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Smokeless tobacco (SLT) has been reported to have deleterious e�ects on the health of its users. �is study aims to analyze the
constituents of locally collected SLT sample extracts (S1–S11) from Tabuk region of Saudi Arabia using GC-MS and investigate
their cytotoxic e�ect on human gingival �broblasts (hGFs), normal human �broblasts (MRC5), and two cancer cell lines (HT29
and HepG2) using MTTassay. GC-MS results showed that pyridine, 3-(1-methyl-1H-pyrrol-2-yl)-, tetracyclo[4.4.1.1(7,10).0(2,5)]
dodec-3-en-11-ol, and cotinine were found in S1, while ethyl iso-allocholate was traced in S2. Compounds 9,12-octadecadienoic
acid, ethyl ester, 7-methyl-Z-tetradecen-1-ol acetate, cis-10-heptadecenoic acid and octadecanoic acid, ethyl ester, and nicotine
traces were found in S4, while compound 3,7,11,15-tetramethyl-2-hexadecen-1-ol, tetradecamethyl-hexasiloxane, and phytol in
S5. Additionally, octadecamethyl cyclononasiloxane, oleic acid, and trimethylsilyl ester were found in S6 and S9, respectively.
Interestingly, extracts S4, S10, and S6 were the most cytotoxic to the normal �broblasts (hGF and MRC5, with low selectivity
index: <1), compared with doxorubicin and with their e�ect on the cancerous cells (HT29 and HepG2). Various components
detected in SLT samples were carcinogenic, including nicotine and its derivatives, hexadecanoic acid, 1,2-benzenedicarboxylic
acid, and octadecanoic acid. �e present study showed that the cytotoxic and possibly carcinogenic e�ects of the SLT samples on
gingiva and lung cells are attributed to many compounds and not only nicotine derivatives, all of which could create health threats
for SLT users and lead to various types of cancers, including oral, lung, colon, and liver cancers.
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1. Introduction

Smokeless tobacco (SLT) and its chemical constituents have
been linked to numerous physical and mental depressive
disorders. In addition, it was also linked with 4% of all cancer
types so far. During its cultivation, harvesting, or processing
stages, more than two thousand compounds have been
identified in tobaccos. )e concentrations of these com-
pounds may vary based on the method of use. For example,
chewing or snuffing tobacco may contain compounds that
exceed two orders of magnitude levels compared to com-
pounds resulting from tobacco used by other methods [1].

)e toxicity of SLT was the focus of several studies, as
SLT exerts both local and systemic effects. )e constituents
found in SLTeither originate from the leaves or as a result of
additives during the production stage [2]. Investigating the
cytotoxicity of SLTon normal cells could explain its possible
toxicities. )is is because cells from different body sites can
be widely exposed to the tobacco material or its metabolites.
Minimal to no toxicity is essential for the successful de-
velopment of useable consumables [3].

)e adverse effects of SLT in the human body are dif-
ferent; some are local, like leukoplakia, dental staining
gingivitis, periodontitis, and carcinogenicity, while some are
systemic like cardiovascular or psychosocial effects, in-
cluding mitigating sleepiness and the social stigma [4–6]. In
a Swedish study, SLTwas proved to have distal effects, with a
clear role in inflammatory bowel disease [7]. Moreover, SLT
may affect cells by inducing mutations or cell transformation
[1].

Worldwide, there are different forms of SLT with dif-
ferent names varying from country to country. )erefore,
eleven SLT samples from Saudi Arabia were investigated
using GC-MS in this study and were subjected to cyto-
toxicity assays to determine their effect on two normal cells
(human gingival fibroblasts (hGF) and normal human fetal
lung fibroblast (MRC5)), in addition to two cancer cells
(human colon adenocarcinoma (HT29) and human hepa-
tocellular carcinoma (HepG2)).

2. Materials and Methods

2.1. Collection and Preparation of SLT Extracts. Eleven SLT
samples (S1–S11, Table 1) were purchased from different
manufacturers in the Tabuk region, Saudi Arabia, in June
2019. Each of these samples (0.2 g) was macerated with
100ml of ethanol. Each extract was concentrated with a
rotary evaporator at 5000 r/sec. After 24 h, the extracts were
separately filtered using Whatman filter paper (0.45 μ),
concentrated by the Rota evaporator, and dried under re-
duced pressure to obtain dark-colored extracts, which were
stored at 4°C in the dark.

2.2. GC-MS Analysis. )ermo Scientific GC-MS (US)
equipped with the AS 3000 autosampler, Trace Ultra GC,
and ISQ detector was used for gas chromatography-mass
spectrometry analysis using a )ermo Scientific capillary
column TR-5MS (30m× 0.25mm), film thickness 0.25 μm.

Helium was the carrier gas at a 1.2mL/min flow rate. )e
initial temperature was 70°C, which was increased at a 15°C/
min rate to 290°C, and held for 30min [8, 9]. Sample extracts
(1mg) were reconstituted in 1ml ethanol and filtered
through a 0.45 μ filter. Next, 2 μl was injected into the GC-
MS system in the spitless mode.

2.3. Identification of Chemical Constituents. )e GC-MS was
used to identify the phytochemical constituents of SLT
samples. )e individual peaks identified the most volatile
components by matching their retention indices with ac-
curate values accessible in the library, closely resembling the
reference samples. )e mass spectra’s shattering patterns
achieved further identificationmatched with those deposited
in the spectrometer catalog using the NIST08 and Wiley 9n/
Adams MS library of the GC/MS records system and/or
established with the aid of retention indices (RI) from
available published sources. )e relative percentage of
separated compounds was calculated from FID chromato-
grams. According to the peak area integrated by the analysis
program, the relative concentration of each compound was
quantified [8, 9].

2.4. Cell Culture

2.4.1. Ethical Clearance and Extraction of hGF. Human
gingival fibroblasts (hGFs) were collected from the gingiva of
a healthy adult male at the Dental Teaching Hospital (Umm
Al Qura University, Makkah, Saudi Arabia, UQU) after
obtaining signed informed consent from the subject and
approval of the Ethical Committee of the Faculty of Den-
tistry, UQU, Makkah, Saudi Arabia (IRB: 190-20, on 5-10-
2020). )e gingival tissues were washed with phosphate-
buffered saline (PBS) and incubated in dispase 1mg/mL
(Sigma, USA) overnight at 4°C to facilitate the removal of the
connective tissue from the epithelial layer. )e epithelial
layer was removed, and the connective tissue was cut into
small pieces, cultured in a complete cell growth medium in a
25mL tissue culture flask, and incubated at 37°C in a hu-
midified atmosphere of 5% CO2. )e complete growth
medium contained Dulbecco’ modified Eagle medium
(DMEM, Gibco)ermo Scientific, USA) supplemented with
10% fetal bovine serum (HyClone )ermo Scientific, USA),

Table 1: Local names and physical nature of SLT samples of Tabuk
region.

Sample Local name Physical nature
S1 Jeddah Shamma Barid-1 Dry
S2 Jeddah Shamma Barid-2 Dry
S3 Sudanese Tumbak-1 Wet
S4 Sudanese Tumbak-2 Dry
S5 Yellow Arishi Shamma Dry
S6 Pakistani Niswar—green-1 Wet
S7 Pakistani Niswar—green-2 Dry
S8 Pakistani Niswar—brown-1 Dry
S9 Pakistani Niswar—brown-2 Wet
S10 Adani Shamma Barid—black Wet
S11 Indian Shamma Dry
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100U/mL penicillin, 100 μg/mL streptomycin (Sigma, USA),
and 2.5 μg/mL amphotericin B (Gibco )ermo Scientific,
USA). Another normal cell line was used, MRC5 (human
fetal lung fibroblast), in addition to two cancer cell lines,
HT29 (human colon adenocarcinoma) and HepG2 (human
hepatocellular carcinoma); all three cell lines sourced from
the ATCC, USA. MRC5 cell line was maintained in Eagles
minimum essential medium (10% FBS, 1% penicillin/
streptomycin). In comparison, the two cancer cells were
subcultured in RPMI-1640 media (10% FBS, 1% penicillin/
streptomycin), all at 37°C, 5% CO2, and 100% relative hu-
midity, for a maximum of 5–10 passages.

2.4.2. Cytotoxicity and Selectivity Studies. )e cytotoxicity of
the eleven SLT extracts was evaluated by MTT assay, as
previously reported [9, 10]. Each of the normal or cancerous
cell lines were separately cultured in the 96-well (3–5×103/
well) and incubated with each of the extracts or doxorubicin
(positive control) at final concentrations 0–100 μg/mL for
72 h at 37°C (DMSO 0.1%; n� 3, three independent ex-
periments). Subsequently, MTT (0.5mg/ml) was added for
each well and incubated for 3 h at 37°C. )e MTT solution
was removed, and formazan granules were dissolved in
dimethyl sulfoxide (DMSO). Absorbance was read on a
multiplate reader (BioRad, PR 4100, Hercules, CA, USA).
)e number of viable cells is proportional to the optical
density of the purple formazan (A550). )e IC50 (sample
concentration causing 50% inhibition compared to 100%
control cell growth) was determined using GraphPad Prism.
)e selectivity index (SI) for a given extract was calculated by
dividing its IC50 against hGF or MRC5 cells by IC50 against
either HT29 or HepG2 cells [11].

3. Results

3.1. GC-MS Analysis and Identification. Various phyto-
chemical constituents were identified in the SLT samples
using GC-MS and are given in Table 2 (representative
chromatograms are shown in Figure 1). )e components in
Table 2 are arranged in order of their elution on the TR 5MS
capillary column. S1 ethanolic extract was characterized by
large amount nicotine derivatives: pyridine, 3-(1-methyl-2-
pyrrolidinyl)-, (S)- (64.91%) followed by pyridine, 3-(1-
methyl-1H-pyrrol-2-yl)- (3.82%) and cotinine (1.61%), in
addition to phthalic acid ester (8.17%) and tetracyclo
[4.4.1.1(7,10).0(2,5)]dodec-3-en-11-ol (1.01%). )e com-
parative GC-MS analysis showed that the maximum amount
of nicotine was present in S1.

While, 27.15% of nicotine was identified in S2, along
with (1′s,2′s)-nicotine-N′-oxide (3.04%). Six different de-
rivatives of fatty acid esters were also determined in the same
samples like hexadecanoic acid, methyl ester (1.52%), hex-
adecanoic acid, ethyl ester (3.62%), 9-octadecenoic acid (Z)-,
methyl ester (2.35%), 9,12-octadecadienoic acid (Z,Z)-
methyl ester (1.55%), 9,12-octadecadienoic acid, ethyl ester
(1.55%), and ethyl oleate (4.21%). Two phytosterols, viz.,
stigmasterol (1.99%) and sitosterol (1.35%) and major traces
of octasiloxane, 1,1,3,3,5,5,7,7,9,9,11,11,13,13,15,15-

hexadecamethyl- (11.79%) and two minor amounts of ethyl
iso-allocholate (1.01%) and silane, and 1,6-heptadiyne-1,7-
diylbis(trimethyl- (1.02%) were also present.

Eight different types of fatty acid esters (43.48%) were
detected in S3, followed by pyridine derivative (8.94%),
nicotine oxide (1.55%), and cotinine (0.94%). )e other
compounds found were two phytosterols (2.71%), and in-
dividually identified compounds were phthalic acid ester
(6.78%), silane derivative (4.1%), and siloxane derivative
(8.11%). In S4, eleven different derivatives of fatty acid esters
(69.55%) were identified. However, cis-10-heptadecenoic
acid (2.43%), siloxane derivative (4.22%), and 1,2-benze-
nedicarboxylic acid, diisooctyl ester (2.41%) were the only
compounds present individually in the S4 sample. Sur-
prisingly, nicotine and its derivatives were found in trace
amounts (1.06–0.24%) in the sample.

Pyridine, 3-(1-methyl-2-pyrrolidinyl)-, (S)- (33.15%),
with 0.19% of minor nicotine oxide and 1,2-benzenedi-
carboxylic acid and diisooctyl ester (5.22%) were identified
in S5 sample. Each of two fatty acid esters (4.83%), silane
derivatives (6.91%), and siloxane derivatives (19.33%) along
with single 3,7,11,15-tetramethyl-2-hexadecen-1-ol (1.23%),
phytol (1.01%), 7-hexyl-eicosane (1.18%), and sitosterol
(1.29%) compounds were also detected in S5.

After two siloxane derivatives (33.68%), nicotine
(12.17%), silane derivative (8.67%), and phthalic acid ester
(7.83%) were found to be the most prominent compounds
identified in S6 ethanolic extract. Nicotine oxide (0.77%) was
the only important compound present in a minor amount.
Hexadecanoic acid, methyl ester (1.09%), was the only fatty
acid ester present in traces. Regarding S7, nicotine and its
oxide were present in 42.86% of the sample. )ree higher
alkanes (6.1%), siloxane derivative (8.74%), silane derivative
(4.73%), two phytosterols (5.1%), and only phthalic acid
ester (3.83%) were the other components detected in the
extract.

)e most prominent constituents present in S8 were
nicotine and its oxide (33.14%) and phthalic acid ester
(9.15%). Siloxane derivative (17.21%), silane moieties
(8.78%), fatty acid ester (1.77%), and phytosterol (1.65%)
were other essential constituents characterized in the
chromatogram. Significant groups of seven different types of
fatty acid esters (42.63%) were identified in S9. Phthalic acid
ester (2.98%) and higher alkanes (7.29%) were present in
high amounts. Moreover, nicotine and its oxide were
characterized in trace amounts (0.95%).

Two siloxane derivatives (38.35%), 1,2-benzenedi-
carboxylic acid, diisooctyl ester (13.33%), 1-mono-
linoleoylglycerol trimethylsilyl (7.9%), pyridine, 3-(1-
methyl-2-pyrrolidinyl)-, (S)- (3.48%), 9-octadecenoic acid
(Z)-, methyl ester (4.4%), sitosterol (2.37%), and nicotine
oxide (0.82%) were other important compounds present in
small amounts in S10. Similar to S10, the same types of
siloxane derivatives (35.05%), silane derivatives (5.32%), and
phthalic acid ester (14.76%) were present in S11 in different
proportions. Benzaldehyde, 2-nitro-4-trimethylsilyl-
(1.42%), and 9-octadecenoic acid (Z)-, methyl ester (1.58%)
were also identified in the S11 sample. Finally, 3.22% of
nicotine and its oxide were found in S11.
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3-(1-Methyl-1H-pyrrol-2-yl)-pyridine (3.82%) and tet-
racyclo[4.4.1.1(7,10).0(2,5)]dodec-3-en-11-ol (1.01%) were
only detected in S1, cis-10-heptadecenoic acid (2.43%) was
identified in S4, hexasiloxane, tetradecamethyl- (1.32%) was
limited to S5, and cyclononasiloxane, octadecamethyl-
(2.54%) was unique compound present in S6.

3.2.CytotoxicityandSelectivity Studies. )e hGF and MRC5
cells were chosen for this study as they represent some of
the main human tissue organs that could be affected by
the SLT extracts following its consumption, i.e., the
mouth gingiva and lungs, respectively. While, HT29 and
HepG2 cancer cells were selected because they were
derived from vital organs in the human gastrointestinal
tract (GIT) that can be affected by SLT extracts and
represent two of the most important GIT cancers
worldwide. According to the cytotoxicity and selectivity
index results (Tables 3 and 4), six out of the eleven
samples showed a higher cytotoxic effect on normal cells
when compared to doxorubicin. In contrast, all samples
were cytotoxic against two cancer cells, but that toxicity
was higher against two normal cells. All samples, except
S1 against HepG2, showed low selectivity index (<1)

towards normal cells, especially samples S4, S6, and S10
(Figures 2(c) and 2(d)), which were the most toxic to the
normal fibroblasts (hGF and MRC5, average SI: 0.00,
0.03, and 0.00, respectively).

4. Discussion

4.1. GC-MS Analysis and Identified Cytotoxic Compounds.
)e GC-MS is one of the most effective techniques to study
metabolomes with very high sensitivity and excellent sep-
aration capability. Despite its great chromatographic reso-
lution, however, it can only be used for the identification of
low-molecular-weight volatile compounds [12]. Overall,
among the identified compounds, various types of chemical
constituents including thirteen different fatty acid esters,
four siloxane derivatives, four pyridine analogs, three types
of higher alkanes, three silane derivatives, two different
derivatives of phytosterols, and each of aromatic aldehyde,
tetracyclic alkene, higher alkene, higher acid, diterpenol,
phthalic acid ester, and steroid were all identified in different
SLT samples. )e major class of harmful compounds found
in smokeless tobacco was a wide range of fatty acid esters,
higher alkanes, steroids, siloxanes, and different pyridine
derivatives.
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Figure 1: Total ion GC-MS chromatogram of some SLT samples showing (R, S)-nicotine (peak no. 1) with some major bioactive
components (chromatograms of all samples are included in the supplementary file).
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Octasiloxane, 1,1,3,3,5,5,7,7,9,9,11,11,13,13,15,15-hex-
adecamethyl- (1.76–36.52%), hexadecenoic acid, methyl
ester (0.1–16.84%), hexadecanoic acid, ethyl ester (0.1–19%),
9-octadecenoic acid (Z)-, methyl ester (0.1–4.4%), 1,2-
benzenedicarboxylic acid, diisooctyl ester (2.41–16.1%), si-
tosterol (0.11–2.37%), and 1-monolinoleoylglycerol trime-
thylsilyl ether (0.12–8.67%) were present in large amounts in
all S1–S11 in different concentrations calculated on the bases
of the peak area. Most of them were previously described as
carcinogenic agents [1–4, 13–15].

7-Hexyl-eicosane, hentriacontane, and 11-decyl-tetra-
cosane were the three higher alkanes found in S5, S7, and S9.
)ese higher alkanes are asphyxiants that can slowly damage
the lungs and skin when used in higher concentrations for a
prolonged duration. Different degrees of carcinogenic and
mutagenic properties are also reported [5, 6]. 3-(1-Methyl-2-
pyrrolidinyl) pyridine (potent parasympathomimetic alka-
loid) represented 0.16% and 64.91% of all chemicals de-
termined in all SLT samples, while its derivative (1s,2s)-
nicotine-N-oxide (0.12–3.64%) was identified in all samples
with variable amounts, and cotinine (0.911173–1.61%) was
found in S1, S3, S4, and S7 [16]. Nicotine and its derivatives
are well-known triggers of various cancers, gene mutations,
and malformations [8, 17, 18]. Interestingly, in different
experimental models, cyclohexasiloxane and dodecamethyl

were reported to have carcinogenicity, reproductive
developmental toxicity, and neurotoxicity [17, 19]. Ethyl iso-
allocholate and stigmasterol were also known for their cy-
totoxic activity [20, 21]. Table 5 provides the major com-
pounds present in more than one SLT sample, their
structure, and cytotoxic effect against normal cells. Obvi-
ously, nicotine and its derivatives were reported to have
major carcinogenic effects [17, 19].)ey are also well-known
triggers of gene mutations and malformations [8, 17, 18].

4.2. Cytotoxicity and Selectivity Studies. )e MTT cytotox-
icity assay showed that all SLT samples demonstrated a low
selectivity index towards each of the normal fibroblasts: hGF
and MRC5, which was worse than the selectivity caused by
doxorubicin. Primarily samples S4, S10, and S6 showed zero
selectivity.)is could be attributed to their inclusion of toxic
compounds previously discussed. In another study, which
also used MTT assay, the hGF cells cultures were exposed
once (5–15min) for cigarette smoke, which caused the re-
duction of its growth [28].)us, it is convincing to anticipate
that the more toxic effect of SLT samples used in the present
study on the hGF cells, compared with the smoked ciga-
rettes, could be correlated to the long and direct exposure
time. )e number of toxic compounds identified and the

Table 3: Cytotoxic effect of the eleven SLT extracts and doxorubicin against the human gingival fibroblasts, normal lung fibroblast, colon
cancer, and liver cancer cells (MTT 72 h, IC50± SD μg/mL, n� 3).

Sample hGF MRC5 HT29 HepG2
S1 25.89± 3.56 2.13± 0.23 38.11± 0.21 22.52± 3.42
S2 12.67± 2.33 22.04± 5.22 36.89± 5.58 32.66± 4.93
S3 18.00± 2.91 4.14± 0.33 27.82± 2.24 52.48± 5.66
S4 0.14± 0.01 0.64± 0.10 29.07± 1.89 58.59± 1.61
S5 21.29± 3.22 2.83± 0.76 55.20± 3.77 56.48± 7.91
S6 1.08± 0.20 0.34± 0.17 11.03± 1.39 41.58± 2.37
S7 8.04± 1.22 13.97± 2.35 47.00± 5.96 50.32± 1.68
S8 4.89± 0.21 7.26± 1.88 9.90± 1.05 50.74± 4.58
S9 1.28± 0.21 35.14± 3.28 40.48± 8.05 46.19± 3.04
S10 0.11± 0.01 0.39± 0.01 22.66± 2.97 30.49± 1.63
S11 6.65± 1.10 10.41± 2.21 39.03± 5.89 47.63± 2.69
Doxorubicin 7.30± 0.66 5.91± 0.41 1.90± 0.15 2.03± 0.20

Table 4: Selectivity of the eleven SLTextracts and doxorubicin against HT29 andHepG2 cancer cells compared with hGF andMRC5 normal
cells.

Sample
hGF MRC5

Average SI
HT29 HepG2 HT29 HepG2

S1 0.67 1.14 0.05 0.09 0.48
S2 0.34 0.38 0.59 0.67 0.49
S3 0.64 0.34 0.14 0.07 0.29
S4 0.00 0.00 0.02 0.01 0.00
S5 0.38 0.37 0.05 0.05 0.21
S6 0.09 0.02 0.03 0.00 0.03
S7 0.17 0.15 0.29 0.27 0.22
S8 0.49 0.09 0.73 0.14 0.36
S9 0.03 0.02 0.86 0.76 0.41
S10 0.00 0.00 0.01 0.01 0.00
S11 0.17 0.13 0.26 0.21 0.19
Doxorubicin 3.84 3.59 3.11 2.91 3.36
<1, nonselective effect against the normal cell.

Journal of Spectroscopy 7



(a) (b)

(c) (d)

Figure 2: Microscopic examination (×40, scale 10 μM) showing the cytotoxic effect of some samples on hGF normal cells treated (72 h) with
(a) vehicle control, (b) doxorubicin (7.30 μg/mL), (c) S4 (0.14 μg/mL), and (d) S10 (0.11 μg/mL).

Table 5: Major compounds present in SLT samples, structure, and cytotoxic effects against normal cells.

Compound Structure Effect Reference

Nicotine
derivatives

(1′s,2′s)-Nicotine-
N′-oxide

O
–

N

N

+
Carcinogenic, promote

tumor formation [22, 23]

Pyridine, 3-(1-
methyl-2-

pyrrolidinyl)-, (S)-

N

N

Carcinogenic, cytotoxic
against normal fibroblasts

(MRC5)
[8]

Pyridine, 3-(1-
methyl-1H-pyrrol-2-

yl)-

N

N

Cotinine

O

N

N Carcinogenic,
genotoxicity, impaired

osteogenesis
[24, 25]
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cytotoxic effect revealed in this study are very alarming,
keeping in mind the long-term use of SLT by users and the
potential role of saliva as important dissolving media which
facilitate the ingestion of the SLT toxic materials inside the
user’s body through the digestion system.

5. Conclusions

)e current study resulted in the identification of uncom-
mon constituents noted along with the tobacco leaves. It also
resulted in identifying toxic and carcinogenic components in
several SLT local samples of the Tabuk region using GC-MS.
)e cytotoxicity investigations identified that samples are
more toxic for the gingiva and lung cells compared to their
effect on the colon and liver cancer cells. Samples S4, S10,
and S6 were the most cytotoxic to the normal cells. S4
contained traces of nicotine derivatives, which shows that its
toxicity is due to the synergistic effect of other components.
Considerations for these constituents and their harmful
effects are necessary. )e correlation between the compo-
sition of these samples and their cytotoxic properties is
evident in this study, as many compounds with previously
reported cytotoxicity were identified. )us, the saliva of
persons consuming SLTs may contain carcinogenic and
toxic compounds that may cause oral, lung, colon, liver, and
other related cancers. )ese findings make good reasons to
call for the manufacturers and users to abandon such
harmful SLT products.
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