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SUMMARY
The base of herbal medicines extends to all the cultures of the world, from the Greeks to
the Romans and the Arabs to China and, finally, to Central Asia, especially to Pakistan.
The medical use of plants as treatment is an ancient tradition. There are many species of
Lamiaceae that have a high demand for their ethnic and health activities but many of
these members have an anti-inflammatory activity and releasing potential pain. Isodon
is also a known genus of this family. I. rugosus belongs to the same family genus and is
traditionally used by Pakistani practitioners to treat diseases associated with respiratory,
cardiovascular and gastrointestinal complications. Therefore, it must be overcome with
the traditional treatment regimen. In this sense, phyto-nanotechnology and production
of metabolites by in vitro optimal conditions have gained much attention in recent
years. In this research, different methods were used to improve the production of
secondary metabolites. For this reason, elicitation is considered as one of the most
effective strategies for growing calli which helps reduce these limitations. Based on our
knowledge and survey of literature, this is the first report on the analysis of I. rugosus
for the biological improvement of the target metabolite through in vitro techniques.
The main objective of the first experiment was to optimize the in vitro cultural
conditions for establishment and production of chemically consistent and reliable calli
cultures of I. rugosus. The stem and leaf explants were the best source to understand the
in vitro condition under different plant growth regulators (PGRs) to produce antioxidant
and anti-aging compounds. Both TDZ and NAA in each concentration, tested with or
without cytokinins, were responsible for the successful induction of stem friable callus
culture. We chose the stem explant as the best source to start the callus culture on MS
media. HPLC-DAD analysis of the crude extract revealed the presence of five
biologically active phenolic compounds such as plectranthoic acid (373.92 μg/g DW),
oleanolic acid (287.58 μg/g DW), betulinic acid (90.51 μg/g DW), and rosmarinic acid
(1732.61 μg/g DW). Antioxidant activities were performed in vitro using six different
tests: DPPH (TEAC), ABTS (TEAC), ORAC (TEAC), FRAP (AEAC), CUPRAC
(AEAC), Chelation (µmol Fe2+). Elastase, collagenase, hyaluronidase, tyrosinase, AGE
and SIRT-1 revealed that rosmarinic acid is an important contributor. Whereas,
plectranthoic acid, oleanolic acid and betunilic acid is associated with the inhibitor of
elastase, collagenase and tyrosinase.
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A promising alternative method used in in-vitro culture is the active stress inducer
melatonin, a potential source of biologically active compounds, but there are few
cultures that collect secondary metabolites compared to those produced in wild plants.
The objective of the third experiment was to promote the production of biologically
active compounds intended for biotechnological applications commercial purposes
through elicition. According to phytochemical analysis using a different concentration
of melatonin, the concentration at 5 µM giving the highest concentration of phenols
2877.5 ± 46.45 (mg / l) and flavonoids 560.4 ± 15.24 (mg / l), after five weeks of
cultivation. The data also showed a strong inhibitory effect of callus extract treated with
melatonin at 5 µM vs. α-amylase (42.50%) and hepG2 cells (cell sensitivity 60.46 ± 1.6
%, cell death 39.54 ± 1.2 %) and finally against AChE (51,364 ± 1.1) and BChE
(40.188 ± 0.47). The quantitative analysis revealed the presence of rosmarinic acid,
caffeine acid, plectranthoic acid, betulinic and oleanolic in all melatonin treated
extracts, possesing pharmacological properties which was further confirmed by
enzymatic and non-enzymatic antioxidant assays.
Here, we also explore the potential uses of various biological sources such as pH and
temperature for the synthesis of metallic nanoparticles and the clinical application of
these nanoparticles. Thus, aim of the third experiment was to understand the effects of
temperatures (100, 80, 60, 40, 20, 5 and 0 °C) on the synthesis of silver nanoparticles
(AgNPs) using TDZ- mediated callus extract (CE) and the wild plant extract (WPE) of
I. rugosus as reducing and capping agent. Our results showed a synergy between
AgNPs and phytochemistry against antimicrobials and leishmaniasis control activities,
will increase their therapeutic potential. The morphological and functional
characterization of the biologically-synthesized AgNPs prepared by temperature
variation has been confirmed by X-Ray, XRD, SEM, EDX and FTIR spectroscopy. The
NPs of both crystals i.e. CE and WPE, confirmed the spherical crystals of various sizes.
Surprisingly, the CE-AgNPs synthesized at 60 °C have better antibacterial and antileishmanial activities as compared to WPE-AgNPs.
In the fourth experiment, we studied that physical parameters such as pH, salt
concentration and reaction time were able to regulate the shape of NPs of ZnO. The
reduction of zinc acetate dehydrates into hexagonal ZnO (CE) and triangular ZnO
(WPE) NPs has considerable potential as therapeutic point of view. The determination
xv

was made by using UV-spectra, XRD, FTIR, SEM and EDX. In addition, NPs were
evaluated for their potential cytotoxic (against HepG2 cell line) and antimicrobial
(against drug resistant Staphylococcus epidermidis, Bacillus subtilis, Klebsiella
pneumoniae and Pseudomonas aeruginosa) activities. It was found that these activities
are depend on the shape and charge on the surface of phytochemicals.
Current research focuses on the application of several in vitro tissue culture techniques
used in the production of important antioxidant metabolites with a systematic approach
to improve their production. These technologies provide a stable, reliable and renewable
source of valuable pharmaceutical products and can be widely used. In addition to the
therapeutic value of the secondary metabolites, the biologically synthesized NPs have
other commercial applications such as face cream, sunscreen, anti-aging creams,
cosmetics, pesticides and biological sensors etc.
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Chapter 1
1 INTRODUCTION
1.1 I. rugosus an important species of Lamiaceae family
Lamiaceae is one of the important families of dicot, also known as mint family (Sarac
and Ugur 2007). The plants of this aromatic family produce volatile compounds and
essential oils. Aromatic oils contain a mixture of low molecular weight carbon
containing antioxidant compounds (Giuliani and Bini 2008) including monoterpenes,
sesquiterpenes and phenylpropanoids etc. (Sangwan et al. 2001). The literature
reported about 236 genera and more than 6,000 species of family Lamiaceae. I.
rugosus is one of the important species of this family. Common names used by the
local population are different in various regions of Pakistan like "Da ghara karachay"
in Khyber Pakhtunkhwa, “Brutus” in Madyan and Swat, "Boee" in Abbotabad,
"Phaypush" in Gilgit (Khan and Khatoon 2007), and “Khwangere” in flora of
Pakistan (Rauf et al. 2012; Ali 1978). This species is important due to its original
flavor, fragrance or medical properties. Ethnologically, the cultural diversity of I.
rugosus in Pakistan is extremely rich. Locally, it is widely used in traditional
medicines due to its potential use in the primary health care system (Abbasi et al.
2010). I. rugosus is the most cited species in literature because of its enourmous
phramaeutical properties as well as horticultural and other aspects of daily life
(Lukhoba et al. 2006). The crude extracts of this species comprehend significant
biological activities such as antitumor, antiprophylactic, hypoglycemia, phytotoxicity
pesticides, antidiarrheal, anticholinesterase, inhibition of oxidative lipoxygenase and
bronchodilator (Janbaz et al. 2014; Ajmal et al. 2002; Zeb et al. 2014; Rauf et al.
2012; Rauf et al. 2013; Sher et al. 2011).

1.2 Distribution and habitat
Geographically, this species spread in the Gulf of Oman (southeast of Arabias) and in
the Hindu Kush region of the Himalayas including Pakistan, India, Nepal, southwest
China, Kashmir and Afghanistan (Verma et al. 2015). In Pakistan, it is allocated in the
northern areas of the Himalayas at a height of 1.5-2.5 km. The flowering period starts
from July to September and harvested in August to October. To achieve optimal
growth, it requires clay mud soil with pH ranging from 5.8 to 6.5.
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To propagate, it prefers moist soil in clear woodlands without shade.
Morphologically, it is a bushy and aromatic shrub. The stem is erect with large oval
leaves of variable size: 1.5-7 (9) x (1-4.5 cm), with a narrow margin, covered with
small thick hair on the abdominal sides. The leaves are generally green or dark green
at the top and white at the bottom with very thick hairs on the vertical side. The length
of petiole is usually 2.5 cm. The flowers are white and purple in color and the plant
grows on dry rocky slopes (Rauf et al. 2012).

Figure1.1 Taxonomic Hierarchy of I. rugosus:
(https://indiabiodiversity.org/species/show/25128)

1.3 Traditional and commercial importance
WHO (2013) reported the agenda with the objectives, trends and actions of traditional
medicine strategies for the period 2014-2023. They stressed that the most important
first strategy is to identify and understand the potential importance of traditional and
complementary medicines, which can only be possible when there is adequate
organization and implementation. Therefore, because of insufficient communication
with certain areas or people, information remains endemic. In the domain of
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medicine, ethnobotanical studies play very important role (Sonowal and Barua 2012).
Sinha (1998) estimated that local native population used various herbal remedies for
the treatment of several diseases. Traditionally and commercially, many plants that
belong to this family have an indigenous value such as flavor, perfume and/or
medicinal properties (Patil 2012). That was the reason that the plants in this region are
replacing allopathic in herb therapy. Therefore, there is a dire need to organize
specific programs to explore plants from these mountainous areas to obtain medicinal
plants of commercial importance. Biochemically, the presence of aromatic essential
oils i.e. characterizes the flora of the Lamiaceae family which is classified as exotic
species with therapeutic richness and has a clear application in the pharmaceutical,
aromatic and fragrance industries (Peter 2001). Economically the importance of I.
rugosus in Pakistan is not only due to aromatic essential oils but also due to their
conventional medicinal uses such as antiparasitic, antibacterial, germicidal, laxatives,
to treat ear inflammation, convulsions or nausea and vomiting (Lukhoba et al. 2006).
Generously, to rationalize its medicinal uses, I. rugosus was used as an alternative and
cheap source of pharmacologically potential compounds. In the Indo-Pak region,
medicinal plants are used to treat various diseases associated with health risks such as
blood pressure, microbial infections, hyperthermia, toothache and rheumatism (Khan
and Khatoon 2007). Bark tablets are used to treat dysentery and body pain (Shuaib
and khan 2015). Fresh plant leaves were used to reduce toothache and earache
(Akhtar et al. 2013; Ahmad et al. 2014). Leaves extract were also used to eliminate
fungal infections of the oral cavity. There are many reports on the antifungal activity
of this plant e.g. it eliminates the oral fungal infection (Rauf et al. 2012). In the same
way, the scientific community also confirmed the anti-emetic, antispasmodic and
antipyretic potential of this genre (Janbaz et al. 2014; Shuaib et al. 2015). The
medicinal purpose of this plant is not limited to humans but is also used for clinical
complications in animals. People often feed animals with whole plants for
reproductive disorders such as preserving the fetus. It is also commonly used as
snuffing, as a feedstuff for animals, fuel and as a blood clotting agent (Dilshad et al.
2008).
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Figure 1.2 Brief overview of I. rugosus

1.4 Pharmaceutically important phytochemicals of I. rugosus
Phytochemical studies of I. rugosus supported by Verma et al. (2015) and Zeb et al.
(2016) revealed the presence of steroids, flavonoids, terpenoids, soaps, tannins, heart
glycosides, coumarins, reducing sugars and β-cyanine. Furthermore, diterpenoids
(rugosinin, effusanin-A, effusanin-B, effusanin-E, lasiokaurin and oridonin) and
triterpenoids (plectranthoic acid A and B, acetyl plectranthoic acid and
plectranthadiol) have also been isolated from this plant. Essential oils are complex
mixture of biologically active compounds which make use of many of these family
members inevitable in herbal medicine and have a great application in many diseases
and as herbal remedy (Peter 2001). Similarly, Tiwari et al. (2008) reported that the
essential oils of this plant contain β-caryophyllene (38.4 %), germicene D (23.8 %),
spathulenol (3.2 %), α-cardinol (2.2 %), p-cymene (3.6 %), γ-terpinene (2.8 %) and
limonene (2.7 %) etc. I. rugosus is also a great source of bioactive phenolic
compounds e.g. caffeic acid, rosmarinic acid and flavonoids. Weyerstahl et al. (1983)
narrated review on the essential oils and pharmaceutically important biological
compounds of I. rugosus are shown in Table 1.1. Quideau et al. (2011) and Lattanzio
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(2003) comprehensively studied the prominence of phenolic compounds. They
theorized that phenols and polyphenols deliver phenolic ring of these compounds to
metabolic pathways, primarily synthesized from the shikimate pathway. These
compounds were firmly affected by the adverse ecological factors but generally, the
species of this family are found to bear all climate conditions, for example,
developing stages, stress and weather circumstances (Kiferle et al. 2011and 2013).

1.5 Plant Tissue culture
It is fair to call Gottlieb Haberlandt as the father of plant tissue culture (PTC). In the
early twentieth century, the concept of totipotency was opined at the German
Academy of Sciences in 1902. He published an article on "Experiments on the culture
of isolated plant cells”. He prophesied that, to my knowledge, there have been no
systematic attempts to culture vegetative plant cells isolated from higher plants. In
addition, it provides information on the interrelationships and complementary effects
on cells within a multicellular organism. He experimented with isolated
photosynthetic leaf cells and other functionally differentiated cells that have not
worked. However, he assumed that artificial embryos from vegetative cells can be
successfully planted. The reasons for their failure may be: (1) the use of three
monoclonal strains, and (2) the cultivation of mature and differentiated analgesics. He
also explained that the technique of growing isolated plant cells in the nutrient
solution allows the investigation of important problems through a new experimental
approach. After the 1920s, the discovery and development of tissue culture techniques
continued. White (1934) was the first who introduced the permanent root and
meristem culture of Lycopersicon esculentum (tomato). After that, root culture was
used as a major instrument for plant tissue culture and physiological studies. These
root crops were initially used for viral studies and later on as an important tool for
physiological studies. Gautherer founded the first true tissue culture in 1934 with Acer
pseudoplatanus. The decades 1940, 1950 and 1960 became an evolutionary period in
plant tissue culture techniques.
In all primitive experiments, pioneers used meristematic tissues as explant source.
Callus culture of many species including variety of woody and non-woody dicots, and
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gymnosperms herb, as well as the tissues of the gills crown, were also established
(Gautheret 1985). Soon after, the techniques used in tissue culture were expected to
undergo numerous changes including loss of sensitivity after addition of auxin,
meristems instability (Gautheret 1942-1955). Most of the techniques used in the
laboratory were largely developed today. Since the mid 1960s, considerable progress
has been made in many of the problems that were addressed in basic biology,
agriculture, horticulture and forestry in the 1970s and 1980s. The commercial
applications of plant tissue culture were easily divided into five broad areas: (1)
cellular behavior, (2) modification and improvement of plants, (3) pathogen-free
plants and storage of germplasm, (4) vegetative reproduction, and (5) product
formation. Moreover, the development of callus and cell culture techniques from
medicinal plants has allowed the identification of more than 80 vital enzymes. In fact,
advances in biotechnology for applied plants are fully compatible and undoubtedly
stimulate fundamental scientific progress, which remains the best hope for
environmentally sustainable and supportable agriculture practices (Kutchin 1998;
Schell 1995). In fact, the progress achieved over the last 100 years has surpassed the
in vitro technology that Haberland and other innovators could have assumed. At the
end of the 20th century, advances in genetic engineering and molecular biology
techniques opened new phase in the agricultural field to meet the increasing demand
of different products, as mentioned in Table 1.2 (Pareek 2005; Christou et al. 2006).

1.6 Potential role of in vitro propagation of medicinal plants
Unregulated biodiversity due to suburbanization and the logistical growth of landbased pharmaceutical plants results in over-exploitation of natural resources.
Therefore, the anthropogenic lifestyle of rapidly growing populations quickly
removes the natural ecosystem (Garcia-Gonzales et al. 2010). In agricultural sciences,
plant tissue culture strategies have improved significantly in recent years in plant
biotechnology.
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Table 1.1 Structural features, mechanism of action and biological role of various medicinal phytochemicals
S.
No

Phytochemical
constituents

Essential character

Biological
Applications

Flavonoids

Aromatic amino acid
phenylalanine, C=O,OH/hydroxyaltion,C6-C3+C6H6,
C15H10O2 + 3(-OH)

Antimicrobial,
Antidiarrheal

2

Phenols

C6H5OH, -OH group, C3 side
chain (binding bond)

Antimicrobial,
Anthelmintic,
Antidiarrheal,
Anticancer

3

Alkaloids

1

Direction of potential action
Adhesively form a complex structure round the cell wall through strong
bonding, prevents discharge of autacoids and prostaglandins and also hinders
the shrinkage due to spasmogens, stabilize the regulation of water across
mucosal cells, Impedes GI discharge of acetylcholine
-OH group inactivate some bacterial cellular enzymes, cell wall destruction as
a result amnioacids were released, phospholipids transmit the ability to resist
the action of phenol prevent the leakage of aminoacids, at the cellular cell act
as disinfectant to regulate the cytoplasm and nucleus, control the oxidative
stress, cytological damage of phenolic compounds
Easily insert into bacterial cell wall and parasite DNA, prevent discharge of
autacoids and prostaglandins, antioxidant potential, balance the nitrate
production for protein synthesis, conceal the stimulation and transmission of
sucrose to small intestine from stomach, immobility of CNS, reduce the
maintains of glucose towards helminthes

Saturated 3, 4 and 5-membered
nitrogen heterocycles

Antimicrobial,
Anthelmintic,
Antidiarrheal
Antimicrobial,
anticancer, antifungal,
Antileishmanial, antiinflammatory

Deformation of cell membrane, prevent the leakage of autacoids and
prostaglandins, inhibit cell permeability, leakage of intracellular compounds,

4

Terpenoids

Acetate products + branched or
cyclic or other functional
groups fatty acids, hydrocarbon
based on isoprene unit

5

Steroids

five-member cyclopentane ring,

Antidiarrheal, antiinflammatory

Acts as Receptor ligands, control metabolism by means of balancing salt and
water, regulate the immune system, act as hormone such as corticosteroid
either stimulate or inhibit the synthesis of specific proteins

6

Saponins/
glycosides

Sugar + non-carbohydrate
moiety, polycyclic aglycone
(choline steroid or triterpenoid
attached via C3)

Antidiarrheal,
amphipathic agent

Protect plant from various disease and herbivores, speed up the body's ability
to absorb calcium and silicon, supporting in digestion, increased excretion of
cholesterol

Polymeric phenols (Mol. Wt.
500-3000)

Antioxidants,
anticarcinogens, antiinflammatory

Tannin provide good binding site in the host to number of digestive enzymes,
inhibitors of microbial cellulases and pectinases, catalytic function of tannin
bound substrates, increased oxidative stress, it readily binds with protein and
soil N-organic compounds increase the mineralization and nitrification rates,
through microbial enzymes or substrate enzymes.

7

Tannins
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Polypeptides/l
ectins

Proteins

Antimicrobial, antiviral

9

Essential oils

complex mixtures of volatile
compounds, hydrocarbon and
oxygenated sesquiterpens

Antimicrobial,
Anthelmintic,
Antidiarrheal,
Anticancer, Insecticidal
Activity

10

Quinones

Aromatic rings, two ketone
substitutions

Antimicrobial
antifungal, and
antitumor activities

11

Linoleic acid
ethyl ester

C20H36O2 (octa decadienoic
acid, ethyl ester)

antimicrobial,
antifungal agents

12

Carotenoids

repeating, branched five-carbon
unit of isoprenoids, conjugated
double bond

13

Rosmarinic
acid

(caffeic acid ester) 3, 4dihydroxyphenyllactic acid

14

Caffeic acid

3,4-dihydroxy-cinnamic acid

8

Antioxidants,
anticancer, immune
function, coronary heart
diseases
Anticancer,
Neuroprotectie,
Antiatherogenic,
AntibacteriaAntiviral,
Antidiabet
Antioxidant, Antiinflammatory,
Anticancer, Neuro and
hepatoprotective

Through disulfide bond inhibit fusion and adsorption of viruses, act as
signaling molecules release at the time of physiological changes, treated and
deposited within secretory vesicles, plant growth hormones
Intrinsic factors released from the plant interact with environment, involved in
plant maturity, leakage of bacterial cells can lead to viability loss, eventually
cell death, antioxidant activity of essential oils is also due to certain alcohols,
ethers, ketones, aldehydes etc., increase of permeability of endothelial lining
cells and influxes of blood leukocytes into the interstitial, oxidative burst, and
release of cytokines, damage of lipids and protein, as a result permeability of
the outer and inner membranes causes cell death by apoptosis and necrosis
Electron carriers playing a role in photosynthesis, binds adhesively to the cell
wall forming complex structure, inactivates enzymes, osteoporosis and
cardiovascular diseases, act as redox cycling molecules and have the potential
to bind to thiol, amine and hydroxyl groups, nucleophilic attack
anti-melanogenic effect is mediated by inhibiting cAMP production,
perturbation, further involved in osmotic stress, attack by plant pathogens and
wounding, elicit, increased formation of jasmonates and other biologically
active, oxylipins in plant leaves, markers of alcohol consumption,
Control the absorption of light, capable of excitation energy transfer,
protection from photo damage, control the coloration patterns in plants,
modification of biologically important molecules in photo-oxidative reactions
Hydrogen of phenolic ring act as free radical scavenging, in the presence of
catechol moieties able to penetrate the lipid layer and protect them from the
oxidation damage.

Regulate the methylation of DNA, histone variations, miRNA expression

(Srivastava and Thompson 1966; Cowan 1999; Roopashree et al. 2008; Mute 2009; Wang et al. 2010; Kumar et al. 2010; Sam et al. 2012; Krishnaveni et al. 2014; Nisar et al. 2015;
Dhifi et al. 2016; Trivellini et al. 2016).

8

Chapter 1

Introduction

Simultaneously, a large number of therapeutic plants do not produce seeds or seeds
are too small to germinate in the soil. To deal with this situation, micro-propagation
technique is a good technique among all other techniques. It is a plant propagation
system for the production of plants cloned from explants and seeds. The whole
process is carried out in aseptic environment on growth media (Thorpe 2007). In plant
breeding, disease eradication, plant improvement and the production of secondary
metabolites through plant tissue culture is a key factor in industrial spectra. The
advantages of in-vitro plant tissue culture of medicinal plant are listed below
(Debnath et al. 2006; Sidhu 2010; EI-Meskaoui 2013):
➢ In a limited time, high rate of multiplication of desired character of plant can
be achieved.
➢ Plant environment can be easily controlled or changed to achieve optimum
growth.
➢ Independent of regional or seasonal variation, plant remains available all year
round.
➢ Cells with desired characters can be cloned instead of whole plant.
➢ For commercial purpose, production of secondary metabolites can be done on
large scale.
➢ Because of their production in a sterile environment, a new and improved
genetically engineered plant can be formed.
➢ Preservation of endanger plant species to halt extinction.
➢ By cryopreservation, genetic material can be preserved.
➢ In the absence of seed and pollinators, plants can be produced.
➢ Availability of plants from seeds of low germination and growth.
➢ Potential of producing high-quality plant medicines.
➢ Rational growth and regulation of secondary metabolites reduce the labor cost.
➢ Extraction of pharmaceutically important organic compound through callus
culture.
➢ Ground production of new synthetic bioactive compounds.
➢ In-vitro propagation is a source of taxonomical markers for the invention of
new plant-based medicinal compounds.
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Table 1.2 Brief summary of important contribution in plant tissue culture (Thorpe
2006; Rai 2007; Hussain et al. 2012)
Authors

Year

1

Schleiden and Schwann

1838

2
3

Haberlandt
Kalte and Robbins

1902
1922

4

Went

1926
1939

Proliferation of callus culture

6
7
8
9
10

Gautheret, white and
nobecourt
Overbeck
Muir
Skoog and Miller
Kanta and Maheshwari
Bergmann
Murashige and shoog
Takebe et al

1941
1954
1955
1960
1960
1962
1971

11

Zenk, M. H/ Widholm, J. M.

1978

12
13
14

Larkin and Scowcroft
Horsh et al
Fraley et al

1981
1984
1985

15

Eilert, U/ Kurz, W.G.W.

1987/1988

16

Redenbaugh, K

1993

17

Kartha, K. K/ Engelmann, F.

1994

18

Cloutier, S / Landry, B. S.

1994

1st to add coconut milk for cell division in Dhatura
Break callus tissue into single cell
Keratin – as a cell division hormone
Pioneer of test tube fertilization technique
Cell suspension/invented single cell by plating
MS medium with higher salt
Plant regeneration from protoplasts
High yield of desire strain production by ELISA
and RIA techniques/ 1st used mutant cell line
respectively
Predicted the somaclonal variation term
Transgenic tobacco
natural gene transfer capability of Agrobacterium
Abiotic and biotic factors/1st use the mutant cell
line for production of desire product
Proposed artificial seed technology
Invention of germplasm storage technology known
as cryopreservation
Successfully applied Molecular markers inside
plant tissue

19

Nomura and
Komamine/Dudits et al

1995

20

Klien et al

1987

21

Potrykus
International rice genome
sequencing project

2001

5

22

2005

Experimental work
Predicted that cell as a basic structural unit of all
living organism
Pioneer of in-vitro cell culture concept
Predicted root and stem cultured tips respectively
Invented Indole-acetic acid a plant growth
hormone

Somatic embryogenesis
biolistic approach (transform any plant species and
genotype)
Invented Golden Rice
By international rice genome sequencing project:
introduce the Sequencing of rice genome

1.7 Industrial scope of plant tissue culture
According to current trends, when raw materials are provided in pure form, the value
of all herbal ingredients has become industrially viable, which is only possible
through plant tissue culture techniques such as e.g. essential oils, food industries
(flavorings and colorings agents that have wide application in preparation of food, ice
cream and confectionary industries), cosmetic industries and ornamental industries
etc. (Garcia-Gonzales et al. 2010). The number of companies producing these type of
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products increases each year. As evidenced by Debnath et al. (2006), the marketing
and export capacity of medicinal plants is increasing every day. About $60 billion, the
grassroots business is growing at an annual rate of 7% and may want to increase $5
billion by 2050. The assumption is that Europe's annual cost is about 400,000 tones
with an average commercial value of USD 1,000 million from pharmaceutical
factories in Africa and Asia, especially China, India and Singapore. The practice of
traditional herbal medicine extends to China, India, Japan, Pakistan, Sri Lanka and
Thailand (Debnath et al. 2006). Brinkman has reported the prices in the international
market for extracts and essential oils of medicinal plants in 2006 and 2007. In
Pakistan, with limited resources and research organization, insufficient articles related
to plant tissue culture were published such as the Department of Genetics, University
of Karachi, C.C.R.I, Multan, and department of Botany, Peshawar University. After
the 1980s, significant progress was made in the field of many tissue culture
laboratories in Pakistan (Abbasi et al. 2010). In 2004, a plant tissue culture laboratory
was constructed in the Qarshi industries to preserve endangered medicinal plants. This
lab presently engaged with essential endangered woody plant varieties. Ongoing
projects working on the development of the protocols "orchid butterfly, tobacco,
honey plant, potatoes and nuts" (Hussain et al. 2012). Today, the technology has
expanded to a stage where the private and commercial sectors are eagaged in
continuous progress in agriculture, elimination of plant diseases, embodiment of new
varieties, the short-term breeding cycle and the conservation of rare and endangered
plant species.

1.8 Importance of callus cultures of medicinal plants
In basic science and commercial application, plant tissue culture is an important
technique. Infected tissues are recovered by non-distinct callus cells. These callus
cells can be cultured in vitro for biotechnological applications. Due to the flexible
nature of biotechnology applications in the laboratory, any part of the plant can be
used to generate non-differentiated callus culture (Georgiev et al. 2009; Nascimento
and Fett-Neto 2010). The word “callus” is basically derived from Latin word
“callum” which sounds rigid. In the early stages of plant science, callus symbolize a
substantial cell growth and multiplication of callus linked to the wound (Steward et al.
1958). Nowadays, this word is used in a more literal way as undifferentiated
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proliferative mass of cells aseptically drown on artificially nutrient medium under
well-ordered experimental circumstances in response to biotic and abiotic stresses,
characteristically termed as friable or compact callus (Ikeuchi et al. 2013). Under
sterial conditions, wounded fragments obtained from plant tissues slowly grow in in
vitro conditions in a mass of cells that vary from amorphous and colorless to pale
brown. Callus cultured in a medium supplemented by growth hormones (auxin and
cytokinin) resemble meristematic undifferentiated cells (Granatek and Cockerline
1978). The calli expresses a certain degree of regeneration, such as rooting or
shooting of explants, depending on the type of organ being generated, known as
regeneration (Frank et al. 2000). Later, after revolutionary innovation in the
production of in vitro callus culture under the balanced amount of plant growth
regulators, such as auxin and cytokinin against various physiological and
environmental stimuli, regulate the state of differentiation and loss of ability to
differentiate (Skoog and Miller 1957). In tissue culture, the exogenous approach of
auxin and cytokinin supports the induction of callus in almost all plant species;
however, the elevation of auxin to cytokinin or cytokinin to auxin promotes
callogenesis, rooting, and shooting respectively (Hu et al. 2000). The formation of
callus means continuous exercises that prefer the production and accumulation of
secondary metabolites from the explants, both in induction and regeneration. This
production occurred in a very short period of time without eliminating the compounds
of the mother plant that allow the production of plants that produce the desired
metabolites. At the same time, the combination of media with growth regulators from
the same plants has a significant impact on the initiation of all types of in vitro
cultivation techniques. These stimuli are widely used to improve induction and
maintain callus (Jiang et al. 1998), as explain in Figure 1.3. Therefore, it is necessary
to formulate a competent procedure to accelerate the spread of in vitro callus to
expand experimental opportunities through tissue culture technique along with
various explants and media.
1.8.1 Production of important secondary metabolites in callus cultures
Pervious reports explain that part of the metabolites or secondary phytochemicals
have no documented role in plant life, but have a very important role in the defense
system and plant interaction with the surrounding climate and attract pollinator
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insects, etc. These metabolites are usually very low, approximately 1% DW. In
general, the type of secondary metabolite depends on a variety of plants, physiology
and plant growth stage (Rao and Ravishankar 2002). In many applications, the
synthesis of phytochemicals is an exceptional or economically impractical challenge
(Namdeo 2007). Many medicinal plants with high-value metabolites are difficult to
harvest. Other complications related to the selection and collection of secondary plant
metabolites consist of uncontrollable environmental problems, e.g. crop quality,
government and labor instability, inability of establishments to avoid crop contagion,
pollution, fatal loading and storage management (Rhodes et al. 1986). To overcome
these problems, cell and callus culture techniques are a promising tool for the
production of phytochemicals that can be used in various industries, including the
food, nutrient and pharmaceutical industries. Literature reported, callus induction
potency such as growth, pigmentation, texture, callus volume, fresh and dry weight,
and the accumulation of secondary metabolites are affected by labor, and associations
the applied ratio of growth hormone or the used reagents (Zhong 2001). Therefore,
the emerging value of phytochemicals opens the level of interest in changing and
improving agricultural technology and industrial science. During the last decades in
the United States, Germany and Japan, an industrial scientist focused on the
production of secondary metabolites of plants by in vitro culturing cells by means of
using bacteria and fungus (Mulabagal and Tsay 2004). The world of agriculture has
significantly achieved the production of some commercially important secondary
metabolites such as chiconin, berbarin and sanguinarine of Lithospermum
erythrorhizon, Coptis japonica and Papaver somniferum using tissue culture
techniques (Dicosmo and Misawa 1995; Matsubara et al. 1989). Plant and cell culture
techniques may have a positive, stable and secure basis for plant-mediated
pharmaceuticals. At present, fertility and yield cannot justify commercial economic
exploitation of biological treatments of secondary metabolites based on plant cells.
Spreading the new trend of recent developments, the range and potential of cell-based
practices have been bitterly tested (Rates 2001; Abdin 2007). Generally, at some point
these trial and errors do not produce the desired product. Therefore, such strategies
and approaches are required to improve the performance and quality of secondary
metabolism, for example elicitors: biotic and abiotic stimulators. Traditionally, these
stimulators activate the production and accumulation of biochemical pathways from
secondary metabolites (Curtin et al. 2003).
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Figure 1.3 Brief schematic step-wise process of in-vitro callus culture technique by
plant tissue culture described in flow chart

1.9 Approaches used to enhance the efficacy of secondary metabolites in
plant cell and tissue cultures
In addition to current estimable methods separating biologically active compounds
from conventional research, alternative biotechnological approaches will be used to
enrich plant biological active compounds to grow cells, organelles and tissues.
Therefore, the composition of these compounds, such as alkaloids, flavonoids,
terpenoids, steroids, glycosides, etc. should be increased with the separate advantages
used to produce a valuable by-product in plant tissue culture (Zenk 1978).
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1.9.1.1 Plant Growth regulators
In the process of plant tissue and cells culture, the proportion or concentration of
growth regulators/phytohormones (alone or in combination) is often considered an
essential aspect of the accumulation of phytochemicals. Therefore, the primary role of
plant hormones is (1) to induce callus in cells / tissues (2) to stimulate different cell
lines (Dörnemburg and Knorr 1995). Plant hormones are classified as the hormones of
auxins and plant cytokines. Nature and ratio of auxin/cytokinin also change the
formation of plant by products in callus cultures. In general, induction of callus in
different plant species requires several types of growth regulators in different
quantities to generate callus biomass, accumulation and assembling of plant
secondary metabolites.
1.9.1.1.1 Auxins
Auxin is a Greek word meaning expansion/growth. Auxins stimulate cell division,
elongation of cells and the formation of callus in cultures (Bandurski et al. 1995;
Brock and Kaufman 1991). As in the early 1930s, auxins were supposed to be derived
from tryptophan. But in 1937, Thimann and Went identified auxin as an organic
element that, when used in low concentration, stimulates shooting in plants along the
longitudinal axis. They also discoverd that auxins were synthesised in shoot apices,
young leaf and developing seeds. Types, concentrations and a combination of auxins
with cytokines that protect them from oxidative damage, promote calli growth,
stimulate the morphogenesis and are enzymatically released when necessary. There
are two types of auxins: natural and synthetic auxins, for example, IAA, phenyl acetic
acid, indole-3-acetaldehyde (natural auxins), while IBA, indole pyruvic acid, indole 3propionic acid, 2, 4 dichlorophenoxy acetic acid are synthetic auxins (Thimann and
Schneider 1939; Gaspar et al. 1994). In the physiological process of some plants,
auxins need proteins, such as auxin binding proteins, to regulate cell growth and cell
division (Venis and Napier 1991), used as weed killer, promote adventitious root
formation, increased expression and proton efflux of cell during cell devision (Hager
et al. 1971; Hemerly et al. 1993), also play important role in the differentiation of
shoots and roots (Aloni 2004).
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1.9.1.1.2 Cytokinins
Cytokinin is an artificial hormone that does not occur naturally, also known as kinetin
(6-furfuryl amino-purine) (Letham 1967). Most cytokines are produced in the roots
and are found in all complex plants. In in vitro tissue culture techniques, cytokines
can be classified into two main categories: adenine-like cytokines: zeatin,
benzyladenine/ benzylaminopurine and kinetin and cytokinins-like phenylurea:
thidiazuron and diphenylurea. Cytokines play different important physiological roles
when they interact with biotic and abiotic factors (Argueso et al. 2012). The major
reported role of cytokinin is shoot proliferation and callus production in woody and
herbaceous species by inducing differentiation and cell division as well as protein and
enzyme activities in callus/tissue cultures. Other functions include as elongation of
cell in undeveloped leaves, differentiation of plant tissues, flowering, fruiting and
delayed aging in leaves (Werner et al. 2001). Many naturally occurring cytokines
perform important functions in biological assays such as zeatin in immature maize
and aromatic cytokines like benzyl adenine.
1.9.1.2 Elicitation of secondary metabolites
Previously, the term elicitor was used for molecules capable of producing
phytoalexins, but is now commonly used for compounds that stimulate any type of
plant protection, which can be biotic or abiotic source (Hahn 1996). In plant tissue
culture, cells that grow formally and physiologically respond to several factors, such
as fungal, microbial, physical or chemical factors, known as elicitors. Therefore,
hypothetically it is an element that stimulats the cellular environment in a small
amount, trying to move the biological synthesis of certain compounds (Namdeo
2007). In addition, production of defensive secondary metabolites is produced by
invading the pathogen or other elements of stress, including UV rays, osmotic shock,
fatty acids, inorganic salts, and heavy metal ions, as seen in Figure 1.4. Induction of
elicitor was used to increase the synthesis of secondary metabolites from plants that
ensure their stability, thereby reducing process time to obtain high yields of
metabolites and biomass. Therefore, elicitation was a fundamental approach to the
transcription of biologically active metabolites for commercial or quasi-commercial
production of compounds such as shikonin, ginsenosides, berberine and taxol (Malik
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et al. 2016), responsible for the production of various valuable plant compounds
(Mulabagal and Tsay 2004).
Biotic elicitors: Biotic elicitors are substances of biological origin that include
polysaccrides that originate from the walls of plant cells (e.g. chitin, pectin, cellulose)
and microorganisms, yeast, fungal, glycoprotein (Simic et al. 2014; Ahmed et al.
2014; Baldi et al. 2009; Chodisetti et al. 2013; Keen and Legrandt 1980).
Abiotic elicitors: Abiotic elicitors include non-biological materials and are
synthesized by physical, chemical and hormonal factors e.g. melatonin, light, methyl
jasmonate, jasmonic acid, calcium, polyamines, salicylic acid, nitric oxide, serotonin,
abscisic acid, metal ions, plant growth regulators, temperature and chemical stress
(Arnao and Hernandez-Ruiz 2006; Anasori and Asghari 2008; Perez et al. 1997; Van
et al. 2000; Tuteja and Mahajan 2007; Gill and Tuteja 2010; Pitta-Alvarez et al. 2000;
Tuteja and Sopory 2008; Murch et al. 2009; Tuteja and Mahajan 2007; Thimmaraju
and Ravishankar 2004; Karuppusam 2009; Morison and Lawlor 1999; Mahajan and
Tuteja 2005) (Figure 1.4).
1.9.3 Melatonin
Plant melatonin, also known as "phytomelatonin (N-acetyl-5-methoxytryptamine)",
was studied by some authors as an interesting natural antioxidant molecule. It is
lipophilic indoleamine compound discovered in 1917s, which is found in humans,
animals, plants and microbes (Messner et al. 2001). Under different concentrations,
melatonin can significantly affect growth and development. The sensitivity of
melatonin varies in plant species, as evident in Brassica juncea, where it was
observed that low-concentration melatonin stimulates the roots of 0.1 milligrams of
the grammatical molecule, while high concentration caused inhibition (Chen et al.
2009). Similarly, high concentrations can lead to toxic effects in tissue culture in
plants and cells, so the concentration of melatonin in plants varies from picograms to
micrograms per gram of tissue. It is estimated that a high level can accurately reduce
ROS in cells, as this affects ROS signals and hinders cell growth (Afreen et al. 2006).
Treatment with melatonin improves seed multiplication and development even under
cold stress and CuSO4, respectively (Kho lodova et al. 2018). More importantly,
melatonin can decisively demonstrate the inhibitory effects of the photo and thermal
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sensitivity on the seed germination of Phacelia tanacetifolia Benth (Tiryaki and Keles
2012). Other important properties were also noted in the literature, such as the
regulation of chlorophyllase reduction (CLH1), which is associated with degradation
of chlorophyll (Weeda et al. 2014) and the electrochemical potential of melatonin,
which was activated when installed with Cu2+ and Cu1+ causing damage by free
radical scavenger effect (Parmar et al. 2002).
1.9.1.3 Effect of Melatonin under physiological stress conditions
The effect of melatonin applied exogenously varies from a significant improvement to
being ineffective or even toxic. The percentage applied during the in vitro technique is
the cause of the difference. Melatonin may play a significantly different role in the
regulation of growth and development of plants at low and high concentrations in the
same species. It is reported that the concentration of melatonin inside the cell
responds to external conditions (Arnao and Hernández-Ruiz 2009b, 2013,
respectively). Therefore, the variation of physiological factors such as light,
temperature and environmental pressure can increase the effect of melatonin. These
factors are used to promote the production of secondary metabolites in callus cultures
of medicinal plants. Arnao and Hernández-Ruiz identified the level of melatonin in
the roots of barley and lupine under adverse natural or artificial conditions, treating
the plants with chemical stressing agents, sodium chloride, zinc sulfate or hydrogen
peroxide.
The responses in both lupin and barley were clearly dose dependent and time
dependent. Melatonin levels were also examined in Glycyrrhyza uralensis under
different spectral quality lights. Melatonin levels can be improved in roots when
plants are exposed to UV-B rays. The researchers predict that the production of
melatonin at high pressure can be an adaptive reaction to plants to withstand adverse
environmental conditions (Afreen et al. 2006). In addition, exposure to sunlight
increases the production of metabolites in the roots up to 3 times and 2.5 times less
than artificial light, because restricting the supply of oxygen leads to a smaller
increase in melatonin levels (Tan et al. 2007a). Therefore, the main role of melatonin
may be associated with photosynthesis or photoprotection.
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Figure 1.4 Factors involved in elicitation
Dark and high temperature improved melatonin synthesis in rice seeds due to
increased serotonin N-acetyltransferase and N-acetylserotonine methyltransferase
(Byeon and Back 2013; Tal et al. 2011). In green algae, Ulva sp, temperature,
cadmium, heavy metals, lead and zinc led to high levels of melatonin. This suggests
that melatonin is involved in adaptation to environmental stress. Melatonin levels in
plants increase significantly under different stress conditions. It is believed that this
increase is beneficial for stress resistance. The use of exogenous melatonin is often
involved to reduce the damaging effects of stress.

1.10 Potential role of pharmaceutical important Secondary Metabolites of
I. rugosus (Phenolics and pantacyclic triterprenoids)
Nature has produced fascinating complex molecules that no artificial chemist
estimates. Medical plants have been used in almost all cultures as a source of
medicine since ancient time (Brower 2008). But before realizing that there are active
pharmaceutical compounds in medicinal plants responsible for their effectiveness.
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That states that herbalists are used to identify herbs to treat diseases e.g. kidney beans,
looks like human kidneys, cures the kidneys and helps maintain kidney function,
carrot similar to the cross section of the cornea of the human eye, it improves blood
flow to the eye and aids in the general function of the eyes and so on (Gunther 1959;
Tamsyn 1994; Lev 2002). Many researchers have revealed that among many of the
compounds analyzed for cancer treatment, the herbal compound proved to be a great
opportunity for prevention and treatment of various diseases. To treat this deadly
disease, secondary plant-based metabolites play a crucial role for at least 4 years. The
findings of paclitaxel, vinca alkaloids, and etoposide a comptothein metabolites to the
industrial level support the discovery of modern medicines and programs of herbal
product (Younes et al. 2007). Vinblastine and vincristine were also anti-cancer
substitutes based on plants introduced in the late 1960s. As a result, for a long time,
these metabolites are used practically to treat various diseases, such as childhood
leukemia, testicular necrosis and Hodgkin's disease. One of the most important
discoveries of herbal products, paclitaxel, is the basis for cancer treatment for breast
and ovarian cancer (Mann 2002). The global interest in medicinal herbs is growing
gradually, but due to limited sources of wild plants, the production of herbal products
in the laboratory has increased industrially in recent years, such as paclitaxel (Eibl and
Eibl 2008). Unexpectedly, only 15-20% of terrestrial plants were estimated for their
pharmaceutical potential (Tan et al. 2006). Previous results and analyzes confirmed
the pharmacological capacities of many triterpenoids, despite their biological
properties, such as inhibition of bacterial and viral oxidation and growth, anti-allergic
drugs, anti-itching, blood vessel inhibitors and spasm activity (Sultana and Ata 2008;
Shah et al. 2009). A large number of triterpenoids have been also reported to possess
cytotoxicity against cancer cells without harming normal cells in preclinical tests
(Setzeret al. 2003; Liby et al. 2007; Laszczyk 2009). Several pentacyclic triterpenoids
such as betulinic acid, plecthranthoic acid, oleanolic acid, urosolic acid, and its
derivatives acquire Kinase-C protein, which is theoretically an anticancer agent
(Fujioka et al. 1994; Moon et al. 2011). The literature also helps to discover that
phenols are a prominent class of secondary metabolites of therapeutic plants, involved
in the defense system. Zeb et al. (2014) studied the phenolic compounds of I. rugosus
as acetylcholinesterase inhibitors and antioxidant compounds. These phenolic
antioxidants are attributed to the oxidative properties that allow them to donate
hydrogen or to put down the circulatory oxygen (Ayaz et al. 2014; Shahidi and
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Wanasundara 1992). They have the ability to eliminate free radicals due to the
presence of hydroxyl groups. Herb-mediated compounds show some important traits
that help to inhibit cancer activity, such as blocking the proliferation of cancer cells,
including apoptosis. The results from the literature also indicate that these
polyphenols restrict the activity of cancer cell protein, which support cell growth,
through regulation of acetate, methyl or phosphorylation of polyphenols. Plants are
also a good source of effective medications of anti- Alzheimer's disease drugs.
Among the currently available anti-Alzheimer's drugs, physostigmine, and
galanthamine are also derived from medicinal plants. Sadiq et al. (2018) studied the
inhibitory activity of antioxidant of I. rugosus potentially effective in the management
and treatment of Alzheimer's patients. Thus, I. rugosus contain a large number of
chemical components and many functional groups, such as C = C- alkenyl, C = Namide, O = H- phenolic and alcohol, N = H-, CH and COO - carboxylic acid involved
in the treatment of many genetic disorders such as Alzheimer's disease. It is
responsible for 60 % of all mental disorders in adults of moderate or older age and 21
% percent is due to ecological factor (Francis et al. 1999), which generally leads to
neuronal loss. Currently, the most accepted treatment strategy for Alzheimer's are
cholinesterase inhibitors, which can inhibit the activity of acetylcholinesterase
(AChE) and butyrylcholinesterase (BChE) to improve acetylcholine levels in the
brain.

1.11 Quantification analysis of Pharmaceutical important secondary
metabolites by HPLC
High performance liquid chromatography (HPLC) is a chromatographic technique
used to split a mixture of compounds in the fields of analytical chemistry,
biochemistry and industry. Therefore, secondary metabolic analysis is necessary for
the extraction, purification, separation, crystallization and identification of various
plant compounds. HPLC plays an important and vital role in the pharmaceutical
industry, as it is used to test products and discover the main ingredients used in their
manufacture, that is, qualitative and quantitative analysis (Hassan 2012). But in fact
with some restrictions, the polysaccharides (which are very watery for any absorption
in the solid phase) and the polynucleotides cannot be separated (irreversibly damaged
to fill the opposite phase).
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Pharmaceutical companies require disclosing the quality of their products through
HPLC before allowing them to sell in the global market. These benefits from the use
of HPLC are not limited to drugs and synthetic formulas but also include herbal
medicines. In addition, the use of HPLC in these areas is part of the strict regulations
of the FDA. A brief description of how HPLC works, is explained in the literature. In
very small amount, the sample mixture is sent to be separated and tested in a mobile
phase stream that radiates through the column. The active compounds or components
are separated according to their interaction with the solid particles of the solvent and
packaging of the mobile column. HPLC is useful for compounds that cannot be
fumigated or decomposed at high temperatures. This provides both qualitative and
quantitative measurements in a single process. HPLC with an ultraviolet ray detector
and mass spectrometry provides more structural information about the compounds. A
combination of hydrophobic and van der Waals interactions between each target
compound and the fixed and mobile phases allows retention of these compounds by
the inverted phase (Moreno-Arribas and Polo 2003; He et al. 1996). HPLC is a useful
addition to an analytical collection, especially for separating the sample before further
analysis.

1.12 Phytonanotechnology
Nanoparticles are of great importance in nanotechnology as base building blocks in
nanodevices for various practical applications. They are carried out on a small scale,
larger than the level of atoms and molecules, but in the range of 1-100 nm. The word
"nano" is derived from the Greek term "dwarf", meaning a trillion-scale object (10-9
m) (Adhikari et al. 2013). Basically, Richard Feynman presented the theory of
nanotechnology in his speech "There is a lot of space in the background" at the
American Institute of Technology in 1959 (Richard and Feynman 1959). Currently,
the practice of nanoparticles reaches the level of primitive concerns, because they
contain specific electronic (Peto et al. 2002), chemical (Kumar et al., 2003), optical
(Krolikowska et al. 2003) and mechanical properties (Chandrasekharan and Kamat
2000). The field of nanotechnology has great potential in plant sciences, providing
time-specific, targeted, programmed, self-regulating and multifunctional capabilities.
Formation of nanoparticles by herbal methodology termed as green chemistry or
phytonanotechnology that intersects nanotechnology and plant biotechnology
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(Raveendran et al. 2003). Over the years, scientists have studied nanotechnology as a
pioneering technique linked to different branches of science, such as physics,
chemistry, biology, materials science and medicine. Therefore, the formation of
biologically synthesized nanoparticles ranges from fungi to bacteria to even plants
(Bhattacharya and Rajinder 2005), and hence, single- and multi-cell organisms, both
inside and outside the cell, are mutually involved in the synthesis of inorganic
materials (Mann 1996). Several parts of the plant, including leaves, fruits, stems and
root extracts, have been used to make NPs, which are more useful than microbial
nanoparticles because they eliminate the time and cost of labor to maintain the
microbial culture, as well as the also maintain the biological compatibility and
flexibility (Amooaghaie et al. 2015; Sadeghi et al. 2015; Noruzi 2015). This provides
an effective way to avoid the repeated use of conventional agricultural chemicals and
reduce the harmful effects on plants and the environment. In addition, the process of
binding nucleotides, proteins and other active molecules (NP) has the ability to
modify the gene and regulate the metabolism of plants. However, despite all the
benefits, attention must be paid to the principle of safety protocols to address public
concerns about the potential adverse effects of new engineered nanoparticles on the
ecosystem (Duan et al. 2015). From the literature, it was hypothesized that proteins,
amino acids, organic acids, vitamins and secondary metabolites such as flavonoids,
alkaloids, polyphenols, terpenoids, heterogeneous and polycyclic compounds were
involved in reduction and stabilization of nanoparticles during synthesis. In spite of
these interesting opportunities, to ensure the safe use and social acceptance of plant
technology, studies should investigate the toxicity and food processing of nonagricultural products under realistic and environmentally friendly conditions
(Scheringer 2008).
1.12.1.1 Factors affecting the synthesis of metallic nanoparticles
For the evolution of nanomaterials, considerable efforts are being made to improve
the performance of non-toxic nanoparticles by means of biotechnology tools
(Chauhan et al. 2012). Previous studies confirmed that there are many elements that
affect the structure, characterization and biological application of nanoparticles, such
as the effect of pH, temperature in synthesis/annealing, coating agent, and various
salts and their ratios (Narayanan and Sakthivel 2011; Baker et al. 2013). Globally,
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different protocols are used to synthesize nanoparticles and expansion techniques
based on mechanical measurements using physical techniques that follow chemical
and biological protocols through organic or inorganic chemicals and organisms, for
example, shape and size of particles depends mainly on pH, temperature and duration.
Therefore, bottom-up approach is used for biologically synthesized metallic
nanoparticles (Kharissova et al. 2013; Vadlapudi and Kaladhar 2014). Similarly, Soni
and Prakash (2011) estimated that by rotating the pH of the medium, desired
nanoparticles could be obtained. Pondey et al. (2012) and Chitrs and Annadurai
(2014) noted that the stability of nanoparticles increases at alkaline pH with
subsequent crystallization of nanoparticles which also participate in nucleation and
growth. At the alkaline pH, the absorption peaks are narrow with a uniform size; this
may be due to electron interactions, whereas in acidic medium peaks become wider
and increase the size of the molecules. Another major limiting factor in the production
of nanoparticles is temperature or heat. The literature has also shown that the installer
can control the growth of the nanoparticles, so it is possible to imagine the size/ shape
of the nanoparticles by means of shielding agents (Zhang et al. 2007). Guisbiers et al.
(2012) and Mclellan et al. (2006) studied the effect of size / shape on the spectral
results of nanoparticles. They noted that each particular nanoparticle gives different
SPR responses. Instead, these SPR peaks are based on the heating process of
triangular AgNPs. These results indicate that the temperature not only affects the
reaction rate but also handles the peaks of the geometrical different AgNPs. Thus, the
basis of excellence and the nature of metallic nanoparticles are based on incubation
time and duration of reaction (Darroudi et al. 2011). In the same way, the properties
of metallic nanoparticles also depend on time, but they are also affected by synthesis,
light stimulation, controlled storage, and so on (Kuchibhatla et al. 2012;
Mudunkotuwa et al. 2012). Akbari et al. (2011) noted the same observation that with
the reduction in the size of nanoparticles, the melting point of the reaction gradually
decreased. Physical appearance of these metallic particles counted on some other
variations such as clumping of particles due to long exposure time; nano size shrinks
or proliferates, thus affect their self-life potential (Baer 2011). Baer et al. (2013)
discovered that chemical properties and energy stimulate the nature and shape of
nanoparticles. Abhailash et al. (2012) and Tran et al. (2013) discovered that
environmental stress is also an important factor and plays a vital role in the synthesis
of metal ions by controlling the process of reducing chemical reaction with biological
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agents. In addition to all these elements, vital factors such as plant, fungi, yeast,
bacteria and others, also contributes to reducing and stabilizing agents for the
formation of nanoparticles, for example, secondary metabolites. In addition, the
composition and nature of secondary metabolites varies according to the nature and
parts of the plant, manufacturer and extraction protocols (Anderson et al. 1999; Klaus
et al. 1999; Reeves and Baker 2000; Lamb et al. 2001a; Gericke and Pinches 2006;
Mukherjee et al. 2002, Gardea-Torresdey et al. 2002, 2005; Kariuki et al. 2004;
Gardea-Torresdey et al. 2005; Dimitratos et al. 2005; Bianchi et al. 2005; Comotti et
al. 2006; Singha et al. 2009; Anigol et al. 2017; Vanaja et al. 2013; Traiwatcharanon
et al. 2015).
1.12.1.2 Substantial role of biogenically synthesized metallic (Ag and ZnO)
nanoparticles
We are in the era of the nano phase, where every aspect of life has a nano effect, such
as the cosmetics we use, the textiles we use, the devices we use, the foods we eat or
the environment in which we live; in fact, like it or not, nanomaterials already exist in
us, around us and around us. For the biogenic synthesis of nanoparticles, plants act
effectively as primary sources such as cobalt, copper, silver, gold, palladium,
platinum, zinc oxide, and magnetite. These particles are very vital for sustainable
technologies used in humans, thermocouples and for future purposes. Literary studies
have shown that use of plant extracts effectively act as a source of nanoparticle
synthesis (Mukherjee et al. 2001; Shankar et al. 2003, 2004; Gericke and Pinches
2006; Parsons et al. 2007; Singaravelu et al. 2007; Mohanpuria et al. 2008;
Korbekandi et al. 2009; Bar et al. 2009; Thakkar et al. 2010; Luangpipat et al. 2011;
Ray et al. 2011; Dhillon et al. 2012; Duran and Seabra 2012; Gan and Li 2012).
Nanoparticles have gained popularity due to their ultraviolet properties, interesting
physical and chemical properties and unique morphological behavior. Due to the
increasing demand for many metallic and non-metallic nanoparticles in the past two
decades, a wide range of physical and chemical techniques have been developed to
produce nanoparticles of various sizes, shapes and compositions such as temperature,
salt concentration reduction, pH, etc. These basic and vital characteristics are strongly
dependent on their shapes, sizes, configuration, crystallization and structure, either in
solid or geometrical form (Gardea-Torresdey et al. 2003; Armendariz et al. 2004;
Gericke and Pinches 2006; Marshall et al. 2007; Parsons et al. 2007; Kumar and
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Yadav 2009; Haverkamp and Marshall 2009; Ankamwar 2010; Beattie and
Haverkamp 2011; Kandasamy et al. 2012). For example, El-Kassas et al. (2014)
investigated that OHˉ (hydroxyl) functional group and carbonyl group of polyphenols
and protein respectively of Corallina officinalis extract might support the synthesis
and stabilization of gold nanoparticles. As a result, by controlling these factors, the
specific characteristics of desired nanoparticles can be achieved, that plays a positive,
and vibrant role in various grounds of life role in different areas of life, for example,
storage and imaging devices, biomarkers, catalysts, photonics, optoelectronics,
magnetism, and improved raman scattering in the surface (Pileni et al. 2001; Sun and
Xia 2002; Xu et al. 2006; Agnihotri et al. 2014; Takeshima et al. 2015). Herbal
medicines coated with metallic particles contain a large number of functional groups
in the form of organic compounds e.g. C=C– alkenyl, C=N– amide, O=H– phenolic
and alcohol, N=H– amine, C-H and COO- carboxylic acid etc. Functional groups
adhere efficiently to metal ions to form nanoparticles for drug delivery (Kuppusamy
et al. 2016; Makarov et al. 2014).
In the context of traditional derived plants, herbal extract drugs must face some
limitations, because herbal compounds are too large and complex and cannot
penetrate the sebaceous membrane of cells freely. In addition, it shows some other
problems such as lack of solubility, stability and in-vivo constancy, gastrointestinal
absorption etc. Therefore, there is a more important way of working at non-specific
site come across that meets a traditional delivery system (Rates 2001). Thus, the
invention of these nanoparticles will overcome all constraints, including improved
solubility and absorption at the target location during drug use, increased drug
metabolism in the target cell and reduced elimination rate (Mohanpuria et al. 2008;
Pileni 2001; Atanasov et al. 2015)
1.12.1.3 Characterization of the Biological Synthesized Metallic Nanoparticles
Previous research indicated that a methodology was needed for the exact
characterization and interpretation of nanomaterials classified by size, shape, surface
area and nature of dispersion. The most common techniques for nanoparticle analysis
are visible UV spectra, X-Ray diffraction analysis (XRD), Fourier Transform Infrared
spectroscopy (FTIR-Spectroscopy), scaning electron microscopy (SEM), energydispersive X-ray analysis (EDX), transmission electron microscopy (TEM), as
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describe in Figure 1.5. Therefore, it is very important to evaluate the various tools and
methods to describe nanoparticles. In different techniques, consistency and
homogeneity of nanoparticles are very important (Jiang et al. 2009). Like ultraviolet
spectroscopy, is used to determine the ratio of the surface charge and the size of
suspended metallic nanoparticles to their mineral salt, which generates characteristic
absorption peaks. In the spectroscopic analysis, individual nanoparticles provide
special peaks such as Ag and ZnO to capture a strong absorption peak in the range of
400-450 nm and 200-1000 nm, respectively. Surface Plasmon resonance peaks (SPR)
occur due to the oscillation of electrons in the electromagnetic field. Therefore, the
peak intensity and the SPR display have been changed due to the particle size, shape
and average temperature. Many researchers have confirmed that UV analysis is the
first confirmation method used to inform the formation of many nanoparticles by
observing the optical color difference of SPR and the corresponding peak generated
by the nanoparticle (Noruzi 2015; Bohren and Huffman 1983; Templeton et al. 2000;
Ashokkumar and Vijayaraghavan 2016, 2014; Yang et al. (2010), Vino et al. 2011;
Narayanan and Sakthivel 2008). X-ray diffraction analysis (XRD) was used to
measure the analysis of crystal structure at the atomic level (Chauhan et al. 2012). The
underlying principle of X-ray diffraction is the theory of Bragg X-ray diffraction,
which is used to estimate the desired nanoparticle pattern and was necessary for
structural confirmation of organic and inorganic materials (Strasser et al. 2010; Sun et
al. 2000). It has many advantages, although it has few limitations, such as it fails to
describe the crystallization of agglomerate nanoparticles because rays only enter to
singel binding site (Lin et al. 2014; Sapsford et al. 2011; Waseda et al. 2011; Cantor
1980; Caminade et al. 2005; Zanchet et al. 1999; Joshi and Bhattacharyya 2008 and
Cao 2011). Chapman et al. (2011) reported other negative aspects of the XRD like the
intensity of X-rays is very low compared to electron diffraction analysis. Scanning
electron microscopy (SEM) is an additional technique used to measure the
morphology of nanoparticles on a scale of 10-9 nm to µ meter scale through direct
imaging (Schaffer et al. 2009). Suzuki (2002) briefly reported the SEM mechanism
that the nanoparticle powder was mounted in the sample frame and treated with a
conductive metal such as gold, gold / palladium or graphite through the nozzle. After
placing the sample in the microscopic holder for electronic image that explains the
size and morphology of each nanoparticle. Other features used for analysis include
condenser lens, electronic gun and vacuum device (Gupta et al. 2013). For a
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comfortable and fruitful analysis, the nanoparticles must withstand the vacuum
pressure and the hardness of the beam, otherwise it could cause damage, and a twodimensional image with spatial differences can be achieved. Regardless of these
benefits, this procedure is expensive, lengthens and generally requires an alternative
protocol to confirm the size, cannot give a shared structure (Rao and Savithramma
2011; Devi et al. 2012; Jores et al. 2007; Prashanth et al. 2011; Priya et al. 2011). The
combo of SEM with EDX (X-ray spectroscopy energy dispersion) was used to resolve
the purity and degree of particle mixing (Fissan et al. 2014). Another technique used
to detect surface chemistry for all types of nanoparticles is FTIR spectroscopy
(Chithrani et al. 2006). Through the FTIR analysis, the organic functional of plant
secondary metabolites groups can be analyzed by adhering to the surface of the
nanoparticles, for example. O-H, N-H, C-H, -CCC-, C = O, etc. of plant secondary
metabolites. Metallic nanoparticles include the relevant types of functional groups
located everywhere that are classified by the infrared spectrum of FTIR spectra. This
spectrum represents fingerprints of absorption peaks that resemble the vibrational
frequency that is formed between the association of atoms and nanoparticles (Filipe et
al. 2010; Mucalo et al. 2002; Prasad et al. 2011; Premasudha et al. 2015).
1.12.1.4 Therapeutic/Biomedical potential of metallic nanoparticles
Among the different types of nanoparticles, metal nanoparticles are the broadest type
of engineering nanomaterials. Currently, they are moving into a profitable era and are
now recognized and responsible for many interesting and exciting opportunities in
biomedical applications (Mazzola 2003; Paull et al. 2003). The biological volume of
living cells does not exceed 10 μm in width. In contrast, cellular organelles have sizes
much smaller to less than one micron, and this size of the protein is only 5
nanometers, which is about the size of synthetic nanoparticles. This estimate provides
in equal size the idea of using these nanoparticles that allows molecules to penetrate
through a barrier to the cellular machinery, which does not interfere with the natural
environment of the cell. Thus, phytonanotechnology appreciate the dynamic force of
metallic nanoparticles for the biological and medical application (Taton 2002;
Whitesides 2003). Some of biological application of metallic nanoparticles is given
bellow:
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Figure 1.5 Flow chart of Biological synthesized metallic nanoparticles
1.12.1.5 Antibacterial activity of metallic nanoparticles
Over time, bacteria have become more resistant to several antibiotics, so there is a
constant need to treat an antibacterial alternative. In this sense, nanoparticles have
been playing essential role in many of the analytical applications in the laboratory
(Sharma et al. 2009). Though to study and explain the effect of nanoparticle toxicity,
data must be analyzed correctly and properly to improve the monitoring. There is a
complete investigation on the mechanical approach of Ag and ZnONPs for bacterial
pathogenesis (Chen et al. 2012; Doria et al. 2012; Fortina et al. 2007; Youns et al.
2011). Ag+ ions are the most common nanoparticles against microorganisms, as they
slowly penetrate and release silver ions through oxidation inside or outside the cells
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(Li et al. 2010). Both Sondi and Salopek-Sondi (2004) reported an antimicrobial
activity of NPs against E. coli, where nanoparticles accumulate around the cell wall,
which eventually leads to cell death after pressure on the bacterial cell. According to
Chalubica et al. (2010) study, nanoparticles inhibit DNA replication after protein
inactivation. Due to its large surface area of nanoparticles offered more efficiently in
the antibacterial action. In addition, Morones et al. (2005) explained that the
effectiveness of Ag NPs for antibacterial activity depends not only on its size but also
on its form. Similarly, Pal et al. (2007) determine the efficacy of different forms of
NPs against Gram-negative E. coli. Schafferdi and his colleague (2007) analyzed the
biological approaches of AgNPs in Klebsiella pneumoniae culture for many
antibiotics, for example penicillin G, amoxicillin, erythromycin, clindamycin,
vancomycin against Staphylococcus aureus and E. coli. Previous studies have
extensively described the mechanism and food packaging action of ZnO nanoparticles
against various bacteria; they described zinc nanoparticles has highly toxic ROS
stimulants, for example. OH, H2O2 and O22- by ultraviolet light and visible light such
as, Yamamoto (2001); Stoimenov et al. (2002); Adams et al. (2003); Sawai (2003);
Tangwatcharin et al. (2006); Zhang et al. (2007); Jones et al. (2008); Padmavathy and
Vijayaraghavan (2008); Liu et al. (2009); Nair et al. (2009); Kasemets et al. (2009);
He and Chen (2010); Raghupathi et al. (2011); Sharmila et al. (2016); Seil and Taylor
(2009); Xie et al. (2011). In addition, a detailed study was carried out by the different
researchers to exploit the mechanism of AgNPs. They solve the question that the cell
death induced by AgNPs in bacteria resistant to multiple drugs is caused by the loss of
sugars and reduced proteins. They also explain that AgNPs can ignore penetration by
generating many holes and gaps in bacterial membranes, suggesting that NPs can
damage the structure of the bacterial cell membrane (Kim et al. 2000; Shahverdi et al.
2007; Pal et al. 2009; Li et al. 2010; Kalishwaralal et al. 2010; Parashar et al. 2011;
Agnihotri et al. 2013; Besinis et al. 2014; Khurana et al. 2014).
1.12.1.6 Anticancer activity of metallic nanoaprticles
Currently, the pathology of cancer has become deadly and very common. Many
chemotherapeutic agents are used to overcome the subsequent effect. At the same
time, the infusion can cause intravenous duration. In this dilemma, many researchers
and pharmacists are trying to take advantage of an alternative tool, such as
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nanomaterials, which can form tumor cells, and therefore, different cell lines have
been used to discover a new molecular entity. Here is the working summary of the
previous research data (Carlson et al. 2008; Ahmed et al. 2008; Ashrani et al. 2012;
Foldbjerg et al. 2012; Gorontan et al. 2014; Gorontan et al. 2015; Zuberek et al. 2015)
briefly demonstrated the mechanism of action of NPs that interfere different cell lines.
Plant-mediated nanoparticles displayed prominent and pronounced lethal effect in
human lung carcinoma cells by decreasing the pH of the cancer cells (A549). Cellular
oxygen metabolism increased the production of intracellular ROS concentration, main
while this excessive accumulation lead interruption of serious cellular injuries and
also change the gene regulation of more than 1000 genes, e.g. destruction of
DNA/mitochondria cause apoptosis to cell death. Structural modifications are early
sign of apoptosis which can certainly revealed by transmitted light microscopy. Banti
and Hadjikakou (2013) described a broad study to inhibit the proliferative activity and
tumor of silver compounds (I) or elements that stimulate changes in cell composition,
reduce cell death, regulate metabolic and anabolic activities and increase oxidative
damage and metabolic activity by increasing the physiological stress caused by
radicals. It leads to the loss of mitochondrial activity. Jun et al. (2010) basically
prepared the magnetically compensated NPs with a magnetic core size of 18 nm,
avoiding the uninteresting effect of direct induction. In some cases, chitosan created a
nanocarrier to deliver silver particles at a low concentration to induce apoptosis
(Sanpui et al. 2011). Here is a brief literature from a different investigator examining
the ability of ZnO NPs to show important cellular toxicity, such as Xia et al. (2008);
Shen et al. (2013); Bang et al. (2013), Priyadharshini et al. (2014), Choi and Choy
(2014), Wahab et al. (2014); Kim et al. (2015); Nagagioti et al. (2015); Wang et al.
(2015); Sun et al. (2015). Their findings showed that zinc nanoparticles have a broad
approach to the biodegradation of malignant tumors, administration of drugs/genes
etc. As a result, a research fabricated various forms of zinc nanoparticles of different
structures, such as nanotubes, hexagonal, triangular, spherical and other complex
morphologies. Zinc plays a vital role in maintaining the balance of the body by
regulating the number of enzymes associated with several factors, for example
synthesis and degradation of DNA, proteins, fats and carbohydrates, in addition to
maintaining the metabolism of micronutrients. Driscoll and colleagues (2001)
predicted that zinc oxides stimulate ROS in two conditions: (1) swelling in the target
area against nanoparticles and (2) due to the semiconductor properties of the ZnO NPs
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that produce ROS. It has also been documented that the low concentration of zinc in
the cell stimulates and develops cancer, while the high amount leads to a toxic effect.
Protein activity impaired by zinc and oxidative stress through reactive oxygen species
may be the potential mechanism for this cytotoxic effect.
1.12.1.7 Antileishmanial activity of metallic nanoaprticles
Leishmaniasis is currently one of the most chronic diseases and causes serious health
problems in some 98 countries around the world. In general, the number of drugs used
to treat leishmaniasis, such as the pentavalent antimony triglyceride, is one of the best,
but unfortunately, at present it has been defined as harmful to the human body. In
addition, the parasites of leishmaniasis are resistant to anti-dermatological drugs
(Berman 1988; Seaton et al. 1999; Natera et al. 2007). Human plaques are considered
the host of parasites of leishmaniasis and produce ROS in high concentrations
identified by Lodge and Descoteaux (2006). Thus, the production of ROS is
prohibited by leishmanial enzymatic interference (Mehta and Shaha 2006). One study
also reported that leishmaniasis is susceptible to oxidative stress. It may be allowed to
block the parasite to inject or induce factors for the production of oxygen derivatives,
e.g. AgNPs (Murray 1981; Lodge and Descoteaux 2006). It is assumed that, due to its
characteristic properties, especially the highly self-sufficient production capacity of
ROS, it is an active mediator of drugs against leishmaniasis (Elechiguerra et al. 2005).
The researchers discovered that human phagocytes produce NO or lysosomes to
prevent the production of leishmanial parasites based on contact with nanoparticles.
The results briefly illustrate the inhibitory effect of AgNPs (including silver
nanoparticles) even when the low concentration in amastigotes forms of
leishmaniasis. In the future, NPs has emerged as an effective alternative to drugresistant bacteria (Allahverdiyev et al. 2011; Basu et al. 2006; Navarro et al. 2010;
Ullah et al. 2018)

1.13 Aims and Objectives
In tissue culture, the establishment of callus culture of I. rugosus, as an important
source of medicine, and plays an important role in global health. Therefore, the
description of the work is based on the in vitro culture protocols that promote the
production and accumulation of metabolites such as phenol and flavonoids under
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different conditions. The reasons for this are due to their better acceptance of the
culture, better compatibility and adaptability to the human body and fewer side
effects. Thus, greater the amount of phytochemicals involved in medicinal plants, the
greater the therapeutic efficacy or the medicinal importance of the plants. To achieve
this goal, the following objectives are investigated:
➢ To evaluate the potential role of TDZ alone and in combination with NAA on
biomass, total phenolic content and antioxidant activity in callus cultures of I.
rugosus.
➢ To establish and quantify the in vitro biosynthesis, accumulation and
regulation of the triterpenes and the phenolic compound.
➢ To find out the antioxidant activity and its interrelation in callus cultures.
➢ To find out the correlation analysis that helped to clarify the complex
correlation between accumulated phytochemicals in the callus and the
biological activities of the resulting sample extracts.
➢ To find out the differential effect of elicitors on biomass, secondary
metabolites and antioxidant activity in the callus cultures of I. rugosus.
➢ To find out the relationship between cytotoxicity, acetylcholineesterase and
stress inhibitors.
➢ To study the biologically synthesized nanoparticles derived from callus culture
induced by thidiazuron, characterization, physical and chemical properties.
➢ CE and WPE of Isodon were used as source of reducing and capping agents.
➢ To study the optical properties according to the size and shape of the
nanoparticles.
➢ I. rugosus possesses essential bioactive compounds responsible for therapeutic
properties of the plant against microbial and HepG2 cell line.
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2 Isodon rugosus (Wall. ex Benth.) Codd In Vitro
Cultures: Establishment, Phytochemical
Characterization and In Vitro Antioxidant and
Anti-Aging Activities
2.1 Abstract
I. rugosus (Wall. ex Benth.) Codd accumulates large amounts of phenolics and
pentacyclic triterpenes. The present study deals with the in vitro callus induction from
stem and leaf explants of I. rugosus under various plant growth regulators (PGRs) for
the production of antioxidant and anti-ageing compounds. Among all the tested PGRs,
thidiazuron (TDZ) used alone or in conjunction with α-napthalene acetic acid (NAA)
induced highest callogenesis in stem-derived explants, as compared to leaf-derived
explants. Stem-derived callus culture displayed maximum total phenolic content and
antioxidant activity under optimum hormonal combination (3.0 mg/l TDZ + 1.0 mg/l
NAA). HPLC analysis revealed the presence of plectranthoic acid (373.92 µg/g DW),
oleanolic acid (287.58 µg/g DW), betulinic acid (90.51 µg/g DW), caffeic acid (91.71
µg/g DW) and rosmarinic acid (1732.61 µg/g DW). Complete antioxidant and antiaging potential of extracts with very contrasting phytochemical profiles were
investigated. Correlation analyses revealed rosmarinic acid as the main contributor for
antioxidant activity and anti-aging hyaluronidase, advance glycation end-products
inhibitions and SIRT-1 activation, whereas, pentacyclic triterpenoids were correlated
with elastase, collagenase and tyrosinase inhibitions. Altogether, these results
evidenced clearly the great valorization potential of I. rugosus calli for the production
of antioxidant and anti-aging bioactive extracts for cosmetic applications.

2.2 Introduction
According to a survey, around 70,000 important plant species are consumed for health
and wellness purposes. Besides this, industry is continuously producing a large
amount of bioactive compounds but herbal medicines and phytotherapy are still in
practice in many areas of the globe (Abbasi et al. 2005). Species members of the
genus Isodon (Schrader ex Bentham) Spach from Lamiaceae family are known
universally for their economical and medicinal worth (Sun at al. 2006). Plants from
family Lamiaceae have been explored well for their health and wellness properties
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such as the treatment of hypertension, fever, rheumatism, dementia, toothache, cancer,
antimicrobial,

hypoglycemic,

phytotoxic,

antidiarrheal,

anticholinesterase,

lipoxygenase inhibitory, bronchodilator and anthelmintic (Akhtar et al. 2013; Rauf et
al. 2012; Janbaz et al. 2014; Khan et al. 2007; Habtemariam et al. 2018; Mothana et
al. 2013). Among them, I. rugosus (Wall. ex Benth.) is one of the most challenge and
attractive choice to characterized its potential compounds and screen the biological
activities that are applicable for cosmetic aspects. This medicinal plant is presents in
Pakistan, and widely distributed in the Northern areas of the country, especially in
Gilgit; this I. rugosus is also recognized by various vernacular names such as sperkai,
boi and phaypush (Janbaz et al. 2014; Khan and Khatoon 2007). This medicinal plant
is an aromatic shrub, its stems erect with the quadrangular branches, its leaves is
opposite, broadly ovate shape with green colour; leaf blade consist of small stellate
dendroid hairs. Its inflorescence is Cymose, each flower is white or spotted pink or
violet, bilabiate form, Nutlets fruit is oblong shape with dark brown colour. From of
pharmacological point of view, this Isodon species is rich in bioactive compounds,
with potential applications in cosmetics, as well as, traditional and modern medicine
industries. I. rugosus is an aromatic medicinal plant containing essential oils. Previous
works examined its essential oil composition by GC and GC-MS analysis (Janbaz et
al. 2014; Zeb et al. 2014 and 2017; Zeb et al. 2014). Most of the analyzed extracts
came from wild fresh living plants or dry plant materials harvested from the forest or
the field (Janbaz et al. 2014; Zeb et al. 2014 and 2017; Sadiq et al. 2018). The
presence of pentacyclic triterpenes and caffeic acid phenolic derivatives have been
also reported in this plant (Duan et al. 2017). Important phytochemicals including
pentacyclic triterpenoids (plectranthoic acid (PA), oleanolic acid (OA), betunilic acid
(BA) and other phenolic compounds were detected in I. rugosus (Duan et al. 2017).
As in many Lamiaceae species, both rosmarinic acid (RA) and caffeic acid (CA) are
the predominant phenolic compounds that could be the reason behind the antioxidant
properties of this plant (Abdel-Mogib et al. 2002; Batista et al. 1994; Shetty et al.
2014).
Human beings have extensively exploited medicinal plants as bioactive ingredients
for therapeutic and cosmetic applications since the ancient times (Tiwari 2008). The
anti-aging activities of plants have been credited to their intrinsic ability to reduce free
radical damages to the skin, along with their ability to modulate the activity of many
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enzymes involved in aging process. For example, their capacity to inhibit elastase,
hyaluronidase or collagenase involve the cleavage of extracellular matrix components
while tyrosinase inhibition involve hyperpigmentation related to skin aging, or more
recently to their capacity to activate SIRT-1 which is a key regulator involved in the
control of both oxidative stress response and regulation of aging processes.
Pentacyclic triterpenoids have been regarded as effective enzymes inhibitors that are
involved in the cleavage of the extracellular matrix components (Ying et al. 1991;
Coricovac et al. 2015), whereas, phenolic acids are described as strong antioxidants
and possible potent SIRT-1 activators (Coricovac et al. 2015; Howitz et al. 2003;
Boots et al. 2008). As a potential rich source of these compounds, I. rugosus could be
an attractive plant for cosmetic applications, however, currently this possibility has
never been explored and the rationale of the possible biological activities of this plant
are therefore unknown. Moreover, slow growth, slow germination and a conventional
way of harvesting large amount of wild plants have threatened this species. Therefore,
alternative strategies are now required for both its conservation and usage. In this
regard, in vitro culturing techniques ensure preservation of the uncommon and scarce
medicinal plant species (Tiwari 2000). Production of secondary metabolites via tissue
culture techniques provides imperative benefit to amplify the assembly of appropriate
substances. Consequently, biotechnological strategies magnify the estimation of these
bioactive phytochemicals (Renouard et al. 2018; Thaniarasu et al. 2016). Herbal
products have gained attention worldwide because of their production of specialized
metabolites such as phenolics and pentacyclic triterpenoids (Rakotoarison et al. 1997;
Pietta et al. 2000).
Some in vitro cultivation have been reported on some Isodon species including I.
serra (He et al. 2001), I. wiggthii (Thirugnanasampandan et al. 2010) or I.
amethystoides (Duan et al. 2018). However, until now, small numbers of studies are
available on the establishment of in vitro cultivation, phytochemical analysis and
biological activities of the resulting cultures of I. rugosus with the exception of
biogenic synthesis of ZnONPs from in vitro callus culture of this plant (Siddiquah et
al. 2018). In the present study, we report the in vitro callus establishment through
optimization of hormonal combination, significant accumulation of pentacyclic
triterpenoids (BA, OA and PA) and phenolic compounds (CA and RA), as well as
antioxidant and anti-ageing properties of the resulting extracts for future potential
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cosmetic applications. As per our knowledge, the current optimization report is the
first to address I. rugosus in vitro cultures as a feasible large scale production system
of bioactive phenolics and pentacyclic triterpenoids

2.3 Material and Methods
2.3.1.1 Chemicals and reagents
All the extraction solvents employed in this study were of analytical grade, provided
by Thermo Scientific (Illkirch, France). Standards and reagents were obtained from
Sigma-Aldrich (Saint-Quentin Fallavier, France).
2.3.1.2 Pant material
The seeds of I. rugosus were obtained from wild plant species located in Khyber
Pakhtunkhwa province of Pakistan in December 2015. Seeds were surface sterilized
prior to culturing in order to escape contamination. The air-dried seeds were then
germinated on Murashige and Skoog (MS) (1962) medium comprising 0.8% agar and
30 g/l sucrose. The pH of all the media was maintained at 5.8 before autoclaving at
121°C for 20 minutes. For the establishment of callogenesis, stem and leaf explants
were cut out from 4 weeks old in vitro grown plantlets of I. rugosus and cultured at
various concentrations of PGRs, either alone or in combination.
2.3.1.3 Callogenic frequency
Three different PGRs (NAA, TDZ and BAP) at varied concentrations (1.0-5.0 mg/l),
used either alone or in combination with 1.0 mg/l TDZ, were employed for callus
induction in the present study. The explants were maintained in a growth room for
16/8 h (light/dark cycle) at 25 ± 1°C. Observation of callogenic frequency and callus
morphology was done on weekly basis with visual eye. Respective calli were then
subcultured on fresh medium supplemented with the same PGRs concentrations after
every 4 weeks of the culture. Fresh weight and dry weight were also determined for
subsequent examinations.
2.3.1.4 Determination of total phenolic compounds content
For phytochemical screening, extraction from calli was done according to the method
presented by Ali et al. (2013). Briefly, 100 mg of dried callus was added to 10 ml of
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methanol (80%) to prepare the extract. The samples were then sonicated for 10-15
minutes, followed by vortexing for 5-7 minutes and the procedure was repeated twice.
After centrifugation at 6000 rpm (approximately equal to 3220 g) for 15 minutes
(Spectrafuge 24D microcentrifuge maximum), the supernatants were collected and
kept for further analysis. The relationship between revolutions per minute (RPM) and
relative centrifugal force (xg) is:
g = (1.118 × 10-5) R S2
where g is the relative centrifugal force, R is the radius of the rotor in cm and S is the
speed of the centrifuge in revolutions/minute.
Procedure described by Velioglu et al. (1998) was adopted for the estimation of total
phenolic content (TPC) using FC reagent. In brief, 20 μl of sample and l80 μl of FC
reagent were mixed and incubated for 5 minutes. Then, 90 μl of sodium carbonate
was added to the mixture and the OD was recorded at 630 nm with the help of a
microplate reader. The calibration curve (0-50 μg/ml, R2 = 0.968) was generated by
using gallic acid as a standard and the TPC was expressed as gallic acid equivalents
(GAE) per gram of dry weight (DW) sample. Total phenolic production (TPP) was
examined by using the following equation:
TPP (mg/l) = TPC (mg/g) × Dry Weight (g/l)
2.3.1.5 Quantification and identification by HPLC
The contents of caffeic acid, rosmarinic acid, oleanolic acid, plectranthoic acid and
butelinic acid were determined by HPLC. Following a published protocol, a reversedphase HPLC equipped with autosampler, Varian (Les Ulis, France) Prostar 230 pump
and a Varian Prostar 335 photodiode array detector was used and controlled with
Galaxie software (Varian v1.9.3.2) (Coricovac et al. 2015). Briefly, the separation
was achieved on an RP-18 column (5 μm, 250 × 4.0 mm id (Purospher Merck,
Fontenay sous Bois, France) at 35 °C. The mobile phase was comprised of acetonitrile
(as solvent A) and 0.1% (v/v) formic acid acidified ultrapure water (as solvent B). The
composition of the mobile phase varied during a 60 minutes run according to a linear
gradient ranging from a 5:95 (v/v) to 100:0 (v/v) mixtures of solvent A and B,
respectively; at a flow rate of 0.6 ml/min. Detection was accomplished at 210 nm and
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254 nm. Quantification and identification of each compound was done by coupling
with retention times, UV spectra to those of authentic reference standards and by
standard additions. Calibration curve (6 points) was used to quantify each standard
with the range of 0.05-1 mg/ml and correlation coefficient of at least 0.9994.
2.3.1.6 Antioxidant DPPH assay
For this assay, 20 μl of each sample extract was combined with 180 μl of DPPH
reagent and absorbance was recorded at 517 nm with the help of a microplate reader.
The following equation was then used to calculate
DPPH activity: % scavenging = 100 × (Abc-Abs/Abc)
Where, Abc denotes absorbance of the control, while Abs is absorbance of the sample
or expressed as TAEC (Trolox C equivalent antioxidant capacity).
2.3.1.7 Antioxidant ORAC assay
Oxygen radical absorbance capacity (ORAC) assay was carried out as suggested by
Prior et al. (1998). In brief, 10 μl of the extracted sample was mixed with 190 μl of
0.96 µM fluorescein in 75 mM phosphate buffer (pH 7.4) and incubated for about 20
minutes at 37 °C. Then, 20 µl of 119.4 mM 2, 2’-azobis-amidinopropane (ABAP) was
added and the fluorescence intensity was recorded every 5 minutes during 2.5 h at 37
°C with the help of a fluorescence spectrophotometer (BioRad, Marnes-la-Coquette,
France) set with an excitation at 485 nm and emission at 535 nm. Assays were made
in triplicate and antioxidant capacity determined using ORAC assay was expressed as
TAEC.
2.3.1.8 Antioxidant ABTS assay
ABTS assay was accomplished with the method of Velioglu et al. (1998). Briefly,
2,2-azinobis (3-ethylbenzthiazoline-6-sulphonic acid (ABTS) solution was made by
mixing equal proportion of ABTS salt (7 mM) with potassium persulphate (2.45 mM)
and the mixture was kept in the dark for 16 h. The absorbance of the solution was
measured at 734 nm and adjusted to 0.7 and then mixed with the extracts. The mixture
was again kept in the dark for 15 minutes at 25 ± 1°C and the absorbance was
recorded at 734 nm using a BioTek ELX800 Absorbance Microplate Reader (BioTek
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Instruments, Colmar, France). Assays were made in triplicate and antioxidant capacity
was expressed as TAEC.
2.3.1.9 Antioxidant FRAP assay
Modified method of Benzie and Strain (1996) was used for the determination of ferric
reducing antioxidant power (FRAP) assay. In brief, 10 μl of the extracted samples
were mixed with 190 μl of FRAP solution (composed of 20 mM FeCl3, 10 mM TPTZ,
6H2O and 300 mM acetate buffer (pH 3.6) in a ratio 1:1:10 (v/v/v). Reaction mixtures
were then incubated at 25 ± 1°C for 15 minutes. Absorbance of the reaction mixture
was noted at 630 nm using a BioTek ELX800 Absorbance Microplate Reader
(BioTek Instruments, Colmar, France). Assays were made in triplicate and the
antioxidant capacity determined using this assay was expressed as TAEC.
2.3.1.10 Antioxidant CUPRAC assay
Cupric ion reducing antioxidant capacity (CUPRAC) assay was evaluated by some
modifications in the method of Apak et al. (2004). Briefly, 10 μl of samples and 190
μl of CUPRAC reaction solution (containing 7.5 mM neocuproine, 10 mM Cu (II)
and 1 M acetate buffer (pH 7) in a ratio 1:1:1 (v/v/v) were mixed. Reaction mixtures
were then incubated at 25 ± 1 °C for 15 minutes and absorbance was recorded at 450
nm using a BioTek ELX800 Absorbance Microplate Reader (BioTek Instruments,
Colmar, France). Assays were made in triplicate and antioxidant capacity determined
using this assay was expressed as TAEC.
2.3.1.11 Metal Chelating Activity Assay
The ferrous ion chelating activity of I. rugosus extracts was evaluated following a
slightly modified method of Srivastava et al. (2012). In brief, 10 µl of extracts were
mixed with ferrous iron at a final concentration of 50 μM in HEPES (pH 6.8) buffers
and 50 µl ferrozine (5 mM aqueous solution). All experiments were performed in a
96-well microplate at room temperature (25 ± 1°C). Each sample was measured with
and without (blank) the addition of ferrozine. Absorbance was noted at 550 nm
instantaneously after addition of ferrozine and 5 min later with a BioTek ELX800
Absorbance Microplate Reader (BioTek Instruments, Colmar, France). Chelating
activity values were expressed in µM of fixed Fe3+.
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2.3.1.12 Collagenase assay
Collagenase clostridium histolyticum (Sigma Aldrich, Saint-Quentin Fallavier,
France) was employed for this assay and its activity was determined with the aid of a
spectrophotometer by making use of N-[3-(2-furyl) acryloyl]-Leu-Gly-Pro-Ala
(FALGPA; Sigma Aldrich, Saint-Quentin Fallavier, France) as a substrate in
accordance to the protocol of Wittenauer et al. (2015). The absorbance decrease of
FALGPA was followed at 335 nm for 20 min using a microplate reader (BioTek
ELX800; BioTek Instruments, Colmar, France). Triplicated measurements were used
and the anti-collagenase activity was revealed as % of inhibition relative to
corresponding control (adding same volume of extraction solvent) for every extract.
2.3.1.13 Elastase assay
Elastase assay was performed by using porcine pancreatic elastase (Sigma Aldrich,
Saint-Quentin

Fallavier,

France)

and

its

activity

was

determined

with

spectrophotometer by making use of N-Succ-Ala-Ala-Ala-p-nitroanilide (AAAVPN;
Sigma Aldrich, Saint-Quentin Fallavier, France) as a substrate and following pnitroaniline release at 410 nm using a microplate reader (BioTek ELX800; BioTek
Instruments, Colmar, France) by adopting the method of Wittenauer et al. (2015).
Triplicated measurements were used and the anti-elastase activity was expressed as %
of inhibition relative to the corresponding control (adding same volume of extraction
solvent) for every extract.
2.3.1.14 Hyaluronidase assay
Hyaluronidase inhibitory assay was carried out as suggested by Kolakul et al. (2017)
using 1.5 units of hyaluronidase (Sigma Aldrich, Saint-Quentin Fallavier, France) and
hyaluronic acid solution (0.03% (w/v) as substrate. The precipitation of undigested
form of hyaluronic acid occurred with acid albumin solution (0.1% (w/v) BSA). The
absorbance was measured at 600 nm using a microplate reader (BioTek ELX800;
BioTek Instruments, Colmar, France). The hyaluronidase inhibitory effect was
expressed as % of inhibition relative to the corresponding control (adding same
volume of extraction solvent) for every extract.
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2.3.1.15 Tyrosinase assay
Method of Chai et al. (2018) was used for the determination of tyrosinase assay. In
brief, L-DOPA (5 mM; Sigma Aldrich, Saint-Quentin Fallavier, France) was used as
diphenolase substrate and mixed in sodium phosphate buffer (50 mM, pH 6.8) with 10
µl of I. rugosus extract. Finally, 0.2 mg/ml of mushroom tyrosinase solution (Sigma
Aldrich, Saint-Quentin Fallavier, France) was added to this mixture to make a final
volume of 200 µl. Control, with equal amount of extraction solvent replacing the
extract, was routinely carried out. The reaction processes were traced by using a
microplate reader (BioTek ELX800; BioTek Instruments, Colmar, France) at a
wavelength of 475 nm. The tyrosinase inhibitory effect was expressed as % of
inhibition relative to the corresponding control for each extract.
2.3.1.16 Anti-AGE formation activity
The inhibitory capacity of AGE formation was determined as described by
Kaewseejan and Siriamornpun (2015). I. rugosus extracts were mixed with 20 mg/ml
BSA (Sigma Aldrich, Saint-Quentin Fallavier, France) solution prepared in 0.1 M
phosphate buffer (pH 7.4), 0.5 M glucose (Sigma Aldrich, Saint-Quentin Fallavier,
France) solution prepared in phosphate buffer and 1 ml of 0.1 M phosphate buffer at
pH 7.4 containing 0.02 % (w/v) sodium azide. This mixture was incubated at 37 °C
for 5 days in the dark and then the amount of fluorescent AGE formed was
determined using a fluorescence (VersaFluor fluorometer; Bio-Rad, Marnes-laCoquette, France) set with 330 nm excitation wavelength and 410 nm emission
wavelength. The percentage of anti-AGEs formation was revealed as % of inhibition
relative to the corresponding control (adding same volume of extraction solvent) for
every extract.
2.3.1.17 SIRT-1 assay
SIRT-1 activity was determined using the SIRT-1 Assay Kit (Sigma Aldrich, SaintQuentin Fallavier, France) following manufacturer instructions and fluorescent
spectrometer (Biorad VersaFluor, Marnes-la-Coquette, France) set with 340 nm
excitation and 430 nm emission wavelengths. The relative SIRT-1 activity was
revealed as percentage relative to the corresponding control (adding same volume of
extraction solvent) for every extract.
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2.4 Statistical analysis
Each experiment was carried out in triplicate and XL-stat 2018 (Addinsoft, Paris,
France) was used for statistical analysis.

2.5 Results and Discussion
2.5.1.1 Optimization of Callogenesis from different initial explants
For the determination of callus induction frequency, stem and leaf explants from I.
rugosus were cultured on MS medium encompassing different concentrations (1.0-5.0
mg/ml) of several PGRs (TDZ, NAA and BAP) used either alone or in conjunction
with TDZ, as shown in Table 2.1.
Callus was initiated after 10-12 days of culturing explants. In case of leaf explants,
TDZ (1.0 mg/ml, 2.0 mg/ml and 3.0 mg/l) and 1.0 mg/ml TDZ + NAA (1.0 mg/ml,
2.0 mg/ml and 3.0 mg/l) led to highest callus induction (95-100%) as compared to
BAP alone or combination of BAP with TDZ. NAA alone resulted in around 80%
callus induction but the value greatly increased (up to 90%) when TDZ was used
along. Similarly, the induction frequency for stem explants was close to 100% when
TDZ was employed either alone or combined with NAA (Figure 2.1A). However,
higher concentration of all the tested PGRs restricted callus induction in both stem
and leaf explants, possibly due to repression of some endogenic PGRs retarding callus
formation. Indeed, changes in callus response formation have already been ascribed to
diverse endogenous hormonal responses pointing the variable sensitivity of tissues
toward these PGRs. Sreedevi et al. (2013) and Anjum et al. (2017) reported similar
observations. No callogenesis was observed on MS medium lacking these PGRs,
which has been already observed for various other plant species such as Stevia
rebaudiana (Mathur and Shekhawat 2013). Visual morphological variations were also
detected in calli (Figure 2.1C, B). Generally, stem-derived calli were more friable,
while leaf-derived calli were compact in texture. Similar results have previously been
reported for several other medicinal plant species (Cheng 2006; Vijaya et al. 2013).
We also observed that in I. rugosus, the callogenic response and morphological
changes were markedly influenced by the exogenously applied PGRs. Physiological
response of calli also radically varied in accordance to the type of initial explant. The
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potential growth rate was higher in stem-derived calli as compared to the calli derived
from leaf as starting explants.
Murthy et al. (1998) estimated that TDZ is a potent PGR for in vitro culture
successive growth. TDZ at a concentration of 3.0 mg/l produced highest biomass (FW
250.65 g/l and DW 18.65 g/l) in stem-induced callus cultures (Figure 2.2A, B).
Similarly, 1.0 mg/ml TDZ + 3.0 mg/ml NAA resulted in FW of 140.22 g/l and DW of
14.98 g/l. Conversely, application of BAP alone or in combination with TDZ showed
least response for biomass accumulation (Figure 2.2A, B). As for NAA, maximum
biomass (FW 80.79 g/l and DW 5.98g/l) was observed at 1.0 mg/l concentration,
which then gradually decreased with increase in the concentration of NAA, as shown
in Figure 2A and B. In case of leaf-derived callus cultures, optimum biomass
accumulation (FW 115.2 g/l and DW 10.81 g/l) was observed for 1.0 mg/l TDZ + 3.0
mg/l NAA (Figure 2.2C, D). However, BAP + TDZ resulted in minimum biomass
accumulation.
With respect to anatomical structure of callus, previous reports proved that callus
induction frequency and proliferation increased considerably with the precise ratio of
two exogenous hormones. Hypothetically, this was due to the effect and synthesis of
endogenously grown regulators upon their exogenous presentation. Sahraoo et al.
(2014) and Lee (1971) reported similar finding. TDZ-treated tissues in combination
with auxin maintain and enhance their accumulation and transport. Our data is
supported by Guo et al. (2011), who confirmed that the use of TDZ alone or in
collaboration with other PGRs provoke high rate of callogenesis and cell proliferation
due to high intrinsic activity and low absorbance in callus. The current investigation
explores that despite explants used for callogenesis, maximum growth is observed
with lower concentration of all PGRs, used either alone or in combination, but
biomass is gradually inhibited at higher concentrations. Our data also suggests that the
combined treatment of TDZ and NAA is the best for callogenesis and biomass
accumulation in I. rugosus callus cultures.
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Table 2.1 Callogenesis, initiation (day) and morphology of stem and leaf callus under different PGRs after 5 weeks of culture.

Values are mean ± SD from three replicates. Note: No callus (-), Scanty callus (+), Moderate callus (++), Sufficient callus (+++), profuse callus (++++). F friable,
DG dark green, FG fresh green, SG snowy green, SLG snowy light green.
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Figure 2.1 (A) Leaf and stem callus Induction frequency (%) at different plant growth
regulators. Values are mean ± SE from three replicates (B) Effect of 5 weeks old
culture media of stem at different plant growth regulators on callus induction and
growth. (B1) TDZ 1.0 mg/l, (B2) NAA 4.0 mg/l, (B3) BAP 2.0 mg/l, (B4) 1:1 TDZ
1.0 + NAA 1.0 mg/l, (B5) TDZ 1.0 + BAP 4.0 mg/l; (C) Effect of 5 weeks old culture
media of leaf at different plant growth regulators on callus induction and growth. (C1)
TDZ 3.0 mg/l, (C2) NAA 3.0 mg/l (C3), BAP 4.0 mg/l, (C4) TDZ 1.0 + NAA 1.0
mg/l, (C5) TDZ 1.0 + BAP 5.0 mg/l.
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2.5.1.2 Evaluation of the secondary metabolites production
Total polyphenols accumulation in stem-derived calli of I. rugosus on all the tested
PGRs ranged from 49.99 to 90.06 mg/g DW (Figure 2.3). Calli cultured on media
supplemented with TDZ (1.0 mg/l) and NAA (3.0 mg/l) biosynthesized optimum
levels (90.06 mg/g DW) of phenolic compounds (Figure 2.3A), while lowest
accumulation (49.9 mg/g DW) was observed in media supplemented with high
concentration (5.0 mg/l) of NAA. Phenolics accumulation in response to NAA and
TDZ gradually declined with increase in hormonal concentration. However, Szopa
and Ekiert (2014) observed that PGRs directly influence the production of phenolic
compounds in plants in vitro cultures. Among all the PGRs, combined treatment of
TDZ + NAA at low concentration exhibited maximum accumulation of TPC in stemderived calli. Similar trend was observed for TPC in leaf-derived callus culture
(Figure 3B) for which TDZ combined with NAA gave highest accumulation as
compared to TDZ or NAA used alone. Faizal et al. (2017) reported that the best
treatment for phenolic compounds production in red pitaya callus was 2.0 mg/l NAA
+ 4 mg/l TDZ, which is consistent with the results of our study. Similarly, Tariq et al.
(2014) also highlighted that growth regulators such as NAA and TDZ greatly
influence the production of phenolic compounds, flavonoids and antioxidants in A.
absinthium cultures grown in vitro. Antioxidant capacity generally correlated with
TPC, thus collinear connection exists between these two variables, as evident from the
literature (Younas et al. 2018; Kim et al. 2003; Djeridane et al. 2006). Likewise,
Khandaker et al. (2012) also indicated that the improved antioxidant activities in
apple treated with different PGRs were linked with the increase in TPC (Khandaker at
al. 2012). Similar trend was also observed here with the quenching free radical
activity (Figure S1). Our data suggests that I. rugosus extract could serve as a safe
antioxidant agent. The presence of pentacyclic triterpenes and caffeic acid phenolic
derivatives have already been reported in this plant family (Abdel-Mogib et al. 2002;
Shetty et al. 2014; Sadiq et al. 2018). Therefore, in order to make a step forward, the
presence of these compounds were investigated in 12 callus cultures (hereafter called
Ir#1 to Ir#12) grown on various culture media (precise PGRs composition of these
media is shown in Table 2.1) selected on the basis of DW accumulation, TPC and
radical scavenging activity.
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Figure 2.2 Comparison of DPPH radical scavenging activity of extracts at different
plant growth regulators (A) at stem explants (B) leaf explants on MS medium fortified
with TDZ, NAA, BAP (1.0-5.0 mg/l), TDZ (1.0 mg/l) + NAA (1.0 - 5.0 mg/l), TDZ
(1.0 mg/l) + BAP (1.0-5.0 mg/l). Values are means of three replicates with standard
deviation. Means are statistically different at P ≥ 0.05.
The results of DPPH quantification of the explants are shown in Table 2.2. Following
HPLC analysis, phenolic acids contents ranged from 488.4 (Ir#2) to 979.5 (Ir#6) µg/g
DW for CA and 751.6 (Ir#2) to 2013.5 (Ir#11) µg/g DW for RA, whereas, pentacyclic
triterpenoids contents ranged from 54.2 (Ir#7) to 171.2 (Ir#11) µg/g DW for BA,
198.2 (Ir#6) to 631.0 (Ir#5) µg/g DW for OA and 69.9 (Ir#9) to 454.8 µg/g (Ir#1) for
PA (Figure 2. 4). Stem-derived calli were found to be the most suitable in
accumulating highest levels of different phytochemicals, except CA, while lowest
amount was observed for leaf-derived calli, except BA. These results clearly
evidenced that the initial explant could be an important parameter to take into account
for an optimal accumulation of secondary metabolites in callus cultures of I. rugosus.
Similarly, TDZ supplementation resulted in a higher secondary metabolites
production in stem-derived callus as compared to leaf-derived callus grown on the
same medium. On the contrary, TDZ combined with NAA favored the secondary
metabolites production in callus initiated from leaf explants (Table 2.2).

48

Chapter 2

In-vitro culture of Isodon rugosus

Figure 2.3 Time-course fresh and dry weight of callus culture (A) stem explants fresh callus weight
(B) stem dry callus weight (C) Leaf explants fresh callus weight (D) leaf dry callus weight on MS
medium fortified with TDZ, NAA, BAP (1.0-5.0 mg/l), TDZ (1.0 mg/l), TDZ (1.0 mg/l) + NAA (1.0 5.0 mg/l), TDZ (1.0 mg/l) + BAP (1.0-5.0 mg/l) and comparison of total phenolic content of extracts at
different plant growth regulators (E) stem total phenolic content (mg/g DW) (F) leaf total phenolic
content (mg/g DW) (G) stem callus in-vitro total phenolic (mg/l) production (H) leaf callus total
phenolic (mg/l) production on MS medium fortified with TDZ, NAA, BAP (1.0-5.0 mg/l), TDZ (1.0
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mg/l) + NAA (1.0 - 5.0 mg/l), TDZ (1.0 mg/l) + BAP (1.0-5.0 mg/l). Values are mean of three
replicates with standard deviation. Means are statistically different at P ≥ 0.05.

Figure 2.4 Chemical structure (A) of the main phytochemicals accumulated in callus
extracts of I. rugosus (1) caffeic acid, (2) rosmarinic acid, (3) betulinic acid, (4)
oleanolic acid and (5) plectranthoic acid (B) Magnification of typical HPLC
chromatograms showing the correct separation of the main phytochemicals
accumulated in callus callus extracts of I. rugosus.
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Table 2.2 Culture conditions and explant origin of the 12 I. rugosus callus used for
the determination of the main phytochemicals, antioxidant and anti-aging activities
(S1)
Sample

PGRs (mg/l)

Initial explant

Ir#1

TDZ (1)

Stem

Ir#2

TDZ (1)

Leaf

Ir#3

TDZ (2)

Stem

Ir#4

TDZ (2)

Leaf

Ir#5

TDZ (3)

Stem

Ir#6

TDZ (3)

Leaf

Ir#7

TDZ (1) + NAA (1)

Stem

Ir#8

TDZ (1) + NAA (1)

Leaf

Ir#9

TDZ (1) + NAA (2)

Stem

Ir#10

TDZ (1) + NAA (2)

Leaf

Ir#11

TDZ (1) + NAA (3)

Stem

Ir#12

TDZ (1) + NAA (3)

Leaf

TDZ at lower concentration (1.0 mg/l) resulted in optimal production of PA (Ir#1),
while higher concentration (3.0 mg/l) of TDZ favored maximum accumulation of CA
(Ir#6) and OA (Ir#5), but interestingly the nature of the initial explant differed
between these two conditions: leaf-derived callus for optimal CA production vs. stemderived callus for optimal OA accumulation. CA and RA are regarded as major
phenolic metabolites of plants from Lamiaceae family (Ikuta et al. 1995; Raudone et
al. 2017). In this study, we endeavor an effort to report in vitro culture condition for
accumulation and production of these phenolics and pentacyclic triterpenes
metabolites in I. rugosus callus culture. Until now, no report is available on
phytochemical composition of
In vitro cultures of I. rugosus, except GC analysis of the wild extract and
characterization and composition of essential oil (Zeb et al. 2016; Verma et al. 2015;
Hussain et al. 2017). However, in vitro production and accumulation of pentacyclic
triterpenes have been documented in the literature (Pandey et al. 2015; Srivastava and
Chaturvedi 2010; Bakhtiar et al. 2014). Fedoreyev et al. (2005) and Hagina et al.
(2008) also established callus culture of Eritrichium sericeum that produced higher
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amount of both CA and RA. Some other studies dealing with biotechnological
approaches to produce RA using plant in vitro cultures reported higher amount of this
phenolic (Khojasteh et al. 2014). However, our I. rugosus callus culture system has
the advantage of producing both types of secondary metabolites. We also anticipate
that elicitation strategies could further stimulate the production of these compounds in
future studies.
2.5.1.3 Evaluation of antioxidant and anti-aging potentials of the I. rugosus callus
extracts
A complete screen of antioxidant and anti-ageing capacities of these 12 extracts with
contrasting phytochemical profiles was also evaluated in the current study (Figure
2.4A). For in vitro antioxidant screening, antioxidant mechanisms were based on both
electron transfer (FRAP and CUPRAC assays) and hydrogen atom transfer (ABTS
and ORAC assays) (Prior et al. 1998). Besides these two antioxidant mechanisms
involved in the scavenging of reactive oxygen species, transient metal ion chelation
was also considered as an antioxidant mechanism, since the Fenton reaction,
responsible for the hydroxyl radical formation and, subsequently, radical chain
reaction propagation, could be inhibited through this chelating mechanism. The
chelation potential of these extracts was evaluated by both FRAP and metal chelating
assays using ferrozine. The results of this antioxidant screening are reported in Table
2.3. All of the callus extracts of I. rugosus exhibited marked antioxidant and chelation
activities. Extract from sample Ir#11 (stem-derived calli grown on 1.0 mg/l TDZ + 3.0
mg/l NAA) displayed highest antioxidant activities for all of the assays with values of
1203.7 TEAC for DPPH, 945.8 for ABTS, 733.3 TEAC for ORAC, 535.8 for FRAP,
460.2 for CUPRAC and 54.8 µmol of fixed Fe3+. On the other hand, extract of sample
Ir#2 (leaf-derived calli grown on 1.0 mg/l TDZ) presented the lowest antioxidant
activities with values of 474.4 TEAC for DPPH, 434.5 TEAC for ABTS, 306.7 TEAC
for ORAC, 211.9 TEAC for FRAP, 193.3 TEAC for CUPRAC and 23.0 µmol of
fixed Fe3+. Whatever the test used, ET-based assays gave higher antioxidant
capacities than HAT-based assays. The prominence of this action mode suggested the
occurrence of at least one phytochemical involved in this type of antioxidant
mechanism in I. rugosus callus extracts.

52

Chapter 2

In-vitro culture of Isodon rugosus

Table 2.3 Quantification of the main phytochemicals accumulated in twelve I. rugosus callus sample extracts (culture conditions are presented
in Table 2.2). Values are mean ± standard deviation (n=3).

Sample

CA (µg/g DW)

RA (µg/g DW)

BA (µg/g DW)

OA (µg/g DW)

PA (µg/g DW)

Ir#1

614.8 ± 20.2

1074.7 ± 18.9

98.0 ± 14.3

536.2 ± 18.8

454.8 ± 39.1

Ir#2

488.4 ± 24.6

751.6 ± 24.1

91.8 ± 19.5

201.7 ± 5.3

113.7 ± 33.9

Ir#3

784.0 ± 14.8

1519.5 ± 17.8

104.3 ± 18.8

348.4 ± 16.3

304.6 ± 33.0

Ir#4

735.6 ± 26.9

1158.3 ± 27.1

141.8 ± 16.3

317.1 ± 19.5

207.6 ± 28.2

Ir#5

728.2 ± 7.6

1685.2 ± 44.7

132.5 ± 24.8

631.0 ± 24.8

379.7 ± 14.2

Ir#6

979.5 ± 12.1

1259.0 ± 27.5

66.7 ± 9.4

198.2 ± 9.4

116.8 ± 23.6

Ir#7

575.6 ± 20.7

1279.0 ± 9.0

54.2 ± 5.4

389.0 ± 19.6

132.5 ± 18.8

Ir#8

901.6 ± 10.3

1708.9 ± 57.1

85.7 ± 9.1

386.0 ± 24.8

207.6 ± 8.8

Ir#9

647.2 ± 19.8

936.7 ± 13.1

22.9 ± 5.8

204.4 ± 23.6

69.9 ± 14.3

Ir#10

779.3 ± 18.0

797.1 ± 37.0

91.8 ± 10.8

248.3 ± 14.3

145.0 ± 23.6

Ir#11

886.8 ± 24.2

2013.5 ± 18.7

171.2 ± 9.2

331.2 ± 16.4

313.8 ± 14.1

Ir#12

835.8 ± 9.9

1335.9 ± 67.2

145.4 ± 5.1

429.8 ± 23.9

429.8 ± 14.3
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Here, stem-derived callus extracts displayed higher antioxidant activities than the
callus initiated from leaf explants. Combination of NAA and TDZ appeared to
potentiate further this biological activity.
The next step involved the evaluation of anti-aging action of I. rugosus callus extracts
(at a fixed concentration of 50 µg/ml) determined as their in vitro capacities: (1) to
inhibit elastase, hyaluronidase, and collagenase (Matrix Metalloproteinase type-1
(MMP1), tyrosinase and AGEs, and (2) to activate SIRT-1 activity. Elastase,
hyaluronidase and collagenase have been found to degrade extracellular matrix
components in the dermis, thus leading to skin alterations including skin tonus, deep
wrinkles and resilience losses (Liyanaarachchi et al. 2018; Boran et al. 2018).
Tyrosinase dysfunctions advance with aging and can lead to malignant melanoma, as
well as, pigmentary disorders such as freckles or melisma (Briganti et al. 2003).
Oxidative stress has been found to be associated with aging and age-related diseases
(Finkel and Holbrook 2000) that could lead to the buildup of advanced glycation end
products (AGEs) (Gkogkolou and Böhm 2012). Therefore, compounds with the
ability to inhibit these enzymatic activities or processes have attracted increasing
attention in cosmetics. Several studies have challenged the classical radical theory of
aging (Harman 1956), and SIRT-1 (a class III deacetylase) have emerged as a new
key factor of longevity controlling oxidative stress effects through the stimulation of
antioxidant response via FOXOs and p53 pathways (Hori et al. 2013). A stimulation
of SIRT-1 activity has been reported to be crucial in the control of oxidative stress
and in the regulation of aging process (Hori et al. 2013; Ghosh 2008). Interestingly,
phytochemicals have been reported to activate SIRT-1 homologs and to prolong life
span in yeast, drosophila and Caenorhabditis elegans models (Viswanathan et al.
2005; Bauer et al. 2005; Viswanathan and Guarente 2011). The identification of
SIRT-1 activators is also of great interest for cosmetic applications. The results are
presented in Table 2.4, expressed as percentage of relative activities compared to
control (consisting in extraction solvent addition to the assay). Here, we have
considered an inhibition percentage of 30 % as a marked inhibitory effect, we have
detected strong inhibitory actions of our extracts toward tyrosinase (up to 72.2%
inhibition observed with the stem-derived callus extract, Ir#3), collagenase
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(up to 36.3% inhibition with the stem-derived callus extract, Ir#5) and a strong
inhibition of AGEs formation (up to 34.1% inhibition obtained with the leaf-derived
callus extract, Ir#12). Inhibitory effects observed for elastase and collagenase were
less marked (up to 25.3% and 22.2% respective inhibition observed with the same
leaf-derived callus extract Ir#12). Interestingly, we observed that TDZ alone was
more efficient in inducing the anti-aging action in stem-derived callus through the
inhibition of these enzymes; whereas, addition of NAA appeared to limit the effect of
initial explant origin and even seemed to reverse it (compare Ir#11 and Ir#12, Table
2.4). With the exception of tyrosinase inhibition, Ir#12 extract (leaf-derived callus
grown on TDZ (1.0 mg/l) and NAA (3.0 mg/l) appeared to be the most promising
extract for these anti-aging activities.
Conversely, stem-derived callus was more prompted to stimulate SIRT-1 activity with
a maximum 2-fold increase measured with Ir#11 extract (stem-derived callus grown
on TDZ (1.0 mg/l) and NAA (3.0 mg/l). An activation level that is very similar to the
stimulatory effect measured with resveratrol (the reference activator of SIRT-1)
(Howitz et al. 2003). However, here we have to note that a simple extract was used
which could be very interesting since no purification steps are needed to obtain this
activation. Moreover, without minimizing the potential synergistic effects, we
assumed that all these anti-aging actions could be further reinforced following the
purification steps.

2.6 Correlations analysis
Hierarchical clustering analysis (HCA) was applied first to discriminate the different
sample extracts based on their qualitative and quantitative phytochemical profiles
(Figure 2.5). Regarding this HCA, decomposition into two main groups was observed.
The first cluster (i.e., cluster A on Figure 2.5) grouped together sample extracts with
the highest phytochemical accumulation capacities, with the sub-cluster A1 rich in
pentacyclic triterpenes (BA, PA and OA) and the sub-cluster A2 accumulating highest
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Table 2.4 Anti-aging activities of 12 I. rugosus callus sample extracts expressed as percentage activities of the control (DMSO) (culture
conditions of the callus are presented in Table S1). Values are mean ± standard deviation (n=3)
Sample

Elastase

Collagenase

Hyaluronidase

Tyrosinase

AGEs

SIRT-1

Ir#1

77.8 ± 2.9

64.3 ± 3.0

85.8 ± 1.7

62.9 ± 2.3

78.5 ± 0.7

140.8 ± 5.0

Ir#2

90.7 ± 0.8

86.2 ± 2.2

88.4 ± 1.4

85.4 ± 1.7

79.8 ± 1.4

88.9 ± 3.3

Ir#3

79.8 ± 1.2

77.7 ± 3.0

88.6 ± 0.9

27.8 ± 12.1

84.4 ± 0.8

162.0 ± 7.0

Ir#4

83.0 ± 2.2

75.0 ± 3.3

87.7 ± 2.0

75.6 ± 2.6

77.6 ± 2.7

134.3 ± 10.3

Ir#5

76.8 ± 4.6

63.5 ± 4.3

80.1 ± 1.4

52.1 ± 4.4

73.8 ± 1.9

194.1 ± 6.4

Ir#6

87.9 ± 2.2

84.8 ± 0.3

85.6 ± 1.5

87.6 ± 1.9

76.1 ± 2.2

124.3 ± 11.0

Ir#7

85.8 ± 1.7

77.1 ± 1.9

86.6 ± 2.8

79.3 ± 1.4

76.9 ± 2.6

137.8 ± 5.8

Ir#8

85.9 ± 2.7

78.5 ± 0.9

89.2 ± 0.9

82.8 ± 1.7

83.2 ± 1.9

185.4 ± 11.0

Ir#9

90.2 ± 1.2

85.8 ± 1.6

88.7 ± 1.2

87.2 ± 1.5

83.7 ± 1.7

94.8 ± 4.2

Ir#10

86.2 ± 1.3

79.7 ± 1.3

91.5 ± 0.9

85.2 ± 1.1

85.1 ± 1.3

92.6 ± 3.2

Ir#11

79.2 ± 1.9

68.8 ± 2.1

78.7 ± 0.9

74.5 ± 2.7

70.8 ± 1.8

203.3 ± 6.2

Ir#12

74.7 ± 1.1

65.8 ± 2.2

77.8 ± 0.9

63.9 ± 2.5

2.9 ± 2.7

14 ±7.9
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amount of phenolic acids (RA and CA). In contrast, cluster B shows sample extracts
with lowest accumulation capacities of these compounds. Although, we previously
observed that stem-derived callus was generally more attractive than leaf-derived
callus when considering each hormonal treatment individually, here the HCA pointed
that the hormonal treatment is a prominent parameter over explant origin for an
optimal accumulation since both stem and leaf derived callus sample extracts were
distributed equally in both clusters. Combination of NAA with higher concentrations
of TDZ (Ir#11 and Ir#12), appeared to be the most favorable hormonal balances for
accumulation of both pentacyclic triterpene and phenolic acid compounds in I.
rugosus in vitro cultures.
In order to rationale the apparent complex linkage between phytochemicals and
biological activities, a principal component analysis (PCA) was then conducted
(Figure 2.6). The obtained separation was satisfactory and allowed explaining 88.28%
of the apparent complexity (F1xF2, Figure 2.6). The discrimination mainly occurred
through the first dimension (F1 axis), explaining 70.13% of the apparent complexity
by itself and allowing the separation of the sample extracts according to their
phytochemical composition and biological activities. This point is of particular
interest since it clearly evidences that it is possible to predict the antioxidant and antiaging potential of a sample extract based on its phytochemical profile and that a direct
linkage could exist between these two parameters. The second dimension axis (F2)
accounted for only 18.14% of the initial variability but intriguingly, it allowed the
discrimination between: (1) sample extracts rich in pentacyclic triterpenes and
showing high inhibition capacities of tyrosinase, elastase and collagenase, and (2)
sample extracts rich in phenolic acids showing the highest antioxidant activities, antiAGEs, hyaluronidase inhibition and SIRT-1 activation. From this analysis, it appeared
that sample extracts Ir#8 and Ir#11 were the most attractive for cosmetic applications
looking for natural antioxidants, anti-hyaluronidase, anti-AGEs and/or activator of
SIRT-1, whereas, sample extracts Ir#1, Ir#2 and Ir#5 were the most promising for a
natural anti-tyrosinase, anti-elastase and/or anti-collagenase applications. Note that
sample extracts Ir#3 appeared as the most potent extract for these cosmetic
applications targeting the whole set of these activities. To better assess the linkage
between individual phytochemical and biological activities, Pearson coefficient
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correlations (PCCs) between these parameters were also calculated (Table 2.5). From
this analysis, it appeared that the phenolic acid RA is the main contributor towards the
antioxidant activities of I. rugosus in vitro cultures, with high (ranging from 0.982 for
ABTS assay to 0.997 for DPPH and FRAP assays) and highly significant (p < 0.001)
PCCs (Table 2.5). The anti-AGEs activity correlated with the presence of phenolic
acids RA (PCC = 0.943, p < 0.001) and to a less extent CA (PPC = 0.608, p = 0.036)
could be linked to their well-described antioxidant activity (Fedoreyev et al. 2012).

Figure 2.5 Hierarchical clustering analysis (HCA) of twelve I. rugosus callus extracts
related to their phytochemical profile.
Furthermore, it was observed that the pentacylic triterpene PA also significantly
contributed towards the antioxidant ORAC assay (PCC = 0.604, p = 0.038).
Concerning anti-aging activities, the analysis revealed a more complex linkage. The
marked activation of SIRT-1 activity and the anti-hyaluronidase activity appeared to
be relied on RA and pentacylic triterpenes. Phenolic compounds are known as potent
activator of SIRT-1 activity (Howitz et al. 2003), whereas both phenolic compounds
and triterpenes are described as possible hyaluronidase inhibitors (Lee et al. 2001).
The marked anti-tyrosinase activity of our sample extracts was significantly linked
with PA (PCC = 0.622, p = 0.031) and OA (PCC = 0.603, p = 0.038) but not with the
third pentacylic terpene BA. From a structural point of view, PA and OA originate
from the same olenyl cation precursor (Moses et al. 2014), which could be one
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explanation of this observation. The marked anti-collagenase, as well as, less
pronounced anti-elastase activities of I. rugosus sample extracts was correlated
significantly with the pentacylic triterpenes.

2.7 Conclusion
Our results hypothesized that cell culture protocols provide an excellent reproducible
opportunity to optimize and obtain a uniform and high-quality yield of the target
compounds.

Figure 2.6 Principal component analysis (PCA) of the different phytochemicals and
biological activities of I. rugosus callus extracts. Variance of factor 1 (F1) = 70.13%
and of factor 2 (F2) = 18.14%
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Table 2.5 Pearson coefficient correlation linking the mains phytochemicals
accumulated in I. rugosus callus extracts to their antioxidant and anti-aging activities
CA

RA

BA

OA

PA

DPPH

0.546

0.997***

0.471

0.477

0.537

ABTS

0.575

0.982***

0.484

0.447

0.466

ORAC

0.562

0.975***

0.511

0.550

0.604*

FRAP

0.555

0.997***

0.447

0.423

0.510

CUPRAC

0.566

0.992***

0.454

0.466

0.513

Chelation

0.534

0.992***

0.456

0.465

0.559

Elastase

0.126

0.525

0.827**

0.902***

0.748*

Collagenase

0.097

0.571

0.900***

0.936***

0.720**

Hyaluronidase 0.467

0.897***

0.572

0.602*

0.538

Tyrosinase

-0.221

0.072

0.440

0.603*

0.622*

AGEs

0.608*

0.943***

0.527

0.522

0.447

SIRT1

0.435

0.970***

0.665*

0.646*

0.625*

* p < 0.05, ** p < 0.01, *** p < 0.001
HPLC analyses confirmed the presence of pentacyclic triterpenes namely
plectranthoic acid (PA), betulinic acid (BA) and oleanolic acid (OA) and phenolic
acids like caffeic acid (CA) and rosmarinic acid (RA) in all in vitro callus culture
conditions. The impact of TDZ and NAA, as well as, the origin of initial explant
phytochemical accumulation of the resulting I. rugosus was elucidated and correlated
with relevant biological activities. Little is known about the in vitro biosynthesis,
regulation and accumulation of triterpenes and phenolic compound of Isodon genera.
Hence, present research emphasizes a possible connection with respect to
morphology, growth behavior and metabolic activity to produce fast-growing friable
calli that is constantly able to generate bulk of the target substances. Results showed
the possibility to produce very contracting sample extracts in term of both
phytochemical profiles and biological activities relying on simple and reproductive
initial conditions. Taking advantage of these contrasting accumulation profiles, we
have showed that I. rugosus in vitro cultures could represent a very promising and
sustainable system for the production of anti-aging and antioxidant extracts for
60

Chapter 2

In-vitro culture of Isodon rugosus

cosmetic applications. Correlation analysis further helped us to elucidate the complex
link connecting phytochemicals accumulated in the callus to the biological activities
of the resulting sample extracts. The antioxidant, anti-glycation and SIRT-1 activation
actions relied on the presence of RA, whereas, anti-tyrosinase, anti-elastase and anticollagenase activities were found to be linked with the occurrence of pentacylic
triterpene derivatives.
We anticipate that the methodology employed here could be applied to other health
promoting activities of these extracts from I. rugosus in vitro cultures and to other
plant production systems. Our research will facilitate in future, to enhance and
examine the production of these bioactive metabolites on large-scale cultivation in
bioreactors involving several biotechnological strategies like plant cell, tissue and
organ cultures.
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3 In vitro effect of exogenous melatonin on Isodon
rugosus: a synergistic response in the form of
increased production of bioactive, anticancer, and
antioxidant compounds with biomass
3.1 Abstract
Medicinal plants are valuable source of new natural bioactive compounds. To enhance
the production of secondary metabolites through elicitation from callus culture allow
the scientists to create a new opportunity in the field of biotech research. Therefore,
the research focuses to improve the production of phytochemical compounds with
significant global economic and environmental benefits. Melatonin treatment with
different concentrations in stem-derived callus culture resulted in increased
production of polyphenols, where the maximum production was observed at 5 µM,
i.e. phenols 2877.56 ± 46.45 mg /l and flavonoids 560.43 ± 15.24 (mg/l), after 5
weeks of culturing. At the same time, some physiological and morphological changes
of callus have also been reported. The current results also showed a strong inhibitory
effect of the gel extract with external melatonin at 5 µM versus α-amylase (42.50 %)
and HepG2 cells (cell susceptibility 60.46 ± 1.6 %, cell death 39.54 ± 1.2 %). Thus,
positive impact was observed between melatonin and antioxidant defense system of I.
rugosus. The results of SOD, POD, TAC, and TRP activities also successfully
revealed the presence of biologically active polar metabolites isolated by HPLC
analysis (rosmarinic acid, caffeine acid, plectranthoic acid, betulinic and oleanolic).
This work is the first that investigated and documented melatonin influence on redox
state during callus culture of I. rugosus. We also concluded the remarkable potential
of I. rugosus as valuable source of the inhibitory activity of AChE and BChE.

3.2 Introduction
Plant secondary metabolites synthesized from primary metabolites are valuable
compounds widely used in pharmaceutics, cosmetics, or more recently nutraceuticals
and as other industrial materials (Seigler 1998; Yang et al. 2018). Medicinal plants
thought to be constantly confronted to biotic and abiotic environmental stresses, in
order to develop a defense system against pathogenic attacks, signaling, stimulatory
and inhibitory effects on enzymes, plant metabolism and growth in higher plants
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(Bennett and Wallsgrove 1994). Structural-based classification of polyphenolic
compounds was characterized into several groups such as phenolic acids, flavonoids,
terpenoids, steroids, and alkaloids (Harborne 1999). Recently, advances in plant tissue
culturing techniques have overcome several inconveniences on industrial level, thus
enabling the production of these bioactive compounds (Zhao 2005; Ruby Tiwari and
Rana 2015). Propagation of secondary metabolites by biotic and abiotic elicitation is
one of the few approaches recently being used to intensify the potential yield and ease
the net-cost (Angelova et al. 2006; Yin et al. 2013; lee et al. 2014). In elicitation
accumulation of trace quantity of elicitors activated or enhanced the biological
production of metabolites. Ramakrishna and Ravishankar (2011) reported the role of
several biotic and abiotic agents on the production of secondary metabolites including
melatonin, methyl jasmonate, salicylic acid, light, temperature, serotonin, plant
growth regulators, cold, salt and chemical stress etc. In plants, free radicals and
reactive oxygen species are normally produced during photosynthesis. Tan et al.
(1993) reported that in nature melatonin is a potent and high capacity free radical
scavenger comparative to vitamin E. As a result of this board spectrum antioxidant
capacity it is considered to be an environmentally friendly molecule. Hardeland
(2016) confirmed the protective role of melatonin share almost identical role in plants
and animals. In the biological synthesis of melatonin, tryptophan equally acts as
precursor of indoleamine compounds. Latest scientific research revealed that
melatonin performs several important biological and antioxidant roles in medicinal
plants such as regulation of growth and development (Nawaz et al. 2016), hormone of
darkness (Kolár and Machácková 2005), cell division and spindle fiber formation
during mitotic division (Murch and Saxena, 2002), and stress tolerance (Janas and
Posmyk 2013; Bonnefont-Rousselot and Collin (2010); Kołodziejczyk and Posmyk
2016). Galano et al. (2013) observed that melatonin not only scavenge ROS but also
reactive nitrogen species (RNS) which discriminates it from other antioxidants.
Similarly, it might also regulate the redox-sensitive enzymes (superoxide dismutase
and catalase). Under stress conditions, ROS are produced which causes DNA damage,
enzyme inactivation and oxidative degradation of lipids (Fischer et al. 2013; Zheng et
al. 2015). Many published studies of ROS to date focused on controlling the negative
effects of ROS instead of eliminating them from the biological systems (Considine et
al. 2015). Melatonin protects the plant from the undesired functions of ROS by
regulating the enzyme serotonin N-acetyltransferase (SNAT) which expresses during
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stress condition (Byeon and Back 2014). Hence, there was synergistic effect of
melatonin against abiotic and abiotic stresses. Sarropoulou et al. (2012) showed that
exogenously

applied

melatonin

at

low

concentration

enhances

biomass,

carbohydrates, proline and photosynthetic pigment contents in leaves, representing a
trait of melatonin in plant stress metabolism. Moreover, due to the efficient free
radical scavenger activity of melatonin, it can be used for protection from various
carcinogenic damages (Sanchez-Barcelo et al. 2012; Bella et al. 2013; Proietti et al.
2012; Jung and Ahmad 2006; Seely et al. 2012). Sánchez-Sánchez et al. (2011)
confirmed dual role of melatonin as antiproliferative vs cytotoxic actions through
intracellular redox state. This suppression of proliferation was triggered by the
imbalance between production and inhibition of oxidant defense enzymes (CAT, SOD
and GRS levels). In this study, we speculate the in-vitro potential role of melatonin in
I. rugosus medicinal plant. We observed that exogenously applied melatonin
increased the biomass, secondary metabolites, and antioxidants enzymes. Moreover,
we examined the hepato-protective activity of melatonin against HepG2 cell line, the
possible role of melatonin as total antioxidant capacity and reducing ability of I.
rugosus in-vitro callus culture. We also tried to justify the treatment of Alzheimer's
symptoms. The above data represent a strategy that promotes cholinergic activity by
means of I. rugosus polyphenols. As part of our ongoing, we identify metabolites of
callus extracts treated with melatonin that are used to inhibit Alzheimer disease.
Cholinesterase hydrolyzed acetylcholine into choline and acetic acid, which is
alternatively used to repair cholinergic neurotransmission activity. According to
previous

literature,

two

types

of

cholinesterase

(acetylcholinesterase

and

butyrylcholinesterase) were used for the treatment of dementia (Topal et al. 2016).
Gülçin et al. (2016) reported that BChE is a plasma non-specific cholinesterase
enzyme which is used to breakdown various esters of choline-based enzymes. The
origin of BChE is liver but mainly found in blood stream, encoded by butyrylcholine
genes. Where as, source of acetylcholinesterase are muscles, brain and membrane of
red cells. So the treatment involves increasing the level of synaptic neurotransmitter
by decreasing the level of these inhibitors by phenolic and flavonoids compounds.
Finally, to the extent of our knowledge, this is the first innovative report exploring the
beneficial impact of exogenously applied melatonin on I. rugosus to prevent
Alzheimer’s, Diabetes and hepatocellular carcinoma.
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3.3 Material and methods
3.3.1.1 Plant material
Seeds of I. rugosus were collected from the wild population plants located dry-hill
areas of high altitude from August to October (Khyber Pakhtunkhwa). The plants
were grown in semi-shaded region on moist soil land.
3.3.1.2 In-vitro conditions of seed germination and callus culture
Germination of seeds and materials in the MS medium (Murashige and Skoog 1962)
was carried out under sterile conditions containing 30 g/l of sucrose (w/v) and 8 g/l
(w/v) agar, and the pH was adjusted to 5.6-5.8. Callus cultures were maintained under
16/8 hrs (light/dark) photoperiod in growth room chamber at ± 25 °C. About one
centimeter stems explants were fragmented by surgical blade and forceps under
aseptic conditions. After 35 days, the fragments of the explants were inoculated on
MS medium supplemented with various concentrations of melatonin (1, 2, 3, 4, 5, 10,
50 and 100 μM) for the induction of callus with combination of TDZ and NAA (αnaphthalene acetic acid) in the ratio of 1:3 mg/l (as shown in Table 3.1). MS medium
with no PGR was used as control where no growth occured. Subsequently, after 4
weeks, data were collected taking fresh and dry weight for supplementary
examination (Figure 3.1). Fresh green compact calli were obtained at different
concentration of melatonin.
3.3.1.3 Phytochemical screening
At the end of 4 weeks, fresh callus samples of all concentrations were harvested for
fresh weight (FW) determination on filter paper and labelled. Then the callus was
dried at 35-37 °C for 24-48 hrs. Finally, the dry weight (DW) was verified. The
phytochemical screening of DW samples was examined for triterpenes/steroids,
alkaloids, flavonoids, saponins, tannins, and phenolic acids. For the quantitative
analysis, color intensity was used as analytical responses to these tests.
3.3.1.4 Total phenolic content
The amount of total spectral phenols was determined by a slight change in the
Singleton and Russian protocols (1965). Folin-Ciocalteu phenol reagent (FC reagent)
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was used to estimate the total phenolic content expressed as GAE (Gallic acid
equivalents mg/ml). 20 μl of sample was mixed with 90 μl of FC reagent and
incubated at room temperature. After 5 minutes of incubation, 90 μl of sodium
carbonate (6% w/v) was added to the above mixture. The spectral analyzer (Halo DR20, UV-vis spectrophotometer, Dynamica Ltd., Victoria, Australia) was measured at λ
max = 630 nm in the plate reader. The results were determined in milligrams of galic
acid as standard (0-50 μg-ml, R2 = 0.968), equivalent to GAE per 100 g of dry
sample. The fractionation of TPP (total phenolic production) was estimated in
triplicate and calculated as,
TPP (mg/l) = DW (g/l) × TPC (mg/g)
3.3.1.5 Total flavonoid content
Total flavonoid was determined spectrophotometrically by aluminium chloride
colorimetric method with slight modification in Chang et al. (2002) protocol.
Concisely, 20 µl of extracted sample was mixed with 10 µl of 10% AlCl3 (w/v) and
10 ml of CH3CO2K (1M potassium acetate) monitored by the addition of 160 µL of
D.H2O. Before taking absorbances, samples were incubated for 30 minutes at room
temperature. The optical density was determined by means of spectrophotometer
(Halo DR-20, UV-VIS spectrophotometer, Dynamica Ltd., Victoria, Australia) at
λmax = 415 nm. The level of flavonoid concentration was calculated from the
calibration plot symbolized as mg quercetin equivalent/g of sample. The fractionation
of total flavonoid production (TFP) was estimated in triplicate and calculated as,
TFP (mg/l) = DW (g/l) × TFC (mg/g)
3.3.1.6 Evaluation of antioxidant activity
DPPH (1, 1-dinyl-2-picrylhydrazyl) was monitored by Lee et al. (1998) protocol with
some alteration. The experiment was performed in a microplate reader by mixing 20
μl of sample and 180 μl of the DPPH reagent. Ascorbic acid was used as a reference
compound. Spectroscopically, the reading was taken at λmax = 517 nm, after
incubation of one hour. The following formula was used to determine the proportion
of free radical activity (%),
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% scavenging DPPH free radical = 100 × (1˗ AE /AD)

Absorbance of sample (AD) solution was measured against absorbance of the DPPH
solution (AE) in methanolic extract.
3.3.1.7 Antioxidant capacity analysis (Phosphomolybdenum method)
TAC (total antioxidant capacity) of tested samples was calculated by standard method
after slight modification by Umamaheswari and Chatterjee (2008). For examination,
the mixture contains 100 μl aliquot of each sample, 180 μl of phosphomolybdenum
reagent (4 mM), and 0.6 M sulfuric acid. After incubation for 90 minutes at 95 °C, the
sample plate reader was cooled to room temperature and absorption was measured at
695 nm. For the calibration curve, methanol was taken as a negative control and
ascorbic acid as a positive control. The results of the total antioxidant capacity are
expressed as equivalent to alkaline ascorbic acid µg AAE/mg.
3.3.1.8 Total reducing power analysis (TRP)
To measure the reducing potential of the tested samples, protocol of Ahmed et al.
(2017) was followed. Briefly, 40 μl of each sample from the stock solution (4 mg/ml
samples in DMSO) were taken in Eppendorf and phosphate buffer (0.2 M, 6.6 pH)
plus 1% (w/v) potassium ferricyanide were then added. Finally, 10% of the
trichloroacetic acid (w/v) was added and centrifuged for 10 minutes at 2500 rpm
(approximately equal to 5760g) (Spectrafuge 24D microcentrifuge). The relationship
between revolutions per minute (RPM) and relative centrifugal force (xg) is:
g = (1.118 × 10-5) R S2
Where, g is the relative centrifugal force, R is the radius of the rotor in cm and S is the
speed of the centrifuge in revolutions/minute.
Before collecting the supernatant material, the mixture was incubated for 20 minutes
at 50 °C. The floating material (166.66 μl) was mixed with 50 μl of 0.1% (w/v) ferric
chloride solution. 33.3 μl ferric chloride (0.1%) was added is each well of plate reader
and reading was taken at 630 nm. Ascorbic acid and methanol were taken as positive
and negative controls, respectively. The results were expressed as µg AAE/mg
extract.
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3.3.1.9 ABTS radical scavenging assay
For producing ABTS radical cationic suspension, equal amount of ABTS (7.4mM)
and K2S2O8 (2.6 mM) were taken and allowed to react for 16 hours in dark. After that,
1.0 ml D-H2O was added; meanwhile, the reading was taken at 734 nm to attain the
reading of 0.73. At the end, 150 ml of sample extracts were added in 2850 ml of
ABTS. After incubation period of 6 minutes, reading was taken at 734 nm. ABTS was
calculated with the following equation:
Scavenging activity (%) = (1 − Absorbance of sample/Absorbance of control) × 100
3.3.1.10 Ferric ion reducing antioxidant power (FRAP) assay
Reduction ability of the callus extract of I. rugosus was expressed as mg/ascorbic acid
equivalents (AAE)/ml. For the stock solution, FRAP was formulated by mixing 25
mL of acetate solution (300 mg, pH 3.6), 2.5 ml of TPTZ (10 mM 2, 4.6 terrypridyl
triaz), 2.5 ml of FeCl3+ HCL. At the end, 150 ml of each sample was added in 2850
ml of reducing solution and the solution was allowed to react for 2 hours in dark.
Absorbance was estimated at 593 nm. Protocol of Jamila et al. (2015) with brief
modification was followed.
3.3.1.11 Antidiabetic Assay (α-amylase Inhibition Assay)
We followed the modified method of Sangeetha and Vedasree (2012) to determine the
α-amylase inhibition assay. In brief, mixture consists of 10 µl of test sample and 15 µl
phosphate buffer and allowed to react with 40 µl starch with 25µl α-amylase enzyme.
After 30 minutes of incubation at 50 °C, 20 μl of 1 M hydrochloric acid and 90 μl of
iodine solution were added gradually to each 96 well of the microplate readers. Buffer
solution was taken as blank, methanol as negative and acarbose as positive control. At
540 nm, absorbance examination was done by means of spectrophotometer and αamylase enzyme inhibition was measured in percentage.
3.3.1.12 Antioxidative enzyme (SOD, POD) activities
About 100 mg of fresh weight samples were homogenized with cold 50 mM/L
phosphate buffered saline solution (pH 7.8). Approximately 100 mg of fresh weight
samples were homogenized with saline phosphate buffer of 50 mM cold/l (pH 7.8).
Subsequently, the blended mixture of each samples were centrifuged at 4 °C at 10,000
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rpm for 15 minutes (approximately equal to 8944g). At the end, 1 ml of extracted
supernatant was used as crude enzyme extract for further testing. To estimate the
activity of peroxidase, we followed the protocol of Lagrimini (1991) with a slight
adjustment. The activity of guaiacol peroxidase (POD, EC 1.11.1.7) at 470 nm was
determined. In the presence of H2O2, the POD enzyme participates in the conversion
of guaiacol to guaiacol tetra. 200 μl of the reaction mixture was prepared by adding
40 μl of phosphate buffer (50 mM of pH 7), 20 μl of giaicol (100 mM), 100 μl of
distilled water and 20 μl of H2O2 (27.5 mM). The blank was prepared with the same
concentration of ingredients but without extracting the enzyme. Superoxide dismutase
(SOD; EC1.15.1.1) activity was followed by Giannopolitis and Ries (1977); Panda
and Khan (2004). Catalyzed reaction of SOD estimation based on the reduction of
NBT (nitroblue tetrazolium). The reaction mixture contains 20 μl of EDTA (1 mM),
30 μl of methionine (130 mM), 20 μl of NBT (0.75 mM), 78 μl of Phosphorus-K
buffer (pH 7) and 2 μl riboflavin (0.02 mM), 60 μl of enzyme extract solution. After
exposure to fluorescent light for 7 minutes, optical density was taken at 560 nm.
Blank contains all the chemicals expect enzyme extract.
3.3.1.13 In-vitro assay of cellular toxicity in HepG2 cell line (human
hepatocellular carcinoma)
1.1.1.1 Cell lines and cell culture
For the human liver cell line, ATCC HB-8065 (American Type Culture Collection;
Manassas, VA, USA) was used. The ATCC was maintained according to the
proposed method at 37 °C and 5% CO2 in DMEM (modified Dulbecco modified
eagle) enriched with 2 ml L-glutamine, 2 mM C3H3NaO3 (Na-pyruvate), C9H11N2O4S
100 U/ml (penicillin), 100 antibiotics with streptomycin and 10% of FCS (fetal calf
serum) under humidity of 5% CO2. HepG2 cells were harvested at room temperature
for 1 minute with 0.5 mM trypsin-EDTA solution. The cells were subcultured at
regular intervals to achieve confluency of 80–90 %.
1.1.1.2 Cell viability assay
For in vitro viability and cytotoxicity of HepG2 cells for I. rugosus, SRS protocol
(sulforhodamine-B) was followed as described by Buranrat et al. (2017). Callus
extracts were dissolved in DMSO prior to experiment. Cells were grown in a
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microtiter plate of 96-well at a density of 15000 cells per well and allowed to stick for
24 hrs at 37 °C. Soon after, cells were treated with 200 µg/ml of each sample for 24
hrs. Cells were fixed with ice-cold 10% C2HCl3O2 (trichloroacetic acid- TCA) at 4
°C. After incubation of 1 hr, cells were washed with D-H2O (deionized water thrice
and air dried). The 0.01% sulforhodamine-B dye was used at room temperature for
staining for 30 minutes and washed with 1% CH3COOH (acetic acid) thrice to remove
unbounded dye followed by drying of the plates. Afterwards, unbound dye was
dissolved in 10 mM Tris (100 µl/well) base solution (pH 8) at room temperature for 5
minute. In the current experiment, untreated cells and Dimethyl sulfoxide (DMSO
1%) were used as controls (At 1% or more, toxic effects have been reported
depending on the type of cell line used). That’s why there is a slight difference
between untreated cells and DMSO dissolved untreated HepG2 cells.
Cell viability was monitored prior to tris treatment and photographs were taken with
an Olympus CK2 light microscope armed with digital camera. Absorbance was
measured at wavelength of 565 nm (Platos R 496, AMP). The experiment was
repeated twice with triplicates for each sample in independent experiments and their
standard deviations were calculated. To calculate the percentage viability relative to
untreated sample, the succeeding formula was used:
Cell viability (%) = (Absorbance of Sample-Absorbance of sample control)/
(Absorbance of untreated Cells-Absorbance of media only) ×100
Percentage inhibition was calculated by formula:
Cell inhibition (%) = 100 – Cell viability (%)
3.3.1.14 In vitro Cholinesterase inhibitory assay
To evaluate the inhibitory activity of cholinesterase of I. rugosus callus extract,
previously modified Ellman’s protocol was followed. Concisely, 140 µl sodium
phosphate buffer (0.1M, pH 8.0), test samples 20 µl, 20 ml AChE enzyme (0.09
U/ml) were mixed and then kept for 15 minutes. After that, in 96 well micro-titer
plates, 10 µl DTNB (10 mM) and 10 µl ATCI (14 mM) was added. Absorbance was
measured at 412 nm for 30 minutes after initiation of the enzymatic reaction. The
same procedure was followed in the case of BChE testing with butylrylcholinesterase
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S-butyrylthiocholine

chloride

as

a

substrate,

and

for

reference,

physostigmine was used. All the solution was prepared in 1% DMSO (1 mg/ml).
Cholinesterase inhibitory activities were evaluated at 50% inhibition (50µg/ml). For
future calculation, more than IC50 concentration were considered as positive inhibition
%.
3.3.1.15 HPLC analysis
Quantification investigation of I. rugosus callus extracts was done by HPLC analysis.
The whole system was composed of Photodiode Varian Detector 335 (PAD),
Metachem Degasit degasser, auto sampler of Varian Prostar 410, Varian Prostar 230
HPLC pump and controlled by Galaxie version 1.9.3.2 software. For HPLC, the
sample was prepared by using the following protocol: in 500 μl of high-quality HPLC
methanol, 100 mg of dry homogeneity powder was added using Ultraturrax, T25 basic
mixer, T25 basic blender. The USC1200TH ultrasonic bath was used for one hour at
25 ± 2 °C, frequency of 30 kHz with 400 watts of electrical power, equipped with a
digital timer, frequency and temperature control. The suspension was collected after
centrifugation of 5 minute at 10,000 rpm. Hereafter evaporated and resuspended in
4.8 pH citrate-phosphate buffer of 1 ml (0.1M). β-glucosidase 5 units/ml was
incubated for 4 hrs at 37 °C to release aglycone for chromatograms. Each sample of
HPLC was centrifuged for 5 minutes at 10,000 rpm (approximately equal to (equal to
8944g) (Spectrafuge 24D microcentrifuge). The floating material was filtered using a
0.45 μm syringe filter. The RP-18 (Merck) RP-18 automatic moving phase of
Purospher RP-18 was automated using a mixture of solvent A, HPLC gradient water
(0.2 % acetic acid in water) and B (methanol). Linear gradient ranging from 5:95 v/v
(solvent A) to 100:0 v/v (solvent B) with a flow rate of 1.30 ml/min was applied.
Fluorescence detector programmed for excitation at 288 nm. Pentacyclic triterpenoids
and phenolic compounds from I. rugosus were identified by an assessment with
commercially prepared parameters and concentrations were calculated using 5-point
calibration curves (R > 0.999).

3.4 Analysis of statistical data
The Phytochemical analysis, enzymatic assays, anticancer, anti-Alzheimer and
antioxidant radical scavenging data was analyzed using ANOVA (Contrast Analysis)
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followed by the DMTR test (Duncan Multimeter Range) to evaluate the media
difference at a 5% significance level. All the presented results were expressed in
means ± SD (Fowler and Cohen 1990).

3.5 Results and Discussion
3.5.1.1 Effects of combination of Melatonin with TDZ and NAA on callus
induction frequency
In pre-optimized medium (TDZ and NAA at the ratio of 1.0: 3.0 mg/l), different
concentration of melatonin such as: 1, 2, 3, 4, 5, 10, 50, and 100 µM) were used to
verify the effectiveness of callus induction and the subsequent production of
secondary metabolites. Stem explants were used for the establistment of calli. After
10-12 days, frequency of callus induction was examined at the wound sides of
explants fortified with melatonin and those without melatonin treatment as controls.
Induction frequency was high at low concentration of melatonin: 1.0 µM up to 5.0
µM, whereas, a progressive decline in the callus induction was observed at higher
concentrations (10, 50 and 100 µM). The data documented in Table 3.1 represents the
physical properties of callus at the end of 4th week, depending on size, color and
texture. Significant amount of induction frequency was observed in all treatments
with slight morphological differences. Typically, calli were greenish white and green
at low concentrations (1-5 µM) while light brownish callus was also observed at
higher concentrations (10-100 µM) of melatonin (Figure 3.1). According to literature,
the stem callus is friable but our calli grown on melatonin supplemented medium had
compact texture.
Melatonin and TDZ have been reported as effective bio-regulators in in vitro cell and
tissue cultures (Guo et al. 2011; Murch et al. 2001). They hypothesized that these bioregulators when exogenously applied to various plants, perform vibrant roles in
organogenesis and callus induction of in vitro derived cultures. Pelagio-Flores et al.
(2011) briefly explained role of melatonin as auxin type plant growth regulators. So
far, there is no research data available which specifies the effect of melatonin alone or
in combination with other growth regulators such as NAA and TDZ on growth
process.
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3.5.1.2 Role of Melatonin on biomass accumulation
Melatonin biologically regulates diverse physiological responses in plants. Melatonin
has been identified in various plant tissues, including root, stem, leaves, flowers, fruits
and seeds (Reiter et al. 2015). Arnaud and Hernández Ruiz (2017) recently proposed
another advantage similar to the auxin-like activity of melatonin that promotes or
inhibits the growth of the root. Note that growth inhibition occurs only at high
concentrations of melatonin (> 10 μM) in the roots. Similar to our findings, there was
synergistic effect between melatonin concentration and biomass accumulation of
secondary metabolites. There was a gradual increase in fresh and dry weight of callus
derived culture but at higher concentration, biomass accumulation declined gradually,
which is evident in Figure 3. 2.
Maximum accumulation was observed at 5 µM melatonin concentration with FW
(fresh weight) 195.56 mg/l and DW (dry weight) 12 mg/l, while at high concentration
100 µM melatonin; biomass accumulation was FW 52.24 mg/l and DW 2.9 mg/l. At
this concentration browning of callus was observed due to oxidation of phenolic
compounds with poor growth, ultimately leading to cell death. The efficiency of
melatonin was not clearly understood in higher plants. However, the growth and
evolution of these medicinal plants has been transformed by the antioxidant activity,
stability of the membrane and the up- and down-regulated genes (Zhang et al. 2014).
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Figure 3.1 Induction of friable stem callus after 4 weeks of culturing on MS medium supplemented with different concentration of melatonin at
optimized combination of TDZ+NAA (1:3 mg/l)
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Table 3.1 Effect of Melatonin at different concentrations on I. rugosus stem callus
Sr.
No

Media
(Sucrose
30g/l)

Combination of PGRs Elicitor
Concentration (mg/l) Concentration
Control
(µM)

Nature of Dry
Callus
biomass
efficacy
explant
after
4 (%)
weeks (g)

Callus
colour

Morphology
of Callus

Rate of
callus
formati
on

1

MS

TDZ 1.0+ NAA 1.3

1Mela

Stem

0.18

91

LG

C

++++

2

MS

TDZ 1.0+ NAA 1.3

2Mela

Stem

0.192

92

LG

C

++++

3

MS

TDZ 1.0+ NAA 1.3

3Mela

Stem

0.241

92

LG

C

++++

4

MS

TDZ 1.0+ NAA 1.3

4Mela

Stem

0.252

94

LG

C

++++

5

MS

TDZ 1.0+ NAA 1.3

5Mela

Stem

0.421

95

LG

C

++++

6

MS

TDZ 1.0+ NAA1.3

10Mela

Stem

0.127

70

LG

C

++

7

MS

TDZ 1.0+ NAA 1.3

50Mela

Stem

0.108

70

LG

C

++

8

MS

TDZ 1.0+ NAA 1.3

100Mela

Stem

0.097

70

LG

C

++

9

MS

-----

Stem

---

---

---

---

---

Control

Note: Sufficient callus (++++), Moderate callus (++), MS; Murashige and SkoogMedium, LG; light green, C; Compact, Mela; Melatonin
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Figure 3.2 Growth curves analysis of fresh and dry weight of I. rugosus calli after 4
weeks of culturing on MS medium supplemented with different concentration of
melatonin elicitor. The graph points and error bars represent, respectively, mean and
SD from three experiments.
3.5.1.3 Estimation of total phenolic and flavonoid contents
In this report, we observe a trend in the accumulation of phenolic compounds that was
directly proportional to the accumulation of DW biomass and the concentration of
melatonin used. Concentration of Melatonin at high rate decreased the amount of
phenolic compounds such as 10 µM (200 mg/g DW), 50 µM (187.61 mg/g DW), and
100 µM (100.4 mg/g DW). Whereas, concentration below 10 µM enhanced the
accumulation of phenolic compounds like 1 µM (175.52 mg/g DW), 2 µM (179.9
mg/g DW) 3 µM (185 mg/g DW), 4 µM (209.85 mg/g DW), 5 µM (230.58 mg/g
DW), as seen in Figure 3.3a. It mainly played an important role in adapting the plants
to the changing environment, as it generally did not participate in the natural growth
of the plant. But in current data, TDZ and melatonin might elicit stress on callus
culture; as a result, increased the production of phenolics, flavonoids and various
antioxidants to overcome the stress state. Khan et al. (2016) confirmed that the
accumulation

of

these

secondary

metabolites

was

due

to

activation

of

phenylpropanoid pathway. On the other hand, overall similar trend was observed in
case of flavonoid accumulation, as in case of phenolics compound. In our study, we
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examined that, at the same concentration of melatonin, highest accumulation of
flavonoid was observed at 5 µM (44.68 mg/g DW). Furthermore, low quantity of
flavonoids was produced at concentration 10 µM (29.98 mg/g DW), 50 µM (23.95
mg/g DW), and 100 µM (20.21 mg/g DW) as seen in Figure 3.3b. It was assumed that
at higher concentration of melatonin in the presence of TDZ released excessive
amount of ethylene which alternatively decreased the production quantity of these
precious secondary metabolites (Shibli et al. 1997). Current data also showed that the
production of these secondary compounds depends largely on the accumulation of dry
callus mass (Figure 3.4). Application of elicitor i.e. melatonin, can be a strategy in
scaling-up the polyphenol compounds production (Wang and Frei 2011), it was
hypothesized that melatonin stress stimulated the phenylpropanoid metabolism of I.
rugosus (Cvikrová et al.1996). More research is required to confirm this statement.
3.5.1.4 DPPH free radical elimination activity trend and dry mass
During oxidative stress excessive quantity of ROS and other free radicals were
accumulated in-vivo which might cause impairment directly or indirectly to the body
(Chen et al. 2009). The production of ROS at moderate or low levels produces
beneficial effects that include various physiological functions, such as immune
function, various singling and redox regulation pathways. But the formation of these
reactive free radicals speices in higher amount causes destructive effect e.g. hydroxyl
(OH), peroxynitrite (NO3), and oxygen (O2) and nitric oxide (NO). Pharmaceutically
important plant secondary metabolites were used as principle antioxidant to eliminate
body from there effect and syndromes (Tan et al. 2007). A positive correlation was
perceived between antioxidant DPPH and DW of melatonin treated callui (g/l). The
scavenger activity of melatonin was increased with the increase in dry mass at low
concentration.
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Figure 3.3 Effect of different concentrations of melatonin on the total phenolic contents (a)
and (b) total flavonoid contents in I. rugosus calli. Data represented mean ±SD of three
independent experiments

This increase in DW confirms the accumulation of secondary metabolites which in
return increases the efficacy of melatonin 1 µM (91.3%), 2 µM (92.2%), 3 µM
(92.7%), 4 µM (92.5%) and 5 µM (93.4%). Whereas, increased concentration inhibits
the DPPH activity as the dry mass was also decreased: 10 µM (92.4%), 50 µM
(92.1%), 100 µM (91.9%) as shown in Figure 3.5. It was estimated that due to high
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potent antioxidant activity, melatonin effortlessly crosses the cell membrane, blood
and brain barriers. It results in stable end-products originated from reacting with free
radicals, as it cannot reduce to its initial state, reported by Pandi-Perumal et al. (2006).

Figure 3.4 Production of phenolic and flavonoids in response to different melatonin
concentrations. Data represent means ± SD of three replicates.
Adil et al. (2015) also reported that combination of melatonin with auxin increases 3fold shooting and rooting response. Xu et al. (2017) examined similar findings that
high concentration of MT (melatonin) enhanced the antioxidant capacity,
polyphenolic compounds.
So far, there are no data reported which directly associate level of melatonin, DW and
DPPH free-radical scavenging activity, although a possible association between them
was suggested. This study provided the first evidence that melatonin enhanced
antioxidant capacity, at least partially, via promoting polyphenol accumulation.
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Figure 3.5 Effect of melatonin treatments on dry mass and free radical scavenging
potential of callus extract. Data represent means ± SD of three independent
experiments
3.5.1.5 Trend in antioxidant enzyme (SOD and POD) assays
The production of antioxidant enzymes was secondary to the ecological pressure of
plants. These enzymes absorb ROS's effect to benign derivatives, the first step toward
the defense system against the toxic state (Posmyk 2009). Superoxide Dismutase
(SOD) and Peroxidase (POD) activities significantly varied with the low and high
concentration of melatonin (Figure 3.6). SOD enzyme was gradually decreased with
the increase in concentration, which is, at low concentration 1 µM of melatonin the
SOD activity is 0.094 (nM/min/mg FW) whereas at 100 µM SOD is 0.04 (nM/min/mg
FW).
However, POD showed positive relation, that is with the increase in concentration the
POD activity was increased gradually, such as, at low concentration of melatonin
1µM 0.15 (nM/min/mg FW) and at 50 µM POD is 0.0659 (nM/min/mg FW). Parallel
to current observation, Sun et al. (2018) investigated that POD activity progressively
increased with increasing Al3+ amount higher than 40 mg/l both in old and young
leaves.
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Figure 3.6 Effect of melatonin treatments on SOD and POD activities in fresh Isodon
rugosus calli extracts. Data represent means ± SD of three independent experiments
POD is naturally existing iron-bearing metallic protein, oxidoreductase enzyme in
plants. Besides involved in removing ROS, it catalyzes decomposition of H2O2 and
other phenols. That’s why, we hypothesized that the increase in concentration of
melatonin increases the phenolic compounds which in turn stimulates the POD
activity. Meanwhile, POD actively interrelates with SOD to competently eradicate
ROS involved in metabolism. SOD suppresses the anion O2- radicals to defend cells
from oxidative impairment. SOD efficiently works at low concentration but at high
concentration of melatonin, SOD efficacy slow down, which may be due to stress
caused by over-accumulation of melatonin. Sun et al. (2018) stated the same
observation; SOD activity was progressively reduced at higher quantity of Al3+ (200
mg/l). Hence, in current data, we observed and postulated the inverse relation of SOD
and POD means at low or high concentration of melatonin the activity of both
antioxidants enzymes effectivity combat and strive to reduce the adverse condition of
ROS.
3.5.1.6 Trend in Antioxidant Capacity and Total Reducing Power Assays
In addition to natural antioxidants, it has been revealed that many phenol derivatives
contain high levels of antioxidant activity. The reducing ability of sample extracts to
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reduce ferric ions into ferrous ions (Fe+3 to Fe+2) will possibly assist as an important
sign of its potential antioxidant activity (Choi et al. 2010). I. rugosus have strong
reducing capacity at low level of melatonin, such as 1 µM (250.44 µg/mg), 2 µM
(249.73 µg/mg), 3 µM (248.61 µg/mg), 4 µM (248 µg/mg), 5 µM (252 µg/mg), which
is evident in Figure. 3.7. High concentration decreased the reducing capacity due to
low accumulation of phenolic compounds. This reduction capacity of extracts
indicates the ability of electron donating ability of phenolics compounds. At the same
time, during the lipid peroxide pathway, they also reduced the oxidative
intermediates. As a result, they act as primary and secondary antioxidants. Benslama
and Harrar (2016) reported the same observation in two medicinal plants. They
studied that methanolic extract of Z. album (Zygophyllaceae) has strong reducing
capacity (2399.65 ± 12.31 μg AAequ/mg E) and free radicals scavenging activity
(EC50 = 0.096 ± 0.001) due to its rich content of polyphenols and flavonoids
compared to A. scoparium capacity (Chenpodiacea). A positive relationship was
observed between the total reduction of phenolic compounds and the concentration of
melatonin. In redox reaction, mechanism behind reducing ability of extracts was
electron transfer capacity of secondary metabolites, to split free radicals into less
reactive oxygen spieces (inert products) and water molecules. Maksimović et al.
(2005) proved ithat phenolic compounds act as natural antioxidants owing their ability
to inhibit, reduce and scavenge free radicals. Total antioxidant capacity also depends
upon polyphenolic elements of medicinal plants. Positive relation was seen at low
concentration [1 µM (100.71 µg/mg)] and higher concentration [5 µM (60.33 µg/mg),
100 µM (30.44 µg/mg)].
Another stimulating and encouraging aspect to study the total antioxidant and
reducing capacity was the structural peculiarities and configurations of melatonin and
NAA. In this study, we observed that due to the ability of active melatonin to reduce
free radicals to inert free radicals. Koepfli et al. (1938) described the structure
requirements of chemical compound exhibiting auxin containing properties. They
reported that these compounds must contain aromatic unsaturated ring with an
aliphatic side chain and ˗COOH group in the side chain Like NAA and IAA. NAA
carries a carbonyl group with an electronically charged region in -COOH separated by
(approximately 0.5nm) a positively charged ring structure. This distance plays a very
important role in the activity of auxin.
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Figure 3.7 Effect of melatonin treatments on TAC (A) and TRP (B) activities in the
calli extract obtained from stems of I. rugosus. Data represent means ± SD of three
independent experiments
Auxins contain essentially 3 important requirements, such as the planer polycyclic
aromatic ring, the binding site of negative charge carboxylic acid and the hydrophobic
site that separates the two binding sites. Melatonin seems to meet these conditions, as
hypothesized by Arnao and Hernández-Ruiz (2006), therefore, proposed that reducing
and antioxidant capacity of NAA and Melatonin depends upon redox properties,
hydrogen donors, and aliphatic side chain and ˗COOH group play vibrant role in
reducing the risk of various human diseases. To the best of our knowledge, this is the
first report on the general resistance of TAC and TRP to I. rugosus.

3.5.1.7 Trend in ABTS and FRAP assay
Reproducibility trend of the antioxidant activities such as ABTS and FRAP assays of
I. rugosus were measured by using methanolic callus extracts, as evident in Figure
3.8. The ABTS scavenging capacity depends directly or indirectly on the
concentration, the chemical composition and the polymerization levels of antioxidant
agents e.g. polyphenols and confirmed the presence of pentacyclic terpenoids and
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phenolic compounds identified by HPLC analysis of callus extracts. ABTS
scavenging value at 4 µM mela was (% inhibition) 573.96 ± 13.22, FRAP (%
inhibition) 772.98 ± 12.34, at 5 µM mela ABTS (% inhibition) 551.75 ± 13.43, FRAP
(% inhibition) 750.37 ± 12.98. Mechanism behind the antioxidant activity was to
accept or denote the electrons directly. In this way, elimination of unpaired electron
from the highly interacting radicals to eliminate the formation of frees radicals,
leading to the eradication of roots. Yen and Chen (1995) briefly described the strength
of reduction of the sample extracts based on the direct transmission of electrons in the
reduction reaction of Fe3+(CN-)6 Fe2+(CN-)6. The index of ABTS radicals considered
to be more reactive as compared to DPPH by single transfer of an electron at specific
absorbance of 734 nm (Lü et al. 2009).

3.5.1.8 Trend in α-Amylase inhibition assay
Diabetes is a collection of carbohydrate metabolic disorder which occurs as a result of
carbohydrate, fat, and protein metabolic abnormalities (Craig et al. 2009). According
to literature, hyper-glycaemia is the chief reason of diabetes mellitus which in return
generates ROS (Patel et al. 2011). In present research, we observed that from low to
high concentration of melatonin gradually showed elevated level of inhibition which
was respectively decreased at high concentration i.e. 1 µM (34.17 %), 2 µM (36.19
%), 3 µM (35.29 %), 4 µM (38.50 %), 5 µM (42.50 %), 10 µM (39.21 %), 50 µM
(29.16 %), and 100 µM (21 %), as seen in Figure 3.9. Previous data have
demonstrated the vital role of medicinal plants in the treatment of diabetes. Mainly, in
developing countries, like Pakistan, people have limited access to modern and
expanded resources for treatment. Therefore, the present study provides valuable
information about the presence of

numerous possible potential bioactive

phytoconstituent inhibitors of this enzyme such as phenols, terpenes, and flavones etc.
in I. rugosus. These inhibitors help to identify enzymes which hydrolyzed
carbohydrates e.g. α-amylase from extract.
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Figure 3.8 Effect of melatonin treatments on ABTS and FRAP activities in the calli
extract obtained from stems of I. rugosus. Data represent means ± SD of three
independent experiments
In diabetes, ROS induced membrane damage, lipid peroxidation and β-cells, thus
presence of antioxidant secondary metabolites in plants prevent diabetic patient from
diabetes. In concordance with the findings of other observation to some extent, Zhang
et al. (2017) studied that α- and β-amylase were considerably amplified (14.5% and
23.5%, respectively) on seed germination, after exposure of exogenous melatonin
application in comparison to NaCl treatment. It is concluded that, at the present-day,
there is limited systematic observation available to figure out the efficacy of
melatonin related to α-amylase analysis. As far as we know, this is the first action to
show the relationship of melatonin and α-amylase, so the current results will help the
future researchers to improve the quality of the research.
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Figure 3.9 Effect of melatonin treatments on α-amylase inhibition potential of callus
extract. Data represents mean ± SD of three independent experiments
3.5.1.9 Cytotoxicity analysis
1.1.1.3 Effect of Melatonin treated and untreated callus extracts on cell viability
The viability test determines the number of viable cells in a population group.
Combination of total number of cells and the number of viable cells an accurate signal
to the physical strength (health) of the cell culture. Cytotoxicity of melatonin treated
in-vitro derived callus culture was slightly higher (% viability 60.46 %) as compared
to callus cultures grown without melatonin (viability percentage 87.20 %).
Morphological changes such as long fibroblasts type cells were observed in both
cases, as can be seen in Figure 3.10 and 11. The rate of cellular inhibition was high in
the presence of melatonin treated callus culture due to its ability to eliminate free
oxygen radicals. Girish et al. (2013) also interpreted that melatonin was involved in
triggering platelet apoptosis. They concluded that 100 μM melatonin significantly
decreased MTT activity proposing its cytotoxic nature. Thus, they observed 50 %
reduction in the viability of platelets confirming its cytotoxic effect. Also, appreciable
rate of total antioxidant capacity (TAC), α-amylase inhibition and satisfactory
reducing power (TRP), magnify the apoptotic rate to protect the cells and tissues from
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radical damages. At different physiological levels, anti-proliferative and cytotoxicity
activities of melatonin firmly depend on intracellular redox state. It performs complex
machinery of inhibition of proliferation and stimulation of apoptosis (Proietti et al.
2012). The presence of a low-molecular-weight melatonin receptor with a specific
configuration allows melatonin to diffuse effortlessly in both extracellular fluid and
cells (Mangelsdorf and Evans 1995). It was also reported that the toxic effect of
melatonin on cells was associated with phosphorus binding with AMP, ADP and ATP
(Mills et al. 2005; Cardinali et al. 1993).
Statistically, in the current data, melatonin-treated callus culture showed a significant
inhibitory rate of 39.54%, while the inhibitory rate without melatonin was 12.79%
(TDZ + NAA 1: 3 mg), as seen in Figure 3.11. Results of Fu et al. (2011) supported
our observation that 100 μM melatonin prevents the proliferation of neural stem cells
and promotes their differentiation. They examined this inhibition at high
concentration of melatonin is strongly linked with the antioxidant properties of the
indole. Ozdemir et al. (2009) and Martín-Renedo et al. (2008) reported the similar
conclusion that dose of 1 µM indole intensely showed inhibition of cell proliferation
in HepG2 cells. We believe that this is the first work that shows in vitro cytotoxicity
comparison of melatonin treated and untreated callus extract. As far as we know, very
limited literature is available on exogenous use of melatonin in in vitro tissue culture
of I. rugosus.
3.5.1.10 Quantitative HPLC analysis of three pentacyclic triterpenoids and two
phenolics of I. rugosus
I. rugosus is an aromatic shrub (Family: Lamiaceae), important reservoir of several
important bioactive molecules. It may include several type of polyphenols such as
mono & sesquiterpenes, triterpenes, phenolics, alkaloids, flavonoids, saponins,
glycosides and essential oil. At the commercial level for consumption of these
valuable compounds, it is essential to obtain in-vitro culture and HPLC extraction
protocols to determine these compounds in efficient and reproducible ways
(Weyerstahl et al. 1983; Tiwari et al. 2008).
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Figure 3.10 Cytotoxic effects of melatonin untreated (a) and treated (b) callus
extracts on HepG2 cells upon 24-hour treatment with 200 μg/ml concentration. (c)
DMSO (solvent) and (d) untreated HepG2 cells were included as controls. The images
were captured with 200X magnification lens
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Figure 3.11 Effect of melatonin treatment on the viability and inhibition of HepG2
cells compared to untreated controls (Mean ± SD). Each sample was studied in
triplicates and experiment was performed thrice
Hereby, we aim to estimate the synthesis of phenol e.g. Rosmarinic aicd (RA) and
caffeic acid (CA) and pentacyclic triterpenoids e.g. Plectranthoic acid (PA), betulinic
acid (BA) and oleanolic aicd (OA) of I. rugosus by HPLC. Figure 3.12 a-b, display
the proposed biosynthetic pathway of triterpenoids and phenolics compound. Davies
(2000) reported that on the physiological level abiotic and biotic create oxidative
stresses to generate “Oxygen Paradox”, an atmosphere rich in O2. At the same time
this aerobic pressure fully depended on molecular reduction of O2. Alternatively, high
concentration of oxygen causes lethal effect to our life. Therefore, accidental partial
reduction of oxygen by electron transfer measured as an important factor which
makes supply of oxygen dangerous. As a result, it releases various harmful highly
reactive species instead of forming H2O e.g. O−2, H2O2 and ˙OH (Demidchik 2015).
We monitor that melatonin added stress condition which alternatively increased the
production of PAL activity, leading cause of important phenolic and pentacyclic
triterpenoids.
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b

Figure 3.12 A proposed biosynthetic approach leading to the formation of (a)
pentacyclic triterpenoids from precursor 2, 3 Oxidosqualene (b) Rosmarinic acid and
Caffeic acid from Shikimic path.
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Literature revealed that chemical signals escalate the expression of PAL enzyme, as a
result improving the production of carbon-based (terpenoid and phenolic)/nitrogenbased (alkaloids) metabolites (Jeyaramraja et al. 2003; Strissel et al. 2005; Scheible et
al. 2004; Dixon and Paiva 1995). In the current study, we observed positive relation at
low concentration of elicitor in pentacyclic triterpenoids, for example, 1 Mela (µM)
[BA 96.44 ± 6.11 (µg/g of dry weight), OA 460.14 ± 22.23 (µg/g of dry weight), PA
342.88 ± 22.24 (µg/g of dry weight)]; 3 Mela (µM) [BA 126.14 ± 14.25 (µg/g of dry
weight), OA 518.86 ± 24.51 (µg/g of dry weight), PA 379.4 ± 21.31 (µg/g of dry
weight)]; 5 Mela (µM) [BA 267.33 ± 11.14 (µg/g of dry weight), OA 900.42 ± 21.17
(µg/g of dry weight), PA 1068.19 ± 22.34 (µg/g of dry weight)]. While at high
concentration all the compounds decreased such as 10 Mela (µM) [BA 369.73 ± 13.21
(µg/g of dry weight), OA 747.29 ± 20.19 (µg/g of dry weight), PA 661.66 ± 22.31
(µg/g of dry weight); 100 Mela (µM) [BA 212.61 ± 11.32 (µg/g of dry weight), OA
475.38 ± 22.21 (µg/g of dry weight), PA 400.14 ± 24.23 (µg/g of dry weight), which
is evident in Figure 3.13. In the matter of phenolics, no positive relation was
observed. At low concentration, CA was very high but gradually decreased with the
increase in melatonin conc. e.g. 1 mela (µM) 70.81 ± 1.51 (µg/g of dry weight), 3
mela (µM) 64.42 ± 1.22 (µg/g of dry weight), 5 mela (µM) 48.37 ± 1.23 (µg/g of dry
weight) and 100 mela (µM) 41.24 ± 1.23 (µg/g of dry weight) (Figure 3.13). While, in
RA, maximum concentration was seen at 4 mela (µM) 5312.64 ± 95.66 (µg/g of dry
weight). Thus, HPLC technique was used to detect the amount of some anticancer
compounds of I. rugosus showing good antioxidant potency evident by POD, SOD
and DPPH.
3.5.1.11 Anti-Alzheimer (inhibition of AChE and BChE) potential of metabolites
isolated from the I. rugosus
As shown in Figure. 3.14, inhibitory activity of 2 types of cholinesterase were used to
measure the Anti-Alzheimer potential from the methanolic extracts of melatonin
treated callus of I. rugosus such as AChE (acetylcholinesterase) and BChE
(butyrylcholinesterase). We examined the cholinesterase inhibitory effect of all HPLC
isolated compound.
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Figure 3.13 Quantitative HPLC analysis showing accumulation of (a) phenolic and
(b) pentacyclic triterpenoids in melatonin treated callus extracts of Isodon rugosus.
Each sample was studied in triplicates and experiment was performed twice.
However, only rosmarinic acid showed significant IC50 inhibition (50 µg/ml) AChE
81.29 ± 2.34 and BChE 72.31 ± 3.85. While, all the other compounds were considered
as inactive inhibitors against cholinesterase enzymes which showed 30% less
inhibition. Among neurodegenerative disorders Alzheimer’s disease considered as
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one of the most widely spread pathological condition with clinical characteristics i.e.
defeat of brain neurons, loss of memory (Alzheimer’s Association 2014). One of the
most effective methods used to study the Alzheimer disease is to conserve the
synthesis of acetylcholine by means of cholinesterase enzyme inhibition (Lahiri et al.
2002). Sizable inhibitory activity of melatonin was observed with cholinesterase
enzymes (AChE and BChE) against Alzheimer’s with inhibition % (AChE) 56.986 ±
1.12, (BChE) 35.307 ± 0.46 at 4 mela (µM) and (AChE) 51.364 ± 1.11, (BChE)
40.188 ± 0.47 5 mela (µM) concentrations. Literature supported few reports which
described the inter-crossed relation of pentacyclic triterpenoids and cholinesterase
inhibitory activity against Alzheimer (Dumont et al. 2009; Patil et al. 2010; Wilkinson
et al. 2011; Zhang et al. 2012). Hasnat et al. (2013) unified inhibitory activity of
acetylcholinesterase with polyphenolic compounds (r2 = TPC 0.7736 and TFC
0.7755) of Ganoderma lucidum grown on germinated brown rice (GLBR) extract. In
brain, there are number of cholinergic areas used to control several functions.
Scientifically through synapses, nerve cells stay connected to each other throughout
the nervous systems in all vertebrates including humans and also insects, by the
release of signaling chemicals termed as neurotransmitters. People with dementia also
known as Alzheimer’s disease, in their brain possess low levels of acetylcholine
(Chung et al., 2001; Piazzi et al., 2008). Cholinesterase’s enzymes: AChE and BChE
dissect acetylcholine and enhance the memory. Therefore, low concentrations of I.
rugosus callus extracts were used to inhibit the cholinesterase’s enzymes, to increase
the availability of acetylcholine transmitter used for communications between brain
cells.

3.6 Conclusion
In conclusion, our results revealed the inhibitory effect of melatonin on cell viability
and proliferation in HepG2 cells. Current data also hypothesized a significant impact
of the low concentration of melatonin in the accumulation and production of
melatonin showed inhibitory activity of α-amylase at 5µM (42.50%) due to the
presence of polar compounds determined by HPLC (Rosmarinic aicd, caffeic acid,
Plectranthoic acid, betulinic and oleanolic aicd).
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Figure 3.14 Rosmarinic acid AChE and BuChE inhibition efficiency of I. rugosus.
Each sample was studied in triplicates and experiment was performed twice.
Rosmarinic acid (IC50 µg/ml) among all the isolated metabolites considered as potent
inhibitor against AChE and BChE at low concentration of melatonin e.g. 4 Mela (µM)
AChE 56.986 ± 1.12 and 5 Mela (µM) BChE 40.18852 ± 0.47. Similarly, melatonin
gave profound activity of reducing (251.81 µg/mg) and total antioxidant capacity
(60.33 µg/mg) at the same concentration. Endogenous antioxidant enzymes such as
SOD and POD showed inverse relation (with the increase of fresh weight percentage
of SOD is decreased but POD is increased). In case of antioxidant profile i.e. TAC
60.33 ± 1.78 (µg/mg), TRC 249.61 ± 0.59 (µg/mg), ABTS 551.75 ± 13.43 (%) and
FRAP 750.37 ± 12.98 (%), 5 mela (µM) concentration of all melatonin treated callus
extracts showed effective oxidative inhibitory property. Therefore, the exceeding
results suggested that endogenous (DPPH, SOD, POD, amylase, TAC, TRC) and
exogenous (phenolic and flavonoids) antioxidant enzymes were involved in the
defense mechanism to increase the immune response against various pathological
diseases for instance wound healing and clotting of vessels, support in iron absorption
etc. (Tomita et al. 2005; Mello and Kubota 2007). The present outline suggested being
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first report which show good relation of endo and low molecular weight exogenous
antioxidant and melatonin reducing the oxidative-stress related diseases produced by
free radicals.
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4 Isodon Rugosus-Mediated Synthesis of Silver
Nanoparticles and Their Biological Applications
4.1 Abstract
Recently, green synthesis of metal nanoparticles (NPs) has attracted researchers from
different disciplines of science. However, a number of parameters need attention of
biotechnologists for development of feasible and reliable green synthesis-approaches.
Here, we are reporting effects of various temperatures (100, 80, 60, 40, 20, 5 and 0°C)
on synthesis of silver nanoparticles (AgNPs) by using thidiazuron-induced calli
extract (CE) and whole plant extract (WPE) of I. rugosus with variable rosmarinic
acid contents as biological substrates. CE mediated silver nanoparticles (CE-AgNPs)
showed temperature dependent increase in size from 17nm-70nm while WPE
mediated silver nanoparticles (WPE-AgNPs) showed an increase from 20nm-44nm.
Phytochemical analyses revealed higher levels of total phenolic and flavonoid
contents in CE than in WPE. The morphology, functional and thermal
characterization of the synthesized AgNPs was confirmed by UV-vis spectrometer,
XRD, SEM, EDX and FTIR. NPs of both extracts confirmed spherical crystals of
various sizes. SEM showed that TDZ induced CE- AgNPs were spherical and formed
clusters, while NPs of WPE were scattered. EDX confirmed the purity of the sample
extracts. Interestingly, CE-AgNPs synthesized at 60˚C possessed better antiLeishmanial and antibacterial activities than WPE-AgNPs. These results suggest a
probable mechanism involving rosmarinic acid in the synthesis and stabilization of
AgNPs influencing the antimicrobial and antiprotozoal activity of the resulting
AgNPs.

4.2 Introduction
Nanomedicine is an emerging interdisciplinary research field that developed with
coalescence of medicine, engineering and chemistry. Nanomedicine exploits the
potential of entities ranges from 0-100 nm. These nanostructures are currently
synthesized via various physical, chemical and biological approaches. Both
chemically and physically synthesized NPs uses toxic and expensive solvents which
carry considerable disadvantages, thus limiting their in-vivo potential. But, recently
the green approach has gained considerable attention due to several advantages like
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low cost, secure and intrinsic approach for synthesis of these NPs (Ghaseminezhada et
al. 2012; Makarov et al. 2014). Among other nano-materials; silver-nanoparticles
(AgNPs) have attracted the interest of researchers, due to their stable nature, high
conduction properties and antimicrobial applications (Logeswari et al. 2015).
However, the low availability of phytochemicals as a reductant and stabilizers in such
extracts are limited due to environmental factors. Thus, the use of in-vitro plant
extract or plant biomass is considered feasible method for production of NPs as
compared to whole plant extract (Kumar and Yadav 2009). In this regard various
researchers have put considerable efforts to bio-synthesize AgNPs by manipulating
different parameters such as temperature, pH, and ratios of solvent and bulk salts
(Kumar et al. 2010; Leela and Vivekanandan 2008). Indwelling properties of a metal
nanostructure can be personalized by controlling its size, shape, composition, and
crystalline nature. Among these experimental parameters, reaction temperature
scrutinizes great importance. Number of researchers explores the synthesis of NPs at
a uniform themperature, whereas the optimization is implemented evidently.
Unfortunately, there is insufficient literature, showing the effect of temperature
dependent synthesis of metallic NPs (Jiang et al. 2011). I. rugoses (Lamiaceae family)
gained importance due to significant concentrations of monoterpenes, sesquiterpenes
and terpenoids (Razdan et al. 1982). Economic importance of this plant is due to
presence of essential oils (0.05 %) and its phytochemicals. Furthermore, limonene
and betulinare considered as principle agents in various biomedical applications from
this plant species (Razdan et al. 1982; Weyerstahl et al. 1983). Thus, in the present
study, I. rugosus callus extract was exploited for the synthesis of size and shape
controlled AgNPs by temperature dependent method. Stable AgNPs with different
sizes were prepared and characterized via various spectroscopy and imagining
techniques. Moreover, the antibacterial and antileshmanial potential was also
investigated.

4.3 Materials and methods
4.3.1.1 In-vitro germination and callus induction
Seeds of I. rugosus were collected from the seed bank of Plant cell and tissue culture
lab, Department of Biotechnology, Quaid-i-Azam University Islamabad, Pakistan.
Seeds from mature fruits were surface sterilized via distilled water, 70% ethanol and
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mercuric chloride. The dried seeds were inoculated on MS (Murashige & Skoog),
medium supplemented with 3% sucrose and 0.8% agar (Murashige and Skoog 1962).
The pH was adjusted to 5.6 prior to autoclaving for 15 minutes at 121°C.
Approximately after 40 days, explants of I. rugosus were collected. Upon
germination, approximately 2 cm of stem sections were cut and placed in the MS
medium supplemented with TDZ (1-5 mg/l). While the absence of any PGR in the
MS medium used as a control does not give any growth at all. The culture media were
incubated at 25 °C, using 8 h dark and 16 h light photoperiod. After 1 week of culture,
friable calli were observed. The biomass of proliferated callus was collected after 4
weeks and dried in oven at 37 °C for 2 to 3 days.
4.3.1.2 Extract preparation and phytochemical analysis
For extracts preparation, 10 g of processed dried powder of wild whole plant and
callus were added to separate 500 mL Erlenmeyer flasks, each containing 100 mL of
distilled water and heated until boiled. The temperature was allowed to lower down
and the extracts were filtered. The volume of the filtrates was adjusted up to 100 mL
with distilled water and stored at 4°C for further use. Total phenolic content (TPC) in
the whole plant extract (WPE) and callus extract (CE) was measured by Folin–
Ciocalteu’s reagent. The TPC was estimated from the calibration curve using mg of
Gallic acid as standard (0–50 μg/ml, R2=0.968), equivalent per g dry weight. Briefly,
20 µl of CE and WPE were taken and mixed with 90 µl of FC reagent. After 5 minute
of incubation at room temperature, Na2CO3 (6 %, w/v) was added and absorbance was
measured at 630 nm. The fractionation of total phenolic production (TPP) was
estimated in triplicate (Huang et al. 2007) and calculated as,
TPP (mg/l) = DW (g/l) × TPC (mg/g)
Total flavanoid content (TFC) was estimated by aluminum chloride colorimetric
method of Willet (2002). The level of flavonoid concentration was calculated from
the calibration plot symbolized as mg quercetin equivalent /g of sample. The total
flavonoid production (TFP) was calculated as,
TFP (mg/l) = DW (g/l) × TFC (mg/g)
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Figure 4.1 Extract of in-vitro derived callus and whole plant (a) Stem derived callus
(b) Aqueous Thidiazuron-induced callus extract (c) Wild plant of I. rugosus (d)
Aqueous whole plant extract (e) Callus extract color change from yellow to brown by
addition of 1mM silver nitrate solution (f) Whole plant extract color change from light
brown to dark brown by the addition of 1mM silver nitrate solution
4.3.1.3 Biosynthesis of AgNPs
Silver nitrate solution (1 mM) was used as precursor to synthesize AgNPs from CE
and WPE. Furthermore, CE and WPE and silver nitrate (1 mM) were reacted in
different volumetric ratios (1:1 v/v, 1:2 v/v, 1:5 v/v, and 1:10 v/v) for optimization of
NPs biosynthesis. The change in color was also evaluated the at different time
intervals (0 min, 10 min, 20 min, 30 min, 1 hr, 2 hrs, 6 hrs, 12 hrs, and 24 hrs) as seen
in Figure 4.1. The optimized ratio was further subjected to different temperatures (0,
5, 20, 40, 60, 80, 100 °C) by adjusting the temperature of water bath.
4.3.1.4 Characterization of AgNPs
The synthesis of AgNPs was scrutinized by number of complementary techniques.
The UV-vis (λ= 300–750 nm) absorption measurements were performed by using
HALO DB-20 double beam spectrophotometer. After confirmation via UV-vis, each
reaction mixture was centrifuged (Spectrafuge 24D microcentrifuge) at 12,000 rpm
(approximately equal to 133g) for 10 minutes at room temperature. The relationship
between revolutions per minute (RPM) and relative centrifugal force (xg) is:
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g = (1.118 × 10-5) R S2

where g is the relative centrifugal force, R is the radius of the rotor in centimeters, and
S is the speed of the centrifuge in revolutions per minute.
The supernatants were discarded and the pellets were rewashed thrice with water.
After three times washing, the resulting pellets were air-dried for vaporization of
excessive water contents. Remaining dried pellets were used for further
characterization. X-ray diffraction analysis (XRD) was used to examine the both
molecular and crystalline lattice of synthesized nano-particles (Arokiyaraj et al.
2014). It was used to give the quantitative peak ratio (in the range of 20°–80° in 2θ
angles) of particles in multi-phase mixture, as calculated by Debye–Scherrer equation
(1).
D=Kλ/ (βθ cos) (1)
The combo of SEM with energy-dispersive X-ray spectroscopy (EDX) can be used to
probe AgNPs morphology and also conduct chemical configuration analysis. The
restriction of SEM is that it is not able to resolve the internal structure, but it can
contribute valuable information regarding the purity and the extinct of particle
aggregation (Zhang et al. 2016). Spectrum of FTIR Spectrum one, Perkin Elmer,
Germany was imitated by mixing dried samples (Callus powder, Whole plant powder,
CE-AgNPs and WPE-AgNPs) with potassium bromide and processed upon semitransparent disk for 2 minutes at the range of 3,500–500 cm-1. It was used to find out
either bio-molecules involved in the reduction and capping of nanoparticles or
proteins and polyphenols of I. rugosus.
4.3.1.5 Antimicrobial activity analysis
For this experiment, human pathogenic Gram Positive Staphylococcus aureus, Gram
negative Escherichia coli and K. pneumoniae were used as these three are highly drug
resistant bacterial strains. In vitro microbial activities were determined by well
diffusion method. In brief, biosynthesized AgNPs (10 mg/ml) were dissolved in
distilled water and used immediately. The nutrient agar plates were daubed with
bacterial strain broth, which was prepared by single colony incubated overnight in
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nutrient broth. After overnight incubation of agar plates at 37 °C in incubator, the
zone of inhibition (mm) were calculated.
4.3.1.6 Antileishmanial assay
To determine the in vitro antileishmanial activities of biosynthesized AgNPs, MTT
[3-(4, 5-methylthiazol-2-yl)-2,5-diphenyltetrazoliumbromide] assay against the
promastigote forms of Leishmania major was used. In a 96-well micro-titer plates,
1×106 promastigotes of Leishmania tropica per well were cultured in RPMI 1640
(Gibco) and 10% FBS (Gibco) and allowed to multiply for 24 hrs in the medium
alone (control group), and in the presence of test samples in a concentration of 500
μg/mL. After that, 10 μl of tetrazolium bromide salt (Roche, Germany) (2.5 mg/ml)
was added to each well and incubated at 25 °C for 4 hrs followed by 100 μl of DMSO
addition to each well and incubated for 30 minutes at room temperature to dissolve
the formazan crystal (Ravishankar and Jamuna 2011). The supernatant was removed,
the cells were washed in PBS, and the precipitated formazan was dissolved in DMSO
(Allahverdiyev et al. 2011). The OD was read by ELISA reader in 540 nm. The
percent inhibition was calculated using the following formula (2).
Percent Inhibition= [1-(OD of Test Samples)/ (OD of Control)] ×100 (2)

4.4 Statistical analysis
All the experimental work was carried out in triplicate and was analyzed by Pareto
analysis of variance (ANOVA) with Duncans (1955) multiple range test. Statistically
probability at a 95% (p < 0.05) level is considered to be significant. Graphs analyses
were done by OriginPro software (8.5). Results are expressed as means ± standard
deviation.

4.5 Results and discussion
4.5.1.1 Phytochemical analysis
Available literature on I. rugosus revealed the presence of potentially active
biomolecules like flavonoids, terpenoids, saponins, tannins, etc (Abdel-Mogib et al.
2002). In addition to these, triterpenoids, namely, plectranthoic acid A and B, acetyl
plectranthoic acid and plectranthadiol have also been reported. These bioactive
101

Chapter 4

Biological synthesis of Silver nanoparticles

compounds might play meaningful role in capping and stabilization of AgNPs (Rice
et al. 2011). In case of CE, maximum concentration of TPC and TFC (11.3 mg/g and
0.54 mg/g DW respectively) was obtained upon treatment with 2.0 mg/l TDZ, while
lower levels of TFC and TPC were observed in other implied concentration (Figure
4.2a). Thus, TDZ-induced CE 2.0 mg/l accumulated higher level of phenolic and
flavonoid contents; hence it was later on used for synthesis of AgNPs (Figure 4.2b).
WPE showed significantly lower level of TPC and TFC (6.1 mg/g and 0.5 mg/g DW
respectively). Guodarzi et al. (2011) reported that TDZ is important PGR that show
effects of both auxin and cytokinin hence capable of enhancing yield of bioactive
compound in variety of plant species. Similar observations were made by Anjum and
Abbasi (2016) and Sahni et al. (2015) reported that TDZ interrupt the cycle of
ammonia lyase enzymes which are phenylalanine and tyrosine, hence directly
influencing the phytochemical variation vital for the metabolic pathway of
medicinally active substances found in medicinal plants.

4.5.1.2 UV-vis absorption of AgNPs
UV-Vis spectroscopy is one of the most integral techniques used to analyze the
presence of AgNPs in solution. According to paradox of surface Plasmon resonance
peaks (SPR) manifest at different wavelengths for different NPs. Literature disclose
that AgNPs shows distinctive absorbance at wavelength ranging from 400-480 nm.
The difference in absorbance and wavelength depends upon the amount of the silver
clusters having different geometry (shapes and sizes) in colloidal form. Different
colors i.e. from light yellow to reddish brown or brownish maroon were observed at
different rations (1:1, 1:2, 1:5 and 1:10 v/v) due to size and shape variations. Periodic
change in colors was also observed at different time intervals (0 min, 10 min, 20 min,
30 min, 1 hr, 2 hrs, 6 hrs, 12 hrs, and 24 hrs). The solution of CE and WPE mixed
with SNS at divergent ratio showed idiosyncratic SPR between 422 to 436 nm,
illustrating the presence of AgNPs. However, ratio of 1:1 did not give any
characteristic peak in both extracts. 1:10 ratio gave higher yield for both CE and WPE
mediated AgNPs as shown in Figure 4.3 and Table 4.1. The polydispersity of AgNPs
in the extract solution is due to induced polarization in the direction of stagnant
nucleus, when electric current flows uniformly through a conductor where wavelength
equitable to size of NPs dipole oscillation is generated in the balance form, originating
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strong absorption peaks. The pointed peaks confirmed the conversion of Ag+ in to
AgNPs (Mulvaney and Langmuir 1996; Parashar et al. 2004).

Figure 4.2 Influence of Thidiazuron concentrations on total flavonoid content (TFC)
and total phenolic content (TPC) in callus cultures. Values are mean ± SE of three
replicates (b) Percentage difference of flavonoid and phenolic contents in callus
extract and whole plant extract
Table 4.1 Absorption peaks of biological synthesized Ag NPs colloid. Abbreviation: CE,
callus extract; WPE, whole plant extract; SNS, silver nitrate solution; Ag NPs, silver
nanoparticles
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4.5.1.3 Synthesis of nanoparticles at different temperature
Temperature is considered as one of the most imperative parameter for the synthesis
of AgNPs. It is believed that high temperature escalates the rate of reaction and
efficacy of NPs synthesis. Increasing reaction temperature normally increases the
efficiency of silver ion reduction. Furthermore, diversity of temperature agglomerates
the crystallization of NPs in contrast to standard room temperature (Jiang et al. 2011).
It speculates that temperature boost up the rate of nucleation. In the present study,
synthesis rate of AgNPs increased with the increase in temperature in both CE and
WPE-AgNPs (Figure 4.4a, b). At higher temperature reduction percentage was
parallel to utilization of Ag+ into nuclei (Ag+ → Ag0) while the resultant secondary
reduction was halt on the functional nuclei surface (Goudarz et al. 2016). We can
hypothesize that linear relationship was obtained between the temperature and the
biosynthesis rate of AgNPs i.e., with increasing temperature (From 0°C to 100°C),
rate of AgNPs biosynthesis also increased (Song et al. 2009). Initially size of particles
remains unchanged but gradually with the increase in temperature particles aggregate.
Consequently, broad peak forms when they coalesce with one another (Jiang et al.
2011). Reaction mixtures incubated at 0-5 °C showed yellowish brown color, while
20-40 °C showed light reddish brown color and less conspicuous broadened peaks. At
higher incubation temperature (60, 80 and 100 °C) dark reddish brown color and more
intense broad peaks were reported.
4.5.1.4 XRD analysis
The spectra of XRD indicated four diffraction peaks using the CE (TDZ-induced)
/WPE which apparently reveal that NPs are crystalline in nature. In case of CEAgNPs the 2θpeak values of around 38.03°-38.59°, 44.13°- 44.53°, 64.31°- 64.65°
and 77.29°- 77.83°, were observed analogous to the lattice pattern (111), (200), (220)
and (311) which were indexed for Ag (Figure 4.5 a). Similarly, in case of WPEAgNPs the 2θ peak values ranging 37.95° - 38.17°, 44.31°- 44.61°, 66.31°-66.47°,
77.25° - 77.57° are also analogous to the lattice pattern (111), (200), (220) and (311)
which were indexed for Ag (Figure 4.5 b).
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Figure 4.3 Surface plasmon resonance (SPR) peaks of AgNPs synthesized at different
ratios (v/v) (a) CE/ SNS (b) WPE / SNS after 24 hours of incubation

105

Chapter 4

Biological synthesis of Silver nanoparticles

106

Chapter 4

Biological synthesis of Silver nanoparticles

Figure 4.4 Characterization using UV-vis Spectrophotometry (a) Time-dependent
UV-spectra of green synthesized AgNPs from Thidiazuron induced CE at various
temperatures (b) Time-dependent UV-spectra of green synthesized AgNPs from WPE
at various temperatures.
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Contiguous to that, in all patterns, no other crystalline phases expect that silver
spherical phase encounter which confirms the purity of the products. As it is
illustrious, peak magnitude and stretchiness in the XRD spectrum leads to diversity in
d-spacing of crystal lattice by organic modification or polymer interpolate. It was
observed that temperature highly influenced the size of AgNPs in both CE and WPE
mediated AgNPs i.e., an increase in size of AgNPs was observed with increasing
temperature. In CE-AgNPs sizes ranging from 17nm to 70nm in the order of
increasing temperature were obtained while in WPE, an increase in size from 20nm to
44nm was observed as shown in Figure 4.6. It intimates that increasing the reaction
temperature from 0°C to 100°C in water bath resulted in an increase in crystalline size
(Mahmudin et al. 2015). This may be due to recrystallization annealing occurring due
to increase in temperature forcing the particles to enlarge, thus increasing the particle
size (Goudarzi et al. 2016). This variation in size indicates growth mechanism.
Initially size of particles remains unchanged but gradually with the increase in
temperature particles aggregate. Consequently, broad peak forms when they coalesce
with one another (Leela et al. 2008).
4.5.1.5 SEM and EDX analysis of AgNPs
Scanning electron microscopy along with energy dispersive X-ray spectroscopy
(SEM/EDX) are powerful tools used universally to study surface structure i.e.,
particle shape, size and morphology. SEM distinctly illustrates spheroid shape of the
synthesized AgNPs for both CE and WPE mediated AgNPs (Figure 4.7 a, b). In CEAgNPs size of NPs increased at high temperature. This size increase was due to
aggregation/agglomeration of strongly fused silver particles with each other or
attraction of secondary metabolites. This aggregation reports the presence of high
ionic strength secondary metabolites in biological extract.
These metabolites act as capping or reducing agents. In case of WPE-AgNPs size of
particles were in fine dispersed uniform state.
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Figure 4.5 Characterization using XRD (a) Typical X-ray diffraction pattern of AgNPs synthesized from in-vitro derived CE at different
temperature (b) Typical X-ray diffraction pattern of AgNPs synthesized from WPE at different temperatures
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Figure 4.6 Size variation of CE and WPE-AgNPs at different temperature
In the present research we examined that there was parallel relation of size increased,
rate of reduction and agglomeration. Similar results were investigated by Amin et al.
(2012). It signifies that elevated temperature increase the mass concentration of
hydrogen ions which alternatively increased the reduction and capping rate. Thus,
high temperature increased the availability of phenolic compounds functional groups
which consequently increased the particles size with smaller surface ratio, especially
in CE-AgNPs (Ibrahim 2015).
EDX examination shows qualitative as well as quantitative analysis that is possibly
involved in the biological synthesis of NPs. Therefore, SPR peaks of AgNPs
synthesized at various temperatures at 3 keV characteristically confirmed the
presences of metallic AgNPs (Magudapatty et al. 2001).
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Figure 4.7 Scanning electron microscope images (a) SEM images of CE-AgNPs at
different temperature (b) SEM images of WPE-AgNPs at different temperature
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4.5.1.6 FTIR analysis
FTIR analysis was carried out to characterize the functional group that acts as capping
or reducing agent in CE and WPE-AgNPs. The results for FTIR analysis are given in
Figure 4.8. The Amide-I band appears as medium band at 1637.48 cm-1 (CE-AgNPs)
and 1645.20 cm-1 (WPE-AgNPs). N-H is due the affinity of amide of the proteins.
The bands at 1056.94 cm-1 (CE-AgNPs) and 1745.49 (WPE-AgNPs) can be attributed
to C–O and C=O stretching modes of the carboxylic acid respectively. Medium peak
at 1326.96 cm-1 of CE-AgNPs shows the presence of aromatic ring. The medium peak
of O-H bends at the range of 933.50 cm-1 (CE-AgNPs) and 923.86 cm-1 (WPEAgNPs) represent the phenolics compound. Peak for alkenes stretching appear at 947
cm-1 (CE-AgNPs) and 972.078 cm-1 (WPE-AgNPs). The peak at 1136 cm-1 (CEAgNPs) and 1028.01 cm-1 (WPE-AgNPs) may be due to aliphatic amines. It is crucial
to interpret, not only the shape and size but also the configuration of protein interferer
in the stretching of peaks. Stretching of aromatic and aliphatic amines directly show
the affinity of proteins with NPs of sample extracts, which undergo stabilization of
these particles (Kokila et al. 2015). Water soluble compounds such as flavonoids,
terpenoids and thiamine present in I. rougous, results in bands such as –C=C, –C=O,
–C–O, –C–O–C and –C–N (Selvam and Sivakumar 2014). Ag+ ions may
hypothetically bind to phenolic compounds with one or more aromatic ring emerging
in the formation of AgNPs.
4.5.1.7 Interpretation of antibacterial activities of drug-resistant bacteria
The biosynthesized AgNPs of different size exhibit conspicuous inhibitory activity
against several clinical isolates of bacteria including K. pneumoniae, E. coli, and S.
aureus. Outcome shows immense inhibition of bacteria by AgNPs. The present study
manifest that out of three strains, K. pneumoniae, and S. aureus was more vulnerable
as compared to E. coli (Table 4.2).
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Figure 4.8 Fourier transform infrared spectrum of CE and WPE-AgNPs at different
temperature
CE-AgNPs synthesized at 60˚C showed high rate of inhibition zone against all drug
resistant bacteria’s i.e., K. pneumoniae (14±1.1), S. aureus (16±1.5) and E. coli
(11±1.0) as compared to wild plant inhibition zones i.e., K. pneumoniae (10±0.8), S.
aureus (13±0.2 ). No zone of inhibition was observed in case of E. coli by WPEAgNPs. Compared with the SNS zones (6-12 mm) the diameter of both CE-AgNPs
(6-16mm) and WPE-AgNPs (3-13 mm) zones were high which showed enhanced
bactericidal activity. Similar findings were investigated by Ibrahim (2015).
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Table 4.2 Antibacterial activity of CE and WPE-AgNPs against multiple drug resistant bacterial strains at different temperature. Note: Values
(mean ± SD) indicate three independent experiments. Abbreviation: WPE, whole plant extract; CE, callus extract; AgNPs, silver nanoparticles;
SNS, silver nitrate solution; SD, standard; Abs, Antibiotic

116

Chapter 4

Biological synthesis of Silver nanoparticles

4.5.1.8 Probable Mechanism behind Antibacterial Activity of AgNPs
When NPs come in junction with bacteria they assemble themselves at the bacterial
membrane and accumulated in the form of aggregates. As a result, the integrity of
membrane reduces and perforation gives rise to cellular death. Various studies
revealed higher levels of ROS in cells treated with AgNPs. In this state, cell encounter
high level of oxidative stress that incurs cellular death as revealed in Figure 4.9
(Chernousova and Epple 2013). Fate of this antibacterial activity is oxidative
disintegration, configuration of protective material or shell of oxides layer, seepage of
ROS through the layer, bridging of passivating species that leads to their aggregation
and stop their antibacterial activity dissolution. Rate of dissolution of oxide species,
partially depend on solution pHs. Therefore, mildly acidic medium increases the
permeability of oxidizes through the layer and immediately allow the liberation of
Ag+. Hence, this discharge of oxides increases the efficacy of antibacterial activity.
Ore formation of Ag+ due to oxidation must be one of the essential steps of action
mechanism (Ouay and Stellacci 2015). Present study precisely interpret that CEAgNPs are more influential in action as compared WPE-AgNPs. Smaller sized NPs
are more efficient and show larger zones of inhibition because they can puncture the
cell smoothly. Amidst aggregation, disintegration, electron transfer reactions of silver
atoms (reduction process), size and kinetic aspect of NPs, accumulation of atoms on
the bacterial surface or entry of these atoms in the bulk and reduction of Ag on the
surface are important factors with traumatizing effects on bacterial cells. In the second
step cell tolerate the oxidative stress on the bacterial cell wall which precedence to
death. Thus, second step subordinate the first step as rate of Ag particles interaction
with the cell based on the nature of Ag oxidative species present in the solution
(Levard et al. 2012).

4.5.1.9 Anti-leishmanial activity of I. rugosus
The principle behind the use AgNPs against leishmaniasis was amplitude formation of
reactive oxygen species (ROS). Recent studies postulate that leishmanial parasite is
sensitive to these ROS.
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Figure 4.9 Potential mechanism of nanoparticles induced silver ions transport on the
surface of bacteria various possible reasons for bacterial lysis
Mehta and Shaha (2006) reported the efficiency of AgNPs that nano size, large
surface area, binding capacity of sulfur and phosphorus containing groups increase
their antileishmanial effects. Conventionally, anitleishmanial drugs cannot penetrate
into surface of macrophages to kill the parasite. In the present paper, we were able to
prove the efficiency of AgNPs against leishmanial promastigotes (Figure 4.10 a).
The present study also revealed I. rugosus, as a new medicinally important plant
which showed in-vitro pharmacological activity against Leishmania major. In this
paper, we determined the strength of NPs synthesized at different temperature using
CE and WPE in antileishmanial activity. High percentage of inhibition was observed
by TDZ-induced CE-AgNPs synthesized at 60°C (53.40793 µg/ml) while in case of
WPE-AgNPs, percentage of inhibition is high at 5°C (44.76094 µg/ml) (Figure 4.10
b). In MTT assay formazan was observed microscopically giving purple color
crystals. Sousa et al. (2014) also reported the presence of tritrepenoids particularly
betulin and its derivative betulinic acid activity against promastigotes of leishmania
(Sousa et al. 2014). Betulin and limonene posed to have cytotoxic action to human
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cancer cell line, result to apoptosis. These apoptosis mechanisms affiliate the
topoisomerase inhibition of DNA and capiases signaling (Santos et al. 2010).

Figure 4.10 (a) Mode of action of Antileishmanial activity of biological synthesized
AgNPs (b) Anti-leishmanial activity of CE and WPE-AgNPs synthesized at different
temperature calculated as percentage inhibition of parasites. Values are mean ± SE of
three replicate
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Metabolic activity of leishmania promastigotes was also studied by the quantitative
effect on biological synthesized AgNPs at different temperature conditions revealing
negative effect on the metabolic activity of promastigotes i.e., with the increase in
temperature the metabolic activity decreased, increasing the inhibition activity. In
case of CE-AgNPs synthesized at 60 °C, considerable suppressive effect on parasites
was observed, while in WPE-AgNPs, the case was reversed. In WPE-AgNPs the
inhibition activity decreased with increase in temperature, thus increasing the
metabolic activity. These findings figure out the potency of AgNPs against
leishmaniasis. Similar findings reported by Ramezani et al. (2012).

Figure 4.11 (a) Mechanistic approach of biological synthesis of AgNNs by dlimonene (b) Possible capping of d- limonene upon AgNPs
Mukhtar et al. (2018) reported a review, demonstrating the efficacy of nano-carriers
potentiating the pharmacological effects of lipophilic drugs like limonene and its
metabolites; such, POH (Perillyl alcohol) and PA (Perillic acid) can improve the
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solubility, and their associated bioavailabilities. Limonene is one of the most
important terpenes in nature, major component of essential products e.g. essential oil
(Figure 4.11 a, b). On the other hand, perillyl alcohol is considered a metabolite of
limonene, as well as a natural monoterpene substance present in mint essential oils
(Lamiaceae). While perillic acid is present in the form of glycoside, but it can also be
produced by biological conversion of limonene and perillyl alcohol. In the future, it
can affect the mobilization of fatty acids and metabolism; the researcher will
investigate these metabolic techniques against several types of lethal diseases.

4.6 Conclusion
In the current study, we demonstrated the synergistic capping of synthesized AgNPs
using the TDZ-induced CE of I. rugosus at different temperature, revealing the
potential role of PGRs in green synthesis and ultimately minimizing the hazardous
effects of chemically synthesized AgNPs. Expeditious coalescence of silver
nanoparticles was achieved at its maximum with altering of such effective parameters.
The SEM and EDX analysis revealed presence of spherical Ag-NPs. The diameter of
CE-AgNPs was found to be in the range of 17 nm-70 nm in the order of increasing
temperature while that of WPE-AgNPs was 20 nm- 44 nm. Due to hydrothermal
energy, small silver colloids undergo an adhesion and consecutive coalescence
process to assemble into single-crystal nanoparticles. That's why AgNPs synthesized
from CE are more clustered as compared to WPE. This aggregation abstractedly
increases the capping strength of NPs. Assembling of surface Ag+ atoms and slow
growth rate of particles collectively has negative flow apparently. In both
antimicrobial anti-leishmania assays, CE mediated AgNPs synthesized at 60 °C
showed the considerable suppressive effect and escalated the antimicrobial potency of
AgNPs.
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5 Exploiting in vitro potential and characterization of
surface modified Zinc Oxide nanoparticles of I.
rugosus extract: their clinical potential towards
HepG2 cell line and human pathogenic bacteria
5.1 Abstract
Little is known about biogenically synthesized Zinc oxide nanoparticles (ZnONPs)
from I. rugosus. Synthesis of metal oxide NPs from essential oil producing medicinal
plants results in less harmful side effects to the human population as compared to
chemically synthesized NPs. In this article, we report biogenic synthesis of ZnONPs
from in vitro derived plantlets and thidiazuron (TDZ) induced callus culture of I.
rugosus. Synthesized NPs were characterized using UV-spectra, XRD, FTIR, SEM
and EDX. Furthermore, the NPs were evaluated for their potential cytotoxic (against
HepG2 cell line) and antimicrobial (against drug resistant Staphylococcus
epidermidis, Bacillus subtilis, Klebsiella pneumoniae and Pseudomonas aeruginosa)
activities. Pure crystalline ZnONPs with hexagonal and triangular shapes were
obtained as a result of callus extract (CE) and whole plant extract (WPE),
respectively. ZnONPs showed potent cytotoxic and antimicrobial potential. The
antimicrobial and cytotoxic activities of ZnONPs were found to be shape and surface
bound phytochemicals dependent. CE mediated hexagonal ZnONPs showed superior
anti-cancer and antimicrobial activities as compared to WPE mediated triangular
shaped ZnONPs. It is concluded that biogenic ZnONPs have incredible potential as
theranostic agents and can be adopted as useful drug delivery system in next
generation treatment strategies.

5.2 Introduction
In recent years, chemotherapy, radiation and surgery are among the main strategies to
treat cancer. The problem with such strategies is that they are highly uneconomical.
Production of nanomedicine through green route is an economic alternative to the
aforementioned strategies (Gowda et al. 2014). Plant extracts have the potential to
produce nanoparticles (NPs) having specific size, shape, and composition. Green
nano-biotechnology utilizes the reducing and stabilizing agents present in the plant
extracts through an alternative bottom-up approach that result in formulation of stable
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and biocompatible NPs (Parveen et al. 2016). Bio-synthesis of NPs follows three main
phases: selection of suitable solvent, a benign and eco-friendly reducing agent and
nontoxic capping agent. Alteration in the aforementioned agent’s results in controlled
synthesis for preparation of NPs with specific morphological features. Controlled
synthesis of zinc oxide (ZnO) NPs with unique features like selectivity, cell imaging,
bio-sensing, drug/gene delivery and enhanced cytotoxicity may serve as an alternate
anticancer strategy (Lewinski et al. 2008; Sur et al. 2010). ZnONPs have been
categorized as “GRAS” (generally recognized as safe) substance by FDA owing to
their biocompatible nature, thus, making them applicable for drug delivery (Jamdagni
et al. 2016). ZnONPs possess properties of semiconductors due to their components
(Zn and O) which belong to d-block (2nd group) and p-block (6th group) of the
periodic table, respectively. The logic for this is that ZnONPs have high band gap
(3.37 eV) and exciton binding energy (60 meV) (Neumark et al. 2007). Therefore, it
can tolerate detectable electric fields, adequate temperatures, and high power
activities.
The efficacy of ZnONPs has been evaluated both independently and in complexes
with organic compounds. Conjunction of NPs with cells biologically activates the
cellular proteins to minimize the toxicity (Abbasi et al. 2017; Riaz et al. 2018; Balaji
and Gothandam 2016; Huang et al. 2007). The generation of cellular reactive oxygen
species (OH˙, O2ˉ, HO2ˉ) from the surface of ZnONPs is believed to be a major
component of its cytotoxicity, yet the mechanism of cytotoxicity is not fully
understood. Overproduction of these highly active free radicals has been shown to
instigate oxidative stress in macrophages which in turn elicit apoptosis due to
insufficient anti-oxidative protective mechanism (Willet 2002). Previous studies
investigated the in vitro cytotoxicity of ZnONPs by exploiting variety of mammalian
cell lines (Xia et al. 2008; Yuan et al. 2010; Heng et al. 2011). Moreover, the impact
of shape and size of ZnONPs on their cytotoxic potential has also been explored.
Nagarajan and Kuppusamy (2013) studied ZnONPs with different shapes (hexagonal
and triangular) regardless of their specific surface area. Practically, variations in
capping agents (secondary metabolites) bound to the surface of NPs, influence their
physiochemical action within cell culture media resulting in different levels of
cytotoxicity (Bogutska et al. 2013). Alternatively, surface charge ratio of NPs also
plays considerable role in cytotoxicity, as positively charged NPs were shown to
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possess a higher cytotoxicity. Outer layer of the cancer cell holds negatively charged
phospholipids (Abercrombie and Ambrose 1962). The electrostatic interaction
between positively charged ZnONPs and negatively charged phospholipids on cell
surface affects cellular uptake and intracellular localization of ZnONPs (Rasmussen et
al. 2010; Sultana et al. 2017). Hepatocellular carcinoma (HCC) is the fifth most
common malignant tumor, with a poor survival rate of 10 % (overall 5 years). HepG2
(Human hepatocellular carcinoma) cell line has been used extensively to study HCC
and drug metabolism due to its phenotypic stability (Hanley et al. 2008). Shelf-life of
conventional single drug moiety is usually limited to few minutes and requires
repeated injections (Wang et al. 2009). However, capping of NPs strengthen shelf-life
of the drugs up to several hours, thus increasing their availability to target cancer
cells. The objective of the current study was to assess the in vitro cytotoxic potency of
biologically synthesized hexagonal and triangular ZnONPs against HepG2 cell line
and drug resistant bacteria.

5.3 Material and methods
5.3.1.1 Preparation of I. rugosus plant extract
I. rugosus seeds, acquired from the Plant Cell Culture Laboratory, Department of
Biotechnology, Quaid-e-Azam University, Islamabad, were germinated under sterile
conditions. Callus culture was established on MS medium (Murashige and Skoog,
1962) and maintained in growth room at 25 ±2 °C for 16/8 hrs (light/dark)
photoperiod. After 40 days, explants fragments were shifted to MS medium supplied
with various concentration of TDZ (1, 2, 3, 4, 5 mg/l) for callus induction (Figure
5.1A). The absence of any PGR in MS medium showed no developmental response.
Extract of Callus (CE) and in vitro derived whole plant (WPE) was prepared by
adding 10 g of freshly harvested callus and plant sample separately into 500ml flask.
100 ml of distilled water was added to each flask and boiled. After overnight
incubation at 40 °C, the broth was filtered carefully. These extracts were further used
for the bio-reduction of Zn+ to Zn°.
5.3.1.2 Biological synthesis of ZnONPs
Synthesis of NPs depends on type and concentration of plant extract, metallic salt,
response time, pH and temperature (Dwivedi and Gopal 2011). Zinc Acetate
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Dihydrate (C4H6O4Zn) was used as a precursor solvent. 0.02 M solution of zinc
acetate (50 ml) was mixed with 1 ml sample extract separately (1:50) and was stirred
constantly. pH of the medium was maintained at 12 by adding 2M Sodium Hydroxide
(NaOH) drop wise. The reduction was attributed to phenolics, terpenoids,
polysaccharides and flavones present in the extract. White and pale precipitates were
seen for CE and WPE, respectively. The resulting precipitates were washed three
times (first with ethanol and then twice with distilled water). Samples were
centrifuged at 6000 (approximately equal to 3220g) rpm for 15 minutes (Spectrafuge
24D microcentrifuge) and incubated overnight at 60 °C for drying. The powdered
samples of ZnONPs obtained after drying were stored until further use. The
relationship between revolutions per minute (RPM) and relative centrifugal force (xg)
is:
g = (1.118 × 10-5) R S2
where g is the relative centrifugal force, R is the radius of the rotor in cm and S is the
speed of the centrifuge in revolutions/minute.

5.3.1.3 Detection of phytochemicals
The Folin–Ciocalteu reagent (FCR) method, also called the gallic acid equivalence
method (GAE), was used to measure the total phenolic content in CE and WPE
(Singleton et al. 1999). This reagent does not only measure phenolic content but is
also used to measure any reducing substance in the sample extract. Folin’s reagent
assists to detect amine and sulfur containing compounds, which are mainly involved
in reduction and stabilization of NPs. In brief, 20 µl of sample extract (CE and WPE)
was mixed with 90 µl of FC reagent. After 5 min of incubation, sodium carbonate
(Na2CO3, 6 % w/v) was added. Absorbance was measured (in triplicates) at 725 nm
(Huang et al. 2007). To measure the level of flavonoids in CE and WPE, we followed
the Willet’s method of estimation with some alteration. 20 µl aliquot of sample
extract was mixed with 10 µl of potassium acetate (1 M) and 10 µl of 10 %
Aluminium chloride (AlCl3). Samples were incubated for 30 minutes, followed by
addition of 160 µl distilled water. Absorbance was detected at 415 nm (Thermo Fisher
Scientific, model 4001/4). Quercetin was used to make the calibration curve.
Calculation of TFC was carried out in triplicate (Willet 2002).
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Figure 5.1 (A) In-vitro thidiazuron induced stem callus on MS medium (B) Production of phenolic and flavonoid content in callus extract (C)
UV-Vis spectral analysis of hexagonal and triangular shape Zinc oxide nanoparticles in alkaline pH (d) Optical observation of biogenically
synthesized ZnO NPs using I. rugosus extract, After completion of reaction mixture, white precipitate indicate the synthesis of ZnO particles (à)
Thidiazuron induced callus extract (bʹ) reaction mixture of callus derived ZnO particles (ć) plant extract (é) reaction mixture of plant derived
ZnO particles.
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5.3.1.4 Structural and optical characterization of ZnO NPs
Characterization of the synthesized NPs for their configuration, diameter and surface
modification was performed by XRD, EDX and SEM analysis. Optical properties of
ZnONPs were characterized through HALO DB-20 UV-absorption spectra with the
wavelength range of 300-700 nm. Samples were sonicated for 30 minutes and the
aqueous solution was subsequently evaluated at room temperature for the optical band
gap. Crystalline nature of powdered samples was evaluated by X-ray diffraction
analysis (Shimadzu-6000), operating at 30 kV and 40 mA. Elemental compositions
and size of the synthesized NPs was characterized using SEM (SIGMA model,
MIRA3 TESCAN) operated at an accelerating voltage of 10 kV and EDX detector.
All the apprehensible functional groups involved in capping and reduction of ZnO
NPs were identified using FTIR (Bruker V70).

5.3.1.5 In vitro cytotoxicity screening against HepG2 cell line
1.1.1.4 Cell culture
Human hepatocellular carcinoma cells (ATCC HB-8065) were cultured in DMEM
containing 10 % Fetal calf serum (FCS), supplemented with 2 mM L-glutamine, 1
mM Na-pyruvate, 100 U/ml penicillin, 100 μg/ ml streptomycin at 37 °C in a
humidified 5 % CO2 atmosphere. Cell harvesting was done with 0.5 mM trypsin/
EDTA at room temperature for 1 minute.
1.1.1.5 Cell viability assay
ZnONPs as well as CE and WPE were evaluated for their cytotoxic activity against
HepG2 cell line through SRB assay as previously described by Arooj et al. (2015).
Nanoparticles were suspended in deionized water and extracts were dissolved in
DMSO for cytotoxicity screening. HepG2 cells (> 90 % confluency) were seeded in a
96-well plate at a density of 12000 cells/well and allowed to adhere for 24 hrs at 37
°C. Subsequently, cells were treated with 200 µg/ml NPs as well as callus and plant
extract for 24 hrs. Cells were fixed by adding 50 % pre-chilled TCA and incubated at
4 °C for 1 hr, followed by rinsing with deionized water thrice. The resulting plates
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were then air dried and cells were stained with 0.01 % SRB dye followed by
incubation for 30 minutes at room temperature and washing with 1% acetic acid for
the removal of unbounded dye. Untreated cells and DMSO were used as negative and
doxorubicin (34 µM) was used as positive control in the experiment (Table 5.1).
Blanks representing background optical density consisted of sample only and media
only controls. Photographs were taken using Olympus CK2 light microscope
equipped with digital camera. Experiment was repeated twice with triplicates for each
sample. SRB dye was solubilized by adding 100 µl of 10 mM Tris (pH 8) into each
well at room temperature for 5 min. Absorbance values were analysed at 565 nm
wavelength using Microplate reader (Platos R 496, AMP). Percentage viability
relative to untreated sample was calculated by using the following formula:
Cell viability (%) = (Absorbance of Sample-Absorbance of sample control)/
(Absorbance of untreated Cells-Absorbance of media only) ×100
Percentage inhibition was calculated by formula:
Cell inhibition (%) = 100 – Cell viability (%)

Table 5.1 Protocol for SRB Assay. Abbreviation: TCA: Trichloroacetic acid, Tris:
tromethamine. SRB: Sulforhodamine B

5.3.1.6 Microbial susceptibility test
Investigation of four multiple drug resistant bacterial strains i.e., Bacillus subtilis
(ATCC 6051), Pseudomonas aeruginosa (ATCC 9027), Klebsiella pneumoniae
(ATCC 70068) and Staphylococcus epidermidis (ATCC 12228) were carried out for
biocidal activities of ZnONPs. Microbial susceptibility testing was performed by agar
disc diffusion technique. Bacterial broth was evenly dispensed on nutrient agar plate
at density of 1×108 CFU/ml, previously refreshed in shaking incubator at 37 °C, 200
rpm in nutrient agar broth (Oxoid-CM0003). Zinc Acetate Dihydrate (2 mM) and
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Amoxicillin (standard antibiotic) (10 µg/ml) were added in the experiment as negative
and positive controls respectively. Samples were dissolved in deionized water prior to
experiment. Each sterile filter disc placed on culture plate was loaded with 10 mg/ml
of sample and incubated for 24 hrs at 37 °C. Zones of inhibition (mm) were measured
afterwards. Antibacterial assay was performed in triplicates.

5.4 Statistical analysis
All statistical measurements were performed in triplicates and analysed by Pareto
analysis of variance (ANOVA) with Duncans multiple range test (Duncan 1955).
Values in text and in figures were statistically analysed as mean ± SD (standard
deviation). All the graphical analyses were done by using OriginPro software. The
probability was considered to be significantly different at the level of P˂ 0.05 (95 %).

5.5 Results and discussion
5.5.1.1 Phytochemical investigation
A number of primary and secondary metabolites (phytochemicals) have been reported
to perform primal role in the reduction of metal ions to NPs. The selection of plants
for the purpose of NPs biosynthesis is mostly based on their capacity to produce
important secondary metabolites that plays their respective role as capping and
reducing agents. These capping and reducing agents stabilize the NPs, thus helping
them to avoid agglomeration. Ponarulselvam et al. (2012) selected Catharanthus
roseus for the evaluation of vincristine and vinblastine as phyto-reducing agents. Both
were selected due to their potential nematicidal activities. Similarly, Akhtar et al.
(2016) reported that plectranthoic acid inhibits proliferation of prostate cancer cells by
the activation of 5′AMP-activated kinase (AMPK). Present study reveals the
maximum production of TPC (11.3 mg/g DW) and TFC (0.54 mg/g DW) when
treated with TDZ (2.0 mg/l) in case of CE. The TPC and TFC for WPE were 6.1 mg
and 0.5 mg/g DW, respectively (Figure 5.1 B). Presence of sufficient amount of TPC
and TFC shows that I. rugosus can prove efficient in ZnONPs biosynthesis.
5.5.1.2 UV-Vis analysis of ZnO NPs
Optical characterization of the ZnONPs was carried out using UV-Vis absorption
spectrophotometer in the range of 300–700 nm. Figure 5.1C shows characteristic
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spectra of ZnONPs synthesized using CE and WPE of I. rugosus. Dispersed ZnONPs
absorbed the radiations approximately at 362 nm in case of CE mediated ZnONPs (CZnONPs) and 382 nm in case of WPE mediated ZnONPs (W-ZnONPs). Narrowing of
the peaks confirms the reduction of zinc acetate into ZnONPs. Indramahalakshmi
(2017) and Jamdagni et al. (2016) also reported similar characteristic peaks for
ZnONPs. The band gap energy of C-ZnONPs and W-ZnONPs was 3.692 keV and
3.691 keV respectively, representing characteristic absorption peaks of ZnONPs. This
may be due to the presence of different fractions of secondary metabolites in both CE
and WPE, which in turn resulted in shape variation in ZnONPs. Similar findings were
previously reported by Manokari et al. (2016).
5.5.1.3 XRD results
X-ray diffraction determines phase purity (crystalline nature), structural properties,
thickness of thin films and the atomic arrangement of amorphous materials. In XRD,
X-rays penetration provides information about overall structure of the material under
observation. Diffraction pattern given in Figure 5.2 A and 5.2 B shows several peaks
in the range of 30-80° which corresponds to 100, 002, 101, 102, 110, 103, 200, 112,
201, 004 and 202 crystal planes, respectively. The data revealed crystalline hexagonal
structure of ZnONPs.
5.5.1.4 SEM and EDX results
SEM images of the biosynthesized ZnONPs are shown in Figure 5.2 (C, D). It is
observed that alkaline pH results in shape-dependent synthesis of ZnONPs. Higher pH
results in availability of large number of functional groups for capping and
stabilization of NPs. The exact mechanism, however, is difficult to grasp due to
involvement of large amounts of diverse phyto-reducing metabolites. Current study
revealed that C-ZnONPs were irregular hexagonal shaped (Figure 5.2 C) while WZnONPs were roughly triangular (Figure 5.2 D). The stability and morphology of
ZnONPs were increased by the combined effect of pH and reducing agents (primary
and secondary metabolites of samples extract).
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Figure 5.2 XRD and SE-micrographs analysis of callus (hexagonal shaped) and
whole plant (triangular shaped) derived ZnO NPs after exposure at low magnification.
Abberivation: C-ZnO NPs; callus derived naoparticles, W-ZnO NPs; whole plant
derived nanoparticles
Previous findings suggested that the adjustment of pH was compulsory for the
stability of ZnONPs. The current findings are well supported by the findings of Song
et al. (2009) and Amin et al. (2012). Ghodake et al. (2010) reported similar findings
that alkaline pH is responsible for hexagonal and triangular shaped NPs. Altering pH
results in modification of the surface charge upon the secondary metabolites which
alternatively affects their binding capacity and reduction potential of metal ions
during the synthesis of NPs (Kumar and Yadav 2008; Pereira et al. 2015).
Sathishkumar et al. (2010) confirmed that alkaline pH plays a major role in shape and
size variations of NPs. Additionally, alterations in shape and size of NPs may also
occur due to other parameters like reaction time, salt concentration, localization of
NPs, and change in functional molecules. The chemical composition of ZnONPs was
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confirmed by EDX-ray spectrum. The EDX profile exhibits strong signals of zinc and
oxygen in C-ZnONPs and W-ZnONPs (Figure 5.3 A, B and C).

5.5.1.5 FTIR analysis
The FTIR spectra of ZnONPs (CE/WPE) was observed in the range of wave-numbers
500-3500 cm-1 to identify the functional groups involved in the reduction and
capping/stabilization of the synthesized NPs (Figure 5.4). FTIR analysis confirmed
the presence of Zn-O bond in both C-ZnONPs and W-ZnONPs due to the presence of
peaks at 893.71 cm−1 and 886.04 cm−1, respectively (Pinto and Nazareth, 2016).
ZnONPs showed broad bands at 3375.54 cm−1 (C-ZnONPs) and 3377.88 cm−1 (WZnONPs) which was attributed to the stretching vibrations of hydrogen bond (O-H) as
reported by Thirumavalavan et al. (2013). Spectra at 1216.79 cm−1 (C-ZnONPs) and
1216.81 cm−1 (W-ZnONPs) confirm C–N stretch bond of aliphatic amines. Peaks at
2360.81 cm−1 (C-ZnONPs) and 2359.57 cm−1 (W-ZnONPs) represent asymmetric
C=O stretching (Shaikh et al. 2017). These findings clearly demonstrate the
attachment of primary and secondary metabolites to the ZnONPs. Electrostatic forces
between the negatively charged groups of organic molecules and positively charged
zinc ions are responsible for the binding of these functional groups. This interaction
makes these NPs a perfect candidate for various applications such as drug delivery
(Wang et al. 2013) and study of biological interactions (Song et al. 2009)
5.5.1.6 In vitro cytotoxicity screening against HepG2 cell line
Suforhodamine B assay was used to screen in vitro cytotoxicity of extracts and NPs
using HepG2 cell line. Ionic strength and pH of NPs depend upon formation of
hydroxyl (OH−) ions which directly influence the repulsion and attractions of particles
(Peng et al. 2017). Cells were treated with 200 µg/ml of ZnONPs (C-ZnONPs and WZnONPs) CE and WPE for 24 hours. Our results suggested that CE showed slightly
higher cytotoxicity (29.47 %) as compared to WPE (30.98 %). Morphological
changes were also observed in both samples i.e., cells became long and fibrous
(Figure 5.5). On the other hand, cell viability in C-ZnONPs was lower (23.92 %) as
compared to W-ZnONPs (35.25 %). Morphologically, cells became small and round
upon treatment of C-ZnONPs while long and fibrous cells were observed in the
presence of W-ZnONPs. Najim et al. (2014) also reported morphological changes
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induced by cytotoxic ZnONPs on different cell lines (U937, SH-SY5Y, differentiated
SH-SY5Y, and Hs888Lu). Morphological changes in cells may affect their metastatic
process including substrate attachment, migration and invasion (Brandhagen et al.
2013). DMSO (1 %), used as a negative control showed slight cytotoxicity and
doxorubicin (positive control) showed high cytotoxicity at 34 µM concentration
(Figures 5.6). Akhtar et al. (2012) reported cytotoxicity of ZnONPs in HepG2 cells
due to production of reactive oxygen species. In spite of unique physical and chemical
properties of metallic NPs, quantum size and shape also assist in the field of
therapeutics (Khan et al. 2017). In present study, the surface charge ratio of ZnONPs
was pH dependent to absorb various chemical clusters (-ZnOH2+, -ZnOH, -ZnOˉ).
In this regard, it was hypothesized that surface orientation of ZnONPs allows them to
conjugate with protein targets or chemical groups. Therefore, ZnONPs possess
cytotoxicity towards cancer cells. Literature suggests formation of ROS as leading
cause of cell death by apoptosis (Figure 5.7). Our present findings suggest
configurational role of ZnONPs towards cytotoxicity. It was established that callus
derived hexagonal NPs (C-ZnONPs) showed high cell inhibition (% viability 23.92
%) as compared to whole plant derived triangular NPs (W-ZnONPs) in which cell
viability was 35 % (Table 5.2). From FTIR and SEM data, we concluded that this may
be due to difference in surface charge of secondary metabolites which eventually
control the bonding of NPs with cancer cells. Suresh et al. (2018) supported similar
results. They reported that biologically synthesized hexagonal ZnONPs exhibit good
cell inhibition and viability against Daltons Lymphoma Ascites (DLA). Also, in vitro
derived callus extract (CE) showed cell viability of 29.47 % while whole plant
extracts (WPE) showed 31.25 % cell viability (Figure 5.6). The current findings are in
agreement with the results of Kamalanathan and Natarajan (2018). They reported that
potency of callus was better than wild leaf extract sample against human breast cancer
cell line MCF‑7. Literature review proved presence of commercially important
anticancer phenolics and triterpenoids i.e., plectranthoic acid, limonene, rosmarinic
acid, caffeic acid (Abdel-Mogib et al. 2002; Akhtar et al. 2016; Hossan et al. 2014;
Hafidha et al. 2018; Krishna et al. 2017).
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Table 5.2 Raw data for cytotoxicity tests. Percentage cell viability and inhibition of HepG2
cell line. Abbreviation: C-ZnO NPs: Callus derived zinc oxide nanoparticles; W-ZnO NPs:
Whole plant derived zinc oxide nanoparticles; HepG2 Cell Line Hepatocellular carcinoma
cells; CE: Callus extract; WPE: Whole plant extract; DMSO: Dimethyl sulfoxide (negative
control); Doxorubicin: positive control

To the best of our knowledge very little data is available that compares the
cytotoxicity of CE, WPE, C-ZnONPs and W-ZnONPs against HepG2 cell line.
5.5.1.7 Effect of ZnONPs on bactericidal activity
Literature reported the increased emergence of drug resistant bacteria in the clinical
field directs the scientific community to look for alternatives of antibiotics to
minimize the risk from bacterial infections. Essential oils produced from I. rugosus
consist of complex mixture of volatile molecules such as sesquiterpene, amorphene,
germacrene-D, triterpenoids, plectranthoic acid A and B, acetyl plectranthoic acid and
plectranthadiol. These volatiles compounds potentially exhibit bactericidal property
against various human pathogenic bacteria.
Similarly, Hussain et al. (2017) and Faleiro (2011) reported the effectiveness of
essential oils against human pathogenic bacteria. The bactericidal action of essential
oils is linked to its hydrophobicity, resulting in increased cell permeability and
subsequent leakage of cell constituents. Permeability of ZnONPs and their capability
to bind with the cell membrane generates reactive oxygen species (ROS), thus
enhancing the efficacy against drug-resistant bacterial strains (Abinaya et al. 2017).
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Figure 5.3 EDX analysis ZnONPs showing the purity of zinc and oxygen ions in the
samples (A) C-ZnONPs, (B) W-ZnONPs. (Table) Atomic percentage of zinc and oxygen in
ZnONPs as obtained from EDX analysis
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Figure 5.4 FTIR spectra of powdered samples of (A) C-ZnO NPs, (B) W-ZnO NP
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Figure 5.5 Cytotoxic effects of ZnONPs and extracts on HepG2 cells upon 24-hour
treatment with 200 µg/ml concentration. Untreated cells, DMSO (solvent) and
Doxorubicin (34 µM) were included as controls. Microscopic images of HepG2 cells
(treated and untreated). Magnification = 200X, Scale = 100 µm. (A) Callus extracts
(CE). (B) Callus derived ZnONPs (C-ZnONPs). (C) Untreated HepG2 cells. (D)
Whole plant extracts (WPE). (E) Whole plant derived ZnONPs (W-ZnONPs). (F)
DMSO 1% (negative control). (G) Doxorubicin 34 µM (positive control
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Figure 5.6 Percentage viabilities and inhibition of cells relative to untreated control
(Mean ± SD). Each sample was studied in triplicates and experiment was performed
twice
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Figure 5.7 Tentative graphical representation of ZnO NPs cytotoxicity towards
HepG2 cell line. ZnO NPs induce cytotoxicity by morphological changes, loss of
membrane integrity, cell shrinkage, and reduced cell density which are characteristic
features of apoptotic cell formation. We hypothesize that spontaneous ROS
production results in damage of cellular components such as lipids, proteins, and
DNA.
Our results (Figure 5.9 A, B) were in accordance with the data reported by
Premanathan et al. (2011). According to them, the effects of ZnONPs were more
potent against Gram-positive bacterial strains as compared to Gram-negative strains.
Our evaluation of potency of ZnONPs also revealed more potent bactericidal activity
against Gram-positive S. epidermidis and B. subtilis as compared to Gram-negative,
K. pneumoniae and P. aeruginosa, respectively (Table 5.3). It was hypothesized that
Gram-positive bacteria possess specific cell wall components that help in embedding
ZnONPs within the cellular wall. The presence of ZnONPs within the walls results in
cellular disintegration and leakage of internal components. In case of Gram-negative
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bacteria, no such embedding is observed hence only a small amount of surface bound
ZnONPs causes partial leakage of internal contents.
Our findings endorse the idea of biocidal effect of ZnONPs due to combination of
various mechanisms such as ROS production in response to zinc ions within the
bacteria. Minor sensitivity of S. epidermidis, B. subtilis compared to K. pneumoniae
and P. aeruginosa was due to fact that the outer layer of Gram-positive bacteria is
tightly packed due to assembly of lipopolysaccharide (LPS) and peptidoglycans
Figure 5.8). Furthermore, rational estimation of decline in sensitivity may be due to
reduced stability of O2ˉ materialization at the surface and the decrease of pH value in
the medium (Tang and Lv 2014).

5.6 Conclusion
Our results conclude that I. rugosus possesses essential bioactive compounds
responsible for therapeutic properties of the plant against microbial and cancer
diseases. The FTIR analysis revealed that capping of ZnONPs was due to the
phenolics, flavonoids, amino acids and amides that were collectively collectively
involved in stabilizing ZnONPs. SEM and EDX confirmed the hexagonal and
triangular shapes of C-ZnONPs and WZnONPs, respectively.
The hexagonal C-ZnONPs were more effective against Gram positive bacterial strains
as compared to Gram-negative bacterial strains, while triangular W-ZnONPs were
found less effective. The biocompatibility, stability and morphology of ZnONPs
generally depend upon the pH at which they were synthesized. Cytotoxicity of
ZnONPs against HepG2 cell lines was found to be morphology and surface chemistry
dependent. Based on enhanced biocompatibility, improved solubility and less toxicity,
the efficacy of ZnONPs synthesized from I. rugosus in the field of medicine could
play a significant role in future. In the light of current research, ZnONPs could be
developed as a potential next generation cancer treatment strategy. In order to do so,
further research must be carried out in order to resolve the issue of cancer, a long-term
health hazard.
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Figure 5.8 Diagrammatic representation of ZnONPs cytotoxicity towards human
pathogenic bacterial strains depending upon many factors such as shape
(transformation of particles as function of pH), production of ROS, dysfunction of
bacterial membrane, effect of oxide
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Table 5.3 Zone of inhibition against drug-resistance bacteria. Antibacterial activity of TDZ-induced callus and plant extract ZnO NPs against
two grams positive (Staphylococcus epidermidis, Bacillus subtilis) and two gram bacteria (Klebsiella pneumoniae, Pseudomonasaeruginosa).
Abbreviation: Abs, antibiotic; WPE, whole plant extract; Zn acetate, zinc acetate salt; W-ZnO NPs, whole plant derived zinc oxide
nanoaprticles; C-ZnO NPs, callus derived zinc oxide nanoaprticles; WPE, whole plant extract; CE, TDZ-induced callus extract

-1

Bacteria tested

Zone of inhibition(mm) (15 µLwell )

Zn acetate
salt (2mM)
(mean ±SD)

Antibiotics (10µg/ml)
(mean±SD)
CE

WPE

TDZ -induced callus C-ZnO NPs
extract (10 mg/ml)
(10 mg/ml)
(mean ±SD)
(mean ±SD)

Whole plant
extract
(10mg/ml)
(mean ±SD)

W-ZnO NPs
(10 mg/ml)
(mean ±SD)

Gram positive
----

20 ± 1.21

21 ±
1.08

8 ± 0.65

9 ± 0.98

9 ± 0.78

8 ± 0.91

----

23 ± 2.28

22 ±
1.06

10 ± 1.18

11 ± 1.58

8 ± 0.69

10 ± 1.01

Klebsiella
pneumoniae

----

20 ± 0.87

21 ±
0.98

7 ± 0.57

9 ± 0.95

----

7 ± 0.63

Pseudomonas
aeruginosa

----

18 ± 1.23

16 ±
0.82

8 ± 0.22

10 ± 0.34

----

8 ± 0.69

Staphyl.
epidermidis

Bacillus subtilis
Gram negative
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Figure 5.9 Antibacterial evaluation of Plant derived ZnO NPs (A-WPE) and Callus derived
(B-CE) ZnO NPs analyzed by disc diffusion method, showing zone of inhibition against two
grams positive (Staphylococcus epidermidis, Bacillus subtilis) and two gram negative bacteria
(Klebsiella pneumoniae, Pseudomonas aeruginosa). Zone of inhibition was measured in mm,
taking sample concentration 10 mg/ml. Note: Values (mean ± SD) indicates of three
experiments. Abbreviation: Abs, antibiotic; WPE, whole plant extract; Zn acetate, zinc acetate
salt; W-ZnO NPs, whole plant derived zinc oxide nanoaprticles; SD, standard deviation; CE,
TDZ -induced stem callus extract
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6 Conclusion
The phytochemical and HPLC analysis study elaborate the presence of caeffic acid,
rosmarinic acid, olinealic acid, plectranthonic acid, betulinic acid etc. This study
provides scientific justification for the ethnomedicinal uses of this plant. Currently,
the data indicates that I. rugosus is a potential medicinal plant that produces high
quality yields with better disease resistance and is enriched with bioactive plant
derived natural products. For this reason, we have developed following systems:
In most plants, the growth is affected by the concentration of the applied PGRs, so
there may be an increase in the yield of secondary metabolites. After the
establishment of callus culture, the relationship between the PGRs and the increased
production of antioxidant metabolites was measured by using different protocols.
Despite the in-vitro studies, another important issue is the bioavailability of
antioxidant phenolic compounds, which makes the process of estimating the amount
of secondary metabolism in DPPH (TEAC), ABTS (TEAC), ORAC (TEAC), FRAP
(AEAC), CUPRAC (AEAC) and Chelation (µmol Fe2+). Furthermore, some other
anti-aging parameters were also used to measured probability potential of the selected
samples expressed as percentage activities of Elastase, Collagenase, Hyaluronidase,
Tyrosinase, AGEs, SIRT-1.
In another result, we studied the different concentration of the elicitor that was used to
improve the productivity of the beneficial metabolites and to reduce the callus culture
time to archive these compounds in stem cultures. In the presence of melatonin at
concentration 5µM, polarized metabolites showed inhibitory effect characterized by
α-Amylase (42.50 %), BChE (40.18 ±0.47 %), AChE (51.36 ±1.11 %). In case of
cytotoxicity percentage viability of TDZ-induced CE was 60.46 %. Similarly,
melatonin provides significant activity for non-enzymatic (TAC 60.33±1.78 µg/mg,
TRC 249.61±0.59 µg/mg, ABTS 551.75±13.43 %) and FRAPS 750.37±12.98 (%)
and enzymatic antioxidant (DPPH, SOD, POD, amylase, cholinesterase enzymes)
activities that have been involved in various future pathological situations.
The third objective of this research is to integrate the field of nanotechnology in the
cultivation of plant tissues to highlight the positive contribution of the use of NPs.
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However, the limited availability due to environmental factors of phytochemicals as
reducing and stabilizing agents may cause various restrictions. We figure out that
TDZ-induced CE of I. rugosus at different temperature, revealing the potential role of
PGRs in green synthesis and ultimately, reduces the hazardous effects of chemically
synthesized AgNPs. This is the reason why the aggregated CE-AgNPs collections are
more aggregated compared to WPE-AgNPs, which is confirmed by the analysis of
XRD, FTIR, SEM and EDX. This aggregation increased the capping strength of NPs.
Assembling of surface Ag+ atoms and slow growth rate of particles collectively has
negative flow apparently. In both antimicrobial and anti-leishmania assays, CEAgNPs synthesized at 60 ̊C showed considerable inhibitory potency. Alternatively,
this assembly led to an increase in the size ranged from 17 nm to 70 nm of CEAgNPs, while the WPE-AgNPs was from 20 nm to 44 nm with the temperature
increased.
Based on the results, our research also explores that the electrostatic force between
metal ions and secondary metabolites responsible for variations in ZnO NPs.
Profound inhibitory effect was observed compared to drug-resistant bacteria and
HepG2 cell line. This biocompatibility, stability and morphology of ZnONPs
generally relied on upon the pH at which they were synthesized.
We anticipate that the methodology employed here could be applied to other health
promoting activities. The growing interest in future medical applications of
nanotechnology is the most effective and profitable drug distribution system and will
replace the existing traditional system.
6.1 Future scenarios
The strong and growing demand of I. rugosus in the current market for renewable
natural products has focused on in vitro callus materials for the production of
secondary phytochemicals, paving the way for new research that explores the
secondary product expression in vitro sterile condition. The increased use of plant cell
culture systems in recent years may be due to a better understanding of the secondary
metabolic pathway in commercially attractive plant species. The progress in cell
cultures in this plant can provide new means of commercially profitable production,
even for the rare plant species of this family and phytochemicals they produce. The
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pathways of biologically active compounds in plants and callus culture are often
rudimentary, and therefore strategies are needed to develop information at the cellular
and molecular level. These new strategies will expand and improve the continued
benefits of higher plants as renewable sources of chemicals, especially medical agent.
We hope that the efforts of continuity and intensification in this area of in vitro tissue
cultures will lead to successful controllable production of biotechnology for specific,
valuable metabolites of I. rugosus and other higher plants. Based on the consequences
of the test, the phytochemicals are checked to isolate pure chemical entities that may
be responsible for the activity. However, this extraordinary treasure needs complete
attention in terms of biological and pharmaceutical tests to serve humanity against
various disorders.

146

References

References
Abbasi AM, Dastagir G, Hussain F, Sanaullah P (2005) Ethnobotany and marketing
of crude drug plants indistrict Haripur. Pakistan Journal of Botany 11: 103–114
Abbasi AM, Khana MA, Ahmada M, Zafar M, Jahanb S, Sultana S (2010)
Ethnopharmacological application of medicinal plants to cure skin diseases and in
folk cosmetics among the tribal communities of North-West Frontier Province,
Pakistan. Journal of Ethnopharmacology 128: 322–335.
Abdel-Mogib M, Albar HA, Batterjee SM (2002) Chemistry of genus Plectranthus.
Molecules 7:271-301.
Abdin MZ (2007) Enhancing bioactive molecules in medicinal plants. In: Y Zhu, B
Tan, B Bay, C Liu, editors. Natural Products-Essential resources for human.
Singapore: World Scientific Publishing Co. Pvt. 45-57.
Abercrombie M, Ambrose EJ (1962) The surface properties of cancer cells: a review.
Cancer Research 22: 525-48.
Abhilash BDP (2012) Synthesis of zinc-based nanomaterials: a biological perspective.
IET Nanobiotechnology 6: 144–148.
Abinaya C, Mayandi J, Osborne J, Frost M, Ekstrum C, Pearce JM (2017) Inhibition
of growth of S. epidermidis by hydrothermally synthesized ZnO nanoplates. Materials
Research Express 4: 075401.
Abrol DP, Sankar U, Sharma D, Kotwal S, Bhau B (2013) Plants for Bees, Bee World
90: 16-17.
Adams BL, Bates TC, Oliver JD (2003) Survival of Helicobacter pylori in a natural
freshwater environment. Applied and Environmental Microbiology 69: 7462–7466.
Adhikari U, Ghosh A, Chandra G (2013) Nano particles of herbal origin: a recent ecofriend trend in mosquito control. Asian Pacific Journal of Tropical Disease 3:167–168

147

References
Adil M, Abbasi BH, Khan T (2015) Interactive effects of melatonin and light on
growth parameters and biochemical markers in adventitious roots of Withania
somnifera L. Plant Cell, Tissue and Organ Culture 123: 405–412.
Afreen F, Zobayed S, Kozai T (2006) Melatonin in Glycyrrhiza uralensis: response of
plant roots to spectral quality of light and UV-B radiation. Journal of Pineal Research
41: 108–115.
Agnihotri S, Mukherji S, Mukherji S (2013) Immobilized silver nanoparticles enhance
contact killing and show highest efficacy: Elucidation of the mechanism of
bactericidal action of silver. Nanoscale 5: 7328–7340.
Agnihotri S, Mukherji S, Mukherji S (2014) Size-controlled silver nanoparticles
synthesized over the range 5–100 nm using the same protocol and their antibacterial
efficacy. RSC Advances 4: 3974–3983.
Ahamed M, Karns M, Goodson M, Rowe J, Hussain SM, Schlager JJ, Hong Y (2008)
DNA damage response to different surface chemistry of silver nanoparticles in
mammalian cells. Toxicology and Applied Pharmacology 233: 404–410.
Ahmad M, Sultana S, Fazl-i-Hadi S, Hadda TB, Rashid S, Zafar M, Khan MA, Khan
MPZ, Yaseen G (2014) An Ethnobotanical study of Medicinal Plants in high
mountainous region of Chail valley (District Swat-Pakistan). Journal of Ethnobiology
and Ethnomedicine 10: 1.
Ahmed SA, Mushtaq M, Baig V (2014) Biotic elicitor enhanced production of
psoralen in suspension cultures of Psoralea corylifolia L. Saudi Journal of Biological
Sciences 21: 499–504.
Ajmal SM, Mohammad S, Zahid K, Bakht Z (2012) Ethnomedicinal and
phytoeconomicelaboration of Lilownai valley, district Shangla Pakistan. International
Research Journal of Pharmacy 3: 164-169.
Akbari B, Tavandashti MP, Zandrahimi M (2011) Particle size characterization of
nanoparticles—a practicalapproach. Iranian Journal of Materials Science and
Engineering 8: 48–56.
148

References
Akhtar MJ, Ahamed M, Kumar S, Khan MAM, Salman JA, Alrokayan A (2012) Zinc
oxide nanoparticles selectively induce apoptosis in human cancer cells through
reactive oxygen species. International Journal of Nanomedicine 7: 845–57.
Akhtar N, Rashid A, Murad W, Bergmeier E (2013) Diversity and use of ethnomedicinal plants in the region of Swat, North Pakistan. Journal of Ethnobiology and
Ethnomedicine 9: 25.
Akhtar N, Rashid A, Murad W, Bergmeier E (2013) Diversity and use of
ethnomedicinal plants in the region of Swat. Journal of Ethnobiology and
Ethnomedicine 9: 25.
Akhtar N, Syed DN, Khan MI, Adhami VM, Mirza B, Mukhtar H (2016) The
pentacyclic triterpenoid, plectranthoic acid, a novel activator of AMPK induces
apoptotic death in prostate cancer cells. Oncotarget 7: 3819-31.
Ali M, Abbasi BH, Ihsan-ul-haq (2013) Production of commercially important
secondary metabolites and antioxidant activity in cell suspension cultures of
Artemisia absinthium L. Industrial Crops and Products 49: 400–406.
Ali SI (1978) The Flora of Pakistan: some general and analytical remarks. Notes
Royal Botanic Garden, Edinburgh 36: 427-439.
Allahverdiyev AM, Abamor ES, Bagirova M, Baydar SY, Ates SC, Kaya F, Kaya C,
Rafailovich M (2011) Investigation of antileishmanial activities of Tio2 Ag
nanoparticles on biological properties of L. tropica and L. infantum parasites In vitro.
Experimental Parasitology 6: 933-940.
Allahverdiyev AM, Abamor ES, Bagirova M, Ustundag CB, Kaya C, Kaya F,
Rafailovich M (2011b) Antileishmanial effect of silver nanoparticles and their
enhanced antiparasitic activity under ultraviolet light. International Journal of
Nanomedicine 6: 2705–2714.
Aloni R (2004) The induction of vascular tissues by auxin. In Plant Hormones,
Davies P.J. (ed.) Kluwer Academic Publishers, Dordrecht 471-492.

149

References
Amin M, Anwar F, Janjua MR, Iqbal MA, Rashid U (2012) Green synthesis of silver
nanoparticles through reduction with Solanum xanthocarpum L. berry extract:
characterization, antimicrobial and urease inhibitory activities against Helicobacter
pylori. nternational Journal of Molecular Sciences 8: 9923-41.
Amin M, Anwar F, Janjua MRSA, Iqbal MA, Rashid U (2012) Green synthesis of
silver nanoparticles through reduction with Solanum xanthocarpumL. Berry extract:
characterization, antimicrobial and urease inhibitory activities against Helicobacter
pylori. International Journal of Molecular Sciences 13: 9923–9941.
Amooaghaie R, Saeri MR, Azizi M (2015) Synthesis, characterization and
biocompatibility of silver nanoparticles synthesized from Nigella sativa leaf extract in
comparison with chemical silver nanoparticles. Ecotoxicology and Environmental
Safety 20: 400–408.
Anasori P, Asghari G (2008) Effects of light and differentiation on gingerol and
zingiberene production in callus culture of Zingiber officinale Rosc. Research in
Pharmaceutical Sciences 3: 59-63
Anderson CWN, Brooks RR, Stewart RB, Simcock R (1999) Gold up takes by plant.
Gold Bull 32: 48.
Angelova ZS, Georgiev S, Roos W (2006) Elicitation of Plants. Biotechnology &
Biotechnological Equipment 20: 72-83.
Anigol LB, Charantimath JS, Gurubasavaraj PM (2017) Effect of Concentration and
pH on the Size of Silver Nanoparticles Synthesized by Green Chemistry. rganic and
Medicinal chemistry international Journal 3: 555622.
Anjum S, Abbasi BH (2015) Thidiazuron-enhanced biosynthesis and antimicrobial
efficacy of silver nanoparticles via improving phytochemical reducing potential in
callus culture of Linum usitatissimum L. International Journal of Nanomedicine
11:715-728.

150

References
Anjum S, Abbasi BH, Hano C (2017) Trends in accumulation of pharmacologically
important

antioxidant-secondary

metabolites

in

callus

cultures

of

Linum

usitatissimum L. Plant Cell, Tissue and Organ Culture Plant 129: 73–87.
Ankamwar B (2010) Biosynthesis of gold nanoparticles (green-gold) using leaf
extract of Terminalia catappa. Chemistry: A European Journal 7:1334–9.
Argueso CT, Raines T, Kieber JJ (2010) Cytokinin signaling and transcriptional
networks. Current Opinion in Plant Biology 13: 533–559.
Armendariz V, Herrera I, Peralta-Videa JR, Jose-Yacaman M, Troiani H, Santiago P
(2004) Size controlled gold nanoparticle formation by Avena sativa biomass: use of
plants in nanobiotechnology. Journal of Nanoparticle Research 6:377–82.
Arnao MB, Hernandez-Ruiz J (2006) The physiological function of melatonin in
plants. Plant Signaling & Behavior 3: 89-95.
Arnao MB, Hernández-Ruiz J (2009b) Chemical stress by different agents affects the
melatonin content of barley roots. Journal of Pineal Research 46: 295–299.
Arnao MB, Hernández-Ruiz J (2013) Growth conditions determine different
melatonin levels in Lupinus albus L. Journal of Pineal Research 55: 149–155.
Arnao MB, Hernández-Ruiz J (2017a) Growth activity, rooting capacity, and tropism:
three auxinic precepts fulfilled by melatonin. Acta Physiologiae Plantarum 39: 127.
Arokiyaraj S, Arasu MV, Vincent S, Prakash NU, Choi SH, Oh YK, Choi KC, Kim
KH (2014) Rapid green synthesis of silver nanoparticles from Chrysanthemum
indicum L and its antibacterial and cytotoxic effects: an in vitro study. International
Journal of Nanomedicine 9: 379-388.
Arooj S, Nazir S, Nadhman A, Ahmad N, Bakhtiar M, Ahmad I, Mazhar K, Abbasi R
(2015) Novel ZnO: Ag nanocomposites induce significant oxidative stress in human
fibroblast m.alignant melanoma (Ht144) cells. Beilstein Journal of Nanotechnology 6:
570–82

151

References
Asharani P, Sethu S, Lim HK, Balaji G, Valiyaveettil S, Hande MP (2012)
Differential regulation of intracellular factors mediating cell cycle, DNA repair and
inflammation following exposure to silver nanoparticles in human cells. Genome
Integrity 3: 2.
Ashokkumar T, Vijayaraghavan K (2016) Brown seaweed-mediated biosynthesis of
gold nanoparticles. Journal of Environment and Biotechnology Research 2: 45–50.
Atanasov AG, Waltenberger B, ferschy-Wenzig EM, Linder T, Wawrosch C, Uhrin P,
Temml V, Wang L, Schwaiger S, Heiss EH, Rollinger JM, Schuster D, Breuss JM,
Bochkov V, Mihovilovic MD, Kopp B, Bauer R, Dirsch VM, Stuppner H (2015)
Discovery and resupply of pharmacologically active plant-derived natural products: A
review. Biotechnology Advances 33:1582-614.
Ayaz M, Junaid M, Subhan F, Ullah F, Sadiq A, Ahmad S, Imran M, Kamal Z,
Hussain S, Shah SM (2014) Heavy metals analysis, phytochemical, phytotoxic and
anthelmintic investigations of crude methanolic extract, subsequent fractions and
crude saponins from Polygonum hydropiper L. BMC Complementary and Alternative
Medicine 14: 465.
Bach TJ, Rohmer M (2013) Isoprenoid Synthesis in Plants and Microorganisms. Book
405-424. DOI 10.1007/978-1-4614-4063-5.
Baer DR (2011) Surface characterization of nanoparticles: critical needs and
significant challenges. Journal of Surface Analysis 17: 163–169.
Baer DR, Engelhard MH, Johnson GE, Laskin J, Lai J, Mueller K, Munusamy P,
Thevuthasan S, Wang H, Washton N, Elder A, Baisch BL, Karakoti A, Kuchibhatla
SV, Moon D (2013) Surface characterization of nanomaterials and nanoparticles:
important needs and challenging opportunities.

Journal of Vacuum Science &

Technology 31: 5.
Baker S, Rakshith D, Kavitha KS, Santosh P, Kavitha HU, Rao Y, Satish S (2013)
Plants: emerging as nanofactories towards facile route in synthesis of nanoparticles.
BioImpacts 3: 111–117.

152

References
Bakhtiar Z, Mirjalili MH, Sonboli A, Farimani MM, Ayyar M (2014) In vitro
propagation, genetic and phytochemical assessment of Thymus persicus a medicinally
important source of pentacyclic triterpenoid. Biology 69: 594-603.
Balaji K, Gothandam KM (2016) cytotoxic effect on cancerous cell lines by
biologically synthesized silver nanoparticles. Brazilian Archives of Biology and
Technology Braz 2016: 59.
Balambat, Khyber Paktunkhaw-Pakistan. American-Eurasian Journal of Agricultural
& Environmental Sciences 15: 2088-2094
Baldi A, Srivastava AK, Bisaria VS (2009) Fungal Elicitors for Enhanced Production
of Secondary Metabolites in Plant Cell Suspension Culture. A. Varma and A.C.
Kharkwal (eds.), Symbiotic Fungi 18: 373-380.
Bandurski RS, Cohen JD, Slovin JP, Reinecke DM (1995) Auxin biosynthesis and
metabolism. Plant hormones 39-65.
Banti CN, Hadjikakou SK (2013) Anti-proliferative and anti-tumor activity of silver
(I) compounds. Metallomics 5: 569.
Bar H, Bhui DK, Sahoo GP, Sarkar P, De SP, Misra A (2009) Green synthesis of
silver nanoparticles using latex of Jatropha curcas. Colloids and Surfaces A 339: 134–
9.
Baskaran P, Ncube B, Staden JV (2012) In vitro propagation and secondary product
production by Merwilla plumbea (Lindl.) Speta. Plant Growth Regulation 67: 235245.
Basu JM, Mookerjee A, Sen P, Bhaumik S, Sen P, Banerjee S, Naskar K, Choudhuri
SK, Saha B, Raha S, Roy S (2006) Sodium antimony gluconate induces generation of
reactive oxygen species and nitric oxide via phosphoinositide 3-kinase and mitogenactivated protein kinase activation in Leishmania donovani-infected macrophages.
Antimicrobial Agents and Chemotherapy 50: 1788–1797.

153

References
Batista O, Simoes MF, Duarte A, Valderia ML, Torre MC, Rodriguez B (1994) An
antimicrobial abietane from the roots of Plectranthus hereroensis. Phytochemistry 38:
167-169.
Beattie IR, Haverkamp RG (2011) Silver and gold nanoparticles in plants: sites for the
reduction to metal. Metallomics 3:628–32.
Bennett RN, Wallsgrove RM (1994) Secondary metabolites in plant defense
mechanisms. New Phytologist 127: 617-33.
Benslama A, Harrar A (2016) Free radicals scavenging activity and reducing power of
two Algerian Sahara medicinal plants extracts. International Journal of Herbal
Medicine 4: 158-161.
Berman JD (1988) Chemotherapy for leishmaniasis: biochemical mechanisms,
clinical efficacy, and future strategies. Reviews of infectious diseases 10: 560–586.
Besinis A, De Peralta T, Handy RD (2014) The antibacterial effects of silver, titanium
dioxide and silica dioxide nanoparticles compared to the dental disinfectant
chlorhexidine on Streptococcus mutans using a suite of bioassays. Nanotoxicology 8:
1–16.
Bhattacharya

D,

Rajinder

G

(2005).

Nanotechnology

and

potential

of

microorganisms. Critical Reviews in Biotechnology 25: 199-204.
Bianchi C.L., P. Canton, N. Dimitratos, F. Porta & L. Prati, (2005) Selective iodation
of glycerol with oxygen using mono and bimetallic catalyst based on Au Pd and Pt
metals. Catalyst Today 102–103, 203.
Biljana K, Sanja V, Mira P, Djendji V, Maja DB (2015) Antioxidant properties of
Marrubium peregrinum L. (Lamiaceae) essential Oil. Molecules 15: 5943-5955.
Bogutska KI, Sklyarov Yu P, Prylutskyy YuI (2013) Zinc and zinc nanoparticles:
biological role and application in biomedicine. Ukrainica Bioorganica Acta 1: 9-16.
Bohren CF, Huffman DR (1983) Absorption and Scattering of Light by Small
Particles, Wiley, New York, NY, USA,
154

References
Brandhagen BN, Tieszen CR, Ulmer TM, Tracy MS, Goyeneche AA, Telleria CM
(2013) Cytostasis and morphological changes induced by mifepristone in human
metastatic cancer cells involve cytoskeletal filamentous actin reorganization and
impairment of cell adhesion dynamics. BMC Cancer 13: 1-15.
Brock TG, Kaufman PB (1991) Growth regulators: an account of hormones and
growth regulation. In: Bidwell, R. G. S., ed. Plant physiology, a treatise, Vol. X,
Growth and development. San Diego: Academic Press 277-340.
Brower V(2008) Back to nature: Extinction of medicinal plants threatens drug
discovery. Journal of the National Cancer Institute 100: 838-839.
Buranrat B, Mairuae N, Kanchanarach W (2017) Cytotoxic and antimigratory effects
of Cratoxy formosum extract against HepG2 liver cancer cells. Biomedical Reports 6:
441-448.
Byeon Y, Back K (2014) Melatonin synthesis in rice seedlings in vivo is enhanced at
high temperatures and under dark conditions due to increased serotonin Nacetyltransferase and N-acetylserotonin methyltransferase activities. Journal of Pineal
Research 56: 189–195.
Byeon Y, Back KW (2013) Melatonin synthesis in rice seedlings in vivo is enhanced
at high temperatures and under dark conditions due to increased serotonin Nacetyltransferase and N-acetylserotonin methyltransferase activities. Journal of Pineal
Research 56: 189–195.
Caminade A.M, Laurent R, Majoral JP (2005) Characterization of dendrimers. Adv.
Drug Deliv. Rev. 57: 2130–2146.
Cantor CR (1980) Techniques for the Study of Biological Structure and Function;
Schimmel PR, Ed; Freeman WH: San Francisco, CA, USA.
Cao G (2011) Nanostructures and Nanomaterials: Synthesis, Properties, and
Applications; World Scientific Publishing. Inc.: Hackensack, NJ, USA,

155

References
Cardinali DP, Del Zar MM, Vacas MI (1993) The effects of melatonin in human
platelets. Acta physiologica, pharmacologica et therapeutica latinoamericana 43: 1–
13.
Carlson C, Hussain SM, Schrand AM, Braydich-Stolle LK, Hess KL, Jones RL,
Schlager JJ (2008) Unique cellular interaction of silver nanoparticles: Size-dependent
generation of reactive oxygen species. Journal of Physical Chemistry B 112: 13608–
13619.
Cepae BA (1999) World Health Organization. Herbae Centellae. In WHO
Monographs on Selected Medicinal Plants. World Health organization: Geneva,
Switzerland 1: 77–85.
Chandrasekharan N, Kamat PV (2000) Improving the photoelectrochemical
performance of nanostructured TiO2 films by adsorption of gold nanoparticles.
Journal of Physical Chemistry B 104: 10851–10857.
Chang C, Yang M, Wen H, Chern J (2002) Estimation of total flavonoid content in
propolis by two complementary colorimetric methods. Journal of food and drug
analysis 10: 178–182.
Chang CC, Yang MH, Wen HM, Chern JC (2002) Estimation of total flavonoids
content in propolis by two complementary colorimetric methods. Journal of food and
drug analysis 10: 178–182.
Chapman HN, Fromme P, Barty A, White TA, Kirian RA, Aquila A, Hunter MS,
Schulz J,

DePonte DP, Weierstall U, (2011) Femtosecond X-ray protein nano-

crystallography. Nature 470: 73–77.
Chauhan RPS, Gupta C, Prakash D (2012) Methodological advancements in green
nanotechnology and their applications in biological synthesis of herbal nanoparticles.
International Journal of Bioassays 1: 6–10.
Chen CH, Chan HC, Chu YT, Ho HY, Chen PY, Lee TH, Lee CK (2009) Antioxidant
activity of some plant extracts towards xanthine oxidase, lipoxygenase and tyrosinase.
Molecules 14: 2947.
156

References
Chen Q, Qi WB, Reiter RJ, Wei W, Wang BM (2009) Exogenously applied melatonin
stimulates root growth and raises endogenous indole acetic acid in roots of etiolated
seedlings of Brassica juncea. Journal of Plant Physiology 166: 324–328.
Chen XJ, Sanchez-Gaytan BL, Qian ZX, Park SJ (2012) Noble metal nanoparticles in
DNA detection and delivery. Wiley Interdisciplinary Reviews: Nanomedicine and
Nanobiotechnology 4: 273–90.
Cheng H, Yu LJ, Hu QY, Chen SC, Sun YP (2006) Establishment of callus and cell
suspension cultures of Corydalis saxicola Bunting, a rare medicinal plant. Zeitschrift
für Naturforschung C 61: 251–256.
Chernousova S, Epple M (2013) Silver as Antibacterial Agent: Ion, Nanoparticle, and
Metal. Angewandte Chemie International Edition 52: 1636-1653.
Chithrani BD, Ghazani AA, Chan WCW (2006) Determining the size and shape
dependence of gold nanoparticle uptake into mammalian cells. Nano Letters 6: 662–8
Chitrs K, Annadurai G (2014) Antibacterial Activity of pH-Dependent Biosynthesized
Silver Nanoparticles against Clinical Pathogen. BioMed Research International:
725165.
Chodisetti B, Rao K, Gandi S, Giri A (2013) Improved gymnemic acid production in
the suspension cultures of Gymnema sylvestre through biotic elicitation. Plant
Biotechnology Reports 7: 519–525.
Choi BS, Sapkota K, Kim S, Lee HJ, Choi HS, Kim SJ (2010) Antioxidant activity
and protective effects of Tripterygium regelii extract on hydrogen peroxideinduced
injury in human dopaminergic cells, SH-SY5Y. Neurochemical Research 35: 12691280.
Choi SJ, Choy JH (2014) Biokinetics of zinc oxide nanoparticles: toxicokinetics,
biological fates, and protein interaction. International Journal of Nanomedicine 9:
261–269.

157

References
Christou P, Capell T, Kohli A, Gatehouse JA, Gatehouse AMR (2006) Recent
developments and future prospects in insect pest control in transgenic crops. Trends in
Plant Science 11: 302-308.
Chung YK, Heo HJ, Kim EK, Kim HK, Huh TL, Lim Y, Kim SK, Shin DH. (2001)
Inhibitory effect of ursolic acid purified from Origanum majorana L. on the
acetylcholinesterase. Journal of Molecules and Cells 11: 137–43.
Comotti M, Pina CD, Rossi M (2006) Aerobic Oxidation of Glucose with Gold
Catalyst: Hydrogen Peroxide as Intermediate and Reagent. Journal of Molecular
Catalysis A: Chemical 251: 89.
Considine MJ, Sandalio LM, Foyer CH (2015) Unravelling how plants benefit from
ROS and NO reactions, while resisting oxidative stress. Annals of Botany 116: 469–
473.
Corbin C, Fidel T, Leclerc EA, Barakzoy E, Sagot N, Falguiéres A, Renouard S,
Blondeau JP, Ferroud C, Doussot J, Lainé E, Hano C (2015) Development and
validation of an

efficient ultrasound assisted extraction of phenolic compounds

from flax (Linum usitatissimum L.) seeds. Ultrasonics Sonochemistry 26: 176–185.
Cowan MM (1999) Plant products as antimicrobial agents. Clinical microbiology
reviews 12: 564-582.
Craig ME, Hattersley A, Donaghue KC (2009) Definition, epidemiology and
classification of diabetes in children and adolescents. Pediatr Diabetes 10: 3-12.
Curtin C, Zhang W, Franco C (2003) Manipulating anthocyanin composition in
Vitisvinifera suspension cultures by elicitation with jasmonic acid and light
irradiation. Biotechnology Letters 25: 1131–1135.
Cvikrová M, Hrubcová M, Eder J, Binarova P (1996) Changes in the levels of
endogenous

phenolics

aromatic

monoamines

phenylalanine

ammonia-lyase

peroxidase and auxin oxidase activities during initiation of alfalfa embryogenic and
non-embryogenic calli. Plant Physiology and Biochemistry 34: 853-861.

158

References
Darroudi M, Ahmad MB, Zamiri R, Zak AK, Abdullah AH, Ibrahim NA (2011)
Time-dependent effect in green synthesis of silver nanoparticles. International Journal
of Nanomedicine 6: 677–681.
Davies KJA (2000) Oxidative stress, antioxidant defenses, and damage removal,
repair, and replacement systems. IUBMB Life 50: 279–289.
Debnath M, Malik CP, Bisen PS (2006) Micropropagation: A Tool for the Production
of High Quality Plant-based Medicines. Current Pharmaceutical Biotechnology 7: 3349.
Demidchik V (2015) Mechanisms of oxidative stress in plants: from classical
chemistry to cell biology. Journal Environmental and Experimental Botany 109: 212–
228.
Devi NN, Shankar PD, Femina W, Paramasivam T (2012) Antimicrobial efficacy of
green synthesized silver nanoparticles from the medicinal plant Plectranthus
amboinicus. International Journal of Pharmaceutical Sciences Review and Research
12: 164–168.
Dhifi W, Bellili S, Jazi S, Bahloul N, Mnif W (2016) Essential Oils’ Chemical
Characterization and Investigation of Some Biological Activities: A Critical Review.
Medicines 3: 25.
Dhillon GS, Brar SK, Kaur S, Verma M (2012) Green approach for nanoparticle
biosynthesis by fungi: current trends and applications. Critical Reviews in
Biotechnology 32: 49–73.
Di Bella GD, Mascia F, Gualano L, Bella LD (2013) Melatonin Anticancer Effects:
Review. International Journal of Molecular Sciences 14: 2410-2430.
Dicosmo F, Misawa M (1995) Plant cell and tissue culture: alternatives for metabolite
production. Biotechnology Advances 13: 425–435.

159

References
Dilshad SMR, Iqbal Z, Muhammad G, Iqbal A, Ahmed N (2008) An inventory of the
ethnoveterinary practices for reproductive disorders in cattle and buffaloes, Sargodha
district of Pakistan. Journal of Ethnopharmacology 117: 393-402.
Dimitratos N., F. Porta, L. Prati & A. Villa, (2005) Synergistic effect of platinium and
palladium on dolg catalyst in the selective oxidation of D-sorbitol. Catalysis Letters
99: 185.
Dixon RA, Paiva NL (1995) Stress-lnduced Phenylpropanoid Metabolism. The Plant
Cell 7: 1085-1097.
Djeridane A, Yousfi M, Nadjemi B, Boutassouna D, Stocker P, Vidal N (2006)
Antioxidant activity of some Algerian medicinal plants extracts containing phenolic
compounds. Food Chemistry 97: 654–660.
Doria G, Conde J, Veigas B, Giestas L, Almeida C, Assunção M, et al (2012) Nobel
metal nanoparticles for biosensing applications. Sensors (Basel) 12: 1657–87.
Dörnemburg H, Knorr D (1995) Stratgies for the improvement of secondary
metabolites production in plant cell culture. Enzyme and Microbial Technology 17:
674-684.
Driscoll K, Howard B, Carter J, Janssen YW, Mossman B, Isfort R (2001)
Mitochondrial-Derived Oxidants and Quartz Activation of Chemokine Gene
Expression. In: Dansette P, Snyder R, Delaforge M, Gibson GG, Greim H, Jollow D,
et al., editors. Biological Reactive Intermediates VI. Advances in Experimental
Medicine and Biology. 500: Springer US 489-96.
Duan JL, Wu YL, Xu JG (2017) Assessment of the bioactive compounds, antioxidant
and antibacterial activities of Isodon rubescens as affected by drying methods. Natural
Product Research 26: 1-4.
Duan Y, Su Y, Chao E, Zhang G, Zhao F, Xue T, Sheng W, Teng J, Xue J (2018)
Callus-mediated plant regeneration in Isodon amethystoides using young seedling
leaves as starting materials. Plant Cell, Tissue and Organ Culture (PCTOC) 1-7.

160

References
Duan, H, Wang D, Yadong Li (2015) Green chemistry for nanoparticle synthesis.
Chemical Society Reviews 44: 5778–5792.
Dumont M, Wille E, Calingasan NY, Tampellini D, Williams C, Gouras GK, Liby K,
Sporn M, Nathan C, Flint-Beal M, et al (2009) Triterpenoid CDDO-methylamide
improves memory and decreases amyloid plaques in a transgenic mouse model of
Alzheimer’s disease. Journal of Neurochemistry 109: 502–512.
Duncan DB (1955) Multiple range and multiple F tests. Biometrics 11: 1–42
Duran N, Seabra AB (2012) Metallic oxide nanoparticles: state of the art in biogenic
syntheses and their mechanisms. Applied Microbiology and Biotechnology 95: 275–
88.
Dwivedi AD, Gopal K (2011) Plant-mediated biosynthesis of silver and gold
nanoparticles. ournal of Biomedical Nanotechnology 7: 163-4.
Eibl R, Eibl D (2008) Design of bioreactors suitable for plant cell and tissue cultures.
Phytochemistry Reviews 7: 593-8.
Elechiguerra JL, Burt JL, Morones JR, Camacho-Bragado A, Gao X, Lara HH,
Yacaman MJ (2005) Interaction of silver nanoparticles with HIV-1. Journal of
Nanobiotechnology 3: 6.
El-Kassas HY, El-Sheekh MM (2014) Cytotoxic activity of biosynthesized gold
nanoparticles with an extract of the red seaweed Corallina officinalis on the MCF-7
human breast cancer cell line. Asian Pacific Journal of Cancer Prevention 15: 4311–
4317.
El-Meskaoui A (2013) Plant Cell Tissue and Organ Culture Biotechnology
and Its Application in Medicinal and Aromatic Plants. Journal of applied research on
Medicinal and Aromatic Plants 2: 3
Faizal A, Fadzliana N, Sekeli, Rogayah S, Shaharuddin, Azmi N, Abdulla, Janna OA
(2017) Addition of L-Tyrosine to Improve Betalain Production in Red Pitaya Callus.
Journal of Tropical Agricultural Science 40: 521-532.

161

References
Faleiro ML (2011) The mode of antibacterial action of essential oils. In: MéndezVilas A (ed.): Science against microbial pathogens: communicating current research
and technological advances. Badajoz: Formatex Research Center 1143-56.
Filipe V, Hawe A, Jiskoot W (2010) Critical evaluation of nanoparticle tracking
analysis (NTA) by NanoSight for the measurement of nanoparticles and protein
aggregates. Pharmaceutical Research 27: 796–810.
Fischer TW, Kleszczynski K, Hardkop LH, Kruse N, Zillikens D (2013) Melatonin
enhances antioxidative enzyme gene expression (CAT, GPX, SOD), prevents their
UVR-induced depletion, and protects against the formation of DNA damage (8hydroxy-2’-deoxyguanosine) in ex vivo human skin. Journal of Pineal Research 54:
302–312.
Fissan H, Ristig S, Kaminski H, Asbach C, Epple M (2014) Comparison of different
characterization methods for nanoparticle dispersions before and after aerosolization.
Analytical Methods 6: 7324–7334.
Fliniaux O, Corbin C, Ramsay A, Renouard S, Beejmohun V, Doussot J, Falguières
A, Ferroud C, Lamblin F, Lainé E, Roscher A, Grand E, Mesnard Fand, Hano C
(2014) Microwave-assisted extraction of herbacetin diglucoside from flax (Linum
usitatissimum L.) seed cakes and its quantification using an RP-HPLC-UV system.
Molecules 19: 3025–3037.
Foldbjerg R, Irving ES, Hayashi Y, Sutherland DS, Thorsen K, Autrup H, Beer C
(2012) Global gene expression profiling of human lung epithelial cells after exposure
to nanosilver. oxicological Sciences 130: 145–157.
Fortina P, Kricka LJ, Graves DJ, Park J, Hyslop T, Tam F, Halas N, Surrey S,
Waldman SA (2007) Applications of nanoparticles to diagnostics and therapeutics in
colorectal cancer. Trends in Biotechnology 25: 145–52.
Fowler J, Cohen L (1990) Practical Statistics for Field Biology. Buckingham, Open
University Press.

162

References
Francis PT, Plamer AM, Anape M (1999) The cholinergic hypothesis of Alzheimer’s
diseases:–A review of progress. Journal of Neurology, Neurosurgery, and Psychiatry
66: 137–147.
Frank M, Rupp HM, Prinsen E, Motyka V, Van Onckelen, H, Schmülling T (2000)
Hormone autotrophic growth and differentiation identifies mutant lines of
Arabidopsis with altered cytokinin and auxin content or signaling. Plant Physiol. 122:
721–729.
Fu J, Zhao SD, Liu HJ, Yuan QH, Liu SM, Zhang YM, Ling EA, Hao AJ (2011)
Melatonin promotes proliferation and differentiation of neural stem cells subjected to
hypoxia in vitro. Journal of Pineal Research 51: 104–112.
Fujioka T1, Kashiwada Y, Kilkuskie RE, Cosentino LM, Ballas LM, Jiang JB, Janzen
WP, Chen IS, Lee KH (1994) KHAnti-AIDS agents, 11. Betulinic acid and platanic
acid as anti-HIV principles from Syzigium claviflorum, and the anti-HIV activity of
structurally related triterpenoids. Journal of Natural Products 57:243-7.
Gabor Janicsak, Imre Mathe, Vilmos Miklossy-Vari, Gerald Blunden (1999)
Comparative studies of the rosmarinic and caffeic acid contents of Lamiaceae species.
Biochemical Systematics and Ecology 27: 733-738.
Galano A, Tan DX, Reiter RJ (2013) On the free radical scavenging activities of
melatonin’s metabolites, AFMK and AMK. Journal of Pineal Research 54: 245–257.
Gan PP, Li SFY (2012) Potential of plant as a biological factory to synthesize gold
and silver nanoparticles and their applications. Review in environmental science and
environmental biotechnology 11: 169–206.
García-Gonzáles R, Quiroz K, Carrasco B, Caligari P (2010) Plant tissue culture:
Current status, opportunities and challenges. Ciencia e Investigación Agraria 37: 5-30.
Gardea-Torresdey J, Parsons J, Gomez E, Peralta-Videa J, Troiani H, Santiago P,
Yacaman M (2002) Formation and Growth of Au Nanoparticles inside Live Alfalfa
Plants. Nano Letters 2: 397.

163

References
Gardea-Torresdey JL, Gomez E, Peralta-Videa JR, Parsons JG, Troiani H, JoseYacaman M (2003) Alfalfa sprouts: a natural source for the synthesis of silver
nanoparticles. Langmuir 19: 1357–61.
Gaspar T, Kevers C, Hausman J, Ripetti V (1994) Peroxidase activity and endogenous
free auxin during adventitious root formation. Physiology, growth and development of
plants in culture. Dordrecht: Kluwer Academic Publishers 289-298.
Gautheret R J (1934) Culture du tissus cambial. Comptes Rendus Hebdomadaires des
Seances de 2195–2196.
Gautheret RJ (1955) Sur la variabilité des propriétés physiologiques des cultures de
tissues végétaux. Rev. Gén. Bot. 62: 5–112.
Gautheret RJ (1985) History of plant tissue and cell culture: A personal account, in
Cell Culture and Somatic Cell Genetics of Plants (Vasil, I. K., ed.) 2: 1–59.
Gautheret, RJ (1942) Hétéro-auxines et cultures de tissus végétaux. Bulletin de la
Société de chimie biologique Société de chimie biologiqueBull 24, 13–41.
Georgiev MI, Weber J, Maciuk A (2009) Bioprocessing of plant cell cultures for mass
production of targeted compounds. Applied Microbiology and Biotechnology 83:
809–23.
Gericke M, Pinches A (2006) Biological synthesis of metal nanoparticles.
Hydrometallurgy 83: 132–40.
Gershenzon

J, Kreis W (1999) Biosynthesis of monoterpenes, sesquiterpenes,

diterpenes, sterols, cardiac glycosides and steroid saponins. In Biochemistry of Plant
Secondary Metabolites. Annual Plant Reviews. Wink. M. Ed. Sheffield Academic
Press: Sheffield. UK 2: 222–299.
Ghaseminezhada SM, Hamedi S, Shojaosadati SA (2012) Green synthesis of silver
nanoparticles by a novel method: Comparative study of their properties. Carbohydrate
Polymers 89: 467- 472.

164

References
Ghasemzadeh A, Jaafar HZE (2011) Anticancer and antioxidant activities of
Malaysian young ginger (zingiber officinale Roscoe) varieties grown under different
CO2 concentration. Journal of medicinal plant research 5: 3247-3255.
Ghodake GS, Deshpande NG, Lee YP, Jin ES (2010) Pear fruit extract-assisted roomtemperature biosynthesis of gold nanoplates. Colloids and Surfaces B: Biointerfaces
75: 584-9.
Giannopolitis CN, Ries SK (1977) Superoxide dismutases: I. Occurrence in higher
plants. Plant Physiology 59: 309–314.
Gill SS, Tuteja N (2010) Polyamines and abiotic stress tolerance in plants. Plant
Signaling & Behavior 5: 26-33.
Girish KS, Paul M, Thushara RM, Hemshekhar M, Sundaram MS, Rangappa KS,
Kemparaju K (2013) Melatonin elevates apoptosis in human platelets via ROS
mediated

mitochondrial

damage.

Biochemical

and

Biophysical

Research

Communications 438: 198–204.
Giuliani C, Bini ML (2008) Insight into the structure and chemistry of glandular
trichomes of Labiatae, with emphasis on subfamily Lamioideae. Plant systematic and
Evolution 276: 199-208.
Goudarzi M, Noshin M, Kamazan MM, Bagheri S, Salavati-Niasari M (2016)
Biosynthesis and characterization of silver nanoparticles prepared from two novel
natural precursors by facile thermal decomposition methods. Scientific Reports 6:
32539.
Gowda R, Jones NR, Banerjee S, Robertson GP (2014) Use of nanotechnology to
develop multi-drug inhibitors for cancer therapy. Journal of Nanomedicine and
Nanotechnology 4: 6.
Granatek CH, Cockerline AW (1978) Callus formation versus differentiation of
cultured barley embryos: hormonal and osmotic interactions. In Vitro 14: 212–7.

165

References
Granatek CH, Cockerline AW (1978) Callus formation versus differentiation of
cultured barley embryos: hormonal and osmotic interactions. In Vitro 14: 212–7.
Gunther RT (1959) The Greek Herbal of Dioscohdes. New York: Hafner: 475.
Guo

B, Abbasi BH, Zeb A, Xu

LL, Wei YH (2011)

Thidiazuron: A multi-

dimensional plant growth regulator. African Journal of Biotechnology 10: 8984-9000.
Guo B, Abbasi BH, Zeb A, Xu LL, Wei YH (2011) Thidiazuron: A multi-dimensional
plant growth regulator. African Journal of Biotechnology 10: 8984-9000.
Gupta V, Gupta AR, Kant V (2013) Synthesis, characterization and biomedical
application of nanoparticles. Science International 1: 167–174.
Gurunathan S, Han JW, Kwon DN, Kim JH (2014) Enhanced antibacterial and
antibiofilm activities of silver nanoparticles against Gram-negative and Gram-positive
bacteria. Nanoscale Research Letters 9: 373.
Gurunathan S, Park JH, Han JW, Kim JH (2015) Comparative assessment of the
apoptotic potential of silver nanoparticles synthesized by Bacillus tequilensis and
Calocybe indica in MDA-MB-231 human breast cancer cells: Targeting p53 for
anticancer therapy. International Journal of Nanomedicine 10: 4203–4222.
Guisbiers G, Mejia-Rosales S, Deepak FL (2012) Nanomaterial Properties: Size and
Shape Dependencies. Journal of Nanomaterials 2: ID 180976
Haberlandt G (1902) Kulturversuche mit isolierten Pflanzenzellen. Sitzungsber. Akad.
Wiss. Wien. Math.-Naturwiss. Karen Lee Abt. Research Economist 111: 69–92.
Hafidha RR, Husseinb SZ, MalAllahc MQ, Abdulamird SA, Abu Bakar F (2018) A
high-throughput quantitative expression analysis of cancer-related genes in human
HepG2 cells in response to limonene, a potential anticancer agent. Current Cancer
Drug Targets 18: 1-9.
Hager A, Menzel H, Krauss A (1971) Versuche and Hypothese zur Primärwirkung
des Auxins bei Streckungs-wachstum. Planta 100: 47-75.

166

References
Hagina YV, Kiselev KV, Bulgakov V (2008) Biotechnological Analysis of Caffeic
Acid Metabolites Possessing Potent Antinephritic Activity. Chinese Journal of
Biotechnology 24: 2140-2141.
Hahn MG (1996) Microbial elicitors and their receptors in plant. Annual Review of
Phytopathology 34: 387-412
Hanley C, Layne J, Punnoose A, Reddy KM, Coombs I, Feris K, Wingett D (2008)
Preferential killing of cancer cells and activated human T cells using zinc oxide
nanoparticles. Nanotechnology 19: 295103.
Harborne, JB (1999) Classes and functions of secondary products from plants.
Walton, NJ, Brown, D.E., Eds. Chemicals from Plants, Perspectives on Secondary
Plant Products; Imperial College Press: London, UK, 1–25.
Hardeland H (2016) Melatonin in plants-diversity of levels and multiplicity of
functions. Frontiers in Plant Science 7: 198.
Hare PD, Staden J, Van Staden J (1994) Inhibitory effect of TDZ on the activity of
cytokinin oxidase isolated form soybean callus. Plant and Cell Physiology 35: 11221125.
Hassan BAR (2012) HPLC Uses and Importance in the Pharmaceutical Analysis and
Industrial Field. Pharmaceutica Analytica Acta 3: 9.
Haverkamp RG, Marshall AT (2009) The mechanism of metal nanoparticle formation
in plants: limits on accumulation. Journal of Nanoparticle Research 11: 1453–63.
He H, Xian J, Xiao S, Xu H (2001) In vitro culture and rapid propagation of Isodon
serra. Chinese traditional and herbal drugs 32: 255-6.
He X, Lian L, Lin L, Bernart MW (1997) High-performance liquid chromatographyelectrospray mass spectrometry in phytochemical analysis of sour orange (Citrus
aurantium L.). Journal of chromatography 79: 127-134.

167

References
He YP, Chen CY (2010) Quantitative analysis of viable, stressed and dead cells of
Campylobacter jejuni strain 81-176. International journal of Food Microbiology 27:
439–446.646.
Hemerly A, Ferreira P, Engler J, Engler G, Inze D, Vanmontagu M (1993) The
control of cell cycle in Arabidopsis plant cell cultures. Journal of Plant Research 3:
51-56.
Heng BC, Zhao X, Tan EC, Khamis N, Assodani A, Xiong S, Ruedl C, Ng KW, Loo
JS (2011) Evaluation of the cytotoxic and inflammatory potential of differentially
shaped zinc oxide nanoparticles. Archives of Toxicology 85: 1517–28.
Hossan MDS, Rahman S, Anwarul Bashar ABM, Jahan R, Abdullah Al-Nahain A,
Rahmatullah M (2014) Rosmarinic acid: a review of its anticancer action. Journal of
Pharmaceutical Sciences 3: 57-70.
Hu Y, Bao F, Li J (2000) Promotive effect of brassino steroids on cell division
involves a distinct CycD3-induction pathway in Arabidopsis. The Plant Journal 24:
693–701.
Huang X, Jain PK, El-Sayed IH, El-Sayed MA (2007) Gold nanoparticles: interesting
optical properties and recent applications in cancer diagnostics and therapy.
Nanomedicine (London) 2: 681-93.
Huang X, Jain PK, El-Sayed IH, El-Sayed MA (2007) Special Focus: Nanoparticles
for Cancer Diagnosis & Therapeutics - Review. Nanomedicine Journal 2: 681-693.
Hussain A, Qarshi IA, Nazir H, Ikram Ullah (2012) Plant Tissue Culture: Current
States and Opportunities. Reviewed chapter. DOI: 10.5772/50568.
Hussain I, Khan AU, Ullah R, Alsaid MS, Salman S, Iftikhar S, et al (2017) Chemical
composition, antioxidant and anti-bacterial potential of essential oil of medicinal plant
Isodon rugosus. Journal of essential oil-bearing plants (JEOP) 20: 1607-13.
Hussain I, Khan AU, Ullah RS, Alsaid M, Salman S, Iftikhar S, Marwat GA, Sadique
M, Jan S, Adnan M, Tariq A (2017) Chemical Composition, Antioxidant and Anti-

168

References
bacterial Potential of Essential Oil of Medicinal plant Isodon rugosus. Journal of
Essential Oil Bearing Plants 20: 1607-1613.
Ibrahim HMM (2015) Green synthesis and characterization of silver nanoparticles
using banana peel extract and their antimicrobial activity against representative
microorganisms. Journal of Radiation Research and Applied Sciences 8: 265–275.
Ikeuchi M, Sugimoto K, Iwase A (2013) Plant Callus: Mechanisms of Induction and
Repression. Plant Cell 25: 3159–3173.
Ikuta A, Kamiya K, Satake T, Saiki Y (1995) Triterpenoids From Callus Tissue
Cultures Of Paeonia Species. Phytochemistry 38: 1203-1207.
Indramahalakshmi G (2017) Characterization and antibacterial activity of zinc oxide
nanoparticles synthesized using Opuntia ficus indica fruit aqueous extract. Journal of
Physical and Chemical Sciences 3: 1-7.
Jamdagni P, Khatri P, Rana JS (2016) Green synthesis of zinc oxide nanoparticles
using flower extract of Nyctanthes arbor-tristis and their antifungal activity. King
Saud University is a public university in Riyadh (KSU Riyadh) 30: 168-75.
James JT, Dubery IA (2009) Pentacyclic Triterpenoids from the Medicinal Herb,
Centella asiatica (L.) Urban. Molecules 14: 3922-3941
Janas KM, Posmyk MM (2013) Melatonin, an under-estimated natural substance with
great potential for agricultural application. Acta Physiologiae Plantarum 35: 3285–
3292.
Janbaz KH, Arif J, Saqib F, Imran I, Ashraf M, Zia-Ul-Haq M, Jaafar HZ, Feo VD
(2014) In-vitro and in-vivo validation of ethnopharmacological uses of methanol
extract of Isodon rugosus Wall. Ex Benth. (Lamiaceae). International Journal of
Complementary and Alternative Medicine (IJCAM) 14: 1-12.
Jeyaramraja PR, Pius PK, Kumar RR, Jayakumar D (2003) Soil moisture stressinduced alterations in bioconstituents determining tea quality. Journal of the Science
of Food and Agriculture 83: 1187–1191.

169

References
Jiang J, Oberdörster G, Biswas P (2009) Characterization of size, surface charge, and
agglomeration state of nanoparticle dispersions for toxicological studies. Journal of
Nanoparticle Research 11: 77–89.
Jiang W, Myeong-Je C, Lemaux PG (1998) Improved callus quality and prolonged
regenerability in model and recalcitrant barley (Hordeum vulgare L.) cultivars. Plant
Biotechnology 15: 63–69.
Jiang XC, Chen WM, Chen CY, Xiong SX, Yu AB (2011) Role of Temperature in the
Growth of Silver Nanoparticles through a Synergetic Reduction Approach. Nanoscale
Research Letters 6: 32.
Jones N, Ray B, Ranjit KT, Manna AC (2008) Antibacterial activity of ZnO
nanoparticle suspensions on a broad spectrum of microorganisms. FEMS
Microbiology Letters 279: 71–76.
Jores K, Mehnert W, Drechsler M, Bunjes H, Johann C, Mader K (2004)
Investigations on the structure of solid lipid nanoparticles (SLN) and oil-loaded solid
lipid nanoparticles by photon correlation spectroscopy, field-flow fractionation and
transmission electron microscopy. Journal of Controlled Release 95: 217–227.
Joshi M, Bhattacharyya A (2008) Characterization techniques for nanotechnology
applications in textiles. Indian Journal of Fiber and Textile Research 33: 304–317.
Jun BH, Noh MS, Kim J, Kim G, Kang H, Kim MS, Seo YT, Baek J, Kim JH, Park J,
Kim S, Kim YK, Hyeon T, Cho MH, Jeong DH, Lee YS (2010) Multifunctional
silver-embedded magnetic nanoparticles as SERS nanoprobes and their applications.
Small 6: 119–125.
Jung B, Ahmad N (2006) Melatonin in cancer management: Progress and promise.
Cancer Research 66: 9789-93.
Kalishwaralal K, BarathManiKanth S, Pandian SR, Deepak V, Gurunathan S (2010)
Silver nanoparticles impede the biofilm formation by Pseudomonas aeruginosa and
Staphylococcus epidermidis. Colloids and Surfaces B: Biointerfaces 79: 340–344.

170

References
Kamalanathan D, Natarajan D (2018) Anticancer potential of leaf and leaf-derived
callus extracts of Aerva javanica against MCF-7 breast cancer cell line. Journal of
Cancer Research 14: 321-7.
Kandasamy K, Alikunhi NM, Manickaswami G, Nabikhan A, Ayyavu G (2012)
Synthesis of silver nanoparticles by coastal plant Prosopis chilensis (L.) and their
efficacy in controlling vibriosis in shrimp Penaeus monodon. Applied Nanoscience 3:
65-73.
Karuppusamy S (2009) A review on trends in production of secondary metabolites
from higher plants by in vitro tissue, organ and cell cultures. Journal of medicinal
plant research 3: 1222-39.
Kasemets K1, Ivask A, Dubourguier HC, Kahru A (2009) Toxicity of nanoparticles of
ZnO, CuO and TiO2 to yeast Saccharomyces cerevisiae. Toxicology in Vitro 23:
1116-22.
Keen NT, Legrandt M (1980) Surface glycoproteins: evidence that they may function
as the race specific phytoalexin elicitors of Phytophthora megasperma fsp. Glycinea.
Phyysiological plant Pathology 17: 175-192.
Khan I, Saeed K, Khan I (2017) Nanoparticles: Properties, applications and toxicities.
Arabian Journal of Chemistry https://doi.org/10.1016/j.arabjc.2017.05.011
Khan SW, Khatoon S (2004) Ethnobotanical Studies of Haramosh and Bugrote
Valleys (Gilgit) International Journal of Biology and Biotechnology 1: 585-589.
Khan SW, Khatoon S (2007) Ethnobotanical studies on useful trees and shrubs of
Haramosh and Bugrote valleys, in Gilgit northern areas of Pakistan. Pakistan Journal
of Botany 39: 699-710.
Khan T, Abbasi BH, Khan MA, Shinwari ZK (2016) Differential Effects of
Thidiazuron on Production of Anticancer Phenolic Compounds in Callus Cultures of
Fagonia indica. Biotechnology and Applied Biochemistry 179: 46–58.

171

References
Khandaker MM, Boyce AN, Osman N, Hossain AS (2012) Physiochemical and
phytochemical properties of wax apple (Syzygium samarangense [Blume] Merrill &
L. M. Perry var. Jambu Madu) as affected by growth regulator application. Scientific
World Journal 13.
Kharissova OV, Dias HVR, Kharisov BI, P´erez BO, P´erez VMJ (2013) The greener
synthesis of nanoparticles. Trends in Biotechnology 31: 240–248.
Khojasteh A, Mirjalili MH, Hidalgo D, Corchete P, Palazon J (2014) New trends in
biotechnological production of rosmarinic acid. Biotechnology Letters 36: 2393-406
Khurana C, Vala AK, Andhariya N, Pandey OP, Chudasama B (2014) Antibacterial
activity of silver: The role of hydrodynamic particle size at nanoscale. Journal of
Biomedical Materials Research Part A 102: 3361–3368.
Kiferle C, Lucchesini M, Mensuali-Sodi A, Maggini R, Raffaelli A, Pardossi A
(2011) Rosmarinic acid content in basil plants grown in vitro and in hydroponics.
Central European Journal of Biology 6: 946–957.
Kiferle C, Maggini R, Pardossi A (2013) Influence of nitrogen nutrition on growth
and accumulation of rosmarinic acid in sweet basil (Ocimum basilicum L.) grown in
hydroponic culture. Australian Journal of Crop Science 7: 321–327.
Kim DO, Chun OK, Kim YJ, Moon H-Y, Lee CY (2003) Quantification of
polyphenolics and their antioxidant capacity in fresh plums. Journal of Agricultural
and Food Chemistry 51: 6509-6515.
Kim JH, Jeong MS, Kim DY, Her S, Wie MB (2015) Zinc oxide nanoparticles induce
lipoxygenase-mediated apoptosis and necrosis in human neuroblastoma SH-SY5Y
cells. Neurochemistry International 90: 204–214.
Kim JS, Kuk E, Yu KN, Kim JH, Park SJ, Lee HJ, Kim SH, Park YK, Park YH,
Hwang CY, et al. Antimicrobial effects of silver nanoparticles. Nanomedicine 3: 95–
101.

172

References
Kim JS, Kwon CS, Son KH (2000) Inhibition of alpha-glucosidase and amylase by
luteolin, a flavonoid. Bioscience, Biotechnology, and Biochemistry 64: 2458–61.
Klaus T, Joerger R, Olsson E, Granqvist CG (1999) Silver-based crystalline
nanoparticles, microbially fabricated. Proceedings of the National Academy of
Sciences of the United States of America 96: 13611.
Koepfli JB, Thimann KV, Went FV (1938) Phytohormones: structure and
physiological activity. Journal of Biological Chemistry 122: 763–780.
Kokila T, Ramesh PS, Geetha D (2015) Biosynthesis of silver nanoparticles.from
Cavendish banana peel extract and its antibacterial and free radical scavenging assay:
a novel biological approach. Applied Nanoscience 5: 911-920.
Kolár J, Machácková I (2005) Melatonin in higher plants occurrence and possible
functions. Journal of Pineal Research 39: 333–341.
Kołodziejczyk I, Posmyk MM (2016) Melatonin-a new plant biostimulator? Journal
of Elementology 21: 1187-1198.
Korbekandi H, Iravani S, Abbasi S (2009) Production of nanoparticles using
organisms. Critical Reviews in Biotechnology 29: 279–306.
Krishna PS, Bhaskar D, Sathyamurthy B (2017) In vitro studies on the effect of Citrus
Limon Linn in neuroblastoma Sh-Sy5y cell lines. Journal of Medicinal Plants 5: 197202.
Krishnaveni M, Dhanalakshmi R, Nandhin N (2014) GC-MS Analysis of
Phytochemicals, Fatty acid Profile, Antimicrobial Activity of Gossypium Seeds.
International Journal of Pharmaceutical Sciences Review and Research 49: 273-276.
Krolikowska A, Kudelski A, Michota A, Bukowska J (2003) SERS studies on the
structure of thioglycolic acid monolayers on silver and gold. Surface Science 532:
227–232.

173

References
Kuchibhatla SVNT, Karakoti AS, Baer DR et al (2012) Influence of aging
environment on nanoparticle chemistry: implication to confinement effects in
nanoceria. Journal of Physical Chemistry- C 116: 14108–14114.
Kumar A, Mandal S, Selvakannan PR, Parischa R, Mandale AB, Sastry M (2003)
Investigation into the interaction between surface-bound alkylamines and gold
nanoparticles. Langmuir 19: 6277–6282.
Kumar R, Sharma RJ, Bairwa K, Roy RK, Kumar A. Pharmacological review on
natural antidiarrhoel agents. Der Pharma Chemica 2010; 2(2): 66-93.
Kumar V, Yadav SC, Yada SK (2010) Syzygium cumini leaf and seed extract
mediated biosynthesis of silver nanoparticles and their characterization. Journal of
Chemical Technology & Biotechnology 85: 1301-1309.
Kumar V, Yadav SK (2008) Plant-mediated synthesis of silver and gold nanoparticles
and their applications. Journal of Chemical Technology & Biotechnology 84: 151-7.
Kumar V, Yadav SK (2009) Plant‑mediated synthesis of silver and gold nanoparticles
and their applications. Journal of Chemical Technology & Biotechnology 84:151–7
Kuppusamy P, Yusoff

MM, Maniam GP, Govindan N (2016) Biosynthesis of

metallic nanoparticles using plant derivatives and their new avenues in
pharmacological applications. Saudi Pharmaceutical Journal 24: 473–484.
Kutchin TM (1998) Molecular genetics of plant alkaloid biosynthesis, in The
Alkaloids (Cordell, G., ed.), Academic Press 50: 257–316.
Lagrimini LM (1991) Wound-induced deposition of polyphenols in transgenic plants
overexpressing peroxidase. Plant Physiology 96: 577-583.
Lahiri DK, Farlow MR, Greig NH, Sambamurti K (2002) Current drug targets for
Alzheime’s disease treatment. Drug Development Research. 56: 267–281.
Lamb AE, Anderson CWN, Haverkamp RG (2001a) The extraction of gold from
plants and its application to phytomining. New Zealand Institute of Chemistry Z 65:
31-33.
174

References
Laszczyk MN (2009) Pentacyclic triterpenes of the lupane, oleanane and ursane group
as tools in cancer therapy. Planta Medica 75:1549–1560.
Lattanzio V (2003) bioactive polyphenols: their role in quality and storability of fruit
and vegetables. Journal of Applied Botany 77: 128–146.
Lee HY, Byeon Y, Back K (2014) Melatonin as a signal molecule triggering defense
responses against pathogen attack in Arabidopsis and tobacco. Journal of Pineal
Research 57: 262–268.
Lee SK, Mbwambo ZH, Chung HS, Luyengi L, Gamez EJ, Mehta RG, Kinghom AD,
Pezzuto JM (1998) Evaluation of the antioxidant potential of natural products.
Combinatorial Chemistry & High Throughput Screening 1: 35–46.
Lee TT (1971) Cytokinin-controlled indole acetic acid oxidase isoenzymes in tobacco
callus cultures. Plant Physiology 47: 181-185.
Leela A, Vivekanandan M (2008) Tapping the unexploited plant resources for the
synthesis of silver nanoparticles. African Journal of Biotechnology (AJB) 7: 31623165.
Letham DS (1967) Chemistry and physiology of kinetin-like compounds. Annual
Review of Plant Physiology and Plant Molecular Biology 18: 349-64.
Lev E (2002) The Doctrine of Signatures in the Medieval and Ottoman Levant.
Vesalius, VIII 1: 13-22.
Levard C, Hotze EM, Lowry GV, Brown GE Jr (2012) Environmental
Transformations of Silver Nanoparticles: Impact on Stability and Toxicity.
Environmental Science & Technology 46: 6900-6914.
Lewinski N, Colvin V, Drezek R (2008) Cytotoxicity of nanoparticles. Small 41: 2649.
Li WR, Xie XB, Shi QS, Zeng HY, Ou-Yang YS, Chen YB (2010) Antibacterial
activity and mechanism of silver nanoparticles on Escherichia coli. Applied
Microbiology and Biotechnology 85: 1115–22.
175

References
Liby KT, Yore MM, Sporn MB (2007) Triterpenoids and rexinoids as multifunctional
agents for the prevention and treatment of cancer. Nature Reviews Cancer 7:357–369.
Lin PC, Lin S, Wang PC, Sridhar R (2014) Techniques for physicochemical
characterization of nanomaterials. Biotechnology Advances 32: 711–726.
Liu Y, He L, Mustapha A, Li H, Hu ZQ, Lin M (2009) Antibacterial activities of zinc
oxide nanoparticles against Escherichia coli O157:H7. Journal of Applied
Microbiology 107: 1193–1201.
Lodge R, Descoteaux A (2006) Phagocytosis of Leishmania donovani amastigotes is
Rac1 dependent and occurs in the absence of NADPH oxidase activation. European
Journal of Immunology 36: 2735–2744.
Logeswari P, Silambarasan S, Abraham J (2015) Synthesis of silver nanoparticles
using plants extract and analysis of their antimicrobial property. Journal of Saudi
Chemical Society 19: 311-317.
Luangpipat T, Beattie IR, Chisti Y, Haverkamp RG (2011) Gold nanoparticles
produced in a microalga. Journal of Nanoparticle Research 13: 6439–45.
Lukhoba CW, Simmonds MSJ, Paton AJ (2006) Plectranthus: a review of
ethnobotanical uses. Journal of Ethnopharmacology 103: 1–24.
Magudapatty P, Gangopadhyayrans P, Panigrahi BK, Nair KGM, Dhara S (2001)
Electrical transport studies of Ag nanoparticles embedded in glass matrix. Physica B:
Condensed Matter 299: 142-146.
Mahajan S, Tuteja N (2005) Cold, salinity and drought stresses: An overview.
Archives of Biochemistry and Biophysics 444: 139-58.
Mahmudin L, Suharyadi E, Utomo ABS, Abraha K (2015) Optical Properties of
Silver Nanoparticles for Surface Plasmon Resonance (SPR)-Based Biosensor
Application. International Journal of Modern Physics 6: 1071-1076.

176

References
Makarov VV, Love AJ, Sinitsyna OV, Makarova SS, Yaminsky IV, Taliansky ME,
Kalinina NO (2014) Green nanotechnologies: Synthesis of metal nanoparticles using
plants. Acta Nature 6:35-44.
Maksimović Z, Malenčić D, Kovačević N (2005) Polyphenol contents and antioxidant
activity of Maydis stigma extracts. Bio-resources Technology 96: 873-877.
Malik S, Bhushana S, Sharma M, Ahuja P (2016) Biotechnological approaches to the
production of shikonins: a critical review with recent updates. Critical Reviews in
Biotechnology, 36: 327-340.
Mangelsdorf DJ, Evans RM (1995) The RXR heterodimers and orphan receptors. Cell
83: 841–850.
Manivasagan P, Venkatesan J, Senthilkumar K, Sivakumar K, Kim SK. Biosynthesis,
Antimicrobial and Cytotoxic Effect of Silver Nanoparticles Using a Novel
Nocardiopsis sp. MBRC-1…. BioMed Research International 2013; 9: 287638.
Mann J (2002) Natural products in cancer chemotherapy: Past, present and future.
Nature Reviews Cancer 2: 143-8.
Mann S (1996) Biomimetic materials chemistry. VCH Publishers (ed) New York p400.
Manokari M, Shekhawat MS (2016) Zinc oxide nanoparticles synthesis from Moringa
oleifera Lam. Extracts and their characterization. World Science News 55: 252-62.
Marshall AT, Haverkamp RG, Davies CE, Parsons JG, Gardea-Torresdey JL, van
Agterveld D (2007) Accumulation of gold nanoparticles in Brassic juncea.
International Journal of Phytoremediation 9:197–206.
Mathur S, Shekhawat GS (2013) Establishment and characterization of Stevia
rebaudiana (Bertoni) cell suspension culture: an in-vitro approach for production of
stevioside. Acta Physiologiae Plantarum 35: 931–939.

177

References
Matsubara K, Shigekazu K, Yoshioka T, Fujita Y, Yamada Y (1989) High density
culture of Coptis japonica cells increases berberine production. Journal of Chemical
Technology & Biotechnology 46: 61–69.
Mazzola L (2003) Commercializing nanotechnology. Nature Biotechnology 21: 11371143.
Mehta A, Shaha C (2006) Mechanism of metalloid-induced death in Leishmania spp:
role of iron, reactive oxygen species, Ca2+, and glutathione. Free Radical Biology and
Medicine 40: 1857–1868.
Messner M, Huether G, Lorf T, Ramadori G Schworer H (2001) Presence of
melatonin in the human hepatobiliary-gastrointestinal tract. Life Sciences 69: 543–
551.
Mills E, Wu P, Seely D, Guyatt G (2005) Melatonin in the treatment of cancer: A
systematic review of randomized controlled trials and meta-analysis. Journal of Pineal
Research 39: 360–366.
Mohanpuria P, Rana NK, Yadav SK (2008) Biosynthesis of nanoparticles:
technological concepts and future applications. Journal of Nanoparticle Research
10:507–17.
Moon L, Ha YM, Jang HJ, Kim HS, Jun MS, Kim YM, Lee YS, Lee DH, Son KH,
Kim HJ, Seo HG, Lee JH, Kim YS, Chang KC (2011) Isoimperatorin, cimiside E and
23-O-acetylshengmanol-3-xyloside from Cimicifugae rhizome inhibit TNF-α-induced
VCAM-1 expression in human endothelial cells: involvement of PPAR-γ upregulation
and PI3K, ERK1/2, and PKC signal pathways. Journal of Ethnopharmacology 133:
336-44.
Moreno-Arribas MV, Polo MC (2003) CHROMATOGRAPHY/ High-performance
Liquid Chromatography

Encyclopedia of Food Sciences and Nutrition (Second

Edition) 1274-1280.
Morison JIL, Lawlor DW (1999) Interactions between increasing CO2 concentration
and temperature on plant growth. Plant, Cell & Environment 22: 659-82.
178

References
Morones JR, Elechiguerra JL, Camacho A, Holt K, Kouri JB, Ramírez JT, Yacaman
MJ (2005) The bactericidal effect of silver nanoparticles. Nanotechnology 16: 2346–
2353.
Mucalo MR, Bullen CR, Manley-Harris M, McIntire TM (2002) Arabinogalactan
from the Western larch tree: a new, purified and highly water-soluble polysaccharidebased protecting agent for maintaining precious metal nanoparticles in colloidal
suspension. Journal of Materials Science 37: 493–504.
Mudunkotuwa AI, Pettibone JM, Grassian VH (2012) Environmental implications of
nanoparticle aging in the processing and fate of copper-based nanomaterials.
Environmental Science and Technology 46: 7001–7010.
Mukherjee P, Ahmad A, Mandal D, Senapati S, Sainkar SR, Khan MI (2001) Fungus
mediated synthesis of silver nanoparticles and their immobilization in the mycelial
matrix: a novel biological approach to nanoparticle synthesis. Nano Letters 1: 515–9.
Mukherjee P, Senapati S, Mandal D, Ahmad A, Khan MI, Kumar R, Sastry M (2002)
Extracellular synthesis of gold nanoparticles by the fungus Fusarium oxysporum.
ChemBioChem 3: 461-463.
Mukhtar YM, Adu-Frimpong M, Xu X, Yu J (2018) Biochemical significance of
limonene and its metabolites: future prospects for designing and developing highly
potent anticancer drugs. Bioscience Reports 6: 38.
Mulabagal V, Tsay H (2004) Plant cell cultures as a source for the production of
biologically important secondary metabolites. International Journal of Applied
Science and Engineering Research 2: 29–48.
Mulvaney,

Langmuir

P

(1996)

Nanoparticles:

Building

Blocks

for

Nanotechnology,Vencent Rotella (ED). ISBN: 0-306-48287-8.
Murashige T, Skoog F (1962) A revised medium for rapid growth and bioassays with
tobacco tissue cultures. Physiologia Plantarum 15: 473-497.

179

References
Murch SJ, Alan AR, Cao J, Saxena PK (2009) Melatonin and serotonin in flowers and
fruits of Datura metel L. Journal of Pineal Research 47: 277-83.
Murch SJ, Saxena PK (2004) Role of Indoleamines in Regulation of Morphogenesis
in In Vitro Cultures of St. John’s wort (Hypericum perforatum L.). Acta Horticulturae
629.
Murch SJ, Saxena PK (2002) Melatonin: a potential regulator of plant growth and
development? In Vitro Cellular & Developmental Biology-Plant 38: 531–536.
Murray HW (1981) Susceptibility of Leishmania to oxygen intermediates and killing
by normal macrophages. Journal of Experimental Medicine 153: 1302–1315.
Murthy BNS, Victor J, Singh RPS, Fletcher RA, Saxena PK (1996) In vitro
regeneration of chickpea (Cicer arietinum L.): Stimulation of direct organogenesis
and somatic embryogenesis by thidiazuron. Plant Growth Regulation 19: 233-240.
Mute VM (2009) Anthelmintic effect of Tamarind indica linn leaves juice exract on
Pheretima posthuma. International journal of pharma research and development 7: 16.
Muzamil M, Khalid N, Aziz MD, Abbas SA (2014) Synthesis of silver nanoparticles
by silver salt reduction and its characterization. Materials Science and Engineering C
60: 012034.
Mclellan JM, Siekkinen A, Chen J, Xia Y (2006) Comparison ofthe SurfaceEnhanced Raman Scattering on Sharp and TruncatedSilver Nanocubes. Chemical
Physics Letters 427: 122−126.
Nabila SK, Fawzia MJ, Naser AA, Rida AS (2003) Growth and rosmarinic acid
accumulation in callus, cell suspension, and root cultures of wild Salvia fruticosa.
Plant Cell, Tissue and Organ Culture 73: 117-121.
Nagajyothi PC, Cha SJ, Yang IJ, Sreekanth TV, Kim KJ, Shin HM (2015)
Antioxidant and anti-inflammatory activities of zinc oxide nanoparticles synthesized
using s root extract. Journal of Photochemistry and Photobiology B 146: 10–17.

180

References
Nagarajan S, Kuppusamy KA (2013) Extracellular synthesis of zinc oxide
nanoparticle using seaweeds of Gulf of Mannar, India. Journal of Nanobiotechnology
11: 39.
Nair S, Sasidharan A, Divya Rani VV, Menon D, Nair S, Manzoor K, Raina S (2009)
Role of size scale of ZnO nanoparticles and micro particles on toxicity toward
bacteria and osteoblast cancer cells. Journal of Materials Science: Materials in
Medicine 20: S235–S241.
Najim N, Rusdi R, Hamzah AS, Shaameri Z, Zain MM, Kamarulzaman N (2014)
Effects of the absorption behaviour of ZnO nanoparticles on cytotoxicity
measurements. Journal of Nanomaterials 10: 694737.
Namdeo AG (2007) Plant cell elicitation for production of secondary metabolites.
Pharmacognosy reviews 1.
Narayanan KB, Sakthivel N (2008) Coriander leaf mediated biosynthesis of gold
nanoparticles. Materials Letters 62: 4588–4590.
Narayanan KB, Sakthivel N (2011) Green synthesis of biogenic metal nanoparticles
by terrestrial and aquatic phototrophic and heterotrophic eukaryotes and
biocompatible agents. Advances in Colloid and Interface Science 169: 59–79.
Nascimento NC, Fett-Neto AG (2010) Plant secondary metabolism and challenges in
modifying its operation: an overview. Methods in Molecular Biology Methods 643:
1–13.
Natera S, Machuca C, Padrón-Nieves M, Romero A, Diaz E, Ponte-Sucre A (2007)
Leishmania spp: proficiency of drug-resistant parasites. International Journal of
Antimicrobial Agents 29: 637–642.
Navarro M, Gabbiani C, Messori L, Gambino D (2010) Metal-based drugs for
malaria, trypanosomiasis and leishmaniasis: recent achievements and perspectives.
Drug Discovery Today 23: 1070–1078.

181

References
Nawaz MA., Huang Y, Bie Z, Reiter RJ, Niu M, Hameed S (2016). Melatonin:
current status and future perspectives in plant science. Frontiers in Plant Science 6:
1230.
Neumark G, Gong Y, Kuskovsky I (2007) Doping aspects of Zn-based wide-band-gap
semiconductors. In: Kasap S, Capper P (eds): Springer handbook of electronic and
photonic materials. New York: Springer 843-54.
Noruzi M (2015) Biosynthesis of gold nanoparticles using plant extracts. journal
Bioprocess and Biosystems Engineering 38: 1–14.
Ouay BL, Stellacci F (2015) Antibacterial activity of silver nanoparticles: A surface
science insight. Nano Today 10: 339-354.
Ozdemir F, Deniz O, Kaynar K, Arslan M, Kavgaci H, Yildiz B, Aydin F (2009) The
effects of melatonin on human hepatoma (Hep G2) cell line. Bratislava Medical
Journal 110: 276–279.
Padmavathy N, Vijayaraghavan R (2008) Enhanced bioactivity of ZnO nanoparticles
an antimicrobial study. Science and Technology of Advanced Materials 9: 1–7.
Pal S, Tak YK, Song JM (2007) Does the antibacterial activity of silver nanoparticles
depend on the shape of the nanoparticle? A study of the gram-negative bacterium
Escherichia coli. Applied and Environmental Microbiology 73: 1712–1720.
Pal S, Yoon EJ, Tak YK, Choi EC, Song JM (2009) Synthesis of highly antibacterial
nanocrystalline trivalent silver polydiguanide. Journal of the American Chemical
Society. 131: 16147–16155.
Panda SK, Khan MH (2004) Changes in growth and superoxide dismutase activity in
Hydrilla verticillata L. under abiotic stress. Brazilian Journal of Plant Physiology 16:
115-118.
Pandey H, Pandey P, Singh S, Gupta R Suchitra Banerjee S (2015) Production of anticancer triterpene (betulinic acid) from callus cultures of different Ocimum species and
its elicitation. Protoplasma 252: 64-655.

182

References
Pandi-Perumal SR, Srinivasan V, Maestroni GJ, Cardinali DP, Poeggeler, Hardeland
R (2006) Melatonin; Nature’s most versatile biological signal? FEBS J 273: 2813–
2838.
Parashar UK, Kumar V, Bera T, Saxena PS, Nath G, Srivastava SK, Giri R,
Srivastava A (2011) Study of mechanism of enhanced antibacterial activity by green
synthesis of silver nanoparticles. Nanotechnology 22: 415104.
Parashar UK, Saxena PS, Srivastava A (2004) Bioinspired synthesis of silver
nanoparticles. Digest Journal of Nanomaterials and Biostructures 4: 159-166.
Pareek LK (2005) Trends in Plant Tissue Culture and Biotechnology. Jodhpur, India.
Agrobios. 350.
Parmar P, Limson J, Nyokong T, Daya S (2002) Melatonin protects against coppermediated free radical damage. Journal of Pineal Research 32: 237–242.
Parsons J, Peralta-Videa J, Gardea-Torresdey J (2007) Use of plants in biotechnology:
synthesis of metal nanoparticles by inactivated plant tissues, plant extracts, and living
plants. International journal of environmental Science and development 5:463–85.
Parveen K, Banse V, Ledwani L (2015) Green synthesis of nanoparticles: Their
advantages and disadvantages. In: Sharma NN, Gaol FL, Akhtar J (eds.): 2nd
International Conference on Emerging Technologies: Micro to Nano (pp 020048-1020048-7). College Park, MD: American Institute of Physics. (AIP Conference
Proceedings, Vol. 1724).
Patel DK, Kumar R, Prasad SK, Sairam K, Hemalatha S (2011) Antidiabetic and in
vitro antioxidant potential of Hybanthus enneaspermus (Linn) F. Muell in
streptozotocin-induced diabetic rats. Asian Pacific Journal of Tropical Biomedicine
(APJTB) 1: 316-322.
Patil HM (2012) Ethno botanical notes on Satpura hills of Nandurbar district
Maharashtra, India. Research Journal of Recent Sciences 1: 326-328.

183

References
Paull R, Wolfe J, Hebert P, Sinkula M (2003) Investing in nanotechnology. Nature
Biotechnology 21: 1134-1147.
Pelagio-Flores R, Ortiz-Castro R, Méndez-Bravo A, Macías-Rodríguez L, LópezBucio J (2011) Serotonin, a tryptophan-derived signal conserved in plants and
animals, regulates root system architecture probably acting as a natural auxin inhibitor
in Arabidopsis thaliana. Plant and Cell Physiology 52: 490–508.
Peng C, Zhang W, Gao H, Li Y, Tong X, Li K, Zhu X, Wang Y, Chen Y (2017)
Behavior and potential impacts of metal-based engineered nanoparticles in aquatic
environments. Nanomaterials 7: 21.
Pereira L, Mehboob F, Stams LJ, Mota MM, Rijnaarts HHM, Alve MM (2015)
Metallic nanoparticles: microbial synthesis and unique properties for biotechnological
applications, bioavailability and biotransformation. Critical Reviews in Biotechnology
1: 114-28.
Perez AG, Sanz C, Olias R, Olias JM (1997) Effect of methyl jasmonate on in vitro
strawberry ripening. Journal of Agricultural and Food Chemistry 45: 3733-7.
Peter KV (2001) Handbook of herbs and spices. Wood head Publishing Limited,
Cambridge, England.
Peto G, Molnar GL, Paszti Z, Geszti O, Beck A, Guczi L (2002) Electronic structure
of gold nanoparticles deposited on SiOx/Si. Materials Science and Engineering C
19:95–99.
Piazzi L, Cavalli A, Colizzi F, Belluti F, Bartolini M, Mancini F, Recanatini F,
Andrisano V, Rampa A (2008) Multi-targetdirected coumarin derivatives: hAChE and
BACE1 inhibitors as potential anti-Alzheimer compounds. Bioorganic & Medicinal
Chemistry Letters 18: 423–426.
Pietta PG (2000) Flavonoids as antioxidants. Journal of Natural Products 63: 1035–
1042.

184

References
Pileni MP (2001) Magnetic Fluids: Fabrication, Magnetic Properties, and
Organization of Nanocrystals. Advanced Functional Materials 11: 323–336.
Pinto GM, Nazareth R (2016) Green synthesis and characterization of zinc oxide
nanoparticles. Journal of Chemical and Pharmaceutical Research 6: 427-32.
Pitta-Alvarez SI, Spollansky TC, Giullietti AM (2000) The influence of different
biotic and abiotic elicitors on the production and profile of tropane alkaloids in hairy
root cultures of Brugmansia candida. Enzyme and Microbial Technology 26: 252-8.
Ponarulselvam S, Panneerselvam C, Murugan K, Aarthi N, Kalimuthu K, Thangaman
S (2012) Synthesis of silver nanoparticles using leaves of Catharanthus roseus Linn G
Don and their antiplasmodial activities. Asian Pacific Journal of Tropical
Biomedicine (APJTB) 2: 574-80.
Pondey S, Oza G, Mewada A, Sharon M (2012) Green Synthesis of Highly Stable
Gold Nanoparticles using, Momordica charantia as Nano fabricator. Archives of
Applied Science Research 4: 1135-1141.
Posmyk MM (2009) Antioxidant enzymes,” in Multi-Volume Book Research
Methods in Plant Sciences: Allelopathy, Biochemical Methods, Vol 8. ed. S. S.
Narwal (Houston, TX: Studium Press) 413–432.
Prasad KS, Pathak D, Patel A, Dalwadi P, Prasad R, Patel P, Selvaraj K (2011)
Biogenic synthesis of silver nanoparticles using Nicotiana tobaccum leaf extract and
study of their antibacterial effect. African Journal of Biotechnology 10: 8122–8130.
Prashanth S, Menaka I, Muthezhilan R, Sharma NK (2011) Synthesis of plantmediated silver nanoparticles using medicinal plant extract and evaluation of its
antimicrobial activities. International Journal of Engineering Science and Technology
3: 6235–6250.
Premanathan M, Karthikeyan K, Jeyasubramanian K, Manivannan G (2011) Selective
toxicity of ZnO nanoparticles toward Gram-positive bacteria and cancer cells by
apoptosis through lipid peroxidation. Nanomedicine 7: 84-192.

185

References
Premasudha P, Venkataramana M, Abirami M, Vanathi P, Krishna K, Rajendran R
(2015) Biological synthesis and characterization of silver nanoparticles using Eclipta
alba leaf extract and evaluation of its cytotoxic and antimicrobial potential. Bulletin of
Materials Science 38: 965–973.
Priya MM, Selvi BK, Paul JAJ (2011) Green synthesis of silver nanoparticles from
the leaf extracts of euphorbia hirta and nerium indicum. Digest Journal of
Nanomaterials and Biostructures 6: 869–877.
Priyadharshini RI, Prasannaraj G, Geetha N, Venkatachalam P (2014) Microwavemediated extracellular synthesis of metallic silver and zinc oxide nanoparticles using
macro-algae (Gracilaria edulis) extracts and its anticancer activity against human PC3
cell lines. Biotechnology and Applied Biochemistry 174: 2777–2790.
Proietti S, Cucina A, Reiter RJ, Bizzarri M (2012) Molecular mechanisms of
melatonin’s inhibitory actions on breast cancers. Cellular and Molecular Life Sciences
70: 2139-57.
Quideau S, Deffieux D, Douat-Casassus C, Pouysègu L (2011) Plant polyphenols:
Chemical properties, biological activities, and synthesis. Angewandte Chemie
International 50: 586–621.
Raghupathi KR, Koodali RT, Manna AC (2011) Size-Dependent Bacterial Growth
Inhibition and Mechanism of Antibacterial Activity of Zinc Oxide Nanoparticles.
Langmuir 27: 4020–4028.
Rai R V (2007) Introduction to Plant Biotechnology. Genetics And Plant Breeding
(book). National Research Centre on Plant Biotechnology Lal Bhadur Shastri
Building. Pusa Campus.
Rajaram K, Suresh KP (2011) In vitro antioxidant and antidiabetic activity of
Tephrosia tinctoria Pers. An endemic medicinal plant of South India. Journal of
Pharmacy Research 3: 891-893.
Rakotoarison DA , Greesier B, Trotin F, Brunet C, Luyckx M, Vasseur J, Cazin M,
Cazin JC, Pinkas M (1997) Antioxidant activities of polyphenolic extracts from
186

References
flowers, in vitro cultures and cell suspension cultures of Crataegus monogyna. Die
Pharmazie 52: 60–64.
Ramakrishna A, Ravishankar GA (2011) Influence of abiotic stress signals on
secondary metabolites in plants. Plant Signaling & Behavior 6: 1720-1731.
Ramezani F, Jebali A, Kazemi B (2012) A Green Approach for Synthesis of Gold and
Silver Nanoparticles by Leishmania sp. Biotechnology and Applied Biochemistry
168: 1549–1555.
Rao ML, Savithramma N (2011) Biological synthesis of silver nanoparticles using
SvensoniaHyderabadensis leaf extract and evaluation of their antimicrobial efficacy.
Journal of Pharmaceutical Sciences and Research 3: 1117–1121.
Rao RS, Ravishankar GA (2002) Plant cell cultures: Chemical factories of secondary
metabolites. Biotechnology Advances 20: 101–153.
Rasmussen JW, Martinez E, Louka P, Wingett DG (2010) Zinc oxide nanoparticles
for selective destruction of tumor cells and potential for drug delivery applications.
Expert Opinion on Drug Delivery 9: 1063–77.
Rates SMK (2001) Plants as source of drugs. Toxicon. 39: 603–613.
Rauf A, Khan A, Rasool S, Shah ZA, Saleem M (2012) In-vitro antifungal activity of
three selected Pakistani medicinal plants, Middle-East. Journal of Medicinal Plants
Research (JMPR) Res 1: 41-43.
Rauf A, Muhammad N, Khan A, Uddin N, Atif M (2012) Antibacterial and
phytotoxic profile of selected Pakistani medicinal plants. World Applied Sciences
Journal 20: 540-544
Rauf A, Uddin G, Ali M, Muhammad N, Gul S (2013) Phytochemical screening
andantioxidant activity of Pakistani medicinal plants. Wudpecker Journal of
Medicinal Plants 2: 001-006.

187

References
Raveendran P, Jie Fu, and Scott L. Wallen (2003) Completely “Green” Synthesis and
Stabilization of Metal Nanoparticles. Journal of the American Chemical Society 125:
13940-13941.
Ravishankar RV, Jamuna B (2011) Nanoparticles and their potential application as
antimicrobials. Science against microbial pathogens: communicating current research
and technological advances. A. Mendez-Vilas (Ed) 2: 693-1348.
Ray S, Sarkar S, Kundu S (2011) Extracellular biosynthesis of silver nanoparticles
using the mycorrhizal mushroom Tricholoma crassum (Berk) SACC: its antimicrobial
activity against pathogenic bacteria and fungus, including multidrug resistant plant
and human bacteria. Digest Journal of Nanomaterials and Biostructures 6: 1289–99.
Razdan TK, Kachroo V, Harkar S, Koul GL (1982) Plectranthoic acid,
acetylplectranthoic acid and plectranthadiol, three tritepenoids from Plectranthus
rugosus. Phytochemistry 21: 409-412.
Razdan TK, Kachroo V, Harkar S, Koul GL (1982) Plectranthoic acid A& B, new
tritepenoids from Plectranthus rugosus. Tetrahedron 38: 991-992.
Reeves RD, Baker AJM (2000) Metal-accumulating plants. In Raskin I. and Ensley
B.D.eds. Phytoremediation of Toxic Metals, Using Plants to Clean up the
Environment Wiley, New York 193-229.
Reiter RJ, Tan DX, Zhou Z, Cruz MHC, Fuentes-Broto L, Galano A (2015)
Phytomelatonin: assisting plants to survive and thrive. Molecules 20: 7396-7437.
Rhodes MJC, Robins RJ, Hamill J, Parr AJ (1986) Potential for the production of
biochemical by plant cell cultures. Journal of science and technology 2: 59–70.
Rice LJ, Brits GJ, Potgieter CJ, Staden JV (2011) Plectranthus: A plant for the future?
South African Journal of Botany 7: 947-959.
Richard P, Feynman (1959) There's Plenty of Room at the Bottom (An Invitation to
Enter a New Field of Physics).

188

References
Roopashree TS, Dang R, Rani SRH, Narendra C (2008) Antibacterial activity of antipsoriatic herbs: Cassia tora, Momordica charantia and Calendula officinalis.
International Journal of Applied Research in Natural Products 1: 20-28.
Ruzicka L (1953) The isoprene rule and the biogenesis of terpenic compounds.
Experimentia 9: 357–367
Sadeghi B. Rostami A, Momeni SS (2015) Facile green synthesis of silver
nanoparticles using seed aqueous extract of Pistacia atlantica and its antibacterial
activity. Spectrochim. Spectrochimica Acta Part A: Molecular and Biomolecular
Spectroscopy 134: 326–332.
Sadiq A, Zeb A, Ullah F, Ahmad S, Ayaz M, Rashid U, Muhammad N (2018)
Chemical Characterization, Analgesic, Antioxidant, and Anticholinesterase Potentials
of Essential Oils From Isodon rugosus Wall. ex. Benth. Frontiers in pharmacology 9:
623.
Sahni G, Panwar A, Kaur B (2015) Controlled green synthesis of silver nanoparticles
by Allium cepa and Musa acuminata with strong antimicrobial activity. International
Nano Letters 5: 93-100.
Sahraoo A, Babalar M, Mirjalili MH, Fattahi Moghaddam MR, Nejad Ebrahimi SN
(2014) In- vitro Callus Induction and Rosmarinic Acid Quantification in Callus
Culture of Satureja khuzistanica Jamzad (Lamiaceae). Iranian Journal of
Pharmaceutical Research 13: 1447-1456
Salehi M, Hosseini B, Jabbarzadeh Z (2014) High-frequency in vitro plantlet
regeneration from apical bud as a novel explant of Carum copticum L. Asian Pacific
Journal of Tropical Biomedicine 4: 5424–5428.
Sanchez-Barcelo EJ, Mediavilla MD, Alonso-Gonzalez C, Reiter RJ (2012)
Melatonin uses in oncology: Breast cancer prevention and reduction of the side effects
of chemotherapy and radiation. Expert Opinion on Investigational Drugs 21: 819–831.
Sánchez-Sánchez AM, Martín V, García-Santos G, Rodríguez-Blanco J, CasadoZapico S, Suarez-Garnacho S, Antolín I, Rodriguez C (2011) Intracellular redox state
189

References
as determinant for melatonin anti-proliferative vs. cytotoxic effects in cancer cells.
Free Radical Research 45: 1333–1341.
Sangwan NS, Farooqi AHA, Shabih F, Sangwan RS (2001) Regulation of essential oil
production in plants. Plant Growth Regulation 34: 3-21.
Sanpui P, Chattopadhyay A, Ghosh SS (2011) Induction of apoptosis in cancer cells
at low silver nanoparticle concentrations using chitosan nanocarrier. ACS Applied
Materials & Interfaces 3: 218–228.
Santos RC, Salvador JAR, Marín S, Cascante M, Moreira JN, Dinis TCP (2010)
Synthesis and structure-activity relationship study of novel cytotoxic carbamate and N
acylheterocyclic bearing derivatives of betulin and betulinic acid. Bioorganic &
Medicinal Chemistry 18: 4385-4396.
Sapsford KE, Tyner KM, Dair BJ, Deschamps JR, Medintz IL (2011) Analyzing
nanomaterial bioconjugates: A review of current and emerging purification and
characterization techniques. Analytical Chemistry 83: 4453–4488.
Sarac, N. and A. Ugur, 2007. Antimicrobial activities and usage in folkloric medicine
of some Lamiaceae species growing in Mugla, Turkey. EurAsia Journal of
Biosciences 1: 28-34.
Sarropoulou V, Dimassi-Theriou K, Therios I, Koukourikou-Petridou M (2012)
Melatonin enhances root regeneration, photosynthetic pigments, biomass, total
carbohydrates and proline content in the cherry rootstock PHL-C (Prunus avium,
Prunus cerasus). Plant Physiology and Biochemistry 61: 162–168.
Sathishkumar M, Sneha K, Yun YS (2010) Immobilization of silver nanoparticles
synthesized using Curcuma longa tuber powder and extract on cotton cloth for
bactericidal activity. Bioresource Technology 20: 7958–65.
Sawai J (2003) Quantitative evaluation of antibacterial activities of metallic oxide
powders (ZnO, MgO and CaO) by conductimetric assay. Journal of Microbiological
Methods 54: 177–18.

190

References
Schaffer B, Hohenester U, Trugler A, Hofer F (2009) High-resolution surface
plasmon imaging of gold nanoparticles by energy-filtered transmission electron
microscopy. Physical Review-B 79.
Scheible W, Morcuende R, Czechowski T, Fritz C, Osuna D, Palacios-Rojas N,
Schindelasch D, Thimm O, Udvardi MK, Stitt M (2004) Genome-wide
reprogramming of primary and secondary metabolism, protein synthesis, cellular
growth processes, and the regulatory infrastructure of Arabidopsis in response to
nitrogen. Plant Physiology 136: 2483–2499.
Schell J (1995) Progress in plant sciences is our best hope to achieve an economically
rewarding, sustainable and environmentally stable agriculture. Plant Tissue Culture
and Biotechnology 1: 10–12.
Scheringer M (2008) Nanoecotoxicology: environmental risks of nanomaterials.
Nature NanotechnologY 3: 322–323.
Seaton RA, Morrison J, Man I, Watson J, Nathwani D (1999) Out-patient parenteral
antimicrobial therapy: a viable option for the management of cutaneous leishmaniasis.
QJM: An International Journal of Medicine 92: 659–667.
Seely D, Wu P, Fritz H, Kennedy DA, Tsui T, Seely AJ, Mills E (2012) Melatonin as
adjuvant cancer care with and without chemotherapy: A systematic review and metaanalysis of randomized trials. Integrative Cancer Therapies (ICT) 11: 293–303.
Seigler DS (1998) Plant Secondary Metabolism. Boston MA: Chapman and Hall
(Kluwer Academic Publishers) New Phytologist 147: 483–485.
Seil JT, Taylor EN, Webster TJ (2009) Reduced activity of Staphylococcus
epidermidis in the presence of sonicated piezoelectric zinc oxide nanoparticles, in
IEEE 35th Annual Northeast Bioengineering Conference, Boston, MA, USA, 3: 1–2.
Selvam GG, Sivakumar K (2014) Phycosynthesis of silver nanoparticles and
photocatalytic degradation of methyl orange dye using silver (Ag) nanoparticles
synthesized from Hypneamusciformis (Wulfen) J VLamouroux. Applied Nanoscience
5: 617-622.
191

References
Setzeret WN, Setzer MC (2003) Plant-derived triterpenoids as potential antineoplastic
agents. Mini-Reviews in Medicinal Chemistry 3:540–556.
Shah BA, Qazi GN, Taneja SC (2009) Boswellic acids: a group of medicinally
important compounds. Natural Product Reports 26:72–89.
Shahidi F, Wanasundara P (1992) Phenolic antioxidants. Critical Reviews in Food
Science and Nutrition 32: 67-103.
Shahverdi AR, Fakhimi A, Shahverdi HR, Minaian S (2007) Synthesis and effect of
silver nanoparticles on the antibacterial activity of different antibiotics against
Staphylococcus aureus and Escherichia coli. Nanomedicine 3: 168–171.
Shaikh SS, Saraf MS, Agrawal YK (2017) Green synthesis, characterization of metal
antibacterial nanoparticles and removal of fluoride from waste water. Advances in
biotechnology and microbiology 2: 555590.
Shankar SS, Ahmad A, Sastry M (2003) Geranium leaf assisted biosynthesis of silver
nanoparticles. Biotechnology Progress 19:1627–31.
Shankar SS, Rai A, Ahmad A, Sastry M (2004) Rapid synthesis of Au, Ag, and
bimetallic Au core–Ag shell nanoparticles using Neem (Azadirachta indica) leaf
broth. Journal of Colloid and Interface Science 275: 496–502.
Sharma VK, Yngard RA, Lin Y (2009) Silver nanoparticles: green synthesis and their
antimicrobial activities. Advances in Colloid and Interface Science 145: 83-96.
Sharmila MA, Sathya RI (2016) Antibacterial Activity of ZnO Nanoparticle Coated
Textiles. Against Staphylococcus Aureus. International Journal of Progressive
Sciences and Technologies (IJPSAT).Vol. 4: 28-38.
Shen C, James SA, de Jonge MD, Turney TW, Wright PF, Feltis BN (2013) Relating
cytotoxicity, zinc ions, and reactive oxygen in ZnO nanoparticle-exposed human
immune cells. Toxicological Sciences 136: 120–130.
Sher Z, Khan Z, Hussain F (2011) Ethnobotanical studies of some plants of
Chagharzaivalley, district Buner. Pakistan. Pakistan Journal of Botany 43: 1445-1452.
192

References
Shetty K, Wahlqvist ML (2014) A model for the role of the proline-linked pentosephosphate pathway in phenolic phytochemical bio-synthesis and mechanism of action
for human health and environmental applications. Asia Pacific Journal of Clinical
Nutrition 13: 1–24.
Shibli R, Smith MAL, Kushad M (1997) Headspace ethylene accumulation effects on
secondary metabolite production in Vaccinium pahalae cell culture. Plant Growth
Regulation 23: 201–205.
Shuaib M, Khan I (2015) Study of Medicinal Plants of Lower Dir, Timergara, Tehsil
Siddiquah A, Hashmi SS, Mushtaq S, Renouard S, Blondeau JP, Abbasi R, Hano C,
Abbasi BH (2018) Exploiting in vitro potential and characterization of surface
modified Zinc oxide nanoparticles of Isodon rugosus extract: Their clinical potential
towards HepG2 cell line and human pathogenic bacteria. EXCLI Journal 17: 671.
Sidhu Y (2010) In vitro micropropagation of medicinal plants by tissue culture. The
Plymouth Student Scientist 4: 432-449.
Simic SG, Tusevski O, Maury S, Delaunay A, Joseph C, Hagège D (2014) Effects of
Polysaccharide Elicitors on Secondary Metabolite Production and Antioxidant
Response in Hypericum perforatum L. Shoot Cultures. The Scientific World Journal.
Article ID 609649.
Singaravelu G, Arockiamary J, Kumar VG, Govindaraju K (2007) A novel
extracellular synthesis of monodisperse gold nanoparticles using marine alga,
Sargassum wightii Greville. Colloids Surf B Biointerfaces 57:97-101.
Singha M, Sinhaa I, Manda RK (2009) Role of pH in the green synthesis of silver
nanoparticles. Materials Letters 63: 425–42.
Singleton VL, Orthofer R, Lamuela-Raventos RM (1999) Analysis of total phenols
and other oxidation substrates and antioxidants by means of folin-ciocalteu reagent.
Methods in Enzymology 299: 152-78.

193

References
Singleton VL, Rossi JR (1965) Colorimetry of total phenolics with phosphomolybdic
phosphotungstic acid. American Journal of Enology and Viticulture (AJEV) 16: 144158.
Sinha RK (1996) Ethnobotany—The Renaissance of Traditional Herbal Medicine. Ina
Shree Publishers 242.
Skoog F, Miller CO (1957) Chemical regulation of growth and organ formation in
plant tissues cultured in vitro. Symposia of the Society for Experimental Biology 11:
118–130.
Sondi I, Salopek-Sondi B (2004) Silver nanoparticles as antimicrobial agent: A case
study on E. coli as a model for Gram-negative bacteria. Journal of Colloid and
Interface Science 275: 177–182.
Song JY, Jang HK, Kim BS (2009) Biological synthesis of gold nanoparticles using
Magnolia kobus and Diopyros kaki leaf extracts. Process Biochemistry 10: 1133–8.
Song JY, Kim BS (2009) Rapid biological synthesis of silver nanoparticles using
plant leaf extracts. journal Bioprocess and Biosystems Engineering 32: 79.
Soni N, Prakash S (2011) Factors affecting the geometry of silver nanoparticles
synthesis in Chrysosporium tropicum and Fusarium oxusporum. American Journal of
Nanotechnology. 2: 112–121.
Sonowal R, Barua I (2012) Indigenous knowledge and bioresource utilization among
the Tai-Khamyangs of Assam, North East India, Research Journal of Biological
Sciences 1: 38-43.
Sousa MC, Varandas R, Santos RC, Santos-Rosa M, Alves V, Salvador JAR (2014)
Antileishmanial Activity of Semisynthetic LupaneTriterpenoids Betulin and Betulinic
Acid Derivatives: Synergistic Effects with Miltefosine. Plos One 9: e89939.
Sreedevi E, Anuradha M, Pullaiah T (2013) Plant regeneration from leaf-derived
callus in Plectranthus barbatus Andr. [Syn.: Coleus forskohlii (Wild.) Briq.]. African
Journal of Biotechnology 12: 2441-2448.

194

References
Srivastava P, Chaturvedi R (2010) Simultaneous determination and quantification of
three pentacyclic triterpenoids-betulinic acid, oleanolic acid, and ursolic acid in cell
cultures of Lantana camara L. In Vitro Cellular & Developmental Biology 46: 549–
557.
Srivastava RB, Thompson REM (1966) Studies in the mechanism of action of phenol
on escherichia coli cells. British journal of experimental pathology 47: 315–323.
Srivastava RB, Thompson REM. The effect of streptomycin on synchronously
growing escherichia coli in vivo. The British Journal Of Experimental Pathology 28:
66.
Steward FC, Mapes MO, Mears K (1958) Growth and organized development of
cultured cells. II. Organization in cultures grown from freely suspended cells.
American Journal of Botany 45: 705–708.
Stoimenov PK, Klinger RL, Marchin GL, Klabunde KJ (2002) Metal oxide
nanoparticles as bactericidal agents. Langmuir 18: 6679–6686.
Strasser P, Koh S, Anniyev T, Greeley J, More K, Yu C (2010) Lattice-strain control
of the activity in dealloyed core–shell fuel cell catalysts. Nature Chemistry 2:454–60.
Strissel T, Halbwirth H, Hoyer U, Zistler C, Stich K, Treutter D (2005) Growthpromoting nitrogen nutrition affects flavonoid biosynthesis in young apple (Malus
domestica Borkh.) leaves. Plant Biology 7: 677–685.
Sultana F, Barman J, Kalita MC (2017) Biogenic synthesis of ZnO nanoparticles
using Polygonum chinense leaf extract and their ntibacterial activity. nternational
Journal of Nautical Archaeology (IJNA) 11: 155-65.
Sultana N, Ata A (2008) Oleanolic acid and related derivatives as medicinally
important compounds. Journal of Enzyme Inhibition and Medicinal Chemistry
23:739–756.
Sun DH, Huang SX, Han QB (2006) Diterpenoids from Isodon species and their
biological activities. Natural Product Reports 23: 673-698.

195

References
Sun JW, Du NC, Zhang YF (2018) Effects of Aluminum Stress on Protective Enzyme
Activity in Tie Guanyin leaves. IOP Conf. Series: Earth and Environmental Science
108: 022020.
Sun Q, Zhong W, Zhang W, Li Q, Sun X, Tan X, Sun X, Dong D, Zhou Z (2015)
Zinc deficiency mediates alcohol-induced apoptotic cell death in the liver of rats
through activating ER and mitochondrial cell death pathways. American Journal of
Physiology: Gastrointestinal and Liver Physiology 308: 757–766.
Sun S, Murray C, Weller D, Folks L, Moser A (2000) Monodisperse FePt
nanoparticles and ferromagnetic FePt nanocrystal superlattices. Science 287:1989–92.
Sun Y, Xia Y (2002) Shape-Controlled Synthesis of Gold and Silver Nanoparticles.
Science 298: 2176–2178.
Sur I, Cam D, Kahraman M, Baysal A, Culha M (2010) Interaction of multifunctional silver nanoparticles with living cells. Nanotechnology 21: 10.
Suresh J, Pradheesh G, Alexramani V, Sundrarajan M, Hong SI (2018) Green
synthesis and characterization of zinc oxide nanoparticle using insulin plant (Costus
pictus D. Don) and investigation of its antimicrobial as well as anticancer activities.
Advances in Natural Sciences: Nanoscience and Nanotechnology 9: 8.
Suzuki E (2002) High-resolution scanning electron microscopy of immunogoldlabelled cells by the use of thin plasma coating of osmium. Journal of Microscopy
208: 153–157.
Szopa A, Ekiert H (2014) Production of biologically active phenolic acids in Aronia
melanocarpa (Michx.) Elliott in vitro cultures cultivated on different variants of the
Murashige and Skoog medium. Plant Growth Regulation 72: 51-58.
Takeshima T, Tada Y, Sakaguchi N, Watari F, Fugetsu B (2015)

DNA/Ag

nanoparticles as antibacterial agents against gram-negative bacteria. Nanomaterials 5:
284–297.

196

References
Tal O, Haim A, Harel O, Gerchman Y (2011) Melatonin as an antioxidant and its
semi-lunar rhythm in green macroalga Ulva sp. Journal of Experimental Botany 62:
1903–1910.
Tamsyn B (1994) Ancient Astrology. London and New York: Routledge: 103
Tan DX, Chen LD, Poeggeler B, Manchester LC, Reiter RJ (1993) Melatonin: A
potent endogenous hydroxyl radical scavenger. Endocrine Journal 1: 57‑60.
Tan DX, Manchester LC, Di Mascio P, Martinez GR, Prado FM, Reiter RJ (2007a)
Novel rhythms of N-1-acetyl-N-2-formyl-5-methoxykynuramine and its precursor
melatonin in water hyacinth: importance for phytoremediation. FASEB Journal 2:
1724–1729.
Tan DX, Manchester LC, Terron MD, Flores LJ, Reiter RJ (2007) One molecule,
many derivatives, a never-ending interaction of melatonin with reactive oxygen and
nitrogen species? Journal of Pineal Research 42: 28–42.
Tan G, Gyllenhaal C, Soejarto DD (2006) Biodiversity as a source of anticancer
drugs. Current Drug Targets 7: 265-77.
Tang ZX, Lv BF (2014) MgO nanoparticles as antibacterial agent: preparation and
activity. Brazilian Journal of Chemical Engineering 31: 591.
Tangwatcharin P, Chanthachum

S, Khopaibool

P, Griffiths

MW (2006)

Morphological and physiological responses of Campylobacter jejuni to stress. Journal
of Food Protection 69: 2747–2753.
Tariq U, Ali M, Abbasi BH (2014) Morphogenic and biochemical variations under
different spectral lights in callus cultures of Artemisia absinthium L. Journal of
Photochemistry and Photobiology 130: 264–271.
Taton TA (2002) Nanostructures as tailored biological probes. Trends in
Biotechnology 20: 277-279.

197

References
Templeton AC, Pietron JJ, Murray RW, Mulvaney P (2000) Solvent refractive index
and core charge influences on the surface plasmon adsorbance of alkanethiolate
monolayer-protected gold clusters. Journal of Physical Chemistry B 104: 564–570.
Thakkar KN, Mhatre SS, Parikh RY (2010) Biological synthesis of metallic
nanoparticles. Nanomedicine: Nanotechnology, Biology and Medicine 6:257–62.
Thaniarasu R, Kumar TS, Rao MV (2016) Mass propagation of Plectranthus bourneae
Gamble through indirect organogenesis from leaf and internode explants. Physiology
and Molecular Biology of Plants 22: 143–151.
Thimann KV, Schneider CA (1939) The relative activities of different auxins.
American Journal of Botany 26: 328–333.
Thimmaraju BN, Ravishankar GA (2004) In situ and ex situ adsorption and recovery
of betalains from hairy root cultures of Beta vulgaris. Biotechnology Progress 20:
777‑85.
Thirugnanasampandan R, Mahendran G, Bai VN (2010) High frequency in vitro
propagation of Isodon wightii (Bentham) H. Hara. Acta Physiologiae Plantarum 32:
405-9.
Thirumavalavan M, Huang KL, Lee JF (2013) Preparation and morphology studies of
nano zinc oxide obtained using native and modified chitosans. Materials 9: 4198–212.
Thorpe TA (2007) History of plant tissue culture. Molecular Biotechnology 37:169180.
Thorpe TA (2006) Plant Cell Culture Protocols (History of Plant Tissue Culture),
Second Edition Humana Press Inc., Totowa, NJ 318: 77. ISBN: 978-1-58829-547-7
Tiryaki I, Keles H (2012) Reversal of the inhibitory effect of light and high
temperature on germination of Phacelia tanacetifolia seeds by melatonin. Journal of
Pineal Research 52: 332–339.

198

References
Tiwari KN, Sharma NC, Tiwari V, Singh BD (2000) Micro propagation of Centella
asiatica (L.), a valuable medicinal herb. Plant Cell, Tissue and Organ Culture 63: 179185.
Tiwari A, Padalia RC, Mathela CS (2008) Sesquiterpene rich essential oil from
Plectranthus rugosus Wall. Journal of Essential Oil Bearing Plants 11: 58-61.
Tiwari R, Rana CS (2015) Plant secondary metabolites: a review. International
Journal of Engineering Research and General Science (IJERGS) 3: 5.
Traiwatcharanon P, Timsorn K, Wongchoosuk C (2015) Effect of pH on the Green
Synthesis of Silver Nanoparticles through Reduction with Pistiastratiotes L. Extract.
Advance material research 1131: 223-226.
Tran QH, Nguyen VQ, Le AT (2013) Silver nanoparticles: synthesis, properties,
toxicology, applications and perspectives. Advances in Natural Sciences: Nanoscience
and Nanotechnology 4: 033001.
Trivellini A, Lucchesini M, Maggini R, Mosadegha H, Villamarinb TSS, Vernieri P,
Mensuali-Sodi A, Pardossi A (2016) Lamiaceae phenols as multifaceted compounds:
bioactivity, industrial prospects and role of “positive-stress”. Industrial Crops and
Products 83: 241–254.
Tuteja N, Mahajan S (2007) Calcium signaling network in plants: an overview. Plant
Signaling & Behavior 2: 79-85.
Tuteja N, Sopory SK (2008) Chemical signaling under abiotic stress environment in
plants. Plant Signaling & Behavior 3: 525-36.
Ullah I, Cosar G, Abamor ES, Bagirova M, Zabta Khan Shinwari ZK, Adil M,
Allahverdiyev (2018) Comparative study on the antileishmanial activities of
chemically and biologically synthesized silver nanoparticles (AgNPs). 3 Biotech 8:
98.

199

References
Umamaheswari M, Chatterjee TK (2008) In-vitro antioxidant activities of the
fractions of coccinia grandis L. leaf extract. African Journal of Traditional,
Complementary and Alternative medicines (AJTCAM) 5: 61-73.
Vadlapudi V, Kaladhar DSVGK (2014) Review: green synthesis of silver and gold
nanoparticles. Middle-East Journal of Scientific Research 19: 834–842.
Van der Fits L, Memelink J (2000) ORCA3, a jasmonate responsive transcriptional
regulator of plant primary and secondary metabolism. Science 289: 295-7.
Vanaja M, Rajeshkuma S, Paulkumar K, Gnanajobitha G, Malarkodi C, Annadurai G
(2013) Kinetic study on green synthesis of silver nanoparticles using Coleus
aromaticus leaf extract. Advances in Applied Science Research 4: 50-55.
Velioglu Y, Mazza G, Gao L, Oomah B (1998) Antioxidant activity and total
phenolics in selected fruits, vegetables, and grain products. Journal of Agricultural
and Food Chemistry 46: 4113–4117
Venis MA, Napier R M (1991) Auxin receptors: recent developments. Journal of
Plant Growth Regulation 10: 329-340.
Venu R, Ramulu TS, Anandakumar S, Rani VS, Kim CG (2011) Bio-directed
synthesis of platinum nanoparticles using aqueous honey solutions and their catalytic
applications. Colloids and Surfaces A: Physicochemical and Engineering 384: 733–
738.
Verma RS, Pandey V, Chauhan A and Tiwari R (2015) Characterization of the
Essential Oil Composition of Isodon rugosus (Wall. ex Benth.) Codd. from Garhwal
region of Western Himalaya. Journal of Medicinal and Aromatic Plants S3: 002.
Vijaya T, Reddy NV, Ghosh SB, Chandramouli

K, Pushpalatha B, Anitha

D,

Pragathi D (2013) Optimization of biomass yield and asiaticoside accumulation in the
callus cultures from

the leaves of centella asiatica. urban. World Journal of

Pharmaceutical Sciences World 2: 5966-5976.

200

References
Wahab R, Siddiqui MA, Saquib Q, Dwivedi S, Ahmad J, Musarrat J, Al-Khedhairy
AA, Shin HS (2014) ZnO nanoparticles induced oxidative stress and apoptosis in
HepG2 and MCF-7 cancer cells and their antibacterial activity. Colloids and Surfaces
B: Biointerfaces 117: 267–276.
Wang C, Hu X, Gao Y, Ji Y (2015) ZnO nano particles treatment induces apoptosis
by increasing intracellular ROS levels in LTEP-a- 2 cells. BioMed Research
International: 423287.
Wang GS, Han J, Zhao LW, Jiang DX, Liu YT, Liu XL (2010) Anthelmintic activity
of steroidal saponins from Paris polyphylla. Phytomedicine 17: 1102-1105.
Wang H, Wingett D, Engelhard MH (2009) Fluorescent dye encapsulated ZnO
particles with cellspecific toxicity for potential use in biomedical applications. Journal
of Materials Science: Materials in Medicine. 20: 11-22.
Wang R, Billone PS, Mullett WM (2013) Nanomedicine in action: an overview of
cancer nanomedicine on the market and in clinical trials. Journal of Nanomaterials 12:
629681.
Wang Y, Frei M (2011) Stressed food—the impact of abiotic environmental stresses
on crop quality. Agriculture, Ecosystems & Environment 141: 271–286.
Waseda Y, Matsubara E, Shinoda K (2011) X-ray Diffraction Crystallography:
Introduction, Examples and Solved Problems; Springer Verlag: Berlin, Germany.
Weeda S, Zhang N, Zhao X, Ndip G, Guo Y, Buck GA, Fu C, Ren S (2014)
Arabidopsis Transcriptome Analysis Reveals Key Roles of Melatonin in Plant
Defense Systems. PLoS ONE 9: e93462.
Werner T, Motyka VC, Strnad M, Schmulling T (2001) Regulation of plant growth by
cytokinin. Proceedings of the National Academy of Sciences of the United States of
America 98: 10487–10492.
Weyerstahl P, Kaul VK, Meier N, Weirauch M, Marschall H (1983) Volatil
constituents of Plectranthus rugosus leaf oil. Planta Medica 48: 99-102.

201

References
White PR (1934) Potentially unlimited growth of excised tomato root tips in a liquid
medium. Plant Physiology 9: 585–600.
Whitesides GM (2003) The 'right' size in Nanobiotechnology. Nature Biotechnology
21: 1161-1165.
Wilkinson K, Boyd JD, Glicksman M, Moore KJ, El Khoury J (2011) A high content
drug screen identifies ursolic acid as an inhibitor of amyloid beta protein interactions
with its receptor CD36. Journal of Biological Chemistry 286: 34914–34922.
Willet WC (2002) Balancing life-style and genomics research for disease prevention.
Science 296: 695-8.
World Health Organization (2013) “Traditional medicine” Fact sheet number: 134
Xia T, Kovochich M, Liong M, Mädler L, Gilbert B, Shi H, Yeh YI, Zink JI, Nel AE
(2008) Comparison of the mechanism of toxicity of zinc oxide and cerium oxide
nanoparticles based on dissolution and oxidative stress properties. ACS Nano 2:
2121–2134.
Xie Y, He Y, Irwin PL, Jin T, Shi X (2011) Antibacterial Activity and Mechanism of
Action of Zinc Oxide Nanoparticles against Campylobacter jejuni. Applied And
Environmental Microbiology 2325–2331.
Xu L, Yue Q, Bian F, Sun H, Zhai H and Yao Y (2017) Melatonin Enhances
Phenolics Accumulation Partially via Ethylene Signaling and Resulted in High
Antioxidant Capacity in Grape Berries. Frontiers in plant science 8: 1426.
Xu R, Wang D, Zhang J, Li Y (2006) Size-dependent catalytic activity of silver
nanoparticles for the oxidation of styrene. Asian Journal of organic chemistry 1: 888–
893
Yamamoto O (2001) Inﬂuence of particle size on the antibacterial activity of zinc
oxide. International Journal of Inorganic Materials 3: 643–646.
Yang X, Li Q, Wang H, Huang J, Lin L, Wang W, Sun D, Su Y, Opiyo JB, Hong L,
Wang Y, He YN, Jia L (2010) Green synthesis of palladium nanoparticles using
202

References
broth of Cinnamomum camphora leaf. Journal Nanoparticles Research 12: 1589–
1598.
Yin L, Wang P, Li M, Ke X, Liang D, Wu S, Ma X, Li C, Zou Y, Ma F (2013)
Exogenous melatonin improves Malus resistance to Marssonina apple blotch. Journal
of Pineal Research 54: 426–434.
Younes RN, Varella AD, Suffredini IB (2007) Discovery of new antitumoral and
antibacterial drugs from brazilian plant extracts using high throughput screening.
Clinics 62: 763-8.
Youns M, Hoheisel JD, Efferth T (2011) Therapeutic and diagnostic applications of
nanoparticles. Current Drug Targets 12: 357–65.
Yuan JH, Chen Y, Zha HX, Song LJ, Li CY, Li JQ, Xia HX (2010) Determination,
characterization and cytotoxicity on HELF cells of ZnO nanoparticles. Colloids and
Surfaces B: Biointerfaces 76: 145–50.
Zanchet D, Hall BD, Ugarte D (1999) X-ray characterization of nanoparticles. In
Characterization of Nanophase Materials; Wiley-VCH Verlag GmbH: Weinheim,
Germany 13–36.
Zeb A, Sadiq A, Ahmad UF, Ayaz M (2014) Investigations of anti-cholinestraseand
antioxidant potentials of methanolic extract, subsequent fractions, crude saponins and
flavonoidsisolated from Isodon rugosus. Biological Research 47: 1-10.
Zeb A, Sadiq A, Ullah F, Ahmad S, Ayaz M (2014) Phytochemical and toxicological
investigations of crude methanolic extracts subsequent fractions and crude saponins of
Isodon rugosus. Journal of Biological Research 47: 57.
Zeb A, Ullah F , Ayaz M, Ahmad S, Sadiq A (2017) Demonstration of biological
activities of

extracts from Isodon rugosus Wall. Ex Benth: Separation and

identification of bioactive phytoconstituents by GC-MS analysis in the ethyl acetate
extract. BMC Complementary and Alternative Medicine 17: 284.

203

References
Zenk MH (1978) The impact of plant cell cultures on industry. In: Thorpe EA (ed)
Frontiers of plant tissue culture. The International Association of Plant Tissue
Culture, Calgary 1–14.
Zhang HJ, Zhang N,Yang RC, Wang L, Sun QQ, Li DB, Cao YY, Weeda S, Zhao B,
Ren S, Guo YD (2014) Melatonin promotes seed germination under high salinity by
regulating antioxidant systems, ABA and GA4 interaction in cucumber (Cucumis
sativus L.) Journal of Pineal Research 57: 269–279.
Zhang N, Sun Q, Zhang, H, Cao Y, Weeda S, Ren S, Guo Y (2015) Roles of
melatonin in abiotic stress resistance in plants. Journal of Experimental Botany 66:
647–656.
Zhang N, Zhang HJ, Sun QQ, Cao YY, Li X, Zhao B, Wu P, Guo YD (2017)
Proteomic analysis reveals a role of melatonin in promoting cucumber seed
germination under high salinity by regulating energy production. Scientific Reports.
Zhang W, Qiao X, Chen J (2007) Synthesis of silver nanoparticles-Effects of
concerned parameters in water/oil micro emulsion. Materials Science and Engineering
B 142: 1–15.
Zhang X, Wu J, Xia B, Rong W, Rimbach G, Lou Y (2012) Asiatic acid protects
primary neurons against C2-ceramide-induced apoptosis. European Journal of
Pharmacology 679: 51–59.
Zhang XiF, Liu ZG, Shen W, Gurunathan S (2016) Silver Nanoparticles:Synthesis,
Characterization, Properties, Applications, and Therapeutic Approaches. International
Journal of Molecular Sciences 17: 1534.
Zhang, LL, Jiang YH, Ding YL, Povey M, York D (2007) Investigation into the
antibacterial behavior of suspensions of ZnO nanoparticles (ZnO nanofluids). Journal
of Nanoparticle Research 9: 479–489.
Zhaoa J, Davisb LC, Verpoortec R (2005) Elicitor signal transduction leading to
production of plant secondary metabolites. Biotechnology Advances 23: 283-333.

204

References
Zhong JJ (2001) Biochemical engineering of the production of plant-specific
secondary metabolites by cell suspension cultures. Advances in Biochemical
Engineering/Biotechnology 72: 26.
Zuberek M, Wojciechowska D, Krzyzanowski D, Meczynska-Wielgosz S,
Kruszewski M, Grzelak A (2015) Glucose availability determines silver nanoparticles
toxicity in HepG2. Journal of Nanobiotechnology 13: 72.

205

