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Abstract--Male rats received an i.p. injection of 25 mg/kg desmethylimipramine (DMI); the concen- 
trations of the drug and its metabolite didesmethylimipramine (DDMI) were measured after 1-13 
hr in liver, lung, kidney, brain and plasma by thin-layer chromatography. Levels of DMI declined 
steadily with a half-life of approximately 6-7 hr except in lung, where the concentration remained 
almost unchanged. Oral pretreatment with phenobarbital (PB) for 5 days enhanced elimination slightly. 
Brain-plasma concentration ratios and partly also kidney-plasma and liver-plasma ratios were de- 
creased in PB-pretreated rats. This also happened when PB administration was stopped 48 hr before 
DMI injection. DDMi could not be determined reliably in plasma. PB pretreatment led to significantly 
lower lung-liver, kidney-liver and brain-liver concentration ratios at nearly all times. A decreased 
brain-plasma ratio for DMI was also observed as a consequence of PB pretreatment in rats sacrificed 
5 hr after oral administration of 30 mg/kg DMI. 

The  concomi tan t  adminis t ra t ion of  barbiturates to 
patients receiv ing tr icyclic ant idepressants  has been 
obse rved  to result  in a lowering of  ant idepressant  
plasma levels  [ 1-4]. Similarly,  vo lunteers  given nor- 
triptyline reached lower s teady-sta te  levels  when 
they ingested additional drugs including 
barbi turates  [5]; the same observa t ion  was made in 
treated epi lept ics  [6]. Though these phenomena  are 
likely to be due to e n z y m e  induction resulting in 
enhanced  metabol ic  el imination of  the ant idepres-  
sants,  no animal exper iments  are available to sup- 
port this assumpt ion.  Rather ,  the hydroxyla t ion  of 
desmethy l imipramine  (DMI) and nortr iptyl ine in the 
tr icyclic sys tem,  which can be regarded as major  
routes  of metabol i sm in vivo[7, 8], were  reduced 
in liver mic rosomes  f rom phenobarbi tal(PB)-pre-  
t reated rats[9].  In prel iminary exper iments ,  the 
DMI el imination f rom rats in vivo was unal tered 
by previous  PB adminis t ra t ion [101. 

The present  studies were therefore  concerned  
with the t ime courses  of  DMI and its metabol i te  
d idesmethy l imipramine  (DDMI)  in rats without  ad- 
ditional t rea tment ,  under  cont inuous  PB adminis- 
tration, and 4 8 h r  af ter  terminat ion of a PB 
pre t rea tment .  The exper iments  revealed an en- 
hancement  of DMI el imination,  and in addition 
pronounced  al terat ions of  its distr ibution among 
tissues when rats had rece ived  PB. 

MATERI,~I.S ANt) METHODS 

Animal treatment. Male Wistar  rats weighing 
250-3 l0 g were  used. They had f ree  access  to tap 
water  and a standard laboratory c h o w  (Altromin R. 
Altromin G m b H .  Lage. Germany)  except  before  i.p. 
or oral adminis t ra t ion of  DMI when they were  fasted 

Ahbrerations--DMI: de~methylimipramine. DDMI: 
didesme~hylimipramine. PB: phenobarbital 
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overnight .  DMI .  HCI (Ciba-Geigy ,  Basel,  Switzer-  
land) was dissolved in 0.6% NaCI at a concent ra t ion  
of  14.2 mg/ml for  i.p. inject ion.  Of  this solution,  2 
ml/kg corresponding to 25 mg/kg free base was 
injected at 8 a .m.  After  1, 5, 9 or  13 hr, the animals 
were  anes thet ized  with ether  and exsanguinated 
f rom the inferior  caval  vein into a heparinized sy- 
ringe. Plasma, liver, lungs, kidneys and brain were  
stored at - 20 °. 

For  PB pre t rea tment ,  50 mg/kg PB was adminis- 
tered by gavage as an aqueous  solution of  the 
sodium salt; the animals subsequent ly  rece ived  I 
g/li ter PB in their  drinking water  for  5 days.  In one 
group,  the PB t rea tment  was cont inued right up to 
the t ime of  sacrifice, while in another  one tap water  
was subst i tuted for  the PB solution 48 hr before  the 
DMI inject ion.  

Measurement of  drug levels. (a) Determinat ion  of 
DMI and DDMI  in liver, lung and kidney. Liver  
tissue (5 g) was homogenized  with 20 ml of  10T 
NaCI and ext rac ted  with 25 ml of  n-heptane after  
addit ion of 0.2 ml of 10% sodium deoxycho la te  sol- 
ution and 3.5 ml of  25% ammonia .  Af te r  centri-  
fugation,  a measured  aliquot of the heptane was 
evapora ted .  Both lungs and kidneys were extracted 
similarly, using 10 ml of  10% NaCI, 0.1 ml of  I 0 ~  
sodium deoxycho la te ,  1.2 ml of  a m m o n i a a n d  15 ml 
of  heptane.  The residues of  the extracts  were  
subjec ted  to thin-layer chromatography  (TLC) on 
20 x 20 cm plates manually coated with 0.4 mm of 
silica gel containing a f luorescent indicator (Kiesel- 
gel GF2:,4. Merck,  Darmstadt ,  Germany) .  The ex- 
tracts were dissolved in ch loroform and applied as 
bands of  4 cm : the plates were pre-run in c h l o r o f o r m -  
isopropanol  ( 10: I ) to the upper edge fol lowed after  
drying for 3 min by i sop ropano l - ch lo ro fo rm-  
acetone-25cA ammonia  (10:8:0.5: 1.5). Bands con- 
taining DMI (R~ 0.60) or DDMI (R~ 0.72) were 
visualized under ultraviolet  light (254 nm) and re- 
moved  and extracted as descr ibed previously 11 I I. 
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The isolated subs tances  were  d issolved in 3 ml of 
0.1 N H~SO~ and shaken with 0.5 ml of 1.2- 
d ich loroe thane .  The absorp t ion  d i f ference  AeTr.-A:~o. 

of the aqueous  phase was used for  quant i ta t ion,  a 
value of 1.000 f rom a light path of  I cm corre-  
sponding to 204/~g of DMi or 189 Fg of DDMI in 
3 ml. 

(b) Deterrninat ion of DMI and DDMI in plasma 
and brain. Plasma was ex t rac ted  with toluene,  and 
DMI was de t e rmined  by in situ pho tome t ry  on TLC 
plates l l21.  Single brains were  ex t rac ted  as de- 
scr ibed for lung and kidney.  The bulk of the lipid 
material was r emoved  f rom the ex t rac t s  by distri- 
bution be tween  hep tane  and 0.01 N HeSO~ [ 121. The 
purified ex t rac t s  were  c h r o m a t o g r a p h e d  in the same 
way as plasma ex t rac t s :  s t andards  run be tween  the 
samples  conta ined  200-1000 ng of  DMI and 40-240 
ng of  DDMI.  

Average  recover ies  in the desc r ibed  p rocedures  
were  72~1  per cent  for DMI and 68-81 p e r c e n t  for 
DDMI.  depend ing  on the t issue invest igated.  All 
values were  co r r ec t ed  for recovery .  

PB plasma levels were  de te rmined  by quant i ta t ive  
TI~CII3]. 

Total plasma protein was measured  by a 
modification of the biuret p rocedure .  

RESIlI.'I'S 

Kinetics after i.p. administration to unpretreated 
rats. Maximal DMI concen t ra t ions  were  ob s e rv ed  
af ter  I hr, the highest  level being present  in lung 
fo l lowed by liver, kidney and brain (Fig. I). In liver 
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and kidney,  DMI levels decl ined nearly exponen-  
tially, with a half-life of around 6-7 hr. Similar elim 
inations were  obse rved  in brain and plasma in the 
first 8 hr. In lung, however ,  the DMI concen t ra t ion  
remained nearly cons tant .  As a c o n s e q u e n c e ,  the 
lung-p lasma  concen t ra t ion  ratio Mmost doubled 
with time (Fig. 2). The b ra in -p la sma  ratio decl ined 
by 30 per cent  while the ratios liver plasma and 
k i d n ey -p l a s ma  did not change  appreciably .  

Only in liver did the DDMI concen t ra t ion  exhibit  
a dec rease  with time (Fig. 3). In hmg, it increased 
more  than 2-fold, while in kidney and brain it re- 
mained at a cons tan t  level. Thus,  in all organs it 
r eached  40-50 per cent  of the DMI concen t ra t ion  
"after 13 hr. Levels  in plasma were too low for 
reliable de te rmina t ions  to be made.  

Kinetics after i.p. administmaion to rats pro- 
treated with PB. (a) Studies  with PB t rea tment  up to 
the time of sacrifice. Phenobarbi ta l  plasma levels 
decl ined steadily f rom 45 /zg/ml one hr af ter  DMI 
inject ion to 12 #g/ml 12 hr later. Except  in plasma,  
DMI decl ined more s teeply in all t issues:  in brain, 
its concen t ra t ion  was dec reased  f rom the beginning 
as co mp a red  with controls  (Fig. 1). This resulted in 
a dec reased  b ra in -p l a sma  concent ra t ion  ratio at 

nearly all t imes,  while l ive r -p lasma and kidne~ 
plasma ratios were  d iminished only after  13 hr (Fig. 
2). The increase of the lung-p lasma  ratio with time 
was less p ronounced  than in unpre t rea ted  animals.  

DDMI was virtually unchanged  in liver, whereas  
significantly lower  levels were  found  in brain at all 
t imes and in lung and kidney at most of the t imes 
invest igated.  When DDMI concen t ra t ions  in extra- 
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Fig. 2. Organ/plasma concentration ratios for DMI in male rats after i.p. injection of 25 mg/kg DMI. Symbols 
are the same as in Fig. I. 

hepatic  organs  were  related to those  in the liver, 
d e c r e a s e d  ratios were  o b s e r v e d  a lmost  regularly in 
PB-treated rats,  and the increases  of  the ratios with 
t ime were  either abol i shed  (k idney ,  brain) or sub- 
stantial ly  d iminished  (lung) (Fig. 4). 

(b) Studies  with PB removal  48 hr before  DMI 
inject ion.  M e a s u r e m e n t s  were  conf ined to tw o  

t imes .  At both o f  them. PB plasma levels  were 
around 1 /~g/ml (range 0 . 5 - 1 . 9  ug/ml) .  DMI was  de- 
creased  as compared  to contro ls  in most  t i ssues ,  and 
its dec l ine  appeared to be s teeper ,  e spec ia l ly  in lung, 
brain and plasma (Fig. 1). O r g a n - p l a s m a  ratios were  
decreased  to an ex tent  similar to c a s e s  in which  PB 
administrat ion w a s  not d i scont inued  (Fig. 2). A l so  
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Fig. 4. Exlrahepatic organ-liver concentration ratios for DDMI in male rats after i.p. injection of 25 mg/kg 

DMI. Symbols are the same as in Fig. I. 

DDM1 kine t ics  were  c h a n g e d  in much  the  same  way 
excep t  for  a s ignif icant ly  lowered  c o n c e n t r a t i o n  in 
l iver 5 hr  a f t e r  in jec t ion  (Figs.  3 and  4). 

Total  p l a sma  pro te in  was  d e t e r m i n e d  in some  of  
the  rats ,  and  a v e r a g e d  out  at 59.9 mg/ml  ( range 
51.1-64.7)  in 7 u n p r e t r e a t e d  an ima l s  and  57.5 mg/ml  
(range 51.4-63.1)  in 10 rats  g iven  PB up to 48 hr  
be fo re  DMI in jec t ion .  The re  was  a d e p e n d e n c e  of  
p l a sma  pro te in  va lues  on the  t ime in terval  b e t w e e n  
DMI in jec t ion  and  sacrif ice which  p r o b a b l y  was  due  
to the  f o r m a t i o n  and  r e a b s o r p t i o n  of a pe r i tonea l  
exuda te .  Rats  killed a f t e r  I or  5 hr  had  a mean  
c o n c e n t r a t i o n  of  5 6 . 0 m g / m l  ( range 51.1-60.5), 
w h e r e a s  those  sacr i f iced a f t e r  9 or 13 hr had  one  
of 60.6 mg/ml  (range 57.1-64.7,  P < 0.01). 

Brain and plasma concentrations after oral DMI 
administration. L o w e r  levels  were  p r o d u c e d  by 
gavage  of 30 mg/kg  DMI than  by i.p. in jec t ion  of 25 
mg/kg. B r a i n - p l a s m a  ra t ios ,  h o w e v e r ,  were  s imilar ,  
and  PB t r e a t m e n t  wi thou t  a PB-f ree  in terval  again 
led to a s ignif icant  r educ t ion  (Table  1). 

DISCUSSION 

The  pre fe ren t ia l  a c c u m u l a t i o n  of DMI in paren-  
c h y m a t o u s  o rgans  agrees  with p rev ious  f indings [ 14- 
16]. The  e l imina t ion  f rom lung was unusua l ly  slow 
resu l t ing  in a s teep  inc rease  of l u n g - p l a s m a  ra t ios  
with  t ime.  Also DDMI  inc reased  in lung re la t ive  to 
o the r  organs .  In a r ecen t  repor t  [ 17], the au tho r s  also 
de sc r ibed  a longer  pe r s i s t ence  of DMI  in lung as 
c o m p a r e d  to l iver fo l lowing a high dose .  This  be- 
hav io r  c o r r e s p o n d s  to the  k ine t ics  of imip ramine  
l l8]  and  m e t h a d o n e  [19] in the  pe r fused  rabbi t  lung. 
With  bo th  drugs ,  a "non-e f f luxab le ' "  pool exh ib i t ing  
a half- l i fe  of  more  than  5 hr  was  o b s e r v e d  and  it was  
sugges ted  tha t  a c o n n e c t i o n  ex is ted  b e t w e e n  this  
kinet ic  b e h a v i o r  and  the f o r m a t i o n  of " f o a m y  
ce l l s" [16] .  The  p resen t  and  p rev ious  da ta [17]  on 
DMI conf i rm the ex i s t ence  of a s l o w l y e m p t y i n g  pool 
of  a bas ic  amphiph i l i c  d rug  in the  lung in vivo and  
they  show that  it ex is t s  also in the rat ,  t hough  
pe r fus ion  e x p e r i m e n t s  wi th  imip ramine  in the rat 
lung did not  reveal  the  p r e s e n c e  of a non-eff luxable  
pool  120]. 

The  fai lure  of DMI  p lasma  levels  to decl ine  expo-  

Table I. Influence of continuous PB pretreatment on brain and plasma levels of DMI 
5 hr after oral administration of 30 mg/kg to male rats 

DMI concentration (#g/gl Brain-plasma 
Pretreatment Brain Plasma ratio N 

- -  5.8 +_ 2.7 0.32 + 0.09 18 + 5 4 
PB 3.1 + 1.5 0.40 _+ 0.03 8 + 4* 4 

Data represent means -'- S.D. 
* P < 0.05. 
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nent ia l ly  was p r o b a b l y  a c o n s e q u e n c e  of  c h a n g e s  in 
the  pro te in  c o n c e n t r a t i o n .  T h e s e  also led to a 
d e c r e a s e  of  l i v e r - p l a s m a ,  k i d n e y - p l a s m a  and  b r a i n -  
p l a sma  ra t ios  dur ing  the  last  8 hr  of  the  e x p e r i m e n t .  
In p re l iminary  s tudies* it cou ld  be s h o w n  tha t  the  
u n b o u n d  DMI  f r ac t i on  was  h igher  in the  p l a s m a  of  
ra ts  kil led 5 hr  a f t e r  in jec t ion  than  of  those  killed 
a f t e r  13 hr ,  whi le  the  r e l a t ionsh ip  of  the  p ro te in  
c o n c e n t r a t i o n s  was r eve r sed .  

The  o b s e r v a t i o n  that  D D M I  was f o r m e d  in con-  
s iderab le  quan t i t i e s  is in a c c o r d a n c e  with da ta  
ob t a ined  in the  i so la ted  pe r fu sed  l iver[8] .  Rat ios  
of  D M I - D D M I  d e c r e a s e d  wi th  t ime  e.g. in lung,  
k idney  and  bra in  of u n p r e t r e a t e d  ra ts  f rom 7 to 2-2.5 
within 12 hr. This  is in a g r e e m e n t  with  the  s lower  
e l imina t ion  of the  p r imary  amine  f rom whole  rat  
bod ies  [ 14]. 

Like  o the r  t r icycl ic  p s y c h o a c t i v e  drugs ,  DMI  is 
sub j ec t  to  a high hepa t ic  ex t rac t ion .  This  resu l t s  
f rom an  e s t ima te  of its total  c l ea r ance  in h u m a n s  [21 ] 
as well as f rom its k ine t ics  in the  isola ted pe r fu sed  
rat  l iver [10 ,  22] and  in the rat  in v ivo[ lO] .  Evalu-  
a t ion  of  the  in v ivo  da t a  [ 10] t ak ing  into a c c o u n t  a red 
c e l l - p l a s m a  ra t io  for  DMI  of  1.47 [16] leads  to  a total  
b lood c l ea r ance  of 44 ml h r - '  (kg body  w t ) - ' .  This  
va lue  is in the  o rde r  of  magn i tude  of  l iver  b lood  flow 
in the  rat  [23-27]. T h e r e f o r e ,  an inc rease  in hepa t ic  
d rug -me tabo l i z ing  ac t iv i ty  a lone  will not  necessa r i ly  
lead to an  e n h a n c e m e n t  of d rug  e l imina t ion  [28]. An 
inc reased  c l e a r a n c e  will, h o w e v e r ,  be  b r o u g h t  abou t  
by an inc rease  in b lood flow to the  l iver  [28, 29], as 
has  been  s h o w n  to occu r  as a c o n s e q u e n c e  of PB 
t r e a t m e n t  of  r a t s [25 ,  27], T h e r e f o r e  the  slight 
e n h a n c e m e n t  of  DMI  e l imina t ion  o b s e r v e d  in ra ts  
u n d e r  c o n t i n u o u s  PB adm i n i s t r a t i on  does  not  pe rmi t  
one  to conc lude  that  the  capac i ty  of the  l iver to 
m e t a b o l i z e  DMI  was  a u g m e n t e d .  C o n c e r n i n g  total  
me t abo l i sm ,  the  p r e s en t  resu l t s  are not  in confl ict  
wi th  e x p e r i m e n t s  on rat  l iver m i c r o s o m e s  which  
revea led  tha t  PB p r e t r e a t m e n t  led to impai red  
h y d r o x y l a t i o n  and  e n h a n c e d  d e m e t h y l a t i o n  of  DMI  
[9]. H o w e v e r ,  DDM1 t issue  levels  were  e i the r  
r educed  or  u n c h a n g e d  in the PB- t r ea t ed  groups .  

An inc rease  in the  me tabo l i c  ac t iv i ty  of the  l iver  
will r educe  the  ava i lab i l i ty  of s u b s t a n c e s  unde rgo ing  
hepa t ic  ex t r ac t i on  w h e n  they en t e r  the  body  via the 
hepa to -po r t a l  sys t em [28l. Such  an  effect  seems  to 
exist  in ra ts  g iven PB until 48 hr  be fore  DM! injec-  
t ion. DMI t i ssue  levels  were  r educed  at bo th  t imes  
though  a d is t inc t ly  s t eepe r  dec l ine  than  in the con-  
trois  was  seen  only  in the lung. 

A c o n s p i c u o u s  a l t e ra t ion  b rough t  abou t  by PB 
was the  r educ t ion  of b r a i n - p l a s m a  rat ios  for  DMI 
and  the  i r regular  r educ t ion  of  k i d n e y - p l a s m a  and  
l i v e r - p l a s m a  ratios.  Addi t iona l  e x p e r i m e n t s  with  
oral DMI admin i s t r a t i on  conf i rmed  that  the effect  
on b r a i n - p l a s m a  rat ios  was not  conf ined  to s tudies  
us ing the i.p. route .  Also  the  d i s t r ibu t ion  of DDMI  
was a l te red ,  l iver c o n c e n t r a t i o n s  be ing  re la t ively  
h igher  in p re t r ea t ed  rats.  

The  c o n c e n t r a t i o n  ra t ios  c a n n o t  be t aken  as 

* Brinkschulte and Breyer-Pfaff, unpublished results. 
+ Brinkschulte. Jahns and Breyer-Pfaff. unpublished 

results. 

ref lect ing t rue  equi l ibr ia .  P lasma DMI levels  had to 
be r e -es t ab l i shed  dur ing  each  c i rcula t ion  as a resul t  
o f  high hepa t ic  ex t rac t ion .  The  va lues  ob ta ined  
r e p r e s e n t e d  the  net  resul t  of the  re la t ive  ra tes  of 
d rug  d i s t r ibu t ion  into the  t i s sues  and  red i s t r ibu t ion  
back  in to  the  p lasma.  Appa ren t ly  in the  bra in  this  
la t ter  p roces s  was re la t ively  f a s t e r  than  the  f o r m e r  
one  w h e n  ra ts  had  been  p re t r ea t ed  with PB;  o the r  
t i s sues  a lso s h o w e d  a t e n d e n c y  t owards  this  behav-  
ior. S ince  D D M I  p lasma  levels  were  not  ob ta ined ,  
it is not  c lear  w h e t h e r  PB a l ters  the  d i s t r ibu t ion  and  
red i s t r ibu t ion  ra tes  b e t w e e n  p l a sma  and  l iver or 
b e t w e e n  p lasma  and  the  ex t r ahepa t i c  organs .  

The  o b s e r v e d  a l t e ra t ions  in t i ssue  c o n c e n t r a t i o n  
ra t ios  are  s imilar  to those  b rough t  a b o u t  by PB with 
regard  to the  d i s t r ibu t ion  of a p h e n o t h i a z i n e  drug  
metabo l i t e  in the  rat [30]. The  reason  for  these  
effects  might  be f o u n d  in changes  in binding.  
A p p a r e n t l y  these  c h a n g e s  are  not re la ted  to the  
p r e s e n c e  of apprec i ab le  PB levels ,  s ince  they were  
a lso seen  2 days  a f t e r  t e rmina t ion  of PB adminis -  
t ra t ion ,  when  p l a sma  levels  had  dec l ined  to very  low 
values .  T h e r e f o r e ,  me tabo l i c  a l t e ra t ions  mus t  have  
occu r r ed ;  these  are  cu r ren t ly  under  inves t igat ion.  
Pre l iminary  resu l t s  point  to e n h a n c e d  DMI binding 
to p l a sma  p ro te ins  a f t e r  PB t r ea tmen t .+  

Cons ide r ing  the  p rob lem of  an t i dep re s san t -ba rb i -  
tu ra te  in te rac t ion  in psych ia t r i c  t he rapy ,  it appea r s  
tha t  in addi t ion  to a r educed  sys temic  avai labi l i ty  
of  oral ly a d m i n i s t e r e d  t r icycl ic  a n t i d e p r e s s a n t s  and  
poss ib ly  e n h a n c e d  e l imina t ion ,  the  e f fec t iveness  
may  be f u r t h e r  impa i red  by a d e c r e a s e d  d i s t r ibu t ion  
to the  cent ra l  n e r v o u s  sys tem.  
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