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The complexons which are administered for therapeut ic  purposes form stable complexes not only with toxic 

metals,  but also with cer tain metals  essential  to the living organism. Stable complexes are formed with iron, es- 
pec ia l ly  with t r iva lent  iron [3, 7]. 

Several  authors have demonstrated an increase in the excret ion of iron during complexon therapy [2, 4, 5, 9, 

etc]. It has been reported [8] that if  CaNa 2 e thy lened iamine te t raace t i c  acid  (CaNa 2 EDTA) is added to the diet  
for a month, the exper imenta l  animals are very retarded in weight and they develop anemia  with a considerable 
fal l  in the hemoglobin concentration. However, during the t reatment  of lead poisoning with CaNa 2 EDTA in man, 
large amounts of ca lc ium and copper were found in the urine [7], whereas the iron content was unchanged. 

Data in the l i terature demonstrate changes in the iron metabol ism in the course of complexon therapy, but 

these results re la te  mainly  to one complexon - CaNa 2 EDTA, and only in one or two papers [2, 3] can references be 

found to the effect of CaNa 2 d iaminocyc lohexane te t raace t i c  acid  and CaNa 3 d ie thylene t r iaminopentaace t ic  acid  
(CaNa 3 DTPA) on the excret ion of iron. 

The objec t  of the present invest igat ion was to compare  the effects of a series of complexons on the excret ion 

and distribution of iron in experiments on animals.  

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

Experiments were carried out on 117 female  rats weighing 190 * 15 g. 

As indicator  of the iron, i t  was labe led  with Fe s9 in the form of iron ascorbinate,  for several  authors [1] have 
shown that this compound of iron is absorbed by the body bet ter  and more rapidly. The solution of iron ascorbinate 

was injected in t raper i toneal ly  into the animals in a dose of 4 gCi. 

The effect  of the following complexons on the distribution and excret ion of iron was studied: CaNa 2 EDTA 
and CaNa 3 DTPA, the CaNa~ salts of the 2 ,2 ' -d i aminod ie thy l  ester of t e t raace t i c  acid  (CaNa z DEETA), the 2 ,2 ' -  
d iaminodie thyl  sulfide of te t raace t ic  acid (CaNa 2 DESTA), and ethylenediamine-bis-Na~isopropylphosphinic  acid 
(phosphicine), and also 2 ,3-dimercaptopropanesulfonate  Na (unithiol). The complexons were in jec ted  in t raper i -  

toneal ly  in doses of 30 mg per rat  dai ly for 3 days. 

Two series of experiments were performed. In Series I the animals received complexons 24 h after adminis-  
trat ion of iron. The object  of performing the invest igat ion in this way was to ascertain the effect  of the complexons 
on the face of the iron which was not stored in the depots. In series II the effect of the complexons was invest igated 
11 days after administration,  i .e . ,  after the iron had taken part in the metabol ic  reactions and had become com-  

p le te ly  absorbed by the organism [1]. 

The radioac t iv i ty  of 24-hour samples of stools and urine, and also the radioact iv i ty  of the organs was meas-  
ured as ? ' -radiat ion by the method of comparison with a standard, prepared by addition of the original solution of 

iron ascorbinate to the test sample.  

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

The results of the experiments of series I are given in Table  1. In the exper imenta l  conditions described, 
iron is normally excreted mainly by the intestine.  Administrat ion of al l  the test preparations led to a considerable 
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TABLE 1. Excretion of Fe s9 (in % of Amount Administered and of Control) 

Complexon 
administered 

Control 

Unithiol 

CaNa z EDTA 

CaNa a DTPA 

CaN% DESTA 

CaNa 2 DEETA 

Phos phicine 

~ Sub- 
strate 

O 
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9 stools 

urine 
9 stools 

9 urine 
stools 

urine 
9 stools 

urine 
9 stools 

urine 
9 stools 

ist 

day 

0,02 
0,82 

0,22 
0,37 

0,27 
0,84 

0,32 
0,33 

O,lO 
0,78 

0 ,28  
0,36 

0,38 
0,43 

2nd 3rd ~ 
day day ~ 

0,08 0,047 0,t47 
0,51 0,47 1,80 

0,023 0,28 
0,380,047 0,27 11,02 

0,0 7 0,0  
0,36 0,63 

0,I0 0,003 0,42 
0,30 0,56 1,19 

0,137 0,017 0,02 1,56 
0,29 0,49 

0,05 t00:0~ 10,34 
0,28 / 1,07 

0,0  Io:o  
0,32 1,29 

During 3 days 

totalin urine 
i I and stools 

I . [ o o  
~ -  o E~I ,,, o 

t00 1,95 
100 

i92 1,30 
57 

258 
I00 2,21 

285 
66 1,61 

100 1,69 
87 

235 1,41 
60 

285 
70 1,72 

loo  

70 

113 

82 

83 

73 

83 

TABLE 2. Excretion of Depot Fe s9 (in % of Amount Administered and of Control) 

Complexon 
administered 

Control 

CaNa 2 EDTA 

CaNa a DTPA 

CaNa 2 DEETA 

CaNa 2 DESTA 

Phos phicine 

•l Sub- 
~ strate 

urine 
9 [stools 

~urine 
9 IStOOls 

[urine 
9 stools 

urine 
9 stools 

[urine 
9 [stOols 

[urine 
9 ~tools 

I 

1st 
day 

0,001 
0,12 

2nd 
day 

0,007 
0,12 
0,005 
0,22 
0,03 
0,10 
0,05 
0,10 
0,03 
0,08 

3rd 
day 

0,00l 0,001 
0,13 0,035 
0,02 0,07 
0,20 0,15 
0,02 0,043 
0,08 0,12 
0,011 0,053 
0,06 0,14 
0,02 0,05 
0,11 0,16 
0,02 0,03 
0,09 0,03 

4th 5th 
day day 

0,002 0,003 
0,04 0,10 
0,1 0,05 
0,06 0,20 
0,03 0,01 
0,09 0,10 
0,001 0,013 
0,17 0,07 
0,05 0,03 
0,06 0,21 
0,013 0,14 
0,06 0,09 

During 5th day 

~l ~ to ta l in  
urine and 

~o st o_ols 

I r  4 r  

0,008 100 0,433 100 
0,425 I 100 0,977 225 0,247 I 3087 
0,7301 15o 
0,1051 1312 0,715i t62 
0,610 1 140 0,648 
0,108 1315 t26 

0,540[ 127 0,840 196 0,2001 2500 
0,640] 145 
0,i07 1315 0,4571105 
0,350 82 

increase in the content of iron in the urine. The highest iron concentration in the urine was observed after admin- 
istration of CaNa a DTPA and phosphtcine: the radioactivity of the urine was increased 16-19 times. The iron con- 
centration in the urine was also raised substantially after administration of CaNa 2 DEETA and CaNs 2 EDTA. 

The action of unithiot and CaN% DESTA -- the sulfur-containing homotog of CaNa 2 DEETA -- was weaker. 
However, this increase was observed immediately after administration of the eomplexon, and during the following 
days the iron concentration in the urine fell sharply. On the third day of the investigation less iron was found in 
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TABLE 3. Effect of Complexons on the Fem Content in the Tissues 

Complexon 

administered 

Control . . . . . . . . . .  

CaNa~ EDTA . . . . . . .  
CaNa s DTPA . . . . . . .  
CaNa 2 DEETA . . . . . .  
CaNa~ .DESTA . . . . . .  
Phosphicine . . . . . . .  

l o o d  

o~ ~ d  
d"* I ~  o 
z = , o ~  o =o 

6 1,97 100 
6 3,17 167 

2,07 105 
2,03 103 
2,94 150 

6 2,05 104 

2,01 
1,66 
1,70 
1,95 
2,49 
1,63 

100 0,33 
83 0,37 
85 0,39 
97 0,43 

124 0,34 
81 0,34 

100 
I15 
116 
130 
100 
100 

the urine of all the experimental  animals than of the controls. The more effective the complexon in relation to 
iron, the less iron was found in the urine after administration of the preparation ceased. For this reason the total 

amount of iron excreted by the kidneys under the influence of complexons exceeded the iron content in the control 

animals by only a few times. For instance, in the case of administration of CaNa 3 DTPA and phospbicine, the total 

iron content during 3 days of the investigation was 2.8 times greater than in the controls, with CaNa 2 EDTA it was 

2.6 times greater, and with DESTA it was 2.3 times greater than the control level,  and so on. Administration of the 

complexons affected not only the excretion of iron by the kidneys, but also the excretory function of the intestine. 

Whereas in the controls between 10 and 40 times as much iron was excreted by the intestine as by the kidneys, the 

first dose of complexon caused a sharp modification of this ratio. 

A result of this ~inversion" of the pathways of excretion was that the administration of complexons did not 

lead to a significant increase in the e l iminat ion of iron in these particular experimental  conditions, but, on the 

contrary, most of the complexons caused a decrease in the excretion of iron to 80-70% of the control level. A 

slight increase in the excretion of iron was observed when CaNa 2 EDTA was used. 

Hence the complexons caused no increase in the excretion of iron not stored in depots, but merely changed 

the pathways of its excretion. 

In the next series of experiments the effect of complexons on the  fate of the depot iron was studied (Table 2). 

As in the first series, in series II all  the complexons caused a marked increase in the excretion of iron in the urine, 

but marked differences in the dynamics of its excretion were seen. 

Whereas the nondepot iron was sensitive to the influence of complexons during the first day after injection, 

the first inject ion had much less effect on the depot iron than subsequent injections. For example, administration 

of CaNa 2 EDTA and CaNa 3 DTPA raised the radioactivity of the urine during the 1st day by only 5-7 times, com-  
pared with 70-50 and 30-40 times on the 3rd and 4th days respectively. The total amount of iron excreted in the 

urine after administration of these complexons rose 13-30 times during the t ime of the investigation. The excre- 

t ion of iron by the kidneys also rose considerably after administration of CaNa z DES TA, phosphicine, and CaNa 2 DgETA. 

It is interesting to note that the deposition of iron in the body led to the almost total cessation of its excre-  

tion by the kidneys, whereas the excretion by the intestine remained relatively high. The ratio between the amourits 

of iron excreted by the kidneys and by the intestine in the control animals ranged from 1-30 to 1:130. 

The excretion of the depot iron by the intestine was not reduced by administration of complexons, and in 
some cases i t  actually increased. The exception was phosphicine, which caused a slight fall in the iron level in 

the stools. 

The total amount of iron excreted by the kidneys and intestine under the influence of the complexons was 
increased. The greatest increase was observed after administration of CaNa z BDTA and CaNa z DESTA (225 and 
196% of the control level  respectively). The ratio between the levels of iron in the urine and stools was changed 

very considerably in every case after administration of the complexons. 

The investigation of the effect of complexons on the iron content in the blood and in the principal depots - 

the liver and kidneys - was of considerable interest (Table 3). The greatest changes took place in the blood, The 
radioactivity of the blood of the control animals was 1.97% of the injected activity. C0mplexons causing the ex- 
cretion of a large amount of Fe 59, namely CaNa 2 EDTA and CaNa 2 DESTA, led to a significant increase in the iron 
content in the blood. In the liver, forming an iron depot, its level  fell, while in the kidneys no change in the ra- 

dioactivity of the tissue was found. 
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These results show that complexons have a marked effect  on the iron metabol ism in the body. This effect  
is seen pr imari ly  in a change in the pathways of excret ion of iron: the fraction of iron excreted by the intest ine is 

reduced and the fraction excreted by the kidneys is increased.  Iron existing in the body in lab i le  combinat ion  with 

the plasma proteins is e l imina ted  from the body in amounts ranging from 1,3 to 2.21% of the in jec ted  dose. The 

iron present in depots is excreted to a re la t ive ly  smal ler  degree (from 0.433 to 0.977% during the period of inves-  

tigation). This difference between the excret ion of depot and nondepot iron is seen especia l ly  c lear ly  when its 

amounts in the urine and stools are compared after the first inject ion of the complexon. In the first case, despite 
the large absolute quantities of iron excreted,  i t  is main ly  the ~oute of excret ion that is changed, but in the second 
case i t  is the true excretion. The excret ion of Fe ~ is always increased i f  the excretion of iron by the intest ine does 
not decrease. 

It is c lear  from the foregoing account that a fuller  idea  of the metabol ism of iron and other metals in normal 
conditions and during complexon administrat ion can be obtained by studying the excret ion of the metals not o n l y  

by the kidneys, but also by the intestine, 

As the results of the invest igat ion showed, the concentrat ion of iron in the blood was increased while that in 
the l iver fell. These two processes are evident ly  interconnected and the increase in the iron concentrat ion in the 
blood is a result of its mobi l iza t ion  from its depot in the liver. 

S U M M A R Y  

Experiments on albino rats were used to study the influence of CaNa z salts of e thy lend iamine te t raace t i c  acid  
and CaNa a salts of d ie thy len t r i aminepen taace t i c  acid, as wel l  as CaNa 2 salts of 2 ,2 ' -d i aminod ie thy i  ester of tetea-  
ace t ic  acid  and its sulphur-containing analogue, Na 2 e thylenediamine-bis - i soprpylphosphinic  acid and sodium di -  
mercaptopropansulphonate on the excret ion and distribution of deposited and non-deposi ted Fe 59. The complexons 
were in jected in t raper i toneal ly  in doses of 30 mg per rat during 3 days. 

All complexons changed the iron metabol ism,  causing an increase in the iron excret ion of the kidneys and a 
decrease in that  of the intestine.  The deposited iron was excreted not only by the kidneys but also by the intestine. 

The largest increase in iron excret ion was caused by CaNa 2 EDTA and CaNa 2 DESTA. 
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