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The ac id -base  s ta tus  of  c ru s t acean  haemolymph depends on various 
env i ronmenta l  and physiological  fac tors .  Acid  base  s t a tus  of  the  
haemolymph  is known to be inf luenced by t e m p e r a t u r e ,  sa l in i ty ,  
s t renuous a c t i v i t y  and moul t ing (Truchot 1978; 1981; Phil ips e t  al 
1977; McDonald e t  al 1979; Wood and Randal l  1981; Dejours  and 
Beekenkamp 1978). Studies  deal ing with the  ac id -base  d i s tu rbance  
in the  t e r r e s t r i a l  c rabs  include those  on Gecarc inus  l a t e r a l i s  and 
Card i soma ca rn i fex  during post  exce r i se  and exce r i se  per iod (Smat resk  
e t  al 1979; Wood and Randal l  1981). The s tudies  on the ac id -base  
regu la t ion  of the  fresh w a t e r  c rabs  a re  meagre  (Truchot 1983). 

The ac id -base  changes  in fishes during env i ronmenta l  s t ress  condi t ions  
l ike ac id  s t ress  and zinc t o x i c i t y  had been r e p o r t e d  (Eddy 1976; 
Packe r  1979; Spry and Wood 1984). But the  e f f e c t  of env i ronmenta l  
po l lu tan ts  l ike the  heavy me ta l s  on the  ac id -base  regu la t ion  of the  
fresh w a t e r  c rabs  have not been previously  repor ted .  The haemolymph  
of  the  fresh wa te r  c rab  was found to a c c u m u l a t e  high amounts  of  
lead on exposure  to  organic  and inorganic  lead (Tulasi e t  al 1987). 
Hence the p resen t  inves t iga t ion  has been under taken  to s tudy the  
haemolymph ac id -base  s t a tus  on exposure  to subtoxic  levels  of organic  
and inorganic  lead. 

MATERIALS AND METHODS 

Fresh  w a t e r  c rabs  were  co l l ec t ed  from the local  paddy f ields and 
t r anspo r t ed  to  the  l abo ra to ry  where  they  were  ma in ta ined  in round 
p las t i c  tubs. Crabs  were  fed with fish mea t  eve ry  day and feed 
was wi thdrawn one day pr ior  to expe r imen ta t ion .  Uninjured males  
of uniform size,  in the in t e rmoul t  s t ages  were  used for the exper i -  
ment.  A f t e r  two weeks  of  acc l ima t ion  to l abo ra to ry  condi t ions,  the  
crabs  were  exposed to d i f f e ren t  concen t r a t ions  of lead n i t r a t e  and 
lead a c e t a t e  and LC50 values were  de t e rmined  according  to Finney 
(1964). The LC50 values  for 96 hours was found to be 20 ppm for 
lead  a c e t a t e  and 26 ppm for lead n i t r a t e  (Tulasi e t  al 1985). L a t e r  
they  were  exposed  to a suble thal  concen t r a t i on  of 0.5 ppm for 
a per iod of 30 days and changes in blood pH, p02, pC02, b i ca rbo -  
na tes  and l ac t i c  ac id  was s tudied  on d i f f e ren t  days of  exposure  
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( 1, 4, 7, 15 and 30 days). Blood pH, p02, pC02 and b i c a rbona t e s  
were  de t e rmined  on a blood gas ana lyse r  (Model 165/2 pH-Blood 
gas sys tem) and l a c t i c  ac id  levels  were  e s t i m a t e d  according  to  
Hol landers  e t  al (1968). 

RESULTS AND DISCUSSION 

Responses  of the  fresh w a t e r  c rab  exposed to  lead  n i t r a t e  and 
lead  a c e t a t e  a re  given in F igure  1. On 1st and 4th days of  exposure  
the  blood pH levels  were  found to inc rease  when c o m p a r e d  to contro ls ,  
the  inc rease  being maximum on 1st day. On 1st day the  values  were  
7.49 + 0.03 in cont ro l s  and 7.63 + 0.02 in lead n i t r a t e  and 7.66 + 
0.01 ~n lead  a c e t a t e  exposed  c r a b s . - O n  4th day of exposure  the  blood 
pH levels  were  7.48 + 0.03 in controls ,  7.59 + 0.01 in lead n i t r a t e  
and 7.57 + 0.01 in l e a d  a c e t a t e  exposed  ~rabs .  But a f t e r  4th  day 
the  b l o o d - p H  levels  were  found to gradual ly  decrease .  On 30th day 
the  blood pH values  in con t ro l s  were  7.43 +_ 0.01, 6.9 + 0.02 in lead  
n i t r a t e  and 6.72 + 0.02 in lead  a c e t a t e  exposed  crabs,  ind ica t ing  
deve lopmen t  of acid-osis. 

p02 levels  in the  haemolymph  dec rea sed  gradual ly  from a mean 
r a t e  of  53.82 + 5.88 mm Hg in cont ro l s  to 22.75 + 2.31 mm Hg 
in l ead  n i t r a t e  and  22.12 + 1.61 in lead  a c e t a t e  exposed crabs,  pC02 
levels  were  found to b e - a e c r e a s e d  s l ight ly  during the ini t ia l  s t ages  
but  on prolonged exposure  the  pC02 levels  were  inc reased  from 
14.22 + 0.46ram Hg in con t ro l s  to 24.25 + 1.35mm Hg in lead  n i t r a t e  
and 24.41 + 0.58ram Hg in lead a c e t a t e - e x p o s e d  crabs.  B ica rbona te  
levels  w e r e - f o u n d  to be e l e v a t e d  on 1st and 4th days of exposure  
(Figure  I). F rom 7th day onwards t he re  was a gradual  d e c r e a s e  in 
the  b i c a r b o n a t e  levels.  B ica rbona te  levels  dec reased  from a cont ro l  
r a t e  of  5.95 + 0.20 Mi l l imo le s / l i t r e  to 2.27 + 0.22 Mi l l imo les / l i t r e  
in lead  n i t r a t e - a n d  2.76 + 0.55 Mi l l imo le s / l i t r e  in lead  a c e t a t e  exposed  
c rabs  a t  the  end of 30 th -day .  Haemolymph l a c t a t e  levels  were  found 
to be dec reased  during in i t ia l  s t ages  of exposure  as did haemolymph 
pC02 but  l a t e r  t he re  was gradual  inc rease  of  l a c t a t e  levels  from 
0.49 + 0.04rag l a c t a t e / 1 0 0 m l  haemolymph to 1.16 + 0.02 in lead  
n i t r a t e  exposed and 1.04 + 0.08 in lead  a c e t a t e  exposed  c rabs  
(Figure  I). 

Exposure  of  the  fresh w a t e r  c rab  to suble tha l  concen t r a t ions  of  
o rganic  and inorganic  lead  showed a severe  d is turbance  in the  ac id-  
base  p a r a m e t e r s .  

Lead  exposure  caused  a dec rea se  in blood p02 con ten t .  Reduc t ion  
of p02 is usual ly ind ica t ive  of r educed  oxygen t r ans fe r  a t  the  gill  
sur face .  Reduc t ion  in whole animal  oxygen consumpt ion  of the  fresh 
w a t e r  c rab  on exposure  to  organic  and inorganic  l ead  (Tulasi and 
R a m a n a  Rao  In Press) imply tha t  the  g i l l ' s  ab i l i ty  to t r a n s f e r  oxygen 
is impai red .  Hence  a reduc t ion  in p02 value is observed.  

An a l t e r n a t i v e  exp lana t ion  is t ha t  the  b lood 's  ab i l i t y  to t r anspor t  
oxygen was r educed  due to a dec rea se  in blood oxygen c a p a c i t y  
resul t ing  from Bohr and Root  e f f e c t s  caused  by a d e c r e a s e  in blood 
pH. Reduc t ion  in blood p02 values during s t ress  condi t ions  has been  
r e p o r t e d  by Smar t  (1978) in Salmo ga i rdner i  and during zinc t o x i c i t y  
by Spry and Wood (1984) in ra inbow t rout .  Thus a d e c r e a s e  in blood 
oxygen con ten t  may  be due to the  hypoxic  condi t ions  preva i l ing  
during s t ress  and can be d i r ec t l y  r e l a t ed  to a dec rea se  in oxygen 
consumption.  199 
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Blood pC02 is the  r e s p i r a t o r y  p a r a m e t e r  and is the  pa r t i a l  p ressure  
of the  Carbondioxide  o f  the  blood taken  in anae rob ica l ly  and is 
expressed  in mm Hg. Exposure  to lead  e l i c i t ed  two d i f f e r en t  types  
of responses .  Ini t ia l ly ,  on 1st and 4th days of  exposure  t he re  was 
a s l ight  inc rease  in blood pH and b i c a r b o n a t e  levels  and a s l ight  
d e c r e a s e  in pC02 and l a c t a t e  levels.  This new ac id  base  s t a tus  was 
ma in ta ined  for 4 days,  but  l a t e r  t he re  was a t r ans ien t  shif t  from 
alkalos is  to acidosis .  The t r ans ien t  shif t  from alkolosis  to acidosis  
has been  observed  in o the r  s tudies  (Truchot  1981). 

On prolonged exposure  lead had pronounced a f f e c t s  causing a drop 
in blood pH and a r ise  in pC02 values.  Root  and Bohr e f f e c t s  would 
also impede  oxygen uptake .  The ensuing hypoxemia  n e c e s s i t a t e d  a 
dependence  upon glycolysis  as d e m o n s t r a t e d  by a r ise  in blood 
l a c t a t e  concen t r a t ion .  Increase  in blood l a c t a t e  is a common consequ-  
ence  of  env i ronmenta l  hypoxia  (Holetan and Randal l  1967; Burggren 
and Cameron  1980). Inc rease  in blood l a c t a t e  values have sugges ted  
an inc rease  in pC02 con ten t  which would r e f l e c t  inc reased  r e s i s t ance  
to di f fus ion of gases  by the  damaged  branchia l  ep i the l ium which 
is p robab ly  a major  cause  of d e c r e a s e d  p02. 

St renuous  a c t i v i t y  caused  marked  dec rease  of  haemolymph  pH in 
decapode  c ru s t aceans  (Johansen e t  al 1970; Phil ips e t  al 1977; Wood 
and Randal l  1981). In the  aqua t i c  crab,  Cance r  m a g i s t e r  as well  
as in t e r r e s t r i a l  c rabs  Geca rc inus  l a t e r a l i s  and Card i soma  ca rn i fex  
this  acidosis  was shown to have both a me tabo l i c  and a r e s p i r a t o r y  
component  (McDonald e t  al 1979; S m a t r e s k  e t  al 1979; Wood and 
Randal l  1981). The r e sp i r a to ry  componen t  a r ise  of pC02 in 
haemolymph deve loped  f i rs t .  By c o n t r a s t  the  me tabo l i c  componen t  
mainly  due to l a c t a t e  appea red  more  slowly but  pe r s i s t ed  for longer  
t ime  due to the  low r a t e  of d i sappea rance  of l a c t a t e  from 
C r u s t a c e a n  haemolymph  (Truchot  1983). The na tu re  of  ac id -base  
d i s tu rbance  provoked by lead tox ic i ty  has not been previously  s tud ied  
in Crus t aceans  and thus no d i rec t  compar isons  a re  possible.  Al though 
acidosis  seen in lead  exposed  crabs  was due to r e sp i ra to ry ,  me tabo l i c  
or a combina t ion  of two. 

Ano the r  reason for the  e l eva t ion  of pC02 may  be due to the  inhibi-  
t ion of  the  enzyme  carbonic  anhydrase  which c a t a l y s e s  ca rbon ic  
ac id  fo rma t ion  during resp i ra t ion .  Carbonic  anhydrase  is p resen t  
in gill and is thought  to  be necssa ry  for carbondioxide  e x c r e t i o n  
(Maetz  1971). Spry and Wood (1984) have sugges ted  tha t  an e l eva t ion  
of ca rbondiox ide  may  be due to the  inhibi t ion of  carbonic  anhydrase  
enzyme  by the  heavy  m e t a l  zinc during zinc t ox i c i t y  in the  ra inbow 
t r o u t ,  perhaps  a s imi la r  s i tua t ion  may occur  during lead t o x i c i t y  
also. Since lead  is a d iva len t  ca t ion  and ca rbonic  anhydrase  is a 
zinc dependent  me ta l l op ro t e in ,  i t  is possible  tha t  the  lead  may r e p l a c e  
zinc thus leading to  the  inhibi t ion of enzyme  ac t iv i ty .  

B ica rbona te  con ten t  in the  blood is ano ther  p a r a m e t e r  which is 
a c t i ve ly  involved in the  regu la t ion  of ac id -base  s t a tus  of the  blood. 
A p r imary  change  in the  b i c a r b o n a t e  a r i ses  mainly  due to  the  
d i s tu rbances  of  the  non-vo la t i l e  or f ixed acids  and bases.  The d e c r e a s e  
in the  b i c a r b o n a t e  con ten t  is a t t r i b u t a b l e  to e i t he r  a d e c r e a s e  in 
pH or an inc rease  in carbondioxide  con ten t  during lead exposure.  S imi-  
lar  resu l t s  have been r e p o r t e d  by a number  of  inves t iga to r s  during 
t o x i c i t y  s tudies  (Smart  1978; Spry and Wood 1984). 
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Hence it may be concluded that  the lead induced disturbance during 
prolonged exposure is caused by three factors. Drop in pH, Rise 
in pC02 and lact ic  acid formation due to tissue hypoxia. 
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