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Summary. Halo thane ,  b u t  no t  me thoxyf lu rane ,  was  found  to cause specific hepa toce l lu la r  damage,  the  h ep a t o t o x i c i t y  
being p r o m p t  b u t  t r ans ien t .  The hepa to tox i c i t y  was d e m o n s t r a t e d  b y  the  e levat ion  in the  se rum ac t iv i ty  of x a n t h i n e  
oxidase,  a h igh ly  sensi t ive  marke r  for acute  l iver damage .  

H a l o t h a n e  and  m e t h o x y f l u r a n e  are c o m m o n l y  employed  
anes the t i c  agents .  Since the i r  in t roduc t ion ,  con t r ad i c t o ry  
r epor t s  have  been  pub l i shed  concerning the i r  hepa to tox i -  
c i ty  1-3. Massive hepa t i c  necrosis  rare ly  occurs fol lowing 
ha lo thane  2-~, and  m e t h o x y f l u r a n e  anesthesia1,  5, b u t  
w h e t h e r  these  c o m p o u n d s  have  a more  c o m m o n  specific, 
a l t h o u g h  mild,  h e p a t o t o x i c  effect  is a m a t t e r  of d ispute .  
To solve th is  ques t ion ,  var ious  marker s  for t he  de tec t ion  
of liver dam age  have  been  used. Mos t  inves t iga to r s  s tud ied  
the  ac t iv i ty  in s e rum of hepa toce l lu la r  enzymes,  such as 
the  t r ansaminases ,  SGOT and  SGPT,  or o the r  p a r a m e t e r s  
of l iver funct ion ,  such  as se rum bi l i rubin  and  p l a sma  pro-  
t h r o m b i n  t ime  e-12. Wherea s  in some of t he  s tudies  no  he-  
p a t o t o x i c i t y  could be d e m o n s t r a t e d  following ha lo thane  
and  m e t h o x y f l u r a n e  anes thes ia  1.-1., in o thers  evidence of 
h e p a t o t o x i c i t y  was  indeed  found  and  was shown to  be of 
s imilar  s, zs, 16 or even  grea te r  magn i tude  t h a n  t h a t  caused  
b y  o the r  anes the t i c  agents*,  ?, 8-1% X a n t h i n e  oxidase  ac- 
t i v i t y  in m a n  is conf ined  ma in ly  to  the  l iver t issue iv. 
Signif icant  enzym e  ac t i v i t y  has  also been  d e m o n s t r a t e d  
in  j e juna l  mucosa  and  in co los t rum ls-2~ However ,  ex- 
pe r imen ta l  s tudies  in t he  ca t  have  d e m o n s t r a t e d  t h a t  
i schemia  of t he  smal l  in tes t ine  did no t  increase se rum 
x a n t h i n e  oxidase  (SXO) ac t iv i ty ,  whereas  l iver in ju ry  
resul ted  in rap id  and  r emarkab le  rise in S X O  ac t iv i ty  sl. 
Several  s tudies  have  es tab l i shed  t h a t  S X O  ac t iv i ty  
or ig ina tes  a l m o s t  exclus ively  f rom the  liverZZ, 22, its re-  
lease to  t he  se rum being h igh ly  sensi t ive to  hepa toce l lu la r  
damage2, ,  24. E m p l o y i n g  SXO as a marke r  for hep a t o -  
cellular damage ,  we could d e m o n s t r a t e  in t he  r a t  t h a t  
ha lo thane  has  a h e p a t o t o x i c  effect  s6 which  was n o t  de-  
t ec tab le  b y  the  more  c o m m o n l y  used enzyma t i c  m a r k e r  
SGOT. In  t he  p r e sen t  s tudy ,  we uti l ized the  specific and  
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Changes in SXO level following anesthesia (the actual values are given) : A Control. B Halothane. C Methoxyflurane. Dotted line represents 
upper norma! limit Ira�9 + 2 SD): 
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h i g h l y  sens i t ive  m a r k e r  S X O  to  c la r i fy  w h e t h e r  h a l o t h a n e  
or m e t h o x y f l u r a n e  are  h e p a t o t o x i c  in  m a n .  T h e  s e r u m  
levels  of t h e  i n t r ace l lu l a r  e n z y m e s  S G O T  a n d  L D H  were 
s t u d i e d  for co m p a r i son .  
Materials and methods. 60 p a t i e n t s ,  s chedu led  for e lec t ive  
surg ica l  p r o c e d u r e s  s u c h  as  r epa i r  of i ngu ina l  he rn ia ,  
h e m o r r h o i d e c t o m y ,  p las t i c  or  m i n o r  o r thoped ic  su rgery ,  
were chosen  for t h e  s t u d y .  N o n e  of t h e m  h a d  a h i s t o r y  of 
l iver  disease.  
V e n o u s  blood s a m p l e s  were  t a k e n  before  i n d u c t i o n  of 
ane s th e s i a ,  i m m e d i a t e l y  fol lowing comple t i on  of su rgery ,  
a n d  on  each  of t h e  m o r n i n g s  of t h e  1st, 3rd, 5 th  a n d  7 th  
p o s t o p e r a t i v e  days .  Blood s a m p l e s  were  al lowed to  clot,  
c en t r i f u g ed  a n d  t h e  s e p a r a t e d  sera  were  a s s a y e d  for SX O  
b y  m e a s u r i n g  r a d i o c h e m i c a l l y  t h e  conve r s ion  of C x*- 
label led h y p o x a n t h i n e  to  uric acid ~4. SGOT a n d  L D H  
were a n a l y z e d  b y  T e c h n i c o n  A u t o a n a l y z e r  SMA 12/60. 
All p a t i e n t s  were p r e m e d i c a t e d  w i t h  2 m l  of T h a l a m o n a l  
( deh y d ro b en zp e r id o l  5 m g  a n d  F e n t a n y l  0.1 mg) a n d  
a t r o p i n  0.5 m g  i .m. 1 h pr ior  to opera t ion .  A n e s t h e s i a  was  
i n d u c e d  w i t h  s o d i u m  t h i o p e n t a l  0.4 m g J k g  b .wt ,  fol lowed 
b y  succ iny lcho l ine  chlor ide  1 m g / k g  b .wt ,  to  fac i l i ta te  
e n d o t r a c h e a l  i n t u b a t i o n .  All 60 p a t i e n t s  were g iven  a 
m i x t u r e  of  n i t r o u s - o x i d e  (60%) a n d  o x y g e n  (40%) a t  a 
t o t a l  f low ra t e  of 8 l /rain,  u s i n g  a semic losed  circle s y s t e m  
w i t h  c a r b o n  d ioxide  abso rp t ion .  
T h e  p a t i e n t s  were r a n d o m l y  d iv ided  in to  3 g roups :  31 
p a t i e n t s  rece ived  h a l o t h a n e ,  12 p a t i e n t s  received m e t h o x y -  
f l u r an e  a n d  17 p a t i e n t s  s e rved  as  cont ro ls .  I n  t he  g r o u p  
a n e s t h e t i z e d  w i t h  m e t h o x y f l u r a n e ,  a n e s t h e s i a  was  m a i n -  
t a i n e d  t h r o u g h  a P e n t e c  I I  vapor ize r .  M e t h o x y f l u r a n e  
c o n c e n t r a t i o n  of 1 .0% was  used  for 5 rain, t h e n  0 .5% for  
t h e  r e m a i n d e r  of t he  ope ra t ion .  I n  t he  h a l o t h a n e  g roup  a 
c o n c e n t r a t i o n  of 1 .0% w a s  de l ivered  t h r o u g h  a F t u o t e k  

M a r k  I I  Vapor izer .  T h e  con t ro l  g roup  rece ived  F e n t a n y l  
0.002 m g / k g  b . w t  a n d  Allofer ine 0.2 m g / k g  b . w t  i .v.,  a n d  
v e n t i l a t i o n  w a s  cont ro l led  w i t h  a v o l u m e - l i m i t e d  ven t i -  
la tor .  
Results. T h e  m e a n  va lue s  of SXO,  L D H  a n d  S G O T  in  t h e  
3 g roups  of p a t i e n t s ,  p r ior  a n d  fol lowing anes thes i a ,  are  
p r e s e n t e d  in t h e  table .  T h e  s c a t t e r i n g  of S X O  ac t iv i t i e s  
p r io r  a n d  fol lowing a n e s t h e s i a  is dep ic ted  in a h i s t o g r a m  
(figure). I n  t h e  con t ro l  g roup  of pa t i e n t s ,  t he  m e a n  SXO,  
L D H  a n d  SG O T v a l u e s  fol lowing a n e s t h e s i a  were  n o t  
s ign i f i can t ly  e leva ted ,  in c o m p a r i s o n  w i t h  t h e  p reopera -  
t i ve  va lues .  In  t he  h a l o t h a n e  group ,  in c o m p a r i s o n  w i t h  
t h e  p r e o p e r a t i v e  level, t h e r e  w a s  s ign i f i can t  e l eva t ion  in  
S X O  a c t i v i t y  i m m e d i a t e l y  fol lowing c omple t i on  of anes -  
thes ia ,  t h e  a c t i v i t y  i nc reas ing  to  m a x i m u m  v a l u e  on t h e  
3rd p o s t o p e r a t i v e  d a y  (more  t h a n  6fold t h e  p r e o p e r a t i v e  
value) ,  t h e n  dec reas ing  g radua l ly .  T h e  S X O  level  was  sti l l  
s i gn i f i can t ly  e l eva t ed  on  t h e  7 th  p o s t o p e r a t i v e  day ,  t he  
l a s t  d a y  i t  was  m e a s u r e d .  W h e n ,  however ,  t he  S X O  levels 
on  t h e  d i f f e ren t  d a y s  fol lowing h a l o t h a n e  a n e s t h e s i a  were 
c o m p a r e d  w i t h  t he  r e spec t ive  va lue s  o b t a i n e d  in  t h e  con-  
t ro l  group,  a s ign i f i can t  e l eva t ion  was  f o u n d  i m m e d i a t e l y  
fol lowing a n e s t h e s i a  a n d  on t he  1st  a n d  3rd p o s t o p e r a t i v e  
d a y s  only .  On the  o the r  h a n d ,  t h e  p o s t - b a l o t h a n e  L D H  
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Effects of anesthetic agents on serum levels of intracellular enzymes 

Anesthetic group Enzyme activity (U/l) 
SXO LDH SGOT 
Mean SD Px P~ Mean SD Px P2 Mean SD Px Pz 

Control (17) 
Preoperative 78.5 
Postoperative 
Immediately 90.7 
Day 1 121.3 
Day 3 147.8 
Day 5 127.5 
Day 7 76.9 

Halothane (31) 
Preoperative 63.6 
Postoperative 
Immediately 313.1 
Day 1 309.8 
Day 3 392.4 
Day 5 206.0 
Day 7 132.1 

Methoxyflurane (12) 
Preoperative 71.2 
Postoperative 
Immediately 99.0 
Day 1 267.7 
Day 3 156.0 
Day 5 115.5 
Day 7 95.3 

43.9 164.4 23.4 28.7 9.3 

93.2 n.s. 166.8 35.3 n.s. 27.9 9.1 n.s. 
84.4 n.s. 178.4 37.5 n.s. 30.0 10.3 n.s. 

113.3 n.s. 184.6 28.4 n.s. 32.3 12.4 n.s. 
127.8 n.s. 174.0 29.6 n.s. 28.4 8.6 n.s. 
85.1 n.s. 172.7 18.9 n.s. 32.6 5.7 n.s. 

62.3 164.8 32.1 26.7 7.01 

412.8 <0.01 <0.05 164.8 47.8 n.s. n.s. 25.4 7.2 n.s. n.s. 
272.5 <0.001 <0.01 191.9 39.4 <0.01 n.s. 31.3 10.0 <0.05 n.s, 
387.3 <0.001 <0.02 212.5 60.1 <0.001 n.s. 34.2 12.1 <0.01 n.s. 
227.3 <0.01 n.s. 197.0 53.0 <0.01 n.s. 30.8 12.7 n.s. n.s, 
127.0 <0.02 n.s. 175.6 38.1 n.s. n.s. 28.8 11.6 n.s. n.s, 

44.4 168.8 57.7 27.7 7.7 

78.3 n.s. n.s. 161.9 35.5 n.s. n.s. 26.6 7.8 n.s. n.s. 
279.1 <0.05 n.s. 189.4 24.9 n.s. n.s. 27.3 10.3 n.s. n.s. 
206.8 n.s. n.s. 209.9 36.3 n.s. n.s. 32.3 11.0 n.s. n.s, 
105.1 n.s. n.s. 171.5 42.6 n.s. n.s. 27.8 13.3 n.s. n.s. 
108.3 n.s. n.s. 168.0 25.7 n.s. n.s. 26.6 10.8 n.s. n.s. 

Numbers in parentheses indicate numbers of subjects. Values represent mean =t= SD, ms., not significant. Px, statistical significance (Student's 
t-test) in comparison to the preoperative values in the same anesthetic group. P2, statistical significance (Student's t-test) in comparison to 
the values on the operative day in the control anesthetic group. 
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a n d  SGOT levels w h i c h  rose s ign i f ican t ly ,  w h e n  c o m p a r e d  
w i t h  t he i r  r e spec t ive  p r e o p e r a t i v e  values ,  t he  fo rmer  on  
t h e  1st, 3rd a n d  5th,  a n d  t h e  l a t t e r  on  t he  1st and  3rd 
p o s t o p e r a t i v e  days,  d id  n o t  differ  s ign i f i can t ly  f rom the  
r e spec t ive  va lues  fol lowing con t ro l  anes thes ia .  I n  t he  
g roup  of p a t i e n t s  a n e s t h e t i z e d  w i t h  m e t h o x y f l u r a n e ,  t h e  
m e a n  S X O  levels,  w h e n  c o m p a r e d  to  t he  p r e o p e r a t i v e  
va lues ,  were s ign i f i can t ly  e l eva t ed  on  t he  1st pos tope ra -  
t i v e  d a y  on ly  (a lmos t  4fold t h e  p r e o p e r a t i v e  value)  b u t  
w h e n  c o m p a r e d  w i t h  t he  respec t ive  va lues  fol lowing con-  
t ro l  anes thes ia ,  no  s ign i f i can t  e l eva t ion  was found  a t  a n y  
t ime.  M e t h o x y f l u r a n e  anes thes i a  d id  n o t  cause  a signifi-  
c a n t  a l t e r a t i o n  in L D H  a n d  SGOT ac t iv i t i e s  w h e n  com-  
p a r e d  to  t he  p r e o p e r a t i v e  value,  a n d  to t he  respec t ive  
con t ro l  group.  
Discussion. W e  h a v e  r e p o r t e d  p rev ious ly  t h a t  surgical  
p rocedures  p e r f o r m e d  on b o d y  p a r t s  o t h e r  t h a n  t he  u p p e r  
a b d o m e n  (bi l iary  t r a c t  a n d  gas t r ic  surgery)  a re  n o t  as- 
soc ia ted  w i t h  a n  increase  in S X O  activity**.  None  of t he  
p a t i e n t s  chosen  for  t he  p r e s e n t  s t u d y  were sub j ec t ed  to  
i n t r a a b d o m i n a l  opera t ions ,  t h u s  increased  S X O  a c t i v i t y  
in  t h e  p a t i e n t s  s tud ied  shou ld  be cons idered  to  ref lect  

l iver  d a m a g e  due  to  t h e  a n e s t h e t i c  agen t s  i n v o l v e d  a n d  
n o t  due  to  t he  surgica l  p rocedures  u n d e r t a k e n .  
Since h a l o t h a n e  a n d  m e t h o x y f l u r a n e  were a d m i n i s t e r e d  
in a d d i t i o n  to  N , O / O ,  mix tu re ,  a n  increase  in s e r u m  en-  
zyme  a c t i v i t y  above  t h a t  caused  b y  N 2 0 / O ,  a d m i n i s t r a -  
t i on  exc lus ive ly  was cons idered  to  i nd i ca t e  l iver  damage .  
Accord ing  to  t he  c h a n g e  in S X O  level,  h a t o t h a n e  b u t  n o t  
m e t h o x y f l u r a n e  was found  to  cause  hepa toce l l u l a r  d a m -  
age. T h e  h a l o t h a n e  h e p a t o t o x i c i t y  was b o t h  p r o m p t  a n d  
t r a n s i e n t .  These  resu l t s  a re  c o m p a t i b l e  w i t h  t hose  of 
severa l  i nves t i ga to r s  who  r epo r t ed  t h a t  h a l o t h a n e  ha s  a 
specific h e p a t o t o x i c  effect  7, ~-n ,  b u t  is i n c o m p a t i b l e  w i t h  
s tud ies  of o the r s  who found  t he  h e p a t o t o x i c  effect  of ha lo-  
t h a n e  to  be  c o m p a r a b l e  w i t h  t h a t  caused  b y  o t h e r  anes-  
t h e t i c  agents ,  such as d i e t h y l  e ther ,  a n d  ch lo roform s, is, 1~, 
or fai led to  d e m o n s t r a t e  a n y  h e p a t o t o x i c  effect  of ha lo-  
t h a n e  a t  al l  1~, 14. The  a d v a n t a g e  of S X O  as a m a r k e r  for  
acu te  hepa toce l l u l a r  d a m a g e  was  aga in  ver i f ied  in  t h e  
p r e s e n t  s tudy ,  in  man .  O u t  of t h e  3 in t r ace l lu la r  enzymes ,  
SXO,  S G O T  a n d  L D H ,  emp loyed  for  t he  d e t e c t i o n  of 
hepa toce l l u l a r  d a m a g e  induced  b y  a n e s t h e t i c  agents ,  on ly  
S X O  was found  to be  s ign i f i can t ly  increased.  

T o x i c i t y  of  Par then ium hys terophorus  L.  to  catt le  and  buf fa loes  1 
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Summary. P a r t h e n i u m  h y s t e r o p h o r u s  L., w h e n  fed to  buffa lo  bu l l  ca lves  a n d  cross b r e d  bu l l  calves  r e su l t ed  in  acu t e  
t o x i c i t y  lead ing  to dea th .  T he  fo rmer  an ima l s  deve loped  severe  de rma t i t i s .  A u t o p s y  revea led  u lce ra t ion  of a l i m e n t a r y  
t r ac t .  E x t e n s i v e  pa tho log ica l  changes  were no t i ced  in liver,  k i d n e y  a n d  skin.  

P a r t h e n i u m  h y s t e r o p h o r u s  L., a n a t i v e  weed of S o u t h  
a n d  Cen t r a l  Amer ica ,  a cc i den t a l l y  i n t r o d u c e d  in to  Ind ia ,  
is pos ing  a t h r e a t  to  ag r i cu l tu re  in  s o u t h e r n  p a r t s  of t h e  
c o u n t r y  where  i t  h a s  i n v a d e d  food a n d  fodder  c rops  
f ields 4. A l t h o u g h  P a r t h e n i u m  has  been  f o u n d  to  be  
respons ib le  for  al lergic c o n t a c t  d e r m a t i t i s  in  h u m a n s  in 
t he se  p a r t s  4, 5 i t s  t o x i c i t y  to  domes t i c  a n i m a l s  ha s  n o t  
b e e n  inves t iga ted .  Ca t t l e  a n d  buffa loes  graze  occasion-  
al ly,  whi le  goats  graze  more  freely on  t he  weed in areas  
whe re  was t e  l ands  a n d  p a s t u r e  fields are  heav i l y  in fes ted  
w i t h  P a r t h e n i u m .  M a n y  an imals ,  however ,  graze  grass  
in  b e t w e e n  P a r t h e n i u m  in t h e  fields. E v e n  in t h e  l a t t e r  
case, t he  poss ib i l i ty  of some P a r t h e n i u m  be ing  inges ted  
can  n o t  be  ru led  out .  W e  the re fore  s tud ied  t he  t o x i c i t y  
of t h e  weed to  ca t t l e  a n d  buffaloes ,  t he  resu l t s  Of w h i c h  
are  p r e s e n t e d  in t h i s  c o m m u n i c a t i o n .  
9 buf fa lo  bu l l  calves  and  7 cross b r e d  calves  (each 9-12  
m o n t h s  old) we igh ing  a b o u t  80-100 kg  a n d  free of a n y  
e x t e r n a l  a n d  i n t e r n a l  pa r a s i t e s  in  a n  a p p a r e n t l y  h e a l t h y  
s ta te ,  were selected for  t he  s tudy .  Feed ing  chaff  cu t  aer ia l  
p a r t s  of P a r t h e n i u m  h y s t e r o p h o r u s  L., ad  l i b i t u m  in i t i a l ly  
for  48 h was rep laced  w i t h  equa l  q u a n t i t i e s  of P a r t h e n i u m  
a n d  h y b r i d  nap ie r  grass.  Con t ro l  a n i m a l s  t h r o u g h o u t  t he  
e x p e r i m e n t  were fed on  h y b r i d  n a p i e r  grass.  All  t he  ani -  
ma l s  rece ived  300 g of c o n c e n t r a t e  feed m i x t u r e  e v e r y  
day .  
The  a n i m a l s  c o n s u m e d  t h e  weed  w i t h o u t  m u c h  res i s t ance  
b u t  deve loped  d i a r r h e a  w i t h i n  24 h wh ich  subs ided  in 
3 to  4 days.  6 buf fa lo  bu l l  calves  a n d  5 cross b r ed  bu l l  
ca lves  d ied  w i t h i n  8-30  days .  The  cont ro l s  r e m a i n e d  
h e a l t h y  t h r o u g h o u t  t h e  e x p e r i m e n t a l  period.  24 h p r io r  
to  dea th ,  t h e  e x p e r i m e n t a l  an i m a l s  showed  signs of 
exc i t ab i l i t y  a n d  m u s c u l a r  tw i t ch ing .  

The  buffa lo  bu l l  calves  deve loped  i t ch ing  7 days  a f t e r  
feeding P a r t h e n i u m ,  fol lowed b y  t he  a p p e a r a n c e  of 
p a p u l a r  e r y t h e m a t o u s  e rup t i ons  i nvo lv ing  t he  t i p  a n d  
base  of ears,  al l  a long  t he  neck  w h i c h  g radua l ly  e x t e n d e d  
on  e i t he r  side of the  t ho rac i c  region,  dorsa l  aspects  of t he  
a b d o m e n  a n d  t he  lesions e x t e n d i n g  to knee,  hock  jo in t s  
a n d  t he  b r i s k e t  region.  A few p a p u l a e  were no t i ced  on  t h e  
v e n t r a l  sur face  of t he  a b d o m e n .  3 weeks later ,  t h e  af fec ted  
areas  b e c a m e  a lopet ic  a t  neck  and  shou lde r  region.  
D e p i g m e n t a t i o n  in p a t c h e s  was  m a r k e d  in these  areas.  
The  s u r v i v i n g  an ima l s  deve loped  o e d e m a  a r o u n d  eyel ids  
a n d  t h e  facial  muscles .  None  of t he  cross b r ed  bu l l  calves,  
however ,  suffered f rom de rma t i t i s .  
The re  was u l ce ra t ion  on  t h e  muzzle ,  on  a u t o p s y  u l ce ra t ion  
on  d e n t a l  pads ,  d o r s u m  of t h e  tongue ,  t h e  u p p e r  p a l a t e  
e x t e n d i n g  d o w n  to oesophagus  was seen in all  an imals .  
Liver ,  g a s t r o i n t e s t i n a l  t r a c t  a n d  k i d n e y  revea led  m a r k e d  
lesions on  au topsy .  T h e r e  were  a reas  of necros is  w i t h  
severe  conges t ion  in l iver  a n d  ga s t ro in t e s t i na l  t r ac t .  
U lce ra t i on  t h r o u g h o u t  t h e  a b d o m e n  a n d  fundic  reg ion  
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