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T h e  Ef fec t  of  a - T o c o p h e r o l  on  C e r i u m  I n d u c e d  C h a n g e s  in  D r u g  a n d  L i p i d  M e t a b o l i s m  of  Rat  

The l ight  l an thanons ,  including cer ium (Ce), are known 
to  p roduce  a severe l iver in jury  in rats ,  s imilar  to t h a t  
caused b y  carbon te t rach lor ide  (CC14)~,2. Bo th  of these  
h e p a t o t o x i n s  cause a f a t t y  l iver accompanied  by  changes  
in the  s t ruc tu re  of the  endoplasmic  re t i cu lum and im- 
p a i r m e n t  o~ the  drug  metabol iz ing  capac i ty  of t he  liver ~, a. 
The tox ic i ty  of CC14 is assumed to be due to reac t ive  
metabo l i t e s  which in i t ia te  the  des t ruc t ive  l ipoperoxida-  
t ion  in the  endoplasmic  re t icu lum 4. This effect  can be 
p r even t ed  by  admin i s t r a t i on  of var ious  ant ioxidantsh,% 
These have  been  sugges ted  to  p r e v e n t  the  fo rma t ion  of 
l ipoperoxides  and o ther  possible toxic  agents  such as 
a ldehydes  or epoxy compounds  7. 

The mechan i sm by  which  l an thanons  cause the i r  effects 
on the  l iver func t ion  is no t  known.  To f ind out  wh e t h e r  
the  same mechan i sm as in the  case of CC14 could account  

Table. I. Effect of c~-Tocopherol on cerium induced changes in micro- 
somal enzyme activities of rat liver 

3,4-BPH G-6-P activity UDPGT activity 
activity relat. (~zg Pi liberated/ ($xmgl p-nitro- 
fiuorescene g/min) phenyl glucuro- 
units/g/rain nide/g/min) 

Group I 
Control 370 4- 82 36.4 4- 4.8 1.16 4- 0.15 

Group II 
Cerium 97 ~: 48 22.8 4- 2.2 1.30 4- 0.20 

p < 0.001 p < 0.001 n.s. 
Percent 
of control 26.2 62.6 112.1. 

Group III 
~-TP 313 4- 50 30.2 4- 3.3 0.89 j= 0.33 

Group IV 
c~-TP + Ce 107 -1- 32 24.7 4. 3.8 1.49 4- 0.19 

p < 0.001 p < 0.05 p < 0.01 
Percent 
of group If1 34.2 81.7 167.4 

Table. II Effect of c~-Tocopherol on cerimn induced changes in the 
activities of cytochrome P-450, NADPH-cyt C-reductase and 
glucose-6-phosphate dehydrogenase of Rat Liver 

for the  tox ic i ty  of l an thanons ,  we t r ea t ed  ra ts  s imul ta-  
neously  wi th  Ce and  a known  an t iox idan t ,  e -Tocopherol  
(TP), in order  to cause a possible p ro t ec t ion  aga ins t  the  
Ce-induced i m p a i r m e n t  of the  l iver funct ion .  

3/Iaterials and melhods. Male Sprague-Dawley  ra ts  
weighing 180-200 g were used. They  were d iv ided  into 
4 groups:  Group I (7) controls ,  group II  (6) received Ce 
i.v. 2 mg/kg  as chloride in physiological  saline, group I I I  
(6) was t r ea t ed  wi th  c~-Tocopherol ace ta te  (Roche) 
suspended  in physiological  saline 100 mg/kg  i.p. dai ly for 
5 days  and group IV (6) was t r ea t ed  wi th  T P  as in group I I I  
and received on the  3rd day  Ce as in group II .  The animals  
were killed 3 days  af ter  Ce in jec t ion  when  the  l iver injury,  
according to our earlier s tudies  3, is maximal .  Livers  were 
r emoved  and  homogen ized  in "4 volumes  of 0.1 214 Teis- 
HC1 buffer,  p H  7.4, con ta in ing  1.15% KC1. The post-  
mi tochondr ia I  f rac t ion (105,000 • r e suspended  in the  
same buffer  was used for the  s tudies  of drug  metabol iz ing  
act iv i ty .  These included the  es t ima t ions  of 3,4-benz-  
pyrene  hydroxy lase  (BPH) S g lucose-6-phosphatase  (G-6- 
p) 9, ur idine d iphospho  glucuronyl  t ransferase  (UDPGT) 10 
cy toch rome  P-450 (Cyt P-450) ~1 and N A D P H - c y t o -  
chrome C reductase  (NADPH-Cyt-C-red)  12 activi t ies.  
The ac t iv i ty  of t he  soluble enzyme glucose-6-phosphate  
dehydrogenase  (G-6-P DHG) was measured  f rom the  
105,000 Xg s u p e r n a t a n t  ~3. To s tudy  the  changes  in lipid 
metabol i sm,  the  t r ig lycer ide  (TG) con ten t s  of p la sma  
and liver t~ and the  free f a t t y  acids (FFA) in p lasma  1~ 
were measured.  

Results c~nd discussion. The act ivi t ies  of B P H ,  G-6-P 
and U D P G T  in d i f ferent  groups are shown in Table  I. 
Ce (group II) s ignif icant ly  (p < 0.001) inh ib i ted  the  
act ivi t ies  of B P H  and G-6-P. This effect  was also seen in 
animals  t r e a t ed  s imul taneous ly  wi th  T P  (group IV). 
Compared  wi th  the  respect ive  contro l  groups I and  I I I ,  
the  significance of inh ib i t ion  was only  decreased in the  
ac t iv i ty  of G-6-P af ter  T P  t r e a t m e n t .  We have  earl ier  
repor ted  t h a t  Ce ac t iva tes  the  U D P G T  x*. In  th is  s tudy  
we found the  ac t iva t ion  even more  p ronounced  af ter  t h e  
p r e t r e a t m e n t  wi tk  T P  (p < 0.01). I t  is possible  t h a t  t he  
Ce ac t iva ted  U D P G T  is sensi t ive to  the  des t ruc t ive  effects  
of l ipoperoxides  formed dur ing the  incuba t ion  in v i t ro  17 
The a n t i o x i d a n t  m a y  keep the  U D P G T  ac t iv i ty  a t  its 
h igh level by  p reven t ing  the  fo rmat ion  of these des t ruc t ive  
l ipoperoxides.  

Cyt P-450 (O.D.  NADPH-Cyt - G-6-P DHG 
450-500 nmg/ C-red (O.D. 550 (Bficher units/g 
liver) nm/min/g liver) liver) 

Group I 
Control 0.432 • 0.099 1.40 4- 0 . 2 7  30.0:1= 7.0 

Group It 
Cerium 0.149 4- 0.033 0.54 4- 0.25 78.0 ~ 9.0 

p < 0.001 p < 0.001 p < 0.001 
Percent 
of control 34.5 38.6 260.0 

Group III 
~-TP 0.349 4- 0.091 1,45 • 0.49 29.0 ~= 3.0 

Group IV 0.257 4- 0,083 �9 1,33 4- 0.64 t' 64.0 4- 12.0o 
c~-TP+Ce n.s. n.s. p < 0,001 
Percent of 
group II[ 73.6 91.7 220.7 

Group IV is significantly different from group II : " p < 0.01 ; b p 
0.05; ~ p < 0,05. 
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Table III. Effect of c~-Toeopherol on cerium induced changes in the 
lipid metabolism of the rat 

Plasma TG Liver TG Plasma FFA 
([xg/ml) (mg/g) (bteq/ml) 

Group I 
Control 63.0 ~ 26.0 5.1 + 0.5 0.571 -4- 0.067 

Group II 
Cerium 70.0 =~ 48.0 15.0 ~ 6.4 0.890 • 0.216 

n.s. p < 0.01 p < 0.01 
Peree~t 
of control 111.1 294.1 155.9 

Group III 
cr 61.0 ~ 10.0 5.7 ~c 2.5 0.727 ~ 0.254 

Group IV 
or + Ce 67.0 Jc 40.0 7.3 ~ 3.7~ 0.691 -4- 0.168 

Yl.S. n,s. D.S. 
Percent of 
group III 109.8 128.1 95.1 

s ign i f ican t  a f te r  T P  t r e a t m e n t  (p < 0.001). The  lack  of a 
more  p r o n o u n c e d  a n t i o x i d a n t  effect  m a y  be  due  to  t he  
soluble  c h a r a c t e r  of th i s  enzyme.  

The  changes  in l ip id  m e t a b o l i s m  are col lected in 
Tab le  I I I .  Ce h a d  no s ign i f ican t  effect  on p l a s m a  T G  
level,  b u t  in  l iver  t he  T G  c o n c e n t r a t i o n  increased  th ree -  
fold a f t e r  Ce in jec t ion .  T P  a lone  d id  no t  a l t e r  t he  TG 
level  of p l a s m a  or l iver  b u t  i t  i n h i b i t e d  a lmos t  t o t a l l y  
t h e  Ce induced  a c c u m u l a t i o n  of l iver  TG. The  same  
no rma l i z ing  effect  of T P  could be  seen in  t h e  increase  in 
t he  p l a s m a  FFA.  

A d m i n i s t r a t i o n  of CC14 b locks  t he  secre t ion  of hepa t i c  
T G  in to  t he  p l a s m a  a c c o m p a n i e d  b y  a decrease  in p l a s m a  
level  ~. Our  s t u d y  ind ica tes  t h a t  Ce m a y  ac t  on some 
d i f fe ren t  m e c h a n i s m  re sembl ing  t h a t  of e t h a n o l  wh ich  
leaves t he  p l a s m a  T G  a t  n o r m a l  or e l eva ted  leveU. The  
rise in  t h e  p l a s m a  F F A  c o n c e n t r a t i o n  m a y  be  r e l a t ed  to  
t he  c a t e c h o l a m i n e  dep le t ion  of t he  ad rena l  g lands  
caused  b y  Ce i~, b u t  w h y  th i s  e l eva t ion  is i n h i b i t e d  by  T P  
r e m a i n s  u n k n o w n  20 

Group IV is significantly different from group II, p < 0.05. 

The  levels of Cyt  P-450, N A D P H - C y t - C - r e d  and  G-6-P 
D H G  in d i f fe ren t  g roups  are  p r e sen t ed  in Tab le  I I .  The  
T P  t r e a t m e n t  abol i shed  a lmos t  comple te ly  the  i m p a i r i n g  
effect  of Ce on  t h e  ac t iv i t i e s  of Cyt  P-450 and  N A D P H -  
Cyt-C-red.  B o t h  of these  enzymes  are  i n v o l v e d  in the  
mic rosomal  e lec t ron  t r a n s p o r t  cha in  wh ich  func t i on  also 
in t h e  ox ida t i on  of f a t t y  acids ~s. Th i s  f unc t i on  m a y  some- 
how leave  these  enzymes  more  suscept ib le  to  t h e  des t ruc-  
t ive  effects o f - l i pope rox ida t i on ,  e m p h a s i z i n g  t h u s  t h e  
p ro t ec t i ve  a c t i v i t y  of t he  a n t i o x i d a n t .  A l t h o u g h  G-6-P 
D H G  a c t i v i t y  is e n h a n c e d  b y  Ce t r e a t m e n t  as r epo r t ed  
earlier~% t h e  T P  t r e a t m e n t  t ends  to  decrease  th i s  effect  
s l ight ly  (p < 0.05). The  a c t i v a t i o n  r e m a i n s  st i l l  h igh ly  

Zusammen/assung. D u r c h  V o r a u s g a b e  von  e -Tocophero l  
wi rd  bei  der  R a t t e  die, d u r c h  Cer ium bewi rk t e  Ver-  
m i n d e r u n g  der  Glucose-6-Phosphatase-Akt iv i t~Lt  u n d  des 
Geha l t e s  an  C y t o c h r o m  P-450, N A D P H - C y t o c h r o m  C- 
R e d u k t a s e  und  Tr ig lycer id  in  der  Lebe r  v e r h i n d e r t .  
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D i u r e t i c  Ef fec t s  of I n t r a v e n t r i c u l a r l y  I n j e c t e d  N o r a d r e n a l i n e  and  D o p a m i n e  in  R a t s  

Since biogenic  amines  do no t  p e n e t r a t e  b lood -b ra in  
barr ier ,  we h a v e  s tud ied  b e h a v i o u r a l  effects  of these  
amines  a f te r  t h e i r  app l i ca t i on  in to  t he  l a te ra l  ven t r i c l e  of 
t he  r a t  b r a i n  1, 2. D u r i n g  these  s tud ies  we h a v e  inc iden ta l ly  
obse rved  t h a t  n o r a d r e n a l i n e  (NA) affects  t h e  diures is  in 
rats .  The  a im  of th i s  p a p e r  was  to s t u d y  t h e  effects of N A  
a n d  d o p a m i n e  (DA) in jec ted  i n t r a v e n t r i c u l a r l y  on  t he  
diures is  in  rats .  

Methods. E x p e r i m e n t s  were car r ied  ou t  on  female  
W i s t a r  r a t s  we igh ing  of 190-240 g, f rom Cent ra l  A n i m a l  
F a r m  of Si lesian School  of Medicine.  A n i m a l s  were d iv ided  
in to  groups  a n d  t r e a t e d  as follows. I. Ar t i f ic ia l  cerebro-  
s p i n a l  f luid (ACSF 3 in jec ted  i n t r a v e n t r i c u l a r l y  (i.vt.) 

I H \ C N - ( C H 2 ) 3 - ~ H ~ - F  

] Pimozide F 
H 

in v o l u m e  of 10 ix1. I I .  DA, 100 ~xg i .vt .  I I I .  P imozide ,  
5 m g / k g  i.p., 2 h l a t e r  10 [~1 of ACSF.  IV. P imozide ,  5 mg /  
kg  i.p., 2 h l a t e r  DA,  100 btg i .vt .  V. NA,  100 ~g i .vt .  VI  

A C S F  i .vt . ,  10 m i n  l a t e r  p h e n t o l a m i n e ,  100 [zg i .vt .  VII .  
P h e n t o l a m i n e ,  100 ~g i .vt . ,  10 ra in  l a t e r  NA, 100 [zg i .vt .  
V I I I .  N o r m e t a n e p h r i n e ,  100 ~g i .vt .  

The  fol lowing subs t ances  were used : d o p a m i n e  hydro -  
chlor ide  (Sigma);  p imoz ide  ( Janssen ) ;  1-ar te renol  b i t a r -  
t r a t e  m o n o h y d r a t e  (NA) (Sigma) ;  p h e n t o l a m i n e  hydro-  
chlor ide  (Regi t ine  - Ciba) ;  n o r m e t a n e p h r i n e  hydroch lo -  
r ide (Calbiochem).  

All  subs tances  in jec ted  i n t r a v e n t r i c u l a r l y  were dissolved 
in ar t i f ic ia l  ce rebro-sp ina l  f luid descr ibed b y  PALAI~ et 
al. ~, and  appl ied  in  a v o l u m e  of 10 [zl. I n j ec t i ons  were 
m a d e  in to  t he  r i g h t  l a t e ra l  ven t r i c l e  of b r a i n  accord ing  to 
HERMAN 1. P imoz ide  was dissolved in physiological  saline 
so lu t ion  and  in jec ted  i.p. in  a v o l u m e  of i m l / k g  of b o d y  
weight .  I m m e d i a t e l y  a f te r  i .vt .  i n j ec t ion  of drugs;  r a t s  
were p laced  for 24 h in m e t a b o l i c  cages a n d  t he  vo lume  of 
u r ine  was m e a s u r e d  2, 4 and  24 h a f t e r  d rug  in j ec t ion  
in to  t he  vent r ic le .  D u r i n g  t h i s  t i m e  t he  r a t s  h a d  free 
access to  water .  The  v o l u m e  of u r ine  was ca lcu la ted  pe r  
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