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Highlights 

 Aqueous infusions analyzed by TPC/TFC and RP‑HPLC‑PDA (280 nm). 

 M. officinalis showed highest TPC; rutin was the main peak.  

 M. chamomilla: TFC 212.53 mg CE/g DM with several peaks. 

 P. incarnata: TPC 93.72, TFC 49.11 mg/g; major p-coumaric acid peak.  

 Phenolic profiles are complementary and may act together in infusions. 
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Abstract 

Sedative plants are increasingly considered natural alternatives to benzodiazepines, but varia-

bility in composition complicates standardization. We compared aqueous infusions of Melissa 

officinalis leaves, Matricaria chamomilla flowers, and Passiflora incarnata aerial parts. Total 

phenolics (TPC) and flavonoids (TFC) were determined by colorimetry (mg GAE/g DM; mg 

CE/g DM). Phenolics were profiled by RP‑HPLC‑PDA at 280 nm. 

Melissa officinalis showed the highest TPC and TFC (372.41 ± 62.88 mg GAE/g DM; 824.72 ± 

136.51 mg CE/g DM), with a chromatogram dominated by rutin. Matricaria chamomilla 

showed moderate TPC (97.81 ± 4.95 mg GAE/g DM) and higher TFC (212.53 ± 20.36 mg 

CE/g DM), with multiple medium peaks (gallic acid, chlorogenic acid, resorcinol, p‑coumaric 

acid, rutin, naringenin, quercetin). Passiflora incarnata had TPC similar to chamomile 

(93.72 ± 6.32 mg GAE/g DM) but lower TFC (49.11 ± 0.00 mg CE/g DM), with a major 

p‑coumaric acid peak and additional phenolics (gallic acid, chlorogenic acid, resorcinol, cat-

echin, rutin, naringenin, quercetin). 

These data show distinct yet complementary phenolic signatures and support combined use. 

Aqueous infusion extracts key polar phenolics relevant to sleep and anxiety with a favorable 

safety profile. 

Keywords: Melissa officinalis; Matricaria chamomilla; Passiflora incarnata; Polyphenols; 

HPLC profiling; Sedation. 

1. Introduction 

  Sleep quality is important for public health. Individuals suffering from chronic insomnia 

have a twofold higher risk of developing major depression compared to healthy subjects 

(Baglioni et al., 2011). In the short term, sleep disturbances impair stress reactivity, mood 

stability, and cognitive performance. Furthermore, long-term sleep deprivation and chronic 

activation of the sympathetic nervous system lead to major cardiovascular consequences, 

notably an increased prevalence of arterial hypertension (Medic et al., 2017). 

  Contemporary clinical practice limits the prolonged use of benzodiazepines due to their 

well‑known side effects, which are particularly severe in older adults, including cognitive 

impairment, daytime somnolence, and an increased risk of falls. Clinical data indicate that 

herbal alternatives can be effective, making the chronic prescription of these synthetic mole-

cules often avoidable (Markota et al., 2016). 

  Among these natural alternatives, Passionflower (Passiflora incarnata L.), Lemon balm 

(Melissa officinalis L.), and Chamomile (Matricaria chamomilla L.) are commonly used for 

sedation. While their anxiolytic and hypnotic effects have been validated by clinical trials( 

Zick et al., 2011; Miroddi et al., 2013; Soltanpour et al., 2019), the inherent variability in the 

concentration of their active constituents complicates the standardization of clinical extracts. 

  The primary objective of this study is to establish a comparative phytochemical characteri-

zation of these sedative plants. We quantified total phenolic and flavonoid fractions and de-

scribed their RP‑HPLC‑PDA profiles. These analyses allow the identification of key bi-

omarkers and help elucidate the biochemical complementarity that supports the synergistic use 

of this traditional triad for sleep improvement. 

2. Materials and Methods 

2.1. Plant material 
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The study was carried out at the Laboratory of Natural Products (LAPRONA). The investiga-

tion focused on the aerial parts of Passiflora incarnata L., the leaves of Melissa officinalis L. 

(sourced from a specialized supplier, imported), and the flowers of Matricaria chamomilla L. 

(from a local herbalist). Botanical identification was confirmed according to reference floras. 

2.2. Preparation of aqueous extracts 

Dried plant materials were ground into a fine powder. Extraction involved infusing 5 g of the 

plant powder in 50 mL of boiling distilled water for 10 minutes with stirring. After filtering 

through Whatman paper No. 5895 to remove solid residues, the filtrate was concentrated us-

ing a rotary evaporator. The resulting dry extracts were resuspended in distilled water to 

maintain metabolite stability during subsequent process assays. 

2.3. Spectrophotometric assays 

Total phenolic content (TPC) was determined using the Folin-Ciocalteu method (Singleton & 

Rossi, 1965) and expressed as milligrams of gallic acid equivalents per gram of dry matter 

(mg GAE/g DM). Total flavonoid content (TFC) was quantified using the aluminum chloride 

method(Zhishen et al., 1999) and expressed as milligrams of catechin equivalents per gram of 

dry matter (mg CE/g DM). All measurements were performed in triplicate to ensure analyti-

cal reproducibility. 

2.4. HPLC analyses (High Performance Liquid Chromatography) 

2.4.1. HPLC–PDA analysis 

The reversed-phase High-Performance Liquid Chromatography with Photodiode Array De-

tection (RP-HPLC-PDA) analysis of phenolic compounds was performed on a Perkin Elmar 

Flexar system. The system was equipped with a binary pump delivery system and a C18 

column (150 mm × 4.6 mm, 5 µm). 

The mobile phase consisted of solvent A (2% Acetic acid in water) and solvent B (Acetoni-

trile). The chromatographic separation was achieved using the following gradient elution 

system: 

1. 5 min at a constant concentration of 90% A; 

2. 25 min at 10% A; 

3. 15 min linear gradient from 90% to 100% B; 

4. 20 min for column re‑equilibration to initial conditions. 

The flow rate was maintained at 1 mL/min. The chromatograms were monitored at 280 nm 

(Imad et al., 2020). Compound identification and peak assignments were accomplished by 

comparing their retention times, UV-Vis spectra, and co-elution with commercial standards 

under identical chromatographic conditions. 

3. Results  
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3.1. Total Phenolic and Flavonoid Contents 

The total phenolic content (TPC) and total flavonoid content (TFC) of the three plant species 

are presented in Table 1. The aqueous extract of M. officinalis leaves was characterized by the 

highest TPC (372.41 ± 62.88 mg GAE/g DM) but a moderate TFC (824.72 ± 136.51 mg CE/g 

DM). The M. chamomilla flower extract displayed a substantial TFC (212.53 ± 20.36 mg CE/g 

DM) while maintaining moderate phenolic levels (97.81 ± 4.95 mg GAE/g DM). The aerial 

parts of P. incarnata exhibited a TPC comparable to chamomile (93.72 ± 6.32 mg GAE/g DM), 

but a significantly lower TFC (49.11 ± 0.00 mg CE/g DM). 

Table 1. Total phenolic and flavonoid contents of aqueous extracts. 

Plant Species 
Plant Or-

gan 

Total Phenolic Content (mg 

GAE/g DM) 

Flavonoids (mg CE/g 

DM) 

M. officinalis Leaves 372.41 ± 62.88 824.72 ± 136.51 

M. chamomilla Flowers 97.81 ± 4.95 212.53 ± 20.36 

P. incarnata Aerial parts 93.72 ± 6.32 49.11 ± 0.00 

Values represent the mean of three replicates ± standard deviation; DM: dry matter; GAE: gallic acid 

equivalents; CE: catechin equivalents. 

3.2. Identification and Quantification of Phenolic Compounds by HPLC 

HPLC–PDA analysis was performed (Fig. 1). Compounds were identified by comparing their 

retention times and spectral data at 280 nm with those of eight reference standards. 

The chromatogram of the lemon balm extract (Fig. 1A) showed a profile dominated by a single 

major peak at approximately 13.5 min, identified as rutin, with an absorbance of about 350 

mAU. Minor phenolic compounds were also detected, including gallic acid, chlorogenic acid, 

resorcinol, p-coumaric acid, and quercetin, eluting at approximately 28.5 min. 

The chromatographic profile of the chamomile extract (Fig. 1B) was characterized by a distinct 

pattern with several moderate peaks. The identified compounds included gallic acid, chloro-

genic acid, resorcinol, p-coumaric acid, rutin (≈ 13.5 min), naringenin (≈ 17.5 min), and 

quercetin. The most intense absorption was observed at around 25 min, with an absorbance of 

approximately 95 mAU. 

The passionflower extract chromatogram (Fig. 1C) exhibited a profile dominated by a peak at 

approximately 12.5 min, corresponding to p-coumaric acid, with an absorbance of about 70 

mAU. Minor phenolic compounds were also detected, including gallic acid, chlorogenic acid, 

resorcinol, catechin, rutin, naringenin, and quercetin, eluting at approximately 28.5 min. 
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Figure 1. RP-HPLC-PDA chromatograms of aqueous extracts from the three sedative me-

dicinal plants monitored at 280 nm. A: Profile of M. officinalis leaves, B: Profile of M. 

chamomilla flowers, C: Profile of P. incarnata aerial parts. 

4. Discussion 

4.1. Correlation Between Phytochemical Composition and Chromatographic Profiles 
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The integration of spectrophotometric assays and HPLC-DAD profiles reveals distinct phy-

tochemical fingerprints for Melissa officinalis, Matricaria chamomilla, and Passiflora incar-

nata, underscoring their complementary roles in managing insomnia and anxiety. 

4.1.1. Melissa officinalis: Phenolic Dominance and GABAergic Synergy 

M. officinalis exhibited the most significant phenolic and flavonoid density, with values 

reaching 372.41 mg GAE/g DM and 824.72 mg CE/g DM, respectively. These results con-

firm its status as a superior source of bioactive polyphenols (Stini et al., 2024). Although the 

HPLC profile at 280 nm (Fig. 1(A)) is dominated by rutin (≈ 350 mAU), the presence of 

rosmarinic acid—a hallmark of the Lamiaceae family— remains a key therapeutic contributor. 

The underrepresentation of rosmarinic acid in this specific chromatogram is likely due to its 

absorption maxima (320–330 nm), which fall outside the 280 nm detection window. From a 

pharmacological perspective, rosmarinic acid offers promising sedative potential (Priya et al., 

2025), while rutin has been shown to exert anxiolytic effects comparable to diazepam via 

systemic or intra-amygdala pathways (Hernandez-Leon et al., 2017). This synergy between 

GABAergic modulation and neuroprotection validates the traditional use of lemon balm as a 

potent sedative. 

4.1.2. Matricaria chamomilla: Targeted Action on Sleep Homeostasis 

Chamomile displayed a substantial flavonoid concentration (212.53 mg CE/g DM) alongside 

moderate phenolic levels (97.81 mg GAE/g DM). These values exceed those previously re-

ported for decoctions (Bekhti et al., 2022), suggesting that a 100°C infusion protocol opti-

mizes the extraction of heat-stable polyphenols. The efficacy of M. chamomilla in promoting 

sleep onset is primarily driven by apigenin. This flavonoid acts as a high-affinity ligand for 

GABA-A receptors, directly modulating sleep homeostasis (Kramer & Johnson, 2024). Addi-

tionally, the presence of chlorogenic acid (Fig. 1(B)) provides an indirect sedative benefit. By 

mitigating oxidative stress and anxiety-driven hyperarousal, chlorogenic acid helps lower the 

physiological barriers to sleep (Valcheva-Kuzmanova et al., 2015), creating a balanced seda-

tive effect. 

4.1.3. Passiflora incarnata: Phytochemical Diversity and Synergistic Balance 

Despite exhibiting the lowest quantitative phenolic (93.72 mg GAE/g DM) and flavonoid 

(49.11 mg CE/g DM) levels, P. incarnata presented the most diversified chromatographic 

profile (Fig. 1(C)). The HPLC analysis identified a complex array of compounds, including 

gallic, chlorogenic, and p-coumaric acids, as well as catechin, rutin, naringenin, and quercetin. 

This structural variety is consistent with the findings of Appel et al. (2011), who emphasized 

that passionflower’s sedative efficacy stems from a multi-target "entourage effect" rather than 

a single molecule. Specifically, p-coumaric acid reduces neuronal oxidative stress and modu-

lates the GABAergic system (Pei et al., 2016), while catechin further bolsters neuroprotective 

defenses (Godos et al., 2020). This synergistic mechanism provides a gentle therapeutic ap-

proach, making Passiflora particularly effective for long-term stress management and sleep 

quality improvement. 

4.2. Therapeutic Implications and Complementarity of the Three Species 
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The three plants investigated differ markedly in their phytochemical composition, and this 

variation helps explain their complementary therapeutic effects. Melissa officinalis contains 

high levels of rosmarinic acid and rutin, compounds associated with neuroprotective activity 

and non-benzodiazepine GABAergic modulation (Hernandez-Leon et al., 2017; Priya et al., 

2025). Matricaria chamomilla acts more directly on sleep regulation due to its apigenin con-

tent, which has documented affinity for GABA-A receptors and has been linked to reduced 

sleep latency and improved sleep continuity (Zick et al., 2011; Kramer & Johnson, 2024). 

Passiflora incarnata relies on a broader phenolic profile; rather than acting on a single re-

ceptor type, its combined phenolic constituents contribute to reducing the state of anxie-

ty-related hyperarousal often associated with sleep disturbances (Appel et al., 2011; Miroddi 

et al., 2013). 

When prepared as an aqueous infusion, the three plants act through distinct but complemen-

tary pathways: lemon balm provides antioxidant and GABAergic support, chamomile pro-

motes sleep onset through GABA-A modulation, and passionflower contributes to reducing 

the underlying anxious state (Markota et al., 2016; Soltanpour et al., 2019). These combined 

effects are consistent with the use of polyherbal preparations in traditional practice, and the 

present chemical data offer a rationale for this association. 

 

5. Conclusions 

This study establishes distinct yet complementary phytochemical signatures in aqueous infu-

sions of Melissa officinalis, Matricaria chamomilla, and Passiflora incarnata. Melissa offic-

inalis combines the highest totals of phenolic and flavonoid compounds with a rutin‑dominant 

chromatogram at 280 nm. Matricaria chamomilla exhibits elevated flavonoids and several 

medium‑intensity phenolic peaks, while Passiflora incarnata shows lower totals but a profile 

characterized by a major p-coumaric acid peak accompanied by additional phenolics. Taken 

together, these data support a multi‑compound synergistic model, where phenolic acids, fla-

vonols, and flavones provide complementary contributions relevant to sedative and anxiolytic 

potential. Aqueous infusion emerges as a selective process for recovering polar phenolics of 

interest and offers a practical foundation for standardized, synergy‑driven formulations with-

out reliance on a single dominant biomarker. 
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