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Some pr inc ip les  governing the fo rmat ion  of meta l l ic  complexes  with new chelat ing compotmds,  the 
polyaminopolyphosphonic  acids,  a re  desc r ibed .  These compounds are  capable  of fo rming  stable complexes  
with Cu, Pb, Fe,  and Be, but they p rac t i ca l ly  do not r e a c t  with Ca. The polyaminopolyphosphonic acids a r e  
shown to be effect ive agents  for  the e l iminat ion of Be, in a g r e e m e n t  with phys icochemica l  p r inc ip les  gov-  
erning chelation of me ta l s  in v i t ro .  However,  in re la t ion  to e l ements  such as Ni, Co, and V, chelation with 
phosphonate groups,  just  as with ace ta te  groups  (EDTA, DTPA, etc.) is ineffect ive.  To explain these  f ind-  
ings, fac ts  a r e  desc r ibed  indicating s tabi l i ty  of the bond fo rmed  by these me ta l s  with amino acids and p r o -  
te ins .  Compet i t ive  re la t ionships  of this type reduce  excre t ion  of the incorpora ted  meta l .  

The i n t e r e s t  shown by biologis ts  in chelat ing agents  is due mainly  to the abil i ty of these  compounds 
to fo rm highly s table  chelate complexes  with mos t  me ta l s  which a re  soluble in water ,  and also to the i r  r e l -  
a t ively low toxici ty [1-8]. It i s  these  p r o p e r t i e s  of chelat ing agents which have helped to solve p r o b l e m s  
connected with the conserva t ion  of blood, and the excre t ion  of radioact ive  i so topes  and toxic me ta l s  (Pb, 
I, Zn, Mn, Cr,  Po) f r o m  the body. 

However,  the un iversa l i ty  of the action of these  polydentate chelat ing compounds was ill one r e s p e c t  
an obs tac le  to e l iminat ion of highly toxic e l e men t s  such as  Be, Mg, Sr, and Ba, with a chelation s tabi l i ty  
constant  somewhat  lower than that  of Ca, f r o m  the body [6, 9, 11]. Since the Ca concentra t ion in blood and 
o ther  biological  media  of the body is  ve ry  high, this cation can c0mpete  for  a place  in the complex  with any 
of these me ta l s  requ i r ing  excre t ion .  The equi l ibr ium point of chelat ion in the body depends on the r a t i o b e -  
tween the s tabi l i ty  constants  of the chelate  of the me ta l  to be excre ted  and of Ca. One of the p r inc ipa l  c h a r -  
a c t e r i s t i c s  de te rmin ing  the d i rec t ion  of chelation in the body is the d i sp lacemen t  constant  of Ca by the m e t -  
al  [6, 11, 15]. 

The ve ry  low value of this constant  a lso  explains  the inef fec t iveness  of EDTA and other  aminopoly-  
carboxyl ic  acids in e l iminat ing e l emen t s  such as Mg, Be, Sr, etc.  f r o m  the body. 

F r o m  this point of view chelating agents  in whose molecule  the carboxyl  groups a re  rep laced  by a l -  
kylphosphonates  a re  of cons iderable  i n t e r e s t  [2, 9, 10]. This  modif icat ion of the molecule  of the chelat ing 
compounds provided chem i s t s  and b io logis ts  with chelat ing agents  with new and ve ry  valuable p rope r t i e s .  
These  compounds can f o r m  stable complexes  with Cu, Zn, Fe,  r a r e - e a r t h  e lements ,  and Be [1, 8, 9, 10], 
ye t  they p rac t i ca l l y  do not r e a c t  with Ca, a fact  which se rved  as the bas i s  for  the study of the usefulness  
of these  compounds in biology and medic ine .  

The object  of th is  invest igat ion was to study the chelat ing p r o p e r t i e s  of polyaminopolyphosphonic acids 
re la t ive  to Ca, Be, Mn, Fe,  and Cu and the i r  effect  on the excre t ion  of these e lements  f r o m  the body. 
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TABLE 1. Excre t ion  of Ca r (mean data in pe rcen t  of admin i s t e red  dose) 

Compounds administered 

Control (Ca45C12) 
Ca45C12 + phosphicin (intraperitoneally) 
Ca45C12 + phosphicin (by mouth) 

by the kidneys 

0.95=~0.07 
1.75• 
0.88~:0.10 

Excretion of Ca 4~ 

by the intestine 

8.28~0.76 
6.14• 
9.02:~1.1 

total  

9.23~=1.2 
7.89~0.71 
9.90=~2.0 

TABLE 2. Effect  of Po lyamino-  
phosphonic Acids on Content of Be 7 
in Mouse Cadave r s  (mean data in 
pe rcen t  of control) 

E x p e r i m e n -  
tal  condi-  
t ions 

Be 7 
Be 7 + I 
Be 7 + II  
Be 7 + I I I  

7 - r a y  act ivi ty  of c a -  
dave r s  a f t e r  admin -  
i s t r a t ion  of Be 7 

l h  2 4 h  

100.0 100.0 
62.5 52.4 
77.8 48.4 
75.0 48.4 

Note: I) E t h y l e n e d i a m i n o - b i s - i s o p r o -  
pylphosphonic,  II) oxadie thy leneami-  
noisopropylphosphonic,  IN) die thyl-  
ene t r i amino-b i s - i sopropy lphosphon ic  
acids.  

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

The chelating p r o p e r t i e s  of the polyaminopolyphosphonic and 
polyaminopolycarboxyl ic  acids we re  inves t iga ted  po la rograph ica l Iy  
and by poten t iomet r ic  t i t ra t ion.  To invest igate  the effect  of the 
chelat ing agents  on excre t ion  of the va r ious  e lements ,  Ca 45, Be 7, 
Mn 54, and Cu 64 were  used, being injected in t raper i tonea l ly  into a l -  
bino rats in the form of Ca45C12, BeTCI2, Mn54C �89 and Cu64SO4 in in- 
dicator doses. The animals were kept in metabolism cages sothat 
the excreta could be collected separately. The content of Be 7, Mn 54, 
and Cu 64 in the animals' body and excreta, and also in their blood 
and organs was determined by measurement of the 7-emission by 
means of a special instrument (built by A. A. Petushkov and M. R. 
Zel'tser). In the case of animals receiving Ca45C12,the measure- 
ments were made with respect to fl-particle activity. 

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

The exper imenta l  r e su l t s  showed a full co r re l a t ion  between 
instabi l i ty  of the Ca complex with e thy lened iamino-b i s - i sop ropy l -  
phonic acid (phosphicin) and absence  of abili ty of this compound 

to i nc rea se  the excre t ion  of Ca f r o m  the body (Table 1) o In con t ras t  to phosphicin,  under  analogous condi-  
t ions Na2EDTA i n c r e a s e s  Ca excre t ion  by 2.4-4 t imes  [15]. Fo r  this reason ,  despite the lower value of the 
stabil i ty constant  of complexes  fo rmed by different  me ta l s  with organophosphorus  chelat ing agents  c o m -  
pa red  with those containing carboxyl  groups,  the d i sp lacement  constants  were  higher  in the f i r s t  case .  The 
absence  of effect  of Ca on binding of meta l s  in the body by organophosphorus  chelating agents  may  in fact  
explain the ef f icacy of phosphicin in lead poisoning [1]. The same  pr inciple  is also seen in re la t ion  to Cu 
and Fe.  The disodium sal t  of phosphicin was found to produce  rapid  excre t ion  of Cu and Fe f r o m  the body, 
in full a g r e e m e n t  with the high values of the s tabi l i ty  constants  of the i r  complexes .  

P a r t i c u l a r  attention should be given to the poss ib i l i ty  of using organophosphorus  de r iva t ives  of po ly -  
amines  for  the e l iminat ion of Be f r o m  the body. The format ion  of complexes  of Be with these chelat ing 
agents p o s s e s s e s  a number  of c h a r a c t e r i s t i c  f ea tu res  making these  compounds specif ic  r eagen t s  for  Be. 
Among these p r o p e r t i e s  a r e  the absence  of Be - N bonds in the complex,  the fo rmat ion  of polycycl ic  Be 
complexes ,  high s tabi l i ty  constants  com pa red  with the hydrogen complexes  of other  me ta l s ,  and also the 
format ion  of polymeta l l ic  complexes .  The s t ruc tu re  of these  complexes  includes one or two Be ions and 
an ion of another  me ta l  posses s ing  high affinity for  N (for  example ,  bivalent  ions of the f i r s t  t rans i t ion  p e -  
r iod).  The high s tabi l i ty  of homo-  and he te ronuc lea r  Be complexes  with chelating agents  in whose molecule  
the carboxyl  groups a re  comple te ly  rep laced  by phosphonate groups is the bas i s  on which effect ive e l im in -  
ation of this highly toxic e lement  f r o m  the body can be expected to take place  (Table 2). 

Po lymeta l l i c  complexes  incorpora t ing  Be in the case  of comple te ly  phosphoryla ted  analogs have high 
constants  re la t ive  to Ca. However,  in the case  of d ica rboxymethy le thy lened iamino-b i s -methy lphosphonic  
acid, because  of the p r e s e n c e  of ace ta te  groups  forming  bonds with Ca, the polynuclear  complex  has ve ry  
high stabi l i ty  constants  re la t ive  to Ca, leading u l t imate ly  to a low ra te  of Be e l iminat ion f r o m  the body. 

The facts  desc r ibed  thus indicate co r re la t ion  between the phys icochemica l  p r inc ip les  governing che-  
lation of me ta l s  in v i t ro  and the fo rmat ion  of complexes  in vivo. Chelating agents  with phosphonate groups,  
such as EDTA and DTPA, were  found to be p rac t i ca l ly  ineffective in re la t ion  to e l emen t s  such as Ni, Co, 
and Cdo The d i sp lacemen t  of Ca by the me ta l  a re  high for  Ni ++, Co ++, and Cd ++, whether  for  aminopoly-  
acet ic  or  aminopolyphosphonic acids,  and they s o m e t i m e s  exceed those f o r  Pb [10, 16, 17]. Consequently,  
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the lower effectiveness of chelating compounds of both series in these cases cannot be explained by com- 
petitive relationships with Ca. To explain this phenomenon, data for the stability of bonds between the in- 
corporated metal and biocomplexes of the body must be invoked. The commonest and most widespread 
mechanism of metal binding in the body is the formation of complexes with amino acids and proteins, and 
the reaction of the metals with precipitating anions (PO4, CO3, etc.). It has been shown [19] that mono- and 
polynuclear complexes of metals with amino acids and proteins formed in the body have a substantial in- 
fluence on complex formation with low-molecular weight aminopolyacetic acids administered from outside. 
Many investigations have been made of the stability of bonds formed by amino acids with metallic ions, 
from which the differences in stability of the complexes can be judged. Stability of complexes with amino 
acids increases from Mn ++ to Cu ++ roughly in the following order: Mn ++ < Fe ++ < Pb ++ < Co ++ < Zn ++ 
< Ni ++ < Cu ++. The binding of Co ++, Ni ++, Zn ++, and Cu ++ with biocomplexes of the body is most stable. 
The stability constants of their complexes with amino acids are higher in value than the eorrespondingcon- 
stants of displacement of Ca by the metal. For example, log K (the stability constant) of cysteine with Zn 
is 18.7, of asparagine with Ni it is 12.39, with Co 10.18, and so on. This comparison explains the low level 
of excretion of Ni, Co, and Zn by both aminopolyacetic and aminopolyphosphonie acids. The values of the 
stability constant for complexes of metals with amino acids indicate that competitive relationships of this 
type must have a greater, and not a lesser influence on binding of the metal by aminopolyphosphonic and 
polyacetic acids than that of Ca. Consequently, competitive relationships are created in the body not only 
between cations, but also between the organic anions binding the cations with different degrees of stability. 
Competitive relationships of this type may reduce the degree of elimination of the incorporated metal. 

Competitive relationships between aminopolyphosphonic and polyacetic acids and amino acids are 
only one example of possible interactions in the body. The processes of interaction between exogenous 
chelating agents and high-molecular weight biocomplexes, and especially proteins forming polynuelear com- 
plexes with metals, are of a much more intricate nature. 
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