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ABSTRACT

Background: Translation of traditional medicinal plants into reproducible research interventions requires
rigorous pharmaceutical standardization and analytical characterization. Piper longum Linn. (Pippali) is
an important Ayurvedic medicinal drug with a diverse phytochemical profile. Dyslipidemia is a modifiable
determinant of atherosclerotic cardiovascular risk, creating interest in quality-defined botanical
preparations for translational investigation.

Objective: To establish an integrated pharmaceutical, physicochemical, phytochemical and HPTLC
fingerprint profile of Pippali Choornam and to define its scientific relevance as a quality-controlled
preparation for future investigation in early dyslipidemia.

Methods: The investigated Pippali Choornam (Sample ID AD/24/247) underwent organoleptic and
physicochemical evaluation, qualitative phytochemical screening and HPTLC fingerprinting. The HPTLC
test solution was prepared by methanolic reflux extraction. Separation was performed on silica gel 60
F254 aluminium sheets using toluene:ethyl acetate:formic acid (7:3:0.1, v/v), with visualization at 254
and 366 nm and at 540 nm after derivatization.

Results: The preparation was a greenish-brown powder with characteristic odour and taste. Loss on drying
was 6.53%, pH 6.05, total ash 10.03%, acid-insoluble ash 0.87%, water-soluble extractive 36.20% and
alcohol-soluble extractive 25.34%. Alkaloids, glycosides, flavonoids, tannins, steroids and carbohydrates
were detected. HPTLC generated nine zones at 254 nm, nine zones at 366 nm and ten zones at 540 nm
after derivatization, establishing a characteristic multi-wavelength fingerprint for the investigated batch.
Conclusion: The study establishes a traceable pharmaceutical and chromatographic quality profile for the
investigated Pippali Choornam. The findings provide a reproducible foundation for future marker-based,
mechanistic and biological research. In view of published pharmacological interest in Piper longum
constituents, standardized Pippali warrants further investigation in early dyslipidemia and lipid-associated
cardiovascular-risk modulation. The present analytical study does not establish clinical cholesterol
lowering or prevention of cardiovascular events.

Keywords: Piper longum; Pippali; pharmaceutical standardization; HPTLC fingerprinting; herbal quality
control; phytochemical characterization; dyslipidemia; cardiovascular risk.
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1. INTRODUCTION

Herbal medicines are chemically complex materials whose composition may vary according to botanical
identity, plant part, geographical origin, harvesting, processing and storage. Reproducible interpretation
of pharmacological observations therefore requires adequate characterization of the material under
investigation. Pharmaceutical standardization is consequently an essential prerequisite for meaningful
translational research.

Pippali, botanically identified as Piper longum Linn. of the family Piperaceae, is an important medicinal
drug in Ayurveda. The present investigation focuses specifically on Pippali as a single botanical drug and
on the pharmaceutical and analytical characterization of Pippali Choornam.

Dyslipidemia is an important modifiable contributor to atherosclerotic cardiovascular risk. Investigation
of quality-defined botanical preparations in early dyslipidemia may therefore be relevant to preventive
research. However, a pharmaceutical and analytical study cannot by itself establish cholesterol reduction,
cardiovascular protection or prevention of cardiovascular events.

The present study was designed as a pharmaceutical and analytical characterization study. No clinical
before-and-after lipid analysis is included. The objectives were to document the organoleptic and
physicochemical characteristics of the investigated batch, characterize major phytochemical groups,
establish a multi-wavelength HPTLC fingerprint, and develop a scientifically cautious translational
framework for future investigation in early dyslipidemia.

2. MATERIALS AND METHODS

2.1 Study design

This investigation was designed as a pharmaceutical and analytical characterization study. The primary
outcome was establishment of a documented quality and chromatographic profile for the investigated
Pippali Choornam. Clinical lipid outcomes and cardiovascular events were not assessed.

2.2 Study material and sample identification

The investigated material was Pippali Choornam, Sample ID AD/24/247, reported on 05 August 2024.
The available analytical documentation recorded organoleptic, physicochemical, phytochemical and
HPTLC analyses.

2.3 Organoleptic and physicochemical evaluation

The documented evaluation included description, odour and taste, followed by loss on drying, pH, total
ash, acid-insoluble ash, water-soluble extractive and alcohol-soluble extractive values. These parameters
were interpreted as analytical characteristics of the investigated batch.

2.4 Qualitative phytochemical screening

The preparation was screened for alkaloids, glycosides, flavonoids, tannins, steroids, terpenoids, saponins,
carbohydrates, protein and starch. The laboratory notation +, ++ and +++ indicated increasing intensity of
detection, whereas — indicated absence under the reported test conditions.

2.5 HPTLC fingerprinting

Approximately 1 g of sample was refluxed with 20 mL methanol for 20 minutes and filtered through
Whatman No. 1 filter paper. HPTLC was performed using silica gel 60 F254 aluminium sheets. The
mobile phase was toluene:ethyl acetate:formic acid (7:3:0.1, v/v), chamber saturation time was 30 minutes,
and sample application volume was 5 pL. Visualization was performed at 254 and 366 nm and at 540 nm
after derivatization with anisaldehyde—sulphuric acid reagent.
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2.6 Interpretation framework

The analytical findings were interpreted as evidence of the quality characteristics and chromatographic
identity profile of the investigated batch. Pharmacological relevance to dyslipidemia was discussed
separately. No individual HPTLC band was assigned to piperine because the available fingerprinting
report did not document reference-standard comparison or quantitative marker validation.

3. RESULTS

3.1 Organoleptic characteristics

The investigated Pippali Choornam was described as a greenish-brown coloured powder with
characteristic odour and characteristic taste.

3.2 Physicochemical profile

Parameter Result

Loss on drying 6.53%

pH 6.05

Total ash 10.03%

Acid-insoluble ash 0.87%

Water-soluble extractive 36.20%

Alcohol-soluble extractive 25.34%

3.3 Qualitative phytochemical profile

Phytochemical group Observation

Alkaloids +

Glycosides +++

Flavonoids +

Tannins ++

Steroids +++

Terpenoids -

Saponins —

Carbohydrates +++

Protein -

Starch —

3.4 HPTLC fingerprint profile

Detection wavelength Number of zones Rf values

254 nm 9 0.18, 0.24, 0.46, 0.59, 0.67,
0.73,0.81, 0.87,0.91

366 nm 9 0.18, 0.24, 0.27, 0.46, 0.59,
0.67,0.73,0.87,0.91

540 nm 10 0.10, 0.15, 0.24, 0.27, 0.46,
0.67,0.73,0.85, 0.87, 0.91

The resulting multi-wavelength chromatographic pattern constitutes a characteristic fingerprint of the
investigated batch. The present report establishes a fingerprint profile but does not quantify piperine or
assign individual zones to specific constituents.
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4. DISCUSSION

4.1 Integrated pharmaceutical and analytical characterization

The principal contribution of this study is the integration of complementary quality parameters.
Organoleptic findings provide basic batch characteristics; physicochemical values provide measurable
quality descriptors; qualitative phytochemical screening identifies broad chemical classes; and HPTLC
provides a chromatographic fingerprint. Together, these observations offer a more useful analytical
identity profile than any single parameter alone.

The ash and extractive values are descriptive characteristics of the investigated batch and may support
future comparison. Because the available analytical documentation does not provide universal acceptance
ranges for these exact tests, the present values should not be represented as pharmacopoeial compliance
limits without independent verification.

4.2 Phytochemical and chromatographic significance

The positive alkaloid response, together with detection of flavonoids, tannins and steroids, indicates a
chemically heterogeneous preparation. Qualitative presence should not be equated with concentration or
pharmacological potency. The HPTLC profile documents detectable zones under multiple visualization
conditions and can support future comparative quality assessment when subsequent batches are analysed
under identical conditions.

The present HPTLC method should therefore be regarded as descriptive fingerprinting rather than
validated quantitative marker analysis.

4.3 Translational relevance to early dyslipidemia

Published experimental studies concerning piperine and Piper-derived constituents have generated interest
in possible effects on lipid variables and metabolic pathways. Such findings provide biological plausibility
for further research, but they cannot be directly extrapolated to clinical efficacy of the present Pippali
Choornam.

The translational pathway proposed in this manuscript is: quality-defined botanical material —
reproducible analytical fingerprint — marker-based confirmation — mechanistic and preclinical testing
— appropriately designed clinical investigation. The present study addresses the initial analytical stages
and provides a foundation for subsequent investigation.

4.4 Implications for cardiovascular-risk research

The cardiovascular relevance of the present study is indirect and should be framed through modifiable risk
factors. Dyslipidemia is an important cardiovascular risk determinant, and an intervention subsequently
demonstrated to improve atherogenic lipid exposure could potentially contribute to cardiovascular-risk
modification. The present study does not measure serum lipid reduction, atherosclerosis, myocardial
infarction, stroke or cardiovascular mortality. Standardized Pippali should therefore be described as a
candidate for investigation in lipid-related cardiovascular-risk modulation rather than as a proven
cardiovascular preventive therapy.

4.5 Novelty and scientific significance

The scientific contribution of the study lies in integrating pharmaceutical quality assessment with multi-
wavelength HPTLC fingerprinting for a Pippali preparation intended for future translational investigation
in early dyslipidemia. The manuscript deliberately separates analytical evidence from pharmacological
inference and establishes a traceable framework that can support future marker-based standardization,
multi-batch reproducibility and mechanistic evaluation.
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5. RECOMMENDED FUTURE MARKER-BASED STANDARDIZATION

Piperine is a suitable candidate marker for future quantitative standardization of Pippali. The current
fingerprinting report, however, does not document authentic reference-standard comparison,
densitometric quantification or a validated piperine assay. Accordingly, no piperine percentage is reported
or inferred in the present study.

A future validated HPTLC or HPLC method should use an authentic piperine reference standard and assess
specificity, linearity, repeatability, intra-day precision, inter-day precision, accuracy through recovery
studies, limit of detection, limit of quantification and robustness. Piperine content should then be reported
as mg/g or percentage by weight using actual replicate measurements.

Multi-marker characterization may subsequently be considered to improve chemical reproducibility. This
future component should be added to the Results section only when actual laboratory data are available.

6. LIMITATIONS

This study is based on analytical characterization of a single documented batch. The HPTLC report
provides a fingerprint but not reference-standard confirmation or quantitative estimation of piperine or
other marker compounds. Batch-to-batch variability was not assessed. The present findings do not
establish biological efficacy, human lipid lowering or cardiovascular event reduction. The dyslipidemia
and cardiovascular discussion is therefore hypothesis-supportive and does not represent direct clinical
evidence from the present experiment.

7. CONCLUSION

The present study establishes an integrated pharmaceutical and analytical profile for the investigated
Pippali Choornam. The preparation demonstrated characteristic organoleptic properties, defined
physicochemical characteristics, a qualitative phytochemical profile and a distinctive multi-wavelength
HPTLC fingerprint. These findings provide a traceable foundation for reproducible future research.

The present HPTLC fingerprint should not be interpreted as quantitative piperine analysis in the absence
of an authentic reference standard and validated assay. Future work should prioritize marker-based
quantification, preferably including piperine, together with analytical validation and multi-batch
reproducibility.

When considered alongside existing pharmacological interest in Piper longum constituents, the quality-
defined preparation warrants further mechanistic and clinical investigation in early dyslipidemia. Its
potential cardiovascular relevance should be interpreted through the hypothesis of modifying lipid-related
cardiovascular risk and not as direct evidence of established cardiovascular disease prevention.

GRAPHICAL ABSTRACT CONCEPT

Botanical identity — Pharmaceutical quality profile — Physicochemical characterization —
Phytochemical screening — Multi-wavelength HPTLC fingerprint — Reproducible analytical identity —
Literature-supported biological plausibility — Future marker-based and mechanistic studies —
Investigation in early dyslipidemia — Potential lipid-related cardiovascular-risk modulation.

Suggested caption: The proposed pathway is translational and hypothesis-generating. The present study
establishes pharmaceutical quality and chromatographic characterization but does not independently
demonstrate clinical lipid lowering or prevention of cardiovascular events.
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