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t r e a t m e n t  wi th  SKF-525A would be expec ted  to increase 
t h e  LD~0 values.  In  fact, t h e  opposi te  effects were ob-  
served wi th  b o t h  phenoba rb i t a l  and  SKF-525A.  

Considering t h a t  VLB and  VCR are responsible  for the i r  
own observed toxic  effects,  the  results  ob ta ined  in the  
p resen t  work are cons is ten t  w i th  the  f indings t h a t  50-65 % 
of a dose of t r i t i a t ed  VCR in ra ts  is excre ted  unchanged  
(urine and  bile) 6, bu t  only 2-5 % of a dose of t r i t i a t ed  V L B  
is excre ted  unchanged  under  similar condi t ions  5. T h a t  is, 

agents  which affect  the  metabo l i sm of a drug have  a 
grea te r  effect  on the  tox ic i ty  of those  drugs  wh ich  are 
more  ex tens ive ly  metabol ized.  

W h e t h e r  similar re la t ionships  hold for t he  a n t i t u m o r  
effects of these  drugs is no t  known.  

6 R. J .  OWELLEN and D. W. DONIGAN, J. med. Chem. 15, 894 (1972). 
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Summary. Halo thane  anes thes ia  was found  to be hepa to tox ic  in the  rat ,  as d e m o n s t r a t e d  by  a s ignif icant  e levat ion  
of se rum xan th ine  oxidase (SXO) level. SXO appeared  to '  be a more  sensi t ive marker  of l iver damage  t h a n  serum 
glu tamie  oxafacet ic  t r ansaminase .  SXO was found to  be e leva ted  also following exposure  to  re la t ive  hypoxia .  

In  man,  ha lo thane  anes thes ia  has been occasionally 
associated wi th  hepa t ic  damage,  as evidenced clinically, 
his tological ly or b iochemical ly  1-3. Various an imal  species 
are bel ieved to  be less prone  t h a n  man  to ha lo thane -  
induced liver damage,  as for ins tance  the  dog4-L the  
m o n k e y  4,~,8, t he  mouse  ~,~~ and  the  ratg,~a, ~ in which  
admin i s t r a t ion  of ha lo thane  by  inhala t ion  failed to  
produce  e levat ion in the  se rum level of hepatocel lu lar  
enzymes  or his tological ly de tec tab le  abnormal i ty .  Only 
in the  guinea-pig ha lo thane  has been  found  to cause 
early focal diffuse hepat i t i s ,  which,  however ,  was no t  
associated wi th  a de tec tab le  release of t he  hepatocel lu lar  
enzymes,  g lu tamic  oxalacet ic  t r ansaminase  (SGOT), 
g lu tamie  pyruv ic  t r ansaminase  (SGPT) or lactic de- 
hydrogenase  (LDH) i~. 

I t  has  recent ly  been shown by  several  inves t iga tors  ~4, ~5, 
and  conf i rmed in our  l abora tory '% t h a t  in the  h u m a n  as 
well as in several  an imal  species, including the  r a t iL  
Serum x a n t h i n e  oxidase ac t iv i ty  (SXO) is a h igh ly  sen- 
si t ive indica tor  of hepatoce l lu lar  damage .  I t  was t h e  a im 
of t he  p resen t  s t u d y  to  reeva lua te  the  possible h e p a t o -  
tox ic i ty  of ha lo thane  in t he  ra t  b y  uti l izing SXO as a 
marker .  

Materials and methods. 70 Wis t a r  ra t s  of e i ther  sex be- 
tween  100 and 120 g, were r a n d o m l y  div ided into 7 groups 
of 10 animals  each, as shown in the  Table ;  one group of 
I0 ra t s  served as non-anes the t i zed  control .  The rats,  2 a t  
a t ime,  were placed in a 6-liter glass chamber .  The an- 
es thet ic  agents ,  n i t rous  oxide (N~O) oxygen  and  halo- 
thane ,  were del ivered f rom an Fluotec  Mark  I I I  vapor izer  
a t  a f low ra te  of 7 1/min. The oxygen  concen t ra t ion  in t he  
del ivered gas mix tu re  was regula ted  by  an Oxygen  
Analyzer  IL  406. The non-anes the t i zed  contro l  ra ts  were 
kep t  in cages in the  room. 

R a t s  selected for reexposure  were r emoved  f rom the  
anes the t ic  cham be r  af ter  t he  f i rs t  exposure  and  kep t  in 
cages for 1 week following which  the  same anes the t ic  
procedure  was repeated .  Blood samples  ob ta ined  im- 
med ia te ly  following anes thes ia  b y  cardiac punc ture ,  were 
al lowed to  clot, centr i fuged,  and  the  separa ted  sera were 
assayed for SXO and  for SGOT. 

SXO was assayed radi0chemical ly,  as descr ibed by  
OLIVER and  SP~;RLING 18 by  measur ing  the  enzymat i c  
convers ion of 1*C-labelled h y p o x a n t h i n e  to  uric acid. The 
ac t iv i ty  of the  enzyme is expressed in units/ l ,  a uni t  

being the  a m o u n t  of enzyme  ca ta lyz ing  the  ox ida t ion  of 
1 nmole  of h y p o x a n t h i n e  to  uric acid in 1 min  a t  37 ~ 
SGOT was measured  according to  FUR~:NO and  SH~EMA ~". 

Results and comment. The mean  SXO and  SGOT values 
in the  non-anes the t i zed  rats ,  5062 =~ 572 and  96.4 :k 14.05 
units/ l ,  respec t ive ly  (see Table),  were m a r k e d l y  h igher  
t h a n  the  se rum levels of these  enzymes  found  in h ea l t hy  
h u m a n  subjec ts  in our  labora tory ,  1.3:1:2.1 and 21 :t: 8.4 
units/ i ,  respectively1% This f inding is in accordance  wi th  
repor t s  of o ther  inves t iga tors  2~ The s t r ik ingly  h igh  
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Anesthetic procedure Time of SXO 
(nitrous oxide-oxygen exposure 
mixture) (rain) units]l 

SGOT 

significance 
/'1 P2 

units/1 significance 
P1 P2 

Non-anesthetized 5062 -b 572 
(4232- 6006) 

Anesthetized 
at 30% 02 Control 60 4886 ~ 698 

(4156-- 6488) 
Halothane 1% 60 9800 j= 6508 < 0.05 

(5862 -- 26650) 
Halothane 1% 60 9648 -4- 6096 < 0.05 
(2 exposures) (4060 -- 22776) 

at 18% O~ Control 30 9738 -4- 4276 
(4392- 15890) 

Halothane 1% 30 13624 • 4472 > 0.05 
(4816- 19730) 

Halothane 1~ 30 13938 ~ 7088 > 0.1 
(2 exposures) (4756 29932) 

96.4 -b 14.05 
(73 -- 113) 

110.2 ~: 13.2 
(92 -- 133) 
125.6• 35.1 > 0.2 
(93 -- 204) 
138 ~- 52.1 > o.1 
(82 -- 261) 

< 0.01 143.7 q- 50.2 < 0.05 
(93 -- 238) 

< 0.001 187.1 -b 49.5 > 0.05 < 0.001 
(109 -- 255) 

< 0.001 157 • 46.8 > 0.5 % 0.01 
(lol -- 253) 

Values represent mean ~= 1 SD (for each group of the rats) and the range is given in parenthesis. P1, statistical significance (Student's t- 
test) in comparison to corresponding anesthetized control group. P2, statistical significance in comparison to the,control group anesthetized 
at 30% O 2. 

level of SXO in the  normal  r a t  reflects  the  h igh  con- 
cen t r a t i on  of xan th ine  oxidase in its liver, being the  
h ighes t  among  all m a m m a l s  s tudied  28. Anes thes ia  w i th  
N20-70 %, 02-30 % gas mix tu r e  did no t  cause e levat ion  
in SXO b u t  did cause a small ,  t hough  signif icant  (p < 
0.05), increase in SGOT act iv i ty .  This  f inding m a y  pos- 
s ibly be a t t r i b u t e d  to the  sl ight  hemolys is  observed in 
some of the  sera s tudied.  

In  t he  p re sen t  s t u d y  i t  was b iochemica! ly  d e m o n s t r a t e d  
t h a t  h a l o t h a n e  anes thes ia  causes acute  hepa toce l lu la r  
damage  in t he  rat .  The p a r a m e t e r s  used to  ref lect  
hepatoce l lu lar  damage  were  the  se rum levels of t he  
in t racel lu lar  enzymes  xan th ine  oxidase  and  g lu tamic  
oxalacet ic  t r ansaminase .  De t e rmina t i on  of SGOT, despi te  
the  low t issue specif ic i ty  of th is  enzyme,  is used in m a n  
wide ly  for a s ses smen t  of myocard ia l  in farc t ion  and. 
hepa t i t i s .  On the  o the r  hand ,  x a n t h i n e  oxidase  is con- 
f ined m a i n l y  to  the  l iver 3~ 24 and  its release to  the  se rum 
has  been  found  to  be h igh ly  sensi t ive to acute  hepa toce l -  
lular damage  1~-18,35. The h igh  sens i t iv i ty  of SXO was 
verif ied again in t he  p re sen t  s tudy.  In  compar i son  to  
SGOT, SXO exh ib i t ed  a ma rked ly  h igher  increase fol- 
lowing the  hepa to tox i c  procedures  employed.  Add i t i on  of 
ha lo thane  1% to the  anes the t i z ing  gas m ix tu r e  a t  30% 
oxygen  resul ted  in a s igni f icant  2-fold increase in SXO, 
as compared  to  the  cor responding  anes the t i zed  contro l  
group,  bu t  in only  a slight,  non-s ignif icant ,  increase in 
SGOT (P1 in the  Table). Exposu re  of the  ra t s  to  a re la t ive  
hypox ic  condi t ion  (18% 02) resul ted  in a s igni f icant  
increase in b o t h  SXO and  SGOT, as compa red  to  t he  
contro l  group anes the t i zed  a t  30% O 3 (P2 in t he  Table). 
Combina t ion  of re la t ive  hypox ia  and ha lo thane  resul ted,  
when  compared  wi th  the  contro l  group anes the t i zed  a t  
30~o 0 2, in t he  h ighes t  increase of SXO and  SGOT (P3 
in t he  Table). However ,  th is  increase was  n o t  s ignif icant iy  
h igher  t h a n  the  levels found for these  enzymes  in the  
cor responding  contro l  group a t  18% 0 2 (P1 in the  Table).  

R e p e a t  expe r imen t s  were designed to  de tec t  a possible 
sensi t iz ing effect  of ha lo thane  .on the  l iver cells. How-  

ever, reexposure  to ha lo thane  anes thes ia  af ter  1 w e e k ,  
b o t h  a t  30% and  18~ oxygen,  did no t  cause an addi t iona l  
increase in SXO and SGOT. These resul ts  are compat ib le  
wi th  those  ob ta ined  by  o the r ,  inves t iga tors  in several  
animal  species*, s, 9. 

I t  ~is no tewor thy ,  tha t ,  in con t r ad i s t inc t ion  to  our 
f indings in the  rat ,  ha lo thane  anes thes ia  has  ye t  no t  been 
found to be hepa to tox ic  in o the r  an imal  species, as 
gauged by  serum levels of t he  c o m m o n l y  assayed hepa to -  
cellular enzymes  ~, 8, 1K Possibly,  t he  failure to  demon-  
s t r a t e  h e p a t o t o x i c i t y  of ha lo thane  in these  an imal  species 
thus  far m a y  ref lect  the  lesser sens i t iv i ty  of SGOT, SGPT 
and  L D H  t h a n  of SXO, as markers .  

2a T. A. KRENITSKY, in Advanced experimental Medicine and Biology 
(Eds. O. SPERLING, A. DE VRIES and J. B. WVI~GAARDEN; Plenum 
Press, New York 1974), vol. 41A, p. 57. 
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