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Pentobarbital Detoxification by the Regenerated 
Liver of Partially Hepatectomized Rats 

To d e m o n s t r a t e  to  med ica l  s t u d e n t s  t h e  role of t h e  
l iver  in  t h e  m e t a b o l i s m  of c e r t a i n  d rugs  x, t h e  p ro longa -  
t ion  of p e n t o b a r b i t a l - i n d u c e d  ' s leep ing  t i m e '  in p a r t i a l l y  
h e p a t e c t o m i z e d  r a t s  h a s  b e e n  schedu led  y e a r l y  for  some 
20 years .  Af te r  pa r t i a l  h e p a t e c t o m y  t he  l iver  r egene ra t e s  
r ap id ly  f rom t h e  1st to  t h e  3rd d a y  ~. D u r i n g  t h i s  in i t i a l  
3 days  no s i m u l t a n e o u s  r e d u c t i o n  in  s leeping  t ime  occurs.  
There fore  p e n t o b a r b i t a l  de t ox i f i c a t i on  was d e t e r m i n e d  
before,  d u r i n g  a n d  a f t e r  t he  in i t i a l  p h a s e  of r ap id  l iver  
r e g e n e r a t i o n  fo l lowing p a r t i a l  h e p a t e c t o m y .  

Methods. P e n t o b a r b i t a l  s o d i u m  ~ was  g iven  i.p. to  
y o u n g  a d u l t  ma le  a lb ino  r a t s  of a W i s t a r  s t ra in ,  in  a dose 
of 35 m g / k g  b o d y  weight ,  a n d  t h e  s leep ing  t i m e  ( in t e rva l  
in m i n u t e s  b e t w e e n  d i s a p p e a r a n c e  a n d  r e a p p e a r a n c e  of 
the  r i g h t i n g  reflex) measured .  P a r t i a l  h e p a t e c t o m i e s  were 
pe r fo rmed  b y  t he  m e t h o d  of HIGGINS a n d  ANDERSON ~, 
Cont ro l  a n i m a l s  were l a p a r o t o m i z e d  only.  Af te r  t h e  
p e n t o b a r b i t a l  chal lenge,  t he  r a t s  were ki l led w i t h  chloro-  
form a n d  t he  l iver  r emoved ,  we ighed  and ,  in  e x p e r i m e n t  
2, d r ied  to  c o n s t a n t  we igh t  in  a fo rced -d ra f t  i s o t e m p  oven  
a t  96 °C. 

E x p e r i m e n t  1 compr i s ed  resu l t s  o b t a i n e d  d u r i n g  several 
med ica l  s t u d e n t  l a b o r a t o r y  per iods  on  184 ra ts ,  divided 
i n to  23 g roups  of  8 4- 2 r a t s  pe r  group.  T h e  d i s t r ibu t ion  
of  p e n t o b a r b i t a l  cha l l enges  is s h o w n  in  F igu re  1. Body 
w e i g h t  was  220 4- 33 g for  127 h e p a t e c t o m i z e d  r a t s  and 
231 ± 33 g for  57 l a p a r o t o m i z e d  cont ro ls .  E x p e r i m e n t  2 
cons i s ted  of 108 con t ro l  an imals ,  d iv ided  in to  11 groups 
of 10 4- 1 r a t s  pe r  group,  al l  l a p a r o t o m i z e d  excep t  12 
w h i c h  se rved  as d a y  O-con t ro l s  (Figure  1). B o d y  weight  
of t he  con t ro l s  was  284 ± 20 g. 161 ra ts ,  d iv ided  in to  19 
g r o u p s  of 8 4- 2 r a t s  pe r  g roup ,  were hepa tec tomized .  
T h e i r  b o d y  w e i g h t  was  268 :[: 19 g. E x p e r i m e n t  2 was 
d i v i d e d  i n t o  2 p a r t s :  in  t h e  1st p a r t  11 h e p a t e c t o m i z e d  
a n d  7 c o n t r o l  g roups  were  cha l l enged  w i t h  p e n t o b a r b i t a t  
sod ium,  35 m g / k g  i.p., a t  t i m e s  i n d i c a t e d  in F igu re  1. In 
t he  2nd pa r t ,  4 g roups  of  h e p a t e c t o m i z e d  r a t s  were given 
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Fig. 1. Mean sleeping times (=E standard deviationS} 
induced by pentobarbital sodium in rats recovering 
from partial hepatectomy at increasing periods of time 
(solid bars and lines) and their laparotomized controls 
(interrupted bars and lines}. :For explanation of eg- 
periments 1 and 2 see text. Intact controls are indi- 
cated at day 0 for experiment 2 only. 
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Fig. 2. Mean liver weights, as % of body weight (~: 
standard deviations), in rats recovering from partial 
hepatectomy at increasing periods of time {solid barS 
andlincs) and their laparotomized controls (interrupted 
bars and lines). For explanation of experiments 1 and 
2 see text. Intact controls are indicated at day 0 for 
expcriment 2 only. 
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27.5, 30.0, 32.5, and  40 mg/kg i.p. of pen toba rb i t a l  sodium 
on each of days 1 and  4 pos t -hepatec tomy,  and  4 groups 
of controls were given 40, 45, 50, and 55 mg/kg i day 
after laparotoray. 

l~esults and discussion. E x p e r i m e n t  1 showed t h a t  after  
hepatectoray the  detoxif icat ion of pen toba rb i t a l  as meas- 
ured by sleeping t ime was decreased (Figure 1). In  no 
instance was the sleeping t ime  a t  4, 5 or 6 days  after  
hepatectoray s ignif icant ly  less t h a n  a t  1 day.  Never the-  
less, weight regenerat ion of the  l iver was a lmost  complete  
at 4-6 days (see Figure  2). The 1st pa r t  of exper iment  2 
confirmed these observat ions  and  indicated tha t ,  a s y n -  
~hron.ously wi th  l iver weight  regenerat ion (Figure 2), 
~ e p m g  t ime was reduced sharp ly  between 7 and  9 days  
3~ e r  hepa tec tomy (Figure 1 ) . 'Dur ing  the first 7 days, 
t~t°Xmcation of pen tobarb i t a l  appa ren t ly  occurred a t  
ue Same rate. W a t e r  con ten t  of the l iver was increased 

frora the 2nd to 5th day  after hepa tec tomy (Figure 3). 
Several doses of pen toba rb i t a l  were t r ied on 2 different  

days to f ind if the dose-response curves for the  1st and  
4th day after  hepa tec tomy would overlap.  The results 
are shown in :Figure 4, and  indicate  a lmost  complete  over-  
lap at these 2 days. Calculat ing the  doses of pen toba rb i t a l  
as mg/g l iver d ry  weight  enabled us to see if a n y  pa r t  of 
the exper imental  curves would over lap or form a con- 
t inuation of the  dose-response regression of the control  
animals. The results are shown in Figure 5, and  demon-  
Strate tha t  (a) no over lap occurs in the  hepatectomized 
rats at 1 versus 4 days and  (b) t ha t  the regression a t  I day  
appears to be an  extens ion of the regression in the  con- 
trois. An extension of the dose-response s tudy . in  the  con- 
trols was no t  possibte because a dose lower t h a n  27.5 
~ag/kg did no t  produce hypnosis ,  while doses over 
55.mg/kg were often fatal.  

While the  increased sleeping t ime 1 day  af ter  hepatec-  
tt°~Y seemed to be the result  solely of a loss of l iver mass, 
a~s did no t  app ly  to the  4th day.  The newly-formed liver 

tissue on day 4 seemed unable  to metabolize the barb i -  
turate. This would be readi ly explained if regenerat ion 
occurred by  s tem cell mul t ip l ica t ion  ra ther  t h a n  a divi- 

sion of all  hepatocytes.  Al though the  division s tar ts  in 
cer ta in  zones of the  l iver acinus  ~, no s tem cell mul t ip l ica-  
t ion  has been  demons t ra ted  ~. 

The  possibi l i ty  remains  t h a t  the  exis t ing metabol iz ing  
enzymes or enzyme-producing systems, which were left  
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Fig. 4. Relation between dose of pentobarbital sodium, expressed as 
mg/kg body weight, and sleeping time in rats at 1 day (1, solid circles} 
and 4 days (2, open squares} post-partial hepatectomy and in con- 
trols at 1 day post-laparotomy (3, open circles}. Indicated are the 
calculated lblear regression lines (solid lines) -I- their standard errors 

{interrupted lines}. 
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~_ig. I~Iean water content of liver, as % of liver wet weight 3. 
'~. Standard deviations), in rats recovering from partial hepatectomy 
~lriereasing periods of time (solid bars and lines) and their laparoto- 
• "UZed controls (interrupted bars and lines). Intact controls are indi- 

cated at day 0 for experiment 2 only. 
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Fig. 5. Relation between dose of pentobarbitai sodium, expressed as 
mg/g liver dry weight, and sleeping time in rats at 1 day (1, solid 
circles} and 4 days (2, open squares) post-partial hepatectomy and 
in controls at 1 day post-laparotomy (3, open circles). Indicated are 
the calculated linear regression lines (solid lines) -4- their standard 

errors (interrupted lines). 
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on t h e  1st d a y  in t he  r e m n a n t  of t h e  a m p u t a t e d  l iver ,  
were t r an s f e r r ed  i n t a c t  to,  a n d  d iv ided  over,  t he  d a u g h t e r  
cells of t he  m u l t i p l y i n g  hepa t ocy t e s .  FOUTS e t  al.7 re- 
p o r t e d  equa l  ac t iv i t i e s  of side cha in  o x i d a t i o n  for  hexo-  
b a r b i t a l  be tween  t h e  2nd a n d  8 th  d a y  a f t e r  p a r t i a l  hepa -  
t e c tomy ,  b u t  a compar i son  w i t h  t h e  1st d a y  is no t  poss ible  
f rom t h e i r  d a t a  a n d  no  l iver  we igh t s  were given.  T h e i r  
r e p o r t  of a s h a r p  decrease  in  h e x o b a r b i t a l  s leeping t i m e  
be tween  t h e  3rd a n d  5 th  day ,  in  conf l ic t  w i t h  o u r  re- 
sults,  r ema ins  the re fo re  u n e x p l a i n e d  a. 

Rdsumd. L a  p r o l o n g a t i o n  de l ' anes th6s i e  an  p e n t o b a r -  
b i t a l  fur  cons t a t6e  chez  les r a t s  p e n d a n t  1 s em a i ne  apr~s 
l ' h 6 p a t e c t o m i e  par t ie l le .  D a n s  la sui te ,  l ' e f fe t  d i spa ru t .  
Le  poids  du  foie 6 t a i t  r e d e v e n u  p re sque  n o r m a l  d~s te 
46me jour .  Les  t i ssus  h 6 p a t i q u e s  n o u v e l l e m e n t  form6s o a t  

donc  6t6 t e m p o r a i r e m e n t  i n c a p a b l e s  de  m6tabo l i se r  le 
b a r b i t u r i q u e .  
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Effec t  of  I n s u l i n  o n  C a r b o n  D i o x i d e  P r o d u c t i o n  
in  A d i p o s e  T i s s u e  f r o m  I m m a t u r e  R a t s  

T h e  pu rpose  of th i s  s t u d y  was to d e t e r m i n e  t h e  effect  of 
i m m a t u r i t y  on  in su l in - induced  c a r b o n  d ioxide  p r o d u c t i o n  
in  r a t  e p i d i d y m a l  f a t  pads .  GLmMANN ~ ha s  r e c e n t l y  re-  
p o r t e d  t h a t  conve r s ion  of g lucose- l -C  ~4 to  c a r b o n  d iox ide  
in ad ipose  t i ssue  is g r ea t e r  in r a t s  we igh ing  100-110 g 
t h a n  in those  weigh ing  200-230 g. He  also d e m o n s t r a t e d  
r e l a t ive ly  poor  CO~ p r o d u c t i o n  in older  rats ,  an  obse rva -  
t ion  p rev ious ly  r e p o r t e d  b y  HA~EN, BALL, a n d  COOPER ~. 
T h e  d i rec t  r e l a t i onsh ip  b e t w e e n  CO2 p r o d u c t i o n  a n d  l ipo- 
genesis  in  ad ipose  t i ssue  ha s  been  shown  b y  WINEGRAD 
a n d  I~ENOLD 3. 

I t  h a s  also been  k n o w n  for  some t ime  t h a t  r a t s  a n d  
r a b b i t s  are c apab l e  of syn thes i z ing  f a t t y  acids  in  u t e ro  4,s, 
b u t  r e l a t i ve ly  l i t t le  is k n o w n  a b o u t  f a t  m e t a b o l i s m  in im- 
m a t u r e  animals .  Such  d a t a  m a y  p rove  to be i m p o r t a n t  
f rom the  s t a n d p o i n t  of h u m a n  p h a r m a c o l o g y ,  since i t  
m a y  e v e n t u a l l y  he lp  to exp la in  some of t he  d i f ferences  
be tween  ch i ld ren  and  adu l t s  in response  to drugs.  T he  
p r e s e n t  r e p o r t  conce rns  t he  effect  of insu l in  on  CO 2 pro-  
d u c t i o n  in ad ipose  t i ssue  t a k e n  f rom y o u n g  r a t s  we igh ing  
35-90 g. Fo r  pu rposes  of compar i son ,  a sma l l  n u m b e r  of 
e x p e r i m e n t s  were pe r fo rmed  us ing  a d u l t  r a t s  we igh ing  
150-200 g. 

Material and methods. T h e  t e c h n i q u e  emp loyed  was 
essent ia l ly  t h a t  descr ibed  b y  BALL, MARTIN a n d  COOPER 6, 
in  wh ich  CO 2 p r o d u c t i o n  is m e a s u r e d  m a n o m e t r i c a l l y  in  
t he  W a r b u r g  a p p a r a t u s .  Male Sp rague -Dawley  r a t s  were 
s t u n n e d  b y  a b low on the  head  a n d  d e c a p i t a t e d  b y  guil lo- 
t ine .  E p i d i d y m a l  f a t  pads  were r emoved ,  weighed,  a n d  
t r a n s f e r r e d  i m m e d i a t e l y  to  f lasks  c o n t a i n i n g  2.3 ml  of 
cMcium-free  K r e b s - R i n g e r  b i c a r b o n a t e  so lu t ion  a t  p H  7.4. 
I n c u b a t i o n ,  w i th  shaking ,  was  ca r r ied  ou t  for 30 m i n  a t  
37.5 °C. Glucose,  0.1 ml,  a n d  glucogon-free insul in  7 0.1 ml,  
were t h e n  a d d e d  f rom the  s ide-arm,  r e su l t i ng  in a f inal  
c o n c e n t r a t i o n  of 4 m g / m l  a n d  0.1 U / m l  respec t ive ly .  Incu-  
b a t i o n  was a l lowed to  proceed  for  an  add i t i onM 60 min,  
a n d  t he  pos i t ive  (or nega t ive)  p ressure  read ings  a p p e a r i n g  
in m m  on  t h e  m a n o m e t e r s  were c o n v e r t e d  to  /~1 of CO 2 
evo lved  pe r  100 m g  of we t  t i ssue/h .  P re s su re  r ead ings  
pr ior  to add i t i on  of t he  s ide -a rm c o n t e n t s  were no t  used 
in t he  ca lcula t ions ,  b u t  were o b t a i n e d  to  assure  t h a t  a 

ne t  pos i t ive  p r o d u c t i o n  of gas was n o t  occur r ing  in the  
absence  of insul in .  

R a t s  were g rouped  accord ing  to w e i g h t  as fol lows:  

Group Weight 

I hnmature 35 through 50 g 
II hnmature 55 through 70 g 
III Immature 75 through 90 g 
IV Adult 150 through 200 g 

An  effor t  was  m a d e  to  al low each  f lask  to  con ta in  
r o u g h l y  100 m g  of ad ipose  t issue.  2 or more  r a t s  f rom 
g roup  I were u sua l ly  r equ i red  to fill 1 flask, whe reas  the  
t i ssue  f rom 1 a d u l t  r a t  was  a lways  suf f ic ien t  to  fill 2 or 
more  f lasks.  F o r  t h e  a d u l t  group,  t he  ave r age  va lue  of the  
f lasks  r e p r e s e n t i n g  t h e  t i ssue  f rom one r a t  was  cons idered  
as 1 expe r imen t .  T h i s  was  done  in o rder  to  j u s t i f y  the  
a s s u m p t i o n  (for s t a t i s t i c a l  analys is )  t h a t  the  va lues  ob- 
t a i n e d  were i n d e p e n d e n t  of e ach  o ther .  

All a n i m a l s  in g roups  i i ,  I I I ,  and  I V  were fed wate r  
and  P u r i n a  L a b o r a t o r y  Chow ad  lib. G r o u p  I r a t s  were 
fed as fol lows:  Ia  s ame  as g roups  I I ,  I I I ,  a n d  I V ;  I b  same,  
excep t  t h a t  t he  pe l le t s  were  c ru shed  to  m a k e  t h e  r a t i o n  
more  r ead i ly  o b t a i n a b l e ;  and ,  Ic  mi lk  a n d  mi lk -soaked  
b read .  

Results. The  resu l t s  are  p r e s e n t e d  in t he  Table .  The  
d a t a  f rom group  I a  is n o t  inc luded  in the  Table .  Since 
r a t s  of th i s  size are for  t he  mos t  p a r t  newly  weaned,  i t  was 
fe l t  t h a t  t h e i r  r e l a t ive ly  poor  p e r f o r m a n c e  (5.4 #1 CO~ 
± 6.3 S.D., in  11 e x p e r i m e n t s )  m i g h t  be p a r t i a l l y  due  to 
m e c h a n i c a l  d i f f i cu l ty  in o b t a i n i n g  a d e q u a t e  food f rom the  
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