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Phenanthrene-induced changes

3

in blood organic components, fransaminase and ALP activities of Par-
alichthys olivaceus were investigated, The aim of this study was

to obtain a holistic view of the toxjc

responses, and compensations of fish exposed to waterborne phenanthrene. Fish were exposed to 0, 05,1,2

#M of phenanthrene for 4 weeks,

The most noticeable changes were concentration-dependent increase in
levels of blood GOT and GPT activities. At concentrations

1.0 and 2.0 gM of phenanthrene GOT, GPT and

ALP enzyme activities in plasma were increased, Plasma albumin concentration was stable in phenan-

threne-exposed fish, however, plasma total protein

level was reduced significantly at the 4-week sampling

peints (2.0#M). Plasma glucose levels were found to be increased significantly over the control throughout
duration of the experiment with phenanthrene. Overall the results suggest that phenanthrene has the poten-
tial to alter some physiological functions in olive flounder.
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Introduction

Polycyclic aromatic compounds are widespread
in the environment. Because of their carcinogenic
and mutagenic properties (Lehr and Jerina, 1977),
these compounds have been intensively studied in
the various compartments of the environment
(McElroy er al., 1989). Approximately 230,000
tons of total PAHs enter aquatic environments year-
ly, worldwide (Eisler, 1987). A high incidence of
liver tumors has been reported in several species of
bottom-feeding fish collected from areas contami-
nateds with these chemicals (Baumann ef al., 1982).
Phenanthrene is a polycyclic aromatic hydrocarbon
(PAH), ubiquitous in the environment as a product
of incomplete combustion of fossil fuels and wood.,
It has been identified in ambient air, surface and
drinking water, and in food (U.S. EPA, 1988},
Phenanthrene (CAS Reg. No, 85-01-8), with three
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aromatic rings, accounts for 0.3-3% of the total
composition of crude oil (NASA, 1985), Although
a large body of literature exists on the toxicity of
FAHs, primarily benzofa]pyrene, toxicity data for
phenanthrene are very limited.

Measurement of biochemical and physiological
parameters 1s a commonly used diagnostic tool in
aquatic toxicology and biomonitorings (McDonald
and Milligan, 1992; Folmar, 1993; Soimasuo et al.,
1995). In toxicological studies of acute exposure,
changes in concentrations and €NZyme activities
often directly reflect cell damage in liver and kidney
(Casillas er al., 1983). Livers of vertebrates are the
main organs of biotransformation, therefore, they
are the organs of choice for biomonitoring effects of
aquatic pollutants of coastal environment (Von
Landwust e al., 1996; Broeg et af., 1999), Determi-
nation of {ransaminase enzymes (glutamic-acid-
oxylacetic-acid-transaminase - GOT, glutamic-acid-
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pyruvic-acid-transaminase - GPT) is a routine
method in human diagnostics. Under normal condi-
tions these enzymes can be found within cell mem-
branes, cytoplasm and mitochondria. If cells are
damaged and disintegrated {cell necrosis} large
amounts of those enzymes are released into the
blood circulation, resulting 1n a dramatic mcrease in
blood serum activities (Jeney, 1992). GOT and GPT
transaminases are enzymes frequently used in the
diagnosis of damage caused by pollutants in various
tissues such as liver, muscle and gills of fish, also
{de la Torre et al., 1999),

Total protein (TP) is used as an indicator of liver
impairment. Decreased concentrations can be
caused by structural liver alterations {e.g., citrhosis)
reducing aminotransferase activily with a concur-
rent reduction in the deamination capacity. Hemato-
logical parameters reflecting alterations on the car-
bohydrate matabolism, such as plasma glucose and
lactate concentrations, have the potential as general
stress indicators in fish (Adams, 1990}, Flounder
seems to be suitable for monitoring of sediment pol-
lution exposure and effects in coastal area as it is a
bottom-dwelling species. European flounder
(Platichthys flesus L.) are thus often strongly inflict-
ed by liver cancer becavse of their close contact to
sediments loaded with hepatotoxic compounds
(Malins ef af., 1984; Malins et al,, 1985; Myets et
al., 1990). Flounder is a stationary, benthic organ-
ism and one of the most important fish in Korean
aquaculture.,

In the present experiment, the effects of chronic
exposure to phenanthrene on plasma organic com-
ponents and transaminase activities in flounder
were investigated. The present siudy is part of a
larger scale study, focusing on environmental dis-
eases in relation to exposure levels of various envi-
ronmental pollutants via coastal toxicants.

Material and Methods

Animal

Olive flounder (Paralichthys olivaceus), 51 g
mean body weight, were obtained from a commer-
cial farm in Pohang, Kyongbook, Korea and trans-
ferred to a maintenance room where lemperature
was kept at 203 1°C. Fish were acclimated to the
faboratory condition for two weeks and the feed
was withdrawn one day prior to experimentation.
Test chamber (glass aquarta, 30 £ capacity) were
filled with 40L. of sea water. Water characteristics,
measured by the method described in APHA(19835),
were as [oflows: pH, 8.0320.4; temperature, 20+
{'C; salinity, 31.8 £0.7%; and dissolved oxygen
1.3-78mg/ } .

Exposure

Fifteen minutes prior to introduction of fish to 50-
L aquaria, solutions of phenanthrene (96% purity,
Sigma Chemical, St. Louis, MO) were mixed with
waler to attain a nominal concentration of 0.5, 1, 2 g
M. In each test chamber, a group of nine fish was
exposed for a period of 2, 4 weeks.

Sampling

At the end of each period (at 2, 4 weeks) tish
were anesthetized in buffered 3-aminobenzoic acid
ethyl ester methanesulfonate {Sigma). They were
quickly transported (o the processing table where
they were measured, weighed, and bled from the
caudal vessel using heparinized syringes. Blood
were cenuit”ugéd (6,000 rpm for 5 min, MIKRO
22R, Hettich, Germany), arid the plasma collected
was frozen (-80°C) until required for analysis. All
procedures were performed within 3 h of blooed col-

lection.
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Assay of bleod organic components, transaminase
and ALP activities

The activities of GOT, GPT and afkaline phos-
phatase (ALP) and levels of plasma albumin, glu-
cose and total protein were determined spec-
trophotometrically using a spectrophotometer (DR
4000, HACH). GOT, GPT and ALP aSsays were
performed using specific kit and reagent (Asan
Pharm. Co. Ltd.). Blood albumin(BCG method),
glucose (glucose oxidase/peroxidase method) and
total protein (colorimetric method) were deter-
mined on plasma using Sigma diagnostic kit.

Statistical analysis

Statistical analyses were performed with the aid
of the SPSS/PC+ statistical package. Significant
differences between means were determined using
one-way ANOVA and the Duncan's test for multi-
ple comparisons, or the Student's t-test for two
groups (Duncan, 1955). Significance level was
¢stablished at P<().0()5.

Results

Blood organic compounds

There was a decline (P=0.056) in albumin con-
centration at 4 weeks in the phenenthrene-treated
fish (1.02M) compared to controls (Fig. ). Howeyv-
er, there were no significant changes in all exposure
group compared to controls (P>0.03). Plasma glu-
cose levels were found to be increased significantly
over the control throughout duration of
the experiment with phenanthrene (Fig. 2). Com-
pared with the values found in the control group,
the values were abont two times higher for plasina
glucose concentration in fish exposed to 2.0 uM
phenanthrene at 4 weeks (P<0.01). Plasma total
protein levels showed insignificant changes afler 2
weeks, but thereafter significant reduction was

observed in the group with the highest
concentration (P<0.03),
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Fig. 1. Changes of blood albumin in olive flounder, Par-

alichtiys olivaceus exposed to different concentrations of
phenanthrene, Vertical bars indicate standard deviation,

Concentration (ub)

Fig. 2. Changes of blood glucose in olive flounder, Pur-
alichihys olivaceus exposed to different concentrations of
phumnthmne Vertical bars indicale standard deviation.

* significant different between control and phenanthrene expo-
sure group ; P<.05

Concentration (pv)

Fig. 3. Changes of blood total protein in ofive flounder, Pay-
alichthys ofivaceus exposed fo different concentrations of
phenanthrene. Vertical bars indicate standard deviation.

* significant different between control and phenanthirene expo-
sure group ; P<0.03
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Plasma transaminase and ALP

GOT activity in the plasma of P olivaceus
showed a significant increase in exposure to higher
concentrations of phenanthrene (>1.0 M) through-
out the exposure period (Table 1), GPT activity
increased at the concentration of 1.0 and 2.0 @M at
4 weeks (P<(0.05 and P<0.01, respectively), Plasma
alkalime phosphatase level showed insignificant
changes at 2 weeks, thereafter significant elevation
was observed, The elevation was found to be more
pronounced with 1.0 uM phenanthrene. Plasma
ALP activities were increased (by 47.2 and 36.6%,
respectively) in flounder exposed to 1.0 #M and 2.0
#M phenanthrene at 4 week(P<0.05 and P<0.01,
respectively), but there was no sigmficant change at
the other exposure period (Table 2).

Discussion

The measurement of enzyme activity to diagnose
pollutant effects in fish may constitute a useful eco-
toxicological tool. The evaluation of liver GPT
activity may provide indications of metabolic and
cytotoxic alterations {Pacheco and Santo, 2001). In
the present study, exposure of flounder to phenan-
threne, resulted in a progressive increase in blood
GOT and GPT activity continuing over the 4 weeks
exposure period, indicating significant cytotoxic
damage. Transaminases are intracellular enzymes
which exist at low levels in normal serum. There-
tore, damage to the liver cell may result in leakage
of the enzymes into the serum due to a large con-
centration gradient (Wroblewski and La Due,
19335}, Generally elevated alkaline phosphatase is

Table L. The variation of blood GOT and GPT activittes in phenanthrene-treated Paralichtiiys olivaceus for 4 weeks.

comcenttion Cortol 05 M LM 2.\
0 week 39.27+6.28(7)
GOT 2 week 33658079 58.13+7352(9) 64.67H16.5HI  75.58119.84(9)* *
4 week 5722102008y 565710338y 76751 1280(8)* 74921 15.99(8)*
0 week 18.531+3.39(7)
GPT 2 week 18784439  18.17+3.03(9) 2095+4.91(9) 21.4214.82(9)
4 week 18.444240(8) 17.69£2.278) 24.16£304(8)* 26.68+6.28(8)**

GOT and GPT activities is expressed as Karmen Unit. The results represent the means of the number of experiments indicat-

ed in parentheses +SD. * P < (.05, ** P < 0.01.

Table 2, The variation of blood ALP activities in phenanthrene-treated Paralichthys olivaceus for 4 weeks.

concentation Conirol 0.5 M 1M 2 1M
0 week 3,58 1.07(7)
ALP 2 week 390+ 1.17(9)  375+£10909)  433+0909)  4.2140.99(9)
4 week 3744098(8)  476+1058)  527+0918)° 489+ 1.50(8)"

ALP activities is expressed as King-Armstrong units. The results represent the means of the namber of experiments indicated

in parentheses £SD. * P<{L05.
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observed as a result of intra- and extra-hepatic
obstruction to biliary passage. Hence, estimation of
serum alkaline phosphatase is used as a test for liver
function. Gupta and Dhillon (1983) studied the
eifects of sublethal concentrations of xenobiotics in
the plasma of Claris batrachus and Cirrhina myi-
gala, suggesting liver damage which might have
induced production alkaline phosphatase, which are
subsequently released into blood. The elevation in
alkaline phosphatase suggests an increase in the cell
necrosis due to xenobiotic toxicity. Reddy ef al.
(1992) studied the effects of the herbicide divuron on
sarotherodon mossambicus, They ascribed elevated
ALP level to liver damage and alterations in liver
function. Goel et al. (1984) observed elevated levels
of ALP in Claris batrachus exposed to Alachlor
and suggested tissne damage. Hence the increased
activity of alkaline phosphatase in the present inves-
tigation, evident with 4 weeks exposure to 1.0 pM
and 2.0 #M of phenanthrene (P<0.05), could be due
to cell necrosis in liver. |

Althought some studies indicate a decrease in
albumm content during aquatic pollutant exposure,
no significant changes were observed in the plasma
of phenanthrene-treated flounder. The adverse effect
of poliutants on the plasma total protein levels of
fishes has been studied in many investigations
(McKim et ai., 1970:; Ramalingam and Rama-
hingam, 1982; Gluth and Hanke, 1984). They found
that the decrease in total protein in fish exposed to
toxic levels of foxicants could be attiributed to either
a state of hydration and change in water equilibrium
in the fish or a disturbance in liver protein synthesis,
or both. In the present study, significantly reduced
tolal protein levels were observed in the plasma of
highest phenanthrene concentration (P<0.05).

Toxic substances such as pesticides might induce
hyperglycemic condition caused by hypersecretion
of adrenaline which in twrn stimulates the break-

down of glycogen to glucose (Gupta, 1974). Deple-
tion of glycogen content in several organ of fish dur-
Ing toxic stress by toxic materials was reported
(Ghosh, 1987). Hyperglycaemia can be viewed as a
physiological response of the fish to meet the critical
energy needs under toxic stress, In the present study,
exposure of phenanthrene to P ofivaceus induced
significant elevation of blood glucose level. Com-
pared with the values found in the control group, the
values recorded were about two-fold higher for plas-
ma glucose concentration in fish exposed to 2.0 uM
phenanthrene at 4 weeks (P<(.01). Plasma total pro-
tein levels showed insignificant changes after 2
weeks, thereafter significant reduction was observed
in the group with highest concentration (P<0.05).
This generalized stress response typically includes
effects on the carbohydrate metabolism, such as the
plasma glucose increase (Hontela and Santos, 1996;
Kennedy, 1995). The present study represents the
first assessment of the chronic changes in plasma
enzyme activities in fish species exposed to phenan-
threne.
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