
There are contradictory opinions on the role of processes of binding in the prolongatio n of the action of 
sulfanilamides. Some authors indicate a direct dependence of the prolongation of the action of preparations in 
the organism on the degree of binding [3, 12]; others do not find this dependence [13]. 

Our investigations showed that the binding of sulfamonomethoxine and its N-methylglucamine salt by 
blood serum proteins and erythrocYtes does not differ. The interaction of the preparations with blood proteins 
depended on the sulfanilamide concentration, while with erythrocytes at concentrations from 10 to 500 /~g/ml, 
the binding indices were the same. Complexes of sulfamonomethoxine with serum proteins and erythrocytes 
dis sociated practical ly completely. 
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We have previously reported on the preparation and distribution in the organism of ~P]dipin [1] and 
[14C]dipin with the label in the ethyleneimine groups [2], and of [tlC]dipin with the label in the piperazine ring. 
Considering the important role of piperazine in the dipin molecule (the hearer  of the phosphoramide groups), 
and alSO the fact that piperazine and its salts are widely used in medical and veterinary practice for treating 
ascariasis and other helminthiases [3, 4], it was of interest to investigate its distribution in the organism of 
animals. 

In the present communication we give data on the synthesis and distribution of [14C]piperazine, and we 
have also made a Comparative analysis of the behavior of [t4C]piperazine and of [14C]dipin ihaving a label in the 
piperazine ring in the animal organism. 

The basis for the synthesis of [t4C]piperazine was made a procedure which made it possible to use [1, 2- 
14C]dibromoethane as the starting radioactive compound; we have previously used this in the synthesis of la-  
beled ethylenimine [2]. 
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By reac t ion  of [1, 2-14Cldibromoethane (I) with aniline in the presence  of anhydrous sodium carbon we 
p repa red  N,N'-diphenylpiperazine [14C] (II), which, by ni t rosat ion with sodium nitr i te ,  was converted into p- 
d in i t rosodiphenyl-N,N' -p iperaz ine  [t4C] (III), and fur ther ,  by sulfonation with sodium bisulfi te,  into p-disulfodi-  
phenyl-N,N'-piperazine[ i4C] (IV). On basif icat ion with caustic soda, the lat ter  gave [i4C]piperazine (V), i so la-  
tion of which was pe r fo rmed  by dist i l lat ion with s team into a r e c e i v e r  containing hydrochlor ic  acid. 

The yield of [14C]piperazine was 56.6% (calculated on [14C]dibromoethane), with a specific act ivi ty of 
11.75 /~Ci/mg. Confirmation of the rad iochemica l  and chemical  puri ty  of the prepara t ion  was ca r r i ed  out by 
the th in - layer  chromatography method and by autoradiography with subsequent dens i tomet ry  of the prints  ob-  
tained. The chromatographing was ca r r i ed  out on Silufol plates in the sys tems p r o p a n o l - a m m o n i a  (7 : 3) and 
b u t a n o l - w a t e r - a c e t i c  acid (4 : 5 : 1); development  was ca r r i ed  out in iodine vapor.  The Rf values of the [t4C]- 
piperazine and of the " indicator"  coincide in these sys tems and a re  equal to 0.25 and 0.21, respec t ive ly .  

In a study of the dis t r ibut ion of [14C]piperazine (VI) In ra t s  having sa rcoma  45, a rapid resorp t ion  of it  
f rom the blood was observed af te r  injection. Thus, af ter  5 rain, the absorption coefficient  of the blood was 
0.82; and af ter  30 min, it was only 0.15 in all.  The exponential dependence for radioact ivi ty content of the blood 
cor responded  to the following equation: 

C+ ----0.67. e-4.1~ t~O. 15. e-O. l+ t, 

where  C t is the absorpt ion coefficient  in a definite time, expressed  in hours (t). 

Hence it follows that a radioact ivi ty  corresponding to an absorption coefficient  of 0.67 was removed f rom 
the blood with a ha l f - remova l  period of 10 rain, but a par t  of it, equal to 0.15, left the blood with a Tl/2 of 6 h. 
The reduction of radioact ivi ty  which cha rac te r i zed  the content of [t4C]piperazine in the blood took place in the 
tumor -bea r ing  ra t s  more  rapidly than that of [t4C]dipin which was labeled in the p iperaz ine  ring. The [t4C]- 
piperazine rapidly accumulated in the organs and t i ssues .  The maximum radioact ivi ty content was observed 
5-15 rain a f te r  injection of the prepara t ion .  The highest  absorption coefficient  of the radioactivi ty (10.9) was 
in the kidneys, as is evident f rom Table 1. In the lungs it was 4.67; in the adrenals ,  5.16; in the lymph nodes, 
3.11; in the pi tui tary gland, 3.77; in the stomach, 3.91; in the small  intestine, 3.03; in the thymus, 2.46; in the 
thyroid gland, 2.37; in the spleen, 2.83; in the hear t ,  2.34; and in the l iver,  2.01. In the remaining organs and 
t issues ,  the l a rges t  value of the radioact ivi ty absorption coefficient  was in the range 1.94-0.76. In the tumor 
the absorption coefficient  reached  0.61. 

On compar i son  of the absorpt ion coefficients of radioact ivi ty In the t i ssues  and blood, it was discovered 
that this ra t io  in the exper imenta l  animals was higher than upon injection of [t4C]dipin. The absorpt ion co-  
eff icient  (AC) t i s s u e : b l o o d  ra t io  for  the kidneys was 24.8 (15 rain af ter  injection of the [14C]piperazine); for  the 
l iver ,  6.4; for  the spleen, 12.7; for  the lungs, 14.3; for  the tumor,  2.5 (30 min). It was also high for the other  
organs (2.1-15 a f te r  15 rain). All this indicates that, in addition to its content in the blood, the radioact ivi ty 
accumulates  as a r e su l t  of penetra t ion of the [l+C]piperazine into the s t ruc tura l  format ions  of the cel ls .  The 
fas te r  en t ry  of [14C]piperazine into the t i ssues  as compared with [14C]dipin also caused the high t issue AC :blood 
AC rat io.  The compara t ive ly  low t issue AC : blood AC rat io in the organs of animals  to which we had injected 
dipin labeled with ~4C in the  p!porazine ring cha rac t e r i ze s  the somewhat re ta rded  penetrat ion of this p r epa ra -  
tion into the cel l  s t ruc tu re .  

The [14C]piperazine accumulated in the organs in 5-15 rain; thereupon the total content in the muscles  
was 27.5%; in the l iver,  8.5%; in the kidneys, 7.8~; in the skeleton, 7.1%; in the smal l  intestine, 12%; in the 
stomach, 3.9~; in the large intestine,  3.28%; and in the tumor,  2.76%. In the remaining organs and t issues  the 
total  amount of it was 1.0-0.015~ of that introduced. The change in radioact ivi ty content can be represen ted  
by an exponential  function. Then 
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TABLE 1. Absorption Coefficient of [14C]Piperazine in Rats with 
Sarcoma 45 on Intravenous Injection 

Blood 
Liver 
Kidneys 

Spleen 
Lmgs 
Heart 
Muscles 
Skeleton 
Brain 
Lymphatic glands 
Thymus 
Bone marrow 
Pituitary gland 
Thyroiff 
Adrenals 
Pancreas 
Stomach 
Small intestine 
TLaumrge intestine 

or 
Taft (as site of injection) 

0,82 
1.88 
!0.92 
1,67 
2,!9 
I,~8 
0,62 
0,36 
0,076 
1,24 
l,ll 
0,13 
3.19 
1,28 
!,14 
1,16 
0,89 
1,08 
0,76 
0,26 
3.68 

0,35 
2,01 
8.69 
2,83 

4,76 
2,34 
0,87 
0,72 
0,02 
3,11 
2,46 
0,24 
3,77 
2,37 
5,16 
1,75 
3,91 
3,03 
1,94 
0,61 
2.15 

3 O  

0.15 
0,c6 
3,04 
1,90 
2.14 
0,89 
0,57 
0,35 
0.045 
1,29 
1.62 
0,021 
2,33 
I,t5 
2,03 
1,48 
2,27 
1,39 
0,61 
0,37 
0.76 

Time, 
60 

0.12 
0,39 
2,21 
1,11 
0.79 
0,60 
0.39 
0,27 
O,OH 
1.32 
1.09 
0,03 
2,16 
1.34 
1,91 
0.97 
t.66 
0,86 
0,26 
0,30 
0.35 

m_in 
1 2 0  

0,15~ 
0,52 
2,07 
0,8: 

0,88 
0,47 
0,34 
o,16 
0.02~ 
0,42 
0,82 
0,01: 
1,48 
0,7 
0,44 
0,35 
0,83 
0,76 
0,97 
0,26 
0,54 

240 

0,10 
0,39 
1,83 
0.63 

0.~6 
0,1~ 
0,26 
0,I1 
0,026 
0,36 
0,63 
0,03 
1,35 

0,38 
0,23 
0,62 
0,52 
1,54 
0,16 
0,39 

~ 4  q 

0,012 
0,17 
0;22 
0.24 
0.12 
0.06 
0.03 
0.038 
0.018 
0.14 
0.076 

1.24 

0.17 
0,052 
0,56 
0,24 
0,35 
0.026 
0.29 

A t =63 % .e-~," t+37%.e-O,o, t, 

where  A t is the total  amount  of  radioac t iv i ty  (in pe rcen t  of that introduced to the t ime  t, in h). 

F r o m  the equation given it follows that 63% of the radioac t iv i ty  injected was r emoved  f rom the o rgan ism 
with a h a l f - r e m o v a l  t ime  of 20 rain,  and 37% with a per iod of 7 h. The [14C]piperazine is metabol ized  in the 
o r g a n i s m  of r a t s  m o r e  rap id ly  (T1/2 = 7 h) than is  [14C]dipin (Tl/2 = 10 h). 

On study of the dis t r ibut ion of [14C]piperazine in the o rgan i sm of intact  r a t s ,  it was found that the rad io-  
act ive  p repa ra t ion  is r em oved  f rom the blood m o r e  slowly than in the case  of the t m n o r - b e a r e r s .  Thus, a f te r  
5 rain the absorp t ion  coeff ic ient  of the blood was 0.91; a f t e r  30 min, 0.27; and a f t e r  1 h, 0.18. 

The rad ioac t iv i ty  level  in the organs  and t i s sues  in intact  r a t s  rose  r a t h e r  rapidly,  and a f te r  5-15 rain it 
r eached  the m a x i m u m .  The AC in the kidneys was 6.72; in the l iver ,  1.34; in the spleen,  1.74; in the lungs, 
1.94; in the bone m a r r o w ,  0.17; in the bra in ,  0.041; in the lymph nodes, 2.07; in the pi tui tary,  2.04; in the 
thymus,  1.3; in the panc reas ,  1.04; in the hea r t ,  1.12; in the s tomach,  2.12; in the smal l  intestine,  1.72; and in 
the thyroid,  1.14. In the r emain ing  organs  and t i s sues ,  the AC was equal to 1.12-0.43. The high radioact iv i ty  
content of the gas t ro in tes t ina l  t r a c t  is a ve ry  impor tan t  fact  in es t imat ing  the accumulat ion of the prepara t ion  
under  study in t r e a t m e n t  of he lmin th iases .  

In in tac t  ra t s ,  the ra t io  of  the AC of m o s t  of the o rgans  to the blood AC during the per iod of m a x i m u m  
radioact iv i ty  level  (af ter  5-15 min), in dist inction f rom the t u m o r - b e a r e r s ,  was l ess  than unity. This indicates 
a r a t h e r  rapid  binding of  the [14C lpiperazine by s t ruc tu ra l  e l emen t s  of the ce l l s .  

Resul ts  of ch romatograph ic  analys is  of the ur ine of  intact  r a t s  (Silufol p la tes ;  sys t em,  p r o p a n o l - a m m o n i a ,  
7 : 3) showed that  even 2 h a f t e r  in t ravenous inject ion of [14C]piperazine hydrochlor ide,  along with the unchanged 
p repa ra t ion  (Rf 0.25) four  metabo l i t e s  containing the rad ioac t ive  label were  detected in the Urine. Thei r  Rf  
values  were  0.37 (30.3~); 0.46 (8.8~); 0.52 {2.8%); and 0.62 ( t races) .  In the following per iods  (3-6 h), the num-  
b e r  of metabol i tes  did not change.  One day a f t e r  the momen t  of  injection, these  metabol i tes  were  not recorded ,  

�9 . 

even by au toradiography.  The data obtained indicated that  [14C]piperazine is r a t h e r  rapidly  conver ted  into i ts  
me tabo l i sm  products .  In this connection, the obse rved  rad ioac t iv i ty  in the organs  and t i s sues  in a 2-h  per iod 
is  equivalent  to the content  of [14C ]piperazine i tself ,  bu t  in the f a r the r  r emoved  per iods  it is caused by the p r e s -  
ence of labeled metabo l i t e s .  

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

C h e m i s t r y  

[ i4c]Plperazine  Hydroehlor ide .  A mix tu re  of 10.965 g (0.06 mole) of [1 ,2J4C]dibromoethane having a 
s p e c i f i c  act iv i ty  of  4.9 /~Ci/mg,  6.05 g (0.06 mole) of aniline, and 6.52 g (0.07 m o l e ) o f  dry  sodium carbonate  
was boiled for  5-6 h with thorough s t i r r i n g .  The me l t  was ex t rac ted  with hot wa te r  until the sodium b romide  
had been r emoved .  There  was obtained 6.4 (92%) of [14qdiphenylpiperazine (II). To a suspension of II in 25.6 
ml  of concentra ted  hydrochlor ic  acid, with cooling ( - 4  to - 8  ~ and s t i r r ing ,  was slowly added, dropwise,  a 
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sa tura ted  solution of 5.12 g of sodium ni t r i te .  At the end of the react ion  the prec ip i ta te  was f i l tered off and it 
was washed with cold wa te r ,  The moi s t  p-dini t rosodiphenyl-N,N'-piperazine[14C] (III) zas  added to a 40% solu-  
tion of sodium metab isu l f i t e  {22 g of Na2S205) and the suspension was heated to 80 ~ with s t i r r ing .  Thereupon 
a r edd i sh -o range  solution of p-disulfodiphenyl-N,N'-piperazine[14C] was fo rmed  (IV), plus a cons iderable  
amount  of suspended ma t t e r ,  which was f i l tered off and d iscarded .  The product  IV was made bas ic  with a so -  
dium hydroxide solution and was concentra ted  by dist i l lat ion.  The dist i l lat ion was continued with superheated 
s t eam until the dis t i l la te  had a neut ra l  pH. The [14C]piperazine was caught in hydrochlor ic  acid. The solution 
was evapora ted  to dryness ,  the res idue  was r ec ry s t a l l i z ed  f rom dilute alcohol,  and there  was obtained 2.6 g 
(56.6%) of [14C]piporazine hydrochlor ide ,  based  on the s ta r t ing  [1 ,2J4C]dibromoethane,  having a specif ic  ac t iv-  
ity of 11.75 ]~Ci/mg. 

R A D I O M E T R Y  O F  I N T E R N A L  O R G A N S  O F  R A T S  A N D  

R A D I O C H R O M A T O G R A P H Y  O F  U R I N E  

The dis tr ibut ion of the [14C]piperazine was studied in expe r imen t s  on 102 mongre l  male  r a t s  having s a r -  
coma45  and on healthy ra t s  having a weight of 130-160 g. The an imals  with tumors  were  brought  to the e x p e r -  
iment  7 to 10 days a f t e r  t ransplant ing.  The weights of the tumors  reached 7-10 g. The [t4C]piperazine was in-  
jected into the tail  vein in the fo rm of an aqueous solution. After  injection of the [14C]piperazine, the r a t s  were  
decapi ta ted a f t e r  5, 15, o r  30 min, or  1, 2, 4, or  24 h; the blood was col lected in tes t  tubes to which a 5~ sodi -  
um c i t ra te  solution had been added p re l imina r i ly ,  and the organs  were  r emoved  for  r ad iome t ry .  Specimens of 
the organs  and t i s sues  were  d issolved in 2 ml  of 1 N alkal i  on a wa te r  bath  at 80-90 ~ The alkaline hydro lysa te  
of the t i s sues  was neut ra l ized  with acet ic  acid to pH 7.0-8.0. Eleven ml  of scint i l lat ion liquid was poured into 
f lasks,  to which 0.1 ml  of  the t i s sue  hydro lysa te  was added. The scint i l lat ion liquid was p repa red  as indicated 
in [5]. Rad iome t ry  of  the spec imens  was c a r r i e d  out in an Ansi t ron liquid scint i l la t ion counter .  The eff iciency 
of the count was de te rmined  b y  use of [t4C]toluene as an internal  s tandard .  The count eff iciency was 80-90%. 

For  e s t ima t ion  of the radioac t iv i ty  content in the organs  and t i ssues ,  the data obtained by r a d i o m e t r y  
were  e x p r e s s e d  in two indices .  One index was the absorpt ion coefficient,  which cha rac t e r i z ed  the ra t io  of the 
radioac t iv i ty  concentra t ions  in pulses  p re sen t  per  g r a m  of t i s sue  to that introduced per  g r a m  weight of ra t .  
The second index c h a r a c t e r i z e d  the detected radioact iv i ty  in o rgans  and t i s sues  in pe rcen t  r e f e r r e d  to that in-  
troduced, which was taken as 100~. Removal  of the label f rom the ra t  o rgan i sm was es t imated  by the expo-  
nential  equation. 

For  the ch romatograph ic  study of the urine,  we introduced 1.5 mg each (17.62 pCi) of [14C]piperazine 
in t ravenously  to intact  r a t s .  A f t e r  definite per iods  f r o m  the moment  of injection of the radioact ive  p repara t ion  
(2, 3, 4, 6, 24, and 48 h) urine s am p l e s  were  col lected and they were  ch romatographed  in the s y s t e m s  p r o p a n o l -  
ammonia  (7 : 3) and b u t a n o l - w a t e r - a c e t i c  acid (4 : 5 : 1) on Silufol plates ,  f rom which au to rad iograms  were  
then p repa red .  Density scanning of the darkening in the au to rad iograms  was c a r r i e d  out on a Uvifot dens i tom-  
e t e r .  x 
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