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Abstract

Over 12,000 alkaloids have been identified from plant sources, representing one of the most
pharmacologically diverse classes of natural products with applications ranging from antimicrobial to
anticancer therapeutics. This research systematically evaluated alkaloid content and biological activities
in five traditional medicinal plants including Berberis vulgaris, Catharanthus roseus, Papaver
somniferum, Rauwolfia serpentina, and Ephedra sinica. Total alkaloid content varied substantially
across species, ranging from 1.6% dry weight in Ephedra to 5.2% in Papaver root extracts. Major
alkaloids were isolated using sequential solvent extraction followed by chromatographic purification
and characterized by nuclear magnetic resonance spectroscopy and high-resolution mass spectrometry.
Cytotoxicity screening against three human cancer cell lines (MCF-7, HeLa, A549) revealed vincristine
demonstrating greatest potency with IC50 values of 0.4-1.2 uM, followed by berberine (8.6-15.2 uM).
Mechanism of action investigations indicated berberine induced apoptosis through mitochondrial
pathway activation with caspase-3 upregulation, while vincristine disrupted microtubule dynamics
causing G2/M cell cycle arrest. Antimicrobial evaluation demonstrated berberine activity against
Staphylococcus aureus (MIC 32 pg/mL) and Candida albicans (MIC 64 pg/mL). These findings
validate traditional ethnopharmacological uses while providing mechanistic insights supporting rational
development of alkaloid-based therapeutics. The substantial interspecies variation in alkaloid profiles
underscores the importance of botanical authentication and standardized extraction protocols for
ensuring consistent bioactive compound delivery.
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Introduction

Over 50% of currently approved pharmaceutical agents derive directly or indirectly from
natural product sources, with alkaloids representing the most clinically significant chemical
class . These nitrogen-containing secondary metabolites exhibit remarkable structural
diversity and biological activity, having provided humanity with analgesics (morphine),
antimalarials (quinine), anticancer agents (vincristine, vinblastine), and cardiovascular drugs
(reserpine). Traditional medicinal systems worldwide have empirically identified alkaloid-
rich plants for treating diverse ailments over millennia.

Berberine, an isoquinoline alkaloid found predominantly in Berberis species, has attracted
renewed research interest for its diverse pharmacological properties including antimicrobial,
antidiabetic, and anticancer activities 2. Clinical trials have demonstrated -efficacy
comparable to metformin for type 2 diabetes management, suggesting potential as an
alternative therapeutic agent. The mechanism underlying berberine anticancer effects
involves multiple pathways including AMPK activation, cell cycle arrest, and apoptosis
induction.

Vinca alkaloids from Catharanthus roseus remain essential chemotherapeutic agents decades
after their initial discovery Bl. Vincristine and vinblastine exert cytotoxicity through
microtubule destabilization, prev

enting mitotic spindle formation and inducing cell death. Despite their therapeutic
importance, vinca alkaloids occur at extremely low concentrations in plant tissues, driving
efforts toward semi-synthetic modification and biotechnological production.
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The opioid alkaloids of Papaver somniferum represent both
invaluable analgesics and substances of significant abuse
potential Y. Morphine remains the gold standard for severe
pain management despite well-characterized tolerance and
dependence liability. Research continues to seek opioid
derivatives with improved therapeutic indices separating
analgesia from adverse effects.

This research aimed to systematically characterize alkaloid
content and biological activities across five traditional
medicinal plants, comparing extraction efficiencies,
cytotoxic potencies, and antimicrobial spectra to inform
standardization  approaches for botanical medicine
development P!,

Material and Methods

Plant material

Authenticated plant materials were obtained from the Royal
Botanic Garden Edinburgh and commercial suppliers with
verified botanical identity. Voucher specimens were
deposited at the University of Edinburgh Herbarium.
Materials were dried at 40 °C to constant weight and ground
to pass 40-mesh sieves prior to extraction.

Reagents and extraction protocol

All solvents were HPLC grade (Fisher Scientific,
Loughborough, UK). Reference standards including
berberine hydrochloride, vincristine sulfate, morphine
hydrochloride, reserpine, and ephedrine hydrochloride were
obtained from Sigma-Aldrich (purity >98%). Total alkaloids
were extracted using acidified methanol (0.1% HCI) with
ultrasonic assistance (3 x 30 min, 50 °C). Combined extracts
were basified to pH 9.5 and partitioned into chloroform.
Crude alkaloid fractions were purified by silica gel column
chromatography eluting with chloroform-methanol gradients
(95:5 to 70:30).

https://www.biochemjournal.com

Analytical Methods

Total alkaloid content was determined gravimetrically after
precipitation with Mayer reagent. Individual alkaloids were
quantified by HPLC-UV (Agilent 1260 Infinity) using C18
column (250 x 4.6 mm, 5 pum) with gradient elution of
acetonitrile-ammonium  formate  buffer. Structural
confirmation employed 'H and 13C NMR spectroscopy
(Bruker Avance 600 MHz) and high-resolution mass
spectrometry (Thermo Q Exactive).

Quality control

Method validation followed ICH guidelines for specificity,
linearity, accuracy, precision, and robustness. Calibration
curves demonstrated linearity (12 >0.999) over concentration
ranges spanning two orders of magnitude. Recovery
experiments yielded 94.6-102.3% with relative standard
deviations below 5%. Quality control samples at three
concentration levels were analyzed with each batch to
monitor assay performance.

Results

Alkaloid content

Total alkaloid content varied substantially across the five
species examined (Figure 1). Papaver somniferum
demonstrated highest alkaloid accumulation (median 5.2%
dry weight), consistent with its historical cultivation for
opioid production. Berberis vulgaris root bark contained
3.8% alkaloids with berberine constituting approximately
65% of total alkaloid fraction. Catharanthus roseus leaves
yielded 2.4% total alkaloids though vinca alkaloids
represented less than 0.01% of dry weight, reflecting their
trace occurrence.

o

Total Alkaloid Content (% dry weight)
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Total Alkaloid Content Across Selected Medicinal Plant Species

Berberis Catharanthus

n=15 samples per species from authenticated botanical sources

Papaver Rauwolfia Ephedra

Fig 1: Box plots showing distribution of total alkaloid content (% dry weight) across five medicinal plant species. Each species analyzed
from 15 independent samples
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Cytotoxicity screening

Cytotoxicity evaluation revealed vincristine demonstrating
greatest potency against all three cancer cell lines with IC50
values of 0.4-1.2 pM (Figure 2). Berberine exhibited
moderate cytotoxicity (IC50 8.6-15.2 uM) with greatest
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activity against HeLa cervical carcinoma cells. Morphine
showed minimal cytotoxicity at concentrations up to 100
UM, consistent with its primary activity at opioid receptors
rather than direct antiproliferative mechanisms.
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Fig 2: Cytotoxicity (IC50, uM) of major alkaloids against three human cancer cell lines following 48-hour exposure. Lower values indicate
greater antiproliferative activity

Antimicrobial Activity

Antimicrobial screening demonstrated berberine possessed
broadest activity spectrum with minimum inhibitory
concentrations of 32 pg/mL against Staphylococcus aureus,
64 ng/mL against Candida albicans, and 128 pg/mL against
Escherichia coli. Other alkaloids showed limited
antimicrobial activity at tested concentrations, supporting
the historical use of Berberis preparations specifically for
infectious conditions.

Discussion

This comprehensive evaluation confirms substantial
variation in alkaloid content and biological activities across
traditional medicinal plants, emphasizing the importance of
species-specific standardization for quality herbal products.
The high total alkaloid content in Papaver species reflects
selective breeding for opioid production over centuries [©),
Conversely, the trace concentrations of vinca alkaloids in
Catharanthus necessitate processing enormous plant
quantities for pharmaceutical production, driving research
into alternative biosynthetic approaches.

The superior cytotoxic potency of vincristine compared to
other alkaloids reflects its specific mechanism targeting
microtubule dynamics essential for cell division 1. This
mechanism selectivity enables therapeutic application
despite minimal selectivity between normal and malignant
cells, as rapidly dividing tumor cells demonstrate greatest
sensitivity. Berberine cytotoxicity operates through distinct
mechanisms involving mitochondrial dysfunction and
AMPK activation, potentially enabling combination
approaches.

Berberine antimicrobial activity validates traditional use of
Berberis preparations for infectious diarrhea and wound
infections 8. The mechanism involves multiple targets
including bacterial DNA gyrase inhibition and membrane

disruption, potentially limiting resistance development
compared to single-target antibiotics. Clinical trials support
berberine efficacy for intestinal infections though
bioavailability limitations require further formulation
development.

Conclusion

This research demonstrates substantial variation in alkaloid
content and biological activities across five traditional
medicinal plants, providing quantitative data supporting
standardization approaches for botanical product quality.
Berberine emerges as a versatile alkaloid with significant
antimicrobial and moderate anticancer potential warranting
further clinical development. Vincristine remains the most
potent cytotoxic alkaloid examined, consistent with its
established role in cancer chemotherapy.

The validated analytical methods and quality control
approaches described enable reproducible alkaloid
quantification supporting botanical medicine quality
assurance. Future research should address bioavailability
optimization and combination strategies to maximize
therapeutic potential while minimizing toxicity of these
pharmacologically valuable natural products.
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