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ace toxy l  s u b s t i t u e n t  was  a t  e i ther  C-2' or C-3'. The  model  
c o m p o u n d  1-phenyl -2 -pen tano l  ace t a t e  (V) showed a 
m e t h i n e  shi f t  a t  6 5.07. However ,  1 -phenyl -3-pen tanol  ace- 
t a t e  (VI) showed a m e t h i n e  shi f t  a t  ~ 4.87 (quintet ,  
J = 6Hz), t h u s  es tab l i sh ing  I I I a  as t h e  s t ruc tu r e  of t h e  
second metabo l i t e .  

The  conf igura t ion  of t he  h y d r o x y l  groups  on C- I '  and  
C-3' is no t  known~L 

Zusammenfassung. ( - - ) -AS-Te t rahydrocannab ino l  ist  
e iner  der  Akt ivs to f fe  in Mar ihuana  (Cannabis sativa L.). 
I n k u b a t i o n  dieser  V e r b i n d u n g  m i t  de r  t ibe r s tehenden  
Zentrifugationsfraktion (9000 g) aus  m~nnt icher  H u n d e -  
leber  ergab zwei H a u p t m e t a b o l i t e n ,  welche d u t c h  Mas- 
s enspek t rome t r i e  und  Kern re sonanzspek t ro skop ie  ident i-  

f iziert  wurden .  Den be iden  V e r b i n d u n g e n  werden  die 
S t r u k t u r e n  des l ' - H y d r o x y - A S - t e t r a h y d r o c a n n a b i n o l s  und  
des 3 ' -Hydroxy-AS- t e t r ahydrocannab ino l s  zugeordnet .  
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Changes in Microsomal  Lipids of Rat Liver after 

Previous  s tudies  f rom our l abo ra to ry  1,2 descr ibed  
changes  in t h e  f a t t y  acid compos i t ion  of r a t  l iver  micro- 
soma1 l ipids fol lowing acu te  ca rbon  t e t r ach lo r ide  in toxica-  
t ion.  The observed  decrease in a rach idonic  acid was  inter-  
p r e t e d  on the  basis  of CCl~-induced l ipid pe rox ida t ion .  
This  i n t e r p r e t a t i o n  is suppor t ed  b y  several  l ines of evi- 
dence  w h i c h  d e m o n s t r a t e  t h e  occurrence  of such  a process  
in t h e  l iver  celt s t ruc tu ra l  l ipids of ca rbon  t e t r ach lo r ide  
po i soned  r a t s a -L  I t  is sugges ted  t h a t  t h i s  reac t ion  p lays  
an  i m p o r t a n t  role in t h e  pa thogenes i s  of t he  h e p a t o t o x i c  
e t fect  of  t h e  poison.  

R e c e n t l y  i t  has  been  shown 8 t h a t  t h e  hepa t i c  t r i -  
g lycer ide  accumula t ion  resu l t ing  f rom chronic  ca rbon  
t e t r aeh lo r ide  a d m i n i s t r a t i o n  to  r a t s  is due  to  an  inhibi-  
t ion  of the  secre t ion  ot low dens i t y  l ipoprote ins ,  i.e. to  
t he  s ame  m e c h a n i s m  leading to  f a t t y  l iver  fol lowing 
acu te  CC14 poisoning  9, ~0. 

Therefore  i t  seemed to  be of in te res t  to  inves t iga te  whe-  
t h e r  the  a l t e ra t ions  of l iver microsomal  l ipids induced  by  
acu te  CC14 in tox ica t ion  could stil l  be  de t ec t ed  (and if so, 
to w h a t  ex ten t )  a f te r  chronic  ca rbon  t e t r ach lo r ide  t r ea t -  
men t .  Pos i t ive  ev idences  for changes,  poss ib ly  re la ted  to  
a l ipoperox ida t ion  process,  would  s u p p o r t  a c o m m o n  
origin for b o t h  acute  and  chronic  CCl~-induced f a t t y  
liver. 

Fema le  W i s t a r  ra t s  m a i n t a i n e d  on a pel le t  d ie t  (Pic- 
cioni, Brescia,  I ta ly)  were used. CCI 4 was  mixed  w i t h  an  
equal  vo lume  of olive oil and  the  mix tu r e  was  admin -  
i s tered  s.c., twice  weekly,  in a dose of 0.25 ml/100 g b o d y  
weight .  Control  r a t s  received an  equal  vo lume of olive 
oil. Since a s t u d y  of a long t e r m  effect  of CC14 was  
p lanned ,  t h e  t r e a t m e n t  was  pro longed  for 8 mon th s .  

Chronic Carbon Tetrachloride Intoxication 

Abou t  50% of the  CC14-treated ra ts  died t h r o u g h o u t  the  
expe r imen ta l  per iod,  

E igh t  r a n d o m l y  chosen surv ivors  and  as m a n y  con- 
trois were used for t he  p re sen t  s tudy.  They  did  no t  
receive in jec t ions  3 days  in a d v a n c e  and  were s t a rved  
15 h before  sacrifice. The m e a n  b o d y  weight  a t  t he  s t a r t  
of the  CCI 4 t r e a t m e n t  was  162 ~ 4 g  for t he  control  and  
166 ~ 6  g for t h e  expe r imen ta l  group.  The final  b o d y  
we igh t  was  268 ± 6 and  265 ~ 16 g for each group,  re- 
spect ively .  

The f a t t y  acid  compos i t ion  of microsomal  p h o s p h o -  
l ipids was d e t e r m i n e d  by  gas- l iquid c h r o m a t o g r a p h y  as 
p rev ious ly  r e p o r t e d  1,11. H e p t a d e c a n o i c  acid (GLC grade,  
S igma Chem. Co.) was  used as an in te rna l  s t anda rd .  
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Fatty acid composition of microsomal phospholipids of rat liver after chronic carbon tetrachloride intoxication 

Group C14:0 C16:0 C16:1 C18:0 C18:1 C18:2 C20:4 C22:6 

Composition Control 0.2 17.4 0.8 28.8 7.0 9.4 30.2 6.4 
(%) 4-0.02 4-0.7 4-0.1 4-0.8 4-0.4 4-0.2 4-0.3 4-0.3 

CC14 0.3 23.4 1.4 23.8 11.0 10.4 24.9 4.7 
:ko.05 4-1.2, 4-0.2 b +0.5,  4-0.3, -2=o.3 :ko.9 • +0.9 b 

mg]microsomes] Control 0.01 1.16 0.05 1.91 0.46 0.63 2.02 0.41 
g liver 4-0.002 4-0.08 4-0.01 4-0.08 4-0.05 4-0.04 4-0.10 4-0.02 

CC14 0.01 1.13 0.07 1.15 0.54 0.51 1.22 0.23 
4-0.002 4-0.09 4-0.01 =t=0.09 • i0 .05 -_t=0.04 ~ 4-0.12, 4-0.02" 

Results are expressed as mean of 8 rats each group 4- S.E. • P < 0.001. b p <: 0.01. c p <: 0.05. 
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Microsomal  l ipids were ana lyzed  for the  absorpt ion  
over  the  UV-range  according to the  me thod  of RECK- 
NAGEL et  al. ~,', wi th  minor  modif icat ions.  L ive r  t r ig ly-  
ceride concen t ra t ion  was de te rmined  by  t i le me thod  of 
VAN.HANDEL and ZILVERSMITH 12. 

Livers  f rom CC14 t rea ted  ra ts  were marked ly  enlarged 
(13.4 4- 1.4 versus 8.6 -t-0.5 g in control  animals).  His to-  
logical examina t ion  showed a v e r y  severe cirrhosis as 
well as a massive  f a t t y  inf i l t ra t ion in l ivers of al l  rats  
g iven carbon te t rachlor ide .  A normal  l iver  s t ruc ture  was 
observed in control  animals.  

Hepa t i c  t r ig lycer ide  concen t ra t ion  was marked ly  en- 
hanced in the  CC14-treated group (68.13 : t :3 . t8  versus  
13.80 ~ 2.56 mg/g  l iver  in cont ro l  rats).  

The  f a t t y  acid changes occurr ing in l iver  microsomal  
phosphot ipids  of CC1,-treated rats,  as compared  to  con- 
trols, are  repor ted  in the  Table.  A clear  per  cen t  decrease 
in stearic,  a rachidonic  and docosahexaenoic  acids was 
observed;  on the  o ther  hand,  pahni t ic ,  pahni to le ic  and 
oleic acids were increased. The  decrease in t he  percentage  
of arachidonic  acid is larger  t han  t h a t  found in the  
phosphol ipids  of ra t  l iver  microsomes a t  the  ear ly  stages 
(2 and 4 h) af ter  acute  CCI~ in toxica t ion2;  however  it  is 
comparab le  to  t he  decrement  in C20:4 occurr ing a t  the  
la te  t imes  (12 h) af ter  t he  poisoning 1, 2. 

Phosphol ip ids  of microsomes equ iva len t  to  1 g l iver  
were found to  conta in  smal ler  amoun t s  of Cis:o, Cls:2, 
C20:4 and C22:6 in the  ra ts  chronical ly  t r ea t ed  wi th  CC14, 
as compared  to the  controls ;  o ther  var ia t ions  were no t  
s ta t i s t ica l ly  significant.  The  larger  dec remen t  was found 
in docosahexaenoic  acid (43.9%) and the  lower one in 
linoleic acid (17.4%), 

As demons t r a t ed  for the  acute  CC1, hepa to tox ic i tyS-L  
l iver  microsomal  lipids f rom animals  g iven chronic carbon 
te t rach lor ide  exhib i ted  the  typ ica l  diene conjuga t ion  ab- 
sorpt ion of peroxidized  l ipids 18 (Figure). The  difference 

spec t rum is l i t t le  increased wi th  respect  to t h a t  found 
in our  ~ as well  as in o ther  labora tor ies  7 a t  t he  earl iest  
s tages a f te r  acute  in tox ica t ion  wi th  carbon te t rachtor ide.  

The  changes observed  in t he  f a t t y  acid composi t ion  
of l iver  mierosomal  phosphol ipids  a f te r  a prolonged CC14 
t r e a t m e n t  m a y  be expla ined by  several  hypotheses.  Since 
docosahexaenoic  and arachidonic  acids are the  most  un- 
sa tu ra ted  components  of the  f a t t y  acid spec t rum of 
microsomal  phospholipids,  the  possibi l i ty  exists t h a t  the  
decrease in these moiet ies  m a y  be re la ted to a long- te rm 
effect  of the  CC14-induced l ipid peroxidat ion.  The  de- 
crease in stearic acid is diff icult  to explain.  However ,  a 
decrease of th is  sa tu ra ted  componen t  was observed in t he  
phosphol ipids  of e ry th rocy tes  peroxidized  in v i t ro  ~. 
Fur thermore ,  in some exper iments  in which l iver  micro-  
somes were peroxidized  in v i t ro  for d i f ferent  lengths  of 
t ime,  a t  p H  7.4, w i t h  10-4M ascorbic  acid, the  largest  
decrements  of t he  con ten t  (by weight) of each f a t t y  acid  
were found in C22~6, C20:4 and Cls:0 (76.7, 54.5 and 42.8%, 
respect ively ,  af ter  20 h of incuba t ion  a t  37 °C)16 So the  
ma jo r  changes in the  f a t t y  acid pa t t e rn  of l iver  micro-  
somal  phosphol ipids  of rats  chronical ly  t rea ted  wi th  CC14 
are somewha t  comparab le  to those occurr ing in micro-  
somes peroxid ized  in v i t ro  for m a n y  hours.  

Al te rna t ive ly ,  d i f ferent  factors  m a y  cause the  changes 
repor ted  above  in the  f a t t y  acid composi t ion  of l iver  
microsomal  phosphol ip ids ;  n a m e l y  the  f a t t y  acid pa t t e rn  
could be affected 1. b y  an  ac t iva t ion  of l iver  phospho-  
lipases normal ly  bound  to lysosomes x~, mi tochondr ia  x8 
and microsomes xD, or  2. by  a CC14-induced a l te ra t ion  in 
the  synthesis  of some f a t t y  acids. 

However ,  the  absorpt ion  of conjuga ted  dienes was 
de tec ted  in l iver  microsomal  l ipids of rats  g iven chronic 
carbon tetrachloride.  Therefore  pe rox ida t ive  decomposi-  
t ion  of lipids of the  endoplasmic  re t i cu lum appears  to 
persist  also af ter  a ve ry  prolonged t r e a t m e n t  wi th  t i le 
poison. I t  is conceivable  t h a t  t he  polienoic f a t t y  acids 
of the  phosphol ipid  molecule  are pa r t i a l ly  des t royed by  
l ipid peroxida t ion .  
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Riassunto. Un pro lunga to  t r a t t a m e n t o  con te t rac loruro  
di carbonio,  ta le  da  indurre  una  gra~/e cirrosi epat ica,  
de te rmina  una  d iminuz ione  degli  acidi  grassi pi/1 insa tur i  
(acido arachidonico ed acido docosaexenoico) dei fosfo- 
l ipidi dei microsomi  di legato  di rat to.  L ' ipo tes i  che ta le  
d iminuzione  sia d o v u t a  ad una  parziale dis t ruzione d i  
quest i  acidi  grassi a t t raverso  un processo di perossida- 
zione l ipidiea indot to  dal  CC14, ~ a v v a l o r a t a  dal la  pre- 
senza, nei l ipidi  microsomial i ,  d i u n a  b a n d s  di  assorbi- 
men to  cara t te r i s t ica  dei ~dieni coniugat i  >~. 
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Diene conjugation absorption in rat liver nficrosomal lipids, after 
chronic carbon tetrachloride intoxication. (3--(3, control rats; 
A--ZX, CC14 treated rats. 
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