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Multiplication of Mycobacterium leprae in hairless mice 
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Strain of mouse Route of inoculation No. of bacilli inoculated No. of bacilli harvested 

Hairless Footpad 

Hairless Subcutaneous 

Hairless Intravenous 

NIH Footpad 

1.0 • 104 7.0 -~ 1.0 • 106/footpad 

1.0 • 107 Skin: negative 
Footpad : negative 
Spleen : negative 

1.0 • 10 ~ Skin: negative 
Spleen : negative 
Footpad: negative 

1.0 • 104 5.3• • 106/footpad 

infect ion ~. This  has been a t t r i b u t e d  to  the  induced  
def iciency of i m m u n e  response  in the  hos t  animals.  The 
n ine -banded  armadil lo  is the  only species in which  a t  least  
some of the  animals  have  been shown to  be na tu ra l ly  
suscept ible  to  the  sys temic  form of leprosy% Hair less  
(nude) mice are character ized  by  hypop las t i c  t h y m u s  
glands and  a consequen t  deple t ion  of T - lymphocy t e s  7,s. 
Congeni ta l ly  a t hymic  (nude) mice have  been  found  to  
accept  for the i r  l i fe- t ime skin graf ts  f rom d i s t an t ly  
re la ted  animals  species including m a n  9, d e m o n s t r a t i n g  an 
i m p a i r m e n t  of t h y m u s - d e p e n d e n t  i m m u n i t y  in these  mice. 

Methods. To s t u d y  whe the r  there  would be increased 
mul t ip l ica t ion  of M. leprae in hairless mice, the  animals  
were inocula ted  in the  foo tpads  as well as i.v. and  s.c. 
wi th  suspensions of viable bacilli. The nude  mice were 
offspring he terozygotes  (brown, black and n o n p i g m e n t e d  
strains),  ob ta ined  f rom the  Jackson  Labora tory ,  Bar  
Harbor ,  Maine, USA.  The suspension of M. leprae was 
p repared  f rom skin biopsies of l epromatous  pa t ien ts .  To 
tes t  the  viabi l i ty  of the  organisms,  the  bacilli  were in- 
oculated into the  foo tpads  of an N I H  s t ra in  of Swiss 
mice. 2 expe r imen t s  were comple ted  using 30 hairless 
mice and  20 N I H  mice. 6 m o n t h s  af ter  inoculat ion,  the  
animals  were sacrificed and the i r  foo tpads  as well as skin 
and spleen t issues were examined,  and the  organisms 
presen t  were enumera ted .  (In autopsies  of l ep romatous  
pa t ien ts ,  we have  de tec ted  greater  number s  of leprosy 
bacill i  in the  spleen t h a n  in o ther  in te rna l  organs.) 
Several  of the  hairless mice died in the  course of the  
expe r imen t ;  however ,  a n u m b e r  of animals  survived for 
more  t h a n  6 months .  The life span  of t he  nude  mouse  is 
a p p r o x i m a t e l y  7 m o n t h s  1~ The mice t h a t  died were 
also examined  for any  evidence of bacter ia l  mul t ip l ica t ion.  

Results and discussion. Typical  results  p resen ted  in the  
Table show t h a t  there  is no s ignif icant  increase in 
prol i fera t ion of M. leprae in hairless mice as compared  to  
' normal '  mice. Despi te  the i r  p roven  T-cell deficiency s, 

the  nude  mice do no t  p ro mo t e  general ized infect ion wi th  
M. leprae. I m m u n e  def iciency disorders  are usually accom- 
pan ied  by  higll incidence of mal ignancies .  However ,  
RYGAARD and POVLSEN 10 found  t h a t  hairless mice do no t  
develop spon taneous  tumors .  These au thors  propose  a 
t h i rd  (as ye t  unknown)  express ion of immunologica l  
survei l lance in nude  mice, separa te  f rom ce l l -media ted  
and  humora l  immuni ty .  Our observa t ions  suggest  t h a t  
def ic ient  T - l y m p h o c y t e  funct ion  alone migh t  no t  provide  
a sa t i s fac tory  exp lana t ion  for excessive suscept ib i l i ty  to  
leprosy.  

Zusammenfassung. Die Ver lnehrung  und  Ausbre i tung  
yon  Mycobacterium leprae in e inem haar losen MXusestamm 
wurde  un te rsuch t .  Trotz  Fehlen  der  T - L y m p h o c y t e n  
(zellul~ire Immuni t i i t )  wurden  gleiche Resu l t a t e  wie be im 
M~uses tamm mi t  T-Lymphocyten-Akt iv i t~ i t  erzielt. 
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D o e s  2 , 4 - D  I n d u c e  M i t o t i c  I r r e g u l a r i t i e s  in  P l a n t  T i s s u e  C u l t u r e s ?  

An exogenous g rowth  regula tor  is required for in i t ia t ion  
and ma in t enance  of p l an t  t issue cul tures;  2 ,4 -D  is, 
perhaps ,  the  mos t  common ly  used chemical  for th is  
purpose.  I t  induces bo th  mi to t ic  and meiot ic  irregulari t ies 
in vivo in a n u m b e r  of p l an t  species 1-3. Earl ier  repor t s  
suggested t h a t  exogenous 2, 4 -D  induces mi to t ic  irregular-  
ities in p lan t  t issue cul tures 4,~. Recen t ly  BAYLISS 6 con- 
c luded t h a t  2, 4 -D  induces anaphase  anomal ies  in car ro t  

I j .  UNRAU and A. N. LARTER, Can. J. Dot. 30, 22 (1952). 
B. H. CROCKER, Dot. Gaz. 714, 274 (1953). 

a Z. SHOjI, Y. ODA a n d  Y. MATSURA, L a  Chrolnosolno  45-d6, 1531 
(1960). 

4 G. ~ELCIIERS and L. BERGMANN, Ber. dt. bot. Ges. 71,459 (1959). 
Z. B. SHAMINA, Proe. SyInp. on the I~{utational Process. Mechanism 
of Mutation and Inducing Factors (Ed. Z. LANDA; Academia, 
Prague 1966), p. 377. 

6 W. M. BAYLISS, Nature, Lond. 246, 529 (1973). 
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(Daucus carota L.)  cel l  s u s p e n s i o n  c u l t u r e s .  H o w e v e r ,  in  
t h e i r  s t u d i e s  o n l y  o n e  c o n c e n t r a t i o n  of  2, 4-13, w a s  u s e d  
a n d  t h e r e f o r e ,  a p r o p e r  c o m p a r i s o n  w a s  n o t  pos s ib l e .  
E f f e c t s  of  d i f f e r e n t  c o n c e n t r a t i o n s  of  2 , 4 - D  o n  m i t o t i c  
a b n o r m a l i t i e s "  in  s u s p e n s i o n  c u l t u r e s  of  Vicia  hajastana 
G r o s s h .  (n  = 5 )  a n d  H apl opappus  gracilis ( N u t t . )  G r a y  
(n  = 2) a r e  r e p o r t e d  here .  S e l e c t i o n  fo r  d i p l o i d  cel ls  h a s  
b e e n  r e p o r t e d  in  b o t h  Vicia ~ a n d  Haplopappus  8 s u s p e n s i o n  
c u l t u r e s  m a i n t a i n e d  in  13 5 m e d i u m  9 c o n t a i n i n g  1 ~ g / m l  
2, 4 - D .  

Cel l s  f r o m  V. ha~astana a n d  H. gracilis s u s p e n s i o n  
c u l t u r e s  m a i n t a i n e d  in  135 m e d i u m  w i t h  1 ~ g ] m l  a n d  
0.5 txg/ml  2, 4--D, r e s p e c t i v e l y ,  w e r e  t r a n s f e r r e d  t o  m e d i a  
c o n t a i n i n g  d i f f e r e n t  c o n c e n t r a t i o n s  of  2, 4 -1 )  ( T a b l e s  I a n d  
I I ) .  A n a p h a s e  a n a l y s e s  f r o m  b o t h  t h e  s p e c i e s  s h o w e d  a 
n u m b e r  Of a b n o r m a l i t i e s .  T h e  c o n c e n t r a t i o n  of  2, 4 - I )  in  
t h e  c u l t u r e  m e d i u m  h a d  a m a r k e d  e f f ec t  o n  t h e  f r e q u e n c y  
of  a b n o r m a l  a n a p h a s e  c o n f i g u r a t i o n s ,  i .e. t h e  h i g h e r  t h e  

c o n c e n t r a t i o n  t h e  l ower  t h e  f r e q u e n c y .  T h i s  r e l a t i o n s h i p  
e x i s t e d  b e c a u s e  t h e  f r e q u e n c y  of  a n a p h a s e  b r i d g e s ,  in -  
c l u d i n g  i n t e r l o c k i n g  in  t h e  c a s e  of  Vicia, s h o w e d  a s t r o n g  
n e g a t i v e  a s s o c i a t i o n  w i t h  t h e  2, 4--D c o n c e n t r a t i o n .  I n  t h e  
c a s e  o f  Vicia, t h e  f r e q u e n c y  of  d i c e n t r i c  c h r o m o s o m e s  a t  
m e t a p h a s e  a l so  s h o w e d  a s i m i l a r  t r e n d .  H o w e v e r ,  n o  
d i c e n t r i c  c h r o m o s o m e s  w e r e  o b s e r v e d  a t  m e t a p a h s e  in  t h e  

Table I. Frequencies (%) of various anaphase configurations (average 
of 2 cultures) in suspension cultures of Vicia ha~astana (4 days) 

Description 2, 4-D concentration (~g/ml) 

0.1 1.0 10.0 

Normal 29.0 46.6 71.2 
Fragment  3.0 0.9 1.4 
Bridge 51.1 43.4 21.6 
Bridge + fragment 2.6 1.8 0.7 
Bridge + laggard 1.3 0.9 0.7 
Laggard 0.9 0.9 --  
Interlocking 12.1 5.4 4.3 

Number of cells observed 231 221 239 

The cultures were kept in a room with constant temperature (27- 
28 ~ and continuous light (2,000 lux) and subcultured every 3 days. 
Cytological techniques were those of SINGH et aLL 2 subcultures 
were maintained on each 2,4-D concentration. The results from the 
2 cultures agreed closely, hence only averages are presented. 

Table II. Frequencies (%) of various anaphase configurations in 
H. gracilis suspension cultures (4 days) 

Description 2, 4-D concentration (l.tg/ml) 

0.1 0.5 1.0 5.0 

Normal 84.0 86.8 88.4 92.6 
Bridge 15.1 12.4 10.3 6.5 
Bridge + fragment --  --  - -  0.5 
Bridge + laggard 0.5 --  0.4 - -  
Fragment  0.5 0.9 0.9 --  
Unequal distribution 

of chromatids -- - -  --  0.5 

Number  of cells observed 212 234 224 217 

The cultures were subcultured every 2 days. Only 1 culture was 
maintained on each of the 2,4-D concentrations. Anaphase analyses 
after 90 days in culture presented a similar trend. 

s u s p e n s i o n  c u l t u r e s  of  H. gracilis. T h e  a n a p h a s e  b r i d g e s  
in  H. gracilis w e r e  m o s t  l i ke ly  p r o d u c e d  b y  b r e a k a g e -  
f u s i o n - b r i d g e  cyc l e  1~ A p p a r e n t l y  2 ,4 - -D r e d u c e d  t h e  
c h a n c e s  of r e u n i o n  of  d a m a g e d  c h r o m o s o m e  e n d s ,  p r o b a b l y  
b y  s t a b i l i z i n g  t h e m  in  s o m e  w a y .  F o r m a t i o n  of  c o m p l e x e s  
b e t w e e n  2 , 4 - D  a n d  h i s t o r i e s  h a s  b e e n  o b s e r v e d  d u r i n g  
c a l l u s  i n i t i a t i o n  in  p e a s  11-18. T h e  t w o  p h e n o m e n a  m a y  b e  
r e l a t e d  in  s o m e  w a y ,  w h i c h  n e e d s  f u r t h e r  i n v e s t i g a t i o n .  

T h e  p r e s e n t  f i n d i n g s  a r e  a t  v a r i a n c e  w i t h  t h e  ea r l i e r  
reports 4-6. MELCHERS and BERGMANN 4 observed various 
mitotic abnormalities after replacing naphthaleneacetic 
acid (NAA) with 2, 4-D. They did not maintain a control 
in the NAA medium. The age of the culture may be a 
potent factor, as in some cases abnormalities appear only 
after a period of in vitro culture 24, 25. SHAMINA 5 studying 
H, gracilis calli, used 1 ~g/ml NAA and 0.5 ~g/ml 2, 4-D. 
The differential response to the 2 growth regulators could 
have been due to the differences in their concentrations t~. 
BAYLISS ~ compared the frequencies of anaphase anomalies 
in carrot suspension cultures in MS medium 27 containing 
0.1 t~g/ml 2, 4-D with those in differentiating cultures (in 
absence of 2, 4-1)) and in root tips. Such a comparison, 
however, has a limited validity since root tips and dif- 
ferentiating cultures differ from cell suspension cultures 
with respect to a number of factors other than 2, 4-D, e.g., 
organized versus unorganized growth, undifferentiated 
state compared to various degrees of differentiation, 
occurrence of endoreduplication etc. The differentiation- 
division cycle imposed by subculturing of plant tissue 
cultures may be an important factor in this regard. Fur- 
thermore, the suggestion by BAYLISS 6 that 2, 4-D induces 
mitotic abnormalities was based on the fact that it pro- 
duces mitotic aberrations in root tip cells when used in 
high concentrations (50 ~g/ml and above) 2-3,1s. It 
should be noted that these concentrations are too high 
compared with those generally used in plant tissue cultures 
(0.i to 2 ~g/ml), and root tips and tissue cultures also 
differ physiologically, at least with respect to the hormonal 
balance. These factors may be important in determining 
t h e  c y t o g e n e t i c  e f f ec t s  of  2, 4-1)  on  p l a n t  cells.  T h e  i d ea l  
c o m p a r i s o n  w o u l d  b e  b e t w e e n  t i s s u e  c u l t u r e s  m a i n t a i n e d  
o n  2, 4 - D  w i t h  t h o s e  c u l t u r e d  w i t h o u t  a n y  g r o w t h  r e g u l a -  
to r .  S ince  i n i t i a t i o n  a n d  m a i n t e n a n c e  of  p l a n t  t i s s u e  cul -  
t u r e s  is n o t  p o s s i b l e  w i t h o u t  a g r o w t h  r e g u l a t o r ,  a s t u d y  
of  a n u m b e r  of  2, 4 - D  c o n c e n t r a t i o n s  w o u l d  be  t h e  n e x t  
b e s t  a l t e r n a t i v e .  T h e  p r e s e n t  r e s u l t s  s h o w  t h a t  2, 4 - D  
d o e s  n o t  i n d u c e  m i t o t i c  i r r e g u l a r i t i e s  in  p l a n t  t i s s u e  
c u l t u r e s .  I n  f ac t ,  t h e  h i g h e r  t h e  c o n c e n t r a t i o n  of  2, 4 - D  
in  t h e  c u l t u r e  m e d i u m  t h e  l o w e r  t h e  f r e q u e n c y  of m i t o t i c  
i r r e g u l a r i t i e s .  
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Summary. Suspension cul tures  of Vicia ha~astana and  
Haplopappus gracilis were ma in t a ined  in 135 m e d i u m  
conta in ing  0.1, 1.0 and  10.0, and 0.1, 0.5, 1.0 and  5.0 [zg/ml 
2 ,4-D,  respect ive ly .  Anaphase  analyses  showed t h a t  t he  

f requency  of anomalies,  especial ly bridges,  was nega t ive ly  
associated wi th  t he  2, 4 -D  concent ra t ion .  

B. D. SINGH19 and  ]3. L. HARVEY 

19 The present study was conducted at Crop Science Department, 
University of Saskatchewan, Saskatoon, Canada. I am thankful 
to Dr. C. LEHMAN, Gatersleben, and Dr. T. ERIKSSON, Uppsala, 
for the gift of Vicia seeds and Haplopappus cultures, respectively. 

Department of Genetics and Plant Breeding, 
Faculty o/ A griculture, Banaras Hindu University, 
Varanasi 221005 (India), and Crop Science Department, 
University o/Saskatchewan 
Saskatoon (Canada), 17 February 7975. 

Effect of Excision Repair System on Antibacterial and Mutagenic Activity of Daunomycin  
and Other Intercalating Agents in Salmonella typhimurium 

Anthracyc l ine  ant ib iot ics  and  acridine dyes  are known  
to in te rac t  w i th  D N A  as in terca la t ing  agents ,  t h e r e b y  
d isp laying ant ibacter ia l ,  a n t i t u m o r  and f ramesh i f t  mu-  
tagenic  ac t iv i ty  t-5. I t  has  been claimed t h a t  these  act ivi-  
t ies are enhanced  if the  heterocycl ic  r ing is subs t i t u t ed  by  
di f ferent  chemical  react ive  groups, which allow the  forma-  
t ion of cova len t  bonds  be tween  D N A  and the  in te rca la t ing  
polycyclic r ing 6-8. I t  has  also been supposed  t h a t  t he  
excision repair  sys t em possesses di f ferent  capabi l i ty  to  
repair  D N A  molecules damaged  by  simple or reac t ive  
in terca la tors  8. 

D a u n o m y c i n  and  adr iamycin ,  two an thracyc l ine  ant i -  
biotics,  in te rac t  w i th  DNA by  simple in tercala t ion,  bu t  
the  aminosugar  residues seem to be i m p o r t a n t  for the  
s tabi l iza t ion  of the  complex  and for the  biological effects 
of the  subs tances  ~ 4 

In  the  p resen t  pape r  we describe the  an t ibac te r ia l  and  
mutagenic  effect  of daunomycin ,  adr iamycin ,  and  var ious  
acridine dyes  on isogenic s t ra ins  of Salmonella typhimurium 
with  a normal  or defect ive excision repair  sys tem.  

Daunomyc in  and adr iamyc in  were f rom Farmi ta l i a ,  
acr idine orange and e th id ium bromide  f rom Sigma, and  
2, 8-diamino-10-Inethyl-acr idine f rom K & K. 
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Antibacterial activity of various intercalating agents on Salmonella 
typhimurium strain TA1978 uvr + (0) and strain TA1538 uvrB (o). 
Diameters of zone of inhibition were measured as described in the 
text. A) dauimmycin; B) adriamycin; C) acridine orange; D) 2,8- 
diamino-10-methyl-acridine; E) ethidium bromide. 

Salmonella typhimurium s t ra in  TA1538 and  TA1978 
received f rom B.N.  Ames  were used. B o t h  s t ra ins  have  
the  his D3052 f ramesh i f t  muta t ion% and a m u t a t i o n  
conferr ing the  deep rough  character ,  which  makes  the  
bacter ia  much  more  permeable ,  and  hence  sensi t ive to  
mutagens  8. The two s t ra ins  differ in the i r  abi l i ty  to repa i r  
damaged  DNA, as TA1538 has a delet ion t h ro u g h  the  
uvrB gene, while TA1978 has a normal  excision repa i r  
sys tem s 

For  the  an t ibac te r ia l  test ,  50 ~xl of appropr i a t e  di lut ions 
of subs tances  were p i p e t t e d  in 6 m m  holes cut  into pour  
pla tes  wi th  a lawn of bacter ia .  Minimal  agar  w i th  addi t ion  
of h is t id ine  1 m M  and  biot ine  5 ~xM was used. The pla tes  
were t h e n  placed in a 37~ incuba tor  for 24 h and  the  
zone of killing measured .  

For  tes t ing  of mutagens ,  the  m e t h o d  descr ibed by  
AMES et al.8 was followed. Briefly, 2 ml of mol ten  soft  
agar, conta in ing  0.05 m M  his t id ine  and 0.05 m M  biotine,  
were mixed  wi th  appropr i a t e  amo u n t s  of chemicals  and  
wi th  0.1 ml of an ove rn igh t  cul ture  of the  tes te r  bacter ia ,  
and poured  onto the  surface of a min imal  agar  p la te  wi th  
Vogel -Bonner  E medium.  P la tes  were incuba ted  at  37~ 
for 2 days,  af ter  which  the  n u m b e r  of r e v e r t a n t  colonies 
was counted.  

The Figure shows the  an t ibac te r ia l  effect  of dauno-  
mycin,  adr iamycin ,  acridine orange,  e th id ium bromide  
and 2, 8-d iamino-10-methyl -acr id ine  or[ Salmonella typhi- 
murium with  and  w i t h o u t  excision repair  system.  I t  is 
ev ident  t h a t  s t ra in  TA1538, which  lacks the  p roduc t  of 
uvrB gene, is m u c h  more  sensi t ive to daunomyc in  and  
adr iamyc in  t h a t  s t ra in  TA 1978, which has  a normal  repa i r  
system.  In  cont ras t ,  the  3 acridine dyes  do not  show any  
different ia l  effect  on the  2 strains.  

W h e n  t e s t ed  for inutagenic  ac t iv i ty  in amo u n t s  ranging  
f rom 1 to  1000 ~tg acr idine orange,  2, 8-diamino-10-methyl-  
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