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Abstract

Human dependence on plants, especially
for medicinal purpose can be dated back to
centuries and this reliance continues till date for
various reasons such as minimal cost and easy
availability in nature. Ocimum sanctum, commonly
known as ‘Holy basil’ is a sacred plant with
immense medicinal significance. The present
review aims to summarize the holy basil research
works and its therapeutic potentials. Juice
extracted from the holy basil is used to cure a
wide array of ailments such as cold, headache,
fevers, eye and mouth disorders and holds anti-
stress activity. It controls the blood cholesterol
levels, thereby aids in curing cardiac disorders.
Also, the plant extracts were proven to possess
anti-oxidant, anti-helminthic, anti-inflammatory,
anti-diabetic and anti-microbial activities.
Specifically, the holy basil extracts possess anti-
cancerous properties besides radioprotective
properties. In addition, Ocimum sanctum products
are also helpful to maintain immune levels. Hence,
the wide spectrum of medicinal benefits and the
consistent increase in demand for plant-based
medicines, we have been encouraged to discover
further therapeutic values of the sacred holy basil.

Key words: Holy basil, Anti-inflammatory, Anti-
cancer, Anti-diabetic, Anti-oxidant, Anti-microbial

Introduction

Since time immemorial plants were given
utmost importance in the field of medicine besides
serving basic necessities such as food, shelter
and clothing (1). The reliance continues till date
for several reasons such as minimal cost, easy
availability in nature and short life span of synthetic
drugs. Scholars of all ages gathered huge
knowledge on medicinal plants through trial and
error methods which is in practice till date (2, 3).
Specifically, they worked on medicinal plants and
mentioned their nomenclature, healing properties
and provided complex description of the
interpretation of medicines. The knowledge of
medicinal plants and their therapeutic properties
urges the isolation of certain industrial chemicals
which are useful to cure various diseases (4). The
world health organization (W.H.O) estimates that
a large number of people especially in developing
countries still rely on traditional plant-derived drugs
since they are more economical (5). In contrast,
only 1% of phytochemical composition has been
investigated amongst a global luxurious gene pool
of plant kingdom particularly using leaves, stem,
root, flowers and seeds of medicinal plants (2).
Several plants are yet to be investigated for their
chemical composition and medicinal properties.
Generally, medicinal herbs are subjected to
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rigorous chemical analysis and the bioactive
components found are isolated depending on their
composition. Later these compounds are evaluated
through pharmacological methods using
appropriate procedures, thereby increasing the
utility and efficiency of these drugs (6). The
pharmacological properties of medicinal plants vary
with the composition of metabolites which are
unique to individual species. Long back, Wink (7)
reported that the feasibility of research extension
in medicinal plants is possible through identifying
the active principles of secondary metabolites.
Parallel to the allopathic drug system, usage of
about 2000 or more diversified medicinal plant
species in ayurvedic and unani system of medicine
has been recorded (8, 9). In addition, the plant
medicines need not be sold in the form of powders,
instead direct crude extracts of roots, stems and
leaves are the best alternatives. Number of
indigenous drug industries were established
recently which supply either readymade medicines
for direct use or partially processed raw material
for the preparation of prescriptions (10).

Ocimum sanctum Linn. (syn. Ocimum
tenuiflorum) commonly known as ‘Holy basil’ or
‘Tulsi’ belongs to the family Lamiaceae, which
possess a number of therapeutic compounds (4).
Holy basil is found in most parts of tropical and
semitropical regions in the world. In India, holy
basil is grown in all areas due to its countless
medicinal benefits as well as its integration into
the daily lives of the people, especially its use in
religious ceremonies that made it sacred (6). Apart
from Indian system, it is a vibrant medicinal plant
in other systems of medicine in most of the
countries (9, 11). Normally, the solvents used to
extract the holy basil are ethanol, methanol,
benzene etc. (12). Also, extracts of holy basil
(EHB) are used either alone or in combination with
other herbal plants to cure various diseases (13).
Apart from medicinal purpose, the powdered holy
basil is used to make aromatic beverages along
with other herbal products in certain countries (14).
The genus Ocimum has a number of species
depending on the region it grows and possess

comparable chemical composition (15, 16). More
than 150 Ocimum species with numerous cultivars
are distributed in different regions and grow up to
6000 feet above sealevel (3, 16, 17). Some of the
known important species of Ocimum includes O.
americanum, O. angustifolium, O. basilicum, O.
carnosum, O. gratissimum, O. minimum, O.
serratum etc. Holy basil is used since thousands
of years for its healing properties and is often called
the queen of herbs as mentioned in Charaka
Samhita written by a legend in the field of Indian
medicine (14). In the present review, several
medicinal properties of holy basil are discussed
in detail using different case studies.

Bioactive therapeutic components of holy
basil: Holy basil is one of the most reliable
resources in the area of medical science since
ancient times. Although number of compounds are
isolated and characterized, however further
investigations are necessary to investigate
remaining compounds of holy basil and related
Ocimum species (11, 12, 17, 18). One of the active
constituents of O. sanctum is eugenol (2-methoxy-
4-(2-propenyl) phenol), an allylbenzene class of
volatile compound which is a major part in its
essential oil (4). Holy basil is reported to possess
ursolic acid (1S, 2R, 4aS, 6aR, 6aS, 6bR, 8aR,
10S, 12aR, 14bS) -10-hydroxy-1,2, 6a, 6b, 9, 9,
12a-heptamethyl-2, 3, 4, 5, 6, 64, 7, 8, 8a, 10, 11,
12, 13, 14b-tetradecahydro-1H-picene-4a-
carboxylic acid) and monoterpenoid phenol namely
carvacrol (5-isopropyl 2-methyl phenol), as
important medicinal components (Fig. 1). In
addition, holy basil possess rosmarinic acid ((2R)-
3-(3,4-dihydroxyphenyl)-2-{[(2E)-3- (3, 4-
dihydroxyphenyl) prop-2-enoyl] oxy} propanoic
acid), linalool (3,7-dimethylocta-1,6-dien-3-ol),
caryophyllene (1R,4E,9S5)-4,11,11-trimethyl-8-
methylidenebicyclo [7.2.0] undec-4-ene, terpinene-
4-ol, (+) a cadinene, 3-careen, eugenol methyl
ester and alpha humulene (14).

It also possess important flavonoids such
as apigenin (4’,5,7-trihydroxyflavone), orientin,
vicenin-2, luteolin and other phytoconstituents
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Fig. 1: Some of the therapeutic components of
Ocimum

including cirsimaritin, a pinene, cervacrol,
methylchavicol, isothymusin, isothymon, palmitric
acid, vallinin, galic acid, ocimumoside A,
ocimumoside B and ocimarin (9, 11, 12, 18).
Different chemical compounds mentioned above
exhibited mild to severe action against various
diseases.

Functions of chemical components and
pharmacological uses: In ancient days, without

knowing much phytochemistry, extract of holy
basil was used to treat a number of diseases based
on the success rate, which was mentioned in
ayurveda and naturopathy (4, 6). Initially, holy basil
has been used in the treatment of headache (14,
15). Later, by identifying the therapeutic
compounds through advanced technology, it was
established as a powerful medicinal plant. Extracts
of holy basil prepared with various solvents are
used to cure several diseases including common
colds, cough, headache, mouth and eye disorders,
diabetic, heart disorders, cancer, inflammation,
other microbial diseases and different fevers as
mentioned in Figure 2 (9).

Due to the presence of eugenol and linoleic
acid in leaf extracts, holy basil is an excellent
remedy for cough, cold and various fevers including
malaria and dengue (6, 19). Similarly due to the
presence of eugenol, EHB is also used to cure
bronchitis. Leaf powder of Tulsi mixed with
sandalwood paste is an excellent remedy against
heat, headache and allied diseases (4). Holy basil
is used to treat regular illnesses, fungal and

Fig. 2. Medicinal properties of holy basil. Tulsi is majorly used as anti-cancer, anti-inflammatory,
anti-oxidant, anthelmintic, anti-diabetic, anti-microbial as well as other medicinal activities.
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bacterial infections because of essential oil (20,
21). Also, Tulsi is used to repel insects in stored
grains by mixing dried leaves due to the presence
of volatile oil (22). In addition, the extract of this
plant is used as repellent to control mosquitoes
that often act as vectors in spreading different fever
causing pathogens (23, 24). Due to the presence
of ocimumosides A and B, holy basil is one of the
best anti-stress agents (18). Ursolic acid, a
pentacyclic triterpene acid is used to stabilize the
body from certain pains and is also helpful in
recovering from stress (13, 25). According to
several studies, chewing holy basil leaves leads
to notable changes in salivary pH and enhances
the bicarbonate concentration in salivation due to
the presence of essential oil, terpenes, terpenoids
which includes eugenol, ursolic acid, carvacrol etc.
(26). Holy basil's essential oil possess eugenol,
caryophyllene and linalool that plays a key role in
curing certain diseases including anti-microbial
activities (6, 9). Moreover, major components of
holy basil are responsible for preventing dental

problems (27, 28, 29). These compounds also
improves the metabolic function, levels of
immunity, lowers the stress, holds anti-oxidant
property by reducing liver lipid synthesis, enhances
insulin secretion and reduces inflamation (4, 6, 9,
25, 30). Singh (16) also noticed that the anti-
inflammation property of Tulsi due to the presence
of chemical compounds such as eugenol, apigenin,
rosmarinic acid, cirsimaritin etc. Phytochemicals
of holy basil alters the metabolic function, cures
obesity related problems and exhibits anti-oxidant
property due to the presence of eugenol,
isothymusin, isothymonin, rosmarinic acid etc.
(31). Mainly the presence of linoleic acid in holy
basil is extremely beneficial to treat certain
diseases including inflammation and inhibited
various cancer cell lines proliferation (16, 32).
Ursolic acid down regulates the proliferation and
arrested cell cycle at G1 and GO phases which
induces apoptosis in cancer cells and suppresses
the activities of nuclear factor (NF)-8B activation
(9, 33). Moreover eugenol, ursolic acid, linoleic
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Fig. 3: Holy basil effect on various cancer cells: Holy Basil inhibits proliferation of different
cancer cell lines and induces apoptosis by enhancing the ROS and Caspase 3,8 activity and down
regulates tumor formation on human fibrocarcinoma and Lewis lung carcinoma models.
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acid, betulinic acid, (-)-rabdosiin, vicenin-2, orientin
etc., were actively involved in anti-cancerous
activities (11, 12, 34).

Therapeutic properties of holy basil: The
present work offers detailed information on potential
therapeutic values of the holy basil. The
phytochemical analysis and  pharmaco-
logical investigations of O. sanctum has helped in
the treatment of cold, fever and various respiratory
ailments such as bronchitis, asthma, influenza and
cough (35). Anti-dengue and anti-typhoid activities
of Tulsi were recently demonstrated by Tang et al
(19) and Mandal et al. (23). Leaf extracts of holy
basil elevates the salivary pH and curbs the acidic
environment in mouth and stomach thereby,
beating ulcers (4, 36). Phytoconstituents of holy
basil also prevents dental issues such as caries,
plaque, bad breath etc., by mainly targeting
Streptococuucs mutans (S. mutans) which are
responsible for tooth decay (27, 28, 37). In
Ayurvedic medicine, an important poly
herbal eye drop extract is prepared with Ocimum,
Caesalpina, Jasminum and Cynodon for the
treatment of eye disorders and conjunctival
congestion in rats as well as other animals. Holy
basil is used to prepare eye drops along with
Triphala, which is useful to cure cataract, glaucoma,
chronic conjunctivitis and other eye-related
diseases (11, 35). Further, essential oil obtained
from distillation of O. sanctum leaves is used
extensively in the pharmaceutical industry majorly
in skin cream preparation (38). Tabassum and
Hamdani (39) prepared a moisturizer to cure acne
(skin disease) using ethanolic extract of holy basil
(EEOS) as one of the ingredients along with
Andrographis paniculata, Glycyrrhiza glabra,
Azaadiracta indica and green tea extracts. Due to
the presence of rich anti-oxidants, ethanolic and
aqueous extract of holy basil fastens wound healing
in rat skin (40). Gupta et al. (18) isolated
ocimumosides A and B from the leaves of holy
basil, which are implicated as anti-stress agents.
Treatment with Tulsi leaves in albino rats with
oxidative stress showed increased superoxide
dismutase and reduced glutathione indicating its
anti-stressor activity (41).

Myocardial infarction (Ml), also known as
heart attack is one of the primary reasons for
fatality due to the shortage of blood flow to heart
and its muscles. Effect of hydroalcoholic extract
of holy basil at different doses was investigated
against isoproterenol-induced myocardial infarction
in rats and found significantly reduced levels of
glutathione (GSH), superoxide dismutase (SOD)
and lactate dehydrogenase (LDH). The extract also
inhibited lipid peroxidation with the maximum
cardioprotective effect at 50mg/kg dose (42).
Recently, Kavitha et al. (43) proved the relation
between inflammation and myocardial infarction
using Tulsi extract. Blood clotting within vessels
is one of the main diseases, which leads to blood
flow issues. Extract of Tulsi exhibits thrombolytic
potential along with curcuma, azadirachta and
anacardium (44). Itwas studied that extract of O.
sanctum leaves exhibited the reversible anti-fertility
effect due to the presence of key components such
as eugenol (45, 46). Albino rats treated with holy
basil extract (250 mg/kg body weight) exhibited
decreased total sperm count and sperm motility
as well as an increase in abnormal sperms.
Withdrawal of treatment led to regaining of normal
conditions within two weeks (46).

The anthelmintic or anti-parasitic activity
of the essential oil of holy basil was evaluated by
model Caenorhabditis elegance and proved that
eugenol is the predominant component in putative
anti-helminthic principle (47, 48). Crude aqueous
and hydroalcoholic extract of O. sanctum showed
anthelmintic activity against ovine gastrointestinal
nematodes in sheep and no deleterious effect was
found indicating that holy basil is safe to use (49).
Various extracts of holy basil exhibited anti-
inflammatory activity in different animal models
(50). Eugenoal, cirsilineol, cirsimaritin, apigenin and
rosmarinic acid are the main compounds involved
in anti-inflammatory activity (9, 35). An ethyl
acetate root extract of O. sanctum was proved to
be the best anti-inflammatory agent in
carrageenan-induced paw edema model (51).

Anti-diabetic and anti-hyperlipidemic
effects of hydroalcoholic extracts of holy basil have
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been evaluated using diabetic rats induced by
streptozotocin (STZ) and nicotinamide (52). This
experiment predicts the biological activities of holy
basil constituents and significantly exhibits the
anti-diabetic effect compared to standard drug
glibenclamide. In diabetic induced rats, oral
administration of extract of Tulsi decreased the
blood sugar content. Further, effects of holy basil
on aldose reductase activity could help in reducing
the complications of diabetes such as cataract,
retinopathy etc. (53). Hypoglycemic condition was
noticed when normal rats were fed with fructose
and later treated with extracts of holy basil for 30
days (54). It was noticed that leaves of Tulsi
reduced glucose and cortisol in serum of
corticosteroid-induced diabetes mellitus. Gholap
and Kar (55) unravel the possible mechanism of
glucose-lowering activity of O. sanctum in
male mice. In another study, Chattopadyay [56]
also observed the reduction of blood sugar levels
with oral administration of extract of Tulsi in
streptozotocin-induced diabetic rats.

Cancer is one of the most life threatening
diseases across the world for several reasons.
Statistically, it was estimated that about 1,665,540
new cases of cancer were expected to be
diagnosed by the American Cancer Society 2019
(57). Various groups of drugs work in different ways
to fight against cancer cells and shrink tumors
(58). Apart from synthetic drugs, herbs and sea
weeds are also useful for cancer remedy (59). The
findings of Kim et al. (60) exhibited that ethanolic
extract of O. sanctum inactivates matrix
metalloprotease-9, stimulated anti-oxidant
enzymes, inhibited proliferation of Lewis lung
carcinoma (LLC) cells and reduced the volume of
tumors in mice. Sridevi et al. (32) also reported
that alcoholic root extract of Tulsi inhibited cell
proliferation and induced apoptosis through
enhancing intracellular reactive oxygen species
(ROS) in human non-small cell lung carcinoma
cellline (NCI-H460). Recently, Utispan et al. (61)
proved the anti-invasive effect of ethanolic leaf
extracts of holy basil on head and neck squamous
cell carcinoma (HNSCC) cell line by attenuating

matrix metalloproteinase (MMP) activity. In vitro
anti-cancer activity of holy basil has been
demonstrated using human fibrosarcoma (HFS)
cells. The ethanolic extract of O. sanctum
influences lipid peroxidation and decrease the rate
of solid tumor formation in tumor-bearing mice (62).
Extract of holy basil enhanced anti-tumor activity
through down regulating apoptosis regulator BAX
and enhancing caspase-3 and cytochrome ¢ which
in turn induces apoptosis in forestomach of N-
methyl N’-nitro-N-nitrosoguanidine (MNNG)-
induced gastric carcinogenesis model (63).
Ocimum sanctum inhibits proliferation of non-small
cell lung carcinoma A549 and induces apoptosis
by activating caspase-3 (64). Extract of Tulsi
reduces the damage of DNA in normal cells and
induces apoptosis in SiHa cancer cells (65).
Ehrlich ascites carcinoma (EAC) mice treated with
leaf extract of holy basil decreased the
haemoglobin content and increased the WBC
(white blood cells), which implicit that this sacred
plant has high anti-neoplastic activity (66). Ethanol
and acetone leaf extracts of O. sanctum inhibits
the growth of A549 lung cancer cell line but aqueous
extract does not show any anti-cancer activity
(67). Flegkas et al. (68) isolated rabdosiin
(terpenoid) from O. sanctum leaves, which induced
apoptosis in HCT-116, MCF-7 and SKBR3. It also
exhibited reduced cytotoxicity to normal human
peripheral blood mononuclear cells. However,
orientin from holy basil is non cytotoxic to human
cancer cells HepG2 (69). Major cultivars of O.
sanctum including ‘rama’ and ‘krishna’ induced
apoptosis in mouth epidermal carcinoma cells (KB)
(70). These results indicate that most of the holy
basil possess anti-tumor properties. Figure 3
represents the anti-cancerous activity of O.
sanctum in detail.

Thyroid diseases are generally diagnosed
using radioactive iodine therapy that causes
structural and functional damage to the salivary
glands as aresult of lipid peroxidation by reactive
oxygen species (71). Aqueous extract of O.
sanctum and its components such as orientin and
vicenin significantly decreased the lipid
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peroxidation, leading to membrane protection of
salivary glands, thereby reducing the incidence of
thyroid cancer (72). Thus, holy basil can be used
as potential candidate for radioprotection against
iodine induced salivary gland damage (73).

Several laboratory studies proved that O.
sanctum protects the body against damage caused
by toxic chemicals by increasing the level of anti-
oxidant enzyme activities (74). These extracts
initiate the anti-oxidant enzymes which protect
organelles and radical membranes that are caused
due to lack of oxygen and other toxic substances
(75). The phytochemicals in Tulsi extract are rich
in anti-oxidants, which can be used as an effective
preservative in the food industry. In cadmium
treated albino rats, oral administration of
hydroalcholic extract of O. sanctum protect
cadmium damage by decreasing lipid peroxidation
and by up regulating the superoxide dismutase,
catalase and glutathione peroxidase activities (76).
In sodium fluoride treated rats, chemical compound
such as carvacrol of holy basil protect the liver
tissue from fluoride toxicity and also modulates
the anti-oxidant enzymes (77). Hydroalcholic
extract of O. sanctum down regulates the lipid
peroxidation and inhibits DNA damage and reactive
oxygen species generated by mitochondrial
membrane in SH-SY5Y human neuronal cells (78).

Phytochemicals of holy basil have been
evaluated for its radioprotective effects using
different models (14, 79). Leaves of O. sanctum
consist certain compounds such as cirsilineol,
isothymusin, apigenin, rosmarinic acid, eugenol
etc. were exhibited the diverse pharmacological
effects, including radioprotective activity (80). In
tumor-bearing animals, holy basil and other plant
flavonoids were shown to have a protective effect
towards normal tissue during radiation, thereby
permitting the application of higher dose of radiation
in order to control severe tumors (81, 82).

Ocimum sanctum acts as an important
immunomodulator and exhibits great impact on
human health (83). The immune system is a
complex network of organs, tissues, cell types

and proteins that orchestrate collectively to protect
the host from bacterial, fungal, viral and other
parasitic infections as well as from tumor growth
(84). Immunomodulaor (biological and chemical
agent) can interfere and alter the functioning
pattern of immune response either through
immunopotentiation, immunosuppression or
immunological tolerance. Leaf extract of Tulsi
increases the production of antibody by stimulating
the humoral immune response (85, 86). Vaghasiya
et al. (87) compared the alcoholic and aqueous
extracts of holy basil in immune modulatory
activity. It was reported that the oral administration
of aqueous extract of O. sanctum in wister albino
rats stimulates the antibody production as
compared to untreated samples and also enhanced
the production of white blood cells, red blood cells
and hemoglobin (88).

Benzene and methanolic extracts of holy
basil combined with ampicillin inhibits the E. coli,
P. aeruginosa and S. aureus cultures when
compared to ampicillin alone (89). Similarly,
alcoholic, aqueous and chloroform extracts of O.
sanctum leaves exhibit adverse effects on E. coli,
S. aureus, P. aeruginosa and S. typhimurium.
Compounds of the holy basil are known to inhibit
the growth of both gram-positive and gram-
negative bacteria (21). Fixed oil of O. sanctum
demonstrates anti-bacterial effect towards B.
pumilus, S. aureus and P, aerginosa (90). Also,
aqueous extract of holy basil showed a high zone
of inhibition towards E. coli, Klebsiella and S.
aureus when compared to ethanolic extract (91).
Methanolic extract of Tulsi leaves damages the
growth of V. cholerae cells and show MBC (minimal
bactericidal concentration) at 0.5-3.0 mg/ml
concentration (92). Apart from above mentioned
medicinal properties, ethanolic extract of Tulsi
exhibited normal wound healing and
dexamethasone-depressed healing properties in
albino rats (93). The extract significantly stimulated
the wound breaking strength, made wound
epithelialize faster as compared to the control. In
addition, dried powder or fresh leaf extracts of Tulsi
are often consumed in various forms such as herbal
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tea, which reduces the formation of stones in the
kidney (3).

Need of biotechnological tools to enhance the
use of holy basil: Conservation of ancient natural
treasure such as holy basil and the capability to
utilize it in a sustainable manner are essential for
the well being and continued survival of humans
(94). There are a number of constraints for
systematic collection of elite Ocimum and it
cultivars, which include variations in edaphic and
climatic factors, low percentage of seed set and
seasonal dormancy (4, 6). Moreover, future work
on Tulsi may require more finesse to exploit
additional medicinal benefits (9). The application
of biotechnological techniques such as in vitro
propagation and genetic engineering could prove
to be a great benefit for low cost production of
these plants with additional secondary metabolites
(95). Advantage of these techniques lead to
overcome seasonal dormancy. /n vitro clonal
propagation of holy basil enables large scale
production of therapeutically high value taxa for
commercialization and sustainable utilization in
the industrial sector. In addition, it would be more
beneficial if tablets could be prepared with
powdered holy basil for commercial purpose.

Conclusion

Ocimum sanctum generally known as holy
basil holds a set of potential phytochemicals,
which possess high therapeutic properties for
various diseases including cancer. Extracts of
Ocimum have certain specificity in the treatment
of cold, cough, various kinds of fevers including
malaria, dengue and respiratory ailments such as
bronchitis, asthma, influenza that spread
extensively during particular seasons. Extracts of
holy basil also work as an anti-inflammatory, anti-
cancer, anti-thyroid, anti-diabetic, anti-oxidant,
anti-microbial agent and is also involved in
anthelmintic activities. Tulsi juice has the capacity
to cure mouth and teeth infections, eye disorders
as well as heart and vascular disorders. It also
possesses radioprotective property and can
balance the immunity levels in the human body.

Hence, studies on this sacred plant can be
warranted as extremely beneficial for the human
community in the field of medicine. Because of
anti-viral property, Tulsi extract may be helpful to
cure different viral diseases which need to confirm
in near future. Likely, this review reports the
therapeutic properties of holy basil in detail.

Conflict of interest
The authors declared that they have no
conflict of interest.

Acknowledgements

The authors are thankful to Dr. K. Paramesh
and Dr. D. Varaprasad, Yogi Vemana University,
India for their technical help.

References

1. Cragg GM and Newman DJ (2001). Natural
product drug discovery in the next
millennium. Pharmaceu Biol 39:8-17.

2. Petrovska BB (2012). Historical review of
medicinal plants usage. Pharmacog Rev 6:1-5.

3. Rastogi S, Shah S, Kumar R, Kumar A and
Shasany AK (2020). Comparative temporal
metabolomics studies to investigate
interspecies variation in three Ocimum
species. Sci Rep 10:5234.

4. Pattanayak P, Behera P, Das D, Sangram K
and Panda K (2010). Ocimum sanctum Linn.
A reservoir plant for therapeutic applications:
An overview. Pharmacog Rev 3:95-105.

5. Ekor M (2014). The growing use of herbal
medicines: issues relating to adverse
reactions and challenges in monitoring
safety. Front Pharmacol 4:1-10.

6. SinghV, Amdekar S and Verma O (2010).
Ocimum sanctum (Tulsi): Biopharmaco-
logical activities. Webmed Central 1-7.

7. Wink M (1999). Introduction: Biochemistry
role and biotechnology of secondary
metabolites. Sheffield Academic Press:
Sheffield 1-16.

A potential herbal source for therapeutic applications



Current Trends in Biotechnology and Pharmacy
Vol. 15 (1) 87-100 January 2021, ISSN 0973-8916 (Print), 2230-7303 (Online)
DOI: 10.5530/ctbp.2021.1.10

8.

10.

1.

12.

13.

14.

15.

16.

Bekut M, Brkic S, Kladar N, Dragovic G,
Gavaric N and Bozin B (2018). Potential of
selected Lamiaceae plants in anti (retro) viral
therapy. Pharamacol Res 133:301-314.

Srinivas N, Sali K and Bajoria AA (2016).
Therapeutic aspects of Tulsi unraveled: A
review. J Ind Acad Oral Med Radiol 28:17-
23.

Jiang W, Jiang B, Mantri N, Wu Z, Mao L,
Lu H and Tao Z (2014). Comparative
ecophysiological analysis of photosynthesis,
biomass allocation, polysaccharide and
alkaloid content in three Dendrobium
candidum cultivars. Plant Omics 7:117-122.

Naquvi J, Dohare SL, Shuaib M and Ahmad
MI (2012). Chemical composition of volatile
oil of Ocimum sanctum Linn. Int J Biomed
Adv Research 3:129-113.

Garg P and Garg R (2019). Phytochemical
screening and quantitative estimation of total
flavonoids of Ocimum sanctum in different
solvent extract. The Pharma Innov J 8:16-
21.

Sarangi SC, Joshi D, Kumar R, Kaleekal T
and Gupta YK (2017). Pharmacokinetic and
pharmacodynamic interaction of
hydroalcoholic extract of Ocimum sanctum
with valproate. Epilepsy Behav 75:203-209.

Gupta S, Prakash J and Srivastava S (2002).
Validation of traditional claim of Tulsi,
Ocimum sanctum Linn. as a medicinal plant.
Ind J Exp Biol 40:765-775.

Venuprasad MP, Kandikattu HK, Razack S,
Amruta N and Khanum F (2017). Chemical
composition of Ocimum sanctum by LC-ESI-
MS/MS analysis and its protective effects
against smoke induced lung and neuronal
tissue damage in rats. Biomed Pharmacothe
91:1-12.

Singh S (1998). Comparative evaluation of
antiinflammatory potential of fixed oil of
different species of Ocimum and its possible

17.

18.

19.

20.

21.

22.

23.

24.

25.

95

mechanism of action. Ind J Exp Biol 36:1028-
1031.

Alegria-Herrera E, Lucila M, Roman-Ramos
R, Zamilpa A, Santillan-Urquiza MA, Aguilar
MS, Aviles-Flores M, Fuentes-Mata M and
Jimenez-Ferrer JE (2019). Effect of Ocimum
basilicum, Ocimum selloi, and rosmarinic
acid on cerebral vascular damage in a
chronic hypertension model. Biol
Pharmaceu Bull 42:201-211.

Gupta P, Yadav DK, Siripurapu KB, Palit G
and Maurya R (2007). Constituents of
Ocimum sanctum with antistress activity. J
Nat Prod 70:1410-1416.

Tang LIC, Ling APK, Koh RY, Moi CS and
Voon K (2012). Screening of anti-dengue
activity in methanolic extracts of medicinal
plants. BMC Comp Alter Med 12:3.

Balakumar S, Rajan S, Thirunalasundari T
and Jeeva S (2011). Antifungal activity of
Ocimum sanctum Linn.(Lamiaceae) on
clinically isolated dermatophytic fungi. Asian
Pacific J Trop Med 4:654-657.

Mishra P and Mishra S (2011). Study of
antibacterial activity of Ocimum sanctum
extract against gram positive and gram
negative bacteria. Am J Food Technol 6:336-
341.

Puri Rasayana HS (2002). Ayurvedic herbs
for longevity and rejuvenation. CRC Press
Edition. 1.

Mandal S, Mandal MD and Pal NK (2012).
Enhancing chloramphenicol and
trimethoprim in vitro activity by Ocimum
sanctum Linn.(Lamiaceae) leaf extract
against Salmonella enterica serovar Typhi.
Asian Pacific J Trop Med 5:220-224.

Mohan L, Amberkar M and Kumari M (2011).
Ocimum sanctum Linn (Tulsi)-an overview.
IntJ Pharmaceu Sci Rev Res 7:51-53.

Jothie Richard E, llluri R, Bethapudi B,
Anandakumar S, Bhaskar A, Velusami CC,

Dakshayani et al



Current Trends in Biotechnology and Pharmacy
Vol. 15 (1) 87-100 January 2021, ISSN 0973-8916 (Print), 2230-7303 (Online)
DOI: 10.5530/ctbp.2021.1.10

26.

27.

28.

29.

30.

31.

32.

Mundkinajeddu D and Agarwal A (2016). Anti
stress activity of Ocimum sanctum: Possible
effects on hypothalamic-pituitary-adrenal
axis. Phytother Res 30:805-814.

Gupta D, Bhaskar DJ, Gupta RK, Karim B,
Jain B, Singh R and Karim W (2014). A
randomized controlled clinical trial of
Ocimum sanctum and chlorhexidine
mouthwash on dental plaque and gingival
inflammation. J Ayur Int Med 5:109-116.

Agarwal P and Nagesh N (2010). Evaluation
of the antimicrobial activity of various
concentrations of Tulsi (Ocimum sanctum)
extract against Streptococcus mutans: An
in vitro study. Ind J Dental Res 21:357-359.

Pranati E, Devaraj CG and Agarwal P (2016).
Anti-microbial activity of Tulsi extract on a
periodontal pathogen in human dental plaque:
An in vitro study. J Clinical Diagnostic Res
10:53-56.

Ahirwal P, Shashikiran ND, Sundarraj RK,
Singhla S, Thakur RA and Maran S (2018).
A Clinical trail comparing antimicrobial
efficacy of essential oil of Ocimum sanctum
with triple antibiotic paste as an intracanal
medicament in primary molars. J Ind Soc
Periodont Prevent Dentistry 36:191-197.

Suanarunsawat T, Anantasomboon G and
Piewbang C (2016). Anti-diabetic and anti-
oxidative activity of fixed oil extracted from
Ocimim sanctum L. leaves in diabetic rats.
Exp Theor Med 11:832-840.

Satapathy S, Das N, Bandopadhyay D,
Mahapatra SC, Sahu DS and Meda M (2017).
Effect of Tulsi (Ocimum sanctum Linn.)
supplementation on metabolic parameters
and liver enzymes in young overweight and
obese subjects. Ind J Clinical Biochem
32:357-363.

Sridevi M, Bright J and Yamini K (2016).
Anticancer effect of Ocimum sanctum
ethanolic extract in non-small cell lung

33.

34.

35.

36.

37.

38.

39.

40.

96

carcinoma cell line. Int J Pharmaceu Sci 8:8-
20.

Gao, LiZ, Xie X, Wang C, You J, Mo F, Jin
B, Chen J, Shao J, Chen H and Jia L (2015).
Dendrimeric anticancer prodrugs for targeted
delivery of ursolic acid to folate receptor-
expressing cancer cells: Synthesis and
biological evaluation. Europen J Pharmaceu
Sci 70:55-63.

LiT,Chen X, LiuY, FanL, LinL, XuY, Chen
S and Shao J (2017). pH-sensitive
mesoporous silica nanoparticles anticancer
prodrugs for sustained release of ursolic acid
and the enhanced anti-cancer efficacy for
hepatocellular carcinoma cancer. European
J Pharmaceu Sci 96;456-463.

Prakash P and Gupta N (2005). Therapeutic
uses of Ocimum sanctum Linn (Tulsi) with a
note on eugenol and its pharmacological
actions: a short review. Ind J Physiol
Pharmacol 49:125-131.

Ramesh G, Nagarajappa R, Madhusudan AS,
Sandesh N, Batra M, Sharma A and Patel
SA (2012). Estimation of salivary and tongue
coating pH on chewing house hold herbal
leaves: Arandomized controlled trial. Ancient
Sci Life 32:69-75.

Kukreja BJ and Dodwad V (2012). Herbal
mouthwashes-A gift of nature. Int J Pharma
Bio Sci 3:46-52.

Leelapornpisid P, Wickett RR, Chansakaow
S and Wongwattananukul N (2015).
Potential of native Thai aromatic plant
extracts in antiwrinkle body creams. J Cosm
Sci 66:219-231.

Tabassum N and Hamdani M (2014). Plants
used to treat skin diseases. Pharmacog Rev
8:52-60.

Shetty S, Udupa S and Udupa L (2008).
Evaluation of antioxidant and wound healing
effects of alcoholic and aqueous extract of
Ocimum sanctum Linn in rats. Evidence-
Based Complement. Alternat Med 5:95-101.

A potential herbal source for therapeutic applications



Current Trends in Biotechnology and Pharmacy
Vol. 15 (1) 87-100 January 2021, ISSN 0973-8916 (Print), 2230-7303 (Online)
DOI: 10.5530/ctbp.2021.1.10

41.

42.

43.

44.

45.

46.

47.

48.

Jyoti S, Satendra S, Sushma S, Anjana T
and Shashi S (2007). Antistressor activity of
Ocimum sanctum (Tulsi) against
experimentally induced oxidative stress in
rabbits. Meth Find Exp Clinical Pharmacol
29:411-416.

Sharma M, Kishore K, Gupta SK, Joshi S
and Arya DS (2001). Cardioprotective
potential of Ocimum sanctum in isoproterenol
induced myocardial infarction in rats. Mol
Cell Biochem 225:75-83.

Kavitha S, John F and Indira M (2015).
Amelioration of inflammation by phenoalic rich
methanolic extract of Ocimum sanctum Linn.
leaves in isoproterenol induced myocardial
infarction. Ind J Exp Biol 53:632-640.

Khan IN, Habib MR, Rahman MM, Mannan
M, Sarker MMI and Hawlader S (2011).
Thrombolytic potential of Ocimum sancturm
L., Curcumalonga L., Azadirachta indica L.
and Anacardium occidentale L. J Basic
Clinical Pharm 2:125-127.

Ahmed M, Ahmed RN, Aladakatti RH and
Ghodesawar MAG (2002). Reversible anti-
fertility effect of benzene extract of Ocimum
sanctum leaves on sperm parameters and
fructose content in rats. J Basic Clin Physiol
Pharmacol 13:51-60.

Poli V and Challa C (2019). A comparative
study of eugenol and Ocimum sanctum Linn.
leaf extract on the antifertility effect in female
albino rats. J China Med Assoc 82:231-234.

Asha MK, Prashanth D, Murali B, Padmaja
R and Amit A (2001). Anthelmintic activity of
essential oil of Ocimum sanctum and
eugenol. Fitoterap 72, 669-670.

Shokeen P, Ray K, Bala M and Tandon V
(2005). Preliminary studies on activity of
Ocimum sanctum, Drynaria quercifolia and
Annona squamosa against Neisseria
gonorrhoeae. Sex Transm Dis 32:106-111.

49.

50.

51.

52.

53.

54.

55.

56.

97

Kanojiya DD, Shanker V, Sudan AK, Jaiswal
R and Parashar R (2015). Anthelmintic
activity of Ocimum sanctum leaf extract
against ovine gastrointestinal nematodes in
India. Res Vet Sci 99:165-170.

Singh S and Agrawal S (1991). Anti-
asthematic and anti-inflammatory activity of
Ocimum sanctum Linn. J Res Edu Ind Med
7:23-28.

Kumar A, Agarwal K, Maurya AK, Shanker
K, Bushra U, Tandon S and Bawankule DU
(2015). Pharmacological and phytochemical
evaluation of Ocimum sanctum root extracts
for its antiinflammatory, analgesic and
antipyretic activities. Pharmacog Mag
11:217-224.

Parasuraman S, Balamurugan S,
Christapher PV, Petchi RR, Yeng WY,
Sujithra J and Vijaya C (2015). Evaluation of
antidiabetic and antihyperlipidemic effects of
hydroalcoholic extract of leaves of Ocimum
tenuiflorum (Lamiaceae) and prediction of
biological activity of its phytoconstituents.
Pharmacog Res 7:156-165.

Halder N, Joshi S and Gupta S (2003). Lens
aldose reductase inhibiting potential of some
indigenous plants. J Ethnopharmacol 86:113-
116.

Hannan JM, Marenah L, Ali L, Rokeya B,
Flatt PR and Abdel-Wahab YH (2006).
Ocimum sanctum leaf extracts stimulate
insulin secretion from perfused pancreas,
isolated islets and clonal pancreatic a-cells.
J Endocrinol 189:127-136.

Gholap S and Kar A (2004). Hypoglycaemic
effects of some plant extracts are possibly
mediated through inhibition in corticosteroid
concentration. Pharmazie 159:876-878.

Chattopadhyay R (1993). Hypoglycemic
effect of Ocimum sanctum leaf extract in
normal and streptozotocin diabetic rats. Ind

Dakshayani et al



Current Trends in Biotechnology and Pharmacy
Vol. 15 (1) 87-100 January 2021, ISSN 0973-8916 (Print), 2230-7303 (Online)
DOI: 10.5530/ctbp.2021.1.10

57.

58.

59.

60.

61.

62.

63.

J Exp Biol 31:891-893.

Siegel RL, Miller KD and Jemal A (2019).
Cancer statistics, 2019. CA: A. Cancer J
Clinicians. 69:7-34.

Gulla S, Lomada D, Srikanth VVSS, Shankar
MV, Reddy KR, Soni S and Reddy MC (2019).
Recent advances in nanoparticles-based
strategies for cancer therapeutics and
antibacterial applications. Nanotechnol
46:255-293.

Balachandran P and Govindarajan R (2005).
Cancer-an ayurvedic perspective. Pharmacol
Res 5:19-30.

Kim SC, Magesh V, Jeong SJ, Lee HJ, Ahn
KS, Lee HJ, Lee EO, Kim SH, Lee MH, Kim
JH and Kim SH (2010). Ethanol extract of
Ocimum sanctum exerts anti-metastatic
activity through inactivation of matrix
metalloproteinase-9 and enhancement of anti-
oxidant enzymes. Food Chem Toxicol
48:1478-1482.

Utispan K, Niyomtham N,
Yingyongnarongkul B-E and Koontongkaew
S (2020). Ethanolic extract of Ocimum
sanctum leaves reduced invasion and matrix
metalloproteinase activity of head and neck
cancer cell lines. Asia Pacific J Cancer
Preven 21:363-370.

Baliga MS, Rao S, Rai MP and D’souza P
(2016). Radio protective effects of the
Ayurvedic medicinal plant Ocimum sanctum
Linn. (Holy Basil): A memoir. J Cancer Res
Therap 12:20-27.

Manikandan P, Vidjaya Letchoumy P,
Prathiba D and Nagini S (2008).
Combinatorial chemopreventive effect of
Azadirachta indica and Ocimum sanctum on
oxidant-antioxidant status, cell proliferation,
apoptosis and angiogenesis in a rat
forestomach carcinogenesis model.
Singapore Med J 49:814-822.

64.

65.

66.

67.

68.

69.

70.

71.

98

Magesh V, Lee JC, Ahn KS, Lee HJ, Lee
HJ, Lee EO, Shim BS, Jung HJ, Kim JS,
Kim DK, Choi SH, Ahn KS and Kim SH
(2009). Ocimum sanctum induces apoptosis
in A549 lung cancer cells and suppresses
the in vivo growth of Lewis lung carcinoma
cells. Phyto Res 23:1385-1391.

Jha AK, Jha M and Kaur J (2012). Ethanolic
extracts of Ocimum sanctum, Azadirachta
indica and Withania somnifera cause
apoptosis in SiHa cells. Res J Pharma Biol
Chem Sci 3:557-562.

Islam AM, Alam BM, Zahan R, Sarker GC,
Chowdhury NS, Khan MM, Hasan M,
Rahman S, Mosaddik MA, Jesmin M and
Haque ME (2011). In vitro antioxidant and
anti-neoplastic activities of Ocimum sanctum
leaves in ehrlich ascites carcinoma bearing
mice. IntJ Cancer Res. 7:209-221.

Yadavalli V (2019). Evaluation of anticancer
compounds from suspension cultures of holy
basil (Ocimum sanctum L.). Int J Green
Pharm 13:98-102.

Flegkas A, Miloseviee Ifantis T, Barda C,

Samara P, Tsitsilonis O and Skaltsa H
(2019). Antiproliferative activity of (-)-
Rabdosiin isolated from Ocimum sanctum
L. Medicines 6:37.

Sharma P, Prakash O, Shukla A, Rajpurohit
CS, Vasudev PG, Lugman S, Srivastava SK,
PantAB and Khan F (2016). Structure-activity
relationship studies on holy basil (Ocimum
sanctum L.) based flavonoid orientin and its
analogue for cytotoxic activity in liver cancer
cell line Hepg2. Combi Chem High
Throughput Screen 19:656-666.

Shivpuje P, Ammanangi R, Bhat K and Katti
S (2015). Effect of Ocimum sanctum on oral
cancer cell line: An in vitro study. J Contem
Dental Pract 16:709-714.

Machens A, Schmid KW and Dralle H (2020).
Advances in the diagnosis and surgical

A potential herbal source for therapeutic applications



Current Trends in Biotechnology and Pharmacy
Vol. 15 (1) 87-100 January 2021, ISSN 0973-8916 (Print), 2230-7303 (Online)
DOI: 10.5530/ctbp.2021.1.10

72.

73.

74.

75.

76.

77.

78.

79.

management of medullary thyroid
carcinomas. Adv Treat Manag Surgi
Endocrinol Elsevier 11-25.

Singh N, Verma P, Pandey BR and Bhalla M
(2012). Therapeutic potential of Ocimum
sanctum in prevention and treatment of
cancer and exposure to radiation: An
overview. Int J Pharmaceu Sci Drug Res 4:97-
104.

Bhartiya US, Raut YS and Joseph LJ (2006).
Protective effect of Ocimum sanctum L after
high-dose 131 iodine exposure in mice: An
in vivo study. Ind J Exp Biol 44:647-652.

Wangcharoen W and Morasuk W (2007).
Antioxidant capacity and phenolic content
of holy basil. Songk J Sci Technol 29:1407-
1415.

Shivananjappa M and Joshi M (2012).
Aqueous extract of tulsi (Ocimum sanctum)
enhances endogenous antioxidant defenses
of human hepatoma cell line (HepG2). J
Herbs Spices Med Plants 18:331-348.

Ramesh B and Satakopan V (2010).
Antioxidant activities of hydroalcoholic
extract of Ocimum sanctum against
cadmium induced toxicity in rats. Int J
Clinical Biochem 25:307-310.

Shanmugam KR, Siva M, Ravi S,
Shanmugam B and Reddy KS (2019).
Bioactive compound of Ocimum sanctum
carvacrol supplementation attenuates fluoride
toxicity in sodium fluoride intoxicated rats:
A study with respect to clinical aspect.
Pharmacog Magazine 15:144-149.

Venuprasad M, Kumar KH and Khanum F
(2013). Neuroprotective effects of
hydroalcoholic extract of Ocimum sanctum
against H,O, induced neuronal cell damage
in SH-SY5Y cells via its antioxidative defence
mechanism. Neurochem Res 38:2190-2200.

Mondal S, Mirdha BR and Mahapatra SC
(2009). The science behind sacredness of

80.

81.

82.

83.

84.

85.

86.

87.

88.

99

Tulsi (Ocimum sanctum Linn.). Ind J Physiol
Pharmacol 53:291-306.

Singh S, Taneja M and Majumdar DK (2007).
Biological activities of Ocimum sanctum L.
fixed oil-An overview. Ind J Exp Biol 45:403-
412.

Arora R, Gupta D, Chawla R, Sagar R,
Sharma A, Kumar R, Prasad J, Singh S,
Samanta N and Sharma RK (2005).
Radioprotection by plant products: present
status and future prospects. Phytothe Res
19:1-22.

Hosseinimehr SJ (2007). Trends in the
development of radioprotective agents. Drug
Dis Today 12:794-805.

Bhalla G, Kaur S, Kaur J, Kaur R and Raina
P (2017). Antileishmanial and
immunomodulatory potential of Ocimum
sanctum Linn. and Cocos nucifera Linn. in
murine visceral leishmaniasis. J Parasitic
Dis 41:76-85.

Delves PJ and Roitt IM (2000). The immune
system. New Eng J Med 343:37-49.

Godhwani S, Godhwani J and Vyas D (1988).
Ocimum sanctum-a preliminary study
evaluating its immunoregulatory profile in
albino rats. J. Ethnopharmacol. 24:193-198.

Mediratta PK, Dewan V, Bhattacharya SK,
Gupta VS, Maiti PC and Sen P (1988). Effect
of Ocimum sanctum Linn. on humoral
immune responses. Ind J Med Sci 87:384-
386.

Vaghasiya J, Nandkumar KD and Jivani N
(2010). Comparative evaluation of alcoholic
and aqueous extracts of Ocimum sanctum
forimmunomodulatory activity. Int J Pharma
Biol Res 1:25-29.

Jeba C, Vaidyanathan R and Rameshkumar
G (2011). Immunomodulatory activity of
aqueous extract of Ocimum sanctum in rat.
Int J Pharma Biomed Res 2:33-38.

Dakshayani et al



Current Trends in Biotechnology and Pharmacy
Vol. 15 (1) 87-100 January 2021, ISSN 0973-8916 (Print), 2230-7303 (Online)
DOI: 10.5530/ctbp.2021.1.10

89.

90.

91.

92.

Shah F, Hasan Z and Zaidi KU (2016).
Evaluation of phyto constituent and
synergistic antibacterial activity of Ocimum
sanctum extract against some gram-positive
and gram-negative species. Biosci
Biotechnol Res Comm 9:856-864.

Singh S, Malhotra M and Majumdar D (2005).
Antibacterial activity of Ocimum sanctum L.
fixed oil J Ind Soc Periodontol 20:145-150.

Ballal M (2001). Activity of Ocimum sanctum
(the traditional Indian medicinal plant) against
the enteric pathogens. Ind J Med Sci 55:434-
438.

Sanchez E, Garcia S and Heredia N (2010).
Extracts of edible and medicinal plants
damage membranes of Vibrio cholerae. App
Env Microbiol 76:6888-6894.

93.

94.

95.

100

Udupa SL, Shetty S, Udupa AL and Somayaiji
SN (2006). Effect of Ocimum sanctum Linn.
on normal and dexamethasone suppressed
wound healing. Ind J Exp Biol 44:49-54.

Brinkmann JA, Fletcher EJ, Das R and
Flaster T (2019). 25 years of DSHEA: Impact
on supply, conservation and sustainability,
GACPs and regulatory compliance of
botanical ingredients. Int Conf Sci Botanicals.

Hakkim FL, Shankar CG and Girija S (2007).
Chemical composition and antioxidant
property of holy basil (Ocimum sanctumL.)
leaves, stems, and inflorescence and their
in vitro callus cultures. J Agri Food Chem
55:9109-9117.

A potential herbal source for therapeutic applications




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


