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SUMMARY 

Tobacco-specific N-nitrosamines [TSNA] and tobacco 
alkaloids were determined in green mature tobacco 
leaves, sun-dried leaves and processed tobacco from the 
species N. rustica and N. tabacum cultivated in two dif­
ferent locations. Analyses showed the presence of 
TSNA in green mature tobacco leaves and the levels of 
TSNA increased further upon sun-drying and process­
ing. N. rustica showed relatively higher amounts of 
nornicotine as well as of N'-nitrosonornicotine [NNN]. 
A clear correlation between the amount of nicotine and 
nornicotine and the use of fenilizers was not found. 

ZUSAMMENF ASSUNG 

Bei zwei jeweils auf zwei verschiedenen BOden gezoge­
nen Tabakarten, N. rustica und N. tabacum, wurde un­
tersucht, in welchem MaBe das Blattgut im reifen grii­
nen Zustand, nach Sonnentrocknung und nach weiterer 

* Rcaived: 4th September !98S - ae«pted: 3rd December 1986. 

Verarbeitung tabakspezifische N-Nitrosamine [TSNA] 
und Alkaloide enthalt. Die Analyseergebnisse zeigen, 
daB die Nitrosamine im reifen griinen Blatt entbalten 
sind und im Laufe der Sonnentrocknung und der dar­
auffolgenden Verarbeitung quantitativ zunehmen. N. 
rustica enthielt vergleichsweise grOSere Mengen an 
Nornicotin und N'-Nitrosonornicotin [NNN]. Es gab 
keine 'eindeutige Korrelation zwischen dem Gehalt_des 
Tabaks an Nicotin und Nornicotin und der Diingung. 

RESUME 

Pour deux variC:tC:s de tabac, N. rustica et N. tabacum, 
cultivC:es en deux lieux differents, on a dose les alcaloi­
des et N-nitrosamines specifiques du tabac [TSNA] 
contenus dans les feuilles vertes a maturite, aprh 
sechage au solei! ainsi qu'apres traitement ulterieur. Les 
resultats de cette analyse montrent que les feuilles ver­
tes a maturite contiennent des N-nitrosamines dont la 
quantite s'accroit pendant le s&:hage au solei! et au 
cours du traitement ultC:rieur. Comparativement, le N. 
rustica contient des quantitC:s plus elevees de nomico-
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tine et de N'-nitrosonornicotine [NNN]. 11 n'a pas t!tC 
possible d'etablir de correlation nette entre la teneur du 
tabac en nicotine et nornicotine d'une part, et l'utilisa­
-tion d'engrais d'autre part. 

INTRODUCTION 

Tobacco-specific N-nitrosamines {TSNA] have been 
identified and analyzed in tobacco smoke and in ciga­
rettes from Japan and Western countries (1-3); some 
data are also available on tobacco used for chewing 
(4, 5). HoFFMANN and AoAMs (6) have shown the pres­
ence of TSNA in snuff. BmnE et al. (7) have detected 
N'-nitrosonornicotine [NNNJ and several volatile 
·nitrosamines in the "Pandharpuri'" variety of chewing 
tobacco. Since tobacco chewing is a very popular habit 
among Indian people, it seemed important to study the 
TSNA in two species of tobacco: N. rustica, mainly 
used for chewing, and N. tabacum, used for chewing as 
well as for smoking. 
To study whether TSNA are present in green mature 
tobacco leaves or whether they are formed during 
processing/curing, two tobacco species (N. rustica and 
N. tabacum), grown in different pla'ces (differing 
climatically, geographically and in soil type), were ana­
lyzed at different stages, namely (a) mature green leaves 
on the plant, (b) sun-dried leaves harvested from the 
plant and (c) the processed tobacco ready for sale. For 
sun-drying, the picked leaves were spread out in the 
field for a few days. Processing included preparation of 
bundles of 20-25 sun-dried leaves stacked together, on 
which - 100 ml water was sprinkled to keep them 
moist. These bundles were then kept in the shade for 
2-3 weeks at 30-35 ·c after which the leaves were 
crushed to coarse granules (this tobacco is then sold 
loose or in packets for chewing). The present commu­
nication reports our findings from these studies. 

MATERIALS AND METHODS 

Tobacco Samples 

Tobacco leaves (N. rustica and N. tabacum) were col­
lected from the Central Tobacco Research Institute, 
Rajahmundry, on the south-eastern coast of India, dur­
ing March to May of 1984 and from the Tobacco Re­
search Station of the Gujarat Agricultural University, 
Anand, in the western region of India, from March to 
May of 1983 and 1984. N. tabacum was studied at all 
the three stages, whilst N. rustica was studied only at 
the green and sun-dried stages since the sample of pro­
cessed N. rustica was not available. 
For every set of green, sun-dried and processed sam­
ples, material was derived from a single plant. About 
20-25 leaves were obtained from each plant. The re-· 
quired material for green and sun-dried samples was 
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obtained from 3-5 leaves and the rest were processed 
conventionally. The green samples were processed im­
mediately after plucking. 

Determination ofTSNA and Tobacco Alkaloids 

Tobacco material (10-50 g) was used either for the de­
tection of TSNA or for alkaloid estimation. All re­
agents and solvents were of analytical grade (E. Merck 
(Ind.), Bombay, and Bombay Drug House). The 
method of CUNDIFF and MARKUNAS (8) was used to es­
timate nicotine and the minor alkaloids with a second­
ary amino group (e.g. nornicotine, anabasine and anata­
bine). For TSNA analyses, tobacco material (green 
50 g; sun-dried 25 g; processed 10 g) was homogenized 
in citrate phosphate buffer (10 ml!g, pH 4.5} contain­
ing 20 mM ascorbic acid. The homogenate was stirred 
overnight at room temperature, fdtered, and the resi­
due rewashed with 10-50 ml of buffer. The combined 
filtrates were adjusted to pH 5 with 10 N NaOH and 
extracted with 3 portions (250 ml) of freshly distilled 
dichloromethane. The organic layer was dried with an­
hydrous sodium sulfate, concentrated to 5 ml at 50 ·c 
with a Vigreaux column, and Hnally concentrated to 
1 ml with nitrogen. The concentrated extract was then 
chromatographed on a basic alumina column (65 g 
packed in n-pentane; degree of activity 11; 100 mesh; 
Sarabhai Chemicals, Baroda, India). The column was 
washed with n-pentane (120 ml), the TSNA eluted with 
distilled dichloromethane (150 ml), and this eluate con­
centrated to 0.2 tO 0.5 ml with a Kuderna-Danish evap­
orator. The samples were then packed in 1.0 ml screw 
cap vials and mailed to the Naylor Dana Institute, 
American Health Foundation, Valhalla, N.Y., U.S.A., 
for GC-TEA analysis of TSNA (9), namely N'-nitroso­
nornicotine (NNN], 4-(methylnitrosamino)-1-(3-pyri­
dyl)-1-butanone [NNK], N'-nitrosoanatabine [NAT] 
and N'-nitrosoanabasine (NAB). 
Sun-dried and processed samples were extracted within 
one week of being obtained. TSNA are quite stable in 
dichloromethane. The extraction procedure used pre­
vents formation of nitrosamines during treatment. 

RESULTS AND DISCUSSION 

Table 1 shows data on the levels of TSNA in green ma­
ture leaves of N. tabacum and N. rustica collected from 
Anand (1983 and 1984) and Rajabmundry (1984). It is 
evident that both species N. tabacum and N. rustica 
contain NNN and NNK. N'-nitrosoanabasine [NAB] 
could not be detected in N. tabacum from either place. 
The combined values of NAT and NAB in N. rustica 
were high (either separated clearly or obtained as a 
combined peak). Clear separation of NAT and NAB 
was not achieved in every sample due to the fact that 
these analyses were carried out at different time points 
and column con~itions may have varied (9). 



Table 1. 
Tobacco·specHic N-nltrosamlnes [TSNA) In mature green leaves of N. tabacum and 

N. rust1ca grown In two locations and In two consecutive years. 

Place Year Species 

An and 1983 N. tabacum 

An and 1984 N. tabacum 

Rajahmundry 1984 N. tabacum 

An and 1983 N. rustica 

A nand 1984 N. rustica 

Rajahmundry 1984 N. rustica 

n.d.: not detected. 

HECHT et al. (10) did not detect NNN and other TSNA 
in freshly harvested tobacco, but ANDERSON et al. (11) 
detected NNN in freshly homogenized leaf-cured to­
bacco. 
In the present studies, we have observed a difference in 
the content of NNN and NNK in the leaves of the 
same species collected in two consecutive years as well 
as in those collected from different sites in the same 
year. It is not known if these differences are due to dif­
ferent climatic conditions or due to the variations in 
agricultural practices, such as the amounts of fertilizer 
used, spacing of plants or merely differences in differ­
ent batches. 
The most interesting observation is that there is a 
several-fold higher amount of NNN in N. rustica, a 
popular variety used for chewing, when compared to 
that found in N. tabacum. This difference is possibly 
due to the difference in the nornicotine content of the 
two species. To investigate this, the levels of nicotine 
and nornicotine in the cured leaves .of the two species 
grown in 1984 at Anand and Rajahmundry were deter­
mined. Simultaneously, information on the quantities of 
fertilizer used for each species in the two locations was 
also collected. 
Table 2 shows that N. rustica leaves from Anand 

· (200 kg of fertilizer I ha) had three times as much nor­
nicotine as did N. tabacum leaves, whereas the nicotine 
lev.el of N. tabacum was twice that in N. rustica. At 

Table2. 
Nicotine and nornlcotlne content(%) of tobacco leaves In 
N. ruatlca and N. tabacum grown In 1984 at Anand and 
Rajahmundry with different amounta of fertilizer. 

Fertilizers Alkaloids(%) 
Place Species 

(kg/ha) Nicotine I Nomlcotine 

Rajahmundry N. tabacum 20 1.7 0.06 

Rajahmundry N. rustica 50 5.83 0.51 

Anand N. tabacum 200 7.6 0.29 

A nand N. rustica 200 3.6 0.89 

TSNA (!JQ/kg dry weight of tobacco) 

NNN I NAT I NAB I NAT+NAB I NNK 

8.2 n.d. n.d. 0.67 

35.4 61.5 n.d. 11.5 

14.0 4.6 n.d. n.d. 

46100 23700 5200 2340 

5730 25900 352 

309 3360 68 

Rajahmundry the amciunt of fertilizer used was differ­
ent for the two species, hence precise comparison is not 
possible. It is observed that nornicotine in N. rustica 
was about 9 times that in N. tabacum for a fertilizer ra­
tio of 2:5. But unlike the Anand case, the nicotine level 
in N. rustica was higher than that in N. tabacum. It is 
thus possible that nornicotine is not the only source for 
NNN formation in N. rustica and nicotine may also 
contribute to the NNN formation. In the literature, re­
ports are available in this respect. HECHT et al. (13), us­
ing 14C-labelled nicotine and nornicotine, concluded 
that in vitro conversion of nicotine and nornicotine to 
NN1'iJ was of similar magnitude, whilst ANDERSON and 
KAsPERBAUER (12) have reported that in tobacco plants 
which differed genetically in nornicotine content, the 
NNN levels correlated with their nornicotine levels in 
tobacco leaves. 
Next, we studied the TSNA in tobacco leaves (N. rus­
tica and N. tabacum) from Anand in 1984 at the three 
stages, i.e. mature green, sun-dried and processed to­
bacco. It is clear from Table 3 that N. rustica and N. 
tabacum leaves show a remarkable increase in TSN A, 
e.g. NNN and NNK, on sun-drying. The combined val­
ue of NAT and NAB increased substantially in N. rus­
tica on sun-drying; N. tabacum also shows a further in­
crease on processing. In the case of N. rustica, a pro­
cessed sample from the same plant was not available for 
analysis. 

Table3. 
Tobacco-specHic N-nltrosamlnes (118/ kg drY weight of to­
bacco) at different stages of the species N. tabacum and 
N. ruatlcacultlvatecl atAnand In 1984. 

Species Group NNN I NAT +NAB I NNK 

N. tabacum green 35.4 61.5 11.5 
sun-dried 48.9 17.0 37.0 
proce$$8d 1490 1030 522 

N. rustica green 5730 25900 352 
sun-dried 15000 78200 25800 
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HECHT et al. have reported that, though they did not 
detect NNN in green leaves (10), it was detected in to­
bacco leaves cured under in vitro conditions simulating 
the curing processes used in the tobacco industry (13). 
ANDERSON and KAsPERBAUER (12) observed an increase 
in NNN content of Burley tobacco with processing. 
The fact that NNN and NNK levels significantly in­
crease during processing shows that the processing of 
chewing tobacco should be modified to prevent a fur­
ther increase in TSNA levels. Our present studies, 
though limited and preliminary in nature, call for de­
tailed studies on tobacco samples (from different areas 
of cultivation) at different stages and also obtained in 
different years. 
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