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The effect  of hepar in  was studied on the mitot ic  indices of t ransplantable  monolayer  cul tures  
of human amnion cel ls  (strain A lL  Inhibition of mitot ic  act ivi ty of the cul tures  was found to 
be d i rec t ly  propor t iona l  to the hepar in  concentrat ion in the medium.  High doses of hepar in  
blocked mi tos i s  at the s tage of t rans i t ion  f rom late te lophase to interphase of the next cel l  
cycle .  Meanwhi lenumerous  am i t o s e s  appeared.  The cel ls  blocked in late telophase or  which 
took par t  in ami tos i s  underwent pycnosis  and dest ruct ion.  
KEY WORDS: heparin;  mitot ic  activity;  ami tos i s ;  pycnosis ;  des t ruct ion.  

Hepar in  has found cl inical  applicat ion in recent  y e a r s  not only in the prevent ion of blood clotting [3, 12], 
but also as an immunodepressan t  [4, 5, 7, 13]. The need has thus a r i s en  for  a comprehens ive  study of hepar in  
and, in par t icu la r ,  of its cytological  and cytosta t ic  p rope r t i e s .  These p rope r t i e s  are  c lea r ly  revea led  by 
the use of monolayer  cel l  cul tures  as the t es t  object.  

This  paper  desc r ibes  a study of the effect  of hepar in  on some mitot ic  indices of t ransplantable  cul-  
t u re s  of human amnion cel ls  (line A1), namely  the i r  mitot ic  act ivi ty and phases  of mi tos i s .  The pape r  also 
gives information on ami to se s  in the cel l  cul tures  t r ea ted  with hepar in  and the re la t ionship between d is -  
tu rbances  of cel l  division and the subsequent  des t ruct ive  p r o c e s s e s .  

EXPERIMENTAL METHOD 

A suspension of t ransplantable  human amnion cells  (line A1) in medium No. 199 with 10%normal  
bovine s e rum was poured into penicil l in f lasks  with cover  s l ips .  The concentrat ion of the suspension on 
seeding was 1.5.105 c e l l s / m l .  Incubation continued at 37~ After  48 h, when a continuous monolayer  of 
cel ls  was formed,  the growth medium was replaced  by medium No. 199 containing hepar in  (Polfa) in con-  
centra t ions  of 10, 50, 200, and 500 u n i t s / m l  or  medium No. 199 without hepar in  (control). The cell  cul tures  
were  fixed with 96 ~ ethanol 5, 24, 48, and 72 h la te r .  The p repa ra t ions  were  stained with hematoxylin and 
eosin.  The mitot ic  act ivi ty  of the A1 cul tures  was e x p r e s s e d  pe r  thousand cel ls  (%). In each case  f rom 
3000 to 7000 cel ls  were  counted. The resu l t s  were  subjected to s ta t i s t ica l  analysis  by the F i s h e r - S t u d e n t  
method.  The distrubution of the phases  of mi toses  among 100 dividing cel ls  was de termined.  The number  
of ami toses  pe r  thousand cel ls  also was calculated in the control  and expe r imen ta l  cu l tures .  In the final 
s ta~es the p roces s  of des t ruct ion of the cel l  cul tures  was studied. 

EXPERIMENTAL RESULTS 

In cultures of line AI cells treated with heparin the mitotic activity was reduced (Table I). After 
5 h of the experiment the mitotic activity of the control cultures was 38.6 =~1.2%. In cultures treated with 
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TABLE 1. Mitotic Activity (in %) of A1, Cultures Treated with 
Heparin, andof  Control  Cultures (M 4- m) 

Control* 

Hepartn coacn. 
(units/ml) 

10 

50 

200 

500 

37,2----- 1~2 
P>0,2 
22,0 --+ 1,0 
P<O,O01 
18,5-----0,6 

P<0,001 
7, 75-----0,4 
P<0,001 

38,6~ 1,2 

Time of expt. (h) 

2 4  

21,67-----0,3 
P<O,OI 

16,33---+0,33 
P<O,O01 

14,33-----0,1 

P < 0,001 
5,57~0,6 
P<0,001 

25,75+0,8 

48 

12,0+-0,57 
P>0,5 
8,33---+0,3 

O,I>P>O,05 
2,33~0,3 

P<O,OI 
0 

Pyonosis and d, 

1 1 , 3 3 ~ 0 , 8  

7 2  

2,54~-0,7 
P<0,001 
15+--0,3 

P<0,00I 
0 Beginning of 

destruction 
0 

traction 

9,66• 

* The decrease  in mitotic activity of the control  cultures was ac-  
counted for  by thei r  physiologieM aging [2]. 

TABLE 2. Distribution of Phases of Mitosis in Cultures of A1 
Cells Treated  with Heparin and in Control Cultures (100 mitoses  
counted in each case) 

Time of expt. (h) 

10 
50 

200 

500 

Control 

pl,, 
i 

17 37 
9 31 

[8 121 

6 35 

28 138 

I AI TITo, PIM 
31 30 
29 13 

l0 21 

2 I7 

24 t 

32 
15 

8 

0 

4 8  72 

0 10129 0 16 42 

2 24 43 
i 

0 0 81 

4 16 26 
4 19 37 

4 13 44 

1 10 48 

4 16 14 17 33 

5 9 40 Mitotic activity 
close ~o 0 

9 28 47 O l O l O t # l  o 
Beginning oI 

destruction 
0 0 0 O l O i o i ~  i 0 
Pycnosis and destruction 

41 
31 

25 

0 

512  20 22 41314120 25 5015 Gt8 

Ler P) prophase,  M) metaphase,  A) anaphase, T) telophase, 
TG 1) t ransi t ion from telophase to interphase of the next cell  
cycle.  

a smal l  dose of heparin (10 uni ts /ml)  the decrease  in the number  of mi toses  with not s tat is t ical ly s ig-  
nificant. Higher doses of heparin (50, 200, and 500 uni ts /ml)  caused a s tat is t ical ly significant decrease  
in mitotic activity. The decrease  was g rea te r  still 24 h af ter  addition of heparin to the medium. By 48 h, 
in cultures t rea ted  with heparin in a concentrat ion of 500 un i t s /ml  mi toses  disappeared completely and 
destruct ion of the cell  monolayer  began, whereas in cultures t rea ted  with a dose of 200 uni t s /ml  the mitotic 
activity was down to 2.33 4-3% compared with 11.3 4-0.8% in the control .  Mitoses disappeared completely 
af ter  72 h in cultures t rea ted  with heparin in a concentrat ion of 200 un i t s /ml  and almost  completely in 
cul tures t reated with sma l l e r  doses of heparin.  

A distinguishing feature of the cul tures  t rea ted  with a high dose of heparin (500 uni ts /ml)  was the 
delay of mitosis  in late telophase, o r  more exactly in the period of t ransi t ion from telophase to the next 
interphase (in the terminology adopted, period TG 0 (Table 2). 

Many of the cells  held up in period TG 1 underwent pycnosis and destruction.  Smaller  concentrations 
of heparin delayed mitosis  in telophase but a complete blocking of the cells in the TG 1 period was not ob- 
served.  

Simultaneously with disappearance of mi toses  in the A1 cultures t reated with high doses of heparin, 
many amitoses  appeared. Whereas in the control  cultures of line A1 the number  of amitoses  did not ex-  
ceed 10%, in the cultures t reated with heparin (500 units ml) this index reached almost  100% (Table 3). The 
subsequent fate of cells pass ing through amitosis  was studied. Like cells blocked in the TG~ period of 
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TABLE 3. Number of Amitoses  in Cul- 
tures  of Transplantable Line A1 Treated 
with Heparin, and in Control Cultures 
(in %) 

Heparin Time of expt. (11) 
COIleD_. 24 I 
(units/ml) 5 

200 

500 

Control 

6 8 

8 59 

8 8 

48 72 

18 28 
Beginning of 

destruction 
98 Pysnosis and 

~eginning of destruction 
destruction 

I0 8 

mitosis ,  they underwent pycnosis and destruction, par t ic -  
ular ly marked 72 h af ter  the addition of heparin to the me-  
dium. 

The results  thus obtained confirmed the view that cell  
cultures are a promising tool for  the study of interaction 
between immunodepressants  and cells [1]. By using mono-  
layer  cell  cultures more extensive information can be ob- 
tained on the effect of heparin on mitosis  [8, 10, 12] and 
c l ea re r  ideas can be formed about the eliminating action 
of heparin on dividing ceils.  The experiments  showed that 
high doses of heparin have an inhibitory action on the mitotic 
activity of transplantable line A1 of human amnion cells.  
The degree of inhibition of mitosis  is direct ly dependent 
on the heparin concentration in the medium. Heparin de- 
lays mitosis  on the border  between late telophase and the T 1 
period of the next interphase. If a high concentration of 

heparin was used, the cells blocked in this period underwent pycnosis and destruction. From this point of 
view the action of large doses of heparin was similar ,  morphologically speaking, to the effect observed after  
infection of sensitive cell cultures with poliomyelitis [6] and ves icular  stomatit is  [10] v i ruses .  Thesev i ru se s  
also cause delay of mitosis  in telophase and death of the daughter cells in the G 1 period. Osunkoya and 
Dav id -Wes t  [10] link this phenomenon with the severe disturbances of cell metabol ism induced by virus 
infection, making normal  cytotomy and protein synthesis in the daughter cells impossible.  In addition, be-  
sides the delay of the cells in the TGI period, a marked increase in the number  of amitoses  also was ob- 
served in cultures t rea ted  with heparin.  This phenomenon reflects  the ability of cell cultures t reated with 
heparin to compensate for a limited period of time their  lost ability to divide by mitosis .  Disturbance of 
the process  of cytotomy, the destruction of cells blocked in the TG 1 period of mitosis ,  and death of the cells 
after  amitosis  are evidently important features of the eliminating action of high concentrations of heparin 
on cells in culture. 
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