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Abstract

:

Antibiotics are often prescribed to treat infections caused by group B Streptococcus; however, inappropriate use of antibiotics can develop resistance. Because of this, the research was carried out with the aim of evaluating the in vitro effect of the hydroalcoholic extract of Caesalpinia spinosa (Molina) Kuntze known as Taya or Tara on the viability of β-hemolytic streptococci; an experimental investigation of increasing stimulation was carried out. The hydroalcoholic extract of C. spinosa pods was worked in concentrations of 250, 500, 750, and 1000 mg/mL, which were placed on filter paper discs to perform the sensitivity test following the Kirby–Bauer method. The greatest inhibition of bacterial viability was observed in the penicillin control group (GPT-01) followed by the TCT-04 group (hydroalcoholic Tara extract 1000 mg/mL). In addition, it was found that these groups are statistically different from the rest (p < 0.05), while the lowest bacterial inhibition was obtained for the erythromycin group and the TCT-01 group (250–1000 mg/mL). It was concluded that the hydroalcoholic extract of the pods of C. spinosa (Molina) Kuntze affects the viability of β-hemolytic streptococci associated with strep pharyngitis and that this antimicrobial activity is due to the presence of tannins, steroidal flavonoid, and alkaloids. Likewise, the tested concentrations of hydroalcoholic Tara extract were found to have better antibacterial activity than erythromycin (15 µg/mL) against β-hemolytic streptococci. These results are hopeful for the traditional or herbal medicine field. However, future in vivo research is needed to determine its effectiveness in humans.
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1. Introduction


The Streptococcus genus bacteria are Gram-positive, catalase-negative, and coagulase-negative cocci disposed of in pairs or chains. This bacterium can colonize the pharynx, anus, and genital mucosa. Transmission might occur through airborne droplets, hand contact with nasal discharge or surfaces contaminated with this bacterium, skin contact with contaminated lesions, or contaminated food sources. Some species belonging to group A, such as S. pyogenes, are a major human-specific bacterial pathogen, β-hemolytic, and cause a broad spectrum of acute infections such as acute pharyngitis, also known as strep throat [1]. However, presenting recurrent infections or prolonged exposure to S. pyogenes group A might lead to life-threatening conditions [2]. Approximately 1.78 million new cases associated with Streptococcus pyogenes occur each year. More than 500 thousand deaths were estimated to be caused by S. pyogenes worldwide [3].



S. pyogenes is associated with 37% of all sore throat cases in children and up to 5–10% in adults reporting millions of cases worldwide [3]. The medical treatment consists of antibiotics. It is known that Streptococcus is susceptible to β-lactam antibiotics, including penicillin, and cephalosporins [4,5,6]. However, since the 1940s, failure in treatment was reported [4]. On the other hand, there is a public health problem related to antibiotics resistances due to excessive use, which, in some cases, is associated with very high health costs [7,8]. For example, Abraham and Sistla [9] found that the erythromycin and tetracycline resistance in S. pyogenes from group A continues to be reported due to the over-prescription and use of these antibiotics. This antibiotic resistance in Streptococcus is increasing due to diverse mechanisms, such as efflux pumps and modifications of the antimicrobial target, as explained by Alves-Barroco et al. [10]



An alternative solution for antibiotic resistance is herbal medicine, which is increasing worldwide [11]. Herbal medicine is a potential source of future drugs for human health care; moreover, approximately 80% of the world population uses this alternative medicine [12,13]. The increasing herbal consumption market led to standardization and herbal-derived products modernization with present pharmacological criteria [14]. Plants were used since ancient times to treat infections and health disorders, this was possible because plants might synthesize various biological molecules known as metabolites secondary with broad-structural diversity and wide-robust pharmacological and biological activity [15,16,17]. Herbs might be used as plant extracts or as their active components [18].



The use of medicinal plants to cure infectious diseases was recognized as one of the primary health management systems. In the historical documents of ancient civilizations, evidence can be seen that Neanderthals already took advantage of the healing potential of some plants. At the end of the 1990s, a new branch of research called the complementary alternative to medication emerged, and it was found that using plants produced fewer side effects than those observed with conventional medications, high tolerability, low toxicity, and lower cost. Thus, herbal pharmaceuticals appeared to cure a wide range of diseases. Several plant secondary metabolites such as flavonoids, tannins, alkaloids, anthocyanidins, glycosides, essential oils, and terpenoids were found to have significant antimicrobial activity [19].



Some research reports the potential of plant extracts with antimicrobial activity. Hsieh’s study [20] showed that the juice of Allium tuberosum Rottler is very effective in inhibiting a wide range of microorganisms. Likewise, Hsieh et al. [21] demonstrated that extracts of Corni fructus, Cinnamon, and Chinese onion combined in a proportional volume of 8:1:1 have a complete antimicrobial spectrum against common foodborne microorganisms, including bacteria, yeasts, and molds, being very stable under heat treatment conditions and at acidic pH values. On the other hand, other research suggests that essential oils of some plants have antimicrobial effects and stimulate the immune response against some Gram-positive bacteria, such as, for example, some Staphylococcus bacteria [22,23].



Peru is one of the most biodiverse (megadiverse) countries, having 10% of the most plant species identified worldwide [24]. With at least 3000 species of medicinal plants reported, many species are located in the Amazon region and north of Peru [25,26,27,28]. Likewise, to treat respiratory infections, some species of medicinal plants were used [29]. On the other hand, it is known that in many places in the Sierra and the Jungle of Peru, access to different medicines is expensive, and, in many cases, they cannot access them. Because of this, many people choose to consume natural medicine, obtaining an improvement in their health depending on the disease or discomfort they suffer.



Tara (Caesalpinia spinosa) (Molina) Kuntze (Fabaceae), known as Taya or Tara, is a leguminous tree indigenous to South America with economic and cultural importance [30,31]. Tara has 8–10 cm long red or yellow pods and can be found in Venezuela, Colombia, Ecuador, Peru, Bolivia, and up to the north of Chile [31]. The leaves and fruits contain a high concentration of tannins (26.4–60.0%). On the other hand, C. spinosa extract contains active compounds for the in vitro control of Gram-positive and Gram-negative bacteria [32]. Likewise, Aguilar-Galvez et al. [33] reported that gallotannins have the potential to inhibit pathogenic bacteria and their antimicrobial activity can enhance by acid hydrolysis.



These bacterial growth inhibition properties were demonstrated when working with the hydroalcoholic extract of Caesalpinia spinosa, where its inhibitory effect on the growth of great negative bacteria such as Salmonella typhi and Escherichia coli was observed; and it is postulated that this effect would be due to the active compounds found in the pods of this plant, among which are tannins, quinones, phenols, and flavonoids, which act by combining with the proteins of the cell membrane of the bacteria and inhibit enzyme activity, resulting in protein denaturation. These properties make this plant a good candidate for testing bacteria that cause upper respiratory tract infections, such as pharyngitis caused by β-hemolytic streptococci [34].



In this sense, the research aims to evaluate in vitro effect of the Tara pod hydroalcoholic extract (C. spinosa (Molina) Kuntze) against β-hemolytic streptococci viability. The purpose is to contribute scientific knowledge about herbal medicine topics and validate the use of Tara in complementary and alternative medicine against Streptococcus associated with strep throat. The findings are useful for complementary medicine, and future research with Tara-based preparations is needed to validate their use as a first alternative to antibiotics, thus preventing antibiotic resistance due to improper use of these.




2. Materials and Methods


2.1. Samples


Tara pod samples (C. spinosa (Molina) Kuntze) come from cultivates located in Otuzco province (La Libertad, Peru) at an altitude of 2645 m.s.n.m. The collection of the samples was carried out using the conventional method of herborization. Botanical identification was performed in the Herbarium truxillense at Universidad Nacional de Trujillo (Peru) where it was deposited with the Code N° 63835.



The β-hemolytic streptococci strains were isolated by microbiologic conventional techniques from pharyngeal secretions in the Bacteriology Laboratory of the Universidad Nacional de Trujillo (Peru). Identification of the genus, macroscopic (Blood Agar and BHI broth), and microscopic (Gram stain) characteristics were analyzed. On blood Agar, typical β-hemolytic streptococci colonies were observed (beta (β)-hemolysis). The typical growth of the genus Streptococcus was shown in the BHI medium, where it grows forming lumps due to its arrangement in chains. Gram-positive cocci disposed of in chains stained by Gram staining was observed (1000×).




2.2. Hydroalcoholic Extract Obtaining


The samples were transferred to the bacteriology laboratory of the School of Microbiology and Parasitology (Universidad Nacional de Trujillo) to eliminate any foreign compounds present in the plant material. Then, the samples were washed with distilled water and disinfected with 0.5% sodium hypochlorite, and finally, they were rinsed with plenty of distilled water to remove hypochlorite residues. The samples were taken out at 40 °C in an oven. The seeds were separated from the pods and smashed in a mortar. The powder (50 g) was then sieved to homogenize the particle size and kept in an amber-colored container until utilization. The powder was macerated with 100 mL 80% hydroalcoholic solution and refluxed at 2 h. In order to obtain a hydroalcoholic extract, a process of pre-evaporation, filtration, and concentration was performed. Finally, to dry the hydroalcoholic extract, it was placed in an oven at 40 °C.




2.3. Detection of Phytoconstituents


The methods in order to separate and identify the phytoconstituents were carried out according to Lock Sing de Ugaz (2022) [35] and Carvajal Rojas [36], where solvents with different polarities were used.



2.3.1. Tannin Detection (Fraction A)


To detection of tannins, 10% ferric chloride had to be added to 2 mL of the hydroalcoholic extract, resulting in a bluish-green to black coloration.




2.3.2. Flavonoid Detection (Fraction A, D, E)


The detection of flavonoids was carried out by the Shinoda reaction. First, to 2 mL of hydroalcoholic extract, 0.5 g of magnesium powder was added. After this, drops of concentrated HCl had to be added, resulting in a yellow coloration due to the presence of isoflavones. However, if the color varied from yellow to red, it was because of the presence of the flavones and flavonols. On the other hand, if the color changed from red to magenta, it was due to flavanols. Finally, if the color varied from red-magenta to violet-blue, it was due to flavonoids.




2.3.3. Steroid Detection (Fraction B, C, D)


Preliminary steroid analysis was necessary by the Liebermann–Burchard test. Acetic acid (drops) was transferred to a 0.2 mL sample of fraction B, and then, 3 mL of a solution of acetic anhydride/sulfuric acid (50:1) was added, resulting in the formation of a blue-green coloration due to steroidal compounds.




2.3.4. Detection of Cardenolides (Fraction C)


The cardenolides were detected using the Kedde reaction. According to the procedure, one drop of fraction C must be applied to a paper filter, followed by 0.1 mL of Kedde’s reagent, and the appearance of a persistent purple or violet coloration shows the presence of cardenolides.




2.3.5. Alkaloid Detection (Fraction C and D)


Most alkaloids create soluble salts in water when 5% hydrochloric acid is added to them (extraction procedure), and these salts are subsequently precipitated utilizing heavy metal salts such as those of Mayer’s reagent (potassium and mercury iodide). The occurrence of a white or light yellow, amorphous, or crystalline precipitate is owing to the presence of alkaloids.





2.4. Discs with Tara Hydroalcoholic Extract and Inoculum of Streptococcus Preparation


Dilutions of the dry hydroalcoholic extract of 25, 50, 75, and 100% were made. Up to 0.5 McFarland turbidity (1.5 × 108 bacteria/mL) suspensions in sterile water distilled from a 24 h culture of β-hemolytic streptococci were generated using a nephelometer.



Whatman Grade 2 cellulose filter papers, on the other hand, were utilized for disc preparation. Discs (5–6 mm diameter) were sterilized at 120 °C for 20 min before drying for 12 h on a stove at 37 °C. Finally, 50 L of each dilution’s hydroalcoholic extract (25, 50, 75, and 100%) was transferred to the discs.




2.5. Antibiotic Sensitivity of β-Hemolytic Streptococci by Diffusion Agar Test


The Bauer method (1996) [37] and the CLSI update (2013) [38] were employed. Muller Hilton Agar was used. With a Drigalski spatula, Streptococcus cultures were seeded on the medium’s surface. Each bacteria-containing medium received five discs of each dilution, which were then incubated for 24 h at 37 °C. Each dilution was tested three times, with three negative controls. After incubation time, the inhibition halo was measured using a Bernier.




2.6. Statistics


SPPS v.22 software was used to perform the statistical analysis. An ANOVA test was utilized to test the assumption of normality. Following that, Dunnet’s T3 multiple comparisons test was used, which allowed comparison in pairs based on the maximum studentized modulus, which is appropriate when the variances are unequal. In addition, to determine the size of the effect, the means of each experimental group were first compared with the control group (erythromycin) using Student’s t-test with a 5% significance level. The effect size was then evaluated using the Social Science Statistics online calculator by applying Cohen’s D formula to groups with equal standard deviations and sample sizes (15 observations). Finally, a bar graph generated with InfoStat (version 1.1) was used to perform the graphical analysis.





3. Results


Different phytoconstituents were determined in the hydroalcoholic extract of Tara. In the five fractions analyzed, the presence of tannins and flavonoids in fraction A; steroids in fraction B; cardenolics, steroids, alkaloids, and flavonoids in fraction C; cardenolics steroids and alkaloids in fraction D; and flavonoids in fraction E was observed (Table 1).



Figure 1 compares the results of mean inhibition taken as a measure of the diameter of the halo when applying four increasing concentrations of hydroalcoholic extract of tare from (250 to 1000 mg/mL) and two antibiotics (penicillin and erythromycin) as positive control groups. It is shown that the greatest bacterial inhibition was observed in the penicillin control group (GPT-01), followed by the TCT-04 group (hydroalcoholic extract of Tara 1000 mg/mL). In turn, these groups were statistically different from the rest (p < 0.05), while the lowest bacterial inhibition was obtained for the erythromycin group and the TCT-01 group (250 mg/mL), not being statistically different (the whiskers did not exceed the edge of the bar). Whiskers were generated based on DMS value (1.13).



The analysis of variance showed highly significant differences (p < 0.0001); between at least two of the means of the treatments and the control groups; so, it was decided to apply Dunnett’s T3 multiple comparison test to find pairs of different means. This test found four significance ranges (A, B, C, and D), where the equal letters were not significantly different (p > 0.05) (Figure 1).



According to Cohen’s D (Table 2) coefficient, it was found that the magnitude of the difference between the means was significant (p < 0.05) for three of the four doses of Tara extract used (500, 750, and 1000 mg/L) versus GPT-02 and that the effect size was 2.87, 4.46, and 4.97, respectively, considering these values in the category of a very large magnitude ≥ 1.00.




4. Discussion


Medicinal plants played an important role in ancestral cultures. These plants were used in the treatment of various diseases, thus finding a great diversity of plants; so, their use presents a promising future within the field of natural or traditional medicine [39]. For example, the study performed by Orlando (2005), which aimed at determining the antimicrobial activity of the raw hydroalcoholic extract of the leaves of Stryphnodendron adstringenss (Martus) Coville (Barbatimau), a type of legume, against bacteria and yeasts, using the disc technique, demonstrated the antibacterial in vitro activity of the plant against Staphylococcus aureus [40].



Several substances called active ingredients are produced as part of plant metabolism. Some of these active ingredients belong to the category of secondary plant metabolites, which include phenolics, alkaloids, terpenes, and carbohydrates that were incorporated into many secondary metabolites through glycosylation linkages. These compounds are responsible for the pharmacological action of medicinal plants, and so, they have a beneficial potential [41,42]. Both roots and stems were reported to be the main organs responsible for the accumulation of these substances [43]. In this way, in the phytochemical study of the hydroalcoholic extract of Tara, tannins, flavonoids in greater proportion, and alkaloids, steroids in smaller proportion, were identified as active ingredients, as shown in Table 1. It is also worth mentioning that a study carried out by Ballesteros-Ramírez [44] confirmed that at concentrations of 1000 mg of extract of Caesalpina spinosa, there was no evidence of mutagenic effect or aberrations in vivo tests through the micronucleus test, which guaranteed the use of this plant as an alternative treatment to combat microorganisms.



Tannins are phenolic compounds with antiviral, antibacterial, antiparasitic, astringent, and antioxidant properties. There were reports of gallotannins being extracted from Galla chinensis that have antimicrobial activity. Likewise, compounds were identified as 5–7 galloylglucopyranoses (GG) inhibited Salmonella typhimurium, 6–7 GG inhibited Bacillus cereus, while 2 GG produced a very low antimicrobial activity against both mentioned strains [45]. Likewise, Aguilar et al. [46] obtained gallotannins from extracts and products of acid hydrolysis during 4 and 9 h of the tare; having as the objective of study its antioxidant, antimicrobial activity, and the minimum inhibitory concentration. It is worth mentioning that the gallotannins in the Tara extract showed greater inhibitory activity against Saphylococcus aeureus, followed by Pseudomonas fluorescens, while the tare extract after hydrolysis enhanced antibacterial activity against S. aureus. It should be noted that Kim et al. [47] showed that hydrolysable tannins and their derivatives possess bacteriostatic and bactericidal activities against Aeromonas hydrophila, Enterobacter sakazakii, Escherichia coli, Klebsiella pneumoniae, Listeria monocytogenes, Staphylococcus aureus, Salmonella Typhi, and Salmonella typhimurium.



On the other hand, the results of this study showed that the active ingredients of C. spinosa (Molina) Kuntze have bactericidal activity against β-hemolytic streptococci due to the presence of the high concentration of tannins. Tannins are complex substances that occur as a mixture of difficult-to-separate polyphenols, to which antimicrobial properties are attributed [46,47]. In this context, it should be noted that there are three hypotheses regarding its mechanism of action: (i) the inhibition of enzymes of microorganisms by binding to the substrates of these enzymes; (ii) action on the cell membrane; (iii) modifying its metabolism, and (iv) by the complementation of tannins with metal ions, decreasing these ions essential for the metabolism of microorganisms [47,48,49,50,51].



Flavonoids, a kind of secondary plant metabolite, were also identified. This active component is discovered in high concentrations and is known to have in vitro action as an enzyme inhibitor and also has antibacterial, antiallergic, and antiviral activity. Alkaloids and steroids, which have antibacterial action, were also discovered in smaller proportions. A steroid derivative such as fusidic acid is known to have antibacterial effects, as well as pharmacologically exert effects that counteract the anti-inflammatory activity of tissues [51,52,53,54,55,56,57,58,59,60,61,62,63,64].



Several reports corroborate the antimicrobial effect of Tara, for example Acho [65], evaluated the antimicrobial effect of Caesalpinia spinosa (Tara) against mixed salivary flora, finding that concentrations of 50 and 75 mg/mL inhibited the growth of mixed salivary flora. Likewise, Araujo et al. [66] and Liu et al. [67] demonstrated that the in vitro antibacterial effect of Caesalpinia spinosa extract (Molina) Kuntze (Tara) on the growth of bacteria such as: Staphylococcus aureus, Escherichia coli, Pseudomona aeruginosa, Klebsiella sp., and Shiguella flexnerii, using the disc technique.



It was shown in vitro that the extract of C. spinosa (Molina) Kuntze has antimicrobial activity against Staphylococcus aureus, Escherichia coli, Pseudomona aeruginosa, Klebsiella sp., and Shigella flexnerii when the Agar diffusion method is used by the disc technique. Some plants belonging to the Leguminosae family have potential use as antimicrobials due to their chemical constituents mainly tannins and flavonoids [68]. In other studies, the effect of the hydroalcoholic extract of Caesalpinia spinosa (Fabaceae) on the growth of Salmonella typhi and Escherichia coli was evaluated and the results showed a directly proportional relationship between the increase in the concentration of the extract and the inhibition of growth of both bacteria, being attributed mainly to the antibacterial action of compounds such as tannins, quinones, phenols, and flavonoids [34].



Figure 1 shows that the hydroalcoholic extract of Tara in the concentration of 1000 mg/mL presented the highest halo of inhibition concerning the control of erythromycin. However, it was observed that the positive control of penicillin had a much higher halo. This is because excellent in vitro efficacy of penicillin was reported [69]. In addition, penicillin contains pure active ingredients, while the hydroalcoholic extract of Tara contains antibacterial active ingredients and various alcohol-soluble substances [70]. In this sense, it should be considered that the size of the growth inhibition zone by the diffusion method is quite influenced by the diffusion speed of the agar substances [71].



Finally, the results showed that there is a significant difference between the control and experimental groups. Tara, on the other hand, was more effective than erythromycin but less efficient than penicillin at all concentrations except 250 mg/mL. Concentrations of 500, 750, and 1000 mg/mL exhibited considerable antimicrobial effects against β-hemolytic streptococci. In this regard, macrolides such as erythromycin and lincosamides were recommended as second-line antibiotics for the treatment of infections in individuals allergic to penicillin, as well as in patients who had failed previous treatment with penicillin or other oral lactic acids [72,73]. Thus, resistance to macrolides represented by erythromycin, azithromycin, and roxithromycin was reported in a variety of settings.



The findings contribute to complementary medicine, which is on the rise in many developed countries such as Japan, China, South Korea, etc., because many people feel confident with the healing properties of plants. Likewise, in some places, complementary medicine is the only source of alternative medicine to conventional. On the other hand, one study showed that many people opt for this type of alternative medicine in the face of dissatisfaction with conventional medicine [74,75,76]. Similarly, a study by Santiváñez-Acosta [77] found that 19.5% of residents (out of 179 respondents) in Peru’s Ucayali region made use of herbal medicine throughout the year. Another study demonstrated the potential of Tara to combat other diseases as a promise for the topical treatment of cutaneous leishmaniasis [78]. These investigations support the use of Tara as an alternative medication; however, they still require more research where the effects in patients with bacterial diseases such as Streptococcus associated with pharyngitis are evaluated.




5. Conclusions


The hydroalcoholic extract obtained from the fruits of C. spinosa (Molina) Kuntze has an in vitro effect on the viability of β-hemolytic Streptococci associated with strep throat. In addition, the antimicrobial activity was due to tannins, steroidal flavonoids, and alkaloids. Additionally, the concentrations tested (250, 500, 75, and 1000 mg/mL) of hydroalcoholic extract of Tara showed better antibacterial activity than erythromycin (15 µg/mL) for β-hemolytic streptococci. Because the findings represent a different treatment option that does not cause resistance to develop over time as pharmacological antibiotics, they may be hopeful in natural or complementary medicine. A restriction of the study was that it was not possible to ascertain the MIC and MBC, as well as the purification of the active compounds, the stability of the compounds, and the molecular identification of the strain of β-hemolytic Streptococci. So, it is suggested that future research includes these elements, which will be valuable in other applications.
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Figure 1. Bar chart for each group of treatments with hydroalcoholic extract of Tara in four different concentrations and two positive control groups on the inhibition of β-hemolytic streptococci. Positive control group (GPT-01): Penicillin, positive control group (GPT-02): Erythromycin, Tare concentration (TCT-01): 250 mg/mL, Tare concentration (TCT-02): 500 mg/mL, Tare concentration (TCT-03): 750 mg/mL, Tara concentration (TCT-04): 1000 mg/mL. 
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Table 1. Phytoconstituents in Tara pods (C. spinosa) according to the photochemical march of Lock Sing by Ugaz (2022) [35].
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	Fraction
	Metabolite
	Result *





	A
	Tannins
	+++



	
	Flavonoids
	+++



	B
	Steroids
	+



	C
	Cardenolics
	-



	
	Steroids
	-



	
	Alkaloids
	+



	
	Flavonoids
	+



	D
	Cardenolics
	-



	
	Steroids
	+



	
	Alkaloids
	-



	E
	Flavonoids
	+







* (+++) Strong reaction intensity, (+) Weak reaction intensity, (-) No reaction.
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Table 2. Pairwise comparisons between the control group and each treatment by Student t-test and estimation of the effect size by Cohen’s D.
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Groups

	
Description

	
Mean

	
SD

	
p-Value

	
Cohen’s D






	
Erythromycin

	
Tara [250 mg/mL]

	
16.05

	
0.94

	
0.08

	
0.66




	
Tara [500 mg/mL]

	
18.99

	
1.10

	
<0.01

	
2.87




	
Tara [750 mg/mL]

	
20.03

	
0.29

	
<0.01

	
4.46




	
Tara [1000 mg/mL]

	
20.93

	
0.63

	
<0.01

	
4.97
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