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Serum ceruloplasmiu oxidase activity in Li + treated mice 
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Treatment Route of 
administration 

Dose 
(mEq/kg) 

Period No. of mice Ceruloplasmin 
(mg/100 ml of serum) 

Li2CO s os 
Controls (H~O) os 
LiC1 i.p. 
NaC1 i.p. 

0.58/day 

20 
20 

120 days 20 12.1 q- 0.4 
120 days 20 13.5 ~ 0.8 

2 h 10 19.5 d: 1.6 
2 h 8 14.0 J: 0.4 

Each value of ceruloplasmin represents the mean -k SElVf. 

group, and  th is  difference was  found  to  be s ta t i s t ica l ly  
s ignif icant  (t= 3.333, p < 0.01). The same resul t  was  ob- 
t a ined  compar ing  LiCl - t rea ted  mice wi th  no rma l  cont ro l  
animals  (t=3.353, p < 0.01). 

I t  is in te res t ing  to  recall  t h a t  the  dose of Li~CO a used 
in t he  long- t e rm e x p e r i m e n t  is in t he  range of t h a t  em-  
p loyed  in manic-depress ive  psychosis  8. In  our  previous  
repor t s  w i t h  th is  schedule  of Li2CO s admin is t ra t ion ,  we 
ob t a ined  inhib i t ion  of aconi tase  1~ and  ac t iva t ion  of 
succinate  dehydrogenase  ~ and  fumarase  ~2 in cerebral  
t issues of mice. The p a t t e r n s  of oral  and i.p. absorp t ion  

of Li2CO a and  LiC1 are similar  la, reaching measurab le  
p lasma  levels rap id ly  and  wi th  a slow m o v e m e n t  of Li+ 
into t he  brain.  The resul ts  of the  p resen t  s t u d y  indicate  
t h a t  t he  ac t iva t ion  of eeruloplasmin by  Li+ is p robab ly  a 
func t ion  of t he  concen t ra t ion  achieved by  the  ion in blood. 

10 L. A. ABREU and R. R. ABREU, Experientia 29, 446 (1973). 
11 L. A. ABRRU and R. R. ABREU, Nature New Biol. 236, 254 (1972). 
~ L. A. ABREU and R. R. ABREU, Experientia 30, 1056 (1974). 
is j .  M. MORRISO>T JR., H. D. PRITC~ARn, M. C. BRAUD~ and W. 

D'AGuAN~O, Proe. Soc. exp. Biol. Ned. 737, 889 (1971). 

Effect of Colchicine on P o l y m e r i z a t i o n  of Tubul in  f r o m  Rats ,  Mice,  H a m s t e r s  and G u i n e a - P i g s  1 

T. J. FITZGERALD and  D .  G. MAYFIELD 

School of Pharmacy, Florida A & M University, Tallahassee (Florida 32307, USA), 19 August 1975. 

Summary. Colchicine- inhibi t ion of po lymer iza t ion  of tubu l in  f rom rats ,  mice, golden h a m s t e r s  and  guinea-pigs was  
s tudied  to  de te rmine  if species differences in tubu l in  sens i t iv i ty  to  colchicine m i g h t  paral lel  species var ia t ion  in col- 
chicine toxic i ty .  I t  was found  t h a t  po lymer iza t ion  of tubu l in  is near ly  equal ly  sensi t ive  to  colchicine ill all four  species. 

I t  is well known  t h a t  the  golden h a m s t e r  (Mesocricetus 
auratus) is h igh ly  res i s t an t  to  t he  toxic  effects  of the  
alkaloid eolchicine as compa red  to  o the r  species of ro- 
den t s  2. A m o n g  the  hypo theses  sugges ted  for th is  pheno-  
m e n o n  has  been  the  poss ibi l i ty  of a unique  or d i f ferent  
metabol ic  or exc re to ry  p a t h w a y  for colchicine in the  
hamste r ,  b u t  th is  now seems unl ikely in view of r ecen t  
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Fig. 1. Development of viscosity in hamster brain extracts with time 
and the effect of eolehicine. Control (�9 colehieine, 2.2 • 10 -v M 
(0) ; colchicine, 6.6 • 10 -7 M (G) ; eolehicine, 2.15 • 10 -5 M(A). 

inves t iga t ions  S, 4. 1VIIDGELEY e t  al. 5 have  d e m o n s t r a t e d  
t h a t  the  h a m s t e r  has  a cellular res is tance  to  colchieine as 
revealed  by  the  100-fold h igher  dose of colchicine requi red  
to inh ib i t  mitosis  ill h a m s t e r  t issues. Since i t  is general ly  
felt  t h a t  colchicine 's  toxic  effects  are a resul t  of in te rac t ion  
of colchicine wi th  micro tubule  p ro te in  (tubulin) and  
b r e a k d o w n  of micro tubules  in var ious  tissues, i t  is of 
in te res t  to  ask if h a m s t e r  tubul in  po lymer iza t ion  is more  
r e s i s t an t  to  b lockade  b y  colchicine t h a n  po lymer iza t ion  
of tubu l in  f rom species more  susceptable  to  colchicine. 
In  order  to  make  th is  compar i son  we have  de t e rmined  
the  abi l i ty  of colchicine to  inh ib i t  po lymer iza t ion  of 
tubu l in  f rom rats ,  mice, hamste rs ,  and guinea-pigs.  

Po lymer iza t ion  of tubu l in  was measured  in h igh  speed 
s u p e r n a t a n t  f rac t ions  of b ra in  homogena t e s  f rom the  
var ious  animals.  Animals  were killed b y  cervical  disloca- 
t ion.  The bra ins  were r emo v ed  and  homogenized  in a 
cold glass homogenizer  w i th  1.5 volumes  (ml) of ice cold 
P E G  buffer  (100 m M  P I P E S ,  1 m M  E G T A  and  2.5 m M  
GTP;  p H  6.94). The homogena t e  was cent r i fuged at  

1 This work was supported by PHS Grant No. CA 16425. 
2 M. ORsli,~i and B. PANSKY, Science 175, 88 (1952). 
s A. HUZr and C. KLAASSEN, J. Pharmae. exp. Ther. 192, 605 

(1975). 
M. SCH6~HARTO~G G. MENDR and G. SIEBERT, Hoppe-Seyler's 
Z. physiol. Chem. 355, 1391 (1974). 

5 A. R. MIDGELEY, B. PIERCE and F. J. Dlxol G Science 730, 40 
(1959). 
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Fig. 2. Colchieine inhibition of 
polymerization of tubulin from 
various rodent species. Ham- 
ster (O); rat (&); mouse (O); 
guinea-pig (A). 

20,000 r p m  for 30 min  a t  4~ (Spinco t y p e  65 f ixed angle  
rotor ,  9.0 m l  p o l y c a r b o n a t e  tubes) ,  and  t he  s u p e r n a t a n t  
f r ac t ion  (hencefor th  called ' ex t r ac t ' )  was  used for sub-  
s e q u e n t  exper imen t s .  The  p ro t e in  c o n c e n t r a t i o n  (range 
8-12 mg/ml)  was  d e t e r m i n e d  b y  a modi f ied  B i u r e t  
assay  ". All e x t r a c t s  were used w i t h i n  3 h of t h e i r  p repa ra -  
t ion.  Os twald  cap i l l a ry  v i scomete r s  ( Cannon - Mann ing  
semimicro  v iscometer ,  t y p e  100, C a n n o n  I n s t r u m e n t  Co., 
S t a t e  College, Pa.)  were immersed  in a large w a t e r  b a t h  
r egu la ted  a t  37 d= 0.1 ~ a n d  out f low t imes  were m e a s u r e d  
us ing  s t opwa tches  ca l ib ra t ed  to 0.5 sec. To o b t a i n  experi-  
m e n t a l  d a t a  0.6 ml  of e x t r a c t  p r e p a r e d  a t  4 ~ was p laced  
in a v i s come te r  equ i l i b r a t ed  a t  37~ and  v iscos i ty  
d e v e l o p m e n t  was  followed as a f u n c t i o n  of t i m e  of in- 
cuba t ion .  Specific v i scos i ty  ( ~ )  was ca lcu la ted  in t e r m s  
of ou t f low t imes  of buf fe r  (OTb) a n d  e x t r a c t  (OTe) b y  
the  e q u a t i o n  

~/s~ : (OT~--OT~)/(OTb). 

For  compar i son  of d a t a  f rom d i f fe ren t  e x p e r i m e n t s  a 
no rma l i zed  specific v i scos i ty  (~sr) was  o b t a i n e d  f rom the  
express ion  

~ p  = ~ / ~  

where  ~ r ep resen t s  t h e  m a x i m u m  specific v i scos i ty  
ach ieved  a t  a g iven  c o n c e n t r a t i o n  of colchicine and  ~8~e 
represen t s  t he  m a x i m u m  specific v i scos i ty  o b t a i n e d  in t he  
absence  of colchicine.  

V i scome t ry  has  been  shown  to  ref lect  biological  
p roper t i e s  of m i c r o t u b u l e  p o l y m e r i z a t i o n  and  ha s  been  
d e m o n s t r a t e d  to be  a rapid ,  sensi t ive ,  and  q u a n t i t a t i v e  
m e t h o d  for s t u d y i n g  t h e  po lymer i za t i on  r e a c t i o n L  A 
typ i ca l  v i scos i ty -ve r sus - t ime  cu rve  for  h a m s t e r  b r a i n  
t a b u l i n  and  i n h i b i t i o n  b y  colchicine is shown  in F igure  1. 
Similar  curves  were o b t a i n e d  for  each  of t he  o t h e r  species 

of animals .  F igure  2 i l lus t ra tes  a p lo t  of m a x i m u m  viscos i ty  
o b t a i n e d  versus  c o n c e n t r a t i o n  of colchicine for  t he  va r ious  
species, a n d  t he  h a l f - m a x i m a l  i n h i b i t i o n  va lues  o b t a i n e d  
f rom these  cu rves  are d i sp layed  in t h e  Tab le  a long  w i t h  
r e spec t ive  LDs0 va lues  s, 9. The  d a t a  a s sembled  here  
ind ica te  t h a t  colchicine inh ib i t s  p o l y m e r i z a t i o n  of t u b u l i n  
f rom each  species w i t h i n  a single o rder  of m a g n i t u d e  of 
concen t r a t i ons .  Since t h e  LDs0 va lues  v a r y  over  n e a r l y  
t h r ee  orders  of m a g n i t u d e  i t  seems un l ike ly  t h a t  dif-  
ferences in s ens i t i v i t y  of t he  p o l y m e r i z a t i o n  r eac t ion  of 
t u b u l i n  is t he  basis  for t he  in te rspec ies  di f ference in 
colchicine t ox i c i t y  in  these  animals .  In  fact ,  f rom these  
e x p e r i m e n t s  i t  appea r s  t h a t  t u b u l i n  i so la ted  f rom guinea-  
p ig  b r a i n  is leas t  sens i t ive  to  colchicine even  t h o u g h  
colchicine is m o s t  tox ic  in  th i s  species. I t  is, of course,  
possible  t h a t  t he  in t r ace l lu l a r  e n v i r o n m e n t  m a y  inf luence  
t h e  s ens i t i v i t y  of t u b u l i n  to  colchicine d i f fe ren t ly  in  
d i f fe ren t  species in  a m a n n e r  t h a t  is n o t  a p p a r e n t  in  cell- 
free ex t rac t s .  F ina l ly ,  i nab i l i t y  of colchicine to  t r a v e r s e  
cel lular  m e m b r a n e s  in h a m s t e r  cells r ema ins  an  a t t r a c t i v e  
b u t  u n p r o v e n  h y p o t h e s i s  for  a c c o u n t i n g  for th i s  a n i m a l ' s  
res i s tance  to colchicine.  

Half-maximal values for inhibition of tubulin polymerization by 
colehicine and LDs0 values for eolchicine 

Species Half-maximal LDs0 
inhibition values (M) (mg/kg, i.p.) 

Golden Hamster 3 • 10 -~ 470 s 
Rat 5 • 10 -~ 40 
Mouse 4 • 10 -~ 3.5 s 
Guinea-pig 10 • 10 -~ 0.58 

6 R. F. ][TZHAKI and D. M. GILL, Analyt. Biocheln. 9, 401 (1964). 
J. B. OL~STED and G. G. BORISu Biochemistry 12, 4282 (1973). 

s W. I:'LEISCltMANIr O. Q. RUSSELL and S. K. F L I g l S I I M A N N ,  Ned. 
exp. 6, 101 (1962). 

9 C. D. BARNES and G. L. ELTHERINGTON, Drug Dosage in Laboratory 
Animals. A Handbook (University of California Press, Berkeley, 
Calif. 1966), p. 73. 


