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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 

1 p. N. MAGEE and E. FARBER, Biochem. J. 83, 114 (1962). 
2 p. BROOKES and P. D. L~.WL~'z, J. Cell eomp. Physiol. 64 Suppl. 1, 

111 (1964). 
8 V. M. CRADOOCK, Biochim. biophys. Acta 312, 202 (1973). 
4 R. GOTH and M. F. RAJEWSKY, Z. Krebsforschung 82, 37 (1974). 
5 H. M. RABIES and H. V. TIICZEK, Virchows Arch. Abt. B Zellpath. 

6, 302 (1970). 
6 I-I. S. SCHWARTZ, M. GAROFALO, S. S. STERNBERG a n d  F. S. PHILIPS, 

Cancer Res. 25, 1867 (1965). 
7 M. F. RAJEWSKY, Expl. Cell Res. 60, 269 (1970). 
8 H.  M. RABES, G. ISELER, H.  V. TUCZEK a n d  R. I~ERLER, Expe r i en -  

tia 30, 1116 (1974). 
9 G. M. HICGII~S and R. M. ANDERSON, Arch. Path. 12, 186 (1931). 

10 H. N. MUNRO and A. FLECK, in Methods of Biochemical Analysis 
(Ed. D. GLICK; Interscience Publishers, New York, London, 
Sidney 1966), voh 14, p. 113. 

zl K. BURTON, Biochem. J. 62, 315 (1956). 



15. 6. 1975 Specialia 687 

m e a s u r e d  s epa ra t e ly  in a l iqu id  sc in t i l l a t ion  coun t e r  
(Packa rd  3214) a n d  cor rec ted  for q u e n c h  us ing  an  i n t e r n a l  
s t anda rd .  

Results and discussion. Specific ac t iv i t i es  of D N A  a t  
d i f fe ren t  cell-cycle per iods  are s u m m a r i z e d  in t he  Figure.  
Specific a c t i v i t y  of D N A  f rom 3HI-TdR is low in pre-  
s y n t h e t i c  G 1 and  d u r i n g  H U - i n d u c e d  i n h i b i t i o n  of D N A  
syn thes i s  a t  28 h a f t e r  PH .  Th i s  is in a g r e e m e n t  w i t h  
p rev ious  resu l t s  s. 4 h a f t e r  re lease f rom t he  t t U  b lock  
D N A  syn thes i s  shows a h i g h  r a t e ;  i t  is r educed  aga in  a f t e r  
a n o t h e r  4 h, i.e. 8 h a f te r  t e r m i n a t i o n  of t he  H U  block. 
A t  t h a t  t ime,  h e p a t o c y t e s  h a v e  comple t ed  D N A  repl ica-  
t i on  a n d  are  a c c u m u l a t e d  in G~. 

Specific r a d i o a c t i v i t y  as m e a s u r e d  f rom 14C in  pre-  
s y n t h e t i c  G 1 a n d  d u r i n g  H U - i n d u c e d  i n h i b i t i o n  of D N A  
syn thes i s  is low a n d  w i t h o u t  a s ign i f ican t  d i f ference 
(Figure).  Co inc iden t ly  w i t h  t he  upsurge  of D N A  syn thes i s  
as m e a s u r e d  a t  4 h a f t e r  re lease f rom H U  block,  incorpora-  
t ion  of 14C r a d i o a c t i v i t y  f rom 14C-DMNA is increased  
s igni f icant ly .  Specific a c t i v i t y  of D N A  f rom I*C-DMNA 
s tays  a t  a n  increased  level  even  a f t e r  decl ine of D N A  
syn thes i s  a t  8 h a f t e r  H U  block,  i.e. in G 2. 

These  resu l t s  i nd i ca t e  t h a t  t he  u p t a k e  of 1~C radio-  
a c t i v i t y  der ived  f rom ~C-label led  m e t h y l  groups  of 
D M N A  is d i f fe ren t  in  va r ious  cell-cycle phases ,  low in 
GI-, e n h a n c e d  in G~-, a n d  h ighes t  in  S-phase.  I n  accordance  
w i t h  t he  o b s e r v a t i o n  of a n  increased  suscep t ib i l i ty  to  a 
ca rc inogen  of ep ide rma l  cells d u r i n g  s t i m u l a t e d  D N A  
syn thes i s  l~, d i f fe rent  s ens i t i v i t y  of l iver  D N A  to  carc ino-  

gen - induced  base  a l k y l a t i o n  could be assumed.  However ,  
t he  specif ic i ty  of ca r c inogen -b ind ing  to D N A  rema ins  to  
be  eva lua ted ,  as regards  site, degree a n d  pers i s tence  of a 
possible  a lky la t ion .  Non-specif ic  i n c o r p o r a t i o n  of label  
f rom the  1 -carbon  pool  in to  p u r i n e  bases  a n d  d i f fe rent  
levels of e n z y m a t i c  a c t i v a t i o n  of t he  a l k y l a t i n g  carc inogen  
d u r i n g  t he  va r ious  phases  of t he  hepa t i c  cell cycle h a v e  
to be  t a k e n  in to  account ,  too. Fo r  a t t a c k i n g  these  ques-  
t ions ,  t h e  mode l  of synch ron i zed  r a t  l iver  cells in  v ivo  
m i g h t  p rov ide  an  a p p r o p r i a t e  tool. 

Zusammen/assung. Die B i n d u n g  von  1RadioaktivitXt 
aus  d e m  Carc inogen N , N - D i  (14C)methylni t rosamin a n  
D N A  is t  in  de r  H y d r o x y h a r n s t o f f s y n e h r o n i s i e r t e n ,  
r egene r i e r enden  R a t t e n l e b e r  in  de r  G1-Phase u n d  
w~ihrend der  H e m m u n g  der  D N A - S y n t h e s e  gering,  
e r re i ch t  w~thrend der  synch ron i s i e r t  a b l a u f e n d e n  DNA-  
S y n t h e s e - P h a s e  m a x i m a l e  W e r t e  u n d  is t  auch  in de r  G 2- 
P h a s e  noch  e rh6h t .  
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Effect of~dodeoxyuridine on u~_um_or Induction i ~ r r a d i a t e d ~ a t s  

The  t h y m i d i n e  analogue,  5 - iododeoxyur id ine  ( IUdR) ,  
is i n c o r p o r a t e d  specif ical ly  in to  t he  D N A  of growing  cells 
a n d  increases  t h e  s ens i t i v i t y  of these  cells to  t h e  l e tha l  
effects  of X - i r r a d i a t i o n  1-~. Th i s  c o m p o u n d  does n o t  
a p p e a r  to  be a p p r e c i a b l y  carc inogenic  in  r a t s  ~ or  miceh;  
however ,  i t  does s t i m u l a t e  t h e  p r o d u c t i o n  of t u m o r -  
assoc ia ted  v i ruses  b y  t i ssue  cu l tu re  cells 6. Fu r the r ,  
i n j ec t ion  of I U d R  in mice  p roduced  a smal l  b u t  s ign i f ican t  
increase  in t he  n u m b e r  of sk in  pap i l lomas  caused  b y  a 
s u b s e q u e n t  a p p l i c a t i o n  of 3 - m e t h y l c h o l a n t h r e n e  5. W e  
h a v e  the re fo re  e x a m i n e d  t he  c o m b i n e d  effects of I U d R  
a n d  X - r a d i a t i o n  in o rder  to  d e t e r m i n e  w h e t h e r  th i s  
c o m p o u n d  would  increase  t h e  ca rc inogenic  effects  of 
X - r a d i a t i o n  in  ra ts .  

Methods. E a c h  group  of a n i m a l s  cons i s ted  of app rox i -  
m a t e l y  equa l  n u m b e r s  of ma le  a n d  female  r a t s  of a 
b l a c k h o o d e d  Collip s t ra in .  T he  e x p e r i m e n t a l  t r e a t m e n t s ,  
wh ich  were  c o m m e n c e d  a t  5 weeks of age, were as follows : 
A) controls ,  no  t r e a t m e n t  ; B) 5 in jec t ions  of 500 m g  !Ud, R /  

kg  i.p. over  a t o t a l  pe r iod  of 5 weeks;  C) 5 whole  b o d y  ex- 
posures  of 165 R X - r a d i a t i o n  (300 kVcp) over  a per iod  of 
5 weeks:  D) 5 in jec t ions  of I U d R  as in  B) plus  5 expos-  
ures of 165 R as in C), t h e  X - r a d i a t i o n  be ing  g iven  in each  
case 24 h a f te r  t he  I U ~ R  in jec t ion .  The  su rv iv ing  an ima l s  
were held  un t i l  t h e y  were 16 m o n t h s  of age a n d  e x a m i n e d  
for  t u m o r s  as in  t he  p rev ious  e x p e r i m e n t s  ~. 
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Lethality and tumor induction in rats with X-radiation and IUdR 

treatment Lethality in 60 days 
(number dead/number treated) 

Number of rats alive 
at 16 months of age 

Cumulative % incidence of tumors by 16 months of age 

Mammary tumors Leukemia 4- lymphomas Other tumors 

A) control 0/115 105 2 3 0 
B) IUdR 0/30 26 0 3 0 
C) X-ray 1/66 42 17 21 12 
D) IUdR § X-ray 34/65 18 16 26 3 

The miscellaneous tumors included ] osteosarcoma, 1 adenoma, 4 hemangiomas, 2 carcinomas and 1 sarcoma; small keratinized skin growths 
were not included. 


