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Medical Plants
Lecture (5)
Dr. Raghad DHyea Abdul Jalill

Alkaloids

Alkaloids are natural, organic substances that are predominantly found in plants and
normally contain at least one nitrogen atom in their chemical structure. Their basic
(alkaline) nature has led to the term alkaloids. Since the identification of the first
alkaloid, morphine, from the opium poppy (Papaver somniferum) in 1806, more than
ten thousand alkaloids have been isolated from plants. Alkaloids are the active
components of numerous medicinal plants or plant-derived drugs and poisons, and their
structural diversityand different physiological activities are unmatched by any other
group of natural products.

Although alkaloids have been detected in some animals (e.g., in the toxic secretions
of fire ants, ladybugs, and toads), their major occurrence is in the flowering plants.
Alkaloids are relatively stable compounds that accumulate as end products of different
biosynthetic pathways, mostly starting from common amino acids such as lysine,
ornithine, tyrosine, tryptophan, and others.

Occurrence of Alkaloids
Alkaloids can occur in all parts of the plant but frequently, depending on the plant
species, they accumulate only in particular organs :

1. Roots and rhizomes: cephaline and emetine found in stem and roots of Ioca.
Leaves and tipes of flaowers: hyoscine and hyoscamine in Balladona, Datura.
Leaves: caffein in tea.

Roots: reserpine from Rawolfia.
Fruits: piperine from black pepper.
Bark: quinine frome Cinchona.
Hole plants: hyoscine hyoscamine from Datura.
8. Seeds: trigoelline from trigonella foenium and caffeine from Coffia aribica.

In potato plants, the edible tubers are devoid of alkaloids, whereas the green parts
contain the poisonous solanine. The organ in which alkaloids accumulate is not always
the site of their synthesis. In tobacco, nicotine is produced in the roots and translocated
to the leaves where it accumulates.
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The functions of alkaloids in plants

The functions of alkaloids in plants are mostly unknown, and their importance in plant
metabolism has been much debated. A single plant species may contain over one
hundred different alkaloids, and the concentration can vary from a small fraction to as
much as 10 percent of the dry weight. Breeding for plants devoid of alkaloids has also
demonstrated that alkaloids are apparently not vital. Why does a plant invest so much
nitrogen and energy in synthesizing such a large number and quantity of compounds?
Most alkaloids are very toxic and, therefore, have the potential to function in the
chemical defense arsenal of plants against attack by herbivores and micro-organisms.
For example, the nicotine present in tobacco leaves inhibits the growth of tobacco
hornworm larvae; the purified compound is also applied as an effective insecticide in
greenhouses. In addition, alkaloids have been suggested to serve as a storage form of
nitrogen or as protectants against damage by ultraviolet light.

Physical Properties :
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1. Most alkaloids contain oxygen; those compounds are usually colorless crystals at
ambient conditions.

2. Oxygen-free alkaloids, such as nicotine or coniine, are typically volatile, colorless,

oily liquids.

Some alkaloids are colored, like berberine (yellow) and sanguinarine (orange).

4. Most alkaloids have a bitter taste. It is believed that plants evolved the ability to
produce these bitter substances, many of which are poisonous, in order to protect
themselves from animals; however, animals in turn evolved the ability to detoxify
alkaloids.

[

Chemical Properties :

1. Most alkaloids are weak bases, but some are amphoteric, for example theobromine
and theophvylline.

2. Most alkaloids are poorly soluble in water but readily dissolve in organic solvents,
such as diethyl ether, chloroform and 1.2-dichloroethane. However, caffeine
dissolves well in boiling water.

3.  With acids, alkaloids form salts of various strengths. Those salts are usually soluble
in water and alcohol and poorly soluble in most organic solvents. Exceptions
include scopolamine hydrobromide, which is soluble in organic solvents and
water-soluble quinine sulfate.

4. Some alkaloids can produce developmental defects in the offspring of animals that
consume them but cannot detoxify them. A characteristic example is the alkaloid
cyclopamine, which is present in the leaves of corn lily. During the 1950s, up to
25% lambs born by sheep that had grazed on corn lily suffered serious facial
defects. Those defects ranged from deformed jaws to cyclopia (see picture). After
decades of research, in 1980s, the substance that was responsible for the
deformities was identified as the alkaloid 11-deoxyjervine, which was renamed
cyclopamine.

Biological action and uses

Alkaloids have traditionally been of great interest to humans because of their
pronounced physiological and medicinal properties. From the beginning of
civilization, alkaloid-containing plant extracts have been used in all cultures as potions,
medicines, and poisons. Greek philosopher Socrates died in 399 B.C.E. by consumption
of coniine-containing hemlock (Conium maculatum), and Egyptian queen Cleopatra
(69-30 B.C.E.) used atropine-containing plant extracts (such as belladonna) to dilate
her pupils. In modern times, the stimulants caffeine in coffee, tea, and cacao and
nicotine in cigarettes are consumed worldwide. Alkaloids with hallucinogenic, narcotic,
or analgesic properties have found medical application as pure compounds (e.g.,
morphine, atropine, and quinine) or served as model compounds for modern synthetic
drugs, while several are abused as illegal drugs (e.g., cocaine). Other alkaloids are too
toxic for any therapeutic use (e.g., coniine and strychnine), but plant constituents are
still screened for new, biologically active compounds. An example is the discovery of
taxol, which has cytostatic properties and is applied as an anticancer drugs.

The fallowing are examples of some medical plants containing well-
known alkaloids with their pharmacological effects
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Alkaloid name

plants

Plant name

family

Plants
parts

Activity

Alkaloidal

amine

Ephedrin

Ephedra sinica
E. equistane

Gnetaceae

leaves

pseudoephedrine

E. vulgaris

Gnetaceae

leaves

hypertension, headache, dizziness,
palpitation, vomiting and because it is a
central nervouand system stimulant,
nervousness and insomnia.

for allergic disorders, such as bronchial
asthma, as well as for local treatment of
nasal.

colchicine

Colchicum autumnate

Liliaceae

seeds

1-inhibit = leukocyte - migration and
reduce lactic acid production by
leucocytes , 2-reduction in phagocytosis
which decrease the inflammatory
response. 3-suppressant for gout.
4-antimitotic activity

Capsaicin

Capsicum mimmum

solanaceae

fruits

analgesic, dermal patches to relieve
pain, relief of minor aches and pains of
muscles and joints associated with
arthritis, backache, strains and gprains
appetizer

cathine

Catha edulis

celastraceae

Fresh
leaved

norepinephrine _ releasing agent
dopamine releasing agent
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Pyridin  and i i o legminaceae seed
piperidine Trigonelline fgrdd e il Diuretic, reduced diabetes.
greecum
umbelleferae Immature
Conhdrine, fruit
conicene, conine, | Conium maeulatum Anthelmintic, tannate
pseudo conhydrine
Riciniceae seeds
Ricinine, ricin Ricinus communis cathartic
Quln.ohne Quinine , quinidine , & & Bl o treatment of malaria fever, treat lupus
alkaloids ’ ! stem and . ;
cinchonine, and | Cinchona succirubru i and arthritis, treated Arrhythmia,
cinchonidine roots Facilitate birth
Purine Camellia sinensis, Theaceae Leaves in
alkaloids Thea sinensis, tea
1-relaxation of the smooth muscles of
Caffeine, e Ta—— the bronchi and pulmonary blood vessels,
Theophylline, 2-a stimulation of the central nervous
Theobromine system, 3- weak positive chronotropic
seeds ; .
and inotropic on the heart.
Theobromine Theobroma cacao Sterculiaceae seeds Theobromine is a diuretic and a smooth
muscle relaxant. It has little stimulant
action on the ( CNS, angina pectoris
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Steroidal Veratrum Veratrum viride Liliaceae rhizome hypotensive, cardiac-depressant, and
alkaloids 1- Protovertrines and roots sedative properties. It has been used in
Veratrum album the treatment of hypertention.
2- Germidine, insicticide
germitrine,
neogermitrine,
neoprotovertrine
Solanium alkaloids Solanum lacenatum, solanaceae Leaves,
1- Solasonine Solanum nigrum fruits, Sexual hormones
2- solanine seeds
Indol Vinblasine, Catheranthus roseus Apocynaceae Hole
alkaloids vincristine plant Anticancer, antileukemia,
Reserpine Rawolfia serpantina Apocynaceae roots
Anti epilepsy, reduced blood pressure,
analgesic
Ergot Clavecipes purpurea, Ascomycetes, Hole Stop bleeding during pregnancy and
ergomtrine and fungi Childbirth
ergotamine
Secale cereale
Poaceae seeds
Isoquinoline Opium Papaver somniferum fruite Analgesic,
alkaloids 1-Morphine, Analgesia
2-noscapine Papaveraceae
(narcotine),
3-Thebaine
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Cocaine, hygrine,
cinnamlcocaine

Erythroxylum coca

4-Codeine Papaver somniferum Papaveraceae | fruite narcotic analgesics and antitussives,
sedatives, especially in allaying coughs
5-Papaverine, Papaver somniferum Papaveraceae | fruite relief of cerebral and peripheral
ischemia associated with arterial spasm
and myocardial ischemia complicated by
arrhythmias
Psychotrine, Cephalis Rizgpe Expestonate,
2 X and roots Cough,
Cephalidne, ipecacuanha .
Emefine. (Ipeca) Antlp.r by . .
amebic dysentery, emetic properties.
Tropane Hyoscyamin, Atropa belladonna, Solanaceae Leaves, 1-Competitive antagonist of Muscarinic
alkaloid hyoseine roots, acetylcholine receptors,  2-anti
fruits cholinergic, 3-anti myopia effects.,
4-sedative, S-anti- asthma,  peptic
Datura stramyonium Leaves ulcers, irritable bowel syndrome,
and tipes | diverticulitis, pancreatitis, colic and
of flowers cystitis
Leaves
and  tipes
Hyoscyaus niger of flower
Erythroxylaceae | leaves

anesthetize





