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ABSTRACT

Smokeless tobacco (ST) leaves are being consumed by millions in Middle Eastern countries including Saudi Arabia, Sudan and
Yemen, where the locally manufactured form is called shammah. We intended to explore and compare the phytocomponents of 21
different varieties of shammah that are commonly available in different cities of Jazan province of Saudi Arabia using
gas chromatography-mass spectroscopy (GC-MS). A total of 61 different constituents were tentatively identified in these
samples including both hazardous and non-hazardous compounds. Solvents of different polarity, such as petroleum ether,
chloroform, ethanol and water were used to prepare the extracts. Interestingly, a number of new and unusual constituents were
identified in some samples. N-methoxycarbonyl-amphetamine was detected as 6.76 %, 4.88 % and 2.58 % of total compounds
in Khadrah, Arishi and Sudani shammah samples, respectively. Similarly, the presence of caffeine (0.44-1.41 %) in
Adani cold from Jazan city and Abu Arish and Adani hot shammah from Abu Arish suggested the possibility of adulteration.
Extremely hazardous arsenic and benzopyran derivatives were present in Sudani shammah from Sabya in small but significant
amounts. Furthermore, carcinogenic components were also detected in significant amounts which indicate a relation between ST
amounts used and different types of cancer, especially oral cancer. Chemometric hierarchical cluster analysis (HCA) revealed the

existence of sufficient differences between samples from different extracts based on the polarity and dendrograms.
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1. Introduction

Smokeless tobacco (ST) has over 300 million users worldwide,
and most of these users are from South Asian and Middle East-
ern countries.! The use of ST is more prevalent in the southern
part of Saudi Arabia including Jazan province due to its proxim-
ity to Yemen, where it is legal to use and trade. ST, locally known
as shammah, is a form of chewing tobacco consisting of
powdered tobacco leaves mixed with variety of additives
and flavouring agents such as carbonate of lime, ash, black
pepper and volatile oils.* Generally, ST comprises the leaves of
N. tabacum, N. rustica, N. glauca, or N. nepalensis.**

Shammah is an addictive substance that is generally taken
orally and ingesting the saliva produced thereafter. It is associ-
ated with a range of adverse health issues, including cancer and
cardiovascular diseases. This could be attributed to a number of
harmful substances including at least 28 chemicals which are
identified as potential carcinogens, among which nitrosamines
are reported as the most harmful.’ ST products cause weight
loss, increased blood urea and creatinine which cause serious
degenerative alterations and lead to periportal fibrosis in liver
and edematous and calcified changes in renal glomerulus.®

* To whom correspondence should be addressed.
E-mail: haalhazmi@jazanu.edu.sa / hasalhazmi@ gmail.com

Aqueous extracts of ST affect the growth of some oral bacteria, by
affecting their healthy ecological balance and cause oxidative
stress by minor degradation pathway of nicotine in the bacte-
rium into hydroxynicotine and cotinine N-oxide.”® Impairment
of sperm head morphology and total sperm count along with
various oxidative stress led genotoxicity and germ cell toxicity
were reported in animals treated with tobacco.’ Nicotine itself is
not carcinogenic, but its biologically activated forms such as
nicotine-derived nitrosamine ketone (NNK) and N-nitrosonor-
nicotine (NNN) are responsible for its carcinogenic effect."
Moderate and reversible toxicity along with organ weight loss
was shown in oesophagus, stomach, liver, kidney and lung."
Presence of ammonia, benzo[a]pyrene, cadmium, nickel, nico-
tine, nitrate and tobacco specific nitrosamines increase the risk of
probabilistic cancer.”” Tobacco consumption has also been
reported to cause systematic stress in humans with increase in
inflammation, apoptosis and red blood cell membrane damage."
Presence of different metals such as arsenic and nickel in ST
synergize the risk factors associated with oral cancer by inducing
nuclear damage."" Nicotine is a pale yellow to dark brown
liquid present up to 2-8 % of the dry mass of the tobacco leaves.
Products such as 3-(methylnitrosamino)-proprionitrile, nitros-
amines, and nicotine initiate the production of reactive oxygen
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species (ROS), eventually leading to fibroblast, DNA and RNA
damage and oral carcinogenicity in tobacco consumers. The
metabolic activation of nitrosamine in tobacco by cytochrome
P450 enzymes lead to the formation of NNN, a major carcino-
gen, and micronuclei, which are indicators of genotoxicity.
These effects further enhance DNA damage, which eventually
lead to oral cancer.'

In spite of a number of scientific findings showing ST products
containing hazardous toxic/carcinogenic components, shammah
of Saudi Arabia have not been thoroughly investigated. There-
fore, the aim of this investigation was to analyze the chemical
constituents of locally manufactured shammah samples avail-
able in Jazan region of Saudi Arabia using an improved GC-MS
technique. The assessment of chemical composition would
highlight the potential toxic and carcinogenic compounds
present in ST products and would provide clinicians and
researchers valuable information regarding the potential health
effects that may result from the use of these ST products. It
would also support the efforts of social and regulatory agencies
to fight the usage of ST on a scientific basis.

2. Experimental

2.1. Shammah Material

The powdered form of 21 samples of local shammah products
were purchased in various areas of the Jazan region of Saudi
Arabia. The purchased ST products represent the most widely
used varieties covering all areas of Jazan province. These ST
products were named by their local names followed by the site
(city) of collection. Shammah samples called Khususi (Special)
were collected from different manufacturers in Ahad al
Masarihah (S1), Sabya (S2), Samtah (S3) and Abu Arish areas
(S4). Khadrah (Green) samples were purchased in Ahad al
Masarihah (S5), Sabya (S6), Jazan city (57) and Abu Arish (S8).
Arishi shammah samples were collected in Ahad al Masarihah
(S9), Sabya (510), Jazan city (S11), Samtah (512) and Abu Arish
(513). Samples of Adani baarid (cold) shammah were collected in
Ahad al Masarihah (S14), Sabya (S15), Jazan city (S16) and
Abu Arish (517), whereas, Adani haar (hot) samples were col-
lected in Ahad al Masarihah (S18) and Abu Arish (519). Sudani
shammah (520) and Suhail shammah (S21) were purchased from
Sabya.

2.2. Preparation of Different Extracts

0.2 g of each shammah sample was taken and homogenized at
5000 rpm with 100 mL each of four different polar (water and
ethanol) and non-polar (chloroform and petroleum ether)
solvents thrice. After 24 h, the combined extracts of each solvent
were filtered using Whattman filter paper (0.45 n) and concen-
trated by distillation and dried under reduced pressure to obtain
dark coloured mass. The residue was stored at4 °C in the dark for
GC-MS analysis.

2.3. GC-MS Analysis of the Extract

GC-MS analysis were carried out on a Shimadzu Gas
Chromatograph (GC-2010, Germany) instrument fitted with
a capillary column TR-5MS (Thermo Scientific TRACE 260F1305
Texas, U.S.A.) (30 m X 0.25 mm) and film thickness 0.25 um. The
carrier gas helium (He) was used at a flow rate of 1.2 mL min™.
The initial temperature kept was 70 °C followed by heating at a
rate of 15 °C per minute to 290 °C, which was held for 30 min. The
chromatograph was coupled to a Shimadzu QP2010 Ultra MS
detector with electron-ionization system and ionization energy
of 70 eV. Ion source temperature was maintained at 230 °C.

2.4. Identification of Constituents

Most of the constituents were identified by GC-MS by compar-
ing their retention indices with either the authentic standards
(Sigma Aldrich, Darmstadt, Germany) available in the labora-
tory or with the retention indices which were in close agreement
with reference. Further identification was achieved by GC-MS
where the fragmentation patterns of mass spectra were com-
pared with those stored in the spectrometer database using
the NIST08 and Wiley 9 built-in libraries. The area% was used to
quantify the components present.

2.5. Statistical Cluster Analysis

Due to significant variations between the contents of various
shammah samples, most abundant components from all
samples were subjected to multivariate chemometric analysis.
Hierarchical Cluster analysis (hca) was performed and
dendrograms were developed for test samples using SPPS soft-
ware version 22.0.

3. Results

Using GC-MS analysis, we were able to separate and identify
various constituents of shammah samples efficiently. Fig. 1
shows representative chromatograms of three shammah sam-
ples. All components identified in shammah samples along with
their retention times are summarized in Table S1 (supplemen-
tary material), whereas, toxic/carcinogenic components present
in shammah samples, along with their maximum area%
detected in any extract, are listed in Table 1. Structures of some
important constituents detected in various shammah samples
are shown in Fig. 2. These represent the major toxic constituents
that were present in more than one sample.

The GC-MS analysis showed that the petroleum ether, chloro-
form, ethanol and aqueous extracts of Khususi (Special)
shammah samples S1, S2, S3 and S4 possessed various types of
chemical constituents including alkanes, siloxanes, fatty acid
ester and pyridine derivatives (Table S1). Nicotine or, 3-(1-
methyl-2-pyrrolidinyl)pyridine was present in highest area%
with 2.1-88.81 % in various samples depending upon the extract
with petroleum ether being the highest. Among siloxane deriva-
tives, dodecamethyl cyclohexasiloxane was present as
0.04-4.12 % in all the samples. 3-Isopropoxy-1,1,1,7,7,7-hexa-
methyl-3,5,5-tris(trimethylsiloxy)tetrasiloxane was present only
in S1, S2 and S3 samples with highest area% of 2.02 % in etha-
nolic extract of S1. Other siloxanes, tetracosamethyl cyclodo-
decasiloxane and hexadecamethyl heptasiloxane were present
only in the aqueous extract of S1, which contained another
siloxane, octadecamethyl cyclononasiloxane in significantly
higher area% (40.89 %). Several fatty acids and their esters were
also found to be present in all Khususi (Special) samples in
relatively low to higher area% with methyllinoleate (5.64 %) and
methyl oleate (35.26 %) present in all samples with highest
area% in aqueous extracts of S4 and S2, respectively. S1 showed
presence of other fatty acid esters such as neopentyl hydroxy-
acetate and butyl 2-amino-5-methylbenzoate which were not
present in other Khususi samples. On the other hand, methyl
stearate was only presentin S3 and S4 in traces but not presentin
S1 and S2. Alkanes such as undecane (S1-54), tridecane (S1-54),
dodecane (S2), 2,6,10,14-tetramethyl heptadecane (S2),
pentadecane (S1, S2) and tricosane (S2, S4), tetratriacontane (S3,
S4) were present in low amounts in different extracts.
9-Octadecenamide and erucylamide were the only amides that
were present merely in S4.

Khadrah (green) shammah S5, S6, S7 and S8 also possessed
various types of chemical constituents including alkanes, silox-
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Figure 1 Representative of typical GC-MS total ion current (TIC) chromatograms of three shammah samples.

anes, pyridine derivatives and fatty acid esters. Nicotine was
present in all the samples ranging from 1.75-89.37 % of the total
compounds, with maximum area% again observed in petro-
leum ether extract. The other pyridine derivative, (1s,2s)-nico-
tine-N-oxide, was present in S5 and S7 only in the non-polar
extracts. Among siloxanes, dodecamethyl cyclohexasiloxane
(55-57), 3-isopropoxy-1,1,1,7,7,7-hexamethyl-3,5,5-tris(tri-
methylsiloxy)tetrasiloxane (S5, S6), 1,1,1,3,3,5,5-heptamethyl-
trisiloxane (S7) and hexamethyl cyclotrisiloxane (56-58) were
the most important ones in all the extracts present in minor
quantities. Several fatty acids and their esters were also present
including, methyl hexadecanoate (S5-58; 1.42-39.34 %), methyl
oleate (S5-S8; 1.43-36.92 %), methyl linoleate (55-S7), methyl
stearate (S5, S7) and methyl 9, 10-dichloro-octadecenoate (S5) in
different samples majorly in non-polar solvents. Alkanes on the
other hand were also present in low to good quantities among
which undecane (S5-S7), tridecane (S6), pentadecane (S5) and
tricosane (S7) were the major ones. S8 possessed a nitrile deriva-
tive, oleanitrile in aqueous extract (13.73 %) that was not present
in other Khadrah samples. Several amines and amides were also
found to be present including 13-docosenamide (57, S8) and
N-methoxycarbonyl amphetamine (S8; 6.76 %).

The third variety of shammah tested was Arishi shammah (S9,

510, 511, S12 and S13) which revealed the presence of nicotine,
which was extracted mainly in the non-polar solvents petroleum
ether and chloroform and the area% in different samples were
found to be in the range of 4.52-89.45 %. Another important
constituent, siloxane, included dodecamethyl cyclohexasiloxane
(59-511; 0.86-3.52 %), 3-Isopropoxy-1,1,1,7,7,7-hexamethyl-
3,5,5-tris(trimethylsiloxy)tetrasiloxane (S9, S10, S13) and
hexamethyl cyclotrisiloxane (510, S11) which were detected in
different sample extracts. Among alkanes, undecane (59,
S11-513), tridecane (S9, S10), tricosane (S9, S11, S12) were the
important ones detected mainly in the non-polar solvents. The
quantities of fatty acid and esters present were significantly high
in almost all the Arishi samples. The major fatty acid esters
included methyl hexadecanoate (S9-S13; 1.7-34.1 %), methyl
linoleate (59-S13; 0.65-5.16 %), methyl 7-octadecenoate (S9) and
methyl oleate (S9-513; 0.41-25.52 %). Oleic acid, a fatty acid, was
detected in S9 (1.41-3.07 %) only. S10 showed presence of the
only aromatic ester, dimethyl 2-hydroxy-4-[(tetrahydropyran-
2-yl)oxy)methyl]bezene-1,3-dicarboxylate, nitrogenous hetero-
cyclic compound, 1-tert-butyl-3,3,4-trimethyl-3,4-dihydro-
1H-benzopyran-1-ol and the other aromatic compound
1-phenyl-5,5-dimethyl-4,6-dioxa-5-sila-8-nitrooct-1-ene in con-
siderable amounts. S11 also showed the presence of aromatic


http://journals.sabinet.co.za/content/journal/chem/

50

H.A. Alhazmi, A. Khalid, S. Sultana, S.l. Abdelwahab, W. Ahsan, M.E. Oraiby and M. Al Bratty,

ResearcH ARTICLE

S. Afr. J. Chem., 2019, 72, 47-54,
<http://journals.sabinet.co.za/content/journal/chem/>.

€061
8968
se'l
LLT

19°€

89T

V'L
L9y

66'C

840 -

¥9°C -

g'a8 -
- 9T

L 969

8¢ -

919

66V
S0'T

- s0c 19T ¥L0
6’16
120
Sl

768 957/8 €006
- ¥8°C -
At 180 9C¢

6T - - -
€e - - -
- gge - -
- L0 - -
Lroors - -
gyl 18T - -

8% - - -

10c - - LLT

949L 9816  S¥'68 98CL

6LV

881

60T

949

SEY

w1

LLT

w1

1c

19T

VL1

8499 89'GL 9898 LE£68 1648 8088 1888 8ITL

(448

S¥'L

€0C

180

S¥'1
€re

4%
S6°01
191
a8'6
w1

T
¥8'29
80°1
[4<h4

auesooePO

19389 [Aiyauedoxd-¢z'T
PIOE DI0U29PeIO-6
eaan [AyR1- N'N
aurumo)
~(Aurpyox14d-g)-¢ ‘ourpuig
auejUOdELIRIIT,
areourdapeiday [AYIoN
PIueUasod0(1-¢ |

19389 ([AIs[AyowiLy)sty
p® snouasry
aurwrejoydure
[AU0qIedAXOyIdN-N

19389 ([AxaY[Ay3a-g)siq
PpIoe DIOTPAIUEXIH]

19383 [AqIp‘poe
SIAXOQIedIpaUdZUdg-7']
IOUDRZRIN
auedapena],

auedapo(

UESODBUON

(proe d1oUL29peI O

-6) PREIRIO

QUEXO[ISLY
-Aypoweyday-g'g'e'e T'T'T
EljaliEEE] (g)

(proe d11ealg)

PpIoe dIouadape
9)e0UR23pe0-/ [AYIRIA
9PIXO-N-dULOdIN-(SZST)
uexofIs
enay(AxoqsiAypowLn)sin
-g'g‘g-1Ayrauwrexay

-/'7 11" 1-Axodoxdos]-¢
aurpukd ([Aurprorifd-z
TARIN-T)-€ 0 DUROdIN
aurdIPLIUS]

QUEdIPLI],

9C

4

€C
C
1C
0T
61

81

L1

91

<1
4!
€1
4!
11

()8

12s

0cs

yeuwrureys
[reyns

Smaamﬂm
ruepng

6IS 8IS

yewruweys
(oy)

IeeH Tuepy

LIS 9IS GIS VIS

€IS  TIS IIs  0IS

6S

8S

LS

9s

SS

¥S

€S

(4}

IS

yeuwruweys
(prod) prreeg ruepy

yewweys
(morpax) rystry

Jewwreys

(uda15)) yerpeyy

yewureys

(rewadg) 1snsnuypy

Pa10219p 93T WNWIXEIA]

syuauodwo))

‘ou g

‘sardures yewureys ur pagnuspt sjuauodurod sruadoumnred/orxo) Jo IS T d[qeL


http://journals.sabinet.co.za/content/journal/chem/

ResearcH ARTICLE

H.A. Alhazmi, A. Khalid, S. Sultana, S.l. Abdelwahab, W. Ahsan, M.E. Oraiby and M. Al Bratty, 51

S. Afr. J. Chem., 2019, 72, 47-54,
<http://journals.sabinet.co.za/content/journal/chem/>.

/

—N

indecane pentadecane
nicotine
NS /
/S'~o \Si/ o f
| > -
%i0—si-¢ \+© d)ﬂ_\
X8 S0
sl s~ =N -
’ O— \
QSi/ (1s,2s)-Nicotine-N-oxide Methyl 7-octadecenoate
7
\

3-Isopropoxy-1,1,1,7,7,7-hexamethyl-
3,5,5-tris(trimethylsiloxy)tetrasiloxane

N-Methoxycarbonyl amphetamine (o)

I

Oleonitrile

NH,

13-Docosenamide

Tetratriacontane

Figure 2 Structures of some important phytocomponents detected in various shammah samples.

ester, butyl 2-amino-5-methylbenzoate. 13-Docosenamide, an
amide was detected in S12 (1.53-2.81 %) and S13 (0.13-10.48 %)
only and not in other Arishi samples. N,N’-diethyl urea was
found to be present in 512 (3.55 %) only, whereas, S13 showed
the presence of N-methoxycarbonyl amphetamine (4.88 %) that
was not observed in other Arishi samples.

Another variety called Adani baarid (cold) shammah (514, 515,
S16 and S17) showed the presence of two pyridine derivatives,
nicotine and nicotine-N-oxide. Nicotine-N-oxide was not
detected in S16 and S17 but was present in minor quantities
(0.29-1.05 %) in S14 and S15. Nicotine was the major constituent
having maximum percentage in all the samples in a range of
0.03-91.9 %. S14 revealed presence of several alkanes including
undecane, tridecane, pentadecane, tricosane, pentatriacontane
and nonacosane in minor quantities ranging from 0.23—4.09 % in
different extracts, whereas, S15 had only two alkanes tridecane
and tricosane in trace quantities (1.5-2.26 %). 516 and S17 also
possessed all the alknaes that were present in 514 with addi-
tional tetradecane and tetracontane in minor quantities. Among
siloxanes, dodecamethyl cyclohexasiloxane and 3-isopropoxy-
1,1,1,7,7,7-hexamethyl-3,5,5-tris(trimethylsiloxy)tetrasiloxane
were the major contributors in all the samples. Several fatty acids
and their esters were also observed in these samples including
methyl palmitate (514-517), methyl 7-octadecenoate (S14) and
methyl linoleate (516) in minor to good quantities. The Adani
Baarid shammah from Sabya (S15) showed the presence of
aliphatic ester, hexanedioic acid bis(2-ethylhexyl) ester (3.84 %)
and oleanitrile (5 %), which were not present in other samples.
1,2-Benzenedicarboxylic acid dibutyl ester, 1,2-benzene-
dicarboxylic acid,bis(2-methylpropyl) ester, 1,2-benzenedicarbo-
xylic acid bis(2-methoxyethyl) ester and 1,2-benzenedic-
arboxylic acid bis(2-ethylhexyl) ester were other aromatic ester
derivatives present in minor to major quantities (1.85-45.29 %).

S16 also showed the presence of an amide, 13-docosenamide
(0.15-3.76 %), whereas, interestingly, caffeine was also identified
in S16 (0.09-0.5 %) and S17 (0.68-1.41 %) samples suggesting the
presence of additives such as tea leaves or coffee to enhance the
organoleptic properties.

Adani Haar (hot) shammah (with cardamom) were also
procured from two cities Ahad al Masarihah (S18) and Abu Arish
(S19). Interestingly, S18 was devoid of nicotine and no peak
corresponding to nicotine was detected. On the other hand, it
was present as 65.55-85.5 % in S19 with additional nico-
tine-N-oxide present in minor quantity. Alkanes present in 518
were undecane, pentadecane, tridecane, octadecane and
tricosane in minor quantities from 1.31-12.17 %, whereas, the
major alkanes present in 519 were tridecane and octadecane
(0.35-1.41 %). Among siloxanes, dodecamethyl cyclohexa-
siloxane and 3-isopropoxy-1,1,1,7,7,7-hexamethyl-3,5,5-
tris(trimethylsiloxy)tetrasiloxane were the two major deriva-
tives present in these samples. Methyl palmitate was the only
major fatty acid ester present in S19. Interestingly, S19 also
showed the presence of caffeine as an additional alkaloid
present in different extracts in different quantities ranging from
1.31-2 %.

Sudani Shammah from Sabya (520) showed nicotine in com-
paratively lesser quantity (21.83-46.7 %). Among alkanes
tridecane, urdecane and nonacosane were present in minor
area% from 1.19-13.91 % in different extracts. Butyl 2-amino-5-
methylbenzoate was the only aromatic ester (2.2-53 %),
1-phenyl-5,5-dimethyl-4,6-dioxa-5-sila-8-nitrooct-1-ene was the
only phenyl derivative and 4-formyl (benzoyl)-isopropylamide
was the only amide derivative present. Interestingly, S20 also
showed the presence of N-methoxycarbonyl amphetamine in
ethanolic extract (2.58 %) that signifies the presence of Khat
leaves mixed with shammah leaves. Another important finding


http://journals.sabinet.co.za/content/journal/chem/

ResearcH ARTICLE

H.A. Alhazmi, A. Khalid, S. Sultana, S.l. Abdelwahab, W. Ahsan, M.E. Oraiby and M. Al Bratty, 52

S. Afr. J. Chem., 2019, 72, 47-54,
<http://journals.sabinet.co.za/content/journal/chem/>.

15 20 -]

EtilanoliclExtraci

o
Lo
o

E. I—

1l

5 10 15 20 25

Petl. EtherlExtraclt

B :
1g—j

1"
14

0 5 10 15 20 25

Chloroform Extract

HIIKIURIE
'|

D : ' : ' :
Aqueous Extract

Figure 3 Dendrogramsillustrating the average linkage between groups of complexes (hierarchical cluster analysis, rescaled distance cluster combine)
for compounds detected by GC-MS in the four extracts (ethanolic, petroleum ether, chloroform and aqueous extracts) of the 21 ST (shammah) sam-

ples under study.

with this sample was the presence of arsenous acid tris(tri-
methylsilyl) ester, a toxic arsenic compound. 1-Tert-butyl-3,3,4-
trimethyl-3,4-dihydro-1H-benzopyran-1-ol was the benzopyran
derivative present. Among siloxanes, dodecamethyl cyclo-
hexasiloxane and hexamethyl cyclotrisiloxane were also
present.

The last variety of shammah analyzed was Suhail shammah
from Sabya (S21). It also possessed generally detected compo-
nents and no new compound was identified. Nicotine was
present as 7.05-89.68 % of the total components. Alkanes such as
tridecane and pentadecane were present in different extracts
while tetratetracontane was present as 5.43 % only in aqueous
extract. Methyl palmitate was the only fatty ester present in all
extracts. Dodecamethyl cyclohexasiloxane and hexamethyl
cyclotrisiloxane were the two siloxane derivatives present in
different extracts from 0.49 to 4.41 %.

To study the relation between the components of different
samples, statistical chemometric multivariate analysis, hierar-
chical cluster analysis (HCA) was performed. The four extracts
and the components detected in all the samples were analyzed.
For the GC-MS results of ethanolic (Fig. 3A) extract, we could

determine that there were four cluster of samples based on the
clustering method used. The cluster solution was seen as a
sudden jump (gap) in the distance coefficient. The solution
before the gap indicated good solution. S1, S2, S3, 54, S5, 57, S11
and S14, were distributed in the same cluster, whereas types
S12, S15, S16, S17 and S20 had the similar characteristics to be
included in the same cluster. Distribution of the samples was
based on their area% as shown in Fig. 3A.

The cluster analysis for the chloroform extract (Fig. 3C) high-
lighted five clusters of samples. Samples S2, S3, S4, S5, S6, 57, S11
and S15 were found to be distributed in the same cluster,
whereas, 512, 516, 517, S18 and S19 had similar characteristics to
be included in the same cluster and samples S5, S9, 514, 520 and
S21 were included in the same cluster. Distribution of the sam-
ples based on their area% is shown in Fig. 3C. The cluster analy-
sis results for the petroleum ether and aqueous extracts are
shown in Fig. 3 (B and D, respectively).

4. Discussion
All the shammah samples were analyzed successfully by a
validated method using GC-MS technique. A total of 61 different
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phytocomponents were identified in minor to major percentage
in different samples. Out of these, 26 constituents were found to
be potentially hazardous to human health (Table 1) that were
present in almost all samples signifying their toxic effects in
humans. These constituents have been reported to be perilous
when consumed in even minute quantities for long.

Nicotine, (3-(1-methyl-2-pyrrolidinyl) pyridine) and its deriv-
ative, ((1s,2s)-nicotine-N-oxide) were identified in all shammah
samples included in this study, except Adani Haar (hot)
shammah with cardamom from Ahad al Masarihah (S18), which
was different from all other samples. The reason for not detect-
ing nicotine in this sample could be attributed to the fact that this
product contains no or very little tobacco and instead, they pos-
sess other components such as areca nut with flavouring agents.

Highly toxic and even carcinogenic compounds identified in
several shammah samples were higher n-alkanes such as
tridecane, tetradecane, pentadecane, nonacosane, tetra-
triacontane and dodecane. Tridecane is an asphyxiant (similar to
the C6-C10 alkanes) when aspired into the lungs. These alkanes
can even cause death slowly and can cause chemical pneumoni-
tis.” Tetradecane is reported to be a carcinogen and tumor
promoter in a two-stage experiment of benzo[a]pyrene carcino-
genicity model in mice as well as to enhance the mitogenic
response of murine spleen lymphocytes to the lectin phyto-
haemaglutinin.” Pentadecane is harmful if taken by inhalation,
ingestion, or even skin absorption as when aspirated into the
lungs, it is shown to be an asphyxiant in an in vitro rabbit heart
mitochondrial model."” On the other hand, nonacosane, a higher
n-alkane (containing 29 carbon atoms) is also a known toxic com-
pound. A case report had described human disorder character-
ized by the accumulation of plantlong-chain n-alkanes in viscera
of a human patient.” Study of n-alkane distribution in patient
tissues showed a major accumulation in lumbo-aortic lymph
nodes, adrenal glands, lung and liver significantly, with lower
amounts detected in myocardium and kidney, whereas,
non-detectable level was found in brain."” Dodecane can also
be irritating to mucous membranes and had been shown
previously to be a promoter of skin carcinogenesis for ultraviolet
radiation.” Although it did not produce an increase in mutations
when tested in the Ames Salmonella typhimurium assay with and
without metabolic activation, however, it was able to enhance
mutagenesis induced by methylazoxymethanol acetate at the
ouabain resistance locus.” Tetratriacontane is also a member of
homologous series of n-alkanes ranging from n-C12-n-C31 and is
reported to be accumulated in samples of liver, heart, kidneys,
muscle and adipose bovine tissues.”

Other potential carcinogenic components detected in
shammah samples included fatty acid ester methyl 7-octa-
decenoate, which is known to promote skin tumor formation in
mice. While the fatty acid, octadecenoic acid (stearic acid) is
known to produce acute toxicity, DNA damage, mutation, and
has tumorigenic effects.” Pyridine,3-(2-pyrrolidinyl) is chemi-
cally known to be harmful if swallowed and causes damage and
specific target organ toxicity upon single exposure.”

Another interesting finding of this study was the determina-
tion of N-methoxycarbonyl amphetamine in three Shammah
samples i.e. Khadrah shammah (S8) and Arishi shammah (S13)
from Abu Arish and Sudani shammah from Sabya (520).
N-Methoxycarbonyl amphetamine is an amphetamine deriva-
tive that is classified as the drug of abuse and is associated with
numerous dose dependent adverse effects. Upon ingestion, this
compound may induce hallucination and accelerated and
irregular heartbeat, blurred vision, and a strong feeling of intoxi-
cation. At high doses, it may induce nausea and vomiting, severe

hyperthermia and hallucinations.”” The presence of amphet-
amine in these shammah samples may be an indicative of
adulteration by some other plant products containing amphet-
amine and having similar properties. This adulteration might be
done by the local manufacturers to enhance the organoleptic as
well as mood-elevating properties of shammah. Similarly,
caffeine was also noticed in some shammah samples including
516, 517 and S19 in minor percentages (0.44-1.41 %) suggesting
the presence of other products such as tea leaves or coffee mixed
with these shammah samples. These tea leaves might have some
stringent effect on the shammah samples with improved taste
and effect. Our study has also shown the presence of arsenic-
containing compound arsenous acid tris(trimethylsilyl) ester in
520 shammah samples, which is highly toxic and carcinogenic
even in minute quantities. The anhydride form of arsenous
acid, arsenic trioxide, is used as a herbicide, pesticide, and
rodenticide. Another residual herbicide identified in shammah
samples was metazachor (510; 0.49-3.1 %) which is known to be
potential liver toxicant.”

Components with lower but considerable degree of toxicity
include 1,2-benzenedicarboxylic acid dibutyl ester and hexa-
nedioic acid, which have been reported to produce kidney and
testis damage when given to the experimental animals for longer
period.* 1,1,1,3,3,5,5-Heptamethyltrisiloxane, which was
detected in several shammah samples may cause respiratory
irritation and specific target organ toxicity.” Cotinine is also
known to be toxic in high doses.”® N,N'-Diethyl urea, oleanitrile,
9-octadecenoic acid-1,2,3-propanetriyl ester, octacosane methyl
heptadecanoate are also harmfulin case of skin contact (irritant),
eye contact (irritant) and in case of ingestion and inhalation.

Hierarchial cluster analysis (HCA) is a multivariate statistical
technique to determine a hierarchy of clusters which is graphi-
cally presented as a dendrogram or a tree. The distance between
the pairs is measured which is a representative of dissimilarity
between sets. In dendrograms, the variables are joined together
in a hierarchical fashion. The closest are the most similar,
whereas, the furthest are the most different. Samples falling in
the same cluster have similar characteristics or least dissimilarity
and are separated by lesser distances.

5. Conclusion

On the basis of above findings, it can be concluded that
the shammah samples collected from Jazan province of Saudi
Arabia were different in terms of chemical constituents and their
concentrations. Shammah is an admixture of several compo-
nents that is prepared by local manufacturers by adding
unknown substances to the tobacco leaves in order to enhance
its acceptability and effects. Attempts were made to identify
these unknown substances in this study to recognize their addi-
tional hazards when ingested by the user. Several unexpected,
deleterious and toxic constituents were detected in all shammah
samples which together pose serious threats to human health.
The identification of the constituents would lead to educate the
shammah users regarding the toxicity and would help in the
cessation programme. It would also help the local bodies to have
a check on the manufacture of these shammah preparations so
that the adulteration can be minimized.

Supplementary Material
Components identified in various shammah samples by
GC-MS are listed in Table S1.
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Table S1 All Components Identified in Various Shammah Samples by GC-MS.

lo-Octadecenoic acid, 1,2,3-propanetriyl ester

Heptacosane

Octacosane

9- Octadecenamide

233

16.016.0
104~
0.28]~

Erucylamide

Ethyl palmitate (Ethyl hexadecanoate)

N.N"-Diethyl urea

Cotinine

Pyridine, 3-(2-pyrrolidiny)-

Tetratriacontane

1757
292
1757
721

Caffeine

Methyl heptadecanoate

Tetratetracontane

13-Docosenamide

Arsenous acid tis(trimethylsilyl) ester

4-Formyl (benzoyl)-isopropylamide

N-Methoxycarbonyl amphetamine

Wethyl 4-pyridyT Ketone 4-sopropyF3-hio

1,2-Benzenedicarboxylic acid bis(2-ethylhexyl) ester

Hexanedioic acid, bis(2-ethylhexyl) ester

1,2-Benzenedicarboxylic acid,dibutyl ester

1,2-Benzenedicarboxylic acid dipropyl ester

1,2-Benzenedicarboxylic acid dethtyl ester

Metazachor

Dimethyl 2-hydroxy--[(tetrahydropyran-2-

Tetradecane & 1 =] b

8

Octadecenoic acid

198
319
285

2,6,10,14-Tetramathyl heptadecane

2

51)|60(122
3 s
14|17

4

04108

Dodecane

Octadecane

6.0
09

Nonacosane

Pentatriacontane

Tricosane

169
163
139
155
5
138

Oleic acid (9-Octadecenoic acid)

Ttert-Butyl-3.3 4-trimethyl-3,4-dinydro-1H-benzopyran-
Lol

Methy! 9,10-dichloro-octadecenoate

144
812

1228
192
0.89
185

1228
161
075

Methyl stearate (Methyl octadecenoate )

6

Hexamethyl cyclotrisiloxane

9

1-phenyl-5,5-dimethyl-4,6-dioxa-5-sila-8-oct-1-ene

5

Trimethylsilyl-di(trimethylsiloxy)-silane

1
617 457|413 3.76

N: 5- SH-dibenzo

16.1186(19.7|213| 24.1

5
4

31

35,5-Heptamethylrisiloxane

163

Butyl 2-amino-5-methylbenzoate

6
26231

Neopentyl hydroxyacetate

1
5

Oleanitrile

109

1

Octadecamethyl cyclononasiloxane

142
214

6
03 [408

Hexadecamethyl heptasiloxane

12.2|13.4)142(144]16.1
8
13]-

Octadecenoic acid (Stearic acid)

161

1214
1263
1213
17.86
3526
1213
2338
2016
1213
149
20.16
584

Methyl 9-octadecenoate (Methyl oleate)

6.45
2125
2971

121
3

Methyl 7-octadecenoate

1209
175 -
105]9.85
018
1209

34

258

45
1209
381
431
3.05
108
564

Methyl linoleate (Methy! 9,12-Octadecadienoate)

12.09

4

Tetracosamethyl cyclododecasiloxane

368

10.115

98
12
66
0.
9.

1
10.
98
9.
28.
28
34,
66
33,
62
10.
99
0.
22,
96

Methyl hexadecanoate

7.
1
10.
9
21
21
7
7.
3
2

7.7
08
102

(1s,2s)-Nicotine-N-oxide

3-s0propox;
tris(trimethyl

,7.7,7-hexamethyl-3,5,5-
xy)tetrasiloxane

748
037
119
202
029
748
169
174
033
0.87
748
131
151

658
66.28
21
67.84
3338
658
7218
2871
2341
1577
658
8381
3474
1111
46.12
658
83.08
27118
5385
1228

3(1-Methyl-2-pyrrolidinyl) pyridine (Nicotine)

61

Pentadecane

6.01]6.05
051108
106 (1.03
279

035

6.01

3.06
198145
062~
123)052
6.01

357

3.16

035

0.04

6.01

32
412
123

Cyclohexasiloxane, dodecamethyl

Tridecane

421
04
452
421
188
6.06

-11.33

419
16
023~
419
16]3.13
023153
419
0.62
154|042
-10.81
016041
4.19
0.49
164

Undecane

Area% Pet,
ether
Chloroform
Area% Pet,
ether
Chloroform
Area% Pet.
Chloroform
Retention
Area% Pet.
Chloroform

Retention
time

Retention
time

Retention
time

time
Areath
Areath
Ethanol
Areath
Aqueous
Areath
Areath
Ethanol
Areath
Aqueous
ether
Areath
Areath
Ethanol
Areath
Aqueous
ether
Areath
Areath
Ethanol
Areath
Aqueous

(TS) yeresen peyy woy (¢S) efiqes woy (€S) e1wes woy (#S) usirenqy woy
fewads ‘T yewureys [epads 'z yewuweys [ewads ‘¢ Yewuwreys [epads




144|285
TR 42 601(60s| es8| 748 771f T 1213 1209 12286 | 5
time
jarcajiet 3 1e1f- | sron| 21| va1f- = - = - fon
= |eter
58
Eg 127~ | 7038 115] o92| ®7 092 143 -
£ [chioroforn 22 6
g
58 131
L 139|211
g8 = 114 113]068| 1012| 104|~ HE - 1
58 Ethanol
g i:( 17. 116
X g |Aean 117 203|161 s287( 157(~ o 1592 192
s & Aqueous
= 12260
10, 165
REHCE 419 421 601 658 748 o 1200 1213 8| 5
time
16
B | 145| 244 8037 - B - - - 8
ether
=
=} 261|~
£ Arealh - & 444 3588 05
12| 16 1217
§ o [Chioroforn | 08! o7
2z 227
=< 2 27] -
a8 |FE 091 074| 108 8o1f 177 s - - &0
£2  |ethendl
£3 o . 29 |08
Xg Ak 11| 129] 128 175| 063 334' 448 3692 467
;S [Aqueous
== 2 1607
1. ol 133
Retention 419 601 658 | % 1209 1214 5 150 1228 2
time :
05 04 . . - 435
jarcakjbet = - 86.86 122 = - 5
ether 8
=
£ 03 -
£ Areath e 2.94 1844 - L -
9 425 048 5
5 Chioroform | %78 a9 2
=P 321
2R 18 i = 194 882
= = Area% - 323 171 -
23 1616 i
S5 |l 071 o1
25 ” 12 22| 55 182
= P - - 896 = - 198 6 4 . T
=S |Aqueos 6 1145 1607 | 1552 233
6.58 10. 1213 144 iﬂl
Retention % 1
time - = = B
75,58 71 6.25 - -
Area% Pet. 9
ether = 209 |- -
] 3089 18 2056 = =
E= 75 o5
58 |chioroforn 676 053 [17.08
28 =
2= 3057 14 - -
<8 |mean 2
55 Ethanol = = = -
£2 87 39 451 7 942
2T |aean 7 8
. S Aqueous
== 10. 121 122169188
\T':‘:"”"" 419| a21| s01 ossf 748| 771| g 1209|351 1214 gl 1| s
Areath Pet 6| 38 o s I
199[~ 166 6678|188 162 3%
o |eter
3
= 1 134 - |-
S |aean 169 -
122| 168 cos2| 130| 063
é S |chiooom | 18 33 5
g
5= 307| 184|118
5= A 183[ 073| 086 1896 068~ 341 - 187 041
23 |etanol
2= 141082099
= L 08| oss s3s| o72f- P 228|- | 1823 620
o S |Aqueous 60|163|165
207 g
ReRliol 421| 601 658 7.48 1908' 1209 1213 212 165 3 S I
<3 time
2 368(069 - - o8| -
@ reaelest 137( 201 6045 - 17 141 067
g ether e
= 131 ", [0.96]1.66
< Areath 093| 124 04| - ?Q - 126 7.33(6.78 2
£ Chloroform -
5 181 P 2l201| 31
% e 325 134 452| 171 1‘2 - - 28714 4 6
25  |Ethanal
s 35
3 10 ~ |os = ~| ~[o4e
L= [ A% 49| 137 7286| 077 o 065 74
s Aqueous




241
Retention 10 o 133 109
time 419 6.01 6.58 771 9% 12.09 1214 151 150 12.28 2 8
8
Areath Pet
pe 041 352 80.45 08 | - = = = - |- = 041
= 19
=} . .
§_ | Choroom 2n 305 = 332 2081 093 067 | 164
53
L |meaw 2
&5 . . .
S e |°® 154 255 . 384 2017 227 482 3
58
= O
< Areath
S5 [Ameas 1296 1 852 [498
Retention 10 155 73| 95|111]114
e 419 6.58 99 12.09 1213 1228 2 16.07 1757 1| 2 2 3
Areath Pet. 1. 08
e 062 9186 - = = = = 153 ~[14]%8] -] -
= Areath 43
Eq |Cloiom oL &0 5 g e 154 107 216
S
T
g |Aean 065 3819 7 104 425 = 383 272 576 ~|355(439
= E |Etanol 5 :
Z 5
=0
SR ||l 738 =2 109 632 055 179 281 5 = 5
oS [Aqueos 1
1 133
Retenon (4.1 5 65 | L 12 12 12 1 6 |1 1. 149 Hum
time 9 1 8 48 9 09 13 28 45 07 52 57 5
9
s
S &  [Aeaw pel 24
EF o 108 339 7676| 136 1 = = = - 1048
c = Area% 24, -
8% |chovom |°¥ 497 74| 200 s 305 231 18 - o = 17 B B
G2 |Ae - 141 1039| o075 =) 088 406 084 488 | 1275 09 229 5% 5
£2  |em 7
: Areat 7 048
@8 |aem. fon 037 us6| 02 : 516 %552 238 o 013| 135 = 063 034
Retention 10. 121 16.9]18.8(18.8
e a19| a21| c01f60s| 6s8| 74| 771[ T : 3|es)es
Area% Pet.
= | = 148| 264|- | 45| 105 o = |k ||
£3
E = |mean 50
ST |com | 0| 07| onfoss| wrs| o7e| o7 %) 499 R P 1S
o= &
8= Area% 07
82 |ema [ | 03|~ | 72| 03| o0zsf 7 o - |am]-
§2
< Area% 05
< £ - - - -
SE | 023| 155| o7fo7a| 19| os o 317
Retention 10. 144 169 6.0 100106 13.7 | 145
oo 421 601 os8| 74| 11| . H : 03| 109|108 T[S
Area% Pet. 10
= e 226 368 s0s2| 261~ o o o ; e |
£
£ Area% 12 08
e | 116| 220 w0s| 131f0s |12 - . D L L
2%
=
Qo |Aean
S8 |He 15[ 107 7| o702 |24 o 214 3 |
58
z 0
<g Area% 18 31 452
w6 S [Aqueoss o 003 TS 5 5 = - 5 {303]616 ]384 [
reenion |19 [606 [42 [601[658 |748 0 209 53[5 1607 |189 s
time
e pe | 19| | -|0®| e7%| 205 = = =[S = F =
= ether
=}
5 = 066| 042 - |2e4| s504| 07 94 57 3F 294 041 045
25 |chlorofom !
o
=
32 [wemt ~[o8i| 215[103| eii8| oe2 ] = 505(344 37 |- 05
= & |ehanol
SN
g8
SO - -
2O [aemo 019| 041] 022 35 03 017 004[004 015 638 009
© S |Aqueoss




10. 155
51 658 o H 1757
. 087 8316 - .
=}
£
= 28 -
= 49 7819 H
D c
82 063 66.1 19 068 72
£5
< 07
~ & 145 802 3 157
58
419 601605 12
= 178 188 - 2
= —
<4 (%2}
g &
] 313|131 -
8c8
55
2EZ 167 246 2
=S8
§55
5
:g g 159 -
— ==
10
51 658 7.48 771 9% 17.57
502 85| 148078 | -
=
=}
= Eg 6.39 7312 264|053 1%
$538
2%
cES 188 65.55| 0.58 2 8.08
11
<3
e . i . 283
a8
501
419 658 7.48
23
081 3951 126
5 28
Ea 2.08| - 21.83| 084
£ES
w
2
= = 467
3% 24
S 6 - 46.42( 145
N =
419 601(605| 658 7.8 o
232]- 251(- | soss| 187 18
<=
g 191 226(135| 2676 1903 4
& 03
£
s2
ONESS 5 103| 708| 11 11
=
58
[} 01
SE 02 014 7304| 017 2




