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Summary 

Colchicine effect  has been tested on rat liver plasma membrane-bound 
enzymes after in vitro or in vivo treatment.  It appears that  the in vitro treat- 
ment  does not  affect 5'-nucleotidase, Mg2+-ATPase and (Na++K+)-ATPase, 
whereas adenylate cyclase is sensitive to both in vitro and in vivo treatment,  
the latter condition being also effective for 5'-nucleotidase. 

Colchicine is known to affect plasma membrane properties with respect 
to receptor  mobil i ty [1] ,  transport  mechanisms [2] ,  enzymatic activities 
[3--6] and lipid fluidity [7] ; whether these effects are mediated through the 
microtubular  system or by a direct action on the membrane itself is still to 
be established [3] .  

The effect  of  colchicine on liver is mainly concerned with secretory 
processes [8, 9] and, in addition, the presence of  colchicine-binding proteins 
[10] as well as that  of  a microtubular system [11] have been reported. 

Results to be reported herein deal with the in vitro and in vivo effect  of  
colchicine and its inactive analog, lumicolchicine [2] ,  on rat liver plasma 
membrane-bound enzymes, hormonal response and lipid fluidity. 

Male Sprague-Dawley rats (150 g, av. body  wt.) were used during this 
research and were fed ad libitum. For in vivo experiments,  animals were in- 
jected intraperitoneally with colchicine or lumicolchicine, 1 mg/100 g body  
wt., dissolved in physiological saline; control animals received an equal vol- 
ume of saline. Colchicine-treated, as well as control  animals, were killed 4 h 
after injection. 

Liver plasma membranes were isolated according to  Ray [12] as previ- 
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ously reported [13] .  5'-Nucleotidase (EC 3.1.3.5), Mg2+-ATPase, (EC 3.6.1.3) 
and (Na÷+K*)-ATPase (EC 3.6.1.4) were assayed as already reported [14] ; 
adenylate cyclase (EC 4.6.1.1 ) was assayed as previously reported [ 15 ] with 
the addition of  10 mM GTP when glucagon effect was tested; tissue level of  
cyclic AMP was established as already reported [ 16] .  Proteins were estima- 
ted by the method of Lowry et al. [17] using bovine serum albumin as a 
standard. 

Glucagon was from Sigma (St. Louis, MO, U.S.A.), colchicine was from 
Merck-Darmstadt (F.R.G.), whereas lumicolchicine was prepared according 
to Wilson and Friedkin [18] .  ATP, AMP and cyclic AMP were from Boeh- 
ringer-Mannheim (F.R.G.). [8-3H] Adenosine 3 ' ,5 ' -monophosphoric acid, 
ammonium salt, was obtained from the Radiochemical Centre, Amersham, 
Bucks., U.K. 

Fluorescence-labeling of  plasma membranes was carried out  as follows: 
2 .10  -3 M 1,6-diphenyl-l ,3,5-hexatriene (Fluka A.G., Buchs, Switzerland) in 
tetrahydrofuran was diluted 1:1000 prior to use with Tris-buffered saline 
(0.05 M Tris-HC1, pH 7.5; 0.1 M NaC1) and then mixed in a 1:1 ratio with 
the plasma membrane suspension in the same medium to give a final protein 
concentration of  approx. 50 t~g/ml. This mixture was then incubated for 30 
min at 37°C in the presence or absence of  the substances under investigation. 
Fluorescence polarization was measured, as recently reported [19] ,  with an 
Aminco-Bowman spect rophotof luorometer  equipped with two Glan prism 
polarizers, the excitation was set at 366 nm and the emission at 430 nm. The 
degree of  fluorescence polarization, P, was calculated from the equation: 

111 --I± (11t/11)--1 
p - 

III +I± (IHIIi)÷l 

where III and /1  are the fluorescence intensities observed with the analysing 
polarizer oriented, respectively, parallel and perpendicular to the direction 
of  the polarized excitation beam [20] .  

5'-Nucleotidase, Mg:+-ATPase and (Na++K+)-ATPase activities appear 
not  to be affected by an in vitro t reatment  with colchicine in a wide range of  
concentrations, whereas the in vivo t reatment  significantly reduces 5'-nucleo- 

+~ + tidase activity leaving both Mg:÷-ATPase and (Na K )-ATPase activities un- 
altered, (Table I); lumicolchicine, the structurally inactive analog [2] of  col- 
chicine was not  effective in any case. As far as the in vitro t reatment  is con- 
cerned, our results are at variance as to ATPase activities with previously- 
published observations [3] regarding the concentration range chosen, but  in 
our case the maximal in vitro concentrat ion was very close to the highest 
level attainable after the in vivo treatment.  

Conversely, plasma membrane-bound adenylate cyclase is markedly sen- 
sitive to colchicine treatment,  both in vitro and in vivo, even if the in vitro 
t reatment  does not  show a dose-dependent sensitivity (Table II). Adenylate 
cyclase of  plasma membranes isolated from control injected animals shows a 
glucagon responsiveness which was nearly abolished by an in vitro t reatment  
with colchicine; on the other hand, the cyclase activity in colchicine-treated 
animals is significantly reduced but  still sensitive to glucagon stimulation 
(p < 0.01). These observations are strengthened by the significant fall of tis- 



453 

T A B L E  I 

E F F E C T  O F  A N  IN  V I T R O  O R  I N  V I V O  C O L C H I C I N E  T R E A T M E N T  ON L I V E R  P L A S M A  
M E M B R A N E  5 ' - N U C L E O T I D A S E  A N D  A T P a s e  A C T I V I T I E S  

5 ' -Nuc l eo t i da se  ac t iv i ty  is r e p o r t e d  as  # too l  Pi h y d r o l y z e d  + S.E. p e r  m g  p r o t e i n  pe r  h;  A T P a s e  act ivi -  
t ies  are r e p o r t e d  as ~ m o l  Pi  h y d r o l y z e d  + S.E.  pe r  m g  p r o t e i n  p e r  5 m i n .  T h e  n u m b e r  o f  i nd iv idua l  
m e m b r a n e  p r e p a r a t i o n s  t e s t ed  is r e p o r t e d  b e t w e e n  b r a c k e t s ;  ap ~ 0 .05  at  least ,  as e s t i m a t e d  by  
S t u d e n t ' s  t - tes t  w i t h  r e s p e c t  to  con t ro l s ,  all o t h e r  d i f f e r e n c e s  be ing  s ta t i s t ica l ly  ins ign i f i can t .  I so l a t ed  
l iver  m e m b r a n e s  were  i n c u b a t e d  fo r  30 m i n  a t  3 7 ° C  w i t h  or  w i t h o u t  co lch ic ine  or  l u m i c o l c h i c i n e  a t  
the  f inal  c o n c e n t r a t i o n  i n d i c a t e d :  fo r  in  v ivo  t r e a t m e n t  see t ex t .  I n  vivo con t ro l s  were  n o t  s ign i f i can t ly  
d i f f e r e n t  f r o m  the  r e p o r t e d  ones .  

T r e a t m e n t  5'-Nucleotidase Mg2+-ATPase (Na++K+)-ATPase 

In  v i t ro  
c o n t r o l  26.61 +, 1 .45  (8) 4 .35  +- 0 .54  (6) 1.19 -+ 0 .17  (6)  
co lch ic ine  1 . 1 0  ~7 M 28 .83  2 2 .34  (3)  4 .28  + 0 .47  (6)  1 .17 +- 0 .24  ( 6 )  
co lch ic ine  1 - 1 0  -~ M 28 .16  +, 2 .20  (3)  4 .44  ± 0 .42  (6) 1 .12  +, 0 .13  (6)  
co lch ic ine  1 . 1 0  -s M 27 .93  +, 1 .48  (3) 4 .62  -+ 0 .44  (6) 1.41 + 0 .19  (6) 
co lch ic ine  1 " 1 0  -~ M 28 .97  +, 1 .66 (4)  4 .34  +, 0 .57  (6) 1 .26 +- 0 .22  (6) 
l u m i c o l c h i c i n e  1 . 1 0  -~ M 22 .90  +- 1 .50 (3)  - -  

I n  v ivo  
co lch ic ine  1 2 . 0 0  +, 0 . 6 9 a ( 6 )  4 .72  +, 0 .38  (6)  1 .14  +- 0 .08  (6)  
l u m i c o l c h i c i n e  23 .40  + 1 .80  (3)  - -  - -  

sue level of cyclic AMP elicited by the in vivo colchicine t reatment  (Table II). 
Lumicolchicine did not  affect liver plasma membrane adenylate cyclase, 
both in vitro (not shown) and after in vivo treatment,  as well as its glucagon 
responsiveness. In addition, 10 mM fluoride-stimulated adenylate cyclase was 
never affected by  both  in vitro and in vivo colchicine t reatment  under the 
conditions reported so far (not shown). The results concerned with adenylate 

T A B L E  II  

C O L C H I C I N E  E F F E C T  O N  P L A S M A  M E M B R A N E - B O U N D  A D E N Y L A T E  C Y C L A S E  A N D  C Y C L I C  
A M P  L E V E L S  O F  H E P A T I C  T I S S U E  

A d e n y l a t e  cyclase  ac t i v i t y  is r e p o r t e d  as p m o l  cycl ic  AMP +, S.E. p e r  m g  p r o t e i n  p e r  10  ra in ;  cycl ic  
A M P  c o n c e n t r a t i o n  o f  hepa t i c  t i ssue  is g iven  as p m o l  cycl ic  AMP + S.E. pe r  m g  w e t  wt .  T h e  n u m b e r  o f  
l iver p r e p a r a t i o n s  t e s t e d  is r e p o r t e d  b e t w e e n  b r a c k e t s ;  ap ~ 0 . 0 5  a t  least ,  as e s t i m a t e d  by  S t u d e n t ' s  
t - tes t  w h e n  c o m p a r e d  to  r e spec t ive  con t ro l s .  F o r  f u r t h e r  de ta i l s  see the  t e x t  and  Table  I. 

T r e a t m e n t  A d e n y l a t e  cyc lase  Tissue  level o f  
ac t iv i ty  cycHc AMP 

In  v i t ro  
c o n t r o l  35.6  +, 3 .2  (6) 
co lch ic ine  1 . 1 0 - 7  M 38 .0  +- 4 .6  (3) 
co lch ic ine  1 . 1 0 4  M 37 .0  -+ 2.0 (3)  
co lch ic ine  1 . 1 0  -s M 19.3  -+ 2.2 a (6) 
co lch ic ine  1 . 1 0  4 M 21.1 +, 4 .0  a (6) 

In  vivo 
co n t r o l  38 .0  + 4.1 (6)  0 . 6 7 5  + 0 . 0 1 2  (3)  
co n t r o l  + g l u c a g o n  1 . 1 0  -7 M 97 .0  +- 7.2 a (3)  - -  
c o n t r o l  + g l u e a g o n  1 . 1 0  ~7 M + 44 .0  +- 3 .5  ( 3 )  - -  

c o l c h i c i n e  1 . 1 0  -n M 
a d d e d  in  v i t ro  

co lch ic ine  22 ,2  +, 1 .2  a (6)  0 . 3 6 2  + 0 .010  a (3)  
co lch ie ine  + g lucagon  1 . 1 0  ~ M 32 .5  + 1.8 (3)  - -  
l u m i c o l c h i c i n e  32 .2  + 3 .0  (4)  0 . 7 1 2  + 0 .037  (3) 
l u m i c o l c h i c i n e  + g lucagon  1 . 1 0  --~ M 93 .5  -+ 6.9 a (3) - -  
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T A B L E  III 

F L U O R E S C E N C E  P O L A R I Z A T I O N  V A L U E S  (P + S.E.  A T  3 7 ° C )  O F  L I V E R  P L A S M A  
M E M B R A N E S  I S O L A T E D  F R O M  U N T R E A T E D  O R  C O L C H I C I N E  T R E A T E D  A N I M A L S  

Colchicine treatment  is described bo th  in the t ex t  and in Table I. The  number  of  plasma membrane  
preparat ions  tested is reported b e t w e e n  brackets;  di f ferences  reported are n o t  statistically significant.  

Treatment  P 

In  vitro 
contro l  
colchic ine  i * I 0  -7 M 
colchic ine  I . I 0  -~ M 
colchic ine  1 , 1 0  -s  M 
colchic ine  1 . 1 0  4 M 

0 . 2 5 4  -+ 0 . 0 1 4  (12)  
0 . 2 4 8  + 0 . 0 1 3  (11)  
0 . 2 4 8  -+ 0 . 0 5 4  (12 )  
0 . 2 4 5  -+ 0 . 0 1 7  (12)  
0 . 2 6 9  + 0 . 0 1 6  (11)  

In  vivo 
contro l  0 . 2 4 2  -+ 0 . 0 1 0  ( 4 )  
colchic ine  0 . 2 4 0  + 0 . 0 1 1  ( 4 )  

cyclase activity after both in vitro and in vivo treatment are comparable to 
similar experiments carried out  in vitro on liver membranes with the mitotic 
inhibitor, vinblastine [3 ] .  In this context  one could recall similar results ob- 
tained in Ehrlich cell plasma membrane adenylate cyclase experiments after 
colchicine treatment [6 ] ,  whereas different results were obtained in human 
macrophages concerning both cyclase and cyclic AMP levels [4, 5] .  

Experiments carried out  in order to detect a possible involvement of  
plasma membrane lipid microviscosity [ 20] following an in vitro or in vivo 
treatment with colchicine failed to give any significant indication (Table III), 
thus confirming comparable observations carried out  on a different cellular 
system [ 7 ] ; the lack of  significant changes of  fluorescence polarization values 
rules out  any involvement of  membrane lipid fluidity as to the reported ef- 
fects of  colchicine. 

If on the one hand, the in vivo effect of  colchicine on 5'-nucleotidase 
and adenylate cyclase activities could suggest the possible involvement of  
microtubular structures, the clear-cut interaction of  the drug in vitro and in 
vivo with the adenylate cyclase and its hormonal sensitivity is suggestive of  a 
more direct effect on plasma membrane structure, perhaps in connection 
with a receptor system, which could in some way interplay with the physiol- 
ogical hormonal regulation of  the cyclase activity. 

Part of  this research has been supported by a grant of  the Italian Nation- 
al Research Council to P.L. 
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