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INTRODUCTION

Mizoram (an Indo Burma hot spot region) is tucked away in the southern tip of
the North East Region of India. It is a picturesque mountainous state of lush forests
pulsating with wildlife and dotted with natural wonders and fabled landmarks. The
total area of Mizoram is 21087 sq .km, the total forest area being 15825 sq. km, rural
area covers 20,761.31 sq. km and urban area cover 325.37 sq. km. Mizoram is one of
the 34 mega-biodiversity hotspots of the world, flanked on the west by Bangladesh
and the east and south by Myanmar. Mainly inhabited by Mizos (Lusei, Hmar, Ralte,
Lai, Mara, Kuki, Thado etc), their main staple is rice. Mizoram has a mild, sub-
tropical climate, tolerably warm in summer, temperature ranges from 20-30 °C (68—
86 °F) and not so cold in the winter 11-21 °C (52—70 °F) temperature; rich in flora

and fauna.

Though there was a strong influence of modern medicine, a large number of
people practice and search for remedies from traditional methods of treatment based
on herbal drugs. Information is available on the use of traditionally used medicines
and their distribution in the areas with the traditional use of commercially important
medicinal plants suitable for developing traditional knowledge for socio-economic
upliftment. Information on the medicinal wealth and various aspects of folklore
medicines used by the natives of Mizoram has been reported previously (Shankar et
al., 2012). As per the WHO, about 80% of the world population is dependent on
traditional medicines for primary healthcare. The use of folk medicine, mainly based
on plants has been increasing in the recent past and gaining a respectable position and
is commonly prevalent in the developing countries due to cultural acceptability, low
cost, easy drug chemistry and antibiotics. In many countries including India, it was
traditionally available and faith in the system. Plants continue to be one of the major
raw materials for drugs treating various ailments of humans. A good amount of
modern drugs has been isolated from natural sources that take part in a key role in the
treatment of diseases. More importantly, they are not known to cause any notable
derogatory effects and are readily available at an affordable price and provide

“Socioeconomic security” to millions of people against unemployment.
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Biodiversity plays prime importance in human survival, economic well-being
and provides the resources upon which families, communities, nations and future
generations depend. India is a vast repository of medicinal plants that are used in
traditional medicinal treatments (Chopra et al., 1956). Various indigenous systems
such as Ayurveda, Siddha, Unani and Allopathy use several plant species to treat
different ailments (Rabe and Van Staden., 1997). In Indian society, traditional
medicine plays a dominant role. For primary health care, tribal people in different
parts of India use their traditional ecological knowledge, received from their ancestors
and contemporary society. More than 500 traditional communities use about 800 plant
species for curing different diseases (Kamboj, 2000). Almost, 70% of modern

medicines in India are derived from natural products.

Modern pharmacopoeia also enlists about 25% of drugs derived from plants.
Herbal drugs are popular owing to their acceptability, safety and economical nature.
This makes the indigenous remedies popular among the people of both the urban and
rural areas, especially in South-East Asian countries (Katewa et al., 2004). By its
population practising several different well recognized indigenous systems of

medicine, India occupies a unique position in the world.

Plant-derived products are present in 14 of the 15 therapeutic categories of
pharmaceutical preparations that are currently recommended by medical practitioners
and they form an important part of the healthcare system in the western world
(Phillipson and Anderson., 1989). Plants are important sources of medicines and
presently about 25 % of pharmaceutical prescriptions in the United State contain at
least one plant-derived ingredient. Roughly 121 pharmaceutical products were
formulated based on the traditional knowledge obtained from various sources in the
last century. The rich diversity of medicinal plants in India is distributed in different
geographical and environmental conditions. India is the home of about 43000 plant
species and is one of the 33 hotspots of the world.

Search for new medicines for the prevention and cure of deadly diseases
provide prospects for developing medicinal plants. In the present time, pharmaceutical
and chemical sciences have greatly contributed to the enhancement of the utility of
medicinal plants. Several scientific investigations have been conducted to seek the
potential of the extract from the plant or isolated compounds for the continued use of

these products in the treatment and prevention of various kinds of human diseases.
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Various plant materials are believed to have antifungal activity and many essential oils
have been reported to have antifungal activities with no side effects on humans and
animals (Sokmen et al., 1999). The essential oils and compounds isolated originating
from natural products were enriched with a wide range of activities (Burt, 2004), they
represent an antimicrobial activity or can improve the efficiency of antibiotics,
improving their mechanism of action and hindering microorganism adaptation
(Teixeira, 2009). These antimicrobial agents are obtained majorly from
microorganisms, plants and some animal products that exhibit activity that is less or
higher than synthesized antibiotics, in some cases, they are a safe and good source of
pharmacological effect for a human being (Omoya and Akharaiyi, 2012). The
medicinal value of a plant lies in the bioactive physiochemical constituents of the
plant and which shows various physiological effects on the human body. The active
substances of many species have been isolated and in some cases duplicated in the
form of synthetic drugs. Various synthetic antimicrobial drugs have been successfully
commercialized in recent years, however, the adverse side effects and the
development of resistance by microorganisms encounter major problems (Tolouee et
al., 2010). The natural remedies with ethnomedicinal plants have more advantages
when compared to those of synthetic drugs but there is an important task to investigate
these ethnomedicinal plants scientifically as potential sources of novel antimicrobial

compounds.

Plants are an important source of traditional medicine and have been used for
the treatment of various skin ailments and dermatological disorders especially cuts,
wounds and burns. It has been estimated that skin diseases amount to as high as 34%
of all occupational diseases (Spiewak and Szostak, 2000). The skin infections caused
by dermatophytes account for 20-25% worldwide, with a prevalence approaching one
billion as of 2010 (Havlickova et al., 2008) and become common disorders worldwide
to humans and animals (Weitzman and Summerbell, 2001). These infections occur in
both healthy and immune-compromised persons. They are not life-threatening but
chronic fungal infections of the skin can carry considerable morbidity (Bell-Sayer et
al., 1998). Millions of people are affected by superficial fungal infections, which are
the most common skin diseases. However, the existing treatments for these infections
are still limited to a few antifungal agents and the clinical values of these agents have

been limited due to having high toxicity and the emergence of drug resistance in their



antifungal activities (Watanabe., 1999; De Pauw., 2000). On the other hand,
Medicinal plants that occurred abundantly in extensive areas are disappearing fast due
to the lack of human care, urbanization, developmental activities and population
explosion. Thus, it is essential to have proper documentation of such plants and to
know the potential and values of medicinal plants for the improvement of health and
hygiene through eco-friendly systems. And it is needed medicinal plants have been
subjected to rigorous chemical analysis and the bioactive compounds have been

isolated and variously evaluated.

Several new topical synthetic anti-dermatophytes drugs have been introduced
in the recent past. Important among those are fluconazole, ketoconazole, griseofulvin,
terbinafine, miconazole and econazole. Treatment failure and relapses occur with all
presently available drugs due to mycostatic nature of these drugs. The ever increasing
rate of multiple drug resistance of the pathogens makes it all the more difficult to
complete cure of the fungal infections. Even the systemic antimycotic drug
griseofulvin, is by no means the perfect treatment of dermatophytosis. All these
topical and oral drugs have been found to have various serious side effects, so there is
a need for the development of safe, effective and cheap topical chemo-therapeutics for
the control of dermatophytoses. Plants and their secondary metabolites are the
ultimate choices for this purpose. The knowledge of traditional medicine provides the
basis for indicating which biological activities of plant extract and essential oils may
be useful for specific medical conditions, so scientific exploration is required to
investigate those plants which have been used in traditional medicines. Also, the
resurgence of interest in natural therapies and increasing consumer demand for
effective, safe, natural products means that quantitative data on plant oils and extracts

are required.
Considering the facts and figures, the following objectives were framed.

1. Collection and categorization of some formulated products, using against skin
ailments/ remedies and practices among the tribal communities/ traditional

healers in Mizoram
2. Physicochemical analysis of the selected formulations
3. Phytochemical analysis of the selected formulations

4. Bioprospection against the pathogenic fungi/ Dermatophytes
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REVIEW OF LITERATURE

2.1 Dermal infections:

Skin or dermal infections are prevalent in populations residing in highly humid places and
individuals with lower tolerance to commensal skin pathogens. Commensal skin
pathogens comprise bacteria like Staphylococcus, yeasts like Candida and fungi like
Malasezzia, Trichophyton and Microsporum. The fungi causing infections are also called
dermatophytes and they thrive in keratin degradation while exclusively infecting the
stratum corneum, hair, claws or nails. Depending on their host prevalence they are
classified as zoophilic or anthropophilic fungi. Zoophilic species cause infections in both
animals and humans and are responsible for acute infections while anthropophilic infect
only humans and are associated with chronic infections (Hube et al., 2015).
Dermatophytes comprise a class of primary pathogenic fungi, that have a high affinity to
invade and parasitize the non-living keratinized layer of skin, nails and hair by spreading
developing hyphae through the keratin layer. Secretion of a broad spectrum of lytic
enzymes especially keratinases represents their most studied virulence factor allowing
their colonization and maintenance in the host tissue (Monod; 2008; Peres et al., 2010).
Sulphitolysis is likely to be an essential step in the digestion of compact keratinized
tissues which precedes the action of all proteases. The infections caused by fungus are
classified into “Superficial” or “Dermatomycoses” which affect the outer layer of the
skin, hair, nails and mucous membrane, or “Systemic” affecting the body as a whole, and
their lesions are characterized by irritation, scaling, local redness, swelling and
inflammation (Kyle and Dahl, 2004; Gupta and Cooper, 2008; Patel and Schwartz, 2011).
Besides dermatophytes, yeasts from the genera Candida and Malassezia serve as the most
prevalent etiologic agents of fungal infections (Havlickova et al., 2008). Meanwhile, in
association with dermatomycoses, the opportunistic yeast pathogens, the genus Candida,
can quickly colonize damaged nails or skin, especially the mucous membranes
(Eggimann et al., 2003), bacterial contaminants have also been found in cutaneous lesions
(Chung and Bennet, 1992).

Trichophyton rubrum is considered the most frequently isolated agent of dermatophytosis
worldwide and is known to account for as many as 69.5% of all dermatophyte infections
(Chen et al., 2001). The conidia produced by asexual sporulation of T. rubrum are thought

to be the primary cause of human infections (Leng et al., 2008). It is transmitted via direct


AWADESH
Textbox

AWADESH
Textbox
                           REVIEW OF LITERATURE

AWADESH
Textbox


contact with infected skin or hair retained in clothing, combs, caps, socks, and towels.
Among other dermatophytes, they are the major causative agent for superficial
dermatomycoses like onychomycosis and Tinea pedis (Kemnaand Elewsk., 1996;
Weitzman and Summerbell, 1995). In addition, they also cause superficial infections such
as Tinea capitis, Tinea corporis, Tinea inguinalis, Tinea manus and Tinea unguium. T.
rubrum is also responsible for deep dermal invasion in immune-compromised patients
(Sentamilselvi, 1998).

Microsporum gypseum is filamentous keratinophilic fungi that colonise in the keratinic
substrates such as feathers, hair and nails. They are geophilic dermatophytes. According
to the new taxonomy, M. gypseum is now called Nannizia gypsea (de Hoog et al., 2017).
Microsporum gypseum is an infrequent agent of mycotic infection in humans but are
common in domestic animals; occurs in dogs, cats, rabbits and horses. However, the
animals may also be healthy carriers (Romano et al., 1997). Most frequently
Microsporum gypseum caused Tinea corporis and attack various parts of the body. It is
also responsible for Tinea capitis, Kerion and Tinea barbae. Immuno depression may
cause a greater extension or unusual features of mycosis. According to the World Health
Organization (WHO), 30 to 70% of adults are asymptomatic hosts to these pathogens and
that the incidence of the disease increases with age (Seebacher et al., 2008; Havlickovaet
al., 2008).

Malassezia furfur is one of the major representative species of the Malassezia genus
which are found mainly in the skin of humans and pets such as dogs and cats, respectively
(Cabaries, 2014). The genus Malassezia currently comprises 17 species and has recently
been assigned its class, Malasseziomycetes (Theelen et al., 2018). They represent a
member of a monophyletic genus of fungi. Based on both culture-based and culture-
independent methods that used ITS length polymorphisms assessed by polymerase chain
reaction (PCR), they are a major component of the skin mycobiome, (Gemmer et al.,
2002) representing 50%-80% of the total skin mycobiome using culture-independent
methods. They are lipophilic and lipid dependent basidiomycetous yeasts, most often
found in lipid-rich body areas, such as the scalp, face, and trunk (Gupta et al., 2004).
They may also be found on other areas of the body including arms, legs and genitalia.
Although they are commensals, under specific conditions, they become opportunistic

cutaneous pathogen and are associated with multiple skin disorders, such as Pityriasis



Versicolor (PV), Malassezia folliculitis (MF), Seborrheic dermatitis/dandruff (D/SD),
Atopic dermatitis (AD), and Psoriasis (Prohic et al., 2016).

Candida albicans is an opportunistic human fungal pathogen that causes candidiasis and
is the most frequently recovered species from Candida infected patients. It has emerged
as a major public health problem during the past two decades. It is the causative agent and
most associated with a serious fungal infection, accounting for more than 90% of cases
(Kauffman, 2006). It became the most common cause of deep mycoses and vulvovaginal
candidiasis (70 to 90% of vulvovaginitis cases) (Sobel, 2007). Candida infections are
regarded as a significant cause of patient morbidity and mortality (Sardi et al., 2013). The
infections caused by Candida albicans reside mainly on the skin, mucosa and
gastrointestinal tract of 30 to 50% of healthy adults at any given time (Brown and Netea,
2007).

Staphylococcus aureus is a potential pathogenic Gram-positive bacterium that was
discovered in the 1880s. It is responsible for the vast majority of infections, ranging from
minor infections of the skin to post-operative wound infections. It is a leading cause of
various human bacterial infections, most notable for its ability to infect any tissue in the
human host. The most common sites of S. aureus infection is the skin including
superficial infections such as impetigo and infected abrasions as well as more invasive
infections such as cellulitis, folliculitis, furuncles, carbuncles, subcutaneous abscesses,
scalded skin syndrome and infected ulcers and wounds. The mortality rate of individuals
with an S. aureus infection was about 80% (Skinner and Keefer, 1941) in the early 1940s,
prior to the introduction of penicillin for the treatment. Approximately 30% of healthy
people are asymptomatically colonized by S. aureus (Gorwitz et al., 2008), importantly

this colonization is a known risk factor for infection.
2.2 Litsea cubeba:

Litsea cubeba called "mountain pepper" belongs to the family Lauraceae, is an evergreen,
aromatic tree that reaches a height of 8 - 10 metres with dioecious flowers and small
pepper-like fruits. Leaves, branches, fruits and flowers are aromatic. Leaves are 5.2 - 13.5
cm x 1.4 - 3.9 cm, simple, alternate, bright green, glabrous. Inflorescence in umbels is
generally 10 - 12 mm x 6 - 7 mm, axillary and solitary. Flower size measures 3.7-5 mm x
4 - 5 mm, yellowish-white. Fruit berries are 4 - 6 mm in diameter, glabrous, green (black

when ripe) fruit pedicel 2 - 4 mm long; fruit peduncle 4 - 8 mm long. It grows wild in
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south-east Asian countries, including India, China, Bhutan, Nepal, Myanmar, Vietnam,
Korea, Taiwan and Indonesia. The essential oil of the plant plays an important role in
aromatherapy and treatment of many diseases from ancient times to the present day,
widely in perfumery, soap industry, sanitary products and as a deodorizer. The oil is also
a popular skincare ingredient for oily, mature and inflamed skin (in moderation). In
northeastern states of India, the plant is cultivated for rearing Muga silkworms
(Choudhury, 1988).

Zhang et al., (2010) reported that Litsea cubeba extract can efficiently and persistently
promote hematoid, cholesterol and mucin secretion as well as inhibit gallstone growth. It
possesses analgesic, anti-inflammatory and antibacterial effects and was traditionally used
for the treatment of rheumatic diseases (Lin et al., 2016), cardiovascular and
cerebrovascular diseases (Zhang et al., 2015) and also used for cold treatment in Chinese
medicine (Zhang et al., 2014). The methanol extract (Hwang et al., 2005), ethyl acetate
extract of barks (Dalimunthe et al., 2016), ethanol extract of heartwood (Dalimunthe et
al., 2018), chloroform extract of bark (Yu et al., 1998), alkaloid fraction of fruits
(Dalimunthe et al., 2018), essential oil from both the fruit and leaf (Gogoi et al., 2018)
and female flower (Zhong et al., 2013) are reported to possess strong antioxidant
potential. Citral also plays an important role in antioxidant activity and free radical
scavenging (Wang et al., 2012) activity. It was reported that essential oil is slightly toxic
at 4,000 mg/kg of body weight (Luo et al., 2005), but the essential oil is applicable for
food preservatives, flavoring, antibacterial agents, medicine, health product, and
cosmetics (Chen et al., 2018). Citral from fruit essential oil is the precursor for vitamin A
synthesis and is potentially useful as a flavour in food, medicinal and other industrial
applications (Punyarajun and Nandhasri, 1981). The methanol extract of bark and its
fractions (0.01 mg/ml) (Choi and Hwang, 2004), essential oil from both the fruit and leaf
(Gogoi et al., 2018), the compound 9-fluorenone, 1-ethoxy-3,7-dihydroxy- 4,6-
dimethoxy-9-fluorenone (Lin et al., 2016), 9,9'-Odi-(E)-feruloyl-meso-5,5'-di-methoxy-
secoisolarici-resinol (Zhang et al., 2015) and aporphine alkaloids from root and rhizome,
boldine and reticuline (Yang et al., 2018) exhibited potent anti-inflammatory activity.
Aporphine alkaloids also possess analgesic effects (Zhang et al., 2015). The compound
boldine and root extract from ethanol and water possess therapeutic agents for the
treatment of human arthritis (Zhao et al., 2017; Lin et al., 2013). Yokogawa et al., (1997)

reported that Litsea cubeba extract showed melanin formation-inhibiting and tyrosinase



inhibitory activity. It has been reported that plant extract possesses anticancer properties
(Zhang et al., 2012) and seed oil had anti-tumour activity (Chang-jiang et al., 2014). Fruit
essential oil possesses anxiolytic activity and analgesic activity and has a potent effect on
the central nervous system in mice (Chen et al., 2012) also fruit essential oil can reduce
cardiac arrhythmia induced in mice by CHCI3 or in rats by BaCl2 (Zhang, 1985). It has
been reported that the compound litebamine possess antithrombotic activity and also
attained beneficial effects in preventing cardiovascular diseases (Huang et al., 2008). It
was also reported that that the compound citral present in essential oil plays an important
role in the treatment of coronary heart disease (Wang et al., 1985). Ho et al., (2010)
reported that essential oil from leaves and fruit exhibited cytotoxic activity against human
lungs, liver and oral cancer cells. Sesquiterpenoid ester glycoside and a monoterpenoid
ester glycoside obtained from ethanol extracts of the twigs also exhibited cytotoxicity
against A549 and HCT-8 cell lines (Wang et al., 2018). Lignans of Litsea cubeba 7',9-
epoxylignans with feruloyl or cinnamoyl groups were selectively cytotoxic against NCI-
H1650 cell line also dibenzylbutyrolactone lignans 17-19 exerted cytotoxicities against
HCT-116 and A2780 cell lines (Li et al., 2019). Benzylisoquinoline alkaloid N-
methoxycarbonyl-norjuziphine are cytotoxicity against HL-60 and MCF-7 cells (Tang et
al., 2017). The compound Cubelin exhibited activity against HeLa cell viability and
proliferation (Trisonthi et al., 2014). The compound isolated from the root and stem
exhibited a significant neuroprotective effect against hydrogen peroxide-induced
oxidative damage in the rat adrenal pheochromocytoma (PC12) cell line (Guo et al.,
2016). The citral of essential oil exhibits an immunosuppressive effect on dendritic cells
and mice and can potentially be applied in the treatment of contact hypersensitivity,
inflammatory diseases, and autoimmune diseases (Chen et al., 2016). It has been reported
that Litsea essential oil is applicable as a detergent (Lin et al., 2017) and the kernel oil
and seeds oil is applicable for the production of biodiesel (Zhong et al., 2009). The
essential oil has also a repellency effect against yellow fever mosquito, Aedes aegypti
(Linnaeus), the malaria vector, Anopheles stephensii (Liston), and the filariasis and
encephalitis vector, Culex quinquefasciatus (Amer et al., 2006). Chloroform extract of
fruit possesses natural insecticide-like activities against Zeamais motschulsky
(Coleoptera: Curculionidae) (Zhang et al., 2017). The compound chlorobutanol from fruit
extract showed fumigant toxicity and contact toxicity and repellent activity against
Sitophilus zeamais (Zhang et al., 2017). Jeon et al., (2016) has reported that fruit essential

oil possesses eco-friendly acaricides against house dust mites Dermatophagoides farinae,

9



Dermatophagoides pteronyssinus and stored food mite, Tyrophagus putrescentiae. The
mixture of Litsea cubeba and Litsea salicifolia essential oil showed activities for
mosquito repellents (Aedes aegypti). 0.075% demonstrated the highest non-contact
repellency (62.7%) (Noosidum et al., 2014). Oleum Litsea possess a parasiticide effect on
mite, louse, and flea, it also attains antibacterial and antifungal effects (Wang et al.,
2003).

Su et al., (2016) reported that the excellent antimicrobial properties of fruit oil were
mainly due to the presence of the compound Citral. It was also reported the presence of
Aldehydes and alcohol is attributed to the antimicrobial properties of Litsea cubeba oil
(Li et al., 2013). The extract obtained by supercritical CO2 extraction possesses
antibacterial ~ properties against Escherichia coli, Pseudomonas aeruginosa,
Staphylococcus aureus, Bacillus subtilis, Candida albicans and Aspergillus niger (Zhou
et al., 2019). Essential oil possess antimicrobial properties against Fusarium moniliforme,
Fusarium solani, Alternaria alternata and Aspergillus niger (Gogoi et al., 1997), Bacillus
subtilis, Escherichia coli, Actinomyces 5406 and Staphylococcus aureus (Yu et al.,
1999), Candida albicans, Candida tropicalis, Candida glabrata, Candida parapsilosis,
Candida krusei (Fang et al.,, 1994), Aspergillus flavus (Luo et al., 2004), Vibrio
parahaemolyticus, Listeria monocytogenes, Lactobacillus plantarum, and Hansenula
anomala (Liu and Yang, 2012), Pseudomonas aeruginosa (Wu et al., 2013),
Streptococcus mutans, Streptococcus sobrinus and Streptococcus sanguinis (Yang et al.,
2013), Penicillium funiculosum, (Li et al., 2013), Microsporum canis, Trichophyton
mentagrophytes, Trichophyton erinacei, Trichophyton terrestre and Microsporum gypseum
(Nardoni et al., 2015), Alternaria alternata, Botrytis cinerea, Fusarium oxysporum and
Penicillium expansum (Tripathi et al., 2016), Saprolegnia parasitica (Nardoni et al.,
2019), Salmonella Typhimurium (She et al., 2020), Methicillin-Resistant Staphylococcu
aureus (Hu et al., 2019), antimycotic activity against Aspergillus flavus and Ascosphaera
apis (Nardoni et al., 2018). The fruit essential oil possesses antimicrobial activity against
Escherichia coli (Li et al., 2014). Contact and fumigant toxicities against Sitophilus
zeamais and Tribolium castaneum have also been reported (Ko et al., 2009). Acaricides

against Dermatophagoides farina, Dermatophagoide spteronyssinus mites and
Tyrophagus putrescentiae (Jeon et al., 2016). Candida, Sporothrix and Cryptococcus (Tu
et al., 1985), Staphylococcus aureus, Listeria monocytogenes, Pseudomonas aeruginosa,

Candida albicans and Aspergillus niger (Saikia et al., 2013). Fruit extracts possess
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natural insecticide against Sitophilus zeamais (Zhang et al., 2017). The Leaf oil possesses
bactericidal properties against Aeromonas hydrophila, Edwarsiella tarda, Vibrio furnissii,
Vibrio parahaemolyticus, Streptococcus garvieae, Escherichia coli, Salmonella
Typhimurium (Nguyen et al., 2016), Staphylococcus aureus, Listeria monocytogenes,
Pseudomonas aeruginosa, Candida albicans and Aspergillus niger (Saikia et al., 2013).
The essential oil from the leaves also has great potential as botanical insecticides against
Tenebrio molitor (Wang et al., 2015). The seed oil possesses antimicrobial properties
against aflatoxin production of Aspergillus flavus and Saccharomyces rouxii (Yu et al.,
1998). It has been reported that Citral plays the main antifungal active component against
Fusarium oxysporum, Helminthosporium, and Stemphylium (Huargliang et al., 1994). The
compounds 5, 8-dihydroxy-6, 7-dimethoxyflavone possess antimicrobial properties
against Trichothecium roseum (Shuaiwen et al., 2011). (+)-N-(methoxylcarbonyl)-N-
nordicentrin, (+)-N-(methoxylcarbonyl)-Nnorpredicentrine, and (+)-N-
(methoxylcarbonyl)- N-norglaucine showed antimicrobial activity against the bacterium
Staphylococcus aureus and two fungi Alternaria alternata and Cercospora nicotianae
(Zhang et al., 2012). 2, 6-dimethyl-6- hydroxy-2E, 4E-hepta-2, 4-diene acid, (6R)-3,7-
dimethyl-7-hydroxy-2-octen-6-olide showed good fungicidal activities against Sclerotinia
sclerotiorum, Thanatephorus cucumeris, Pseudocer-cospora musae and Colletotrichum
gloeosporioides (Yang et al., 2010). Linalool-typeleaf essential oil possesses antibacterial
activities against Escherichia coli (Nguyen et al., 2018). It has been reported that 1, 8-
cineole and linalool type Litsea cubeba essential oil showed bactericidal activities against
Escherichia coli, the essential oil which is enriched with the compound 1, 8-cineole can
affect cell membrane, leading to cell filamentation and perturbation of cell width, while
the linalool-rich induced damages in the cell membrane and changes in the nucleoid
morphology (Nguyen et al., 2018). Citral and linalool showed strong contact toxicity and
fumigant toxicity against Lasioderma serricorne and Liposcelis bostrychophila (Yang et
al., 2014). Citral acetal 1, 2-propanediol, B-ionone and iron also possess powerful anti-
fungal properties against Poria vaporaria, Trichoderma viride and Caribena versicolor.
Further, it has also been reported that the cell membranes of the fungi were damage by
this compound (Guo et al., 2016).

Choudhury et al., (2009) reported that the Litsea cubeba plants which possess citral and
sabinene are found up to the altitude of 1660m, whereas the availability of linalool and

citronellal was between 125 and 1000m. It has also been reported that the compound
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Neral and Geranial played an important role in the sweet-lemon fragrance of the flowers
(Asakawa et al., 2017). It has been reported that the fruit diameter of Litsea cubeba was
0.55-0.62 cm, fruit longitudinal diameter was 0.57-0.65 cm and one thousand fruit weight
of 103.89-141.48 g; (He et al., 2012). It was reported that Litsea cubeba contains palmitic
acid; oleic acid and linoleic acid (Yu et al., 2008), rutin (Zhang et al., 2009). Nucleolus
oil contains capric acid and hydroxyalkyl amide (Wang et al., 1993). The main
components of essential oils are Ethyl acetate, a-pinene, 3-pinene, camphene, limonene,
p-cymene, [ -methylhepteneketone, methylheptylketone, citronellal, linalool, a -a-
isopulegol, citral b, a -terpinol, citral a, citronellol, geraiol, safrol, and eugenol (Zhan et
al., 1985) and Citral 64.6% (Li et al., 1998), Methylheptenone, citronellal and citral (Yu
et al., 2018). B -lonone (Fan et al., 2002), 6-methyl-5-hepten-2-one, limonene (Yu et al.,
2007), myrcene, 6-methyl-heptenone, (Zhang et al., 2010), 2,6-dimethyl-6- hydroxy-
2E,AE-hepta-2,4-diene acid, (6R)-3,7-dimethyl-7-hydroxy-2-octen-6-olide, along with
three known compounds - vanillic acid, trans-3,4,5-tri methoxyl cinnamyl alcohol, and
oxonantenine (Yang et al., 2010), Geranial, neral and d-limonene (Chen et al., 2012),
Methyl heptenone (Zhao et al., 2015). Total fruit essential oil content ranged from 3.04%
to 4.56%, dominated by monoterpenes (94.4-98.4 %), represented mainly by neral and
geranial (78.7-87.4 %) and Limonene (0.7-5.3 %), ocymene and eremophilene (Si et al.,
2012) and Citronellal (Saikia et al., 2013). The other compound present in the fruit
essential oil were methyl-heptenone, linalool, laurene, B-pinene, eucalyptus, terpinol
(Chen et al., 2018), Methyl heptenone 30.9% (Gogoi et al., 2018), Citral (70%) and
methyl heptenone (20%), dipentene (Kahuku and Kato,1938), citronellol (10.9-14.0%)
(Choudhury et al., 1998), C9 monoterpenoid acid (2,6-dimethyl-6-hydroxy-2E,4E-hepta-
2,4-diene acid), monoterpene lactone (6R)-3,7-dimethyl-7-hydroxy- 2-octen-6-olide,
vanillic acid, trans-3,4,5-tri methoxyl cinnamyl alcohol, and oxonantenine (Yang et al.,
2010), sabinene (Choudhury et al., 2009). Unripe fruits yield 3.04% of volatile oil and are
constituted mainly of citral (49.6%) (Punyarajun and Nandhasri, 1981). Dried cubeb
berries were characterized by a higher level of d-limonene (“fruit, citrus™), citral (“fruit,
lemon™) and dodecanoic acid (Cheng et al., 2018). Chloroform extract of fruit contains
the components Laurine (21.15%) and 2,6-diisopropyl aniline (16.14%), followed by
chlorobutanol (10.54%), 3-O-methyl-N-acetyl-d-glucosamine (10.03%), and 6-methyl-5-
hepten-2-one (8.33%) (Zhang et al., 2017), Citral (Liu et al., 2015),E-citral (geranial)
(27.49%), Z-citral (neral) (23.57%) and D-limonene (18.82%) followed by 3,7-Dimethyl-
7-hydroxy-2-octen-1,6-olide and 3,7-dimethyl-2,6-octadien-1,6-olide (Dong et al., 2013),
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citronellal, d-limonene and citronellol (Hammid and Ahmad, 2015), alpha-pinene, beta-
phellandrene, sabinene, and 1,8-cineol (Vongsombath et al., 2014), Diterpene, identified
as (+)-6-(4-hydroxy-4-methyl-2-pentenoyl)-4,6-dimethyl-5-(3-methyl-2-butenyl)-1,3
cyclo-hexa-diene-carbaldehyde (1, cubelin) were isolated from methanol fruit extract
(Trisonthi et al., 2014). Fruit ethanol extracts contain d-limonene (8.52%), o-citral
(26.15%), p-citral (33.16%), hydrocarbon monoterpenes, monoterpenes oxide and
aliphatic acids and esters. P-Cymene, thujanol, dlimonene, linalool, caryophyllene, (Hu et
al., 2011). Seed oil possesses fifty-two compounds which were 95.65% of the total
essential oil (Chang-jiang et al., 2014). Ether extract of seeds gave 44% of fatty
substance, solid below 30°. Steam distillation extraction gave 3.1% of almost colourless
volatile oil, consisting mainly of citral and methyl heptenone. The fatty matterl.3%
unsaponifiable matter was obtained, from which 3.5% sitosterol was isolated as
digitonide. It was also reported that the constituents of the acid mixture are lauric 53.2%,
capric 22.9%, myristic 4.5%, unsaturated acids 19.6%. Linderic, tetradecenic, oleic and
linoleic acids and a minute amount of hexadecanoic acid (Hata, 1939). The main
constituents in the kernel were reported ascAlkanolamide (Li et al., 1997), the other
compound present in the kernel were 6-methyl-5-hepten-2-one, d-Limonene, 3, 7-
Dimethyl-1, 6-octadien-3-ol, alpha, alpha-4-trimethyl-3-Cyclohexene-1-methanol, 3-
Methylcrotonaldehyde, n- Decanoic, 1-methyl-4-(5-methyl-1-methylene-4-hexenyl)-
Cyclohexene, and 2, 6, 6-trimethyl-Bicycloc[3.1.1] heptan-3-one (Chang-jiang et al.,
2013). The essential oil of fruit peel obtained 91.95% of the total oil and possess D-
Limonene, 3,7-dimethyl-1,6-octadien-3-ol, (Z)-3,7-dimethyl-2,6-octadienal, (E)-3,7-
dimethyl-2,6-octadienal, geranic acid, and caryophyllene oxide compounds (Chang-jiang
et al., 2013), Citral 71% (Lin and Hua, 1987). Flower bud essential oil contains 40
compounds which accounted for 87.27% of the total contents. There were 14
monoterpenes, which accounted for 21.90%, 12 monoterpene oxides, accounted for
60.44%, and 12 sesquiterpenes, accounted for 4.85% (Luo et al., 2012). Flower essential
oils were rich in sabinene (41.8-42.3%), citronellal (14.3-17.3%), B-phellandrene (7.7-
9.0%), a-pinene (6.6-7.6%) and B-pinene (5.8-6.1%) (Choudhury et al., 1998). The major
constituent of the Inflorescence part is a-terpineol and cis-p-terpineol (Wang et al., 2011).
Stem bark essential oil contains citronellol (11.9- 20.4%) and 7.7-10.0% of citronellal
(Choudhury et al., 1998), limonene (Su and Ho, 2016). 6-selinene-4-ol, (R)-4-terpineol
and o-citral (Luo, 2011), 1,8-cineole, caryophyllene, neral and geranial (Cheng et al.,
1983). Eucalyptol, d-limonene and a-terpineol (Hammid et al., 2015). The essential oil
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from the trunk possesses d-Limonene, linalool, citronellal, and some pelargonic acid.
Major compound in the leaf essential oils are Cineol (80%), camphene (4%), a-terpineol
(7%), and sesquiterpene (1%) (Kato, 1951), 1,8-cineole, a-terpinyl acetate, sabinene, and
a- and B-pinene (Cheng et al., 1983), Linalool 78.3% (Nath et al., 1996), Alpha-cis-
ocimene (25.11%), 3,7-dimethyl-1,6-octadien-3-0l(16.85%) and n-transnerolidol
(13.89%) (Wang et al., 1999), 1,8-cineol (Ho et al., 2010), eucalyptol (39.86%), 3-
cyclohexene-1-methanol, a, a,4-trimethyl-(S)-(15.62%), a- phellandrene (4.79%) (Luo et
al., 2012), Citral, Citronellol, 6-Octenal, 3,7-dimethyl- (Zhao et al., 2010), B-elemene, y-
elemene, caryophyllene and caryophyllene oxide (Wang et al., 2011), Flavonoids 2.14%
(Chen et al., 2012), a-terpineol (Hammid et al., 2015) and (E)-3, 7-dimethyl-2, 6-
octadienal (49.78%) (Wang et al., 2015). Essential oil from the root contains limonene, a-
citral and B-citral linalool, citronellal, a-pinene, camphene, citronellol, a-terpineol, and 2-
methyl-6-keto-2-heptene (Jian, et al., 1986), Lignoceric acid, p-sitosterol, -daucosterol,
atheroline, N-Me laurotetamine, laurotetamine, N-trans-feruloyl-3-methoxytyramine and
N-cis-feruloyl-3-methoxytyramine (Zhu et al., 2007), Citral, 6-Octenal, 3,7-dimethyl-, 2-
Octen-1-ol, 3,7-dimethyl (Zhao et al., 2010), 9-fluorenone, 1-ethoxy-3,7-dihydroxy- 4,6-
dimethoxy-9-fluorenone, pinoresinol, syringaresinol, 9,9'-Odi-(E)-feruloyl-meso-5,5" di-
methoxy-secoisolariciresinol and lyoniresinol (Lin et al., 2016), litsecols A and litsecols
B (Guo et al., 2016). (+)-norboldine, (+)-boldine, (+)-reticuline, (+)-laurotetanine, (+)-
isoboldine, (+)-N-methyl-laurotetanine, and berberine (Zhang et al., 2014). Water-soluble
constituents of twenty-five known aromatic glycosides and three known sesquiterpene
glycosides were obtained from the twigs which were (7S,8R)-dehydro-diconiferyl
alcohol 4,9'-di-O-b-Dglucopyranoside, (7S,8R)-5 methoxy di-hydro-dehydro-diconiferyl
alcohol 4-0-b-D-glucopyranoside, (7S,8R)- urolignoside, (7R,89)-
dihydrodehydrodiconiferyl alcohol 4-O-b-D glucopyranoside, saposide B, lanicepside A,
matairesinol-4-O-b-D-glucopyranoside, tyraxjaponoside B, (+)-lyoniresinol-9'-O-b-D-
glucopyranoside, alaschanisoside A, syringin, psoralenoside, isopsoralenoside, scopolin,
2,6-dimethoxy-4- hydroxyphenol-1-O-b-D-glucopyranoside, 3-hydroxy-4,5-
dimethoxyphenyl-b-D-glucopyranoside, 2-(3,4- dihydroxyphenyl)ethyl-b-D-
glucopyrnoside, 2-(4-dihydroxyphenyl)ethyl-b-D-glucopyranoside, (+)-catechin-7- O-b-
D-glucopyranoside, 3'-O-methylepicatechin-7-O-b-D-glucopyranoside, kaempferitrin
quercetin-3-O-  a-L-rhamnopyranside  (22), kaempferol-3-O-b-D-glucopyranoside,
kaempferol 3-0-b-D glucopyranosyl(1-2)-O-b- D-galactopyranoside-7-0-a-L-
rhamnopyranoside, quercetin 3-0-a-L-rhamnopyranosyl(1®6)-O-b-
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Dglucopyranosyl(1®3)-0O-a-L-rhamnopyranosyl(1®2)-0O-b-D-glucopyranoside,

staphylionoside D, vomifoliol 9- O-b-D-glucopyranoside (27), dihydrovomifoliol-O-b-D-
glucopyranoside (28). Compounds 1-21 and 24-28 were obtained from this genus for the
first time (Wang et al., 2017). Two sesquiterpenoid ester glycoside monoterpenoid ester
glycoside have been isolated from an ethanol extract of the twigs of Litseacubeba (Wang
et al., 2018). It has also been reported that the reaction of acetone with citral from

essential oil can produce pseudoionone (Huang et al., 1993).
2.3 Cymbopogon flexuosus (lemongrass):

Cymbopogon flexuosus of the Poaceae family belongs to the genus Cymbopogon and is a
tall perennial grass. It comprises a genus of about 55 species of grasses, native to warm
temperate and tropical regions of the Old World and Oceania. The floral arrangement of
this aromatic grass gives it the name ‘Cymbopogon’. It is widespread in the semi-
temperate and tropical regions of Asian, American and African continents. The plant is
erect, attains a height up to 1.8 meters and 1.2 meters in width and grows in clusters. It
has long, slender, drooping bright green leaves that measure from 1.3-2.5cm in width and
0.9 meters in length. Leaves are simple with entire margins, sheaths are cylindrical,
barren shoots widened at the base and tightly clasping at the bottom, others narrow and
separating. Flowers grow on spikes. It has a lengthy inflorescence approximately one-
meter long. A strong lemon fragrance is a predominant feature of this grass which is due
to the high citral content in its oil (Ranade et al., 2015).

Somparn et al., (2014) reported that in Southeast Asia lemongrass is traditionally used as
an analgesic, antipyretic and antiseptic, it also possesses therapeutic use in hypertension
and diabetes treatment (Campos et al., 2014). It has been reported that plant extract is
useful for cardioprotective and anti-lipid peroxidation by increasing various antioxidants
at a dose of 200 mg/kg body weight (Gayathri et al., 2011). The report says that ethanol
and aqueous extracts (200 mg/kg body wt.) were safer with no adverse effects and did not
exert oxidative damage and is possible for use in weight gain (Ademuyiwa et al., 2015).
Kanatt et al., (2014) reported that aqueous extracts of lemongrass possess the antioxidant
potential and were able to protect against radiation-induced DNA damage in pBR322
plasmid. The essential oil was also enriched with anti-oxidant activity (Li et al., 2015),
(Samusenko, 2008), (Shaker et al., 1999) and Anti-inflammatory activity (Boukhatem et
al., 2014). The antioxidant properties of the plant can prevent endothelial dysfunction

associated with an oxidative imbalance promoted by different oxidative stimuli (Campos
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et al.,, 2014). Hot water extract showed significantly (P<0.05) higher DPPH radical
scavenging ability, Fe2+ chelating ability and OH* scavenging ability (Oboh et al., 2010).
Agqueous extracts of the plant exhibit antioxidant enzymes induction in vivo (Somparn et
al., 2014), besides possessing a nephroprotective effect in Wistar albino (Ademuyiwa et
al., 2015). Puatanachokchai et al., (2002) reported that the plant extract possesses
inhibitory effects of the early phase of hepatocarcinogenesis in rats. It has also been
reported that methanol extract of the leaf has anti-diarrheal activities and was also found
to be non-toxic (Okere et al.,2015). The compound citral was effective in the prevention
of influenza infection (Imayoshi et al.,, 2011). Lemongrass synthesized zinc oxide
nanoparticles have a potential for cancer treatment, and they can enhance the reactive
oxygen species levels, inhibit cell proliferation and prominent cytotoxicity against THP-1
leukaemia cells (Kumari et al., 2018). The compound Citral 3,7-dimethyl-2,6-octadien-1-
al of essential oil possess anti-cancer potential (Dudai et al., 2005). The compound citral
also exhibits a potential to control the locoregional spread due to any remaining
cancerous cells (White et al., 2017), It can also potentiate the cytotoxicity of doxorubicin
by increasing apoptotic effects, (Dangkong and Limpanasithikul,2015). 80%-Ethanol
extracts showed chemoprevention in an animal carcinogenesis model (Suaeyun et al.,
1997), it also possesses anti proliferative efficacy against human cancer cell lines (Halabi
et al., 2014) and it can inhibit the formation of azoxymethane-induced DNA adducts and
aberrant crypt foci formation in the rat colon (Suaeyun et al., 1997). Geraniol possesses a
potential anti-inflammatory agent and a capability to obstruct 4NQO initiated NF-xB
activation and modulated the expression of inflammatory mediators (Madankumar et al.,
2017). Citral of essential can be used for the synthesis of vitamin A, ionones and play an
important role in perfumery and flavoring (Rao et al., 1993). It has been reported that
2.5% essential oil was demonstrated to be the minimum concentration for the preparation
of antifungal cream for subsequent clinical study (Wannissorn et al.,1996). It also has
been reported that a single dermal application of the undiluted essential oil (a volume of
0.5 mL) can cause very slight to severe oedema, erythema, and eschar formation in
rabbits but no adverse effects on clinical signs, body weight (Shin et al., 2005). The
compound Myrcene, a monoterpene from essential oil was capable of inducing
antinociception in mice (Rao et al., 1990). Lemongrass essential oil can also be used in
biological control programs, as well as, it can play an effective role in the integrated
management programs against Dermatophagoides farinae and Dermatophagoides
pteronyssinus (Heikal, 2015).
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Ramroop et al., (2018) has reported that the antimicrobial properties of Lemongrass
essential oil are due to the presence of citral. The essential oil can inhibit the effect of
Candida biofilm formation and its major constituents can inhibit germ tube formation
(Taweechaisupapong et al., 2012). Methanol extract showed antimicrobial activities
against Escherichia coli, Salmonella typhi, Shigella spp. and Staphylococcus aureus
(Shinde et al., 2015). Aqueous extract of lemongrass species was active against
Staphylococcus aureus, Escherichia coli, Salmonella choleraesuis and Proteus vulgaris
(Bajpai et al., 2018). Ethyl acetate leaf extract showed the inhibitory activity against
Microsporum canis and Microsporum gypseum (Krishnaveni et al., 2016). The vapour
phase of lemongrass oil is highly effective against Escherichia coli (Tyagi and
Malik,2012). 80% of ethanol extracts possess antimutagenic properties towards chemical-
induced mutation in Salmonella Typhimurium strains TA98 and TA100
(Vinitketkumnuen et al., 1994). The essential oil showed vibriocidal activity against
Vibrio comma (Nayak et al., 1961), anti-microbial properties against Trichophyton
mentagrophytes, Trichophyton rubrum, Epidermophyton floccosum, and Microsporum
gypseum (Wannissorn et al.,1996), Microsporum cookei, Microsporum mycetomi (Kokate
and Verma,1971), Salmonella enterica and Escherichia coli (Friedman et al., 2002),
Pseudomonas aeruginosa (Oboh et al., 2004), Staphylococcus aureus, Candida albicans
and Aspergillus niger (Okamoto et al., 2005), Tribolium castaneum (Chahal et al., 2007),
Alternaria alternata, Fusarium oxysporum, and Penicillium roquefortii and yeasts
Candida oleophila, Hansenula anomala, Saccharomyces cerevisiae,
Schizosaccharomyces pombe, Saccharomyces uvarum, and Metschnikowia fructicola
(Irkin et al., 2009), Aspergillus flavus and Aspergillus ochraceus (Eissa et al.,2008),
Candida tropicalis (Boukhatem et al., 2014), Streptococcus mutans (Banu and Geeta,
2015). Staphylococcus epidermidis (Utakod et al.,2017), Microsporum canis,
Microsporum fulvum (Jain et al.,, 2017), Listeria monocytogenes (Ramroop and
Neet0o,2018), Aeromonas hydrophila, Aeromonas caviae, Citrobacter freundii,
Salmonella enterica, Edwardsiella tarda and Proteus mirabilis (De Silva et al., 2017),
Listeria monocytogenes (Friedman,2002). It has been reported that major constituents of
essential oils in the gaseous state contains antimicrobial properties against Haemophilus
influenzae, Streptococcus pneumoniae, Streptococcus pyogenes and Staphylococcus
aureus (Inouye et al., 2001) also vapour phase of essential oil is highly effective against
Candida albicans (Tyagi and Malik, 2010). The essential oil in combination with
phenoxyethanol has the potential to increase antibacterial activity against Escherichia coli
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and Staphylococcus aureus (Onawunmi,1988). Combinations of essential oil and
Amoxicillin possess antimicrobial activity against all methicillin-resistant Staphylococcus
aureus. Besides, the essential oil also plays a key role in the elevation of susceptibility to
Amoxicillin (Abd el-kalek and Mohamed,2012). Citral of essential oil can completely

inhibit the mycelial growth of fungus Colletotrichum acutatum (Alzate et al., 2009).

Yang and Hwang (2000) reported that essential oil of lemongrass possesses germicidal
power, Anti-mycotic activity (Lean and Mohamed, 1999), acaricidal activity on larvae
and engorge cattle ticks (Boophilus microplus) (Chungsamarnyart et al., 1992), acaricidal
properties against the cattle tick (Rhipicephalus microplus) (Pazinato et al., 2016),
repellent activity against Aedes aegypti (Hsu et al., 2013). It has also been reported that
the essential oil posse’s anti-angiogenic with 99 + 0.8% of inhibition at 100 pg/mL and
potential cytotoxic effect on HCT-116 with the 1C50 value of 27.41 + 4.3 mg/mL (Piaru
et al.,2012). Singh et al., (2019) reported that a combination of cinnamon essential oil and
lemongrass essential oil showed acaricidal activity against Rhipicephalus (Boophilus)
microplus. A combination of negative air ion essential oil vapours has a greater
bactericidal effect (100% reduction in viability) (Tyagi and Malik, 2012). Essential oil
microencapsulated polyester fabric possesses the highest mosquito repellent activity at the
concentration of 92% (Anitha et al., 2011). It has also been reported that essential oil
possesses mosquito repellent activity and the compound Citral 3,7-dimethyl-2,6-octadien-
1-al of essential oil possess insecticidal properties (Abdalla, 2000). Whole-plant extracts
also possess anti-malarial properties against Plasmodium chabaudi AS or Plasmodium
berghei ANKA (Chukwuocha et al., 2016) and anti-repellent activity against adult sand
flies, Phlebotomus duboscqi (Kimutai et al., 2017).

Joshua et al., (2012) reported that the moisture content of lemongrass leaves was 13.50%,
ash content 11.17%, fat content 10.00%, crude fiber 19.54%, crude protein 17.50 % and
carbohydrate 28.29 % and the stem moisture content was 7.98%, ash content 14.29%, fat
content 13.50%, crude fiber 12.5%, crude protein 17.50 % and carbohydrate 34.23 %. It
has been reported that the yield of fresh lemongrass essential oil ranged from 0.26% to
0.52% and the citral content of the oil ranges from 78 to 85.5% and the highest
percentage of oil was obtained when the grass was harvested late in the season (9 months
old). It has also been reported that dry steam distillation gives a higher yield of essential
oil than water distillation also higher yield of essential and aldehyde content was obtained

from distillates run at 40° than from those run at 85° (Squibbs, 1938). Oliveros-Belardo et
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al., (1978) reported that lemongrass collected in the hot season gave the highest amount
of oil (0.3-0.48%) and 31.05-45.21% citral, as compared to 0.1-2.8% and 25-39.14%
obtained during the cool season. It has also been reported that hilly areas gave a higher
yield of oil than that thrived in the lowlands. Kumar et al., (2015) reported that the
maximum essential oil obtained in a sun-dried sample was (2.50 %) and the oil yield from
the fresh sample was (2.52%), also it was reported that different drying treatments did not
show any significant changes for the main components (Citral a and Citral b) of the
essential oil when compared to the fresh sample. It was reported that the citral content in
the aqueous ethanol solution of the oil of lemongrass (Cymbopogoncitratus) increase with
the age of the plantation (Spoon,1954). Shaikh et al., (2019) reported that Rhizosphere
fungi Trichoderma viridae have the potential to enhance the production of essential oil
and the content of citral a, citral b and linalool compounds. Supercritical extraction of
Lemongrass essential oil with COz2 extracts more than 68% citral of the essential oil and
the extraction yield was 0.65% while the yield obtained from hydrodistillation was 0.43%
with 73% citral content (Marongiu et al., 2006). Lemongrass leaves contains appreciable
levels of Sodium (18.65 + 0.05), Magnesium (20.86 + 0.01), Potassium (30.31 £ 0.01),
Calcium (5.27 + 0.02), Iron (0.99 + 0.01) respectively, also the anti-nutrient compound
for phytic acid (0.16 + 0.01), cyanide (0.35 = 0.05), tannin (14.47 + 0.02) and oxalate
(2.37 £ 0.01) in mg/100g (Oyeleke, 2009). Wariyar (1954) reported that Citral was the
major compound of the essential oil. The other compound which are found in the
essential oil are 20% myrcene, and trace of linalool (Fujita,1951), I-a-thujene, I-a-pinene,
I-camphene, I-limonene, I-borneol, I-terpineol and a residue 4.8% of the total oil,
sesquiterpene hydrocarbons and alcohols and some diterpenic derivatives (Chakravarti et
al.,, 1954), Aldehydes and ketone (Stenlake and William, 1957), furfural,
terpenesmyrcene (10-20%) and dipentene (trace); alcohols (1-2%)-geraniol, linalool,
nerol, and methylheptenol; ketones methyl heptenone (0.2-0.3%); and sesquiterpenes (1-
0%) (De Silva, 1959), 80% citral, 12% myrcene, 3-4% dipentene, and a trace amount of
methylheptenone (Rovesti and Variati, 1960), Farnesol and nerolidol (Naves, 1960),
Citronellol and tetrahydrogeraniol (Daniewski and Strojny et al.,1962), oxygenated
monoterpenes (78.2%); a-citral or geranial (36.2%) and p-citral or neral (26.5%),
monoterpene hydrocarbons (7.9%) and sesquiterpene hydrocarbons (3.8%) (Tyagi and
Malik, 2010), nerolic acid, and geranic (Sargenti and Lancas,1997). Geranialdehyde,
rhodinal, nerol (Zhao,2001), cis-pino carveol (20.2%) have also been reported by Ali and
Singh, (2004). Further, Propyl amyl ketone (1.88%), (3E)-3,7-dimethylocta- 3,6- dienal
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(1.43%) and caryophyllene oxide (1.07%) (Jain and Sharma, 2017). (E)-3,7-dimethyl-2,6-
octadienal, neral (Z)-3,7-dimethyl-2,6-octadienal, geraniol (E)-3,7-dimethyl-2,6-
octadien-1-ol, 1-butyl-3-methylimidazolium chloride ([C4mim] CI) andl-ethyl-3-
methylimidazolium methyl phosphonate ([C2mim][(MeO)(H)PO2]) have also been
reported (Murata et al., 2017). Essential oil vapor contains -Myrcene (3.5%), Limonene
(30.3%), Camphene (6.5%), a-Citral (17.6%), B-Citral (11.3%), 6-Me hepten-2-one
(14.6%) and linalool (1.5%) (Tyagi and malik, 2012), 3,7-dimethyl-2,6-octadienal acetals
(Citral acetals) also citral ethylene glycol acetal and citral propyleneglycol acetal are
obtained by redistillation (Shahzadi et al., 2014). 80% acetone extract contains phenolic
compounds (Sepahpour et al., 2018). Yeh (1973), reported that the roots part of the plant
attains 0.2% essential oil and contains 3.1% terpene aldehydes, mainly citral a and a small
amount of citral b. About 80.8 % of the root oil is sesquiterpenes with cadinene making
up 30.2%, and Sesquiterpene alcohol consists mainly of a cadalene-type bicyclic
sesquiterpene alcohol (13.6% of the root oil). Ethanol extracts of both the leaves and
stems contain tannins, flavonoids, phlorotannins and cardiac glycosides but the absence
of alkaloid and saponin.  Chloroform extracts contain saponins, glycosides and volatile
oils (Vellore et al., 2016). Trace elements, namely, Mg, Ca, Cr, Mn, Fe, Ni, Cu, Zn, Mo,
As, Cd, and Pb. Toxic metals like As, Cd, and Pb, analysed are within the tolerable daily

diet limit and at low concentrations (Anal,2014).
2.4 Zingiber officinale:

Ginger has been cultivated for thousands of years as a spice. The most well-known
member of Zingiber (ginger) is Zingiber officinale belongs to the family Zingiberaceae
and is native to Southeast Asia, comprising of 22 genera and 178 species in India (Jain et
al., 1995). It occurs chiefly in the tropics. The plant is an herbaceous, perennial flowering
plant, inflorescences are solitary, carry pale yellow with purple flowers and the plant
reaches up to 90 cm in height. The leaves are simple, distichously narrow, alternate,
lanceolate and oblong with a sheathing base (Jyotsna et al., 2017). The flowering stalk or
inflorescence arises directly from the root ending in a solitary, pedunculated oblong
scallop spike. (Ali et al.,, 2008) The flowers are calyx superior, gamosepalous, open
splitting on one side. The rhizome and leaves are widely used around the world in food as
a spice and as folk medicine. The use of ginger in food preparation play important role in
the maintenance of health as well as prevention of food spoilage. The volatile oil,

gingerol and other pungent principles not only give ginger its pungent aroma but are also
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therapeutically powerful. Ginger is also reported to prevent rancidity, thereby increasing
the shelf life of lipid-containing foods. More than 400 accessions of ginger are maintained

at the Indian Institute for Spice Research in Calicut, Kerala, India (Vasala, 2004).

Ginger  and its  compounds  have  antimicrobial, immunomodulatory,
cytoprotective/regenerative actions and possess a potential source for the treatment and
prevention of necrotizing enterocolitis (Cakir et al., 2018). Indeed, in traditional
medicine, ginger is administered to cure movement inabilities, nausea and vomiting
during pregnancy. More importantly, apart from sedation and drowsiness, there is no
report of any side effects for ginger (White,2007: Riazipour, 2011). Khaliq et al., 2017
reported that an aqueous extract of Ginger can be used as a memory-enhancing drug in
various memory disorders. The essential oil and oleoresin (Singh et al., 2008), Silver
nanoparticles synthesized from the extract (Saraswathi et al., 2016), the Compound 6-
Gingerol [5-hydroxy-1-(4-hydroxy-3-methoxyphenyl) (Haris et al., 2018), shogaols
(Ghasemzadeh et al., 2018), chloroform and diethyl ether extracts (Awan et al., 2017),
ethanol extract (Munawar et al., 2017) and acetone extract possess antioxidant activity
(Aziz et al., 2015). It has been reported that Phenolic and flavonoids play a key role in
antioxidant activity (Munawar et al.,2017). The methanol extracts possess nitrite-
scavenging abilities, antioxidative activities and electron-donating ability (Son,2010).
80% ethanol extract treated with ultrasound for 2 hours exhibited -OH and O2 -
-scavenging ability (Yu et al., 2009). It has been reported that the compound 6-shogaol, 6-
gingerol, and 6-dehydrogingerdione have active agents for the treatment of fungal
infections, dandruff and seborrheic dermatitis (Wu et al., 2002). Zerumbone a tropical
ginger sesquiterpene of Zingiber officinale have an anti-melanogenic effect and can be
used as active ingredients in skin-whitening cosmetics (Oh et al.,2018), besides
possessing anti-inflammatory, anti-allergic, anti-microbial, and anti-cancer activity. Silver
nanoparticles synthesized from the extract of Zingiber officinale also possess anti-
inflammatory properties and can be used as a curative agent for targeted drug delivery to
cure diseases (Saraswathi et al., 2016). It has been reported that the compound 6-
Gingerol [5-hydroxy-1-(4-hydroxy-3-methoxyphenyl) decan-3-one] have the potential of
antiemetic, antiulcer, antimicrobial, analgesic, hypoglycemic, antihypertensive,
antihyperlipidemic, immunostimulant, anti-inflammatory and cardiotonic. 6-Gingerol is a
good candidate for the treatment of various prostate, pancreatic, breast, skin,

gastrointestinal, pulmonary and renal cancer (Haris et al., 2018). Oleoresin [10]-gingerol
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possess inhibitory properties against metastatic triple-negative breast cancer in vitro and
in vivo (Martin et al., 2017). Hydroalcoholic extract of Zingiber officinale 10 mg/kg on
mice, once daily for five consecutive days before exposure to 6-12 Gy of y radiation can
reduce the severity of radiation sickness and the mortality and protected mice from Gl
syndrome as well as bone marrow syndrome (Jagetia et al., 2003). Ultrafine active fibres
encapsulated with 12% ginger essential oil possess a high potential to be applied in food

packaging to reduce microbial contamination (da Silva et al., 2018).

Rawal et al., 2016 reported that Ginger (Zingiber officinale) has long been used for
naturopathy due to its potential antimicrobial activity against different pathogens. The
aqueous extract (Khaliq et al., 2017), ethanol extract (Munawar et al., 2017) and the
compound shogaols or Gingerol (Ghasemzadeh et al., 2018), Zerumbone (Oh et al.,
2018), silver nanoparticles (Saraswathi et al., 2016) of Zingiber officinale has been
reported to possess antimicrobial properties.Wang et al., (2010) reported that the
antioxidant effects of ginger compound partially contribute to antimicrobial activity. It
was also reported that phenolic and flavonoids play a key role in antibacterial activities.
Oleoresin obtained by supercritical CO: fluid extraction had antimicrobial activity against
Penicillium citrinum, Saccharomyces cerevisiae, Staphylococcus aureus and Escherichia
coli (Chen et al., 2001). 5% ginger nanofibers bio-nanocomposites showed antibacterial
activity against Bacillus cereus, Escherichia coli, Staphylococcus aureus and Salmonella
typhimurium (Jacob et al., 2019). Zingiber officinale photoactivated cow urine extract
posse’s antimicrobial activity against Escherichia coli, Staphylococcus aureus, Bacillus
subtilis, Aspergillus niger and Aspergillus flavus (Dhiman et al., 2017). Zincoxide
nanoparticle produced by Zingiber officinale is reported to have antibacterial activity
against Escherichia coli, Pseudomonas aeruginosa, Klebsiella pneumoniae,
Staphylococcus aureus and Bacillus subtilus (Raj et al., 2015). Copper nanoparticles
(CuNPs) synthesized using the extract of Zingiber officinale and its bio-conjugate also
possess antimicrobial activity against food spoilage microorganisms such as
Staphylococcus aureus, Pseudomonas fluorescens, Listeria monocytogenes, Fusarium
moniliforme and Aspergillus niger (Pandit et al., 2017). Pad-dry-cure method ginger 25%
clove 75% shows antibacterial activity against Moraxella sp, Staphylococcus spp,
Escherichia spp, Pseudomonas spp, Enterobacter cloacae and Klebsiella pneumoniae
(Saravanan et al.,2017). Chakotiya et al., (2017) reported that Ginger is effective for
killing multi-drug resistant P. aeruginosa. It has been reported that the essential oil of
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rhizome possesses antimicrobial —activities against Pseudomonas aeruginosa,
Trichoderma spp, Pencillium spp. and Saccharomyces cerevisiae (Sasidharan et al.,
2010). Klebsiella pneumoniae and Shigella dysenteriae, (Zhong et al.,2011). Aspergillus
niger (Obad et al., 2016), Bacillus subtilis, Escherichia coli, Pseudomonas aeruginosa
and Candida albicans (Sharma et al., 2016), Staphylococcus aureus, Staphylococcus
epidemidis, Enterococcus faecalis, Candida tropicalis and Trichophyton mentagrophytes
(Lopez et al., 2017). It has also been reported that the essential oil was active against
food borne bacteria such as Bacillus subtilis, Escherichia coli, Staphylococcus aureus,
Salmonella Typhymurium and Vibrio cholerae (Hamad et al., 2016), It was also active
against oral-dental microorganisms such as Micrococcus luteus and Pseudomonas
aeruginosa (Bonou et al., 2016). Antibiofilm effects of essential oils could be used
against biofilm Klebsiella acquired infections (Avcioglu et al., 2016). The essential oil
and CCI (4) oleoresin showed 100% zone inhibition against Fusarium moniliforme (Singh
et al., 2008). The essential oil of Ginger dissolved in methanol (1:10), possesses
antimicrobial activity against Bacillus subtilis, Staphylococcus aureus, Escherichia coli,
Klebsiella pneumoniae, Proteus vulgaris, Pseudomonas aeruginosa and Candida
albicans (Hassan et al., 2017). Chitosan film with ginger essential oil was also effective
against Staphylococcus aureus and Escherichia coli at 0.3 % concentrations (Remya et
al., 2016). Aqueous extract showed inhibitory effects against Salmonella typhi and
Salmonella paratyphi (Jayanthi 2010). Vibrio parahaemolyticus (Shukla et al.,2016),
Escherichia coli, Staphylococcus aureus and Candida albicans (Okigbo et al., 2009).
Hydroalcoholic extract possesses antimicrobial activity against Pseudomonas aeruginosa,
Salmonella Typhimurium, Escherichia coli and Candida albicans (Jagetia et al., 2003).
Methanol extract of therhizomepossesses significant antibacterial activity against Bacillus
cereus (Son, 2010), Proteus mirabilis, Escherichia coli, Pseudomonas aerogenosa,
Proteus mirabilis, Staphylococcus aureus and Klebsiella pneumoniae (Shareef et al.,
2016). Ethanol extracts showed antimicrobial activities against Porphyromonas
gingivalis, Porphyromonas endodontalis (Park et al., 2008), Staphylococcus aureus,
Klebsiella, Escherichia coli and Streptococcus (Aziz et al., 2015). Candida albicans
(Sukandar et al., 2016), Fusarium oxysporum f. sp. Lycopersici (Rawal et al., 2016),
Staphylococcus aureus and Enterococcus feacalis (Santo et al., 2017). 80% ethanol
extract treated with ultrasound for 2 hours also exhibited antimicrobial activity against
Bacillus subtilis, Staphylococcus aureus, Escherichia coli and Saccharomyces cerevisiae

(Yu et al., 2009). The chloroform extract possesses antibacterial activities against
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Fusarium oxysporum f. sp. Lycopersici (Rawal et al., 2016), Klebsiella pneumoniae,
Staphylococcus aureus, Streptococcus pyogenes, Staphylococcus epidermidis and Serratia
marcesnces (Awan et al.,, 2017), Acetone extract had antimicrobial activity against
Bacillus subtilis and Escherichia coli K-12 (Yamada et al.,1992), Staphylococcus aureus,
Klebsiella, Escherichia coli and Streptococcus (Aziz et al., 2015), Vibrio
parahaemolyticus, Vibrio cholerae, Vibrio vulnificus (Shukla et al.,2016). Glycolic
extracts possess antimicrobial activity against Enterococcus faecalis (Maekawa et al.,
2015). It has also been reported that Glycolic extract combined with calcium hydroxide
and chlorhexidine gel as an auxiliary chemical substance used for intra-canal medication
was effective on Candida albicans and Escherichia coli (Valera et al., 2015). N-hexane
extracts exhibited antibacterial activities against Porphyromonas gingivalis,
Porphyromonas endodontalis oral pathogens (Park et al., 2008). Diethyl ether extract
possesses antibacterial activities against Klebsiella pneumonia, Staphylococcus aureus,
Streptococcus pyogenes, Staphylococcus epidermidis and Serratia marcesnces (Awan et
al., 2017). Petroleum ether solvent extract of ginger powder shows antimicrobial activity
against Fusarium oxysporum f. sp. Lycopersici (Rawal et al., 2016). Organic acid solvent
1, 4-Dioxan extracts and turmeric possess activity against Escherichia coli and
Staphylococcus aureus (Chandarana et al.,, 2005). The compound monoterpenoid
glycosides, trans-1,8-cineole-3,6-dihydroxy-3-O-B-D-glucopyranoside and 5,9-dihydroxy
borneol 2-O-B-D-glucopyranoside possess antibacterial activities against Staphylococcus
aureus and Staphylococcus epidermidis Compound Trans-1, 8-cineole-3,6-dihydroxy-3-
O-B-D-glucopyranoside also possess significant activity against Staphylococcus aureus
and Staphylococcus epidermidis (Guo et al., 2018). The two highly alkylated gingerols,
[10]-gingerol and [12]-gingerol effectively inhibited the growth of oral pathogens
Porphyromonas gingivalis and Porphyromonas endodontalis (Park et al., 2008). Ginger
paste and fresh garlic paste have activity for complete inactivation of Escherichia coli
0O157:H7 in the paste at 3 days at 4°C and 8°C (Gupta et al., 2005). A combination of
nisin and red ginger essential oil has a fungicidal effect against Aspergillus niger. (Nissa
et al.,2014). Photoactivated cow urine extracts possess the larvicidal activity and
antihelmintic activity (Dhiman et al., 2017). The compound 1,7-bis(4-hydroxy-3-
methoxyphenyl) hept-4-en-3-one (gingerenone A) had anti coccidial activity in vitro and
a strong antifungal effect on Pyricularia oryzae (Endo et al., 1990). Nagoshi et al., 2006
reported that [10]-gingerol reduced the minimum inhibitory concentrations of

aminoglycosides in vancomycin-resistant Enterococci and it reduced the minimum

24



inhibitory concentration of other aminoglycosides, also bacitracin and polymyxin B. of

ethanol extract showed anti-enterococcal activity (Revati et al., 2015).

Phytochemical studies have shown that ginger rhizome contains 3-6% fatty oil, 9%
protein, 60-70% carbohydrates, 3-8% crude fibre, about 8% ash, 9-12% water and 2-3%
volatile oil (Govindarajan, 1982 a, b; Ali et al., 2008), It also contains proteolytic enzyme
zingibain, extractable oleoresins, vitamins and minerals (Govindarajan, 1982a, b; Vasala
2004). The non-volatile pungent phytochemicals such as gingerols, shogaols, paradols
and zingerone have also been found in ginger that contributes to the warm pungent
sensation in the mouth and their concentration and ratio vary with the form of the ginger
(Govindarajan, 1982a, b). Baghel et al., (2017) reported that gingerol, paradol and
shogaols etc., are the medicinal properties of ginger. The composition of fresh ginger oil
shows that it contains more oxygenated compounds (29%) compared to dry ginger oil
(14%).The higher content of geranial and other oxygenated compounds makes fresh
ginger oil more potent than dry ginger oil but the content of hydrocarbon compounds is
more in dry ginger oil compared to fresh ginger oil and Zingiberene was the major
compound from fresh and dried ginger rhizomes volatile oils (Sasidharan et al., 2010).
Fresh ginger oil contains geranial (8.5%) as the second main compound and had more
oxygenated compounds (29.2%) compared to dry ginger oil (14.4%). The dry ginger oil
also contained ar-curcumin (11%), pB-bisabolene (7.2%), sesquiphellandrene (6.6%) and
d-cadinene (3.5%). Distillation components of ginger included sulfur compounds and
hydrocarbons and a-Zingibirene, f-phellandrene, B- sesquiphellandrene (Ji et al., 1997).
Ethanol and aqueous extract possess biologically active chemical compounds such as
tannins, Phenols, Saponins, alkaloids, flavonoids and Steroids/ triterpenes (Okigbo et al.,
2009). Ethanol and Ethyl acetate extract contains saponins (Ojo et al., 2007). Aqueous,
ethanol and acetone extracts contain steroids, triterpenoids, glycosides, phenolic
compounds, flavonoids, tannins, saponins, carbohydrates, amino acids and proteins
(Sarda et al., 2017). Ethanol extract of ginger contains flavonoids, alkaloids, saponins,
tannins and triterpenes and essential oil by GC-MS shows geranialdehyde (27.42%), nerol
(20.11%), 1.8-cineole (13.35%), camphene (4.65%) and E-geraniol (3.92%) (Gonzalez-
Guevara et al.,2017), 80% ethanol extract for 40 times and treated with ultrasound for 2
hours yield flavonoids 0.75% (Yu et al., 2009). The major compounds identified in
acetone extract were Bicyclo [3.1.1] hept-2-ene,2,6-dimethyl-6-(4-methyl6-pentyl) and
4-(3-hydroxy-2-methoxyphenylbutan-2-one, Gingerol, Furan, 2,5-dibutyl,4-Hexanoyal
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resorcinol and the major compounds identified in cyclohexane extract were 1,3-
cyclohexadiene, 5-(1,5-dimethyl-4-hexenyl)-2-methyl, trans-.alpha.-Bergamotene,
Sesquirosefuran, E-12- Tetradecenal, Gingerol, 2H,6H-Pyrano[3,2-b]xanthen-6- one, 5,9-
dihydroxy-8-methoxy-2,2-dimethyl-7-(3-methyl2-butenyl) (Aziz et al., 2015). Methanol
extract of Zingiber officinale contain Octanal, 2-Naphthale namine,1,2,4a,5,6,7,8,8a-
octahydro-4a-Me, 1-(Cyclopropyl-nitromethyl)- cyclopentanol, Endo-Borneol, Decanal,
1,2-15,16-Diepoxyhexadecane, Propanal,2-methyl-3-Ph, Benzeneacetic acid ,4-(1H-
1,2,3,4-tetrazol-1-yl), Ascaridole epoxide, 2-Methoxy-4-vinylphenol, 6-epi-shyobunol,
Phenol,2-methoxy-5-(1- propenyl)-, E, Alfa. -Copaene, 8-Isopropenyl-1,5-dimethyl-
cyclodeca-1,5-diene. Bicyclo [3.1.0]hexane-6-methanol,2- hydroxy-1,4,4-trimethyl, 7-
epi-cis-sesquisabinene  hydrate,  Alloaromadendrene,  Benzene,1-(1,5-dimethyl-4-
hexenyl)-4- Me, 1,3-Cyclohexadiene ,5-(1,5-dimethyl-4-hexenyl)-2methyl-, [S-(R*,S*)],
Aromadendrene oxide, 1,6,10-Dodecatrien-3- ol,3,7,11-trimethyl-,(E), 4-((1H)-3-
Hydroxy-1-propenyl)-2-methoxyphenol.  Butan-2-one,4-(3-hydroxy-2-methoxyphenyl),
Longipinocarveol, trans, Cholestan-3-ol,2-methylene-, (3B,5a)-, Bicyclo[4.4.0] dec-2-ene-
4-o0l,2-methyl-9-(prop-1-en-3-ol-2- syl)-, Corymbolone, Estra-1,3,5(10)-trien-17p-ol, 1-
Heptatriacotanol. Fenretinide, Folic acid, Spiro [4.5] decan-7-one,1,8- dimethyl-8,9-
epoxy-4-isopropyl-, 7H-6,9a-Methano-4H-cyclopenta[9,10] cyclopropa [5,6]
cyclodeca[l, Gingerol, 1b,4a- Epoxy-2H-cyclopenta [3,4] cyclopropa [8,9]
cycloundec[1,2-b]o, Cyclopropa[5,6]-A-nor-5a-androstane-3,7-dione,3',6p- dihydro-17-
h, Olean-12-ene 3,15,16,21,22,28-hexol,(3B,15a,160,21B,220)-, Benz[e]azulen-3(3aH)-
one,4,6a,7,8,9,10,10a,10b-octahydro-3a,8,1, Naphthalene, decahydro-1-p (Shareef et al.,
2016). Ether extract contains a-Zingibirene, Pphellandrene, B-sesquiphellandrene and
camphene (Ji et al., 1997). N-hexane-solution extract possess [8]- and [10]-gingerol
(Yamada et al., 1992). It has been reported that water and steam distillation yield 2.05%
and 2.1% essential oil respectively (Stoyanova et al., 2006). Essential oil of Z. officinale
rhizome contain B-sesquiphellandrene (27.16%), caryophyllene (15.29%), zingiberene
(13.97%), a-farnesene (10.52%) and ar-curcumin (6.62% (El -Baroty et al., 2010) B-
bisabolene (4.1%), a-zingiberene (10.3%), B-bisabolene (8.1%), (Stoyanova et al., 2006),
eudesmol (8.19%), y- terpinene (7.88 %), a-curcumene (7.28%), alloaromadendrene
(6.56%), a-pinene (5.76 %), 6- cadinene (3.84%), elemol (3.39%), farnesal (3.45%), E-pB-
farnesene (3.57%) and neril acetate (2.8%) (Lopez et al., 2017), Cineole, 2,2-dimethyl-3-
methylenenorbornane, rosefuran epoxide, 2,2-dimethyl-3- methylenenorbornane, f-
pinene, p-mircene, cineole, B-citral, a-citral, bornyl acetate, o-curcumene, and
26



hexadecanoic acid (Hamad et al., 2016), Z-citral (23.332%), citral (18.87%), 1,8-cineole
(12.18%), camphene (11.87%), geranyl acetate (3.82%), linalool (2.88%), 5-hepten-2-
one, 6-methyl-(2.32%), a-terpineol (2.05%) (Nissa et al.,2014), B- phellandrene (Bonou
et al., 2016), valencene (7.61%), B-funebrene (3.09%),selina-4(14), 7(11)-diene (1.03%),
citronellyl n-butyrate (19.34%) (Sharma et al., 2016). Guo et al., (2018) also reported two
new Zingiber officinale monoterpenoid glycosides, trans-1,8-cineole-3,6-dihydroxy-3-O-
B-D-glucopyranoside and 5,9-dihydroxy borneol 2-O-B-D-glucopyranoside. Extraction of
pulverized ginger roots by using organic solvents, steam distillation, and supercritical
CO- extraction and subjecting the crude extracts to reversed-phase column chromatogram
obtained 6-shogaol, 6-gingerol, and 6-dehydrogingerdione (Wu et al., 2002), Flavonoid
20.3% while the total phenol contents were 19.3% (Son, 2010).

2.5 Artemisia vulgaris:

Artemisia vulgaris is a perennial weed belonging to the family Asteraceae, growing wild
and abundantly in temperate and cold-temperature zones of the world, native to Asia,
Europe and North America. In India, it is generally found growing on uncultivated lands
along waysides and wasteland in the hilly areas. A. vulgaris possess broadleaf and are
perennial, which spreads rapidly upon introduction by a well-developed rhizome system
(Barney and Ditommaso, 2003). The herb is a long-stemmed, 70-150 cm highly branched
shrub with plenty of heads as well as creeping rhizome without rosette or runners. The
rhizome is light brown, up to 1 cm in diameter and can penetrate to a depth of 7-18 cm in
the soil. The root is pungent and sweet and the plant is bitter and aromatic. The flowers
are red-brown or yellowish and almost glabrous. Flower heads are ovoid, 3—4mm long by
2mm wide. Flowers are arranged in an inflorescence type cluster. The fruit has an
indistinct margin. The leaves are 5-20 cm long, sessile and pinnate, dark green, with

dense white tomentose hairs on the underside.

Artemisia vulgaris is one of the most important medicinal plant species of the genus
Artemisia and is valued for health benefits worldwide due to the rich accumulation of
essential oils and other terpenoids. This plant has been used to flavour tea and rice dishes
in Asia and as a culinary herb for poultry and pork in Western cultures. In Mexican
culture, it was popular for infusion drinks, employed traditionally to treat indigestion,

asthma, sprains and wounds, as well as an expectorant, decongestant, anthelmintic and
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emmenagogue (Valsaraj et al., 1997; Correa-Ferreira et al., 2014). In Oriental medicine, it
has been employed as an analgesic agent and in conjunction with acupuncture therapy
(Yoshikawa et al., 1996). It has been reported that Artemisia vulgaris is a potential source
of natural antioxidants. The essential oil from leaves (Bhatt et al., 2006), aqueous extract
(Temraz and El-Tantawy, 2008) and methanol extract of leaves (Melguizo-Melguizo et
al., 2014) possess a good amount of antioxidant properties. The methanol extract from
leaves possesses antifertility activity. (Shaik et al., 2014) and anti-inflammatory activity
(Afsar, 2013). Hydro-alcohol extracts of A. vulgaris exhibited a moderate antinociceptive
peripheral effect (Pires et al., 2009). Hirschwehr et al., (1998) reported that mugwort
pollen contains several cross-reactive allergens and among them, the major mugwort
allergen is Art v 1 and also reported that cross-reactive IgE antibodies can lead to
clinically significant allergic reactions. Hwang et al., (1985) reported that the compound
terpinene-4-ol of Artemisia vulgaris possess the most effective repellent activity against
yellow fever mosquito Aedes aegypti when compared to other compound found in
Artemisia vulgaris. It has also been reported that essential oil extracted from mugwort
stem is a potential larvicide against Aedes aegypti (Govindaraj et al., 2013) besides the
essential oil also exhibit 90% repellence against A. aegypti (Hwang et al., 1985). Wang et
al., (2006) also reported that Artemisia vulgaris essential oil possess repellent and

fumigant activity against the stored-product insect pest, Tribolium castaneum.

Blagojevic et al., (2006) reported that the anti-microbial activity of essential oil
from mugwort has been attributed to the presence of the compound a-thujone, 1,8-
cineole, and camphene, besides these they contain several compounds that play and have
great therapeutic value. Leaves essential oil possess antimicrobial properties against
Staphylococcus aureus, Staphylococcus epidermidis, Streptococcus pyogenes, Candida
albicans, Propionibacteriumacnes (Bhatt et al., 2006), Bacillus subtilis, Bacillus cereus,
Salmonella Typhimurium and Escherichia coli (Munda et al., 2009). Leaves and stem
essential oil were active against Candida albicans, Kluyvera cryocrescens, Leminorella
ghirmontii, Micrococcus agilis and Bacillus spp. (Singh et al., 2011). Ethanol extract
possesses antimicrobial properties against Staphylococcus aureus, Enterococcus faecalis,
Bacillus subtilis, Salmonella enterica, Pseudomonas aeruginosa, Yersinia enterocolitica,
Candida tropicalis, Candida krusei, Candida glabrata, Candida albicans (Kacaniova et
al., 2020). Acetone extract exhibited high antimicrobial activity against Methicillin-

Resistant Staphylococcus aureus (MRSA) and Bacillussubtilis (Addo-Mensah et al.,
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2015). Methanol extract of the plant also possesses antimicrobial properties against
Staphylococcus aureus, Ageratina adenophora and Rhizopus spp. (Manandhar et al.,
2019).

Abiri et al., (2018) reported that the biological activity of Artemisia vulgaris is mainly
due to the presence of various classes of secondary metabolites, including flavonoids,
sesquiterpene lactones, coumarins, acetylenes, phenolic acids, organic acids, mono- and
sesquiterpenes, it exhibits high morphological and phytochemical variability depending
on the location where it occurs. It has been reported that the compound which is present
in whole plant essential oil was (z)-linalool, (x)-camphor, (+)-camphor, (-)-camphor,
isoborneol, (-)-borneol, terpinene-4-ol, isobornyl acetate, Nonanone-3, (o + [)-thujone,
and bornyl acetate, f-Pinene, myrcene, a-terpinene, (+)-limonene and cineole terpinene-
4-ol (Hwang et al., 1985). The aerial parts essential oil contains Germacrene, trans -
Thujone, cis -thujone, Chrysan phenylacetate, 1,8-Cineole, sabinene, f-pinene, artemisia
ketone, caryophyllene (JudZentien¢ and Buzelyte¢ (2006), Isobornyl isobutyrate,
Limonene, 6-3-Carene, a-pinene, o-Terpinene, trans-Rose oxide (Tajadod et al., 2012).
Eudesmane acids | and Il (Marco et al., 1991), Flowering tops essential oil contains
caffeoylquinic acids, 3,5-di-O-caffeoylquinic acid and 1,5-di-O-caffeoylquinic acid (yield
2.0% and 0.3% on dry weight, resp.) (Carnat et al., 2000), camphor (Haider et al., 2003),
vulgarole (Nano et al., 1976), heptadeca-1,7,9-trien-11,13,15-triyne,  cis-
dehydromatricaria ester and tetradeca-6-ene-8,10,12- triyne-3-one (Drake and Lam,
1974), in 1,8-cineole, Borneol and Caryophyllene (Williams, 2012) Leaf essential oil
contain 1,8-cineole, a-thujone, camphor, isoborneol (Haider et al., 2003), germacrene D,
camphene, B-caryophyllene (Govindaraj et al., 2008), caryophyllene, a-zingiberene,
borneol (Williams, 2012), chavicol and myrtenol (Munda et al., 2009). Stem essential
contain camphor, camphene, a-thujone, 1,8-cineole, y-muurolene and [-caryophyllene
(Govindaraj et al., 2013). Fruit oil contained a-thujone and artemisia alc (Haider et al.,
2003), Root extract contains 7,9,11-triyne and tetradeca-4,6-diene-8,10,12-triyne-1-ol
(Drake and Lam, 1974) and leaves and flower contain cineole, 4-terpineol, camphor,

borneol, and thujone were present (Carnat et al., 1986).

29



2.6 Citrus macroptera:

The genus Citrus (fam. Rutaceae) contains many economically important fruits that are
grown worldwide for their high nutritional and medicinal value (Su et al. 2014). The
flowers and leaves of Citrus are usually strong scented and the extracts of these parts
along with fruits contain many useful flavonoids and other biologically active compounds
effective as insecticides, fungicides, and medicinal agents (Tripoli et al., 2007). Thegenus
Citrus includes some of the most important cultivated fruit trees worldwide (Carbonell-
Caballeroet al., 2015). Amongst this genus, C. macroptera is a semiwild species native to
Malaysia and Melanesia (Li et al., 2006). The fruit of the plant has been reported to
possess many biological activities, the important ones of which have been summarized

below.

Citrus macroptera peel powder exerts hepatoprotective activity via promoting the
antioxidant defence against CCls-induced oxidative liver damage (Alam et al., 2018). The
fruit pulp juice possesses anti-proliferative activity (Hasan et al., 2019). Fruit rind powder
possesses antioxidant properties (DPPH-ICso 87.83 pg/mg, reducing power assay 36.71
ug/mg), anti-inflammatory and cytotoxic agents (Nongalleima et al., 2017). Also, the
essential oil of peel and leaves exhibited anti-oxidant and anti-inflammatory activity
(Singh et al., 2017). The methanolic extract of fruit pulp had moderate a-amylase
inhibitory activity [ICso value = (3.638 + 0.190) mg/mL] and is reported as a potential
source for a hypoglycemic agent (Uddin et al., 2014). The fruit is used as an appetite
stimulant and in the treatment of fever, also methanol extract of the fruit is having cardio-
protective, moderate hepato-protective and glucose controlling activities (Uddin et al.,
2014). The ethanolic extract of Citrus macroptera showed significant skeletal muscle
relaxant activity (Rahman et al., 2019). Hot methanol extract of stem bark is reported to
have a potential antioxidant activity (ICso: 178.96 upg/mL), cold methanol and
dichloromethane extracts showed moderate activity (ICso: 242.78 pg/mL and 255.78
ug/mL resp.), whereas mild antioxidant activity was observed with the n-hexane extract
of the stem bark of Citrus macroptera (ICso: 422.94 ng/mL) (Chowdhury et al., 2008).
The Citrus macroptera gold nanoparticles (CM-AuNPSs) in combination with a sub-MIC
dose of gentamicin possess anti-bacterial activities against P. aeruginosa bacteria and it
could be treated as a potential anti-biofilm and anti-cancer agent (Majumdar et al., 2019).

The fruit peels possess considerable antibacterial activity against Bacillus cereus, B.
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subtilis, Escherichia coli and Staphylococcus aureus with MIC values ranging from 1.25
to 5.0 mg/mL (Miah et al., 2010). The essential oil from the leaves is having activity
against Trichophyton mentagrophytes var. interdigitale, with a minimal inhibitory
concentration (MIC) of 12.5 pg/mL (Waikedre et al., 2010).

Hazarika et al., (2017) reported the fruit parameters of C. macroptera individual fruit as;
weight; 277.78 to 617.69 g; fruit diam. 9.32-12.52 cm; fruit length 7.74-10.19 cm, fruit
vol. 238.33-583.33 cc; pulp weight 153.75- 320.94 g; pulp:peel ratio 1.50-3.24 and seed
no. 9.33-23.6. The juice content varied from 13.45 to 32.53 %, ascorbic acid 34.81-73.64
mg/100 mL, TSS 6.15-9.10 %, acidity 5.03-8.75 %, total sugars 5.16-7.97 % and sugar:
acid ratio 0.75-1.52.

The major volatile component present in the fruit peels were Bicyclo [4.1.0] heptane, 7-
(1- methylethylidene)- (60.03 %), Mentha-2, 8-dien-1-0l(4.0%), Limonene oxide
(3.53%), trans Carveol (2.67%) whereas in leaves, essential oil major components were 2-
methylaminobenzoic acid methyl ester (57.16 %), bicyclo [4.1.0] heptane, 7-(1-
methylethylidene)-(23.23 %), B-pinene (8.79 %), ocimene DB5-519 (3.29 %). The
essential oil of peels showed higher volatile oil content than that of leaves (Singh et
al.,2017).

The peel powder extract showed caffeic acid and (-) epicatechin (Alam et al., 2018). The
methanol extract of fruit pulp contains saponin, steroids and terpenoid (Uddinetal.,
2014).The methanol extract of fruit rind powder possesses Quercetin (431.1 ug/mL) and
Kaempferol (59.50 pg/mL), while the aqueous methanol extract contains 260.38 pg/mL
rutin (Nongalleima et al., 2017).

The essential oils of leaves showed a total of 35 constituents, representing 99.1 % of the
total oil (Waikedre et al., 2010). The fruits peels of Citrus macroptera var. annamensis
afforded 120 mg of oil (yield 0.12%) containing 25 terpenoids, predominantly
monoterpene hydrocarbons, accounting for 97.0% of the total oil and limonene (73.5%)
as the major component (Miah et al., 2010). Two coumarins i.e., Bergamottin and 5-
[(6',7-dihydroxy-3',7'-dimethyl-2-octenyl) oxy]psoralen were isolated from whole dried
fruit (Dreyer et al., 1973). The fruit peel contained higher amounts of total polyphenols
(620.91+7.75 mg), flavonoids (508.33£5.49 mg), tannins (585.99+4.46 mg) and protein
(4.00+£0.14 mg). However, the fruit pulps contain 291.06+10.14, 145.02+0.36,
526.08+3.32 mg/100 g and 2.89+0.32 ¢g/100 g, respectively (Paul et al., 2015).
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The phenolic contents were (45.62 .33 mgGAE/mL) (Rahman et al.,, 2016). The
equivalent weight of pectin extracted from ethanol extract of Citrus macroptera was
732.55+18.49 while methoxyl content 1.62+0.24%, anhydrouronic acid content
33.28+1.36% and degree of esterification (DE) were 27.69+3.20%. The pectin has
functional groups within the 1740-800 cm™ spectral region and can be used for

manufacturing low sugar foods (Rabiul et al., 2017).

Lupeol and Stigmasterol were extracted from the crude extracts of the stem bark
(Chowdhury et al., 2008). Similarly, Ribalinine, isoplatydesmine and 5 aromatic
compounds, two derived from cinnamic acid as well as syringaldehyde, vanillin and Me

vanillate, were isolated from the stem bark (Gaillard et al., 1995).
2.7 Tithonia diversifolia:

The genus Tithonia comprises eleven species. Tithonia diversifolia belongs to the family
Asteraceae and is native to Mexico and Central America. T. diversifolia are now found in
most parts of the world including Asia and Africa where they have become invasive
(Omokhua et al., 2018). Depending on their location area they can be
either annual or perennial. They attain 2-3 m (6.6-9.8 ft) height in the form of woody
shrubs. Leaves are 10 to 40 cm long, simple or mostly 3-7 lobed, sub-ovate, serrate,
acute, somewhat glandular and slightly greyish beneath and arranged alternate. The
flowers are yellow to orange in colour and 5-15 cm wide and 10-30 cm long. The seeds
are achenes, 4-angled, and 5mm long and are spread through the way of wind, water, and

animals.

da Gama et al., (2014) reported that the Tithonia diversifolia flower possesses
high antioxidant properties and is effective for the prevention of cell ageing. The essential
oil of inflorescences possesses cytotoxic effects on A375, MDA-MB 231 and noticeable
radical scavenging activity on DPPH and ABTS radicals (Orsomando et al.,2016). The
stem part of the plants is endowed with anti-oxidant, anti-cancer, anti-tumour, anti-viral,
anti-inflammatory and anti-allergic properties (Essiett and Akpan, 2013). Methanol
extract of the dried leaves has anti-inflammatory and analgesic activities (Owoyele et al.,
2004). Chiang et al., (2004) reported that the hot water extract has the potential to
suppress the replication of HSV-1 and HSV-2 without any cytotoxic effect and is also
used for the treatment of type 2 diabetes (Miura et al., 2005). The dichloromethane

extract had gastroprotective activity (Sanchez-Mendoza et al., 2011). The methanol
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extract of leaves and the compound Tagitinin C have cytotoxic activities against human
hepatoma Hep-G2 cells (Liao et al., 2013), anti-proliferative activity against human
glioblastoma U373 cells (Lee et al., 2011) and the compound Tagitinin C was claimed as
major cytotoxic compound (Wahyuningsih et al.,2015). Tagitanin C can decrease down
keloid collagen deposition (Ranti et al., 2018). Tagitanin C also acquire antimalarial,
gastroprotective activity, chemotherapeutic adjuvants and toxic activities (Silva et
al.,2017), anticancer property (Ikegawa et al., 1990) and is used for treating malignant
glioblastoma (Liao et al.,2011), Ruengeler et al., (1988)reported that the pure compounds
diversifolin, diversifolin methyl ether, and tirotundin possess anti-inflammatory activity,
the same compound is reported to have activity for suppression of parasitaemia in the
early and established infection stages and repository test (Elufioye et al., 2004).
Chlorogenic acids also comprise a good pool of anti-inflammatory compounds (Chagas-
Paula et al., 2011). Wu et al., (2001) andLiao et al., (2013) reported that Acetyl tagitinin
E and Tagitinin-F from the leaves possess selective cytotoxicity to Hep G2 human
hepatocellular carcinoma cells and also it has been claimed that tagitinin F (2) decreased
secretion of inflammatory products (Abe et al., 2015). tagitinin C, 1b, 2a-epoxy tagitinin
C showed significant anti-proliferative activity, tithofolinolide, 3b-acetoxy-8b-
isobutyryloxyreynosin and 4a,10a-dihydroxy-3-0xo0-8b- isobutyryloxyguaia-11(13)-en-
12,6a-olide  induced HL-60 cellular  differentiation and  3b-acetoxy-8b-
isobutyryloxyreynosin inhibited lesion formation in the mouse mammary organ culture
assay (Gu et al.,2002). Polar extract and leaf rinse extract of leaf part can inhibit oedema
and neutrophil migration (Chagas-Paula et al., 2011), and cytotoxic activity against HL-
60 leukaemia cells (Kuroda et al., 2007). Tirotundin and tagitinin A exert an anti-diabetic
effect (Lin et al., 2012). Diversifolin, diversifolin methyl ether and tirotundin inhibit the
activation of NF-kappa B (Rungeler et al., 1988). Saponin from the leaf can enhance
immune response and reduce cholesterol and triglycerides in normal rats (Ejelonu et al.,
2017). It has been reported that the aqueous extract of the Tithonia diversifolia plant was
relatively safe at doses lower than 100mg/kg. However, the polar extract and leaf rinse
extract demonstrated several adverse effects by damaging the liver and concluded that
sesquiterpene lactones and chlorogenic acid derivatives can be toxic in prolonged use at
higher doses (Passoni et al., 2013). 80% ethanol extract could reduce blood glucose and
also significantly lowered plasma insulin and was found useful for the treatment of type 2
diabetes (Miura et al., 2005). Ether extract from aerial parts possesses cytotoxic
properties and antiplasmodial activity (Goffin et al., 2002) and antiamoebic activity (Tona
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et al., 1988). Ethanolic extract was enriched with insecticide activity against cephalotes
(Hymenoptera: Myrmicinae) (Castano-Quintana et al., 2013). It has also been reported
that aqueous extract of the leaf can inhibit parasite infection and possess anti-malarial
activities (Nafiu et al., 2014). The essentialoil also showed repellent activities against
Rhipicephalus appendiculatus (Wanzala et al.,2014). The compound Tagitinin C and 1b-
methoxydiversifolin-3-0-methyl ether (Ses-5) a sesquiterpene also possess anti-TMV
activities used as bio-pesticides (Zhao et al., 2017), anti-trypanosomal activity (Sut et
al.,2018) also active against Plasmodium (Goffin et al.,2002). Saponin from leaf
possesses leishmanicidal activities (Ejelonu et al., 2017). The compound Tirotundin 3-O-
methyl ether, tagitinin F and a guaianolide possess repellent activities against Brown Ear
Tick (Wanzala et al., 2014) and they can reduce the internalization of parasites after 48 h
(de Toledo et al.,2014). Methanol extract is having phagodeterrent activity against
Bemisia tabaci and was reported that sesquiterpenic lactones, polyphenolic compounds
(flavonoids and tannins) and saponins are the metabolites that cause phagodeterrence
(Bagnarello et al., 2009). Dichloromethane extracts of leaf and flower were active against
Plasmodium falciparum (Muganga et al., 2010) and possess anti-microbial properties
against Escherichia coli (Kareru et al.,2007). Ethanol and water 9:1 ratio showed
activities against Staphylococcus epidermidis, Enterobacter aerogenes, Bacillus cereus,
Escherichia coli and Streptococcus g-hemolytic (Anthoney et al., 2016). Ethyl acetate leaf
extract and sesquiterpene lactone 1 showed inhibitory activity against Bacillus anthracis,
Bacillus polymyxa, Bacillus stearothermophilus, Bacillus subtilis, Clostridium
sporogenes, Corynebacterium pyogenes, Streptococcus faecalis, Escherichia coli,
Klebsiella pneumoniae, Pseudomonas aeruginosa, Pseudomonas fluorescens and Shigella
dysenteriae (Obafemi et al., 2006). Chloroform extract of the plants was active against
Staphylococcus aureus, Staphylococcus epidermidis, Streptococcus hemolyticus, Bacillus
subtilis  (Agustaet al.,1999), Klebsiella pneumoniae, Pseudomonas aeruginosa,
Enterococcus faecalis, Escherichia coli, Staphylococcus aureus, Salmonella
Typhimurium, Aspergillus fumigatus, Cryptococcus neoformans and Candida albicans
(Omokhua et al.,2018). Dichloromethane leaf extract showed inhibitory activities against
Staphylococcus aureus and Pseudomonas aeruginosa (Douglas et al., 2016). The
compound diversifolin, diversifolin methyl ether and tirotundin was active against
Bacillus subtilis (Rungeler et al., 1988). Tithoniaquinone A also possesses antimicrobial
properties against Bacillus megaterium and Microbotryum violaceum, while Psoralen has
strong algicidal, fungicidal and antibacterial activities (Bouberte et al.,2006).
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The nutritional analysis of T. diversifolia revealed that protein content was
(10.30%), Fats (1.90%), Fiber (5.80%) and carbohydrate content (61%) respectively. The
moisture content of the leaf was (10%), total ash (11.00%), sulfated ash (2.10%) and acid-
insoluble ash (1.33%). The stem part of the plant contains moisture (20.6%), total ash
(6.55%), acid insoluble ash (0.33%), sulfated ash (14.0%), protein content (9.62%), fat
(4.21%), fiber (15.82%), carbohydrate (70.35%), volatile ether sol. (1.66%), water sol.
(0.33%) and diluted alcohol solution (5.66%). It was also enriched with the compound
flavonoids, tannins, saponins and cardiac glycosides. In all the plant's parts (root, stem
and leaf) carbohydrate was found to be highest (41.84 + 0.19) followed by crude fibre
(32.79 £ 0.10%,), moisture (9.19 + 0.05%), total ash (8.97 £ 0.07%,), crude protein (5.99
+ 0.24%) and crude fat (1.19 = 0.05%). It also has alkaloids (53.33 + 6.58 mg/100 @)
followed by tannins (382.22 = 7.58 mg/100 g), flavonoids (338.89 + 3.50 mg/100 g),
saponins (327.78 + 7.33 mg/100 g), terpenoids (65.00 + 3.69 mg/100 g) and phenols
(48.46 + 0.32 mg/100 g) (Olayinka et al., 2015). The flower contains phenolic compounds
of tannins, flavonoids and total phenols (Essiett et al., 2013). The essential oil of the
flower was also enriched with Tagitinin A (I, R = a-OH), C (1), F (111), and tirotundin (I,
R = H) (Baruah et al.,1979), Tirotundin (I) (Calzada and Ciccio, 1978), Germacrene D, b-
caryophyllene and bicyclogermacrene (Moronkola et al.,2007), a-pinene, (Z)--ocimene,
limonene and p-mentha-1,5- dien-8-ol. It was reported that the compound of the flower
oil was found to be similar to the leaf oil of this species (Menut et al., 1992). Several
aliphatic fatty acids, diterpenoid compounds and aracopimaradiene were also present in
the flower, which could not be detected in the leaf oil (Moronkolaet al., 2007). Leaf
extract was incorporated with germacrene sesquiterpene, l1-acetyltagitinin A and a
guaianane sesquiterpene, 8 betaisobutyryloxycumambranolide (Kuo and Chen, 1988),
tithoniquinone A and the ceramide, named as tithoniamide B, (Bouberte et al., 2016),
caffeic acid derivatives {(E)-3-(((3-(3,4dihydroxyphenyl) acryloyl)oxy)methyl)-2-
methyloxyrane-2-carboxylic acid}, (Pulido et el., 2017). The polar extract of the leaf
consists primarily of chlorogenic acids (CAs), the leaf rinse extract is rich in
sesquiterpene lactones and includes a few flavonoids (Chagas-Paula et al., 2011). Ethyl
acetate and methanol extracts of leaves contain tannins, terpenoids, saponins, phenols and
flavanoids (Douglas et al.,2016). The leaf essential oil possesses a-pinene, -
caryophyllene, germacrene D, B-pinene and 1,8-cineole (Moronkola et al.,2007). Aqueous
extract of the leaves contains saponins, alkaloids and tannins (Nafiu et al., 2014),
sesquiterpene lactones i.e.8B-O-(2-methylbutyroyl) tirotundin and 8p-O-(isovaleroyl)
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tirotundin (Miranda et al., 2015). Extractnfrom the aerial parts of the plant posess palmitic
acid; 9-pentadecadien-1-ol; benzyl benzoate; stearaldehyde; a-methylamine; 1,2,3,5-
cyclohexantetrol (Agustaet and jamall1999), Tagitinin A, tagitinin C, 3,5-di-
Ocaffeoylquinic (Zhou et al.,2000), sesquiterpenoids ie., 2a- hydroxytirotundin,
tithofolinolide, and  3a-acetoxydiversifolol,  3b-acetoxy-8b-isobutyryloxyreynosin,
tagitinin C, 1b,2a-epoxytagitinin C , 4a,10a-dihydroxy-3-0x0-8b- isobutyryloxyguaia-
11(13)-en-12,6a-olide, 3a-acetoxy-4a-hydroxy-11(13)-eudesmen-12-oic acid Me ester,
17,20- dihydroxygeranylnerol, tagitinin A and tirotundin (Gu et al.,2002), sesquiterpenes
of la-hydroxytirotundin 3-O-methyl ether, la-hydroxydiversifolin 3-O-methyl ether,
4b,10b-dihydroxy-3-o0x0-8b-isobutyroyloxyguaia-11(13)-en6,12-olide (Kuroda et
al.,2007), Vanillin, ergosterol, ergosterol peroxide, 3-methoxy-4-hydroxy-trans-
cinnamaldehyde, p-hydroxybenzaldehyde, 7-Me esculetin, 5-hydroxy Me furfural and 13-
hydroxy eupatene (Zhao et al.,2010),monoterpene hydrocarbons (22.2%), oxygenated
monoterpenes (4.6%), sesquiterpenes hydrocarbons (58.2%) and oxygenated
sesquiterpenes (10.8%) (Gbolade et al.,2008), germacrane sesquiterpenes (1), (2), (3)
(Zhao et al., 2012), sesquiterpene lactone 8-(2-methylbutanoyl)-3,10-epoxy-3,8-
dihydroxyl-4,11(13)-germacradien-12,6-olide (I) (Elufioye et al., 2004), chromene
glycoside, 6-acetyl-2,2-dimethylchromene-8-O-b-D-glucoside (Zhai et al.,, 2010),
monoterpenes: (1S,2R,3R,5S)-2-hydroxymethyl-6,6-dimethylbicyclo[3.1.1]heptane-2,3-
diol and (3R)-6,6-dimethyl-4-methylenebicyclo[3.1.1]heptane-1,3-diol-3-O-
bglucopyranoside (Liet al., 2013). Ethyl acetate extract of aerial part yielded 8p-O-(2-
methylbutyroyl) tirotundin and 8B-O-(isovaleroyl) tirotundin (Miranda et al.,2015). The
volatile oil of the aerial part also contains monoterpene hydrocarbons (87.9%), cis-f-
ocimene (43.7%), a-pinene (28.6%) and limonene (12.0%) being the main compounds.
Sesquiterpenes represented ca. 10% oil (Gbolade et al.,2008), o Pinene (63.81%),
Limonene (7.07%), B-Caryophyllene (4.85%), Bicyclogermacrene (2.95%), Sabinene
(2.78%) and Spathulenol (2.702%) (Li et al., 2013), a-pinene (63.64%), B-pinene
(15.00%), isocaryophyllene (7.62%), nerolidol (3.70%), 1-tridecanol (1.75%), limonene
(1.52%) and sabinene (1.00%) (Wanzala et al.,2014). The root part of the plant contains
chromone, 6-acetyl-7-hydroxy-2,3-dimethylchromone (Kuo, 1999). It has also been
reported that the compound which is present in the leaf oil are monoterpenoids (88.2%)
out of which 87.4% are monoterpene hydrocarbons and some sesquiterpene hydrocarbons
(8%). The major constituent was (Z)-b-ocimene (40.2%) (Lamaty et al., 1991).
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MATERIALS AND METHODS

To fulfill the objectives of the study, the ethnobotanical survey was carried out in the
Aizawl District of Mizoram. The traditional healers were consulted for the traditional
remedies for the treatment of skin ailments. The medicinal plants related to the formulations
suggested by the traditional healers were collected within the state of Mizoram. The
preliminary processing of the medicinal plants for the extraction was done at the Department
of Horticulture, Aromatic and Medicinal Plants, Mizoram University, Aizawl, while part of
the physicochemical analysis, phytochemical analysis and bio-prospection investigation was
carried out at the Molecular Bio-prospection Department Laboratory, Council of Scientific
and Industrial Research (CSIR) — Central Institute of Medicinal and Aromatic Plants
(CIMAP).

The work plans to achieve the objectives were categorized in the following sequence:

1. Collection and categorization of some formulated products, used against skin
ailments/ remedies and practices among the tribal communities/ traditional healers
in Mizoram,

2. Physicochemical analysis of the selected formulations,

3. Phytochemical analysis of the selected formulations,

4. Bio-prospection against the pathogenic fungi/ Dermatophytes.

3.1Study area:

The study area was confined to the Aizawl district of Mizoram located in the eastern side of
NE India, sandwiched between Bangladesh and Myanmar between 23°43'44"N to
92°43'04"E. The topography of the region consists of parallel hill ranges running in the
North-South direction, with an altitude varying from 40m to 2157 m above mean sea level.
The terrain is highly dissected with streams and rivers. Forest cover is primary and secondary
type, comprising tropical wet evergreen, tropical semi-evergreen and sub-tropical type
forests. The area of the Aizawl district is 3577sq. km and the weather are pleasant with an
equable warm climate throughout the year with moderate to chilly winter during November -
January at higher altitudes. The annual temperature ranges between 11°C to 30°C & the

average rainfall is 215 cm.
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3.2  Ethnobotanical survey:

In the present study, the main emphasis was given to the traditional practitioner(s) /
Medicinal Plantusers of the Aizawl district of Mizoram.The information was collected based
on interviews, through semi-structured questionnaires(Annexure-1)to decipher the
information related to the medicinal plants used in the ethnomedicinal formulae.The dialogue
with the traditional healer also emphasized the plant parts used along with the technique of
preparation, its dosage, duration, along the method of treatment for its scientific exploration.

3.3Physicochemical analysis of the selected formulations:
2.3.1 Appearance:

The appearance of the essential oils and the extract was recorded based on the visual

observation of its colourand its tint about light, dark, bright or paleness.
3.3.2 Texture:

The texture of the samples was recorded by physical characteristics like oily, non-sticky

aromatic oil, greasy semi-solid, slimy, sticky, greasyor free-flowing.
3.3.3 Odour:

The odour was recorded randomly through personal observations from volunteers which

ranged from lemony, bitter, camphorous, strong, repelling, sweet or pleasant.
3.3.4 Flashpoint:

The flashpoint (Tg¢) analyser(Ametek, Grabner Instrument, Austria) controlled by
Cockpitsoftware was used to measure the flashpoint of each essential oil. About 2.0mL of
essential oil was taken from the sample cap and placed in the furnace chamber. To assist the
experiment, a standard method ASTM-D6450 was used. During the measurement of Tt
(Flashpoint temperature), dmax Was set up to 26.5 P«. and Pchamber Was invariably calibrated at
99.0 KPa. The T; (Initial temperature) and T+ (Final temperature) was programmed up to 60°C
and 130°C respectively. For the appropriate precision, the nominal value was set at 100°C.
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3.3.5 Specific Gravity:

The specific gravity of the essential oils was recorded using the instrument KEM- Density/

Specific gravity meter DA-500.
3.3.6 Optical rotation:

The optical rotation of the essential oils was determined using the Polarimeter (MCP 150,
Anton Paar, Austria) as per users instructions. Briefly, the sample in a tube was placed in the
polarimeter for determining the dextrorotatory (+) or Laevorotatory (-) characteristic of the

oil at 20°C. Mean values from three repetitions were considered as the result.
3.3.7 Refractive index:

The optical rotation of the essential oils was determined using the Refractometer (Abbemat
3200, Anton Paar, Austria) as per users instructions. Briefly, the instrument was switched on
10-15 minutes before recording the observations and the temperature was set to 20°C. The
instrument was calibrated using distilled water. The sample was placed on the prism and
covered with a cover plate. Three subsequent readings were considered to arrive at the mean

value of the sample.
3.3.8 Thermogravimetric analysis (TGA):

The thermogravimetric analysisof the essential oils was recorded using the instrument TGA-
DSC-1 Mettler toledo.

3.3.9 Solubility in water:

This property plays a significant role in determining the quality of the sample. 1ml/1mg of
the sample was introduced into a 10 ml glass stoppered cylinder (calibrated to 0.1 ml). Water
was then pipetted into it drop by drop with concurrent shaking of the cylinder after each
addition. The solubility of the sample was checked through visual observation.

3.3.10 Solubility in different organic solvents:

Solubility is an important parameter for checking the quality of the essential oil. Generally,
the solubility is checked in dilute solutions of absolute alcohol it is of the highest polarity and
it gives an idea about the presence of nature of components present in the material. However,

the solubility test in alcohol is an important parameter to check the presence of any added

39



heavy material in essential oil which may sometimes get undetected by analyzing other

parameters including GC.

100pL of each of the oil samples were instilled into the glass vials to test the solubility
of each oil. Various ratios of ethanol: water and hexane:water from 1:9 to 9:1 were vortexed

to check the solubility and the observations were recorded.

3.4 Phytochemical analysis of the selected formulations:

3.4.1 Extraction of the plant secondary metabolites in the form of the essential oil/

extracts:

The selected plants were subjected to extraction of their secondary metabolites (extract/
essential oil). The soxhlet apparatus was used for extraction of the plant extract, using
different solvents (viz., Petroleum ether, Chloroform,Benzene, Methanol etc).However, the
hydro distillation method, using Clevenger’'s apparatus (Clevenger 1928), was used for
isolating the essential oil from aromatic plants.Specific plant parts used for the extraction of

the secondary metabolites were leaves, fruitsand rhizomes.

3.4.2 Soxhlet Extraction Method:

Soxhlet extractor is a hot continuous extraction device invented by Franz von soxhlet in
1879,designed for processing certain kinds of solids for extraction of secondary metabolites.
Soxhlet extractor allows continuous treatment of a sample with a suitable solvent over hours
or days to extract the desired compound. Briefly, the plant material was shade dried and
chopped into small pieces and weighed. The weighed material is put into a cylindrical porous
bag made of muslin cloth. The temperature is adjusted to the boiling point of the solvent
being used, such that the solvent boils slowly and vaporizes. The vapours condense which
gets directed to the plant material in the chamber from bottom to top. The plant material gets
soaked with the solvent and once the solvent level reaches the siphon tube all the solvent gets
siphoned back to the boiling flask. This cycle continues until the plant material releases a

clear solvent which can be observed coming out of the siphon tube. The boiling flask
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containing the extract in the solvent is vacuum dried to get a concentrated extract using a

rotary evaporator.
3.4.3 Hydro-distillationMethod:

In hydro-distillation, a Clevenger apparatus is commonly used for the extraction of secondary
metabolites.Clevenger apparatus is a glass apparatus invented by Clevenger (1928) and is
commonly used for the extraction of volatile plant secondary metabolites/ essential oil. The
method was utilized to isolate the essential oils from the aromatic plants. Briefly, the plant
material (leaves, stems, fruits/fruit rinds, and rhizomes etc.)were washed, dried and chopped
into small pieces. The material was filled into the flask and water was filled in a range of 50-
70%, depending upon the type of material. The apparatus is heated to boil the water. The
essential oil which gets evaporated gets condensed along with water. The oil being lighter
floats on top of condensed water that can be collected at the end of hydro-distillation. The
whole process takes about 4-6 hours upon which the essential oil is collected and added to

anhydrous sodium sulphate to remove the dissolved water droplets.

In case the yield of the oil is too less and gets solidified with anhydrous sodium sulphate, or
even to extract the oil from the left out sodium sulphate, the same is extracted out with

dichloromethane to recover the essential oil.

3.4.4 ldentification of the active constituents from selected plants:

The plant extract of Litcea cubeba,Cymbopogon flexuosus, Zingiber officinale,
Artemisia vulgaris, Citrus macroptera and Tithonia diversifolia essential oils and
ethanol extract were subjected to identification of their active constituents. This was

achieved using the following methods and their observations were recorded.

3.4.5 GC and GC-MS analysis:

The essential oil analysis was carried out using GC-FID and GC-MS techniques.
Quantification of the essential oil constituents was done on Centurion Scientific Gas
Chromatograph (model CS-5800), equipped with flame ionisation detector (FID) and

BP-5 fused silica capillary column (5% phenyl)-polymethylsiloxane stationary phase;
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30m - 0.25 mm internal diameter; film thickness 0.25 pum). The oven temperature was
programmed from 60°C to 240°C with an increase of 3°C min-1 and a final hold time of
10 min. The injector and detector temperatures were 240°C and 250°C, respectively.
Nitrogen was used as carrier gas at 1.0 mL min-1. The injection volume was 0.3 pL
(diluted in hexane: 1:3) with a split ratio of 1:60. GC-MS analysis was done using a
Clarus 680 GC interfaced with a Clarus SQ 8C mass spectrometer of PerkinElmer fitted
with Elite-5 MS fused-silica capillary column (5% phenyl)-polymethylsiloxane
stationary phase; 30 m x 0.25 mm internal diameter, film thickness 0.25 pum). The oven
temperature program was from 60 to 240°C, at 3°C min-1, and programmed to 270°C at
5°C min-1. Injector temperature was 250°C; transfer line and source temperatures were
220°C; injection size 0.03 pL neat; split ratio 1:50; carrier gas He at 1.0 mL min-1,;
ionization energy 70 eV; mass scan ranges 40-450 amu. Identification of the essential
oil constituents was achieved based on retention index (RI), MS Library search (NIST
and WILEY), and by comparing Rl and mass spectral data with the literature (Adams,
2007). The relative amounts of individual components were calculated based on GC
peak area (FID response) without using a correction factor.

3.4.6 HPLC analysis:

Upon screening the most active extracts through in vitro and in vivo studies, the
leadextracts found to be most active were subjected to HPLC analysis to detect the
natureor type of compounds present. The RP-HPLC-PDA system was used for
thepreparation and characterization of compounds in samples. Waters (Milford MA,
USA) HPLC system equipped with a binary pump, manual injector, photodiode array
detector(PDA, model 996), Empower Pro software (Waters, USA) were used for the
analysis.For the separation and quantification of compounds, the RP Column of Sunfire

C18 (4.6mmx250mm, Spum coating; Waters, USA) was used.

The standards used in the study were Ascorbic acid, Chatechin, Syringic acid, Narigin
and Bicalein. Each standard was dissolved in methanol and the stock solution was
prepared at a concentration of Img/mL. The analysis of the samples was performed by

using a gradient solvent system at 30°C.
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The mobile phases for gradient elution comprised of solvent A (0.1% TFA withwater)
and B (Methanol, 100%), mixed according to the following profile: 25% B t035% B (0-
25 min), then 35% B to 50% B (25-50 min), then 50% B to 80% B (50-60min) and 80%
to 100% B (60-70 min). 20 uL of injection volume was used forstandards and samples
with 0.8 mL/min flow rate. The Signals were detected at 228and 278 nm for the

quantification of compounds (Tewari et al., 2017).

3.5 Bioprospection against the pathogenic fungi/ Dermatophytes:
3.5.1 Procurement of test organism from CIMAPLucknow:

Five common dermatophytes viz., Trichophyton rubrum; Microsporum
gypseum,Malassezia furfur, Candida albicans and Staphylococcus aureus,which cause
skininfections in human beings, were selected for the present investigation. The
authentic cultures of these dermatophytes were procured from the Microbial Type

Culture Collection (MTCC).The strains of the cultures were:
i) Trichophyton rubrum (MTCC-296)
i) Microsporum gypseum (MTCC-2819)
iii) Staphylococcus aureus (ATCC-6538)
iv) Malassezia furfur (MTCC-1374)

v) Candida albicans (ATCC-0443X-1)
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3.5.2 Protocol for Revival of Pathogens:

The cultures thus procured were subjected for the revival of the pathogens, using the

following protocols:

The ampoule wascarefully opened as the contents are in a vacuum.
With a sharp file the ampoule was markednear the middle of the cotton wool
The surface around the mark was disinfected with alcohol.

The ampoule was wrapped with thick cotton around and snapped at the marked

area.

The pointed tip of the ampoule was gently removed. Snap opening could draw the
cotton plug to one end; a hasty opening could release fine particles of dried

organisms into the air of the laboratory.

The cotton plug was carefully removed and added about 0.3 to 0.4 ml of SDA /
BHI /NA/ Dixon’s agar medium to make a suspension of the culture. Avoided
frothing or creating aerosols.

To the medium, a few drops of the suspension was streaked (solidified with agar)

in a Petri dish.

At recommended temperature (25+2°C for fungi and 37+2°C for bacteria),the Petri

dishes wereincubated and conditions for the proper culture.
For Malasezzia sp., we used Dixon’s agar and incubated the dishes at 30+2°C

When the ambient conditions were provided, colonies started showing up within 5-
7 daysand growth of the culture could be visible.

Before discarding all the remains of the original, ampoulesare treated as infected

and autoclaved.

3.5.3 Multiplication of the pathogens:

The revived cultures were multiplied on the Sabouraud’s Dextrose Agar (SDA), Brain Heart

Infusion (BHI)and Dixon Agar for further investigations.Throughout thestudy, a routine

ofsub-culturing was applied for purification and maintaining the pure culture.
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3.5.4 Preservation of the pathogens:

Preservation is required to maintain standard working stock which can be used for further
experiments and also they are reliable against loss due to equipment failure or contamination
by other microbial organisms. The bacterial strains are preserved by the method of freeze-
dried cultures (lyophilization) or at temperatures below -130°C (cryopreservation). Glycerol
and DMSO are used as cryoprotectant agents. The freshly grown bacterial strain under
optimal conditions in an appropriate medium was prepared for freezing. The sterile 20%
glycerol stock at a final concentration of 10% or 50% DMSO stock at a final concentration of
5% was added in a culture medium. It is then mixed with an equal amount of cell suspension.
Aliquot 1 to 1.8 mL of the bacterial suspension in 2 or 3 ml cryovials respectively with
appropriate identification code of the bacterial strain and the date. The plastic ampoules were
tightly sealed with the screw cap and ‘O’ ring on them. The cells were equilibrated in the
freezing medium at room temperature for a minimum of 15 minutes but no longer than 40
minutes. The vials were placed into a pre-cooled (4°C) chamber and then transfer again into
the mechanical freezer at -70°C (or colder) for at least 24 hours. Alternately, a pre-cooled
(4°C) programmable freezer unit was used, set to cool the vials at -1°C per minute until a
temperature below -40°C is achieved and then set the temperature to abruptly drop to -130°C.
Finally, the vials were quickly transferred into liquid nitrogen or a -130°C freezer. A proper
record of the location and details of the cryovials were maintained. After 24 hours at -130°C,
the cryopreserved strain was tested for viability by removing one vial and restoring it in the
culture medium. The recovery of cryopreserved cells requires the rapid thawing of the

bacterial suspension in a 37°C water bath.
3.5.5 Preparation of Stock Solution of the ‘Test Sample’:

Since, the entire ‘test sample’ used in the present research were insoluble in water but soluble
in organic solvents, hence, DMSO (dimethyl sulphoxide - an organic solvent) was used for

preparing their stock solution.
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(i) Preparation of stock solution for natural ‘test sample’:

10mg or higher concentration (100mg) of essential oil/ active constituent was weighed and

dissolved in 1 ml DMSO. The stock solution was aliquoted and stored at -4°C.
(ii) Preparation of stock solution for synthetic ‘test sample’ :

2-10mg of synthetic ‘test sample’ as a positive control was weighed and dissolved in 1 ml
DMSO. The stock solution was aliquot and stored at -20°C.

3.5.6 Disc Diffusion Assay (DDA):

Disc diffusion method is used for screening the anti-microbial properties of the extract. 0.1ml
of microbial suspension containing 1x10%cfu/ml inoculumwas uniformly spread over the
media to form a lawn of the culture. The stock solution was prepared in dimethyl sulfoxide
solvent (DMSO). Sterile What man paper discs (6 mm diameter) were onto the media plate
with the installation of 20ul of the stock solution. The plates with the discs were placed in an
was added and incubated in the incubator. Depending on the microorganism the time and
temperature of the incubator were set. Inset of controls and antibiotics/anti-fungal was used

as a negative control.The zone of inhibition was calculated by using the following formula:
W=(T-D)/2
Where:
W - Diameter of clear zone of inhibition
T - Total diameter of including disc and clear zone
D - Diameter of the test Disc
3.5.7Minimum Inhibitory Concentration (MIC):

e ‘U’ bottom 96 well Microtitre culture plates were used. All the wells were filled with
100pl of sterilized media from 1-11 and 200 pl in 12" of the plate using a

multichannel pipette.

e 100 pl of test sample{Antibiotic, extract fraction or compound (10mg/ml)} were
filled in the first well and serially diluted two folds up to the 10" well. 11" well was

used as growth control (broth + inoculum only)
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e 100pl of the inoculum was added to all the wells except at the 12" row (acts as a

blank control for sterility).
e The plate was incubated overnight at 25-27°C for fungi and at 35-37°C for bacteria.

e 40ul of 0.02mg/ml of p-iodonitrotetrazolium chloride wasfilled in each well and
again incubated for 2-4 hrs. (Weight 10mg of p-iodonitrotetrazolium chloride and
dissolve in 500ul of Ethanol ).

e The well containing the lowest dilution that shows colour indicates growth and so the

previous well indicates the MIC.
3.5.8 Minimum Fungicidal/Bactericidal concentration(MFC/MBC):

The minimum killing time was performed from the result of minimum inhibitory
concentration (MIC). 100ul from each row of MIC were spread on fresh media plates with
the help of a spreader. Incubation temperature was adjusted depending on the type of
pathogen. A clear plate without any colonies was indicative of the Minimum
Fungicidal/Bactericidal concentration.

3.5.9 Minimum Killing Time (MKT):

Briefly, 2X MIC level of the oil was prepared and inoculated with freshly prepared inoculum
(1 x 106CFU/mI) and incubated at 28°C /37°C. 50 pl samples from the above test tubes were
loaded and firmly spread with the help of L-shape spreader onto BHI /SDA/Dixon plates at 0,
4,6,9, 12, 18, 24,36 hours intervals and incubated overnight. The activity was observed after
overnight incubation of the plates at 28°C and 37°C for bacteria. No growth on the spread

plate was considered to be the time required by the oil to kill the organism.
3.5.10 Sorbitol Protection Assay:

In this assay,MIC determinationswere conducted with and without the presence of 0.8M
Sorbitol.

3.5.11 Scanning Electron Microscope (SEM):

The inoculum of the pathogen 0.5% McFarland was prepared and was treated with the
known 2X MIC value of the samples to investigate the morphological and structural changes.
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The cells were harvested after incubation time was over and washed three times with
phosphate buffer (0.1M, pH 7.2). Samples were fixed in 3% Glutaraldehyde (pH 7.2) for 12
hours and further rinsed with distilled water. Subsequently, samples were dehydrated with
increasing concentrations of acetone (20, 30, 50, 60, 70, 80, 90, and 100%) for 10 min in
each graded acetone concentration. Samples were dried in a critical point drier, mounted on
aluminium stubs using two-sided adhesive carbon tape and coated with a thin layer of gold
using Sputter Coater Unit (Quorum technology, UK). Coated samples were analyzed in a
scanning electron microscope (FEI, Netherlands), at an accelerated voltage of 15 - 20 Kv.

3.5.12 Confocal microscope:

The tested pathogensat the logarithmic phase were added in tubes containing Samples of
essential oil /Extract (2X MIC) and cultured at 28°C/ 37°C for 4-6 hrs. The group without
test sampleswere marked as a control. After 6 hrs incubation both the control group and
treated groups of pathogen suspension was centrifuged at 10000rpm for 10 minutes. The
supernatant was removed and the pellet was incubated with 10 ug/mL—1 4'6-diamidino- 2-
phenylindole (DAPI) in dark for 15 min. The pathogen suspension was again centrifuged and
reconstituted with Phosphate Buffer Solution (PBS). Prepared samples were further analysed
using LSCM (Leica Microsystems CMS GmbH, Mannheim, Germany) with an excitation
wavelength of 364 nm and an emission wavelength of 454 nm (TCS SP5 II, Leica,

Germany).
3.5.13 Protocol for Skin irritation test:

New Zealand White rabbits were used for the experiment. The fur of the animals was
carefully removed and shaved on the lateral sides of the body. Either side of the body of each
animal was considered as a control and test site. The animals were kept undisturbed for 2-3
days, to ensure that minor inflammation subsides before the actual experiment. One square
inch area was marked and 50l of the test sample was applied. A non-absorbant patch was
placed over the marked area and secured with micropore tape for 4 hours. The same was
removed and washed with normal water to remove the test material. Observations were taken
after 4, 24, 48 and 72 hrs. The observations were scored (on a scale of 0-4) based on cardinal
symptoms of pain and inflammation i.e., erythema (redness), and oedema (swelling). The

average score of the observations was used to calculate the primary irritation index (PII) by
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subtracting the score of the control site from the test site scores. Federal Health Standards

Act was considered to interpret the result.
3.5.14 Cytotoxicity study:

The cell viability studies were undertaken in J774A.1 cells which are macrophages derived
from mouse monocytes. These are mostly adherent cells that are active in antibody-
dependent phagocytosis. They synthesize large amounts of lysozyme and exhibits minor
cytolysis but predominantly antibody-dependent phagocytosis. Interleukin 1 beta (lI1b) is
synthesized continuously by this line.

Cell viability was determined by wusing the 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium (MTT) assay.The MTT assay determines the viability of cells by the
reduction of yellow soluble MTT in the metabolically active cells. J774A.1 cells were seeded
at a density of 0.5x10° cells/mL in 96 well plates at 37°C under 5% CO>.The adherent cells
were treated with different concentrations(0.1ug, 1ug, 10ug) of samples using DMSO as
diluent. However, the concentration of DMSO in the final treatment did not exceed 1%. Cells
incubated in culture medium alone served as a control for cell viability (untreated wells).
After incubation, 20 pL. of MTT solution (5 mg/mL in PBS) was added to each well and left
for incubation again for 4hrs. Following incubation, 200 pL of supernatant culture medium
were carefully aspirated and replaced with 200 puL. of DMSO to dissolve the formazan
crystals, followed by incubation for 10 minutes. The culture plates are then read
spectrophotometrically (Molecular Devices, USA) at 550nm. The rise in optical density is
directly proportional to the number of viable cells. The results were expressed relative to the

control (untreated cells) wells.Cell viability was calculated and expressed as the percentage.

% Survival = (Mean experimental absorbance) 100
o ourvivat = (mean control abosorbance) x

3.5.15 Maintenance of J774A.1 cell line:

J774A.1 cells are mostly adherent macrophages which are obtained from Mus musculus,
mouse of BALB/c strain. J774A.1 cells are active in antibody-dependent phagocytosis and
their growth is inhibited by dextran sulphate and LPS.They synthesize large amounts of
lysozyme and exhibits minor cytolysis but predominantly antibody-dependent phagocytosis.

Interleukin 1 beta (IL1P) is synthesized continuously by this line.The cell line was procured
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from the National Centre for Cell Sciences, Pune, India and maintained in our cell culture
facility. The cells were maintained and grown in Dulbecco's Modified Eagle's
Mediumcontaining 10% fetal bovine serum in 75 cm? flask, D-glucose, Sodium bicarbonate,
100 1U/ml penicillin and 100 pg/ml streptomycin and fungizone in a humidified incubator, at
37°C and 5% CO2 atmosphere. Cryopreservation of the cells is done in a complete growth
medium supplemented with 5%(v/v) DMSO and stored in the vapour phase of liquid

nitrogen.
3.5.16 In-vitro anti-inflammatory profile:

J774A.1 cells were obtained from the National Centre for Cell Sciences (NCCS, Pune,
India). Cells were cultured in DMEM (Dulbecco’sModified Eagle’sMedium, Sigma)
supplemented with 10% fetal bovine serum (FBS) with 1x stabilized antibiotic—anti-mycotic
solution (Sigma) in a COz incubator at 37°C with 5% CO2 and 90% relative humidity (Singh
et al. 2014). Cells at a concentration of 0.5x 10° live cells/mLwere used for the
experimentation. Cells were treated with test samplesand dexamethasone at the concentration
of 1%, 0.1%, 0.01%, 0.001% and 1 pg/ml respectively, followed by stimulation with
lipopolysaccharide (LPS) (0.1 pg/ml ) for 6 hours. Pro-inflammatory mediators Tumour
Necrosis Factor-o (TNF-a)in cell culture supernatant were determined by using Human-
specific Enzyme Immuno Assay (EIA) kits (BD Biosciences, USA) following the

manufacturer’s protocol.

3.5.17 Effect of temperature on the efficacy of oil/ extract:

Effect of temperature on the efficacy of oil Zingiber officinale, Artemisia vulgaris,
Litsea cubeba, Cymbopogon flexuosus and Tithonia diversifolia was also determined.
Samples dissolved in DMSO was put in small vials andthey were exposed at 40, 60 and 80°C
in a hot water bath, separately. Further, the efficacy of the test sample was tested against the
test microorganisms. This was made as per the usual method (NCCLS-2002), and the

observations were recorded.
3.5.18 Comparison with some Synthetic Fungicides/ Antifungal drugs:

The efficacy of the essential oil and extract of Zingiber officinale, Litsea cubeba, Artemisia

vulgaris, Cymbopogon flexuosus, Citrus macroptera and Tithonia diversifolia was compared
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with some synthetic antifungal drugs, available in the market viz., Clotrimazole,
Vancomycin. The observations were recorded by comparing their minimum inhibitory

concentrations
3.6 Safety study:
3.6.1 Acute oral toxicity:

The safety profile of the bio-active extract at the dose of 2000 mg/kg body weight was
assessed through acute toxicity which was ascertained according to OECD (Organization for
Economic Co-operation and Development) guideline (N0.420) as reported by Chanda et al.,
(2009). Swiss albino mice were taken for the acute oral toxicity study and randomly divided
into experimental groups (6 mice/group comprising of 3 males and 3 females caged
separately) weighing between 20 + 2g.Before the start of the trial,the experimental mice were
keptfasting overnight. Samples were prepared in 0.7% Carboxy-methyl-cellulose (CMC) and
administered orally at a single oral dose.

The animals were observed for the first four hours and thereafter overnight for any
abnormality in the skin, mucous membrane, eyes, secretions and excretion, lachrymation,
piloerection, respiration pattern etc. In addition to the observational study, body weight(s)
were recorded and the blood of each experimental mice was collected through the retro-
orbital route for haematological (RBC, WBC, and haemoglobin) parameters and serum was
separated from the blood for the serum biochemical parameters.The animals were then
sacrificed and necropsied for any gross pathological changes. Weight of vital organs like
liver, heart, kidney etc. was also recorded.

3.6.1.1 Hematological analysis:

Total White Blood Cell (WBC) and Red Blood Cells (RBC) counting was attainedthrough
microscopy (DMLB 2, Leica, Germany) at 40X magnification using a Neubauer’s chamber.
3.6.1.2 Red Blood Corpuscles (RBC) counting:

At the ratio of 1 to 200 respectively a dilution of blood and RBC diluting fluid was prepared.
10 pl of the diluted sample was placed in the Neubauer’s chamber and the prepared solution
was allowed to settle for a couple of minutes. The cells were counted microscopically by
using 40X objective. The number of cells in 5 areas of 16 squares was counted.

3.6.1.3 White Blood Corpuscles counting:
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At the ratio of1 to 20 blood sample was mixed with WBC diluting fluid.10 pl of the diluted
sample(s)was introduced into a Neubauer’s chamber and counted under the microscope at

40X magnification. The number of cells from 4 areas of 16 corner squares was counted.
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Annexure-I|
Ref: MZU/HAMP/PhD/2014

QUESTIONNAIRE
Data acquisition questionnaire for Finished Product, Aizawl District, Mizoram

Informants
details:

Name : Sex: M/F Age:

Occupation

Education

Contact no. if

Location/Residence
any

EFFICACY
DATA:

Type of Plant

Habitat:

Local Name
Availability
Food purpose ; Medicinal purpose:

Site of predliction Skin/ Scal

Route of
application
Response of Patient Commercial purpose:
Any other

comments

RESPONDENTS CONSENT AGREEMENT

Dosage:

I , hereby agreed to participate in this study with my full consent
and consciousness and declare that to the best of my knowledge, the information that | have provided
is true, accurate and complete.

Date:
Signature/thumb impression
AVAILABILITY OF LITERATURE:
(Laldingngheti Bawitlung) (Dr. Awadhesh Kumar)
Ph.D. research Scholar Ph.D. Supervisor

Department of Horticulture Aromatic and Medicinal Plants, Mizoram University, Aizawl-
796004
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3.7 STOCKS, REAGENTS AND BUFFERS:
3.7.1 McFarland Standard:

According to the NCCLS/ CLSI norms the standard inoculums range from 1 x 10° cells /ml to
0.5 x 10° cells /ml. To prepare an inoculum with this range, the best method is- matching of
turbidity of the inoculums suspension at 530 nm with 0.5 McFarland standards. Because the
absorbance of 0.5 McFarland is equal to the absorbance of inoculums suspension containing
0.5 x 10° cells /ml.

3.7.2 Preparation of McFarland Standard Stocks:
1. 1% H2SO4: 2.04ml dissolved in 197.96 ml TDW (Triple Distilled Water)

2. 1% BaCl,: 0.1 gm dissolved in 10ml TDW.

3.7.2 Protocol for preparation of Standard McFarland solution

McFarland 1% H2SO4 1% BaCl:
1 9.9 0.1
2 9.8 0.2
3 9.7 0.3
4 9.6 0.4
5 9.5 0.5
6 94 0.6
7 9.3 0.7
8 9.2 0.8
9 9.1 0.9
10 9.0 1.0

Optical density was recorded at 530 nm. McFarland was diluted 10 times and corresponding

0O.D was recorded.

56



3.7.3Normal Saline Solution (0.9%o)

NaCl

0.8gm

D.W

100 mli

The contents were mixed well and then autoclaved at 121°C, 15 Ibs for 15 min.

3.7.4 Phosphate Buffered Saline (PBS)

NaCl 8gm
KCI 0.2gm
KH2PO4 1.44gm
NaHPO4 0.24gm
D.W 1000ml

3.7.5 MEDIA AND CHEMICALS:

2.7.5.1 Brain Heart Infusion agar (pH 7.0) Gms/ Litre

Beef heart, Infusion 250.0
Disodium phosphate 2.5
Nacl 5.0
Dextrose 2.0
Peptone 10.0
Calf Brain, Infusion 200.0
Agar 15.0
Makeup volume 1000

37.0 grams of the media was suspended in 1000 ml purified/distilled water. The medium was
mixed well, and dissolved completely. It was sterilized by autoclaving at 15 Ibs pressure
(2121°C) for 15 minutes. Cool to 45-50°C. Finally pour into sterile Petri plates.
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3.7.5.2 Sabouraud Dextrose Agar (pH 5.6£0.2) Gms/Litre

Dextrose (Glucose) 40.00
Mycological, peptone 10.00
Agar 15.00
Makeup volume 1000

65.0 grams of the media was suspended in 1000 ml purified/distilled water. The medium was
mixed well, and dissolved completely. It was sterilized by autoclaving at 15 Ibs pressure

(121°C) for 15 minutes. Cool to 45-50°C. Finally pour into sterile Petri plates.

3.7.4.3 Sabouraud’s Dextrose Broth (pH 5.6+0.2) Gms/L.itre

Dextrose (Glucose) 20.00
Peptone, special 10.00
Makeup volume 1000

30.0 grams of the media was suspended in 1000 ml purified/distilled water. The medium was
mixed well and dissolved completely. It was sterilized by autoclaving at 15 Ibs pressure

(121°C) for 15 minutes. Cool to 45-50°C. Finally pour into sterile Petri plates.

3.7.4.4 Dixon's Agar (Twin Pack) (pH 6.0£0.2) Gms / Litre

Part A

Malt extract 36.00
Peptone 36.00
Bile Dessicated 20.00
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Agar 14.50
Part B

Tween 10.00
Glycerol mono-oleate 5.00

15ml of fluid Part B was suspended in 1000 ml purified/distilled water. 106.5 grams of Part

A was added. Mix well and heat to boiling to dissolve the medium completely. It was

sterilized by autoclaving at 15 Ibs pressure (121°C) for 15 minutes. Cool to 45-50°C. Finally

pour into sterile Petri plates.

3.8 Preparation of RPMI-1640 Media (1X)

Components

Quantity/Volume

RPMI-1640 Media

3.24 gm

Double distilled water

40L

For further use, the prepared solution was filtered through a 0.22um syringe filter and
stored at 4°C.The prepared 1X solution of media was used as a stock solution.

3.81 Preparation of complete medium for cell lines

Quantity/Volume

Components

RPMI-1640 Media (1X) 200mL
Sodium bicarbonate (NaHCO3) 2100mg
Glucose 2000mg
Penicillin-streptomycin 10mL
Fungizone ImL
FBS 100mL
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3.8.2 Cryopreservation buffer

Components Quantity/volume
1. FBS (90%) 90 mL
2. DMSO (10%) 10 mL

The components mentioned above were mixed and filtered with a 0.22 um
syringe filter to make 100 mL of cryopreservation buffer for cell lines

3.9 Preparation of coating buffer for ELISA

Components Quantity
Sodium carbonate (Na2C0O3) 3.56 gm
Sodium bicarbonate (NaHCO3) 8.40 gm

The chemicals were mixed in 900 mL of double distilled water and the pH of the
solution was adjusted to 9.6. The final volume was achieved up to 1000 mL.

3.9.1 Preparation of washing buffer for ELISA

Components Quantity
1X PBS 1000 mL
Tween 20 0.5mL

For further use, the prepared solution was stored at 4°C
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3.9.2 Preparation of assay diluent for ELISA

Components Quantity/volume
1X PBS 1000 mL
FBS 100 mL

For further use, the prepared solution was stored at 4°C
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RESULTS

4.1 Collection, categorization, identification and documentation of common ethno

medicinal plants, used against skin ailments among the tribal communities:

The present research work was undertaken to decipher the scientific basis of traditional
formulations used by tribal communities or the traditional healers of Mizoram for treating
skin ailments. A detailed survey was conducted through verbal queries and it was
observed that the formulations being prescribed were related to itching of the skin or
scalp, pruritus, redness and inflammation. Further, discussions concluded the narrowing
down of six formulations for which we presumed the aetiology to be of microbial origin.
Analysing the components of the prescribed formulations, it was observed that the herbs
used were primarily Zingiber officinale, Litcea cubeba, Artemisia vulgaris, Cymbopogon

flexuosus, Citrus macroptera and Tithonia diversifolia. (Table 4.1).
4.2 Physico-chemical properties of selected essential oils:

The selected essential oils were subjected for various physio-chemical
characterization viz., appearance, odour, texture, specific gravity, optical rotation,
refractive index, flash point, Thermo gravimetric analysis (TGA), solubility in water and
solubility in an organic solvent. The observations thus recorded are given in (Table 4.2)
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Table 4.1 Formulations prescribed by the Mizo traditional healers for skin ailments

S.no. Formulae All_mer_ltlln Method of use Suspected
dication aetiology
Topical application of juice  Staphylococcus
or infusion of  aureus, Candida
Pimple,  Artemisia vulgaris and albicans,
1 Ringworm, Tithonia diversifolia on the Macrosporum
sore affected part of pimple, gypseum and
ringworm and other skin Trichophyton
infection. rubrum.
Staphylococcus
Topical application of juice  aureus, Candida
Ringworm, extracted from leaves and albican,
2 Pimple and fruits of Litsea cubeba on Macrosporum
pruritus  the affected part of gypseum and
different skin ailment Trichophyton
rubrum
Paste derived from the
homogenization of Macrosporum
Rinaworm extracted  juice  from gypseum,
ng . Zingiber officinale and the Trichophyton
3 pimple and o of . b did
Dandruff  PUIP © Persea americana  rubrum, Candida
(butter  fruit)  applied albicans and
topically on the infected Malassezia furfur
areas of the skin or scalp
Paste derived from
Zingiber officinale and Macrosporum
Pimole or essential oil of gypseum,
4 mp Cymbopogon flexuosus was Trichophyton
ringworm ) .
applied topically on the rubrum, and
infected region of pimple Candida albicans
and ringworm
The extracted juice of
Dandruff, T!tho_nla d'V.e r_S|foI|a, Malassezia furfur
. Zingiber officinale and
5 boil and . and Staphylococcus
. Citrus macroptera leaves
pimple A aureus
was used topically for
dandruff infection.
_Skm The extracted juice of
ailment o .
. Zingiber officinale and .
with . . .. Malassezia furfur,
- essential oil from the fruit
itching ; . Staphylococcus
6 rind of Citrus macroptera
followed was applied tovically on aureus and
by app pically Candida albican
inflammati the mfecte_:d _portion of
on different skin ailments.
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Table 4.2. Physio-chemical properties of selected essential oils and extract

Parameter studies Z'f‘g.'ber Artem|_3|a Litsea cubeba Cymbopogon Tlthqnla} Cirtus
officinale vulgaries flexuosus diversifolia macroptera
Appearance Light yellow Pale green Pale yellow Pale yellow Dark green B;(e)\ll;'gxh
Pleasant] Camphoros, Sweet fresh Pleasant
Odour y herb-like, and lemon citral, Citrusy scent Bitter . ’
pungent aroma bi Citrusy scent
itter green grassy
Non- sticky Non- sticky Non -sticky Non -sticky Greasy semi Non -sticky
Texture ; ; - - . -
aromatic aromatic aromatic aromatic solid aromatic
Flash point 59.5°C 66.5°C 84.5°C 88.5°C NA 51.5
Specific gravity at 25°C 0.9106 0.9403 0.8952 0.8951 NA 0.8474
Optical rotation at 20°C (+)6.28 (-)16.24 (+)0.4 (-)0.32 NA +93.68
Refractive index at 20°C 1.4888 1.4804 1.4868 1.4880 NA 1.47196
Thermo gravimetric 0 0 0 0 0
analysis (TGA) 195°C 200°C 205°C 207°C NA 146°C
Solubility in water Insoluble Insoluble Insoluble Insoluble Soluble Insoluble
Solubility in organic Soluble Soluble Soluble Soluble Soluble Soluble

solvent

NA-Not applicable (Ethanol extract)
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4.2.1 Flash Point of the essential oils

Ti 30.0 °C Tf 90.0 °C
Ti-T 0.0 °C Stirrer true
Cold filling true SQC true
Published Reproducibility 0.00 Accuracy Monitoring true
ARV 0.00 Pass/Fail-Evaluation true
Nominal value 70.0 °C

DeltaPmax = 23.6 kPa

Tflash = 84.5 °C Pchamber = 99.1 kPa

Pressure

25.96
50 20.0 kPa T
10
0
30 40 50 60 70 80 90
Temperature
Litsea cubeba
Ti 60.0 °C Tf 130.0 °C
Ti-T 0.0 °C Stirrer true
Cold filling true SQC true
Published Reproducibility 0.00 Accuracy Monitoring true
ARV 0.00 Pass/Fail-Evaluation true
Nominal value 100.0 °C
DeltaPmax = 35.2 kPa
Tflash = 88.5 °C Pchamber = 99.0 kPa
Pressure 38.72
30 T
5o 20.0 kPa
10
0
60 70 80 90 100 110 120 130

Temperature

Cymbopogon flexuosus
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Ti 50.0 °C Tf 150.0 °C

Ti-T 0.0 °C Stirrer true
Cold filling true SQC true
Published Reproducibility 0.00 Accuracy Monitoring true
ARV 0.00 Pass/Fail-Evaluation true
Nominal value 130.0 °C

DeltaPmax = 39.0 kPa

Tflash = 59.5 °C Pchamber = 99.1 kPa

Pressure

42.9
30
50 20.0/kPa
10 J
0
50 60 70 80 90 100 110 120 130 140 150
Temperature
Zingiber officinale
Ti 30.0 °C Tf 90.0 °C
Ti-T 0.0 °C Stirrer true
Cold filling true SQC true
Published Reproducibility 0.00 Accuracy Monitoring true
ARV 0.00 Pass/Fail-Evaluation true
Nominal value 70.0 °C
DeltaPmax = 49.5 kPa
Tflash = 65.5 °C Pchamber = 99.1 kPa
Pressure 54.45
40
30
50 20.0 kPa
10 l
0
30 40 50 60 70 80 90

Temperature

Artemisia vulgaris
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Ti 50,0 °C Tf 150,0 °C

Ti-T 0.0°C Stirrer true
Cold filling false SQC false
Published Reproducibility 0,00 Accuracy Monitoring true
ARV 0,00 Pass/Fail-Evaluation true
Nominal value 790°C

DeltaPmax = 50,1 kPa

_ Pchamber = 99,5 kPa

Pressure 55.11

10

50 60 70 80 9 100 110 120 130 140 150
Temperature

Citrus macroptera
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4.2.2 Thermogravimetric analysis(TGA)of bio-active essential oils

Aexo
mg
i L.cubeba
o 7.1200mg
4-
2-
o-ﬂg 100 150 200 250 300 350 400 450 500 550 °C
e e e B e R P S e e e e v e e e e e
0 2 4 6 8 10 12 14 16 18 20 22 24 26 min
CIMAP Lucknow: METTLER STAR® SW 11.00
Aexo
mg
]
* C.flexuosus
1 6.9300mg
4_
2-.
03 100 150 200 250 300 350 400 450 500 550 °C
(1] 2 4 6 8 10 12 14 16 18 20 22 24 26 min
CIMAP Lucknow: METTLER STAR® SW 11.00
Aexo
mg
!
6
Z.officinale
6.6010mg
4
2
o 100 150 200 250 300 350 400 450 500 550 °C
o 2 4 6 8 10 12 14 16 18 20 22 24 26 min

CIMAP Lucknow: METTLER
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Aexo

0

2

100

4

150

6

200

A.vulgaris
6.8160 mg

250

10

300

12

14

350

16

400

18

450

20

500

22

24

550

26

°C

CIMAP Lucknow: METTLER

Aexo

STAR® SW 11.00

hin~-1

-0.5

-1.0

C.macroptera
7.6900mg

-1.5

-2.0

20

22

24 26 min

CIMAP Lucknow: METTLER
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4.3 ldentification of the volatile compounds from selected plant essential oils:

The essential oils of Litsea cubeba, Cymbopogon flexuosus, Zingiber officinale,
Artemisia vulgaris, Citrus macroptera and Tithonia diversifolia were subjected to
identification of their active constituents. The observations were recorded as follows:

4.3.1 Volatile compounds of Litsea cubeba essential oil using GC MS analysis:

The GC-MS analysis of the essential oil of Litsea cubeba revealed the following
major compounds; Geranial (=Citral a) (26.64%), Geranyl acetate (20.51%), Neral (=Citral b)
(19.52%) and Geraniol (19.51%). Besides, other minor compounds detected and quantified

have been mentioned in the (Table 4.3.1)

Table 4.3.1: Volatile compounds of Litsea cubeba essential oil

S.no. Compound Content (%)
1. Geranial (=Citral a) 26.64
2. Geranyl acetate 20.51
3. Neral (=Citral b) 19.52
4. Geraniol 19.51
5. Camphene 0.09
6. 6-Methyl-5-hepten-2-one 0.42
7. Myrcene 0.48
8. Limonene 0.41
9. Linalool 2.32
10. Citronellal 0.56
11. (E)-Isocitral (=Isogeranial) 0.76
12. Citronellol + Nerol 1.97
13. Citronellyl acetate 0.37
14. (E)-Caryophyllene 0.36
15. Caryophyllene oxide 0.19

Total identified (%) 94.11
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4.3.2 Volatile compounds of Cymbopogon flexuosus essential oil using GC-MS analysis:

The GC-MS analysis of the essential oil of Cymbopogon flexuosus revealed Geranial
(=Citral a) (48.10%), Neral (=Citral b) (36.80%), (E)-Isocitral (=Isogeranial) (1.19%),
Geraniol (1.78%) and Linalool (1.74%) as the major constituents. The other minor

compounds that were quantified have been tabulated below (Table 4.3.2).

Table 4.3.2 Volatile compounds of Lemongrass essential oil

S.no. Compound Content (%)
1. Geranial (=Citral a) 48.10
2. Neral (=Citral b) 36.80
3. (E)-Isocitral (=lsogeranial) 1.19
4. Linalool 1.74
5. Geraniol 1.78
6. a-pinene 0.08
7. Sabinene 0.21
8. B-pinene 0.07
9. 6-Methyl-5-hepten-2-one 0.60
10. Myrcene 0.09
11. Limonene 0.53
12. 1,8-cineole 0.13
13. (E)-B-Ocimene 0.06
14. y-Terpinene 0.03
15. Citronellal 0.96
16. (2)-1socitral (=Isoneral) 0.64
17. Nerol 0.23
18. Dimethoxy-(Z)-citral 0.23
19. Dimethoxy-(E)-citral 0.62
20. Geranyl acetate 0.05
21. (E)-Caryophyllene 0.04
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4.3.3 Volatile compounds of Zingiber officinale essential oil using GC-MS analysis:

The GC-MS analysis of the essential oil of Zingiber officinale shows; Geranial
(=Citral a) (17.75%), Neral (=Citral b) (12.35%), Camphene (10.40%) and a-Zingiberene
(5.87%) as the major constituents. However, many of the minor compounds were also
quantified, all of which have been tabulated in (Table 4.3.3)

Table 4.3.3 Volatile compounds of Zingiber officinale essential oil

S.no. Compound Content (%)
1. Geranial (=Citral a) 17.75
2. Neral (=Citral b) 12.35
3. Camphene 10.40
4. a-Zingiberene 5.87
5. (E,E)-a-Farnesene + B-Bisabolene 5.29
6. Limonene + B-Phellandrene 4.74
7. ar-Curcumene 4.86
8. Geraniol 4.00
9. 1,8-Cineole 3.16
10. Linalool 2.05
11. a-Thujene 0.16
12. a-Pinene 2.89
13. Sabinene 0.06
14. -pinene 0.29
15. 6-Methyl-5-hepten-2-one 0.55
16. Myrcene 1.47
17. a-Phellandrene 0.15
18. 0-3-Carene 0.06
19. p-Cymene 0.17
20. y-Terpinene 0.05
21. Terpinolene 0.36
22. Citronellal 0.25
23. Borneol 2.81
24, Terpinen-4-ol 0.60
25. a-Terpineol 0.94
26. Citronellol + nerol 1.50
27. Geranyl acetate 0.22
28. B-elemene 0.25
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29. (E)-Caryophyllene 0.03

30. [-Sesquiphellandrene 3.45
31. (E)-Nerolidol 1.21
Total identified (%) 87.94

4.3.4 Volatile compounds of Artemisia vulgaris essential oil using GC-MS analysis:

The GC-MS analysis of the essential oil of Artemisia vulgaris shows; 1,8-Cineole
(11.89%), Germacrene D (7.21%), Borneol (6.88%) and 5-Cadinene (5.33%) as the major

constituents (Table 4.3.4). The minor compounds have also been tabulated.

Table 4.3.4 Volatile compounds of Artemisia vulgaris essential oil

S.no. Compound Content (%)
1. 1,8-Cineole 11.89
2. Germacrene D 7.21
3. Borneol 6.88
4. d-Cadinene 5.33
5. cis-Chrysanthenol 5.02
6. Sabinene 4.12
7. a-Thujene 0.05
8. a-Pinene 1.15
Q. Camphene 1.13
10. -pinene 0.60
11. 1-Octen-3-ol 0.13
12. Myrcene 0.36
13. a-Terpinene 0.17
14. p-Cymene 0.72
15. Limonene T
16.  Artemisia ketone 2.48
17. Linalool 0.58
18.  trans-Chrysanthenol + trans-Thujone (minor) 4.47
19. Chrysanthenone 0.83
20. Camphor 3.42
21. Terpinen-4-ol 1.53
22. a-Terpineol 1.32
23. Piperitone 1.33
24. Bornyl acetate 0.68
25. 6-Elemene 0.72
26. a-Copaene 0.64
27.  B-Cubebene 0.81
28. [-Patchoulene 1.11
29. (E)-Caryophyllene 4.32
30. a-Humulene 0.98
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31. trans-Muurola-4(14),5-diene 1.18

32. Bicyclogermacrene 1.72
33. epi-a-Cadinol 0.56
34. epi-a-Muurolol 1.59
35. a-Muurolol 0.44
36. a-Eudesmol 3.85

Total identified (%) 79.32

4.3.5 Volatile compounds of Citrus macroptera essential oil using GC-MS analysis:

The GC-MS analysis of the essential oil of Citrus macroptera shows; Limonene
(89.4%), B-Myrcene (1.5%), Nonanal (0.959%) and a-Terpineol (0.573%) as the major
constituents. We could also detect other minor compounds and altogether the data has been
tabulated below (Table 4.3.5).

Table4.3.5 Volatile compounds of Citrus macroptera essential oil

S.no. Compound Content (%)
1. Limonene 89.4
2. B-Myrcene 1.5
3. Nonanal 0.959
4. B-Terpinene 0.416
5. a-Terpineol 0.573
6. Linalool 0.491
7. a-pinene 0.372
8. Nootkatone 0.248
9. Terpinene-H-ol 0.235
10. Cis-ulanol oxide 0.183
11. Trans-linalol oxide 0.122
12. a-Terpinene 0.07
13. Neral 0.210
14. Geranial 0.293
15. B-Carylphyllene 0.275
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4.3.6 Compounds of Tithonia diversifolia using HPLC analysis:

4.3.6 Compounds present in Tithonia diversifolia ethanol extract (HPLC)
Sl.no.

Compound

Ascorbic acid

Catechin

Ferulic acid

Syringic acid

Naringin

O OB WIDN| -

Bicalein

4.4 Description of the major compounds from bioactive essential oils:

The structure of the major compounds of Litsea cubeba, Cymbopogon flexuosus, Zingiber
officinale, Artemisia vulgaris and Citrus macroptera was made with the help of Chemdraw

ver 12.0 The structures were compared and confirmed with Pubchem images (Table 4.4).

4.5 Antimicrobial screening of the extracted essential oil/ extract, against the

dermatophytic pathogens:

The antimicrobial activity of the essential oils and extracts were carried out through Disc
Diffusion Assay (DDA) followed by the determination of minimum inhibitory concentration
(MIC) through either minimum bactericidal/fungicidal concentration(MBC/MFC), and

minimum Killing time (MKT), the results of which are individually represented below.

4.5.1 Disc diffusion assay:

The antimicrobial screening of these essential oils/extracts (test sample) were carried through
DDA. The stock solution of each test sample (at 100ul/ ml for essential oils or 200mg/ml for
extract) were prepared separately and subjected to evaluation against the pathogens T.
rubrum (MTCC-296), M. gypseum (MTCC-2819), M. furfur (MTCC-1374), C. albicans
(ATCC-0443X-1) and S. aureus (ATCC-6538). The observation was recorded in (Table
4.5.1)
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Table 4.4 Bioactive essential oils and their major compounds

Name of

Molar

Sl Bioactive Maior Composition Mass Compound
No. essential oil J (%) structure
compound (g/mol)
Geranial (=
1. L.cubeba Citral ) 26.64 152.23
2. Cflexuosus ~ ceranial (= 48.10 152.23
Citral a)
- Geranial (=
3. Z.officinale Citral a) 17.75 152.23
4. A.vulgaris 1,8-Cineole 11.89 154.25 o
5. C.macroptera Limonene 89.4 154.21
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Table4.5.1 Qualitative antimicrobial activity of the essential oils and extract
through Disc Diffusion Assay (DDA) in terms of Zone of Inhibition

(ZOI) in mm

Sample code T.rubrum M. gypseum M. furfur  C.albicans S. aureus
L.cubeba® 37.33+1.47 31.33+x1.76 30.33+1.76 13.66+0.88 17.66+0.88
C.flexuosus® 36.66+1.08 38.33+0.66 24.60+1.76 14.33+0.33 17.33+0.33
Z.officinale® 26.66+0.40 26.33+x1.76 20.60+1.76 22.66+2.45 17.33+0.88
A.vulgaris® 13.66+0.40 13.66+0.33 20.33+0.88 14.66+1.20  17.0+0.57
C.macroptera® 23.33+1.08 17.66+1.45 9.66+0.33  10.67+0.33 12.33%+0.66
T.diversifolia® 08.34+£0.49 08.04+1.34 19.66x1.70 09.04+0.84 16.66+1.85
Clotrimazole 39334040 38.0£0.57 19.00:057  30.00:0.58 .
(5mg/ml)

é?:gcl?nnl])ycm ) il - - 17.66+0.33

©) Essential oil, © Ethanol extract
20pl per disc; stock 100ul/ml (essential oil) or 100mg/ml(extract) of DMSO

Based on Disc Diffusion Assay (DDA), the zone of inhibition of the test samples obtained
ranges between 38.33+0.66 and 08.04+1.34 against the test pathogens. The maximum
inhibition zone was recorded in the case of L. cubeba (37.33+£1.47 mm) against T. rubrum,
(30.33£1.76 mm) against M. furfur and (17.66+0.88 mm) against S. aureus, whereas C.
flexuosus is found to be most effective against M. gypseum and the zone of inhibition was
found to be (38.33+0.66 mm). Further, Z. officinale is found to be most effective on C.

albicans and the zone of inhibition was found to be (22.66£2.45 mm).

4.5.2 Minimum inhibitory concentration:

The quantitative evaluation of the anti-dermal pathogen activity of the test sample was

carried out through the broth dilution method. The observation was recorded in (Table 4.5.2)
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Table4.5.2 Quantitative evaluation of antimicrobial activity through Minimum

Inhibitory Concentration (MIC) of various essential oil/ extracts

Minimum Inhibitory Concentration (MIC)

Sample code (l/ml for oil & mg /ml for extract)

T.rubrum M. gypseum M. furfur C.albicans S. aureus
L.cubeba® 0.039 0.039 0.078 0.156 0.039
C.flexuosus® 0.043 0.086 0.086 0.041 0.043
Z.officinale® 0.043 0.086 0.347 0.173 0.086
A.vulgaris® 0.086 0.086 0.694 0.346 0.086
C.macroptera® 0.195 0.195 0.195 0.781 0.781
T.diversifolia® 0.312 0.156 0.312 1.25 0.625
Clotrimazole 0.0009 0.0009 0.015 0.0019 NA
Vancomycin NA NA NA NA 0.00035

©) Essential oil, © Ethanol extract

Based on the observations recorded, MIC of the test samples ranged between 0.039 ul and

0.781pl/ml against the test pathogens, the lowest MIC value being that of 0.039 ul/ml from L.

cubeba essential oil against T. rubrum, M. gypseum, M. furfur and S. aureus. Whereas, the

lowest MIC value of 0.041 pl/ml was observed from C. flexuosus against C. albicans.

4.5.3 Minimum bactericidal/fungicidal concentration:

The minimum bactericidal/fungicidal concentration of test samples was performed after

achieving the results from MIC. The observation is recorded in (Table 4.5.3)

Table 4.5.3 Minimum bactericidal/fungicidal (MBC/MFC) concentration of various
essential oil (ul/ml) and extracts (mg/ml)

Test sample T.rubrum M. gypseum M. furfur C.albicans S. aureus
L.cubeba® 0.039 0.039 0.156 0.156 0.156
C.flexuosus® 0.043 0.086 0.173 0.173 0.173
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Z.officinale® 0.086 0.173 0.694 0.346 0.347

A.vulgaris® 0.347 0.347 0.694 0.694 0.347
C.macroptera® 0.390 0.781 0.125 3.125 3.125
T.diversifolia® 0.625 0.625 0.125 2.5 2.500
Clotrimazole 0.003 0.0009 0.031 0.007 NA

Vancomycin NA NA NA NA 0.0031

©) Essential oil, © Ethanol extract

Based on the observations recorded, the minimum bactericidal/fungicidal concentration
(MBC/MFC) of the test samples ranged between 0.039 and 3.125ul/ml against the test
pathogens. The lowest MBC/MFC value of 0.039 pl/ml was obtained from L. cubeba
essential oil against T. rubrum and 0.156 pl/ml against C. albicans and S. aureus. Further, the

lowest MBC/MFC value of 0.125ul/ml was obtained from C. macroptera against M. furfur.

4.5.4 Killing Time of the Essential oil/ Extract, against the Test Pathogens:

The minimum killing time (MKT) of the oil L. cubeba, C. flexuosus, Z. officinale, A.
vulgaris, C. macroptera and ethanol extract of T. diversifolia, against the test micro-
organisms, T. rubrum, M. gypseum, M. furfur, C. albicans and S. aureus was determined and

the observations recorded are as follows:

Table 4.5.4.1Time kill kinetics of bioactive(s) at 2MIC against Trichophyton rubrum

Test sample Hours

0 4 6 9 12 18 24 36
L.cubeba® - + + + + + + +
C.flexuosus® - + + + + + + +
Z. officinale® - + + + + + + +
A.vulgaris® - + + + + + + +
C.macroptera® - - + + + + + +
T.diversifolia® - - + + + + + +
Vancomycin - + + + + + + +

+ : growth inhibition; - . growth observed
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Based on the observations, the minimum Killing time of Litcea cubeba, Cymbopogon

flexuosus, Zingiber officinale, Artemisia vulgaris is less than 4 hours, whereas Citrus

macroptera and Tithonia diversifolia require less than 6 hours against T. rubrum.

Table 4.5.4.2 Time Kill kinetics of bioactive(s) at 2MIC against Microsporum

gypseum
Test sample Hours

0 4 6 9 12 18 24 36
L.cubeba® - + + + + + + +
C.flexuosus® - + + + + + + +
Z.officinale® - + + + + + + +
A.vulgaris® - + + + + + + +
C.macroptera® - + + + + + + +
T.diversifolia® - - + + + + + +
Vancomycin - + + + + + + +

+ : growth inhibition;

- : growth observed

Based on the observations, the minimum Kkilling time of Litcea cubeba, Cymbopogon

flexuosus, Zingiber officinale isless than 4 hours, whereas, for Artemisia vulgaris, Citrus

macroptera and Tithonia diversifolia require less than 6 hours against M. gypseum.

Table 4.5.4.3Time Kill kinetics of bioactive(s) at 2MIC against Malassezia furfur

Hours

Test sample

0 4 6 9 12 18 24 36
L.cubeba® - + + + + + + +
C.flexuosus® - + + + + + + +
Z.officinale® - + + + + + + +
A.vulgaris® - - + + + + + +
C.macroptera® - + + + + + + +
T.diversifolia® - - + + + + + +
Vancomycin - + + + + + + +

+ : growth inhibition;

- : growth observed

Based on observation the minimum Killing time of Litcea cubeba, Cymbopogon flexuosus,

Zingiber officinale, Citrus macroptera is less than < 4 hours, whereas Artemisia vulgaris and

Tithonia diversifolia require less than < 4 hours against M. furfur.

80



Table 4.5.4.4 Time Kill Kinetics of bioactive(s) at 2MIC against Candida albicans

Test sample Hours

0 4 6 9 12 18 24 36
L.cubeba® - + + + + + + +
C.flexuosus® - + + + + + + +
Z.officinale® - + + + + + + +
A.vulgaris® - + + + + + + +
C.macroptera® - - - - + + + +
T.diversifolia® - - - - + + + +
Vancomycin - + + + + + + +

+ : growth inhibition;

- : growth observed

Based on observation the minimum Killing time of Litcea cubeba, Cymbopogon flexuosus,

Zingiber officinale, Artemisia vulgaris is less than 4 hours, whereas Citrus macroptera and

Tithonia diversifolia require less than 12 hours against C. albicans.

Table 4.5.4.5 Time Kill kinetics of bioactive(s) at 2MIC against Staphylococcus

aureus
Hours

Test sample

0 4 6 9 12 18 24 36
L.cubeba® - + + + + + + +
C.flexuosus® - + + + + + + +
Z.officinale® - + + + + + + +
A.vulgaris® - + + + + + + +
C.macroptera® - + + + + + + +
T.diversifolia® - - + + + + + +
Vancomycin - + + + + + + +

+ : growth inhibition;

- : growth observed

Further, according to observation minimum killing time of Litcea cubeba, Cymbopogon

flexuosus, Zingiber officinale, Citrus macroptera, Artemisia vulgaris is less than 4 hours and

Tithonia diversifolia requires less than 6 hours against S. aureus.
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4.6 Sorbitol Protection Assay:

The assay was carried out to study the effect of the test sample on the integrity of the fungal
cell wall in the presence of 0.8M Sorbitol as osmotic support. The observation was recorded
in Table 4.6.

(i) Effect of bioactives on T. rubrum:

According to the observation on sorbitol assay, MIC of Litcea cubeba, Cymbopogon
flexuosus, Zingiber officinale, Artemisia vulgaris, Tithonia diversifolia increased in the
presence of sorbitol against T. rubrum except in Citrus macroptera.

(i) Effect of bioactive on M. gypseum:

The MIC value of Litcea cubeba, Cymbopogon flexuosus, Citrus macroptera, Tithonia
diversifolia increased in the presence of sorbitol against M. gypseum but no changes were
observed in Zingiber officinale and Artemisia vulgaris.
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Table 4.6 Minimum Inhibitory Concentration (MIC) in absence and presence of Sorbitol for assessing the effect of bioactive(s) on the
cell wall (ul/ml for oil & mg /ml for extract)

Sample code T. rubrum M. gypseum M. furfur C. albicans
Sorbitol Sorbitol Sorbitol Sorbitol

) (+) ) (+) ) (+) ) (+)
L.cubeba® 0.039 0.078 0.039 0.078 0.078 0.156 0.156 0.312
C.flexuosus® 0.043 0.086 0.086 0.173 0.086 0.173 0.041 0.086
Z.officinale® 0.043 0.086 0.086 0.86 0.347 0.694 0.173 0.173
A.vulgaris® 0.086 0.347 0.086 0.086 0.694 0.694 0.346 0.694
C.macroptera® 0.195 0.781 0.195 0.781 0.195 0.195 0.781 0.781
T.diversifolia® 0.312 1.250 0.156 0.156 0.312 0.312 1.25 2.50
Clotrimazole 0.0009 0.0019 0.0009 0.0019 0.015 0.039 0.0019 0.0078

© Essential oil, © Ethanol extract, Figures in bold show the changes observed
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(iii) Effect of bioactive(s) on M. furfur:

The MIC of Litcea cubeba, Cymbopogon flexuosus, Zingiber officinale increased in the
presence of Sorbitol against M. furfur but we could not observe any changes in Artemisia
vulgaris, Citrus macroptera and Tithonia diversifolia.

(iv) Effect of bioactive(s) on C. albicans:

Further, the MIC of Litcea cubeba, Cymbopogon flexuosus, Artemisia vulgaris, Tithonia
diversifolia increased in the presence of sorbitol against C. albicans. However, we could not
record any changes in Zingiber officinale and Citrus macroptera.

4.7 Scanning Electron Microscope (SEM) studies:

The morphological changes of the pathogens that could be visualized upon the treatment (of
bioactive(s) which exhibited potent antimicrobial activity) were evaluated at high
magnification with a resolution approaching 15 to 20 nm under optimal conditions through
SEM. The observations revealed that the surface of the untreated Malassezia furfur and
Candida albicans appeared to be smooth and rounded, whereas degradation, structural and
morphological changes in the morphology of cell after treating with bioactive(s). The images

from the Scanning Electron Microscope have been arranged below.
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Fig 4.7.1 Effect of the bioactive(s) on the surface morphology of C.albicans as visualized

under Scanning Electron Microscope
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Fig4.7.2 Effect of the bioactive(s) on the surface morphology of M. furfur colonized on

hair surface as visualized under Scanning Electron Microscope
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4.8 Confocal microscope study:

The DAPI (4',6-diamidino-2-phenylindole) dye which can penetrate and move inside only
into the dead cells is indicative of cell wall damage in the pathogen. The luminosity of the
fluorescent signal from DAPI can increase almost 20-fold upon binding to the AT regions of
double-stranded DNA. We took the advantage of this principle to check if our bioactive acts
on the cell wall and visualized the same through the confocal microscope. The pathogens
we're exposed to the bioactive(s) and treated with DAPI dye to observe the changes within
the cell. The dye after its penetration through the damaged cell wall could be visualized (Fig
4.8.1 &4.8.2) and the dead or damaged cells could be correlated with the activity observed
through DDA, MIC, MBC and MKT results. The observations reveal that the bioactive(s)
have the potential to kill the test pathogens.
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Fig 4.8.1 Confocal Imaging of C. albicans treated with the bioactive and stained with 4',6-diamidino-2-phenylindole (DAPI)
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T.diversifolia
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Fig 4.8.2 Confocal Imaging of S. aureus treated with the bioactive and stained with 4',6-diamidino-2-phenylindole (DAPI)
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4.9 Effect of bioactive(s) on the pro-inflammatory cytokines ((Tumor necrosis factor
(TNF)):

The anti-inflammatory activity of Litcea cubeba, Cymbopogon flexuosus, Zingiber officinale,
Artemisia vulgaris, Citrus macroptera at the concentration of 0.1% and Tithonia diversifolia
at 10pg/ml was performed by exposure to LPS treated macrophages. Upon quantification of
TNF, we observed the inhibition of the pro-inflammatory cytokine indicating that the

bioactive is having anti-inflammatory activity.

800+

Tumour necrosis factor 3 Normal
@ LPS
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Figure 4.9.1 Effect of essential oils on a pro-inflammatory mediator, Tumor Necrosis Factor
(TNF) levels in J774A.1 cell lines stimulated with LPS and treated with Litcea cubeba,

Cymbopogon flexuosus, Zingiber officinale, Artemisia vulgaris and Citrus macroptera.
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Figure4.9.2Effect of ethanol extract of T. diversifolia on a pro-inflammatory mediator,
Tumor Necrosis Factor (TNF) levels in J774A.1 cell lines stimulated with LPS.

4.10 Cell sensitivity assays (the MTT) assay:

The Cytotoxic effect of the test samples Litcea cubeba, Cymbopogon flexuosus, Zingiber
officinale, Artemisia vulgaris, Citrus macroptera and Tithonia diversifolia was performed
through MTT assay at the concentration of 0.1 pg, 1 pg and 10 pg, our samples did not show

any cytotoxic effect up to this concentration as represented in the figure below.

MTT Assay of bio-actives

m 10ug

% Proliferation
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Fig 4.10 Effect of the bioactive(s) on the proliferation of macrophages upon exposure to

different concentrations.
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4.11 Skin irritation test of bioactive(s):

The skin irritation tests were performed to evaluate the scope of their use in therapeutic
formulation(s) or cosmetic preparation(s). According to FHSA (Federal Hazardous
Substances Act) standards i.e., PIl (Primary irritation index) is 5.0. Less than 5.00 PII is
generally not considered a primary irritant to the skin. Separated experiments were
undertaken for different essential oils and the extracts and our observations and results
indicated that the highest PIl of 1.05+0.11 was exhibited by the ethanol extract of T.
diversifolia and all the other essential oils exhibited lower than 1.0. However, it may be noted
that the values below 5.0 are considered to be safe for topical applications. The observations

in the form of results have been tabulated in (Table 4.11)
4.12 The safety evaluation study:

The safety evaluation of bioactive(s) of the test samples Litcea cubeba, Cymbopogon
flexuosus, Zingiber officinale, Artemisia vulgaris, Citrus macroptera and Tithonia
diversifolia was performed in acute oral toxicity study and dose-dependent, no significant
variations were found in behavioural or morphometric studies as compared to those of control
mice. Moreover, the serum biochemical parameters also did not show any significant changes
and the results were found almost comparable to the vehicle control and the result concluded
a no-observed-adverse-effect-level (NOAEL) up to 2000mg/kg body weight (Table 4.12.1,
4.12.2,4.12.3).
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Table 4.11 Skin irritation test of bioactive(s)

Test P11 Control PII
Sample code Erythema + Erythoma = Test PIFI);?ontrol
Erythema Oedema Oedema Erythema Oedema Oederma
L cubeba® 0.45+0.11 0.37+0.08 0.82+0.19 0.33+0.05 0.20+0.07 053+0.12 0.29+0.07
C.flexuosus® 0.45+0.07 0.3340.05 0.78+0.12 0.16+0.05 0.1240.05 0.2840.10 0.50+0.02
7 officinale® 0.37+0.05 0.33+0.05 0.70+0.10 0.20£0.04  0.16+0.05 0.36+0.09 0.34+0.01
Avulgaries® 0.58+0.05 0.66+0.05 1.94+0.10 0.25+0.00 0.29+0.04 0.54+0.04 0.70%0.06
C.macroptera® 0.33+0.05  0.29+0.04 0.62+0.09 0.25:0.00  0.16+0.05 0.41+0.05 0.210.04
T diversifoliac 0.75+0.12 0.70+0.07 1.45+0.19 0.20+0.04 0.20+0.04 0.40+0.08 1.05+0.11

©) Essential oil, © Ethanol extract and ®'"Primary Irritation Index

Interpretation: According to FHSA (Federal Hazardous Substances Act) regulations, a material with a P1I of less than 5.00 is generally not

considered a primary irritant to the skin.
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Table 4.12.1 Acute oral toxicity of Zingiber officinale, Artemisia vulgaris, Litsea cubeba, Cymbopogon flexuosus essential oil as a

single acute oral dose at 2000mg/kg on body weight.

Parameters Control Zingiber officinale  Artemisia vulgaries Litsea cubeba C¥|ne] 535?3:”
Body weight (gm) 25.04+1.08 26.28+1.08 24.33+0.60 26.16+1.03 26.90+0.96
Haemoglobin (gm/dL) 21.13+0.89 19.82+0.60 17.46+1.13 17.40+0.73 17.94+0.81
RBC (million/mm?®) 7.70++0.59 9.20+0.77 8.59+0.83 9.11+0.68 8.26+0.51
WBC (x1000/mm?) 12.93+2.64 15.59+2.36 18.89+1.98 23.43+£2.07 18.18+2.98
ALKP (U/L) 186.45+16.09 216.88+9.91 262.53+16.57 258.23+20.13 198.18+9.26
SGOT (U/L) 42.99+7.10 35.77+2.67 43.6315.36 35.66+1.86 33.3945.15
Creatinine (mg/dL) 1.65+0.21 1.54+0.30 1.33+0.16 1.16+0.11 1.12+0.06
Triglycerides (mg/dL) 90.43+8.82 61.16+8.74 109.86+15.79 97.68+9.67 93.91+10.17
Bilurubin (mg/dL) 0.23+0.04 0.27+0.04 0.25+0.03 0.18+0.02 0.24+0.01
Cholesterol (mg/dL) 65.00£5.67 52.5048.11 49.0045.40 50.17£2.94 43.38+3.66




Table 4.12. 2 Subacute oral toxicity of Tithonia diversifolia ethanol extract upon regular dosing (28 days)

Parameters Control 5mg 50mg 300mg
Body weight 14 days (gm) 5.20+0.76 2.41+0.67 2.88+0.51 4.31+0.36
Body weight 14 days(gm) 7.61+0.56 8.99+1.03 7.91+0.87 8.01+0.57
Haemoglobin (gm/dL) 19.13+0.89 18.82+0.60 17.46+1.13 19.40+0.73
RBC (million/mm?d) 7.90+0.53 9.20+0.75 8.2+0.93 9.45+0.48
WBC (thousand/mm?®) 13.93+1.64 15.49+1.86 17.89+1.28 21.43+2.12
ALKP (U/L) 189.49+51.01 345.02+43.20 300.38+63.86 333.80+40.27
SGOT (U/L) 41.62+8.76 39.14+7.79 47.34+2.76 51.87+£3.04
SGPT(U/L) 23.52+5.04 24.94+4.8 28.04+1.93 29.20+5.69
Creatinine (mg/dL) 1.2240.25 1.22+0.16 1.06+0.11 1.34+0.12
Triglycerides (mg/dL) 96.97+39.59 127.39+52.01 106.55+43.50 90.65+37.01
Bilurubin (mg/dL) 1.26+0.33 1.53+0.28 1.21+0.12 0.97+0.16
Cholesterol (mg/dL) 86.26+19.12 91.25+12.62 106.83+14.00 72.77£11.93
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Table 4.12.3 Safety studies of biologically active C. macroptera essential oil for
seven days at 4X the effective dose in S.Typhimurium infected mice

Parameters Vehicle Ofloxacin C. macroptera
(100mg/kg) (250mg/kg)
Body weight (gm) 0.97+1.16 3.82+0.75 0.73+0.95
Haemoglobin (gm/dL) 12.96+3.13 17.49+1.33 9.94+4.15
RBC (million/mm?3) 7.58+0.32 7.68+0.30 7.69+0.53
WBC (thousand/mm?®) 7.50+1.36 7.70+0.78 7.41+0.55
ALKP (U/L) 56.66+7.05 87.09+14.32 31.83+10.12
SGOT (U/L) 40.10+4.63 38.58+4.63 41.33+4.77
SGPT (U/L) 7.20+1.26 9.32+2.15 6.57+2.25
Creatinine (mg/dL) 1.73+£0.17 1.1940.10 1.34+0.16
Bilurubin(mg/dL) 0.28+0.04 0.26+0.04 0.01+0.00
Triglycerides (mg/dL) 60.90+10.78 76.55+4.22 54.19+3.12
Cholesterol (mg/dL) 113.90£7.49 114.98+4.91 108.23+5.60

4.13 Stability of the essential oils upon exposure to higher temperatures in terms of

efficacy of oil/ extract:

Thermo stability of the essential oil was performed to evaluate the bio-activity of Litcea
cubeba, Cymbopogon flexuosus, Zingiber officinale, Artemisia vulgaris, Citrus macroptera
and Tithonia diversifolia upon exposing them to a higher temperature. The activity of the
heated samples was compared with the samples stored at 4°C. Upon performing the DDA
assay, it was observed that none of the samples lost their activity upon rendering the heat
treatment even after exposing to higher temperatures of 40°C, 60°Cand 80°C. The studies

were performed following the protocols recommended by NCCLS-2002 and the observations

are recorded in the (Table 4.13.1, 4.13.2, 4.13.3, 4.13.4, 4.13.5)
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Table 4.13.1 Stability of bioactive(s) upon thermal exposure against Trichophyton
rubrum through Disc Diffusion Assay (DDA) as Zone of Inhibition (mm)

Test sample 4°C 40°C 60°C 80°C
L.cubeba® 37.33£1.47 36.5+0.5 36.5+1.5 35.0+1.0
C.flexuosus® 36.66+1.08 35.0+1.0 35.5+0.5 34.5+0.5
Z.officinale® 26.66+0.40 27.5+0.5 25.5+0.5 27.0£1.0
A.vulgaries® 13.66+0.40 13.5+0.5 13.5+0.5 13.5+0.5
C.macroptera® 23.33+£1.08 22.0+1.0 18.0+1.0 21.0+2.0
T.diversifolia® 08.34+0.49 08.4+0.4 08.3+0.2 07.9+0.07
Clotrimazole (5mg/ml) 39.33+0.40 39.5+0.5 38.0£1.0 37.0£2.0

©) Essential oil, © Ethanol extract

20pl/disc; stock 100ul/ml (essential oil) or 100mg/mli(extract) of DMSO

Table 4.13.2 Stability of bioactive(s) upon thermal exposure against Microsporum
gypseum through Disc Diffusion Assay (DDA) as Zone of Inhibition (mm)

Test sample 4°C 40°C 60°C 80°C
| cubeba’ a133c175 34505  305:05  28.0£L0
C flexUosus® 3833066  380£1.0  380%05  37.0¢10
Z.officinale® 26.33+t1.76 ~ 2/-5*05  265%15  25.5+0.5
Avulgaries? 13666033  145t05 13505  125:05
C.macroptera® 17665145 195205 175805  16.5:L5
T diversifolia® 08.04s134 082t109  084%14  08.6£L9
Clotrimazole (Smg/ml) 38.0£0.57 38505 365805 30.0%2

©) Essential oil, © Ethanol extract

20pl per disc; stock 100ul/ml (essential oil) or 100mg/mli(extract) of DMSO
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Table 4.13.3 Stability of bioactive(s) upon thermal exposure against Malassezia furfur
through Disc Diffusion Assay (DDA) as Zone of Inhibition (mm)

Test sample 4°C 40°C 60°C 80°C
L cubeba® 30.33+1.76 27.5+0.5 25.5+0.5 27.5+1.5
C flexuosus® 24 60+1.76 20.05£1.5 22.0+1.0 16.5+0.5
7 officinale® 20.60+1.76 19.5+1.5 20.0+1.0 21.5+0.5
A.vulgaris® 20.33+0.88 19.5+1.5 18.5+1.5 18.0+1.0
C.macroptera® 9 66+0.33 8.5+0.5 8.5£1.5 7.5%£0.5
T diversifolia® 1966£1,70  180+¢10  200+1.0  17.0+1.0
Clotrimazole (5mg/ml) 19.00+0.57 17.5¢0.5 16.5+0.5 15.5¢1.5

©) Essential oil, © Ethanol extract
20l per disc; stock 100ul/ml (essential oil) or 100mg/ml(extract) of DMSO

Table 4.13.4 Stability of bioactive(s) upon thermal exposure against Candida albicans
through Disc Diffusion Assay (DDA) as Zone of Inhibition (mm)

Test sample 4°C 40°C 60°C 80°C
L.cubeba® 13.66+0.88 13.5+0.5 14.0+1.0 12.5+0.5
C.flexuosus® 14.33+0.33 13.5+0.5 13.5+1.5 13.0+1.0
Z.officinale® 22.66%2.45 21.5+1.5 20.0+1.0 21.0£0.5
A.vulgaries® 14.66+1.20 14.5+1.5 14.5+1.5 13.5+0.5
C.macroptera® 10.67+0.33 11.5+0.5 10.5+0.5 10.5+0.5
T.diversifolia® 09.04+0.84 09.04+0.42 08.94+0.56 08.04+0.34
Clotrimazole (5mg/ml) 39.00£0.58 38.5+0.5 37.5+0.5 36.5+0.5

©) Essential oil, ® Ethanol extract
20l per disc; stock 100ul/ml (essential oil) or 100mg/ml(extract) of DMSO
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Table 4.13.5 Stability of bioactive(s) upon thermal exposure against Staphylococcus
aureus through Disc Diffusion Assay (DDA) as Zone of Inhibition (mm)

Test sample 4°C 40°C 60°C 80°C

L cubeba® 1766£088  17.0£L0  165:05 15505

Avulgaris® 170:057 15505  145:05 14515
C.macroptera® 12334066 125805  115x05  10.0£1.0

T diversifolia 16.66+1.85 16.5+0.5 16.5+1.5 16.5+0.5

Clotrimazole (5mg/ml) 17.66%0.03 17.5£0.5 16.0£1.0 17.5£0.5

©) Essential oil, © Ethanol extract
20l per disc; stock 100ul/ml (essential oil) or 100mg/ml(extract) of DMSO
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| CIMZU anti-dandruff shampoo

(@W%a@f has been developed considering
Y the traditional use of Tithonia

‘ Anti-dandruff Shampoo diversifolia (Mexican Sunﬂov{er)
w and Litsea cubeba (Mountain

Pepper), its scientific validation
Bio-actives from and commercial possibility for a
start-up in Mizoram

. Mexican Sunflower
& The formulation is a perfect blend

. of extract and essential oil in
Mountain Pepper sulfate and paraben free, mild

surfactant for all kinds of hair. The

product is intended for both anti-
dandruff and conditioning

Jointly developed by
(SIR-Central Institute of Medicinal and

|

| aqx, Aromofic Plons, Lucknow

| O YN
. Atranslational research venture of \" Mizorom Universty, ™S5

CSIR-CIMAP & Mizoram University Azowl

Fig 4.14.1 The developed formulation with bioactive(s)
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4.14 Effect of the formulation on hair colonized with Malassezia furfur:

Once the biological activity of the essential oils and the extract were available with us, we
developed the formulation which we tried to keep paraben-free. We then exposed sterile hair
to M. furfur for colonization on its surface and we observed that the colonized hair upon
exposure to various concentrations of the formulation for 30 minutes reduced the colonization

of the pathogen as visualized through SEM, the images of which are depicted below.
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Fig 4.14 2 Effect of the formulation on hair colonized with M. furfur visualized through
SEM

Hair Shaft
Control

9/8/2021 HV HRW | mag 0| WD det — T, T
2:27:30PM | 15.00kV | 296 pm | 1402 x | 13.2mm | ETD CIMAP SEM

"7 Hair Root
Control

--.';D ” det ] — 40 pm
15.00kV | 127 ym | 3259x | 13.2mm | ETD CIMAP SEM
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Hair Shaft

9/8/2021 HV HPW mag [J WD det p—————————— 100 pm
2:54:16 PM | 15.00 KV | 296 pm | 1402 x | 13.4 mm | ETD CIMAP SEM

_

Root

Hair
9/8/2021 HV HFW mag [J WD det  — 1111
2:50:45 PM 15.00 kv 296 pm 1402 x 13.2 mm ETD CIMAP SEM

Treatment with 25% CIMZU
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Hair Shaft

sy 9/8/2021 2\ HFW mag [J WD t —— 100 pm

“0% | 2:47:14PM | 15.00kV | 296 pm | 1402 x | 13.3 mm CIMAP SEM

Hair Root

9/8/2021 HV HFW | magd]| WD det ——————— 300 pm
2:42:15PM | 15.00kV | 986 pm | 420x | 13.6 mm | ETD CIMAP SEM

Treatment with 50% CIMZU
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Hair Shaft

/2021 HV r mag [J] WD det 100 pm
:34PM  15.00kV | 296 pm | 1402 x 3.2mm | ETD CIMAP SEM

Hair Root

HFW mag ] WD det e —— VR T]))]
:58 PM 15.00 kV | 829 pym 500x | 129 mm | ETD CIMAP SEM

Treatment with 100% CIMZU
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DISCUSSION

51  Collection and Categorization of some formulated products used against skin
ailments/remedies and practices among the tribal communities / traditional healers

in Mizoram:

India has a rich heritage of the traditional system of medicine as evidenced by Ayurveda,
Unani, Siddha systems of medicine. However, naturopathy is another stream, that
derives its strength from the practices that have evolved from generation to generation,
either through verbal communications or through traditional healers, who have immense
knowledge and practical utility of medicinal plants in their vicinity. Most of this
knowledge is not documented and is fading out with the increased marketing and
acceptance of commercial products even to the remote corners of the country.
Unfortunately, this is one of the reasons for the loss of valuable traditional knowledge
that could have been tapped for scientifically validated treatments through modern

formulations.

In the present study, initial survey, follow-ups, continuous persuasion followed by tete a
tete with the traditional healers have resulted in the disclosure of six formulations that the
Mizo tribes use for treating skin ailments that are presumed to be caused by the
pathogens viz., Trichophyton rubrum, Microsporum gypseum, Malassezia furfur,

Candida albicans and Staphylococcus aureus.

All six formulations were observed to possess a medicinal aroma upon application and as
per the conversation with some of the patients, the formulations were found to be
therapeutically active. Conversations with the traditional healers and the analysis of the
samples as shown by them followed by their identification by the botanists revealed the
plants to be primarily; Litcea cubeba, Cymbopogon flexuosus, Zingiber officinale,
Artemisia vulgaris, Citrus macroptera and Tithonia diversifolia. With these oservations,
we took up studies to validate the biological activity of these plants against the pathogens

that primarily cause skin infections amongst the locals in Mizoram.
5.2.Physicochemical analysis of the selected formulations:

Plants are a rich source of therapeutic compounds that have tremendous applications inthe

pharmaceutical industry. Besides, medicinal plants have been used to treat human
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diseases for thousands of years because they have a vast and diverse assortment of
organic compounds that can produce a definite physiological action on the human body.
The most important of such compounds are alkaloids, tannins, flavonoids, terpenoids,
saponins and phenolic compounds. Pharmacists are interested in these compounds
because of their therapeutic performance and low toxicity (Inayatullah et al., 2012).
Several such compounds have been isolated from plants which could be used for the
development of new drugs to inhibit the growth of bacterial and fungal pathogens and to
quench ROS with possibly novel mechanisms of action and low toxicity to the host cell
(Ahmad and Aqil, 2007). In the recent past, pharmaceutical laws oblige drug
manufacturers to assess the compatibility of active substances, excipients, and medicinal
products with established standards. However, characterization of the active
pharmaceutical ingredients (APIs) improves the quality parameters of all raw materials
used during the manufacturing process of pharmaceuticals, as well as those in the final
products(Singh,2015).

The formulations that were narrowed down in our study were observed to be mostly
aromatic in nature (Litcea cubeba, Cymbopogon flexuosus, Zingiber officinale, Artemisia
vulgaris, Citrus macroptera) except one of them i.e., Tithonia diversifolia. Evaluation and
observation of raw drugs material is a must for identification and maintenance of the
quality of the articles.From our finding, we observe that the refractive index of the plant
sample Litcea cubeba, Cymbopogon flexuosus, Zingiber officinale, Artemisia vulgaris,
Citrus macroptera and Tithonia diversifolia were 1.4868 (20°C), 1.4860(20°C),
1.4888(20°C), 1.4804(20°C) and 1.4719(20°C) respectively, Optical rotation were +
0.4(20°C), -0.32(20°C), + 6.28(20°C), - 16.24(20°C) and + 93.68(20°C) respectively,
Specific gravity was 0.8952(28.4°C), 0.8951(28.4°C), 0.9106(28.4°C), 0.9403(28.4°C)
and 0.8474(28.4°C), thermogravimetric were 205°C, 207°C, 195°C, 200°C and 146°C
respectively and the flashpoint were 84°C, 88°C, 59°C and 66°C respectively. We also
observe that all test samples were soluble in an organic solvent but are insoluble in water

except ethanol extract of Tithonia diversifolia.
5.3. Phytochemical analysis of the selected formulations:

Formulations developed from medicinal plants have bioactive compounds that prove
beneficial for curing various human diseases including skin ailments upon topical
application. The phytochemicals present in the medicinal plants instead could be either

the primary or secondary metabolites. The primary metabolites are those of chlorophyll,
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proteins, sugars or amino acids while the secondary metabolites could be terpenoids and
alkaloids. These secondary metabolites are responsible for various biological activities
like antibacterial, antifungal or anti-inflammatory activity. The phytochemical analysis is
very important from the perspective of pharmaceutical companies and commercial

aspects.

The formulations that were narrowed down mostly had the aromatic plants, the essential
oils of which are known for their biological activities. The secondary metabolites from
different aromatic and medicinal plants show different levels of antimicrobialactivity.
Investigation of plant bioactive compounds can be evident in the detection of a significant
number of therapeutic properties. The quantitative analysis of the compounds through
GC-MS and HPLCinferred that they are enriched with monoterpenoids. It has been
reported that terpenes are a group of antimicrobial compounds that are active against a
broad spectrum of microorganisms, including yeasts and moulds (Fillipe et al., 2014).The
major components which are present in the test samples were Geranial (=Citral a),
Geranyl acetate, Neral (=Citral b),Geraniol, Camphene, a-Zingiberene, 1,8-Cineole,
Germacrene, Limonene, B-Myrcene, Ascorbic acid and Catechin etc.According to our
observation,Geranial (=Ciral a) was the major constituent among Litsea cubeba,
Cymbopogon flexuosus and Zingiber officinale attaining 26.64%, 48.10%and 17.75%.
Coutinho et al.,(2015) and Marei et al., (2012) reported that geraniol (lipophilic character)
has the ability to adhere to cell membrane lipids of the microorganism; interacting with its
components, making it more permeable, and binding essential intracellular sites, to thus
destroy their structures. We also found that 1,8-Cineole (11.89%) was the major
constituent of Artemisia vulgaris.Vilela et al.,(2009) reported that in their studies 1, 8-
cineole alone has low antifungal power, but their findings reveal that the synergistic effect
of other components in the antifungal activity.From our experimental work, we also
observed that Limonene (89.4%) was the major constituent of Citrus macroptera essential
oil.Limonene is a widely cited compound in the literature for its bioactivities, including
its antimicrobial activity (Duarte et al., 2005). Further, the compound present in Tithonia

diversifolia were Ascorbic acid, Catechin, Ferulic acid etc.
5.4 Bioprospection against the pathogenic fungi/ Dermatophytes:

Aromatic and medicinalplants play important role in drugs development. Their qualities
are augmented by the complex nature of their secondary metabolites. Several scientific

studies have proven that they are reliable for therapeutic uses for different ailments. Burt
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(2004) reported that essential oils, as well as compounds derived from aromatic plants,
possess a wide range of activities and their antimicrobial properties are the most studied
concern. Several studies have demonstrated that numerous essential oils exhibit
antimicrobial properties due to the presence of components such as thymol, eugenol, 1,8-
cineole, a- and B- pinenes, linalool, a- terpineol etc. (Srivastava et al., 2000; Sinha and
Gulati, 1990).

Farag et al.,(1989); Arfa et al.,(2006) also reported that the antimicrobial properties of
essential oils are due to the presence of phenolic compounds. It has also been reported
that terpene of essential oil can act individually, additively or synergistically to improve
the therapeutic efficiency of other drugs (Coutinho et al., 2015). The monoterpenes and
sesquiterpenes of essential oil being lipophilic in nature can cause the membrane to
become more permeable to protons and ions due to structural disarrangement, including
that of efflux proteins, which may lead to greater interaction with the substances and
cause pathogen death (Oluwatuyi et al., 2004; Cristani et al., 2007).

From our experimental studies, we observed that all the test samples i.e., Zingiber
officinale, Litcea cubeba, Artemisia vulgaris, Cymbopogon flexuosus, Citrus macroptera
and Tithonia diversifolia possess antimicrobial activities against T. rubrum (MTCC-296),
M. gypseum (MTCC-2819), M.furfur (MTCC-1374), C.albicans (ATCC-0443X-1) and
S.aureus (ATCC-6538). The in vitro qualitative analysis was performed through Disk
Diffusion Assay (DDA). Our results demonstrated that the zone of inhibition of the test
samples wasobtained range between 38.33+0.66 and 08.04+1.34 against the test
pathogens and the sample L.cubeba was the most potent leads against T.tubrum, M.furfur
and S.aureus, whereas C.flexuosuswas found to be most effective against
M.gypseum. Further, Z.officinale was also found to be the most effective against
C.albicans. The qualitative evaluation reveals that Minimum Inhibitory Concentration
(MIC) ranges between0.039 ul and 0.781ul/ml against the test pathogens and L.cubeba
essential oil was the most potent lead against T.rubrum, M.gypseum, M.furfur and
S.aureus. Whereas, the lowest MIC was observed from C.flexuosus against C.albicans.
In search of the cidal concentration of the test sample we also observed that the minimum
bactericidal/fungicidal concentration (MBC/MFC) of the test samples ranged between
0.039 and 3.125ul/ml against the test pathogens. The sample of L.cubeba essential oil
possesses the lowest MBC/MFC against T.rubrum, C.albicans and S.aureus. Further,
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C.macroptera possess the lowest MBC/MFC against M.furfur. The killing time studies
from our observation also disclosed the minimum killing time was in the range of 4 hours
to 9 hours. The minimum time killing was found similar to most of the test samples which
are less than 4 hours, whereas the maximum times taken was recorded from
C.macroptera and T. diversifolia against C.albicans which took 9 hours under standard

conditions.

The probable mechanism of action which are carried out through Sorbitol
protection assay revealed that in the case of L.cubeba and C.flexuosus the MIC values
increased against all the test pathogens, but in the case of Z.officinale the MIC value
increased against only to T.rubrum and M.furfur. Similarly, inthe case of A.vulgaris the
MIC value increased against T.rubrum and C.albicans, while the MIC value of
C.macroptera changed only against to M.gypseum, whereas in the case of T.diversifolia
the MIC value increased against all the test pathogensexcept in M.furfur.

The morphological changesstudied through Scanning Electron Microscope upon
bioactive treated and control group illustrated that the bioactive act on the cell wall
resulting in the degradation and causing them to have shrinkingappearance. Whilethe
surface of the untreated pathogens appeared to be smooth and rounded.Burt (2004)
explainedthat the mechanism of action for essential oil against the pathogenis thought to
bedegradation of the cell wall, damage to cytoplasmic membrane proteins, the binding of
proteins, leakage of cell contents and coagulation of cytoplasm and depletion of the

proton motive force.

The confocal microscopy studies carried out on the test samples revealed that the
fluorescent dye (DAPI) penetrated the test pathogens that had a damaged cell wall. DAPI
binds strongly to A-T rich regions in DNA and can inefficiently pass through the intact
cell membrane and therefore preferentially stain the dead cells (Wallberg et al., 2016). It
may be observed from the untreated sample that DAPI does not enter the cells since their
cell membranes are intact and hence the fluorescence is almost negligible when compared

to the treated groups.

Our research findings forthe probable anti-inflammatory ability of the test sample
has revealed that 0.1% of essential oil and 10ug/ml of plant ethanol extractcould
alleviatethe LPS induced inflammation significantly by decreasing the production of pro-

inflammatory cytokines (TNF-a). Our resultsare similar to the previously reported studies
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(Boukhatem et al., 2014, Afsar 2013),which revealed thatthe constituents of essential oils
and plant ethanol extract could inhibit the production of pro-inflammatory cytokines in
LPSactivated macrophage cells. It may be speculated that the incorporation of these
essential oils in any of the formulations could have anti-inflammatory activity in the areas

of pathogenesis caused by the pathogen.

The viability of J774A.1 cells was determined through MTT assay. The test samples that
exhibited anti-microbial activity i.e., Litcea cubeba, Cymbopogon flexuosus, Zingiber
officinale, Artemisia vulgaris, Citrus macroptera and Tithonia diversifolia were found to
be non-cytotoxic and seemed cytoprotective as evident through the modulation of
inflammatory mediators. The samples at the higher doses were also able to lessen the cell
damage caused by LPS, which might be due to the presence of phenols on the test sample
(Ruengeler et al., 1988;Yang et al., 2018; Haris et al., 2018).

The Dermal Irritation test in terms of Pll was observed to be 1.05+0.11 as the
highest, which is less than FHSA standards i.e., PIl of 5.0. The experimental results
reveal that the bioactive oils did not exhibit any skin irritation and were found to be safe
as per FHSA standards.

In the acute oral toxicity study, the test sampledid not show any haematological
and biochemical alterations in the treated animals. The testing of drugs beyond the dose
of 2000 mg/Kg is discouraged by OECD guidelines for oral toxicity. Since no significant
changes were observed in haematological and biochemical parameters at this particular
oral dose, the test sample result concluded a no-observed-adverse-effect-level (NOAEL)

upto 2000mg/kg body weight.

The thermal stability of the oils was performed with the intention of its
incorporation into a suitable pharmaceutical formulation for use against skin ailments. It
was observed that all the test samples when exposed up to a temperature of 80°C for up to
4 hrs is quite stable as evidenced by the activity which were performed through DDA

assay.
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SUMMARY AND CONCLUSION

Evidence-based traditional medicine can be a prospective and alternative source of safe,
affordable and effective medicines for developing countries especially in interior hamlets of
North East India or any similar locations around the world, deprived of modern medical

facilities.

The present study was undertaken to narrow down on the validation of traditional
formulations for skin ailments and translate the scientific pieces of evidence into a
formulation with therapeutic and commercial value. Five traditional formulations were
narrowed down based on the conversations with the traditional healers and their ingredients
were analysed. The plants used commonly in the formulations were that of Litsea cubeba,
Cymbopogon flexuosus, Zingiber officinale, Artemisia vulgaris, Citrus macroptera and
Tithonia diversifolia. All the plants were subjected to either hydrodistillation process except

T.diversifolia which was solvent extracted.

The essential oils and extract were found to be active against dermal pathogens viz.,
Trichophyton rubrum, Microsporum gypseum, Melasezzia furfur, Candida albicans and
Staphylococcus aureus as evidenced through Disc Diffusion Assay, Minimum Inhibitory
Concentration, Minimum Bactericidal/Fungicidal Concentration and Minimum Killing Time.
The bioactive(s) were subjected to the mechanism of action studies which concluded their
activity to be upon the cell wall of the pathogens. This was concluded through Sorbitol assay,
Scanning Electron Microscopy and Confocal Microscopy studies. These bioactive(s) were
also subjected to studies involving cell lines and it was found to impart an anti-inflammatory
activity while they did not exhibit any cytotoxic effect even at concentrations much higher
than the ones they were biologically active. These essential oils and extract were also
subjected to thermogravitimetric analysis to check their stability at higher temperatures.
Corroborating all the data on the efficacy and the safety of the bioactive(s), a formulation
(shampoo) was developed for the management of dandruff. SEM images of hair colonized

with M.furfur confirmed the anti-dandruff activity.

The series of studies concluded that the scientific validation of traditional formulations can be
a good source of leads that could be converted into commercially viable formulations for the

betterment of the local population.
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Future Prospects

e Based on the leads obtained from the study, different other formulations cold be
explored for development specific to pathogens like Staphylococcus aureus or
e Formulation specific to skin infections can be targeted from the results obtained from
the study
e Observational studies in a bigger population suffering from dandruff or scalp

infection
Conclusions

e Traditional medicines or formulations have a scientific background as evidenced in
our study can be a source of potential therapeutic leads

e The bioactive(s) isolated from the medicinal plants were found to be active against
dermal pathogens

e Scientific validation studies can lead to the reformulation leading to a product that

could be standardized based on the phytochemical parameters
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