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ABSTRACT

Nicotiana tabacum (tobacco) is one of the most commercially farming products in the world.
Indonesia is one of the top ten tobacco producing countries in the world since 1990’s. Based
on literature studies, tobacco has the main secondary metabolites such as cembranoids and
flavonoids. They have fine biological activities as antiviral, antimicrobial, antioxidant, anti-
HIV, anti-proliferative, anti-inflammatory, anti-parasitic, anti-termite, and cytotoxicity
effects. Therefore, N. tabacum is potential for further investigation on natural products
research. This review aims to provide scientific evidences related to structure activity
relationship between secondary metabolites and biological activities of N. tabacum.
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INTRODUCTION

Herbal medicines are commonly plant-derived substances that have been used to treat
illness traditionally since the ancient period [1]. Because of a huge number of plants in
Indonesia, some people have used them as their alternative medicines called Jamu. Although
there are about 30.000 plant species in Indonesia, only 5000 species have been identified as
medicinal plants [2]. For this reason, the discovery of Jamu will be a big opportunity for future
standardized herbal medicines and phytomedicines research [3], [4], [5]. Scientifically, Jamu
is very potent for treatment of diseases caused by free radical [6], bacteria [7], virus [8] as well
as metabolic disorder [9]. However, scientific evidences of Jamu is not development
significantly compared traditional Chinese medicine (TCM) and ayurveda from India.

Secondary metabolites and its biological activities from natural plants has an important
role as scientific data to find a new drug. Through secondary metabolites, the chemical
structures might be known as phytochemical sources to finding new drugs. Furthermore, the
report of biological activity is used to know the pharmacological effects and study the structure
activity relationship (SAR). In the past decade, our research has been focused on scientific
data of herbal medicines based on secondary metabolites and their biological activities. The
results showed that many plants are potent to be evaluated their biological activities as well as
the chemical constituents [4], [10], [11], [12], [13], [14], [15]. Leading to new drug discovery,
the secondary metabolite and its biological activity from other potent plants is urgently needed.
In this review, we focus on Nicotiana tabacum, one of the most commercially cultured plants
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in the world [16]. Furthermore, Indonesia is one of the top ten tobacco producing countries in
the world since 1990’s [17], [18].

N. tabacum, recognized as tobacco, is plant species of Solanaceae family. Historically,
N. tabacum was known as medical treatment after nicotine was successfully identified from
tobacco leaves. In the nineteenth century, nicotine salicylate was prepared as a treatment for
scabies [19]. Moreover, nicotine was also used to treat patient of Parkinson’s disease. Although
the therapeutic effects of N. tabacum have been known since the mid of nineteenth century,
only a limited case of studies have been identified on their chemical constituents and
pharmacological effects. Based on our literature studies, N. tabacum is rich of secondary
metabolite compounds such as cembranoids [20], [21], flavonoids [22], [23], [24], alkaloids
[25], [26], and terpenoids [27], [28], [29], [30]. Furthermore, either extracts or isolated
compounds of N. tabacum had been reported its biological activities as antiviral [31], anti-
tobacco mosaic virus (anti-TMV) [22], [23], [29], [30], [32], [33], [34], [35], [36], [37],
antibacterial [38], [39], [40], antioxidant [41], [42], [43], cytotoxicity effects [44], [45],
anticancer [21], [46], antitumor [20], [27], antipoliferative [47], anti-inflammatory [48], anti-
HIV [24], antitermite [49], and antiparasitic [25]. Therefore, this review aims to provide
scientific evidences of N. tabacum for further investigation.

TAXONOMY AND BOTANICAL STUDY OF N. tabacum

N. tabacum is widely cultivated around the world on tropical and subtropical regions
especially in Indonesia. They spread easily in large area such as in forests, mountains, dry
valleys, wetlands, and savannahs as well. Based on its taxonomy’s report, N. tabacum belongs
to Plantae kingdom; order Solanaceae; family Solanaceae; genus Nicotiana [50]. Among the
numerous species of Nicotiana genus, only N. tabacum and N. rustica are of preferred to
economic crop. Furthermore, the leaf is the most commercial parts and a dry period is better
time for harvesting the leaves. Its leaves are green oval-shaped with a length of 50 cm. The
height of N. tabacum is about 1.5-2 m. This plant has branching stems and short flowers. Its
limbs are white, pink, or reddish colors. The morphological characteristics of N. tabacum is
presented in Figure 1.

Figure 1. Nicotiana tabacum (tobacco)

150
The journal homepage www.jpacr.ub.ac.id
p-ISSN : 2302 — 4690 | e-ISSN : 2541 — 0733


http://www.jpacr.ub.ac.id/

J. Pure App. Chem. Res., 2022, 11 (2), 149-165
31 August 2022

SECONDARY METABOLITES OF N. tabacum

Secondary metabolites are chemical constituents that have basically carbon skeleton
structures called compounds that have some biological activity effects [51], [52], [53]. They
are commonly produced from plants, bacteria as well as fungi. The secondary metabolites can
protect plants against stresses in its ecosystems. So, the secondary metabolites might have some
biological activities for drug discovery. The previous research reported that N. tabacum is rich
of secondary metabolites from phenolics, terpenoids, and alkaloids group. In this review, the
secondary metabolites of N. tabacum are classified based on its biological activity.

As presented in Table 1, several chemical constituents had been reported their biological
activities as antiparasitic, anti-HIV-1, cytotoxicity, anticancer, anti-tobacco mosaic virus, and
antitumor. There are three compounds from alkaloids groups as antiparasitic against R.
sanguineus tick larvae. They are (S)-nornicotine (1), (R)-anatabine dihydrochloride (2), and
(S)-anatabine dihydrochloride (3). Among them, compound (2) is highest inhibitory activity at
concentration of 300 umol [25]. Cembranoid (1S,2E,4R,6E,8R,11S)-8,11-epoxy-2,6,12(20)-
cembratriene-4-ol (4) showed moderate anticancer against HepG2 cell line with an ICso of
14.38 uM [20]. There are three compounds that exhibited cytotoxicity against C8166 cells as
well as anti-HIV-1 activity. They are nicotphenol (A) (5), (B) (6), and (C) (7). Among them,
compound (5) showed fine cytotoxicity (CCso) and also anti-HIV-1 (ECso) with value of 239.4
and 1.86 pg/mL, respectively [24].

In the past decade, two cembranoids were also reported as antimigratory against prostate
cancer cell line namely PC-3M-CT in dose of 10 uM and PC-3 in dose of 50 Mm [21]. They
are (1S,2E,4R,6R,7E,11E)-2,7,11-cembratriene-4-O-methyl-4,6-diol (8) and
(1S,2E,4R,6R,7S,8S,11E)-7,8-epoxy-2,11-cembradiene-4-O-methyl-4,8-diol  (9). Recently,
most of flavones and sesquiterpenes from N. tabacum have been reported as anti-tobacco
mosaic virus (anti-TMV) by using the half-leaf method. There are about 20 compounds which
have potential as anti-TMV. They are 5,7-dihydroxy-2’-methoxy-6-methyl-flavone (10), 5-
hydroxy-2’,7-di-methoxy-6-methyl-flavone (11) [32], pisatin (12), turbinataphenol A (13)
[44], methyl-2-hydroxy-4-isopropyl-7-methoxy-6-methylnaphthalene-1-carboxylate  (14),
methyl-2-hydroxy-6-(hydroxymethyl)-4-isopropyl-7-methoxynaphthalene-1-carboxylate (15),
lacinilene C (16) [27], nicosesquiterpene A (17), nicosesquiterpene B (18) [28],
tabasesquiterpene B (19), 3-(6-methoxy-3-0xo0-1,3-dihydroisoben-zofuran-5-yl)-3-oxopropyl
acetate (20), nicotpanoid A (21) [36], 4’8-dihydroxy-6,7-dimethoxyisoflavone (22), 4’-6-
dihydroxy-8-methoxycarbonyl-7-methoxyisoflavone (23), 4°,7-dimethoxy-8-hydroxymethyl-
6-hydroxyisoflavone (24) [22], tababiphenyl C (25), tababiphenyl E (26) [35], tabaisocoumarin
B (27) [33], tabamide A (28) [34], 1l4-noreudesmane sesquiterpene (29) [29], and
licoisoflavone (30) [23]. Among 20 compounds, compound (25) and (30) have fine inhibitory
activity with value of 48.4% compared with ningnanmycin as a positive control.

Furthermore, the secondary metabolites of N. tabacum also reported their cytotoxicities
inhibit five cancer cell lines such as NB4, A549, PC3, SHSY5Y, and MCF7 [27], [44], [45].
There are three compounds exhibited inhibitory activity against NB4 namely compound (15),
(-)-dehydrodiconiferyl alcohol (31), and nigrolineabiphenyl A (32). Compound (31) showed
lowest inhibition with I1Cso of 5.5 uM. It means the compound (31) has a good potential as
bioactive substance. Moreover, it might be caused a furan ring and hydroxyl (-OH) group as
active sides. For inhibitory activity against A549, there are three compounds potentially such
as compound (13), (15), and tababiphenyl I (33). Among them, the compound (33) showed
lowest inhibition with 1Csg of 2.8 uM. Furthermore, compound (16), 5-methoxy-22-dimethyl-
2H-furo[34-g]-chromen-8(6H)-one (34), and tababiphenyl G (35) exhibited inhibitory activity
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against SHSY5Y. Compound (35) has potential as bioactive substance because of the lowest
ICso value of 3.8 uM. In addition, there are three compounds potentially inhibitor PC3 namely
compound (13), compound (33), and methyl-2-hydroxy-4-isopropyl-7-methoxy-6-
methylnaphthalene-1-carboxylate (36). Among them, compound (33) exhibited lowest
inhibitory activity against PC3 with 1Cso value of 3.7 uM. For inhibitory activity against MCF7,
there are four compounds potentially such as compound (13), (14), (15), and
nigrolineabiphenyl B (37). Among them, compound (13) showed lowest 1Cso with value of 4.8
uM. From those reports, compound (33) has strongly potential as inhibitor A549 and PC3 as
well. 1t might be affected by the bioactive substituents such as hydroxyl and methoxy groups.

Table 1. Isolated compounds from N. tabacum and their biological activities

No Extracts Chemical constituents Biological  References
activities
1 The = Antiparasitic [25]
compounds activity
were isolated N against R.
from methanol NT sanguineus
extract of N. (1) tick larvae.
tabacum leaves Compounds
= (1), (2), and
O,, (3) exhibited
N A good
NG activity with
) value of
79.8, 88.3,
and 81.1 %
N N respectively
H | at
NG concentratio
(3) n of 300
umol.
2 The Z OH Anticancer  [20]
compounds activity
was isolated inhibit a
from '< HepG2 cell
dichloromethan line.
e extract of N. Compound
tabacum 4) (4) showed
flowers moderate
activity with
an ICso of
14.38 uM.
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3 The
compounds
were isolated
from leaves
methanol
extract

H,CO

R,0

Ry
HO—,

O  OCH;,

OH
(5) R1=H; R2>=H
(6) R1=CHs; R>=H
(7) Ri=H; R2=0OCH3s

OH

Cytotoxicity [24]
assay inhibit
C8166 cells
(CCs0) and
anti-HIV-1
(ECso).
Compounds
(5), (6), and
(7) exhibited
activity with
CCxo values
of 239.4;
142.6; and
118.8
pg/mL
respectively
as well as
ECso of
1.86; 2.78;
and 2.64
pg/mL
respectively.
Furthermore
, the three
compounds
also showed
moderate
cytotoxicitie
s inhibit HL-
60, HepG2,
KB, and
MDA-MB-
231 cell
lines.

4 The
compounds
were isolated
from leaves of
ethanol extract

Antimigrato  [21]
ry activities
against
prostate
cancer cell
line namely
PC-3M-CT
and PC-3.
Compounds
(8) and (9)
showed anti-
migratory
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activity with
dose of 10
UM against
PC-3M-CT
and dose of
50 uM
against PC-
3.

5 a. Compounds The anti- [22, 23, 27,
(10), (11), and T™MV 28, 29, 30,
(27) were activity of 32, 33, 34,
isolated from these 35, 36, 44]
roots and stems compounds
of acetone OH O_ by using

(10) R=OH

extract (11) R=0CHs half-leaf

method:
b. Compounds H.CO -Compound
(12) and (13) 3 (10): 34.2%
were isolated -Compound
from roots of (11): 33.4%
acetone extract -Compound
(12): 35.1%
¢. Compounds -Compound
(14), (15), (16), (13): 33.2%
(20), and (21) o -Compound
were isolated Ho:<j/\)kO (14): 33.6%
from stems of -Compound
acetone extract HO /@-\‘OH (15): 35.8%
| . -Compound
d. Compounds H,COOC™5 > "OH (16): 36.7%
(17), (18), (19), (13) -Compound
(22), (23), (24), (17): 36.7%
(28), and (29) H,CO__0O -Compound
were isolated (18): 45.6%
from leaves of HsCO OH -Compound
acetone extract OO (19): 35.2%
R -Compound
e. Compounds (20): 34.6%
(25) and (26) (14) R=CHas -Compound
were isolated (15) R=CH30OH (21): 35.4%
from acetone- -Compound
water extract (22): 25.2%
-Compound
f. Compound (23): 22.6%
(30) was -Compound
isolated from (24): 27.4%
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stems and roots
of methanol
extract

(17) R1=CHs; Ro=H
(18) R1=H; R2=CH3s

OH O

\Oijik/\OH

H,CO
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HO,, LCOOH

%
HOY Y07 NF O

OH

ORs
(22) R1=CHs; R>=0OH; R3=H
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(15), (31),
and (32)
exhibited
inhibition
against NB4
with 1Csg of
5.7, 5.5; and
6.8 M.

b.
compounds
(13), (15),
and (33)
exhibited
inhibition
against
Ab549 with
ICs0 of 3.8;
8.2;and 2.8
puM.

C.
compounds
(16), (34),
and (35)
exhibited
inhibitory
activities
against
SHSY5Y
with 1Csg of
8.2;6.8; and
3.8 uM.

d.
compounds
(13), (33),
and (36)
exhibited
inhibitory
activities
against PC3
with 1Csg of
5.2;3.7;and
6.7 uM.
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e.
compounds
(13), (14),
(15), and
(37)
exhibited
inhibition
against
MCF7 with
ICso values
of4.8; 7.9;
7.8;and 6.2
uM.

BIOLOGICAL ACTIVITIES OF N. tabacum

Several plants, bacteria, and fungi has been reported their biological activities. Biological
activity is an organism’s ability to fight free radicals, viruses, and pathogenic bacteria that will
damage the metabolic system of living things. Furthermore, this biological activity can be
determined through bioassay technique based on both in vitro and in vivo results. According to
several literatures, both extracts and isolated compounds of N. tabacum have been reported
their bioactivities such as antiviral, antimicrobial, antioxidant, anti-HIV, anti-proliferative,
anti-inflammatory, anti-parasitic, anti-termite, and cytotoxicity effects.

4.1 Anti-tobacco mosaic virus (Anti-TMV)

TMV is a positive-stranded RNA virus that enters the host cell. TMV is a species of the
genus Tobamovirus and infects N. tabacum and also other species in the Solonaceae family
including tomato, potato, pepper, and tobacco [54]. Therefore, virus infected edible natural
products can affect abnormality human body that include stunting and other malnutrition
diseases. Based on that, inhibitors for TMV are urgently needed to prevent the spreading virus.
The virus inhibitors called as anti-TMV are compound-identified that was isolated from N.
tabacum extract. There are about 20 compounds that have been reported as anti-TMV. Isolated
compound from leaves acetone extract, the new 14-noreudesmane sesquiterpene (29) showed
lower inhibitory concentration with ICsp value of 25.8 uM than a standard ningnanmycin (ICsp
38.2 uM) by using the half-leaf method [29]. Hence, the compound (29) has potential as an
inhibitor TMV and also followed by other compounds including biphenyl (25) [35] and
isoflavone (30) from methanol extract of N. tabacum stems and roots [23].

4.2 Antimicrobial

Antimicrobial activity evaluation of N. tabacum against bacteria, fungi, and oomycete
has been reported. The antimicrobial activity was investigated by using in silico and in vitro
technique. The result showed that the terpenoid extract of leaf tobacco is potent to inhibit
several pathogens such as X. campestris, E. carotovora, E. amylovora, Ps. tabaci, Ps. glycinea,
Cladosporium sp, A. alternate, R. solani, F. graminearum, F. oxysportum, B. oryzae, C.
gloesporioides, S. oryzae, and P. infestans [38]. Furthermore, antibacterial activity of ethyl
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acetate extract from N. tabacum leaves had been reported by using agar well diffusion assay.
The result reported that ethyl acetate extract can inhibit several pathogen bacteria such as P.
aeruginosa, K. pneumonia, S. aureus, clinical S. aureus, S. enterica, Micrococcus sp, P.
mirabilis, biofilm forming Klebsiella sp, biofilm forming E. coli. Among the pathogens, the
ethyl acetate extract showed inhibitory activity against S. aureus significantly with area
inhibition of 159.9+11.31 mm?[39]. In addition, antibacterial activity against six bacteria of N.
tabacum leaves by using agar well diffusion method was also reported. The methanol extract
of N. tabacum leaves exhibited antibacterial activity against B. subtilis, C. pyogenes, P.
aeruginosa, S. marcescens, S. dysenteriae, and S. aureus with streptomycin as a standard.
Moreover, the methanol extract presented strong antibacterial activity against S. dysenteriae
with MIC value of 1.56 mg/mL [40].

4.3 Antioxidant

Antioxidant agent has an important role to attack free radicals in the human cell. In the
long term, those free radicals inside will cause several chronic diseases such as cancer and
diabetes [55], [56]. Based on literature study, N. tabacum is recommended as antioxidant agent.
Antioxidant activity of aqueous and methanol extracts from stems was evaluated by enzymatic
and non-enzymatic biochemical assay including superoxide dismutase, catalase, glutathione
content, and glutathione s-transferase activities [41]. Antioxidant activity of several extracts
from N. tabacum roots including aquades, methanol, acetone, and hexane extracts has been
evaluated by DPPH method with trolox as a standard [47]. Furthermore, antioxidant activity of
polyphenol extract from tobacco leaves also has been reported. The polyphenol extract was
prepared by using 80% ethanol. The result showed that the polyphenol extract exhibited higher
scavenging activities of DPPH, hydroxyl as well as superoxide radicals with 1Cso values of
5.02, 49.6, and 44.0 ug/mL respectively compared with vitamin C as a standard [43]. Recently,
there are several reports about isolation and expression of the key enzymes that catalyze
polyphenol biosynthesis from N. tabacum. The result indicated that a new chalcone (NtCHS6)
and flavonol (NtHDG2) synthase genes were abundantly expressed in N. tabacum leaves [57],
[58]. Therefore, the polyphenol extract performed a good antioxidant activity.

4.4 Anti-HIV-1

An immunodeficiency disease is caused by human immunodeficiency virus type 1 (HIV-
1) [59]. New nicotphenols (5-7) isolated from 70% aqueous ethanol of leaves has an anti-HIV-
1 activity. The anti-HIV-1 was investigation by the cytopathic inhibitory activity of HIV-1
expressed with ECsg value. Among nicotphenols, nicotphenol (5) has stronger inhibition with
ECso of 1.86 pg/mL compared with azidothymidine as a standard [24].
4.5 Anti-poliferative

Anti-proliferative investigation of extracts derived (aqueous, methanol, acetone, and
hexane) from N. tabacum roots has been reported. The anti-proliferative effect was evaluated
on Hela cervical adenocarcinoma with doxorubicin as a positive control. Among extracts
derived, acetone extract showed the highest anti-proliferative with viability value of 14% at
dose of 0.625 mg/mL [47].

4.6 Anti-inflammatory

The study of anti-inflammatory potential from N. tabacum had been reported. The
phytosterols of N. tabacum was evaluated through selective inhibition of cyclooxygenase-1 and
cyclooxygenase-2. Based on this research, phytosterols are potential inhibitors of
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cyclooxygenase-2 because they are non-toxic and hepatoprotective. In addition, they can
regenerate parietal cells well [48].

4.7 Antiparasitic

Pesticides are commonly correlated as antiparasitic to improve the quality of agricultural
food [21]. On the other hand, antiparasitic pesticides (APs), such as emamectin benzoate (EB),
cypermethrin (CP), and deltamethrin (DE), have been used to treat parasitic diseases [61, 62].
Furthermore, the three APs were also used by the salmon industry [63], [64]. Recently,
antiparasitic activity of methanol extract from N. tabacum leaves had been evaluated. The
bioassay system was done against parasites, namely Ctenocephalides felis, Lucilia cuprina,
Caenorhabditis elegans, Rhipicephalus sanguineus, and Ixodes ricinus [25].

4.8 Anti-termite

Anti-termite activity of ethanol extract from N. tabacum stems and roots had been
reported. The anti-termite activity was evaluated against Coptotermes curvignathus by
cellulose pads method. The result performed that the extract possessed a good activity at
concentration of 5% [49].

4.9 Cytotoxicity

The cytotoxicity of isolated compounds from N. tabacum had been reported against
several cancer and tumor cells by using MTT assay with taxol as a standard. The cytotoxicity
assay was performed against acute promyelocytic leukemia cells (NB4), neuroblastoma cells
(SHSY5Y), lung adenocarcinoma epithelial cells (A549), breast adenocarcinoma cell (MCF7),
prostate cancer cells (PC3), liver cancer cells (HepG2), and colon cancer cells (HCT-116). The
assay result showed that biphenyl (33) has highest cytotoxicity against A549 and PC3 with ICso
of 2.8 and 3.7 uM respectively. And also biphenyl (35) exhibited cytotoxicity against SHSY5Y
with I1Csp of 3.8 uM. Both of biphenyls (33 and 35) were isolated from 70% aqueous acetone
of N. tabacum leaves [45]. Furthermore, cembranoid (4) isolated from dichloromethane extract
of N. tabacum flowers had performed moderate cytotoxicity against HepG2 with I1Cso of 14.38
uM [20].

CONCLUSION

N. tabacum (tobacco) has the main secondary metabolites such as cembranoids and
flavonoids. They have selective inhibition as antiviral, antimicrobial, antioxidant, anti-HIV,
anti-proliferative, anti-inflammatory, anti-parasitic, anti-termite, anticancer, and antitumor.
Therefore, as the most commercially agricultural products in the world, chemical constituents
and their pharmacological effects of N. tabacum are potential for further investigation.
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