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Induct ion of Mitotic  Abnormal i t i e s  in the Root  T ips  of Allium cepa by Tobacco  S m o k e  ~ 

Previous  s tudies  have  revealed t h a t  c igaret te  smoke, its 
condensa te  and some f rac t ions  have  a p rofound  effect  on 
the  cyto logy of cells in vivo or in vi t ro  2-9. Whi le  working 
w i t h  the  root - t ips  of some higher  plants ,  Izard  and his co- 
workers  ~-~ observed t h a t  tobacco smoke  condensa te  and 
some of i ts  c o m p o n e n t s  induce  mi to t i c  abnormal i t ies  in 
the  cells. The a im of t he  p resen t  s tudy  was to  ex t end  the  
basic knowledge regard ing  the  effect  of c igaret te  smoke 
on cell division. Since expe r imen ta t i on  wi th  p lan ts  is ge- 
neral ly  easier and  quicker  t h a n  wi th  animals,  invest iga-  
t ions  were conduc ted  to  s tudy  the  effect  of c igaret te  smoke 
on the  cytology of young  onion seedlings grown in vi tro.  
An a t t e m p t  was  m a d e  to  ascer ta in  t h e  feasibi l i ty  of using 
p l an t  t issues for rapid  b ioassay  to  de tec t  t he  cytologicai  
effects of tobacco smoke.  

Seeds of A l l i u m  cepa (Onion}, ob ta ined  f rom Fer ry  
Morse Seed Company,  Mounta in  View, California, USA,  
were  ut i l ized in the  p resen t  invest igat ion.  The seeds 
were a r ranged  on a sterile mois t  f i l ter  p a p e r  in steri le pe- 
t r idishes .  Af ter  5 days,  when  root  length  was abou t  ~ - 1  
inch, the  seedlings were exposed to d i f fe ren t  number s  of 
puffs  of tobacco smoke f rom a smoking  mach ine  using a 
35 m] puff  volume. The pe t r i -d ish  (wi thout  cover) conta in-  
ing ge rmina t ing  seeds was placed in t he  spec imen dish  
(10 cm diameter ,  4 cm height) .  The dish was  t h e n  t i gh t ly  
covered wi th  a lumin imn  paper .  F r o m  one of t he  sides, the  
a lumin ium paper  was  l if ted,  the  smoke  puff  in t roduced  
and the  dish covered.  Puffs  were given at  10 rain intervals ,  
af ter  the  smoke f rom the  previous  puff  had  a l ready con- 
densed.  

A reverse smoking  mach ine  1~ was ut i l ized to  produce  
smoke puffs.  This  t y p e  of smoking  mach ine  allows a 
s t r eam of smoke  to be del ivered to  the  sys t em under  s tudy  
a t  a s l ight  pos i t ive  pressure.  S t anda rd  smoking  condi t ions  

co mmo n l y  used wi th  the  convent iona l  vaccum type  smok-  
ing machine  are possible w i th  th is  reverse machine .  In  
t h i s  work, Un ive r s i ty  of K e n t u c k y  reference cigaret tes ,  
I R I  n,vz were used to  produce  puffs  of smoke. S t a n d a r d  
35 ml puffs  of 2 sec dura t ion  were given to  the  roots  of 
onion seeding af ter  10 min  in terval .  The air in t h a t  s y s t em 
for smoking  ch amb e r  was designed in order  to del iver  a 
near  rect i l inear  puff  profile. Puff  vo lume a d j u s t m e n t  was  
made  b y  to ta l  smoke volume del ivered by  the  cigaret tes .  
This voume  is general ly greater  t h a n  the  vo lume  of t he  
air del ivered to  the  c igaret te  in t he  smoking  chamber .  
About  24 h af ter  smoke t r e a t m e n t  the  root  t ips  were 
f ixed in 95% e thano l :ace t i c  acid (3:1) a t  room t empera -  
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Fig. 1. 'Stickiness' of the cbromosomes, in a dividing ceil of a root-tip 
exposed to 20 puffs of cigarette smoke. • 1170. 

Fig. 2. A dividing cell of a root-tip treated Mth 25 puffs of cigarette 
smoke. Note a lagging chromosome (see arrow) forming a bridge dur- 
ing anaphase. • 1039. 

Effect of tobacco smoke puffs on mitotic index in root tips of A~lium cepa (onion) after 20 h 

Tobacco smoke puffs 0 5 10 15 20 25 
(Control) 

Mitotic index 0.08 0.062 0.058 0.052 0.05 0.05 
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ture .  T h e y  were h y d r o l y z e d  2 4  h a f t e r  f ixa t ion,  w i t h  1N 
HC1 a t  60 ~ for 2 min .  This  was  fol lowed b y  severa l  wash-  
ings w i t h  d is t i l led  water .  T h e y  were t h e n  s tored  in 45% 
ace t ic  acid, u n t i l  squashes  were m a d e  in a c e t o c a r m i n e  
f rom the  ap ica l  2 ram.  T he  p e r c e n t a g e  of cells in  mi tos i s  in  
each  e x p e r i m e n t  were  d e t e r m i n e d  on  t h e  basis  of a min i -  
m u m  of 1000 ceils. O b s e r v a t i o n s  on  t h e  p e r c e n t a g e  of mi-  
t o t i c  a b n o r m a l i t i e s  were recorded.  

Effect of tobacco smoke on general morphology. I n  un-  
t r e a t e d  seedl ings t h e  ceils h a d  wel l -def ined  nucle i  a n d  t h e  
m i t o t i c  d iv is ion  was n o r m a l  in 95% cells. Cells exposed  to 
t h e  t obacco  smoke  showed l i t t l e  ev idence  of in ju ry .  On ly  
a few cells t r e a t e d  w i t h  t obacco  smoke  were damaged ,  as 
ev idenced  b y  b l e b b i n g  of t h e  c y t o p l a s m  a n d  s l igh t ly  pyc-  
no t i c  nucle i  in  t h e  s t a ined  p r epa ra t i ons .  T r e a t e d  cells, in  
general ,  were h i g h l y  vacuo la ted .  

Effect of tobacco smoke on mitbtic index, I n  controls ,  
a b o u t  9% of t he  cells were  in mitosis ,  t he re  be ing  a va r i a -  
t i on  f rom 7 - 1 0 %  in va r ious  samples .  T r e a t m e n t  w i t h  to-  
bacco  smoke  led to  a decrease  in m i t o t i c  index ;  magn i -  
t u d e  of t h e  effect  va r i ed  w i t h  t he  n u m b e r  of puffs  to  wh ich  
seedl ings were exposed.  Cont ro l  cells showed a m i t o t i c  in- 
dex  of 0.09 whi le  roo ts  t r e a t e d  w i t h  25 puffs  showed  a n  in-  
dex  of 0.05. Tab le  I s u m m a r i z e s  m i t o t i c  indices  of on ion  
roo t - t ips  exposed  to  d i f fe ren t  n u m b e r s  of t o b a c c o  smoke  
puffs.  

Effect o/tobacco smoke on chromosomal abnormalities. To- 
bacco smoke  also induced  m i t o t i c  abnorma l i t i e s .  T he  per-  
c en t age  of i r regular i t i es  inc reased  w i t h  inc reas ing  n u m b e r  
of puffs.  F i v e  35-inl puffs  i nduced  a b n o r m a l i t i e s  in  on ly  
10% of d iv id ing  ceils whi le  10, 15, 20 a n d  25 puffs  caused  
38 %,  47~ 58~ a n d  60~ i r regular i t ies ,  respec t ive ly ,  in  
t h e  d iv id ing  cells. I n  general ,  ' s t i ck iness '  of ch romosomes  
(Figure  1), a n d  lagging ch r om os om es  (Figure  2) in  t he  
equa to r i a l  p l a t e  were observed .  

2~AKANISHI e t  al. 3 whi le  work ing  with h u m a n  ep i the l ia l  
l ung  cells t r e a t e d  w i t h  c iga re t t e  smoke  c o n d e n s a t e  ob- 
se rved  a decrease  in  ave rage  c h r o m o s o m e  n u m b e r  to  76, 
f rom a m o d a l  va lue  of 77 for  t h e  ch r om os om es  in u n t r e a t -  
ed  cells. Th i s  f ind ing  was a t t r i b u t e d  to  t he  a p p e a r a n c e  of 
d icen t r i c  ch romosomes  in some of t he  passages.  BOUCHARD 
a n d  MAy18 obse rved  a n  increased  n u m b e r  of m i t o t i c  ab-  
no rma l i t i e s  in  mouse  lung  f r a g m e n t s  t h a t  h a d  been  b a t h e d  
for  24 h in a smoke  c o n d e n s a t e  solut ion.  L a t e r  inves t iga -  
t ions  ~*-~6 also found  t h a t  c iga re t t e  smoke  c o n d e n s a t e  has  

p r o f o u n d  inf luence  u p o n  m a m m a l i a n  cells. Y e t  w i t h  a v e r y  
few excep t ions  ~7 -~0 wh ich  are p e r h a p s  be s t  exempl i f ied  b y  
chronic  g ranu locy t i c  l eukemia  in  h u m a n s ,  t he  obse rved  
c h r o m o s o m a l  anomal ie s  c o m m o n l y  found  in cance r  ceils 
show no cons i s t en t  p a t t e r n .  The  p r e sen t  i n v e s t i g a t i o n  is 
a n o t h e r  a p p r o a c h  used to  ascel 'cain t he  feas ib i l i ty  of ut i l iz-  
ing p l a n t  t i ssues  as a qu ick  a n d  sens i t ive  b ioa s say  for  tobac -  
co smoke.  Vacuo l i za t i on  of t h e  cy top la sm,  p y c n o t i c  nucle i  
a n d  o the r  m i to t i c  a b n o r m a l i t i e s  were seen 24 h a f t e r  expo-  
sure  to  c iga re t t e  smoke.  O t h e r  m i t o t i c  i r regula r i t i es  in-  
c lude occas iona l ' s t i ck iness '  of ch romosomes  a t  m e t a p h a s e  
(Figure  1) a n d  b r idg ing  a t  a n a p h a s e  a n d  t e lophase  (Figure  
2). Thus ,  t h e  p r e s e n t  i n v e s t i g a t i o n  d e a r l y  d e m o n s t r a t e s  
t h a t  one can  de tec t  Similar  cy to logica l  responses  in  p l a n t s  
a n d  an ima l s  exposed  to t obacco  smoke.  A s t u d y  of tobacco  
smoke  a n d  i ts  c o n s t i t u e n t s  on  p l a n t  t i ssues  m i g h t  lead to  a 
b e t t e r  u n d e r s t a n d i n g  of t h e i r  m e c h a n i s m  of act ion.  W e  
are c u r r e n t l y  i n v e s t i g a t i n g  t h e  effect  of d i f fe ren t  sub-  
f rac t ions  of t obacco  smoke  and  resu l t s  will  be  r e p o r t e d  
subsequen t ly .  

Zusammenfassung. Es  w u r d e n  U n t e r s u c h u n g e n  der  
W i r k u n g  des T a b a k r a u c h e s  auf  m i t o t i s c h e  Feh le r  be t  
Allium-cepa-L.-SXmlingen g e m a c h t  u n d  dabe i  eine Ab-  
n a h m e  des m i t o t i s c h e n  Indexes  u n d  induz ie r t e  m i t o t i s c h e  
Mis sb i ldungen  gefunden.  
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Influence of Prior Exposure of Male Khapra Beetle (Trogoderma granarium) to Female Sex Pheromone 
on Their Mating Ability 

I t  has  been  sugges ted  t h a t  b y  s a t u r a t i n g  t he  field a t m o -  
sphere  w i t h  female  sex p h e r o m o n e  or i t s  s y n t h e t i c  an-  
alogues,  ma le  o r i e n t a t i o n  to female  could be  ef fec t ive ly  
d i s r u p t e d  1-~. E x p e r i m e n t a l  proof  in  s u p p o r t  of th i s  has  
been  p r o v i d e d  b y  GASTON et  aD. T h e y  m a i n t a i n e d  in t he  
f ie ld a h i g h  c o n c e n t r a t i o n  of Trichoplusia ni p h e r o m o n e  
a n d  showed  t h a t  u n d e r  these  cond i t i ons  males  were 
u n a b l e  to  o r i en t  t o w a r d s  v i rg in  females  he ld  in t raps .  
Sensory  a d a p t a t i o n  a n d / o r  absence  of def in i te  odour  t ra i l  
h a v e  b e e n  sugges ted  as poss ible  reasons  for  th i s  p h e n o m -  
enon.  I t  is however ,  also poss ible  t h a t  t h e  males  were 
e x h a u s t e d  as a resu l t  of h i g h  e x c i t a t i o n  due  to  s t imu-  
l a t i on  b y  t h e  p h e r o m o n e ,  a n d  were u n a b l e  to  f ly  t o w a r d s  
t he  t r a p p e d  females.  I t  is t h e n  l ike ly  t h a t  such  e x h a u s t i o n  
would  i m p a i r  t h e i r  m a t i n g  abi l i ty .  W e  the re fo re  inves-  
t i ga t ed  t h e  effect  of poss ible  p h e r o m o n e - i n d u c e d  fa t igue  
on  t he  ab i l i t y  of males  to  ma te ,  us ing  t he  k h a p r a  beet le ,  
Trogoderma granarium E v e r t s  as  t e s t  insect .  

F ive -day -o ld  v i rg in  males  were  conf ined  in a i r - t i gh t  
glass spec imen  v ia ls  (8 x 2 . 3  cm ~ )  each  c o n t a i n i n g  a 
f i l te r  p a p e r  disc i m p r e g n a t e d  w i t h  0.2 ml  of p h e r o m o n e  
e x t r a c t  5 ( equ iva len t  of 50 females '  secre t ion  over  a 
2-day-per iod) .  Af te r  48 h t he se  ma les  were  r e m o v e d  f r o m  
t h e  v ia ls  a n d  pa i r ed  in b a t c h e s  of 10 w i t h  a n  equa l  n u m b e r  
of 1-day-old  v i rg in  females  a n d  were  he ld  in p las t i c  
con ta ine r s  (6 •  c m  2~) w i t h  b r o k e n  w h e a t  as ovipo-  
s i t ion  med ium.  U n t r e a t e d  males  Similar ly  pa i red  se rved  
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