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REDUCT-1011 OF TOBACCO SL-:CIKE!.tUTAGENICIT-v:

THE INFL.UZIICE OF NI-.ROGENOUS Coll@IPOLINDS

By: E.D. Massev

Interest in this field is almost exclusively Jacanese with a progranme of

work well under way by 1977. initial experiments included an 4-nvestiga-

tion of the effect of growing tobacco in soils with differing levels of

nitrate fertiliser (1). As ferti'Aiserlevels were increased so the

mutagenic potency of the smoke condensate was seen to rise (i). Thus

the conceot of nitrogenous compounds contributing to smoi:e witagenic-.ty

was established.

Tobacco Nitrate Content

In the init-;-alexe-erimerts, by uti"-isingplants grown with different

levels of nitrogL-no!.asfertiliser and by examining the mi.2tigenicityof

smoke from differ-3.-itcigarette types, a positive correlatior between

tobacco nitrate content and mutagenicity was noted (1). However, later

studies (2) which util4-sed more sariplesdid not confirm -@hi-scorrelation

between nitrate and mutagenicity. The situation regdrding nitrate is

further complicated by the work of Kier et al. (5), who added nitrate to

the final cured tobacco and found in--rea--edrrutageni-cactivity of the

condensate. The role of nitrate and saove mutagericity clearly recuires

further investigation.

Tobacco Protein

Polycyclic aromar--'-chydror-arbons have been reg-ardl-das the main

compounds in tobacco c-,nol-ewith tu.-r,.our activ4-tv. Howevez-,

following the condensate fractionation wor)e of Kier et al. (5) a-,id

Hutton et al. (11), the initagenicagents seem to be in the basic

fractions whereas tl-.ePARs are in the neutra'L i-@ractiors. in ad%'@-.ti-or,
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the mutagenicity of condensate from one cigarette is more than lo,OCO x

greater than the mutagenicity of the benzo(a)pyrene content of the

condensate (12). So thoughts have turned away from the PAH fraction of

condensates and towards identifying the agents responsible for the bulk

of mutagenic activity in smoke condensate.

Considering that the mutagenic activity was in the basic fraction of

condensate, nitrogenotis compounds were rapidly put under consideration

and, as the bulk of tobacco compounds are proteins and amino acids, then

these as a particular class of compounds came under close scrutiny.

Additionally at this time (late 1970s), the interest in mutagenicity of

compounds inherent in man's lifestyle was gaining momentum and many

studies investigated the mutagenicity of cooked food. These studies

have examined the mutagenicity of pyrolysed:amino acids (3, 8, 13),

peptides (6) and whole proteins (4, 7). The majority of pyrolysed amino

acids/proteins are mutagenic, requiring metabolic activation to express

their activity and include some of the most powerful known mutagens (4, 8).

Thus, pyrolysis products of amino acids and proteins were identif--edas

clear candidates to contribute significantly to the mutageni-city of

cigarette smoke condensate.

Experiments to investigate the influence of protein content of tobacco

leaf on smoke mutagenicity have been carried out by the Japan Tobacco and

Salt Public Corporation (J.T.S.) (2, 6). Using experimental cigarettes

made from leaf of different stalk positions, lowest mutagenicity was found

in condensate from leaves from the lowest part of the plant (Table 1)(2).

This mutagenicity was also linked to the leaf level of total nitrogen,

protein nitrogen and nicotine. The influence of nicotine was not con-

sidered important by the Japanese as it is known to be a non-mutagen and

the nicotine pyrolysis in smoke is not thought to be extensive (2, 15).

In a second series of experiments, pyrolysed tobacco from plants of

different maturities and therefore different leaf protein levels was

examined. Again the plants with lowest amino acid levels had the lowest

mutagenic activity (Table 2) (6). From both these papers of the J.T.S.

(2, 6), use of tobacco with low protein levels is considered important

in a programme to reduce the mutagenic activity of cigarette smoke

condensate. However, from the literature search, J.T.S. have not carried C:D

out any published work on the mutagenic activity of deproteir-ised tobacco

condensate.
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Chemical Identity of Some of the Mutagenic Products of Protein Pyrolysis

The majority of work has centred on identifying the mutagens from the

pyrolysed amino acid tryptophan, which represent some of the most power-

ful mutagens known to date (3, 4). From tryptophan pyrolysate, the

mutagens 3-amino-1,4-dimethyl-5H-pyrido(4,3-b)indole and 3-amino-l-methyl

-SH-pyrido(4,3-b)indole have been isolated (4). These compounds are both

Y-carbolines (Figure 1) and have also been found in pyrolysis produc@@s of

whole proteins (7). Additionally, mutagenic pyrolysis products from glu-

tamic acid have been identified as the amino-dipyridoimidazoles 2-amino-

6-methyldipyrido(1,2-a:31,21-d)imidazold and 2-amino-dipyrido(1,2-a:3',2'

-d)imidazole(Figure 1)(4).

More specific to tobacco smoke, mutagenic aniino-a-carboli-nes (300 ng/

cigarette) have recently been isolated from cigarette smoke condensate

(Figure1)(9, 10). Furthermore, it is well known that the co-mutagens

harman and noharman (0 -carbolines) from tryptophan pyrolysis are also

present in condensate (Figure 1). All these compounds have complex

mutagenic activities. The amino- CL-carba lines are themselves powerful

mutagens and also act synerg istically with other mutagens (9) whilst

the $-carbolines are well established co-mutagens*(4). Hence deprol-l-eirlL-

sation of tobacco may not only reduce the mutagenic act4-vity of smoke by

removal of products capable of conversion to mutagens during pyrolysis

but also remove synergistic and co-mutagenic activity caused by interac-

tions between protein-derived mutagens and non-p rotein-derived mutagens.

Sugar-Induced Modulation of Tobacco Smoke Mutagenicity

The studies of J.T.S. to examine the effect of tobacco protein levels or.

condensate mutagenicity have utilised naturally available tobaccos, not

deproteinised tobacco. Thus the experiments have the disadvantace that,

in addition to the leaf protein level, other chemical constituents vary,

which may have an influence on smoke mutagenicity. Indeed, the sugar

content of tobacco has been found to correlate with mutagenicity: as the

leaf sugar levels increase, so condensate mutagen4-city decreases (2).

co
*Co-mutagens are not themselves mutagenic, but are able to enhance the

mutaaeni-citv oE ol@'-ercommounds.
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However, recent exmeriments have added different sugars to cigarettes

(0-25- 0.5g/cigaret-.e)and found a substantialreduction (60-70%)in

Smoke condensate mutagenicity(14). Though these latter experiments

use high levels of sugars, the studies indicate that reducing mutageni-

city by addition of sugars may substantially reduce the genotoxicity of

cigarettes. I

Current and Proposed Work in Biological Sciences on Smoke Mutagenicity

and Devroteinised Tobacco

Preliminaryexperiments from cigarettes with different protein levels.

(POET2) sliowthat the claims of the J.T.S. will be substantiated.

Cigarettes P332 and P333 have the highest protein content and the highest

mutagenicity (Figure 2, Table 3). However, as in the J.T.S. experiments,

the most mutagenic cigarettes also have the highest levels of total

nitrogen, ammonia nit=ogen and nitrate nitrogen (Table 3). Furthermore,

the sugar content is highest in the cigarettes with the lowest mutacjn;-c

activity (P328, P329 and P338) and may act to reduce the mutagenicity

independentlyof the protein content. Therefore the net contribution of

protein pyrolysates to the mutagenicity of condensate cannot currently be

accurately assessed. For the future, a number of co-ordinated approaches

seem to be available:

(a) Use of further natural products - are tobaccos available such that

the different nitrogenous and carbohydrate comoonents can be varied

in relation to each other?

(b) Addition of components to tobacco e.g. amino acid mixtures.

(c) Use of deproteinised tobacco.

DISTRIBUTIOtl:
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FIGURE 1
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TABLE 1

CONTENT OF NITROGENEOUS CONSTITUENTS IN TOBACCO LEAVES

AND MUTAGENIC ACTIVITY OF SMOKE CONDENSATE

Tobacco leaves from different stalk positions were obtained from Japanese

dom,estic tobacco. The mutagenic activity of smoke condensate was assayed

with Salmonella typhimurium TA98 in the presence of S-9 Mix. The number

of spontaneous revertants (30 per plate) was subtracted from the number

of revertants induced by 0.5mg of the condensate

Tobacco Leaf Mutagnic Nitrogenous Constituents (%)

Sample Position Activity

of Smoke

Condensate Total Protein Nicotine Nitrate

(Revertants/ Nitrogen Nitrogen

Plate)

A Upper 1069 3*76 1.20 6.63 0.05

Middle 693 3.51 1.11 5.01 0.30

Lower 511 2.44 0.92 1.19 1.65

B Upper 1355 3.92 1.35 5.21 0.14

Middle 1281 3.89 1.21 4.32 0.14

Lower 721 2.93 0.99 1.52 3.20

c Upper 893 3.50 1.13 2.98 0 63

Middle 619 2.48 0.91 2.01 0:45

Lower 370 2.34 0.85 1 1.58 0.83

From Mizusaki et al. (Ref. 2).
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TABLE 2

MUTAGENIC ACTIVITY OF PYROLYZATE AND TOTAL AMINO ACID

RESIDUES OF TOBACCO LEAVES

Bright tobacco powders were pyrolyzed at 6000C and the pyrolyzates were

tested for mutagenic activity in Salmonella typhimurium TA98 in the

presence of S-9 Mix. The number of revertants per pyrolyzate of 100 Ug

tobacco powder is presented after subtraction of the average number of

spontaneous revertants (34). The dried tobacco was hydrolyzed and the

total amino acid residues were determined in an an.,@noacid analyser.

Mutagenic Activity Total Aimino Acid Residues

(Revertants/Pyrolyzate (p mol/g Tobacco Dry Wt.)

of 100 ug Tobacco)

Young 478 1324
Matured 47 287

From Matsumoto et al. (Ref. 6).

TABLE 3

CIGARETTE ANALYSIS DRY %'EIGHT BASIS

Cigarette Total % Protein % Ammonia Nitrate I Total

Code Nitrogen Nitrogen Nitrogen Nitrogen Sugars

P328 2.65 1.10 0.030 0.034 14.1

P329 2.54 1.21 0.013 0.027 1.9

P332 4.51 1.69 0.17 0.49 1.0

P333 4 .'@'3 1.80 0.11 0.50 0.8

P338 2.15 1.07 0.031 0.025 15.o
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