differences (p < 0.05) compared with the control (32.63 s), and the M. tenuiflora extract at 500 µg/mL does not show statistically difference (p > 0.05) compared with the control. These results indicate that some of the extracts evaluated can improve PT and APTT.



At the time of this research, no studies of the anticoagulant activity of extracts of A. vera, M. tenuiflora, and L. graveolens were found, so we can infer that this is the first research where these plants are evaluated on PT and APPT. In the literature, there is only one record of the anticoagulant activity of E. arvense, and S. aromaticum. In a previous study, the anticoagulant capacity of E. arvense was demonstrated [41]. Our study observed that this extract increases PT and APPT significantly, as the control evaluated. In a 2020 study, the synthesis of silver nanoparticles with chitosan was performed using an ethanolic extract of S. aromaticum, where the antimicrobial activity against Staphylococcus aureus (MRSA) and vancomycin-resistant S. aureus (VRSA), and their anticoagulant and cytotoxic activity were evaluated. The results showed highly significant activity against these bacteria and increased bleeding and thromboplastin. In contrast, the increase in prothrombin and activated partial thromboplastin time was significant at 0.025 and 0.05 mg/kg doses. A considerable reduction in fibrinogen levels was also observed, in addition to which the cytotoxicity of the nanoparticles showed low toxicity [42]. Therefore, our research findings will open a new perspective for developing phytomedicine and its future clinical application.




3.4. Antioxidant Activity of Extracts


Antioxidant activity was evaluated using the DPPH radical scavenging method (Table 5). The Probit test was used to determine the concentration to inhibit 50% (IC50) of the DPPH radical. Tukey’s test showed that the IC50 of C+ (2.23 μg/mL) was not significantly different (p > 0.05) from that of the E. arvense extract (2.73 μg/mL), the other extracts behaved as follows < A. vera (8.66 μg/mL) < L. graveolens (19.80 μg/mL) < S. aromaticum (37.20 μg/mL) < M. tenuiflora (464.06 μg/mL). Antioxidants are essential substances because they can protect the body from damage caused by oxidative stress induced by free radicals [43]. Plants possess bioactive components such as phenolic compounds, flavonoids and tannins, as well as vitamins, minerals, and sugars, which provide antioxidant protection by eliminating free radicals, protecting against DNA damage and even possess anticarcinogenic capacity by acting as inducers of apoptosis [44]. The antioxidant capacity of the evaluated extracts may be because organic or hydroalcoholic extracts have shown a higher antioxidant activity associated with the solvent because these extracts have shown high concentrations of total phenolic compounds [45]. Plant polyphenols act as reducing agents and antioxidants by the hydrogen donating property of their hydroxyl groups; these were found in different plants in the following order leaves > flower > root > stem > fruit [46].




3.5. Cytotoxic Activity of Extracts


Cell viability was measured in human gingival fibroblasts using the FMCA assay. Table 6 shows the behavior of the extracts concerning the control evaluated in percent cell viability and the IC50 corresponding to each extract evaluated. It is observed that the five extracts at 150 and 250 μg/mL do not present toxicity concerning the criteria mentioned above. At 500 μg/mL, all are above 50% cell viability. At 1000 μg/mL, E. arvense and S. aromaticum present cell viability lower than 24% at 1000 μg/mL, which is considered extremely cytotoxic. Statistically, the A. vera extract did not present a significant difference (p ˂ 0.05) in comparison with the control, which indicates that it is not toxic. As for the M. tenuiflora and L. graveolens extracts, they behaved statistically similar to each other, and when the Tukey test was performed, it was observed that, in comparison with the control group, they behaved in the same way in both cases. Several natural products are widely used for various therapeutic applications due to their safe medicinal properties. Recent studies provide data on outcomes from natural sources with chemotherapeutic potential and without cytotoxic activity [28,47], as observed in the results.



There is evidence of cytotoxic effects on certain cell types with these plants [48]. Hence, there is a great demand for comprehensive toxicity testing before application, especially to determine effective and critical toxicological values, because this represents a key point for future therapeutic applications [31]. So far, in Mexico, out of 300 species belonging to 90 botanical families reported, only 181 species have been experimentally analyzed for their cytotoxic activity, and the other 119 species have been used for the empirical treatment of diseases mainly related to cancer, so it is of utmost importance to carry out scientific studies against different cellular and non-tumoral lines [48]. In addition, more clinical trials focusing on in vivo experiments are needed in the context of the immunomodulatory properties of these natural extracts.




3.6. Anti-Inflammatory Activity of Extracts


The results in Table 7 show the cytokine expression levels in human gingival fibroblasts analyzed using ELISA assays upon applying the different extracts at different times at a 500 μg/mL concentration. The results show that TNF-α concentrations decrease gradually with A. vera, M. tenuiflora, and S. aromaticum extracts, suggesting a favorable response during acute inflammation [49]; the other extracts cause an increase in this cytokine, indicating that they are pro-inflammatory [50]. TNF-α is very important because it has pathophysiological effects, as it is secreted in large quantities in acute and chronic diseases, sepsis, chronic infections, chronic inflammation, and cancer [51]. Different plant extracts from the Xanthorrhoeaceae and Fabaceae families, such as A. vera and M. tenuiflora, respectively, have anti-inflammatory and analgesic potential attributed to the various bioactive compounds they contain, such as flavonoids, tannins, and phenols. These phytochemical components could inhibit several biological processes, such as the expression of cyclooxygenase-2, inducible nitric oxide synthase (iNOS), 5-lipoxygenase biosynthesis, and TNF-α [52,53,54]. Regarding IL-1β, which is produced by leukocytes and is essential during inflammatory and infectious processes, it was observed that A. vera, E. arvense, and M. tenuiflora extracts increase the concentration of this cytokine, which indicates its pro-inflammatory activity [55], this process is vital during the process of acute inflammation in pulp treatment [56]. This cytokine helps macrophages, another type of white blood cell, fight infection and allows leukocytes to pass through the blood vessels’ walls and reach the infection sites [55]. Finally, the concentration of IL-10, which is an anti-inflammatory cytokine, was increased by E. arvense, M. tenuiflora, and L. graveolens extracts, which is favorable for reducing the inflammatory process [11] and in tissue repair in the treatment of pulp [57]. IL-10 reduces inflammation by preventing immune cells from producing cytokines [58]. Different studies indicate immunomodulatory action on B and T lymphocytes and the anti-inflammatory action of E. arvense, which is attributed to kynurenic acid because it was proposed as a possible mediator of the anti-inflammatory effect. Kynurenic acid is also an endogenous oxidative metabolite of tryptophan, with glutamate receptor antagonist activity, which may partly explain its analgesic properties [15]. IL-10 in the presence of S. aromaticum extract increased at 48 h, but at 72 h, it decreased (Table 7). The ability of S. aromaticum to regulate the interleukins evaluated could be caused by eugenol because our results agree with previous studies in which eugenol was evaluated as the main metabolite of S. aromaticum, which presented many pharmacological properties such antioxidant, anti-inflammatory, and pro-inflammatory ones. It was demonstrated that eugenol inhibits the expression of iNOS and the release of TNF-α in mouse macrophages and stimulates the production of IL-6 [59]. Furthermore, the analgesic effect of eugenol against toothache and joint pain through the activation of chloride and calcium channels in ganglion cells has been documented [60].



Although further preclinical studies still need to be conducted, these results demonstrate that medicinal plant-based extracts have potent anti-inflammatory activity and thus justify their use in traditional medicine to treat body pain and other inflammation-related diseases and provide a basis for future clinical studies and possible drug development.





4. Conclusions


The search for new alternatives with biological activity in medicinal plants represents an alternative for discovering new options for controlling dental diseases, because medicinal plants represent a biotechnological source of bioactive metabolites; however, the limitation could be the concentration of these metabolites present in these plants as well as their isolation and purification. Concerning the results found in the present investigation, it can be concluded that the ethanol extract of L. graveolens was the most effective against S. mutans and S. sorbinus; however, the A. vera extract proved to be the extract with the highest antioxidant capacity and better cell viability and anti-inflammatory activity, indicating its possible use for less toxic oral treatments. However, further studies are needed to identify metabolites with biological activity and their molecular mechanisms of action in order to develop a formulation based on natural products as a therapeutic alternative in pulpotomy.




5. Future Perspectives


The biological evaluation of plant extracts of traditional use reveals their potential to identify new natural compounds with immunomodulatory, antimicrobial, anticoagulant, and antioxidant effects; however, this is a preliminary study, and more research is needed. Therefore, in the second stage of the present project, we intend to continue with the biodirected fractionation of the most active extracts and the purification of the components with such biological activity and continue determining their molecular mechanisms of action.








Supplementary Materials


The following supporting information can be downloaded at: https://www.mdpi.com/article/10.3390/ijerph19137927/s1, COMITÉ BIOÉTICA SPSI-010613 (FOLIO: 00152); CONSENTIMIENTO INFORMADO UANL.





Author Contributions


Correspondence, A.C.M. and O.E.R.L.; Conceptualization, S.M.L.V. and O.E.R.L.; methodology, A.C.M.; software, E.S.G.; validation, J.H.E.L., M.J.V.S. and R.A.P.H.; formal analysis, M.G.T.; investigation, S.M.L.V. and R.A.P.H.; resources, M.J.V.S.; data curation, R.C.R.; writing—original draft preparation, J.H.E.L.; writing—review and editing, A.C.M.; visualization, R.C.R.; supervision, A.C.M.; project administration, E.S.G.; funding acquisition, M.G.T. All authors have read and agreed to the published version of the manuscript.




Funding


This research was supported by the Consejo Nacional de Ciencia y Tecnología (CONACYT, Mexico), grant 935405 (CVU: 418935) to J.H.E.L., and grant 334476 (CVU: 391708) to O.E.R.L. The Fondo sectorial de investigación para la educación SEP-CONACYT 2015 para Ciencia Básica supported M.G.T. with the grant 256711.




Institutional Review Board Statement


The study was conducted according to the guidelines of the Declaration of Helsinki and approved by the Ethics Committee of the UANL (Attached as Supplementary Material).




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study (Attached as Supplementary Material).




Data Availability Statement


The datasets generated and/or analyzed during the present study are available from the corresponding author on reasonable request.




Acknowledgments


We thank the staff of the Analytical Chemistry Laboratory (FCB-UANL) and the Center for Research and Development in Health Sciences (CIDICS) at the Universidad Autónoma de Nuevo León for their support of this study. Special thanks to Marco A. Guzmán Lucio, Head of the Herbarium of the FCB-UANL, for his support in the identification of the plant material.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Murakami, S.; Mealey, B.L.; Mariotti, A.; Chapple, I.L.C. Dental plaque–induced gingival conditions. J. Clin. Periodontol. 2018, 45, S17–S27. [Google Scholar] [CrossRef] [PubMed]

	



Loyola-Rodriguez, J.P.; Martinez-Martinez, R.E.; Flores-Ferreyra, B.I.; Patiño-Marin, N.; Alpuche-Solis, A.G.; Reyes-Macias, J.F. Distribution of Streptococcus mutans and Streptococcus sobrinus in saliva of Mexican preschool caries-free and caries-active children by microbial and molecular (PCR) assays. J. Clin. Pediatr. Dent. 2008, 32, 121–126. [Google Scholar] [CrossRef] [PubMed]

	



Li, J.W.; Wyllie, R.M.; Jensen, P.A. A Novel Competence Pathway in the Oral Pathogen Streptococcus sobrinus. J. Dent. Res. 2021, 100, 542–548. [Google Scholar] [CrossRef]

	



Pitts, N.B.; Zero, D.T.; Marsh, P.D.; Ekstrand, K.; Weintraub, J.A.; Ramos-Gomez, F.; Tagami, J.; Twetman, S.; Tsakos, G.; Ismail, A. Dental caries. Nat. Rev. Dis. Prim. 2017, 3, 1–16. [Google Scholar] [CrossRef]

	



Smaïl-Faugeron, V.; Glenny, A.-M.; Courson, F.; Durieux, P.; Muller-Bolla, M.; Fron Chabouis, H. Pulp treatment for extensive decay in primary teeth. Cochrane Database Syst. Rev. 2018, 5, CD003220. [Google Scholar] [CrossRef]

	



Calatayud, J.; Casado, I.; Álvarez, C. Análisis de los estudios clínicos sobre la eficacia de las técnicas alternatives al formocresol en las pulpotomías de dientes temporales. Av. Odontoestomatol. 2006, 22, 229–239. [Google Scholar] [CrossRef]

	



Lewis, B. The obsolescence of formocresol. Br. Dent. J. 2009, 207, 525–528. [Google Scholar] [CrossRef]

	



Elizondo-Luévano, J.H.; Hernández-García, M.E.; Pérez-Narváez, O.A.; Castro-Ríos, R.; Chávez-Montes, A. Berberina, curcumina y quercetina como potenciales agentes con capacidad antiparasitaria. Rev. Biol. Trop. 2020, 68, 1241–1249. [Google Scholar] [CrossRef]

	



Elizondo-Luévano, J.H.; Castro-Ríos, R.; Sánchez-García, E.; Hernández-García, M.E.; Vargas-Villarreal, J.; Rodríguez-Luis, O.E.; Chávez-Montes, A. In Vitro Study of Antiamoebic Activity of Methanol Extracts of Argemone mexicana on Trophozoites of Entamoeba histolytica HM1-IMSS. Can. J. Infect. Dis. Med. Microbiol. 2018, 2018, 7453787. [Google Scholar] [CrossRef]

	



Hernández-Martinez, H.C.; Gómez-Flores, R.; Tamez-Guerra, P.; Quintanilla-Licea, R.; Samaniego-Escamilla, M.A.; Monreal-Cuevas, E.; Tamez-Guerra, R.; Rodriguez-Padilla, C. Antitumor activity of Pachycereus marginatus (DC.) Britton Rose extracts against murine lymphoma L5178Y-R and skin melanoma B16F10 cells. J. Med. Plants Res. 2016, 10, 635–639. [Google Scholar] [CrossRef]

	



Cárdenas Garza, G.R.; Elizondo Luévano, J.H.; Bazaldúa Rodríguez, A.F.; Chávez Montes, A.; Pérez Hernández, R.A.; Martínez Delgado, A.J.; López Villarreal, S.M.; Rodríguez Rodríguez, J.; Sánchez Casas, R.M.; Castillo Velázquez, U.; et al. Benefits of Cardamom (Elettaria cardamomum (L.) Maton) and Turmeric (Curcuma longa L.) Extracts for Their Applications as Natural Anti-Inflammatory Adjuvants. Plants 2021, 10, 1908. [Google Scholar] [CrossRef]

	



Rai, P.K.; Lalramnghinglova, H. Ethnomedicinal Plant Resources of Mizoram, India: Implication of Traditional Knowledge in Health Care System. Ethnobot. Leafl. 2010, 14, 274–305. [Google Scholar]

	



Mahomoodally, M.F. Traditional Medicines in Africa: An Appraisal of Ten Potent African Medicinal Plants. Evid. Based Complement Altern. Med. 2013, 2013, 617459. [Google Scholar] [CrossRef] [PubMed]

	



Kamath, N.P.; Tandon, S.; Nayak, R.; Naidu, S.; Anand, P.S.; Kamath, Y.S. The effect of Aloe vera and tea tree oil mouthwashes on the oral health of school children. Eur. Arch. Paediatr. Dent. Off. J. Eur. Acad. Paediatr. Dent. 2020, 21, 61–66. [Google Scholar] [CrossRef] [PubMed]

	



Dragos, D.; Gilca, M.; Gaman, L.; Vlad, A.; Iosif, L.; Stoian, I.; Lupescu, O. Phytomedicine in joint disorders. Nutrients 2017, 9, 70. [Google Scholar] [CrossRef]

	



Ferreira, T.L.; Evangelista, A.J.J. Mimosa tenuiflora’s antimicrobial activity on bacteria and fungi from medical importance: An integrative review. Arch. Microbiol. 2021, 203, 3399–3406. [Google Scholar] [CrossRef]

	



Miller, A.B.; Cates, R.G.; Lawrence, M.; Soria, J.A.F.; Espinoza, L.V.; Martinez, J.V.; Arbizú, D.A. The antibacterial and antifungal activity of essential oils extracted from Guatemalan medicinal plants. Pharm. Biol. 2015, 53, 548–554. [Google Scholar] [CrossRef]

	



Marchese, A.; Barbieri, R.; Coppo, E.; Orhan, I.E.; Daglia, M.; Nabavi, S.F.; Izadi, M.; Abdollahi, M.; Nabavi, S.M.; Ajami, M. Antimicrobial activity of eugenol and essential oils containing eugenol: A mechanistic viewpoint. Crit. Rev. Microbiol. 2017, 43, 668–689. [Google Scholar] [CrossRef]

	



Del Angel-Mosqueda, C.; Hernandez-Delgadillo, R.; Rodríguez-Luis, O.E.; Ramírez-Rodríguez, M.T.; Munguía-Moreno, S.; Zavala-Alonso, N.V.; Solís-Soto, J.M.; Nakagoshi-Cepeda, M.A.A.; Sánchez-Nájera, R.I.; Nakagoshi-Cepeda, S.E.; et al. Hydroxyapatite decreases cytotoxicity of a glass ionomer cement by calcium fluoride uptake in vitro. J. Appl. Biomater. Funct. Mater. 2018, 16, 42–46. [Google Scholar] [CrossRef]

	



Bazaldúa-Rodríguez, A.F.; Quintanilla-Licea, R.; Verde-Star, M.J.; Hernández-García, M.E.; Vargas-Villarreal, J.; Garza-González, J.N. Furanocoumarins from Ruta chalepensis with amebicide activity. Molecules 2021, 26, 3684. [Google Scholar] [CrossRef]

	



Sanabria-Galindo, A.; López, S.I.; Gualdrón, R. Estudio fitoquimico preliminar y letalidad sobre Artemia salina de plantas colombianas. Rev. Col. Cienc. Quím. Farm. 1997, 26, 15–19. [Google Scholar]

	



Coe, F.G.; Anderson, G.J. Screening of medicinal plants used by the Garífuna of Eastern Nicaragua for bioactive compounds. J. Ethnopharmacol. 1996, 53, 29–50. [Google Scholar] [CrossRef]

	



Farnsworth, N.R. Biological and phytochemical screening of plants. J. Pharm. Sci. 1966, 55, 225–276. [Google Scholar] [CrossRef] [PubMed]

	



Boiss, B.; Sadaf, H.M.; Bibi, Y.; Ishaque, M.; Nisa, S.; Qayyum, A.; Safdar, N.; Shah, Z.H.; Alsamadany, H.; Chung, G. Determination of ROS Scavenging, Antibacterial and Antifungal Potential of Methanolic Extract of Otostegia limbata (Benth.) Boiss. Plants 2021, 10, 2360. [Google Scholar] [CrossRef]

	



Mira, A.; Alkhiary, W.; Shimizu, K. Antiplatelet and Anticoagulant Activities of Angelica shikokiana Extract and Its Isolated Compounds. Clin. Appl. Thromb. 2017, 23, 91–99. [Google Scholar] [CrossRef]

	



Elizondo-Luévano, J.H.; Pérez-Narváez, O.A.; Sánchez-García, E.; Castro-Ríos, R.; Hernández-García, M.E.; Chávez-Montes, A. In-vitro effect of Kalanchoe daigremontiana and its main component, quercetin against Entamoeba histolytica and Trichomonas vaginalis. Iran. J. Parasitol. 2021, 16, 394–401. [Google Scholar] [CrossRef]

	



Lindhagen, E.; Nygren, P.; Larsson, R. The fluorometric microculture cytotoxicity assay. Nat. Protoc. 2008, 3, 1364–1369. [Google Scholar] [CrossRef]

	



Ramírez-Villalobos, J.M.; Romo-Sáenz, C.I.; Morán-Santibañez, K.S.; Tamez-Guerra, P.; Quintanilla-Licea, R.; Orozco-Flores, A.A.; Romero-Arguelles, R.; Tamez-Guerra, R.; Rodríguez-Padilla, C.; Gomez-Flores, R. In vitro tumor cell growth inhibition induced by Lophocereus marginatus (Dc.) S. Arias and terrazas endophytic fungi extracts. Int. J. Environ. Res. Public Health 2021, 18, 9917. [Google Scholar] [CrossRef]

	



Nigenda, G.; Mora-Flores, G.; Aldama-López, S.; Orozco-Núñez, E. La práctica de la medicina tradicional en América Latina y el Caribe: El dilema entre regulación y tolerancia. Salud Publica Mex. 2001, 43, 41–51. [Google Scholar] [CrossRef]

	



Pérez, K.C.; Galaviz, L.; Iracheta, J.M.; Lucero, E.A.; Molina, Z.J. Actividad contra Trypanosoma cruzi (Kinetoplastida: Trypanosomatidae) de extractos metanólicos de plantas de uso medicinal en México. Rev. Biol. Trop. 2017, 65, 1459–1469. [Google Scholar] [CrossRef]

	



Jacobo-Herrera, N.J.; Jacobo-Herrera, F.E.; Zentella-Dehesa, A.; Andrade-Cetto, A.; Heinrich, M.; Pérez-Plasencia, C. Medicinal plants used in Mexican traditional medicine for the treatment of colorectal cancer. J. Ethnopharmacol. 2016, 179, 391–402. [Google Scholar] [CrossRef] [PubMed]

	



Pacheco-ordaz, A.; Sánchez-García, E.; Quintanilla-Licea, R.; Bazaldúa-Rodríguez, A.F.; Pérez-Hernández, R.A.; Hernández-García, M.E.; Báez-González, J.G.; Castro-Ríos, R.; Elizondo-Luévano, J.H.; Chávez-Montes, A. Amoebicidal and trichomonicidal capacity of polymeric nanoparticles loaded with extracts of the plants Curcuma longa (Zingiberaceae) and Berberis vulgaris (Berberidaceae). Rev. Biol. Trop. 2022, 70, 319–331. [Google Scholar] [CrossRef]

	



Elizondo-Luévano, J.H.; Castro-Ríos, R.; Vicente, B.; Fernández-Soto, P.; López-Aban, J.; Muro, A.; Chávez-Montes, A. In vitro antischistosomal activity of the Argemone mexicana methanolic extract and its main component berberine. Iran. J. Parasitol. 2021, 16, 91–100. [Google Scholar] [CrossRef] [PubMed]

	



Pina-Barrera, A.M.; Alvarez-Roman, R.; Baez-Gonzalez, J.G.; Amaya-Guerra, C.A.; Rivas-Morales, C.; Gallardo-Rivera, C.T.; Galindo-Rodriguez, S.A. Application of a Multisystem Coating Based on Polymeric Nanocapsules Containing Essential Oil of Thymus vulgaris L. To Increase the Shelf Life of Table Grapes (Vitis vinifera L.). IEEE Trans. Nanobiosci. 2019, 18, 549–557. [Google Scholar] [CrossRef] [PubMed]

	



Rodríguez-Luis, O.; Verde-Star, J.; González-Horta, A.; Báez-González, G.; Castro-Ríos, R.; Sánchez-García, E.; Chávez-Montes, A. Preparation of polymer nanoparticles loaded with Syzygium aromaticum essential oil: An oral potential application. Bol. Latinoam. Caribe Plantas Med. Aromat. 2020, 19, 65–76. [Google Scholar]

	



Le Bourvellec, C.; Bureau, S.; Renard, C.M.G.C.; Plenet, D.; Gautier, H.; Touloumet, L.; Girard, T.; Simon, S. Cultivar and year rather than agricultural practices affect primary and secondary metabolites in apple fruit. PLoS ONE 2015, 10, e0141916. [Google Scholar] [CrossRef]

	



Figuero, E.; Nóbrega, D.F.; García-Gargallo, M.; Tenuta, L.M.A.; Herrera, D.; Carvalho, J.C. Mechanical and chemical plaque control in the simultaneous management of gingivitis and caries: A systematic review. J. Clin. Periodontol. 2017, 44, S116–S134. [Google Scholar] [CrossRef]

	



Delgado, A.J.M.; Velázquez, U.C.; González, J.G.B.; Montes, A.C.; Villarreal, S.M.L.; García, L.E.V.; Casas, R.M.S.; Luis, O.E.R. Evaluation of the Essential Oil of Citrus paradisi as an Alternative Treatment against Candida albicans. Open J. Stomatol. 2020, 10, 258–270. [Google Scholar] [CrossRef]

	



Bhavikatti, S.K.; Karobari, M.I.; Zainuddin, S.L.A.; Marya, A.; Nadaf, S.J.; Sawant, V.J.; Patil, S.B.; Venugopal, A.; Messina, P.; Scardina, G.A. Investigating the Antioxidant and Cytocompatibility of Mimusops elengi Linn Extract over Human Gingival Fibroblast Cells. Int. J. Environ. Res. Public Health 2021, 18, 7162. [Google Scholar] [CrossRef]

	



Elizondo-Luévano, J.H.; Castro-Ríos, R.; López-Abán, J.; Gorgojo-Galindo, O.; Fernández-Soto, P.; Vicente, B.; Muro, A.; Chávez-Montes, A. Berberine: A nematocidal alkaloid from Argemone mexicana against Strongyloides venezuelensis. Exp. Parasitol. 2021, 220, 108043. [Google Scholar] [CrossRef]

	



Mekhfi, H.; El Haouari, M.; Legssyer, A.; Bnouham, M.; Aziz, M.; Atmani, F.; Remmal, A.; Ziyyat, A. Platelet anti-aggregant property of some Moroccan medicinal plants. J. Ethnopharmacol. 2004, 94, 317–322. [Google Scholar] [CrossRef] [PubMed]

	



Asghar, M.A.; Yousuf, R.I.; Shoaib, M.H.; Asghar, M.A. Antibacterial, anticoagulant and cytotoxic evaluation of biocompatible nanocomposite of chitosan loaded green synthesized bioinspired silver nanoparticles. Int. J. Biol. Macromol. 2020, 160, 934–943. [Google Scholar] [CrossRef] [PubMed]

	



Mahdi-Pour, B.; Jothy, S.L.; Latha, L.Y.; Chen, Y.; Sasidharan, S. Antioxidant activity of methanol extracts of different parts of Lantana Camara Asian Pac. J. Trop. Biomed. 2012, 2, 960–965. [Google Scholar] [CrossRef]

	



Baby, B.; Antony, P.; Vijayan, R. Antioxidant and anticancer properties of berries. Crit. Rev. Food Sci. Nutr. 2018, 58, 2491–2507. [Google Scholar] [CrossRef] [PubMed]

	



Tufinio-Miranda, K.; Ames-Canchaya, H.; Vergara-Sotomayor, A.; Fukusaki-Yoshizawa, A.; Paucar-Cuba, K. Determination of the antioxidant activity of Buddleja inkana, Oreocallis grandiflora and Chuquiraga spinosa. Rev. la Soc. Química del Perú. 2021, 87, 107–119. [Google Scholar] [CrossRef]

	



Aberoumand, A.; Deokule, S.S. Comparison of phenolic compounds of some edible plants of Iran and India. Pak. J. Nutr. 2008, 7, 582–585. [Google Scholar] [CrossRef]

	



Romero-Arguelles, R.; Morán-Santibáñez, K.; Tamez-guerra, P.; Quintanilla-Licea, R.; Orozco-Flores, A.A.; Ramírez-Villalobos, J.M.; Tamez-guerra, R.; Rodríguez-Padilla, C.; Gomez-Flores, R. In Vitro Antitumor Activity of Endophytic and Rhizosphere Gram-Positive Bacteria from Ibervillea sonorae (S. Watson) Greene against L5178Y-R Lymphoma Cells. Int. J. Environ. Res. Public Health 2022, 19, 894. [Google Scholar] [CrossRef]

	



Alonso-Castro, A.J.; Villarreal, M.L.; Salazar-Olivo, L.A.; Gomez-Sanchez, M.; Dominguez, F.; Garcia-Carranca, A. Mexican medicinal plants used for cancer treatment: Pharmacological, phytochemical and ethnobotanical studies. J. Ethnopharmacol. 2011, 133, 945–972. [Google Scholar] [CrossRef]

	



Wang, Y.; Che, M.; Xin, J.; Zheng, Z.; Li, J.; Zhang, S. The role of IL-1β and TNF-α in intervertebral disc degeneration. Biomed. Pharmacother. 2020, 131, 110660. [Google Scholar] [CrossRef]

	



Ramírez Alvarado, M.M.; Sánchez Roitz, C. El factor de necrosis tumoral-α, la resistencia a la insulina, el metabolismo de lipoproteínas y la obesidad en humanos. Nutr. Hosp. 2012, 27, 1751–1757. [Google Scholar] [CrossRef]

	



Locksley, R.M.; Killeen, N.; Lenardo, M.J. The TNF and TNF Receptor Superfamilies: Integrating Mammalian Biology. Cell 2001, 104, 487–501. [Google Scholar] [CrossRef]

	



Komakech, R.; Kim, Y.-G.; Matsabisa, G.M.; Kang, Y. Anti-inflammatory and analgesic potential of Tamarindus indica Linn. (Fabaceae): A narrative review. Integr. Med. Res. 2019, 8, 181–186. [Google Scholar] [CrossRef] [PubMed]

	



Marzanna, H.; Dziedzic, K. Aloe vera (L.) Webb.: Natural Sources of Antioxidants—A Review. Plant Foods Hum. Nutr. 2019, 74, 255–265. [Google Scholar]

	



Lima Bezerra, J.J.; Vieira Pinheiro, A.A.; Barbosa Lucena, R. Phytochemistry and teratogenic potential of Mimosa tenuiflora (willd.) poir. (Fabaceae) in ruminants: A systematic review. Toxicon 2021, 195, 78–85. [Google Scholar] [CrossRef] [PubMed]

	



Bent, R.; Moll, L.; Grabbe, S.; Bros, M. Interleukin-1 beta—A friend or foe in malignancies? Int. J. Mol. Sci. 2018, 19, 2155. [Google Scholar] [CrossRef]

	



Massaro, H.; Zambelli, L.F.A.; de Britto, A.A.; Vieira, R.P.; Ligeiro-de-Oliveira, A.P.; Andia, D.C.; Oliveira, M.T.; Lima, A.F. Solvent and HEMA Increase Adhesive Toxicity and Cytokine Release from Dental Pulp Cells. Materials 2019, 12, 2750. [Google Scholar] [CrossRef]

	



Yuan, L.; You, H.; Qin, N.; Zuo, W. Interleukin-10 Modulates the Metabolism and Osteogenesis of Human Dental Pulp Stem Cells. Cell. Reprogram. 2021, 23, 270–276. [Google Scholar] [CrossRef] [PubMed]

	



Fonseca-Camarillo, G.; Furuzawa-Carballedab, J.; Martínez-Benítezc, B.; Barreto-Zúñigad, R.; Yamamoto-Furushoa, K. Expresión de la interleucina (IL-10) con función inmunorreguladora en mucosa de pacientes con colitis ulcerosa crónica idiopática. Rev. Gastroenterol. Mex. 2011, 76, 113–119. [Google Scholar]

	



Sandner, G.; Heckmann, M.; Weghuber, J. Immunomodulatory activities of selected essential oils. Biomolecules 2020, 10, 1139. [Google Scholar] [CrossRef]

	



Batiha, G.E.S.; Alkazmi, L.M.; Wasef, L.G.; Beshbishy, A.M.; Nadwa, E.H.; Rashwan, E.K. Syzygium aromaticum L. (Myrtaceae): Traditional uses, bioactive chemical constituents, pharmacological and toxicological activities. Biomolecules 2020, 10, 202. [Google Scholar] [CrossRef]








[image: Ijerph 19 07927 g001 550] 





Figure 1. In vitro evaluation of the prothrombin time (PT) caused by A. vera (Av), E. arvense (Ea), L. graveolens (Lg), M. tenuiflora (Mt), and S. aromaticum (Sa) extracts at 500 and 1000 µg/mL. Data represent means in seconds (s) taken to control a healthy patient’s times (C). Differences between treatments were determined using Tukey’s post hoc test. Significant differences between treatment groups are represented by different letters, and equal letters indicate no significant difference between treatments. 
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Figure 2. In vitro evaluation of the activated partial thromboplastin time (APTT) caused by A. vera (Av), E. arvense (Ea), L. graveolens (Lg), M. tenuiflora (Mt), and S. aromaticum (Sa) extracts at 500 and 1000 µg/mL. Data represent means in seconds (s) taken to control a healthy patient’s times (C). Differences between treatments were determined using Tukey’s post hoc test. Significant differences between treatment groups are represented by different letters, and equal letters indicate no significant difference between treatments. 
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Table 1. Plants used.






Table 1. Plants used.





	Family
	Plant Species
	Common Name
	Part Used





	Xanthorrhoeaceae
	Aloe vera (L.) Burm.f.
	Aloe or Sabila
	Leaves



	Equisetaceae
	Equisetum arvense L.
	Horsetail
	Aerial part



	Leguminosae
	Mimosa tenuiflora (Willd.) Poir.
	Tepezcohuite
	Bark



	Verbenaceae
	Lippia graveolens Kunth.
	Mexican oregano
	Leaves



	Myrtaceae
	Syzygium aromaticum (L.) Merr. and L.M.Perry.
	Clove
	Buttons
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Table 2. Phytochemical tests.
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	Test
	Chemical Groups
	A. vera
	E. arvense
	M. tenuiflora
	L. graveolens
	S. aromaticum





	KMnO4
	Unsaturations
	+
	+
	+
	+
	+



	Antrone
	Carbohydrates
	+
	+
	+
	+
	−



	Lieberman–Burchard
	Sterols, triterpenes
	−
	+
	+
	+
	+



	Shinoda
	Flavonoids
	+
	−
	+
	+
	+



	NaOH
	Coumarins
	−
	+
	−
	+
	+



	Baljet
	Sesquiterpene lactones
	−
	−
	+
	+
	+



	Sulfuric acid
	Quinones
	−
	−
	+
	+
	+



	NaHCO3
	Carboxyl group
	+
	−
	−
	−
	−



	Ferric chloride
	Tannins
	−
	−
	+
	+
	+



	Dragendorff
	Alkaloids
	−
	−
	+
	−
	−



	Yield %
	
	11.16
	5.23
	17.84
	8.81
	7.20







+ Positive reaction.; − Negative reaction.
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Table 3. Activity of ethanol extracts against S. mutans.
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Plant Extracts vs. S. mutans (Zone of Inhibition in mm)




	
Concentration (µg/mL)

	
A. vera

	
E. arvense

	
M. tenuiflora

	
L. graveolens

	
S. aromaticum






	
250

	
10.67 ± 0.88

	
15.33 ± 1.53

	
15.52 ± 0.33

	
25.33 ± 1.05 **

	
16.33 ± 0.58




	
500

	
13.67 ± 0.58

	
16.67 ± 3.06

	
16.00 ± 2.65

	
26.00 ± 0.41 **

	
17.00 ± 1.00




	
1000

	
16.00 ± 1.00

	
20.00 ± 2.00 *

	
17.67 ± 0.80 *

	
26.33 ± 1.15 **

	
18.00 ± 1.34 *




	
2000

	
16.33 ± 0.85

	
22.67 ± 1.58 **

	
18.00 ± 1.00 *

	
27.67 ± 1.85 **

	
19.67 ± 0.58 *




	
3000

	
18.67 ± 1.15 *

	
26.00 ± 2.04 **

	
18.33 ± 2.08 *

	
28.48 ± 1.33 **

	
28.67 ± 0.98 **




	
C+

	
15.10 ± 0.77

	
15.79 ± 0.58

	
15.00 ± 1.00

	
15.00 ± 1.67

	
16.00 ± 0.81




	
p-ANOVA

	
>0.05

	
>0.01

	
>0.05

	
>0.01

	
>0.01








Data are expressed as the mean ± SD of three independent replicates. Significant difference compared with C+: * p < 0.05, ** p < 0.01.
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Table 4. Activity of ethanol extracts against S. sorbinus.
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Plant Extracts vs. S. sorbinus (Zone of Inhibition in mm)




	
Concentration (µg/mL)

	
A. vera

	
E. arvense

	
M. tenuiflora

	
L. graveolens

	
S. aromaticum






	
250

	
11.00 ± 1.05

	
8.77 ± 0.41

	
10.52 ± 1.80

	
15.67 ± 0.08

	
10.52 ± 0.05




	
500

	
16.67 ± 1.08

	
12.00 ± 0.89

	
14.00 ± 0.37

	
18.00 ± 1.03 *

	
15.67 ± 0.50




	
1000

	
18.00 ± 1.11 *

	
13.67 ± 1.58

	
15.67 ± 1.18

	
19.33 ± 1.53 *

	
16.00 ± 0.46




	
2000

	
18.67 ± 1.53 *

	
15.76 ± 0.85

	
16.33 ± 0.58

	
23.67 ± 2.33 **

	
19.41 ± 0.58 *




	
3000

	
19.67 ± 0.58 *

	
16.00 ± 1.14

	
19.67 ± 0.13 *

	
25.67 ± 0.82 **

	
23.67 ± 1.53 **




	
C+

	
15.10 ± 0.77

	
15.79 ± 0.58

	
15.00 ± 1.00

	
15.00 ± 1.67

	
16.00 ± 0.81




	
p-ANOVA

	
>0.05

	
>0.05

	
>0.05

	
>0.01

	
>0.01








Data are expressed as the mean ± SD of three independent replicates. Significant difference compared with C+: * p < 0.05, ** p < 0.01.
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Table 5. Antioxidant activity.
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	Plant extract
	DPPH Scavenging (IC50 in μg/mL)





	A. vera
	8.66 ± 1.42 b



	E. arvense
	2.73 ± 0.87 a



	M. tenuiflora
	464.06 ± 8.58 e



	L. graveolens
	19.80 ± 1.37 c



	S. aromaticum
	37.20 ± 2.88 d



	C+ (Vitamin C)
	2.23 ± 0.42 a







Data are expressed as the mean ± SD (p < 0.05). Differences between treatments were determined using Tukey’s post hoc test. Significant differences between treatment groups are represented by different letters, and equal letters indicate no significant difference between treatments.
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Table 6. Cellular viability in percentage (%) and IC50 for each evaluated extract.






Table 6. Cellular viability in percentage (%) and IC50 for each evaluated extract.





	

	
Plant Extracts




	
Concentration (µg/mL)

	
A. vera

	
E. arvense

	
M. tenuiflora

	
L. graveolens

	
S. aromaticum






	
125

	
99.00 ± 0.11 a

	
89.42 ± 3.52 d

	
91.11 ± 3.71 b

	
84.60 ± 3.21 b

	
88.04 ± 1.36 d




	
250

	
99.00 ± 2.28 a

	
81.68 ± 4.34 c

	
86..99 ± 5.69 b

	
79.53 ± 3.50 b

	
75.89 ± 0.42 c




	
500

	
99.04 ± 3.29 a

	
61.12 ± 1.40 b

	
58.07 ± 3.72 a

	
72.31 ± 0.81 ab

	
50.71 ± 0.34 b




	
1000

	
96.71 ± 3.90 a

	
8.03 ± 1.08 a

	
55.95 ± 4.52 a

	
62.50 ± 2.26 a

	
6.10 ± 1.02 a




	
C−

	
100.00 ± 0.00 a

	
100.00 ± 0.00 e

	
99.32 ± 0.65 c

	
100.00 ± 0.00 c

	
97.26 ± 0.92 e




	
IC50 (μg/mL)

	
>3000

	
560.62

	
1037.43

	
1384.70

	
497.51




	
LL

	
ND

	
510.51

	
953.25

	
1217.02

	
449.46




	
UL

	
ND

	
590.42

	
1161.09

	
1552.65

	
550.93








Data are expressed as the mean ± SD (p < 0.05). Differences between treatments were determined using Tukey’s post hoc test. Significant differences between treatment groups are represented by different letters, and equal letters indicate no significant difference between treatments. ND: Not determined.
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Table 7. Anti-inflammatory activity.






Table 7. Anti-inflammatory activity.





	

	

	
IL Levels (pg/mL)




	
Extract

	
Hr

	
TNF-α

	
IL-1 β

	
IL-10






	
A. vera

	
0

	
128.35

	
303.17

	
85.40




	
24

	
0.00

	
154.83

	
19.40




	
48

	
0.00

	
219.83

	
0.00




	
72

	
0.00

	
251.50

	
0.00




	
p-ANOVA

	

	
>0.001

	
>0.05

	
>0.001




	
E. arvense

	
0

	
39.10

	
105.67

	
62.90




	
24

	
0.00

	
156.36

	
20.90




	
48

	
68.60

	
181.08

	
85.40




	
72

	
222.62

	
410.25

	
138.40




	
p-ANOVA

	

	
>0.001

	
>0.01

	
>0.01




	
M. tenuiflora

	
0

	
378.63

	
21.92

	
0.00




	
24

	
376.10

	
64.42

	
0.00




	
48

	
156.60

	
100.25

	
24.90




	
72

	
7.66

	
189.00

	
60.40




	
p-ANOVA

	

	
>0.05

	
>0.05

	
>0.01




	
L. graveolens

	
0

	
0.00

	
251.50

	
17.40




	
24

	
0.00

	
236.92

	
28.90




	
48

	
19.11

	
117.33

	
76.40




	
72

	
116.10

	
112.33

	
97.40




	
p-ANOVA

	

	
>0.01

	
>0.01

	
>0.05




	
S. aromaticum

	
0

	
354.61

	
179.83

	
5.90




	
24

	
327.10

	
156.08

	
0.00




	
48

	
304.35

	
132.75

	
26.40




	
72

	
239.60

	
110.25

	
0.00




	
p-ANOVA

	

	
>0.05

	
>0.05

	
>0.01








Data are expressed as the mean (p < 0.05) of the Interleukin (IL) expression levels in pg/mL.
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