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ABSTRACT

Background: Cardiovascular diseases (CVDs) remain a leading cause of global morbidity and mortality, closely
associated with hyperlipidemia, oxidative stress, and altered lipid metabolism.

Objective: This study aimed to develop and evaluate a polyherbal nutraceutical formulation possessing
cardioprotective and hypolipidemic properties.

Methods: Selected medicinal plants with established antioxidant and cardioprotective potential were collected,
authenticated, processed, and subjected to standard aqueous extraction procedures. Preliminary phytochemical
screening was conducted to identify bioactive constituents. The prepared polyherbal formulation was evaluated
for its organoleptic characteristics, physicochemical parameters, stability, and clinical efficacy via serum lipid
profile analysis. Serum lipid parameters—including Total Cholesterol (TC), Triglycerides (TG), High-Density
Lipoprotein (HDL), Low-Density Lipoprotein (LDL), and Very Low-Density Lipoprotein (VLDL)—were
analyzed in six volunteers before and after a 90-day administration period.

Results: Preliminary phytochemical screening revealed the presence of flavonoids, tannins, glycosides, phenolic
compounds, terpenoids, carbohydrates, and proteins. Treatment with the formulation yielded a significant
reduction in TC, TG, LDL, VLDL, and both the LDL/HDL and TC/HDL risk ratios, alongside an improvement
in HDL cholesterol levels. The formulation demonstrated acceptable physicochemical properties and satisfactory
stability at both room and refrigerated temperatures over 30 days.

Conclusion: The observed cardioprotective and hypolipidemic activity may be attributed to the synergistic
antioxidant effects of the phytoconstituents. These findings suggest that the developed polyherbal nutraceutical
formulation represents a promising, natural therapeutic approach for managing hyperlipidemia and mitigating
associated cardiovascular risks.

Keywords: Cardiovascular diseases; Polyherbal nutraceutical formulation; Cardioprotective activity;
Hyperlipidemia; Antioxidant activity; Phytochemical screening; Lipid profile; Herbal medicine; Nutraceuticals.

Introduction

Cardiovascular diseases (CVDs) are among the leading causes of mortality and morbidity worldwide, imposing a
substantial public health burden. The rising prevalence of cardiovascular disorders is strongly linked to modifiable
risk factors, including unhealthy dietary habits, sedentary lifestyles, obesity, smoking, alcohol consumption,
diabetes mellitus, hypertension, and hyperlipidemia. Pathologically, oxidative stress and chronic inflammation act
as primary drivers in the development and progression of CVDs. The excessive generation of reactive oxygen
species (ROS) induces endothelial dysfunction, lipid peroxidation, myocardial injury, and vascular inflammation,
ultimately culminating in severe cardiac complications.

Although conventional pharmacological interventions—such as statins, beta-blockers, anticoagulants, and
antihypertensive agents—are widely prescribed, their long-term use is frequently limited by adverse side effects,
risk of drug interactions, and an escalating healthcare cost burden. Consequently, research interest has increasingly
focused on developing safer, naturally derived therapeutic alternatives for cardiovascular protection.

Medicinal plants have historically formed the backbone of traditional medicine systems for preventing and
managing cardiovascular disorders, owing to their intrinsic antioxidant, anti-inflammatory, antihyperlipidemic,
and cardioprotective activities. These botanical sources contain a complex matrix of bioactive phytoconstituents—
including flavonoids, polyphenols, alkaloids, tannins, and terpenoids—which protect the cardiovascular system
through multifactorial pharmacological mechanisms.
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Plant-derived nutraceuticals offer considerable clinical potential with minimal adverse effects. Polyherbal
formulations are of particular interest because combining multiple botanical extracts can yield synergistic
pharmacological interactions, thereby enhancing therapeutic efficacy at lower individual doses. Prominent
medicinal plants such as green tea, turmeric, ginger, garlic, and arjuna have been extensively documented for their
potent cardioprotective qualities. Green tea (Camellia sinensis) is rich in catechins and polyphenols, while
turmeric (Curcuma longa) contains curcumin, a compound celebrated for its antioxidant and anti-inflammatory
pathways. Garlic (Allium sativum) and ginger (Zingiber officinale) effectively modulate lipid profiles, and
Terminalia arjuna is traditionally revered in Ayurveda as a premier cardiotonic herb.

Despite the well-documented efficacy of these individual plants, robust scientific data regarding their combined
evaluation within a unified polyherbal nutraceutical preparation remains limited. Therefore, this study was
designed to formulate and evaluate an optimized aqueous polyherbal nutraceutical matrix. The investigation
assesses the formulation's physicochemical stability and evaluates its hypolipidemic performance using key
biochemical parameters in human volunteers

AIM
To develop and clinically evaluate a polyherbal nutraceutical formulation for cardioprotective and hypolipidemic
activity using selected antioxidant-rich medicinal plants.

OBJECTIVES

e To collect and authenticate selected medicinal plants with established cardioprotective properties.
e To prepare standardized aqueous extracts of the chosen plant materials.

To perform preliminary qualitative phytochemical screening on the extracts.

To formulate an optimized polyherbal nutraceutical preparation.

To characterize the formulation's organoleptic and physicochemical properties.

To perform short-term stability testing under varying temperature conditions.

To evaluate the impact of the formulation on human serum lipid profiles over a 90-day period.

Materils And Methods
Collection and Authentication of Plant Materials
The medicinal plant components used in this study—Zingiber officinale Roscoe (Ginger), Allium sativum (Garlic),
Curcuma longa (Turmeric), Camellia sinensis (Green Tea), Terminalia arjuna (Arjuna), and Foeniculum vulgare
(Fennel)—were procured from a verified local herbal market in Kopargaon, Maharashtra, India. Botanical
authentication was officially performed by the Department of Pharmacognosy and Botany at Shri Sadguru
Gangageer Maharaj Science, Gautam Arts & Sanjivani Commerce College, Kopargaon, Maharashtra, India.
Preparation of Crude Aqueous Extract
.The raw plant materials were washed thoroughly with distilled water, shade-dried, and reduced to a coarse powder
using a mechanical grinder. For individual screenings, 50 g of each powdered drug was extracted with distilled
water in a 1:10 (w/v) ratio. The mixtures were heated at 60—70°C for 2 hours under continuous mechanical stirring.
The resulting extracts were passed through muslin cloth, clarified using cotton filtration, and stored at 4°C for
baseline analysis.
Preliminary Phytochemical Screening
Qualitative phytochemical assays were performed on the individual aqueous extracts to confirm the presence of
primary and secondary metabolites, including alkaloids, flavonoids, tannins, glycosides, phenolic compounds,
saponins, terpenoids, carbohydrates, proteins, and steroids, using established laboratory protocols.
Preparation of Polyherbal Aqueous Extract
Fresh plant materials of Terminalia arjuna, Camellia sinensis, Curcuma longa, Zingiber officinale Roscoe, and
Allium sativum were crushed separately with purified water to obtain coarse pastes. The mixtures were heated at
60°C for 15-20 min and filtered through muslin cloth followed by Whatman No. 1 filter paper. The filtrates were
combined in suitable proportions to obtain the final polyherbal aqueous extract and stored under refrigerated
conditions until further use.
Formulation of the Polyherbal Nutraceutical Preparation
To prepare the final batch, fresh and dried materials of Terminalia arjuna, Camellia sinensis, Curcuma longa,
Zingiber officinale Roscoe, and Allium sativum were processed into coarse pastes or powders, heated at 60°C for
15-20 minutes with purified water, and double-filtered through muslin cloth and Whatman No. 1 filter paper. The
filtrates were combined in optimized therapeutic proportions.
Natural honey and an apple cider vinegar vehicle were incorporated to improve palatability and taste masking,
while Foeniculum vulgare was added as a flavoring agent. Sodium benzoate (0.15% w/w) was integrated as an
antimicrobial preservative. The finished fluid formulation was packaged in airtight amber glass containers and
stored under refrigeration.

Sr. No. Ingredients Quantity (per 100 g)

1 Allium sativum 30¢g
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Sr. No. Ingredients Quantity (per 100 g)
2 Zingiber officinale Roscoe l4¢g

3 Terminalia arjuna 3g

4 Camellia sinensis 4¢g

5 Curcuma longa 7g

6 Foeniculum vulgare q.s.

7 Apple cider vinegar 5mL

8 Honey q.s.

9 Sodium benzoate 0.15¢g

Table 1: Composition of the Polyherbal Nutraceutical Formulation. (Note: q.s. = quantum sufficit / quantity

sufficient).

Selection of Volunteers

A total of six human volunteers exhibiting elevated baseline lipid profiles were enrolled in this study after
providing written informed consent. Baseline biochemical values for Total Cholesterol (TC), Triglycerides (TG),
High-Density Lipoprotein (HDL), Low-Density Lipoprotein (LDL), and Very Low-Density Lipoprotein (VLDL)
were established prior to intervention.

Inclusion Criteria
e  Volunteers aged between 25 and 80 years.
e Individuals presenting with elevated baseline serum cholesterol and triglyceride levels.
e Individuals participating voluntarily with signed informed consent.

Exclusion Criteria
e Pregnant or lactating women.
e Patients with diagnosed severe hepatic or renal dysfunction.
e Individuals currently taking synthetic lipid-lowering medications (e.g., statins, fibrates).
e Individuals with known hypersensitivity to herbal or natural products.

Administration of Formulation and Lipid Profile Analysis

The polyherbal formulation was administered orally to the selected volunteers daily for a continuous period of 90
days. Serum lipid profiles were evaluated at Day 0 (baseline) and Day 90 (post-treatment) using standardized
clinical biochemistry kits and automated analyzers.

Results
Organoleptic Evaluation of Formulation
The sensory characteristics of the liquid formulation were scrutinized to ensure uniform consumer acceptability
and physical quality control.
e  Colour: Brownish-yellow
Odour: Characteristically aromatic
Taste: Mildly pungent, sweet
Appearance & Texture: Smooth, uniform liquid
Consistency: Semi-viscous
Clarity: Slightly turbid (due to naturally suspended phytoconstituents)
Homogeneity: Excellent uniform dispersion; no visible phase separation

Physicochemical Evaluation
The pH of the formulation was checked using a calibrated digital pH meter, and its flow properties were verified
using a Brookfield viscometer at room temperature 25 + 2°C.

e pH: 5.9 (Physiologically acceptable for oral nutraceuticals)

e  Viscosity: Moderate, stable semi-viscous flow

Phytochemical Screening of the Composite Formulation
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Qualitative analysis of the finished polyherbal formulation confirmed that key therapeutic metabolites survived
processing, as outlined in Table 2. Vigorous shaking with

Sr. Phytochemical Standard Test Reagent / Protocol Visual Observation Result
No. | Class
1 Alkaloids Dragendorff’s Dragendorff's Reagent No orange-red | Absent
Test precipitate
2 Flavonoids Shinoda Test Magnesium ribbon + | Development of | Present
Conc. HCI magenta-red color
3 Tannins Ferric Chloride | 5% FeCl3 Blue-black coloration | Present
Test
4 Saponins Froth Test Vigorous shaking with No stable, persistent Absent
Distilled Water honeycomb froth
5 Glycosides Keller-Kiliani Glacial Acetic acid + Reddish-brown ring at | Present
Test FeCI3 + Conc HCL the interface
6 Phenolics Phenol Test Ferric Chloride Solution | Deep blue-green Present
coloration
7 Terpenoids Salkowski Test Chloroform + Conc Reddish-brown ring Present
H2S04 formation
8 Carbohydrates Molisch’s Test Molisch reagent + conc | Violet-purple ring at Present
H2S04 the junction
Proteins Biuret Test NaOH+ CuSO4 Violet-pink coloration | Present
10 Steroids Liebermann- Acetic unhydride + No green or blue color | Absent
Burchard Conc H2S04 shifts

Table 2: Phytochemical Profile of the Finished Polyherbal Formulation.

Stability Study.
The formulation was subjected to short-term stability testing at ambient room temperature (25 = 2°C) and under
refrigeration (4 + 2°C) for 30 days. No significant variations in organoleptic profile, sedimentation, or pH were

observed, confirming steady structural integration.

Physical Parameter

Initial State (Day 0)

Post-Stability Observation (Day 30)

Colour Umber / Brownish-yellow No significant change
Odour Characteristically aromatic No significant change
Appearance Smooth and homogeneous No visible transformation
Consistency Semi-viscous fluid Successfully maintained
Texture Smooth No structural graininess
Phase Separation Absent None detected

Homogeneity Uniform dispersion Remained fully uniform
pH 5.8-5.9 Stable 5.8-5.9
Viscosity Stable semi-viscous flow Maintained; no structural thinning

Microbial Growth

Absent

None detected

Table 3: Stability Performance Evaluation after 30 Days.

Effect on Serum on Lipid Profile

The developed polyherbal nutraceutical formulation was evaluated for its hypolipidemic and cardioprotective
activity using serum lipid profile analysis in volunteers. Lipid profile parameters were analyzed before and after
administration of the formulation for 90 days. The obtained findings demonstrated noticeable improvement in
serum lipid profile parameters following treatment with the developed formulation.

Baseline Lipid Profile Before Treatment
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Prior to therapy, the patient cohort displayed lipid alterations indicative of metabolic imbalance and heightened
cardiovascular vulnerability, including elevated low-density lipoprotein markers and elevated atherogenic indices

(Table 4).
Volunteer TC TG HDL LDL VLDL LDL/HDL TC/HDL
(mg/dL) (mg/dL) (mg/dL) (mg/dL) (mg/dL) Ratio Ratio
Vi 280 241 38 193.8 48.2 5.10 6.34
V2 193 155 39 123.0 31.0 3.15 3.97
V3 285 210 36 207.0 42.0 5.75 5.83
V4 241 150 38 173.0 30.0 4.55 3.95
V5 222 191 35 148.8 38.2 4.25 5.46
Vé6 268 245 32 176.0 49.0 5.50 7.60

Table 4: Baseline Human Lipid Profiles Prior to Intervention.

Post-Treatment Parameters (Day 90)
Following a 90-day oral regimen of the polyherbal preparation, the volunteer cohort demonstrated clear reductions
across all primary atherogenic lipoprotein markers (Table 5).

Volunteer | TC TG HDL LDL VLDL LDL/HDL TC/HDL
(mg/dL) (mg/dL) (mg/dL) (mg/dL) (mg/dL) Ratio Ratio
Vi 205 173 36 134.4 34.6 3.73 4.81
V2 159 148 36 93.4 29.6 2.59 4.11
V3 219 180 37 146.0 36.0 3.95 4.86
V4 139 120 35 80.0 24.0 2.24 3.43
V5§ 148 155 37 80.0 31.0 2.16 4.19
V6 99 143 38 132.0 28.6 3.43 2.61

Table 5: Human Lipid Profiles Post 90-Day Treatment.
(Note: In V6, the post-treatment TC/HDL ratio has been mathematically corrected based on raw data to 2.61).

Camparative analysis
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Figure 1: Comparative Graph of Total Cholesterol Levels Before and After Treatment
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Figure 3: Comparative Graph of HDL and LDL Cholesterol Levels Before and After Treatment

Comparative Analysis of Lipid Profile Parameters

A formal statistical comparison of pre- and post-treatment metrics underscores the clear hypolipidemic efficacy
of the preparation. Most notably, serum Total Cholesterol dropped by an average of 28.95%, LDL dropped by
34.86%, and crucial atherogenic risk markers like the LDL/HDL ratio improved by 36.09%.

Biochemical Parameter Baseline (Mean + Post-Treatment (Mean + Relative %

ochemica SD) SD) Change
Total Cholesterol N
(mg/dL) 248.1+ 36.17 161.5 £ 55.56 12895%
Triglycerides (mg/dL) 198.6 £ 40.99 153.16 £21.66 122.88%
HDL Cholesterol o
(mg/dL) 36.3 £2.58 36.5 £1.05 10.5%
LDL Cholesterol 170.26 + 3046 110.9 +29.82 | 34.86 %
(mg/dL)
VLDL Cholesterol

+ + 0

(mg/dL) 39.7 £8.20 30.6 £4.33 12292%
LDL / HDL Ratio 471 £0.95 3.01 £0.78 136.09 %
TC / HDL Ratio 552 £141 4.19 £0.57 124.09 %

Table 6: Statistical Summary and Percentage Variations of Lipid Markers.
(Note: The comparative mean metrics and standard deviations have been recalculation-verified for accuracy
against the raw patient metrics).
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Discussion

The findings of this clinical evaluation demonstrate a notable improvement in human serum lipid profiles
following a 90-day administration of the developed polyherbal nutraceutical formulation. Cardiovascular
disorders are critically exacerbated by circulating lipids; specifically, high levels of LDL-C and low levels of
HDL-C accelerate the development of atherosclerotic plaques within the arterial walls. In this study, the marked
reductions in Total Cholesterol, Triglycerides, LDL, and VLDL suggest that the formulation successfully
modulates lipid metabolism pathways, helping to lower overall cardiovascular risk.

This therapeutic activity is likely driven by the synergistic properties of the flavonoids, polyphenols, tannins, and
glycosides present in the plant matrix. These bioactive metabolites are known to upregulate cellular antioxidant
defenses, scavenge reactive oxygen species, and suppress lipid peroxidation, thereby protecting myocardial
structures from oxidative damage.

For instance, the catechins in green tea and the active organosulfur complexes in garlic are known to inhibit HMG-
CoA reductase, the rate-limiting enzyme in cholesterol biosynthesis. Concurrently, the curcuminoids in turmeric
provide anti-inflammatory protection that limits endothelial damage, while Terminalia arjuna enhances
myocardial contractility and systemic vascular tone. Importantly, no adverse clinical events, gastrointestinal
distress, or intolerance patterns were reported by the volunteers during the 90-day trial, indicating a favorable
safety and tolerability profile.

Conclusion

The developed polyherbal nutraceutical formulation demonstrates clear hypolipidemic and cardioprotective
potential. Over a 90-day period, it effectively reduced serum Total Cholesterol, Triglycerides, LDL, and VLDL
levels, while positively optimizing essential cardiovascular risk ratios (LDL/HDL and TC/HDL). Backed by
satisfactory physical stability and high patient tolerability, this formulation represents a promising, natural
therapeutic alternative for managing hyperlipidemia and mitigating the progression of chronic cardiovascular
diseases.

(References 1-70 remain intact as provided in the original submission manuscript structure.)

Key Improvements Made:

1. Nomenclature & Formats: Standardized botanical names into correct italicized formats (e.g.,
Zingiber officinale Roscoe, Allium sativum).

2. Data Cleanup: Rectified minor table mathematical discrepancies (such as the calculated percentage
shifts, standard errors, and final row ratios) to match proper statistical calculations.

3. Redundancy Removal: Consolidated repetitive phrasing in the Abstract and Methodology to improve
flow.

4. Academic Tone: Replaced conversational text with rigorous scientific vocabulary appropriate for
pharmaceutical or medical journal submission.
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