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M o n i t o r i n g  o f  l i v e r  enzymes leakage i n  t he  b lood  has 
p roved t o  be a v e r y  u s e f u l  t o o l  i n  h e p a t o t o x i c  s t u d i e s  
(Kap lan  and Szabo 1983) .  As i t  was a s c e r t a i n e d  f o r  
r a i nbow t r o u t  ( R a c c i c o t  e t  a l .  1975; P f e i f e r  e t  a l .  1977; 
Stathman e t  a l  1978) and E n g l i s h  s o l e  ( C a s i l l a e  e~ a l .  
1983) ,  we h a v e a l s o  c o n f i r m e d  t h a t  a l t e r a t i o n  o f  GOT and 
GPT a c t i v i t y  i n  plasma cou ld  be a p p l i e d  as h e l p f u l  l a b e l s  
o f  l i v e r  t o x i c i t y  i n  g rey  m u l l e t s  ( K r a j n o v i 6 - O z r e t i 6  and 
O z r e t i 6  1987) .  B e s i d e s ,  among o t h e r  enzymes SDH, GLDH and 
AP were a l s o  used t o  d i agnose  l i v e r  d i s f u n c t i o n  i n  
mammals ( T i e t z  1976) .  SDH i s  a lmos t  e x c l u s i v e l y  l o c a t e d  
i n  l i v e r  and i t s  i n c r e a s e d  a c t i v i t y  i n  plasma can deno te  
h e p a t i c  damage. GLDH i s  a l s o  a l i v e r  s p e c i f i c  enzyme in  
man and mammals. Owing t o  i t s  m i t o c h o n d r i a l  l o c a t i o n ,  
GLDH emerges as a h i g h l y  p o s i t i v e  marker  o f  enzyme 
leakage f rom the  h e p a t o c y t e  m i t o c h o n d r i a l  m a t r i x .  S i m i -  
l a r l y  AP had a t t r a c t e d  c o n s i d e r a b l e  a t t e n t i o n  t o  i n d i c a t e  
s p e c i f i c  t y p e s  o f  h e p a t i c  d i s t r e s s  induced by c h o l e s t a -  
s i s .  The use o f  SDH i n  f i s h  was e v a l u a t e d  o n l y  i n  ra inbow 
t r o u t  ( D i x o n  e t  a l .  1987) ,  w h i l e  R a c c i c o t  e t  a l .  (1975)  
and C a s i l l a s  and Ames (1986)  ana l yzed  the  p o t e n t i a l  use 
o f  GLDH and AP as p o s s i b l e  i n d i c a t o r s  o f  l i v e r  d y s f u n c -  
t i o n  i n  ra inbow t r o u t  and E n g l i s h  s o l e ,  r e s p e c t i v e l y .  

The p r e s e n t  s t u d y  conce rns  t he  a c t i v i t y  o f  some enzymes 
and the  e v i d e n c e  o f  s e l e c t e d  b i o c h e m i c a l  i n d i c a t o r s  and 
m e t a b o l i t e s  i n  b lood  o f  g rey  m u l l e t s  t o  assess  a d d i t i o n a l  
a s p e c t s  o f  l i v e r  t o x i c i t y  f o l l o w i n g  exposu re  t o  d i f f e r e n t  
t o x i c  s u b s t a n c e s .  CC14 was used as model h e p a t o t o x i c  
agen t ;  phenol  was chosen as genera l  p r o t o p l a s m a t i c  
p o i s o n ;  and c y a n i d e  was adopted as e x t r e m e l y  p o i s o n o u s  
bu t  n o t  h e p a t o t o x i c  s u b s t a n c e .  T h e i r  e f f e c t s  were s t u d i e d  
measur ing  t he  a c t i v i t y  o f  SDH, GLDH and AP in  m u l l e t s  

= GOT - Glutamate oxaloacetate transaminase; GPT - Glutamate pyruvate 
t ransami nase; SDH - Sorbl to l  dehydrogenase; GLDH - G1 utamate dehydro- 
genase ; AP - Alkal ine phosphatase. 

Send repr tn t  requests to B. Ozreti6 at the above address. 
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plasma. Bes ides ,  we have examined a l so  the  c o n c e n t r a t i o n  
o f  l i p i d s  and t r i g l y c e r i d e s  in  plasma as p o s s i b l e  i n d i c a -  
t o r s  o f  a l t e r e d  f a t  metabol ism in  l i v e r  t i s s u e .  To ta l  
p r o t e i n s ,  a lbumin and some m e t a b o l i t e s  as ammonia and 
l a c t a t e  were a l so  measured. 

MATERIALS AND METHODS 

Grey m u l l e t ,  Mugil auratus Risso average we igh t  205 g 
(• SD) were used as t e s t  an ima ls .  F ish were acc l ima ted  
a t  l e a s t  2 wk in  aera ted  bas ins  (250 L) w i t h  a con t i nuous  
f l ow  o f  sea water  ( s a l i n i t y  37.2 • 0 .4 ~ and tempera tu re  
18 • 0 .5 o C). F ish  were fed d a i l y  t o  s a t i a t i o n  and the 
remain ing  food was removed. F o l l o w i n g  p r e v i o u s  expe r i ence  
( K r a j n o v i 6 - O z r e t i 6  and O z r e t i 6  1987), ten grey m u l l e t s  
per group were i n j e c t e d  i n t r a p e r i t o n e a l l y  . ( i . p . )  w i t h  a 
s i n g l e  dos~ o f  the f o l l o w i n g :  2 mL CClA kg "= or  200 mg o f  
phenol kg  "1' Ten f i s h  were exposed f o #  24 hr t o  300 ~g 
NaCN L "  in  a sea water  con t i nuous  f l ow  system w i t h  a 
doser f o r  cyan ide .  Phenol was f i r s t  d i s s o l v e d  in  d i s -  
t i l l e d  wa te r ,  w h i l e  CC14 was i n j e c t e d  w i t h o u t  d i l u t i o n .  
A separa te  group o f  t h i r t y  u n t r e a t e d  m u l l e t  served as 
c o n t r o l .  A l l  parameters were determined 24 hr a f t e r  the  
i n j e c t i o n ,  the t ime when the maximum changes in  blood 
enzyme a c t i v i t i e s  were observed ( K r a j n o v i 6 - O z r e t i 6  and 
O z r e t i 6  1987). Blood samples were taken by c a r d i a c  
punc tu re .  Blood sampl ing and i . p .  i n j e c t i o n s  were per -  
formed w i t h o u t  the  use o f  a n e s t h e t i c s ,  Hepar in  was used 
as a n t i c o a g u l a n t .  Blood was kept  iced and plasma was 
separa ted  (10 min a t  2000 g) in  a r e f r i g e r a t e d  c e n t r i -  
fuge.  

GLDH (EC 1 . 4 . 1 . 2 )  and SDH (EC 1 . 1 . 1 . 1 4 )  activities were 
determined w i t h  the k i n e t i c  UV method (Schmidt  1974; 
Ger lach and Wiby 1974) and AP (EC 3 . 1 . 3 . 1 )  accord ing  to  
the method o f  Klaus and Schu t t  (1974) .  O p t i m i z a t i o n  o f  
SDH and GLDH assay c o n d i t i o n s  ( e .g .  pH and s u b s t r a t a  
c o n c e n t r a t i o n )  f o r  grey m u l l e t  revea led to  be ve ry  
s i m i l a r  t o  those used in  mammalian s t u d i e s .  The a c t i v i t y  
o f  the same enzymes was a lso  measured in  the e x t r a c t s  o f  
l i v e r ,  h e a r t ,  k i dneys ,  g i l l s ,  w h i t e  and red muscle. 
T issue samples were homogenized w i t h  a P o l y t r o n  g r i n d e r  
in  10 p a r t s  o f  a co ld  0.2 M Na-phosphate b u f f e r  (pH 7 .4 )  
in  20% g l y c e r o l  w i t h  5 mM mercap toe thano l .  Homogenatee 
were c e n t r i f u g e d  a t  17000 g f o r  30 min, and the superna-  
t a n t  was immedia te ly  used f o r  enzyme assay.  For plasma, 
the enzyme a c t i v i t y  was c a l c u l a t e d  in  r e l a t i o n  to  the 
u n i t  volume or  to  the u n i t  we igh t  f o r  body t~ssues ,  a.Rd 
i t  was expressed as I n t e r n a t i o n a l  U n i t s  (U L'" and U g , 
r e s p e c t i v e l y ) .  To ta l  plasma p r o t e i n s  were determined w i t h  
B i u r e t  r e a c t i o n  (Weichselbaum 1946). Plasma albumin was 
es t ima ted  by s p e c t r o p h o t o m e t r y ,  us ing  a commercial 
d i a g n o s t i c  t e s t  produced by Sigma (S t .  Lou is ,  USA). 
Boehr inger  (Mannheim, Germany) b iochemica l  t e s t  k i t s  were 
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used to estimate total  plasma l ip ids  (colorimetr ic method 
of Zollner and Kirsch, 1962) and t r ig lycer ides (enzymatic 
colorimetric GPO-PAP test, W a h l e f e l d  1974) .  

S t u d e n t ' s  t t e s t  a n a l y s i s  was a p p l i e d  to check the  
d i f f e r e n c e  between t r e a t e d  groups  and c o n t r o l  u s i n g  the  
STATGRAPHICS computer  program (STSC, R o c k v i l l e ,  MD, USA). 

RESULTS AND D I S C U S S I O N  

The a c t i v i t y  o f  GLDH, SDH and AP i n  s e v e r a l  body t i s s u e s  
o f  t he  c o n t r o l  g roup o f  g rey  m u l l e t  a re  d i s p l a y e d  in  
Tab le  1. The v a l u e s  p r o v i d e  a h e l p f u l  e s t i m a t i o n  o f  the  
p o t e n t i a l  sou rces  o f  t he  enzymes f rom where, i n  p a r t i c u -  
l a r  c i r c u m s t a n c e s ,  t h e y  cou ld  be d e l i v e r e d  i n t o  f i s h  
p lasma. As in  o t h e r  v e r t e b r a t e s ,  the  l i v e r  o f  m u l l e t  was 
d i s t i n g u i s h e d  by the  h i g h e s t  c o n t e n t  o f  SDH and GLDH. 

Table 1. Nugll auratr Dis t r ibu t ion  of GLpH, Sl)H and AP In mullet 
plasma (U L")  and In t issue (U g" wet wt . ) .  Each value 
represents the mean (N=30) and + SD. 

GLDH SDH AP 

Plasma 18.3 + 9.4 1.16 + 0.20 20.0 + 5.98 

Liver 66.0 +_ 35.5 4.20 + 0.39 4.50 + 1.48 

White muscle 0.22 + 0.13 0.05 + 0.01 0.21 + 0.02 

Red muscle 4 .10  r 2 . 4  0 .19  r 0 .02  0 .23  + 0 .05  

Kidney 9 .90  + 5.3 1.70 + 0.3 13.7 r 3,0 

Heart 19.5 + 7.3 0.39 + 0.02 0.40 + 0.01 

G i l l  f i laments 3.90 _+ 1.0 0.13 + 0.01 2.40 _+ 0.27 

The activity ratio of the liver extracts, compared to the 
other tissues was in the range of 2.4 - 77 for SDH and 
3.4 - 300 for GLDH. The activity of AP was the highest in 
kidney, but it was only three times higher of the liver 
extracts. The activity of all three enzymes was the 
lowest in plasma: for SDH very near to the detection 
limits. 

The ac t i v i t y  of SDH, GLDH and AP in mullet plasma signi-  
f i can t ly  increased after exposure (24 hr) to CCl 4 and 
phenol, while cyanide did not generate any change (Table 
2). SDH compared with the control group increased 16 and 
8.8 times, respectively. Pertinent to the highest ac t i v i -  
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Table 2. l lugfl auratus. Effect of  CCl 4, phenol and cyanide 
measured on the bes lsofchanged plasm parameters. 

Control Phenol CC14 Cyanide 

GLDH (U L "l) 18.3 495.6= 102.4, 
(9.4)**  (324.0) (71.3) 

SDH (U L "l) 1.16 10.28 19.1. 
(0.20) (1.7) (2.7) 

AP (U L "l) 20.0 75.9* 150.9. 
(5,98) (38.8) (51.7) 

16.1 
(6.2) 

1.09 
(0.2) 

21.8 
(5 .9 )  

Trlglycert~es 91.1 98.3 196,6= 90.8 
(mg 100 mL ~) (50.1) (55.4) (59.2) (48.3) 

Total l ip i~s  1404.0 913.5* 1296.0 1358.0 
(mg 100 mL ~) (297.6) (186.8) (268.5) (263.0) 

Total Proteins 4.1 2.9* 3.5 4.4 
(g 100 mL ~) (0,6) (0.7) (0.9) (0.4) 

Albumin 1.2 1.4 1.1 1.4 
(g 100 mL "I) (0.1) (0.2) (0.5) (0.2) 

Alb, /Prot ,  0.29 0.48* 0.31 0.34 

Ammonia (gg 100 mL "I) 194.0 371.8, 322.4* - 
(83.7) (83.8) (37.0) 

Lactate (mg 100 mL "1) 13.9 14.9 17.6 15.1 
(3.1) (3.6) (4.4) (3.5) 

Hemoglob1~ 9.1 6.4* 10.6 9.8 
(g 100 mL ~) (I.0) (1.3) (1.2) (1.0) 

Hematocrtt (~) 31.0 22.0* 35.3 34.5 
(3.5) (5.0) (8.7) (4.3) 

HCHC m (~) 30.8 29.0 30.8 28.4 
(2.9) (2.9) (4.7) (3.1) 

* Values s ign i f i can t l y  d i f fe ren t  from controls: P < 0.05 
** (N) - ~SD 
***  MCHC - mean corpuscular homoglobtn concentration 

t y  o f  SDH in  l i v e r  and t o  i t s  c o n s i d e r a b l e  s i z e  we p r e -  
sumed t h a t  impa i red  l i v e r  cou ld  r e l e a s e  comparab ly  more 
SDH i n t o  plasma than any o f  the  o t h e r  ana lyzed  t i s s u e s .  
That  was s u b s t a n t i a t e d  by the  h igh  p o s i t i v e  c o r r e l a t i o n  
computed in  compar ison w i t h  the  i nc reased  a c t i v i t y  o f  GOT 
and GPT ( K r a j n o v i 6 - O z r e t i 6  and O z r e t i 6  1987) as e x c l u s i v e  
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l i v e r  enzymes ( r  = 0.818 and 0.945,  r e s p e c t i v e l y ) .  Since 
the ac tua l  SDH a c t i v i t y  i,n plasma o f  c o n t r o l  m u l l e t  i s  
ex t reme ly  low (1.16 U L " )  even any moderate a c t i v i t y  
i nc rease  can be e a s i l y  de tec ted .  Comparing our r e s u l t s  
w i t h  the records  ob ta ined  w i t h  ra inbow t r o u t  w i t h  the 
same t o x i c a n t ,  bu t  a f t e r  48 hr  (D ixon e t a l .  1987) the 
inc rease  o f  SDH in  grey m u l l e t s  was f ou r  t imes h i g h e r .  

The a c t i v i t y  o f  GLDH increased 5.5 and 27 t imes  in  
r e l a t i o n  to  CCL 4 and phenol .  GLDH, an a l l o s t e r i c  enzyme, 
in  connec t ion  w i t h  t ransaminases (GOT and GPT), p lays  an 
impo r tan t  r o l e  in  ammonia d e t o x i f i c a t i o n  in  f i s h  (Hocha- 
chka and Somero 1973), and i t  may determine the d i r e c t i o n  
o f  amino ac ids  metabol ism ( c a t a b o l i s m  versus  anabo l i sm) .  
Concerning the c o n c e n t r a t i o n  o f  ammonia and l a c t a t e  as 
m e t a b o l i t e s ,  the l eve l  o f  plasma l a c t a t e  was not  changed 
w h i l e  ammonia was s i g n i f i c a n t l y  i nc reased .  Thus the 
inc reased a c t i v i t y  o f  GLDH j o i n t l y  t o  the increased 
c o n c e n t r a t i o n  o f  ammonia, suggested t h a t  p r o t e i n  c a t a b o l -  
i c  processes p r e v a i l e d  as a r e s u l t  o f  t o x i c  s t r e s s .  On 
the o t h e r  s i d e ,  the  unchanged c o n c e n t r a t i o n  o f  l a c t a t e  in  
plasma denoted t h a t  anaerob ic  processes were not  a c t i -  
va ted .  

The a c t i v i t y  of plasma AP also increased: about 7,5 in 
CCl 4 and 4.9 times in phenol treated mullets. In f i sh  
toxicology studies the in terpretat ions about the function 
of th i s  enzyme system are rather contradictory. While 
Raccicott et al .  (1975) in rainbow t rout  plasma evidenced 
the inconsistence between l i ve r  in tox icat ion with CCl 4and 
AP a c t i v i t y ,  Casil las and Ames (1986) proposed i t  as 
useful to assess the hepatotoxic ef fects of CCI~ in 
English sole. In mullets, we actual ly found that kidneys 
contained the highest a c t i v i t y  of AP, but since we were 
not able to prove i t s  l i ve r  o r ig in ,  we cannot speculate 
about the use of th i s  enzyme as indicator of intrahepatic 
cholestasis. 

In  grey m u l l e t s  plasma, a f t e r  the  exposure t o  CC14 we 
found increased level of t r ig lycer ides .  In c l i n i ca l  
medicine, serum t r ig l ycer ides  are used to evaluate l i p i d  
metabolism (Tietz 1974). As in mammals, also in f i sh  
t r ig l ycer ides  are central metabolites in l i p i d  metabolism 
(Love 1980). Since homeostasis of l i p ids  is one of the 
pr incipal  functions of l i v e r ,  any change of t r i g l yce r ide  
concentration in serum can be used as indicator of l i ve r  
dysfunction. Increased plasma t r i g l yce r ides  associated 
with cytological changes and fa t  accumulation in l i ve r  
may be ind icat ive of altered or impaired synthesis and 
transport of l i p ide  in l i v e r .  

In mullets treated with phenol, fol lowing the increased 
enzyme a c t i v i t y ,  plasma proteins and l i p i ds  were s i g n i f i -  
cantly decreased. Hemoglobin and hematocrit, consistent 
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w i t h  our p r e v i o u s  f i n d i n g s ,  a l so  decreased ( K r a j n o v i 6 -  
O z r e t i 6  and O z r e t i 6  1988). T h e o r e t i c a l l y  we can suppose 
t h a t  plasma p r o t e i n  decrease can r e s u l t  from hemodi lu -  
t i o n ,  l oss  o f  p r o t e i n s  w i t h  u r i n e  f o l l o w i n g  k idney  
damage, or  by inc reased  p r o t e i n  u t i l i z a t i o n  w i t h o u t  
rep len i shmen t .  Since the c o n c e n t r a t i o n  o f  p r o t e i n s  in  
m u l l e t s  plasma decreased a t  the  same t ime as t o t a l  
l i p i d e ,  hemoglobin and h e m a t o c r i t ,  the  d i l u t i o n  o f  plasma 
w i t h  water  could perhaps be supposed. 

In l a b o r a t o r y  an imals  t r e a t e d  with CCl 4, Berryman and 
Bollman (1943) and in ra inbow t r o u t  G i n g e r i c h  and Weber 
(1979) ,  P f e i f e r  and Weber (1979) and Dixon e t a l .  (1987) 
observed t h a t  t o t a l  plasma p r o t e i n  decreased.  On the  
c o n t r a r y ,  in  m u l l e t  the  plasma p r o t e i n  l eve l  d i d  not  
s i g n i f i c a n t l y  decrease n e i t h e r  was the a l b u m i n / p r o t e i n  
r a t i o  a l t e r e d .  

Exposure to  cyan ide  d id  not  cause any change e i t h e r  in  
enzyme a c t i v i t y  or  in  o t he r  measured parameters .  That was 
c o n s i s t e n t  w i t h  the  mode o f  a c t i o n  o f  HCN as a me tabo l i c  
i n h i b i t o r  i ns tead  o f  a h e p a t o t o x i c  agent .  

Search ing f o r  c o n f i d e n t  methods t o  assess the impa i red  
metabol ism and b i o c h e m i s t r y  in  f i s h  exposed to  t o x i c  
subs tances ,  we v e r i f i e d  the s i g n i f i c a n c e  o f  a m i n o t r a n s f e -  
rase a c t i v i t y  in  m u l l e t  plasma (GOT and GPT) as i n d i c a -  
t o r s  o f  l i v e r  i n t o x i c a t i o n  ( K r a j n o v i 6 - O z r e t i 6  a n d O z r e t i 6  
1987). We have c u r r e n t l y  conf i rmed t h a t  the inc reased 
a c t i v i t y  o f  SDH and GLDH and the enhanced c o n c e n t r a t i o n  
o f  t r i g l y c e r i d e s  in  plasma can be a lso  used as i n d i c a t o r s  
o f  h e p a t o x i c i t y  induced by CC14 and phenol .  
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