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KINETICS OF [14C]PHENAZEPAM EXCRETION 

IN ALBINO RATS AFTER SINGLE AND REPEATED 

INJECTIONS OF THE DRUG 
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During the 5 days a f t e r  in t raper i tonea l  injection of [14C]phenazepam into albino ra t s ,  both intact  
an imals  and an imals  p rev ious ly  rece iv ing  phenazepam injections for  15 days,  about 77% of the 
total  radioact iv i ty  was excre ted  with the ur ine and feces .  The excre t ion  p r o c e s s e s  can be de-  
scr ibed  by a f i r s t - o r d e r  equation. The ra te  of total  excre t ion  of phenazepam was identical  a f te r  
single o r  repeated  injections of the drug.  Meanwhile, a f te r  a single injection of phenazepam into 
the animals ,  it was excre ted  mainly  with the ur ine,  whereas  af ter  repeated  injections it was ex-  
c re ted  main ly  with the feces .  The p r o c e s s  of excre t ion  of phenazepam with the ur ine  a f t e r  r e -  
peated injection is biexponential  in c h a r a c t e r .  

KEY WORDS: phenazepam;  repeated  and single injection; excret ion;  excre t ion  constants ;  hal f -  
e leminat ion per iod.  

The kinet ics  of excre t ion  of phenazepam,  a t r anqu i l i ze r  of the 1,4-benzodiazepine s e r i e s  [2, 3], with the 
urine and feces  a f te r  a single injection or a co u r se  of 15 daily injections of the drug is examined in this paper .  

EXPERIMENTAL METHOD 

Exper imen t s  were  ca r r i ed  out on two groups of m a l e  albino ra ts  weighing 180-200 g. [14C] Phenazepam 
(1 Ci /mole)  in a dose of 14 m g / k g  was injected into the an imals  as a Tween emulsion.  Samples  of urine col-  
lected a f t e r  12, 24, 48, 72, and 120 h and of feces  col lected a f te r  24, 48, 72, and 120 h were  investigated.  Phen-  
azepam was injected daily for  15 days in a dose of 14 m g / k g  into the an imals  of the second group, and this was 
followed by a single injection of [14C]phenazepam (1 Ci /mole )  in a dose of !4 mg /kg .  Samples of urine and 
feces  were  col lected af ter  12, 24, 48, 72, 96, and 120 h. The samples  of feces  were  dried in an incubator at 
80~ weighed, and then hydrolyzed,  in the s ame  way as the samples  of urine,  with fo rmic  acid for  1 h on boi l -  
ing wa te r  bath. Radioact ivi ty in the biological  media  was de te rmined  by means  of an Intertechnique (France) 
SL-30 liquid scint i l la t ion pho tomete r  and expres sed  as pe rcen tages  of the dose adminis te red  to each animal.  
The excre t ion  data were  analyzed by " r a t e "  and ' s i g m a - m i n u s  ~ methods [4] and by Mansge ldor f ' s  method [1]. 

EXPERIMENTAL RESULTS 

The results in Tables 1 and 2 indicate that during the 5 days after intraperitoneal injection of [14C]phen- 
azepam into both groups of experimental animals about 77% of the total radioactivity was excreted with the 
urine and feces .  Calculat ions showed that the excre t ion  of total  radioact iv i ty  f rom the exper imenta l  animals  
can be descr ibed  by the f i r s t - o r d e r  equation: 

B t = B~o(1-.-e-kt), 

where  B t is the quantity of radioac t iv i ty  excre ted  by t ime  t; I ~  is the quantity of radioact iv i ty  excre ted  in the 
cour se  of an infinite exposure;  and k is the excre t ion  constant.  
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TABLE 1. Quantity of [14C]Phenazepam and Its Metabolites Excreted (in % of injected 
dose) by Albino Rats af ter  a Single Injection of the Drug (Me m, n=5) 

Process 

Excretion with urine 
Excretion with feces 
Total excretion 

Time, h 

12 24 d 48 

- -  16,2+2,4 25,6+2,4 
-- 46,7--+5,0 65,7-+4,1 

72 

43,6-+5,1 
28,6___2,3 
72,2-+4,2 

120 

46,5+5,1 
29,7-4-2,2 
76,14-4,6 

TABLE 2. Quantity of [i4C]Phenazepam and Its  Metabolites Excreted by Albino Rats (in 
% of injected dose) af ter  Pre l iminary  AdminiStration of the Drug for  15 Days (M ~m, n = 5) 

1: . . . . . .  i t Ptoce~  12 .94 48 7- 9 96 120 

9,0+___4,3 22,0+5,0 36,1_____1,5 40,0+___0,5 41,9+0,5 42,7+___0,2 
24.1+6,2 45,6+6,7 64,0__4,4 71,2+3,3 75,0+3,3 76,9_____3,4 

Excretion with urine 
Excretion with feces 
total excretion 
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Fig. 1 Fig. 2 

Fig. 1. Rate of excret ion of total radioactivity with urine and feces af ter  a single 
does and a 15-day course  of injections of phenazepam in ra ts .  Here and in :Figs. 2 
and 3: abscissa ,  t ime of experiment  (in h); ordinate,  logari thm of ra te  of excret ion 
(in 70 of injected dose). 

Fig. 2. Rate of excret ion of total radioactivity with urine af ter  single and repeated 
doses of radioactive phenazepam in rats .  Legend as in Fig. 1. 

Compar ison of the rate  of excret ion of the drug in albino rats  after a single or  repeated injections showed 
(Fig. 1) that the p rocesses  were  identical in both eases .  The "rate"  method of determinat ion of the p a r a m -  
eters  of excret ion i l lustrated in Figs.  1-3 is l imited by cer ta in  disadvantages,  for T 0.5 is less  than the inter-  
val of taking samples of urine and feces (Table 3), and this Inevitably leads to e r r o r s  (overestimation) during 
the determination of k. The "s igma-minus"  method also leads to success ive  accumulation of e r r o r  during 
analytical determinat ion of k, for it is assumed that B~20=Boo. These limitations do not extend toMansge ldor f ' s  
method when Boo is determined direct ly  (by plotting a graph with coordinates B t and B t +At). By using 24 and 
48 h as ~,t, the value of Boo was determined for both groups of animals,  and was found to be 78% of the admin- 
is tered dose. In both cases  the excret ion constant was determined by the equation: 

2.303 B~o 
k = ~ .  Bo~__Bt " 

However, if the ra te  of excret ion of total radioactivity is examined separately  with the urine and feces,  differ-  
ences can be observed for  the groups of animals receiving phenazepam as a single dose o r  repeatedly.  For  
instance, after a single dose of phenazepam the total radioactivity was excreted by the ra ts  mainly with the 
urine , whereas in the case  of repeated injections it was excreted mainly with the feces (Tables 1 and 2). This 
change in the excret ion of phenazepam and its metaboli tes is probably the resul t  of intensification of their  
elimination with the bile. 
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Fig. 3. Rate of excret ion of total radioactivity with the 
feces af ter  single and repeated doses of radioactive phen- 
azepam in ra ts ,  Legend as in Fig. 1. 

TABLE 3. Kinetic Pa rame te r s  of Excret ion 
of [t4C]Phenazepam and Its Metabolites by 
Albino Rats 

Process 

Time of process, D 
/ / 

to. 5 ,h [ k.h -x t B~. % 
/ 

Excretion with urine 
Excretion with feces 
Total excretion 

Excretion with urine 
fast phase 
slow phase 

Excretion with feces 
Total excretion 

After single dose of drug 

17 0,040 47 
22 0,032 31 
19 0,037 78 
After repeated doses of 

drug 

0,018 17 
18 0.Q38 45 
19 0,036 , 78 

In animals receiving a single dose of phenazepam the excretion of total radioactivity both with the urine 
and with the feces was exponential over  the whole range of values of t investigated (Table 3). In animals r e -  
ceiving diazepam for  15 days, however, the cha rac t e r  of excret ion of radioactivity with the urine was biex- 
ponential {Fig. 2). Excret ion of radioactivi ty with the feces remained exponential in cha rac te r  between 24 and 
120 h (Fig. 3). Determination of B~o of the feces,  and also of the "fast" and nslown phases of excret ion of radio-  
activity with the urine,  a value in excess of 78% of the injected dose was obtained (Table 3), on the assumption 
that excret ion was exponential in charac te r .  

After both single and repeated doses of the drug, 0.6 B:o of radioactivi ty was excreted by the albino rats 
in the course  of 24 h. It can thus be concluded that no change took place in the function of the sys tems of the 
body leading to phenazepam excretion.  On the basis  of the two ser ies  of experiments the following model can 
be proposed to represent  the change in the content of the drug in the body during prolonged administrat ion to 
animals: 

De f = Dddte-k r+e-2k r_F..._}_e-~,, 7), 

where Def is the content of the drug and its metaboli tes in the body; Ddd the daily dose of the drug; T the t ime 
between injections. 

Despite the relat ively long half-el iminat ion t ime of phenazepam and its metaboli tes in rats ,  their  accumu- 
lation is a limited p rocess  and reaches a steady state.  If the daily dose is taken as 100, during the f i rs t  24 h 
the content of radioact ive mater ia l  fails to 40%, and when the steady state is reached, it fluctuates between 67 
and 167%. 
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