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Contamination of aquatic organisms by polychlorinated biphenyls
(PCB) has been widely indicated (Jensen 1984 ; Delval et al.
1986). However, information is still limited concerning the
biochemical and physiological effects of such compounds on aquatic
vertebrates.

Alterations in reproduction and in liver structure (Jensen et
al. 1970) as well as changes in blood glucose (Silbergeld 1974)
and tissue lipid compositions (Addison 1982) have indicated that
the general metabolism was modified in fish exposed to PCBs.

In previous work carried out with estuarine fish (Chelon labrosus)
exposed to Phenoclor DP6 we have investigated the tissue
accumulation and distribution (Narbonne 1979 a,b) and indicated
the resulting induction of hepatic enzyme activities (Narbonne
and Gallis 1979 ; Narbonne et al. 1987). The aim of the present
work is to provide information on both appearance and
reversibility of some general metabolic alterations occuring
in mullets exposed to Phenoclor DP6.

MATERIALS AND METHODS

Mullets (Chelon labrosus) of uniform weight (81 g + 6) were caught
in the Arcachon bay. They were acclimated 30 days in tanks
containing flowing, charcoal - filtered and oxygenated sea water
(from the Arcachon bay, salinity 33 % , temperature 18°C) and
in starving conditions. Then, seven groups of four animals were
distributed into 20-I glass aquaria (one group per aquarium)
and fish were fed a commercial fish food "Aqualim" (27 of body
weight) every 2 days. Then, food was contaminated by Phenoclor
DP6 (48 mg/kg food weight, purchased from Prodelec-Society,
France) and added to the experimental aquaria while the control
group still received uncontaminated food. Phenoclor DP6 is a
commercial PCB mixture containing 6 chlorine atoms per molecule.
After 30 days of contamination, fish were given a normal diet
for another period of 30 days. Fish were sampled at every time
period of 8, 15 and 30 days of each contamination and depuration
experiment. Phenoclor DP6 extraction and dosage were carried
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out as previously described (Narbonne 1979a).

Concentration of total proteins was evaluated in the tissues
by the colorimetric biuret reaction (Schuel and Schuel 1967).
Total RNA was measured as described by Fleck and Munro (1962).
The glycogen in liver, heart and muscles was assayed by the
enzymatic method of Murat and Serfaty (1974). Blood glucose was
determined by a colorimetric  procedure based on the
oxidation-reduction of potassium ferricyanide (Fe+++) to potassium
ferrocyanide (Fet++), the decoloration being quantified at 420 nm.
Total 1lipid content of carcass was estimated according to the
method of Abraham et al (1964). Results are expressed as
percentages from control values. Control values are means + SEM
(n=4).

RESULTS AND DISCUSSION

All the results concerning the biochemical parameter
determinations are summarized in Figure 1 (A-F). Within the
experimental period, lipid reserves were not modified as indicated
by the stable lipid content (around 27 of wet weight) of fish
carcass (Figure 1 F) suggesting that dietary conditions were
satisfying. Although no mortality was found, mullet contamination
by Phenoclor DP6 induced important alterations affecting glucose
and protein metabolism.

Glycohaemia readily increased (+ 2227%, P>0.001) within 8 days
exposure and remained at high level after 30 days exposure
(+ 122%7). This biochemical response 1is not specific to PCB
contamination as it has been observed in fish for physiological
stresses such as changes in water temperature (Murat and Parent
1974) or for exposure tc heavy metals (Narbonne et al. 1975).
Concerning organochlorine compounds, Silbergeld (1974) has shown
a 637 increase of glycohaemia with Etheostoma nigrum exposed
30 days to 2.3 ppb dieldrin. In our conditions this high
glycohaemia decreased to control level (59 + 3 mg
glucose/100 ml) within 30 days of the depuration period (Figure
1 A). However, Johansson et al (1972) still observed a significant
hyperglycohaemia after 38 days in trout previously exposed to
Clophen A 50.

Glycogen content increased in liver, heart, white and red muscle
(+ 45%, + 28%, + 190%, + 477 from control values respectively)
within the exposure to PCB. This period corresponded to maximum
concentration of blood glucose. After one week of depuration
period control values were recovered in heart and muscles.
However the liver glycogen content was strongly increased (3
times than in control animals). Thus maximum values in liver
corresponded to minimum values in blood *heart and muscles
indicating differences in glycogenesis between liver and muscles.
Cortisol is known as a main hormone acting for glycogenesis.
Camp et al (1974) have observed a 28% decrease in blood cortisol
in the catfish (Ictalurus punctatus) exposed 4 h to 8 ppm Aroclor
1254 solubilized in Corexit 7664. Therefore, the observed
glycogenesis might not be linked to an increase in blood cortisol.
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Figure 1. Effect of_Phenoclor DP6 on_blood , liver
[B] . white muscle , red muscle @, heart and
body 1lipids in fish. Values are percentages from
control level, means =z confidence intervals (P <0.05),
n=4. Level of significance: P<0.05 (%) Student t test.
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Furthermore, the glycogen  storage, resulting from PCB
contamination, might involve a decrease in blood cortisol. Then,
it 1is suggested that both hyperglycohaemia and decrease of
glycolysis are caused by a poor glucose consumption. According
to this hypothesis, Campbell et al (1974) have shown a in vivo
decrease in ATPase activities in gill and kidneys of trout exposed
to DDT.

As shown in TFigure 1 A Phenoclor DP6 contamination caused a
decrease of both haematocrit and proteinaemia (- 177 and - 56%
from control values respectively). Johansson et al (1972) observed
a pronounced anaemia in trout exposed to Clophen A 50 while Camp
et al (1974) indicated a 35% decrease in total serum proteins
in catfish exposed to Aroclor 1254. Two weeks after the end of
PCB exposure mnormal value of proteinaemia was recovered. As
previously observed for glucose metabolism the changes of protein
content in blood and in liver were inversely related. Total
hepatic RNA did not change, suggesting an increase of hepatic
proteosynthesis. Indeed, the inducing effect of polychlorinated
biphenyls on hepatic proteins has been largely observed in mammals
(Turner and Green 1974 ; Narbonne 1979¢) and in fish (Narbonne
and Gallis 1979 ; Narbonne et al. 1977).

Results from this study of mullets exposed to PCB show an increase
of both glycohaemia and muscular glycogen and a decrease of
plasmatic proteins occuring along with an elevation of hepatic
protein content. These alterations disappeared within 8 days
after intoxication was stopped wherease PCB body burden remained
elevated (4.3 mg DP6/kg), suggesting that the PCB kept in lipid
reserves, cannot exert any toxic effects on the parameters.
However, we observed a delayed effect represented by an increase
in hepatic glycogen.

REFERENCES

Abraham J, Morin Jomain M, Peretianu J (1964) Nouvelle technique
de détermination de la composition corporelle des animaux de
laboratoire. Bull Soc Chim Biol 46:755-758

Addison RF (1982) Organochlorine compounds and marine lipids.
Prog Lipid Res 21:47-71

Camp BJ, Hejtmancike E, Armour C, Lewis DH (1974) Acute effects
of Aroclor 1254 (PCB) on Ictalurus punctalus (catfish). Bull
Environ Contam Toxicol 12:204-208

Campbell RD, Leadem A, Johnson DN (1974) The in vivo effect of
pp'DDT on NatK+ activity in rainbow trout (Salmo gairdneri).
Bull Environ Contam Toxicol 11:425-428

Delval C, Fournier S, Vigneault Y (1986) Polychlorinated biphenyl
residues in some marine organisms from the Baie des Anglais
(Baie Corneau, Quebec, Saint Laurence Estuary). Bull Environ
Contam Toxicol 37: 823-829

Fleck A, Munro H (1962) The precision of ultraviolet absorption
measurements in the Schmidt-Thannauser procedure for nucleic
estimation. Biochem Biophys Acta 55:571-583

Jensen AL (1984) PCB uptake and transfer to humans by lake trout.

11



Environ Pollut Series A 34:73-82

Jensen S, Johansson N, Olosson M (1970) PCB indications of effects
on fish. Swedish Salmon Res Inst Rep 7:1-9

Johansson N, Larsson A, Lewander K (1972) Metabolic effects of
PCBR (polychlorinated biphenyls) on the trout (Salino trutta).
Comp Gen Pharmac 3:310-314

Murat JC, Parent JP (1974) Effets de chocs thermiques sur le
métabolisme glucidique de la carpe. Cah Lab Hydrobiol Montereau
1:85-94

Murat JC, Serfaty A (1974) Simple enzymatic determination of
polysaccharide (glycogen) contents of animal tissues. Clin
Chem 20:1576-1577

Narbonne JF (1979a) Accumulation of polychlorinated biphenyl
(Phenoclor DP6) by estuarine fish. Bull Environ Contam Toxicol
22:60-64

Narbonne JF (1979b) Polychlorinated biphenyl accumulation in
grey mullets (Chelon labrosus) : effect of age. Bull Environ
Contam Toxicol 22:65-68

Narbonne JF (1979c) In vitro effects of Phenoclor DP6 on drug
metabolism in rat liver. Bull Environ Contam Toxicol
23:344-348

Narbonne JF, Gallis JL (1979) In vivo and in vitro effect of
Phenoclor DP6 on drug metabolizing activity in mullets
(Chelon labrosus) treated by polychlorinated biphenyls. Bull
Environ Contam Toxicol 22:338-343

Narbonne JF, Gire MP, Murat JC, Serfaty A (1975) Intoxication
par le nitrate de plomb chez la carpe (Cyprinus carpio) :
modification des métabolismes nucléoprotéique et glucidique.
Bur J Toxicol 8:159-164

Narbonne JF, Suteau P, Daubdze M, Audy C (1987) Polycyclic
aromatic hydrocarbon metabolism in mullets (Chelon labrosus)
treated by polychlorinated biphenyls. Bull Environ Contam
Toxicol 38:53-57

Schuel H, Schuel A (1967) Automated determination of protein in
the absence of sucrose. Anal Biochem 20:86-93

Silbergeld EK (1974) Blood glucose : a sensitive indicator of
environmental stress in fish. Swedish Salmon. Res Inst Rep
7:1-9

Turner JC, Green RS (1974) The effect of a polychlorinated
biphenyl (Aroclor 1254) on liver microsomal enzymes in the rat.
Bull Environ Contam Toxicol 12:669-671

Received February 19, 1987 ; accepted March 17, 1987.

12



