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Abstract

:

Background: The use of herbal extracts could represent an advantageous approach for treating sleeping disorders, especially in mild-to-moderate conditions, before the onset of a specific therapy with first-line drugs. Specifically, the focus was posed about the use of extracts from Valeriana officinalis, Ziziphus jujuba, and Humulus lupulus. Multiple studies demonstrated the efficacy of these medicinal plants to positively manage insomnia symptoms. Additionally, their efficacy in the treatment of sleeping disorders could also be improved by their pharmacological association. In the present study, extracts from Valeriana officinalis, Ziziphus jujuba, Humulus lupulus, melatonin, and their pharmacological association, Vagonotte® MEL, were studied for potential application in the treatment of insomnia. Methods: The extracts and melatonin were tested on hypothalamic neurons and tissue for evaluating biocompatibility and protective and neuromodulatory effects. The neuromodulatory effects were evaluated as orexin A gene expression and serotonin steady state level, in the hypothalamus. Results: The extracts and melatonin, although with evident differences, were effective as antioxidant and anti-inflammatory agents; additionally, they were also able to reduce the hypothalamic gene expression of orexin A and the steady state level of serotonin, playing master roles in wakefulness. It is noteworthy that the formulation displayed all the effects of the single ingredients, without any sign of toxicity and pharmacological interference in the hypothalamus. Conclusions: Concluding, the present study explored the biological effects of melatonin and herbal extracts with phytotherapy interest in V. officinalis, Z. jujuba, and H. lupulus. The study demonstrated their intrinsic scavenging/reducing activity, together with protective and neuromodulatory effects in the hypothalamus, with a significant reduction of both orexin A gene expression and serotonin steady state level. Additionally, the study also considered their pharmacological association, which displayed an overall pharmacological spectrum mirroring, including all the effects of the single ingredients, without showing any sign of toxicity in the brain and interference between the extracts and melatonin.
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1. Introduction


Insomnia represents the main sleep disorder, and it is related to alteration of the circadian rhythm regulation, finely codified at the hypothalamic level [1]. Recent studies also point to the influence of insomnia in the incidence of neurodegenerative, neuropsychiatric, and metabolic disorders, as well as obesity [2]. This is also related, albeit partially, to the involvement of hypothalamic neuronal populations in different neuroendocrine functions, among which appetite and circadian rhythm, which are influenced in some cases, by the same hypothalamic neuromodulators, such as orexins and serotonin [3,4,5]. Different drugs, among which benzodiazepines, melatonin agonists (i.e., ramelteon), orexinergic, and histaminergic antagonists have been used as first-line medicinals for treating insomnia [6]. Additionally, antidepressant, anticonvulsant, and antipsychotic drugs have also been proposed in the context of off-label uses [6]. Nevertheless, the profile of adverse effects, including alteration in cognitive functions and the development of tolerance, determines a reduction of both patient compliance and therapeutic efficacy [6]; thus suggesting innovative strategies for the managing of insomnia. In this context, the use of herbal extracts could represent an advantageous approach for treating sleeping disorders, especially in mild-to-moderate conditions, before the onset of a specific therapy with first-line drugs [6]. Furthermore, it is also sensitive to the parallelism with another central disorder, namely migraine, which is managed with efficacy with herbal preparations in non-severe forms and in alternative to the use of first-line medications [7,8,9]. Considering the promising phytotherapy approach in the management of insomnia, which is witnessed by the increasing use of herbal preparations throughout the world, in the present studies the effects of herbal extracts from plants with promising applications for treating sleep disorders were investigated at the hypothalamic levels. Specifically, the focus has been on the use of extracts from Valeriana officinalis, Ziziphus jujuba, and Humulus lupulus. Multiple studies have demonstrated the efficacy of these medicinal plants to positively manage insomnia symptoms [10,11]. Additionally, their efficacy in the treatment of sleeping disorders could also be improved by their pharmacological association [12,13]. Indeed, the study considered the evaluation of their efficacy on the levels of hypothalamic orexin-A and serotonin, well-known stimulators of wakefulness [3,14]. Additionally, the study also considered intrinsic antioxidant effects and the evaluation of phenolic compounds present in the extracts. Particularly, the effects were evaluated as regards the single extracts and their pharmacological association with melatonin, an indolic neuromodulator that, besides being a key regulator of sleep/awake rhythm in mammals, is also present in numerous plants of phytotherapy interest, such as Tanacetum parthenium [15]. Finally, a statistical approach, namely principal component analysis (PCA), was performed for discriminating the contribution of each ingredient in the pharmacological spectrum displayed by the proposed formulation.




2. Materials and Methods


2.1. Herbal Extracts


Dry water extracts from roots of Valeriana officinalis L. (0.8% valerenic acid), fruits of Ziziphus jujuba Mill. (2% triterpene saponins), and inflorescences of Humulus lupulus L. (0.4% total flavonoids) were provided by Cristalfarma S.r.l. (Milano, Italy). Melatonin was purchased from Merck (Milano, Italy). Extracts were rehydrated in water via ultrasound-assisted method as previously reported [16]. The extract concentration after rehydration was 80 mg/mL. Extracts and melatonin were also used in combination and the proportions of the extracts and melatonin mirror the composition of the commercial food supplement vagonotte® (Cristalfarma S.r.l.), based only on V. officinalis, H. lupulus, and Z. jujuba at the following ratios 5:2:1, respectively. Whilst, 0.2% melatonin was present in the formulation. The percentage of melatonin in the formulation mirrors its level in herbal extracts [17].




2.2. Colorimetric Assays


Total phenols and flavonoids were determined as equivalents of gallic acid and rutin, respectively, and the detailed protocols are described in our earlier paper [18].



Scavenging/reducing properties were evaluated through cupric ion reduction antioxidant capacity (CUPRAC), ferric ion reduction antioxidant power (FRAP), metal chelating ability (MCA), 1,1-diphenyl-2-picrylhydrazyl (DPPH) and 2,2′-azino-bis(3-ethylbenzothiazoline) 6-sulfonic acid (ABTS), and the phosphomolybdenum (PBD) assay. The details were described in our previous paper [19]. The experimental details were given as supplemental material.




2.3. Eco-Toxicological Assays


The biocompatibility of the ingredients of the formulation were evaluated through allelopathy bioassay and Artemia salina (brine shrimp) lethality assay. Detailed protocols were reported in previous studies of ours [8,9].




2.4. Hypothalamic HypoE22 Cell Culture


Hypothalamic HypoE22 cells were used to evaluate the biocompatibility of the ingredients of the formulation in neurons. In this regard, the viability 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) tests were performed as previously described [20].




2.5. Ex vivo Stimulation of Isolated Hypothalamus


Adult C57/BL6 male mice (3-month-old, weight 20–25 g) were housed in Plexiglas cages (2–4 animals per cage; 55 cm × 33 cm × 19 cm) and maintained under standard laboratory conditions (21 ± 2 °C; 55 ± 5% humidity) on a 14/10 h light/dark cycle, with ad libitum access to water and food. Isolated hypothalamic specimens were maintained in a humidified incubator with 5% CO2 at 37 °C for 4 h (incubation period) in RPMI buffer. During the incubation period, the tissues were challenged with the extracts, melatonin, and their pharmacological association




2.6. Radioimmunoassay Determination of Prostaglandin E2 (PGE2)


Tissue supernatants were collected, and the PGE2 level (ng/mg wet tissue) was measured by radioimmunoassay (RIA). The evaluation of PGE2 was conducted as previously reported [17].




2.7. Determination of Serotonin (5-HT) Level in Hypothalamic Samples


Hypothalamic tissue was homogenized through perchloric acid 50 mM as previously reported. The 5-HT level in the tissue homogenate was analyzed through a high performance liquid chromatography coupled to electrochemical detector (HPLC-EC) apparatus as fully described in our previous study [17].




2.8. Lactate Dehydrogenase (LDH) Determination in Hypothalamic Tissue


LDH activity was measured as previously reported [7].




2.9. Gene Expression Analysis


Total RNA was extracted from hypothalamic specimens using TRI reagent (Sigma-Aldrich, St. Louis, MO, USA), according to the manufacturer’s protocol, and reverse transcribed using a High Capacity cDNA Reverse Transcription Kit (Thermo Fischer Scientific, Waltman, MA, USA). Gene expression of orexin A was determined by quantitative real-time PCR using TaqMan probe-based chemistry, as previously described [21]. PCR primers and TaqMan probes were purchased from Thermo Fisher Scientific Inc. β-actin was used as the housekeeping gene. The elaboration of data was conducted with the Sequence Detection System (SDS) software version 2.3 (ThermoFischer Scientific). Relative quantification of gene expression was performed by the comparative 2−∆∆Ct method [22].




2.10. Statistical Analysis


Statistical analyses were performed using GraphPad Prism version 5.01 software (San Diego, CA, USA). Means ± S.E.M. were determined for each experimental group and analyzed by one-way analysis of variance (ANOVA), followed by Newman–Keuls comparison multiple test. Statistical significance was set at p < 0.05.



Using Pearson correlation analysis, a relationship between biological activity assays and total bioactive components was established. Graph Pad Prism was utilized for the analysis (version 9.2). To provide more insights on tested samples, a PCA was employed. SIMCA was utilized for statistical analysis (version 14.0).





3. Results


3.1. Phytochemical Analysis


The extracts were tested for total phenols and for flavonoid content; V. officinalis and H. lupulus showed similar levels of phenolic compounds, whereas Z. jujuba revealed the lowest content in phenolic compounds (Table 1). Regarding the total flavonoid determination, the highest level was displayed by H. lupulus, whilst V. officinalis showed lower content compared with the other two extracts. Regarding the scavenging/reducing assays, H. lupulus extract displayed a significant activity for each test, whereas melatonin was the most active ingredient of the formulation as an antioxidant (Table 1). The whole formulation mirrors the composition in secondary metabolites and the antioxidant effects (Table 1).




3.2. Eco-Toxicological Assays


In order to define the limits of biocompatibility of the extracts and their pharmacological association, eco-toxicological assays, namely allelopathy and brine shrimp (Artemia salina) assays, were carried out in the concentration range 0.1–40 mg/mL. The allelopathy assay showed null effects on seedling germination of all tested lettuce varieties at concentration <5 mg/mL. Similar results were obtained as regards brine shrimp lethality, which showed LC50 values <5 mg/mL.




3.3. Hypothalamic HypoE22 Cell Cultures


Considering the results of eco-toxicological tests, a concentration at least ten-fold lower compared to the value of LC50 measured in the brine shrimp assay was selected for stimulating hypothalamic cells. V. officinalis, H. lupulus, and Z. jujuba were tested at the concentrations of 500, 200, and 100 µg/mL, respectively. Melatonin was tested at the concentration of 1 µg/mL. The same concentrations were maintained in the pharmacological association group. All treatments did not modify the viability of hypothalamic cells, compared with the untreated control (Ctrl) group; thus, further demonstrating the biocompatibility in eukaryotic cells (Figure 1).




3.4. Ex Vivo Stimulation of Hypothalamic Specimens Exposed to LPS


In the same concentrations, extracts and melatonin were tested in isolated mouse hypothalamic specimens. Consistent with the abovementioned biocompatibility and antioxidant effects, all treatments were effective in preventing the LPS-induced up-regulation of LDH and PGE2 (Figure 2 and Figure 3), with the formulation being more active in blunting the LPS-induced LDH release, thus indicating a higher efficacy as a protective agent, compared with the single ingredients. Whilst in absence of LPS, all treatments were effective in reducing the gene expression of orexin A and the steady state level of 5-HT in the hypothalamus (Figure 4 and Figure 5). Regarding the orexin A gene expression, H. lupulus extract was the most effective, whereas the highest efficacy in reducing 5-HT hypothalamic level was displayed by Z. jujuba extract.




3.5. Principal Components Analysis (PCA)


To get more information between the samples tested, we performed a principal component analysis based on antioxidant properties and total bioactive compounds. The results are shown in Figure 6. As can be seen in Figure 6a, the analysis consisted of two components (PC1: 55.8% and PC2: 22.7) and they accounted for 78.5% of the total components. The samples tested were clearly distributed in the different axes of the PCA plane. Interestingly, formulation H. lupulus and V. officinalis, were classified very narrowly. From this point on, these components mainly contributed to the antioxidant properties of the formulation. However, the contributions of melatonin and Z. jujuba in the formulation were very small. These findings could indicate that if we want to improve the antioxidant properties of the formulation, V. officinalis and H. lupulus, could be the main players in the actions. The approach was also supported by several researchers who reported significant antioxidant properties in the plants [23,24,25,26,27,28]. In addition to the PCA analysis, Pearson’s correlation between antioxidant methods and total bioactive components was calculated. In general, the bioactive components showed a weak correlation (R < 0.5) with the antioxidant methods. This finding could be explained by the complex nature and interactions (antagonistic or synergistic) of phytochemicals. In further studies, we proposed further isolation and characterization techniques to determine specific correlations between phytochemicals and the observed antioxidant effects. In recent studies, spectrophotometric analysis is not sufficient to determine the level of bioactive compounds [29].





4. Discussion


The hypothalamus has been recognized as playing a pivotal role in regulating the balance between sleep and arousal behavior, with different neuronal populations and neuromodulators being involved [30]. In this context, it is worth mentioning the arousal-inducing effects played by monoamines, namely norepinephrine and serotonin, and by orexins, neuropeptides, which are specifically synthesized in the hypothalamus [30]. Indeed, the administration of orexins and drugs stimulating the release of monoamines are effective to promote wakefulness [31,32]. By contrast, antagonists of orexinergic and monoaminergic pathways have been found to induce sleeping behavior [6,33].



The same mediators have been also related to the regulation of feeding [4,34], and neuroendocrine interactions, especially between serotonin and orexins, were described in the hypothalamus [35]. Additionally, serotonin and orexins could also play pivotal roles in migraines, and the association between insomnia and migraine has long been described by clinicians [36].



Due to the elevated prevalence of both migraine and insomnia as neurological diseases [36] and the side effects often associated to the use of first-line drugs [37], the search for new treatment options based on herbal preparations is increasing throughout the world [6,38,39].



Therefore, the present study investigated the potential of different herbal extracts from V. officinalis, Z. jujuba, and H. lupulus in the hypothalamus. Additionally, the study also considered the use of melatonin, a key regulator of sleep–wakefulness balance and a potent antioxidant [40]. Melatonin has been described not only in mammal cells but also in different plants, such as T. parthenium [15,17], an herbal remedy with phytotherapy use in migraine, which has the capability to restore monoaminergic signaling in the cortex and hypothalamus and to contrast the burden of inflammation and oxidative stress which are typical of neurological disorders [7,8,41,42].



Our results showed the intrinsic scavenging/reducing effects of the extracts, melatonin, and their pharmacological association. Regarding the herbal extracts, their antioxidant effects can be related, albeit partially, to the content of total phenols and flavonoids [16]. Intriguingly, H. lupulus displayed the highest content in total flavonoids and antiradical effects, compared with V. officinalis and Z. jujuba. Whilst the whole formulation displayed intermediate effects with respect to the single ingredients.



The intrinsic antioxidant effects also mirror the efficacy of the extracts and melatonin as protective agents, in the hypothalamus; indeed, the blunting effects on LPS-induced PGE2 and LDH demonstrate not the capability to prevent oxidative and inflammatory damage [43] but also confirm the biocompatibility of the single treatments and the formulation. Actually, these effects could be related, albeit partially, to the content of phenolic compounds present in the extracts and the intrinsic antioxidant effects of melatonin [16,40,44,45]. The scavenging/reducing effects of such substances are relevant in a neurological disorder such as insomnia, which is characterized by increased lipid peroxidation and reduced antioxidant defense systems [46].



Additionally, the extracts and melatonin were effective in reducing orexin A gene expression and serotonin steady state level in the hypothalamus. Intriguingly, the formulation was more effective than melatonin in reducing the activity of such hypothalamic neuromodulators. Currently, the present study did not permit proposing a mechanism of action underlying the observed effects. However, a previous study demonstrated the efficacy of a mixture, including V. officinalis and H. lupulus, in inducing sleeping behavior in Drosophila melanogaster [47], thus further strengthening the importance of the pharmacological association of herbal extracts for improving efficacy. Intriguingly, the same study proposed the modulation of GABA and serotonin pathways as potential targets of V. officinalis and H. lupulus. However, in the present study, V. officinalis extract and melatonin were ineffective in modifying hypothalamic serotonin level; thus, indicating H. lupulus and Z. jujuba as mainly responsible for the reduction of serotonin steady state concentration. The discrepancies between the results of Choi et al. [47] and our findings could be related, albeit partially, to the different preparation of the extracts. Indeed Choi et al. [47] used ethanol 70% as a solvent, and this can increase the solubility of low water soluble compounds, namely V. officinalis terpenes and H. lupulus phloroglucinol derivatives. By contrast, the water extracts from the same plant materials, as in the present study, may favor the solubility of phenolic compounds. In this context, it is noteworthy that the ability of valerenic acid to reduce serotonin turnover occurs at dosages much higher than its content in the employed extract (0.8%) [48]. This may influence our findings of null effect induced by V. officinalis extract on serotonin steady state level in the hypothalamus. However, we cannot exclude that the presence of phloroglucinol compounds in the H. lupulus extract may play a pivotal role in the increased serotonin level after exposing hypothalamic tissue to the hop extract.



It is also sensitive to highlight that in silico predictions proposed putative interactions between Z. jujuba and serotonin [49], although the authors of the study focused their attention on feeding, which is also finely regulated in the hypothalamus [35]. All tested extracts and melatonin were effective in reducing orexin A gene expression. There is still a lack in the scientific literature as regards direct interactions between the V. officinalis, H. lupulus, Z. jujuba, and orexins. Therefore, we hypothesize that, in the case of H. lupulus and Z. jujuba, the reduction of orexin A gene expression could be related, albeit partially, to the modulatory effect on serotonin, which has been found to interact directly with orexins [50]. By contrast the inhibition of orexin A gene expression induced by melatonin is consistent with its inhibitory effect on orexin neurons [35,51].




5. Conclusions


In conclusion, the present study explored the biological effects of melatonin and herbal extracts with phytotherapy interest from V. officinalis, Z. jujuba, and H. lupulus. The study demonstrated their intrinsic scavenging/reducing activity, together with protective, and neuromodulatory effects, in the hypothalamus, with a significant reduction of both orexin A gene expression and serotonin steady state level. Additionally, the study also considered their pharmacological association, which displayed an overall pharmacological spectrum mirroring and including all the effects played by the single ingredients, without showing any sign of toxicity in the brain and interference between the extracts and melatonin.



Therefore, the present study supports the rationale in combining the tested extracts with melatonin for counteracting insomnia. This would improve the efficacy compared with the single ingredients and with melatonin, this last representing the main natural compound used as a sleeping-inducer. However, further studies prove necessary for confirming the pharma-toxicological profiles, in terms of both efficacy and safety and also in terms of mechanisms of action, whose further investigation would be of relevance for ameliorating a rational and aware use.
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Figure 1. Null effect induced by V. officinalis, Z. jujuba, H. lupulus, and melatonin on hypothalamic HypoE22 cells. 
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Figure 2. Inhibitory effects induced by V. officinalis, Z. jujuba, H. lupulus, and melatonin on LPS-induced lactate dehydrogenase (LDH) levels in isolated hypothalamus. ANOVA, p < 0.0001; *** p < 0.001 vs. Ctrl (Control) group. 
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Figure 3. Inhibitory effects induced by V. officinalis, Z. jujuba, H. lupulus, and melatonin on LPS-induced prostaglandin E2 (PGE2) levels in isolated hypothalamus. ANOVA, p < 0.0001; *** p < 0.001 vs. Ctrl (Control) group. 
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Figure 4. Inhibitory effects induced by V. officinalis, Z. jujuba, H. lupulus, and melatonin on serotonin (5-HT) levels in isolated hypothalamus. ANOVA, p < 0.0001; * p < 0.05, ** p < 0.01,*** p < 0.001 vs. Ctrl (Control) group. 
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Figure 5. Inhibitory effects induced by V. officinalis, Z. jujuba, H. lupulus, and melatonin on orexin A gene expression in isolated hypothalamus. ANOVA, p < 0.0001; ** p < 0.01,*** p < 0.001 vs. Ctrl (Control) group. 
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Figure 6. Biplot presentation from principal component analysis between the tested samples (a), Pearson correlation values between biological activity assays (p < 0.05) (b). 
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Table 1. Intrinsic antioxidant properties of V. officinalis, H. lupulus, Z. jujuba, melatonin, and the formulation.
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	TPC (GAE)
	TF (RE)
	DPPH

(mg TE/)
	ABTS

(mg TE/g)
	CUPRAC

(mg TE/g)
	FRAP

(mg TE/g)
	Metal Chelating (mg EDTAE/g)
	Phosphomolybdenum (mmol TE/g)





	V. officinalis
	12.12 ± 0.39 a
	0.23 ± 0.05 d
	Not active
	30.11 ± 0.73 c
	39.56 ± 0.04 b
	26.41 ± 0.30 b
	13.45 ± 0.19 b
	0.34 ± 0.01 c



	H. lupulus
	11.28 ± 0.18 b
	1.23 ± 0.01 a
	15.44 ± 0.30 a
	25.39 ± 0.90 d
	31.95 ± 0.24 c
	21.27 ± 0.11 c
	11.68 ± 0.13 d
	0.12 ± 0.03 d



	Z. jujuba
	3.28 ± 0.06 d
	0.75 ± 0.14 b
	Not active
	Not active
	11.40 ± 0.19 d
	6.73 ± 0.03 e
	11.04 ± 0.17 e
	0.16 ± 0.02 d



	Melatonin
	Not determined
	Not determined
	1.37 ± 0.02 c
	81.32 ± 0.28 a
	49.52 ± 0.44 a
	50.59 ± 0.28 a
	12.07 ± 0.02 c
	3.74 ± 0.12 a



	Formulation
	9.81 ± 0.14 c
	0.56 ± 0.02 c
	7.09 ± 0.06 b
	35.05 ± 0.32 b
	31.60 ± 0.42 c
	19.04 ± 0.61 d
	14.74 ± 0.18 a
	0.48 ± 0.05 b







Values are reported as mean ± S.D. of three parallel measurements. TPC: Total phenolic content; TF: Total flavonoid; GAE: Gallic acid equivalents. RE: Rutin equivalents; TE: Trolox equivalents; EDTAE: EDTA equivalent. In each row, different letters mean significant differences (p < 0.05).
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