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Abstract

:

Maclura tinctoria is a tree species native from Brazil and rich in phenolic compounds. Since plant antibacterial activity is highly associated with phenolic compound concentration, we aim to evaluate the in vitro antimicrobial activity of different extracts against fish pathogenic bacteria. In addition, some phenolic compounds have central depressant effects and can be useful in aquaculture due to possible sedative and/or anesthetic effects. Four M. tinctoria extracts were extracted separately with ethanol; leaves (LE), bark (BE), heartwood (HE), and the sapwood (SE). In vitro antimicrobial activity was tested against Aeromonas strains at concentrations of 6400 to 3.125 μg/mL. The sedative effect was evaluated for 24 h with 30 and 100 mg/L concentrations. Chemical composition was analyzed by HPLC-DAD-MS. The HE extract had the best MIC (400 µg/mL) and MBC (800 µg/mL) compared to the LE, BE, and SE extracts. LE extract induced deep sedation and the BE, SE, and HE extracts induced light sedation. Additionally, BE, SE, and HE induced a normal behavior without side effects. Polyphenolic compounds with antimicrobial activity and sedative effects were identified mainly in HE. Thus, HE extract is safe and can be used as a sedative for silver catfish.
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1. Introduction


Brazil is the 14th largest producer of aquatic animals, with more than 84% of its production coming from continental aquaculture [1]. Silver catfish, Rhamdia quelen, is an endemic species from South America and the main native species raised in southern Brazil [2]. This fish is commonly infected by bacteria of the genus Aeromonas, which is responsible for large economic losses in fish farming [3] and is reported in several parts of the world and is considered the prevalent bacterial disease in freshwater fishes [4]. One of the factors that favor the occurrence of bacterial infections is the weakening of the immune system, which often results from stress in aquaculture [5]. In this way, stress control directly benefits fish health and this effect can be obtained with derivatives of secondary plant metabolism [6].



Virulence factors of the genus Aeromonas are multifactorial and involve the ability of microorganisms to adhere to host cells through protein complexes called adhesins [7]. Other factors include extracellular active products such as aerolysin, lipase, hemolysin and protease; cellular structures such as flagella, which contribute to the formation of biofilm; and the cell signaling quorum sensing [8,9].



The conventional treatment for bacterial infections in aquaculture facilities is usually done with antibiotics [10,11]. However, the increase in antimicrobial misuse, such as their use at sub-therapeutic doses, for inadequate periods, self-medication, or for non-therapeutic purposes has led to the development of resistant strains [12]. Additionally, recent studies have shown that aquatic animals can serve as reservoirs for multidrug-resistant pathogenic bacterial strains [13]. For this reason, the search for new antimicrobial agents, which are safe to the animals and the environment is so important and different natural products have been increasingly researched over the years, aiming at their future application in fish culture practices [13,14]. In this context, plant extractives appear as promising antimicrobial agents against infections caused by bacteria of the genus Aeromonas in fish farming [14,15,16], since plant species antibacterial activity is highly related to the concentration of the phenolic compounds present in their extracts [17]. Phenolic compounds are secondary metabolites essential for plant growth, development, reproduction, and protection against pathogens [18]. On the other hand, phenolic compounds often present γ-aminobutyric acid (GABA) binding affinity [19], which responds to the most abundant inhibitory neurochemical in the adult vertebrate brain [20,21].



Maclura tinctoria (L) D. Don ex Steud. (Moraceae) synonym Chlorophora tinctoria (L) Gaudich. ex B. D. Jackson [22] is a tree species native from Brazil and rich in phenolic compounds [23,24,25]. Extracts obtained from this plant species present wound healing, anti-inflammatory [26], astringent, analgesic [27], chemopreventive [28], antioxidant, and antimicrobial effects [29]. Therefore, the objective of this work was to verify the in vitro antimicrobial potential of extracts obtained from leaves (LE), bark (BE), sapwood (SE) and heartwood (HE) of M. tinctoria. In addition, in order to evaluate the potential of these extracts to control stress, experiments were performed to verify possible central depressant activity and long-term effects.




2. Results


2.1. Maclura Tinctoria Extractive Yield and Chemical Composition


Among the extracts, the M. tinctoria leaves showed the highest extractive yield (19 g%), followed by the heartwood (13 g%), bark (10 g%), and the sapwood (3 g%), respectively. The chemical composition analysis revealed the presence of compounds belonging to the polyphenols in all extracts. The HE contained five identified compounds belonging to the flavonoid class, while one of them is a dimer of flavan-3-ol, classified as proanthocyanidin (Table 1). Similarly, the LE and BE have three flavonoid class compounds and two phenolic acids (Table 2 and Table 3). Additionally, the BE has one compound from the dihydroflavonol class (Table 3). The SE extract has only two flavonoid class compounds, one chalcone, proanthocyanidin, and hydroxycinnamic acid (Table 4).




2.2. In Vitro Antibacterial Activity


The HE presented the lowest MIC and MBC against the six strains analyzed, compared to the evaluated extracts obtained from the other plant organs (LE, BE, SE). MIC ranged from 400 μg/mL to 1600 μg/mL, and MBC ranged from 800 μg/mL to 6400 μg/mL for HE. The strains 13 (A. hydrophila) and A. veronii were the most susceptible to this extract (MIC of 400 μg/mL and MBC of 800 μg/mL for both), whereas strains of A. hydrophila ATCC 7966, 18, and 169/07 showed intermediate susceptibility (MIC of 800 μg/mL and MBC of 800 and 1600 μg/mL). Leaf extract did not present antimicrobial activity at the tested concentrations against the analyzed strains. The BE and SE samples showed weak antimicrobial activity with MICs and MBCs ranging from 6400 to >6400 μg/mL. The antibiotic florfenicol presented MICs ranging from 0.253 for A. veronii to 0.507 for isolates 13 and 18 of A. hydrophila and ATCC. The MIC of the antibiotic against E. coli ATCC 25922, quality standard, was 8.125 μg/mL (Table 5).




2.3. Sedative and Anesthetic Effects


The objective of this assay was to verify the degree of sedation induced by extracts of M. tinctoria. In the sedation stage S2, all samples presented an induction profile similar to the DZP control (induction time 51 s), except HE and BE at 30 and 300 mg/L concentrations, respectively. At 30 mg/L the HE presented significantly longer induction time than LE, BE, and SE, but there was no statistical difference between the extracts at 100 mg/L. At 300 mg/L the induction time of BE was higher than that of SE. The sedation stage S3a was reached by LE at 30, 100, and 300 mg/L and by SE at the concentration of 300 mg/L. The other samples did not reach stage S3a during the total observation time (30 min). The extracts that reached stage S3a presented an induction profile similar to DZP. The SE at the concentration of 300 mg/L presented significantly longer induction time compared eugenol. The S3b stage was reached only by the animals exposed to LE at a concentration of 300 mg/L, with no statistical difference from eugenol. The recovery time of fish exposed to LE at 300 mg/L did not present statistical difference in comparison to DZP and eugenol controls. The groups exposed to the other samples required less time to recover swimming movements compared to DZP and EUG. Animals exposed to vehicle (ethanol 30 mg/L) did not reach any stage of sedation up to the end of observation time (30 min) (Figure 1).




2.4. Prolonged Exposure Experiment


The animals submitted to 30 mg/L of BE, SE, and HE showed behavior similar to the vehicle (control) at all times of observation. Fish of these groups presented high scores, which means that through 24 h the animals reached the stage of light sedation or showed normal swimming behavior. The animals submitted to LE at 30 and 100 mg/L concentrations presented behavior similar to DZP, that is, fish presented a deepening of the sedation as time went by. Through the 24 h-observation, animals reached deeper sedation stages (S3a and S3b) compared to the previous test, with a maximum duration of 30 min. Stage S5 (medullary collapse) was observed in some fish. Mortality was: LE30 mg/L 33%; LE100 mg/L 50%, and HE100 mg/L 67% (Figure 2).





3. Discussion


The results obtained for M. tinctoria ethanolic extracts in the in vitro tests evidenced antibacterial activity against important pathogens in fish culture. Previous studies had described the antimicrobial activity of extracts of the same plant species, such as Lamounier et al. [29], which described their in vitro activity against oral pathogens that cause tooth decay. There are also antimicrobial activity reports for the extracts obtained from other Moraceae family plants [30,31,32,33]. Furthermore, the in vitro assay showed that HE had the most promising antibacterial activity according to the criteria established by Aligiannis et al. [34].



Studies performed with the isolated compound eugenol and the essential oils (EOs) from leaves of Hesperozigis ringens and Ocimum americanum against strains of A. hydrophila isolated from silver catfish detected equivalent MICs to eugenol and H. ringens EO (800 to 3200 μg/mL), and from 200 to 1600 μg/mL for O. americanum EO [15,16]. The MIC obtained for HE (400 μg/mL for strain 13) is within the range described by Sutili et al. [15,16] for A. hydrophila also isolated from R. quelen. Although both of these studies evaluated effects against A. hydrophila, they used different strains, which frequently present distinct susceptibilities [35]. Another important point to consider is that the EOs from the studies of Sutili et al. [15,16] and the extracts of the present study were obtained from different plant species. Therefore, to confirm the reproducibility of the assay performed, E. coli strain ATCC 25922 was used as the quality standard for the tests, presenting a MIC (8.125 μg/mL) that is within the established reliability standards for the antibiotic florfenicol (MIC between two and 16 μg/mL) [36].



The extracts’ yields found in the present study were considered satisfactory, due to the extractive process and the separation of the distinct plant organs, which causes loss of material. Radojkov et al. [37] obtained a yield of 23% for the ethanolic extract of the leaves of Morus alba, a species that belongs to the same family of M. tincoria. The lower yield found in the present study may be supported by the processing conditions of the samples and because they are from different plant species [38]. The current study found superior yields than those from Lamounier et al. [29] for the ethanolic extracts of bark (2%) and wood (4%) of M. tinctoria, even with the separation of wood in SE and HE, a result that characterizes the efficiency of the extractive process and the strategy chosen in the present study.



The sedative assay revealed that BE, SE, and HE showed a sedation induction profile similar to each other, even though they were obtained from different plant organs. Only the LE sample at the concentration of 300 mg/L took the animals to the deep sedation stage (S3b). The fish submitted to the extracts present a light sedation induction profile (stage S2) characterized by the absence of reaction to external stimuli [39]. The methanolic extract of Condalia buxifolia (Rhamnaceae) presented an induction profile similar to that found for extracts of M. tinctoria [40]. Previous studies have demonstrated the depressant activity of extracts containing flavonoids on the Central Nervous System of different animals [19,41,42]. Flavone derivatives, such as luteolin-6-C-glucoside, detected in HE, are considered good ligands for the benzodiazepine site of the GABAA receptor [19]. The same authors describe the central depressant activity of a glycoside derived from kaempferol, also present in HE.



Concentrations above 300 mg/L could promote anesthesia in silver catfish submitted to LE. However, in the case of fish undergoing pharmacological treatments involving exposure for a long period, induction of anesthesia is not desired, since it could lead fish to the S5 stage of CNS depression [43]. The concentrations of 30 and 100 mg/L induced light sedation and were therefore chosen for the long exposure experiment. Plant extracts that provide the stage of light sedation are important in fish farming, given the need to control animal stress during simple procedures involving capture and handling [44]. Plant extractives capable of reducing the stress caused by routine procedures in breeding prevent the immune system’s compromise as a result of this stress [13] and, consequently, decrease the number of bacterial infections and mortality in fish farming. According to Das et al. [45], the Ocimum sanctum leaves aqueous extract stimulated the fish immunity and increased the resistance of Labeo rohita fingerlings against A. hydrophila.



Exposure of silver catfish to 30 mg/L M. tinctoria extracts for 24 h mimicked the sedative profile that had been previously detected in the sedative trials. Only the animals exposed to 100 mg/L of LE presented a deepening of the sedation stages, with behavior similar to that observed for DZP. The fish exposed to BE, SE, and HE 30 mg/L presented a behavior similar to the vehicle control after 30 min, while those subjected to BE, SE, and HE 100 mg/L only after 10 h-exposure. Therefore, the results of the long exposure test indicated the greater safety of BE, SE, and HE at the concentration of 30 mg/L. Safety in the use of these extracts is indicated by the behavior of the animals through the 24 h-observation, which varied between normal and light sedation stages, producing no signs of toxicity or mortality. Silver catfish exposed for six hours to the methanolic extract of the leaves of C. buxifolia at 25 and 50 μL/L concentrations developed mild sedation and there was no deepening to the stage of anesthesia through the observation time [40]. This extract was considered safe for use as a sedative by the authors. The same was observed for the isolated compound of Nectandra grandiflora leaves EO, (+)-dehydrofuquinone, at the 10 and 20 mg/L concentrations [43].



The results presented in the in vitro antimicrobial activity assay, sedative, and long exposure experiments showed that HE at the concentration of 30 mg/L was the better extractive considering its biological activities. This sample showed an in vitro promising antimicrobial activity and did not induce anesthesia or any signs of toxicity or mortality in the long exposure test.



Although the MIC and MBC detected for HE in this study are higher than those detected for florfenicol, they can be considered promising. When evaluating this data, we should also consider that sedative activities detected for the extract may contribute to an increase in the resistance to bacterial infections and survival of infected fish, since it may prevent the decline of the immune defenses resulting from stress [46]. In addition, in a review by da Cunha et al. [47], the analyzed literature data indicated that extracts containing complex mixtures of components used to treat bacterial infections in fish are often effective at concentrations lower than the corresponding MIC detected in vitro. This can be explained by the pleiotropic action of most extracts containing mixtures of plant secondary metabolites as phenolics, which can interact with several targets, since they are biosynthesized by plants to protect themselves against a number of harmful agents. Therefore, plant compounds can concomitantly address a large number of different molecular targets present in both animals and procaryotic cells [48].



The identification of the chemical composition of HE revealed the presence of compounds with antimicrobial activity, such as taxifolin [49], kaempferol-3-O-rutinoside [50], and isoflavone genistein [51,52]. Polyphenolic compounds are widely studied because they show promising antimicrobial activity and, among them, flavan-3-ols, flavonols, and proanthocyanidins are the most researched because they present a broad spectrum of action and higher antimicrobial activity when compared with other polyphenols [53]. Flavonols, such as kaempferol-3-O-rutinoside and dihydroflavonols, such as taxifolin, exert their antimicrobial action through the inactivation of cell membrane proteins and also by suppression of virulence factors such as inhibition of biofilm formation, reduction of adhesion of host ligands, and neutralization of bacterial toxins [54].



Flavonols are compounds with a hydrophobic characteristic and are therefore capable of overcoming the phospholipid membranes of bacteria exerting their activity within the bacterial cell [55]. Proanthocyanidins, in turn, promote plasma membrane destabilization, enzyme inhibition, and may also block the substrates necessary for microbial growth [56]. On the other hand, the HE extract may also be related to the immunostimulatory capacity reported for genistein [57]. Additionally, M. tinctoria chemical composition (Table 1, Table 2, Table 3 and Table 4) revealed many compounds never before described for the species. Thus, the predominance of flavonoid class compounds may possibly be correlated with the M. tinctoria species functional application variety. Similarity between all plant organs is evident when we observe the presence of compounds such as caffeic acid or its derivatives in all the organs under study. Moreover, the same occurs with the compound lutein, a flavone, identified in all parts of the plant.



The HE presented the most promising results of the extracts of M. tinctoria tested in the biological assays of the present study. A promising in vitro antibacterial activity, low sedative activity, and absence of signs of toxicity in animals after 24 h-exposure, characterized this extract in the preliminary tests. Thus, HE can be considered a safe and efficient agent for use as a sedative in silver catfish, since this extract reduces fish stress during minor veterinary procedures that do not require anesthesia. However, additional studies are needed to determine its mechanisms of action as well as the concentrations to be used in other fish species.




4. Materials and Methods


4.1. Plant Material


The different plant organs (leaves, bark, sapwood, and heartwood) were collected in the State of Rio Grande do Sul, Brazil at 27°35′26″ S and 54°40′46″ W. The licensing of the collected material was processed by the Province Department of Environment, Department of Forests and Protected Areas, National Agency of Santa Rosa/RS, under registry 0030671D. The voucher was identified by the forest engineer Rodrigo Coldebella and deposited in the Herbarium of the Department of Biology, UFSM, Brazil (SMDB 17.258). Our research group obtained authorization to perform scientific activities involving the plant species through the Biodiversity Information and Authorization System (SISBIO, number 60108-1). Access to the national genetic patrimony was given by the Genetic Heritage Management Council (SisGen A9350BA).




4.2. Drugs and Reagents


To obtain the crude extracts, 95% ethanol was used (Química Moderna, Barueri, Brazil). In the in vivo tests of central depressant activity and long exposure, the benzodiazepine receptor agonist GABAa Diazepam (DPZ, Germed Pharma®, Campinas, Brazil) and Eugenol (SS White®, Rio de Janeiro, Brazil) with recognized sedative/anesthetic activity were used as positive controls [58,59]. For the in vitro antimicrobial assays the antibiotic florfenicol (Sigma Aldrich®, São Paulo, Brazil) was used. The solvents used for the chromatographic analysis were methanol (Dynamica®, Indaiatuba, Brazil), acetic acid (Sigma Aldrich®) both HPLC grade, and Ultrapure water (Milli-Q).




4.3. Plant Material Extraction


Leaves, bark, sapwood, and heartwood were separately pulverized in Willey mill (Model TE-680, TECNAL) and subjected to hot extraction with Soxhlet [60], using ethanol until exhaustion of the plant material. The extraction occurred in triplicate. Then, the crude ethanolic extracts were concentrated in a rotary evaporator (BUCHI Rotavapor, Model R-144) at 50 °C and kept in a desiccator until a constant weight for yield determination (m/m%). The extracts were lyophilized (Model L101 Liotop®, São Carlos, Brazil) for all solvent residue removal.




4.4. Fish Pathogens


Reference strains (A. hydrophila ATCC 7966 and Escherichia coli ATCC 25922) were used as control [36]. Three strains of A. hydrophila identified as 13 (MF372509), 18 (MF372510) [61], and 169/17 (MH397689) and one strain of Aeromonas veronii (MH397688), isolated from naturally infected fish (R. quelen) obtained from local fish farms, were used in the assays. Strains were isolated from skin lesions and kidney of the animals and plated on blood agar 5% and MacConkey (Kasvi®, São José dos Pinhais, Brazil). After 48 h of incubation at 28 °C, bacterial growth was observed and the colonies were submitted to biochemical and Gram staining tests [62] for identification. Molecular identification was performed by extracting DNA from colonies by the boiling method and subsequent partial sequence analysis (~1400 base pairs) of the 16S rRNA gene amplified with universal pairs according to the method developed by Fredricks and Relaman [63] and previously described by Bandeira Jr. et al. [64]. PCRs were sequenced by ACTGene Molecular Analysis (Biotechnology Center UFRGS, Porto Alegre, Brazil) with ABIPRISM 3100 automatic sequencer. Consensus sequences were assembled using four programs from the Staden package [65]. The consensus sequence was compared to GenBank available sequences using the BLASTN tool. The closest relative 16S rRNA sequences were used for identification.




4.5. Animals


For the in vivo experiments, silver catfish (R. quelen) obtained from local fish farms were used. For the evaluation of sedative and anesthetic effects, as well as for long-term exposure, silver catfish juveniles were used, with the following characteristics: 5.30 ± 0.37 g (7.74 ± 0.01 cm). The fish were transferred to the laboratory and kept in continuously aerated 250 L tanks with controlled water parameters for acclimation during seven days before the experiments. The temperature and dissolved oxygen level (19.9 ± 2.6 °C, 8.0 ± 0.7 mg/L) were determined using the YSI oxygen meter (Model Y5512, Colombus, OH, USA). For pH control (7.7 ± 0.05), the DMPH-2 device was used (Digimed, São Paulo, Brazil). Total ammonia levels (0.9 ± 0.3 mg/L) were determined using the salicylate method [66]. The animals were fed daily with commercial feed (28% crude protein) and fasted for 24 h before the experiments. The water was changed daily just after feeding to remove waste. The protocol was approved by the Ethics and Animal Welfare Committee of the Federal University of Santa Maria (Process 5307210617).




4.6. Antibacterial Activity In Vitro Evaluation


The extract activities were evaluated by the Müller–Hinton broth (MHB) microdilution method (Sigma Aldrich®). Minimal inhibitory concentration (MIC) and minimal bactericidal (MBC) were determined according to the guidelines of the Clinical Laboratory Standards Institute [67]. The extracts were diluted in ethanol and incorporated into Müller–Hinton cation adjusted broth (MHCAB, Sigma Aldrich®) to obtain the concentrations of 6400, 3200, 1600, 800, 400, 200, 100, 50, 25, 12.5, 6.25, and 3.125 μg/mL (in triplicate) [63]. The controls used were: positive control (Florfenicol®, Sigma Aldrich®, São Paulo, Brazil) at concentrations of 0.063 to 130 μg/mL (in triplicate), growth control (MHCAB, inoculum, and ethanol 70%), and negative control (MHCAB). The inoculum was prepared in 0.9% saline solution with turbidity equivalent to the McFarland 0.5 scale (≈2 × 108 CFU/mL), optical density 600 nm (OD600) 0.13 ± 0.01. From the inoculum solution, one mL was diluted in nine mL of MHCAB (≈1 × 107 CFU/mL). From this suspension, 10 μL were inoculated into each well, for a total volume of 100 μL/well (≈1 × 106 CFU/mL). MIC was defined as the lowest concentration of the sample capable of inhibiting the visible growth of the isolates after incubation at 28 °C for 24 h under aerobiosis conditions by the addition of 10 μL of the 0.1% resazurin dye solution (Sigma Aldrich®). For MBC verification, before the addition of the dye in the wells, 10 μL of each well was plated on MHCAB and incubated under the same conditions used for MIC determination. MBC was defined as the lowest concentration capable of causing strain death without visible colony growth [63].




4.7. In Vivo Experiments


The sedative and anesthetic effects, as well as the effects of long exposure to the extracts, were evaluated in order to define the most effective and safest extract and also the optimal concentration range.



4.7.1. Sedative and Anesthetic Effects


The sedative and anesthetic effects of the extracts were evaluated at 30, 100, and 300 mg/L concentrations. Positive controls diazepam (DZP) and eugenol were tested at 30 mg/L. As a negative control, ethanol was used at the highest concentration used for the previous solubilization of the samples before their addition to the water. In this experiment, 144 animals (n = 8 each treatment and concentration) were used. The behavioral protocol was adapted to evaluate induction and recovery of sedation/anesthesia [39], through the observation of five stages of induction described in Table 6. The animals were individually maintained in one-liter aquaria until they reached S4 stage or for a maximum time of 30 min. After the induction time, animals were transferred to a treatment-free aquarium to monitor the recovery time, which was considered complete when fish had normal swimming and response to external stimulus. In the recovery, animals were observed for a maximum time of 30 min. The induction and recovery time was set in the digital timer (ZSD-808, Hong Kong). After recovery, the animals were grouped according to the experimental protocol and placed in 40 L aquaria to observe any abnormal behavior, diseases, or mortality, for 48 h. This protocol follows the same patterns of observation described in other studies [14,43,58,59,68,69].




4.7.2. Prolonged Exposure Experiments


The long exposure and survival tests were performed to analyze the possible side effects of the extracts for 24 h. For these experiments, the best sedative concentrations were selected after the first experiment (Section 4.7.1). The extracts prolonged exposure effect in silver catfish (96 animals, n = 8) was used. Juveniles were evaluated to observe possible adverse/toxic effects induced by the extracts in the fish, at 30 mg/L and 100 mg/L sedative concentrations as described in 2.7.1. Water and vehicle (95% ethanol at the highest concentration used for sample dilution) were used as negative controls, DZP (30 mg/L) and eugenol (30 mg/L) as positive controls. The juveniles were transferred individually to one-liter aquaria and exposed to 30 mg/L or 100 mg/L of extract and observed at 0.5, 1, 2, 3, 4, 6, 8, 10, 12, and 24 h [68]. The sedation degree of the animals was evaluated as described in the previous in vivo experiment. For each sedation or anesthesia stage, a score was assigned to the animal: normal behavior (three; stage S2) (two; stage S3a) (one; stage S3b) (0.5; stage S4) 0. Therefore, the lower the score, the deeper the stage of sedation the animal was in. After 24 h, the animals were reassembled in treatment-free aquaria to verify possible signs of toxicity.





4.8. Chromatographic Analysis


The extracts samples were analyzed by HPLC-DAD-MS. The instrument consists of a Shimadzu model Prominence UFLC (Shimatzu, Kyoto, Japan) sequentially coupled to an SPD-M20A diode-array UV-VIS detector and a QTOF Compact mass spectrometer (Bruker Daltonik GmbH, Bremen, Germany) controlled by OtofControl software. The optimized ESI-MS parameters were: capillary tension, 4500 V; drying gas temperature 215 °C; drying gas flow 10.0 L/min; fogging gas pressure 5.0 bar; RF collision, 150 Vpp; transfer time, 70 Is; pre-pulse storage, 5 Is; collision energy m/z 100; 20 eV; m/z 500; 30 eV; m/z 1000; and 35 eV using nitrogen as collision gas. Data processing was performed with Data Analysis software 4.0 (Bruker Daltonics, Bremen, Germany). The analyses were performed on a C-18 column (4.6 × 250 mm) with a particle size of 5 μM diameter and pre-column C-18. The mobile phase consisted of A: 2% acetic acid (pH 4.2) and B: methanol: acetic acid: ultrapure water at a ratio of 18:1:1, following the gradient elution: 0 min: 20% B; 0–25 min: 50% B; 25–30 min: 20% B at a flow rate of 0.8 mL/min. Peaks were identified by comparing their retention time and mass spectrum with the apparatus database, external standards, and data published in the literature. The analyzes were performed in triplicate.




4.9. Statistical Analysis


Data are reported as mean ± SEM. Data from the central depressant activity and long exposure were analyzed by Kruskal–Wallis followed by Dunn’s test. Statistical analysis was performed using the program GraphPad Prism© version 6.01 with a minimum significance level of p < 0.05.





5. Conclusions


From the four Maclura tinctoria extracts evaluated, HE presented the better results considering in vitro antibacterial activity, sedation and safety. Therefore, HE can be considering a promisor sedative for silver catfish. However, additional research is recommended, such as experiments of transport simulation, with verification of stress indicators, such as glucose and cortisol. On the other hand, considering the bioactive constituents detected in HE, experiments to assess its in vivo antibacterial and immunomodulatory activity are also recommended.
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Figure 1. M. tinctoria crude extracts induce sedation in silver catfish. Sedation levels are described as S2: light sedation; S3a: sedation with partial loss of equilibrium; S3b: sedation with total loss of equilibrium; Recovery: time spend for total sedation recovery, where the animal shows normal behavior similar to those in water control. The abscissa shows the concentrations of the tested samples (in mg/L), while the ordinate represents the latency time (in seconds) until the effect was observed. Different lowercase letters indicate significant differences between samples: Leaves (LE), bark (BE), sapwood (SE), and heartwood extracts (HE) at each evaluated concentration (p < 0.05). * p < 0.05 = statistical difference from diazepam (DZP); # p < 0.05 = statistical difference from eugenol (EUG). Kruskal–Wallis test followed by Dunn’s test. (A) Stage S2—Sedation; (B) Stage S3a—Partial loss of equilibrium; (C) Stage 3b—Total loss of equilibrium; (D) Recovery. 
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Figure 2. Fish 24 h-behavior under sedative bath with 30 or 100 mg/L M. tinctoria extracts. Behavior score was adapted from Heldwein et al. Different lowercase letters indicate significant difference between extracts. Leaves (LE), bark (BE), sapwood (SE), and heartwood extracts (HE), Diazepam (DZP) at the evaluated concentrations (p < 0.05). The abscissa shows the concentrations of the tested samples (in mg/L), while the ordinate represents the behavior score. * p < 0.05 = statistical difference from diazepam (DZP); # p < 0.05 = statistical difference from control (Kruskal–Wallis test followed by Dunn’s test). 
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Table 1. Major phytochemical compounds identified in the heartwood extract (HE).
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	Peak n°
	Rt (min)
	Mw
	[M-H]− (m/z)
	Fragment Signals
	Tentative Assignment
	Chemical Classification





	6
	7.1
	304
	303
	125
	Taxifolin
	Dihydroflavonol



	19
	9.5
	594
	593
	303, 593, 285
	Kaempferol-3-O-rutinoside
	Flavonol



	33
	13.9
	576
	287
	125, 177, 211, 247, 287, 303, 417
	Procyanidin dimer (type A) (Flavan-3-ol dimer)
	Proanthocyanidin



	38
	15.0
	448
	447
	447, 327,285
	Luteolin-6-C-glucoside (isoorientin)
	Flavone



	64
	22.4
	270
	269
	134, 135
	Genistein
	Isoflavone







Rt: retention time; Mw: molecular mass; m/z: main mass of spectrum.
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Table 2. Major phytochemical compounds identified in the leaves extract (LE).
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	Peak n°
	Rt (min)
	Mw
	[M-H]− (m/z)
	Fragment Signals
	Tentative Assignment
	Chemical Classification





	3
	5.0
	354
	353
	179, 191
	1-Mono caffeoylquinic acid
	Phenolic acid



	7
	7.0
	154
	153
	109, 149, 311
	Protocatechuic acid
	Phenolic acid



	9
	8.2
	476
	475
	337, 371, 421, 475
	Chrysoeriol-uronic acid
	Flavonoid



	16
	12.1
	432
	431
	353, 371, 431, 484
	Apigenin-6-C-glucoside (Isovitexin)
	Flavone



	19
	15.0
	448
	447
	447, 327,285
	Luteolin-6-C-glucoside (isoorientin)
	Flavone







Rt: retention time; Mw: molecular mass; m/z: main mass of spectrum.
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Table 3. Major phytochemical compounds identified in the bark extract (BE).
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	Peak n°
	Rt (min)
	Mw
	[M-H]− (m/z)
	Fragment Signals
	Tentative Assignment
	Chemical Classification





	2
	2.8
	354
	353
	179, 191
	1-Mono caffeoylquinic acid
	Phenolic acid



	5
	4.5
	154
	153
	109, 149, 311
	Protocatechuic acid
	Phenolic acid



	14
	8.2
	476
	475
	337, 371, 421
	Chrysoeriol-uronic acid
	Flavonoid



	18
	9.6
	464
	463
	125, 303, 449
	Quercetin-3-O-galactoside
	Flavonol



	22
	11.0
	
	303
	125
	Taxifolin
	Dihydroflavonol



	66
	22.6
	
	269
	227, 151, 117
	Apigenin
	Flavone







Rt: retention time; Mw: molecular mass; m/z: main mass of spectrum.
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Table 4. Major phytochemical compounds identified in the sapwood extract (SE).
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	Peak n°
	Rt (min)
	Mw
	[M-H]− (m/z)
	Fragment Signals
	Tentative Assignment
	Chemical Classification





	12
	7.5
	435
	273
	167
	Phloridzin
	Chalcone



	28
	13.6
	
	287
	269, 259, 225
	3, 7, 3′, 4″-Tetrahydroxyflavanone
	Flavonol



	29
	13.8
	576
	287
	125, 177, 211, 247, 287, 303, 417
	Procyanidin dimer (type A)
	Proanthocyanidin



	38
	16.8
	286
	285
	217, 199, 175, 151, 133, 107
	Luteolin
	Flavone



	53
	20.3
	
	271
	107, 119, 150, 187
	O-Coumaric acid
	Hydroxycinnamic acid







Rt: retention time; Mw: molecular mass; m/z: main mass of spectrum.
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Table 5. Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal Concentration (MBC) of florfenicol and Maclura tinctoria extracts from leaves (LE), bark (BE), sapwood (SE), and heartwood (HE) against reference strains and Aeromonas isolated from fish.
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SAMPLES

	
A. hydrophila

ATCC 7966

	
E. coli

ATCC 25922

	
A. hydrophila

MF 372509

	
A. hydrophila

MF 372510

	
A. hydrophila

MH 397689

	
Aeromonas veronii

MH 397688




	
MIC µg/mL

	
MBC µg/mL

	
MIC µg/mL

	
MBC µg/mL

	
MIC µg/mL

	
MBC µg/mL

	
MIC µg/mL

	
MBC µg/mL

	
MIC µg/mL

	
MBC µg/mL

	
MIC µg/mL

	
MBC µg/mL






	
Florfenicol

	
0.507

	
0.507

	
4

	
8

	
0.507

	
0.507

	
0.507

	
0.507

	
1.015

	
1.015

	
0.253

	
0.253




	
LE

	
>6400

	
>6400

	
>6400

	
>6400

	
>6400

	
>6400

	
>6400

	
>6400

	
>6400

	
>6400

	
>6400

	
>6400




	
BE

	
6400

	
>6400

	
>6400

	
>6400

	
6400

	
6400

	
6400

	
6400

	
>6400

	
>6400

	
6400

	
>6400




	
SE

	
6400

	
6400

	
>6400

	
>6400

	
6400

	
6400

	
6400

	
6400

	
>6400

	
>6400

	
6400

	
6400




	
HE

	
800

	
800

	
1600

	
6400

	
400

	
800

	
800

	
1600

	
800

	
1600

	
400

	
800
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Table 6. Fish sedation and anesthesia stages.






Table 6. Fish sedation and anesthesia stages.





	Stages
	Description
	Behavioral Response





	S2
	Light sedation
	Partial equilibrium loss, without reaction to external stimulus



	S3a
	Partial equilibrium loss
	Fish lose swim position (seen from side) with swimming capacity



	S3b
	Total Equilibrium loss (deep sedation)
	Animals lose swimming ability, but there is response to pressure in the caudal peduncle



	S4
	Anesthesia
	Loss of reflex activity without reaction to strong contact stimulus



	S5
	Spinal cord collapse (death)
	Finish of respiratory movement (death)
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