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Abstract
Plants with antioxidant and cytotoxic activity possess wide number of different
phytoconstituents such as tocopherol, polyphenolic compounds, flavonoids, ascorbic acid etc.
However, plants having non-polyphenolic compounds and terpenoids play a vital role in
treating free radical induced diseases and cancer. The aim of this review was to compile all
possible non-phenolic compounds and terpenoids with promising antioxidant properties and
cytotoxicity so that future scientists can focus on these compounds to further investigate their
potential to treat Alzheimer’s diseases, aging, and cancer. The required information for this
review work had been accumulated by using valid sources such as PubMed, Science direct,
google scholars etc. In this review, it has been presented that non-polyphenolic compounds
and terpenoids have various beneficial effects such as anticancer, anti-microbial, antiinflammatory etc. Further investigations of these compounds may help to facilitate the
discovery of new drugs for treating patients having different kinds of diseases.
Keywords: Non-phenolic; Antioxidant; Terpenoids; Cytotoxicity; Cancer
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Chapter 1
Introduction
1.1 What is Anti-oxidant?
From the very beginning, it can be observed that various natural products or bioactive
compounds are used vigorously in food supplements, medicines, nutrient supplements etc.
Basically their various beneficial effects like antioxidant, anti-inflammatory, antimicrobial,
anti-diabetic, anti-necrotic, neuroprotective are the main reasons behind showing their
effectiveness for preventing different human diseases (El-Sayed et al., 2008). However,
various bioactive compounds such as phenolic, non-phenolic, flavonoids, terpenoids, and
saponins can be extracted from various sources amongst which, plant sources are highly
preferable (vegetable, fruit etc.)
Antioxidants are mainly the substances having protection ability against free radical cell
damages. In medical science oxidation basically prefers to a chemical reaction in which
oxygen losses its electron and chain sequences hence producing free radicals (reactive
substances produced continuously by metabolic processes), that may damages the cells of
organisms, proteins and DNA (Haustein, 2014).
Considering the health effect of natural antioxidants, which is mainly, derived from food and
medicinal plant and this is also from industrial agricultural by-products. Antioxidants those
derived from plants are identified as polyphenols in which phenolic acid, flavonoids, lignin,
tannins etc. are included. From the enormous list of the plant antioxidants, the nonpolyphenolic compounds and terpenoids are focused here for their huge range of biological
activities including antioxidant characteristics (Xu et al., 2017).

1.2 Free Radical Generation
The main balance between anticancer and free radicals generates various human disease such
as cancer, aging, Alzheimer’s disease, Parkinson’s disease, cardiovascular disease, liver
damage, diabetes, inflammatory joint diseases, atherosclerosis etc. For example, in cancer,
anomalous free radicals resulting in body is caused by toxin exposures and ionizing radiation
(Singh et al., 2016) (Pham-Huy et al., 2008). Degenerative diseases which are caused by free
radicals are basically categorize by some diseases given below•

Neoplasm- tumor, cancer etc.

•

Endocrine disease- Thyroidism

•

Disease of nervous system

•

Blood diseases

•

Skin diseases

•

Respiratory system diseases

•

Eye diseases

•

Ear diseases

•

Medical induced- radiotherapy, chemotherapy etc.

•

Neuro-depression.

•

Ischemia-heart attack and organ transplant.

•

Aging- wrinkles, freckles

•

Inflammation- rheumatoid arthritis, wounds etc.
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•

Stress induced

•

Metabolic syndrome- diabetes, hypertension, obesity etc. (Pham-Huy et al., 2008)
(Hajhashemi et al., 2010).

Basically free radical chain reactions, which may lead to cell damages and it can alter the
addition or removing from the cell which actually change the main structure of a lipid and it
may be mutated and grow tumor. Too many free radicals or too many cell damages may
cause oxidative stress as it is associated with nucleic acid, lipid and proteins and plays role in
disrupting those diseases (Uttara et al., 2009)

Free Radical Reaction

O2- ; H2O2
Transition metals
Fe2+, Cu+

OH

Lipid

Modified DNA

Protein

Bases

Damage

Peroxidation

Tissue Damage

Figure 1: The consequences of free radical damage (Young & Woodside, 2001)

In free radical generation, there are some endogenous and environmental sources to trigger
the formation. Endogenous sources including mitochondrial leak, respiratory burst, enzyme
reaction and auto oxidation reaction. On the other hand, environmental sources such as
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cigarette smoke, pollutants, UV light, ionizing radiation, xenobiotic etc. are there to introduce
as one of the influencing factors.
There are various in vitro studies showing that various dietary antioxidants, such as ascorbic
acid (vitamin c), alpha tocopherol (vitamin E), β-carotene, and flavonoids, act as effective
antioxidants in biological systems such as plasma, lipoproteins, and cultured cells
(Hernández-López et al., 2016).
In order to prevent these free radical diseases, first thing to keep in mind that free radical
content is high in nutrient-poor meals, which is deficient of antioxidants. Some cautions like
limiting highly glycemic foods, limiting red meats, limiting processed meats, limiting
alcohol, avoiding volatile chemicals exposures, avoiding air pollution, prohibition on reusing
cooking oils are taken to having a healthy food menu to get rid from free radicals. On the
other hand, long-term consumption of foods rich in antioxidants can retard these diseases to
occur (M. K. Park et al., 2016).

1.3 Classification
Antioxidant may be both endogenous and exogenous in human body. The general
classification of antioxidants varied to enzyme, protein, hormones and small molecules in
which phenolic compounds, non-phenolic compounds, terpenoids, carotenoids, uric acid etc.
are included. It is classified into two major groups- enzymatic and non-enzymatic. The other
classes of dietary antioxidants ingested through diet as like as its defense system (Huang et
al., 2005).
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Antioxidant

Phenolic
Compounds

Natural

NonEnzymatic

Enzymatic

Primary

Secondary

Gingerol

Vitamin

Flavanoid

Carotenoid

Curcumin

Polyphenol
s

Polyphenolic
Acid

Other
Antioxidants

Non
Protein

Protein

Hydrocynamic
Acid
Hydrobenzoic
Acid

Figure 2: Classification of antioxidants (Mamta et al., 2014)
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Antioxidant mechanism: Antioxidants defense in several ways, including breaking free
radical chain reaction, chelating metallic compounds, hunting peroxidation producing
molecules, decreasing oxygen concentration etc. these all mechanisms don’t serve in same
ways or it can be said that they vary in reaction to reaction. For example, flavonoids are very
powerful in chelating metals as well as trapping free radicals, whereas phenolic compounds
are only useful for free radical trapping. In addition, there is no single general method of
antioxidant as it follows several mechanisms (Badarinath et al., 2010).

1.4 Antioxidant Compounds
Vitamin, mineral, hormones, terpenoids, polyphenolic compounds (flavonoids, polyphenolic
acids, non-flavonoid phenolic and other compounds like bilirubin, capsaicin, citric acid,
oxalic acid) are categorized into antioxidant group (Tungmunnithum et al., 2018).
Non-polyphenolic are the organic compounds having hydroxyl group attaching with a carbon
in its aromatic structure. It is an acidic derivative, which is crystalline in nature. Despite of its
poisonousness, it exerts some beneficial effects like antiangeogenic activities, cytotoxicity,
antifungal activity, anti-inflammatory etc (Foti & Amorati, 2009).
Terpenoids: It is also known as iso-prenoids is included into a large family of natural
product both into primary and secondary metabolism but secondary metabolism is mostly
responsible (Kawada et al., 2010). Terpenoids are classified into monoterpenoids,
sesquiterpenoids, diterpenoids, sesterpenoids, and triterpenoids. However, it plays a
significant role in plant by giving protection against various interspecies.
In various studies, non-polyphenolic antioxidants (Foti & Amorati, 2009) and terpenoids
(Graßmann, 2005) are great supplements of degenerative diseases. Few non-polyphenolic
compounds and terpenoids with few of their tests are given below-
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Compounds

Previously done Bioactivity
studies

Pyridinols

1. Antiangeogenic activities.
2. Biological evaluation for
breast cancer

Thiols

1.

Homeostasis

operating

diabetic neuropathy
2.

Spectrophotometric

Determination

of

Phenolic

Antioxidants in the existence of
Thiols and Proteins.
Limonene

1.Antioxidants

and

antigenotoxic properties
2.

Gastroesophageal

reflux

disease (GERD): analysis of
conventional

and

alternative

treatments.
3. Microbiological test
Linalool

Antioxidant activity of linalool
in patients having carpal tunnel
syndrome.
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Structures

Citral

Cytotoxic effects on tumor cells,
antimicrobial-antioxidantsantitumor activity,

Pyrimidinols

Cytoprotective properties

Phenothiazines

1.The potency of Diarylamine
Radical Trapping Antioxidants
2.

Design, synthesis, in vitro

analysis and preliminary SAR
studies
Lignin

1. As an antioxidant scaffold for
the growth of neuron cell and
Schwann cell.
2. Structural elucidation and
antioxidant

activity

outlying

from rice straw
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Terpenoids

Tests done

Santene

1. Effect of Regular Exercise
and

working

Figure

Beverages

on

Changes in Body Weight
2. Calculating of the melatonin
suppression

index

yellow-tinted

through

and

clear

Composition

and

intraocular lenses.
p-cymene

1.Chemical

Antibacterial Activity
2. Synergistic effects found
In vitro studies
Tricine

The synthesis, physiochemical
and biological evaluation.

α fenchene

Essential

oils

chemical

composition

and

antioxidant

Essential

oils

chemical

composition

and

antioxidant

activities

α-thujene

activities
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α pinene

In

vitro

assessment

cytogenetic

and

of

oxidative

effects

Comphene

Comparative analysis of the
Chemical

Composition,

Antimicrobial Activities and
Antioxidant of the Volatile Oils
of

Hawk

Tea

from

Six

Botanical Origins.
Sabinene

1.

Identification

productive

of

highly

antitrypanosomal

compounds lying into essential
oils from the Apiaceae family.
2.

Chemical

composition,

antioxidant, anti-inflammatory
and

anti-proliferative

characteristics of essential oils
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Myrcene

1. Traversing the pro-apoptotic,
anti-proliferative,

and

antioxidant properties
2. Evaluation of the antiinflammatory,

anti-catabolic

and pro-anabolic effects
δ-3-carene

Antioxidant and antibacterial
activities of crude extracts and
essential oil

Phellandrene

1.

Exploring

the

anti-

proliferative, pro-apoptotic, and
antioxidant properties
2.

Identification

productive

of

highly

antitrypanosomal

compounds
Terpinene

1. Essential Oil Composition
and Biological Activity
2.

Identification

effectual

of

highly

antitrypanosomal

compounds in essential oils
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Eugenol

1.The effectiveness of eugenol
against

cisplatin-induced

ototoxicity
2.Design,

Evaluation

And

Antimicrobial Activity
Methyl

Essential

eugenol

antioxidant

oil

composition,
capacity

and

antifungal activity

Estragole

1.In vitro toxicity evaluation
2.Chemometric differentiation
and Classification of Some
Essential Oils

Safrole

1.Mode of action based risk
assessment
Essential oils: in vitro activity
in opposition of Leishmania
amazonensis, cytotoxicity and
chemical composition
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Methyl
citronellate

1. Identification of genes and
proteins

necessary

for

catabolism of acyclic terpenes
and

leucine/isovalerate

in

Pseudomonas aeruginosa.
2. Identification of unique citrus
chemotypes and new volatile
molecules.
Fenchyl

1. Chemical and biological

acetate

characterization
2.

Fumigant

toxicity

and

oviposition deterrency
D-borneol

Chemical

composition

and

larvicidal effects of essential oil
of Blumea martiniana
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Terpinene-4-ol 1. Chemical Composition and
Antimicrobial Activity
2.

Anticonflict

effects

of

lavender oil and identification of
its active constituents.
α terpineol

1. Antimicrobial and antioxidant
properties of hydrocarbon and
oxygenated

monoterpenes

opposed to some foodborne
pathogens through in vitro and
in silico studies.
2. Chemical Composition and
Biological Activity
Camphor

Searching

for

compounds

against

cytotoxic
ovarian

cancer cells

Salvinorine

The Antioxidant Activities of
Natural

Polysaccharides.

Oxidative

Stress

in

Atherosclerosis.

Table 1: Lists of some non-phenolic and terpenoids
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The non-phenolic compounds included into above list, mainly exert some cytotoxic activity
which is very beneficial for human body and give very promising result against different
types of tumor cells (Perveen & Al-Taweel, 2017).

1.5 Cytotoxicity
Cytotoxicity is basically an abnormal, uncontrolled exposure to other cells or other
physical/environmental conditions which mainly occurred by any chemical reaction or
stimuli. While showing apoptotic cells growth, necrotic cell death is included into cell lysis
and controlled ancestrally. Cell can be toxic or killed in several ways by cytotoxic agents.
Basically cytotoxic agents do harm to cell to weaken the cell membrane and cell lysis to stop
their (cell) division or further growths (Lynne Eldridge, 2019) (Salih Istifli et al., 2019).
Cancer: Nowadays cancer is second leading reason of death among all the diseases and it has
become so challenging because of its powerful interaction with various multiple signaling
pathways which involves a variety of target molecules (Farghadani et al., 2016). It is the
leading cause of mortality and morbidity as well. Cancer is abnormal, uncontrolled, or
irregular unconscious cell growth which may result in tumor, immune system damaging and
other fatal disease. Both Fast growing and slow growing cancer cells are there with their
action to cellular changes. Numerous types of cancer and their mechanisms vary by their
characteristics and can be caused by various reasons. Some reasons like- smoking, alcohol
intake, obesity, poor nutrition, genetic, aging, physical inactivity etc. in which some are
preventable sometimes and some are not (Nall, 2016). Various types of cancer including,
•

Liver cancer

•

Leukemia

•

Colon cancer

•

Thyroid
15

•

Pancreatic

•

Bladder

•

Melanoma

•

Kidney cancer

•

Rectal cancer

•

Lung cancer

•

Breast cancer

•

Prostate cancer etc. are very common in recent scenarios (Kandoth et al., 2013).

To prevent cancer, no appropriate treatment is invented yet rather than various approaches.
Some basic approaches are given below:
Chemotherapy: It is a type of cancer treatment in which one or more than one anticancer
drug is used. It is one of aggressive form of chemical therapy which is meant to kill
cancerous or toxic cell so rapidly in the body. It usually keep preventing the growth or
spreading of cancerous cells as those cells are fast growing.
Radiotherapy: Using high doses of radiation to kill the cancerous cell and shrink tumors is
one of the advance techniques in cancer treatment. Radiation therapy reduces the size of
tumors before killing the remaining cancer cells. X-rays are mostly used in this therapy but
other types of energies are used as well.
Hormone therapy: Basically it uses certain medications to balance some hormonal activity.
Here main target of those medicines is to deliver throughout the body not only delivered to
cancer cell only. It basically acts by adding, removing or blocking the hormones from the
body to slow down the cancer cell progression.
Immunotherapy: It aims to boost up immune system to control these cancerous cells. The
improved immune system mainly helps the body to fight against infections and some other
16

disease as well. White blood cells and some organ and tissues from lymph system are creator
of immunotherapy. It is known as biological therapy as it uses substances made from living
organism to treat cancer.
Stem cell transplant: It is known as bone marrow transplant. Here patients with damaged
stem cell got replaced by healthy stem cells. Patient’s body needs to be prepared before
transplantation by high doses of chemotherapy or radiation therapy. Removing toxic cells is
main approach by this type of transplantation.
Surgery: Surgery can be one of the treatments when it comes to spreading of any tumor.
Surgery cuts off cancer cell contained in one area. It may removes some of cancerous cell
rather than all. In surgery, removing an entire tumor may be harmful for the organ or the
body so that debunking is required. Surgery is done to stop the further spreading of those
cancerous cells. By doing surgery of a tumor or cancerous cells, it makes other treatment
easier and safe.
Various studies show that antioxidants containing food may decrease the rates of cancer risk
(Borek, 2004). For example, vitamin e and selenium reduce risk of prostate and colon cancer,
on the other hand radiation and anticancer drugs may induce oxidative stress which increases
further disease spreading. Carotenoids, may reduce breast cancer risk and ascorbic acid has
significant roles in preventing tumor cell growth (Cooperstone & Schwartz, 2016).

1.6 Rationale of the Study
In recent days, there are huge demands for identification of natural plant antioxidants and
cytotoxicity for their pharmacological effectiveness. Plant antioxidants mainly prevent the
oxidative stress, occurred by reactive oxygen species. There are various methods for
identifying biologically and pharmacologically active antioxidant and cytotoxic properties of
plant parts. However, literature review revealed that mostly phenolic compounds, flavonoids
17

etc. possess antioxidant and cytotoxic activity. On but the other hand, non-phenolic
compounds and terpenoid are rare in this case of antioxidant and cytotoxic activities. For this
reason, this review is an attempt to compile all the non-polyphenolic compounds and
terpenoids showing antioxidant and anticancer properties on plant and also their mechanism
of actions with some of their benefits.

1.7 Aim of the Study
The aim of this review is to compile all possible non-polyphenolic and terpenoid compounds
which have potential in both antioxidant properties and cytotoxicity.

1.8 Objectives
The main objective of this study is given below:
•

To get the knowledge on non-polyphenolic and terpenoid containing antioxidant and
cytotoxic potential.

•

To compile all possible non-polyphenolic and terpenoid compounds having
antioxidant and cytotoxic potential.

•

To create references for researchers for further investigation.
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Chapter 2
Methodology
As the first consideration, this review has done by thoroughly reading a quantity amount of
scholarly articles related to the topic and these all are from authentic sources. In addition,
these articles were taken from various reliable sources like online database, books, reviewed
articles, newspaper according to need. Then, overall information of this review article was
taken from those sources and organized in a good manner as it is required. Also, some web
pages of some professionals were used as reference here. Some of searching webpages such
as PubMed, chem-med, science direct, goggle scholars etc. were used during reviewing this
article. Moreover, citation of this review paper was done in Mendely by Elsevier as per
required.
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Chapter 3
Overview of Some Non Phenolic and Terpenoid Compounds
3.1 Characteristics of Non-phenolic Compound
Pyridinols is a solid which has no color. Again, thiols they are very strong in odor, similar to
onion or garlic scent. It has low molecular weight representing that strong smell. They are
less soluble in water (Takoi et al., 2009). Limonene it is a liquid which is a colorless and
hydrocarbon and known as a terpene. It is found in different plants as well as in some peels of
citrus fruits. It has a strong odor similar to orange (Erasto & Viljoen, 2008). Linalool is a
non-phenolic compound, a major ingredient of essential oils of various species. This is an
odorant which is used to perceive pleasant smell (Aprotosoaie et al., 2014). Citral has a
strong odor similar to lemon. It is less intense but it is sweeter. It is mobile pale yellow in
color (Martins et al., 2017). Phenothiazines is yellow in color and diamond in shape. Slight
odor is present and no tastes are there. Lignin: it is a complex polymer. It is insoluble in
water and alcohol. It is slightly soluble in alkaline (Birben et al., 2012)

3.2 Mechanism of Action of Non Phenolic and Terpenoid Compound
Some non-phenolic compounds have different mechanism of actions. In first consideration,
thiols contain a heap of antioxidants of total body and acts as a very protective against ROS
system. Thiols basically transfers oxidative stress to other proteins. However, protein based
and molecular level is the main priority of thiol’s mechanism of action. It defenses against
free radical damages also plays important role in detoxification, apoptosis, signal
transduction and other functions as well as involving in various organisms (Ulrich & Jakob,
2019) (Prakash et al., 2009).
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Limonene is a powerful antioxidant which plays significant role in preventing cancer.
Limonene can block cancer related chemicals or cells. In advanced cancer, tumor contains
limonene, which slows down the progression of cancer though it does not guarantee the
survival of the host (L., 2011).
Linalool is expert in many ways such as, anxiety and depression, stress, pain, epilepsy,
Alzheimer disease, opioid addiction etc. Study shows that it has high antioxidant properties to
scavenge free radicals. Also it acts in various compound’s synthesis and it can be used as a
medicine as it may treat against cancer and several diseases with its antioxidant activities.
The natural non-phenolic compound citral, contain anticancer properties. Antitumor action of
citral involves oxidative stress into it. It inhibits some of enzymes and prevents cell
proliferations. Citral strengthens antitumor potentiality hence promote the anticancer activity.
(Bailly, 2020)
Phenothiazine is used in bipolar disorders and schizophrenia disorders because of their
inhibitory characteristics against dopamine receptor. Recent studies show that it exerts a good
amount of antitumor effects in which they target various signaling pathways (Wu et al.,
2016).
Lignin, a non-phenolic compound found in plant cell walls and it is the most liberal polymer.
Numerous uses of lignin include plastic’s raw material, petroleum alternative, natural binders,
adhesives, resins, agricultural chemicals, textile dyes, vanillin’s manufacturing etc.
(Amarasekara, 2013). Lignin strengthens and gives rigidity to plants. Moreover, phenolic
hydroxyl group in lignin makes it as a strong antioxidant. The antioxidant activities were
determined in lignin by the ability of scavenging free radical as it shows clearly in DPPH (a
method using diphenyl picryl hydrazyl) (Mahmood et al., 2018).
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Comphene, a terpenoid which occur in its enantiometric form and mostly in essential oil
including valerian, cypress oil, bergamot oil, camphor oil, etc. Comphene has certain healing
characteristics such as anti-inflammatory, antibiotic and anti-cardiovascular diseases, antifungal as well. These terpenoids present in significant amount in food, medicine to show
these properties. Comphene, p-cymene are strong terpenes which is known as redox active
molecule which basically scavenges some reactive species such as hydroxyl radical, nitric
oxide and it prevents biomolecule’s oxidation. These terpenoids treat against some infectious
diseases caused by pain, oxidative stress, inflammation, stress etc. (Quintans-júnior et al.,
2013).
Sabinene, a monoterpene, is found in essential oil form of some sub-Sahara African plants.
For human health, it is powerful in scavenging free radicals. In addition, it plays role against
preventing cancer, heart diseases etc.
The anti-proliferative character of myrcene is found specifically for some cancer cell lines.
Hexane and methanol extracts are used to inhibit cell viability and these both extracts reduce
motility, migration and invasion of some cell line. Hexane extract decreases nitric oxide
production, which shows some anti-inflammatory activity (Bonesi et al., 2018).
Camphor is used very commonly to treat wounds nowadays. First of all, preparing extract
using both hot and cold extraction which is assessed its antioxidant properties later. Studies
shown that, significant amount of antioxidant effects are found using DPPH method
(Muhamad et al., 2019). Camphor is known for so many benefits such as,
• It reduces pain, swelling, inflammation, anxiety, and convulsion,
• Camphor boosts up circulation, digestion, excretion, metabolism and secretion.
• Aromatherapy is mainly depended on camphor oil as its scent gives relieve or
refreshment to respiratory system.
22

• Some common problems like itching, redness, insect bites, acne, rashes are treated
well by camphor for its anti-microbial and anti-fungal properties.
• In medicinal terms, it basically shows effects for Anti-depressant, Carminative,
Diuretic, sedative, anti-inflammatory, hypertensive, anti-neuralgic, anesthetic etc.
in human.
• It induces sleep and treats cold and cough as well (Zuccarini, 2010).
Safrole is a popular essential oil form extracted from natural plant and it exhibits antiangeogenic, antibiotic activities. Safrole is banned for some of its carcinogenic properties.
Though in human, it is not that much huge but it can cause cancer in rodents. Oxidative
damage is reason for safrole. Interfering with defense system of neutrophils is also a side
effect of safrole (Gad & Pham, 2014).
Estragole, is used as a fragrance and also in flavorings widely. Its smell is close to tarragon as
the scent is oily in nature. Essential oil forms are the main source of this terpenoid other
sources including basil, dill, tarragon, nutmeg, cinnamon etc. Estragole is widely used in food
for flavoring, in some synthesis of some organic compounds in some traditional Chinese
medicine. Considering some of common usages of Estragole includes:
•

Reducing fatigue: Aromatherapy contains Estragole, which is a good medicine to
reduce fatigue.

•

Stress relieving: Estragole is good for relieving stress as tarragon oil helps to serve
an effective sleep. Studies shown that, Estragole based oil helps sleep disturbances.

•

Reduce headache: By applying these essential oils with some other oil like coconut
or almond oil can help to reduce headache as they reduce the stress.
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•

Good for cognitive function: it gives positive effects on a person’s mind health. For
example, it strengthens someone’s memory and it also improve someone’s way of
thinking or mood (Takeda et al., 2017) (Asazawa et al., 2017) (Ponte et al., 2012).

Basically, estragole is an effective source of anti-inflammatory agent and antioxidant which
treats various disease caused by oxidative stress (Li et al., 2017).
Methyl Eugenol, which is a phenylpropanoid, is known as Eugenol methyl ether. It is a
natural plant compound, acts as flavor or fragrance. Various herbs and fruits contain methyl
Eugenol. Such as: tarragon, nutmeg, banana, grapefruit, lemon grass etc. However, methyl
Eugenol is known widely for some of its beneficial usages include:
•

Cosmetic preparation: Methyl Eugenol is used in personal cares and some
of cosmetic preparation because of its fragrance. For example, soap,
shampoo, perfume etc.

•

Flavoring: Methyl Eugenol used in flavoring of some food and beverages
like ice-cream, candies etc.

•

Anti-microbial effect: It gives anti-bacterial and anti-fungal activities against
some bacterial and fungal organisms.

•

Antioxidant activity: Methyl Eugenol is a good source of antioxidant and
also a very good source of anti-tumor, anti-carcinogenic, cytotoxic properties
(Bezerra et al., 2017).

Some health hazards including, eye irritation, nausea, dizziness, skin irritation etc. methyl
eugenol is burnable which is hazardous (Data Research Analyst, 2015).
P-cymene, which is a great ingredient for essential oil derived from natural plant. It has
antinociceptive effect in rodent. P-cymene has antioxidant properties act in vivo and in brain,
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it serves as a neuroprotective agent. Treatment is developing in various diseases by this pcymene compound (De Oliveira et al., 2015).
Alpha pinene is a terpenoid which acts like a potent antioxidant. It gives anti-inflammatory
and anti-carcinogenic properties by inhibiting prostaglandins (Capouet et al., 2004). Alpha
pinene has a cooling and soothing effect towards the inflamed tissues. Also, it shows
antimicrobial activity in opposition to some dangerous bacteria. Alpha pinene mainly seizes
off cancer cell growth which lowers the spreading ability to the other body parts. In addition,
it gives some gastro protective effect while consuming at lower exposure. It answers the cell
in a promising way. Also it boosts someone’s memory by reducing acetylcholinesterase
activities and prevent short term memories. On the other hand, large amount of alpha pinene
intake is not good for health.
Another terpenoid, D-Borneol, used as a messenger drug in Chinese traditional medicine
nowadays in terms of transferring multiple drugs in multiple sites and co-ordinate those drugs
effects. It has a BBB opening effect which directly associated with the expression of some
genes like Mdrla and Mdrlb. However, it acts by raising its synergistic effects to maximum
level by targeting hypothalamus and hippocampus. However, it increases capacity of the
brain dealing out of nanoparticles. Moreover, borneol increases drug efficacy and balance the
cell structure and composition at a same time (Gao & Xiaoling Gao, 2019).
Alpha thujene, were found in variety of plants as a terpenoid. It contributes acuteness to the
herb’s flavor. Alpha thujene binds with GABA receptors as it is a neuro toxic substance. To
mention, some properties of alpha thujene are:
•

Anti-inflammatory

•

Anti-arthritic

•

Anti-microbial
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•

Anti-insecticide (Al-Yasiry & Kiczorowska, 2016)

Another terpenoid, eugenol which is an aromatic compound found in variety of plant like bay
leaves, cloves etc. it is used in phenolic dental systems as a topical treatment. In first
consideration, anodyne and sedative effects are very common in eugenol. However, it exerts
some of very important heart benefits including, antiseptic properties, anti-inflammatory and
most importantly exerting anti-oxidant effects. Eugenol hinders sensory nerve system and
prostaglandin production. Moreover, it defenses against amyloid peptide, ischemia,
exitotoxicity etc. in nervous system. Also treatment in cephalic pain and epilepsy, eugenol is
useful (S. H. Park et al., 2011).
In consideration with another terpenoid, alpha terpineol, plays a significant role in human’s
life and industries field as well. Some of important biological applications are in range of
alpha terpineol. For example, it shows a quality amount of anticancer properties as an
antioxidant. Another applications like, anti-hypertensive, anti-convulsant, anti-ulcer, antinociceptive etc. Effects are exerted by alpha terpineol. In addition, giving skin penetration to
insecticidal protection are included here. Also in cosmetic preparation, alpha terpineol has a
great implementation by promising as a good candidate in pharmaceutical industries and
people’s day to day life (Khaleel et al., 2018).
Terpinene-4-ol is a very good terpenoid in terms of anti-tumor properties by showing
impressing results in preventing numerous cancer models. It basically exerts its anti-tumor
effects by activating caspase-dependent apoptosis which is in melanoma cells. In addition,
terpinene-4-ol has some other biological activities such as anti-proliferative and antiinflammatory (Lin et al., 2012).
Phellandrene, is another terpenoid having powerful antifungal activities in which they
increase the cell permeability and hampers the cell integrity. Phellandrene metabolizes in two
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possible pathways. One of the ways requires redox reaction to produce phellanduric acid and
phellandric acid. Another way is in conjugation phase and hydroxylation (Zhang et al., 2017)
δ-3-carene, a terpenoid known for its great allergenic properties. Studies shown that it is
found as a microbolite in-vitro by using human lung microsomes and liver (Tisserand &
Young, 2014).

27

Chapter 4
Discussion
The main objective of this paper was to compiling some non-phenolic compounds and some
terpenoids present in plants. These compounds have quality amounts of antioxidant properties
along with some other health benefits such as anti-inflammatory, anti-microbial, anti-tumor,
anti-allergenic,

antiseptic

etc.

properties.

Anti-inflammatory

and

anti-microbial

characteristics were mostly common among all the non-phenolic compounds and terpenoids.
Anti-diabetic property is also a great thing to focus on. Mainly, anticancer and antioxidant
properties findings are the main goal lying into this review paper. Some compounds play very
significant role in preventing cancer and further cell growth as well as in tumor cell
spreading. Cancer generations by various reasons are described nicely in this paper with all
the cancer types. Some of cancer treatments like, chemotherapy, radiotherapy is most
common treatment for cancer and also some antioxidants derived from dietary foods are
commonly used for cancer prevention and other diseases prevention as well. However, the
diseases caused by free radical generation, are treated well with these antioxidants. These
antioxidants basically scavenge the free radicals by various possible ways including breaking
free radical chain reaction, decreasing oxygen concentration etc. also it varies reaction to
reaction to serve the same scavenging activity. To explain, free radicals generate some
damages in human body by oxidative stress in reactive oxygen system. ROS affects the other
cell generation or expression by balancing redox-sensitive transcription factors. By changing
the original cell structure, it mutates tumor and disrupt some disease which are called as free
radical disease. From the table, it’s seen all the compounds with their structure and some of
their tests done so far. Moreover, the details of those compounds with their basic mechanism
of action and effects on human body will influence the health sectors by introducing new
drugs and remedies. In addition, the pharmacological studies or previously done studies on
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those antioxidants listed in the table, influences further experiments and the studies related to
cancer prevention. Thus, it is an understandable evident that there are so many plants having
non-phenolic compounds and terpenoids but their established uses are yet to be approved
scientifically. These compounds having antioxidant and anticancer properties may help in
near future for discovering new lead compound in drug having many more therapeutic
efficacies.
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Chapter 5
Conclusion and Future Direction
In conclusion, both non-polyphenolic compounds and terpenoid in plants show some valuable
effects like preventing cancer, anti-microbial activity, anti-fungal activity etc. The review is
about compilation of almost all non-polyphenolic and terpenoid compounds which contribute
into cytotoxicity and antioxidant properties. Various studies have showed that
nonpolyphenolic and terpenoids can also have antioxidant and cytotoxic properties. That is
why this review is focused on compiling non-polyphenolic and terpenoid compounds in
plants with antioxidant and cytotoxic activity. However, non-phenolic compounds and
terpenoids in plants are a great source of antioxidant and anticancer properties.
This review has been written with a view to facilitate the work of furure researchers who
wants to conduct lab based work with these compounds. It will help them to understand if
these compounds are already been investigated or not by other scientists. Moreover, it will
serve as a future documentation for other researchers.

30

References
Al-Yasiry, A. R. M., & Kiczorowska, B. (2016). Frankincense - Therapeutic properties.
Postepy

Higieny

I

Medycyny

Doswiadczalnej.

https://doi.org/10.5604/17322693.1200553
Amarasekara, A. S. (2013). Separation and Uses of Lignin. In Handbook of Cellulosic
Ethanol. https://doi.org/10.1002/9781118878750.ch10
Aprotosoaie, A. C., Hǎncianu, M., Costache, I. I., & Miron, A. (2014). Linalool: A review on
a key odorant molecule with valuable biological properties. Flavour and Fragrance
Journal. https://doi.org/10.1002/ffj.3197
Asazawa, K., Kato, Y., Yamaguchi, A., & Inoue, A. (2017). The effect of aromatherapy
treatment on fatigue and relaxation for mothers during the early puerperal period in
Japan: A pilot study. In International Journal of Community Based Nursing and
Midwifery (Vol. 5, Issue 4, pp. 365–375).
Badarinath, A. V., Mallikarjuna Rao, K., Madhu Sudhana Chetty, C., Ramkanth, S., Rajan, T.
V. S., & Gnanaprakash, K. (2010). A review on In-vitro antioxidant methods:
Comparisions, correlations and considerations. In International Journal of PharmTech
Research.
Bailly, C. (2020). Targets and pathways involved in the antitumor activity of citral and its
stereo-isomers.

In

European

Journal

of

Pharmacology.

https://doi.org/10.1016/j.ejphar.2020.172945
Bezerra, D. P., Militão, G. C. G., De Morais, M. C., & De Sousa, D. P. (2017). The dual
antioxidant/prooxidant effect of eugenol and its action in cancer development and
treatment. Nutrients, 9(12), 1–15. https://doi.org/10.3390/nu9121367
Birben, E., Sahiner, U. M., Sackesen, C., Erzurum, S., & Kalayci, O. (2012). Oxidative stress
and antioxidant defense. In World Allergy Organization Journal (Vol. 5, Issue 1, pp. 9–
31

19). https://doi.org/10.1097/WOX.0b013e3182439613
Bonesi, M., Brindisi, M., Armentano, B., Curcio, R., Sicari, V., Loizzo, M. R., Cappello, M.
S., Bedini, G., Peruzzi, L., & Tundis, R. (2018). Exploring the anti-proliferative, proapoptotic, and antioxidant properties of Santolina corsica Jord. & Fourr. (Asteraceae). In
Biomedicine

and

Pharmacotherapy

(Vol.

107).

https://doi.org/10.1016/j.biopha.2018.08.090
Borek, C. (2004). Dietary antioxidants and human cancer. Integrative Cancer Therapies,
3(4), 333–341. https://doi.org/10.1177/1534735404270578
Capouet, M., Peeters, J., Nozière, B., & Müller, J.-F. (2004). Alpha-pinene oxidation by OH:
simulations of laboratory experiments. Atmospheric Chemistry and Physics Discussions.
https://doi.org/10.5194/acpd-4-4039-2004
Cooperstone, J. L., & Schwartz, S. J. (2016). Recent Insights Into Health Benefits of
Carotenoids. In Handbook on Natural Pigments in Food and Beverages: Industrial
Applications for Improving Food Color. https://doi.org/10.1016/B978-0-08-1003718.00020-8
Data Research Analyst. (2015). Methyl Eugenol: Meaning, Properties, Uses and Health
Hazards.

https://www.worldofchemicals.com/636/chemistry-articles/methyl-eugenol-

meaning-properties-uses-and-health-hazards.html
De Oliveira, T. M., De Carvalho, R. B. F., Da Costa, I. H. F., De Oliveira, G. A. L., De
Souza, A. A., De Lima, S. G., & De Freitas, R. M. (2015). Evaluation of p-cymene, a
natural

antioxidant.

Pharmaceutical

Biology.

https://doi.org/10.3109/13880209.2014.923003
El-Sayed, M. M., Abdel-Hameed, E. S. S., Ahmed, W. S., & El-Wakil, E. A. (2008). Nonphenolic antioxidant compounds from Buddleja asiatica. Zeitschrift Fur Naturforschung
- Section C Journal of Biosciences, 63(7–8), 483–491. https://doi.org/10.1515/znc-2008-

32

7-803
Erasto, P., & Viljoen, A. M. (2008). Limonene - A review: Biosynthetic, ecological and
pharmacological

relevance.

In

Natural

Product

Communications.

https://doi.org/10.1177/1934578x0800300728
Farghadani, R., Haerian, B. S., Ebrahim, N. A., & Muniandy, S. (2016). 35-year research
history of cytotoxicity and cancer: A quantitative and qualitative analysis. Asian Pacific
Journal

of

Cancer

Prevention,

17(7),

3139–3145.

https://doi.org/10.14456/apjcp.2016.66
Foti, M. C., & Amorati, R. (2009). Non-phenolic radical-trapping antioxidants. Journal of
Pharmacy

and

Pharmacology,

61(11),

1435–1448.

https://doi.org/10.1211/jpp/61.11.0002
Gad, S. C., & Pham, T. (2014). Safrole. In Encyclopedia of Toxicology: Third Edition.
https://doi.org/10.1016/B978-0-12-386454-3.01204-5
Gao,

H.,

&

Xiaoling

Gao.

(2019).

Brain

Targeted

Drug

Delivery

System.

https://doi.org/10.1016
Graßmann, J. (2005). Terpenoids as Plant Antioxidants. Vitamins and Hormones, 72(5), 505–
535. https://doi.org/10.1016/S0083-6729(05)72015-X
Hajhashemi, V., Vaseghi, G., Pourfarzam, M., & Abdollahi, A. (2010). Are antioxidants
helpful for disease prevention? In Research in Pharmaceutical Sciences (Vol. 5, Issue 1,
pp. 5–12).
Haustein, C. H. (2014). The Gale Encyclopedia of Science (5th ed.).
Hernández-López, S. H., Rodríguez-Carpena, J. G., Lemus-Flores, C., Galindo-García, J., &
Estévez, M. (2016). Antioxidant protection of proteins and lipids in processed pork loin
chops through feed supplementation with avocado. Journal of Food Science and
Technology. https://doi.org/10.1007/s13197-016-2252-6

33

Huang, D., Boxin, O. U., & Prior, R. L. (2005). The chemistry behind antioxidant capacity
assays.

In

Journal

of

Agricultural

and

Food

Chemistry.

https://doi.org/10.1021/jf030723c
Kandoth, C., McLellan, M. D., Vandin, F., Ye, K., Niu, B., Lu, C., Xie, M., Zhang, Q.,
McMichael, J. F., Wyczalkowski, M. A., Leiserson, M. D. M., Miller, C. A., Welch, J.
S., Walter, M. J., Wendl, M. C., Ley, T. J., Wilson, R. K., Raphael, B. J., & Ding, L.
(2013). Mutational landscape and significance across 12 major cancer types. Nature,
502(7471), 333–339. https://doi.org/10.1038/nature12634
Kawada, T., Goto, T., Takahashi, N., & Hirai, S. (2010). Various Terpenoids derived from
herbal and dietary plants function as PPAR modulators and regulate carbohydrate and
lipid metabolism. In PPAR Research. https://doi.org/10.1155/2010/483958
Khaleel, C., Tabanca, N., & Buchbauer, G. (2018). α-Terpineol, a natural monoterpene: A
review of its biological properties. Open Chemistry. https://doi.org/10.1515/chem-20180040
L., P. (2011). Gastroesophageal reflux disease (GERD): A review of conventional and
alternative treatments. In Alternative Medicine Review (Vol. 16, Issue 2, pp. 116–133).
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=emed10&NEWS=N&
AN=2011682869
Li, H., Ge, Y., Luo, Z., Zhou, Y., Zhang, X., Zhang, J., & Fu, Q. (2017). Evaluation of the
chemical composition, antioxidant and anti-inflammatory activities of distillate and
residue fractions of sweet basil essential oil. In Journal of Food Science and Technology
(Vol. 54, Issue 7). https://doi.org/10.1007/s13197-017-2620-x
Lin, C. C., Wu, C. S., Chen, Y. J., Chen, J. J. W., Shieh, J. J., Huang, C. H., Lin, P. S.,
Chang, G. C., & Chang, J. T. (2012). Terpinen-4-ol induces apoptosis in human
nonsmall cell lung cancer in vitro and in vivo. Evidence-Based Complementary and

34

Alternative Medicine. https://doi.org/10.1155/2012/818261
Lynne

Eldridge,

M.

(2019).

Cytotoxic

Actions

and

Precautions.

https://www.verywellhealth.com/cytotoxic-definition-and-examples-2249082
Mahmood, Z., Yameen, M., Jahangeer, M., Riaz, M., Ghaffar, A., & Javid, I. (2018). Lignin
as

Natural

Antioxidant

Capacity.

Lignin

-

Trends

and

Applications.

https://doi.org/10.5772/intechopen.73284
Mamta, Misra, K., Dhillon, G. S., Brar, S. K., & Verma, M. (2014). Antioxidants. In
Biotransformation of Waste Biomass into High Value Biochemicals (Vol. 9781461480,
pp. 117–138). https://doi.org/10.1007/978-1-4614-8005-1_6
Martins, H. B., Das Neves Selis, N., Silva Souza, C. L. E., Nascimento, F. S., De Carvalho,
S. P., Gusmão, L. D. O., Dos Santos Nascimento, J., Brito, A. K. P., De Souza, S. I., De
Oliveira, M. V., Timenetsky, J., Yatsuda, R., Uetanabaro, A. P. T., & Marques, L. M.
(2017). Anti-inflammatory activity of the essential oil citral in experimental infection
with staphylococcus aureus in a model air pouch. Evidence-Based Complementary and
Alternative Medicine. https://doi.org/10.1155/2017/2505610
Muhamad, S. H. A., On, S., Sanusi, S. N. A., Hashim, A. A., & Addinna Zai, M. H. (2019).
Antioxidant activity of Camphor leaves extract based on variation solvent. Journal of
Physics: Conference Series, 1349(1). https://doi.org/10.1088/1742-6596/1349/1/012102
Nall,

R.

(2016).

What

to

know

about

cancer.

https://www.medicalnewstoday.com/articles/323648.php
Park, M. K., Paik, H. Y., & Lee, Y. (2016). Intake Trends of Red Meat, Alcohol, and Fruits
and Vegetables as Cancer-Related Dietary Factors from 1998 to 2009. Osong Public
Health and Research Perspectives. https://doi.org/10.1016/j.phrp.2016.04.005
Park, S. H., Sim, Y. B., Lee, J. K., Kim, S. M., Kang, Y. J., Jung, J. S., & Suh, H. W. (2011).
The analgesic effects and mechanisms of orally administered eugenol. Archives of

35

Pharmacal Research. https://doi.org/10.1007/s12272-011-0320-z
Perveen, S., & Al-Taweel, A. M. (2017). Phenolic Compounds from the Natural Sources and
Their Cytotoxicity. In Phenolic Compounds - Natural Sources, Importance and
Applications. https://doi.org/10.5772/66898
Pham-Huy, L. A., He, H., & Pham-Huy, C. (2008). Free radicals, antioxidants in disease and
health. In International Journal of Biomedical Science.
Ponte, E. L., Sousa, P. L., Rocha, M. V. A. P., Soares, P. M. G., Coelho-de-Souza, A. N.,
Leal-Cardoso, J. H., & Assreuy, A. M. S. (2012). Comparative study of the antiedematogenic

effects

of

anethole

and

estragole.

Pharmacological

Reports.

https://doi.org/10.1016/S1734-1140(12)70895-2
Prakash, M., Shetty, M. S., Tilak, P., & Anwar, N. (2009). Total Thiols: Biomedical
importance and their alteration in various disorders. In Online Journal of Health and
Allied Sciences (Vol. 8, Issue 2).
Quintans-júnior, L., Moreira, J. C. F., Pasquali, M. A. B., Rabie, S. M. S., Pires, A. S.,
Schröder, R., Rabelo, T. K., Santos, J. P. A., Lima, P. S. S., Cavalcanti, S. C. H., Araújo,
A. A. S., Quintans, J. S. S., & Gelain, D. P. (2013). Antinociceptive Activity and Redox
Profile of the Monoterpenes (+)-Camphene, p-Cymene, and Geranyl Acetate in
Experimental Models. 2013.
Salih Istifli, E., Tahir Hüsunet, M., & Basri Ila, H. (2019). Cell Division, Cytotoxicity, and
the Assays Used in the Detection of Cytotoxicity. In Cytotoxicity - Definition,
Identification, and Cytotoxic Compounds. https://doi.org/10.5772/intechopen.88368
Singh, G., Passsari, A. K., Leo, V. V., Mishra, V. K., Subbarayan, S., Singh, B. P., Kumar,
B., Kumar, S., Gupta, V. K., Lalhlenmawia, H., & Nachimuthu, S. K. (2016). Evaluation
of phenolic content variability along with antioxidant, antimicrobial, and cytotoxic
potential of selected traditional medicinal plants from india. Frontiers in Plant Science,

36

7(MAR2016). https://doi.org/10.3389/fpls.2016.00407
Takeda, A., Watanuki, E., & Koyama, S. (2017). Effects of Inhalation Aromatherapy on
Symptoms of Sleep Disturbance in the Elderly with Dementia. Evidence-Based
Complementary and Alternative Medicine. https://doi.org/10.1155/2017/1902807
Takoi, K., Degueil, M., Shinkaruk, S., Thibon, C., Maeda, K., Ito, K., Bennetau, B.,
Dubourdieu, D., & Tominaga, T. (2009). Identification and characteristics of new
volatile thiols derived from the hop (Humulus luplus L.) cultivar nelson Sauvin. Journal
of Agricultural and Food Chemistry. https://doi.org/10.1021/jf8034622
Tisserand, R., & Young, R. (2014). Essential oil profiles. In Essential Oil Safety.
https://doi.org/10.1016/b978-0-443-06241-4.00013-8
Tungmunnithum, D., Thongboonyou, A., Pholboon, A., & Yangsabai, A. (2018). Flavonoids
and Other Phenolic Compounds from Medicinal Plants for Pharmaceutical and Medical
Aspects: An Overview. Medicines, 5(3), 93. https://doi.org/10.3390/medicines5030093
Ulrich, K., & Jakob, U. (2019). The role of thiols in antioxidant systems. In Free Radical
Biology

and

Medicine

(Vol.

140,

pp.

14–27).

https://doi.org/10.1016/j.freeradbiomed.2019.05.035
Uttara, B., Singh, A., Zamboni, P., & Mahajan, R. (2009). Oxidative Stress and
Neurodegenerative Diseases: A Review of Upstream and Downstream Antioxidant
Therapeutic

Options.

Current

Neuropharmacology.

https://doi.org/10.2174/157015909787602823
Wu, C. H., Bai, L. Y., Tsai, M. H., Chu, P. C., Chiu, C. F., Chen, M. Y., Chiu, S. J., Chiang,
J. H., & Weng, J. R. (2016). Pharmacological exploitation of the phenothiazine
antipsychotics to develop novel antitumor agents-A drug repurposing strategy. Scientific
Reports, 6. https://doi.org/10.1038/srep27540
Xu, D. P., Li, Y., Meng, X., Zhou, T., Zhou, Y., Zheng, J., Zhang, J. J., & Li, H. Bin. (2017).

37

Natural antioxidants in foods and medicinal plants: Extraction, assessment and
resources.

In

International

Journal

of

Molecular

Sciences.

https://doi.org/10.3390/ijms18010096
Young, I. S., & Woodside, J. V. (2001). Antioxidants in health and disease. In Journal of
Clinical Pathology (Vol. 54, Issue 3, pp. 176–186). https://doi.org/10.1136/jcp.54.3.176
Zhang, J. hong, Sun, H. long, Chen, S. yang, Zeng, L. I., & Wang, T. tao. (2017). Anti-fungal
activity, mechanism studies on α-Phellandrene and Nonanal against Penicillium
cyclopium. Botanical Studies. https://doi.org/10.1186/s40529-017-0168-8
Zuccarini, P. (2010). Camphor: risks and benefits of a widely used natural product. Journal of
Applied

Sciences

and

Environmental

https://doi.org/10.4314/jasem.v13i2.55317

38

Management.

Non-polyphenolic and terpenoid phytoconstituents with
antioxidant and cytotoxic potential
ORIGINALITY REPORT

8

%

7%

6%

0%

INTERNET SOURCES

PUBLICATIONS

STUDENT PAPERS

SIMILARITY INDEX

PRIMARY SOURCES

1

2

3

4

5

6

7

allie.dbcls.jp
Internet Source

www.redorbit.com
Internet Source

www.scribd.com
Internet Source

onlinelibrary.wiley.com
Internet Source

trinity.engr.uconn.edu
Internet Source

journals.sagepub.com
Internet Source

Nidhi Saiwal, Mandeep Dahiya, Harish Dureja.
"Nutraceutical Insight into Vegetables and their
Potential for Nutrition Mediated Healthcare",
Current Nutrition & Food Science, 2019
Publication

www.cnn.com

1%
1%
<1%
<1%
<1%
<1%
<1%

8

9

Internet Source

Tarmo Nuutinen. "Medicinal properties of
terpenes found in Cannabis sativa and Humulus
lupulus", European Journal of Medicinal
Chemistry, 2018

<1%
<1%

Publication

10

11

12

bonecancerresearch.org.uk
Internet Source

jultika.oulu.fi
Internet Source

Younghee Kim, Minjeong Kim, Hyunji Kim, Kisok
Kim. "Effect of lavender oil on motor function
and dopamine receptor expression in the
olfactory bulb of mice", Journal of
Ethnopharmacology, 2009

<1%
<1%
<1%

Publication

13

14

www.infona.pl
Internet Source

Kleiton Paulo Silva, Tamíris Aparecida de
Carvalho Santos, Brenda Leite Moutinho, Rafael
Salomão da Silva et al. "Using Varronia
curassavica (Cordiaceae) essential oil for the
biocontrol of Phytomonas serpens", Industrial
Crops and Products, 2019
Publication

<1%
<1%

15

16

17

epubs.scu.edu.au
Internet Source

www.science.gov
Internet Source

Keith U. Ingold, Derek A. Pratt. "Advances in
Radical-Trapping Antioxidant Chemistry in the
21st Century: A Kinetics and Mechanisms
Perspective", Chemical Reviews, 2014

<1%
<1%
<1%

Publication

18

19

www.europeanmedical.info
Internet Source

Fuat Topuz, Tamer Uyar. "Antioxidant,
antibacterial and antifungal electrospun
nanofibers for food packaging applications",
Food Research International, 2020

<1%
<1%

Publication

20

21

22

repositorio.unicamp.br
Internet Source

psasir.upm.edu.my
Internet Source

Anna Nurmi, Tarja Nurmi, Jaakko Mursu, Raimo
Hiltunen, Sari Voutilainen. "Ingestion of Oregano
Extract Increases Excretion of Urinary Phenolic
Metabolites in Humans", Journal of Agricultural
and Food Chemistry, 2006
Publication

<1%
<1%
<1%

23

24

25

www.ctc.ucl.ac.uk
Internet Source

www.guampdn.com
Internet Source

Boris Rodenak-Kladniew, German A. Islan,
Margarita G. de Bravo, Nelson Durán, Guillermo
R. Castro. "Design, characterization and in vitro
evaluation of linalool-loaded solid lipid
nanoparticles as potent tool in cancer therapy",
Colloids and Surfaces B: Biointerfaces, 2017

<1%
<1%
<1%

Publication

26

27

www.frontiersin.org
Internet Source

T. Kalaivani, C. Rajasekaran, K. Suthindhiran,
Lazar Mathew. " Free Radical Scavenging,
Cytotoxic and Hemolytic Activities from Leaves
of (L.) Wild. ex. Delile subsp. (Benth.) Brenan ",
Evidence-Based Complementary and
Alternative Medicine, 2011

<1%
<1%

Publication

28

29

www.hindawi.com
Internet Source

Violeta D. Mitic, Marija V. Dimitrijevic, Jovana
Pavlovic, Jelena Nikolic et al. " Comprehensive
Evaluation of Antioxidant Activity of Fruit
Species: A Chemometric Approach ", Analytical

<1%
<1%

Letters, 2017
Publication

30

Marco Bonesi, Matteo Brindisi, Biagio
Armentano, Rosita Curcio et al. "Exploring the
anti-proliferative, pro-apoptotic, and antioxidant
properties of Santolina corsica Jord. & Fourr.
(Asteraceae)", Biomedicine & Pharmacotherapy,
2018

<1%

Publication

31

32

doaj.org
Internet Source

Seyyed Mojtaba Mousavi, Seyyed Alireza
Hashemi, Seeram Ramakrishna, Hossein
Esmaeili et al. "Green synthesis of
supermagnetic Fe3O4–MgO nanoparticles via
Nutmeg essential oil toward superior antibacterial and anti-fungal performance", Journal
of Drug Delivery Science and Technology, 2019

<1%
<1%

Publication

33

34

paduaresearch.cab.unipd.it
Internet Source

MOSTAFA, Nada M. "?-Amyrin Rich Bombax
ceiba Leaf Extract with Potential
Neuroprotective Activity against ScopolamineInduced Memory Impairment in Rats", ACG
Publications, 2018.
Publication

<1%
<1%

35

36

hdl.handle.net

<1%

Internet Source

documents.tips

<1%

Internet Source

Exclude quotes

On

Exclude bibliography

On

Exclude matches

Off

