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and mammalian test systems 
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Summary: Tobacco protein was assayed for mutagenicity using the Ames test 
and three in vivo tests. 

In the Salmonella strains TA 98 and TA 100 methanolic extracts of the tobacco 
proteifi and urine of rats fed tobacco protein exhibited increased revertant num- 
bers, but extracts of feces did not. Using the micronucleus test throughout, weak 
mutagenic effects after feeding the tobacco protein were detected in Chinese 
hamsters and two inbred strains of mice, and again in Chinese hamsters when the 
chromosome aberration test and the SCE test were applied. The analytical specifi- 
cations of the tobacco protein listed nicotine, chlorogenic acid and rutin as compo- 
nents. These were examined separately in a chromosome aberration test, and 
nicotine was discovered to be the factor or a factor responsible for the weak positive 
test results. 

Zusammenfassung: Tabakprotein wurde im Ames-Test und in drei In-vivo-Tests 
auf Mutagenitat gepriift. 

In den Salmonellenst~mmen TA 98 und TA 100 bewirkten Methanolextrakte des 
Tabakproteins und der Urin von Ratten, die mit Tabakprotein geffittert waren, 
erhbhte Revel~antenzahlen, nicht aber F~izesextrakte. Im Mikrokerntest  wurden 
durchgehend schwach positive Effekte des Tabakproteins in Chinesischen Ham- 
stern und zwei M~use-Inzuchtst~immen erzielt, desgleichen im Chromosomenaber-  
rationstest und im SCE-Test an Chinesischen Hamstern. Die in den analytischen 
Angaben des Tabakproteins ausgewiesenen Substanzen Nikotin, Chlorogens~ure 
und Rutin wurden einzeln im Chromosomenaberrat ionstest  geprfift. Dabei wurde 
das Nikotin als der verantwortl iche Faktor oder einer der verantwortt ichen Fakto- 
ren ffir die schwach positiven Testergebnisse erkannt. 

Key words: tobacco protein, Ames test, micronucleus test, chromosome aberra- 
tion test, SCE test 

Schli~sselw6rter: Tabakprotein, Ames-Test, Mikrokerntest,  Chromosomenaberra- 
tionstest, Schwesterstrangaustauschtest  

I n t r o d u c t i o n  

A n t i - s m o k i n g  c a m p a i g n s  h a v e  g i v e n  r i se  to fears  t h a t  t h e  f u t u r e  
e c o n o m i c  e x i s t e n c e  o f  t o b a c c o  p l a n t e r s  m a y  be  t h r e a t e n e d  b y  a d e c l i n e  in  
t h e  sa le  o f  t o b a c c o  p r o d u c t s .  T h e  h i g h  p r o t e i n  c o n t e n t  o f  t h e  t o b a c c o  p l a n t  
(2) s u g g e s t s  t h a t  i t  m a y  be  w o r t h w h i l e  e x t r a c t i n g  th i s  l e a f  p r o t e i n  a n d  

950 
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Table 1. Composit ion of the diets. 

Components  Control diet Test diets with tobacco protein 
C 1000 % 

Casein 22.0 - - 
Tobacco protein - 19.2 40.0 
Cellulose 4.0 4.0 4.0 
Sucrose 10.0 10.0 10.0 
Corn oil 3.0 3.0 3.0 
Trace elements and minerals 6.0 6.0 6.0 
Vitamins 2.0 2.0 2.0 
Starch 53.0 55.8 36.0 

u s i n g  it  as a s u p p l e m e n t  in  f e e d  or  food .  T h e  e c o n o m i c  r e a s o n s  are  q u i t e  
s imple .  A c r e - f o r - a c r e  t h e  t o b a c c o  p l a n t  is c a p a b l e  o f  y i e l d i n g  a p p r o x i -  
m a t e l y  f i v e - t i m e s  m o r e  p r o t e i n  t h a n  t h e  s o y b e a n  (2). 

N u t r i t i o n a l / p h y s i o l o g i c a l  e x p e r i m e n t s  c o n d u c t e d  as p a r t  o f  a r e s e a r c h  
p r o j e c t  s u b s i d i z e d  b y  t h e  E E C  C o m m i s s i o n  r e v e a l e d  t h a t  t o b a c c o  p r o t e i n  
h a d  a n u t r i t i o n a l  v a l u e  c lose  to  t h a t  o f  m i l k  p r o t e i n  a n d  m u c h  h i g h e r  t h a n  
t h a t  o f  m o s t  o t h e r  p l a n t  p r o t e i n s  (3). G e n o t o x i c  s t u d i e s  c a r r i ed  o u t  on  
t o b a c c o  p r o t e i n  a re  d e s c r i b e d  be low.  

Materials  and Methods  

Diets and animals 

The animals used in these experiments,  Sprague Dawley rats, Chinese hamsters 
and the inbred strains of mice C3H and C57B1, were fed a semi-synthetic diet with 
casein as protein (Altromin C 1000) on each of the eight days prior to the experi- 
ments. During the tests the animals received for three or four days a modified 
version of the C 1000 diet in which casein was replaced by tobacco protein (Table 1). 
Taking the data given by the manufacturers of the tobacco protein*) as a basis (i.e., 
total N = 14.59 % in the dry mass corresponding to a protein content of 91.19) and 
considering the known protein content  of the C 1000 diet, it was calculated that 
tobacco protein formed 19.2 % of the test diet. In the eytogenetic tests additional 
experiments  using a diet containing 40 % tobacco protein were conducted. 

Salmonella/mammalian-microsome mutagenici ty  test 

24 male rats (140-160 g body weight) were housed individually (in order to enable 
a separate collection of urine and feces) in metabolism cages with free access to 
drinking water and food for three days. One group (eight control animals) was given 
the semisynthetic diet with casein, and the other group (16 experimental  animals) 
was fed the diet in which tobacco protein took the place of casein. 

The 24 h-urine and feces were collected every morning on three consecutive days 
and were stored at -30  ~ until assayed. 

*) Supplier  of the tobacco protein concentrate, fraction 1: Instituto Industrie 
Agrarie, Dipartimento Science e Technologic Alimentari e della Nutrizione, Univer- 
sita di Perugia/Italy. 
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Table 2. Animal species/strains and mutagenicity test systems used. 

Sprague- Chinese Mice Mice 
Dawley hamsters C3H C~B1 
rats 

Salmonella test x 
Micronucleus test 
Chromosome aberration test 
Sister chromatid exchange test 

X X X 

X -- -- 

X -- -- 

Preparation o f  urine and extraction o f  feces  and tobacco protein 

The thawed urine of  four animals and the feces of eight animals each were pooled. 
After centrifugation the urine was filter-sterilized. 
Aqueous fecal extracts were prepared by grinding i g of feces with 3 ml of  warm 
distilled water. The slurry was centrifuged and the supernatant was sterilized by 
successive passage through filters with 1.2, 0.45, and 0.2 ~m pore size. For the 
alcoholic extraction i g of feces and samples of tobacco protein were extracted with 
9 ml of methanol  for 20 h. After centrifugation the solvent was evaporated and the 
residue was weighed and dissolved in dimethyl sulfoxide (DMSO). 

Mutagenici ty  testing 

The urine and extracts of feces and tobacco protein were tested for mutagenie 
activity in the Salmonella/mammalian-mierosome test with Salmonella 
t yph imur ium strains TA 98 and TA 100. The test was conducted according to the 
original method (1). The plates were run in triplicate. Assays were made with or 
without  the addit ion of S9-mix prepared from three pooled livers of male Sprague- 
Dawley rats induced with Aroelor 1254. The amount  of  $9 was 50 ~1 per plate. To 
detect compounds  which are excreted as conjugates 1000 Sigma units of  ~- 
glueuronidase/aryl sulfatase (Typ H-2S, Sigma) were added to the top agar. A 
reproducible dose-~elated, at least two-fold, increase in the number  of revertants 
over the spontaneous number  (control) was considered to be a positive result. 

In the cytogenetic tests Chinese hamsters (aged 16-20 weeks, body weight  
32 _+ 2 g) and the inbred strains of  mice Call and Cs~B1 (aged 20-28 weeks, body 
weight  25-30 g) were used. Test groups, positive and negative controls were made 
up of equal numbers  of males and females so that any possible sex differences 
would be distinguishable. After the tobacco protein diet had been administered, 
bone marrow eens of the test animals were examined for chromosomal damage and 
the genetic endpoints  micronuclei,  chromosome aberrations (structural and numer- 
ical) and sister chromatid exchanges were evaluated. The bone marrow cells were 
obtained by flushing out both femora. 

Micronucleus test 

The bone marrow cells were flushed out with fetal calf serum. After centrifuging 
the ceil sediment  was spread onto slides and dyed with the May-Grfinwald- and 
Giemsa solution (6). 1000 polychromatic  erythroeytes/slide and animal were scored 
for micronuclei,  and about 1000 normochromatic  erythroeytes/slide and animal 
were scored for control purposes. 

Chromosome aberration test 

2 h before sacrifice animals were injected with eolchicine (1 mg/kg b.w. sub- 
cutaneously). After flushing out the bone marrow cells into hypotonic solution, 
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Table 3. Mutagenici ty testing of the methanollc  extract  of tobacco protein in 
Salmonella  typhimur ium strains TA 98 and TA 100 with and without  the addi t ion of  
S9-mix and ~-glucuronidase/aryl sulfatase. 

TA 98 TA 100 

Methanolie 
extract  
(ml/plate) 

-$9  +$9 -$9  +$9 

-~G/AS b +~G/AS -~G/AS +~G/AS -@G/AS +~G/AS -~G/AS +~G/AS 

6.25 108 a 159 391 432 130 165 362 417 
1.25 32 42 109 127 116 129 170 201 
0.625 24 27 57 81 114 110 131 148 
Control 22 19 41 39 107 109 115 121 

a Values are means of three plates 
b ~-glucuronidase/aryl sulfatase 

centrifugation steps and fixation, the cells were d ropped  on chilled slides followed 
by  flame fixation and staining with 2 % aceto-orcein solution (7). 100 well-spread 
metaphase  cells/animal were evaluated for chromosome aberrations. 

Sister chromatid exchange test 

In addit ion to the procedure  descr ibed for the chromosome aberrat ion test  the 
SCE-test was performed using the method of implantat ion of  a bromodeoxy-  
ur idine tablet  (5). In this way about  60 % well-spread and differential  s tained 
metaphase chromosomes in the second replication cycle were scorable. 100 cells/ 
animal were evaluated for exchanges.  

R e su l t s  

W i t h o u t  m e t a b o l i c  a c t i v a t i o n  t h e  m e t h a n o l i c  e x t r a c t  o f  t o b a c c o  p r o t e i n  
s h o w e d  in  s t r a i n  T A  98 a t  t h e  l o w e r  c o n c e n t r a t i o n s  a n d  in  s t r a i n  T A  100 a t  
a l l  i n v e s t i g a t e d  c o n c e n t r a t i o n s  o n l y  a s l i g h t  e l e v a t i o n  in  t h e  n u m b e r  o f  
r e v e r t a n t s ;  in  t h e  p r e s e n c e  o f  S 9 - m i x  (wi th  a n d  w i t h o u t  ~ - g l u c u r o n i d a s e !  
a ry l  su l f a t a se )  a n  i n c r e a s e d  r e s p o n s e  w a s  o b s e r v e d  in  b o t h  t h e  s t r a i n s  
(Tab l e  3). 

U r i n e  f r o m  ra t s  f ed  t h e  d i e t  c o n t a i n i n g  t o b a c c o  p r o t e i n  a n d  u r i n e  f r o m  
t h e  c o n t r o l  a n i m a l s  w e r e  t e s t e d  for  m u t a g e n i c i t y  in  s t r a i n s  T A  98 a n d  T A  
100 w i t h  a n d  w i t h o u t  S 9 - m i x  a n d  w i t h  a n d  w i t h o u t  ~ - g l u c u r o n i d a s e / a r y l  
s u l f a t a s e  (Tab l e  4). T h e  r e s u l t s  s h o w e d  a v o l u m e - d e p e n d e n t  i n c r e a s e  in  t h e  
n u m b e r  o f  r e v e r t a n t s  in  b o t h  t h e  s t r a i n s  fo r  c o n t r o l  u r i n e s ,  p r e s u m a b l y  as  
a c o n s e q u e n c e  o f  h i s t i d i n e  or  h i s t i d i n e - r e l a t e d  g r o w t h  f a c to r s  in  t h e  u r ine .  
T h i s  i n c r e a s e  in  r e v e r t a n t s  d i d  n o t  d i f f e r  f r o m  d a y  to  d a y  d u r i n g  t h e  
e x p e r i m e n t s .  

F r o m  t h e  s e c o n d  d a y  o f  t h e  e x p e r i m e n t s  u r i n e  f r o m  ra t s  f ed  t h e  t o b a c c o  
p r o t e i n  d i e t  p r o d u c e d  a s l i g h t  i n c r e a s e  in  r e v e r t a n t s  in  s t r a i n  T A  98 a n d  T A  
100 u n d e r  a l l  f o u r  t e s t  c o n d i t i o n s  w i t h  t h e  g r e a t e s t  r e s p o n s e  e v i d e n t  in  t h e  
p r e s e n c e  o f  S 9 - m i x  w i t h  or  w i t h o u t  ~ - g l u c u r o n i d a s e / a r y l  s u l f a t a s e  w h e n  
c o m p a r e d  to  t h e  c o n t r o l  u r ines .  Th i s  e x c r e t i o n  o f  m u t a g e n i c  a c t i v i t y  in  t h e  
u r i n e  o f  t h e  e x p e r i m e n t a l  r a t s  i n c r e a s e d  s l i g h t l y  o n  t h e  t h i r d  d a y  o f  t h e  
f e e d i n g  p e r i o d .  A s  s u f f i c i e n t  q u a n t i t i e s  o f  t o b a c c o  p r o t e i n  w e r e  n o t  ava i l -  
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Table 4. Mutagenicity testing of urine fl'om rats fed a tobacco protein diet/'or 3 days 
and of urine from rats fed a control diet (data shown are from the last day of 
feeding). 

Test urine 
Control urine 

TA 98 TA 100 

Volume -$9 +$9 -$9 +$9 
of urine 
(mg/plate) - fG/AS b +fiG/AS-fiG/AS +fiG/AS-fiG/AS +fiG/AS-~G/AS +fG/AS 

24 172 20 22 27 35 37 35 110108 118109 115103 109112 
0 

20 23 22 22 33 31 35 34 106108 115122 109113 115121 

56 38 39 44 92 69 119 81 192 140 169186 210186 183 192 
0.2 

25 30" 44 37 46 50 116 134 126136" 120133 120 196 

71 63 50 60 146117 170116 256 178 248 200 287 215 233 231 
0.4 

33 36 27 35 51 47 52 55 142 164 134159 148 161 148202 

82 73 79 69 196 141 224 170 272 198 274242 312254 383273 
0.6 40 38 40 38 63 54 59 65 155 176 140 170 155 i73 ~16220--------5 

114 104 89 77 253 220 310 199 283 270 324 289 448 360 395 361 
0.8 

42 40 44 41 66 68 63 73 165 186 160 192 167 192 171206 

a Values are means of three plates; two separate assays were run 
b f-glucuronidase/aryl sulfatase 

able  it  was not  i nves t i ga t ed  w h e t h e r  or not  af ter  a longer  t ime  of f eed ing  
the  u r ina ry  m u t a g e n i c i t y  was  fu r the r  increased .  

F e c e s  we re  also co l l ec ted  d u r i n g  the  th ree  days  w h e n  the  rats  were  fed 
wi th  t obacco  p r o t e i n  and  w i th  con t ro l  diet,  and  we re  e x t r a c t e d  wi th  
d i s t i l l ed  water .  The  aqueous  fecal  ex t r ac t s  of  eve ry  day  were  t e s t ed  wi th  
a n d  w i thou t  S9-mix  a n d  wi th  and  w i t h o u t  ~-g lucuron idase /a ry l  sulfatase.  

As  no m u t a g e n i c i t y  was  d e t e c t a b l e  u n d e r  t hese  t es t  cond i t ions ,  fu r the r  
i nves t iga t ions  were  ca r r i ed  ou t  in w h i c h  the  feces  of  t he  e x p e r i m e n t a l  
an ima l s  fed wi th  t obacco  p ro t e in  for  t h r ee  days  we re  p o o l e d  a n d  e x t r a c t e d  
wi th  me thano l .  B u t  also in t he  me thano l i c  fecal  ex t r ac t s  no ind i ca t ions  of  
an  inc rease  in the  n u m b e r  of  r eve r t an t  co lon ies  we re  found.  (Data a re  no t  
shown.)  

By c h e c k i n g  the we igh t  of  the  feed  in the  e x p e r i m e n t s  wi th  Ch inese  
h a m s t e r s  and  mice ,  a ccep t ance  and  i n t ake  of  the  tes t  d ie t  (19.2 % t oba c c o  
prote in)  was  t e s ted  and  c o m p a r e d  wi th  the  in t ake  of  the  con t ro l  d ie t  (C 
1000). No no tab l e  d i f fe rences  b e t w e e n  the  in take  of  the  con t ro l  and  the  tes t  
d ie t  were  observed .  I t  was i m p o r t a n t  to have  e x p e r i m e n t a l  p roo f  of  th is  
p r e s u p p o s i t i o n  be fo re  go ing  on to cons ide r  the  resu l t s  of  the  g e n o t o x i c i t y  
tes ts  d e s c r i b e d  below.  

S a m p l i n g  of  bone  m a r r o w  cells  for  the  cy togene t i c  tes t s  was  ca r r i ed  ou t  
on the  an ima l s  g iven  the  d ie t  con t a in ing  19.2 % t oba c c o  p ro t e in  af ter  four  
days  of  feeding,  and  on the  an ima l s  fed the  d i e t  wi th  40 % t oba c c o  p ro t e in  
af ter  th ree  days.  
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Table 6. Chromosome aberration test (figures represent mean values __ SD). 

Chinese hamsters 
% gaps % aberrant cells (n) 

Negative control 
Control diet C 1000 0.5 + 0.5 0.3 + 0.5 (10) 

Positive control: 
Cyclophosphamide 18 mg/kg b.w.p.o. 30.2 _+ 3.5 10.7 _+ 1.2 (10) 

Test diet 
with 19.2% tobacco protein 4.1 + 1.0 1.0 + 0.7** (20) 

Test diet 
with 40 % tobacco protein 4.7 + 0.8 1.7 + 0.5** (6) 

I n  t he  m i c r o n u c l e u s  t e s t  t he  r e su l t s  o b t a i n e d  af ter  the  t e s t  diet ,  i n  w h i c h  
the  sole  s o u r c e  of  p r o t e i n  c a m e  f rom tobac c o  (19.2%), w i t h  C h i n e s e  
h a m s t e r s ,  a n d  w i t h  the  two  i n b r e d  s t r a in s  of  mice ,  w e r e  n o t  d i f f e r en t  f r o m  
the  r e su l t s  o b t a i n e d  af ter  the  c o n t r o l  d ie t  (C 1000). W he n ,  howeve r ,  t he  
t o b a c c o  p r o t e i n  c o n t e n t  of  the  tes t  d ie t  was  r a i s ed  to 40 % t h e n  t he  n u m b e r  
of m i c r o n u c l e a t e d  p o l y c h r o m a t i c  e r y t h r o c y t e s  in  b o t h  a n i m a l  spec ies  was  
s l igh t ly  h i g h e r  (Table  5). 

Wi th  t he  c h r o m o s o m e  a b e r r a t i o n  test ,  ca r r i ed  ou t  o n  C h i n e s e  h a m s t e r s ,  
t he  t e n d e n c y  r e v e a l e d  in  the  m i c r o n u c l e u s  t e s t  b e c a m e  e v e n  clearer :  t he  
p e r c e n t a g e  of  cel ls  w i t h  gaps  a n d  of  cells  w i t h  a b e r r a t i o n s  i n c r e a s e d  
m a r k e d l y  e v e n  in  t he  g r o u p  w h i c h  r e c e i v e d  19.2 % t o b a c c o  p r o t e i n  a n d  
was  m o r e  p r o n o u n c e d  in  the  g r o u p  w h i c h  was  fed the  40 % t oba c c o  
p r o t e i n  d ie t  (Table  6). 

T h e  r e su l t s  of  t he  s i s te r  c h r o m a t i d  e x c h a n g e  tes t  (SCE test)  p r o d u c e d  a 
s imi l a r  p i c tu re :  a s l igh t  r ise  i n  t he  c h r o m a t i d  e x c h a n g e s  in  the  19.2 % 
g r o u p  a n d  a g rea t e r  i n c r e a s e  in  the  40 % g r o u p  (Table  7). 

Table 7. Sister chromatid exchange (SCE) test (figures represent mean values _+ 
SD). 

Chinese hamsters 
SCEs/metaphase (n) 

Negative control 
Control diet C 1000 5.1 _ 0.1 (4) 

Positive control: 
Cyclophosphamide 5 mg/kg b.w.p.o. 10.4 + 0.5 (6) 

Test diet 
with 19.2 % tabacco protein 6.0 + 0.3*** (20) 

Test diet 
with 40 % tobacco protein 7.0 + 0.2*** (6) 

** p < 0.01 (t-test, control diet: test diet) 
*** p < 0.001 
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Table 8. Examinat ion of three components  of tobacco protein - Chromosome 
aberrat ion test, Chinese hamsters,  bone marrow cells, six animals/test,  100 cells/ 
animal. 

Substance,  dose Treatment  t ime 
mg/kg b.w.p.o.  24 hr. 

% (_+ SD) cells with 
gaps aberrat ions 

Nicotine 

Chlorogenic acid 

Rutin 

Untreated control 

0.5 mg 1.2 + 0.8 0.7 + 0.5 
1 mg 1.2 _ 1.2 1.2 _ 1.0 
2.5 mg 2.0 + 0.6 1.0 _+ 0.6 
5 mg 2.8 + 0.8 1.2 + 0.8 

100 mg 4.0 + 1.3 0.2 _+ 0.4 

100 mg 1.5 + 1.4 0.3 + 0.5 

0.5 +_ 0.5 0.3 _+ 0.5 

A s  t h e  q u a n t i t y  o f  t o b a c c o  p r o t e i n  a v a i l a b l e  w a s  l i m i t e d ,  i t  w a s  n o t  
p o s s i b l e  to  c o n d u c t  a l l  t h e  e x p e r i m e n t s  in  t h e  v a r i o u s  m u t a g e n i c i t y  t e s t  
s y s t e m s  w i t h  t h e  s a m e  n u m b e r  o f  a n i m a l s .  

T h e  d a t a  s u p p l i e d  b y  t h e  m a n u f a c t u r e r s  o f  t h e  t o b a c c o  p r o t e i n  c o n t a i n s  
t h e  i n f o r m a t i o n :  " to t a l  p h e n o l i c s  6.02 m g / g  o f  s a m p l e " .  Th i s  c o n t e n t  is 
m a i n l y  d u e  to  c h l o r o g e n i c  a c i d  a n d  ru t in .  F u r t h e r m o r e  a n i c o t i n e  c o n t e n t  
o f  94.12 m g / k g  o f  t o b a c c o  p r o t e i n  is g iven .  T a k i n g  t h i s  a n d  t h e  p r e v i o u s l y  
a s c e r t a i n e d  f e e d  c o n s u m p t i o n  as  a bas i s ,  i t  w a s  c a l c u l a t e d  t h a t  e a c h  
a n i m a l  r e c e i v e d  on  a v e r a g e  2.3 m g  n i c o t i n e / k g  b . w . / d a y  w i t h  t h e  19.2 % 
t o b a c c o  p r o t e i n  d i e t  a n d  4.7 m g  n i c o t i n e / k g  b . w . / d a y  w i t h  t h e  40 % t o b a c c o  
p r o t e i n  d ie t .  I n  o r d e r  to  d i s c o v e r  w h e t h e r  a n y  c h r o m o s o m a l  d a m a g e  c o u l d  
b e  i n d u c e d  u n d e r  in  v i v o  c o n d i t i o n s  b y  t h e s e  p a r t i c u l a r  t o b a c c o  p r o t e i n  
i n g r e d i e n t s ,  a c h r o m o s o m e  a b e r r a t i o n  t e s t  w i t h  C h i n e s e  h a m s t e r s  w a s  
p e r f o r m e d  u s i n g  n i c o t i n e  b a s e  ( r e s e a r c h  g rade ) ,  c h l o r o g e n i c  a c i d  (pure )  
a n d  r u t i n  c rys t .  ( r e s e a r c h  g r a d e ,  a l l  t h r e e  c o m p o u n d s  p u r c h a s e d  f r o m  
S e r v a ,  H e i d e l b e r g ) .  T h e  t e s t  s u b s t a n c e s  w e r e  a d m i n i s t e r e d  o r a l l y  a s  a q u e -  
ous  s o l u t i o n s  v i a  s t o m a c h  t u b e  a n d  d i f f e r e n t  t r e a t m e n t  t i m e s  w e r e  
c h e c k e d .  R e s u l t s  s h o w  t h a t  c h l o r o g e n i c  ac id ,  a n d  r u t i n  d i d  n o t  c a u s e  a n y  
c l a s t o g e n i c  e f f ec t s  w h e r e a s  n i c o t i n e  i n d u c e d  (at a t r e a t m e n t  t i m e  o f  24 h) a 
c o r r e s p o n d i n g  i n c r e a s e  in  g a p s  a n d  c h r o m o s o m e  a b e r r a t i o n s  (Tab l e  8). 
Th i s  e f f ec t  w a s  n o t  c l e a r l y  c o n n e c t e d  w i t h  a d o s e  r e l a t i o n s h i p  b e c a u s e  a 
d o s e  e x c e e d i n g  2.5 m g  n i c o t i n e / k g  m a y  p r o v o k e  in i t i a l  t o x i c  e f fec t s  in  
b o n e  m a r r o w .  

S u m m i n g  up and e v a l u a t i o n  of  the results  

T h e  m u t a g e n i c i t y  t e s t i n g  o f  t h e  t o b a c c o  p r o t e i n  w a s  c a r r i e d  o u t  u s i n g  
o n e  m i c r o b i a l  t e s t  s y s t e m  ( A m e s  tes t )  a n d  t h r e e  in  v ivo  t e s t s  on  s m a l l  
r o d e n t s .  M u t a g e n i c i t y  c o u l d  t h u s  b e  m e a s u r e d  in  i ts  v a r i o u s  m a n i f e s t a -  
t i o n s  a n d  a t  v a r i o u s  leve ls .  B y  u s i n g  d i f f e r e n t  a n i m a l  s p e c i e s  i t  w a s  
p o s s i b l e  to  c o m p a r e  a n d  e v a l u a t e  p o s s i b l e  s p e c i e s - s p e c i f i c  d i f f e r e n c e s .  
T h e  u s e  o f  d i f f e r e n t  p e r c e n t a g e s  o f  t o b a c c o  p r o t e i n  in  t h e  d i e t s  a l so  m a d e  
i t  e a s i e r  to  e v a l u a t e  t h e  r e su l t s .  W h i l e  t h e  S a l m o n e l l a / m i c r o s o m e  t e s t  
r e v e a l s  p o i n t  m u t a t i o n s ,  t h e  o t h e r  t e s t  s y s t e m s  m a k e  c h r o m o s o m e  a b e r r a -  
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t ions  vis ible  u n d e r  the  mic roscope :  the  m i c r o n u c l e u s  tes t  indi rec t ly  per-  
mi ts  the  de tec t ion  of  m a j o r  c h r o m o s o m a l  damage ;  in the  c h r o m o s o m e  
aber ra t ion  tes t  all f o rms  of  c h r o m o s o m a l  d a m a g e  can  be  de tec ted;  in the  
SCE tes t  the  special ,  i n d e p e n d e n t  f o r m  of  the  s is ter  c h r o m a t i d  e x c h a n g e s  
can  be  observed.  In  these  s tudies  the  va lues  of  the  said genet ic  e n d p o i n t s  
(e.g., SCEs) af ter  admin i s t r a t ion  of  the  tobacco  p ro te in  diet  we re  com-  
pa red  wi th  the  va lues  af ter  admin i s t r a t ion  of  the  cont ro l  diet.  

First ,  s l ight  m u t a g e n i c  act ivi ty  was  obse rved  in the  alcoholic  ex t r ac t  o f  
the  t obacco  p ro te in  in the  Sa lmone l l a  test. U s i n g  the  s a m e  tes t  s y s t e m  
m u t a g e n i c i t y  was  also de tec tab le  in ra t  u r ine  ( increasing du r ing  th ree  days  
of  diet). In  the  mic ronuc l eus  tes t  ef fects  we re  on ly  o b s e r v e d  in the  40 % 
tobacco  pro te in  group;  this  was  the  case for  b o t h  of  the  an ima l  species ,  
h a m s t e r  and  mouse .  The  c h r o m o s o m e  aber ra t ion  tes t  was  m o r e  sens i t ive  
to m u t a g e n i c  effects  caused  b y  the  t obacco  p ro te in  and  revea led  a n  
increase  in c h r o m o s o m a l  d a m a g e  even  in the  an imals  fed the  19.2 % diet. 
This  increase  was  m o r e  m a r k e d  in the  an ima l s  fed the  40 % diet.  The  
c las togenic  d a m a g e  cons i s ted  solely of  c h r o m a t i d  and  c h r o m o s o m e  
breaks .  Ev idence  o f  m u t a g e n i c  subs t ances  in the  t obacco  p ro te in  was  also 
p rov ided  b y  the  increased  a p p e a r a n c e  of  s is ter  c h r o m a t i d  e x c h a n g e s  in 
Chinese  hamste r s ;  the i r  quan t i ty  va ry ing  wi th  p e r c e n t a g e  of  t obacco  
p ro te in  in the  diet  wh ich  the  an ima l s  received.  The  d e v e l o p m e n t  o f  SCEs  
d e p e n d s  on o the r  molecu la r -gene t ic  p rocesses ,  i.e., c h e m o m u t a g e n s  
which  induce  c h r o m o s o m a l  b r eaks  need  no t  necessar i ly  i nduce  SCEs.  

Fu r the r  s tudies  w e r e  c o n d u c t e d  us ing  the  c h r o m o s o m e  aber ra t ion  t e s t  
to e x a m i n e  th ree  indiv idual  c o m p o n e n t s  o f  tobacco  prote in:  nicot ine,  
ch lorogenic  acid, and  rutin.  While the  la t ter  two  s h o w e d  no  s igns o f  
c h r o m o s o m e  d a m a g i n g  effects,  n ico t ine  led to a four-fold increase  in the  
spon t aneous  aber ra t ion  ra te  in b o n e  m a r r o w  cells (0.3 to 1.2 %). This  va lue  
is a p p r o x i m a t e l y  equa l  to tha t  ob t a ined  in the  s a m e  tes t  s y s t e m  wi th  the  
s ame  an ima l  species  af ter  feeding  wi th  the  tobacco  p ro te in  die t  (Table 6). 

I t  was,  therefore ,  conc luded  tha t  the  n icot ine  con ten t  of  the  tobacco  
pro te in  s a m p l e  used  was  a cause  and  p r o b a b l y  the  sole cause  o f  the  
obse rved  m u t a g e n i c  effects.  This  could  be  se t t led b e y o n d  d o u b t  b y  con- 
duc t ing  a m u t a g e n i c i t y  tes t  wi th  tobacco  p ro te in  f r o m  wh ich  all n icot ine  
has  b e e n  r emoved ,  i f  such  a pur i f ied  pro te in  w e r e  available.  
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