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Serotonin—Its Occurrence

Serotonin is a physiologically active amine which is well-known 
neurotransmitter that regulates mood, sleep and anxiety in mam-
mals.1 Its action as a hallucinogenic drug is well known from 
biochemical, electro-physiological and behavioral studies. It 
was initially identified as a vasoconstrictor substance in blood 
serum and later chemically identified as 5-hydroxytryptamine 
(5-HT) by Rapport et al. (1958).2 In plants it was first identified 
in the legume Mucuna pruriens 3 and later it has been reported 
in ~42 plant species from 20 families.4 The highest values of 
25–400 mg kg of SER have been found in walnuts (Juglans regia) 
and hickory (Carya sps.). However, in plantain, pineapple, plums, 
banana, kiwifruit and tomatoes SER levels were moderate i.e. 
3–30 mg/kg.5 In spite of so many diverse roles of SER in animal 
systems, their role in plant systems are not known precisely. This 
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Serotonin (5-hydroxytryptamine; SER) is one of the well-
studied indoleamine neurotransmitters in vertebrates. 
Recently SER has also been reported in wide range of plant 
species. The precise function of SER at the physiological level, 
particularly growth regulation, flowering, xylem sap exudation, 
ion permeability and plant morphogenesis in plant system 
has not been clear. Though SER is found in different parts of 
plant species including leaves, stems, roots, fruits and seeds, 
the quantity of SER within plant tissues varies widely. SER has 
been recently shown as a plant hormone in view of its auxin-
like activity. This brief review provides an overview of SER 
biosynthesis, localization, its role in plant morphogenesis and 
possible physiological functions in plants. This would certainly 
help to elucidate further the multiple roles of SER in plant 
morphogenesis. In the future it may form the basis for studies 
on involvement of SER in cellular signaling mechanisms in 
plants. Apart from these gaps in understanding the role of SER 
in ontogeny of plant physiology and ecological, adaptations 
have been emphasized. Thus, overall perspectives in this area 
of research and its possible implications have been presented.
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review focuses on the phytoserotonin and its occurrence, localiza-
tion, quantities, biosynthesis, functions as well as its beneficial 
effects as dietary SER to humans. It is an attempt for a compila-
tion of available literature to bring to focus the perspectives on 
this topic.

SER has been implicated in diverse physiological functions in 
plants viz. growth regulation,6 flowering, xylem sap exudation,7 
ion permeability8 and plant morphogenesis.9,10 It is well estab-
lished that the levels of SER vary in different plant part and also 
varied in respective tissues. In Table 1 the list of plants iden-
tified to contain SER is provided. In leaves, SER was reported 
to be 0.007 μg/g fresh weight, but seeds harbored 2,000 μg/g 
in West Africa leguminous plant Griffonia simplicifolia.11 Fruits, 
vegetables and seeds are the major tissues in which SER occurs 
abundantly.12 SER occurs in fruits (e.g., pineapple, banana and 
tomato) avocado, eggplant and seeds (walnuts) and also in the 
sting of the nettle Urtica dioica13 and in the pods of cowhage3 in 
which SER is suggested to play a protective role against predators.

In fruits of pineapple SER distribution in tissues is not uniform, 
with great amount in the outer skin of fruit, considerably less in 
inner skin and pulp.14 SER levels are known to increase as the fruits 
ripen in many species, including tomato, although the inverse is 
true of the fruit of pineapple (Ananas comosus).15 SER was analyzed 
in fruits of Juglans regia, a temperate species where its amount was 
found to be lowest in spring and sharply increases during autumn 
which levels is more than that found in animal tissues,16 coinciding 
with seed dispersal period.17 Even in embryos of Juglans regia (wal-
nut) SER was profiled (0.4–0.6 μg/g fresh mass).17 In Griffonia 
simplicifolia leaves, high quantities of SER accumulated in the 
reproductive period (March) up to 1.2–1.3 μmole g/fresh weight 
tissue, whereas in vegetative period (November and December) 
they accumulate only up to 0.3 μmole g/fresh weight of tissue.11 
SER in Sedum morganianum and S. Pachyphyllum accumulates 
more in light period than in the dark. Variations in the accu-
mulation levels of SER and N,N-dimethyltryptamine (DMT) in 
micropropagated trees and in in vitro cultures of Mimosa tenui-
flora was reported.18 In rice plant roots, SER accumulated with 
age. Although SER levels varied among the tissue types, SER was 
abundantly synthesized in senescent rice tissues, and the induced 
synthesis of SER was closely associated with symptoms of senes-
cence.7 SER occurs in M. pudica and M. verrucosa, with concen-
trations varying from 0.06 to 0.86% dry weight (DW).18 In our 
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Table 1. Occurrence of serotonin in plants

Family Common name Scientific name Serotonin content Reference

Alliaceae Green onion Allium fistulosum 8 ± 0.8 µg/g fw 71

Amaranthaceae Spinach Spinacia oleracea 34.4 ± 2.4 µg/g fw 71

Asteraceae Lettuce Lactuca serriola 3.3 ± 0.6 µg/g fw 71

Chicory Cichorium intybus 8.5 ± 3.2 µg/g fw 71

Brassicaceae Chinese cabbage Brassica rapa 110.9 ± 22.5 µg/g fw 71

Bromeliaceae Pineapple Ananas comosus Fruit 1.5 µg/g fw 72

Caricaceae Papaya Carica papaya Fruit 1.1–2.1 µg/g fw 16

Crassulaceae Sedum Sedum pachyphyllum Leaves 0.02–0.03 µg/g fw 73

Fabaceae Griffonia Griffonia Simplicifolia 
Leaves 

(0.0017–0.007 µg/g) 
Seeds (20,000 µg/g)

11

Scarlet runner bean Phaseolus multiflorus
Leaves 

0.6 µg/g fw
74

Rain tree Samanea saman 
Stem 

0.1–4 µg/g fw
74

Garden pea Pisum sativum 
Leaves,stem 

0.9–1 µg/g fw
74

Lygophyllaceae Harmal Peganum harmala
Leaf 

18,200 µg/g fw
75

Juglandaceae

Heartseed walnut 
 

Japanese walnut 
 

Black walnut

Juglans ailanthifolia 
 

Juglans mandshurica 
 

Juglans nigra 

Embryo of fruit 
95 µg/g fw 

Embryo of fruit 
251 µg/g fw 

Embryo of fruit 
180 µg/g fw

28

Mimosaceae Mimosa
Mimosa tenuiflora 

Mimosa pudica 

Leaves 9% 
In vitro leavesn 

8.3 µg/g fw 
Ex vitro leaves 
17.3 µg/g fw 

Seeds 80.4 µg/g fw

18 
 

10 
 

Musaceae French plantain banana. Musa sapientum 

Fruit (peel) 
40–150 µg/g fw 

Fruit (pulp) 
19–28 µg/g fw 

Ripened 18.5 ng/g

23

21

19

Passifloraceae Wild maracuja Passiflora foetida 
Fruit 1.4–3.5 µg/g fw 
Tendrils 1.0 µg/g fw

74

Rosaceae Garden plum Prunus domestica 
Red fruit 10 µg/g fw 

Blue-red Fruit 8 µg/g fw
21

Strawberry Fragaria x ananassa 3.77 ± 0.66 µg/g fw 71

Sweet cherry

Prunus avium 
Cultivar 
Burlat 

Navalinda 
Van 

Pico Limon Negro 
Sweetheart 
Pico Negro 
Ambrunes 

Pico Colorado 

 
 

12.6 ng/100 g fw 
30.7 ng/100 g fw 
10.6 ng/100 g fw 
27.1 ng/100 g fw 
19.2 ng/100 g fw 
2.8 ng/100 g fw 
37.6 ng/100 g fw 
36.6 ng/100 g fw

25
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number of health benefits and would be important to incor-
porate in a healthy diet.25 Moreover, changes in the levels of 
both SER and melatonin during ripening of wine grapes was 
reported.26

recent report in M. pudica, high levels of SER (80.4 μg/g fresh 
weight, FW) was found in seeds compared to in vitro leaves 
(8.3 μg/g FW) and ex vitro leaves (17.3 μg/g FW).10

Pulp of underripe and ripe yellow banana contains SER at 
concentrations of 31.4 and 18.5 ng/g, respectively.19,20 However, 
Vettorazi (1974),20 reported that SER levels decreased during 
ripening of Musa cavendish. Udenfriend et al. (1959),21 reported 
the higher concentrations of SER in the peel (150,000 ng g-1) 
of the banana compared to the pulp 24,000 ng g-1. During rip-
ening, concentrations of SER increased significantly in both 
the inner and outer banana peel (Table 2). However, in French 
plantain (Musa paradisica var. sapientum) though very high 
SER concentrations were found during ripening (from 49,900 
to 56,700 ng g-1), but during ripening it decrease (12,000 ng 
g-1).22 It was reported that SER levels decreased during ripening 
in M. Cavendish.20 In Prata bananas (M. acuminate x M. bal-
bisiana) during ripening, SER levels were between 15,000 and 
20,000 ng g-1 until the fourteenth day of storage, after which 
SER levels decreased to about 7,500 ng g-1 after 35 days stor-
age.23 The content of SER in maturing fruits of Ananas como-
sus L. and Lycopersicon esculentum L. were shown in Table 3. 
Recently, Murch et al. (2009),24 reported the occurrence of 
both melatonin and SER in D. metel. The flowers and smallest 
flower buds of D. metel had the highest concentrations of both 
melatonin and SER. The exposure of the flower buds to a cold 
stress significantly increased the concentrations of both SER 
and melatonin in the youngest buds at the most sensitive stage 
of reproductive development.24 Both melatonin and SER have 
been detected and quantified for the first time in eight different 
sweet cherry cultivars using high performance liquid chroma-
tography (HPLC) with mass spectrometry detection. The high-
est SER contents were found in the cultivar “Ambrunes” (37.6 
± 1.4 ng/100 g of fresh fruit). Sweet cherries, which contain 
substantial amounts of melatonin and SER, may have a great 

Table 1 (continued). Occurrence of serotonin in plants 

Family Common name Scientific name Serotonin content Reference

Rubiaceae Coffee Coffea arabica (Green) 2.5 mg/kg dry wt 62

Coffea arabica (Roasted) 2.3 mg/kg dry wt 62

Coffea canephora (Green) 2.1 mg/kg dry wt 62

Coffe canephora (Roasted) 3.3 mg/kg dry wt 62

Polished coffee (Astra) 20-40 mg/100g 62

Coffee wax 4.1 mg g-1 29

Instant coffee beverage 0.04–1.80 mg/100g 76

Solanaceae

Tomato 
Cherry tomato 

Hot pepper 
Paprika 

Egg plant

Lycopersicon esculentum 
Lycopersicon esculentum 

Capsicum annuum 
Capsicum annuum 

Solanum melongena 

221.9 µg/g fw 
156.1 µg/g fw 
17.9 µg/g fw 
1.8 µg/g fw 

1.5–12 µg/g fw

71 
71 
71 
 

14

Urticaceae

Himalayan nettle 
Stinging bush 
Wood nettle 

Bull nettle 
Tree nettle

Girardinia heterophylla 
Laportea moroides 

Utrica cubensis 
Utrica dioica 

Utricaferox Forst 

Stinging trichomes 0.15 µg/g fw 
Stinging trichomes 1.0 µg/g fw 
Shoots with leaves 0.42 µg/g fw 
Stinging trichomes 3–5 µg/g fw 
Shoots with leaves 0.33 µg/g fw

 77 
77 
13 
77

Table 2. Serotonin content in different tissues of Banana  
(Musa sapientum L.) during unripened and ripened stage

Plant part
Serotonin  

content (ng g-1)
Reference

Musa sapientum L.

Banana peel 150,000 21

Inner peel (hard green) 74,000

Ripe 96,000

over ripe 161,000

Outer peel (hard green) 13,000

ripe 38,000

over ripe 170,000

Banana pulp (hard green) 24,000

ripe 36,000

over ripe 35,000

French plantain 
Musa paradisiaca var. sapientum

Ripening 49,900 to 56,700 22

Over ripening 12,000 

Prata banana  
(M. acuminatea x M. balbisiana)

Ripened  
(Until the 14th day of storage)

15,000 and 
20,000 

21

Ripened (After 35 days storage) 7,500

Adapted from Rayne, (2010) 78; Adao, Gloria (2000).79
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of Tryptophan-5-hydroxylase. Subsequently 5-oxytryptophan 
is decorboxylated by decorboxylase to yield SER11 (Fig. 1). The 
biosynthetic pathway of SER in plants and animals is shown in 
Figure 2.

Recently, Tryptamine 5-hydroxylase (T5H) and SER synthe-
sis in rice plants has been reported by Kang et al. (2007).7 The 
abundant production of SER in roots (~6.5 mg g-1 fresh weight) 
and (1 mg g-1 fresh weight) in stem of rice is reported. Synthesis 
of SER also occurs in rice seedlings and requires tryptamine as 
a substrate for the T5H enzyme activity. Thus the tryptamine 
content is closely related to SER synthesis.7

Catabolism of Serotonin

Catabolism of SER in plants is beginning to be understood. 
SER to N-acetyl SER, catabolized by hydroxytryptamine acetyl 
transferase and then its methylation to form 5-methoxy N-acetyl 
tryptamine (melatonin) implicate several physiological func-
tions in plants viz. photoperiodic responses, growth promoter, 
reproductive physiology, defense of plant cells against apop-
tosis, phytoremediative capacity, and free radical scavenging 
agent.38-41 There is a possibility that the simple dehydroxylation 
of 5-hydroxyindolylacetic acid leads to the formation of indole-
acetic acid. Methylated derivatives of SER and the alkaloids 
bufotenine, bufotenidine, psilocin and psilocybin were found in 
amphibians and plants.42 SER is precursor of bufotenine which 
occurs in seeds Piptadenia peregrina, P. colubrina, P. macrocorpa 
(up to 9.4 μg/g fresh weight).11 Bufotenine is also found in the 
South American and Carribean tree P. peregrina, which is rich 
in indoleamines. In this species, 80% 14C-SER is incorporated 
into bufotenine.11 Psilocin and psilocybin are formed from SER 
in fungi Psilocybe aztecorum. The Figure 3 shows catabolism of 
SER in plants. Moreover, metabolism condensation of the iso-
pentyl group with the indole nucleus of SER may give rise to 
synthesis of alkaloids viz. reserpine, yohimbane and yohimbine, 
vinblastine. These alkaloids may induce human hallucinations 
and formation of these endogenous alkaloids in humans may 
cause psychic disorders.43

Possible Physiological Functions  
of Serotonin in Plants

Although several different roles have been proposed, the function 
of SER is not yet clear. Furthermore, SER is implicated in flower-
ing, ion permeability and in a protective role as an antioxidant.4 
Kang et al. (2009),44 reported that tryptophan levels were sig-
nificantly induced upon senescence and the increased tryptophan 
was readily converted into SER by the induction of Tryptophan 

Localization of Serotonin in Plants

Immunolocalization analysis has revealed that SER was abun-
dant in the vascular parenchyma cells, including companion and 
xylem cells of rice, suggesting its involvement in maintaining the 
cellular integrity for facilitating efficient nutrient recycling from 
senescing leaves to sink tissues during senescence.7 Moreover, 
the distribution of SER in various tissues of Musa paradisica L., 
Allium cepa L. and other plants viz. lemon was reported.27 The 
SER fluorescence was also detected in the vascular bundles of 
the fruit wall of banana.27 It is reported to accumulate in protein 
bodies of cotyledons of developing embryos of Juglans regia in 
which there are still no vacuole formation.28

Quantification of Serotonin in Plant Tissues

HPLC is widely used for SER determination in different sam-
ples, usually on reversed phase (RP) or cation exchange ana-
lytical columns, with electrochemical, fluorimetric or UV.29-33 
Accurate analysis of melatonin, SER and auxin in plant samples 
using liquid chromatography-tandem mass spectrometry has 
been proposed. SER was detected and quantified in the ESI, 
APCI and APPI positive mode.33 SER was also assayed fluori-
metrically (excitation 394 nm, emission 505 nm) after incuba-
tion (75°C, 30 min) with ninhydrin.34 The studies on influence 
of SER on physiological processes is governed by our ability to 
detect minute endogenous levels. Hence detection method play 
crucial role. The amount of SER in these natural products has 
not been perfectly established due to great variability of this 
amine in fruit types and also its degree of ripeness during the 
harvest period.35

Biosynthesis and Metabolism of Serotonin

In animals, SER is synthesized from tryptophan in two suc-
cessive steps involving tryptophan hydroxylase (TPH; EC 
1.14.16.4) and aromatic L-amino acid decarboxylase (AADC; 
EC 4.1.1.28) in which tryptophan hydroxylase acts as the rate-
limiting enzyme.1 In plants, SER is synthesized in a differen-
tially whereby tryptophan is first catalyzed into tryptamine by 
tryptophan decarboxylase (TDC; EC 4.1.1.28), followed by the 
catalysis of tryptamine by tryptamine 5-hydroxylase (T5H) to 
form SER.36 However, in St. John’s wort (Hypericum perforatum), 
SER synthesis was reported to occur via 5-hydroxytryptophan 
as in mammals.37 However another pathway of transformation 
of tryptophan to SER in plants can not be ruled out which is 
similar to that found typically in animals. Hydroxylation of tryp-
tophan leads to formation of 5-oxytryptophan in the presence 

Table 3. Content of serotonin in maturing fruits

Family Common name Scientific name
Immatured 

Matured (µg/g fw)
Matured 
(µg/g fw)

Super matured 
(µg/g fw)

References

Bromeliaceae Pineapple Ananas comosus L. (pulp) 50–60 19 Nil 15

Solanaceae Tomato Lycopersicon esculentum L. (pulp) 0.18 3.75 2.9 72

Adapted from Roshchina (2001).4
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action and transport were found to effectively mediate regenera-
tive responses in St. John’s wort tissues.6 Selective SER reuptake 
inhibitors previously shown to effect morphogenesis in St. John’s 
wort were investigated in the presence of TDZ.37 Recently, the 
highest SER levels were found in the rice roots7 and its possible 
involvement in root growth and development are mentioned in 
previous reports.6,10,47 Our recent report suggest that SER, MEL 
and calcium channels are having influence on morphogenesis 
in in vitro cultures of M. pudica L. The synergistic influence of 
SER and calcium treatment was noticed in eliciting morphogen-
esis. Higher levels of SER were noticed in seeds compared to in 
vitro leaves and ex vitro leaves. This may be of significance in 
seed germination and its viability.10 Recently we have studied 

decorboxylase (TDC). SER is a preferable mediator of senes-
cence. The physiological functions of SER has been depicted in 
Table 4 and Figure 4.

Role of Serotonin  
in Plant Morphogenesis

SER may act as a growth regulator and stimulates the growth 
of roots9 and the hook of oat coleoptiles.45 It also stimulate the 
germination of both radish seeds4 and the pollen of Hippeastrum 
hybridum.46 In in vitro studies of root organogenesis, the rela-
tive balance of melatonin to SER was found to mediate the mor-
phogenetic responses such that decreased melatonin reduced 
root organogenesis and increased 
SER increased shoot organogen-
esis in the presence of exogenous 
auxin.6 The presence of indole-
amines and their potential role 
in morphogenesis in vitro was 
investigated in axenic cultures of 
St. John’s wort (Hypericum perfo-
ratum L.). De novo shoot regen-
eration was induced on etiolated 
hypocotyl explants after 9 days of 
exposure to thidiazuron. The bal-
ance of the endogenous concen-
trations of SER and melatonin 
may play a role in in vitro plant 
morphogenesis.6 Endogenous 
synthesis of melatonin and SER 
had been established and a series 
of inhibitors of indoleamine 

Figure 1. Biosynthetic pathway of serotonin in plants.7,11

Figure 2. Biosynthetic pathway of serotonin in animals and plants.1,37
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Protective Role of Serotonin in Plants

Protective role for SER has also been suggested. SER has been 
reported to be one of the physiologically active compounds accu-
mulated in the sting nettle of U. dioica and in trichomes in the 
pods of Mucuna pruriens.28 The high concentration of noradrena-
lin and SER found in organs of movements, the pulvini and ten-
drils of Albizzia julibrissin, P. sativum, Mimosa pudica13 compared 
with other vegetative parts. Increased synthesis of SER was also 
observed in rice leaves challenged with pathogenic infection. 
Specifically, the SER accumulated upon pathogenic infection is 
incorporated into the cell walls leading to strengthening of the 
wall.44 Phenylpropanoid amides of SER derivative i.e., p-cou-
maroyl SER and N-ferulyl SER accumulate in bamboo with 
witches broom disease.56 Rice plant accumulated SER, trypt-
amine and their amides coupled with phenolic acids in response 
to fungal pathogen infection. These compounds possible to 
play an important role in the formation of physical barrier to 
the invading pathogens.57

Serotonin Detoxify Excess Ammonia  
and Induce Seed Germination

One interesting study on SER synthesis and its possible biologi-
cal function was reported for walnut ( Juglans regia) seeds, in 
which SER is mainly accumulated during the process of fruit 
abscission.17 This abscission period is accompanied by prote-
olysis and deamination of amino acids giving rise to ammo-
nium accumulation in walnut seeds. To circumvent the toxic 

indoleamine mediated regulation of secondary metabolites in 
plants. Caffeine alkaloids and polyamine levels were augmented 
by exogenous indoleamines (SER and melatonin) in Coffea 
canephora P. Ex. Fr. in vitro callus cultures.48 Moreover we have 
studied the influence of SER and melatonin on somatic embryo-
genesis in C. canephora.49

Photomorphogenetic Responses of Serotonin

SER also stimulates phosophoinositide (PI) turnover, which is 
found to mimic the red light effect in enhancing the nitrate 
reductase (NR) transcript levels and inhibiting phyI transcript 
accumulation and releasing second messengers in maize.50,51 The 
rate of recovery of the SER in St. John’s wort is higher under 
low light than under supplemental light condition.37 The dif-
ferential synthesis of indoleamines in light and dark observed 
in St. John’s wort may suggests analogy with mammalian sys-
tem, wherein the relative ratio of SER to melotonin may play 
a role in light mediated responses in plants.37 The indoleamine 
biosynthetic pathway and the relative roles of SER and melo-
tonin have been well characterized in yeast, bacteria and mam-
mals.52 A recent study demonstrates how endogenous pools of 
indoleamines varies under changes in photoperiod in green alga 
D. bardawil.53 SER concentrations are found to be higher during 
day times. They exhibit a striking diurnal rhythm remaining at 
a maximum level during the daylight hours and falling by more 
than 80% soon after the onset of darkness.54 Moreover, addition 
of SER and the effect of darkness were studied on biomass and 
metabolite production in Tetrahymena thermophila.55

Figure 3. Catabolism of serotonin in plants.4
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efficient nutrient recycling from senescing leaves into sink tissues.7 
Predominant production of SER has been reported in reproduc-
tive organs and enormous induction of SER synthesis in senescing 
rice leaves, which is characterized by chlorophyll loss, membrane 
lipid peroxidation, increased reactive oxygen species (ROS) and 
induced senescence-related genes. SER synthesized upon senes-
cence was found in the soluble fraction of senescent tissues, espe-
cially in the vascular bundle cells, such accumulation of SER is 
believed to play a protective role against ROS, leading to a delay 
in the process of senescence as demonstrated by analyses of trans-
genic rice plants, such as tryptophan decarboxylase (TDC) over-
expression and TDC RNA interference (RNAi) in rice.44

Serotonin as a Potent Antioxidant

SER plays a role as an antioxidant by scavenging reactive oxy-
gen species (ROS) and shows strong in vitro antioxidant activity. 
The antioxidant activity of SER far exceeds that of tryptophan, 
tryptamine and SER derivatives. SER relieves the accumulation 
of the toxic metabolite tryptamine and maintains the reducing 
potential of cells through its powerful antioxidant activity in the 
senesced leaves.44 So that SER plays a practical role in delaying 
senescence by scavenging ROS efficiently. SER derivatives viz. 
N-(p-Coumaroyl) serotonin (CS) and N-feruroylserotonin (FS) 
with antioxidative activity are present in safflower oil.59 SER 
derivatives viz. Cinnamoyl serotonin, 4-Coumaroyl serotonin, 
Caffeoyl serotonin, Feruloylserotonin and Sinapoyl serotonin 
were shown in Figure 5. In Datura metel SER acts as an antioxi-
dant in protecting the young reproductive tissues from environ-
mental stress. The exposure of Datura flower to a cold stress 
significantly increased the concentrations of SER.24

accumulation of ammonia, glutamine synthase assimilates 
ammonia together with glutamic acid via the synthesis of glu-
tamine, which directly serves as a substrate for tryptophan syn-
thesis. SER synthesis is closely associated either with ripening or 
maturation of plant organs or with the accumulation of ammo-
nia, which occurs predominantly during the process of plant 
senescence.58

Serotonin Delaying Senescence

SER, with its high antioxidant activity, may play an important 
role in maintaining the cellular integrity of xylem parenchyma 
and companion cells by protecting them from the oxidative 
damage caused by the process of senescence and thus facilitate 

Figure 4. Possible physiological functions of serotonin in plants.

Table 4. Possible physiological functions of serotonin in plants

S.No. Function Name of the plant References

1
Detoxification 

Secondary plant product
Walnut seeds 
(Juglans regia)

28, 36

2
Ion permeability 

Antioxidant 
Maintain the cellular integrity of xylem parenchyma and companion cells

Rice (Oryza sativa)
38 
7 

44

3 Protective agent against predation
Cowhage (Mucuna pruriens) 

Tree nettle (Urtica dioica)
3

4 Auxin-like effect, Regulation of organogenesis, root growth and development
St. John’s wort 

(Hypericum perforatum)
6, 46, 49

5 Stimulation of radish seeds germination
 Radish seeds 

(Hippeastrum hybridum)
4, 47

6 Root growth and development Oat (Avena sativa) 46

7 Plant seed development Barley (Hordeum vulgare) 9

8 Adaptation to environmental changes

Albizzia julibrissin 
Garden pea (P. sativum) 

Mimosa (Mimosa pudica) 
Wild maracuja 

(Passiflora quadrangularis)

8

9 Photo morphogenetic responses Corn (Zea mays) 50, 51
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symptoms68 and controlling obesity.69 SER 
action of hallucinogenic drugs is known from 
the early 1950s to the present day. There is 
now converging evidence from biochemical, 
electro- physiological and behavioral studies 
reported that the two major classes of psy-
chedelic hallucinogens, (e.g., LSD) and the 
phenethylamines (e.g., mescaline) have a 
common site of action as partial agonists at 
5-HT2A and other 5-HT2 receptors in the 
central nervous system.70

Future Perspectives

Although, SER has been identified in various 
plant species, many unanswered questions 
remain. In which part of the plant SER syn-
thesis does occur? How important is the con-
sumption of SER containing plant products 
for the health of humans? Do SER levels in 
plants change on a seasonal basis when they 
are grown in their natural habitat? Seasonal 
variations in day length would it influence 
the levels of SER in plant? Variations in the 

SER levels of plants grown at different latitudes should be stud-
ied. The discovery of mammalian neurohormones in plants used 
in the treatment of human ailments provides new avenues for 
investigation of medicinally active compounds. It is important 
to determine some of the positive health effects of plant SER. 
And also bioavailability studies of SER should be performed. 
Although interesting results have been obtained in the past five 
years, data on SER in plants are incomplete and more detailed 
studies are needed to elucidate the role of this compound in 
plants. All considerations with respect to the metabolism of SER 
in plants are still open. Isolation, characterization of the enzymes 
of biosynthesis and their modulators, the biosynthetic origin at 
tissue and cellular level has to be elucidated. The possible impli-
cation of SER catabolites in plant responses should be clearly elu-
cidated. The pathway of SER transport, its possible conjugated 
compounds and its catabolic pathway(s) and also its interaction 
with IAA metabolism would be interesting. The existing data on 
the possible role of SER are very interesting but these investiga-
tions should be extended to other plant species with the aim of 
confirming the physiological action. Perhaps, the relation between 
SER and phytohormones will open up new perspectives in the 
possible role of SER in plant morphogenesis, flowering, dormancy 
and some stress-situations. The influence of stress factors viz. 
biotic and abiotic elicitors on SER synthesis should also be inves-
tigated. More studies on SER as growth modulator are necessary. 
The involvement of SER in organogenesis, both in vivo and in 
vitro, seems probable. The protective role of SER, data on apical 
dominance, SER’s role in tropisms (photo-, geo- and others) and 
its relation with other plant growth regulators needs to be inves-
tigated. The possible presence of specific SER receptors in plant 
cells has to be researched. In animals, various subtypes of recep-
tors (5HT1) have been characterized, and their genes have been 

Health Benefits of Serotonin

SER is involved in the regulation of a number of important 
functions in humans, including sleeping, hunger, thirst, mood 
and sexual activity.60 Some of the foods (banana, pineapple, 
plum, nuts and milk) rich in SER and tryptophan may elevate 
mood by raising brain SER levels.61 SER, was reported in cof-
fee, its presence in seeds and leaf wax29 and also in polished 
coffee called Astra, contain 20–40 mg SER/100 g and mar-
keted as “low irritant” coffee in Germany and Switzerland.62 
Due to the presence of SER in roasted coffee and in brew, it 
has physiological action in humans.63 SER was the amine most 
resistant to the effects of roasting and it was observed for some 
samples in higher amount after roast than in the green beans. 
The predominant amines that are reported in green coffee are 
SER and putrescine, followed by spermidine and spermine.63 
Sweet cherries contain substantial amount of SER, and may 
have a great number of health benefits if incorporated in a 
healthy diet.25 Moreover, SER was also found in grape and wine 
which supports the health benefits due to their bioactive chemi-
cal diversity.64 Many plant species that are neurologically active 
in humans have been found to contain SER as well as other 
neurotransmitters. Such data indicates that SER in our diets 
and plant based medicines can affect the human health and 
may have an impact on several chronic diseases.60,68 FS and CS 
have been isolated from safflower seeds and possess antioxidant, 
anti-inflamatory activities,59 anti-tumor,65 anti-bacterial66 and 
anti-stress potential and also involved in reducing depression 
and anxiety.67

SER was administered to boost its levels in human brain in 
treating SER deficiency syndrome.68 Some of the extensive uses of 
SER include treating patients suffering from the parkinson-like 

Figure 5. Serotonin derivatives in plants.
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sequenced. Another perspective is the possible interaction of SER 
with the postulated auxin receptor ABP-1. Thus, the information 
presented here make it conceivable that SER might play physiolog-
ical role in plants and the indepth understanding is still to come 
through extensive research in the lines suggested in this review.
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