
The melt ing prof i le  of the chromat in  DNA of healthy human lymphocytes  when incubated in the patient*s 
s e rum a lso  was changed and consis ted  of a curve  with a single diffuse m a x i m u m  in the region of 85~ (P < 0.01), 
t)Roical of the cell  ch romat in  of pat ients  with Down's syndrome (Fig. 1A, 2). 

The invest igat ion thus showed that  the melt ing curve  of DNA of the cell  ch romat in  in the region between 
78 and 85~ depends on the a l t e r ed  exLeraal env i ronmenta l  conditions, i .e. ,  on the compos i t ion  af  the hIood 
serum~ 

It can be concluded from the results of this comparative analysis of the structural {and, consequently, the 

functional) state of the chromatin of human lymphocytes that an altered composition of the blood serum causes 
reversible changes in ehromatln structure, which result in a difference in the degree of dissociation of the 
nueleoprotein complex. 

The most substantial differences between the melting curves of chromatin from normal and trisomic cells 

were observed within a narrow range of temperatures (78-85~ This fact suggests that the main differences 
are connected with one chromatin fraction, structural modifications of which are manifested within precisely 
this temperature range. 

The phenomena discovered can be regarded as important evidence which can help to explain the distur- 

bance of synthesis of marker enzymes unconnected with the extra chromosome in trisomic cells [7]. The effect 
of the physiological environment on the structural and functional organization of the cell chromatin is thus 
clearly demonstrated. 
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CYTOGENETIC EFFECTS OF CHLOROQUINE 

IN HUMAN LYMPHOCYTE CULTURES 
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Addition of chloroquine to a cul ture of human lymphocytes  at the G 1 stage showed that the c o m -  
pound, iu a concentra t ion of 15/~g/ml,  does not affect  the level  of c h r o m o s o m a l  aber ra t ions ,  but 
in concentra t ions  of 60 and 100 ~ g / m l  it s u p p r e s s e s  mitot ic  act ivi ty of the ce l l s  v i r tua l ly  c o m -  
pletely.  By its act ions on the G 2 stage chloroquine,  in a concentrat ion of 100 ~ g / m l ,  significantly 
i n c r e a s e s  the number  of c h r o m o s o m a l  abe r r a t ions ,  hut in a concentra t ion  of 15 ~ g / m l  it has no 
apprec iab le  action. 
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E x p e r i m e n t s  in v i t ro  and cl inical  invest igat ions in recent  y e a r s  have demons t ra ted  the weak mutagenic 
act ion of two subs tances  widely used in the t r ea tmen t  of rheumat i sm:  a sp i r in  [3, 4] and butadione [14]. Other 
subs tances  used in rheumato logy  have not yet been studied f rom this standpoint.  Among them,  specia l  attention 
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is due to chloroquine, which gives good re su l t s  in the most  s tubborn f o r m s  of r heuma t i sm ,  rheumato id  a r th r i t i s ,  
a l l the  other col lagenoses ,  nephri t is ,  and many chronic  a l le rg ic  syndromes .  Moreover ,  this  p repa ra t ion  is given 
continuously over  long per iods  [1]: f r o m  I to 5 y e a r s  or  more .  The question of its poss ible  mutagenic effect  
is thus e x t r e m e l y  impor t an t ,  more  espec ia l ly  because  there  a re  concre te  grounds for  such a possibi l i ty .  

The therapeut ic  action of chloroquine [7-chloro-4-(4-d ie thylaminoethyl -buty lamino)-quinol ine]  is based  
on its cytosta t ic  and immunodepress ive  effects ,  due to interact ion between the compound and the nucleic acids 
of the cel ls  [13]. It has been shown tha t  chloroquine, by forming  complexes  With DNA and inhibiting DNA-poly-  
m e r a s e  [6, 7], d i s turbs  p r o c e s s e s  of DNA synthes is  [8] and, in pa r t i cu la r ,  blocks the repl ica t ion of coi l -phage 
[15] and DNA-containh~g he rpes  s imp lex  v i rus .  This  marked  effect  on DNA metabo l i sm makes  a cytogenet ie  
ana lys i s  of the action of chloroquine essent ia l .  However,  only one such investigation [12] has so fa r  been 
c a r r i e d  out on pat ients  with rheumatoid  a r th r i t i s .  The resu l t s  showed that the total  number  of c h r o m o s o m a l  
abe r r a t i ons  in pat ients  t r e a t ed  with a combinat ion of chloroquine and asp i r in  was not s ignif icantly g r e a t e r  than 
in pat ients  rece iv ing  a sp i r in  alone. However,  the number  of unstable c h r o m o s o m a l  abe r r a t i ons  ( f ragments  and 
dicentrios)  was significantly increased .  However,  the use of two p repa ra t ions  s imul taneous ly  in this  case  c o m -  
p l i ca tes  the evaluation of the resu l t s .  

Since no previous  cytogenetic  ana lys i s  has p rev ious ly  been  undertaken during admin is t ra t ion  of eh lo ro -  
quine alone, it was decided to begin the study of this  p rob lem with such invest igat ions in cu l tures  of human 
lymphocytes .  

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

Blood cul tures  were  p r e p a r e d  by the usual method [9]. Blood f rom healthy donors and pat ients  with rheu-  
m a t i s m  under 35 yea r s  of age was used. Because of the well  known cytos ta t ie  act ion of chloroquine, cult ivation 
continued for  72 h. Chloroquine, in va r ious  concentra t ions  (15, 60, and 100 pg/ml)  was added at  the G 1 (1.5 h 
a f t e r  phytohemagglutinin stimulation) stage without washing off, and at the G 2 stage (4.5 h before  fixation). 
Colehicine was added 3 h before  fixation. Chromosomal  abe r r a t i ons  were  analyzed at the metaphase  stage;  a l -  
together  1,252 metaphase  p l a t e s w e r e  studied. All concentra t ions  of chloroquine used in the cul ture  medium 
were  equivalent  to its concentra t ion ln the pa t ien ts '  s e r u m  when used for  therapeut ic  purposes .  

E X P E R I M E N T A L  R E S U L T S  

Af te r  addition of chloroquine in concentra t ions  of 60 and 100 ~ g / m l  at the G~ stage the four cul tures  con-  
ta ined only so l i t a ry  metaphase  p la tes .  This  may be due e i ther  to death of the ce l l s  or  to a sha rp  dec r ea se  in 
the i r  abil i ty to p ro l i f e ra te  under the influence of the doses  of chloroquine specif ied above. Addition of ch lo ro -  
quine at the G 1 stage in a concentra t ion of 15 ~ g / m l  did not lead to a significant increase  in the f requency of 
ch romosomal  aber ra t ions :  2.5 �9 0.3% in the exper imenta l  s e r i e s  and 1.5 • 0.3% in the control  (P > 0.05). 

When added at the G 2 stage in a concentra t ion of 15 ~ g / m l ,  ehloroquine l ikewise had no mutagenic action, 
but in a concentra t ion of 100 ~ g / m l  it led to a marked  inc rease  in the number  of c h r o m o s o m a l  aber ra t ions :  
5.8 • 1.4% in the exper imenta l  s e r i e s  compared  with 1.7 • 0.6% in the control  (P > 0.05). The f requency of 
abe r r a t i ons  in cu l tures  of lymphocytes  obtained f rom healthy donors  and f r o m  pateints  with rheumat ic  fever  
was the same.  

To explain the mechan i sms  of the mutagenic action of chloroquine, data indicating that  the binding of 
chloroquine with DNA leads  to s tabi l izat ion of the l a t t e r  and preven ts  its denaturat ion [11] a r e  important .  In 
this connection an analogy between the action of chloroquine and the well-known effect  of polyfunctional a lkyla t -  
ing compounds can be postulated.  Under the influence of those mutagenic fac tors ,  i n t e rmoleeu la r  c r o s s  l ink-  
ages  a r e  fo rmed  in double -s t randed  DNA molecules  (i.e., s tabi l izat ion of the DNA also occurs) ,  and as  a resu l t  
the l ikelihood of the appearance  of c h r o m o s o m a l  a b e r r a t i o n s  is i nc reased  [5,10]. 

All abe r r a t i ons  induced by chloroquine were  of the single f r agment  type.  The absence  of abe r r a t i ons  of 
the exchange type and a marked  inc rease  in the number  of gaps in the exper imenta l  s e r i e s  (5.4%) compared  with 
the control  (0.2%) will be noted. 

These r e su l t s  points to the necess i ty  for  a specia l  study of the mutagenie effect  of chloroquine under 
clinical  conditions. 
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