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Serotonln (5-hydroxyt ryptamine  hydrochlor ide)  causes  a t r ans ien t  and r eve r s ib l e  dec r ea se  In the n u m -  
be r  of p rophases  in a cul ture of HeLa ce i l s .  With an i nc r ea se  in the serotonin concentrat ion,  mitot ic  a c -  
t ivity of ce l l s  of IIeLa,  CaVe, AS, and FK cul tures  may  be sharp ly  and i r r e v e r s i b l y  Suppressed,  causing 
death  of the cul ture .  It is postulated that sero tonin  r e v e r s i b l y  blocks t rans i t ion of the cel ls  f r o m  a per iod 
of  the mitot ic  cyc le .  

It has  p rev ious ly  been shog,a that serotonin (5-hydro:vytryptamine hydrochloride) ,  when added to a nu-  
t r ient  mediizm in a concentra t ion of 1000 pg/ml,  comple te ly  a r r e s t s  growth of a HeLa cul ture  [71. 

To continue to the study of the mechan i sm of act ion of sero tonin  on the t umor  and normal  cel l ,  in the 
p r e s e n t  invest igat ion we studied i ts  effect  on cel l  mul t ip l ica t ion in cul ture .  

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

Monolayer  cu l tures  on cove r  s l ips  in C a r r e l  f l asks  were  used In the exper iments .  The nutr ient  liquid 
was synthetic  medium No. 199 and human blood s e r u m  (20%). Toge ther  with f resh  nutrient  liquid, serotonin 
obtained by hi. F. Pctrowa In the Labora to ry  of C h e m i s t r y  of Natural  Substances of this Insti tute,  was added 
to 2-  o r  3--day cul tu. 'es .  At the s a m e  t ime,  f resh  nutr ient  medium without serotonin was ~dded to the con -  
t ro l  cu l tures .  After  1-6 h the cul tures  were  fixed in Bouinvs fluid. Mi toses  were  counted in 5000 ce l l s .  
Most  of the e x p e r i m e n t s  were  p e r f o r m e d  on the HeLa s t ra in .  In addition, s t r a ins  CaVe (from ca rc inomg 
of the s tomach) [2], AS (from angiosarcoma)  [3], and FK (from ra t  f ibroblas ts  taken f r o m  the capsule  
fo rmed  around a lung abscess )  [1] were  used.  

�9 rABLE 1. A~tion of Serotonin tn Different  
Concentra t ions  on Mitotic Activi ty of HeLa Cel ls  
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E X P E R I M E N T A L  R E S U L T S  

No significant  d i f fe rences  in mitot ic  index were  
found between tIeLa cul tures  t rea ted  with serotonin for  
1 and 2 h and the controls ,  even when a lflgh concen-  
t ra t ion  was p re sen t  in the medium.  Scrotonin caused 
a cons iderab le  d e c r e a s e  in the number  of ce l l s  in p r o -  
phase  3 h a f t e r  the beginning of i ts  act ion (Table 1). 
The mean  p rophase  index of the cul tures  (number of 
p r o p h a s e s  pe r  1000 nuclei) fell  m o r e  s eve re ly  the 
h igher  the concentra t ion of sero torJn .  Deviat ions frv.m 
the intact  control  were  s ta t i s t ica l ly  s ignlf icant  io r  all  
concent ra t ions  used - 25, 50, and 100 pg /ml ,  e x p r e s s e d  
as  sero tonin  hydrochlor ide,  or  21, 42, and 8.3 /Jg./ml 
the pure  base  (serotonln hydrochlor ide  contains 83~ 
of the pun: ~-mine). Although c h ~ , . ~ s  we re  obse rved  
in the total number  of mi toses  (mean mi to t ic  index; 

Insti tute of Exper imen ta l  and Clinical Oncology, Academy of Medical Sciences of the USSR, Moscow 
(Presented  by Active Member  of the Academy of Medical  Sciences of the USSR N. A. Kraevski i ) .  T rans l a t ed  
f r o m  Byulleten '  ]~ksper imental 'noi  Biologli i Medits iny,  Vol. 65, No. 3, pp. 113-115, Marcl~ 1968. Original 
a r t i c l e  submit ted D e c e m b e r  30, 1966. 

$45 



rABLE 2. Action of Serotonin in a Concen-  
t ra t ion of 1000/:g/ml on l~Iitotic Activity 
of Cultures 
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s e e  Table I), they were  less distinct.  Six hours  a f te r  add-  
ition of serotonln no changes were p resen t  ii, the uumber  
of p rophases .  The meart mitotic index in exper iments~Sth  
25 and 50/Jg./ml also was equal to this index in the control ,  
while in the experiments: with 100 pg/ml it  was higher  than 
the control  value. 

t lence,  the ~,mderate eytost::t lc ef fect  of serotonin 
observed  3 h af ter  its adminis t ra t ion in htgh concentra t ions  
evidently does not produce I r r eve r s ib l e  changes in the ce l l s  
but is  t em p o ra ry  in ch a r ac t e r .  

In exper iments  in r ive the cytosta t tc  action of s e r e -  
tenth revea led  the same revers ib i l i ty  and short  durat ion 
when i ts  effect  was studied on regenera t ion  and mitot ic  a c -  
t ivity of the ep idermis  in tadpoles [41. 

A fur ther  i nc rease  in serotonin concentrat ion in the nutr ient  fluid may, however,  cause i r r e v e r s i b l e  
changes in the ce l l s .  A serotonin concentrat ion of 1000 pg/ml, for  instance, may cause a considerable  de-  
el:ease in mitotic index {Table 2), and death of the cul ture  a f t e r  appro.,timately 20 h. In this case  also, 
changes in the number  of mitoses  a l so  appeared 2 and 3 h a f t e r  the beginning of t rea tment .  

The r e  is  r eason  to suppose that btocldng of the mitot ic  cycle under the influence of serotonlr~, leading 
to a reduction in the index between the 2nd and 3rd hours  of its action on the ceil, occurs  at  the shor tes t  
phase of the cycle G.~, last ing about 3 h in l tcLa cells  [8]. The premi to t ic  period G~, according to published 
findingg, is ve ry  sensi t ive to radiat ion [9]. If, there fore ,  t empora ry  and revers ib le  blocking of cel ls  in 
phase G 2 occurs  under  the influence of serotonin,  which is usually given as a radioprotec t ive  agent before  
irr~.diaHon, e~>ccially in experimeni.s in v i t ro  [6], this blocking may play the role  of the pr incipal  react ion 
in the mechanism of the protect ive  actioD of serotonin [5]. ttowever, this h~Tothesis must  be ver i f ied  in 
special  exper iments  to s ~ d y  the effects  of serotonin on the mitotic cyc le .  

L I T E R A T U R E  C I T E D  

I.  A . K .  Alekseeva and L. P. Izakova0 Abs t rac t s  of Prgceedings  of the Second Scientific Conference 
to Review Work of the Moscow Research  Institute of Virus Prepara t ions  [in Russian],  Moscow 
(1960), p. 6. 

2. Ya. V. Dobr3"nin and R. P.  Dirlugyan, Vopr. Oakol., No. 5, 47 (1961). 
3. A . M . E r o s h k i n a ,  Pa t .F iz io i . ,  No. 2, 23 (1959). 
4. E .  Ch. Pukhal 'skaya,  In: Regenera t ion  and Cell Multiplication in Animals [in Russian], Moscow 

(1964), p. 200. 
5. E.  Ch. Pukhal ' skaya,  In: Protect ion Against and Recovery  af te r  Radiation Injuries t in Russian], 

Moscow (1966), p. 229. 
6. E . N .  Tolkacheva and I. F. Bregadze,  Radiobiotogiya: No. 6, 907 (1962). 
7. T . G .  Shirokova, Investigation of the Action of Chemical  Antitumor Prepara t ions  on Human Tu mor  

Cells  in Tissue  ~.ulture [in Russianl,  Candidate disserL'ttion, Moscow (1963). 
8. R . B .  Pa in te r  and R. Drew, Lab.  Invest. ,  8, 278 (1959). 
9. G . F .  Whitmore,  G. P. Stanners ,  J .  E.  Till ,  e t  el . ,  Btochlm. Biophys. Acts,  47, 66 (1961). 

3 4 8  


