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b u t  in some epi the l ia l  cells f rom cul tures  exposed to 
8 puffs,  t he  whole  of t he  ap ica l  cell a rea  bu lged  ou t  in to  
t he  l u m e n  (Figure 4). The  cilia were also obse rved  to 
h a v e  swollen in t he  same way,  b u t  the  i n t e rna l  micro-  
t u b u l a r  s t r u c t u r e  of t he  i nd iv idua l  cilia was  no t  af fected 
(Figure 5). Af te r  exposure  to  12 puffs  of whole  smoke,  
these  effects were p r e s en t  in more  of t he  epi the l ia l  cells 
a n d  m a n y  of t h e  c o l u m n a r  cells were found  to  h a v e  
unde rgone  lysis, l eav ing  a layer  of cel lular  debr is  a n d  
expos ing  t h e  less d i f f e ren t i a t ed  basa l  cells (Figure 6). An 
increase  in the  n u m b e r  of s econda ry  lysosomes,  especia l ly  
of t he  a u t o p h a g i e  vacuole  type ,  was n o t e d  in all  t ypes  of 
cells inc lud ing  t h e  basa l  cells. 

Discussion. The  m a i n t e n a n c e  of t he  basic  m o r p h o l o g y  
of ' pos i t ive '  con t ro l  p r e p a r a t i o n s  u n d e r  t he  e x p e r i m e n t a l  
cond i t ions  descr ibed  d e m o n s t r a t e s  t h a t  t h i s  model  
s y s t e m  is p o t e n t i a l l y  useful  for  s t u d y i n g  t he  effects of in 
v i t ro  exposure  of a r e s p i r a t o r y  ep i the l ium to c iga re t t e  
smoke.  The  use of a s t a n d a r d i z e d  f ixa t ion  fol lowing 
i m m e d i a t e l y  upon  exposure  m a y  visual ize  cel lular  
changes  wh ich  would  s u b s e q u e n t l y  be  lost  in  a more  
ex tens ive  cell and  t i ssue  b r e a k d o w n  or, a l t e rna t ive ly ,  in 
r ecove ry  and  repair .  

FRASCA et  al, n descr ibed  ba l loon ing  of t he  ap ica l  
m e m b r a n e s  of cells in t he  b r o n c h i a l  ep i the l i um of dogs 
w h i c h  h a d  been  exposed  da i ly  to  up  to 12 c igare t tes  for a 
per iod  of 44 days.  Our  s imi lar  f ind ings  were p roduced  
a f te r  on ly  8 or 12 puffs,  sugges t ing  t h a t  t he  resu l t s  
obse lved  in t he  dogs m a y  h a v e  been  due  to t he  acu te  
c y t o t o x i c i t y  of t he  smoke  exposure  p receed ing  f ixa t ion  
r a t h e r  t h a n  to  a n y  long t e r m  c u m u l a t i v e  effects. I t  is 
i n t e r e s t i ng  to  no te  t h a t  NIDEN12 obse rved  ba l loon ing  of 
t he  apex  of b ronch i o l a r  Clara  cells in  adu l t  mice exposed 
to a m m o n i a .  E x p o s u r e  to  smoke  m a y  i n h i b i t  t he  energy-  
d e p e n d e n t  m a i n t e n a n c e  of osmot ic  pressure  w i t h i n  t he  
cells such  t h a t  solutes  will pass  across t he  cell m e m b r a n e  
a long a c o n c e n t r a t i o n  grad ien t .  As t he  apica l  surface of 
t he  cell is t he  mos t  exposed to t he  smoke,  th i s  m i g h t  
exp la in  t h e  d e v e l o p m e n t  of ba l loon ing  a t  th i s  site. 
Swell ing of cilia could be  a n  e x p l a n a t i o n  for ciliostasis. 

An  effect  of t obacco  smoke  on cell j unc t i ons  in  t he  
r e sp i r a to ry  ep i the l ium has  been  n o t e d  b y  SIMANI et  al. la 
in guinea-pigs  exposed to  more  t h a n  50 cigaret tes .  These  
workers  used ho r se rad i sh  pe rox idase  to  d e m o n s t r a t e  the  

fa i lure  of t he  j u n c t i o n s  to  m a i n t a i n  a n  effect ive  seal 
aga ins t  t he  passage  of larger  molecules.  A l t h o u g h  in t he  
p re sen t  s t u d y  the re  were no  changes  in t h e  u l t r a s t r u c t u r e  
of t h e  j unc t ions ,  t he  d e v e l o p m e n t  of widened  in te rce l lu la r  
spaces i m m e d i a t e l y  a d j a c e n t  to  these  s t r u c t u r e s  m a y  
h a v e  been  due to  a n  i m p a i r m e n t  of t h e i r  h igh ly  specific 
func t ion .  

I n  t he  foe ta l  t r a c h e a e  used in th i s  s tudy ,  no  m a t u r e  
goble t  ceils could be  observed .  Thus  t h e  lack of a m u c i n  
layer  over ly ing  t he  ep i the l i um m i g h t  e x a c e r b a t e  t he  
cy to tox ic  effects of t h e  smoke.  I n  t he  p o s t - n a t a l  t r achea ,  
where  goble t  ceils are presen t ,  such  a layer  would  act ,  in 
s h o r t - t e r m  exposures ,  as a ba r r i e r  to  b o t h  t h e  p a r t i c u l a t e  
and  gas v a p o u r  phases  of smoke.  W o r k  is c o n t i n u i n g  to  
d e t e r m i n e  if t he re  are a n y  differences  in  t h e  response  to 
smoke  exposure  b e t w e e n  t he  foeta l  and  t he  a d u l t  r a b b i t  
t r a c h e a l  ep i the l i um 1~. 

Summary. Foe ta l  r a b b i t  t r a c h e a l  o rgan  cu l tures  were 
exposed u n d e r  def ined cond i t ions  to  whole c iga re t t e  smoke  
and  f ixed i m m e d i a t e l y  for e lec t ron  microscopy.  Af te r  a n  
exposure  to  4 or 8 puffs,  ep i the l i a l  in te rce l lu la r  spaces 
were enlarged,  the  ap ica l  po r t i on  of m a n y  ceils bu lged  
ou t  in to  t h e  l u m e n  a n d  m a n y  cilia were swollen. A n  
exposure  to  12 puffs p roduced  a b r e a k d o w n  of t he  ep i the-  
l ium. 
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The  S p e r m  B u n d l e s  of H o n e y b e e  Apis  cerana indica Fabr.  

The  spe rm bund le s  are  cha rac te r i s t i c s  of t he  insect  
testes.  T h e y  h a v e  been  r epo r t ed  in Coleoptera,  Or thop te r a ,  
H o m o p t e r a  and  O d o n a t a  1-5. T he  p re sen t  work  was 
u n d e r t a k e n  to  s t u d y  t he  spe rm bund l e s  of t he  honeybee ,  
Apis cerana indica Fabr .  

The  honeybee  b rood  was rea red  a t  34~ in the  labora-  
tory .  The  testes,  s emina l  vesicles, a n d  accessory g lands  
f rom l iv ing  p i n k  head  p u p a e  and  newly  emerged  adu l t s  
were used. Fo r  rou t ine  m i c r o a n a t o m y ,  Zenker  and  Carnoy  
f ixed m a t e r i a l  was  sec t ioned and  s t a ined  in h a e m a t o x y l i n /  
eosin. 

Cy tochemica l  loca l iza t ion  of l ipids was m a d e  on n e u t r a l  
fo rma l in  and  ge la t in  e m b e d d e d  m a t e r i a l  p o s t c h r o m e d  
accord ing  to  BAKER s. F rozen  10 bm t h i c k  sect ions  were 
cu t  a n d  s t a ined  for l ipids  w i t h  S u d a n  b l ack  B in p ropy lene  
glycol a f te r  the  m e t h o d  of Ct-ilFFELLE a n d  PUTT s. 
Phospho l ip ids  were s t a ined  w i t h  acid h a e m a t e i n  a long 
w i t h  py r id ine  e x t r a c t e d  cont ro ls  accord ing  to BAKEt~ 6, 
and  n e u t r a l  and  acidic l ipids w i th  Nile bIue a f t e r  Cain s 
C a r b o h y d r a t e s  were localized in ma te r i a l  f ixed for 3-6 h 

a f te r  Zenker ,  or 1-4  h a t  0 -4  ~ a f t e r  Carnoy  or Gendre ' s .  
The  P A S  reac t ion  a n d  Bes t ' s  c a rmine  a long w i t h  ace ty la-  
t ion  and  K O H  reversa l  a f te r  McMANuS s a n d  d ias tase  
d iges t ion were used as controls .  Acid mucopo lysaccha r ide s  
were s t a ined  w i t h  a lc ian  blue. 

The  spe rm b u n d l e  of h o n e y b e e  A. cerana indica Fabr .  is 
compr ized  on a n  average  of 72 spe rms  a r r a n g e d  in a 
def in i te  h e x a g o n a l  geomet r ic  a r r a y  (Figure  2b).  E a c h  
spe rm b u n d l e  has  a hya l ine  cap a t  i t s  a n t e r i o r  reg ion  
(Figure  1). This  is fo rmed  b y  a double  wal led n u t r i t i v e  sac, 
cover ing  mos t  of t he  an t e r i o r  po r t i on  of the  b u n d l e  
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( F i g u r e  2, a, b, c). T h e  s ac  is f i l led  u p  w i t h  e n o r m o u s  
a m o u n t  ot  p h o s p h o l i p i d s  a n d  c a r b o h y d r a t e s .  As  t h e  s p e r m s  
g a i n  t h e i r  e n t r y  i n t o  t h e  s e m i n a l  ves ic le ,  t h e  h y a l i n e  c a p  
d i s a p p e a r s  a n d  t h e  s p e r m s  a r e  n o  l o n g e r  s e e n  in  b u n d l e s .  
T h e y  a r e  m o s t l y  p r e s e n t  w i t h  t h e i r  h e a d s  o r i e n t e d  t o w a r d s  
t h e  s e c r e t o r y  e p i t h e l i u m ,  l i n i n g  t h e  s e m i n a l  ves i c l e  

( F i g u r e  3). I n d i v i d u a l  s p e r m a t o z o a  h a v e  a l so  b e e n  r e c o r d e d  
in  t h e  s e c r e t i o n  of  m a l e  a c c e s s o r y  g l a n d  ( F i g u r e  4). 

T h e  p r e s e n t  s t u d i e s  r e v e a l  t h a t  t h e  s p e r m  b u n d l e s  of  t h e  
h o n e y b e e  A .  c e r a n a  i n d i c a  F a b r .  h a v e  a h y a l i n e  c a p  a t  i t s  
a n t e r i o r  r e g i o n  f o r m e d  b y  a d o u b l e  w a l l e d  n u t r i t i v e  sac.  
S u c h  t y p e  of h y a l i n e  c a p s  h a v e  a l so  b e e n  r e p o r t e d  in  

Fig. 1. Pupal testis: longitudinal section of testicular tubule of honeybee, showing sperm bundles (SB) with hyaline cap (HC) at the anterior 
region, ttaematoxylin-eosin, • 1000. 

Fig. 2. Sudan black B-preparations of sperm bundles, a) Longitudinal section of a sperm bundle with a hyaliue cap (HC) at its anterior region. 
• 2500. b) Transverse section from the anterior half of the sperm bundle showing the presence of double walled nutritive sac (NS). • 2500. 
e) Transverse section from the posterior half of the sperm bundle showing the absence of double walled nutritive sac (NS). • 2500. 

Fig. 3. Adult seminal vesicle of male, iron haematoxylin.  Note the sperms have lost their hyaline cap and are lying free with their heads 
mostly oriented towards the secretory epithelium of the seminal ves icIe . •  2500. 
Fig. 4. Adult  accessory gland stained with Sudan black 13. Observe the sperms (SP) in the secretion of male accessory gland. • 1000. 
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grasshoppers, mealy  bugs and even in Tet t igonids  1-4. 
The significance of the  phospholipids and carbohydra tes  
in the  nu t r i t ive  sac cannot  be acer ta ined at  present.  I t  is 
ve ry  l ikely t h a t  the  oxida t ion  of the  large q u a n t i t y  of 
f a t t y  acids l iberated by  the  hydrolysis  of phospholipids 
migh t  help the  honeybee  spermatozoa  in endogenous 
respirat ion dur ing the i r  storage in the  testis, The experi-  
menta l  evidence is still lacking. The addi t ional  advan tage  
of the  sperm bundles in the  test is  seems to br ing well- 
coordinated and synchronous beat ing  of the  spermatozoa  
during thei r  migra t ion  towards  the  seminal  vesicle. 

The presence of the  sperms in the  male accessory glands 
which has not  been repor ted  so far, is still  more intr iguing.  
This migh t  act  as an addi t ional  reservior,  for the  s torage 
of spermatozoa  before ejaculat ion.  

Zusammenfassung. Die Spermiozeugmen in den t-Ioden 
yon  Puppen  und jungen  Drohnen  der indischen Honig-  
biene Apis  cerana indica Fabr .  en tha l t en  durchschni t t l ich  
72 Spermien,  deren K6pfe  in ether Ebene  regelmgssig 
hexagonal  nebeneinander  angeordnet  sind und yon ether 
hyal inen  Kappe  umgeben  stud, Diese bes teht  aus einem 
doppelwandigen Nghrsack,  der mi t  Phosphol ip iden und 
Kohlehydra ten  gefiillt  ist. Spermiozeugmen und hyal ine  
Kappen  16sen sich auf, wenn sic die Samenblasen der 
Adul ten  erreicht  haben. 
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S y n c h r o n i z e d ~ i v e r i ~ e l l s :  A N e w  T o o l  f o r  A n a l y s i s  o f ~ C ~ l - C y c l e  D e p e n d e n t  (Carc inogen-  
B i n d i n g  t d D N A  i r ~ v o  

Alkyla t ion  of D N A  is considered re levant  to the  induc- 
t ion of tumors  by  a lkyla t ing  agents 1, 2. I t  is not  def ini te ly 
established in v ivo  if the  physical  s tate of D N A  determines  
its sensi t ivi ty  to alkylat ion,  and in part icular ,  if repl icat-  
ing D N A  provides  the  most  favourable  t a rge t  for specific 
carcinogen-binding.  Using regenerat ing ra t  l iver  as a 
model  system, no clear-cut  evidence for dependence on 
cell-cycle phase of the  degree of a lkyla t ion of l iver  D N A  
by  a lkyla t ing  carcinogens has been obta ined a, ~. Exper i -  
ments  wi th  regenera t ing  l iver  are hindered by  the  fact  
that ,  even after  two- th i rds  hepa tec tomy,  the  degree of 
synchrony  of cell-cycle phases of hepatocytes  is ra ther  
low 5. However ,  synchrony  of D N A  synthesis  in regenerat-  
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Specific activity of DNA after simultaneous i.p. injection of a 
carcinogen, N, N-di (14C) methylnitrosamine, and a DNA precursor, 
3H-thymidine, at different intervals after partial hepatectomy 
(abscissa} prior to, during ,or at different intervals after an inhibition 
of DNA synthesis induced by a continuous infusion of hydroxyurea 
from 14 to 39 h after partial hepatectomy. Open circles, specific 
activity from 3H-TdR (right ordinate); closed circles, specific 
activity from 14C-DMNA (left ordinate), Rats sacrificed 120 min 
after injection of label. Mean and S.E. (vertical bars) of 6 rats in 
each group. 

ing ra t  l iver  is enhanced dramat ica l ly  after  an accumula-  
t ion of hepatocytes  at  the  G1-S boundary  by  means of a 
cont inuous infusion of hyd roxyurea  (HU) following 
par t ia l  hepa tec tomy.  H U  is g iven a t  a dose level known to 
inhibi t  the  s tar t  of D N A  Synthesis in vivo6, 7. Fol lowing 
this t r e a t m e n t  up to 90% of hepa tocytes  s tar ts  D N A  
synthesis  s imul taneously  s. This  model  system seems to be 
adequate  for quan t i t a t i ve  compar ison of the  degree of 
D N A  alkyla t ion prior  to, during, and after  D N A  replica- 
t ion  in vivo,  i.e. in G1,-, S- and G~-phase of the  cell cycle. 

Materials and methods. Male Wis ta r  rats  (220-240 g, 
AF /Han)  were two- th i rds  hepa tec tomized  9 and received,  
in groups of 6 rats  each, an i.p. in ject ion of bo th  a 
labelled carcinogen, N,N-di ( l~C)methyl -n i t rosamine  (0.18 
FCi/g body  weight,  spec. act. 9.3 mCi/mmol ,  14C-DMNA, 
Radiochemica l  Centre Amersham),  and a t r i t i a ted  D N A  
precursor,  3H-thymidine  (0.8 ~Ci/g body  weight,  spec. 
act. 5 Ci/mmol,  aH-TdR,  Radiochemica l  Centre Amersham) 
following different  p re t r ea tmen t s :  Group a) in ject ion of 
14C-DMNA and aH-TdR 12 h after  par t ia l  h e p a t e c t o m y  
(PH);  group b) in ject ion of 14C-DMNA and 3H-TdR 
28 h af ter  F H  dur ing a cont inuous infusion of H U  
(1.25 •  3 M/kg/h,  s ta r t ing  14 h after  P H ) ;  group c) 
in ject ion of 14C-DMNA and 3H-TdR 43 h af ter  PH,  4 h 
af ter  s topping a cont inuous infusion of H U  from 14 to 
39 h after  P H ;  group d) inject ion of 14C-DMNA and 
aH-TdR 47 h af ter  PH,  8 h after  s topping the  cont inuous 
infusion of HU.  All rats  were sacrificed 120 rain after  
in ject ion of the  labelled mater ia l  and l iver  D N A  was 
extracted1~ Rad ioac t i v i t y  f rom x4C and 3H was 
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