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1. Introduction

Medicinal plants have been an exemplary source of drugs. 
The drug discovery from medicinal plants is time-consuming 
for screening, isolation, identification, quantification and 
biological studies must be employed (Koehn and Carter, 
2005). Plant secondary metabolites (PSMs) started about 
200 years ago (Hartmann, 2007) and drugs have been used 
in medicines and preservation of foods for long times (Patra 
and Saxena, 2010). More than 200000 defined structures of 
PSMs have been identified (Hartmann, 2007). These SMs are 
drugs produced by plants for which no role has yet been found 
in growth, photosynthesis, reproduction and other primary 
functions. These chemicals are extremely diverse; environment 
is directly regulating the drug constituents of medicinal plants, 
often leading to unpredictable changes at both the SM level 
and plant growth development (Colling et al., 2010). In terms of 

ecology, interaction between plants and insects has delivered 
the color pigments. It has attracted pollinators followed by 
dispersed seeds.  

PSMs are commercially exploited as drugs, dyes, 
flavors, fragrances, insecticides, etc. It is quite expensive 
because of low abundance in the intact plant and very 
limited storage in dedicated cells or organs. For many years, 
in vitro approaches have been an attractive source of tools 
(In vitro callus culture, cell suspension culture, cell culture, 
hairy root culture, etc.) for developing biologically active 
compounds, which helps to increase the accumulation of 
biomass as a source of independent climatic conditions 
(Verpoorte et al., 1998). Plant SMs are mostly involved 
in the organism and environment, e.g. as signal or plant 
defense mechanisms, synthesis of SMs has been induced 
by different kinds of biotic and/or abiotic stresses (Amdoun 
et al., 2009). In vitro techniques are very useful in ensuring 
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sustainable optimized sources of plant-derived natural 
products. However, ex situ cultivation and optimization are 
specific target SMs in advancement of plant biotechnology. 
They have delivered the valuable secondary metabolites, 
including pharmaceuticals, pigments, and other chemicals 
(Razdan et al., 2016). In this paper, we reviewed the PSMs 
studies of biotic and abiotic factors with medicinal plants for 
the last 25 years, with a particular emphasis on the abiotic 
(physical and chemical) factors and biotic factors (elicitors) 
that possibly influence SMs and compared with field grown 
plants through chromatography techniques. In addition, we 
have emphasized, model drug production (gymnemic acid) 
via metabolic pathway enzymes, precursors, the abiotic 
stress factors.

The aim of this review is to provide readers with useful 
information for understanding biotic and abiotic stress with 
medicinal plants for secondary metabolites production (SMs) 
production. This review will also discuss the existing problems 
in research and human applications for pharmaceutical drug 
production.   

2. Influence and mechanism of genes and enzyme in 
SMs production (biotic and abiotic)  

Biosynthesis of metabolites could be improved effectively 
through genetic engineering, which requires full information 
of all the genes/enzymes involved in biosynthetic pathway. 
Utilization of genes and biosynthetic pathway enzyme studies 
are very limited. Gene, enzyme as well as metabolites of 
the respective metabolic pathway show differential pattern 
expression according to the plant part, age, season, physical 
and chemical factors. Isoprenogenesis is known to proceed 
through two different independent pathways; mevalonic acid 
(MVA) and methylerythritol phosphate pathways (Pandey et 
al., 2017).  

Precursors of chemicals are giving the signal to the cell 
signal generators followed by receptors, messengers, and 
intercellular targets as well as plant biosynthetic pathway. 
The extracellular signals are involved in different stages 
in plant cells; i) synthesis; ii) signal transmission to the 
target cell; iii) detection of the signal by specific receptor 
protein; iv) change in cellular metabolism; v) function or 
development trigger by receptor signal complex; and vi) 
termination of cellular complex (George et al., 2007). Plant 
cells are constantly bombarded with signal transduction, 
and whereby it has been defined in Figure 1. Precursor 
binds with the activating gene in meristematic cells by 
altering the second and tertiary messengers of a cellular 
cascade. Precursor may indirectly control gene expression 
through biosynthetic pathway, enzymes acting transcription, 
mRNA processing, mRNA stability, translational and post-
translation modification (Gaspar et al., 2003; George et al., 
2007). 

Figure 1. Schematic diagram representing an overview of 
generalized signaling pathways of cellular response (Image 
obtained from the “NCBI Bookshelf” /Lodish et al., 2000/ 
and modified moderately with regard to our illustrations of 
mechanism of PGR)

In general, the plant cell involves after the first division, the 
apical daughter cell of the hypothesis remains to maintain the 
phosphorelay activity of cytokinins signaling and is the precursor 
for activating quiescent center (QC), whereas the basal 
daughter cell responds to cytokinin signaling. In many studies 
SMs production was successful by the treatment of auxins 
with cytokinins and regulates the gene expression and causes 
DNA to become more methylated and might be necessary 
for re-programming of differentiated cells. Its activation of 
several defense-related genes (or) activation of non-related 
genes, transient phosphorylation/ dephosphorylation of 
protein, expression of the specific enzyme, which regulate 
the biosynthetic pathway (Rao and Ravishankar, 2002). 
An enzymatic step of MVA and MEP pathways gives the 
transcriptome details. Genes encoding DXS, DXR and HMGR 
enzymes expressed their importance by catalyzing the key 
regulatory step or the isoprenoid biosynthesis. These genes 
revealed tissue specific, chemotype specific and modulated 
expression while exposed to Salicylic acid, methyl jasmonate 
(Pandey et al., 2017).  

3. Biotic stresses (Fungal/Endo-phytic fungal) on PSMs 
production 

Biotic stress of microbes plays a crucial role in plant 
development and SMs production through in vitro studies. 
Endophytic fungus has a role in affecting drug production in 
terms of quality and quantity. Specific fungus-host interaction 
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in medicinal plants requires promotion of drug production 
(Razdan et al., 2016). Ideally, the drugs production through 
bioengineering method, the selected medicinal plants with 
endophytic fungus under certain cultural conditions followed by 
metabolite production and fungus-host relationships are clearly 
understood (Kumaran et al., 2009). Besides that, the nutrient 
factors, genetic information, ecology habitats are important 
to standardize the fungus growth (Rodriguez and White, 
2009). Most of the endophytic fungi are promoting the PSMs 
production from medicinal plants (Chen et al., 2016). Many 
endophytic fungi interact with the host of the medicinal plants 
and produce valuable SMs such as Tubercularia sp. strain TF5 
(Wang et al., 2006); Metarhizium anisopliae produced taxol (Liu 
et al., 2009) and Coetotrichum gloesporides could induce the 
production of Artemisinin (He et al., 2009). Entophytic fungi are 
helpful to improve the PSMs welfare for the human health.

  
4. Abiotic stresses 

For plants to produce certain bioactive substances are 
largely influenced by the physical and chemical environments in 
which they grow. Some studies declared that PGRs with light is 
an important factor affecting the growth, organogenesis and the 
formation of plant products including both primary and secondary 
metabolites. In addition, PGRs were used for callus growth, and 
modifying the metabolite level, nature through shaking speed, 
temperature, carbon sources, ammonium nitrate concentrations, 
pH and medium plays an important role in the production of 
PSMs. The present review elicits that biotic and abiotic treatments 
are effective for improving the following phases - log phase, lag 
phase, exponential phase, stationary phase and decline biomass 
as well as SMs content in medicinal plant. 

 
 4.1. Influence on plant growth regulators 
PGR promotes or inhibits plant growth and SMs level. 

Individual or a combination of PGRs could be a crucial factor 
for SM production. It has provided changes in sensitivity of 
plant cells for the SMs production. Biotic and abiotic stresses 
are important factors to increase the metabolites and have 
shown pharmacological activities. Precursors acts depend on 
the synergistic interaction of the plant parts, apoplastic (or) 
symplastics transport; changes in target sensitivity with time, 
and other factors (He et al., 2009). 

   
4.2. Influence on auxins and cytokinins  
Auxins have characteristic features of polar translocation, 

root and shoot growth as well as delayed root induction, delay 
in abscission and differentiation of xylem elements (Ahmed et 
al., 2011). In vitro induced auxins seem to be capable of erasing 
the genetically programmed physiology of whole plant tissue, 
which had previously determined their differentiated state. The 
effect of auxins depends on the magnitude of dedifferentiating 
effect of the auxins applied. Strong auxins have specific 
inhibitory effect in which the secondary product accumulates 
in tandem with a special mechanism via direct influence on 

enzymatic activities and influences transcription. Tissue specific 
programmes, associated with cell differentiation would be 
eradicated by hypermethylation, perhaps with a small fraction 
of the cells reaching an ultimate state of dedifferentiation, which 
leads to plant cell morphogenesis. Auxins are directly modifying 
the growth or indirectly by inducing cell differentiation and SMs. 
In addition, a balanced combination of PGR plays an important 
role in regulating cellular and subcellular differentiation (Rao 
and Ravishankar, 2002). Hence, auxins are capable of 
producing or increasing their secondary compounds constantly 
at their low concentration (Machakova et al., 2008). 

PGRs have the specific in vitro responses at very low 
concentrations, whereas, high concentrations may cause non-
physiological effects to exert multiple functions in plants (Figure 2).

Figure 2. The relative concentration of auxins and cytokinins 
for callus growth and secondary metabolites production from 
Medicinal plants (Gaspar et al., 2003)

The concentrations of auxin or cytokinin ratio alter 
dramatically both the cell growth and SMs formation in cultured 
plant cells; it inhibits photosynthesis and induces isofavonoids 
from Pueraria lobata (Mathkowski, 2004) and gymnemic acid 
from Gymnema sylvestre (Ahmed et al., 2008; 2009; 2010). 
Optimization of PGRs plays a major role in large scale SMs 
production with significant biological applications (Figure 
3). Cytokinins appear to be necessary for plant cell division. 
Cytokinins lead to the considerable protraction in metaphase, 
but not the prophase of mitosis, which suggested that cytokinins 
might be required for the regulation and synthesis of proteins 
formation and function of the mitotic spindle.

Figure 3. Schematic diagram representing the PGR induced 
development and large-scale production of secondary 
metabolites (SMs) under various stress conditions

4.3. Influence on physical stress 
SMs were found in cultured cells at a higher biomass through 

optimization of culture conditions, than field plants. The optimum 
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PGR levels in a culture plant are very important in inducing rather 
than simply maintaining the SM production under the plant stress 
conditions viz., light, temperature, photoperiod, carbohydrates, 
nitrogen, etc. (Figure 3). In plant cell culture, various approaches 
such as illumination and changing nutrient supply can improve the 
yield of the cell biomass and regulate the SMs (Ho et al., 2010).  

4.3.1. Influence of light
This is first review to describe the light factors needed for 

SM production and could be used for the large-scale production. 
Cytokinins are a light dependent process. It has been activating 
RNA synthesis and stimulates protein synthesis and enzyme 
activity. Light is also involved in regulating PSMs. In process, 
the small amount of energy in each quantum of lights is inversely 
proportional to the wavelength of radiation. The action of light on 
higher plants occurs mainly in two aspects. First, light provides 
the energy source required by plant through photosynthesis. 
Second, light is a signal received by photoreceptor to regulate 
the growth, differentiation and metabolism (Wang et al., 2001).  

Influence and mechanism of color lights (blue, green, red 
and white): Light source, which can create stresses on the 
callus, and may act as an elicitor of plant defense response 
so as to stimulate the SMs synthesis. In regard to the mode 
of action of light in callus culture, three photo sensors of the 
wavelength are involved: Phytochorme (>520 nm: red/ far 
red), cryptochrome (340-520 nm, blue /UV-A) and UV-B photo 
sensor (290-350nm). Phytochrome appears in two forms: 
Pr and Pfr under the influence of light. Pr changes into the 
physiologically active form Pfr, which can affect the activation 
of enzymes and gene expression. In specific, blue light 
(cryptochrome) stimulates chlorophyll, carotenoid synthesis, 
activation of gene expression and increases phenylalanine 
ammonium lyase activity. Cryptochrome has a top peak at 450 
nm, which is also close to the wavelength peak value of blue 
light. Light absorption in cryptochrome and UV-B photoreceptor 
determines the sensitivity of the signal reaction chain of 
individual responses towards Pfr (Mohr and Schopfer, 1995) 
and has made it possible to get PSMs in recent years. Beside 
that, the production of ROS such as H2O2 in the callus known as 
the oxidative burst is an early event of plant defense response 
to different stress and also acts as a secondary messenger to 
signal subsequent defense reactions in plants. Light treatment 
processes, the formation of H2O2 is the important phenomenon 
of signal transduction induced by stress conditions, which 
changes the content of redox agents and the redox state of 
cells. H2O2 may function as a signal for the induction of defense 
systems and could enhance SMs production (Jabs et al., 
1997). Cryptochrome is most sensitive to blue light and it is 
closest to UV-B in wavelength. Under blue light, more Pr was 
transformed to Pfr than under white light, and the phenylalanine 
ammonium lyase activity in the cultures was higher than that 
under white light (Ouyang et al., 2003). Shohael et al. (2006) 
reported that total phenolic, total flavonoid and chlorogenic acid 
accumulation significantly increased compared with red light. 
In addition, blue light enhanced the maximum accumulation of 
eletheroside B; however, red light produced higher amount the 

eleutheroside E and E1 than blue and white lights. Controversy, 
the triterpene biosynthesis was successful in less light 
treatment. Thus, darkness produced triterpene from leaf and 
favourable for triterpene purification by reducing the amount of 
chlorophyll in the culture by dark treatment (Ho et al., 2010).

4.3.2. Influence and mechanism of temperature
It is known that exposure of plants to abiotic factors including 

low and high temperature causes oxidative stress in which 
increased production of reactive oxygen species (ROS) is 
evident. Temperature may influence the chemical modification 
of the substance that was synthesized, e.g. the degree of 
saturation of fatty acids. Thus, saturated fatty acids increased 
in response to increased temperature, but unsaturated fatty 
acids increased in decreased temperature (Suri and Ramawat, 
1995). It has been shown that the optimal temperature treatment 
was required even in suspension cultures for accumulation 
of biomass and production of eleutherosides (Shohael et al., 
2006). Plants exposed to either low or high temperatures suffer 
injury, exhibiting reduction or stop of growth and the degree of 
injury can vary with plant species, stage of crop development 
and with the treatment conditions such as nitrogen and 
phosphorus sources are useful to improve ginsenoside by 
bioreactor (Kochan et al., 2016). In Asclepiadaceae species 
of Cynanchum wilfordii, the biomass was higher at 31°C than 
25°C, but the gamaminine production was higher at 25°C 
than 31°C temperature (Shin et al., 2003). According to Zhao 
et al. (2001) in callus culture, temperature regulates various 
secondary metabolites from medicinal plants, the maximum 
temperature of 25°C found to induce the jaceosidin production 
from Saussurea medusa. The 30°C temperature significantly 
increased the callus biomass and gymnemic acid.

4.3.3. Influence and mechanism on photoperiod 
Photoperiod induces CO2 concentration inside the vessel 

and the daily exchange, in turn affects the growth of callus 
under CO2 non-enriched condition. Generally, the growth of 
photoautotrophic culture requires 1-2% of CO2 concentration. Light 
is usually considered an important factor that affects the growth, 
organogenesis, and the formation of primary and secondary 
compounds (Liu et al., 2002). MS medium supplemented with 
2.4-D and KN with different photoperiods (e.g., 4, 8, 12, 20, 24 
hrs and dark) showed tremendous influence on callus initiation 
and proliferation, and gymnemic acid production in leaf explants 
of Gymnema sylvestre (Zhao et al., 2001). In addition, similar 
effect was found to induce harringtonine, homoharringtonine and 
isoharringtonine in 12h photoperiod solid cultures of Cephalotaxus 
fortune (Zhang et al., 1995); gagaminine production in Cynanchum 
wilfordii was better in dark conditions than in light conditions (Shin 
et al., 2003). It has been reported that different photoperiods and 
LED lights were used to induce the phenolic acid, flavonoids and 
myricetin synthesis (Cioc et al., 2018). 

4.4. Influence and mechanism of sucrose 
In plant cell culture, cells are usually grown with simple 

sugars as carbon sources in the medium for the energy 
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resource. The fact is that the level of sucrose has been shown 
to affect the productivity of secondary metabolites in many 
plants (Ho et al., 2010). These elements influence the cell 
growth and division by regulating protein, gene expression and 
other pathways (Zheng, 2009). Sucrose concentration above 
3% often enhances the biosynthesis of SMs by heterotrophic 
plant cells. High levels of sucrose could be related to osmotic 
stress conditions, which cause the cells to die (Mekky et al., 
2018). In addition, the considerable amount of decline in the 
callus growth and chlorophyll content has been observed in a 
medium without sucrose. The negative impact of exogenous 
sugars in photosynthesis was most probably attributable to the 
effects exerted by sucrose on a series of biochemical reactions, 
leading to the down regulation as feedback inhibition of ribulose 
biophosphate carboxylase activity. MS medium supplemented 
with optimum growth regulators 2.4-D and kinetin (KN) along 
with 5% sucrose induced SM production in Gymnema sylvestre 
(Ahmed et al., 2010). 

On the other hand, sucrose has played an important role 
in callus cell growth on batch culture of Gymnema sylvestre. 
A similar result was observed in Cynanchum wilfordii 
(Asclepiadaceae), where the gamaminine synthesis was 
enhanced when 5% sucrose was observed to be superior to 
3% sucrose concentration (Shin et al., 2003). MS medium 
supplemented with growth regulators (2.4-D and BA) containing 
4% sucrose induced trachelogenin production in Ipomoea 
cairica, 5% sucrose induced SMs production in Morinda 
citrifolia. MS medium supplemented with NAA and 2.4-D 
containing 5% sucrose induced SMs production from Ocimum 
basilicum (Meira et al., 2017). 

4.5. Influence on nutrient level 
Nutrient level alteration influences the expression of many 

SM pathways (Suri and Ramawat 1995, Costa et al., 2008). 
Ammonium/nitrate-nitrogen ratio has been shown to markedly 
affect the production of SMs. Medium with PGRs and NH4/NO3 
ratio induce antharaquinones production in callus cultures of 
Rheum ribes (Sepehr and Ghorbanli, 2002). Modifications in 
the nitrogen source of the culture media may lead to biomass 
and SMs production (Costa et al., 2008). From our findings, the 
sucrose level and ammonium nitrate concentrations induced 
the SMs in Gymnema sylvestre (Ahmed et al., 2010) and 
Sutherlandia  frutescens (Colling et al., 2010). Mineral nutrition 
is more important for increasing this metabolite than water 
and salinity stress for canavanine biosynthesis in Sutherlandia 
frutescens (Colling et al., 2010). 

Ethylene is essential for plant defense and is not common 
for induction of PSMs. In some case, ethylene treatment 
enhances the flavonoid, anthocyanin and stillbenoid production 
via downstream up-regulating their biosynthetic genes in grape 
(Vitis vinifera) cell cultures (Ishiai et al., 2017). Whereas the 
high concentration of ethylene inhibits SMs production and low 
concentration helpful for elicitor production. Abscisci acid (ABA) 
acts as an important signal molecule to regulate expression 
of sets of defense genes. ABA is also reported to regulate 
biosynthesis of SMs in some plant cell cultures. It is osmotic 

stress-induced agent, it regulates the osmotic stresses from 
sorbitol, mannitol, sucrose, and salt stress in a culture medium. 
For example, it can stimulate production of indole alkaloids in C. 
roseus (Zhao et al., 2000); taxol in Taxus spp. (Luo et al., 2001). 
On the other hand, ABA negatively regulates the elicitor induced 
synthesis of capsidiol in wild tobacco (Mialoundama et al., 2009).  

4.6. Influence on other chemical stresses (precursors) 
PSMs could be possible to enhance through applying different 

abiotic stresses; it has proved the active compounds (volatile 
sulphur compounds, ascorbic acid, carbonyl compounds, 
vitamins and flavonoids) are useful in pharmaceutical industry. 
External phytohormone, shaking speeds, pH of the medium 
played very crucial and important roles in SMs production 
(Devi et al., 2006). Along with the sucrose, inoculums density, 
auxins, aeration also plays an important role in cell growth 
of bioreactor cultures for secondary metabolites production 
(Zimare et al., 2017). In vitro suspension cultures, the active 
compounds of gymnemic acid and gymnemagenin in the 
cultured undifferentiated cells (Zimare et al., 2017).

 Elicitors are chemicals or bio-factors from various sources 
that can induce physiological and morphological changes of 
the plant cells. It may include abiotic elicitors such as inorganic 
compounds. The chemical perception can induce the elicitor 
signals, plant receptors are activated, and then in turn activate 
their effectors, such as ion channels, GTP binding proteins 
(G-proteins), protein kinases. Activated effects transfer the 
elicitor signals to second messengers, which further amplify 
the elicitor signal to other downstream reactions (Blume et al., 
2000). Methyl jasmonate as a chemical elicitors could induce 
the xanthone in Gentiana dinarica; whereas the salicylic acid 
and chitosan treatment increased the norswertianin. In Salvia 
virgata shoots contains phenolic acid when MS medium was 
treated with Ag+ ions, yeast extract and methyl jasmonate 
(Attaran et al., 2017). 

It has been recently reported that protoberberine alkaloids were 
induced from suspension culture of Tinospora cordifolia; when the 
cells were treated with methyl jasmonate (250 µm) (Kumar et al., 
2017) and Cannabinoids from Cannabis sativa; it has increased in 
abiotic treatments (Gorelick and Bernstein, 2017).     

 
5. In vitro drugs and health care perspectives 

In vitro approaches for bioactive compounds have been used 
in pharmacological activities and industrial product formation 
and pharmaceutical aspects, which need to increase large 
scale. However, the SM production is merely dependent on the 
timely eliciting effect of the biotic and abiotic stresses. Hence, 
the bioactive compounds are available in the world market in the 
form of food additives, pigments, dyes, insecticides, cosmetics 
and perfumes and fine chemicals. The medicinal plants are the 
most exclusive sources of life saving drugs for the majority of the 
world’s population (Mulabagal and Tsay, 2004). 

The isolated SMs derived from callus/plant cell extracts 
having various pharmacological activity, the Centaurea 
ragusina callus extract contains polyphenols and shows 
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antibacterial, cytotoxic effect, thermal denaturation and 
circular dichroism (CD) for DNA/RNA interactions (Vuicic et al., 
2017); callus derived from Rosa damascene has therapeutic 
effect as anti-inflammatory to suppresses the activated 
T-cells from human blood; anti-oxidant activity of Crataegus 
monogyna (Valls et al., 2007), anticarcinogenic activity from 
Linum species (Ionkova et al., 2003), antinociceptive effects 
of Phyllanthus species (Catapan et al., 2000), antiplasmodial 
activity of Phyllanthus niruri  (Luyindula et al., 2004) and anti-
oxidant activity reduce the diabetes plants of Cassia fistula 
callus (Bahorun et al., 2005), Aegle marmelos (Arumugam, et 
al., 2008), Gymnema sylvestre (Ahmed et al., 2008) and this 
methanolic callus extract was more suitable in pancreatic β cell 
regeneration and anti-diabetes (Ahmed et al., 2010). Perhaps, 
in various cellular animal models, plant SMs have displayed 
various pharmacological and medicinal activities such as 
neuroprotective, antihypertensive, cardioprotective, anticancer, 
anti-inflammatory, vasorelaxant, antiparasitic, anti-bacterial, 
antifungal, antiprotozoal, antipyretic, abortifacient, antidiabetic, 
and antitussive activities (Dey and Mukherjee,  2017).  

6. In vitro gymnemic acid production from Gymnema 
sylvestre under abiotic stress 

In vitro optimization is quite a long process, we have 
selected the explants (mature, young and juvenile) with 
different media such as MS, SH, WPM, and B5 media with 
six PGRs (auxins and cytokinins). Our results showed that 
Juvenile explants, MS media, auxin and cytokinins are suitable 
for callus biomass production (Ahmed et al., 2010). We have 
optimized the callus and gymnemic acid production through 
callus growth curve. The maximum biomass was observed in 
stationary phase than lag, log, exponential and decline phase. 
The calluses were screened with TLC, HPTLC and HPLC with 
standard Gymnemic acid. The bioactive compound (gymnemic 
acid) is significantly increased in intact leaf explants than in vitro 
treatment callus. Explants were treated with different abiotic 
stress conditions (light, temperature, photoperiods, carbon 
sources, ammonia nitrate treatments. Blue light enhanced 
the gymnemic acid accumulation up to 4.4-fold of that found 
under white fluorescent light and 2.8-fold of that found in intact 
leaves. Present findings concluded that blue light can be 
used as a tool for enhancing gymnemic acid in batch culture 
of G. sylvestre (Ahmed et al., 2008). Gymnemic acid content 
callus extracts were used in anti-diabetic studies; the results 
declared that blue light induced callus extract significantly 
increased pancreatic beta cells and showed anti-diabetic effect 
in Wistar rats. On the basis of the available literature it can be 
concluded that in plant biosynthetic pathway many enzymes, 
fungal elicitors and precursors could regulate gymnemic acid 
biosynthetic pathway.

7. Conclusion 

This review highlights the role of biotic and abiotic stress 
factors involved in the plant defense mechanisms and 

their mode of action favorable (or) against numerous plant 
secondary metabolites production (SMs) in medicinal plants. It 
was concluded that such an approach could be used as a useful 
tool to screen the other abiotic and biotic stress factors. The 
finding data recommended that the studied plant material can 
positively and significantly affect biomass and yield respective 
SMs. We argue here that SMs optimization increases through 
industries scale, in vitro propagation and gene transformation 
studies to be developed with abiotic and biotic stress. To the 
best of our knowledge, the plant metabolic engineering studies 
are of great importance to the next generations for the purpose 
of producing valuable SMs in plants in the pharmaceutical 
industry and could be improved through using transcription 
factors, introducing biosynthetic genes, improving metabolic 
flux, Genomic and proteomic tools. Finally, we hope this review 
will give an in-depth understanding of the important roles of 
abiotic and biotic treatment in various plants to enhance the 
metabolites to the human needs with respective clinical trials. 

Conflict of interest

The authors have no conflict of interest.

References 

Ahmed ABA, Rao AS and Rao MV, 2008.  Role of in vivo and 
in vitro callus of Gymnema sylvestre (Retz) R.Br. Ex. Roemer & 
Schultes in maintaining the normal levels of blood glucose and 
lipid profile in diabetic Wistar rats. Biomedicine, 28, 134-138.
Ahmed ABA, Rao AS and Rao MV, 2009.  In vitro production 
of gymnemic acid from Gymnema sylvestre (Retz) R.Br. 
Ex. Roemer & Schultes through callus culture under stress 
conditions. Methods in Molecular Biology, 547, 93-105. doi: 
10.1007/978-1-60327-287-2_8.
Ahmed ABA, Rao AS and Rao MV, 2010. In vitro callus in vivo leaf 
extract of Gymnema sylvestre stimulate beta cells regeneration 
and anti-diabetic activity in Wistar rats. Phytomedicine, 17, 
1033-1039. doi:10.1016/j.phymed.2010.03.019
Ahmed ABA, Pallela R, Rao AS, Rao MV and Mat Taha 
R, 2011. Optimized conditions for callus induction, plant 
regeneration and alkaloids accumulation in stem and shoot 
tip explants of Phyla nodiflora. Spanish Journal of Agricultural 
Research, 9(4), 1262-1270. http://dx.doi.org/10.5424/
sjar/20110904-453-10
Amdoun R, Khelifi L, Khelifi-Slaoui M, Amroune S, El-Hadi 
Benyoussef, Dao Vu Thi, Assaf-Ducrocq Corinne and 
Gontier E, 2009. Influence of minerals and elicitation on Datura 
stramonium L. Tropane alkaliod production: Modelization of 
the in vitro biochemical response. Plant Science, 177, 81-87. 
doi: 10.1016/j.plantsci.2009.03.016
Arumugama S, Kavimanib S, Kadalmanic B, Ali Ahmedd 
AB, Akbarshac MA and Rao MV, 2008. Antidiabetic activity 
of leaf and callus extracts of Aegle marmelos in rabbit. Science 
Asia, 34, 317-321. 
doi: 10.2306/scienceasia1513-1874.2008.34.317
Attaran DS, Abrishamchi P, Radiabian T and Alireza SS, 



105

2017. Enhanced phenolic acids production in regenerated 
shoots cultures of Salvia virgata Jacq. after elicitation with 
Ag+ ions, methyl jasmonate and yeast extract. Industrial 
Crops and Products, 103, 81-88. https://doi.org/10.1016/j.
indcrop.2017.03.043
Bahorun T, Neergheen VS and Aruoma OL, 2005. 
Phytochemical constituents of Cassia fistula. African Journal of 
Biotechnology, 4, 1530-1540. 
Blume B, Nürnberger T and Nass N and Scheel D, 2000. 
Receptor-mediated increase in cytoplasmic free calcium 
required for activation of pathogen defense in parsley. Plant 
Cell, 12, 1425-1440. 
doi: https://doi.org/10.1105/tpc.12.8.1425
Catapan E, Otuki MF, Viana AM, Yunes RA, Bresciani LF, 
Ferreira J, Santos AR, Calixto JB and Cechinel-Filho V, 
2000. Pharmacological activity and chemical composition 
of callus extracts from selected species of Phyllanthus. Die 
Pharmazie, 55, 945-946.
Chen L, Zhang QY Jia M,  Ming QL,  Yue W,  Rahman 
K,  Qin LP and  Han T, 2016. Endophytic fungi with 
antitumor activities: Their occurrence and anticancer 
compounds. Critical Review Microbiology, 42, 454-473. doi: 
10.3109/1040841X.2014.959892. 
Cioc M, Szewczyk A, Zupnik M, Kalisz A and Pawlowska 
B, 2018. LED lighting affects plant growth, morphogenesis and 
phytochemical contents of Myrtus communis L in vitro. Plant 
Cell, Tissue and Organ Culture (PCTOC), 132, 433-447. doi: 
10.1007/s11240-017-1340-2
Colling I, Stander MA and Makunga NP, 2010. Nitrogen 
supply and abiotic stress influence canavanine synthesis and 
the productivity of in vitro regenerated Sutherlandia frutescens 
microshoots. Journal of Plant Physiology, 167, 1521-1524.
Costa MM, Figueiredo AC and Barroso JG, 2008. Nitrogen 
stress induction on Levisticum officinale hairy roots grown in 
darkness and under photoperiod conditions: effect on growth 
and volatile components. Biotechnology Letters, 30, 1265-
1270.
Devi CS, Murugesh S and Srinivasan VM, 2006. Gymnemic 
acid production in suspension cell cultures of Gymnema 
sylvestre. Journal of Applied Sciences, 6, 2263-2268.
Dey A and Mukherjee A, 2017. Plant-Derived Alkaloids: 
A Promising Window for Neuroprotective Drug Discovery, 
Discovery and Development of Neuroprotective Agents from 
Natural Products. Natural Product Drug Discovery, 13, 237-
320.
Gaspar T, Kevers C and Faivre-Rampant O, 2003. 
Changing concepts in plant hormone action. In Vitro Cellular 
& Developmental Biology-Plant, 39, 85-106. DOI:  10.1079/
IVP2002393.
George MM, Thomas A and Mathew MM, 2007. Study of the 
content of alkaloids in Datura metel L. in the in vivo and in vitro 
conditions. Plant Cell Biotechnology and Molecular Biology, 8, 
187-192.
Gorelick J and Bernstein N, 2017. Chemical and Physical 
elicitation for enhanced cannabinoid production in cannabis 
(Cannabis sativa L). Botany and Biotechnology, 439-456.

Hartmann T, 2007. From waste products to ecochemicals: 50 
years research of plant secondary metabolism. Phytochemistry, 
68, 2831-2846.
He J, Yu S and Ma C, 2009. Effect of plant growth regulators 
on endogenous hormone levels during the period of the red 
glove growth. Journal of Agricultural Science, 1, 92-100.
Ho HY, Liang KY and Lin WC, 2010. Regulation and 
improvement of triterpene formation in plant cultured cells 
of Eriobotrya japonica Lindl. Journal of Bioscience and 
Biotechnology, 110, 588-592.
Ionkova I, Vassilev N and Konstantinov S, 2003. Callus 
and suspension cultures in vitro of Iinum species and their 
pharmacological activity. Pharmacia, 50, 14-18.
Ishiai S, Tanaka S and Mikami M, 2017. Vanillylacetone 
up-regulates anthocyanin accumulation and expression of 
anthocyanin biosynthetic genes by induced endogenous 
abscisic acid in grapevine tissues,. Journal of Plant Physiology, 
219, 22-27. 
Jabs T, Tschope M and Colling C, 1997. Elicitor-stimulated 
ion fluxes and O2- from the oxidative burst are essential 
components in triggering defense gene activation and 
phytoalexin synthesis in parsley. In: Proceedings of the National 
Academy of Sciences, 94, pp. 4800-4805.
Kochan E, Szymczyk P and Kuzma L, 2016. Nitrogen and 
phosphorus as the factors affecting ginsenoside production in 
hairy root cultures of Panax quinquefolium cultivated in shake 
flasks and nutrient sprinkle bioreactor. Acta Physiologiae 
Plantarum, 38, 149.  
Koehn FE and Carter GT, 2005. The evolving role of natural 
products in drug discovery. Nature Reviews Drug Discovery, 4, 
206-220. 
Kumar P, Srivastava V and Chaturvedi R, 2017. Elicitor 
enhanced production of protoberberine alkaloids from in vitro 
cell suspension cultures of Tinospora cordifolia (Willd.) Miers. 
Ex. Hook. F & Thoms. Plant Cell Tissue and Organ Culture, 
130, 417-426. 
Kumaran RS, Muthumary J and Jim EK, 2009. Production of 
taxol from Phyllosticta dioscoreae, al leaf spot fungus isolated 
from Hibiscus rosa-sinensis. Biotechnology and Bioprocessing 
Engineering, 14, 76-83.
Liu CZ, Guo C and Wang YC, 2002. Effect of light irradiation 
on hairy root growth and artemisinin biosynthesis of Artemisia 
annua L. Process Biochemistry, 38, 581-585.
Liu K, Ding X and Deng B, 2009. Isolation and characterization 
of endophytic taxolproducing fungi from Taxus chinensis. Journal 
of Industrial Microbiology and Biotechnology, 36, 1171-1177.  
Lodish H, Berk A, Zipursky SL, Matsudaira P,  Baltimore D 
and  Darnell J, 2000. Molecular Cell Biology, 4th edition. New 
York: WH Freeman, ISBN-10: 0-7167-3136-3.
Luo J, Liu L and Wu CD, 2001. Enhancement of paclitaxel 
production by abscisci acid in cell suspension cultures of Taxus 
chinensis. Biotechnology Letters, 23, 1345-1348.
Luyindula N, Tona L and Lunkebila S, 2004. In vitro anti-
plasmodial activity of callus culture extracts from fresh apical 
stems of Phyllanthus niruri: Part 1. Pharmaceutical Bulletin, 42, 
512-518.



106

Machakova I, Zazimalova E and George EF, 2008. Plant 
Growth Regulators I: Introduction; Auxins, their Analogues and 
Inhibitors”. In: Plant Propagation by Tissue Culture (eds. E.F. 
George, M.A. Hall and G.J. De Klerk). The background, 3rd 
Edition, 1, Springer, Dordrecht, Netherlands, pp. 175-204.
Matkowski A, 2004. In vitro isoflavonoid production in callus 
from different organs of Pueraria lobata (Wild.) Ohwi. Journal 
Plant Physiology, 161, 343-346.
Meira PR, David JP and De O Ribeiro EM, 2017. Abiotic 
factors influencing podophyllotoxin and yatein overproduction 
in Leptohyptis macrostachys cultivated in vitro. Phytochemistry 
Letters, 22, 287-292.
Mekky H, Al-Sabahi J and Abdel-Kreem MFM, 2018. 
Potentiating biosynthesis of the anticancer alkaloids vincristine 
and vinblastine in callus cultures of Catharanthus roseus. 
South African Journal of Botany, 114, 29-31. 
Mialoundama AS, Heintz D, Debayle D, Rahier A, Camara 
B and  Bouvier F, 2009. Abscisic acid negatively regulates 
elicitor-induced synthesis of Capsidiol in Wild Tobacco. Plant 
Physiology, 150, 1556-1566. doi: 10.1104/pp.109.138420
Mohr H and Schopfer P, 1995. Photomorphogenesis. Plant 
Physiology, Springer - Verlag, Berlin, pp. 345-369. 
Mulabagal V and Tsay H, 2004. Plant cell cultures - An 
alternative and efficient source for the production of biologically 
important secondary metabolites. International Journal of 
Applied Sciences and Engineering, 2, 29-48.
Ouyang J, Wang X and Zhao B, 2003. Light intensity and 
spectral quality influencing the callus growth of Cistanche 
deserticola and biosynthesis of phenylethanoid glycosides. 
Plant Science, 165, 657-661.
Pandey V, Ansari WA and Misra P, 2017. Withania somnifera: 
Advances and implication of Molecular and Tissue culture 
techniques to enhance its application. Frontiers in Plant 
Science, 3, 1-11.
Patra AK and Saxena J, 2010. A new prespective on the use 
of plant secondary metabolites to inhibit methoanogenesis in 
the rumen. Phytochemistry, 71, 1198-1222.
Rao SR and Ravishankar GA, 2002. Plant cell cultures: 
Chemical factories of secondary metabolites. Biotechnology 
Advances, 20, 101-153.
Razdan S, Bhat WW and Dhar N, 2016. Molecular 
characterization of DWF1 from Withania somnifera (L.) Dunal: 
its implications in withanolide biosynthesis. Journal of Plant 
Biochemistry and Biotechnology, 26, 52-63.
Razdan S, Bhat WW and Dhar N, 2016. Molecular 
characterization of DWF1 from Withania somnifera (L.) Dunal: 
its implications in with anolide biosynthesis. Journal of Plant 
Biochemistry and Biotechnology, 26, 52-63.
Rodriguez RJ and White AE, 2009. Fungal endophytes: 
diversity and functional roles. New Phytologist, 182, 314-330.
Sepehr MF and Ghorbanli M, 2002. Effects of nutritional factors 
on the formation of anthraquinones in callus cultures of Rheum 
ribes. Plant Cell Tissue and Organ Culture, 68, 171-175.

Shin G, Chil M and Lee D, 2003. Comparative study of 
the effects of various culture conditions on cell growth and 
gagaminine synthesis in suspension culture of Cynanchum 
wilfordii. Biological and Pharmaceutical Bulletin, 26, 1321-
1325.
Shohael AM, Ali MB and Yu KW, 2006. Effect of light 
on oxidative stress, secondary metabolites and induction 
of antioxidant enzymes in Eleutherococcus senticosus 
somatic embryos in bioreactor. Process Biochemistry, 41, 
1179-1185.
Suri SS and Ramawat KG, 1995. In vitro hormonal regulation 
of laiticifer differentiation in Calotropis procera. Annals of 
Botany, 75, 477-480.
Valls J, Richard T and Trotin F, 2007. Carbon-14 
biolabeling of flavanols and chlorogenic acids in Crataegus 
monogyna cell suspension cultures. Food Chemistry, 105, 
879-882.
Verpoorte R, Van der Heijden R and Memelink J, 1998. 
Plant biotechnology and the production of alkaloids. Prospects 
of metabolic engineering. In: The alkaloids (ed. G.A. Cordell), 
Academic press, San Diego, 50, pp. 453-508.
Vuicic V, Radic Brkanac S and Radojcic Redovnikovic I, 
2017.Phytochemical and bioactive potential of in vivo and 
in vitro grown plants of Centaurea ragusina L. – Detection 
of DNA/RNA active compounds in plant extracts via thermal 
denaturation and circular Dichroism. Phytochemical Analysis, 
28, 584-592.
Wang YC, Zhang HX and Zhao B, 2001. Improved growth of 
Artemisia annua L. hairy roots artemisinin production under red 
light conditions. Biotechnology letters, 23, 1971-1973.
Wang JW, Zheng LP and Xiang TR, 2006. The preparation 
of an elicitor from a fungal endophyte to enhance Artemisinin 
production in hairy root cultures of Artemisia annua L. Chinese 
Journal of Biotechnology, 22, 829-834.  
Zhang W, Bai XF and Bu Z, 1995. Enhanced production 
of harringtonine and homoharringtonine in Cephalotaxus 
fortunei I callus culture by periodic temperature oscillation. 
Biotechnology Letters, 20, 63-66.
Zhao J, Zhu WH and Hu Q, 2000. Improvement of indole 
alkaloid production in Catharanthus roseus cell cultures by 
osmotic shock. Biotechnology letters, 22, 1227-1231.
Zhao D, Xing J, Li M and Dongping Lu, 2001. Optimization 
of growth and Jaceosidin in callus and cell suspension of 
Saussurea medusa. Plant Cell Tissue and Organ Culture, 67, 
227-234. 
Zheng ZL, 2009. Carbon and nitrogen nutrient balance 
signalling in plants. Plant Signaling and Behavior, 4, 584-591. 
doi: 10.4161/psb.4.7.8540
Zimare SB, Kakade PS and Malapathak NP, 2017. 
Unorganized (cell suspension) culture: A biotechnological tool 
for enhancement of biomass and gymnemic acid in Gymnema 
sylvestre. Plant Cell Biotechnology and Molecular Biology, 18, 
281-289.


