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ABSTRACT

During the last few decades, there has been a great concern about the impact of
endocrine disrupting chemicals (EDCs) on the health of wildlife and human
populations. Nonylphenol, a degraded product of a widely used surfactant, has
recently been identified as an estrogenic EDC.
A set of experiments were conducted to examine how exposure to three levels
(4, 20, and lOOppb) of nonylphenol for certain periods (1-3 weeks) affected
physiological function in rainbow trout over time, in terms of their response to an
acute stress of air exposure. It was shown that a high level (lOOppb) of nonylphenol
suppresses the elevation of plasma Cortisol level in rainbow trout in response to the
acute stress of air exposure. In addition, the fish treated with nonylphenol were
incapable of reducing their Cortisol levels back to pre-stress levels after 24 hours. The
normal response of plasma glucose levels to the stress was observed. Plasma levels of
thyroid hormones decreased significantly (p<0.0\) after exposure to the high level of
nonylphenol for 3 weeks. Nitrite, a toxic chemical naturally present in the aquatic
environment, was used in the experiment for comparison and had no effect on the
normal stress response of Cortisol.
The results from these experiments suggest that nonylphenol may have
negative impacts on fish, such as a lower chance of survival and vulnerability to
diseases, by interfering with normal function of the endocrine system.
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PREFACE

Human ingenuity has given us a vast variety of synthetic chemicals. In the past
few decades, there has been increasing concern about anthropogenic chemicals
(xenobiotics) that are capable of impairing the delicately-tuned endocrine functions.
The chemicals are named endocrine disrupting chemicals (EDCs). EDCs and their
effects on organism are of particularly great concern because they are potent, persistent,
and their effects can be irreversible.
One of the initial indications of actions by EDCs was seen in cases of
reproductive failures in wild animals such as lake trout, river otters, bald eagles and
other fish-eating birds (Carson 1962). Field workers noticed that these animals suffered
from a variety of deficiencies, including precocious sexual development, eggshell
thinning, and impaired incubation. A series of studies suggested that the exposure to
polychlorinated biphenyls (PCBs) and agricultural chemicals to be responsible for the
adverse responses of these animals (Spitsbergen et al. 1991; Wren 1991; Giesy et al.
1994), even though many of the alleged chemicals had already been eliminated from
use.
Nonylphenol is a degraded product of nonylphenol ethoxylates (NpnEO) that
are extensively used as surfactant. It is much more persistent than its mother product
and is lipophilic, as a result nonylphenol tends to bioconcentrate. A series of toxicology
studies on the endocrine disrupting actions of nonylphenol have been conducted since
Soto et al. (1991) accidentally found that nonylphenol mimics estrogen. At present,
many reports have investigated the estrogenic action of nonylphenol, although other

xi

possible effects are less studied. The focus of this work is to study the effects of
nonylphenol on one of the fundamental endocrine functions of animals and humans; the
stress response.
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C H A P T E R 1. INTRODUCTION

1.1. Nonylphenol
1.1.1. Production and use of nonylphenol
Alkylphenol polyethoxylates (APnEOs) are non-ionic surfactants that are
widely used in industry and households. The APnEOs werefirstintroduced during the
1940s. Nonylphenol ethoxylates comprise a significant portion of the surfactant
chemical market, accounting for 73.6% of the production in 1980 (Cahn and Lynn
1983).
Nonylphenol ethoxylates (NPnEOs) are used for a variety of domestic and
industrial purposes. Five sectors of industry are believed to be responsible for the
discharge of these chemicals; pulp and paper
manufacturing, petroleum production,

C9H19

household/industrial/institutional cleaning,
textile manufacturing and leather
manufacturing (Reeviewed by Maguire
1999). They are eventually degraded into the
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more stable and toxic nonylphenol once
released in the aquatic environment.
Nonylphenol (Figure 1.1) itself has been used in aminocarb (4dimethylamino-3-methylphenyl-N-methylcarbamate) insecticide sprays against the
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spruce budworm in Canada. Nonylphenol has also been reported to leach from
polyvinyl chloride tubing for milk processing (Junk et al. 1974) and plastics used in
food packaging (Gilbert etal. 1992). The total supply of nonylphenol in Canada in
1993 was estimated as approximately 7.0 kilotones (Shang et al. 1999).

1.1.2. Nonylphenol in the aquatic environment
NPnEOs with more than 8 ethoxylate (EO) units (the most common
commercial products) are readily degraded anaerobically in the treatment systems,
usually with >92% efficiency (Figure 1.2; Reviewed by Servos 1999). The primary
products that eventually end up in the aquatic environment are NP1EO and NP2EO,
and they are significantly less biodegradable than their mother compounds. These
metabolites are partially removed from the water body by adsorption onto sludge. They
are then further degraded to nonylphenol, which accumulates in the digested sludge
(Reviewed by Maguire 1999). It is shown that nonylphenol is a predominant species in
the sediment (Ahel et al. 1994).
Relatively high levels of persistent metabolites of NPnEOs were detected in
the natural water environment which receives effluents from sewage plants. The typical
concentration of nonylphenol found infieldstudies ranges from less than 1 ppb in
pristine environments up to 100 ppb in sites adjacent to sewage treatment plants (Ahel
et al. 1994). In a particular study, however, 330 ppb of nonylphenol was found in
sewage discharge into the river Aire in England, which reseives high inputs of

2

surfactants from the textiles industry (Blackburn and Waldock 1995). Up to 180 ppb of
nonylphenol was also measured at 6 sites downstream from near the source to the river
mouth.
Once diffusing into the fish body, nonylphenol is stored mainly in the liver as
well as the kidney, and excreted through the bile (Coldham et al. 1998; Lewis and
Lech 1996). The value of log Kow for nonylphenol is determined as 4.2 (McLeese et
al. 1981). A study about the bioaccumulation factor (BAF) of nonylphenol has shown
that the chemical has a significant potential to bioaccumulate in freshwater organisms
and birds (Ahel et al. 1993).

1.1.3. Toxicity of nonylphenol
Acute toxicity
According to Servos (1999), the toxicity of NPnEOs to most organisms
generally increased as the length of the EO chain decreases. Acute toxicity test shows
that 96-h LC50 of nonylphenol for rainbow trout is in a range of 221 to 250 ppb, while
the values of NP8EO is as much as 4700 ppb.

Estrogenic actions
It was realized that nonylphenol was estrogenic by researchers (Soto et al.
1991) who observed proliferation of breast cancer cells in plastics tubes. They later
discovered that growth of the cancer cells was caused by nonylphenol which was used
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as a stabilizer in the plastic.
Vitellogenin is the protein responsible for making egg yolk in oviparous
female fish, and the biosynthesis of vitellogenin is stimulated by 1713-estradiol.
Vitellogenin is produced in the liver, released into blood, and then modified and
deposited as yolk in oocytes. Normally, little or no vitellogenin is found in the blood of
male fish (Sampter and Jobling 1991). Male fish have a gene which can produce
vitellogenin, but male fish ordinarily lack sufficient 1713-estradiol to trigger the
vitellogenin-making gene.
Since disorders in the reproductive system have become a major concern in
both humans and wildlife, it has been suggested to use in vivo induction of vitellogenin
synthesis as a biomarker for oviparous animals (Christiansen et al. 1998). The
expression of vitellogenin driven by 1713-estradiol has been used for studying
estrogenic effects in aquatic species. Induction of vitellogenin synthesis by
nonylphenol has been observed in male fish (Ren et al. 1996; Schwaiger and Negele
1998; Korsgaad and Pedersen 1998; Miles-Richardson et al. 1999). Studies show that
nonylphenol produces estrogenic effects in rainbow trout in vivo at concentrations well
below the LC50 (Lech et al. 1996). It is reported that nonylphenol induce plasma
vitellogenin in rainbow trout in vivo is approximately 150 ppb with 9 days exposure in
water (Pedersen et al. 1999).
Evidence of estrogenicity of nonylphenol can be explained by its chemical
structure and properties. Computer-graphic overlays of nonylphenol and 1713-estradiol

4

reveal their structure resemblance (Leadley et al. 1998). RMS (root mean square)
7

deviation for the two compouds is 0.36 A, while the values lower than 1.0 A are
considered to indicate close structural similarity in three-dimentional structure between
any two compounds compared (Wiseman et al. 1997). In fact, nonylphenol is reported
to compete with 1713-estradiol for binding to the rainbow trout estrogen receptors
(White et al. 1994). White et al. (1994) reported that nonylphenol has intrinsic
estrogenic activity, and is 10 -10 less potent than 1713-estradiol.
3

4

Effects on Cortisol stress responce
Although nonylphenol has been demonstrated to be estrogenic, there is little
known about the impact of this chemical on other endocrine functions. Since natural
estrogen, 1713-estradiol, plays many different roles in fish, it is quite reasonable that the
environmental xenoestrogen, nonylphenol, influences other important physiological
processes besides reproduction.
Cortisol is one of the glucocorticoid hormones and has very similar structure
to that of estradiol (Figure 1.3). Being synthesized from cholesterol, they are both
steroid hormones and possess a lipophilic nature.
Increases of plasma Cortisol level are commonly observed infishexposed to a
variety of stresses. Hontela et al. (1992) studied fish in several sites, that were
chronically polluted by high levels of chemicals such as polycyclic aromatic

' The RMS deviation is determined by measuring each atom's distance from the position in the other
structure, squaring this distance and averaging these results, and calicurating the square-root of this
average. It is widely used for comparison of complicated molecule structures.

5

hydrocarbons (PAHs), PCBs, and mercury . They found that the contaminated fish
2

were unable to increase their serum Cortisol in response to the acute stress of capture,
compared tofishfrom reference sites. This means that contaminatedfishwill display
either retarded or reduced response to acute stress.

Effects on thyroidfunctions
Little is known about the effects of nonylphenol on Thyroid hormones (T3 and
T4). It is said that 1713-estradiol suppresses hepatic synthesis of T (Leatherland 1994)
3

and has no effect on the plasma T 4 level (Cyr and Eales 1990).
Nonylphenol has been shown to have effects on the growth offish.Ashfield,
et al (1998) have reported that juvenile rainbow trout exposed to nonylphenol (10 ppb
for 35 days) showed significant decreases in body weight and folk length 55 days after
exposure was terminated. Rainbow trout exposed to 1713-estradiol also have reduced
weight and length (Johnstone et al. 1978). In addition, afieldstudy by Leatherland and
Sonstegard (1981) found thyroid hyperplasia and goitre infishthat were chronically
polluted by industrial effluents. These observations suggest that it is possible that
specific kinds of xenobiotics impair thyroid gland function, including production of
thyroid hormones.
Fairchild et al. (1999) reported the coincidence of a decline in a salmon run
and application of the insecticide Matacil 1.8D, that occurred in 1997. Matacil 1.8D
consists of aminocarb as the carbamate insecticide and nonylphenol as the primary

2

These compounds are suggested to be endocrine disrupting chemicals O^ingerman et al. 1996).

6

solvent. They studied each tributary of the river with this salmon run and found a
significant relationship between the catch for each tributary and how much area was
sprayed within that drainage basin. They also point out that there was an unusualy
heavy salmon smolt mortality in 1997. It has been suggested that estrogenic
compounds, including nonylphenol, may negatively influence smoltification (Madsen
et al. 1997). Therefore, it is highly probable that the presence of nonylphenol in the
environment was responsible for the poor survival rate in salmon smolt and the
subsequent migration stock of salmon.

7
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1.2. Nitrite
Nitrite (NOV) is a naturally occurring anion in fresh and saline waters. Nitrite
is intermediate in oxidation of ammonia to nitrate, and its concentration in natural
environment is typically less than 0.005mg/L (Lewis and Morris 1986). However,
today its concentration is increasing due to the extensive use of fertilizers in
agriculture.
Nitrite changes hemoglobin to methemoglobin which does not carry oxygen,
potentially causing anoxia infishand other organisms.
Although nitrite is toxic to fishes at relatively low concentration, the actual
effects of nitrite is dependent on the water conditions such as pH and concentration of
chloride and calcium. In aqueous solution, nitrite exists in the following equilibrium.
N0 " + H

+

2

HN0 ( )
2

aq

(1)

Since this equilibrium is dependent on pH, so is the toxicity of nitrite. It has been show
that the acute (96-h LC50 ) toxicity of NCV decreases, as pH increases (Russo et al.
5

1981). Chloride in the external environment offsets the toxicity of nitrite by competing
with nitrite for uptake through the chloride cells of the gills (Russo and Thurston
1977).

1.3. Dimethylsulfoxide (DMSO)
Due to low solubility of nonylphenol in water'' (MacKay et al. 1992),
Ranges from 0.5 mgN-N0 7L (when [Cl"]=1.4 mg/L, [Ca ]=8mg/L, and pH=6.2) to 12.6 mg N-N0 "
IL (when [Cl']=40.8mg/L, [Ca ]=50mg/L, and pH=7.7).
Approximately 5 ppm.
3

2+

2

2

2+

4

10

dimethylsulfoxide (DMSO) was used as organic solvent in these experiments. DMSO
is a chemical that has been used primarily as an industrial solvent. In addition to
ethanol and acetone, it is used as an organic solvent for water-insoluble chemicals in
aquatic bioassays. Physicians have also been using DMSO as a vehicle to help absorb
other therapeutic agents through the skin, although the clinical effectiveness of DMSO
is controversial (Herschier and Jacob 1980).
A toxicity test reports the 4-d and 12-d LC50 of DMSO for the grass shrimp
are 22.57 and 12.33 g/L. respectively (Rayburn and Fisher 1997), and DMSO was
shown to be less toxic in terms of LC50, than both ethanol and acetone.

11

C H A P T E R 2. S T R E S S I N F I S H

2.1. Stress response in fish
Fish have a series of physiological responses to physical stress. Firstly, upon
perception of the stress by the nervous system, catecholamines (adrenaline and
noradrenaline) are released into the bloodstream by the chromaffin cells. The secretion
of these hormones initiates an alarm reaction, enabling the fish to deal with threatening
situations quickly. Cortisol, as well as corticosterone that exists in relatively low
concentrations, also have an important role in the physiological response to stress for
all vertebrates. Following to the actions of these hormones, blood glucose levels, red
blood cell counts, heart and ventilation rates all increase. Cortisol provides an
important backup for catecolamine, ensuring glucose supplies when the body is under
stress and in need of extra energy (Solomon et al. 1993).

2.2. Regulation of Cortisol and thyroid hormones
2.2.1. Thehypothalamo-pituitary-interrenal (HPT) axis
Cortisol is synthesized and secreted by steroidogenic cells located in the
interrenal tissue of fish. They use cholesterol as a substrate for the synthesis of steroid
hormones, including Cortisol and estradiol. The primary stimulant of the steroidogenic
cells is adrenocorticotropic hormone (ACTH) released from the pituitary gland. Other
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factors that possess corticotropic activity infishinclude thyroxine (T4) and growth
hormone (Schreck et al. 1989). The activity of the cells that synthesize ACTH,
pituitary corticotropes, is regulated by the corticotropin releasing hormone (CRH) and
other hypophyseal peptides (Fryer 1989). Production of ACTH and CRH are also
regulated by a negative feedback exerted by C o r t i s o l (Figure 2.1).

2.2.2. Functions of Cortisol.
Cortisol results in the production of glucose from short-chain precursors by
hepatic gluconeogenesis. Gluconeogenesis is also stimulated by adlenaline, thyroxine,
glucagon and growth hormone. Cortisol is also known to have effects on reproduction
through inhibition of reproductive hormones (Carragher and Sumpter 1990). Studies
show that starvation has little or no effect on Cortisol and glucose level in fish plasma
(White and Fletcher 1986; Sumpter etal. 1991).
Physical stresses, such as handling, chasing, and air exposure, typically
increase fish plasma Cortisol levels. Glucose and lactate concentrations in plasma also
increase, but that is known to be more gradual; reaching their peaks, in case of
handling stress, about 2 and 4 hours later than Cortisol, respectively (Vijayan et al.
1994). It has been shown that exposure to chemical pollutants such as heavy metals,
pesticides and acid water also increase blood Cortisol levels (Webb and Wood 1998;
Bennett and Wolke 1987; Brown etal. 1989).
Studies of the effects of cadmium observed return of plasma Cortisol levels in
5

3

Cadmium is suggested to be endocrine disrupting (Ricard et al. 1998; Pundir and Saxena 1992).
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fish to normal levels following initial rise, after several weeks exposure to the metal
(Reviewed by Hontela 1997). It is suggested that this pattern of Cortisol response to the
chemical stress may reflect an exhaustion stage of the HPI axis by a continuous
application of stress, following an alarm stage and a resistance stage (Selye 1973).

2.2.3. The hypothalamo-pituitary-thyroid (HPT) axis
Thyroxine (T4) is secreted by the thyroid gland, and a part of the production is
converted to triiodothyronine (T ) in plasma and liver. The production of T is
3

4

regulated by thyroid stimulating hormone (TSH) or thyrotropin, whose synthesis and
secretion in pituitary gland are regulated by thyrotropin releasing hormone (TRH).
Food intake also stimulates the production of T3 and T . Elevated levels of thyroid
4

hormones suppress the production of TSH in the pituitary and TRH in hypothalamus
(negative feedback; Figure 2.2). T is produced in greater quantities than T3, but is
4

approximately a quarter as potent (McNabb and King 1993).

2.2.4. Functions of thyroid hormones
Thyroid hormones are important in tissue growth and development, and also
play an important role in salmonid smolting, as well as in amphibian metamorphosis.
Increased thyroid hormone production is observed consistently in smolting fish
(Dickhoff 1993). The hormones act synergistically with other hormones to influence
the rate of smolt development, rather than triggering smolting (Dickhoff and Sullivan
1987).
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Thyroid hormones have been much less extensively monitored than plasma
Cortisol infishin response to stress. Plasma T3 and T4 levels are reported to decrease in
fish exposed to heavy metals and pesticides (Ricard et al. 1998; Yadav and Singh
1986). There are some suggestions that circulating T3 and T may be affected by
4

various forms of stress although this response appears to be dependent on the particular
type of imposed stress (Brown et al. 1989).

2.3. Response offishto secondary stress
A series of studies were conducted to examine effects of xenobiotic exposure
onfishresponse to additional stresses. Gill et al. (1993) exposed eel to cadmium and
then applied them a controlled stressor (1 min exposure to CO2 bubbles). They detected
a significant rise in plasma Cortisol infishexposed to the heavy metal and they still had
an ability to further raise the plasma C o r t i s o l , although the change was small. Impaired
ability to elevate plasma Cortisol in response to acute sampling stress was observed in
fish exposed PCBs (Quabius et al. 1997).
Hontela et al. (1992) argued that the observation of impaired stress response
in polluted fish indicates that under chronic exposure to the chemicals including PAHs
and PCBs , the normal responsiveness of the HPI axis to acute stress is impaired,
possibly as a result of prolonged hyperactivity of the axis.
To test which stage of HPI axis is impaired, Brodeur et al. (1997) assessed the
response of the interrenal tissue to an ACTH pulse in vitro. They found an impaired
response to ACTH, and diminished capacity to synthesize Cortisol in yellow perch
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sampled at sites contaminated by heavy metals in Northern Quebec and mixtures of
organic contaminants and heavy metals in the St. Lawrence River (Hontela et al.
1997). Quabius et al. (1997) exposed fish dietary to PCB and found direct toxic effects
of the xenoestrogen on the interrenal cells in fish. These results suggest that the
functional impairment of HPI axis by exposure to the pollutants is attributed to the
impairment of the interrenal tissues.
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Figure 2.1. Schematic representation of hypothalamo-pituitaryinterrenal (HPI) axis.
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Figure 2.2. Schematic representation of hypohtalamo-pituitarythyroid (HPT) axis.

C H A P T E R 3. M A T E R I A L S A N D M E T H O D S

3.1. Objective
More than three decades ago Carson (1962) pointed out the potential
relationship between observed reproductive failures in wildlife and use of agricultural
chemicals. Since that time, researchers have investigated incidents in wildlife such as
decreases in clutch size (Woodward et al. 1993), egg shell thinning (Hunt and Hunt
1977), and defective sex organs (Colborn et al. 1996), through extensivefieldand
experimental studies. Evidence has been gathered to suggest that the failures were
caused by exposure to synthetic chemicals. The chemicals interfere with proper
function of the endocrine system, and they are termed endocrine disrupting chemicals
(EDCs). Consequently, extensive studies were conducted to reveal EDCs' impacts on
reproductive systems. Just as hormones that operate in very low concentrations in a
body, EDCs are shown to affect the endocrine system when in very minute amount,
although in many cases manifestation of EDCs require a very long time (Colborn et al.
1996).
Since discovered as being estrogenic, nonylphenol has been studied looking of
its effects on reproductive functions, especially in relation to the induction of
vitellogenin in male fish. However, there have been relatively fewer studies on its
impact on the other functions of the endocrine system, including stress mediation and
thyroid hormone regulation.
The objective of this study is to contribute to further understanding of the
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effects of nonylphenol, focusing on its impact on the endocrine function of stress
response. Cortisol is synthesized through similar pathways and thus has a resemble
structure as 17 B-estradiol. Therefore, it is likely that estrogenic nonylphenol affects
regulation of Cortisol. The impact of nonylphenol exposure on thyroid hormones is also
studied, since previous studies (Fairchild et al. 1999; Aahfield et al. 1998; Letherland
and Sonstregard 1981) have suggested that thyroid functions may be impaired by
exposure to nonylphenol.

3.2. Experimental protocol

3.2.1. Experiment I: Short term exposure to nonylphenol
Chemicals. A group of 8 rainbow trout (average weight ± SD: 243 ± 44.6)
was divided into two subgroups (n=4) and were exposed to nonylphenol (technical
mixture. Aldrich, Milwaukee, WI, USA) for 14 days in water contained in glass tanks
covered with styrene foam sheets over black vinyl sheets. A control group (n=8) was
also divided into subgroups (n=4) and received no chemical. Each subgroup was put in
a tank individually and the volume of each tank was approximately 143 L. The
nonylphenol was dissolved in dimethylsulfoxide (DMSO. Aldrich, Milwaukee, WI,
USA) because of the hydrophobic nature of nonylphenol. Adequate amounts of the
solution were dispensed into the water containing the fish so that the concentration of
nonylphenol and DMSO would be lOOppb and 22.4ppm, respectively.
Maintenance of the water quality. Throughout the experiment, filtering
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systems with zeolite stones plus glass filters were used to prevent ammonia
accumulation in water. In addition, the water in the tanks was exchanged by half the
volume every three days to maintain the level of nonylphenol in the water. The
concentrations of nonylphenol in the water were determined by means of capillary
electrophoresis (Table 3.1), through the courtesy of Dr. David Chen and his group
(Department of Chemistry, UBC). The concentration of ammonia in the water was
measured according to the salicylate-hypochlorite assay for N H

+
4

(Verdouw et al.

1978). Concentrations of other ions (Na and Ca ) in water were determined using an
+

2+

atomic absorption spectrophotometer, and pH was measured by a pH meter (PHM 64,
Radiometer-Copenhagen; Table 3.2).
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Table 3.1. Nonylphenol concentration in the water, determined by capillary
electrophoresis. The chemical exposure of fish was started on December 2nd.
Sampling date
Dec. 2, 1999
Dec. 5, 1999

SD (ppb)

l )

143

6.65

2 )

81.0

5.79

! )

147

8.21

2 )

112

4.53

Dec. 5, 1999
Dec. 8, 1999

Concentration (ppb)

' the water sample was taken 1 hour after the chemical was added. ' the
water sample was taken 3 days after the addition of the chemical and
immediately before the water exchange.

Table 3.2. Quality of the fish tank water in Experiment I, II and III.
Level in test water
Experiment I and III

Experiment II

Na *>

4 mg/L

4mg/L

Ca

1 mg/L

lmg/L

1.2 mg/L

<62ug/L

7.6 °C

6.5 °C

6.9

6.7

+

NH

2+

] )

+

l )

4

Temperature
pH

1}

2 )

Values are average and ,
'^=2,^=10.

3.2.2. Experiment II: Time course of stress response infishexposed to nonylphenol
Fish (average weight ± SD: 44.3 ± 10.lg) were exposed to 3 concentrations; 4,
20, and 100 ppb of nonylphenol in separated tanks with a flow-through system. Each
tank had a capacity of approximately 670 L. The two lower concentrations represent
environmentally relevant concentrations. Stock solutions were prepared in bottles made
of polycarbonate (18 L), by dissolving nonylphenol in DMSO and then in
dechlorinated water. Two control groups were used; one received DMSO and another
did not. The concentrations of DMSO were 20 ppm in each test water that thefishwere
exposed to. The onset of exposure was carried out instantly by adding the chemicals
such that the concentration of the test water will be immediately obtained. Then the
stock solutions were delivered continuously to the fish tanks to maintain the
concentration, at the rate of 3 mL/min via a peristatic pump (Gilson, France). Water
flow to each tank was at the rate of 4 L/min. These flow rates were checked everyday
throughout the experimental period, to ensure that the intended concentrations of the
test chemicals were maintained in each test water. The test water from thefishtanks
was discharged through charcoal filters.
The concentration of nonylphenol in water was not determined for this
experiment. However, results of a set of tests using eosin Y (Fisher, Fair Lawn, NJ,
USA) and known concentrations of ammonia chloride in place of nonylphenol (Sigma,
St. Louis, MO, USA) indicate that the water successfully contained the intended
concentrations of nonylphenol throughout the experiment (Table 3.3).
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Table 3.3. Concentration of ammonia in water to which stock solution of known
concentration (0.9mg/L=100%) of ammonia chloride was administered by peristatic
pump (3mL/min). The time 0 designates when addition of the chemical by pump was
started with instant administration of ammonia solution into the water. The expected
values from calculated ammonia concentrations are 100% at any time.

Time

NFL,"" concentration (%)

5 min

84

2h

91

6h

95

24 h

96

1

3.2.3. Experiment III: Short term exposure to nitrite
Chemicals. A groups of 8 rainbow trout (average weight ± SD: 223 ±
42.3g) was divided into 2 subgroups and exposed to sodium nitrite (Sigma, St. Louis,
MO, USA) in water contained in glass tanks covered with styrene foam sheets over
black vinyl sheets. A control group (n=8) were also divided into subgroups (n=4) and
received no chemical. Each subgroup was put in a tank individually and the volume of
each tank was approximately 143 L. Adequate amount of stock solution was dispensed
into the water so that the concentration of nitrite would be 0.2 mg N-NO2VL.
Maintenance of the water quality was the same as in Experiment I (See 3.1.1). The
concentration of nitrite in water was not monitored.
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3.3. Fish
Experiment I and III.

Rainbow trout (Oncorhynchus mykiss) were obtained

from Spring Valley Trout Hatchery (Langley, B.C., Canada) and held prior to
experimentation in flowing, aerated, dechlorinated tapwater. They were fed a ration of
1% body weight of commercial trout pellets (Moore Clark, Vancouver, B.C., Canada)
daily. Allfishwere starved from the onset to the end of experimentation. No mortality
was observed throughout the experiment.
Experiment II. Rainbow trout (Oncorhymchus mykiss) were obtained from
Spring Valley Trout Hatchery (Langley, B.C., Canada) and held for 2 months prior to
experimentation in flowing, aerated, dechlorinated tapwater. They were fed a ration of
1% body weight of commercial trout pellets (Moore Clark, Vancouver, B.C., Canada)
daily. All fish were starved from 7 days prior to and until the end of experimentation.
No mortality was observed throughout the experiment.

3.4. Stress application and sampling
Experiment I and III.

Thefishwere captured and exposed to the air for 5

min and then put back into a tank with water without nonylphenol or nitrite.
Immediately before the stressor was given, thefishfromthe test tanks were sampled
and designated as the pre-stress groups. Thefish,to which the stress was applied, were
captured again 2 hours after they were released into the water. The fish were
euthenized by a sharp blow on the head, and body length and weight were measured.
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Experiment II. Fish sampling (n=6-10) was conducted 2 hours, 3days,
7days, 14days and 21 days after the onset of chemical exposure. The stress test was
conducted on day7 and dayl4. When sampled, thefishwere euthenized by a sharp
blow on the head and blood sample was taken and body length and weight were
measured for eachfish.To minimize the potential disturbing stress to the other fish, the
fish that are used for the stress experiment were placed in cages in water beforehand.
Groups offish(n=6) were put in cages (24.7 L) with water flowing through, more than
48 hours prior to the application of the stress. The stress of air exposure was applied to
fish by simply pulling up the cage into the air for 3 minutes. Fish were then put back
into the tank again until they were sampled 0, 0.75, 2, 4 and 24 hours after the stress.
The group offish(n=6-10) that was not in a cage was sampled on the next day of stress
experiment, due to potential impact of the sampling stress. They were designated
control fish.

3.5. Blood collection and plasma separation
The blood was drawn from the caudal vasculature into a 1 to 3 ml heparinized
syringe. The blood was collected for the measurements of total hemoglobin and
hematocrit, and then centrifuged at 5,000 x g for 5 min, and the plasma was collected
(see below) and stored at -80°C until when they are analyzed as described below.
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3.6. Measurement ofphysiological parameters
Experiment I and III. The following physiological parameters were
measured for each sample; hematocrit and total hemoglobin in blood, and Cortisol,
glucose,freeT3, total T3, freeT4, total T4, lactate, ammonia and protein in plasma.
Experiment II. Total hemoglobin, plasma C o r t i s o l , and plasma glucose were
measured in all the samples. Free T3, free T4, and protein were measured in all the
samples except for the ones that were placed in cages and used for the stress
experiment.

3.7. Blood analysis
Physiological parameters. Blood was collected in heparinized microhematocrit capillary tubes and centrifuged at 13,460 x g for 5 min, and the hematocrit
values were measured using a standard hematocrit reader. Total hemoglobin in blood
was measured Total Hemoglobin Kit (Sigma Diagnostics, St. Louis, MO, USA).
Plasma Cortisol was measured in duplicate for each sample using a Neogen Cortisol
ELISA Kit (Medicorp Inc., Montreal, Quebec, Canada). Plasma glucose, lactate and
ammonia were measured using Glucose, L[+]Lactate and Ammonia Kit (Sigma
Diagnostics, St. Louis, MO, USA), respectively. Plasma free T3, total T3, free T4 and
total T4 were measured mostly in duplicate for each sample using ELISA kits for free
T , total T , free T and total T (Monobind, Costa Mesa, CA, USA). Plasma total
3

3

4

4

protein was measured by colorimetric determination using Total Protein Regent (Sigma
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Diagnostics, St. Louis, MO, USA) and bovine albumin (Sigma, St. Louis, MO, USA)
as a standard.
Statistical Analysis. The concentration of plasma Cortisol, thyroid
hormones, glucose, lactate, ammonia and total protein were compared for significant
differences using two-way student t-test. Statistical differences were taken at levels of
/?=0.05 (represented by *or+) and/?=0.01 (represented by **or++).
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C H A P T E R 4. R E S U L T S

4.1. Experiment I: Short term exposure to nonylphenol
Hematocrit and Total hemoglobin. Following the application of the acute
stress, hematocrit and total hemoglobin both increased significantly in fish blood
(Figure 4.1 and Figure 4.2).
Cortisol. Both control and nonylphenol groups elevated their C o r t i s o l levels
significantly in response to the acute stress (Figure 4.3). The fish exposed to
nonylphenol showed a considerably altered response to the stress, producing
significantly less Cortisol 2 hours after the application of the stress.
Glucose. The pre-stress level of plasma glucose of the fish exposed to
nonylphenol was significantly less than the control level (Figure 4.4). Both groups
showed significant increase of plasma glucose levels following the stress.
Thyroid hormones. Exposure to nonylphenol increased the initial level of
the all thyroid hormones (Figures 4.5-4.8). There was no significant difference in levels
of the hormones between pre-stress and post-stress, for any of the hormones.
Lactate. Increased plasma lactate levels were observed following the stress
with a significant difference of p<0.01 (Figure 4.9). There were no differences
observed between the nonylphenol group and the corresponding control group, for
either pre or post stress level.
Ammonia.

Both groups significantly increased their plasma ammonia

levels following the stress (Figure 4.10).
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Protein.

The plasma protein levels did not change significantly following

the stress (Figure 4.11). Nonylphenol exposure also had no effect.

4.2. Experiment II: Time course of stress response in fish exposed to nonylphenol
Comparison between the control group and the DMSO group showed that
there was no detectable effect of the low concentration (20 ppm) of DMSO on fish
(Figures 4.12-4.20b).

4.2.1. Physiological status of the fish throughout the experimental period
Total hemoglobin. Hemoglobin levels increased significantly (p<0.05) in
nonylphenol (20 ppb) treated fish 2 hours after the instant onset of the chemicals
exposure (Figure 4.12). Control and DMSO groups increased their hemoglobin
concentrations through the experiment period. The effects of nonylphenol were not
significant, although the highest nonylphenol concentration seemed to suppress
hemoglobin levels after 3 weeks.
Cortisol. The significant effect of the instant onset of nonylphenol exposure
on plasma Cortisol levels was observed (Figure 4.13). Control group, including DMSO
exposed group, both increased their Cortisol levels in plasma after 7 days. However, in
general, the other three groups that were exposed to nonylphenol had no significant
changes in Cortisol levels, keeping their levels as low as during the first period of the
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experiment. The Fish exposed to 100 ppb of nonylphenol had, in fact, decreased
Cortisol levels after 21 days.
Glucose.

Plasma glucose level increased significantly (p<0.01) in thefish2

hours after being exposed to lOOppb of nonylphenol instantly (Figure 4.14). The same
group had decreased their glucose levels considerably (p<0.01) after 2weeks and 3
weeks of exposure.
Thyroid hormones. No significant changes were observed in plasma free T
level in thefish2 hours after the instant exposure onset (Figure 4.15). The high level
(100 ppb) of nonylphenol exposure decreased free T 4 levels significantly by 2 hours
(Figure 4.16). Fish exposed to 100 ppb of nonylphenol significantly decreased their
plasma levels of both free T3 and free T 4 21 days after initiation of the chemical
exposure. On the other hand, lower concentrations of nonylphenol had a relatively
minor effect on the plasma levels of the thyroid hormones. There was an overall
increase in free T3 infishon day 14.

4.2.2. Stress experiment.
Total hemoglobin.

On day 7, no systematic change was observed in

total hemoglobin concentrations (Figure 4.17a, b). On day 21, significant increase of
the levels were observed in 2 hours in nonylphenol treatedfish,and in 0.75 hour in
control and DMSO groups.
Cortisol.

Elevation of plasma Cortisol was observed in all groups of fish,
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3

following application of the acute stress. On day 7 (Figure 4.18a), no significant
difference was observed between the five groups, in terms of the plasma Cortisol stress
response. A significant increase was observed 0.75 hour after the stress for each group
of fish, and the levels of Cortisol then gradually decreased, reaching the pre-stress level
after 24 hours.
On the other hand, a somewhat different observation was made for the day 21
measurement. The high (100 ppb) nonylphenol group fish were, in fact, not only
unable to increase their Cortisol levels but they did not decrease the levels to the normal
state even after 24 hours (Figure 4.18b). This is clearly demonstrated in Figure 4.19, in
a comparison between the control and 100 ppb nonylphenol group.
Glucose. A slow and prolonged increase was observed in glucose levels in
response to the acute stress. On day 7, the control group increased plasma glucose
concentration significantly in 2 hours (Figure 4.20a). The nonylphenol group (100
ppb), on the other hand, increased the level in 4 hours.
On day 21, the plasma glucose levels in fish exposed to 100 ppb levels of
nonylphenol were significantly lower overall than the control levels (Figure 4.20b).
Elevation of plasma glucose concentration in any group of fish was not observed to be
as significant as in the results from the day 7 experiment.

4.3. Experiment III: Short term exposure to nitrite
Hematocrit and Total hemoglobin. The nitrite exposure did not affect the
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hematocrit and total hemoglobin concentration in blood (Figure 4.21 and Figure 4.22).
They increased following application of the stress, in both control and nitrite treated
fish.
Cortisol.

The pre-stress levels of plasma Cortisol were not significantly

different in control and nitrite treated fish (Figure 4.23). Nitrite exposure did not affect
the normal Cortisol increase following the stress.
Glucose. Nitrite exposure did not affect the pre-stress levels of plasma
glucose (Figure 4.24). Nitrite did not affect the elevation of the glucose level following
the stress.
Thyroid hormones. Exposure to nitrite increased the initial level of the all
thyroid hormones (figure 4.25-4.28). There was no significant difference in plasma
levels of the hormones between pre-stress and post-stress.
Lactate. The lactate pre-stress level was significantly (p<0.05) lower in
nitrite treated group, than the level of control group (Figure 4.24). The increase of
plasma lactate was not significant in nitrite group.
Ammonia. Nitrite exposure did not affect the pre-stress levels of plasma
ammonia. Both groups significantly increased their plasma ammonia levels following
the stress (Figure 4.30). Exposure to nitrite resulted in as longer increase in plasma
ammonia than control group levels.
Protein. No significant change was observed for plasma protein (Figure 4.31).
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Control

Nonylphenol

Figure 4.1. Experiment I. Effects of stress (air exposure for 5min) on hematocrit in
rainbow trout treated with nonylphenol (lOOppb) for 14 days. Post-stress levels
were measured 2 hours after the stress application. Each value (n=4) is the average
±SD. Values with superscript are significantly different than either pre-stress level
(*p<0.05, **p<0.0\) or corresponding control level (+/?<0.05).
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Figure 4.2. Experiment I. Effects of stress (air exposure for 5min) on total
hemoglobin in rainbow trout treated with nonylphenol (lOOppb) for 14 days. Poststress levels were measured 2 hours after the stress application. Each value (n=4) is
the average +SD. Values with superscript are significantly different than pre-stress
level (*/K0.05).
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Figure 4.3. Experiment I. Effects of stress (air exposure for 5min) on plasma
Cortisol in rainbow trout treated with nonylphenol (lOOppb) for 14 days. Post-stress
levels were measured 2 hours after the stress application. Each value (n=4) is the
average ± SD. Values with superscript are significantly different than either prestress level (**/?<0.01) or corresponding control level (++/?<0.01).
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Figure 4.4. Experiment I. Effects of stress (air exposure for 5min) on plasma glucose
in rainbow trout treated with nonylphenol (lOOppb) for 14 days. Post-stress levels
were measured 2 hours after the stress application. Each value (n=4) is the average ±
SD. Values with superscript are significantly different than pre-stress level (*/?<0.05,

**p<0.0\).
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Figure 4.5. Experiment I. Effects of stress (air exposure for 5min) on plasma free
T3 in rainbow trout treated with nonylphenol (lOOppb) for 14 days. Post-stress
levels were measured 2 hours after the stress application. Each value (n=4) is the
average ± SD. Values with superscript are significantly different than
corresponding control level (+p<0.05).
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Figure 4.6. Experiment I. Effects of stress (air exposure for 5min) on plasma total T3
in rainbow trout treated with nonylphenol (lOOppb) for 14 days. Post-stress levels
were measured 2 hours after the stress application. Each value (n=4) is the average +
SD. Values with superscript are significantly different than corresponding control
level (+p<0.05).
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Figure 4.7. Experiment I. Effects of stress (air exposure for 5min) on plasma free T 4
in rainbow trout treated with nonylphenol (lOOppb) for 14 days. Post-stress levels
were measured 2 hours after the stress application. Each value (n=4) is the average ±
SD. Values with superscript are significantly different than corresponding control
level (+/K0.05).
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Figure 4.8. Experiment I. Effects of stress (air exposure for 5min) on plasma total T 4
in rainbow trout treated with nonylphenol (lOOppb) for 14 days. Post-stress levels
were measured 2 hours after the stress application. Each value (n=4) is the average ±
SD. Values with superscript are significantly different than corresponding control
level (+/K0.05).

Figure 4.9. Experiment I. Effects of stress (air exposure for 5min) on plasma lactate in
rainbow trout treated with nonylphenol (lOOppb) for 14 days. Post-stress levels were
measured 2 hours after the stress application. Each value (n=4) is the average ± SD.
Values with superscript are significantly different than pre-stress level (**/?<0.01).
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Figure 4.10. Experiment I. Effects of stress (air exposure for 5min) on plasma
ammonia in rainbow trout treated with nonylphenol (lOOppb) for 14 days. Post-stress
levels were measured 2 hours after the stress application. Each value (n=4) is the
average ± SD. Values with superscript are significantly different than pre-stress level
(*/K0.05, **/K0.01).
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Figure 4.11. Experiment I. Effects of stress (air exposure for 5min) on plasma total
protein in rainbow trout treated with nonylphenol (lOOppb) for 14 days. Post-stress
levels were measured 2 hours after the stress application. Each value (n=4) is the
average ± SD.
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Figure 4.12. Experiment II. Total hemoglobin in rainbow tout treated with DMSO and
nonylphenol (4-100 ppb). Each value (n=8-10) is the average ± SD. Values with
superscript are significantly different than either control level (*/?<0.05) or initial control
level (t=2h, +/?<0.05, ++/K0.01).
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Figure 4.13. Experiment II. Plasma Cortisol in rainbow tout treated with DMSO and
nonylphenol (4-100 ppb). Each value (n=8-10) is the average ± SD. Values with
superscript are significantly different than either control level (*/?<0.05, **p<0.01) or
initial control level (t=2h, +/X0.05, ++/K0.01).
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Figure 4.14. Experiment II. Plasma glucose in rainbow tout treated with DMSO and
nonylphenol (4-100 ppb). Each value (n=8-10) is the average ± SD. Values with
superscript are significantly different than either control level (*/?<0.05, **/?<0.01) or
initial control level (t=2h, +p<0.05, ++/K0.01).
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Figure 4.15. Experiment II. Plasma free T 3 in rainbow tout treated with DMSO and
nonylphenol (4-100 ppb). Each value (n=8-10) is the average ± SD. Values with
superscript are significantly different than either control level (**/?<0.01) or initial control
(t=2h, +/K0.05, ++p<0.01).
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Figure 4.16. Experiment II. Plasma free T 4 in rainbow tout treated with DMSO and
nonylphenol (4-100 ppb). Each value (n=8-10) is the average ± SD. Values with
superscript are significantly different than either control level (*/?<0.05, **p<0.0\) or
initial control level (t=2h, +/K0.05,).
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Figure 4.17a. Experiment II. Effects of stress (air exposure for 3 min) on total hemoglobin
in rainbow tout treated with DMSO and nonylphenol (4-100 ppb) for 7 days. Each value
(n=6) is the average ± SD. Values with superscript are significantly different than either
control level (*/?<0.05, **/?<0.01) or corresponding pre-stress level (t=0h, +p<0.05).
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Figure 4.17b. Experiment II. Effects of stress (air exposure for 3 min) on total hemoglobin
in rainbow tout treated with DMSO and nonylphenol (4-100 ppb) for 21 days. Each value
(n=6) is the average ± SD. Values with superscript are significantly different than either
control level (*p<0.05, **p<0.0\) or corresponding pre-stress level (t=0h, +/?<0.05,

++p<0.0\).

46

Time after srtess onset
Figure 4.18a. Experiment II. Effects of stress (air exposure for 3 min) on plasma Cortisol
rainbow tout treated with DMSO and nonylphenol (4-100 ppb) for 7 days. Each value
(n=6) is the average ± SD. Values with superscript are significantly different than either
control level (*/?<0.05) or corresponding pre-stress level (t=0h, +/?<0.05, ++/K0.01).
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Figure 4.18b. Experiment II. Effects of stress (air exposure for 3 min) on plasma Cortisol
rainbow tout treated with DMSO and nonylphenol (4-100 ppb) for 21 days. Each value
(n-6) is the average ± SD. Values with superscript are significantly different than either
control level (*/?<0.05, **/?<0.01) or corresponding pre-stress level (t=0h, +/?<0.05,
++/7<0.01).
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Figure 4.19. Experiment II. Effects of exposure to high level (lOOppb) of
nonylphenol on stress (air exposure for 3 min) response of plasma Cortisol in
rainbow trout. Values are the average and selectedfromFigure 4.18b.
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Figure 4.20a. Experiment II. Effects of stress (air exposure for 3 min) on plasma glucose in
rainbow tout treated with DMSO and nonylphenol (4-100 ppb) for 7 days. Each value
(n=6) is the average ± SD. Values with superscript are significantly different than either
control level (*/?<0.05, **/?<0.01) or corresponding pre-stress level (t=0h, +/?<0.05,
++p<0.01).
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Figure 4.20b. Experiment II. Effects of stress (air exposure for 3 min) on plasma glucose in
rainbow tout treated with DMSO and nonylphenol (4-100 ppb) for 21 days. Each value
(n=6) is the average + SD. Values with superscript are significantly different than either
control level (*/?<0.05, **/?<0.01) or corresponding pre-stress level (t=0h, +/K0.05,
++p<0.01).
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Figure 4.21. Experiment III. Effects of stress (air exposure for 5min) on hematocrit in
rainbow trout treated with nitrite (0.2mgN-NO2 /L) for 14 days. Post-stress levels
were measured 2 hours after the stress application. Each value is (n=4) the average ±
SD. Values with superscript are significantly different than pre-stress level
(V<0.05).
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Figure 4.22. Experiment III. Effects of stress (air exposure for 5min) on total
hemoglobin in rainbow trout treated with nitrite (0.2mgN-NO2"/L) for 14 days. Poststress levels were measured 2 hours after the stress application. Each value (n=4) is
the average + SD. Values with superscript are significantly different than pre-stress
level (*/?<0.05).
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Figure 4.23. Experiment III. Effects of stress (air exposure for 5min) on plasma
Cortisol in rainbow trout treated with nitrite (0.2mgN-NO2"/L) for 14 days. Post-stress
levels were measured 2 hours after the stress application. Each value (n=4) is the
average ± SD. Values with superscript are significantly different than pre-stress level
(**p<0.01).
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Figure 4.24. Experiment III. Effects of stress (air exposure for 5min) on plasma
glucose in rainbow trout treated with nitrite (0.2mgN-NO2"/L) for 14 days. Post-stress
levels were measured 2 hours after the stress application. Each value is the average ±
SD. Values with superscript are significantly different than pre-stress level
(•/K0.05).
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Figure 4.25. Experiment III. Effects of stress (air exposure for 5min) on plasma free
T in rainbow trout treated with nitrite (0.2mgN-NO2"/L) for 14 days. Post-stress
levels were measured 2 hours after the stress application. Each value (n=4) is the
average ± SD. Values with superscript are significantly different than corresponding
control level (+p<0.05).
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Figure 4.26. Experiment III. Effects of stress (air exposure for 5min) on plasma total
T in rainbow trout treated with nitrite (0.2mgN-NO2 /L) for 14 days. Post-stress
levels were measured 2 hours after the stress application. Each value (n=4) is the
average ± SD. Values with superscript are significantly different than corresponding
control level (+p<0.05).
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Figure 4.27. Experiment III. Effects of stress (air exposure for 5min) on plasma free
T in rainbow trout treated with nitrite (0.2mgN-NO2*/L) for 14 days. Post-stress
levels were measured 2 hours after the stress application. Each value (n=4) is the
average ± SD. Values with superscript are significantly different than corresponding
control level (+p<0.05).
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Figure 4.28. Experiment III. Effects of stress (air exposure for 5min) on plasma total
T in rainbow trout treated with nitrite (0.2mgN-NO2 /L) for 14 days. Post-stress
levels were measured 2 hours after the stress application. Each value (n=4) is the
average ± SD. Values with superscript are significantly different than corresponding
control level (+/K0.05).
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Figure 4.29. Experiment III. Effects of stress (air exposure for 5min) on plasma
lactate in rainbow trout treated with nitrite (0.2mgN-NC«27L) for 14 days. Post-stress
levels were measured 2 hours after the stress application. Each value (n=4) is the
average ± SD. Values with superscript are significantly different than pre-stress level
(**/?<0.01) or corresponding pre-stress level (+/?<0.05).
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Figure 4.30. Experiment III. Effects of stress (air exposure for 5min) on plasma
ammonia in rainbow trout treated with nitrite (0.2mgN-NO2"/L) for 14 days. Poststress levels were measured 2 hours after the stress application. Each value (n=4) is
the average + SD. Values with superscript are significantly different than pre-stress
level (**/?<0.01) or corresponding pre-stress level (+/?<0.05).

56

Control

Nitrite

Figure 4.30. Experiment III. Effects of stress (air exposure for 5min) on plasma total
protein in rainbow trout treated with nitrite (0.2mgN-NO2"/L) for 14 days. Post-stress
levels were measured 2 hours after the stress application. Each value (n=4) is the
average ± SD.
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C H A P T E R 5. D I S C U S S I O N

Experiment II suggests that the acute effects of nonylphenol are not
significant. It has been found, however, that 14 days long (Experiment I) and 21 days
(Experiment II) long exposure to lOOppb level of nonylphenol impair the normal
increase of Cortisol plasma Cortisol following the air exposure stress. Similar response
was observed in both field (Hontela et al. 1992; Jardine et al. 1996; Norris et al. 1999;
Lappivaara and Oikari 1999) and experiment (Quabius et al. 1997) in fish that were
chronically exposed to such chemicals as PCBs, polycyclic aromatic hydrocarbons
(PAHs), mercury and cadmium.
There are three possible explanations for the impaired Cortisol response to
stress: i) the function of interrenal tissue to produce Cortisol is inhibited; ii) the
activation of the interrenal tissue by ACTH is inhibited; iii) the rate of circulating
Cortisol breakdown is enhanced. It is not clear if nonylphenol affects all or any of these
functions. The mechanisms of the abnormal Cortisol response reported here should be
further elucidated. It would be useful, for example, to quantify the functional integrity
of the interrenal tissue by a standardized functional test such as in vitro ACTH
challenge test.
It is also possible that xenobiotics such as nonylphenol can affect plasma
Cortisol levels by altering the availability and affinity or metabolism of the hormones'
carrier proteins, such as plasma glucocorticosteroid binding protein (GBP). Cortisol, as
well as other steroid hormones, is not stored within the cells in which it is synthesized,
but rather it diffuses across the cell membranes as it is synthesized. Therefore, secretion
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of the hormone into plasma is dependent on the rate of its biosynthesis (Atterwill and
Flack 1992). Once being released into plasma, Cortisol either circulates free or bound to
the carrier protein. The free hormone only can interact with the receptors of target cells,
and the bound form is metabolized at a slower speed than the free hormone. Thus, an
alteration in the availability and affinity of the carrier proteins potentially affect the
plasma concentrations of the hormone together with its physiological actions.
Therefore, measurement of GBP concentration in plasma would be worthwhile in order
to know whether or not this is the case.
In Experiment I, plasma glucose levels of the fish treated with nonylphenol
showed a normal increase similar to that observed in control fish. Cortisol secretion
stimulates gluconeogenesis and eventually contributes to glucose level increase in
blood. Adrenaline and glucagon are also responsible for gluconeogenesis. Therefore, it
is suggested that nonylphenol exposure did not affect the function of chromaffin cells
by which adrenaline, a stress response indicator, is produced.
On the other hand, in Experiment II, The high level of nonylphenol that had a
significant impact on Cortisol level in plasma influenced as well the subsequent increase
of glucose. This may be due to the long period (28 days) of starvation on the fish of
small size. The fish exposed to nonylphenol showed a relatively slower and prolonged
increase of plasma glucose following the stress. This tendency was especially distinct
for the group of fish that was exposed to the highest level of nonylphenol.
Experiment III suggested that exposure to nitrite does not affect the normal
elevation of plasma Cortisol in fish in response to the acute stress under the
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experimental conditions as shown in Table 4.2. Impairment of HPT axis by nitrite was
not observed.
Nonylphenol is shown not only to suppresses the plasma level of Cortisol, but
also to prevent recovery to the normal state (Figure 4.19). This observation is the first
to be made of this type and is important, when applied to the natural environment.
There is no aquatic natural environment where fish can live without any "stress" that
includes escapingfrompredators, territorial competition between individuals and
temperature changes in water. This means that the fish polluted by nonylphenol may
keep abnormally high levels of Cortisol, without being able to reduce the level back to
the normal state each time they get stressed. Chronically excess level of Cortisol can
affect fish adversely, leading to muscle wasting, reduced growth, and disturbances of
the reproductive axis (Freeman and Idler 1973; Bilard et al. 1981). The inhibited
growth of salmonids exposed to nonylphenol (Fairchild et al. 1999) may be attributed
to this hypersecretion of Cortisol.
In Experiment I and III, air exposure resulted in an increase in anaerobic
metabolism as indicated by the elevation in plasma lactate.
The most noteworthy result from thyroid hormone measurements is seen on
day 21, that is a significant decrease in T and T 4 in fish plasma in response to 100 ppb
3

level of nonylphenol exposure. Letherland and Sonstegard (1980) observed thyroid
hyperplasa in fish exposed to industrial effluent. This may be caused by suppressed
thyroid hormone levels and their the negative feedback, that eventually hyperactivated
the thyroid gland. The decrease in both free T and free T in Experiment II can partly
3

4
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be caused by starvation (Holloway et al. 1994). In addition, both values are
significantly different also from control levels. This finding can be explained by the
possible explanation for the observation reported by may have been caused by
hyperactvation of thyroid gland due to the negative feedback from suppressed thyroid
hormone production.
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C H A P T E R 6. C O N C L U S I O N A N D C O M M E N T S

The major conclusion of the experimental portion of the research is that these
experiments demonstrated that nonylphenol modifies the stress response of rainbow
trout in terms of Cortisol level increase. Glucose response to stress was not significantly
impaired, suggesting that nonylphenol solely affects the HPI axis. Nonylphenol also
inhibited the return of plasma Cortisol levels 24 hours after application of stress.
Thyroid hormone levels were low in the fish exposed to 100 ppb nonylphenol for 21
days. How nonylphenol instigates these changes is unknown.
Cortisol, along with adrenaline, plays a crucial role in metabolism enabling fish
to cope with stress as well as their ability to respond to a challenging environment.
Being unable to secrete normal levels of Cortisol could lead to disastrous consequences
such as a lower chance of survival and vulnerability to diseases. Insufficient thyroid
hormone may spur this impact, by causing failures in proper growth and development
in the fish.
To address some contextual issues the following section provides personal
comments on the research.
Ever since the industrial revolution, the productivity of industrial activities has
steadily increased. Advanced technology has made it possible for humans to develop
and produce chemicals with extremely complicated structures in massive amount .
6

In 1997, there were approximately 70,000 different synthetic chemicals on the global
market. Their total number would be even higher if their by-products of production and
incineration were taken into account (Mitchel 1997).
6
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Most notably in the latter part of this century and in less than a lifetime, the production
of synthetic xenobiotics (e.g. dyes, plastics and solvents) has increased more than a
thousand-fold in the United States alone.
Many of these anthropogenic compounds were not originally present in the
environment. Thus it is not surprising that they can cause significant, either positive or
negative, effects on exposed organisms.
A variety of xenobiotics are used for industrial and pharmaceutical purposes
which has greatly changed humans' lifestyle through improving conditions of material
development, comfort, convenience, and overall physical well-being. However, proper
control, storage and disposal are critical for these chemicals to prevent unwanted
contamination of the environment.
The results of this study highlight an example of the case in which a widely
marketed chemical turns out to potentially endanger ecosystem health in an unexpected
manner. The observation made in the Cortisol response to stress is highly relevant to the
situation in the natural environment where fish from highly polluted areas must manage
the pollutant and also react aptly to predators and various environmental stressors to
maintain homeostasis. The ability to activate the normal endocrine functions and
elevate plasma Cortisol level in response to stress is vital for the fish to cope with the
stress. The disruptions of the process, consequently, may reduce the survivorship of the
fish.
Carson (1962) noted in her famous book that synthetic substances were being
released into the environment "with little or no advance investigation of their effects on
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soil, water, wildlife, and man himself." Almost four decades later, this situation does
not seem to have changed. The present world view of most industrialized countries are
"economy-centric," as opposed to "ecology-centric." That is they tend to put priority on
economical advantages over speculated concern for damaging ecosystem integrity,
which is usually not easy to perceive as a result of the long period of time required to
manifest environmental effects, as well as lack of inclusive scientific data. Newly
synthesized chemicals, once recognized as effective in certain aspects, have a tendency
to be marketed widely without conscientious elucidation about their possible side
effects. The outcome of this kind of action could be very dangerous and is hardly
reversible, as seen in countless cases of environmental pollution.
It is not possible to fully ensure the safety of xenobiotics before they are
produced commercially. However, once a harmful property is discovered, actions
should be made immediately for prevention of the chemical's further release into the
environment. Persistent chemicals do not disappear from the environment, even if their
release is terminated. PCBs, for example, are still found ubiquitously in water,
sediment, and in organisms including humans, even though they have been banned for
more than 20 years.
As a result of long term appreciation of reductionism and Newtonian
mechanism in science, it had become challenging for humans to see the significance of
comprehensive discussion involving potentiality and ethical decision-makings. As
discussed earlier, the impacts of EDCs are in most cases very subtle and can require
very long term (may be a few generations) to manifest. In addition, the mechanisms
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that explain how EDCs operate in animals are still far from complete comprehension.
However, whether these factors are an excuse for responsible regulative actions to
decide on continuing the use of these potentially dangerous chemicals is certainly
worthy of debate.
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