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Undergraduate Certificate in Toxicology of Plants

Phytochemistry And Pharmacognosy

Alkaloid
Related terms: nitrogenous compounds, secondary metabolites
Alkaloids are naturally occurring organic bases containing nitrogen, often derived from amino acids. They
exhibit diverse pharmacological activities such as analgesic, antimalarial, and anticancer effects. Example:
morphine from Papaver somniferum. Practical application includes drug development and toxin screening.
Challenges involve complex extraction, structural elucidation, and variability due to plant genetics and
environment.

Anthraquinone
Related terms: laxative agents, pigment compounds
Anthraquinones are aromatic organic compounds with a quinone structure, commonly found in roots and
bark. They function as laxatives (e.g., senna) and provide coloration in textiles. Their biosynthesis proceeds
via the polyketide pathway. Practical use includes pharmaceutical laxatives and natural dyes. Challenges
include potential genotoxicity and accurate quantification in complex matrices.

Betalain
Related terms: pigment, betalainic compounds
Betalains are water‑soluble nitrogenous pigments responsible for red‑violet and yellow colors in
Caryophyllales. They replace anthocyanins in these families. Example: betanin from beetroot (Beta vulgaris).
Applications include natural food colorants and antioxidant supplements. Challenges involve stability under
processing conditions and standardization of extraction methods.

Bioassay‑guided fractionation
Related terms: activity‑directed isolation, pharmacological screening
This technique links biological activity to specific phytochemicals by sequentially separating extracts and
testing each fraction. It enables identification of active principles such as anti‑inflammatory terpenes.
Practical application is in lead discovery for drug development. Challenges include loss of synergistic effects
and time‑consuming iterative testing.

Bioprospecting
Related terms: natural product discovery, ethnobotany
Bioprospecting involves systematic exploration of biodiversity to locate novel compounds with therapeutic
potential. It integrates traditional knowledge with modern analytical tools. Example: discovery of artemisinin
from Artemisia annua. Applications span pharmaceuticals, nutraceuticals, and agrochemicals. Challenges
encompass legal, ethical, and sustainability issues, as well as reproducibility of yields.
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Carboxylic acid
Related terms: organic acid, functional group
Carboxylic acids are organic compounds containing a –COOH group, frequently occurring as intermediates
in plant metabolism. Examples include shikimic acid, a precursor for antiviral oseltamivir. Practical relevance
lies in pathway engineering and synthesis of semi‑synthetic drugs. Challenges include stability during
extraction and accurate quantification in complex plant matrices.

Chromatography
Related terms: HPLC, TLC, separation technique
Chromatography encompasses a suite of techniques for separating plant constituents based on
physicochemical properties. High‑performance liquid chromatography (HPLC) and thin‑layer
chromatography (TLC) are routinely employed for profiling alkaloids, flavonoids, and terpenes. Applications
involve quality control, pharmacokinetic studies, and dereplication. Challenges include method optimization
for diverse matrices and detection of trace compounds.

Chemotaxonomy
Related terms: taxonomic markers, phytochemical profiling
Chemotaxonomy uses chemical constituents as systematic markers to infer phylogenetic relationships
among plant taxa. Flavonoid patterns, for instance, assist in distinguishing species within the genus Salvia.
Practical use includes authentication of herbal materials and detection of adulteration. Challenges involve
intra‑species chemical variability and the need for comprehensive reference databases.

Cytotoxicity assay
Related terms: MTS, LDH, cell viability
Cytotoxicity assays evaluate the ability of plant extracts or isolated compounds to inhibit cell proliferation or
induce cell death. Common methods include MTS, LDH release, and Annexin V staining. They are essential
for screening anticancer leads. Challenges comprise assay interference by colored extracts, false positives,
and translating in‑vitro results to in‑vivo relevance.

Derivatization
Related terms: chemical modification, GC‑MS preparation
Derivatization chemically modifies functional groups to improve volatility or detectability for gas
chromatography–mass spectrometry (GC‑MS). For example, silylation of phenolic hydroxyls enables analysis
of flavonoids. Practical application is in comprehensive metabolite profiling. Challenges involve selecting
reagents that do not alter labile structures and ensuring quantitative recovery.

Diterpene
Related terms: 20‑carbon terpenes, resin acids
Diterpenes are a class of C20 terpenoids derived from geranylgeranyl diphosphate. They include
phytochemicals such as forskolin (Coleus forskohlii) and the toxic resin acids in conifers. Applications
comprise anti‑inflammatory agents and industrial adhesives. Challenges involve stereochemical complexity,
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low natural abundance, and potential environmental toxicity.

Diterpenoid alkaloid
Related terms: Aconitum alkaloids, neurotoxins
These are nitrogen‑containing diterpenes predominantly found in the genus Aconitum. They exhibit potent
neurotoxic effects, causing cardiotoxicity and paralysis. Example: aconitine. Practical relevance includes risk
assessment of herbal medicines and development of antidotes. Challenges include accurate quantification
at trace levels and managing severe toxicity in laboratory settings.

Ellagitannin
Related terms: hydrolyzable tannin, polyphenol
Ellagitannins are a subclass of hydrolyzable tannins formed by the esterification of hexahydroxydiphenic
acid with glucose. They are abundant in berries such as raspberries and strawberries. Their antioxidant and
anti‑inflammatory properties make them candidates for nutraceuticals. Challenges involve hydrolysis during
processing, complex mass spectral interpretation, and variability among cultivars.

Essential oil
Related terms: volatile compounds, aromatic distillates
Essential oils are mixtures of volatile terpenes, phenylpropanoids, and related compounds obtained by
steam distillation or solvent extraction. Examples include menthol from Mentha piperita and eucalyptol
from Eucalyptus globulus. Applications span aromatherapy, antimicrobial agents, and flavoring. Challenges
include chemotype variation, stability, and potential allergenicity.

Flavonoid
Related terms: polyphenol, flavone, flavonol
Flavonoids are a large family of polyphenolic compounds characterized by a C6‑C3‑C6 backbone.
Subclasses include flavones, flavonols, and anthocyanidins. They contribute to plant coloration, UV
protection, and defense. Example: quercetin in onions. Practical applications involve antioxidant
supplements, cardiovascular protection, and quality control of herbal extracts. Challenges include
overlapping UV spectra, matrix effects, and inter‑individual metabolic differences.

Glycoside
Related terms: sugar conjugate, aglycone
Glycosides consist of a sugar moiety linked to a non‑carbohydrate aglycone via a glycosidic bond. They
serve as storage forms of bioactive compounds and can be activated by hydrolysis. Example: digoxin from
Digitalis lanata. Applications include cardiac drugs and pro‑drugs. Challenges involve enzymatic stability,
hydrolysis during extraction, and accurate determination of sugar stereochemistry.

HPLC‑DAD
Related terms: diode array detector, multiwavelength detection
High‑performance liquid chromatography coupled with diode array detection allows simultaneous
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separation and spectral identification of plant constituents. It is widely used for flavonoid fingerprinting and
quality assessment of botanical products. Practical benefits include rapid screening and non‑destructive
analysis. Challenges include co‑elution of isomers and the need for extensive spectral libraries.

In silico docking
Related terms: computational modeling, virtual screening
In silico docking predicts the binding affinity of phytochemicals to target proteins using molecular
simulation. It accelerates lead identification for enzymes such as acetylcholinesterase. Applications extend to
repurposing traditional medicines for modern therapeutics. Challenges involve accurate protein structures,
ligand flexibility, and validation of predicted hits in vitro.

Infrared spectroscopy
Related terms: FT‑IR, functional group analysis
Fourier‑transform infrared (FT‑IR) spectroscopy identifies functional groups based on vibrational transitions.
It is employed for rapid authentication of herbal powders and detection of adulterants. Practical use
includes monitoring of extraction processes. Challenges include overlapping bands in complex mixtures and
limited quantitative capability without chemometric calibration.

Isoflavone
Related terms: phytoestrogen, legume flavonoid
Isoflavones are a subclass of flavonoids predominantly found in legumes, especially soybeans. They act as
phytoestrogens, binding to estrogen receptors and influencing hormonal balance. Example: genistein.
Applications comprise menopausal symptom relief and cancer chemoprevention. Challenges involve
variability due to cultivation conditions, metabolism by gut microbiota, and potential endocrine disruption.

Jasmonate
Related terms: plant hormone, stress signaling
Jasmonic acid and its derivatives are lipid‑derived hormones that mediate plant defense against herbivores
and pathogens. They induce the production of secondary metabolites such as alkaloids and terpenes.
Practical relevance includes elicitor‑based enhancement of valuable phytochemicals in cell cultures.
Challenges consist of rapid turnover, cross‑talk with other hormonal pathways, and difficulty in quantifying
transient spikes.

Kinetic solubility
Related terms: solubility assay, drug‑likeness
Kinetic solubility measures the maximum concentration of a compound that remains in solution under
non‑equilibrium conditions, often assessed by rapid dilution. It is crucial for evaluating the developability of
plant‑derived leads. Practical use includes early-stage formulation screening. Challenges arise from
precipitation of poorly soluble flavonoids and interference from co‑extracted matrix components.

Lactone
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Related terms: cyclic ester, structural motif
Lactones are cyclic esters formed by intramolecular condensation of hydroxy acids. They appear in many
plant secondary metabolites, such as sesquiterpene lactones in Asteraceae. Example: artemisinin contains a
peroxide‑bridged lactone. Applications include antimalarial drugs and anti‑inflammatory agents. Challenges
involve stability under acidic conditions and stereochemical complexity.

LC‑MS/MS
Related terms: tandem mass spectrometry, quantitative analysis
Liquid chromatography coupled with tandem mass spectrometry provides high sensitivity and selectivity for
quantifying phytochemicals in complex matrices. It is the gold standard for measuring alkaloids, glucosides,
and metabolites in biological samples. Practical applications include pharmacokinetic studies and regulatory
compliance. Challenges include matrix suppression, need for isotope‑labeled standards, and instrument
cost.

Macroporous resin
Related terms: adsorbent, solid‑phase extraction
Macroporous resins are synthetic polymers with large pore sizes used for selective adsorption of phenolics,
alkaloids, and pigments from aqueous extracts. They enable concentration and purification of target
compounds. Practical use includes large‑scale production of flavonoid extracts. Challenges involve resin
regeneration, fouling by proteins, and optimization of elution conditions.

Metabolomics
Related terms: omics, profiling, systems biology
Metabolomics employs analytical platforms (LC‑MS, NMR, GC‑MS) to profile the complete set of small
molecules in a plant tissue. It reveals chemotypic variation, biosynthetic pathways, and responses to stress.
Applications range from quality control to discovery of novel bioactives. Challenges include data processing,
annotation of unknowns, and reproducibility across laboratories.

Methoxylation
Related terms: O‑methylation, biosynthetic modification
Methoxylation introduces a methoxy group onto phenolic substrates, often catalyzed by
O‑methyltransferases. This modification increases lipophilicity and metabolic stability of flavonoids, e.g.,
conversion of luteolin to chrysoeriol. Practical relevance includes enhancing bioavailability of herbal extracts.
Challenges involve enzyme specificity, substrate competition, and potential loss of antioxidant activity.

Monoterpene
Related terms: C10 terpene, essential oil component
Monoterpenes consist of two isoprene units (C10) and constitute the major volatiles in many essential oils.
Examples include limonene from citrus peels and menthol from mint. They possess antimicrobial,
anti‑inflammatory, and insecticidal properties. Applications include flavoring agents, pest control, and
fragrance industries. Challenges involve rapid oxidation, chemotype variability, and regulatory limits on
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exposure.

Mycotoxin
Related terms: fungal toxin, contaminant
Mycotoxins are toxic secondary metabolites produced by fungi that may contaminate plant products,
especially grains and nuts. Aflatoxin B1 from Aspergillus flavus is a potent hepatocarcinogen. Practical
importance lies in food safety monitoring and risk assessment. Challenges include detecting low‑level
contamination, co‑occurrence of multiple toxins, and mitigation during storage.

Nitrogen fixation
Related terms: symbiotic bacteria, legume–rhizobia
Nitrogen fixation is the biological conversion of atmospheric N₂ to ammonia, primarily via symbiotic
rhizobia in leguminous roots. This process influences the synthesis of nitrogen‑containing secondary
metabolites such as alkaloids. Practical relevance includes sustainable agriculture and enhancement of
phytochemical yields. Challenges involve managing soil conditions, inoculant viability, and measuring
fixation rates accurately.

Oxidative stress
Related terms: reactive oxygen species, antioxidant defense
Oxidative stress arises when reactive oxygen species (ROS) exceed the plant’s antioxidant capacity, leading
to cellular damage. Plants respond by producing phenolics, flavonoids, and carotenoids. In toxicology,
oxidative stress markers assess the safety of phytochemicals. Practical applications include screening for
antioxidant activity. Challenges include variability in ROS generation, assay interference, and translating
in‑vitro antioxidant capacity to in‑vivo efficacy.

Pharmacognosy
Related terms: natural product science, drug discovery
Pharmacognosy is the study of medicinal substances derived from natural sources, encompassing the
identification, isolation, and quality assessment of plant‑based drugs. It integrates taxonomy,
phytochemistry, and pharmacology. Practical role includes standardization of herbal medicines and
discovery of new therapeutics. Challenges involve complex mixtures, regulatory compliance, and ensuring
sustainable sourcing.

Phytochemical
Related terms: secondary metabolite, plant chemical
Phytochemicals are bioactive compounds produced by plants, often classified as alkaloids, terpenes,
phenolics, or glycosides. They contribute to plant defense and have pharmacological relevance for humans.
Example: curcumin from turmeric. Applications span nutraceuticals, cosmetics, and drug leads. Challenges
include variability due to genotype, environment, and post‑harvest handling.

Polysaccharide
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Related terms: complex carbohydrate, immunomodulator
Plant polysaccharides such as β‑glucans and pectins exhibit immunomodulatory and prebiotic activities.
They are extracted from mushrooms, oats, and medicinal roots. Practical uses include dietary supplements
and vaccine adjuvants. Challenges consist of high molecular weight complicating analysis, batch‑to‑batch
consistency, and potential contamination with endotoxins.

Principal component analysis
Related terms: PCA, chemometrics, data reduction
PCA is a multivariate statistical technique that reduces dimensionality of complex phytochemical datasets,
highlighting patterns and groupings. It assists in chemotaxonomy and quality control of botanical products.
Practical benefit: rapid detection of adulteration. Challenges involve interpretation of loading plots,
selection of appropriate variables, and ensuring robustness across different analytical platforms.

Quinone
Related terms: oxidizing agent, electron carrier
Quinones are cyclic diketones derived from aromatic compounds, functioning as electron carriers in plant
respiration and photosynthesis. They also serve as scaffolds for anticancer agents (e.g., doxorubicin).
Practical relevance includes redox‑active drug design. Challenges include redox instability, potential toxicity,
and difficulty in selective synthesis.

Quercetin
Related terms: flavonol, antioxidant
Quercetin is a flavonol abundant in onions, apples, and berries, known for strong antioxidant and
anti‑inflammatory activities. It modulates signaling pathways such as NF‑κB. Practical applications include
dietary supplements and functional foods. Challenges involve low oral bioavailability, rapid metabolism, and
interactions with other phytochemicals.

Raffinose family oligosaccharides
Related terms: prebiotic, FOS, galactooligosaccharides
These oligosaccharides, including raffinose and stachyose, are found in legumes and contribute to
flatulence but also serve as prebiotics promoting beneficial gut microbes. Practical use includes formulation
of functional foods. Challenges involve enzymatic hydrolysis during processing and balancing sensory
attributes.

Radical scavenger assay
Related terms: DPPH, ABTS, antioxidant capacity
Radical scavenger assays evaluate the ability of extracts to neutralize stable free radicals such as DPPH• or
ABTS•+. They provide a rapid screening tool for antioxidant activity. Practical relevance includes ranking of
herbal extracts for nutraceutical development. Challenges include assay interference by colored compounds,
solvent effects, and lack of correlation with in‑vivo efficacy.
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Resin acid
Related terms: abietic acid, coniferous diterpene
Resin acids are diterpenoid acids primarily from coniferous trees, contributing to the tackiness of rosin.
Abietic acid is a common example. They have industrial uses in adhesives and varnishes. In toxicology, they
may cause contact dermatitis. Challenges involve accurate quantification in complex wood extracts and
controlling environmental release.

Ribosome‑inactivating protein
Related terms: RIP, type‑1, type‑2
RIPs are proteins that depurinate ribosomal RNA, halting protein synthesis. Type‑1 RIPs (e.g., saporin)
consist of a single catalytic domain, whereas type‑2 RIPs (e.g., ricin) have an additional lectin domain. They
have potential as immunotoxins in cancer therapy. Challenges include high toxicity, immunogenicity, and
delivery to target cells.

Saponin
Related terms: glycoside, surfactant
Saponins are amphiphilic glycosides that foam in aqueous solutions. They occur in many families, such as
the quinine‑containing bark of Quillaja saponaria. Applications include adjuvants for vaccines, natural
detergents, and cholesterol‑lowering agents. Challenges involve hemolytic activity, bitter taste, and
variability in aglycone composition.

Sesquiterpene lactone
Related terms: germacranolide, anti‑inflammatory
Sesquiterpene lactones are C15 terpenoids with a lactone ring, characteristic of the Asteraceae family.
Examples include artemisinin and parthenolide. They exhibit anti‑malarial, anticancer, and anti‑inflammatory
properties. Practical use includes drug development and phytotherapeutic preparations. Challenges include
rapid metabolism, potential allergenicity, and complex stereochemistry hindering synthesis.

Silica gel chromatography
Related terms: flash chromatography, stationary phase
Silica gel chromatography separates compounds based on polarity using a polar stationary phase. It is a
cornerstone technique for isolation of alkaloids, flavonoids, and terpenes from crude extracts. Practical
benefits include scalability and simplicity. Challenges involve tailing of basic compounds, need for proper
solvent gradients, and silica degradation with acidic eluents.

Sinapic acid
Related terms: phenolic acid, antioxidant
Sinapic acid is a hydroxycinnamic acid found in many grains and Brassica vegetables. It contributes to
antioxidant capacity and can be converted to sinapoyl esters used in plant defense. Practical applications
include food preservation and cosmetic formulations. Challenges include oxidation during processing and
limited commercial availability.
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Steroid
Related terms: phytosteroid, cardenolide
Plant steroids encompass a variety of C27 structures, including cardenolides (e.g., digoxin) and phytosterols
(e.g., β‑sitosterol). They affect membrane fluidity and possess cardiotonic or cholesterol‑modulating
activities. Practical relevance includes heart‑failure therapy and functional food ingredients. Challenges
involve narrow therapeutic windows, complex metabolism, and potential contamination with toxic analogs.

Structure‑activity relationship
Related terms: SAR, medicinal chemistry, lead optimization
SAR analysis correlates chemical modifications with changes in biological activity, guiding the design of
more potent and selective phytochemical derivatives. For instance, methylation of a phenolic hydroxyl may
increase membrane permeability. Practical application lies in rational drug design. Challenges include
accounting for metabolic transformations and synergistic effects within extracts.

Synergism
Related terms: combination effect, additive interaction
Synergism occurs when the combined effect of two or more phytochemicals exceeds the sum of their
individual activities. Classic example: the enhanced antimalarial efficacy of artemisinin with flavonoids from
the same plant. Practical importance includes formulation of multi‑component herbal products. Challenges
involve reproducible quantification of synergistic ratios and regulatory acceptance of combination claims.

Terpenoid
Related terms: isoprenoid, natural product
Terpenoids are oxygenated derivatives of terpenes, generated from isoprene units via the mevalonate or
MEP pathways. They include monoterpenes, sesquiterpenes, diterpenes, and triterpenes. Examples: menthol,
squalene, and ginsenosides. Applications span pharmaceuticals, fragrances, and biofuels. Challenges involve
stereochemical diversity, low natural abundance, and environmental impact of large‑scale extraction.

Thymol
Related terms: phenolic monoterpene, antiseptic
Thymol is a phenolic monoterpene found in thyme oil (Thymus vulgaris). It exhibits antimicrobial,
antioxidant, and anti‑inflammatory activities. Practical uses include mouthwashes, food preservatives, and
veterinary antiseptics. Challenges involve volatility, oxidation to thymol peroxide, and skin irritation at high
concentrations.

Thymidine kinase assay
Related terms: cell proliferation, antiviral screening
The thymidine kinase assay measures incorporation of radiolabeled thymidine into DNA, reflecting cell
division. It is employed to assess cytostatic or antiviral activity of plant extracts. Practical relevance includes
screening for anticancer agents. Challenges include radioactivity handling, non‑specific uptake, and
interference by colored extracts.
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Triterpenoid saponin
Related terms: glycoside, surfactant
Triterpenoid saponins consist of a C30 triterpene aglycone linked to one or more sugar chains. They are
abundant in Quillaja bark and Panax ginseng. Applications include vaccine adjuvants, cholesterol‑lowering
nutraceuticals, and natural detergents. Challenges involve hemolytic activity, bitter taste, and complex
purification due to multiple sugar moieties.

UPLC
Related terms: ultra‑performance liquid chromatography, high resolution
Ultra‑performance liquid chromatography provides higher pressure and smaller particle columns, yielding
faster separations with improved resolution. It is increasingly used for profiling complex plant extracts.
Practical benefits include reduced solvent consumption and enhanced sensitivity. Challenges involve
equipment cost, method transfer from conventional HPLC, and potential column clogging with particulate
extracts.

Urtica dioica
Related terms: stinging nettle, medicinal herb
Urtica dioica is a perennial herb known for its stinging hairs and traditional uses in treating arthritis and
urinary disorders. Its leaves contain flavonoids, phenolic acids, and lectins. Practical applications include
topical anti‑inflammatory creams and dietary supplements. Challenges involve standardizing harvest time,
managing the irritant hairs during processing, and ensuring contaminant‑free products.

Vanillin
Related terms: phenolic aldehyde, flavoring agent
Vanillin is the primary flavor component of vanilla beans (Vanilla planifolia), also produced synthetically. It
possesses mild antioxidant activity and is used in food, cosmetics, and pharmaceuticals. Practical relevance
includes quality control of vanilla extracts. Challenges involve adulteration with synthetic vanillin,
degradation under light, and high cost of natural sourcing.

Vernier titration
Related terms: analytical method, quantitative analysis
Vernier titration is a precise volumetric technique used to determine the concentration of acidic or basic
constituents in plant extracts, such as total titratable acidity in fruit juices. Practical applications include
standardization of herbal teas. Challenges include endpoint detection in colored solutions and interference
from buffering compounds.

Volatile organic compound
Related terms: VOCs, aroma profile
Volatile organic compounds are low‑molecular‑weight chemicals that readily vaporize at ambient
temperature, contributing to plant aroma and defense. Examples include isoprene, hexenal, and terpenes.
They are analyzed by headspace GC‑MS. Practical uses include flavor industry, pest repellents, and
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environmental monitoring. Challenges involve rapid oxidation, sampling artifacts, and quantification in
heterogeneous matrices.

Wound‑induced alkaloid
Related terms: defensive metabolite, stress response
Certain alkaloids are synthesized de novo in response to mechanical injury, serving as deterrents against
herbivores. For instance, nicotine accumulation increases in tobacco leaves after wounding. Practical
implication includes timing harvest to maximize desired alkaloid content. Challenges involve variability in
induction, metabolic cost to the plant, and difficulty in reproducing the response in vitro.

Xanthone
Related terms: polyphenol, aromatic ketone
Xanthones are a class of polyphenolic compounds with a tricyclic scaffold, found in mangosteen (Garcinia
mangostana) and other tropical plants. They exhibit antioxidant, anti‑inflammatory, and anticancer activities.
Practical applications include nutraceuticals and topical formulations. Challenges involve low natural
abundance, photodegradation, and complex synthesis pathways.

Yield factor
Related terms: extraction efficiency, productivity
Yield factor quantifies the proportion of a target phytochemical obtained from raw plant material after
processing. It is expressed as mg of compound per g of dried plant. Practical relevance includes scaling up
production and cost analysis. Challenges include variability due to harvest time, extraction solvent, and
equipment parameters.

Zanthoxylum alkaloid
Related terms: prickly ash, analgesic
Alkaloids from the genus Zanthoxylum, such as sanshool, produce a characteristic tingling sensation and
possess analgesic and anti‑inflammatory properties. They are used in traditional Asian cuisine and medicine.
Practical applications involve flavor enhancers and topical analgesics. Challenges include rapid degradation,
pungency control, and limited commercial cultivation.

Zinc finger protein
Related terms: transcription factor, gene regulation
Zinc finger proteins are DNA‑binding motifs that regulate expression of secondary metabolite biosynthetic
genes in plants. Manipulating these proteins can up‑regulate production of valuable phytochemicals like
alkaloids. Practical relevance includes metabolic engineering of cell cultures. Challenges involve off‑target
effects, redundancy among gene families, and ensuring stable expression in transformed lines.
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