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TAUTOGOLABRUS ADSPERSUS

J .  R . M acIn n e s , F . P . T h u r b e r g , R . A . G r e ig , a n d  E . G o u ld 1

ABSTRACT

The cunner, Tautogolabrus adspersus, was exposed for 30 and 60 days to 0.05 or 0.10 ppm Cd as 
cadmium chloride. The m ean gill-tissue respiratory  ra tes  exhibited by th e  control fish and those 
exposed to 0.05 and 0.10 ppm Cd were 972, 736, and 665 /¿I O2/I1 ■ g dry weight, respectively, a fter 30 
days and 1,036,702, and 587 /xi Oa/h ■ g, respectively, after 60 days. Changes were also observed in the 
activities of two liver enzymes, asparta te  am inotransferase (depression) and glucose-6-phosphate 
dehydrogenase (induction). R esults a re  compared w ith those from o ther metal-exposure studies w ith 
cunners and other teleosts.

In  recen t years cadm ium  h as becom e th e  sub ject of 
num erous investiga tions to  determ ine its  toxicity 
to various m arin e  anim als. These stud ies have 
progressed from  sho rt-te rm  exposures to d e te r
m ine th e  concentra tions th a t  cause d ea th  (E isler 
1971; N a tio n a l O ceanic a n d  A tm o sp h eric  A d
m in is tra tio n  1974; W esternhagen  and  D eth lefsen
1975), to long-te rm  exposure stud ies  to m easure 
physiological change caused by very  low levels 
(p a rts  per b illion , ppb) of cadm ium  (E isle r 1974; 
C alabrese  e t  al. 1975; Daw son e t al. in  press; 
Gould in  press; T hurberg  e t al. in  press). Such 
lo n g - te rm  p h y sio lo g ic a l s t r e s s  ca n  lo w er a n  
an im a l’s capacity  to  adap t to an d  su rv ive in  its  
n a tu ra l  env ironm ent.

In  a  recen t collaborative study, a  com mon coast
a l fish, th e  cunner, Tautogolabrus adspersus, w as 
exposed to cadm ium  for 96 h  and  exam ined  for 
changes in  resp ira tion , osm oregulation , cadm ium  
u p tak e , histopathology, enzym e chem istry , and  
im m u n e  resp o n se  (N a tio n a l O ceanic a n d  A t
m ospheric A d m in is tra tio n  1974). In  th e  p resen t 
study , cunners w ere exposed to  cadm ium  for up to 
60 days so th a t  th e  effects of bo th  exposure reg im es 
m ig h t be com pared. P aram e te rs  selected for study  
w ere g ill-tissue oxygen consum ption, live r en 
zym e ac tiv ity , and  cadm ium  u p ta k e  by various 
tissues.

R esp ira to ry  activ ity , a  good in d ica to r of th e  
g en e ra l condition of a fish, h as  been re la te d  to 
s tre ss  caused by such env ironm en ta l v ariab les  as 
te m p e ra tu re  (MacLeod and  P essah  1973), sa lin ity
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(Olson and  H a rre l 1973), and  heavy-m etal pol
lu ta n ts  (C alabrese e t al. 1975). G ill-tissue res
p ira tio n  co rrela tes w ell w ith  w hole-anim al res
p ira tion , p articu la rly  th e  s ta n d a rd  or inactive ra te  
of oxygen consum ption (V ernberg  1956; T hurberg  
e t al. 1975). T hurberg  and  D aw son (1974) found 
th a t  a  96-h exposure to 3 ppm  Cd caused a  de
p ression  in  the  cunner’s ra te  of g ill-tissue oxygen 
consum ption. The p re se n t s tu d y  exam ines the 
oxygen-consum ption ra te s  in  excised gili tissue of 
cunners exposed to lower cadm ium  concentrations 
for m uch longer periods of tim e.

Because th e  fish w ere sm all, biochem ical te s tin g  
w as re stric ted  to the  re la tiv e ly  la rg e  live r tissue 
m ass. Two enzym es w ere selected  for assay: a  key 
enzym e of n itrogen  m etabo lism  th a t  h ad  been 
te s te d  in  th e  e a r l ie r ,  s h o r t- te rm  ex p o su re  of 
cunners  to h igh levels of cadm ium  (Gould and 
K aro lus 1974), and  a  m agnesium -linked  enzyme 
w hose activ ity  in  w in te r flounder, Pseudopleuro
nectes am ericanus, tissu es is affected by th e  fish’s 
exposure to sub le tha l levels of cadm ium  (Gould in 
p re s s ) .  T h e  f irs t  en z y m e , a s p a r t a t e  a m in o 
tran sfe ra se  (E.C.3.6.1.1.; AAT), is linked  to the  
production  of an im al energy  (Gould e t  al. 1976), 
and  in  cunners exposed to 24 ppm  Cd for 96 h, 
ac tiv ity  in  th e  liver dropped to 40% of control 
ac tiv ity  (Gould and  K aro lus 1974). The second 
enzym e tested , glucose-6-phosphate dehydrogen
ase (E.C .1.1.1.49; G6PdH), is th e  firs t step  in  a 
glycolytic pathw ay  th a t  produces m etabo lites for 
reductive b iosyntheses, and  is found in  abno r
m ally  h igh  am ounts in  tissues h av in g  th e  h igh 
m e tab o lic  r a te s  t h a t  o ften  accom pany  s tre s s  
(W eber 1963).

B esides the  resp ira to ry  and  enzym e stud ies,
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chem ical ana ly ses  w ere perform ed to determ ine 
th e  cadm ium  u p ta k e  of ce rta in  tissues.

METHODS AND MATERIALS

C unners for th is  study w ere trap-collected in  
Long Island  Sound n e a r  M ilford, C onn., d u ring  the  
sum m er of 1974 an d  held in  th e  labora to ry  for 1 to 
2 wk in  flowing, sand-filtered  seaw ater p rior to 
cadm ium  exposure. T hey  w ere fed P u rin a  T rout 
C how 2 th ro u g h o u t th e  h o ld in g  a n d  exposure 
periods. B e g in n in g  in  A u g u s t a n d  en d in g  in  
October 1974, th e  cunners  w ere exposed in  ae r
ated , 285-liter fiber glass ta n k s  filled to 228 liters 
w ith  sand-filtered  se aw ate r (24±2% o sa lin ity , 
22±2°C ) by a p ro p o rtio n a l-d ilu tio n  a p p a ra tu s  
(M ount and  B rungs 1967). T h is d ilu te r controlled 
th e  in te rm itte n t delivery  of toxican t-contain ing  
w ate r to each ta n k  th ro u g h o u t the  exposure period 
a t  a  flow ra te  o f 1.5 lite rs  every 2.5 m in. T h is flow 
ra te  provided approx im ate ly  four com plete ex
changes of w a te r  daily  in  each  tan k . C adm ium  was 
added as C dC k -2% H 20 a t  concentra tions of 0.05 
and  0.10 ppm  Cd. B ackground  level of cadm ium  in 
th e  seaw ater w as less th a n  0.001 ppm. F our ta n k s  
w ere used per concen tra tion  and  control, w ith  15 
fish in  each ta n k , for a to ta l of 60 fish per te s t  level. 
The fish averaged  55.7 g in  w eigh t (range, 32.5- 
96.9 g) and  157 m m  to ta l le n g th  (range, 133-185 
mm). A fter 30- an d  60-day exposure periods, fish 
w ere rem oved for te sting .

F or oxygen-consum ption m easu rem en ts , two 
gills were d issected  from each fish and  placed in  a 
15-ml W arburg-type flask con tain ing  5 m l w ater 
from the corresponding experim en ta l tank . Oxy
gen consum ption w as m onitored  over a  4-h period 
a t  20°C in  a  G ilson D ifferen tia l R esp irom eter w ith  
a shak in g  speed of 80 cycles/m in. R ates of oxygen 
up tak e  w ere ca lcu la ted  as m icro lite rs of oxygen 
consum ed p er h ou r per g ram  d ry  w eigh t gili tissue 
(/xi 02 /h-g), includ ing  th e  gili arch, corrected to 
m icroliters of d ry  gas a t  s ta n d a rd  tem p era tu re  and 
p ressure.

L iver tis su e  w as ta k e n  for enzym e testing . Pools 
com prising  liv e r  sa m p le s  from  tw o fish w ere 
placed in  sm all p lastic  pouches from w hich a ir  was 
subsequen tly  excluded, th e n  sealed  and  stored 
frozen a t  -2 9 °C . No m ore th a n  2 w k elapsed 
betw een th e  end  of th e  exposure period and  te s t
ing, as bo th  AAT and  G 6PdH  have been found to

2Reference to trade nam es does not imply endorsem ent by the 
N ational M arine Fisheries Service, NOAA.
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lose some ac tiv ity  a fte r a  m o n th ’s frozen sto rage of 
whole liver tissue. F or te s tin g , each liver sam ple 
w as hom ogenized 1:9, w t/vol, w ith  iced, doubly 
g lass-d istilled  w a te r  in  a  sm all, conical-tip  glass 
hom ogenizer con ta in in g  25-/xm g lass powder to 
fac ilita te  grind ing . C en trifu g atio n  w as a t  17,000 g 
an d  4°C for 45 m in. T h e  su p e rn a ta n t fractions 
w ere rem oved w ith  P a s te u r  p ipe ttes, d ilu ted  1:1.5 
w ith  th e  iced w ate r, vol/vol, an d  recentrifuged 
u n d e r  th e  sa m e  c o n d it io n s . T h e  r e s u l t in g  
su p e rn a tes  served  as th e  4% liver p repara tions. 
P ro te in  d e te rm in a tio n s  w ere m ade by th e  b iu ret 
m ethod (G ornal e t  al. 1949), w ith  m odifications by 
Layne (1957), using  a crysta llized  bovine serum  
album in  s tan d ard . The coupled spectrophotom et- 
ric assay  for AAT w as th e  sam e a s  th a t  used  in  the 
acute, sh o rt-te rm  exposure of cunners to cadm ium  
described  by  G ould an d  K a ro lu s  (1974). For 
G 6 P d H , b o th  a s s a y  m e d iu m  a n d  sp e c tro -  
photom etric procedures have also been described 
elsew here (Gould in  press). U n it of ac tiv ity  was 
m icrom oles N A D H  oxid ized  (AAT) or N ADP 
red u c ed  (G 6P dH ) p e r  m in u te  p e r  m illig ra m  
protein.

Gili, m uscle, and  liver tis su es  w ere analyzed  for 
cadm ium  u p ta k e  using  th e  m ethod described by 
G reig  e t al. (1975), in  w hich th e  sam ples w ere 
w et-ashed  w ith  concen tra ted  HNO3, ta k e n  up in 
10% HNO3, an d  an a ly z ed  d ire c tly  by  atom ic 
a b s o rp tio n  sp e c tro p h o to m e try . V a lu e s  w ere  
calcu la ted  on a w et-w eight basis.

RESULTS AND DISCUSSION 

M ortality and Respiration

Table 1 shows th e  ac tu a l an d  ad justed  m orta lity  
d a ta  a fte r 30- an d  60-day exposures. M ortality  
d a ta  for the  exposed fish w ere corrected for n a tu ra l 
m o rta lity  of th e  controls by using  A bbott’s form ula 
(F inney 1971), an d  can be in te rp re ted  as wholly 
a ttr ib u ta b le  to  cadm ium  stress. C learly , exposure 
to low levels of cadm ium  increased  the  incidence of 
m o rta lity , m ore so a t  0.1 ppm  th a n  a t  0.05 ppm.

TABLE I .—A ctual and adjusted percent m ortality  of cadmium- 
exposed cunner, Tautogolabrus adspersus.

Exposure 
concentration 

(ppm Cd)

Mortality (%)
30 days 60  days

Actual A djusted’ Actual A djusted1

0.00 3.3 (2)2 — 7.5 ( 5) —

0.05 10.0(6) 6.9 18.3 (10) 11.7
0.10 15 .0 (9 ) 12.1 37.4 (20) 32.3

'A djustm ents m ad e  by A bbott's form ula (Finney 1971). 
2Num ber d e a d  out of 60 fish.
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TABLE 2.—Gill-tissue oxygen consumption ra tes  of cadmium-exposed cunner, 
Tautogolabrus adspersus.

Exposure 
concentration 

(ppm Cd) fish X SE R ange

10 972 101 754-1,436
10 736 46 530- 926
12 665 57 420- 967

5 1,036 94 788-1,324
5 702 37 612- 831
5 587 62 472- 810

Level of 
significance2

30  days: 
0.00 
0.05 
0.10 

60  days: 
0.00 
0.05 
0 .1 0

P <  0.05 
NS

P-tO.01
NS

P  :0.025

P  :0.005

'M icroliters 0 2 p e r  hour per gram  dry weight. 
2S tuden t's  t-test.

G ill- t i s s u e  o x y g en  c o n s u m p tio n  w as  s ig 
n if ic a n tly  re d u c e d  a f te r  b o th  30- an d  60-day  
exposures to  0.05 and  0.10 ppm  Cd (Table 2), a 
re su lt  s im ila r to  th a t  reported  by T h u rb e rg  and 
D aw son (1974) in  cunners exposed to 3 ppm  Cd for 
96 h. The depression was m ore pronounced a t  the  
end of th e  60-day th a n  a t  th e  end of the  30-day 
exposure . In  a n o th e r  chronic exposure study , 
D aw son e t  al. (in  press) found th a t  gills of juven ile  
s tr ip ed  bass, M orone saxatilis, exposed to  0.5, 2.5, 
or 5.0 ppb Cd for 30 and 90 days, consum ed sig 
n ifican tly  less oxygen th a n  did th e  controls. The 
concen tra tions u sed  w ere less th a n  one-ten th  of 
those used  in  th e  p resen t study, b u t th e y  s till 
p roduced  s ig n if ic a n t re sp ira to ry  changes. The 
re su lts  repo rted  h e re  are also supported  by a  study  
u sing  th e  w in te r  flounder (C alabrese e t  al. 1975), 
in  w hich fish exposed to 5 or 10 ppb Cd for 60 days 
show ed s ign ifican tly  reduced oxygen consum ption 
ra te s .

E xposure to  s ilv e r  also depresses cunner gill- 
tis su e  re sp ira tio n  (T hurberg  an d  Collier in  press). 
T h ere  is som e evidence, how ever, th a t  o th e r m e t
als affect fish resp ira tio n  d ifferently . C unners 
exposed to  5 or 10 ppb m ercury  (as H gC k) for 30 
and  60 days h a d  sign ifican tly  e leva ted  resp ira tio n  
r a te s  a fte r 30 days, b u t no rm al resp ira tio n  a fte r 60 
days (unpubl. data). S im ilarly  opposite effects of

th e  tw o m e ta ls , m e rc u ry  an d  cadm ium , w ere 
reported  for th e  w in te r flounder in  60-day expo
su re  stud ies (C alabrese e t al. 1975); i.e., m ercury  
e leva ted  th e  oxygen consum ption ra te , w hereas 
cadm ium  low ered it.

Enzyme Activity

In  th e  live r of cunners exposed for 30 days to 0.1 
ppm  cad m iu m  as ch lo ride , AAT a c tiv ity  w as 
s ign ifican tly  low er (P<0.02) th a n  in  contro l fish 
(Table 3). The drop in  activ ity , abou t 20%, cor
ro b o ra tes  th e  effect of cadm ium  on liv e r AAT 
observed in  cunners exposed for 4 days to  h igh 
concen tra tions (24 ppm  Cd) of th is  m e ta l sa lt 
(Gould and  K aro lus 1974). As is the  case w ith  all 
am in o tra n sfe ra se s , pyridoxal p h o sp h a te  is an  
abso lu te req u irem en t for activ ity . Because th e  
b iosynthesis of th is  essen tia l cofactor req u ires  a 
d iv a len t m e ta l cation (M eister 1955), and  because 
cadm ium  affects enzym es req u irin g  or reac ting  
w ith  d iv a len t m etal cations (Gould in  press), it  
seem s probable th a t  cadm ium ’s in h ib ito ry  effect 
on A A T a c tiv ity  is a t  th e  p o in t of p y ridoxal 
phosphate  synthesis.

L iver G 6PdH  in  cunners  exposed for 30 days to 
0.05 ppm  Cd was sign ifican tly  h igher (P <0.05) 
th a n  in  controls (Table 3), and  a t 0.1 ppm  the

TABLE 3.—A spartate am inotransferase and glucose-6-phosphate dehydrogenase in 
th e  liver of cunner, Tautogolabrus adspersus, exposed for 30 days to cadmium 
chloride.

Exposure 
concentration 

(ppm Cd)

No. of 
sam ple  

pools

Enzym e activity'

X SE R ange
AAT:

0.00 6 233 12 194-281
0.05 6 217 14 160-254
0.10 6 181 13 154-234

G6PdH:
0.00 6 75 11 54- 91
0.05 6 123 22 78-149
0.10 6 169 12 148-224

Level of 
significance2

P -.0.02

P  :0.05 
P  --0.01 P  :0.001

'Unit of activity =  m icrom oles NADH oxidized (AAT) o r NADP reduced  (G6PdH) per m inute per 
milligram protein.

2Student’s  f-test.
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increase w as very  h igh ly  sign ifican t (P<0.001). 
T his observation points to e leva ted  pentose sh u n t 
ac tiv ity  in  th e  livers of exposed fish. W e construe 
th is  to be a  com pensatory m echanism , providing 
m etabo lites for increased  r a te s  of b iosyntheses, to 
enable im paired  biochem ical system s to m a in ta in  
n ear-norm al function. S im ila r inductive response 
afte r su b le th a l m etal challenge h as  been  observed 
in  o th e r teleosts, such  as th e  w in te r  flounder: 
elevated  levels of two m etalloenzym es in  th e  k id 
ney an d  hem atopoietic tis su e  a f te r  60 days’ ex
posure to  0.01 ppm  Cd (Gould in  press), and ele
vated  levels of o rn ith in e  decarboxylase, ano ther 
pyridoxal p h o sp h a te  enzym e, in  th e  liv e r and 
k idney  a fte r in tra v e n o u s  in jec tio n  of m ethy l- 
m ercury , follow ing a n  in it ia l  drop in  ac tiv ity  
(M anen e t al.3).

Chemical Uptake

Gili, muscle, and  liver tissu es  from  each expo
sure group w ere analyzed for cadm ium  up take. In 
co n tra s t to th e  m arked  cadm ium  u p ta k e  in  tissues 
of cunners exposed for 96 h  to cadm ium  a t  levels up 
to 48 ppm  (Greig e t al. 1974), n ea rly  all th e  sam 
ples from  these  30- and  60-day exposures to both 
0.05 an d  0.1 ppm  Cd, as well as controls, w ere 
below the  lim its  of detection  (ca. 2 ppm , w et wt) for 
th e  sam ple size an d  procedure used.

CONCLUSIONS

In  sum m ary , long-term  exposures of th e  cunner 
to 0.1 ppm  Cd caused increased  m o rta lity , de
p resse d  g il l - t is s u e  oxygen  c o n su m p tio n , an d  
lowered tran sa m in a se  an d  e leva ted  pentose sh u n t 
ac tiv ity  in  th e  liver.

T he toxicity  of cadm ium  to m arin e  an im als  is 
in flu en ced , how ever, b y  su c h  e n v iro n m e n ta l 
variab les as tem p era tu re , sa lin ity , pH , dissolved 
oxygen (G ardner an d  Y evich 1969; V ernberg  and 
V ernberg  1972), and  chem ical form  (Gould e t al.
1976). M oreover, tox ic ity  of cadm ium  varies w ith  
d ifferen t species: W este rnhagen  e t al. (1974) and 
W esternhagen  e t al. (1975) found th a t  low sa lin i
tie s  enhance the  tox ic ity  of cadm ium  to the  de
veloping eggs of herrin g , Clupea harengus, and 
needlefish, Belone belone, b u t W este rnhagen  and

3M anen, C. A., B. Schmidt-Nielsen, and D. H. Russell. 1976. 
A lterations of polyamine synthesis in liver and kidney of w inter 
flounder in response to m ethylm ercury. Unpubl. m anuscr. Univ. 
Ariz. Med. Cent., Dep. Pharm acol., Tucson, and The Mt. Desert 
Island Mar. Biol. Lab., Salsbury Cove, Maine.

D ethlefsen  (1975) rep o rted  no such  enhancem ent 
u sing  flounder, Pleuronectes flesus, eggs, possibly 
because of th e  differences in  th e  capacity  of th e  egg 
m em branes to  b ind  cadm ium  ions. T he n a tu re  and 
degree of cadm ium ’s tox ic ity  m ay well change 
u n d er d iffe ren t lab o ra to ry  or field conditions.
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