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was apprec ia ted  using the  ' ho t  plate  tes t '  11. This  tes t  was 
per formed 30 min af ter  pi locarpine (16 mg �9 kg a) or 
oxo t remor ine  (0.125 mg �9 kg -1) adminis t ra t ion .  

Pa lpebra l  ptosis was induced by  i.p. adminis t ra t ion  of 
reserpine (2.5 mg  �9 kg -~) 4 h before the  admin i s t r a t ion  
of the  cholinergics (pilocarpine, 16 mg �9 kg -1 or  oxotre-  
morine,  0.25 mg �9 kg- i ) .  The  ptosis was apprec ia ted  ~ 
30 rain af ter  the  cholinergic drug. 

Results and discussion. The  results  are indica ted  on the  
Figure.  The  chol inergic- induced h y p o t h e r m i a  was no t  
antagonized ei ther  by  a t ropine  (1 m g - k g  -1) or by  
me thy la t rop in ium (1 m g � 9  kg-1). Pi locarpine- induced 
h y p o t h e r m i a  was no t  antagonized by  higher  doses 
(4 mg . kg -1 i.p.) of a t ropine  ( - -2 .8~  ~ 0.3) or of 
me thy l a t rop in ium ( -- 3.4 ~ • 0.2). Oxot remor ine- induced  
h y p o t h e r m i a  was antagonized s ignif icant ly  more by  
a t ropine  ( - -2 .0~  • 0.4) than  by  me thy la t rop in ium 
( - 4 . 2 ~  • 0.3). 

The  decrease in ac t i v i t y  induced by  the  two cholinergic 
drugs was clearly antagonized by  a t ropine  b u t  was not  
modif ied by  me thy la t rop in ium.  The increase in the  reac- 
t ion t ime  to the  IlOciceptive s t imulus  induced by  pilo- 
carpine or oxo t remor ine  was suppressed by atropine,  
whereas  it  was no t  s ignif icant ly  modif ied by  methy l -  
a t ropin ium.  Atropine  or  me thy l a t rop in ium inhibi ted the  
an tagonism o f  the  two cholinergic drugs towards  the  
pa lpebra l  ptosis induced by  reserpine. The  two effects 
which seem re la ted to the  sedat ive  act ion of cholinergics 
(decrease in locomotor  ac t iv i ty ,  increase of the  react ion 
t ime  to pain) were antagonized by  a t ropine  and no t  by  
me thy la t rop in ium,  and the  results are ill keeping wi th  
those of o ther  authors  (vide supra). Iden t ica l  doses of 
a t ropine  and me thy la t rop in ium suppressed the  an tagonism 

of oxot remor ine  and pi locarpine towards  reserpine- 
induced palpebra l  ptosis. Therefore  this  an tagonism 
seems to be a t  a per iphera l  level. 

On the  o ther  hand,  the  oxot remor ine-  and pilocarpine- 
induced h y p o t h e r m i a  was no t  modif ied by  the  same 
doses of a t ropine  or me thy l a t rop in ium which can be 
ac t ive  in the  o ther  tests.  However ,  the  doses of oxotre-  
morine and pi locarpine were higher  t han  t h e  doses 
necessary to ob ta in  the  three  o ther  effects. I t  was possible 
pa r t ly  to antagonize  the  oxot remor ine- induced  hypo-  
t he rmia  bu t  no t  the  pi locarpine- induced hypo the rmia ,  
w i th  4 t imes  h igher  doses of a t r o p i n e  (4 m g � 9  kg -1 i.p.) 
b u t  no t  wi th  me thy l a t rop in ium (4 mg  �9 kg -1 i.p.). Thus  
the  hypo the rmia  induced by  pi locarpine or oxo t remor ine  
does no t  seem to be due comple te ly  to a cholinergic 
mechanism.  

However ,  the  possibi l i ty  of pharmacologica l  or meta -  
bolic in teract ions  be tween  qua t e rna ry  der iva t ives  of 
a t ropine- l ike drugs and cholinergics mus t  be kep t  in 
mind.  Fo r  instance,  KARLEN, TR•SKMAN and SJ•QVIST la 
showed t h a t  the  per ipheral  effects of oxo t remor ine  induced 
marked  changes in the  blood flow to different  tissues. The  
an tagonism of this per ipheral  effect by  a t ropine  me thy l -  
n i t ra te  results  in lower bra in  concent ra t ion  of oxotre-  
mor ine  compared  to controls because of a grea ter  ef- 
fect ive per ipheral  vo lume  of dis tr ibut ion.  

11 G. WOOLY and A. D..~[AcDONALD, J .  Pharmac. exp. Ther. 80, 
300 (1944). 

13 B. Ru~IN, M. H. MALONE, M. H. VAUGH and J. C. SImKE, J. 
Pharmae. exp. Ther. 120, 125 (1957). 

is B. KA~LEN', L. TRXI~SMAN and F. Sj6QVlS'r, J. Pharm. Pharmac. 
23, 758 (1971). 

M e l a t o n i n  A n t a g o n i z e s  C o l c h i c i n e - I n d u c e d  Mitot ic  A r r e s t  1 

T. J. FITZGERALD and ANN VEAL 

The Florida Agricultural and Mechanical University, School o/Pharmacy, Tallahassee 
9 September 7975. 

'Florida 32307, USA),  

Summary. Melatonin,  in concent ra t ions  up to 10 -3 M, showed no effect  on mitosis  m cul tures  of H e L a  or  K B  cells. 
However ,  when mela tonin  at  10 -~ M was pre incubated  w i t h  H e L a  cells pr ior  to addi t ion  of 10 -~ M colchicine, a re- 
duct ion  in the  mi to t ic  index, in comparison to colchicine alone, was observed,  

I t  has been recent ly  repor ted  t h a t  the  pineal  hormone,  
melatoll in,  exhibi ts  colchicine-like an t imi to t i c  ac t iv i ty  in 
A llium cepa root  hair  cellsK We  have  a t t e m p t e d  to 
de termine  whe ther  this ac t iv i ty  would also be displayed 
ill m a m m a l i a n  cell lines. 

H e L a  cells and K B  cells were purchased f rom Flow 
Labora tor ies  and grown in Eagle ' s  med ium wi th  10% 
fetal  calf serum. Logar i thmica l ly  growing cells were ex- 
posed to the  drug in monolayer  for 7 h a t  37 ~ At  the  
end of the  incubat ion  period the  cells were t ryps in ized  
o f f  the  cul ture  dish, f ixed (acetic acid : methanol /1  : 3), 
t r ea ted  wi th  Geimsa stain, and examined  for mi to t ic  
fugures (500 cells per  slide; 2 slides f rom separate  cultures 
per  exper iment) .  

Colchicine produced m a x i m u m  accumula t ion  of meta-  
phases (22-25%) at  5 • 10 -7 M in bo th  cell lines. Mela- 
tonin,  however ,  even  at  concent ra t ions  of 10 -s M did no t  
a l ter  the  mi to t i c  index f rom control  values  (control 
cultures of bo th  cell lines had a mi to t ic  index of 4 • 1.5%). 
I t  was fel t  t h a t  perhaps  mela ton in  migh t  affect  some 
other  aspect  of the  mi to t ic  cycle. I t  has been shown, for 

instance, t h a t  cytochalas in  B inhibi ts  cytokinesis  (mitosis 
jus t  prior  to cell cleavage) th rough  in te rac t ion  wi th  
microf i laments  s. Therefore,  different ial  counts  on the  
var ious  phases of mitosis  were performed,  including 
te lophase 1 (complete, bipolar  separat ion of chromo- 
somes) and te lophase 2 (pinching of the  cy top lasm and 
recons t ruc t ion  of the  nucleus), for colchicine,melatonin 
and control  cultures.  The  values  obta ined  are displayed 
in Table  I and show t h a t  mela ton in  has no effect  a t  this  
concen t ra t ion  (10 -4 M) on any  phase of the  mi to t ic  cycle 
in these cells. 

In  order  to assess the  effect of mela ton in  on the  anti-  
mi to t ic  act ion of colchicine bo th  agents  (colchicine, 
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Table I. Effect of colchicine and melatonin on the distribution of stages of mitosis in HeLa cells 
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Compound Prophase Percent of all cells in mitosis 

Late prophase Equatorial plates Anaphase Telophase 

1 2 

Mitosis (%) 

Colchicine (10 -~ M) 4 96 0 0 0 0 11.8 
Melatonin (10 -a M) 5 46 25 5 1.2 18.8 2.6 
Control 8 44 17 6 3.0 22.0 4.8 

Table II. Effect of melatonin on colchicine-induced mitotic arrest 
in HeLa ceils 

Compounds and ~itosis (%) 
concentrations 

Colchicine (10 -7 M) 9.0 
Melatonin (10 -4 M) 4.2 
Melatonin (10 -4 M) ~ 9.2 
Colchicine (10 -~ M) ~ 
Melatonin (10 -a M) b 4.4 
Colchicine (10 -~ M) b 
Control 4.8 

,Added simultaneously, b Preineubated with melatonin 1 h before 
adding colchieine. 

10 -7 M ;  mela tonin ,  10 -4 M) were added  s imul taneous ly  
to  H e L a  cultures.  No difference be tween  the  mi to t ic  
index  of these  cul tures and those  t r ea t ed  wi th  colchicine 
alone was seen. However ,  when  cul tures were incuba ted  
for 1 h wi th  10 -~ M mela tonin  before add ing  10 -v M 
colchicine, a decrease in the  mi to t ic  index  wi th  respect  to 
colchicine alone was observed  (Table II).  This  is cons is ten t  
w i th  the  observa t ion  t h a t  h igh  concen t ra t ions  of mela-  
ton in  can displace colchicine f rom tubul in ,  the  pro te in  
subuni t  of micro tubules  which  comprise  t he  mi to t ic  
spindle ~. Mela tonin  is unique,  however ,  in its abi l i ty  to 
displace colchicine f rom tubul in  w i thou t  causing mi to t ic  
ar res t  itself. The 1-hour p re incuba t ion  t ime  necessary  for 
mela ton in  to have  an observable  effect  on colchicine 's  
an t imi to t i c  ac t ion m a y  ref lect  t ime  requi red  to become 
bound  to or al ter  a cellular r ecep tor  such as tubul in .  

Two analogs of mela tonin ,  t r y p t a m i n e  and 5-methyl-  
t r yp t amine ,  were examined  for t h e i r  abi l i ty  to influence 

mi to t ic  inhib i t ion  by  colchicine. Ne i ther  agent  inf luenced 
colchicine 's  an t imi to t i c  ac t iv i ty ,  nor  did e i ther  agent  
alone have  any  effect  on mitosis.  Thus,  ti le abi l i ty  of 
mela ton in  to reduce colchicine 's  effect iveness as a mi to t ic  
inhibi tor  appears  to  have  some s t ruc tu ra l  specificity.  

Mela tonin  has  been  impl ica ted  in a n u m b e r  of processes 
which  involve microtubules .  For  instance,  it  has  been  
found  t h a t  p inea lec tomy results  in slow wound  heal ing 
and t h a t  th is  effect  can be reversed b y  mela ton in  as 
ref lected in an increased n u m b e r  of mi to t ic  figures a t  t he  
wound  site in me la ton in - t r ea t ed  sujects  5. M o v e m e n t  of 
melanin  granules in melanocytes  appears  to  be d e p e n d e n t  
on reversible in te rconvers ion  be tween  micro tubules  
(24 nm) and  f i laments  (10 rim)~. Microtubules  appear  to  
be associa ted wi th  aggregat ion  of granules;  f i laments  
appear  to  be  associa ted wi th  dispersion of granules.  
Granules are found to  disperse on t r e a t m e n t  wi th  col- 
chicine, poss ib ly  due to  convers ion of micro tubules  into 
f i laments .  Melatonin,  on the  o the r  hand ,  causes the  ag- 
gregat ion of granules as does cy tochalas in  t36. In  l ight  
of these  reports ,  then,  i t  is n o t  especial ly surpr iz ing t h a t  
an in te rac t ion  be tween  colchicine and  mela ton in  occurs 
in mic ro tubu le -med ia t ed  mi to t ic  division. Ev idence  
agains t  in te rconvers ion  be tween  micro tubules  and  fila- 
men t s  has also been presen tedL Thus,  ti le in te r re la t ionship  
among  these  var ious  observa t ions  involving mela tonin ,  
colchicine, f i laments  and  micro tubules  awai ts  elucidat ion.  
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Summary. Fruc tbse  admin i s t r a t ion  to  the  uricase inhib i ted  ra t  produces  a ve ry  marked  e levat ion  in se rum ura te  

levels. 

Fructose ,  a monosacchar ide ,  is cur ren t ly  avai lable to  
the  medical  profession for use as a n u t r i e n t  whenever  a 
rap id ly  metabol izable  source of calories is required.  I t  is 
especial ly valuable  in t r ea t ing  hypog lycemia  in newborn  
infan ts  because no hypoglycemic  rebound  occurs. Fu r t h e r -  
more,  i t  is be t t e r  to le ra ted  t h a n  dext rose  in d iabet ics  be- 
cause i t  is metabo l ized  in t he  absence of insulin 1. Fol-  

lowing its in t roduc t ion  as a sugar subs t i tu t e  in a va r i e ty  
of food prepara t ions ,  f ructose has  elici ted increasing at-  
t en t ion .  I t  now appears  t h a t  in the  near  future,  f ructose 
as 'h igh  f ructose  corn syrup '  Could account  for up to  40% 

1 AMA Drug Evaluation, 1st edn. (American Medical Association, 
Chicago 1971), p. 126. 


