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Abstract: Pineappleweed (Matricaria discoidea DC., Asteraceae) herb is an essential oil containing raw material with spasmolytic and anti-inflammatory activity. It is also rich in phenolics, which may be used in pharmaceutical practice. This study aimed to investigate the phenolic and amino acid composition and the hyporific and analgesic effects of the M. discoidea aqueous-ethanolic extract and its amino acid modifications. In addition, we developed a polyethylene oxide gel formulation with M. discoidea extracts for the 3D-printed oral solid dosage preparations. In M. discoidea extracts, 16 phenolic substances and 14 amino acids were established. The extract and its amino acid preparations revealed both analgesic and soporific activity in the studies with rodents. Amino acids enhanced these effects. Arginine, β-alanine, glycine, valine, and lysine potentiated the analgesic activity by 27%–64%, while β-alanine, glycine, and valine increased the soporific activity by 136%, 176%, and 129%, respectively. The composition of the polyethylene oxide (PEO) printing gel with the M. discoidea extract was developed, and its printability was confirmed. The proposed 3D-printed medicines could be implemented for sleep disorders and painful conditions.
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1  Introduction

Chamomiles have been widely used in folk and traditional medicine. German chamomile (Matricaria chamomilla L.) is very common in the European pharmaceutical practice since it is easily cultivated [1,2]. However, there is also an increasing interest in the other species of the genus Chamomilla, such as pineappleweed (Matricaria discoidea DC.) [3,4].

Previously, we found a total of 44 terpenoids in M. discoidea essential oil, and the following three terpenoids were the predominant ones: farnesene, myrcene, and geranyl isovalerate [4,5]. Among phenolic compounds chlorogenic and ferulic acids, quercetin, apigenin, and luteolin glycosides were found [4,6]. Unlike M. chamomilla, M. discoidea has been studied less from both a phytochemical and a pharmacological point of view. To date, there are only a limited number of scientific papers on M. discoidea published in the state-of-the-art literature [4,7–11].

Recently, we found 16 phenolics in the aqueous-ethanolic extract of M. discoidea herb, and the present dry extract showed a promising analgesic and soporific activity [4]. However, both analgesic and soporific activities were lower than those reported with the corresponding extract of M. chamomilla [12]. It is believed that the chamomile effect on sleep results from its binding to gamma-aminobutyric acid (GABA) and benzodiazepine receptors [13]. The antioxidant properties of chamomile can also impact its improvement in sleep since chronic oxidative stress reportedly disrupts key mechanisms in regulating circadian rhythms and sleep homeostasis [14]. Such pharmacological activities can be improved by pharmaceutical formulation development approaches. The well-known strategy for improving biologically active substance (BAS) pharmacokinetics is the conjugation with amino acids [15,16]. In our previous study, we showed that Leonurus cardiaca L. tincture, in combination with amino acids, additionally showed a promising anxiolytic activity [17]. The combination of perindopril with arginine improves its absorption rate and stability and reduces its side effects [15]. Conjugation of acyclovir and valine resulted in the creation of valacyclovir, which has higher oral bioavailability and increases systemic plasma levels of acyclovir [16]. This mechanism of enhancement is not fully understood and studied, but improvements in pharmacokinetics are obvious. Considering these, it would be a promising approach to modify the M. discoidea dry extract [4] with amino acids to enhance its analgesic and soporific activity.

To further practical use of plant extracts in medical practice, it’s very important to develop a dosage form with them. Even though they usually have a positive safety profile. Only a limited number of oral solid dosage forms have been developed for such preparations. The oral dosage form of choice for the M. discoidea dry extract combined with amino acids would be the preparation that is convenient to use (administered orally), easy to prepare, and stable under established storage conditions. Currently, the modern trend is to use 3D printing technologies for preparing such dosage forms. Thus, It is topical to develop 3D-printed dosage forms with the most promising M. discoidea dry extract, which is suitable for oral administration.

The aim of this research was to carry out a phytochemical and pharmacological study (soporific and analgesic effects) of the M. discoidea extract and its amino acid modifications and to develop 3D-printed oral dosage forms with the present dry extract with potential uses in the pharmaceutical practice.

2  Materials and Methods

2.1 Plant Material

The M. discoidea herb (1.0 kg) was harvested from wild nature during the flowering time in July 2020 by the Veskijärv lake (58°16′30″N, 26°31′32″E), Nõo municipality, Tartumaa county, Estonia. The flowering tops were used, thick lignified stems were thrown away. The herb was dried in a well-ventilated room at 22 ± 2°C (relative humidity, RH 21%), and then packed in paper packages. The plant was identified by Prof. Ain Raal [18]. The herbarium #Ast/Mat/D13 of M. discoidea is kept in the Institute of Pharmacy, University of Tartu, Tartu, Estonia.

2.2 Preparation of Extracts

A total of 500.0 g of chopped M. discoidea dried flowering tops of the herb was macerated overnight with 70% aqueous ethanol (2500 mL) at 22 ± 2°C; after that, it was repeated twice with 1000.0 mL of the same solvent. The combined extract was carefully filtrated. To obtain amino acids preparations of the extract, extract’s portions of 300 mL were mixed with amino acids: arginine (Arg, 2.32 g), phenylalanine (Phe, 2.19 g), β-alanine (β-Ala, 1.17 g), glycine (Gly, 1.00 g), valine (Val, 1.18 g) and lysine (Lys, 1.92 g), and infused overnight at a room temperature. The M. discoidea herb extract and its preparations were evaporated in Buchi Rotavapor R-300 (Buchi Labortechnik AG, Flawil, Switzerland) using the following process conditions: rotation 80 rpm, vacuum 150 mbar and the temperature in a heating bath 80°C). Then, the soft extract was dried in a lyophilizer SCANVAC COOLSAFE 55-4 Pro (LaboGene ApS, Lillerød, Denmark). The dry M. discoidea herb extract (Pw) and its modifications with glycine (Pw-Gly), lysine (Pw-Lys), β-alanine (Pw-β-Ala), phenylalanine (Pw-Phe), valine (Pw-Val) and arginine (Pw-Arg) were obtained as described above.

2.3 Spectrophotometry Methods

The content of hydroxycinnamic acids, flavonoids, and total phenolic compounds in the M. discoidea herb extracts was determined with Shimadzu UV-1800 spectrophotometer (Shimadzu Corporation, Kyoto, Japan). Flavonoids were measured after forming a complex with aluminium chloride at 417 nm in the calculation to rutin [4,19]. The assay of hydroxycinnamic acids was carried out after reaction with sodium molybdate and sodium nitrite at the wave-length of 525 nm in the calculation to chlorogenic acid [19]. The total phenolic compounds were established by using the calculation of gallic acid at the wavelength of 270 nm [12]. The measurement was performed three times.

2.4 UPLC-MS/MS for Phenolics

The phenolic compounds of the pineappleweed herb extracts have been determined with a UPLC-MS/MS (Acquity H-class UPLC system (Waters, Milford, MA, USA)), using a YMC Triart C18 (100 mm × 2.0 mm, A 1.9 µm) column at 40°C for compound separation. The flow rate of a mobile phase was 0.5 mL/min, and the mobile phase was eluent A (formic acid 0.1%) and eluent B (MS-grade acetonitrile). From 0 to 1 min, 95% of eluent A was constantly flowing; between 1 and 5 min, there was a linear increase of eluent B to 30%; from 5 to 7 min, increase of up to 50%; and from 7.5 to 8 min, the column was washed with 100% eluent B; after 8.1 min, it was returned to initial conditions. The analysis time was 10 min. Mass spectrometer (Xevo, Waters, Milford, MA, USA) was used to get mass spectrometric data. Such parameters were used: the capillary voltage 2 kV, cone voltage at 30 V, nitrogen as a desolvation gas at 400°C and the flow rate 700 L/h, the nitrogen flow at 20 L/h. The ion source temperature was 150°C. Analytical grade standards (MS/MS data, retention times) were used for identification of phenolics. Standard dilution methods and linear regression fit and were utilized to quantify phenolics [20,21].

2.5 UPLC-MS/MS Method for Amino Acids

The content of amino acids in the M. discoidea herb extracts was determined on Acquity H-class UPLC system (Waters, Milford, MA, USA), using a BEH Amide (150 mm × 2.1 mm, 1.7 µm) column (Waters, Milford, MA, USA) at 25°C. A total of 1 µL was injected. The mobile phase was eluent A (10 mmol aqueous ammonium formate with 0.125% formic acid) and eluent B (acetonitrile). The flow rate of the mobile phase was 0.6 mL/min. The gradient elution method was used as follows: 0 min to 1 min., 95% eluent B; 1–3.9 min, 70% eluent B; 3.9–5.1 min, 30% eluent B; 5.1–6.4 min, the column was flushed with 70% of eluent A; at 6.5 min it was returned to initial conditions. The period of analysis was 10 min. Mass spectrometric data was obtained with Xevo TQD mass spectrometer (Waters, Milford, MA, USA) under the following conditions: positive electrospray ionization was +3.5 kV, cone voltage 30 V, ion source temperature–120°C, gas flow at 800 L/h at 400°C. For identifying amino acids in the pineappleweed herb extracts, the corresponding amino acids were utilized to compare their retention times and MS/MS data with the standards. The standard dilution method was used to assay amino acids [22,23].

2.6 Pharmacological Study

The soporific and analgesic effects of M. discoidea herb extracts were studied in vivo using rats and mice models according to the international rules [24] and other common laws [25–27]. The present study was approved by the protocol No. 4 of Bioethics Commission (03 October 2023) of the National University of Pharmacy, Kharkiv, Ukraine.

2.6.1 Analgesic Activity

The analgesic effect of M. discoidea extracts and its amino acids preparations was studied in vivo. Non-linear white mice of 20–40 g, which were born and bred at the vivarium of the National University of Pharmacy (Kharkiv, Ukraine), were used in the experiment. Acetaminophen (paracetamol-Zdorovye, 500 mg capsules, pharmaceutical company “Zdorovye”, Kharkiv, Ukraine) was used as a reference medicine [28].

The mice were not fed for 2 h prior to the study. Totally 23 groups of 6 mice were randomly selected: Group 1—the intact group of animals, which were given 1 mL NaCl 0.9% per 100 g of animal weight; Group 2–4—the mice, which were given the extract Pw (100, 50 and 25 mg/kg accordingly); Group 5–7—the animals, which were given the extract Pw-Arg (100, 50 and 25 mg/kg accordingly); Group 8–10—the animals, which were given the extract Pw-Phe (100, 50 and 25 mg/kg accordingly); Group 11–13—the animals, which were given the extract Pw-β-Ala (100, 50 and 25 mg/kg accordingly); Group 14–16—the animals, which were given the extract Pw-Gly (100, 50 and 25 mg/kg accordingly); Group 17–19—the animals, which were given the extract Pw-Val (100, 50 and 25 mg/kg accordingly); Group 20–22—the animals, which were given the extract Pw-Lys (100, 50 and 25 mg/kg accordingly); and Group 23—control group, which were given acetaminophen (50 mg/kg).

The extracts were taken intragastrically, the mice were placed on a hot plate (55°C). The stay of the individual animal did not exceed 60 s on the hot plate. An indicator of pain sensitivity was the time, when the protective reflexes started. The test was repeated regularly at 0.5, 1, 2, 3, and 4 h. The analgesic activity was detected by increasing the latent period of response in comparison to the intact animals, the control group and the group of animals, which were given the extract Pw [29,30].

2.6.2 Soporific Activity

The pineappleweed extracts soporific activity research was conducted with white rats (190–280 g). Sodium thiopental lyophilizate (solution for injection, PLC “Kiivmedpreparat”, Kyiv, Ukraine) and “Valerian syrup AN NATU-REL” syrup (LLC Beauty and Health, Kharkiv, Ukraine) were used as reference medicines [28].

Totally 24 groups of 6 mice were randomly selected: Group 1—intact control, included animals, which were given 1 mL of NaCl 0.9% per 100 g of rat weight; Group 2–4—the animals, which were given the extract Pw (100, 50 and 25 mg/kg accordingly); Group 5–7—the animals, which were given the extract Pw-Arg (100, 50 and 25 mg/kg accordingly); Group 8–10—the animals, which were given the extract Pw-Phe (100, 50 and 25 mg/kg accordingly); Group 11–13—the animals, which were given the extract Pw-β-Ala (100, 50 and 25 mg/kg accordingly); Group 14–16—the animals, which were given the extract Pw-Gly (100, 50 and 25 mg/kg accordingly); Group 17–19—the animals, which were given the extract Pw-Val (100, 50 and 25 mg/kg accordingly); Group 20–22—the animals, which were given the extract Pw-Lys (100, 50 and 25 mg/kg accordingly); Group 23—control group, the animals which were given sodium thiopental (40 mg/kg); and Group 24—control group, the rats which were given valerian syrup (2.14 mg/kg). The extracts, reference medicines and sodium thiopental were administered via oral gavage. Thiopental was administered 45 min after administration of the extracts’ solutions or reference medicines. Sleep period was measured after sleep induction, as the time of rats perform a righting reflex after waking [31,32].

2.7 3D Printing of M. discoidea Herb Extracts

For the semi-solid extrusion (SSE) 3D printing of M. discoidea herb extract, a 12% aqueous polyethylene oxide (PEO) (MW approx. 900,000, Sigma-Aldrich, St. Louis, MO, USA; Laborat GmbH, Hamburg, Germany) gel [33] was utilized as a carrier polymer printing gel. The herb extract (0.5, 1.0, and 1.5 g) and Tween 80 (Laborat GmbH, Hamburg, Germany) (0.5 g) were mixed with 12% PEO gel. The surface-active agent (Tween 80) was added to enhance the homogeneity of a printing gel and to enhance the extract’s release from the 3D-printed preparations.

The gel viscosity was determined at 22 ± 2°C with a rheometer (Physica MCR 101, Anton Paar, Austria).

A bench-top 3D printing system (Hyrel 3D, Norcross, GA, USA) equipped with the Repetrel, Rev3.083_K control software was used for SSE 3D printing the aqueous PEO gels loaded with the pineappleweed herb extract. The printing head speed with a blunt needle (Gauge, 21G) was 0.5 mm/s at 22 ± 2°C. The syringe content and a printed plate were not heated. Grid lattices (30 mm × 30 mm × 0.5 mm, total 6 layers) and round scaffolds (20 mm, total 5 layers) were used to verify printability of the gels. These printed herb extract preparations were made with FreeCAD software (vers. 0.19/release date 2021) [34]. The weight and practical area of the lattices were determined to assess the 3D printability of the gel formulations studied. The theoretical surface area of the 3D-printed lattice model was 324 mm2. The ratio between the practical and theoretical areas was calculated, and this value was used to indicate the quality of the 3D-printing process [33]. The photos were examined with ImageJ software (National Institute of Health, Bethesda, MD, USA, version 1.51k). The weight of the scaffolds was determined with Scaltec SBC 33 (Scaltec, Goettingen, Germany).

2.8 Statistical Analysis

The pharmacological data are shown as the average of 6 measurements ± standard deviation (SD) (a Student t-test). The level of statistically significant difference was p < 0.05. A total of three parallel measurements were carried out for the phytochemical assay. The data are shown as the mean values ± SD [17,35].

3  Results

The pineappleweed herb extract and its modifications are brown-greenish powders with a characteristic smell. When stored, the extracts turn into a viscous soft mass. Their loss of drying [17] ranged 4.4%–4.8%.

3.1 Phytochemical Research

The identified phenolics of the pineappleweed herb extract and its preparations are resulted in Table 1. 7 hydroxycinnamic acids, 2 phenolic acids and 7 flavonoids were established by a UPLC-MS/MS method. Hydrocinnamic acids, flavonoids and total phenolics were assayed by spectrophotometry and these results s are presented in Table 1.
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The amino acids in the pineappleweed herb extracts were studied by a UPLC-MS/MS method (Table 2).
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3.2 Pharmacological Research

3.2.1 Analgesic Activity

The results on the extracts’ analgesic activity in the hot-plate test of mice, are summarized in Table 3. The herb extracts studied changed the stimulus-response of mice, and some amino acids potentiated this activity.

[image: images]

3.2.2 Soporific Activity

The results on the soporific activity of the dry M. discoidea herb extracts in rats are summarized in Table 4. The pineappleweed extracts changed the period of sleeping by typically prolonging it. The results of an average sleep duration were compared with the corresponding results of the control groups and the animal groups having the extract Pw. As shown in Table 4, some amino acids had a positive influence on the soporific effect in rats.
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3.3 Novel 3D-Printed Oral Dosage Forms for Dry M. discoidea Herb Extract

For developing oral dosage forms for dry M. discoidea herb extract SSE 3D printing has been used. This shows the prospects for further implementing the developed extracts in the medical and pharmaceutical practice.

The gels loaded with a dry M. discoidea herb extract were yellow-brown-greenish viscous masses with a specific odor. The gels’ viscosity was measured at 0.01 RPM speed and 0.021/s shear rate at 22 ± 2°C, and the results are shown in Table 5.

[image: images]

The standard-size square- and round-shaped 3D-printed scaffolds were printed to verify the probability of the PEO gels loaded with the pineappleweed extract. (Fig. 1). The surface area, average Spractical/S theoretical ratio and their average mass were determined (Table 5).
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Figure 1: Photographs of the 3D-printed scaffolds with the M. discoidea extract (from left to right 0.5, 1.0 and 1.5 g, accordingly)

4  Discussion

In the dry pineappleweed extracts 16 phenolic substances were found and established. Pineapple weed and German chamomile extracts contain quite the same individual phenolic compounds but their concentrations differ [4,12]. The dominant flavonoids are luteolin and its glycoside luteolin-7-O-glucoside. Hydrocinnamic acids, such as chlorogenic, 4,5-dicaffeoylquinic, 3,5-dicaffeoylquinic and 3,4-dicaffeoylquinic acids are predominated as well. Luteolin and luteo`lin-7-O-glucoside have been revealed an anti-inflammatory effects. They are capable to blocking the interaction of pathogen-associated molecular patterns ligands, with pattern recognition receptors and to suppressing the downstream activation signals [36,37]. Luteolin-7-O-glucoside affects energy production, glucose homeostasis and lipid metabolism [38]. Luteolin shows a particular antioxidant activity and anti-ageing properties [39]. It can absorb a large amount of solar UV radiation, thus preventing oxidative damage [40]. It was also reported that luteolin shows anti-cancer activity [41]. The caffeoylquinic acids present anti-oxidation, anti-inflammation, enzyme inhibition, hepatoprotective and anti-platelet-activating factor effects [42]. Thus, the phenolics of the dry M. discoidea herb extract demonstrate prospects for implementing the extract in pharmaceutical practice.

14 amino acids (6 among them—essential ones) were established in the pineappleweed extracts. Proline is an agonist of the glycine receptor and predominated in the extracts; both non-N-methyl-D-aspartate (NMDA) (the α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid receptor (AMPA/kainate)) and NMDA ionotropic glutamate receptors, which are glutamate receptors and predominantly Ca2+ ion channel found in neurons [43,44]. So, it is evident that proline can affect soporific activity. Alanine, isoleucine, phenylalanine serine, threonine and valine are also the predominant amino acids. The essential amino acid threonine is needed for the biosynthesis of glycine in the brain and to regulate neuro-transmission, which plays a key role in fighting against depression [45,46]. Deficit of threonine leads to fast fatigue [47].

It should be noted that the concentration of all the established phenolics is lower in the amino acid modifications of herb extract, which is logical due to the addition of an amino acid, but at the same time, the pharmacological activity of these preparations increases in some cases (Tables 4 and 5). This increase in pharmacological activity can be clarified by the potentiation of the effects of phenolics with amino acids. Amino acids certainly do have pharmacological activity, but it depends on a dose. Therapeutic doses of amino acids are generally known and available [47]. As the amino acids were used for the M. discoidea extract modification in much smaller amounts than their therapeutic doses, so they could not have caused these effects on their own. Here it is obvious that there is a synergism and increasing activity of the extract BAS, particularly phenolics. In our opinion, this is related to the formation of their conjugates with amino acids on phenolic hydroxyls. Previously, we proved that M. discoidea herb extracts have analgesic activity [4]. The main phenolics of M. discoidea herb showed COX-1,2 inhibition in molecular docking research [4]. The preparations with amino acids potentiated the M. discoidea herb extracts analgesic activity (Table 3). The results of the present study showed that preparations Pw-Arg with arginine at a dose of 25 and 50 mg/kg, Pw-β-Ala with alanine at a dose of 50 mg/kg, Pw-Gly with glycine at a dose of 50 mg/kg, Pw-Val with valine at a dose of 25 and 50 mg/kg and Pw-Lys with lysine at a dose of 25 and 50 mg/kg significantly enhanced (by 27%–64%) the Pw analgesic activity after 30 min of their administration. We also found that at 60, 120 and 180 min after the administration, the amino acid preparations increased analgesic activity, but the difference in the results between the corresponding animal groups and the Pw group was not statistically significant. At 240 min, the analgesic activity of the amino acid preparations was found to be still remaining in the mice studied. At 240 min, however, a significant increase in the analgesic effect was found only with the preparation Pw-Val with valine.

In our opinion and based on the results of the other authors [15,16], the changes in the pharmacokinetics of active phytochemical compounds of the herb extract amino acids preparations may result in their facilitated transport across tissue barriers. Karpov [15] showed that arginine, for example, improves the absorption rate and stability of perindopril, at the same time reducing side effects. The authors compared the incidence of adverse effects after the administration of perindopril tertbutylamine and perindopril arginine, and showed a decrease in the frequency of drug-related adverse events from 16.7% to 5.6%, respectively. In addition, a significant increase in the stability of actives (remaining substance in open containers) from 1% to 100%, and an increase in shelf-life from 24 to 36 months were proved. Therefore, using arginine salt of perindopril has positive effects on the pharmacokinetic properties, stability (in various climatic zones) and tolerability of the drug substance, which increases its compliance and improves the target indicators of pharmacotherapy [15]. Another example could be related to the use of acyclovir and valacyclovir. The low and inconsistent oral bioavailability of acyclovir significantly reduces its activity against Herpesviridae. Modifying acyclovir by esterification with valine results in the formation of valacyclovir. Oral administration of this API leads to significantly higher level of acyclovir in systemic plasma [16]. The mechanism of the increased oral absorption of valacyclovir is not fully understood, but most likely, it involves intestinal dipeptide transporters to speed up ester hydrolysis in the liver and small intestine. Improvements in valacyclovir pharmacokinetics resulted in improved patient convenience and clinical efficacy [16].

According to our results (Table 4), the inclusion of β-alanine in the Pw extract had a positive dose-dependent effect on sedation in rats. This indicates the high effectiveness of Pw-β-Ala extract compared to the reference drugs, thiopental (103.23%) and valerian syrups (109.99%), and to the original extract Pw (135.96%). The increase in sedative effect with the addition of alanine may be due to several reasons. Firstly, alanine is a neurotransmitter involved in the inhibitory processes in the central nervous system (CNS). Secondly, alanine may enhance the activity of gamma-aminobutyric acid (GABA), which contributes to increased sedation. Thirdly, alanine may improve the bioavailability and metabolic stability of the extract, thus resulting in a longer-lasting and more pronounced sedative effect [48,49]. The significant increase in sleep duration with the administration of Pw-β-Ala can also be explained by the fact that the combination of alanine and the extract components can have a synergistic effect. Then, the total effect of the combination exceeds the separate effect of each individual component.

The maximum pharmacological effect of Pw-Gly extract was observed in rats at 100 mg/kg. The duration of sleep was 141.1 ± 11.6 min, which corresponds to 136.8% compared to the animal group that received thiopental, and 175.7% compared to the group that received Pw extract. Compared to the animal group given Valerian syrup, the difference was 145.7%. The pronounced sedative effect of the Pw-Glyextract may be caused by conjugation of phenolics and glycine, which is an inhibitory neurotransmitter in the CNS. It acts on the glycine receptors found in the spinal cord and brain stem, and also on NMDA receptors in the brain by enhancing inhibitory processes and reducing neuronal excitability. This leads to a calming and sedative effect [50,51]. Like alanine, glycine can enhance the effects of other extract components. It is evident that glycine acts synergistically by improving the metabolism and bioavailability of the extract, thus increasing the effectiveness of its components.

The Pw-Val extract significantly increases the duration of sleep in rats, especially at a dose of 100 mg/kg (by 128.7% in comparison with the extract Pw). The hypnotic effect of Pw-Val extract was comparable to that obtained with thiopental and surpassed the effect of the Pw extract. Valine plays an important role in the body as a building block for proteins and is involved in various metabolic processes. Valine itself does not have a direct hypnotic effect. Theoretically, its hypnotic effect may be due to an indirect effect on overall metabolic balance and due to the support of neurotransmitter synthesis through its participation in protein metabolism [52,53]. However, we believe that the most obvious reason for the increase in sleep duration in rats administered with Pw-Val is that valine (added in the M. discoidea extract) promoted a synergistic effect. This means that the combination of active ingredients acts together to enhance the overall sedative effect, which in turn is associated with increased bioavailability of active compounds or interaction with various receptors in the brain. Previously the molecular docking analysis of phenolics of the M. discoidea extract showed their NMDA receptor antagonism [4]. In the same way, phenolics of M. chamomilla L. flowers extract, which are quite similar with M. discoidea ones, demonstrated N-methyl-D-aspartate (NMDA) and γ-aminobutyric acid type A (GABAA) receptor antagonism [54]. It was also reported that apigenin and its glycosides, components of M. chamomile, are likely to reduce sleep latency via benzodiazepine receptors [55].

Therefore, the M. discoidea extracts showed different levels of effectiveness in rats. The addition of beta-alanine, glycine, and valine in the herb extract leads to a significant increase in sleep duration, while the inclusion of arginine, phenylalanine and lysine resulted in an opposite effect. The present research results suggest a dose-dependent effect of amino acids: the hypnotic effect increased with increasing the dose of amino acids, especially with the Pw-Gly and Pw-β-Ala ex-tracts. The M. discoidea extracts studied here could be found to be used as drug-therapy supporting components in soporific medicines. However, further research is needed to implement these novel agents with promising anti-inflammatory and hypnotic activity.

The PEO gels loaded with 0.5 to 1.5 g of the M. discoidea herb extract per 10 mL were feasible for SSE 3D-printing. The 3D-printed dosage forms were equal in shape and size (Fig. 1). Moreover, the 3D-printed herb extract preparations dissolved rapidly in water at 22 ± 2°C. Thus, the proposed dosage forms could be implemented as an immediate-release dosage form for oral administration. The developed gel composition with the M. discoidea herb extract, the proposed 3D printing mode and novel 3D-printed forms show further perspectives and the possibility of their use in practical pharmacy and medicine. After minor modifications, this technology can be implemented for preparing dietary supplements or pharmaceutical products with the present herb extracts.

5  Conclusions

The dry pineappleweed (M. discoidea) herb extract and its amino acid modifications were proven to have analgesic and soporific activity in an animal model (rodents). A total of 16 phenolics and 14 amino acids were determined in the pineappleweed extracts. The extract phenolics in conjugation with the amino acids enhance their efficacy. Arginine, β-alanine, glycine, valine and lysine potentiate the analgesic activity of the M. discoidea extract in mice, while beta-alanine, glycine and valine evidently improve the soporific activity in rats. The proposed novel 3D-printed forms are promising for preparing dietary supplements or pharmaceutical products with the present herb extracts.
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Table 1: Content of phenolics i the M. discoidea extracts

Substance Content in the extract

Pw [4] Pw-Arg Pw-Phe Pw-B-Ala Pw-Gly Pw-Val Pw-Lys

UPLC-MS/MS, pg/g of a dry extract

Neochlorogenic acid 47421 + 4.02 333.37 £ 1557  31692+2284 37831 +44.64 45133+1229  420.03+17.72  352.90 +20.15
Luteolin 1927.41 £70.51 1466.12 +45.73  1605.37 + 146.92 1663.39 + 63.63 1465.72 +34.48 168544 +61.06 1604.91 + 68.05
Cryptochlorogenic acid 228.8 +17.58 166.61 = 14.03 116.48 +21.58 152.80 £9.19 112.71 + 3.44 152.93 £5.45 152.78 + 1.70
Luteolin-4-O- 9.27 + 1.98 8.82 +0.42 922 +1.19 9.06 +2.27 5.45+081 1427 = 5.58 12.84 +6.62
glucoside

Chlorogenic acid 10836.74 £ 203.23  7991.90 +£450.06 7945.94 +143.23 8852.09 +283.80 8540.85 £249.24 8845.77 +£149.19 7992.55 +343.59
Isorhamnetin-3- 40.52 £7.19 4434 £2.99 51.325+£12.68 4495+ 1223 2647 £2.23 58.79 + 7.64 53.67 £2.81
glucoside

Luteolin-3,7- 157.59 + 2.80 126.78 £3.11 132.32 £ 5.56 137.36 £4.56 115.61 = 1.59 139.26 = 12.55 128.61 £ 10.16
diglucoside

Vanilic acid 2245 +1.19 18.75 +1.35 18.85+0.33 20.17 = 5.08 16.59 £3.18 23.34 +3.07 19.04 +1.35
Caffeic acid 3233+ 3.26 2431 +0.77 28.05+9.13 2545 +6.21 16.32 £3.55 31.72 = 4.06 29.53 +£8.01

34- 117.88 +7.33 87.45+5.55 92.81 + 14.67 101.53 + 14.07 113.37 £ 17.12 133,12 £ 11.78  92.55+9.79
Dihydroxyphenylacetic

acid

Isorhamnetin 26.96 +2.32 22.09+3.24 27.60 = 2.58 24.83 +3.03 18.10 £ 0,76 26.93 = 0.06 25.00 = 1.09
Hyperoside 194.14 + 17.13 175.55 + 8.60 188.56 £ 19.74  184.81 +7.29 12239+ 12.07  218.82 £30.99 192.09 = 12.40
Luteolin-7-O- 8101.17 £ 1237.03 7002.57 +834.95 7740.89 +448.21 7006.52 +435.79 3774.74 +153.58 8288.00 +218.85 7745.57+637.71
glucoside

4.5-Dicaffeoylquinic 3049.98 = 143.4 2204.39+176.18 2332.13 £87.45 2511.58 + 146.42 2066.36 = 97.00 2559.25+219.70 2452.95+ 114.08
acid

3.5-Dicaffeoylquinic 1578.86 = 99.56 1127.60 £90.12  1192.94 +44.73  1284.74 £126.05 1056.99 £49.62 1309.12 + 112.38 1254.74 + 58.35
acid

3.4-Dicaffeoylquinic 3233.96 +208.24 2312.09+184.79 2446.07 +91.73  2634.30 +258.46 2167.32+101.74 2684.29 +230.43 2572.80 +119.65
acid

Spectrophotometry, %

Phenolic compounds 10.74 £ 0.39 8.04+0.23 8.01 +£0.29 9.73 £0.40 9.62+0.16 8.54 +0.27 7.85+0.41
Hydrocinnamic acids ~ 3.31 = 0.25 2.36 = 0.09 231+0.17 2.68 £0.07 2.92 +0.26 2.54 +£0.03 237+0.20
Flavonoids 8.09 + 0.54 6.02 = 0.06 5.61+0.01 6.37 £0.08 7.48 = 0.05 5.99 +0.65 5.66 = 0.05
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Table 3: The analgesic effect of the pineappleweed extracts

Phyto-substance Group Dose (mg/kg) The time of discomfort occurrence (seconds)/Analgesic activity (%) in relation to [control];
(acetaminophen), {Pw}

Before After administration in
30 min 60 min 120 min 180 min 240 min
Control 1 6.84 +0.47 7.20 £ 0.29 7.10 = 0.61 7.08 +£0.27 7.15 £ 0.65 6.73 £0.94
Pw 2 25 11.43 £ 1.13 7.73 £0.31 9.98 +1.03 11.05 £ 1.11 9.45 +0.83 9.05 +0.87
[7%] [41%]* [56%]* [32%] [34%]
(—26%)# (—4%) 5% 0% —8%
3 50 8.72+1.22 6.83 £0.67 10.80 £ 0.86 10.05+0.76  9.92+£0.72 10.32 £ 0.99
[=5%] [52%]* [42%]* [39%]* [53%]*
(—35%)# —4% (—=5%) 5% —24%
4 100 9.27 £0.90 9.17 + 0.81 9.25 +£0.84 9.62 +£0.55 1022+ 1.10  9.30+0.75
[27%] [14%] [36%]* [43%]* [38%]
(—12%) (—22%) (=9%) —-8% -11%
Pw-Arg 5 25 7.48 £0.29 9.83 £0.50 10.12+ 047  9.73+0.51 9.52+£0.42 9.13+£0.40
[37%]* [42%]* [37%]* [33%]* [36%]*
(—=6%) (—=3%) (—8%) -1% -9%
{27%} & {1%} {—12%} {1%} {1%}
6 50 9.23 +£0.64 9.70 + 1.00 9.57 £ 0.41 10.17 £0.48  9.42 £0.97 9.30 £ 0.67
[35%]* [35%]* [44%]* [32%]* [38%]*
(=7%) (—8%) (—3%) (0,4%) -11%
{42%} & {—11%} {1%} {=5%} {—10%}
7 100 7.79 +£1.38 8.32+0.70 9.13 £0.51 9.50 +£0.48 9.12+£0.35 8.65+0.79
[16%] [29%]* [34%]* [28%]* [28%]
(—20%) (—12%) (—10%) (—4%) —4%
{=9%} {—1%} {=1%} {—11%} {=7%}
Pw-Phe 8 25 9.38 +£1.93 10.10 +£2.27 1022 +1.10  13.65+1.71 11.52+1.50 893 +0.78
[40%] [44%]* [93%]* [61%]* [33%]
(=3%) (—2%) -30% —22% =7%
{31%} {2%} {24%} {22%} {—1%}
9 50 7.75+£0.51 8.00 + 1.08 9.35+1.04 10.15 + 1.05 10.97 £1.02 10.40 + 0.66
[11%)] [32%] [43%]* [53%]* [54%]*
(—23%) (—10%) (—4%) -16% (25%)#
{17%} {—13%} {1%} {11%} {1%}
10 100 8.37 +1.05 8.42 +0.61 9.63 £ 0.81 9.43 +£0.69 9.33£0.43 10.42 £ 0.71
[17%] [36%]* [33%]* [31%]* [55%]*
(=19%) (=7%) (—10%) (—1%) (25%)#
{—8%} {4%} {—2%} {—9%} {12%}
Pw-B-Ala 11 25 8.99 +1.13 9.60 + 0.81 11.13 £0.36 11.08 £ 0.60 1140+ 1.44 12.28 + 1.27
[33%]* [57%]* [56%]* [59%]* [82%]*
(—8%) =5% =5% —21% —47%
{24%} {12%} {0,3%} {21%} {36%}
12 50 942 +0.74 11.18 + 1.08 12.28 £0.97 13.10 £2.02 11.35+1.37 11.48 +1.36
[55%]* [73%]* [85%]* [59%]* [70%]*
7% —18% —24% -20% =37%
{64%} & {14%} {30%} {14%} {11%}
13 100 8.30 £0.57 7.20 £ 0.90 9.67 +£0.64 9.40 + 0.87 9.47 £0.58 9.63 +0.87
[0%] [36%]* [33%]* [32%]* [43%]*
(—31%)# (=7%) (—11%) (0,2%) -15%
{—21%} {5%} {—2%} {=7%} {4%}
Pw-Gly 14 25 8.38 £0.42 7.57 +0.34 7.87 £0.57 947 +£0.63 9.43 £0.40 9.22 +£0.55
[5%] [11%)] [34%] [32%] [37%]
(—28%) (—24%) (—10%) (=0,2%) -10%
{—2%} {21%} {—14%} {—0,2%} {2%}
15 50 8.59+£0.30 10.20 £ 0.76 10.20 + 0.69 10.27 £ 0.61 10.30£0.70  10.64 £0.48
[42%]* [44%]* [45%]* [44%]* [58%]*
(—2%) (—2%) (—3%) —9% 27%)#
{49%} & {—6%} {2%} {4%} {3%}
16 100 8.70 £ 0.38 10.32 + 0.47 10.42 + 0.46 11.78 £ 0.85 10.58 £0.99 10.10 £ 0.67
[43%]* [47%)* [66%]* [48%]* [50%]*
(—1%) (0,3%) -12% -12% —21%
{13%} {13%} {23%} {4%} {9%}
Pw-Val 17 25 9.70 £ 1.21 10.33 £ 0.69 10.30 + 0.69 10.55 + 0.67 10.63 +0.53 10.75 £1.03
[44%]* [45%]* [49%]* [49%]* [60%]*
(—1%) (—1%) (0,2%) -13% -29%
{34%} & {3%} {—4,5%} {13%} {19%}
18 50 7.70 £ 0.55 8.88 £ 0.49 9.58 +£0.52 10.08 +0.56 10.83+0.92  9.75+0.41
[23%]* [35%]* [42%]* [52%]* [45%]*
(—15%) (—8%) (—4%) -15% (17%)#
{30%} & {—11%} {0,3%} {9%} {—6%}
19 100 10.78 = 1.17 10.47 £0.32 11.12 +0.28 11.15 £ 0.31 11.82 +0.85 11.45 + 0.50
[45%]* [57%]* [57%]* [65%]* [70%]*
(0,2%) =7% —6% (25%)# (37%)#
{14%} {20%} {16%}& {16%} {23%} &
Pw-Lys 20 25 9.03 +0.64 9.78 + 0.66 9.38 £ 0.46 9.28 +£0.68 9.17 £0,57 9.03 +0.47
[36%]* [32%]* [31%]* [28%]* [34%]*
(—=6%) (—10%) (—12%) (=3%) —8%
{27%} & {—6%} {—16%} {—3%} {=0,2%}
21 50 9.38 £0.73 9.48 £0.43 9.90 + 0.39 10.42 +0.47 10.55 £ 0,41 10.64 +0.32
[32%]* [39%]* [47%]* [48%]* [58%]*
(=9%) (=5%) (—1%) -12% 27%)#
{39%}& {-8%} {4%} {6%} {3%}
22 100 9.41+0.58 9.23 £0.47 9.90 + 0.52 9.95+0.48 10.27£0.50  10.57 £0.56
[28%]* [39%]* [40%]* [44%]* [57%]*
(—12%) (=5%) (—6%) —9% 27%)#
{1%} {7%} {3%} {0,5%} {14%}
Acetaminophen 23 50 7.23+£0.72 10.54 £ 0.73 10.38 £ 0.62 10.53 £0.74  9.45£0.60 8.35+£0.36

Note: * Statistically significant (» < 0.05) to the control group; # Statistically significant (p < 0.05) to the acetaminophen; & Statistically significant
(p < 0.05) to the group Pw.
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Table 4: Impact of the M. discoidea extracts on the sleep duration in rats, # + Az

Phyto-substance Dose  Average duration Soporific effect (%) in  Soporific effect (%) in

group (n=6) (mg/kg) of sleep (min) comparison to the group comparison to the group given
given thiopental the chamomile extract

Control 1 - 0 - -

group

Pw 2 25 78.33 £12.26 75.93 100
3 50 79.17 + 8.88%* 76.74 100
4 100 80.33 £10.11 77.87 100

Pw-Arg 5 25 61.12 £3.60%# 59.24 78.03
6 50 40.02 £4.57*#  47.29 61.63
7 100 3623 £431%#  35.12 45.10

Pw-Phe 8 25 28.83 £2.41*% 2795 36.81
9 50 65.97 £ 9.83*#  63.79 83.13
10 100 56.00 £ 6.61%#  54.28 69.71

Pw-B-Ala 11 25 106.50 + 6.92 103.23 135.96
12 50 102.67 £ 13.65  99.52 129.68
13 100 118.00 + 6.81 114.38 146.98

Pw-Gly 14 25 72.53 £9.93* 70.30 92.59
15 50 89.75 £ 9.28 86.99 113.36
16 100 141.12 £ 11.58*# 136.79 175.67

Pw-Val 17 25 6294 £517*  61.01 80.35
18 50 82.65 £ 6.29* 80.12 104.40
19 100 103.40 £ 6.03 100.22 128.71

Pw-Lys 20 25 55.83 £2.61%# 54.12 71.28
21 50 60.17 £ 9.72%#  58.32 76.00
22 100 42.00 £ 6.60*%#  40.71 52.28

Valerian 23 2,15 96.83 + 8.46 9386

extract

Thiopental 24 40 103.17 + 5.04 100

Note: * Statistically significant (p < 0.05) to the group that consumed sodium thiopental (Student’s #-test); # Statistically significant (p < 0.05) to the
group that consumed “Valerian syrup AN NATUREL” (Student’s z-test).
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Table 2: Amino acids composition of the M. discoidea extracts

Substance Content in the extract, mg/g

Pw Pw-Arg Pw-Phe Pw-B-Ala Pw-Gly Pw-Val Pw-Lys
Alanine (Ala) 260+0.07 192+0.17 1.92+0.03 2.17+£0.16 2.060.28 220+0.26 2.06 £ 0.08
Arginine (Arg) 1.48 +0.14 122.57 £8.31 2.72+0.18 1.51+£0.15 1.88+0.13 1.16+0.14 13.01 £ 0,60

Aspartic acid (Asn) 1.27 £0.13 1.00 = 0.06 1.12+0.19 1.06 +0.06 1.19+0.14 1.312+0.05 1.01 £0.06
Glutamic acid (Glu) 1.45+0.16 1.27 £ 0.09 1.35+0.15 1.26 £0.11 0.87 £ 0.06 1.35+0.10 1.32£0.11

Glycine (Gly) 0.38+0.04 025+0.02 0.32+0,02 0.32+0.04 101.31 £9.60 2.23 £0,13 0.47 £ 0.06
Isoleucine (Ile) 394+0.14 3.01+£0.25 321+0.14 331+0.24 318+0.17 345+028 2.98 £0.17
Leucine (Leu) 1.95+0.16 146+0.13 176 +0.21 1.63 £0.09 213+£0.07 3.31+038 1.42 £0.25
Lysine (Lys) 098 £0.07 0.63+0.02 0.66+0.02 0.65 +0.03 0.53+£0.02 0.61+0.03 314.82 £2.23
Phenylalanine (Phe) 3.40 £0.32 2.71£0.27  208.86 +13.73 4.32+0.96 298+0.11 337+0.15 2.97 £ 0,45
Proline (Pro) 1454 +0.78 11.36+044 11.87+0.82 12.03+0.81 9.80+0.60 1562+0.81 12.02+0.29
Serine (Ser) 339+039 2.54+0.08 239+0.25 2.53 £0.05 265021 246+0.25 2.47 £0.35
Threonine (Thr) 276 +0.14 2.09+021 2.10+0,28 1.68 £0.16 324+£0.09 219+0.14 2.25+0.23
Tyrosine (Tyr) 0.81+£0.06 0.70+0.03 0.76 +0.05 0.69 = 0.07 046 +0.04 0.76 £ 0.04 0.63 £0.08
Valine (Val) 323+0.11 2.60+0.13 2.62+0.26 2.79 £0.32 2124023 14573 £11.29 3.22+0.16
B-Alanine (B-Ala) 136.79 + 10.69

Sum of amino acids 42.16 154.09 241.67 172.73 134.39 185.74 360.64
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Table 5: The results of analysis of the polyethylene oxide (PEO) gels and 3D-printed scaffolds with the M.
discoidea extract

Gels: Viscosity, cP Surface area of the S practical/S Mass of Mass of round-
Extract (22 £2°C) 3D lattices, mm~ theoretical ratio lattices, mg shaped discs, mg
(2)/10 g

0.5 220167 £ 6420 353.96 +£9.10 1.09 171.2 £27.1 1295 £2.7

1.0 254400 £+ 5266 361.47 + 38.97 1.12 206.7£34 161.8 £13.0

1.5 252533 £ 6249 443.26 £ 16.34 1.37 153.5£13.3 1839+£29
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