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Introduction
The first mention of plant hormones (phytohormones) 
dates back to the 19th century when the German 
botanist Julius Von Sachs predicted the existence of 
a cell messenger responsible for the formation and 
growth of plant organs (Taiz et al., 2014). According 
to this theory, the messenger is influenced by external 
influences, such as gravity. Although these views 
were not supported by any known chemicals, they 
later led to the discovery of phytohormones. Around 

the same time, Charles Darwin, along with his son 
Francis, observed the effect of light on the growth of 
the Phalaris canariensis (Darwin, 1880). In the case of 
lighting the coleoptiles on one side, there was bending 
and growth of the plant behind the light. However, 
this phenomenon did not occur when the tip was 
covered with a cap. Based on these results, Darwin 
formulated a hypothesis that assumes the existence 
of a certain signal arising at the peak of the growth 
peak and propagating to the site of bending (Christie 
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and Murphy, 2013). The term phytohormone was first 
defined in 1948 by the plant physiologist Thimann, to 
distinguish between animal and plant hormones (Went 
and Thimann, 1948).

Phytohormones (plant hormones) are chemical 
compounds produced in plants in very low 
concentrations, but able to regulate the most 
important developmental and growth processes of 
the plant cell. Phytohormone concentrations can vary 
considerably between organ types, for example in the 
roots compared to leaves (Ciura and Kruk, 2018). At 
the same time, they work as chemical messengers to 
communicate cellular processes in higher plants over 
longer distances, thereby mediating signaling between 
plant organs (Voß et al., 2014). Phytohormones play 
key roles and coordinate various signaling pathways 
during the response to abiotic stress. They regulate 
both external and internal stimuli (Kazan, 2015). Plant 
hormones determine the formation of flowers, stems, 
leaves, leaf fall, and the development and ripening of 
the fruit. They also shape the plant, affect seed growth, 
flowering time, sex of flowers, ageing of leaves and 
fruits. They are vital for plant growth, and without 
them, plants would only be a mass of undifferentiated 
cells (Procházka et al., 1998). The best-known groups 
of phytohormones include auxins, cytokinins (CK), 
gibberellins, ethylene, abscisic acid (ABA), and 
brassinosteroids (Kundan et al., 2015; Ciura and Kruk, 
2018).

Abscisic acid
Abscisic acid (ABA) (Figure 1) is an optically active C15 
carboxylic acid terpenoid. Its discovery dates back to 
the early 1960s when it was found to be involved in 
seed germination (Chen et al., 2019). According to the 
orientation of the carboxyl group on the second carbon, 
we can distinguish the cis and trans isomers of ABA. 
Thus, since ABA is optically active, it can exist as the 
R or S isomer. The S form is active naturally occurring, 
while the R form is inactive and occurs in plant vents 
(Taiz and Zeiger, 2010).

Figure 1 Abscisic acid
(https://upload.wikimedia.org/wikipedia/
commons/thumb/d/d9/Abscisic_acid_Structural_
Formula_V1.svg/440px-Abscisic_acid_Structural_
Formula_V1.svg.png)

The original name of abscisic acid was abscisin II and 
was first isolated from cotton (Humplík et al., 2017). 
ABA plays a vital role in many physiological processes 
during plant growth. Its important roles include fruit 
development, responses to biotic and abiotic stresses 
(Dong et al., 2015; Vishwakarma et al., 2017).

ABA can act as a promoter but also as an inhibitor. 
Its main effects and functions include regulating the 
water regime of plants, closing, and opening vents, 
inhibiting elongation growth, regulating dormancy 
(Vishwakarma et al., 2017). ABA reduces the growth 
rate of growing tissues and organs, so it is an auxin 
antagonist in this effect. This effect is accompanied by 
a reorientation of the microtubules longitudinally in 
the direction of growth. However, if the concentration 
of ABA is low, prolonged growth will not be affected 
(Procházka et al., 1998).

The most important function of the ABA is to regulate 
the water regime of plants. If the plant is deficient in 
water, the ABA will cause the vents to close. When 
there is a lack of water, there is a rapid increase in ABA 
in roots and leaves. In dehydration, if ABA levels are 
high, there is a positive stimulation of root growth and, 
conversely, inhibition of shoot growth (Vishwakarma 
et al., 2017). When there is a lack of water in the 
leaves, the ABA is transferred from the mesophyll to 
the epidermis, where it causes the airways to close and 
restrict transpiration. Thus, abscisic acid is considered 
to be a defense mechanism of the plant against stress, 
it reduces the negative effect not only in insufficient 
hydration of the plant but also at low temperature or 
salinity and can adapt the plant to these conditions 
(Procházka et al., 1998; Nambara, 2017).

Abscisic acid exists naturally in plants as both the 
anionic form (ABA−) and the protonated form 
(ABAH). ABAH can diffuse passively across the plasma 
membrane, and ABA diffusion decreases significantly 
with cytoplasmic alkalization, which increases during 
osmotic stress (Chen et al., 2019).

Biosynthesis of ABA
Two ABA biosynthesis pathways have been proposed. 
In the forward pathway (sesquiterpenoid pathway), 
ABA is derived from farnesyl diphosphate (FDP) (Chen 
et al., 2019). In the indirect pathway (carotenoid 
pathway), ABA is formed by the cleavage of carotenoids 
(Nambara, 2017). This pathway has been proposed 
due to the structural similarity between ABA and 
xanthoxin (a carotenoid degradation product). It has 
been confirmed by several biochemical studies and is 
therefore thought to be synthesized by ABA in higher 
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plants through the carotenoid pathway (Ruiz-Sola and 
Rodrígeuz-Concepción, 2012).

This pathway begins from the precursor isopentenyl 
diphosphate (IPP), which is synthesized in plastids 
from glyceraldehyde-3-phosphate and pyruvate via 
methylerythritol phosphate (Nambara and Marion-
Poll, 2005). This is followed by the synthesis of 
violaxanthin catalyzed by zeaxanthin epoxidase (ZEP). 
Violoxanthine is converted to 9-cis-neoxanthin, which 
is subsequently cleaved to xanthoxal by the enzyme 
9-cis-epoxycarotenoid dioxygenase (NCED). The final 
steps in biosynthesis are the oxidation of xanthoxal to 
ABA-aldehyde and then to ABA catalyzed by aldehyde 
oxidases (Nambara, 2017).

Gibberellins
After the discovery of auxin, scientists attributed all 
regulation of developmental phenomena in plants 
to auxin for about 20 years, until the second group 
of hormones, gibberellins, was characterized in 
1950 (Taiz and Zeiger, 2010). Gibberellins (GA) are 
phytohormones that primarily determine the height of 
plants. The first gibberellin was isolated in Japan from 
the fungus Giberella fujikuroi, after which they were 
named (Kwon and Paek, 2016; Binenbaum et al., 2018).

All gibberellins are native. They are isoprenoids from 
the group of diterpenes. Gibberellins are a large group 
of similar substances and some of them are precursors 
of active hormones (Gupta and Chakrabarty, 2013; 
Camara et al., 2018).

Figure 2 Biosynthesis pathway of ABA
(https://www.researchgate.net/profile/Kazuo-Nakashima/publication/8462646/figure/fig1/AS:601693926486046
@1520466419599/ABA-biosynthesis-pathway-in-higher-plants-ABA-is-derived-from-C-40-carotenoids-such-as.png)

 



ISSN 2585-8246– 244 –© Slovak University of Agriculture in Nitra
www.uniag.sk

Agrobiodivers Improv Nutr Health Life Qual, 5, 2021(2): 241–249

germination, response to abiotic stress, enhanced fruit 
growth, stem elongation, flowering, barley malting, and 
other physiological effects that occur in its interaction 
with other phytohormones (Camara et al., 2018).

Biosynthesis of gibberellins
The biosynthetic pathway occurs through certain 
intermediates. The synthesis of GA is carried out via 
terpenes from geranylgeranyl diphosphate by plants 
and fungi. The four isoprenoid molecules are linked 
together to form a linear molecule of 20 carbon atoms, 
known as geranylgeranyl diphosphate (GGPP). This 
molecule is transformed into ent-copalyl diphosphate 
by the action of ent-copalyl diphosphate synthase 
(CPS), which in turn is converted to a tetracyclic 
compound known as ent-kaurene by the action of 
ent-kaurene synthase (KS). Ent-kauren oxidase (KO) 
in plants and P450-4 in fungi catalyze the gradual 
oxidation of ent-kauren to C-19 to form ent-kaurenic 
acid, which is subsequently affected by kaurenic acid 
oxidase (KAO) in plants and P450-1 in fungi converts 
to GA12-aldehyde. In plants, GA12-aldehyde is first 
converted to GA12 and then converted to GA9 by the 
action of GA20-oxidase, which is responsible for the 
production of C19-GA. In a parallel pathway, GA12 
is also 13-hydroxylated to produce GA53, which is 
converted to GA20 by C20-oxidase. Then, GA3-oxidase 
converts GA20 and GA9 by adding a 3β-hydroxyl group 
to GA1 and GA4, respectively. GA3 is synthesized by 
converting GA20 to GA5 using GA3-oxidase. This stage 
varies between species and depends on environmental 
conditions (Gupta and Chakrabarty, 2013; Camara et 
al., 2018; Hedden, 2020).

In fungi, GA12-aldehyde is 3β-hydroxylated to GA14-
aldehyde, which is oxidized to form GA14. The latter is 
again converted to GA4 by oxidation with C20. GA4 is the 
first bioactive molecule to be formed and desaturated 
to form GA7, which is then converted to GA3 by 
13-hydroxylation. GA1 is formed by 13-hydroxylation 
of GA4 (Camara et al., 2018; Hedden, 2020).

The pathways of biosynthesis in plants and fungi 
during the conversion of geranylgeranyl diphosphate 
to ent-kaurene and subsequent conversion to GA12-
aldehyde are similar. The pathways differ from the 
stage at which GA12-aldehyde is converted to other 
GA, in the order in which the 3β-hydroxylation and 
13-hydroxylation steps occur in plants and fungi. Plant 
and fungal GA biosynthetic pathways are described in 
Figure 4 (Camara et al., 2018).

Unlike active auxin, gibberellins retain activity in the 
plant and also do not cause toxicity, i.e. they are not 
harmful to the plant even in higher concentrations. 
There is no particular enzymatic mechanism for 
degrading gibberellins in plants, but they can be 
converted to inactive forms that form conjugates 
with carbohydrates. The biogenesis of gibberellins 
is affected by light and controlled by phytochrome 
(Rodrigues et al., 2011).

It is proven that their synthesis takes place in the root 
tips or is transported to them, later distributed by 
basipetal movement, especially by the transpiration 
current (Brestič and Olšovská, 2001).

Transport takes place by wood and varnish. Transport 
can also take place acropetally, non-polar. Their 
movement is often oriented, regardless of polarity, 
behind the IAA source (Binenbaum et al., 2018).

Gibberellins are probably produced in all plant organs. 
The highest concentrations are in sites of active growth 
and emerging organs (Gupta and Chakrabarty, 2013). 
The regulatory effects of gibberellins include the 
enhancement of apical dominance along with abscisic 
acid. With ABA, they also induce parthenocarpy in 
seedless vine varieties (Vitis vinifera) and enlarge 
berries. They indicate the formation of flowers in photo 
periodically sensitive plants, thus accelerating their 
flowering and enlarging the flowers. They suppress 
the development of female flowers and support the 
development of male flowers. They also prevent 
the ageing of leaves and fruits and stimulate seed 
germination (Rodrigues et al., 2011; Cheng et al., 2017).

Gibberellic acid (GA3) (Figure 3) is a diterpenoid 
carboxylic acid that belongs to the gibberellin family 
and acts as a natural plant growth hormone. It is 
produced by plants and some microorganisms, such as 
fungi and bacteria. GA3 has a promising application in 
the agro-industrial sector due to its properties related 
to plant development. GA3 is applied to crops, orchards, 
and ornamental plants, where it plays a role in seed 

 

Figure 3 Gibberellic acid 
(https://img.p-lab.cz/userimages/product_
m a i n / 1 7 7 0 / 2 0 0 7 _ 6 5 6 d d e 6 c 4 fa 9 9 7 a 1 fc e -
c59a522ddeb5d_large.jpg)
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Salicylic acid
Several centuries ago, the ancient Greeks used willow 
leaves and bark to alleviate pain and fever. Johann 
Buchner successfully isolated a small amount of salicin 
(glycoside salicyl alcohol) in 1828, which was identified 
as the major salicylate in willow bark (Maruri-López et 
al., 2019; Arif et al., 2020).

Figure 4 Biosynthesis of gibberellins in plants and fungi 
(https://media.springernature.com/lw685/springer-static/image/art%3A10.1007%2Fs00425-018-2959-x/
MediaObjects/425_2018_2959_Fig3_HTML.png?as=webp)

 

 

Figure 5 Salicylic acid
(https://upload.wikimedia.org/wikipedia/
commons/thumb/8/8e/Salicylic-acid-skeletal.
svg/220px-Salicylic-acid-skeletal.svg.png)

Salicylic acid (Figure 5) or ortho-hydroxybenzoic acid 
belongs to a diverse group of plant phenols, which 
are substances bearing an aromatic ring to which 
a hydroxyl group or a functional derivative thereof 
is attached. Plant phenols are often classified as 
secondary metabolites, which play an important role 
in the regulation of plant growth, development, and 
interaction with other organisms (Maruri-López et al., 
2019).

Free salicylic acid is a crystalline white powder having 
a melting point of about 157–159 °C. It is moderately 
soluble in water and very soluble in polar organic 
solvents. The saturated aqueous salicylic acid solution 
has a pH of 2.4. Salicylic acid fluoresces at 412 nm, 
while its excitation wavelength is at 301 nm, allowing 
it to be detected using a more sensitive fluorescence 
detector (Hayat and Ahmad, 2007).

Salicylic acid is produced by plants as protection against 
stress and disease (Metwaly and El-Shatoury, 2017). 
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This can then serve as an explanation for its higher 
content in organically grown vegetables without the 
use of pesticides. John Paterson and his team from the 
University of Strathclyde found that soups made from 
organically grown vegetables contained six times more 
salicylic acid than soups made from vegetables grown 
in a conventional way (Klimeková and Lehocká, 2021).

Salicylic acid (SA) is a naturally occurring hormone 
that functions as an important signaling molecule. 
It affects various biochemical and physiological 
functions and has a different effect on tolerance to 
both biotic and abiotic stress (Li et al., 2019; Maruri-
López et al., 2019). Thus, it is a key phytohormone 
that regulates defense against both biotrophic and 
hemibiotrophic pathogens and is often the primary 
chemical signal induced during the resistant response. 
This small molecule plays a crucial role in stimulating 
the plant‘s immune response. Usually, SA affects seed 
germination, seedling establishment, cell growth, 

respiration, ventricular closure, gene expression 
associated with ageing, responses to abiotic stress, 
basal thermotolerance, nodulation in legumes, and 
crop fertility (Vlot et al., 2009; Maruri-López et al., 
2019). It further activates universal transcriptional 
reprogramming and resistance to a wide range of 
pathogens (Fu et al., 2012).

Biosynthesis of salicylic acid
Salicylic acid is a natural derivative of cinnamic acid, an 
intermediate of the shikimate metabolic pathway, and it 
is a starting material for the synthesis of many phenolic 
compounds. Its biosynthesis probably proceeds in two 
different ways (Figure 6) (Zhang and Li, 2019).

The first synthetic route proposes the formation 
of salicylic acid by decarboxylation of the cinnamic 
acid side chain to benzoic acid, which subsequently 
undergoes hydroxylation at the C-2 position. An 
enzyme catalyzing the β-oxidation of cinnamic acid to 

Figure 6 Biosynthesis pathways of salicylic acid
(https://media.springernature.com/full/springer-static/image/art%3A10.1186%2Fs12915-017-0364-8/
MediaObjects/12915_2017_364_Fig1_HTML.gif)

 

The IC pathway The PAL pathway
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benzoic acid has been identified in the summer oak 
(Quercus robur), but other enzymes responsible for 
the conversion of benzoic acid to salicylic acid have 
not yet been identified. The second route describes 
the hydroxylation of cinnamic acid to o-coumaric acid, 
from which salicylic acid is formed by subsequent 
decarboxylation. The conversion of cinnamic acid 
to o-coumaric acid is catalyzed by the enzyme trans-
cinnamate-4-hydroxylase, which was first discovered 
in pea seedlings, but enzymes that activate the 
conversion of o-coumaric acid to salicylic acid have not 
yet been characterized. When radioactive 14C-benzoic 
acid or 14C-cinnamic acid was involved, labeled 
salicylic acid was formed in Gaultheria procumbens, 
which supported the theory of salicylic acid synthesis 
from cinnamic acid via benzoic acid as an intermediate. 
In higher plants, both synthetic pathways are involved 
in salicylic acid formation (Zhang and Li, 2019; Arif et 
al., 2020). 

Conclusions
Phytohormones are essential regulators of plants in 
two physiological processes that coordinate growth, 
reproduction, and stress resistance. These molecules 
also show biological activities on human cells and 
animal models. Importantly, these phytohormones 
are not plant-specific and have even been shown to be 
endogenously produced in the human body or human 
cell cultures. When we are constantly exposed to this 
molecular, they are no strangers to human physiology. 
This means that they are likely to be involved in 
various physiological processes. In addition, several 
phytohormones may also be produced by microbes, 
and such compounds produced in our intestines are 
likely to have physiological effects (Kim et al., 2020).

Some phytohormones are anti-inflammatory 
compounds that inhibit several inflammatory diseases. 
For example, the treatment of ABA in humans and 
animal models requires beneficial effects against 
a wide range of inflammatory diseases such as 
type 2 diabetes, colitis, atherosclerosis, glioma, 
and depression. Salicylates have pharmacological 
properties in cardiovascular disease, colon cancer, and 
diabetes. Administered citokinins or its derivatives 
lead to attenuated oxidative stress in mammalian 
cells and anti-cytotoxicity in neoplastic cells. High IAA 
production has been shown to attenuate liver damage 
caused by a high-fat diet, relying on the aryl hydrogen 
receptor. Phytohormones that are not endogenously 
produced can also have physiological effects and have 
anti-inflammatory effect. For example, gibberellins 
(GA) induce the anti-inflammatory protein A20 in 

filter epithelial cells that could protect against asthma 
(Chanclud and Lacombe, 2017; Kim et al., 2020).
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