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Animals have two control systems for regulating body functions and behaviour. These are the nervous system and the endocrine system. The
endocrine system uses chemical communication and operates via hormones. In plants, regulation of body processes is solely by chemical
methods, using plant growth substances. This Factsheet compares animal hormones and plant growth substances.

Difference

Where produced

Place of action

Transport

Mode of control

Mode of action

Effects

Chemical nature

Animal hormones

In ductless (endocrine) glands or endocrine tissues

On specific target organs/ tissues distant from their site of
secretion.

In blood and lymph.

Operate via negative and positive feedback control
mechanisms.

Lipid soluble hormones bind to receptors inside cells to
cause their effects. Water miscible hormones bind to cell
surface receptor molecules and cause their effect in the cell
by a signal-transduction mechanism.

Regulate long-term processes (for example, growth and
development) and shorter term processes (for example,
gastric secretion, blood glucose control, menstrual cycle
control, childbirth). Specific hormones usually have one or
only a few specific effects.

Some are polypeptides (for example, oxytocin, anti-diuretic
hormone, glucagon), some are proteins (for example, insulin,
pituitary growth hormone, prolactin), some are
glycoproteins (for example follicle stimulating hormone,
luteinising hormone), some are steroids (for example,
oestrogen, progesterone, aldosterone, cortisol). Adrenaline
is an amine and thyroid hormones are iodinised tyrosine.

Plant growth substances

In stem and root tips, leaves, flower parts, seeds and fruits.

Often at or near their site of synthesis.

By diffusion or active transport through plant tissues, or by mass flow
through phloem, or through transpiration stream in xylem.

Operate via antagonistic and synergistic control mechanisms.

Usually control changes by group action of growth substances.
Mechanisms are not well understood. Auxins are thought to trigger an
increase in protein synthesis and secretion of protons into primary
cellulose walls, thus increasing the acidity which weakens bonds between
cellulose microfilaments, thus allowing expansion when water is absorbed.

Regulate long-term growth and development, including seed formation,
dormancy and germination. Also regulate short-term tropic responses of
plants to environmental stimuli, (for example, gravity and light intensity
gradients). Specific growth hormones tend to have many widespread
effects.

Generally smaller and less complex in structure than animal hormones,
consisting of simple organic chemicals. (for example, gibberellic acid,
abscisic acid, ethene is a ripening hormone, a common type of auxin is
indole-3-acetic acid, cytokinin is a modified purine).

Table 1. Differences between animal hormones and plant growth substances

Specific details of the roles of individual animal hormones or plant
growth substances are given in Factsheet 38, Animal hormones and
hormone action and Factsheet 111, Plant growth substances

Modes of action of animal hormones on target cells

Fig 1. Action of  steroid hormones and thyroid hormones.

DNA

• lipid-soluble steroid and thyroid hormones
enter the cell easily by passing through the
phospholipid parts of the cell membrane.

• In the cytoplasm they bind to specific
receptor proteins which carry the hormone,
via pores in the nuclear membrane, into the
nucleus.

• The hormone-receptor complex then binds
to a specific gene on the DNA.

• • It either activates the gene to initiate or
increase mRNA synthesis and
polypeptide synthesis or suppresses the
gene activity thus suppressing the
polypeptide synthesis. This modifies
the activities of the cell.

• A specific hormone may activate or
inhibit different sections of DNA in
different target cells and thus be able to
cause a variety of responses by the cells.
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Hydrophilic and water soluble hormones, such as adrenaline, glucagon and insulin, attach to receptors on the cell surface membrane and cause changes in
their target cells by a signal-transduction mechanism. The action of adrenaline on glycogen mobilisation in a liver cell is shown in Fig 2.

Fig 2. Action of adrenaline on a liver cell.

Surface membrane of liver

• Adrenaline molecules combine with specific
protein receptor molecules in the liver cell
surface membrane forming a hormone-
receptor complex.

• The hormone-receptor complex activates a
protein (guanine nucleotide binding protein
or G-protein for short) which acts as a relay
between the hormone-receptor complex and
an enzyme.

• The enzyme catalyses the conversion of ATP
to cAMP (cyclic  adenosine monophosphate).

• The cAMP diffuses through the liver cell
cytoplasm and activates enzymes, initiating
a chain reaction which ends with the
breakdown of glycogen to glucose
phosphate.

The chain reaction involves a cascade effect
in which each enzyme of the chain activates
many of its substrate molecules which are
the next enzymes in the chain. Thus the
effect of the adrenaline is amplified – a few
molecules of adrenaline acting on the cell
surface cause the mobilisation of a large mass
of glycogen.

(Several other hormones also use cAMP as a
second messenger. Insulin involves a different
second messenger)
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Modes of action of plant growth substances
Two or more plant growth substances act together either synergistically or
antagonistically to control particular processes in the plant. However, the
precise mechanisms by which plant growth substances operate is not well
known.

Remember: – plant growth substance mechanisms are difficult to
understand because plant growth substances have different effects at
different concentrations, different effects on different plant tissues and
different effects at different developmental stages of the plant!  Also, a
set response in the plant is regulated by a ‘cocktail’ of two or more
growth substances. A set response in an animal is usually caused by
one hormone (although in some cases another hormone may cause an
opposite response) acting on a specific ‘target’ and the intensity of the
response directly relates to the concentration of the hormone.

Possible mode of action of auxins.
Auxins are thought to cause call expansion in the elongation zones behind
plant meristems by:-
• Stimulating an increase in the rate of mRNA transcription from DNA.

This in turn increases protein synthesis in the cell.
• Influencing the cell membrane ion pumps, one effect of which is to

stimulate proton release from cytoplasm into (primary) necessary
cellulose walls. This increases the acidity of the cell wall which possibly
weakens cross-bonds between cellulose microfilaments, thus allowing
cellulose expansion. Thus, when the plant cell osmotically absorbs
more water, possibly because of increased cell protein content, the cell
can expand.

• Possibly controlling the activity of some enzymes involved in cell wall
production.

Transport of auxin from stem or root tips, where it is synthesized, to
where it operates in the elongation zones is directional and by active
transport. The evidence that the transport is active is:-
• The transport velocity is faster than simple diffusion would allow.
• The transport can occur against the concentration gradient.
• The transport is energy consuming and is greatly reduced in the absence

of oxygen or in the presence of respiratory inhibitors.
• The transport carrier system must be substrate-specific because it

transports different auxins at different speeds. For example, indole-3-
acetic acid (IAA) is transported faster than indole acetyl-aspartic acid.

How directional stimuli, such as unequal light, affect the distribution of
auxins is unknown. One suggestion is:-
• Coleoptile tips produce equal amounts of auxin in the dark or light. In

the dark the auxin is equally distributed throughout the tip.
• When light hits one side of a coleoptile, a receptor is thought to trigger

the redistribution of auxin so that more travels down the shaded side
of the coleoptile. A possible receptor is coenzyme FAD (flavine adenine
dinucleotide) which absorbs light in the blue region of the spectrum.

Auxins, gibberellins and abscisic acid also regulate the geotropic response
of plant roots to gravity. Root tips contain cells called statocytes. These
store large numbers of dense starch granules known as statoliths which
are thought to enable roots to respond by growing towards gravity. Gravity
pulls the statoliths to the lowest point in the cell and this is thought to
determine the distribution of the growth substances so that they influence
the root to grow downwards.
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Practice Questiuons
1 (a) Define the terms;

(i) negative feedback (ii) positive feedback
(iii) synergistic (iv) antagonistic

(b) Complete the following table:

                                                                                                                                                    5
Total 13

Abscisic promotes bud
dormancy.

Auxin promotes apical bud
growth but inhibits lateral bud
growth.

When blood glucose level rises
above a mean value, insulin
secretion is increased.

Auxin promotes elongation
behind shoot tips.

Uterine contractions during
birth are enhanced by
increasing secretion of
oxytocin,

Gibberellin
…………………..

Cytokinin promotes
lateral bud growth
but inhibits apical
bud growth.

When blood glucose
level drops to the
mean value, insulin
secretion is damped.

Gibberellin promotes
elongation behind
shoot tips

Oxytocin secretions
are damped after
extrusion of the
placenta.

Physiological process/event Type of control/
interaction

Antagonism

...........................

...........................

..........................

...........................

Hormone. A regulatory chemical that is transported by the blood from
its site of production to its target cells in some other part of the body. It
affects the target cells by attaching onto specific receptor molecules
either on the surface or inside the target cells.

Endocrine gland. A gland without a drainage duct. It empties its secretion
into the blood (via tissue fluid). Endocrine glands (and endocrine cells)
secrete specific hormones. The main endocrine glands in a mammal are:
the anterior pituitary, the posterior pituitary, the thyroid, the
parathyroids, the adrenal cortex and medulla, and the islets of
Langerhans in the pancreas. In addition, certain cell types in the stomach
and intestinal walls, in the ovaries, testes and placenta, also secrete
specific hormones.

Plant growth substances. Chemicals that occur naturally in plants at
very low concentrations. They regulate many plant growth and
development processes, for example, seed formation and germination.
They also coordinate the responses of the plant to environmental stimuli,
such as growth of shoots towards light (positive phototropism).
There are five main groups of plant growth substances, auxins,
gibberellins, cytokinins, abscisic acid and ethene.

Tropism. A growth response of a plant towards or away from a unilateral
stimulus. (For example, roots are negatively phototropic because they
grow away from light, shoot tips are positively phototropic because
they grow towards the brightest light).

Negative feedback. When a physiological process or value (for example,
blood glucose control or concentration), varies from the norm or mean
value, a controlling mechanism operates to bring the physiological process
back to the mean. When the mean has been reached, the controlling
mechanism is damped (reduced in activity, but not completely switched
off).

Positive feedback. When a physiological process (for example, uterine
contractions in childbirth) are pushed above the norm value by the
controlling mechanism. When a particular value is reached (for example,
the baby is born), the controlling mechanism is damped and the
physiological process falls back to its norm value.

Antagonistic. When two or more substances exert control by interacting
to reduce each other's effects, (for example, abscisic acid promotes
dormancy in buds and gibberellins break dormancy).

Synergistic. When two or more substances exert control by interacting
to enhance each others effects, thus causing a greater effect than the sum
of their individual actions. (For example, auxins and gibberellins act
synergistically to enhance primary shoot growth).

Signal transduction mechanism. The attachment of a hormone to its
receptor on the cell surface membrane causes a signal, usually initiating
specific molecular changes which cause a specific response inside the
cell. The mechanism usually involves the enzyme adenyl-cyclase and
cAMP (cyclic adenine monophosphate)

2. Read through the following passage and then complete it by writing
appropriate words or phrases in the spaces.

The hormone adrenaline acts on liver cells stimulating the breakdown of
……………… to glucose. Adrenaline acts by a signal-…………..
mechanism. This involves adrenaline molecules combining with specific
………………. molecules in the liver cell surface membrane forming a
………………… complex. This complex activates a protein (guanine
nucleotide binding protein or ……….. for short) which acts as a relay
between the complex and an enzyme, ……………. .This enzyme catalyses
the conversion of ……….. to………….. .

This diffuses through the liver cell cytoplasm and activates enzymes,
initiating a chain reaction which ends with the breakdown of glycogen to
glucose phosphate.The chain reaction involves a …………….  in which
each enzyme of the chain activates many of its substrate molecules which
are the next enzymes in the chain.

Auxins are thought to cause call expansion in the elongation zones behind
apical  ………. by stimulating an increase in the …………… of ……………
from DNA. This in turn increases protein synthesis in the cell. Auxins are
thought to influence on the cell membrane ion pumps, one effect of which
is the stimulation of ……….. release from cytoplasm into primary cellulose
walls. This increases the ……… of the cell wall which possibly weakens
cross-bonds between cellulose ……………., thus allowing cellulose
expansion. Thus, when the plant cell absorbs more ………. by …………
because of  increased cell protein content, the cell can expand. Auxins also
may controlling the activity of some ………..  involved in cell wall
production. Total 18

3. (a) Receptors in the membraneous labyrinth of the ears assess the
direction of gravity acting on a mammal and appropriate nervous
and muscular adjustments enable balance, without the intervention
of hormones. How are plants thought to react to gravity? 4

(b) How do animal hormones and plant growth substances differ in
structure? Illustrate your answer with named examples. 6

Total 10

Glossary
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Mark scheme
1. (a) (i) when a physiological process or value varies from the norm/

mean value a controlling mechanism operates to bring the
physiological process back to the mean;
when the mean has been reached the controlling mechanism is
damped/reduced in activity; 2

(ii) when a physiological process are pushed above the norm value
by the controlling mechanism;
when a particular value is reached the controlling mechanism is
damped/reduced and the physiological process falls back to its
norm value; 2

(iii) When two or more substances exert control by interacting to
enhance each others effects;
thus causing a greater effect than the sum of their individual
actions; 2

(iv) when two or more substances exert control by interacting to
reduce each other’s effects; one acts as a promoter and the
other acts as an inhibitor of a set process; 2

(b)

Abscisic promotes bud
dormancy.

Auxin promotes apical bud
growth but inhibits lateral bud
growth.

When blood glucose level rises
above a mean value, insulin
secretion is increased.

Auxin promotes elongation
behind shoot tips.

Uterine contractions during
birth are enhanced by
increasing secretion of
oxytocin,

Gibberellin inhibits
bud dormancy;

Cytokinin promotes
lateral bud growth
but inhibits apical
bud growth.

When blood glucose
level drops to the
mean value, insulin
secretion is damped.

Gibberellin promotes
elongation behind
shoot tips

Oxytocin secretions
are damped after
extrusion of the
placenta.

Physiological process/event Type of control/
interaction

Antagonism

.Antagonism;

Negative feedback;

Synergism;

Positive feedback;

                                                                                                                                                    5
Total 13

2. glycogen;  transduction;  protein/receptor;  hormone-receptor;
G-protein;  adenyl-cyclase;  ATP;  cyclic-AMP/cAMP;  cascade effect;
meristems; transcription;  messenger RNA/mRNA;  proton;  acidity;
microfibrils;  water; osmosis;  enzymes; Total 18

3. (a) auxins, gibberellins and abscisic acid are all involved;
root tips contain cells called statocytes  which store large numbers
of dense starch granules known as statoliths;
gravity causes the statoliths to fall to the lowest point in the cell;
this may regulate the distribution of the growth substances so that
they cause the root to grow downwards/interact to cause positive
geotropism. 4

(b) most animal hormones have a complex structure and plant growth
substances have a relatively simple structure;
insulin/pituitary growth hormone/prolactin are proteins;
oxytocin/glucagon/ADH are polypeptides;
FSH/LH are glycoproteins;
oestrogen/progesterone/aldosterone/cortisol are steroids;
auxins are indole-3-acetic acid and its derivatives;
cytokinins are modified purines;
any other valid example; max 6

Total 10


