
By preventing the acidotic shifts characteristic of hypoxia and leading to disturbance of the activity of 
certain enzyme systems, including glutamine synthetase, sodium hydroxybutyrate may speed up the binding 
of ammonia accumulating under hypoxic conditions. The experimental data given above suggest that sodium 
hydroxybutyrate may prevent the development of the accumulation of toxic end products of nitrogen metabolism, 
one of the undesirable manifestations of excessive physical work. 
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INTRAHEPATIC CIRCULATION OF 14C-PHENAZEPAM AND ITS 

METABOLITES IN ALBINO RATS 

A. V. Bogatskii,* N. Ya. Golovenko, 

and V~ G. Zin'kovskii 

UDC 615.214.22.015.11 

Excretion of phenazepam and its metabolites in the bile and its intrahepatic circulation were 
studied in two groups of rats: bile donors receiving an intravenous injection of ~4C-phenaze- 
pare (14 mg/kg) previously, and recipients into whose duodenum the donors' bile was introduced. 
Phenazepam (compound I), its free-hydroxy metabolites (compound H), and a metabolite with a 
hydroxyl group in the aromatic ring (compound HI) were shown to be excreted in the bile of these 
animals. Hydroxyl derivatives are  excreted in the bile in the form of glucuronides also. Com- 
pounds I and ]II and the glucuronide of compound III undergo intrahepatic circulation. 

KEY WORDS: phenazepam; metabolism; intrahepatic circulation. 

With the introduction of phenazepam, a tranquilizer of the 1,4-benzdiazepine series, into medical pra~ice  
the study of its metabolic pathways in experimental animals and in man and the rate of its excretion is inter- 
esting. 

The investigation described below was carried out to study the ratio of phenazepam metabolites, both 
free and conjugated with glucuronic acid, entering the bile of albino rats following direct administration of 
14C-phenazepam. The composition of metabolites involved in intrahepatic circulation in the experimental ani- 
mals also was studied. 
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Fig. 1. Excretion of total radioactivity (i4C-phenazepam 
and its metabolites) with bile in rats. Abscissa, time of 
investigation (in h); ordinate, excreted radioactivity (in % 
of injected dose of original compound). 

Fig. 2. Radiochromatogram of chloroform extract of bile 
(a) and of chloroform extract of aqueous phase of bile 
treated with fl-glucuronidase (b). Abseissa, Rf values; 
ordinate, radioactivity of sample (in cpm). Roman numer- 
als denote compounds. 

TABLE 1. Content of 14C-Phenazepam and Its Metabolites (in % of injected dose) in Bile of 
Albino Rats after Intravenous Injection of Original Compound in Dose of 14 mg/kg (M �9 m) 

Compound o--i h i--2h 2--3h 3--4 h 4--5 h 5-6 h 

I (phenazepam) 
II 

III 
IV 
V 

Res[dua I radio- 
activity 

0,02• 
0,03• 
0,27~0,07 
0,04• 
0,31--0,09 

10,44+1,I0 

O, 02• 
0,03• 
0,27+_0,05 
0,03+0,008 
0,21• 

8,16~1,37 

0,015~0,004 
0,01~0,004 
O, 14-}-0,02 
0,08• 
1,48• 

7,89~1,72 

0,01• 
0,01 +0,003 
0,12+0,03 
O, 10+0,02 
1,22• 

4,74~I ,39 

0,008~0,001 
0,01~0,003 
0,07• 
0,07~0,01 
0,80-#-0,09 

2,02~0,7 

0,03~0,007 
0,44~0,01 

o, 70~0, 

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

Phenazepam was f i r s t  synthesized in the w r i t e r s '  l abora tory  [1, 2]. The radioact ivi ty  of its labeled 
analog was 1 C i /mole .  

Exper iments  were  c a r r i e d  out on male  albino ra t s  weighing 210-230 g. In the experiments  of se r ies  I, 
in o rde r  to de te rmine  the relat ive quantitative propor t ions  of phenazepam metabol i tes  in the bile, the ra t s  
were  anesthetized by intraper i toneal  injection of barbital  sodium (200 rng/~g). 14C-Phenazepam (14 mg/kg) 
in Tween emulsion with isotonic NaC1 solution was injected into the caudal vein. Exter ior iza t ion  of the bile 
duct and col lect ion of bile were c a r r i e d  out as descr ibed in [3]. The bile was col lected hourly for 6 h. Samples 
of  bile were  m a d e u p  with water  to 2.5 ml and extracted twice with 5 volumes of chloroform.  After  extraction 
of the ch lo ro form-so lub le  metabol i tes  the aqueous phase was acidified to pH 4.7 and t rea ted  with p-g lucuronid-  
ase  (3000 units). The mixture  was incubated for  24 h at 37~ The aglycones thus set  f ree  were extracted, 
just as in the case  of the f ree  metaboli tes .  The metabol i tes  were  f ract ionated on plates with an attached l aye r  
of "Silufol UV-254,  s i l ica-gel  in a solvent sys tem of a c e t o n e - c h l o r o f o r m - 3 0 %  ammonia  (30: 70: 1). Radio- 
activity was de termined on the c h r o m a t o g r a m s  at Rf intervals  of 0.05, beginning f rom the s tar t ing line, on an 
SL-30 liquid photometer  (Intertechnique, France) .  

The metaboli tes  were  identified by comparing the i r  Rf values and staining in UV-light (X = 253.7 nm) with 
corresponding values for  synthesized substances.  The m a s s - s p e c t r a  of metabol i tes  eluted f rom the chromato-  
g r a m s  were  obtained on the MKh-1303 ins t rument  with an ionization energy of 50 eV and an emiss ion  cu r ren t  
of 1.5 mA. 

In the experiments  of se r i e s  II the animals were  divided into two groups.  The ra t s  of group 1 rece ived  
14C-phenazepam by the method descr ibed  above; these  ra t s  served  as donors of bile in which the original  com-  
pound and its metaboli tes  were found. The animals  of group 2 were  recipients ;  they were  given bile f rom the 
donors  by eannula into the duodenum af ter  in tervals  of 60, 120, 180, and 240 rain. The bile duct of these  animals  
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TABLE 2. Quantity of  14C-Phenazepam and I ts  Metabol i tes  (in cpm x 10~ Exc re t ed  with Bile 
of  Donor and Recip ient  Ra ts  (M * m) 

Time, h 

0--1 
1--2 
2--3 
3--4 

Donors 

99594-840 
75354-I15[ 
8215• 
52084-1176 

compound I 

2,44-0,8 
1,8• 
1,5• 
1,54-0, l 

Reci )ients 

compound III 

4,94-I ,7 
2,34-0,8 
3,9~1,3 
5,54-1,5 

compound V 

4,34-0,8 
20,04-6,6 
35,84-5,5 

residual 
radioactivity 

84,8• 
72,7• 

128,4• 
129,4• 

was ex t e r i o r i zed  and t he i r  bi le  co l lec ted  hour ly  fo r  4 h. Ju s t  as in the expe r imen t s  of  s e r i e s  I the  phenazepam 
metabo l i t e s  in the  bile we re  identified and es t ima ted  quanti tat ively.  A s i m i l a r  blood ana lys i s  also was c a r r i e d  
out on the  r ec ip ien t  an imals  in o r d e r  to de t e rmine  the  na ture  of the phenazepam metabo l i t e s  abso rbed  f r o m  
the gas t ro in tes t ina l  t r ac t .  

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

Ana lys i s  of  the  r ad ioac t ive  m a t e r i a l  showed that  in the c o u r s e  of  6 h 40.5 • 2.76% of the injected dose of 
phenazepam and its  me tabo l i t e s  was exc r e t ed  with the  bi le .  Exc re t ion  of the  total  quantity of subs tances  was 
d is t r ibuted  unevenly in t ime  and was  m o s t  r ap id  between 60 and 180 rain (Fig. 1). By 360 min  the excre t ion  of 
r ad ioac t iv i ty  was negl igible .  

During ch roma tog raph ic  f rac t iona t ion  of the c h l o r o f o r m  ex t r ac t s  of bi le  t h r e e  compounds were  found 
(Fig.  2a). Ident if icat ion of the  me tabo l i t e s  showed tha t  one of them was the  or ig inal  compound (I) and the 
second was i ts  3 -hydroxy  de r iva t ive  (I1). The  m a s s  s p e c t r u m  of metabol i t e  rrr contained peaks  of  a m o l e c u l a r  
ion with m / e  366, {M - H) with m / e  365, (M - H2CN) with m / e  338, (M - H, CO) with m / e  337, and (M - C1) with 
m / e  321. The d i f fe rence  between this  me tabo l i t e  and the  3-hydroxy de r iva t ive  according  to the  m a s s  s p e c t r a  
and Rf  va lues  and a lso  the  fac t  that  i t  f o r m e d  l a r g e  quant i t ies  of  a g lucuronide  in vivo point to the p r e s e n c e  of 
a hydroxyl  group in i ts  molecu le .  The  w r i t e r s  suggest  that  me tabo l i t e  rrr may  be a phenazepam molecule  with 
oxidized a r o m a t i c  r ing .  

Bes ides  f r e e  me tabo l i t e s  of phenazepam excre ted  into the bile,  g lucuronides  of  compounds II and HI also 
w e r e  found (Fig. 2b). The  above fac t s  sugges t  tha t  the  pheuazepam metabo l i t e s  exc re ted  into the bi le  can be 
r e p r e s e n t e d  by the  following fo rmu la s :  

OH 

Glucurontde (V) 

~'Qff'qH ~ O K 

G lucuronide (IV) 

Among the f r e e  and conjugated (glucuronide) metabo l i t es ,  m o s t  rad ioac t iv i ty  belonged to compound HI 
and i ts  g lucuronides  (Table 1). Incidental ly,  bes ides  the me tabo l i t e s  a l r eady  mentioned,  the  bile also contained 
w a t e r - s o l u b l e  compounds,  not ex t r ac t ab l e  with ch lo ro fo rm,  in amounts  much g r e a t e r  than those  of subs tances  
I - V  (Table 1). 

Toge the r  with the bi le,  subs tances  I -V and res idua l  w a t e r - s o l u b l e  me tabo l i t e s  w e r e  thus excre ted  into 
the  in tes t ine  of  the  r ec ip ien t  r a t s .  Ana lys i s  of the blood of t he se  an ima l s  showed that  it contains phenazepam 
and me tabo l i t e s  I l I  and V. 

Data  on the quantity of phenazepam and i t s  me tabo l i t e s  exc re ted  with the  bi le  a f t e r  r e a b s o r p t i o n  a r e  given 
in Tab le  2. Most  of  the  rad ioac t iv i ty  belonged to the wa te r - so lub l e  m ~ b o l i t e s ,  excre t ion  of which i nc rea sed  
with t ime .  Among the  me tabo l i t e s  identified,  t h e r e  w e r e  l a r g e  quant i t ies  of compounds IK and, in pa r t i cu la r ,  V. 

The  r e s u l t s  a r e  evidence tha t  metabo l i t e  HI is  p a r t i c u l a r l y  ac t ive ly  involved in the in t rahepat ic  c i r c u l a -  
t ion.  This  compound is  exc re t ed  into the b i le  in l a r g e  quanti t ies ,  both in the  f r e e  f o r m  and as the g lucuronide  
(compound V). They  a r e  then r e a b s o r b e d  into the blood s t r e a m ,  where  they were  p r e sen t  in the ra t io  of 1 : 1. 
L a t e r ,  v ia  the  por t a l  vein they r e e n t e r  the l ive r ,  where  the  g lucuronide  is  syn thes ized  and the ra t io  between 
metabolites HI and V in the animals' bite was 1 : 20 between the ist and 3rd hour of the investigation. 
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