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ABSTRACT

Objective: Cancer is still one of the most fatal diseases that threaten human health. Since the
effectiveness of conventional cancer therapies based on chemotherapy, radiotherapy, cytotoxic drugs, and
surgery is limited by their toxic effects, new therapies are needed. Secondary metabolites from plants exhibit
good biological activities. The effect of solvent polarity and method of extraction on the yield of extraction, and
the effect of the solvent extract on the biological activities of Nicotiana tabacum Linn. leaves extracts were
evaluated. The essential oil extract of the leaves will be analyzed as well.

Material and Method: Samples of tobacco leaves, grown in Lebanon, were the subject of this work.
Two methods of extraction in a series of solvents with decreasing polarities were performed. The antitumor
activity was evaluated on breast adenocarcinoma MCF7 cells using 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) cytotoxicity assay. The chemical composition analysis was conducted using
TLC and GC-MS for essential oil.

Result and Discussion: The Nicotiana tabacum extracts exhibit anticancer activities, and it is affected
by the solvent used. Moreover, the polarity and method of extraction significantly affect the yield of extraction.
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These results required further investigations on this plant and must be tested on other cancer cell lines. The
TLC analysis of different extracts lead us to suggest the presence of a-4,8,13-duvatriene-1,3-diol, 5 -4,8,13-
duvatriene-1,3-diol and Z-abienol (Z-AB). Totally 19 volatile constituents were detected in N. tabacum and the
main components were pentadecanal (47.71 %), biosol (15.88 %), solanone (11.06 %), thymol (5.52 %),
damascenone (2.16 %), and S-Caryophyllene (2.19 %). As well as that many studies are required to determine
the active principles and their mode of action.

Keywords: Antitumor, essential oil, GC-MS, Nicotiana tabacum, solvent polarity
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Amag: Kanser, giiniimiizde hala insan hayatm tehdit eden en oliimciil hastaliklardan biridir.
Kemoterapi, radyoterapi, sitotoksik ilaglar ve cerrahiye dayali geleneksel kanser tedavilerinin etkinligi, toksik
etkilerden dolayr sumirli oldugundan, yeni tedavilere ihtiya¢ duyulmaktadir. Bitkilerden elde edilen sekonder
metabolitler, iyi biyolojik aktivite gostermektedir. Coziicii polaritesi ve ekstraksiyon yonteminin, ekstraksiyonun
verimi iizerine etkisi ve ekstraksiyonun Nicotiana tabacum Linn. ekstresinin biyolojik aktivitesi iizerine etkisi
degerlendirilmistir. Bunun yaminda, yapraklardan elde edilen ugucu yagin analizi de gerceklestirilmistir.

Gereg¢ ve Yontem: Calismanin konusu, Liibnan’da yetisen tiitiin yapraklarindan alinan orneklerdir.
Azalan polaritede ¢oziicii serisi ile iki ekstraksiyon yontemi kullamilmistir. Antitiimér aktivite; meme
adenokarsinoma MCF7 hiicrelerinde, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)
sitotoksisite testi ile degerlendirilmistir. Ekstrenin kimyasal icerigi ITK ile, ucucu yaginki ise GC-MS ile
degerlendirilmistir.

Sonuc¢ ve Tartisma: Nicotiana tabacum ekstreleri antikanser aktivite gostermis ve ¢oziicii tiirtiniin bu
aktiviteyi etkiledigi gozlenmistir. Ayrica, polarite ve ekstraksiyon yontemi, ekstraksiyon verimini énemli olgiide
etkilemistir. BU sonu¢lar dogrultusunda, bitki iizerine daha ileri ¢alismalar yapilmasi ve baska kanser hiicre
serileri iizerinde testlerin yiiriitiilmesi gerekmektedir. Farkl: ekstrelerin /7K analizleri; a-4,8,13-duvatrien-1,3-
diol, g -4,8,13-duvatrien-1,3-diol ve Z-abienol (Z-AB) bilesikierinin varligini gostermistir. N. tabacum
iceriginde 19 ugucu bilesik tespit edilmistir ve bunlarin arasinda pentadekanal (47.71 %), biosol (15.88 %),
solanon (11.06 %), timol (5.52 %), damasenone (2.16 %), and g-karyofilen (2.19 %) bilesikleri major olarak
bulunmaktawr. Bunun yanm: sira aktif bilesiklerin ve etki bicimlerinin belirlenmesi igin ¢ok sayida ¢alismaya
ihtiyag vardir.

Anahtar Kelimeler: Antitiimor, ¢oziicii polaritesi, GC-MS, Nicotiana tabacum, ugucu yag

INTRODUCTION

Cancer has become one of the major diseases and problems that have caused predominant death,
and it is considered the second cause of death after cardiovascular diseases. This disease is characterized
by an uncontrolled multiplication of cells leading to the formation of malignant tumors, with the ability
to be metastatic [1-3]. The typical cancer treatment is generally based on using chemotherapy,
radiotherapy, cytotoxic drugs, and surgery [4, 5]. These conventional therapies are effective and can
even cure many types of cancers including breast cancer, colon, pancreatic, testicular, ovarian, and
certain lung cancers, but their effectiveness is often limited by toxic effects [6]. These toxic effects occur
when healthy cells are damaged. Among these side effects, fatigue, anemia, bleeding, muscle pain,
appetite loss, diarrhea and vomiting, sore throat, constipation, damage to the nervous system, memory

and concentration problems, insomnia, and hair loss can be mentioned [4, 7].

Since the current treatments usually have side effects, continued searching for a safer and more
effective treatment is needed [8]. For many years’ herbal medicines have been used and are still used in

developing countries as the primary source of medical treatment [1, 8]. Researchers found that plants
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are a great source for developing and producing new, effective, and safe anticancer drugs since it has
been shown that they can prevent or reduce the incidence of cancer [9].

As part of the evaluation of Mediterranean endemic species, many studies were interested in the
Lebanese Nicotiana tabacum (N. tabacum), commonly known as tobacco. N. tabacum is a perennial
herbaceous plant, native to tropical and subtropical America and is now cultivated commercially
worldwide[10, 11]. In Lebanon, Tobacco is a very important economic crop; moreover, 25,000 families
benefit from the production of tobacco [10, 12]. Over 20 % of tobacco resources are discarded as
processing waste [13] because only leaves are used in tobacco industries. The discarded tobacco leaves
are scientifically valuable because of their content in bioactive compounds, such as polyphenols,
flavonoids, proteins, and aromatic compounds [10, 14, 15]. Many studies have shown that constituents
of N. tabacum have potential biological activities [16]. For instance, Wang et al. [15] identified the
polyphenols in tobacco leaves and investigated their antimicrobial and antioxidant activities. The
extraction of phytochemicals from the plant material is influenced by various factors including time,
temperature, solvent concentration, and solvent polarity [17]. Moreover, many studies have shown that

the biological activities of extracts obtained from plants are affected by solvent polarity [17-19].

The purpose of the recent study was to assess the anticancer activity of the total extracts from the
waste of N. tabacum growing in Lebanon. The original Saada Six was the class of tobacco studied. It
was named by the Regie’s Saadiyat Laboratory, developed with a blend of Bulgarian and Azmirly
tobacco, planting commenced in 1973 [10, 12]. In addition, the authors investigate whether the
anticancer activity is affected by the nature of the solvent and the extraction method used. Extractions
were performed using different solvents with different polarities, then the cytotoxic effect of extracts
against MCF7 cells, an epithelial human breast cancer cell line was assayed using MTT assay.

Furthermore, the components of essential oils from N. tabacum were analyzed by GC/MS.

MATERIAL AND METHOD

Materials and Reagents

Methanol (MeOH), ethyl acetate (EtOAc), petroleum ether (PE), dichloromethane (DCM),
diethyl ether (Et,O), hexane, Isopropanol, chloroform, and 3-(4,5-dimethylthiazol-2-yl)-2-5 diphenyl
tetrazolium bromide (MTT) were purchased from Sigma Aldrich (USA). GC-grade n-hexane and
analytical reagent grade anhydrous sodium sulfate (Na>SO.) were used. Samples were weighed using
an analytical and numerical balance (Melter Toledo). The dried leaves were grinded using a POLYMIX
(PX-MFC 90 D) grind mill. The extracts were concentrated using HEIDOLPH (Germany) rotavapor
apparatus. Silica gel 60G F254 Thin Layer Chromatography plates were also purchased from Merck

Co., Germany.
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Plant Material

The N. tabacum plants were grown at the same periods, and harvested in Aitaroun (june 2019),
southern Lebanon (33°07'N 35°28'E). The plant material was identified by Prof. Jean HABIB (Professor
of Pharmacognosy at the Lebanese University). A voucher specimen (No. 1901) has been deposited at
the Pharmacognosy Department, Faculty of Pharmacy of the Lebanese University. After separating the
usable leaves to make smoking products (picked by hand at maturity), the remaining waste leaves are
dried at room temperature for two weeks and then ground in a laboratory mill. The powders were stored

at room temperature in well-closed bags until processing.
Extraction Procedures

The fresh leaves of N. tabacum were dried at room temperature and reduced to powder using a
mill. To obtain the constituents of N. tabacum, a series of separately solid-liquid extractions using six
solvents with different polarities (methanol 80 %, methanol, ethyl acetate, dichloromethane, diethyl

ether, petroleum ether) were executed.

Two methods of extraction were applied. Briefly, in the first procedure, 10 g of leaves powder
and 50 ml of each solvent were put in Erlenmeyer flasks (100 ml) and placed in an ultrasonic cleaning
bath (VWR ULTRASONIC CLEANER) operating at a frequency of 35 kHz. Sonication was performed
for 60 min. Bath temperature was monitored, and water is replaced almost every 10 min to maintain
room temperature + 2 °C. In parallel, the second procedure was performed by mixing 10 g of plant
material and 50 ml of each solvent in Erlenmeyer flasks (100 ml) and macerated using magnetic stirring

for 24 hours.

At the end of each extraction procedure, the liquid extract was separated from the solid residue
by filtration using Whatman paper. The solid residue was washed using 5 ml of fresh solvent used during
extraction. The filtrates were collected the solvent was evaporated in a rotary vacuum evaporator at 40
°C. The resulting N. tabacum extracts (NTESs) were stored at 4 °C until use. Each extraction was carried

out in triplicate.
Essential Oil’s (EO) Content

Foremost, 100 g of the same batch of N. tabacum drying leaves were chopped into small pieces
then carefully introduced into a 1000 ml round bottom flask containing 500 ml of distilled water. The
hydro-distillation was carried out in a Clevenger-type distillation unit designed according to the British
Pharmacopoeia specification [20]. After 3 hours of distillation, the EO was collected, and the oils were

sealed and kept in dark glass vials in the refrigerator at 4° C for further analysis.
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Determination of Percentage Yield (%)

The extraction yield was calculated according to the following equation (1):
Yield % = 72x100 (Equation 1)
1

Where W; is the dry weight of the used material and W- is the weight of collected extract after

evaporation of the solvent.
Thin-Layer Chromatography

To compare qualitatively the constituents of different NTEs, several TLC (thin-layer
chromatography) were applied using different mobile phases. TLC is performed on a sheet of aluminum

foil coated with a thin layer of adsorbent silica gel, which is commercially available 60 Fsa.

The different mobile phases that were used are: Hexane (100 %), Hexane/EtOAc (75/25 %),
Hexane/EtOAc (50/50 %), EtOAc (100%), and isopropanol- chloroform -DCM- hexane (7/8/6/79 %).
The crude samples of NTE were spotted onto the TLC plate as a single spot using capillary tubes. After
spots drying, the plates were developed in a closed, filter paper-lined, saturated chamber, and the solvent
front was allowed to ascend a minimum of 10 cm. The spots were visualized either under UV light and
for by heating plates sprayed with vanillin/sulfuric acid reagent. The retention factor of the compound
is calculated as the following equation (2):

__ distance traveled by the compound

Rf =

(Equation 2)

distance traveled by the solvent
Determination of Antitumor Activity
Cell Viability

The viability of the MCF7 cells obtained from the American Type Culture Collection (ATCC,
Rockville, MD, USA) was assessed by MTT assay. MTT is reduced intracellularly in a mitochondrion-
dependent reaction to yield insoluble formazan crystals. The ability of cells to reduce MTT indicates
mitochondrial activity and serves as a measure of cell viability. Briefly, MCF7 cells, an epithelial human
breast cancer cell line, were seeded in 96-well plates (10* cells/well). The following day, cells were
treated with the different NTEs at concentrations ranging from 50 to 300 pg.ml?, and from 0.25 % to 1
% for methanolic extracts, for 48h. After 48 h,10 uL. of MTT solution was added to each well of each
plate. After 3 h of incubation at 37 °C, formazan crystals were solubilized with 100 pL of acidified
isobutanol. The absorbance was measured spectrophotometrically with an ELISA microplate reader
(ELISA reader/Biotech) at 595 nm wavelengths. The number of viable cells was directly correlated to

the number of purple formazan crystals formed.
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Analyses of Volatile Organic Compounds

One microliter of N. tabacum EO sample was diluted (1:100) with hexane and injected into the
Gas chromatography-mass spectrometry (GC-MS) system. GC SHIMADZU QP2010 system was used
to analyze the volatile compounds in the N. tabacum extract (without derivatization). DB-5MS (5 %
Diphenyl / 95 % Dimethylpolysiloxane) capillary column having (30 m length, 0.25 i.d., film thickness
0.28 um) and helium as carrier gas (1 ml/min, constant flow) was used for compound separation. The
oven temperature was programmed from 65 °C (2 min initial time) increased to 300 °C at 10 °C/min
(isothermal for the final time). The actual temperature in the MS source reached 230 °C, and the MS
was operated in the electron impact mode at 70 eV ion source energy. The injector temperature was
250°C, while the injection volume was 1 uL and a total run of one hour is performed, mass detector
scan range m/z = 50-550. Data receipt and processing were performed using Shimadzu GC-MS solution
software. The detected compounds were tentatively identified, by MS spectral correlations using
NISTO08 (National Institute of Standards and Technologies, Mass Spectra Libraries), as well as published
data.

Statistical Analysis

The analysis of data was carried out using GraphPad Prism version 5 for Windows (GraphPad
Software, La Jolla California USA). Two-way analysis of variance (ANOVA) was used to determine if
the extraction method and the solvent identity influence the extraction yield. Differences between the
means of each condition and the control were explored using Paired t-test (Viability test). One-way
ANOVA test followed by Dunnett's post- hoc test was used to determine the differences between means
to study the effect of solvent polarity and method used on the extraction yield of extracts. Data are
presented as means + SEM. A probability value of less than 0.05 was regarded as statistically significant.

RESULT AND DISCUSSION

Extraction Yield

Figure 1 shows the effect of the polarity of the solvent and method of extraction on the yield of
extraction. Values ranged from 1.3% for the NTE obtained using petroleum ether as a solvent to 21.7%
for the extract obtained using methanol as a solvent, and maceration as the method of extraction. The
yield of extraction obtained using methanol 80% as the extraction solvent and maceration as the method

of extraction presents the highest yield.

Studies have shown that the quantity and quality of the yield of extraction are affected by the
polarity, the solvent extract, and the method of extraction [17, 21]. In recent study, two methods of
extraction in a series of solvents with decreasing polarities (MeOH 80%, MeOH, EtOAc, DCM, Et,0,
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PE) were conducted. One-way analysis of variance (ANOVA) of the results in this study had shown that
the solvent identity, in other words, the polarity of the solvent, significantly affects the yield of extraction
(p= 0.0001<0.005). Moreover, the extraction yield is also affected by the polarity of solvents, showing
the highest yield to the lowest yield as per the following manner: MeOH 80%> MeOH> EtOAc> DCM>
Et,O> PE. This agrees with previous studies that also had shown that extraction in highly polar solvents
resulted in a high extract yield compared to non-polar ones [17, 22]. Additionally, two-way ANOVA
showed that the nature of the solvent and the method of extraction independently significantly affect the
yield of extraction (p=0.0001<0.005), also they interact and significantly affect the yield (p<0.005).

Furthermore, it showed that the solvent identity affects the yield more than the method of
extraction. Therefore, this difference in the percentages of yield between the extracts is due to the

polarity of the solvent and the method of extraction.
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Figure 1. Effect of solvent polarity and method of extraction on the extraction yield of NTEs

Bars represent means = SEM. The significant difference between means was represented by ***P value <0.0001.
(n=3).

Thin-Layer Chromatography

In order to compare the chemicals contained in the NTEs obtained, a thin-layer chromatography
analysis was executed. Briefly, appropriate volumes of extracts were applied on Silica G TLC plates
using capillaries, then these plates were wetted in five different mobile phases systems. The four systems
of mobile phases composed by a combination of hexane and ethyl acetate (0-25 %-50 %-75 % hexane)

present similar results, represented by the TLC in Figure 2. TLC shows that extracts obtained using all
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solvents in both methods of extraction except the petroleum ether (E, F) present similar compounds.
Moreover, after migration, the TLC plates were sprayed with vanillin/sulfuric acid reagent, which
transforms the color of the highest spot present in all solvents, except the petroleum ether, to blue. This
colored transformation based on previous studies [23] indicates the presence of terpenoids or steroids.
Additionally, it completely agrees with several studies that have demonstrated the presence of terpenoids
and steroids in the extracts from N. tabacum leaves [24, 25]. It is worth noting that all the spots that
appeared under 254 nm also came out under 366 nm, but under the latter wavelength additional spots

were detected, specifically those that didn’t migrate too much and remained near the spotting point.
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Figure 2. TLC plate under UV 366 nm, using Hexane/ EtOAc as eluent

A: UAE, MeOH; B: maceration, MeOH; C: UAE, EtOAc; D: maceration, EtOAc; E: UAE, PE; F: maceration,
PE; G: UAE, MeOH 80%; H: maceration, MeOH 80%; |I: UAE, DCM; J: maceration, DCM; K: UAE, Et,0O; L:
maceration, Et,0.

Figure 3 shows the TLC plate observed under UV at 366 nm using a mobile phase composed of
a combination of isopropanol-chloroform-dichloromethane-hexane (7:8:6:79). This new mobile phase
has allowed the separation of more compounds compared to the first four ones. In comparison with a
previous study to detect and quantify components in the leaf of N. tabacum [26], this study identify the
presence of sucrose esters (SE) at R = 0.05 in extracts obtained using UAE methanolic extract and those
obtained using EtOAc, PE, DCM, and Et,0 in both methods of extractions. Also, by comparison of the
Rss obtained in the literature using the same mobile phase system, the authors suggest the presence of
a-4,8,13-duvatriene-1,3-diol (ADVT) at R = 0.22 in extracts obtained using EtOAc, DCM, and Et.0.
-4,8,13-duvatriene-1,3-diol (BDVT) was identified at Rs = 0.25 in the methanolic extracts (MeOH,
MeOH 80 %), and Z-abienol (Z-AB) at Rs = 0.63 in all extracts except extracts obtained using MeOH.
This variety in compounds is due to the difference in polarity between solvents, and it will cause a

difference in the biological activities of extracts.
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Figure 3. TLC plate under UV 366 nm, using isopropanol/chloroform/DCM/hexane as eluent

A: UAE MeOH; B: maceration MeOH; C: UAE EtOAc; D: maceration EtOAc; E: UAE PE; F: maceration PE; G:
UAE MeOH 80%; H: maceration MeOH 80%; |: UAE DCM:; J: maceration DCM; K: UAE Et,0O; L: maceration
Et,0.

Determination of Antitumor Activity

The effects of various NTEs were evaluated on breast adenocarcinoma MCF7 cells using MTT
cytotoxicity assay. This is a colorimetric assay in which the yellow substrate MTT is reduced to purple
formazan crystal produced only by succinate dehydrogenase enzymes in viable cells, that are
metabolically active [10]. The amount of the formed formazan is proportional to the concentration of
viable cells in the sample. MCF7 cancer cells were treated with different concentrations (50-300 pg.ml°
1 of various extracts and (0.25 %-1 %) of methanolic extracts for 48 h. The extract obtained using
EtOAc and maceration as a method of extraction exerted no significant effect on cell viability in all
tested conditions (Figure 4 A). All others extract exerted a significant effect on cell viability in all tested
conditions (Figure 4). In the case of methanolic extracts (Figure 4-E and F), IC50 cannot be determined
in this study because for all concentrations tested, the percentage of viability is less than 50. To
determine the IC50 for the methanolic extracts, a smaller range of concentrations must be tested. In the
case of extracts with DCM using UAE as the method of extraction (Figure 4 C), Et,O using maceration
as a method of extraction (Figure 4 D), and EtOAc using UAE as a method of extraction (Figure 4-B)
IC50 are respectively 157,6 pg.ml?, 246.7 pg.ml? and 238.9 pg.ml. Based on the 1C50s, extract
obtained with DCM is more potent and caused more inhibition of cell viability than extracts obtained
using Et,O and EtOAc. The extracts that exhibit the higher potent inhibitory activity are the methanolic
extracts (Figure 4-E and F) which are obtained using the most polar solvents. These findings are in
agreement with previous studies, where flavonoid of tobacco leaves cultivated in Indonesia with
concentrations of 160 pug.ml™ show a decrease of the MCF-7 cell viability of more than 50 %, with an
IC50 value of 148.41 ug.ml™ [27]. Other studies, covering isolated compounds from N. tabacum, found

weak to moderate inhibitory activities against MCF7 cell lines ranging from 6.2 to 44 uM [14, 28-31].
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On the other hand, the nature of used solvent significantly affects the antitumor activity of
extracts, which agrees with previous studies that have shown that the solvent affects the biological
activities of extracts [16-19]. To see if more polar solvents exhibit better biological activities, more
studies are needed, since DCM and Et,0 are less polar than EtOAc and exhibit better antitumor activity.
Additionally, the best results (Figure 4) are promoted by the most polar solvents: MeOH, and MeOH 80
%.
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Figure 4. Effect of NTEs on MCF7 cell proliferation

Bar values are reported as mean +/- SEM of at least three independent experiments. Significant differences in
expression are indicated by *(P<0.05), ** (P<0.01), and *** (P<0.001) as compared to control (untreated cells).

On the other hand, the essential oil from leaves of N. tabacum (EONTts) was analyzed by GC-MS
(Figure 5) to detect volatile, small, and non-thermolabile metabolites. The composition of EONt was
determined and the % area of individual components is given in Table 1. Results showed the detection
of 19 constituents from N. tabacum constituting 89.78 % of the total content. The main constituents
(over 2 %) were pentadecanal (47.71 %), biosol (15.88 %), solanone (11.06 %), thymol (5.52 %),
damascenone (2.16 %), and B-Caryophyllene (2.19 %).

The analysis of the available data about EONts compositions revealed that some compounds were
found for the first time in EONt. While no precedent studies mention the presence of pentadecanal in
EONIts it has been shown that the leaf EO of Solanum macranthum, a plant from the same family

(solanaceae) of N. tabacum, contains pentadecanal 28.1 % [32]. (E)-B-farnesene, carophylline and a-
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terpineol were also detected between the volatile compounds from flowers of N. tabacum [33]. Moreover,
damascenone, a carotenoid derived compound, is described as a powerful fruity-floral odor complex, was
found in the work of Popova et al. [34]. In another paper, Popova et al. indicate the presence of solanone
(0.48 %) in N. tabacum flue-cured Virginia type, B-caryophyllene (0.48 %) and p-farnesene (0.08 %) [35].
In the EO of the variety “Plovdiv 7" of Bulgarian oriental tobacco, nineteen volatile components were
identified (92.3%), where (E)-phytol (53.4%) was the major compound followed by solanone (6.8%), -
damascenone (3.7 %) and B-caryophyllene (0.2 %) were also present [36].
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Figure 5. GC-MS chromatogram of essential oil from leaves of N. tabacum

Table 1. Chemical composition of the essential oils of N. tabacum

Compound RT Formula % Area Similarity (%)
a-Terpineol 15.633 C1oH180 0.7 59
Thymol 19.717 C10H140 5.52 90
Biosol 20.067 C1o0H1:0 15.88 80
Solanone 22.696 C13H20 11.06 92
Damascenone 23.533 C13H180 2.16 69
(E)-p-Farnesene 23.8 CisHaa 0.97 93
p-Caryophyllene 25.233 CisHoa 2.19 93
Trifluoroacetyl-lavendulol 26.45 C12H17F30; 1.5 69
Germacrene -d 27.775 CisH24 0.5 93
But-2-enoic anhydride 28.067 CsH1003 0.79 87
Pentadecanal 41.083 CisH300 47.71 68
Cyclodecanone 41.367 C1oH180 0.8 83
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Figure 6. Chemical structures of compounds found in N. tabacum EO’s

Among these, many compounds are biologically active compounds and others have aroma
characteristics. Solanone, Trifluoroacetyl-lavenduliol and damascenone are the major contributor of N.
tabacum aroma. Thymol, (E)-pB-Famesene, own antimicrobial activity [38]. While the sesquiterpene
“germacrene-d” is known as an antiproliferative agent against leukemia and melanoma [39]. Another
sesquiterpene “B-Caryophyllene” has anticancer activity [40].

Differences in bioactivity and essential oils content from previous studies on tobacco from
different varieties and origins [34, 41-44] were probably due to the genetic factor (variety) as well as to
abiotic factors influencing plant development and metabolism and the uniqueness of SAADA 6. Since
tobacco plants are thermophilic crop plants originating from tropical regions they are sensitive to the

change of temperature [45].
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According to the present study, results have demonstrated that discarded leaves from N. tabacum
present anticancer activities and those activities are affected by the solvent used. The anticancer
activities are attributed to the bioactive compounds present in N. tabacum leaves. The observed variation
between extracts is due to the quantity and variety of compounds that can each solvent extract. All these
results suggest that N. tabacum leaves can be a rich source of bioactive compounds that exhibit antitumor
activities. Further studies are required to identify the active compounds and their mechanism of action.
TLC and GC-MS analysis are conducted to identify the content of extract and some compounds have
been identified by comparison to the literature and library. Also, these extracts should be tested on other
cancer cell lines and normal cell lines. Furthermore, in vivo evidence for their biological activities is
needed. Therefore, more research should be conducted to determine the potential utility of recycling
waste tobacco. So, the authors hope to transform the tobacco plant from the source of cancer to a source

of anticancer drugs.
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