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Abstrac t - -Male  albino NMRI mice were given 700 mg/kg galactosamme and 33 ~g/kg salmonella 
endotoxln intraperltoneally After 9 hr, serum sorbltol dehydrogenase actwlty had risen from 60 to 
7320 U/I, SGOT from 90 to 5580, and SGPT from 70 to 10,440 When a slmdar dose of galactosamme 
alone or endotoxin alone was given, no significant liver injury was found. Animals pre-treated with an 
oral dose of ebselen (600mg/kg 1-3 hr before galactosamlne/endotoxln administration) were fully 
protected against this type of hepatitis When pretreated 1 hr before lntoxlcahon with different doses 
of ebselen, significant dose-dependent reduction of serum enzyme activities was observed at doses higher 
than 1 mg/kg. After pre-treatment with 6 mg/kg ebselen, no biochemical or histological signs of liver 
lesions were detectable 36 hr after intoxication In order to comparatively evaluate the model used, 
several established anti-inflammatory drugs were administered at doses which showed 50% effectiveness 
m preventmg carageenan paw edema A dose of 200/~g/kg dexamethasone, or 9 mg/kg lndomethacm 
abolished galactosamme/endotoxm-mduced enzyme release in our animals, as did the hpoxygenase 
pathway inhibitor &ethylcarbamazlne (78 mg/kg) In contrast, admimstratmn of cyclooxygenase path- 
way mhibltors such as aspmn (220 mg/kg) or lbuprofen (45 mg/kg) failed to prevent hepatitis The 
effect of ebselen was also mvestlgated in four different models of acute drug-induced liver damage A 
dose of 600 mg/kg of the organic selenium compound was meffectwe or weakly active in benzo(o0pyrene- 
or phenobarbital-treated mice which were intoxicated by mtrapentoneal administration of 350 or 400 mg/ 
kg body weight of paracetamol Slmdarly negative results were obtained against bromobenzene-mduced 
hepatotoxlclty (520 mg/kg bromobenzene l p ), carbon tetrachlonde intoxication (3 2 g/kg), or allyl 
alcohol-induced liver damage (60mg/kg) The selectwe efficacy of ebselen against galactosamine/ 
endotoxin Induced liver damage is interpreted in terms of its recently recogmzed ability to mh~blt the 
formation of leukotnenes 

Because of Its glutathlone peroxxdase-hke activity 
[1, 2] the ant i- inflammatory compound  ebselen (PZ 
51, 2-phenyl- l ,2-benzoisoselenazol-3(2H)-one)  has 
at tracted interest  as an anti-oxidant in cellular [3, 4] 
as well as subcellular [1] systems. In the preceding 
paper  of  this series [5] we showed that ebselen 
inhibited leukotr lene B4 (LTB4) product ion from 
endogenous  arachldonic acid by rat polymorpho-  
nuclear leukocytes at a half-maximal inhibitory con- 
centrat ion of 20/~moles/1 Unl ike  purified glu- 
tathlone peroxidase in the presence of its substrate 
GSH,  the inhibition due to ebselen was shown not 
to be caused by enhanced reduct ion of 5 - H P E T E  (5- 
hydroperoxy-elcosate t raenoic  acid) to 5 - H E T E  (5- 
hydroxyeicosatet raenoic  acid) Rather  ebselen 
seems to act directly on leukocyte l lpoxygenase At  
lower concentrat ions,  ebselen also isomerlzes LTB 4 
to an inactive t rans  isomer tn vt tro [6] 

A recent  report  demonst ra ted  that m - w v o  
administrat ion of  endotoxln to rats led to an immedi-  
ate increase In leukotr lene secretion into the bile [7] 
It is also known that galactosamlne-induced hepatitis 

* Abbreviations SGOT, serum aspartate ammotrans- 
ferase (EC 2 6 1 2). SGPT, serum alanme ammotrans- 
ferase (EC 2 6 1 1), SDH, sorbltol dehydrogenase (EC 
1.1 1 14), GAIN, galactosamme 

in mice, rats and rabbits is potent ia ted by sJm- 
ultaneous administrat ion of endotoxin and shows 
large inter- and mtra-specles variations with respect 
to the susceptibility of the animals. Since a protective 
effect of inhlbitors of leukotr lene synthesis or action 
has been described against GalN/endotoxln- lnduced  
lethahty in mice [8], we were interested in invest- 
igatmg the t n - v t v o  effect of ebselen in a Slmllar 
model  

MATERIALS AND METHODS 

Male albino mice (strain N M R I ,  Han) were pur- 
chased from the Zentrahnst l tut  fur Versuchstiere,  
Hannover ,  F . R  G They were kept at least one week 
on the standard diet C 1000 (Al t romin,  Lage) with 
free access to food and water  under  environmental ly  
controlled conditions Their  average weight was 
35 g. Monooxygenase  activity was induced by giving 
1 mg/ml  phenobarbi ta l  in the drinking water  for 
5 days. Phenobarbi ta l  was withdrawn the last 
day before the experiments  Induct ion by benzo(a<)- 
pyrene was carried out by injection of 2 0 m g / k g  
benzo(o0pyrene on three consecutive days. In order  
to fix the diurnally varying hepatic glutathione [9] 
these animals were fed a liquid sucrose diet for the 
48 hr prior to the paracetamol  experiments  
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Blood  was w i t h d r a w n  by hear t  punc tu re  into 2 5% 
hepar in  The  livers were  per fused  for I man with ice 
cold 0 9 %  NaCI via the por ta l  vein ,  then  r e m o v e d  
and  immedia te ly  f rozen in liquid mt rogen .  They  were  
s tored  for no  longer  t han  2 days. They  were  homo-  
genized in 3% m e t a p h o s p h o r i c  acid con tmnlng  i m M  
E D T A  pr ior  to enzymat ic  assay of g lu ta th lone  
con ten t  

Ebse l en  and  ana logues  were  gifts f rom Nat-  
t e r m a n n  & Cm ( G m b H ,  Cologne ,  F .R  G )  
Ga lac to samine  HCI was pu rchased  f rom R o t h  
Chemica ls  (Kar l s ruhe)  and  endo tox ln  (Salmonel la  
abortus equt l i popo lysacchande )  f rom Sigma (St 
Louis ,  M O ) .  Pa r ac e t am o l  and  d i e thy l ca rbamazme  
were f rom Sigma,  b r o m o b e n z e n e ,  CC14 and  dexa- 
m e t h a s o n e  f rom Merck  ( D a r m s t a d t ) ,  aspir in f rom 
Bayer  (Leve rkusen ,  F , R . G  ) and  lbupro fen  f rom 
Khnge  ( M u n c h e n ,  F R G ). 

Se rum enzyme  activit ies were  d e t e r m i n e d  accord- 
lng to B e r g m e y e r  [10], Tota l  soluble  non-pro te in -  
b o u n d  g lu ta th lone  was m e a s u r e d  according to 
Tle tze ' s  m e t h o d  [11]. P ro te in  was assayed by Lowry 's  
p rocedure  us ing bov ine  se rum a lbumin  (Sigma) as 
s t andard  All  da ta  are given as means  + s t anda rd  
devia t ion  (S D. )  Statist ical  significance was evalu- 
a ted  according  to S tuden t ' s  t-test. 

For  h~stopathologlcal  e v a l u a u o n ,  the hvers  of the  
animals  were pe r fused  af ter  the  expe r imen t  with 
10% p h o s p h a t e - b u f f e r e d  formal in  and  immedia te ly  
fixed in this med ium .  Sect ions were s ta ined with 
e o s m e / h e m a t o x l h n e  and  graded  by Dr.  Helde  
Schmld,  Pa tho logy  D e p a r t m e n t ,  wi thou t  knowledge  
of the i r  origin 

RESULTS 

W h e n  male  mice were  given a single in jec t ion  of 
33 #g /kg  (or up to 15 m g / k g )  endo toxm,  no sig- 
nificant Increase  in se rum t r ans am l nas e  levels was 
obse rved  wxthin the  next  9 hr  Similar  obse rva t ions  
were  m a d e  w h e n  a dose of 700 m g / k g  ga lac tosamlne  
was admin i s t e r ed  as a single in jec t ion  However ,  the  
combina t i on  of these  two toxins led to very high 
increases  in enzyme re lease  into the  circulat ion in 
mos t  of the  ammals  (Table  1, basal  values vs control )  

No e n h a n c e m e n t  of se rum y-glutamyl t r anspepudase  
activity over  the basal  levels of 1 3 -+ 0 5 m U / l  was 
observed  W e  not iced  that  roughly ten per  cent  of 
our  animals ,  however ,  did not  r e spond  at all to this 
c o m b i n e d  G a l N / e n d o t o x l n  t r e a t m e n t  Therefore ,  
these  animals  are l isted separa te ly  First of all, groups 
of eight  an imals  were  p re - t r ea t ed  3, 2 or 1 hr before  
G a l N / e n d o t o x i n  with a m a x i m u m  oral dose ot 
6 0 0 m g / k g  ebse len  I n d e p e n d e n t  of the pre- t reat-  
men t  reg imen ,  all an imals  were opt imal ly  pro tec ted  
as assessed by enzyme release.  Subsequentb . ,  the 
d o s e - d e p e n d e n c e  of the  effect of ebselen given 1 hr 
before  G a l N / e n d o t o x i n  was mves t lga ted  The results 
in Tab le  1 d e m o n s t r a t e  a significant dose -dependen t  
p ro tec t ion  of ebse len  against  G a l N / e n d o t o x m  Intoxi- 
ca t ion at oral  doses  h igher  than  1 m g / k g  within the 
t ime of the  survival  of the  cont ro l  ammals ,  ~ e up to 
9 hr.  D a t a  in Tab le  1 d e m o n s t r a t e  moreove r  the 
selective efficacy of ebselen m v w o  compared  to 
ana logues  which tu rned  out  to have no glutathxone 
perox ldase -hke  activity tn tntro [2] 

In o rde r  to d iscr iminate  be tween  a p r o t e c u o n  and  
a delaying effect of ebse len  on  the deve lopmen t  of 
the  in jury  Ga lN/endo tox ln - in tox Ica t ed  mice were 
p re t r ea t ed  with 600, 60 or 6 m g / k g  ebse len  1 hr 
before  in toxica t ion  and  obse rved  until  36 hr  later  
Af te r  this t ime,  no  sxgmficant e n h a n c e m e n t  of serum 
enzyme act lwtles  c o m p a r e d  to un t r ea t ed  controls  
was found  at any dose of ebse len  applied The  fol- 
lowing specific activit ies were measured ,  e g m a 
group ot seven an imals  t r ea ted  with the lowest dose 
of ebse len ,  l.e 6 mg/kg .  S D H  = 150 -+ 80, S G O T  = 
70 -+ 50, S G P T  = 90 +- 50 (control  da ta  m Table  1) 
Essent ia l ly  no  h ls topathologica l  lesions were  detect-  
able in the  l iver sect ions f rom these  ammals  This 
expe r imen t  suggests tha t  a real p ro t ec tmn  ra ther  
than  a delay of G a l N / e n d o t o x l n - l n d u c e d  hepato-  
toxicity had  t aken  place 

In o rder  to eva lua te  the na ture  of the model  at the 
doses of GaIN and  endo tox in  used here ,  we studied 
the effect  of some agents  which Interfere  with arach- 
1donate me tabo l i sm For  these  exper iments  we chose 
doses tha t  co r r e spond  to the EDs. of these  compounds  
in rat  c a r ageenan  Induced paw e d e m a  [12] The  
results in Table  2 indicate  tha t  c o m p o u n d s  which 
preferent ia l ly  block the  cyclooxygenase pa thway 

Table 1 Dose-dependent protectmn by oral ebselen pre-treatment against galactosamlne/endotoxm-mduccd hcpantlS m 
mice and speclfimty of the compound compared to some analogues 

Additional treatment SDH SGOT SGPT R NR M 

Basal (without treatment) 60 +- 40 90 + 10 70 + 30 (10) 
Tylose (control) 7320 -+ 5630 5580 -+ 5120 10,440 + 8640 49 ~ 9/54 
600 mg/kg  Ebselen 100 -+ 66*** 120 -+ 50*** 140 _+ 100"** 12 1 0/13 

60 mg/kg  Ebselen 560 +- 640*** 340 -+ 350*** 730 _+ 890*** 21 ? 2/24 
6 mg/kg  Ebselen 880 +- 1450"** 770 -+ 1150"** 1300 _+ 2220*** 21 3 1.,'24 
1 mg/kg  Ebselen 3870 + 4190 n~ 3430 +- 4120"' 5650 +_ 6130 ~" 16 () 3 "1(~ 

0 6 mg/kg  Ebselen 4540 -+ 3800"' 4620 +- 3920 n' 6360 _+ 5130 ~' 3 0 ()/? 
0 1 mg/kg  Ebselen 5490 -+ 4690" ' 3890 -+ 3680"' 7900 + 7330"' 8 () 4/8 
510 mg/kg  sulfuranalogue PZ 25v 3020 -+ 3320 n ' 2140 -+ 1580 ~ ~ 4100 _+ 3860 ~' 8 ~) 1/8 
635 mg/kg  Se-methyl denvanve~ 4630 -+ 3730"' 3130 +- 2550 ~' 599(I _+ 482(P ' 8 () 4 '~ 

+ 2-Phenyl-l,2-benzlsothlazol-3(2H)-on, $ 2-Methylselenobenzanlhde 
Galactosamme (700mg/mg) and endotoxm (33 #g/kg) were m}ected mtraper,toneally 1 hr later as a mixture m 

phosphate-buffered sahne Serum enzyme actlvmes were assayed after nine hour~ and are Dven m U/I R respondcrs, 
NR, non-responders. M, mortahtv within 9 hr , ***, P ~< 0 001 of pre-treated against control ammals 



Ebselen protection against hepatitis m mice 

Table 2 Influence of various anti-inflammatory agents on galactosamlne/endotoxln hepatlhs in mice 
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Addmonal treatment SDH SGOT SGPT R NR M 

Tylose (control) 7320 ± 5630 5580 ± 5120 10,440 ± 8640 49 5 9/54 
220 mg/kg Aspirin 5930 ± 9940 " '  3370 _+ 4080 "~ 8010 ± 13,230 "'  8 0 1 "8 

45 mg/kg Ibuprofen 5460 ± 6600 n ~ 2840 - 2800" ~ 7160 -+ 7850 "s 10 0 0/10 
9 mg/kg Indomethacln 400 -+ 460** 480 -+ 475** 730 ± 1040"* 8 - -  0.8 

78 mg/kg Dlethylcarbamazme 190 + 115"** 270 -+ 90*** 290 ± 180"** 10 - -  0.10 
200/~g/kg Dexamethasone 110 ± 60*** 140 ± 100"* 100 ± 60*** 8 - -  0/8 

Dexamethasone was injected mtrapentoneally 1 hr before GalN/endotoxln in phosphate-buffered sahne Dmth~l- 
carbamazlne was injected lntrapentoneally every 45 mm between 0 and 6 hr ** = P ~< 0 01, *** = P ~< 0 001 of treated 
vs control animals 

such as aspirin or lbuprofen  had no significant effect 
on G a l N / e n d o t o x m - m d u c e d  hepati t is  Indometh-  
acln significantly reduced  serum enzyme activity 
release in this model  at a dose where  the drug is able 
to inhibit cyclooxygenase as well as phosphohpase  
A2 [14]. Likewise,  dexame thasone  which indirectly 
inhibits phosphohpase  A2 also p reven ted  the signs 
of fulminant  G a l N / e n d o t o x i n - m d u c e d  hepatitis.  
Similar results were  ob ta ined  when mine were  t rea ted  
with repea ted  m jechons  of the LTA4 synthesis inhibi- 
tor dlethyl carbamazlne  which has a very short  half- 
life i n  v t v o  [13] These  exper iments  suggest that  
the model  used here  is sensitive to modula tors  of 
eicosanold m e t a b o h s m  which prevent  the format ion 
of leukotr lenes.  These  findings confirm and extend 
earlier observat ions  by others  [8, 13, 14]. 

Finally, we compared  the efficacy of ebselen 
against exper imenta l  hver  lnlury in different  models.  
Table 3 contains the results of some exper iments  
where  liver lesions m mice were p roduced  by com- 
pounds  which are metabol ized  to form reactive inter- 
media tes  One example  for cytosohc product ion of  
a reactive in te rmedia te  is allyl alcohol,  the others  
represen t  c o m m o n  hepato toxlns  handled  by the 
mlcrosomal  monooxygenase  It has previously been  
shown that  lnhlNt lon of  the me tabohsm of par- 
acetamol on the one hand [15, 16] or a fortification 
of the glutathlone redox system on the o ther  hand 

[17, 18] p reven ted  this type of acute liver damage.  
The data in Table 3 show that ebselen pre - t rea tment  
resulted in no or barely significant protect ion against 
parace tamol- lnduced liver necrosis Essentially simi- 
lar results with no significant protect ion by ebselen 
were obta ined in the model  of b romobenzene- ,  or 
carbon te t rachlor ide- lnduced hver  damage.  Allvl 
alcohol intoxication,  in contrast ,  leads to liver injury 
by consecut ive react ions of the pr imary toxic metab-  
ohte acroleln which is fo rmed  via the cytosohc alco- 
hol dehydrogenase  react ion [19]. As expected,  ebse- 
len p re - t r ea tmen t  of  mice before  administrat ion of 
allyl alcohol failed to show any protect ive effect 
These findings do,  however ,  not exclude beneficial 
effects of ebselen against drug- induced hver lesions 
under  less drastic condit ions,  e.g in chronic disease 
states. These  acute models  are not suitable to study 
pharmacological  actions of this kind 

The exper iments  in Table 3 show also that ebselen 
itself does not  interfere with the utilization of hepatic 
GSH on the one hand,  nor  does it deplete  hepatic 
GSH vm oxidation to GSSG,  as would have been 
p resumed  if ebselen were acting like glutathlone 
peroxldase  A similar GSH dep lenon  m t, t v o  after 
paracetamol  or b r o m o b e n z e n e  administrat ion in the 
presence  or absence of ebselen lndmated that the 
metabol ism of the xenobiotIcs was not lmpmred in 
the ebse len-pre t rea ted  animals. 

Table 3 Effect of oral ebselen pre-treatment against chemically induced acute hver mlurles in mice 

Hepanc GSH + 2 GSSG 
Treatment SDH SGOT SGPT (nmol/mg prot ) n - M 

Vehicle (control)g 110 ± 80 195 - 50 250 --- 105 26 ± 2 7 I) 
350 mg/kg paracetamoD 860 -+ 730 1000 --- 1170 1430 --- 1210 12 ± 3 7 I3 I) 
Paracetamol + ebselen+ 1270 ± 1260 1350 -+ 1090 2150 _-2- 1930 8 -+ 6 13 I) 
Ebselen+ 100 --+ 60 375 ± 250 350 ± 140 25 ± 2 6 0 
400 mg/kg paracetamol~ 1530 -+ 1260 900 ± 800 1150 -+ 1040 1 7 ± l 6 (/ 
Paracetamol + ebselen$ 390 ± 240* 570 ± 320 360 -+ 130" 2 9 -+ 0 9 6 0 
520 mg/kg bromobenzene+ 2060 ± 1250 1160 ±-+ 750 2060 ± 1250 1 2 ± 0 5 6 3 
Bromobenzene + ebselen+ 1650 ± 1110 1460 ± 820 1910 ± 1200 2 -+ 0 4 6 3 
3 2 g/kg CC14 500 ± 200 2790 ----- 780 890 --+ 380 23 ± 6 ~ 1 
CC14 + ebselen 415 ± 140 2070 --- 640 780 -+ 320 22 -+ 2 8 I) 
60 mg/kg allylalcohol 1070 ± 625 2150 ± 2390 1800 ± 2420 6 0 ± 4 7 8 3 
Allylalcohol + ebselen 3200 ± 2990 2940 -+ 2690 4630 ± 7240 2 0 ± 2 8 8 8 

Paracetamol was given in DMSO/0 9% NaC1, 40 o0 (v/v), bromobenzene as a 5% solution in ~egetable o11, CCI~ as 
a 50~" solution m vegetable o11, allylalcohol as a 2% solution in 0 9% NaCI Serum enzymes and h~cr glutathlone were 
measured four hours after dosage of the hepatotoxlns paracetamol, CCI~. or allylalcohol and 7 hr after bromobcnzene 
f Phenobarbltal-pretreated ammals, ; benzo(cr)pyrene-pretreated ammals. * P ~< 0 05f/~ of intoxicated vs ebselen-treatcd 
mice 
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DISCUSSION 

Much of the  pa thophys lo logy  in e n d o t o x m  shock 
is closely re la ted  to react ions  exer ted  by lipid 
med ia to r s  of anaphylaxls  and  in f lammatory  
responses ,  inc luding the  l euko t r l enes  The  fo rma t ion  
of the chemotac t l c  agen t  LTB4 is inh ib i ted  in rat  
neu t rophl l s  in the  p resence  of ebse len  in a dose- 
re la ted  and  specific way [5, 6] On  the  o ther  hand ,  
an increased  c o n c e n t r a t m n  of l euko t r l enes  In the  
bile wi th in  the  first two hours  fo l lowmg endo tox in  
t r e a t m e n t  was obse rved  as an  early revers ible  even t  
in rats m vtvo  [7] It was the re fo re  o b w o u s  to mves-  
uga te  the  p reven ta t i ve  effect of ebse len  m an ammal  
model  closely re la ted  to h u m a n  viral  h e p a t m s  u n d e r  
c o n d m o n s  w h e r e b y  mice had  been  sensi t ized to 
Ga iN- reduced  liver lesmns by endo tox ln  [13, 20] 

Our  resul ts  show a pro tec t ive  effect of ebse len  
against  G a l N / e n d o t o x m  h e p a t m s  with a similar dose- 
d e p e n d e n c e  as found  for the  an t> in f l ammato ry  
acUwty of the  c o m p o u n d  against  cob r a - venom  fac- 
to r - induced  e d e m a  0c50 = 56 m g / k g  p .o  ) [21] Bear-  
ing m m m d  tha t  conven t iona l  non-s te ro ida l  anti-  
i n f l ammatory  drugs had  only m o d e r a t e  activity m 
this in f l ammatory  mode l ,  these  findings suggest  tha t  
the  c o m m o n  e f fcacy  of ebse len  in the hepatlUS model  
and  against  in f l ammat ion  might  be re la ted  to its 
ability to inhib i t  the  hpoxygenase  pa thway  In hne  
w~th this i n t e rp re t a t i on ,  c o m p o u n d s  decreas ing  
e i the r  the  avai labi l i ty  of a rach ldonlc  acid or its 
m e t a b o h s m  to l euko t r l enes  (Table  2) resul ted  m an 
a p p a r e n t  p ro tec t ion  against  G a l N / e n d o t o x m  hepa-  
t ins,  while mere  mhlb i to r s  of the  p ros tag land ln  pa th-  
way had  no slgmficant  effect 

Rega rd ing  the la t ter  s t a t emen t ,  it should  be 
po in ted  out  tha t  l n d o m e t h a c l n ,  in a d d m o n  to its well- 
known  inhib i t ion  of cyclo-oxygenase,  also inhibi ts  
phospho l ipase  A2 [14] and  p r e v e n t e d  endo tox ln-  
induced  p h o s p h o h p a s e  ac t lvanon  m rats [22] 

In o rde r  to gain more  mechanlsUc insight  into the  
hepa top ro t ec t l ve  effect  of ebse len ,  we ex tended  our  
m - v w o  s tudms to several  d i f ferent  models  of  chemi-  
cally reduced  hver  in jury,  in which a lkylat lon or 
perox lda t lon  m e c h a n i s m s  are Involved in the  p r imary  
lesion m e c h a n i s m  ( for  a review cf ref  23) Since 
ebse len  also exhibi ts  an t iox ldan t  p r o p e m e s  unde r  
cer ta in  condi t ions  tn vitro [4] we would have antici- 
pa ted  tha t  this p roper ty  or the g lu ta th ione  per-  
oxldase-hke  actwlty of the  c o m p o u n d  [1,2]  would 
result  m a protec t ive  effect against  react ive me tab-  
ohte  hve r  inJury models  as well The  results  m Tab le  
3 make  th~s in t e rp re t a t i on  unl ikely They  also show 
that  high doses of ebse len  alone do not  deple te  
hepat ic  g lu ta th ione  and  do not  impa i r  the u t lhza t lon  
of g lu ta th lone  for the phase  II m e t a b o h s m  of par- 
ace tamol  or b r o m o b e n z e n e  Likewise,  the cytosohc 
m e t a b o h s m  of allyl alcohol  as well as its de le te r ious  
act ion on the hver  ~s not  affected by ebse len  pre- 
t r e a t m e n t  of the  an imals  We in te rp re t  these experi-  
ments  in the sense tha t  ebse len  ~s not  likely to interact  
as such with reac twe  i n t e r m edm t es  including acu- 
va ted  oxygen species s t emming  from mmrosomal  
monooxygenase  m e t a b o h s m ,  or in the  case of allyl 
alcohol,  wi th  cytosohcal ly  fo rmed  acroleln 

These  findings suggest  tha t  r a the r  than  a general  
antlOXldant p roper ty ,  i n h l b m o n  of mcosanold  for- 
ma t lon  a n d / o r  release may under ly  the hepa-  
topro tec t lve  as well as the an t> in f l ammatory  acuvlty 
of ebse len .  A promis ing  prospect  for the phar-  
macological  app l l cauon  of ebse len  might  be its thera-  
peut ic  use against  in f l ammatory  hver  disease,  or, m 
general  against  in f l ammatory  c o n d m o n s  associated 
with cellular lnfi l traUon 
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