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Introduction
Plants are the complex organisms, it forms an important part 

of our everyday diet and their constituents and nutritional value 
have been intensively studied for decades. In addition to essential 
primary metabolites like carbohydrates, lipids and amino 
acids, higher plants are also able to synthesize a number of low 
molecular weight compounds called the secondary metabolites. 
Plant secondary metabolites are the diverse group of organic 
compounds that are produced by plants to facilitate interaction 
with the biotic and abiotic environment to establish the defense 
mechanism [1]. Plant secondary metabolites are unique sources 
of pharmaceuticals, food additives, flavors and industrially 
important biochemicals [2]. Plants will continuously produce 

the novel products as well as chemical models for new drugs in 
the coming centuries, because the chemistry of the majority of 
plant species is yet to be characterized. The advent of chemical 
analyses and the characterization of molecular structures have 
helped in precisely identifying these plants and correlating 
them with their activity under controlled experimentation. 
Despite advancements in synthetic chemistry, we still depend 
upon biological sources for a number of secondary metabolites 
including pharmaceuticals.

The plant, cell, tissue and organ culture techniques 
have emerged as an escapable tool with the possibilities of 
complimenting and supplementing the conventional method in 
plant breeding, plant improvement and biosynthetic pathways. 
Plant tissue culture plays a major role in conservation of 
germplasm, rapid clonal propagation, regeneration of genetically 
manipulated superior clones, production of secondary 
metabolites and ex vitro conservation of valuable phytodiversity 
[3,4]. Especially, plant cell and organ cultures are promising 
technologies to obtain plant-specific valuable metabolites [5]. 
Cell and organ cultures have a higher rate of metabolism than 
field grown plants because the initiation of cell and organ growth 
in culture leads to the rapid proliferation and to a condensed 
biosynthetic cycle [6]. Callus induction is necessary, as the 
first step, in many tissue culture experiments. Callus and cell 
suspension can be used for long-term cell cultures maintenance. 
Cell suspension culture systems could be used for large scale 
culturing of plant cells from which secondary metabolites could 
be extracted. The advantage of this method is that it can ultimately 
provide a continuous, reliable source of natural products. Due 
to the limited availability and complexity of chemical synthesis, 
plant cell culture becomes an alternative route for large-scale 
production of this desired compound [7].

Recent research in the in vitro culture systems, a wide variety 
of elicitors have been employed in order to modify cell metabolism. 
These modifications are designed to enhance the productivity of 
useful metabolites in the cultures of the plant cells/tissues. The 
cultivation period in particular, can be reduced by the application 
of elicitors, although maintaining high concentrations of product 
[6]. “Elicitor is a scientifically described term for stress factors 
that directly or indirectly triggers the inducible defense changes 
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in a plant system that results in an activation of array of protection 
mechanisms, including induction or expansion of biosynthesis of 
fine chemicals which do have a major role in the adaptation of 
plants to the stressful environment” [8].

Classification of Elicitors
Elicitors can be divided into two types on the basis of nature, 

biotic and abiotic. Biotic elicitors are the substances of biological 
origin, which includes polysaccharides originated from plant cell 
walls (chitin, pectin, cellulose, etc.) and micro-organisms. Abiotic 
elicitors consist of the substances that are of non-biological origin 
and are grouped into physical, chemical and hormonal factor. The 
classification of abiotic elicitor is depicted in figure 1.

Abiotic Elicitors
Abiotic elicitors have wide range of effects on the plants 

and in the production of secondary metabolites. The use of 
abiotic elicitors in plant cell cultures has received less attention 
compared with the biotic elicitors [9]. Recent research works 
explained the functions of many key genes, proteins, metabolites 
and molecular networks involved in plant responses to heavy 
metals, light, drought, salinity, thermal, hormonal and other 
abiotic elicitors [10]. In this review, actions of some of these 
elicitors are discussed in response to the production of secondary 
metabolites from in vitro culture.

Effect on the Production of Secondary Metabolites

Chemical Elicitors: Metals are influenced to alter the 
production of secondary metabolites by changing the aspects 
of secondary metabolism [11]. Metals have become one of the 
main abiotic stress agents for living organisms because of their 
increasing use in the developing  fields like industry, agrotechnics, 
high bioaccumulation and toxicity [12]. Metals like Ni, Ag, Fe 
and Co have been shown to elicit the production of secondary 
metabolites in a number of plants [1]. In the cell suspension 
culture of Vitis vinifera the cobalt at all three used concentrations 
(5, 25 and 50 μM), Ag and Cd at low concentration (5 μM) were 
most effective to stimulate the phenolic acid production, and 
also increasing the 3-O-glucosyl-resveratrol up to 1.6-fold of the 
control level after the 4 hours (h) of treatments [12].

In hairy root cultures of Ambrosia artemisiifolia, an eightfold 
increase of thiarubrine A production was obtained when the 
16-day-old culture was challenged with 50 mg/L vanadyl sulfate 
(VOSO4) for 72 h [13]. In an attempt to enhance betalaines 
production, the hairy roots were exposed to metal ions [14]. It 
was reported that Ca2+, Ag+ and Cd2+ could improve the production 
of tropane alkaloids, scopolamine and hyoscyamine, in hairy 
roots cultures of Brugmansia candida [15,16].  Many kinds of 
heavy metal were also used as elicitors to induce accumulations 
of bioactive compounds in Salvia miltiorrhiza, such as Co2+, Ag+, 
Cd2+, Cu2+, Ce3+, La, Mn2+ and Zn2+ [17-20].  Among them, Ag+ was 
considered as an effective elicitor for phenolic compound and 
tanshinone production in S. miltiorrhiza hairy roots and could 
improve rosmarinic acid, salvianolic acid B and tanshinones 
production. Silver nitrate (AgNO3) stimulated the production of 
tanshinone in the root culture of Perovskia abrotanoides [21]. The 
yields of atropine content in the Datura metel hairy roots were 
increased by nanosilver as an elicitor, after 12, 24 and 48 h of the 
treatment [22].

Physical Elicitors: Ultrasound, light, osmotic stress, salinity, 
drought and thermal stress are some of the physical elicitors.

Ultrasound: The low-energy ultrasound (US) also act as an 
abiotic elicitor to induce plant defense mechanism and stimulate 
the secondary metabolite production in plants [23]. In addition, 
US can induce cell membrane permeabilization so as to enhance 
intracellular product release. This cell-permeabilizing effect 
may be complementary to the two-phase culture to accomplish 
product release from the cells and removal from the medium. Lin 
and Wu [24] reported that, the combination of US stimulation 
and in situ solvent extraction in a Lithospermum erythrorhizon 
cell culture led to 2 to 3-fold increase in the yield of shikonin. 
While, in Taxus chinensis 1.5 to 1.8-fold increase in taxol yield 
with 2 minutes (min) US treatment once or twice during a week-
culture period was achieved [25]. In Taxus baccata cell culture 
the amount of taxol was increased by 3 times when treated with 
US [26],  and ginsenoside saponins enhanced by 75% in Panax 
ginseng cell culture [27].

Light: The light is a physical factor which can affect the 
metabolite production in plants. Light can stimulate secondary 

Figure 1: Classification of abiotic elicitors based on their nature.



Page 3 of 7Citation: Naik PM, Al-Khayri JM (2016) Impact of Abiotic Elicitors on In vitro Production of Plant Secondary Metabolites: A Review. 
J Adv Res Biotech 1(2): 7. DOI:http://dx.doi.org/10.15226/2475-4714/1/2/00102

Impact of Abiotic Elicitors on In vitro Production of Plant Secondary Metabolites: A 
Review

Copyright: 
© 2016 Al-Khayri et al. 

metabolites include gingerol and zingiberene production in 
Zingiber officinale callus culture [28]. Light plays a role in both 
growth and secondary metabolite production in the hairy roots. 
Sauerwein et al. [29] found that the alkaloid content of both 
normal and hairy roots of Hyoscyamus albus was greater in 
roots grown in the light compared to roots grown in the dark. 
The study of Yu et al. [30] in P. ginseng hairy roots also showed 
that the exposure of hairy roots to different light spectral ranges 
affected growth and metabolite biosynthesis. The light induced 
the growth as well as indole alkaloid production in the hairy 
root cultures of Catharanthus roseus [31]. The effect of light 
irradiation influenced artemisinin biosynthesis in hairy roots of 
Artemisia annua [32] .

Ultraviolet (UV) light acts as an abiotic factor which 
stimulates the biosynthesis of secondary metabolites [33]. UV 
radiation is divided into three regions: UV-C (wavelengths below 
280 nm), UV-B (280- 315 nm) and UV-A (315-400 nm). UV-C 
is the most damaging, but it is almost completely absorbed by 
the stratosphere. By contrast, UV-B radiation is only partially 
absorbed by the stratospheric ozone layer and UV-A is not at all 
absorbed. UV-B radiation was exclusively seen as a stress factor, 
UV-B trigger distinct changes in the plant’s secondary metabolism 
resulting in an accumulation of phenolic compounds such as 
flavonoids and glucosinolates [33]. UV-B irradiation induced 
a rise of nitric oxide (NO) production, activities of nitric oxide 
synthase and phenylalanine ammonia lyase (leading to flavonoid 
synthesis), as well as flavonoid level in Ginkgo biloba callus [34]. 
Ramani and Jayabaskaran [35] reported enhanced catharanthine 
and vindoline production in suspension cultures of C. roseus by 
UV-B light. UV-B elicited an increase in the total terpenoid indole 
alkaloids (TIAs) concentrations in C. roseus hairy roots [36]. 
High doses of artificial UV-B radiation modified the antioxidant 
content by increasing the content of vitamin C and decreased 
the phenolic content of in vitro cultured Turnera diffusa plants 
[37]. Ku et al. [38] reported that synthesis of resveratrol and 
piceatannol were promoted by UV-C radiation in callus cultures 
of peanut. UV-C irradiation is an effective method to enhance 
stilbene production in grape calli of different genotypes [39]. 
UV-C together with methyl jasmonate (MeJA) or salicylic acid 
(SA) also used to enhance stilbene production in V. vinifera cell 
cultures [40]. 

Osmotic, Salt and Drought Stress: Osmotic stress is an 
important abiotic elicitor affecting plant growth, development, 
morphogenesis and the formation of secondary metabolites [41]. 
Sucrose is a typical osmotic stress agent used for the induction 
of water stress in plants that also serves as a vital carbon and 
energy source. The influence of osmotic stress enhanced the 
accumulation of capsaicin in cell suspension cultures of Capsicum 
chinensis [42]. It also enhanced the production of steviol 
glycosides content in both callus as well as suspension culture of 
Stevia rebaudiana [43].

Plants have developed complex mechanisms for adaptation to 
the osmotic, ionic and oxidative stresses that are induced by the 
salt stress. Exposure to salinity is known to induce or stimulate 
production of secondary plant products, such as phenols, terpenes 

and alkaloids [44,45]. The salt stress decreased the anthocyanin 
level in the salt-sensitive species [46]. The effect of KCl and CaCl2 
induced stress on in vitro cultures of Bacopa monnieri enhanced 
the accumulation of medicinally important bacoside A content 
[47]. An improved synthesis of vinblastine and vincristine was 
observed in C. roseus embryogenic tissue culture by using sodium 
chloride (NaCl) as an elicitor [48]. In Nitraria tangutorum cell 
suspension the increased sitosterol content was observed at 
250 mM NaCl treatment [49]. Small increase of the canavanine 
content in Sutherlandia frutescens in vitro shoot culture growing 
on 100 mM NaCl medium was detected, indicating that salinity 
stress was not a major limitation on cavanine production [50].

The drought is an important stress factor limiting the plant 
growth, reproductive development and finally survival. Drought 
stress tolerance is seen in all plants, but its extent varies from 
species to species. Plants which are exposed to drought stress 
frequently were affected the synthesis and accumulation of 
secondary metabolite contents [51]. A weak water deficit greatly 
increased the glycyrrhizic acid content in roots of Glycyrrhiza 
uralensis [52]. The drought stress was induced by polyethylene 
glycol (PEG), when it was treated to in vitro grown date palm 
callus, the proline content was increased gradually in response 
to increasing PEG-concentration. At higher concentration (30%) 
accumulation of proline started to decline as an indication of 
disturbance of physiological system [53]. PEG as a supplement 
had little to no effect on canavanine synthesis in Sutherlandia 
frutescens in vitro shoot culture [50].

Thermal Stress: Extreme temperature is an adverse 
environmental factor limiting growth and productivity of 
plants, it also hinders the plant growth by manipulating various 
metabolic processes including synthesis and degradation of 
primary metabolites [54]. Temperature range of 17–25°C is 
normally used for the induction of callus tissues and growth of 
cultured cells [6]. The Melastoma malabathricum cell cultures 
incubated at a lower temperature range (20 ± 2°C) grew better 
and had higher anthocyanin production than those grown at 26 ± 
2°C and 29 ± 2°C [55]. Optimum temperature (25°C) maximizes 
the anthocyanin yield as demonstrated in cell cultures of Perilla 
frutescens [56] and strawberry [57]. Although temperature 
around 25°C is normally used for hairy root cultures, lowering 
the cultivation temperature (19.5°C) increased the proportion 
of linolenic acid and the total content of indole alkaloids in C. 
roseus hairy roots [58].  A 5C increase in temperature significantly 
increased the ginsenoside content in roots of Panax quinquefolius 
[59].

Hormonal Elicitors:

Salicylic Acid: Salicylic acid is the one of the important 
abiotic elicitor, which has the capability to induce the secondary 
metabolites from in vitro cultures. SA induced the stilbene 
production in the cell suspension of V. vinifera [40]. A high 
concentration of 200 μM SA was required to induce substantial 
quantities of gymnemic acid in the suspensions that reached 
a maximum after 48 h treatment. The SA induced response 
towards gymnemic acid accumulation resulted in a 4.9-fold 
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increase in comparison to the control cultures [60]. In the cell 
culture of S. miltiorrhiza, the different concentrations of the 
SA were affected the accumulation of salvianolic acid B and of 
caffeic acid. Both phenolic acid accumulations were significantly 
increased at 8 and 96 h after the applications of 3.125–25 mg/L 
of SA, but were significantly less with 32-50 mg/L of SA. After 
the 96 h treatments with 3.125–25 mg/L of SA, the concentration 
of the phenolic acids decreased significantly compared to the 
amount 8 h after the treatments, but were still higher than that of 
the control [61]. SA with transgenic technology, highly enhanced 
the production of tanshinones in S. miltiorrhiza hairy roots [62]. 
Optimum production of withanolide A, withanone and withaferin 
A were reported in the elicited-hairy roots of Withania somnifera 
[63].

Jasmonates: Jasmonic acid has been proposed as key 
compounds of the signal transduction pathway involved in the 
elicitation of secondary metabolite biosynthesis which takes 
part in plant defense reactions [64]. The application of a two- 
stage culture system with a combined treatment of mannitol 
(2mM) and JA (40μM) resulted in the optimum accumulation 
of resveratrol in the callus biomass of V. vinifera [65]. JA and its 
more active derivative MeJA can trigger the production of a wide 
range of plant secondary metabolites such as rosmarinic acid, 
terpenoid indole alkaloid and plumbagin in various cell cultures 
[66-68]. JA and MeJA have been used as elicitors for stilbene 
biosynthesis in V. vinifera cell cultures [69,70]. The treatment 
of MeJA to V. vinifera cell cultures also promoted anthocyanin 
accumulation [71]. In the cell culture of Andrographis paniculata, 
the MeJA induced the optimum accumulation of andrographolide 
at 24 h compared with 48 and 72 h of treatments [72]. In the V. 
vinifera cell system, a rapid accumulation of trans-resveratrol 
was recorded with MeJA treatement, starting from 2 h and 
reaching its maximum value at 96 h [70].

In a study, JA elicitation is reported to enhance the production 
of plumbagin in hairy root culture of Plumbago indica [73]. JA 
and MeJA have been used as elicitors for stilbene biosynthesis in 
Vitis rotundifolia hairy root cultures [74]. MeJA with transgenic 
technology, highly enhanced the production of tanshinones 
in S. miltiorrhiza hairy roots [62]. In the hairy root culture of 
W. somnifera, MeJA elicited the production of withanolide A, 
withanone and withaferin A [63]. The root cultures of Taverniera 
cuneifolia treated with different concentrations of MeJA, the 
glycyrrhizic acid content increased gradually with an increase 
in MeJA (1–100 μM) concentration. Approximately 2.5-fold 
elevation in glycyrrhizic acid production was noticed in MeJA 
(100 μM) treated roots, when compare to the control. However, 
further increase in MeJA (1000 μM) concentration resulted in the 
decrease of glycyrrhizic acid production [75]. The MeJA enhanced 
the production of bacoside A, a valuable triterpenoid saponin 
having nootropic therapeutic activity in in vitro shoot cultures of 
B. monnieri [76].

Conclusion
The evolutionary process made plant to produce new 

bioactive compounds time to time. The plant produces a number 

of secondary metabolites in varying concentration in different 
parts of the tissue. For more than three decades an in vitro 
culture plays an important role in the production of secondary 
metabolites from the particular tissue, organ and cells. In the 
past, less attention was paid to abiotic elicitor, but now the use of 
abiotic elicitors has emerged as one of the most effective strategy 
for enhancing the productivity of different commercial secondary 
metabolites from in vitro cultures. Though, elicitation enhances 
secondary metabolism in in vitro culture of plant cells/organ, but 
the exact mechanism of elicitationis still not fully understood. 
Moreover, molecular and biosynthetic pathway of the secondary 
metabolites should be understood and extensive research must 
be carried out in this way to determine the optimum conditions 
for each specific medicinal plant to enhance the secondary 
metabolites.
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