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A B ST R A C T : Juvenile striped bass, M orone sa x a tilis , were exposed to 0 .5 , 2 .5 , and 5 .0  parts 
per billion (ppb) cadmium as cadmium chloride for 3 0 -9 0  days and to 1 .0 , 5 .0 , and 10 .0  ppb 
mercury as mercuric chloride for 3 0 -1 2 0  days. Following the longest exposure to each m etal, the 
fish were allowed to recover for 30  days in running seaw ater. Gill-tissue respiration, glucose-6- 
phosphatase, malic enzym e, aspartate am inotransferase, and m agnesium activation o f  A  A T  were 
m easured. A nim als exposed to  either metal exhibited changes in gill-tissue respiration. There was 
no significant difference in enzym e activity during exposure to either metal; how ever, fish cleared  
for 30  days follow ing exposure to cadmium exhibited a slight drop in liver A  A T  and G 6PdH .

In troduction

In  re c e n t  y ea rs ,  co n c e rn  has  increased  
over  heavy  m e ta l  po llu t ion  in th e  m arine  
en v i ro n m en t .  M e rc u ry  a n d  cadm ium  are 
am ong  the  heavy  m e ta ls  m o s t  toxic to m a­
rine  o rganism s (Jack im  e t  al. 197 0 ;  C o n n e r ,  
1972 ; C a la b re se  e t  al. 1 9 7 3 ;  W ald ichuk  
1974) an d  have  rece ived  th e  g rea te s t  a t ten ­
t ion  in the  scientific l i te ra tu re .  This  s tudy 
was u n d e r ta k e n  to  d e te rm in e  th e  physiolog­
ical effects on  s t r ip ed  bass, M o ro n e  saxatilis, 
o f  chronic  ex p o su re  to  low levels  of these  
two m etals .

T h e  s tr iped  bass is an  im p o r ta n t  co m m er­
cial an d  sp o r t  fish species ,  its use  reco rded  
back  to  co lon ial t im es  (R a n e y  1952) .  O n  
th e  E as t  C o a s t ,  s tr iped  bass  occur  from  
n o r th e rn  F lo r ida  to  N ova  S cotia .  A lth o u g h  
the  s tr iped  bass is capab le  o f  living in a 
w ide range  o f  sa linities,  it  is generally  an  
es tua r ine  fish, m igra ting  in to  f re sh w a te r  to 
spawn (Ta lbo t 1 9 6 6 ) .  In m a n y  es tuar ine  
en v iro n m en ts ,  it  is ex p o sed  to  cons iderab le  
po llu t ion ,  par t icu la rly  in th e  highly indus­

tr ia lized M iddle  A tlan tic  reg ion .  C h i t te n d en  
(1 971 )  a n d  R a n ey  (1 952 )  n o te d  the  absence 
o f  s tr iped  bass in th e  D e la w are  R iver ,  w here  
it was o nce  a b u n d a n t ,  an d  a t t r ib u ted  its 
absence  to  gross po llu t ion .  R a n ey  (1952)  
m a d e  sim ilar obse rva t ions  on  declining 
n u m b e rs  of this fish in th e  R o a n o k e  and  
C o n n ec t icu t  R ivers  as well. D esp i te  such 
declines an d  desp ite  th e  va lue  o f  these  fish, 
very  little in fo rm a tio n  is available a b o u t  the  
effects of individual po l lu tan ts  on  th e m .  
R e c e n t  stud ies  fo r  th e  m o s t  p a r t  have  con­
c e n tra te d  on  m e ta l  levels  in s tr iped  bass 
ca u g h t  in p o l lu ted  w ate rs  (T ong  e t  aí. 1972; 
A le x a n d e r  e t  al. 1973) an d  on  le thal levels 
o f  var ious chem icals  to  la rvae an d  fry in 
f re sh w a te r  (H u g h e s  1973) .  A lth o u g h  the  
d e te rm in a t io n  o f  le tha l  levels  is im p o r ta n t ,  
sub le tha l  co n c en tra t io n s  o f  p o llu tan ts  are 
m o re  f requen tly  e n c o u n te re d  in th e  m arine  
en v iro n m en t  and  do  affect th e  physiology of 
a  var ie ty  of an im als  (B rocksen  an d  Bailey  
1973 ; W ald ichuck  1974 ; C a lab rese  e t  al. 
1975; T h u rb e rg  e t  al. 19 7 5 ) .  R e sea rch  
shou ld  inc lude sub le tha l  effects ,  since the
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success of a  va lued  m arine  species depends  
o n  its ability  to  function norm ally  in its 
e n v i ro n m e n t .

T h e  var iab les  exam ined  in this study w ere  
gill-tissue resp ira t ion  and  enzym e activity. 
R e sp ira to ry  changes are  good  indications of 
th e  gen e ra l  cond it ion  of an animal and  have  
b e e n  re la te d  to stress f ro m  such fac tors  as 
s ta rv a t io n  (B eam ish  19 6 4 ) ,  salinity (T h u r ­
b e rg  e t  al. 19 7 4 ) ,  an d  po llu tan ts  (B rocksen  
a n d  Bailey  1973; Collier  e t  al. 1973).  Gill- 
tissue resp ira t ion  corre la tes  well with w hole  
an im al  resp ira t ion ,  particu larly  the  s ta n d a rd  
o r  inactive  r a te  of oxygen consum ption  
(V e rn b e rg  1956 ; T h u rb e rg  c t  al. 1975) .  
M e a s u re m e n t  of gill-tissue resp ira t ion  has 
an  ad v a n ta g e  over  w hole  an im al resp ira t ion  
in  th a t  it e l im inates  changes  caused  by  dif­
fe ren c es  in activity.

B ecau se  the  fish used w ere  small,  b io ­
chem ica l  s tud ies  w ere  necessarily  lim ited  in 
scope .  A s p a r ta te  am ino transfera se  (E .C .  
2 . 6 .1 .1 ,  A A T )  was m o n i to re d  th ro u g h o u t  
th e  e x p e r im en ta l  series because  it is a  key 
e n z y m e  o f  am ino  acid ca tabo lism , an  activ­
ity especially  p ro m in en t  in anim als u n d e r  
s tress (G o u ld  e t  al. 1976) .  A lso  exam ined  
in  th e  liver an d  skeletal m uscle  w ere  tw o 
m e ta l -ac t iva ted  ox ido reduc tases ,  th e  glyco­
lytic sh u n t  enzym e g lucose-6 -phosphate  de ­
h y d ro g en a se  (E .C .  1 .1 .1 .4 9 ,  G 6 P d H )  and  
th e  malic  enzym e (E .C .  1 .1 .1 .4 0 ,  M E ) ,  
bec au se  enzym es w hose activity is m o d u ­
la te d  by m e ta l  cations m ight show structura l  
a n d  functional  p e r tu rb a t io n  in the  p resen ce  
o f  o th e r  m e ta l  cations.

M ethods and  M aterials

E x p o s u r e

Juven ile  s t r iped  bass w ere  r e a re d  in f resh ­
w a te r  a t  th e  E d e n to n  N ationa l  Fish H a tc h ­
e ry ,  U . S .  D e p a r tm e n t  of the  In te r io r ,  Fish 
a n d  Wildlife Service , E d e n to n ,  N .  C. U p o n  
arr ival a t  th e  M ilford  lab o ra to ry ,  they w ere  
p laced  directly  in to  flowing seaw ate r  and  
al low ed  to  acclimate a t  least  on e  m o n th  
b e fo re  e x p o su re .  T h e  salinity th ro u g h o u t  
th e  acclim ation  and  exposu re  per iods was 
24  ±  2 %o. T e m p e ra tu re s  ran g e d  from  22°C , 
w h e n  th e  study began  in July 1974 ,  to  6°C, 
w h e n  it e n d e d  in D e c e m b e r  1974 . T h ro u g h ­
o u t  th e  acclim ation an d  exposu re  per iods  
th e  fish w ere  fed  a m ix tu re  of m inced  clams,

S p isu la  so lid issim a , an d  P u rina  T ro u t  C h o w 1 
daily . T h e  fish w ere  exposed  in 80-liter  
glass aq u a r ia  filled to 60 liters w ith sand- 
f i l te red  se aw a te r  by  a p ropo rt ional-d ilu t ion  
a p p a ra tu s  (M o u n t  an d  B rungs  1967).  T h e  
d i lu te r  con tro l led  th e  in te rm it ten t  delivery 
o f  tox ican t-con ta in ing  w a te r  and  contro l  w a­
te r  a t  a  flow ra te  o f  1 liter  to  each ta n k  
every  3 m in th ro u g h o u t  th e  test p e r iod .  
This  p rov ided  a  flow o f  480  1/tank/day and  
an e s t im a ted  9 0 %  re p la c e m e n t  t im e o f  7 h r  
(S p rag u e  1969) .  C a d m iu m ,  as cadm ium  
ch lo ride  (C dC l2 • 2 - l / 2 H zO ) ,  an d  m ercury ,  
as m ercu r ic  ch loride  (H g C l2), were  a d d e d  
a t  c o n c en tra t io n s  o f  0 .5 ,  2 .5 ,  and  5 .0  ppb  
a n d  1 .0 ,  5 .0 ,  an d  10 .0  p p b ,  respectively. 
M e ta l  co n cen tra t ions  re fe r  to calculated  
co n cen tra t ions  o f  th e  m e ta l  ion in so lu tion  
n o t  including b ac k g ro u n d  levels which w ere  
0 .5  p p b  an d  less th a n  0 .7  ppb  for cadm ium  
an d  m e rc u ry ,  respectively  (G reig  pers .  com ­
m u n . ) .  T h ese  m e ta l  concen tra t ions  a re  re ­
alistic in te rm s o f  those  p re se n t  in po llu ted  
w a te rs .  A le x a n d e r  e t  al. (1973)  re p o r te d  
m ercu ry  co n cen tra t ions  u p  to  0 .41 ppb  in 
B lock  Is land  S o u n d ,  R h o d e  Is land ,  an d  
T u c k e r  (pers .  co m m u n .)  found  cadm ium  
c o n c en tra t io n s  up to  13.0  ppb  in R a ri tan  
B ay ,  N ew  Jersey.

E ach  tes t consisted o f  60  fish p e r  concen ­
tr a t io n ,  including con tro ls  (20  fish p e r  
aq u a r iu m ) .  T h e  fish ave raged  4 .2  g in 
w eigh t an d  6 .3  cm in fo rk  length  a t  the  
beg inn ing  of th e  tes ts ;  at th e  en d  o f  the  
m e rc u ry  test  they av e rag ed  14.3 g (range 
8 .5 -2 0 .5  g) an d  10.7  cm (range 9 .1 -12 .3  
c m ) ,  while  at th e  en d  o f  th e  cadm ium  test 
they  ave raged  10.1 g ( range  5 .0 -1 6 .5  g) 
an d  9 .7  cm (range 7 .0 -1 1 .9  cm ). Fish w ere  
ex p o sed  to  m ercury  fo r  120 days and  then  
a l low ed  to  recover  in runn ing  seaw ater  for 
30 days. C a d m iu m  exposu re  was 90 days 
fo llow ed  by a 30 -day  recovery  per iod  in 
r u n n in g  seaw ater .  F ish  w ere  rem o v e d  at 
30 -day  in tervals  fo r  testing.

O x y g e n  C o n s u m p t i o n  M e a s u r e m e n t s

Gili tissue, including th e  arch ,  was excised 
f rom  ea ch  fish an d  p laced  in a 15-ml W a r­

1 U se o f  tra d e  nam es is to  facilita te  descrip tion  and 
does n o t im ply  en d o rsem en t by  th e  N ational M arine 
F isheries S ervice, N O A A .
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burg-type flask conta in ing  5 ml o f  seaw ate r  
a t  th e  tes t m e ta l  c o n c en t ra t io n .  N o  metal 
was ad d e d  w h en  fish w ere  te s ted  following 
th e  recovery  p er io d .  Gili tissue oxygen  con­
sum ption  was m o n i to re d  fo r  4 h r  a t  20°C  in 
a  G ilson D if fe ren t ia l  R e sp iro m e te r .  T h e  
flasks w ere  sh a k e n  a t  80 cycles/min. A t  the 
en d  of the  4 -h r  p e r io d ,  th e  gills w ere  oven- 
dried  a t  100°C to  a co n s tan t  w eight.  O xygen  
consum ption  w as  ca lcu la ted  as / f l 0 2/h r /m g  
dry weight o f  gili t issue ,  co r rec ted  to  m ic ro ­
li ters o f  d ry  gas a t  s ta n d a rd  te m p e ra tu re  
an d  p ressu re .  T h e  d a ta  w ere  ana lyzed  using 
th e  S tu d e n t ’s “ t ”  te s t .  N ine  con tro l  fish and  
n ine  test fish f ro m  ea ch  m e ta l  co ncen tra t ion  
were  ex a m in e d  a t  each  30 -day  in terval.

B i o c h e m i c a l  S t u d i e s

Tissue P reparation . A t  th e  e n d  o f  each 
30 -day  ex p o su re  p e r io d ,  liver and  skeletal 
muscle sam ples  w ere  excised f rom  each fish. 
B ecause  o f  th e i r  size, it was necessary  to 
pool sam ples  f ro m  th re e  fish. T h e  sam ples  
w ere  p laced  in sm all plastic p o u ch es ,  from  
which as m uch  air  as possib le was exc luded ,  
th e n  sealed  an d  f ro z en -s to red  ( - 2 9 ° C )  until 
testing. B ecau se  w e h ave  o b se rved  a slight 
an d  var iab le  d ec re a s e  in th e  A A T  activity 
o f  te leos t  livers s to re d  fo r  over  a m o n th  in 
this m a n n e r ,  all th e  liver spec im ens  w ere  
exam ined  w ith in  1 -4  w eeks afte r  tissue sam­
pling. The  variability was no  grea ter  than 
we have fo u n d  in  f resh  liver sam ples.

F o r  each  tes t ing  series ,  a q u e o u s  hom oge-
nnfAC U ip rp  r r iQ r lp  i n  nlrioo ^  O'" ’’1 O g S n iZ S rC

contain ing  25-/x glass p o w d e r  to  facilita te 
grinding. T h e  w a te r  w'as iced a n d  doub ly  
glass-distilled. F o r  th e  liver sam ples ,  an 
initial 1:9 h o m o g e n a te  ( 1 9 % ,  w/v) was 
m a d e  an d  ce n tr i fu g ed  4 0  m in a t  1 7 ,0 0 0  g 
an d  4°C; th e  su p e rn a te s  w ere  w ithd raw n  
carefully with a sy r inge ,  d ilu ted  1 :1 .5  (v/w) 
with  iced H 20  an d  recen tr i fuged .  A  small 
p o r t io n  of ea ch  resu lt ing  4 %  su p e rn a te  was 
accura te ly  d i lu ted  1:1 with  iced 50  m M  
M gC l2 - 6 H 20 ,  an d  th e  m a jo r  p o r t io n  di­
lu te d  1:1 with  iced  w a t e r . P ro te in  was d e te r ­
m in e d  by th e  b iu re t  m e th o d  (G o rn a l  e t  al. 
19 4 9 ) ,  using a l iquo ts  of th e  final a q u e o u s  
2 %  p re p a ra t io n .  T h e  ske le ta l m uscle  was 
m inced  an d  c e n tr i fu g ed  fo r  1 h r  a t  1 7 ,0 0 0  g 
a n d  4°C, th e  resu lt ing  cen tr ifuged  tissue 
fluid serving as th e  en z y m e  p re p a ra t io n .

A ssa y  P rocedures. T h e  w a te r  u se d  in p re­
par ing  all so lu tions was iced  an d  doubly  
glass-distil led; so lu t ions  o f  coenzym es were  
m a d e  fresh  daily; a n d  m ala te  an d  ketoglu- 
ta ra te  subs t ra tes ,  neu tra l iz ed  with KOTI, 
w ere  p r e p a re d  in 500 -m l vo lum es  a n d  5 -7  
ml a m o u n ts  f ro z en -s to red  ( - 1 6 ° C )  until 
u se .  Assays w ere  p e r fo rm e d  a t  3 4 0  nm  on 
a d o u b le -b e a m ,  ra t io  reco rd ing  s p e c tro p h o ­
to m e te r  with a c h a m b e r  t e m p e r a tu re  of 
25°C , in an  op tical cuve t te  hav ing  a 10-mm 
p a th len g th .  F ina l  assay vo lum e was 3 .00  
ml. E a c h  assay w as  b ased  o n  th e  ox ida tion  
o r  red u c t io n  o f  a pyr id ine  d inucleo tide  
c o e nzym e,  th e  re d u c e d  fo rm  o f  w hich ab ­
sorbs strongly at 340  nm . A  l inear- log  re ­
c o rd e r  was u se d  to  follow rea c t io n  rates ,  
w hich w ere  rea d  f ro m  th e  fastest p o r t io n  of 
th e  record ing .

T h e  p ro toco l  fo r  A A T  was th e  sa m e  as 
th a t  u se d  fo r  th e  c u n n e r ,  T autogolabrus  
adspersus  ( G o u ld  a n d  K aro lus  1974) .  The  
k e to  acid ( a -k e to g lu ta ra te )  w as  the  limiting 
su b s t ra te  in liver A A T  o f  this te leos t ,  r a th e r  
th a n  th e  am ino  ac id  (a sp a r ta te ) ,  as has  been  
o b se rv e d  in d e c a p o d  crus taceans  (G ou ld  
unp u b lish ed  d a ta ) .

M alic  enzym e ( M E )  in the  ske le ta l muscle 
o f  s t r ip ed  bass w as  driven  op tim ally  by 
m a gnes ium  an d  p h o sp h a te  bu ffe r ,  ra the r  
th a n  th e  m o re  usua l m an g an e se  in com bi­
n a t io n  with a T r is  o r  glycylglycine buffer 
( G o u ld  1968) .  M g was n o t  an abso lu te  
r e q u i r e m e n t ,  b u t  se rv e d  as a  posit ive  m o d ­
u la to r .  M E  was m e a s u r e d ,  th e re fo re ,  bo th  
in  th e  piesenCu emu ui ivig, to
d e te rm in e  w h e th e r  th e re  was any  difference 
in  sensitivity to  M g b e tw e en  con tro l  and  
m e ta l -exposed  an im als ,  as has  b e e n  ob­
se rved  in o th e r  te leos ts  an d  crustaceans 
( G o u ld  e t  al. 1 9 7 6 ) .  T h e  assay m ed ium  
with M g co n ta in e d  2 .5 0  m l p h o sp h a te  
b u ffe r ,  0 .1 0  M , p H  8 .0 0 ;  0 .1 0  ml n ico tina­
m ide  aden ine  d inuc leo t ide  p h o sp h a te  
( N A D P ) ,  10 m g/m l H 20 ;  0 .0 6  ml
M gC l2 - 6 H 20 ,  50  m M ;  0 .2 0  ml L-malic 
acid, 0 .1 0  M , neu tra l iz ed  w ith  K O H ;  0 .04 
ml H 20 ;  an d  0 .1 0  m l enzym e p rep a ra t io n  
to  s ta r t  th e  rea c t io n .  F o r  the  assay w ithou t 
M g, 0 .1 0  ml H 20  was used .

F o r  th e  G 6 P d H  m e a s u re m e n t ,  th e  cu­
ve t tes  c o n ta in e d  2 .5 5  ml T ris  (hydroxy- 
m ethy l)  a m in o m e th a n e  buffe r ,  0 .1 0  M , p H  
8 .00 ; 0 .1 0  ml N A D P ,  8 mg/m l H 20 ;  0 .10



356 M. A. D aw son, e t al.

m l g lucose-6 -phospha te ,  sod ium  d ih y d ra te ,  
15 mM; 0 .15  ml MgCI2- 6 H 20 ,  50 mM; and 
0 .1 0  ml en z y m e  p rep a ra t io n  to s ta r t  th e  
reac tion .

Results
C o n tro l  fish exhib ited  no rm al  va r ia t ion  

in oxygen  consum ption  ra te ,  a t t r ibu tab le  to 
seasona l var ia t ion  an d  grow th of th e  fish;

bec au se  o f  this, ea ch  exposure  g ro u p ’s da ta  
w ere  p lo tted  as a percen t o f  th a t  g roup ’s 
con tro l  values (T a b le  1, Figs. 1 , 2 ) .

Fish exposed  for 30 days to  0 .5 ,  2 .5 ,  or 
5 .0  p p b  c a d m iu m  consum ed  significantly 
less oxygen th a n  d id  contro ls  (P  <  .01).  
F ish  exposed  fo r  90  days and  those  allowed 
to  recover  for 3 0  days following a  90-day  
ex p o su re  resp ired  at rates  n o t  significantly

C adm ium  C o n c e n tr a tio n  (p p b )

Fig. 1. G ill-tissue oxygen consum ption  of striped  
bass, M orone saxatilis, exposed  to cadm ium  chloride. 
E ach  po in t rep re sen ts  m ean resp ira tio n  o f n ine fish. 
R ecovery  period  was 30 days in runn ing  seaw ater 
follow ing th e  90-day exposure period .

Mercury C oncen tra tion  (ppb)

Fig. 2 . G ill-tissue oxygen consum ption  of striped  
bass. M orone saxatilis, exposed  to  m ercuric  chloride. 
E ach  po in t rep resen ts m ean  resp ira tion  o f  nine fish. 
R ecovery  period  was 30 days in runn ing  seaw ater 
follow ing the 120-day exposure period .
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T A B L E  1. G ill-tissue oxygen consum ption1 of m etal-exposed  striped  bass, M orone saxatilis.

Cadmium concentration

Length of exposure Control 0.5 ppb 2.5 ppb 5.0 ppb

30 days 
90 days
30-day recovery

1.908 ±  .064 
.877 ±  .076 
.813 ±  .057

1 .580  ±  .083* 
.812 ±  .022 
.829 ±  .044

1 .410  ±  .066* 
.801 ±  .033 
.830 ±  .043

1 .380  ±  .086* 
.753 ±  .027 
.871 ±  .042

Mercury concentration

Control 1 ppb 5 ppb 10 ppb

30  days 
60  days 
90  days 

120 days 
30-day recovery

1.742 ±  .239 
.859 ±  .037 
.769 ±  .038 
.679 ±  .037 
.822 ±  .067

1 .550  ±  .209 
.789 ±  .042 
.747 ±  .033 
.673 ±  .030 
.842 ±  .064

1.096 ±  .025" 
.847 ±  .042 
.727 ±  .032 
.785 ±  .044 
.927 ±  .050

.971 ±  .038* 

.758 ±  .038" 

.887 ±  .047 

.946  ±  .055c 

.986  ±  .042

1 U nits a re  fj. 102/h r/m g  dry w t. ±  s ta n d a rd  e rro r . 
“ Significantly  d ifferen t from  contro l a t .05 level. 
h Significantly  d ifferen t from  contro l a t .01 level. 
0 Significantly  d ifferen t from  contro l at .001 level
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d if fe ren t  a t  th e  .05 level f rom  those  of 
contro ls .

T h e  resp i ra to ry  r a te  o f  anim als exposed  
to  1 p p b  m ercu ry  d id  n o t  differ significantly 
f ro m  th a t  of co n t ro ls ,  regardless  o f  exposu re  
t im e .  F ish  exp o sed  to  5 ppb  m ercu ry  fo r  30 
days  re sp ire d  a t  a ra te  significantly low er  
th a n  th a t  of co n tro ls  (P <  .05).  A f te r  60 
days ,  r e sp ira t io n  o f  exposed  an d  contro l  
g ro u p s  was ap p ro x im a te ly  eq u a l ;  abso lu te  
v a lues  fo r  bo th  g ro u p s  had  dec reased  from  
th e  30 -day  levels .  A f te r  longer  exposu re  
p e r io d s  th e re  w as  n o  significant d iffe rence 
b e tw e e n  con tro l  an im als  and  those  exposed  
to  5 ppb  m e rc u ry .  A n im a ls  exposed  to  10 
p p b  m ercu ry  ex h ib i te d  dec reased  resp ira ­
tion a t  30  days. T h is  was fo llow ed by a 
g rad u a l  inc rease ,  c o m p a re d  to  con tro ls ,  at 
60  an d  90  days ,  rea ch in g  a ra te  significantly 
h ig h e r  th a n  th a t  o f  contro ls  at 120 days (P 
<  .001).  A f te r  3 0  days in runn ing  seaw ate r ,  
resp ira t ion  o f  these  fish decreased  from 139 
p e rc e n t  o f  con tro ls  to  120 p e rcen t .  In re t ­
ro sp ec t ,  a 60 -d ay  recovery  per io d  w ould  
have  b e e n  va luab le .

N e i th e r  A A T  n o r  G 6 P d H  activity 
c h a n g e d  significantly  in th e  livers o f  fish 
d u r in g  the ir  ex p o s u re  to cadm ium  o r  m e r ­
cury .  A f te r  30  days  in runn ing  seaw ate r ,  
h o w ev e r ,  fish th a t  h a d  been  exp o sed  to  5 
p p b  c a d m iu m  sh o w e d  a highly significant 
dec rease  (P <  .0 01 )  in bo th  o f  these  e n ­
zym es (Tab le  2 ) .  I n  liver p rep a ra t io n s  co n ­
ta in ing  a  h igh c o n c e n t ra t io n  o f  m agnes ium  
c h lo r ide  (25 m M ) ,  a similar p a t te rn  
em erg ed :  th e re  w as  n o  significant change  in 
M g ac tiva tion  in th e  livers o f  fish dur ing  
ex p o su re  to  th e  sub le tha l  co n c en tra t io n s  of 
e i th e r  m e ta l ,  b u t  in fish th a t  h ad  been  
c lea red  fo r  30 d ays ,  th e re  was a significantly

h igher  M g ac tiva tion  o f  liver A A T  in fish 
th a t  had  b e e n  ex p o sed  to  2 .5  an d  5 ppb  
ca d m iu m  (T ab le  2 ) .  N o  significant changes 
w ere  o b se rv e d  in ske le ta l m uscle  A A T  or 
M E ,  o r  in M g  ac tiva tion  of M E .

Discussion
T h e  lack  o f  significant change  in activity 

o f  th e  liver enzym es  m o n i to re d  dur ing  the  
90- to  120 -day  p e r io d  o f  ex p o su re  to  the  
m e ta l  salts suggests  a  m e tabo l ism  readily  
a d a p ta b le  to  en v i ro n m en ta l  changes ,  n o t  a 
surpris ing  ob se rv a t io n  in an  a n a d ro m o u s  
f ish. I t  is also p ro b a b le  th a t  th e  level of 
m e ta l  cha llenge was too  low to elicit any 
d e tec tab le  b iochem ica l resp o n se  in a fish 
w hose  m e tab o l ism ,  par t icu la rly  in the  ju v e ­
nile s tage ,  is g e a re d  to  re sp o n d  quickly to 
en v i ro n m en ta l  changes .

T h e  d ro p  in b o th  A A T  and  G 6 P d H  activ­
ities in th e  liver o f  c lea red  fish previously  
exp o sed  to  5 p p b  c a d m iu m  fo r  3 m o n th s  
was th e  only significant change  in these  
enzym es  over  th e  en t i re  course  o f  th e  ex p e r ­
im e n t .  W e  h av e  no  posit ive exp lana t ion  for 
th is  p h e n o m e n o n ,  b u t  o ffer  the  following 
in te rp re ta t io n :

C e rta in  m e ta l lo en z y m es  a re  kn o w n  to  be 
inh ib i ted  by ca d m iu m , b o th  in  vitro  and  
du r ing  sh o r t- te rm  in  vivo  s tudies  (Sm ith  and  
Hill 1 960 ;  H o d g e n  e t  al. 1969) .  In  rec en t  
w o rk  w ith  an  e s tu a r in e  te leos t  (w in ter  f loun­
d e r ,  P seudop leuronectes am ericanus) c h ro n ­
ically ex p o sed  to sub le tha l  a m o u n ts  o f  cad­
m ium , these  enzym es inc reased  in activity 
(G o u ld  1977). This increase was at tr ib­
u te d  to  com pensa to ry  induc tion  of the  
enzym es  u n d e r  c a d m iu m  a t tac k .  O n e  might 
re a so n a b ly  specu la te ,  th e re fo re ,  th a t  in suc­

T A B L E  2 . E nzym e activ ity1 in liver o f  s triped  bass, M orone saxatilis, held  30 days in ru n n in g  se aw ate r a fte r 90- 
day exposu re  to  cadm ium .

Prior Cd Exposure Number sample pools AAT Activity

Mg Activation of AAT 

(% normal activity) G6PdH Activity

0 7 503 ±  38 120 ±  7 701 ±  42
0.5 4 516  ±  62 124 ±  3 576  ±  44
2.5 4 405  ±  58 147 ±  6° 583  ±  100
5 .0 5 262 ±  2 9 r 161 ±  10" 270  ±  3 8 c

1 U n it o f  activity is change in absorbance  a t 340 nm  o f  0 .0 0 1 /m in /m g  p ro te in , u n d e r assay conditions ± 
s ta n d a rd  e rro r .

a S ignificantly d iffe ren t from  con tro l a t .05 level. 
0 Significantly  d iffe ren t from  con tro l a t .01 level. 
c S ignificantly d iffe ren t from  con tro l a t .001 level
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cessfully adap t ing  to  ch ron ic  low-level cad­
m iu m  challenge,  th e  bass had  b e e n  ab le  to  
g e a r  its m etabo lism  to s teady-s ta te  by an 
ana logous  co m pensa to ry  p ro d u c t io n  o f  cad­
m ium -inh ib ited  enzym es. W h e n  th e  m e ta l  
cha llenge was re m o v e d  an d  th e  d e m a n d  for 
e x t ra  enzym e p roduction  shu t  off, th e  activ­
ity o f  enzym es involved in p roducing  m e ta b ­
o lites  fo r  energy  m obil iza tion  ( A A T )  an d  
b iosynthesis  (G 6 P d H )  might b e  ex p e c ted  to 
d r o p  briefly. This  totally  con jec tu ra l  in te r ­
p re ta t io n  is offered  as a possible a r e a  for 
fu tu re  work .

A lth o u g h  th e  d a ta  fo r  these  tw o enzym es 
w ere  b ased  on  9 - 1 6  pools  o f  th re e  livers 
fo r  each co ncen tra t ion  o f  m e ta l  a t  each  
e x p o su re  in terval,  th e re  was no t e n o u g h  
m ater ia l  to  explore  m e tabo l ic  pa thw ays  
o th e r  th a n  th e  glycolytic shun t  an d  o n e  a rea  
o f  n itrogen  m etabo l ism . O n  the  w h o le ,  ju ­
venile  s tr iped  bass in an  ex p e r im en t  o f  this 
scope  do n o t  yield en o u g h  sam ples  o f  suffi­
cien t  size to  su p p o r t  a p roper ly  th o ro u g h  
biochem ical study.

T h e  oxygen  consum ption  d a ta  su p p o r t  
th e  results  ob ta ined  on  o th e r  cadm ium - and  
m ercu ry -exposed  fish. C u n n e rs ,  T. adsper­
sus, su b jec ted  to short-  o r  long-te rm  cad­
m iu m  ex p o su re  exhib ited  dep re ssed  gill-tis­
su e  oxygen co n sum ption ,  while long - te rm  
m ercu ry  exposu re  e leva ted  the ir  resp ira t ion  
(T h u rb e rg  an d  D aw son  1974 ; M a c ln n e s  
p e rs .  c o m m u n .) .  C a lab rese  e t  al. (1 9 7 5 )  
r e p o r te d  th a t  w in ter  f lo u n d e r ,  P. a m eri­
canus, exposed  to 5 an d  10 p p b  c a d m iu m  
fo r  60  days show ed  d ep ressed  oxygen  co n ­
su m p tio n ,  while  those  exposed  to 10 ppb  
m ercu ry  h ad  e leva ted  levels. O xygen  co n ­
su m ption  is a good  general  ind ica to r  o f  
stress.  In the  case o f  s tr iped  bass it m a y  be 
particu larly  valuable  since th e re  is so m e 
ev idence  th a t  the  limiting fac to r  to  s t r ip ed  
bass  in a  grossly po llu ted  na tu ra l  en v i ro n ­
m e n t  is th e  oxygen level (C h i t te n d e n  1971 ; 
T a lb o t  1966) .

A  la b o ra to ry  exposu re  to  o n e  c o n tam i­
n a n t  ca n n o t  accoun t fo r  all n a tu ra l  c o n d i­
t ions .  Toxicity  is in f luenced  by any  n u m b e r  
o f  na tu ra l  variables . In p ar t icu la r ,  M a c L e o d  
a n d  Pessah  (1973)  have  d e m o n s t r a te d  in­
creas ing  m ercury  toxicity with increasing 
t e m p e r a tu re  in the  ra inbow  t ro u t ,  Sa lm o  
gairdneri; O lson  and  H a r re l  (1 973 )  d e m o n ­

s tra ted  changes in m e rc u ry  toxicity to the  
clam , Rangia  cuneata, w ith  changing  salin­
ity. H e n c e ,  the  results  o f  this s tudy  would 
likely vary  so m e w h a t  u n d e r  d if fe ren t  exper i­
m en ta l  o r  en v i ro n m en ta l  conditions.  In 
spite o f  these  lim ita tions ,  a contro l led  ex­
p o su re  is a va luab le  too l an d  o n e  of th e  few 
ways available o f  isolating th e  effects o f  a 
single po llu tan t .
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