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Clinical chemical analysis used in mammaliam 
studies are highly developed amd reliable, but omly 
modest application of the principles and methods bave 
been extended te the realm of aquatic organisms. 
However, there is accumulating evidence that valid 
and useful analytical relations can be drawn between 
biochemical - physialsgical factors and pathology of 
an aquatic species. Physiological changes in the bl•od 
and tissue af fishes expesed te varying degrees and 
types of stressors have been measured by several 
investigators, but a systematic and detailed work on 
bl•od biechemical changes en a fresh water major carp 
Labeo rehita, a cem@ercial feod fish,in Indien environ- 
mental conditions is mot available. Thsrefere, it is 
hoped that specific bleed analysis will lead te methods 
for determining the health of aquatic srganisms, parti- 
cularly when the animals are undš grea~ stress~that 
is net great enough te cause gross changes and mortality. 
The absence ef severe and mortel effeots does net 
guarantee reproductive success and the maintanence of 
a healthy population untill a clinical type of examin- 
atiom ef representativss of aquatic species may reveal 
the presence of toxic situations caused by unidentified 
p o l l u t a n t s  er  by a v a r i e t y  o f  s t = e s s e r s  o p e ~ a t i n 9  a d d i -  
tively. 

T h e r e f o r e ,  t he  p r e s e n t  s t u d y  was u n d e r t a k e n  te 
e v a l u a t e  the  e f f e c t s  o f  ch io rdame {an e r g a n o c h l o r i n e  
pesticide) on the blood chemis•ry of a fresh water 
teleost, L. rohita after 60 daye treatment at different 
concentrations. 

MATER!ALS ANG METHODS 

All the initial experimental conditions as fish 
size and weight, pesticide concentrations, solwents 
used along with the acclimatizing and amesthetiziRg 
procadures are t he  san es i n  ou t  p a r t - I  s tud ies �87  
=t al. (1979). 
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Blond samples were taken immediately after the 
ioss af equilibriwm by caudal puncture with a 5.0 cc 
disposeble plastic syringe, previously rinsed with 1@% 
sodium heparin and equiped wi~h a 20- gauge short bevel 
needle. All equipment that came in contact with the 
blond was cooIed on ice prior in use. Little or no haemo- 
lysis was observed. In other vials, blond samples were 
allowed to clot in an incubator at 37~ serum was 
collected and stored in a refrigerator for subsequent 
analysis. 

For determination of glucose, Nelson-Somogi method; 
for proteim, biuret method; fer lactate, Barker and 
Summerson method; for non-protein nitregen (NPN), Folin 
Wu method; for phospholipids modified method of 
Youngburg, as given by OSER ~1965) in 'Hawk's Physie- 
logical Chemistry', while for chnlesterol, WEBSTER 
(1962); for free fatty acide (FFA), LAURELL and TIBBLING 
(1967) and for triglycerides, colorimetric method of 
CARLSON (1963) were used. 

For determimation of magnesium (Mg), Titan yellow 
method; for chloride (C1), Schales and Schales method 
and the phosphorus (P) and iron (Fs) were determined by 
the methods giron by OSER (1955) in 'Rawk's Physiological 
Chemistry', while sodium (No), potassium (K) and calcium 
(Ca) were determined by flame photometeric methods. 

RESULTS ANO DISCUSSION 

The marked changes detected after chronic ohlordane 
poismning in 60 days treated L. rohita elicited some 
distinct physiological adjustments in certain organic 
components and serum electrolytes (Table I). The elewated 
blond sugar level (hyperglycaemia) indicates a disrupted 
carbohydrate metabolism, which may be mainly due in the 
enhanced breakdown of liver giycegen (glycogenolysis), 
mediated perhaps by admenocortical hermenes and reduced 
insulin secretory activity. The observed elevation ef 
blond glucose increased with increased exposure concen- 
tration but strong hyperglycaemic response (P~O.D5) was 
observed ai 35 and 70 ~g�9 of chlordane. GRANT AND 
MEHRLE (1973) also found a 50% increase in serum glucose 
levei of trout fed highest dietry dose of endrin. 
SILBERGELD (Ig74) exposed the jehnny darter (Etheostoma 
miQrum R.) in 2.33 ppb of dieldrin and sheued signi- 
ficant increase in blond glucose, te more thon 133% 
of control levels, after 5 days, but after 15 days the 
level retwrned to ifs initial levels. KRAYBILL (1969) 
and OLIVEREAU (1954) prooved that blond glucose is 
directly related te organochlorine insecticides in fish 
and mammals. HART et ai. (Ig71a, Ig?Ib) showed that 
chlorimated hydrncarboms act as adrenai pituitary giwco- 
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corticoid mediated stressors, which affect blood glucose 
levels by this pathway of stress response. LARSSON 
(1575) and LARSSON et al. (Ig76) observed hyperglycaemia 
and decreased blood lactate level, concomitant with 
increased glycogen in liver and decreased in muscles 
in flounders exposed for 15 days te various concentrat- 
ions of cadmium in water and suggested a stimulated 
liver glycogen synthesis. OHRISTENSEN et al. (lg72) 
observed significant (P~O.01) increased glucose loyal 
in Ictalurus nebulosus after 5 and 30 days when exposed 
te 4g and 107 ~g/L o-f-Cu (Il) but no effectwas 
observed after 600 days when exposed te still lowerer 
concentrations of cepper. They further noted a non- 
significant increase in protein after 6 days, signi- 
ficant decrease after 30 days but no variation after 
600 days. McKIM et al. (1970) also noted increased 
protein level after 6 days but decreased level after 
21 days in brook treut (Salvelinus fontinalis) exposed 
te various concentrations of copper. Authors, however, 
here noted a non-significant increase only et two 
higher concentrations. 

Lactate levels after 50 days treatment appeared 
affected slightly or net at all by chlordane treatment, 
which may be due te the sustained activity of the fish 
in experimental tanks. STEVENS AND BLACK (1966) reported 
that forced swimming (for 5 min) of rainbow trout caused 
muscle lactate te peak immediately and the level in 
bl£ te increase more slowly, concurrent with lactate 
release from muscles. NPN remained statistically unaff- 
ected, but non-significant increase was always observed 
et all exposures. VERMA et al. (1979) round increased 
NPN and total phosphorus in S. fossilis exposed te 
sublethal concentration of chlordane. 

Cholesterol level was found significantly decreased 
ai 23 ~g/L (P<O.O5) and 35 and 70 ~q�9 (P<O.01). Phospho- 
lipids showed significant dscrease (P~0.05) et 70 ~g/L, 
while triglycerides showed significant decrease at 17 
and 35 pg�9 (P<B.05). However, FFA were foumd signifi- 
cantly increased at 17 ~g/L (P~O.BS) and 35 ~g/L (P~O.BI) 
which may probably be due te the increased breakdown 
of cholasterol into these fatty acids. Hypocholestmemia 
due te muscular exhaustion and dissolved oxygen deplet- 
ion has also been observed by VERMA et al. (1979) in 
S. fossilis. GRANT AND MEHRLE (197B) ebserwed increased 
lipid content in proportion te the endrin dosage and 
showed by TLO that mono, di- and triglycerides were 
the lipids principally affected. ISHIHARA et al. (Ig67) 
observed that pentachlorophenol, dimethylthiophosphate, 
endrin and phenyl mercuric acetate all caused changes 
in the component ratio of serum proteins and lipoproteims 
in the blood of carp. 
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None of the electrolyte and certain organic 
components were determined because of the increased 
mortality at 70 ~g/L after 60 days resulting in the 
scarcity of blood. The major serum electrolytes Na 
and C1 were highly correlated and found significantly 
increased (P™ et 35 ~g/L of chlordane. For the 
time being we have no satisfactory explanation for 
these elevated Na and C1 levels which must have resulted 
in increased serum osmolality et higher concentrations. 
Authors infer that osmoregulation in L. rohita has been 
affected either directly or indirectly by toxicant 
solution. HOLMES AN~ McBEAN (1953) and HOUSTON (1959) 
reported 9.4 and 4.4% increase in serum Ne (Natremia) 
in rainbow trout on adaptation te salt water respect- 
ively. GRANT AND MEHRLE (1970) reported that a high 
dose (430 ~g/L body wt) of endrin in goldfish caused 
Na and C1 loss and complete fail�9 of osmoregulatory 
process. EISLER AND EDMUNDS (1966) observed an increased 
c¢ of Na in blood and decreased in the liver 
in northern puffers (Sphaeroides maculatus), a marine 
fish, exposed for 95 h te near lethal concentration of 
endrin. Their observations suggest a transfer of Na 
but net of K from tissues te blood by some means. 
Authors conclude that the effect may either be due te 
a stimulated active uptake of Ma and C1 ions from the 
external media or te a less of these ions from other 
tiss�9 te the bleod. 

The effect of chlordane exposure on other electro- 
lytes other than Na and C1 was also pronounced. The 
potassium content, which is the principal imtracellular 
cation and is intimately involved in nerve and muscle 
functions, remained almost unaffected. Significamt 
increase (P~O.05) in Ca (hypercalcaemia) et 23 amd 3S 
pg/L, which is a general regulator of permeability of 
cell membranes te water and ions, was observed. In 
addition, membrane potential and development of action 
potentiel in muscles and nerves, for which Ca is 
essentiel, muet bave been affected by chlordane. On 
the other hand, serum Mg content was remarkably elev~ted 
at 17 ~g/L (P<O.OS) and 23 and 35 ~g/L (P~O.01). The 
prenounced chlordane induced elevatien of serum Mg im 
L. rQhita might be due te an impaired ability of the 
fish te actively excrete the exoess of this ien~ hereby 
showing much renal damage. HARPEB (1971) also observed 
this interesting parallel in man that renal failures 
are often associated with an elevated serum Mg concen- 
tration. Iron was feund unaffected et lewer concentrat- 
ions but significant (P~8.05) increase was ebserved at 
35 ~g/L of chlordane exposwre. Therefore, authors assume 
that chlordane toxicosis is characterised by chronic 
dysfunction of osmoregulatory and other related 
mecban• manifested by increased levels of the major 
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electrolytes. Similar trend of increment of certain 
organic components and serum electrolytes has also been 
observed by VERMA et al. (1979) in S. fossilis follow- 
ing chronic chlordane exposure. GRANT AND MEHRLE (1970, 
1973) also reported other related altered physiological 
parameters of growth, reproduction, thyroid activity, 
OEntermediary metabolism and osmoregulation in goldfish 
(�99 rassius auratus) and rainbow trout (Salmo ~Lairdneri). 

In conclusion, the complex clinical picture noted 
indicate that chlordane in water produce dysfunctions of 
several physiological and biochemical processes in fish. 
As apparent, osmoreg¨ is extremely precise, 
therefore, increised moitality after 60 days ai 70 pg/L, 
may be the failure of fish fo regulate the major elect- 
rolytes within very narrou ranges. However, the results, 
encourage further work with still lower concentrations 
and with longer test durations. Such sublethal chronic 
studies are important as even small physiological 
disturbances might reduce the chance of the animal 
being successful in the environment. If must also be 
emphasized that elimination of aquatic animais by small, 
insidious physiological or behavioral changes can be 
regarded as more serious than a massive fish kill, since 
it is less likely tobe observed. 
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