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INTRODUCTION

Organisms on wild life are exposed to many
chemicals in their environment. Especially,
phthalate esters are going attract public atten-
tion about potential health risks in recent years
(Watanuki et al., 2003; Casajuana and Lacorte,
2004).

Phthalate esters are plasticizers used in food
handling and storage, and some of them are con-
sidered to be ubiquitous pollutants but present
slight endocrine-disrupting properties (Céspedes
et al., 2004). Phthalate are commonly used as
plasticizers to give flexibility to plastics. 1/4 part
of the phthalate is constitute by di-ethyl hexyl
phthalate (DEHP). Phthalates have received a

great amount of public attention from various
aspects since some of them are suspected of
possessing endocrine disrupting properties either
by acting as hormone mimic or antagonists, or by
more indirect mechanisms (Tyler et al., 1998).
Di-2-ethylhexyl phthalate (DEHP) derived
from phthalic acid is one of the most important
plasticizers and it has become an ubiquitous con-
taminant. Because it is not permanently bound-
ed to the plastic matrix, DEHP can leach and
contaminate its surrounding environment. Thus,
it has been identified in many ecological systems.
The toxicity and many different biological inter-
actions of DEHP have been previously described
(Thomas, 1973; Daniel and Bratt, 1978). Report-
ed levels of DEHP in water samples from rivers
in the UK, Sweden, USA and the Netherlands
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are all within the range 0.3~1.6 pgL* with
levels in coastal, marine and estuarine waters
between <2 ng L *and 335ng L. contaminate
sediment collected from the Mersey Estuary
contained up to 1,700 mg kg™ of DEHP. In
Korea, the concentration in surface water from
Seomjin River were in the ranges of 25.6 ~
116.1ng L™! for DEHP. In sediments DEHP
ranged 46.3~156.3ng g * (Kim et al., 2004).

The toxic effects of DEHP on fish have been
studied to some extent. Mayer and Sanders
(1973) studied the effects of DEHP on the repro-
duction of zebra fish (Brachydanio rerio) and
guppies (Lebistes reticulatus). Defoe et al. (1990)
reported a significant reduction in the growth of
Japanese medaka (Oryzias latipes) exposed to
DEHP.

Blood is a physiological reflector of the whole
body, so blood parameters are important in diag-
nosing the structure and functional status of the
fish exposed to the toxicant (Jee et al., 2004). In
the present study the effect of DEHP on the
haematological property, serum organic and
inorganic chemistry in the Bagrid catfish (Pseu-
dobagrus fulvidraco), which is often very abun-
dant in lakes, reservoirs and even in rivers, and
despite its small size, is important in the aqua-
culture in Korea (Lee and Kim, 1990; Kim and
Park, 2002).

MATERIALSAND METHODS

1. Materials

All chemicals were of analytical grade. Di(2-
ethylhexyl)phthalate (C24H3sO4, CAS registry
number 117-81-3) was purchased from Sigma
(St. Louis, MO, USA).

2. Fish and rearing conditions

Healthy, cultured Bagrid catfish (Pseudobagrus
fulvidraco) were obtained from an Inland Fishe-
ries Research Institute in Chung Cheong, Korea.
Prior to exposure, fish were held three weeks for
acclimatization and evaluation of over-all fish
health under the laboratory condition in 12:12 h
light/dark cycle for further studies. During accli-
mation fish were fed with basal diet twice daily.
After acclimatization, fish (mean length, 17.10+
0.11cm, body weight 52.50+0.90 g) were selec-

Table 1. Water quality during the experimental period

Values

Temperature (°C) 22.3+0.8
pH 7.2+05

Parameters

NH;-N (ug-at N L™ 8.5+0.6
NO,-N (ug-at N L™) 1.5+0.2
NOs-N (ug-at N L™) 7.5+0.7
PO4-P (ug-atP L™) 4.6+0.4
SS(mgL™) 3.7+0.3
Dissolved oxygen (mg L™) 6.7+0.5
Hardness (mg L™%) 231.7+5.7

Values indicate mean+S.E. (n=8)

ted for the experiments.

3. Exposure

The exposure took place in 80 L aquaria contai-
ning 7 fish each under flow-through conditions
(Table 1). Each tank received a flow of 9L ht
with continous aeration. Fish were administered
two concentrations of DEHP (300, 1,000 mg DEHP
kg body weight™) by thrice intraperitoneal injec-
tion during 3 days. A 50-pL volume was injected
in to the peritoneal cavity of each fish at the
ventral surface midline by using a 1-mL tuber-
culin syringe. The control group was subjected to
the same regime injected an equal values of
sunflower seed oil only.

4. Blood sample and haematological assay

24 hours after last injection of DEHP, fish were
anesthetized with 3-aminobenzoic acid ethyl
ester methanesulfonate. Blood samples were
taken from each fish by puncture of the caudal
vessel using heparinized syringes for hematolog-
ical test. For serum analysis blood was collected
by unheparinized syringe. Blood was allowed to
coagulate at room temperature for 2 hr and ser-
um was obtained by centrifugation of an amount
of blood i.e. approximately 1.5 mL, at 3,000 x g
for 8 min at 4°C (MIKRO 22R, Hettich, Ger-
many) and then stored at —80°C until analyz-
ed. Hematocrit (Ht) was determined by the
microhematocrit technique using capillary tubes
by centrifugation at 12,000 rpm for 5 min. Hemo-
globin (Hb) was determined spectrophotomet-
rically (540 nm) using the cyanomethemoglobin
method (Drabkin and Austin, 1935). Hb concen-
tration was expressed as g dL ™ of sample. Red
blood cell (RBC) counts were estimated using a
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Neubauer hemocytometer (Hesser, 1960). Hae-
matological analyses were done by following
techniques described by Tvedten (1989) and
Campbell and Murru (1990). The mean corpus-
cular haemoglobin MCH (pg), the mean corpus-
cular haemoglobin concentration MCHC (%) and
the mean corpuscular volume MCV (um?®) were
calculated using the following formulae.

MCV =(Packed cell volume as percentage/
RBC in millions) x 10 pm?
MCH =(Hb in grams/RBC in millions) x 10 pg
MCHC = (Hb in grams/Packed cell volume)
x 100 g per 100 mL

5. Serum chemistry and osmolality analysis

Serum total protein (colorimetric method) was
determined on serum using Sigma Diagnostic
Kit. Serum samples were analyzed for calcium
(SIGMA Diagnostics kit 588, colorimetric met-
hod), magnesium (SIGMA Diagnostics kit 595,
colorimetric method), and phosphorus (SIGMA
Diagnostics kit 360-UV, colorimetric method).
Blood glucose (glucose oxidase/peroxidase met-
hod), triglycerides (colorimetric method) and
total cholesterol (colorimetric method) were de-
termined on serum using Sigma Diagnostic Kit.
Serum osmolality was measured directly by
using an advanced micro-osmometer (Model
3300, Norwood, MA).

6. Statistical analysis

Statistical analysis was performed using SPSS/
PC+ statistical package. Significant differences
between groups were determined using one-way
ANOVAs and Duncan'’s test for multiple compar-
isons or the Student’s t-test for two groups
(Duncan, 1955). The level of significance was
established at P<0.05 or P<0.01.

RESULTS

1. Responsesin Haematological Property

It has been observed that higher concentration
of DEHP causes a decrease in RBCs count, Hb
concentration and Ht level. The predominant
haematological finding was a highly significant
decrease of the total number of red blood cell and
hemoglobin concentration in fish exposed to
1,000 mg DEHP group thereby indicating a sev-

Table 2. Haematological property of Bagrid catfish,
Pseudobagrus fulvidraco treated with DEHP

Groups
Parameters DEHP (mg DEHP kg b.w.™)
Control
300 1,000
'(?ffofom“”mt,3 185.2+2.9° 173.8+2.9%"  163.4+6.1°
Hb(gdL™) 8.0+0.2° 7.6+0.2° 6.9+0.2°
Ht (%) 28.4+0.7 27.4+0.5° 24.840.9°
MCH (pg) 43.4+1.2 43.6+1.0 42.3+0.4
MCHC (%) 28.3+0.2 27.6+0.3 27.940.3
MCV (um®  153.5+4.5 157.7+1.9 151.9+2.4

Value are mean=S.E. (n=7). Values with different superscript
are significantly different (P <0.05) as determined as Duncan’s
multiple range test. RBC: red blood cell, Hb: hemoglobin, Ht:
hematocrit, MCH: mean corpuscular haemoglobin, MCHC: mean
corpuscular haemoglobin concentration, MCV: mean corpuscular
volume.

Table 3. Serum organic chemistry of Bagrid catfish,
Pseudobagrus fulvidraco treated with DEHP

Groups
Parameters DEHP (mg DEHP kg b.w.™
Control (mg 9 )
300 1,000
TP(gdL % 5.2+0.1° 4140.2° 3.9+0.2°
GLC(mgdL™) 55.7+5.2 67.3+10.8 67.8+10.4

CHOLE
(mgdL™)
TG(mgdL™)

278.6+11.6% 216.5+19.2° 213.3+7.9°
86.5+12.4% 64.1+14.6® 41.2+10.2°

Value are mean=+S.E. (n=7). Values with different superscript
are significantly different (P <0.05) as determined as Duncan’s
multiple range test. TP: total protein, GLC: glucose, CHOLE:
cholesterol, TG: triglyceride.

ere anaemia (P <0.01). The hematocrit value was
significantly decreased in the 1,000 mg DEHP-
treated group compared to that of control group
(P<0.05). With regard to the mean corpuscular
haemoglobin (MCH), mean corpuscular haemo-
globin concentration (MCHC) and mean corpus-
cular volume (MCV), no significant differences
between treatment and control groups were
observed (Table 2).

2. Serum organic chemistry

As seen in Table 3, serum total protein and
cholesterol levels showed significant decrease in
DEHP treatment groups as compared to the
control (P<0.01). There was no significant differ-
ence in serum glucose concentration in treat-
ment groups as compared to control group (P>
0.05). Serum triglyceride value was significantly
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Fig. 1. Serum osmolality levels of Bagrid catfish, Pseudo-
bagrus fulvidraco treated with DEHP. Vertical
bars indicate standard error (Mean+S.E., n=7).
Value with different letter are significantly differ-
ent (P<0.05) as determined as Duncan’s multiple
range test.

Table 4. Serum inorganic chemistry of Bagrid catfish,
Pseudobagrus fulvidraco treated with DEHP

Groups
P t DEHP DEHP kg b.w.™
arameters Control (mg gbw.™)
300 1,000
Mg(mgdL™ 2.6+0.2 2.7+0.2 2.4+0.1
Ca(mgdL™) 8.4+0.2° 7.0+06®  6.1+0.6°
P(mgdL™  10.7+0.2 10.7+0.4 10.6+0.5

Value are mean+S.E. (n=7). Values with different superscript
are significantly different (P<0.05) as determined as Duncan’s
multiple range test. Mg: magnesium, Ca: calcium, P: inorganic
phosphorus.

decrease in the 1,000 mg DEHP group (P <0.05),
where in fish administrated to 300 mg DEHP
group, it was only slightly affected (P >0.05).

3. Serum inorganic chemistry and osmolality

Serum osmolality levels were significantly
lower (P < 0.05) in 1,000 mg DEHP treated fish as
compared with control (Fig. 1). Significant decre-
ase serum calcium level was observed at 1,000
mg DEHP exposed group. Magnesium and phos-
phorus indices revealed a marginal or no devia-
tion from control values (Table 4).

DISCUSSION

The treatment with di-2-ethylhexyl phthalate
(DEHP) in the present investigation showed
remarkable haematological stress markers at
higher level of DEHP. The decrease in RBC
count, hemoglobin concentration and hematocrit
level observed in this study may be due to the
disruptive action of the DEHP. Alterations in the
haematological parameters were brought about
by DEHP as a hemolytic condition due to incre-
ased lipid peroxidation of RBC. Our results are
in line with those found by Arun et al. (1999) in
RBC in vitro. According to Deepa Devi et al.
(1998), oxidative damage to the cell membrane
leaded to lysis of the RBC. Our studies provide
evidence that DEHP effect on erythrocyte hemol-
ysis. Decline in RBC count, hemoglobin concen-
trations and hematocrit presumably reflect ery-
throcyte hemolysis and/or irreparable damage of
gill morphology and function. The decrease in
hemoglobin concentration may be due to either
an increase in the rate at which hemoglobin is
destroyed or a decrease in the rate of hemoglobin
synthesis.

Fish under stress mobilize protein to meet the
energy requirements which is needed to sustain
increased physical activity (Sievers et al., 1995).
Decreased protein, triglyceride and cholesterol
levels in the present study after DEHP exposure
may be attributed to stress-mediated mobiliza-
tion of these compounds to fulfill an increased
demand for energy by the fish, to cope with
detrimental conditions imposed by the toxicant.
Reports on the reduction of these organic com-
pounds in serum of vertebrates after exposure to
DEHP suggest that these compounds are mobi-
lized for energy production (Ranjitsingh and
Badejo, 1996; Sonde et al., 2000). In this study,
serum organic compounds (total protein, choles-
terol and triglyceride) were significantly decre-
ased in DEHP administrated fish as compared to
control group. DEHP can cause functional hepa-
tic damage, as reflected by morphological chang-
es, alterations in energy-linked enzyme activity,
and changes in lipid and carbohydrate metaboli-
sm. The most striking effect of DEHP in rat is
proliferation of hepatic peroxisomes (Seth, 1982).
He reported decreased levels of serum triglyce-
ride and cholesterol along with histological (mi-
croscopical) changes in the liver of rat after
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short-term dietary exposure to DEHP. Indeed,
Morton (1979) found significantly decreased ser-
um triglyceride levels in rat exposed to DEHP.

With regard to the serum inorganic parame-
ters, the most marked difference between the
DEHP exposed fish and control group was lower
serum calcium and osmolality level. Acute expo-
sures to toxicant caused gill epithelial sloughing
and mucosal cell changes in various fish species
(Gardner, 1975; Hawker, 1977). Lipophilic mate-
rials are taken up in fish partly by the gills (Mc-
Keown and March, 1978). Lipophilic substances
are expected to accumulate in the cell mem-
branes where they may affect cell membrane
permeability and membrane-located transport
mechanisms (Payne et al., 1978). Thus DEHP
may interfere with both the osmoregulatory
function of the gill and volume regulation in cells
in fish. These osmoregulatory disturbance are a
rapid facet of the fish stress response; but the
osmoregulatory process affected by toxic stress in
bagrid catfish and other freshwater teleost spe-
cies require more investigation. Consequently,
stress markers such as haematological property,
serum organic chemistry, serum osmolality and
its ionic concentration are also susceptible to
effect due to changes in hematological properties
in Bagrid Catfish (Pseudobagrus fulvidraco)
exposed to single phthalate, DEHP.

ABSTRACT

Di-2-ethylhexyl phthalate (DEHP) is a widely
used plasticizer known to be a suspected xenoes-
trogen and a causative agent of oxidative da-
mage to the RBC cell membrane in vitro. We
evaluated the toxic effects of a scarcely docu-
mented aquatic environmental pollutant, DEHP,
on selected haematological endpoints in the
bagrid catfish, Pseudobagrus fulvidraco. Bagrid
catfish were exposed to DEHP (300, 1,000 mg
DEHP kg body weight™) through thrice intra-
peritoneal injection and effects were assessed in
blood of the exposed organisms. Haematological
property, serum organic and inorganic chemistry
were monitored in blood of Bagrid catfish. DEHP
exposed-fish showed erythropenia; low hemat-

ocrit (Ht) and hemoglobin (Hb) content and red
blood cell count showed a significantly higher
than in that of the control group. The treatment
group showed a significantly lower concentration
of serum total protein, cholesterol and triglyc-
eride compared with those in the control group.
The value of calcium and osmolality were signif-
icantly decreased in the DEHP treatment group,
compared with the control group.
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