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Abstract:

Calendula officinalis L. (Pot Marigold), a medicinal plant belonging to the family
Asteraceae, has been widely used in traditional medicine because of its diverse therapeutic
properties. Owing to its rich phytochemical composition and broad pharmacological
potential, it has attracted increasing attention in herbal drug development, nutraceuticals,
cosmeceuticals, and pharmaceutical biotechnology. This review aims to provide a
comprehensive overview of the pharmacognostic characteristics, phytochemical profile,
antioxidant potential, and biotechnological significance of C. officinalis. Relevant published
literature on the pharmacognosy, phytochemistry, antioxidant activity, and medicinal
plant biotechnology of C. officinalis was critically reviewed and synthesized. Information
on pharmacognostic evaluation, phytochemical characterization, in vitro antioxidant
assays, and biotechnological approaches was compiled and analyzed. The review
indicates that C. officinalis is rich in flavonoids, phenolic compounds, carotenoids,
triterpenoids, essential oils, and other bioactive metabolites responsible for its therapeutic
activities. Antioxidant potential has been consistently demonstrated through assays such
as DPPH radical scavenging, total phenolic content (TPC), and total flavonoid content
(TEC), highlighting its ability to scavenge free radicals and regulate oxidative stress.
Furthermore, pharmacognostic evaluation supports its authentication and quality
assessment, while advances in plant tissue culture, metabolic engineering, and bioactive
compound optimization enhance its sustainable utilization. Calendula officinalis represents
a valuable natural source of antioxidants and bioactive compounds with significant
potential for modern healthcare applications. Integrating pharmacognostic evaluation
with biotechnological innovations can facilitate the development of standardized,
effective, and sustainable herbal formulations while supporting future pharmaceutical
and therapeutic applications.
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The importance of medicinal plants is well established in healthcare systems from ancient times till date

and act as potential sources for medicines. The increasing need for natural products has driven many studies related
to medicinal plants for the purpose of isolation, identification, and application of bioactive molecules. Some of the
plant secondary metabolites like phenolic compounds, flavonoids, terpenoids, and alkaloids show many biological
properties and act as potential sources of medicines [1].

Calendula officinalis L. (Pot Marigold) is a well-known medicinal plant of the Asteraceae family. This plant
has been used in traditional medicine for the treatment of skin diseases, inflammation, minor injuries, burns, and
infections. Various therapeutic effects, such as anti-inflammatory, antioxidant, antimicrobial, and wound healing
effects, have been reported in connection with the phytochemical composition of the plant [2].

The flowers of C. officinalis possess bioactive compounds such as flavonoids, phenolic acids, carotenoids,
triterpenoid saponins, essential oils, and polysaccharides. The biological activities of these compounds render this
herb a potential candidate for study in pharmacognosy and pharmaceutical biotechnology [3].
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Excessive oxidative stress as a consequence of excessive ROS formation is linked to numerous pathological
states. The use of natural antioxidants obtained from medicinal herbs has become of great interest due to the fact
that antioxidants can neutralize free radicals. Flavonoids and phenols, which are present in C. officinalis, are
believed to be responsible for its antioxidant properties [4].

The recent strategies of biotechnology in medicinal plants have opened up many possibilities for
conservation, sustainable use, and improvement of production of bioactive compounds in plants. Some of these
include tissue culture, elicitation, metabolic engineering, and molecular characterization [5].

This review uniquely bridges traditional pharmacognostic standardization with modern biotechnological
production methods and advanced phytochemical profiling for C. officinalis, providing a critical evaluation of its
therapeutic utility and future developmental pathways.

2. Botanical Description and Pharmacognostic Evaluation of Calendula officinalis
2.1 Botanical Description

Calendula officinalis L., popularly referred to as Pot Marigold, is an annual or biennial herb which is
considered medicinal in the family Asteraceae (Compositae). The plant is globally cultivated due to its attractive
yellow to orange flowers and therapeutic value. This plant is conventionally used in different health care practices
to treat conditions associated with skin and inflammatory disorders [6].

The plant usually attains a height of 30-60 cm with an erect and branched stem having fine hair. Its leaves
are simple and alternate with an oblong-lanceolate form that has slightly hairy surface. The plant has a distinct
capitulum inflorescence with yellow or orange colored ray and disc florets. Flowers are considered as the important
medicinal part of the plant as several bioactive compounds have been identified in them [3].

W

Figure 1. Calendula officinalis L. (Original field photograph captured using a smartphone in Bhilai, Chhattisgarh,
showing capitulum inflorescence and ray/disc florets).

Table 1. Taxonomic classification of Calendula officinalis L.

Category Classification

Kingdom Plantae
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Division Tracheophyta
Class Magnoliopsida
Order Asterales

Family Asteraceae
Genus Calendula
Species Calendula officinalis L.

Flower extract from C. officinalis has received considerable attention as a result of the presence of flavonoids,
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triterpenoids, carotenoids, phenolic acids, and volatile compounds that impart biological actions to it [7].

2.2 Pharmacognostic Analysis and Quality Control

Pharmacognostic analysis is a process that helps in identifying, authenticating, assessing, and
standardizing the quality of medicinal plants. Table 2 outlines the vital pharmacognostic and quality-control

parameters relevant to standardizing C. officinalis raw materials.

Table 2. Pharmacognostic and quality-control parameters relevant to Calendula officinalis.

Parameter Examples of Observations / Main Purpose
Measurements
Macroscopy Colour, odour, floral morphology, = Preliminary authentication
texture
Microscopy Epidermis, trichomes, secretory Botanical = authentication  and

structures, vascular tissues, pollen

adulteration detection

Moisture / Loss on
Drying

Gravimetric measurement

Stability and storage quality

Total Ash

Inorganic residue

Purity assessment

Acid-Insoluble Ash

Siliceous/inorganic residue

Detection of
contamination/adulteration

Extractive Values

Water- or solvent-soluble extractives

General assessment of extractable
constituents

Chromatographic
Fingerprint

HPLC, LC-MS, or other validated
profiles

Identity and batch consistency

Marker Compounds

Selected phenolic, flavonoid,
triterpenoid constituents

Chemical standardization

Microbial Quality Microbial enumeration and specified  Safety assurance
contaminants
Contaminants Heavy metals, pesticides, mycotoxins Regulatory safety compliance

where relevant

3. Phytochemical Profile of Calendula officinalis

The medicinal value of Calendula officinalis is associated with its diverse phytochemical composition. Table
3 consolidates the comprehensive phytochemical profile, plant parts, analytical methods, and biological relevance.

Table 3. Comprehensive phytochemical classification and properties of Calendula officinalis.

Compound
Class

Representative Constituents
Reported in Literature

Principal Plant
Material

Typical Analytical
Approaches

Potential Biological
Relevance
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Phenolic Chlorogenic-acid-related Flowers, leaves HPLC, LC-MS-based Antioxidant and
Compounds compounds, caffeic-acid methods, redox-related
derivatives, ferulic acid spectrophotometric activity
TPC
Flavonoids Quercetin derivatives, rutin, ~ Mainly flowers HPLC, LC-MS Antioxidant and
isoquercetin, narcissin anti-inflammatory
relevance
Triterpenoids  Faradiol and related esters, =~ Mainly flowers HPLC, LC-MS, NMR  Anti-inflammatory
arnidiol/taraxasterol-related where available and topical
compounds pharmacological
relevance
Carotenoids Lutein and related pigments Flowers HPLC, LC-MS Pigmentation and
antioxidant
relevance
Volatile Monoterpenoid and Flowers, leaves GC-MS Volatile profile and
Compounds  sesquiterpenoid constituents possible
antimicrobial
activity
Sterols and Sterols, glycosides, saponins ~ Whole plant / TLC, HPLC Membrane
Others and other constituents Aerial parts modulation and
supportive
bioactivity

4. Antioxidant Potential and Evaluation of Calendula officinalis

Oxidative stress results from an imbalance between reactive oxygen species (ROS) formation and
endogenous antioxidant defenses, leading to macromolecular damage. Natural antioxidants from C. officinalis
mitigate this imbalance by neutralizing free radicals via electron/hydrogen donation and metal chelation [8, 9].
Beyond direct free radical scavenging, specific constituents — particularly flavonoids and triterpenoids —contribute
significantly to the overall biological profile, exhibiting notable anti-inflammatory and cellular protective effects
[10,11]. Research further highlights that various triterpenoid fractions and plant extracts possess robust therapeutic
potential against oxidative tissue stress [12], while studies on its essential oils and specialized extracts confirm
broad-spectrum antioxidant and antimicrobial activities [13, 14]. Table 4 evaluates the various in vitro antioxidant
methods applied to characterize these extracts, alongside their analytical advantages and limitations.

Table 4. Critical comparison of antioxidant approaches relevant to Calendula officinalis.

Method Principal Endpoint Main Advantage Important Appropriate
Limitation Interpretation
DPPH Radical-scavenging Simple and rapid Solvent and Comparative
capacity reaction-time chemical screening
dependence; non-
physiological radical
ABTS Radical-scavenging Useful for Chemical rather Complementary

hydrophilic/lipophilic
systems

than biological
model

capacity

radical-scavenging
measurement
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FRAP Ferric-reducing Simple and Does not measure Reducing capacity
capacity reproducible all antioxidant evaluation
mechanisms
ORAC Peroxyl-radical Kinetic and More technically Comprehensive
protection mechanistically demanding physiological
distinct antioxidant
assessment
Reducing Electron-donating Simple execution Limited Supportive chemical
Power capacity physiological evidence
relevance
TPC Broad Useful for chemical Non-specific; not a Estimate of total
phenolic/reducing characterization direct antioxidant ~ phenolic abundance
content assay
TFC Broad flavonoid Useful for chemical Group-specific Estimate of total

content

characterization

reagent limitations

flavonoid

abundance

4.1 Role of Phenolic Compounds and Flavonoids in Antioxidant Activity

Phenolic hydroxyl groups are the primary functional determinants driving free radical neutralization via
electron-donating resonance stabilization [8]. Similarly, flavonoids suppress lipid peroxidation, stabilize cell
membranes, and regulate endogenous antioxidant enzymes [9]. Strong positive correlations between total
phenolic/flavonoid contents and radical scavenging efficacy confirm that polyphenolic fractions are the primary
drivers of antioxidant action in C. officinalis extracts [16].

5. Pharmacological Significance of Calendula officinalis
5.1 Anti-inflammatory Activity

Inflammatory pathways are modulated primarily by triterpenoid esters (such as faradiol) and flavonoids,
which inhibit pro-inflammatory mediators and regulate cellular immune responses [17]. At the molecular level,
these active constituents suppress cyclooxygenase-2 (COX-2) expression, inhibit 5-lipoxygenase (5-LOX) activity,
and reduce the release of tumor necrosis factor-alpha (TNF-a) and interleukin-6 (IL-6) in macrophage models,
confirming their robust anti-inflammatory efficacy.

5.2 Wound Healing Activity

Topical preparations containing C. officinalis promote tissue regeneration, stimulate collagen synthesis, and
protect healing tissue from oxidative damage [6]. Preclinical and clinical observations further indicate accelerated
re-epithelialization rates, increased hydroxyproline accumulation, and enhanced fibroblast proliferation, which
collectively expedite wound closure, tissue remodeling, and tensile strength recovery.

5.3 Antimicrobial Activity

Extract fractions exhibit notable inhibitory activity against diverse microbial strains due to membrane
disruption and metabolic interference mediated by essential oils and phenolic constituents [7]. Particularly,
minimum inhibitory concentration (MIC) assays demonstrate significant inhibitory efficacy against common
dermatological and opportunistic pathogens such as Staphylococcus aureus, Enterococcus faecalis, and Candida albicans.
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6. Importance in Pharmacognosy and Herbal Drug Development

Standardization via macroscopic, microscopic, physicochemical, and phytochemical evaluations ensures
batch-to-batch consistency, authenticates raw herbal materials, and prevents commercial adulteration, establishing
a reliable foundation for pharmaceutical translation [18, 19]. Enforcing strict pharmacopeial parameters —including
limits for total ash, acid-insoluble ash, moisture content (loss on drying), and chromatographic fingerprinting via
high-performance liquid chromatography (HPLC)—is vital to guarantee clinical safety, purity, and regulatory
compliance.

7. Medicinal Plant Biotechnology Approaches in Calendula officinalis
7.1 Plant Tissue Culture and Micropropagation

In vitro techniques—including callus induction, cell suspension cultures, and micropropagation —offer
scalable alternatives for germplasm conservation, pathogen-free material production, and controlled secondary
metabolite biosynthesis [20]. These systems facilitate year-round production of uniform biomass independent of
adverse climatic variations and arable land constraints.

7.2 Secondary Metabolite Production and Metabolic Engineering

Metabolic engineering strategies target biosynthetic pathways (such as phenylpropanoid and terpenoid
pathways) to enhance the yield of valuable phenolics, flavonoids, and triterpenoids [21]. Key regulatory
biosynthetic enzymes can be selectively upregulated through genetic transformation techniques or elicitor
treatments to maximize industrial productivity.

7.3 Molecular Characterization and Genomic Approaches

Genomic tools and molecular markers (e.g., DNA barcoding, PCR-based profiling) enable precise species
identification, genetic diversity assessment, and authentication of raw materials [22]. These molecular techniques
successfully prevent accidental substitution with morphologically similar adulterant species.

8. Applications of Calendula officinalis in Modern Healthcare
8.1 Herbal Drug Development

Standardized extracts formulated into tinctures, ointments, and topical creams rely on rigorous
phytochemical profiling and bioassay verification for quality assurance [5]. These pharmaceutical formulations
provide reliable therapeutic dosing for topical dermatological care.

8.2 Nutraceutical and Functional Food Applications

Rich in natural antioxidants, C. officinalis extracts show promise as functional food ingredients and dietary
supplement additives, though further clinical validation is required [23]. Their inclusion in functional matrices
requires comprehensive stability testing during food processing and storage.

8.3 Cosmeceutical Applications

Due to its robust skin-protective, anti-inflammatory, and antioxidant properties, the plant is widely utilized
in dermatological formulations, anti-aging creams, moisturizers, and wound care ointments. Its ability to mitigate
oxidative degradation and shield skin cells from environmental and UV-induced stress makes it an indispensable
ingredient in modern cosmeceuticals.
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9. Future Perspectives

Future research should prioritize advanced chromatographic profiling (LC-MS/MS, UHPLC-QTOF-MS),
comprehensive clinical trials, genomic metabolic engineering, and sustainable agricultural practices to maximize
the therapeutic and commercial viability of C. officinalis [24, 25]. Bridging the gap between benchtop
pharmacognostic assays and large-scale industrial bioprocessing remains critical for fulfilling international
regulatory and clinical standards.

10. Conclusion

Calendula officinalis is a botanically and pharmacologically significant medicinal plant whose therapeutic
profile is deeply rooted in its rich secondary metabolite composition. Integrating rigorous pharmacognostic
evaluation with modern plant biotechnology ensures sustainable cultivation, robust quality control, and the
development of standardized, evidence-based herbal, nutraceutical, and cosmeceutical products. Furthermore,
overcoming existing analytical bottlenecks—such as standardizing direct antioxidant assays versus aggregate
reducing capacity measurements and resolving environmental ecotypic variations—remains essential for
successful clinical translation. The implementation of high-resolution analytical platforms like LC-MS/MS and
UHPLC-QTOEF-MS guarantees precise chemical characterization and batch-to-batch consistency. At the same time,
embracing advanced biotechnological frameworks, including hairy-root cultures, stem-cell suspension systems,
and metabolic elicitation, provides a scalable, eco-friendly supply chain that bypasses the limitations of traditional
open-field agriculture. Ultimately, the synergistic integration of classical pharmacognosy, advanced analytical
profiling, and modern plant biotechnology will establish Calendula officinalis as a fully standardized, highly reliable,
and clinically validated therapeutic agent across modern pharmaceutical, nutraceutical, and cosmeceutical
industries.

Acknowledgments

The authors sincerely express their heartfelt gratitude to their parents for their unwavering love,
encouragement, and constant support throughout this research journey. Their belief and sacrifices have been a
continuous source of inspiration and motivation. The authors are also delighted to share the joyful milestone of the
publication of their first book. This achievement marks an important step in their academic journey and serves as
further motivation to continue contributing to research.

Conflict of Interest
“The authors declare no conflict of interest.”

Authors Contribution

Conceptualization and original draft preparation were carried out by Mr. Vashvi Kumar Sahu. Writing and
figure preparation were completed by Mr. Vashvi Kumar Sahu. Review, editing, and technical support were
provided by Mrs. Vicky Soni. All authors have read and agreed to the published version of the manuscript.

Funding
The authors declare that no financial support or funding was received for this research.

Ethics Statement/Ethical Approvals
Not applicable.

Declarations

Data Availability


https://doi.org/10.66220/3zancg55

176

J. PhytoPharm. Adv. Chem. Volume: 01; Issue: 03; Year: 26; Pages: 168-177 V.K. Sahu, V. Soni

DOI: https://doi.org/10.66220/3zancgb5 ISSN: 3139-9266
Not applicable.
Informed Consent Statement
Not applicable.
References

1. Atanasov AG, Zotchev SB, Dirsch VM, Supuran CT. Natural products in drug discovery: advances and
opportunities. Nat Rev Drug Discov. 2021;20(3):200-16. doi: 10.1038/541573-020-00114-z.

2. Efstratiou E, Hussain Al, Nigam PS, Moore JE, Ayub MA, Rao JR. Antimicrobial activity of Calendula
officinalis petal extracts against fungi, as well as Gram-negative and Gram-positive clinical pathogens.
Complement Ther Clin Pract. 2012;18(3):173-6. doi: 10.1016/j.ctcp.2012.02.003.

3. Arora D, Rani A, Sharma A. A review on phytochemistry and ethnopharmacological aspects of Calendula
officinalis. Pharmacogn Rev. 2013;7(14):179-87. doi: 10.4103/0973-7847.120520.

4. Miguel MG. Antioxidant and anti-inflammatory activities of essential oils: a short review. Molecules.
2010;15(12):9252-87. doi: 10.3390/molecules15129252.

5. Ramawat KG, Merillon JM. Biotechnology of Medicinal Plants: Vitalizer and Therapeutic Applications.
Science Publishers; 2007.

6. Pommier P, Gomez F, Sunyach MP, et al. Phase Il randomized trial of Calendula officinalis compared with
trolamine for prevention of acute dermatitis during irradiation. | Clin Oncol. 2004;22(8):1447-53. doi:
10.1200/jc0.2004.07.063.

7. Muley BP, Khadabadi SS, Banarase NB. Phytochemical constituents and pharmacological activities of
Calendula officinalis: A review. Trop | Pharm Res. 2009;8(5):455-65. doi: 10.4314/tjpr.v8i5.48090.

8. Singleton VL, Orthofer R, Lamuela-Raventds RM. Analysis of total phenols and other oxidation substrates
and antioxidants by means of Folin-Ciocalteu reagent. Methods Enzymol. 1999;299:152-78. doi:
10.1016/S0076-6879(99)99017-1.

9. Zhishen ], Mengcheng T, Jianming W. The determination of flavonoid contents in mulberry and their
scavenging effects on superoxide radicals. Food Chem. 1999;64(4):555-9. doi: 10.1016/S0308-8146(98)00102-2.

10. Ukiya M, Akihisa T, Yasukawa K, et al. Anti-inflammatory, anti-tumor-promoting, and cytotoxic activities
of constituents of Calendula officinalis flowers. | Nat Prod. 2006;69(12):1692-6. doi: 10.1021/np068016b.

11. Neukirch H, D’Ambrosio M, Sosa S, Altinier G, Della Loggia R, Guerriero A. Improved anti-inflammatory
activity of three new terpenoids derived, by systematic chemical modifications, from the abundant
triterpenes of the flowery plant Calendula officinalis. Chem Biodivers. 2005;2(5):657-71. doi:
10.1002/cbdv.200590042.

12. Gazim ZC, Rezende CM, Fraga SR, Svidzinski TIE, Cortez DAG. Antifungal activity of the essential oil
from Calendula officinalis L. (Asteraceae) growing in Brazil. Braz ] Microbiol. 2008;39(1):61-3. doi:
10.1590/51517-838220080001000015.

13.  Halliwell B. Free radicals and antioxidants: updating a personal view. Nutr Rev. 2012;70(5):257-65. doi:
10.1111/§.1753-4887.2012.00476.x.

14.  Rice-Evans CA, Miller NJ, Paganga G. Structure-antioxidant activity relationships of flavonoids and
phenolic acids. Free Radic Biol Med. 1996,20(7):933-56. doi: 10.1016/0891-5849(95)02227-9.

15. Brand-Williams W, Cuvelier ME, Berset C. Use of a free radical method to evaluate antioxidant activity.
LWT Food Sci Technol. 1995;28(1):25-30. doi: 10.1016/50023-6438(95)80008-5.

16. Prior RL, Wu X, Schaich K. Standardized methods for the determination of antioxidant capacity and
phenolics in foods and dietary supplements. | Agric Food Chem. 2005;53(10):4290-302. doi: 10.1021/jf0502698.

17.  Della Loggia R, Tubaro A, Sosa S, et al. The role of flavonoids and triterpenoids in the anti-inflammatory

activity of Calendula officinalis. Fitoterapia. 1994;65:475-81. doi: 10.1055/s-2006-959562.


https://doi.org/10.66220/3zancg55
https://www.nature.com/articles/s41573-020-00114-z
https://www.nature.com/articles/s41573-020-00114-z
https://doi.org/10.1038/s41573-020-00114-z
http://sciencedirect.com/science/article/abs/pii/S1744388112000096?via%3Dihub
http://sciencedirect.com/science/article/abs/pii/S1744388112000096?via%3Dihub
https://doi.org/10.1016/j.ctcp.2012.02.003
https://pubmed.ncbi.nlm.nih.gov/24347926/
https://pubmed.ncbi.nlm.nih.gov/24347926/
https://doi.org/10.4103/0973-7847.120520
https://pmc.ncbi.nlm.nih.gov/articles/PMC6259136/
https://doi.org/10.3390/molecules15129252
https://www.routledge.com/Biotechnology-of-Medicinal-Plants-Vitalizer-and-Therapeutic/Ramawat/p/book/9781578083381
https://pubmed.ncbi.nlm.nih.gov/15084618/
https://pubmed.ncbi.nlm.nih.gov/15084618/
https://doi.org/10.1200/jco.2004.07.063
https://www.researchgate.net/publication/43561145_Phytochemical_Constituents_and_Pharmacological_Activities_of_Calendula_officinalis_Linn_Asteraceae_A_Review
https://www.researchgate.net/publication/43561145_Phytochemical_Constituents_and_Pharmacological_Activities_of_Calendula_officinalis_Linn_Asteraceae_A_Review
https://doi.org/10.4314/tjpr.v8i5.48090
https://www.sciencedirect.com/science/chapter/bookseries/abs/pii/S0076687999990171
https://www.sciencedirect.com/science/chapter/bookseries/abs/pii/S0076687999990171
https://doi.org/10.1016/S0076-6879(99)99017-1
https://www.sciencedirect.com/science/article/abs/pii/S0308814698001022
https://www.sciencedirect.com/science/article/abs/pii/S0308814698001022
https://doi.org/10.1016/S0308-8146(98)00102-2
https://pubmed.ncbi.nlm.nih.gov/17190444/
https://pubmed.ncbi.nlm.nih.gov/17190444/
https://doi.org/10.1021/np068016b
https://onlinelibrary.wiley.com/doi/10.1002/cbdv.200590042
https://onlinelibrary.wiley.com/doi/10.1002/cbdv.200590042
https://onlinelibrary.wiley.com/doi/10.1002/cbdv.200590042
https://doi.org/10.1002/cbdv.200590042
https://pmc.ncbi.nlm.nih.gov/articles/PMC3768360/
https://pmc.ncbi.nlm.nih.gov/articles/PMC3768360/
https://doi.org/10.1590/S1517-838220080001000015
https://pubmed.ncbi.nlm.nih.gov/22537212/
https://doi.org/10.1111/j.1753-4887.2012.00476.x
https://pubmed.ncbi.nlm.nih.gov/8743980/
https://pubmed.ncbi.nlm.nih.gov/8743980/
https://doi.org/10.1016/0891-5849(95)02227-9
https://www.sciencedirect.com/science/article/abs/pii/S0023643895800085
https://doi.org/10.1016/S0023-6438(95)80008-5
https://pubs.acs.org/jafcau/article-abstract/53/10/4290/3580579/Standardized-Methods-for-the-Determination-of?redirectedFrom=fulltext
https://pubs.acs.org/jafcau/article-abstract/53/10/4290/3580579/Standardized-Methods-for-the-Determination-of?redirectedFrom=fulltext
https://doi.org/10.1021/jf0502698
https://pubmed.ncbi.nlm.nih.gov/7809203/
https://pubmed.ncbi.nlm.nih.gov/7809203/
https://doi.org/10.1055/s-2006-959562

177

J. PhytoPharm. Adv. Chem. Volume: 01; Issue: 03; Year: 26; Pages: 168-177 V.K. Sahu, V. Soni

DOI: https://doi.org/10.66220/3zancgb5 ISSN: 3139-9266

18.  Evans WC. Trease and Evans Pharmacognosy. 16th ed. Elsevier; 2009. doi: 10.1016/B978-0-7020-2933-
2.X0001-9.

19.  World Health Organization. Quality Control Methods for Herbal Materials. WHO Press; 2011.

20.  Murashige T, Skoog F. A revised medium for rapid growth and bio assays with tobacco tissue cultures.
Physiol Plant. 1962;15(3):473-97. doi: 10.1111/j.1399-3054.1962.tb08052.x.

21.  Verpoorte R, Contin A, Memelink ]. Biotechnology for the production of plant secondary metabolites.
Phytochem Rev. 2002;1(1):13-25. doi: 10.1023/A:1015871916833.

22.  Joshi K, Chavan P, Warude D, Patwardhan B. Molecular markers in herbal drug technology. Curr Sci.
2004;87(2):159-65.

23. Rates SMK. Plants as source of drugs. Toxicon. 2001;39(5):603-13. doi: 10.1016/S0041-0101(00)00154-9.

24.  Ekor M. The growing use of herbal medicines: issues relating to adverse reactions and challenges in
monitoring safety. Front Pharmacol. 2014;4:177. doi: 10.3389/fphar.2013.00177.

25. World Health Organization. WHO Guidelines on Good Agricultural and Collection Practices (GACP) for

Medicinal Plants. Geneva: WHO; 2003.


https://doi.org/10.66220/3zancg55
https://www.sciencedirect.com/book/monograph/9780702029332/trease-and-evans-pharmacognosy
https://doi.org/10.1016/B978-0-7020-2933-2.X0001-9
https://doi.org/10.1016/B978-0-7020-2933-2.X0001-9
https://www.who.int/publications/i/item/9789241500739
https://onlinelibrary.wiley.com/doi/10.1111/j.1399-3054.1962.tb08052.x
https://doi.org/10.1111/j.1399-3054.1962.tb08052.x
https://link.springer.com/article/10.1023/A:1015871916833
https://doi.org/10.1023/A:1015871916833
https://www.jstor.org/stable/24108860
https://www.sciencedirect.com/science/article/abs/pii/S0041010100001549
https://doi.org/10.1016/S0041-0101(00)00154-9
https://pmc.ncbi.nlm.nih.gov/articles/PMC3887317/
https://pmc.ncbi.nlm.nih.gov/articles/PMC3887317/
https://doi.org/10.3389/fphar.2013.00177
https://www.who.int/publications/i/item/9241546271
https://www.who.int/publications/i/item/9241546271


  𝛼

