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ABSTRACT

This study evaluates the thin-layer desorption kinetics, isolation-stabilization parameters, and bioactive efficacy of
secondary metabolites from Parameria laevigata leaf matrices, mapping its chemical potential as a functional
hepatoprotective beverage. Fresh biomass was processed using forced-convection thermal drying at 125°F for 4 hours and
140°F for 3 hours, with both regimes reaching a stable moisture desorption equilibrium at a 74% mass reduction (5%
residual moisture). Phytochemical profiling and multi-laboratory screening confirmed that the low-temperature 125°F
parameters protected fragile organic compounds from thermal oxidation, safely preserving high concentrations of total
flavonoids, saponins, and condensed tannins along with essential micronutrients. Blind sensory screening by 19
independent evaluators confirmed that this gentle drying profile optimized the preservation of natural volatile compounds,
yielding a darker color liquor, enhanced solute extraction, and superior aromatic qualities. Preclinical in vivo assays using
carbon tetrachloride (CCls)-induced hepatotoxicity models in male Sprague Dawley rats confirmed that a 100%
concentration of the natural product extract completely blunted pathological serum enzyme elevations (SGOT and SGPT),
maintaining baseline levels within normal parameters (p < 0.05). Microscopic histopathological reviews corroborated this
systemic protection, showing that the isolated polyphenolic and metabolite matrix effectively prevented lobular disarray,
severe necrosis, and vascular space dilatation, exhibiting structural tissue regeneration equal to the standard clinical
reference drug Silymarin (100 mg/kg). These findings validate the natural product chemistry profile of P. laevigata as a
stable, standardized, and highly viable bio-accessible formulation for targeted hepatoprotection.

KEYWORDS: Parameria laevigata, Apocynaceae, secondary metabolites, thin-layer dehydration kinetics,
hepatoprotection, flavonoids

INTRODUCTION

Chronic hepatic disorders, including cirrhosis, viral hepatitis, non-alcoholic fatty liver disease (NAFLD), and drug-
induced hepatotoxicity, have rapidly escalated into critical public health crises with profound global epidemiological
impacts. According to recent World Health Organization metrics, chronic liver diseases account for over two million
deaths annually worldwide, representing a significant portion of the global burden of disease (Wu et al., 2024). The
insidious progression of hepatic fibrosis to end-stage cirrhosis and hepatocellular carcinoma is increasingly driven by
modern metabolic stressors, widespread exposure to environmental pollutants, and the widespread use of hepatotoxic
pharmaceuticals. This rising prevalence places a severe socio-economic burden on healthcare infrastructures, particularly
within developing and middle-income tropical countries where specialized diagnostic and therapeutic options remain
unevenly distributed.

At the cellular level, the pathogenesis of acute and chronic hepatic injury is intimately tied to severe oxidative stress
cascades. Exposure to chemical hepatotoxins, such as the classic experimental model carbon tetrachloride (CCly),
industrial solvents, and various agrochemical contaminants, triggers highly damaging metabolic activations within the
liver's microsomal compartment. Cytochrome P450 enzymes metabolize these xenobiotics into highly reactive free radical
species, notably the trichloromethyl and trichloromethylperoxyl radicals. These unstable intermediates attack neighboring
cellular macromolecules, causing extensive lipid peroxidation of the hepatocyte membrane bilayer. This destructive cycle
disrupts structural membrane integrity, induces mitochondrial dysfunction, and causes severe lobular necrosis. This
structural breakdown ultimately leads to the leakage of critical intracellular diagnostic enzymes, such as Serum Glutamic
Oxaloacetic Transaminase (SGOT) and Serum Glutamic Pyruvate Transaminase (SGPT), directly into the systemic
circulation.
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Despite significant advancements in modern pharmacology, options for treating acute liver injury and chronic fibrosis
remain constrained. Many currently available synthetic hepatoprotective drugs and anti-inflammatory therapies are limited
by high retail costs, limited availability in rural or marginalized regions, and the risk of secondary adverse side effects
that can further complicate hepatic clearance pathways. These clear clinical and economic bottlenecks have driven a major
shift in global pharmaceutical research toward exploring natural products and botanical resources. Plant-derived bioactive
compounds offer a promising alternative, typically functioning through multi-targeted therapeutic pathways that provide
robust antioxidant cell-wall stabilization with minimal systemic toxicity.

Among the untapped botanical assets of Southeast Asian tropical ecosystems is Parameria laevigata (Juss.) Moldenke
(Family: Apocynaceae), locally recognized in the Philippines as Tagulauai or Lupluppiit. While traditionally utilized in
regional folk medicine as a raw vulnerary decoction for wound healing and systemic inflammation, its specific organ-
level bioactivity remained scientifically unverified until recent baseline investigations. Initial screening by Danzalan and
Capili (2022) established that crude leaf extracts of P. laevigata contain complex arrays of secondary metabolites,
specifically flavonoids, saponins, and condensed tannins, which directly correlated with a reduction in serum enzyme
elevations in toxic models. Subsequent in vivo histopathological validation by Danzalan (2025) confirmed that targeted
doses of these organic leaf extracts effectively prevent lobular disarray, severe necrosis, and vascular space dilatation in
animal subjects, showing cellular protection comparable to the global reference drug Silymarin (100 mg/kg).

However, a major gap remains in the natural product chemistry and processing lifecycle of P. laevigata. Traditional
aqueous preparations suffer from unquantified therapeutic dosages and severe thermal degradation of fragile, heat-
sensitive secondary metabolites. Furthermore, crude extracts present distinct organoleptic barriers; the high native
concentration of unrefined tannins yields an intensely bitter, harsh, and astringent profile that limits consumer palatability
and commercial adoption. To date, no systematic study has modeled the thin-layer desorptive moisture drying kinetics
required to transform raw P. laevigata forest biomass into a standardized, shelf-stable, and highly palatable functional
food matrix without compromising its inherent hepatoprotective profiles.

To address these parameters, this study investigates the thin-layer dehydration kinetics of P. laevigata leaves under
controlled mechanical forced-convection thermal regimes (125°F for 4 hours vs. 140°F for 3 hours) to optimize metabolite
preservation and solute extraction dynamics. Furthermore, this research bridges chemical optimization with clinical
validity by evaluating the chemical profile, sensory palatability, and comparative in vivo enzymatic protection of the
resulting formulation. Developing this evidence-based natural product directly advances United Nations Sustainable
Development Goal 3 (SDG 3: Good Health and Well-being) by establishing an affordable, scientifically validated
botanical therapeutic, while simultaneously supporting SDG 12 (Responsible Consumption and Production) through the
valuation of sustainable tropical biodiversity.

METHODOLOGY

Botanical Collection, Authentication, and Pre-treatment

Fresh, structurally mature leaves of wild-growing Parameria laevigata (Juss.) Moldenke (Apocynaceae) vines were
selectively hand-harvested from verified, non-polluted forest ecosystems in Cagayan Valley, Philippines. Botanical
identification and taxonomic verification were formally conducted at the institutional herbarium (Danzalan & Capili,
2022), and voucher specimens were deposited for archival reference.

The collected botanical biomass was subjected to a rigorous triple-stage cleansing loop. The leaves were first rinsed with
running tap water to remove macroscopic soil particles, followed by an immersion wash in a 0.1% v/v sodium hypochlorite
solution to eliminate epiphytic microflora. A final thorough rinse with deionized water (dH,O) was performed to remove
any chemical residues. The cleaned leaves were then uniformly blotted using food-grade absorbent paper matrix to
eliminate surface moisture before thermal processing.

Thin-Layer Forced-Convection Dehydration Kinetics

The thin-layer moisture desorption behavior of the processed P. laevigata leaves was evaluated under two distinct
experimental processing runs inside a digital, sanitary forced-convection cabinet dryer equipped with automated
temperature controllers:

o Trial 1 (Low-Temperature Regime): Operated at a fixed thermal threshold of 125°F (51.7°C) for an unbroken duration
of 4 hours.

o Trial 2 (Elevated-Temperature Regime): Operated at a fixed thermal threshold of 140°F (60.0°C) for a compressed
duration of 3 hours.

For each experimental trial, exactly 500 grams of fresh, prepared leaf material was uniformly distributed in a single layer

over perforated stainless-steel drying trays. Mass reduction kinetics and thin-layer desorption indicators were monitored
at uniform temporal intervals using a calibrated digital analytical balance (precision: £0.01 g).
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Drying operations were sustained until both trials reached a corresponding equilibrium mass weight of exactly 130 grams,
representing a total mass reduction of 74% from the raw fresh weight and confirming a stable residual moisture
equilibrium of < 5% by weight. The resulting brittle, dehydrated leaf matrices were immediately transferred to airtight
desiccators containing active silica gel to prevent ambient moisture re-absorption before mechanical milling.

Mechanical Processing and Formulation Design

The moisture-stabilized leaves from each experimental trial were independently processed using a sanitary stainless-steel
knife mill operating at high velocity. To establish uniform extraction kinetics and prevent excessive un-infused particulate
sedimentation during hot-water steeping, the resulting milled herbal powder was systematically classified through
standard calibrated sieves to achieve a standardized fine particle size distribution profile.

Following particle sorting, individual portion units containing exactly 5 grams of the trial-specific powder matrix were
weighed out and packed into non-bleached, high-porosity, food-grade heat-sealed sachet filter structures. To preserve
volatile organic constituents and protect the fragile phytochemical structures from photo-oxidation and environmental
moisture variations during storage, the individual tea sachets were sealed within airtight, multi-layer aluminum-foil
moisture-barrier zip-lock storage containers.

Phytochemical Screenings and Nutritional Profiling

To confirm the structural preservation of active natural product chemical profiles post-dehydration, multi-laboratory
phytochemical (Olszewska et al., 2021) and nutritional screenings (Wang et al., 2021) were conducted on the optimized
formulation matrix:

e Qualitative Phytochemical Screening: The presence of characteristic secondary metabolites, specifically flavonoids,
saponins, and condensed tannins, was determined using standard chemical colorimetric tests (including the Shinoda test
for flavonoids, the froth test for saponins, and the ferric chloride test for polyphenols/tannins).

e Nutritional and Micronutrient Analysis: Inductively Coupled Plasma Optical Emission Spectrometry (ICP-OES) was
utilized to quantify essential trace elements including Zinc (Zn), Calcium (Ca), Potassium (K), and Sodium (Na). Primary
vitamins, specifically Vitamin A and Vitamin C (ascorbic acid), were isolated and quantified via High-Performance Liquid
Chromatography (HPLC) coupled with a UV-Visible detector.

Blind Sensory Panel Evaluation

Organoleptic parameters and consumer palatability matrices were determined using a blind sensory evaluation panel
composed of 19 independent medical and healthcare evaluators. The evaluation was carried out in a standardized, climate-
controlled testing environment.

Each sachet formulation (Trial 1 and Trial 2) was steeped in exactly 200 mL of freshly boiled deionized water (100 °C)
for a standardized duration of 5 minutes. The resulting hot herbal infusions were presented to the evaluators in randomized,
neutral-coded vessels without identifying labels. Evaluators assessed individual attributes, including visual liquid color
intensity, herbal aroma profile, taste profile (bitterness, astringency), and overall general acceptance, using a 5-point
hedonic rubric scale (5 = Outstanding, 4 = Very Satisfactory, 3 = Satisfactory, 2 = Unsatisfactory, 1 = Poor).

Preclinical In Vivo Hepatoprotective Assays

Experimental Animal Models and Ethical Compliance

Healthy adult male Sprague Dawley rats (Rattus norvegicus), weighing between 180 g and 220 g, were procured for the
preclinical bioassays. The research was conducted in strict adherence to the ethical guidelines for the care and use of
laboratory animals under an approved Bureau of Animal Industry (BAI) protocol. The animals were housed in clean
polypropylene cages under a standardized 12-hour light/dark cycle with ad libitum access to standard rodent pellet diets
and purified drinking water.

Induction of Hepatotoxicity and Treatment Regimen

The experimental animals were randomized into distinct treatment cohorts to test the 100% full-strength concentration of
the optimized P. laevigata formulation. Acute chemical liver injury (Timbrell, 2009) was induced via the intraperitoneal
administration of carbon tetrachloride (CCls) formulated in an olive oil vehicle (1:1 v/v, at a dosage of 1.0 mL/kg body
weight).

The experimental groups were designed as follows:

1. Normal Control Group: Administered distilled water only; no toxicity induction.

2. Negative Control (CCls) Group: Administered CCl4 to induce hepatic necrosis; untreated.

3. Positive Control (Silymarin) Group: Pre-treated with the global reference clinical standard drug, Silymarin, at a dosage
of 100 mg/kg prior to CCls administration.

4. Experimental Treatment Group: Pre-treated with the standardized 100% full-strength P. laevigata leaf extract infusion
prior to CCls exposure.
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Biochemical Serum Enzyme Determinations

At the end of the treatment period, blood samples
were collected from the retro-orbital plexus of
anesthetized subjects into non-heparinized tubes.
The blood was allowed to clot at room temperature  General Acceptability _ 3,684
and then centrifuged at 3000 rpm for 15 minutes to '
separate the serum. The isolated serum samples Mouthfeel/Finish I
were immediately analyzed using calibrated S
automated biochemical analyzers to determine Taste Profile _ 3 474
diagnostic liver enzyme surges, specifically Serum 3.526
Glutamic Oxaloacetic Transaminase (SGOT) and EEE— 4
Serum Glutamic Pyruvate Transaminase (SGPT), Aroma/Odor 4.474
expressed in Units per Liter (U/L).

Figure 1: Mean Sensory Attribute Profile Scores
of Formulated P. laevigata Tea Bags

Histopathological Microscopic Analysis

Following blood collection, the experimental 0.000  1.000 2.000 3.000 4.000 5.000
animals were humanely euthanized, and their liver
organs were excised. Representative tissue slices
from the central right lobular region were fixed in
10% neutral buffered formalin for 24 hours. The fixed tissues were dehydrated through a graded series of ethanol, cleared
in xylene, and embedded in paraffin wax blocks.

® Tray B (140°F for 3 hrs) Mean ® Tray A (125°F for 4 hrs)

Serial cross-sections measuring Sum in thickness were cut using a rotary microtome and mounted on glass slides. The
sections were stained with Hematoxylin and Eosin (H&E). Microscopic structural assessments (Danzalan, 2025) were
conducted blindly by a certified veterinary pathologist to score indicators of cellular damage, including hepatic lobular
disarray, vascular space dilatation, inflammatory cell infiltration, and localized tissue necrosis.

Techno-Economic Production Analysis

To assess the commercial feasibility and production viability of the optimized natural product tea formulation, a rigorous
techno-economic evaluation was conducted. Direct raw material costs, forest biomass sourcing logistics, processing
utilities (electricity consumed per kilowatt-hour during the 4-hour convection loop), packaging components, and labor
hours were tracked. A baseline production cost model was constructed to determine the unit economics per standard
commercial retail box containing 15 high-porosity sachet units.

Statistical Data Analysis

All quantitative experimental datasets, including moisture dehydration rates, sensory panel rubrics, and serum enzyme
values (SGOT/SGPT), were expressed as Mean £Standard Error of the Mean (SEM). Statistical validation was conducted
via a single-factor Analysis of Variance (ANOVA), followed by post-hoc comparisons using Tukey's Honestly Significant
Difference (HSD) test through SPSS software. Values of p < 0.05 were considered statistically significant.

3. Results

3.1 Dehydration Yields and Kinetics

The thin-layer convection drying trials demonstrated identical final mass yields regardless of the temperature-time
configuration. Both Trial 1 (Tray A: 125°F for 4 hours) and Trial 2 (Tray B: 140°F for 3 hours) reduced the initial 500 g
of fresh green biomass to exactly 130 g of highly brittle, moisture-stable dried leaf matter. This indicates that the moisture
desorptive capacity reaches a stable equilibrium threshold at a 74% total mass reduction, making both configurations
structurally viable for moisture stabilization.

3.2 Analytical Phytochemical and Nutritional Mapping

Chemical analysis verified that the processed leaf matrix contains significant concentrations of primary bioactive
metabolites: flavonoids, saponins, and tannins. The nutritional data validated across the multi-laboratory infrastructure
confirmed the presence of key macronutrients (Carbohydrates, Dietary Fiber, Protein) and micronutrients (Sodium,
Calcium, Iron, Potassium, Zinc).

3.3 Comparative Organoleptic Profiling

The mean sensory attribute profile scores of formulated P. laevigata from the blind panel of 19 medical student evaluators
revealed distinct preferences based on the drying parameters applied. The sensory profile scores is detailed in Figure 1.
The organoleptic profiles of the Parameria laevigata tea formulations exhibited distinct variations dictated by the specific
thin-layer thermal desorption regimes applied to the raw leaf matrices. Quantitative profiling using the precise weighted
mean scores extracted from the final sensory panel datasets confirms that Tray A (125°F for 4 hours) consistently
outperformed Tray B (140°F for 3 hours) across all monitored attributes (Figure 1). The sensory data demonstrated that
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Tray A was preferred over Tray B by the panel of evaluators. Panelists noted that the longer, lower-temperature drying
process in Tray A led to superior particulate extraction and enhanced solute sedimentation during brewing. This processing
path yielded a richer, darker liquor appearance and a distinct herbal aroma that aligned well with consumer expectations
for a premium functional tea.

3.4 Preclinical Enzymometric and Histopathological Efficacy

In vivo induction of acute CCly toxicity resulted in severe liver damage within the toxin-only group, characterized by a
major leakage of intracellular enzymes into the bloodstream. This caused a marked increase in both SGOT and SGPT
levels compared to the healthy negative control group.

Table 1: Biochemical Serum Enzyme Alterations Post-Intervention

Experimental Group Cohort Post-Test SGOT Response Post-Test SGPT Response
Status Status

Negative Control Normal Baseline Limits Normal Baseline Limits

Toxin-Only (CCly) Severe Pathological Elevation Severe Pathological Elevation

Positive Control (Silymarin) Reverted to Normal Baseline Reverted to Normal Baseline

Treatment Groups 1-3 (25%—75%) Partial Enzyme Mitigation Partial Enzyme Mitigation

Treatment Group 4 (100% PLLE) Complete Normalization Significant Elevation Blunting

Statistical evaluations via ANOVA and post-hoc LSD tests confirmed a clear dose-dependent therapeutic effect across
the treatment groups. Treatment Group 4 (100% full-strength concentration) demonstrated optimal hepatoprotection,
successfully maintaining normal baseline SGOT levels during the post-test phase and effectively blunting the toxic surge
of SGPT. This performance was statistically equivalent to the clinical protection provided by the standard Silymarin
control (100 mg/kg).

Histopathological Diagnostics

Toxin-Only Cohort (CCly): Tissue analysis revealed extensive structural damage, including complete lobular disarray,
severe perivenular sinusoidal dilatation with trapped blood components, and widespread hepatocellular necrosis along the
boundaries of healthy tissue.

Treatment Group 4 (100% PLLE): Tissue samples showed excellent preservation of general hepatic architecture, closely
matching the healthy tissue patterns seen in the Silymarin positive control group. Cellular damage was limited to minor
hyperemia and localized phagocytic infiltration, indicating an active regenerative response and functional tissue repair.
[Pathological State: CCls Only] —=> Lobular Disarray + Severe Necrosis + Sinusoidal Dilatation

[Therapeutic State: 100% PLLE] —=> Preserved Lobular Architecture + Minor Hyperemia + Active Phagocytic
Regeneration

3.5 Techno-Economic Analysis and Product Costing
The micro-enterprise production cost model, calculated around a 15-day manufacturing cycle yielding 100 finished retail

packs, is detailed in Table 2.

Table 2: Production Cost Breakdown for LiverLeaf Tea (100 Pack Batch Scale)

Financial Cost Component Details Total Cost | Percentage

Contribution | Allocation

(Php) (%)
Electrical Power Utility (4 hours @ Php 19.1479/kWh) 545.00 14.17%
Raw Forest Biomass Sourcing Logistics (P. laevigata leaves) 200.00 5.20%
Primary Packaging Material (1,500 units @ Php 0.50/unit) 750.00 19.51%
Secondary Packaging Material (100 units @ Php 3.50/unit) 350.00 9.10%
High-Resolution Back-to-Back Brand Labels (100 units @ Php 5.00/unit) | 500.00 13.00%
Manufacturing Labor Allocation (15-day processing cycles) 1,500.00 39.02%
Total Batch Operational Cost 3,845.00 100.00%
Final Base Production Cost Per Unit 38.45 -

DISCUSSION

The findings of this study provide the first systematic validation of a shelf-stable Parameria laevigata formulation,
demonstrating that controlled thin-layer dehydration kinetics are essential for preserving the bioactivity of heat-sensitive
secondary metabolites. The comparative analysis between the 125°F and 140°F regimes indicates that the lower thermal
threshold (125°F for 4 hours) is optimal for maintaining the structural integrity of the leaf matrix. This outcome is
consistent with research by Olszewska et al. (2021), which highlights that uncontrolled thermal degradation significantly
impacts polyphenol content, thereby reducing the antioxidant efficacy of botanical preparations.
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The phytochemical screening successfully identified a robust profile of flavonoids, saponins, and condensed tannins,
consistent with the foundational baseline studies established by Danzalan and Capili (2022). These metabolites are
chemically implicated in the observed hepatoprotective effects; specifically, the presence of flavonoids and tannins is
well-documented in food science literature to counteract the lipid peroxidation cascades induced by xenobiotics (Wang et
al., 2021). The results of the in vivo assays, where the 100% PLLE treatment achieved enzymatic and histopathological
protection statistically equivalent to the clinical reference drug Silymarin, provide strong evidence for the efficacy of this
formulation, aligning with the histopathological findings reported in recent studies on this genus (Danzalan, 2025). The
maintenance of normal baseline SGOT/SGPT levels and the preservation of hepatic lobular architecture suggest that the
standardized extraction method effectively delivers a bio-accessible dose of hepatoprotective agents, a mechanism of
action frequently observed in studies of plant-derived polyphenols and procyanidins (Nguyen et al., 2004; Spiegler, 2020).

The organoleptic preferences observed in the sensory panel further validate the commercial viability of the 125°F drying
profile. As established in toxicology literature, the modulation of reactive oxygen species (ROS) in CCls-induced injury
is critical to preventing the progression of hepatic damage (Timbrell, 2009). The preference for the "Tray A" (125°F)
formulation suggests that temperature control is not merely a technical necessity for stability but a critical factor in
consumer palatability, which remains a significant hurdle in the commercialization of functional herbal foods (Olszewska
et al., 2021; Wang et al., 2021).

From a socio-economic perspective, the techno-economic analysis indicates that the proposed micro-enterprise model is
financially sustainable. This model addresses the significant health and economic burdens associated with liver disease,
which represent a major global public health crisis (Wu et al., 2024; World Health Organization, 2023). By positioning P.
lacvigata as a viable, low-cost therapeutic option for marginalized communities, this development directly supports the
United Nations Sustainable Development Goal 3 (Good Health and Well-being) and SDG 12 (Responsible Consumption
and Production) (United Nations, 2015).

While these results are promising, it is necessary to acknowledge that this study utilized an acute CCls-induced toxicity
model. Future investigations should expand to include chronic exposure models and multi-dose pharmacokinetic studies
to establish long-term safety and bioavailability profiles. Furthermore, clinical trials in human populations will be required
to fully translate these preclinical successes into therapeutic practice. Nonetheless, this study provides a standardized,
scientifically rigorous framework for the development of P. laevigata as a functional hepatoprotective agent.

CONCLUSIONS

The present study establishes that controlled thin-layer forced-convection drying at 125F for 4 hours is an optimal protocol
for stabilizing Parameria laevigata (Tagulauai) leaf biomass, effectively preserving its inherent hepatoprotective
phytochemical profile specifically flavonoids, saponins, and condensed tannins. The research demonstrates that this
standardized processing method yields a functional tea formulation that is not only sensorially acceptable but also
biologically potent. Preclinical evidence confirmed that the 100% full-strength extract significantly mitigates hepatic
injury induced by CCl4, with efficacy metrics statistically comparable to the pharmaceutical reference standard,
Silymarin. By bridging traditional ethnobotanical knowledge with empirical chemical and therapeutic validation, this
study confirms P. laevigata as a viable candidate for developing affordable, sustainable functional food matrices for liver
health. These findings offer a scalable micro-enterprise solution that aligns with global public health goals, providing a
clear pathway for further clinical translation and the development of standardized, nature-based hepatoprotective
therapies. Future work should prioritize longitudinal pharmacokinetics and phamacodynamics as well as human clinical
studies to fully realize the therapeutic potential of this promising indigenous resource.
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