
strong DTH react ions  in the control  and of the absence of any significant changes in the ce l lu lar  and t i ssue  
dynamics during wound t r ea tmen t  with PHA. Posi t ive  changes in the ce l lu la r  and t i ssue dynamics took place 
in animals with a weak DTH af te r  application of PHA emulsion ointment.  Judging f rom data in the l i t e ra tu re ,  
some workers  have at tempted to extend the prac t ice  of wound t r ea tmen t  with PHA under clinical conditions [7]. 
In this connection it  mus t  be emphas ized  that the in t radermal  t e s t  for  PHA mus t  be c a r r i e d  out for  diagnostic 
(the s ta te  of ce l lu la r  immunity) and also,  possibly,  for  prognost ic  (the course  of wound healing in the pos t -  
opera t ive  periods)  purposes .  T rea tmen t  of wounds with the PHA prepara t ion  is indicated if the in t radermal  
t e s t  is negative o r  weakly posi t ive.  
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Res is tance  of mammal ian  somatic  cel ls  to antitubulins and, in par t icu lar ,  to colchicine and colcemid 
a r i s e s  as a rule  as a resu l t  of changes in permeabi l i ty  of the cel l  plasma membrane ,  leading to a dec rease  
in accumulat ion of the mi tos ta t ics  [3, 6, 9]. An in teres t ing fea ture  of these  m e m b r a n e  changes is the i r  unstable 
inher i tance  in a s e r i e s  of cel l  generat ions  when the cel ls  a re  cultured under nonselect ive conditions [1, 2, 9]. 
It has accordingly been suggested that such changes in membrane  permeabi l i ty  may  a r i s e  not as a resu l t  of 
gene mutat ions,  but because of o ther  genetic changes [1, 2, 9]. 

The p resen t  investigation was devoted to the descr ip t ion of a new subline of mouse  cel ls  r es i s t an t  to 
colchic ine. 

E X P E R I M E N T A L  M E T H O D  

Mouse cel ls  of l ines L [5] and B-82,  a subline of L cel ls  deficient  in thymidine kinase [8], were  used. 
The cel ls  were  cul tured in medium containing 45% Eag le ' s  medium, 45% lactalbumin hydrolysate ,  10% bovine 
se rum,  and 100 i .u . /ml  monomycin.  

Labora to ry  of Cytogenetics ,  Oncologtc Scientific C enter ,  Academy of Medical Sciences  of the USSR, 
Moscow. (Presen ted  by Academician of the Academy of Medical Sciences of the USSR N. A. Kraevskii . )  
T rans l a t ed  f rom Byulleten T t~ksperhnentalrnoi Biologii i Meditsiny, Vol. 91, No. 6, pp. 736-738, June, 1981. 
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Fig.  1. Survival  r a t e  of  B-82 (1) and B-82 CHR-9 (2) 
ce l l s  during t r e a t m e n t  with different  concentra t ions  of 
colchicine.  Absc i s sa ,  colchicine concentra t ion  (in 
~g /ml ) ;  ordinate ,  f rac t ion  of ce l l s  capable  of  fo rming  
colonies in se lec t ive  medium.  E a c h  point co r r e sponds  
to mean  data obtained in one expe r imen t  when number  
of  colonies was counted on t h r ee  dishes .  

Fig.  2. Accumula t ion  of 3H-colchicine by B-82 (1) and 
B-82cHCHR-9  (2) ce i l s  incubated for  different  t imes  
with the p repa ra t ion .  A b s c i s s a ,  t ime  of incubation of 
ce l l s  with 3H-colchicine (in h); ordinate ,  rad ioac t iv i ty  
in cel ls  (in thousands of cpm).  Each  point co r re sponds  
to one f lask .  

The new line, cal led B-82 CHR-9 , was obtained by mul t i s t age  se lec t ion during cul ture  of B-82 cel ls  in 
med ium with inc reas ing  concent ra t ions  of colchicine {from Merck ,  West Germany)  and Tween-80 (from 
Lawson,  England).  When 3.5 months  had e lapsed a f t e r  the beginning of obtaining the r e s i s t a n t  subline,  cel ls  
capable  of  propagat ion in med ium with 0.03 # g / m l  colchicine and 0.01% Tween-80 were  t r e a t ed  for  18 h with 
0.3 m g / m l  of e thylmethanesulfonate  ( f rom Sigma,  12SA) and, a f t e r  7 days,  they were  t r a n s f e r r e d  to med ium 
containing 0.1 # g / m l  colcbicine and 0.02% Tween-80 .  About 2 weeks l a t e r ,  colonies appeared  with a f requency  
of  about 1 • 10 -s, and one of them gave  r i s e  to the B-82 CHR-9 l ine.  The ce l l s  of  th is  clone were  continuously 
cul tured in med ium containing 0.5 # g / m l  colchicine.  

The su rv iva l  r a t e  of the cel ls  when t r e a t ed  with di f ferent  concent ra t ions  of  colchicine was judged f rom 
the eff ic iency of clone fo rmat ion  by the ce l l s  in mi tos ta t i c  medium,  just  as  p rev ious ly  [1, 2]. Accumula -  
t ion of ~I -co lch ic ine ,  ~H-puromycin,  ~ - e y t o c h a l a s i n  B, ~-I-leucine (all f rom the Radiochemical  Centre ,  
A m e r s h a m ,  England),  and ~ I - c o l c e m i d  (from New England Nuclear ,  USA) by whole ce l l s  and binding of 3H- 
colchicine by cel l  ex t rac t s  were  de te rmined  by  methods  desc r ibed  p rev ious ly  [3, 10]. 

E X P E R I M E N T A L  R E S U L T S  
R 

The r e su l t s  of expe r imen t s  to de te rmine  the surv iva l  r a t e  of ce l l s  of  l ines B-82  and B-82 CH -9 t~de r  
the influence of increas ing  concentra t ions  of  colchicine a re  given in Fig.  1. They show that  the B-82 C H a - 9  
cel ls  were  much m o r e  r e s i s t an t  to the mito stat ic  mediumthan  the wild- type cel ls .  Colchicine,  in a concentra t ion of 
0.01 # g / m l ,  reduced  the number  of  ce l l s  capable  of giving colonies in se lec t ive  med ium by about half. The 
sens i t iv i ty  of the B-82 cel ls  to colchicine was thus indLstinguishable f rom the sens i t iv i ty  of L - c e l l s  to this 
mi tos ta t i c  substance ,  which the w r i t e r s  studied p rev ious ly ,  for which LDs0 was 0.011 p g / m l  [1]. The surviva l  ra te  of 
L and B-82  cel ls  when t r e a t ed  with 0.1 # g / m l  colchicine was 3 x 10-~-9 • 10 -5, whereas  in a population of 
B-82 CHR-9 ce l l s  in the s a m e  concentra t ion  73-87% of ce l l s  surv ived .  LDs0 for  B-82CHR-9  ce l l s  was about 
0 .25 /~g/ml ,  o r  about 25 t i m e s  higher  than LDs0 fo r  B-82 and L ce i l s .  

The study of the m e c h a n i s m s  of r e s i s t a n c e  of B-82 CHR-9 ce l l s  to colchicine in f ive expe r imen t s  showed 
that  r e s i s t an t  cel ls  accumula te  only 10-20% the amount  of  ~H-colchicine accumula ted  by the or ig inal  sens i t ive  
B-82  and L ce l l s .  The  r e su l t s  o f  one such expe r imen t  a r e  shown in Fig.  2. Both the initial r a t e  of en t ry  of  
the p r epa ra t i on  and the m a x i m a l  amount  of it accumula ted  at thRe given ex t r ace l l u l a r  concent ra t ion  were  f e -  

b m In this  x r nnen t  the  B ~H 9 ce l l s  durl  dif ferent  t n n e s  of  ,ncubatlon duced in the r e s i s t a n t  su  1" e .  " e pe " -82 - , "ng . . . .  
with the p repa ra t ion  (4, 24, and 30 h), accumula ted  6.5-6.9 t imes  l e s s  of the labeled antitubulin than B-82 ce l l s .  

Since the obse rved  dec r ea s e  in accumulat ion of  ~H-colchicine by r e s i s t a n t  ce l l s  could be due both to 
changes in pe rmeab i l i t y  of  the p l a s m a  m e m b r a n e  and to changes in binding of the p repa ra t ion  with the i n t r a -  
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TABLE 1. Binding of 3H-Colchicine (in cpm • 

10 -3) by Homogenates  of B-82 and B-82 CHR-9 
Cells  

Dilution of 
homogenates 

Original 
(2.5 " IO s cells in 
sample) 

1:2 

1:4 

Timeofin- 
cubation 
with2.5pm 
sI~ :c91 - 
CF~lClne, 
]Tlln 

0 
30 
60 
0 

30 
60 
0 

30 
60 

B-82 

1,8• 
23,0+0,3 
26,5~2,2 

1,8~0,2 

I 1,1+0,1 
1,6~0,5 

2,o 
5,4~0,2 
5,7• 

CHR_9 
B-82 

2,8• 
18,7+0,5 
20,2 
3,2~0,5 
9,6~0,1 

10,3+0,1- 
2,4 

5,1~0,5 
4,6~0,5 

ce l lu la r  t a rge t  (tubulin), binding of the labeled antitubulin with ex t r ac t s  of B-82 CHR-9 and B-82 ce l l s  was 
c o m p a r e d .  The r e su l t s  in Tab le  1 show that  homogenates  f rom the s a m e  quantity of sens i t ive  and r e s i s t a n t  
ce l l s  bind about equal amount  of  ~-I-colchicine.  On dilution of the homogena tes ,  the quantity of label  bound 
d e c r e a s e d  as a l inea r  function. This  indicates  that  during incubation (30 ra in-1 h) p rac t i ca l ly  all the tuobulin 
succeeded  in binding with the p r epa ra t i on .  The ra t io  of label  bound by the homogenates  of the B-82 C H n i 9  
ce l l s  was 1.06-1.35. This  ve ry  sma l l  d i f ference,  which was not s ta t i s t i ca l ly  signif icant ,  cannot  of  cou r se  
explain the ve ry  cons iderab le  d i f ference  (5-10 t imes)  in accumula t ion  of the labeled antitubulin. 

Yet  another  a rgumen t  in suppor t  of  the view that  r e s i s t a n c e  of B-82 CHR-9 ce l l s  to colchieine is due to 
the lower  pe rmeab i l i t y  of the p l a s m a  m e m b r a n e  is g iven by the r e su l t s  of  expe r imen t s  to c o m p a r e  a c c u m u -  
lat ion of a s e r i e s  of labeled p repa ra t ions  by ce l l s  sens i t ive  and r e s i s t a n t  to colchicine.  On incubation with 
the p repa ra t ions  for  4-24 h it was found that  B-82  and L cel ls  accumula te  2.1 �9 0.05 t imesRroore 3H-puromycin 
2.5 • 0 t imes  m o r e  3H-cytochalasin B, and 2.2 • 0.5 t i m e s  m o r e  ~H-colcemid than B-82 CH -9 ce l l s .  Mean-  
while the r e s i s t a n t  ce l l s  accumula ted  a l m os t  the s a m e  quantity of 3H-leucine o r  r a t h e r  m o r e  (by 10%). The 
d e c r e a s e  in accumula t ion  of subs tances  not bound with the tubulin (puromycin,  cytochalas in  B) by the r e s i s t a n t  
cel ls  is a c h a r a c t e r i s t i c  fea ture  of co l ch i c i ne - r e s i s t ance  due to reduced pe rmeab i l i t y  of  the p l a s m a  m e m -  
b rane  [4, 6]. 

Inher i tab i l i ty  of the obse rved  changes is an impor tan t  c r i t e r i on  in the study of the g e n ~ i c  nature  of this 
fea tu re .  Stabil i ty of  inher i tance  of  colchicine r e s i s t a n c e  was de te rmined  in the new B-82 CH -9 line. It  was 
found that  a f t e r  cul ture  without a se l ec t ive  agent  for  3 and 6 months  the sens i t iv i ty  of  the cell  population to the 
m i tostat ic  was unchanged. Curves  of su rv iva l  ra te  of the ce l l s  under  the influence of  colchicine,  de te rmined  
a f te r  cul ture  without the mi tos ta t i e  medium for  the specif ied per iod of t ime,  did not differ  f r o m t h e  curve  of su rv iva l  
of cel ls  continuously cul tured  with colchicine,  shown in Fig.  1. 

When se lec t ing  ce i l s  with the aid of  colchicine and the subs tance  Tween-80,  which i nc rea se s  the p e r m e -  
abi l i ty of the p l a s m a  m e m b r a n e  for the mi tos ta t i c  substance ,  it was expected that mutants  for tubulin would be se lec ted ,  
but in fact ,  ~ordinary"  varLants with modif ied  pe rmeab i l i t y  for  colchicine were  obtained.  Canadian w o rk e r s ,  
using exact ly  the s a m e  method of se lect ion,  have recen t ly  i so la ted  a number  of clones of Chinese  h a m s t e r  cel ls  
of the CHO line with modif ied  tubulin [7]. These  mutan ts  for  tubulin di f fer  f r o m  the line desc r ibed  above in 
a number  of p r o p e r t i e s .  Whereas  accumulat ion of labeled mi tos ta t ic  subs tances  in tubulin mutants  by whole cel ls  was 
not modif ied,  binding of the labeled antitubulin by ce l l  ex t r ac t s  was reduced  by 50-80%, and c r o s s  r e s i s t a n c e  
was obse rved  only to subs tances  bindix~g with tubulln; line B-82 CHR-9 was c h a r a c t e r i z e d  by a dec rea se  in 
accumula t ion  of ~ t -co lch tc ine  by whole ce l l s  of  80-90%, by unchanged binding of the p r epa ra t i on  by cel l  homog-  
enates ,  and by c r o s s  r e s i s t a n c e  to subs tances  not binding with tubulin.  Select ion in a se lec t ive  med ium con-  
taining colcbXcine and Tween-80  can evident ly  lead to the isolat ion both of cel ls  with modif ied prote in  of  t he i r  
mic ro tubu le s  and of va r ian t s  with modif ied  pe rmeab i l i t y  of  t he i r  p l a s m a  m e m b r a n e .  

However ,  the new B-82 CHR-9 line differs  s ignif icant ly f rom o ther  mouse  l ines and clones with lowered  
m e m b r a n e  pe rmeab i l i t y  for  colchicine obtained p rev ious ly  by the fact  that  i ts  phenotype is s table .  Even  a f t e r  
cul ture  of ce l l s  of this  l ine in m ed i um  without the mi tos t a t i c  for  6 months ,  r e s i s t a n c e  to colchicine st i l l  r e -  
mained  at its or iginal  level ,  whereas  in ce l l s  studied p rev ious ly  r e s i s t a n c e  to the mi tos ta t i c  was los t  equally 
in clones with a high and low level  of r e s i s t ance ,  at the r a t e  of  about 2 • 10 -2 pe r  cel l  pe r  genera t ion  [1, 2]. 
Dif ferent  genetic  events  m a y  probably  lead to the development  of  reduced  m e m b r a n e  pe rmeab i l i ty .  

821 



The new colchicine-resistant  mouse cell line B-82 CHR-9 described above may prove a convenient model 
not only for the study of the biochemical and genetic mechanisms of changes in plasma membrane permeability 
but also in cell hybridization experiments, for the fact that it contains two selective markers  (TK-, colchicine- 
resistance) may allow hybrid cells to be selected during fusion with cells that have no selective markers .  
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Mediators of the nervous system (acetylcholine, serotonin, catecholamines) of some invertebrates and 
of lower vertebrates are known to be present a long time before formation of the nervous system [2, 3]. For  
instance, in the organism which has been studied most extensively in this respect,  namely the early sea urchin 
embryo, a serotonin-like substance, dopamine, and acetylcholine have been found in concentrations which 
vary in the course of development [1, 4, 7]. Neuropharmacological preparations which are antagonists of 
these "prenervous" mediators induce blockade of cleavage division and protein synthesis in developing sea 
urchin and molluscan embryos, in connection with inhibition of mediator functions [2]. 

Like embryonic cells, cells of ascites tumors (Ehrlich's carcinoma and hepatoma 22a) also are  sensitive 
to certain neuropharmacological agents with the property of antagonists of serotonin and catecholamines. 
These substances cause inhibition or  blockade of protein synthesis [8]. Similar results have recently been 
obtained on mammalian cells cultured in vitro [5, 10]. For  instance, the work of Vernadikis et al. has shown 
that BAS (1-benzyl-2,5-dimethylserotonin hydrochlortde) and antihistamine preparation No. 202 inhibit in- 
corporation of 14C-lysine into the TCA-insoluble protein fraction of Chinese hamster fibroblasts. 

In the investigation described below an attempt was made to determine whether antiserotonin and anti- 
histamine drugs, and also serotonin and histamine themselves,  influence fibroblast growth in culture, and also 
whether serotonin or  a substance resembling serotonin is present in these cells.  

E X P E R I M E N T A L  M E T H O D  

Experiments were carr ied out on a continuous line of Chinese hamster  fibroblasts strain B l l  dii FAF-28, 
clone 431. The cultures were grown at 37~ on medium consisting of equal parts of Eagle 's  medium and 
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