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The Act ion of Rifampic in  on Stabi l ized Cell Lines HEp-2  and HeLa 

Rifampic in ,  a s emi syn the t i c  de r iva t i ve  which  belongs 
to t he  g roup  of r i famycines ,  is a h igh ly  effect ive  an t i -  
b io t ic  of wide spec t rum,  e x h i b i t i n g  an  a p p a r e n t  ac t ion  
on  the  syn thes i s  of bac t e r i a l  RNA,  especial ly  on DNA-  
d e p e n d e n t  R N A  polymerase~,  2. This  new an t ib io t i c  m a y  
i n h i b i t  t he  t r ans f e r  of genet ic  i n f o r m a t i o n  exac t ly  in a 
locus of R N A  syn thes i s  in  t he  D N A  m a t r i x  (a b lockade  of 
t r a n s c r i p t i o n  I .) ;  w i t h  bac ter ia ,  t h i s  p h e n o m e n o n  occurs 
a l r eady  a t  v e r y  low c o n c e n t r a t i o n s  (1 ag /ml)  c o n t r a r y  to  
m a m m a l i a n  cells wh ich  are of ten  cons idered  as i n t a c t  
ones3, 4, or a f fec ted  b y  h i g h  doses (100 ~xg/ml) 1,~,~,~. 
Toxic i ty  of r i f ampic in  for m a m m a l i a n  cells has  been  
descr ibed  b y  BERGAMINI and  FOWST 7 as ve ry  low. 
A n t i v i r a l  8 and  a n t i t u m o r  ac t ions  9 of r i f ampic in  are  
p r o m i n i n g ;  never the less  i ts  t e r a togen ic  effect  is also to  be  
b o r n  in m i n d  ~. 

Our  i nves t i ga t i ons  are focussed on the  s t u d y  of the  
ac t ion  of h ighe r  concen t r a t i ons  of r i f ampic in  (from 75 vg/ 
ml) on  cel lular  m o r p h o l o g y  a n d  physiology,  c la r i fy ing  
f i rs t ly  the  thes i s  t h a t  in  m a m m a l i a n  cells a r i f ampic in  
b lockade  of R N A  syn thes i s  is no t  involved ,  and secondly  
t he  thes is  on  r i f ampic in  ac t ion  on t he  ch romos o ma l  
compos i t i on  of m a m m a l i a n  cells. Fo r  these  exper imen t s ,  
H E p - 2  and  H e L a  cell l ines  of h u m a n  or igin were used 1~ 

Mic roc inema tog raph i ca l  s h o r t - t i m e  e x a m i n a t i o n  of 
H E p - 2  cells showed a s l igh t  i n h i b i t i n g  effect of r i f ampic in  
a t  78 ~xg per  ml  concen t r a t ion ,  ref lected in specific 
revers ib le  a l t e rna t i ons  in  size and  s t r u c t u r e  of the  nucleoli .  

The  nucleol i  wh ich  are of p r e d o m i n a n t  i n t e r e s t  p l ay  a 
s ign i f ican t  role in cel lular  divis ion,  in  t h e  syn thes i s  of 
R N A  an d  p ro te ins  11; t h e i r  phys io logica l  s t a t e  is ref lec ted  
in cell morphology .  V a r i ab i l i t y  occur r ing  in t he i r  s t ruc ture ,  
n u mb e r ,  size, a n d  cons i s tency  is an  eva luab le  c r i te r ion  of 
e x p e r i m e n t a l  a f fec ta t ion  1~, 13. U n d e r  our  condi t ions ,  the  
changes  were de tec ted  even  d u r i n g  t h e  course of the  f i rs t  
hour .  Most  r e m a r k a b l e  was t h e  occurrence  of cen t r ic  
c lear ing of t h e  nucleol i  (Figure 1). However ,  t h e  cells 
c o n t i n u e d  to d iv ide  a n d  no  s ign i f ican t  degene ra t ive  changes  
were observed.  Af te r  t h e  a d d i t i o n  of 10 vo lume  po r t ions  
of calf se rum to  the  s y n t h e t i c  c u l t i v a t i o n  m e d i u m  IJSOL 24 
ins t ead  of 5, t h e  ac t ion  of r i f ampic in  was clear ly e l imina t ed  
(Figure 2). 

Fig. 1. Dynamics of the changes of nucleoli ill HEp-2 cells (synthetic 
medium I]SOL+ 5 % of calf serum, 78 ~g/ml rifampicin) observed by 
microcinematographie technique. Time course of the evolution of 
centrie clearing of nucleoli is shown. 

Fig. 2. H]Ep-2 cells (synthetic medium I~SOL+10% of calf serum, 
78 ~g/ml rifampicin) observed by mierocinematographie technique. 
The course of mitotic division of 1 cell is demonstrated. 
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Effect of rifampicin (Lepetit Milano) on the chromosomal composition of stabilized cell line HEp-2 
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Determination Control Rifampicin (RFP) Statistically significant 
(K) (150 ~g/ml) difference (p) 

Modal chromosome number  (n 115) 

Average chromosome number  X~Sx (n ~ 115) 

Cells having 70 chromosomes in the set 

Number of chromosomal arms in the set 
~ Sx (n = 26) 

Type of chromosomes occurring ill the set 
most often 

Statistically significant difference between 
K and RFP cells in representation of 
chromosomal type 

Cells with numerical aberrations (n = 200) 

Number of structural aberrations 

Chromosome aberrations (%) 

70 70 0 

70.29 ~ 0.44 70.02 4- 0.37 0 

24 (=  21%) 24 (~  21%) 0 

126.46 =L 0.12 131.92 ~- 0.17 <0.01 

Snbmetacentrics (l/a) Submetaeentries (a/a) 0 

Acrocentrics + teIoeentrics Acrocentries + teloeentrics < 0.05 

2 Polyploid (=  1%) 2 Polyploid (-- 1%) 0 

16 38 0 

1.45 (n = 1098 chromosomes) 3.47 (n -- 1094 chromosomes) 0 

Both the nucleolar index (number of the nucleoli in the 
nucleus) and the mitotic activity (evaluation by mitotic 
index calculated from a set of I000 cells) determined at 
HEp-2 cell line (occurring in the logarithmic phase of 
growth) after 6, 12 and 24 h cultivation of the cells in the 
medium containing 150 [zg/ml rifampicin, confirmed an 
inhibition of the antibiotic mentioned. The use of de- 
monstrated concentration prolonged the course of pre- 
synthetic G I phase and slowed clown the beginning of the 
S-phase of the cellular cycle. It is known that the nuclei 
containing a high amount of nucleoli, are characteristic 
for the G1-phase, and that, in a sense of S- and G2-phases, 
the nucleolar index is of decreasing value i~, is, 15. After 12 
and 24 h, this index was found to be statistically higher 
in the culture administered with rifampicin, as compared 

w i t h  t h e  n o n - a f f e c t e d  c o n t r o l  s a m p l e  ( e spec i a l l y  in  t h e  
n u c l e i  w i t h  3 - 4  n u c l e o l i  e x a m i n e d  a f t e r  a 12 h i n t e r v a l ) .  
E l o n g a t i o n  of  t h e  s t a t e  of  t h e  cel ls  in  p r e - s y n t h e t i c  p h a s e  
n e c e s s a r i l y  l e a d s  to  a d e l a y e d  b e g i n n i n g  of c e l l u l a r  d iv i -  
s i o n ;  e v i d e n c e  m a y  be  f o u n d  in  t h e  low m i t o t i c  i n d e x  
w h i c h  is m o s t  r e m a r k a b l e  in  t h e  p e r i o d  f r o m  12 to  24 h 
of  t h e  c u l t i v a t i o n  w i t h  r i f a m p i c i n  (MIe = 120, MIl~if = 20). 

T h e  m o r p h o l o g i c a l  c h a r a c t e r i s t i c s  p r e s e n t e d  ( q u a n t i -  
t a t i v e  a n d  q u a l i t a t i v e ) ,  d e m o n s t r a t i n g  r i f a m p i c i n  b l o c k a d e  
of  t h e  R N A  s y n t h e s i s  in  h u m a n  cel ls  c u l t i v a t e d  in  v i t r o ,  
we re  c o n f i r m e d  b y  a u t o r a d i o g r a p h y .  D u r i n g  a 24 h 
p e r i o d  (2, 6, 12, a n d  24 h),  t h e  R N A  s y n t h e s i s  o b s e r v e d  in  
H e L a  cel ls  a f t e r  a p p l i c a t i o n  of 150 txg/ml r i f a m p i c i n  b y  
m e a n s  of  3 H - u r i d i n e  i n c o r p o r a t i o n  w a s  i n h i b i t e d  10 
( F i g u r e  3). E v e n  t h o u g h  t h e  m e c h a n i s m  of  r i f a m p i c i n  
i n h i b i t i o n  of  R N A  s y n t h e s i s  in  H e L a  cel ls  c o u l d  n o t  b e  
c l e a r l y  e l u c i d a t e d  b y  a u t o r a d i o g r a p h i c  t e c h n i q u e ,  we  m a y  
s u p p o s e  t h a t  t h e  i n h i b i t i o n  of  D N A - d e p e n d e n t  R N A  
p o l y m e r a s e  occu r s .  

T h e  c h r o m o s o m e  n u m b e r  of  t h e  H E p - 2  cel ls  (Tab le )  w a s  
s t a t i s t i c a l l y  u n c h a n g e d  a f t e r  a 24 h a p p l i c a t i o n  of  

Fig. 3. Incorporation of 3H-uridine into HeLa cells. Cells were pre- 
incubated for 12(~), 6(b), or 2(~ h in rifampicin-containing medium 
(150 ~g/ml), pulse labelled by 8H-uridine (30 min o.3 [xCi per ml, 
spec. activity 14.2 Ci/M) and chased for 6 h in the medium with non- 
active uridine. In the samples (a, b, c), radio-activity of SH-RNA is 
remarkably lower, as compared with the controls (d). 
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150 ~g/ml r i fampic in ;  only minor  i n t e rka ryo type  re- 
d i s t r ibu t ion  concerning f rom akro- to  te locent r ic  chromo-  
somes occurs. No induc t ion  of numer ica l  o r  s t ruc tura l  
aber ra t ions  af ter  r i fampic in  t r e a t m e n t  was found.  Some 
results  were ob ta ined  in our earlier expe r imen t s  dealing 
wi th  long cul t iva t ion  (140 days) of H e L a  cells w i th  
r i fampic in  (150 btg/ml)16. In  agreement  w i th  them,  the  
results  p resen ted  1. indicate  the  poss ibi l i ty  of cell cult iva-  
t ion (human ma l ignan t  s tabi l ized lines) even in media  
wi th  a h igh con ten t  of r i fampic in  (150 ~g/ml);  th is  
c i rcumstance  m a y  be of great  impor t ance  for virologists  
because a set  of viruses m a y  be to ta l ly  inh ib i t ed  by  
r i fampic in  a t  a concen t ra t ion  of 100 ~tg per  mD, S; 
2. focus a t t en t ion  on tile possible  p ro tec t ive  effect  of calf 
serum of h igher  concen t ra t ions ;  3. conf i rm t h a t  in mam-  
mal ian  cells chromosomal  aber ra t ions  are not  induced by  
even high concen t ra t ions  of r i fampic in ;  4. con t r ibu te  to 
the  e lucidat ion of r i fampic in  act ion on the  m a m m a l i a n  
cell by  the  observa t ion  t h a t  the  R N A  synthes is  is in- 
hibi ted.  

Zusammen/assung. Nachweis,  dass Ri fampic in  (Lepeti t ,  
Milano) als hochwirksames  An t ib io t ikum im HEp-2 -  und  
HeLa-Zel lversuch  Viren in Ausbre i tung  und  En twick lung  
we i tgehend  zu h e m m e n  vermag.  Chromosomenaber ra -  
t ionen  wurden  keine beobach te t ,  h ingegen wird  die RNA-  
Synthese  gehemmt .  
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Mutagenicity and Infertility Following Administration of Lead Sub-Acetate to Swiss  Male Mice 

Of all t he  h e a v y  meta l s  t h a t  c o n t a m i n a t e  t he  envi ron-  
m e n t  and pose a po ten t i a l  haza rd  to  publ ic  heal th ,  lead 
appears  to be of ma jor  concern.  I t  is a metabol ic  poison, 
inhib i t s  the  fo rma t ion  of hemoglobin  by  in te rac t ing  wi th-  
SH group, and interferes  w i th  o ther  enzymat i c  processes.  

Man re ta ins  app rox ima te ly  200 to  400 b~g/day of lead *. 
In  the  U.S.,  t he  ma in  concen t ra t ion  of lead has been 
e s t ima ted  to  be 0.25 mg /kg<  Concen t ra t ion  of lead in 
blood excess of 0.8 mg/kg  causes lead poisoning a. In  
children,  s y m p t o m s  of men ta l  re ta rda t ion ,  cerebral  
a t r o p h y  4 and bra in  damage,  due to changes  in the  gray 
and whi te  m a t t e r  5 have  been a t t r i b u t e d  to lead. W o m e n  
exposed to lead have  3 t imes  more  abor t ions  t h a n  those  
no t  exposed  6. Tumors  of t he  k idney  were induced  in ra t s  
following chronic admin i s t r a t i on  of lead in the i r  d r ink ing  
wa te rL  Very  l i t t le  is k n o w n  abou t  the  genet ic  damag e  
which  is caused by  lead. Genet ic  effects are i m p o r t a n t  
because these  m a y  be l a t en t  for several  genera t ions  and in 

addi t ion ,  the  damage  m a y  be p e r m a n e n t .  The presen t  
s tudy  was unde r t aken  to  de t e rmine  mutagen ic i ty  following 
ingest ion of lead. 

14 Swiss male  mice (Charles River  Breeding Labs,  
Wi lmington ,  Mass.), 8 weeks old, were fed 2% aqueous  
solut ion of lead sub-ace ta te  in d r ink ing  wa te r  for 28 days  ; 
5 add i t iona l  male  mice d rank  t ap  wa te r  and  served as 
concur ren t  controls.  Dur ing  the  t r e a t m e n t  period,  the i r  
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Incidence of mutagenieity and infertility following exposure to 2% lead sub-acetate orally to Swiss male mice 

Group 1 2 3 4 5 6 Overal 

No. of females exposed T 39 39 38 37 39 33 225 
C 12 12 12 12 12 12 72 

No. of pregnant T 9 9 11 12 8 t3 62 
C 2 7 6 11 3 9 38 

Percent pregnant T 23.0 23.0 28.2 32.4 20.5 39.4 27.6 
C 16.6 58.3 50.0 91.6 24.9 75.0 52.7 

No. early embryonic deaths T 1 1 9 3 0 13 
C 1 2 0 1 0 2 

No. of total implants T 57 72 96 119 72 125 a 541 
C 12 61 54 101 27 81 336 

No. of total implants/pregnancy T 6.3 8.0 8.7 9.9 8.0 9.6 8.7 
C 6.0 8.71 9.0 9.18 9.0 9.0 8.8 

Mutagenicity Index c T 1.75 1.39 9.4 a 2.5 0 10.4 b 
C 8.34 1.64 0 0.99 0 2.98 

T, treated group; C, control group, aX= = 5.38 (P ~ 0.01). b Z~ = 10.4 (P >-- 0.05). c Mutagenicity Index = (No. of early fetal deaths/Total 
implants) - 100. a Includes t late embryonic death. 


