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ABSTRACT

Exposure to natural and synthetic estrogens and
androgens fromthe environnent has been shown to cause
cel lular, devel opnental, behavioral, and physi ol ogi cal
changes in fish. This experinment exam ned the
conbi ned effect that exposure to two different
tenperatures, 9°C and 19°C, and a synthetic estrogen,
17a- ethynyl estradiol, had on behavior, tissues, and
wei ght gain in juvenile rainbow trout (Oncorhynchus
nmykiss). Forty juvenile O nykiss were exposed to
either 50ng/L of 17« ethynylestradiol (EE;) or no EE;
for 21 days, and each of these groups were housed at
either 9°C or 19°C. Four groups (10 trout per group)
were exposed to the follow ng conditions: (1)
1750ng/ tank EE,, 9°C, (2) 1750ng/tank EE,, 19°C, (3) no
EE,, 9°C, and (4) no EE,, 19°C. The fish were
nmoni t ored over the exposure period for changes in
aggression, and analyzed for hematocrit, hepatosonmatic
i ndi ces, gonad histol ogy, and wei ght gain after
eut hanasi a. Several hypotheses were made. First, it
was hypot hesi zed that fish exposed to EE, woul d have
i ncreased | evel s of aggression, as conpared to those

in the control group, but statistical analyses showed

il



that neither tenperature nor EE, had a significant

ef fect on the nunber of approaches (p = 0.8560, p =

0. 5869, respectively) and nunber of attacks (p =
0.5472, p = 0.2322, respectively). Second, it was
hypot hesi zed that fish exposed to EE, woul d have | ower
| evel s of hematocrit, but fish exposed to EE; had
significantly higher levels of hematocrit (p =
0.0483). Only tenperature (19°C) had a significant

i ncreasing effect on the hepatosomatic indices (p =
0.0002), contrary to the third hypothesis that
exposure to both 19°C and EE, woul d cause i ncreased
hepat osomati c indices. No conclusions could be made
as to the effect of tenperature and treatnent with EE;
on gonad nor phology. Finally, in support of the

hypot hesis that fish at a col der tenperature would
grow at a faster rate, fish exposed to 9°C showed
significantly greater weight gain over those housed at

19°C (p = 0.0217).
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CHAPTER |

| NTRODUCTI ON

Mechani snms of Sex Determ nation

The manner in which sex is determned in
vertebrate species has evolved over mllions of years,
resulting in an extreme diversity of sex determ ning
mechani sms expressed in phylum chordata (Figure 1).
It is possible that all vertebrates began with the
sanme type of gender determni nation nechani sm and
devel oped nodifications to better survive in their
environments. Sex is determned in mammal s, birds,
anphi bi ans, and sonme fish by genetic mechani sns,
whereas environnental factors play a primary role in
sex determ nation in sone species of anphibi ans,
reptiles, and fish.

Mechani sns of Sex Determnation in Munmals, Birds,

Anphi bi ans, and Reptil es

Sex determination in mammals results primarily
fromthe sex chronosones, but also fromthe sonme genes
| ocated on autosonmes. In manmals, the sex chronobsones
in femal es are honoganetic (XX) and in nmales are

het eroganetic (XY). GCender is determ ned by the



presence of Sry gene (sex-determining region of the Y
chronosone), which encodes the testis-determ ning
factor on the Y chronosonme (Morrish & Sinclair, 2002).
There are rare or exceptional cases in which
honmoganeti c (XX) phenotypic mal es and heteroganetic
(XY) phenotypic femal es occur, which is often a result
of the translocations of the Sry gene fromthe Y
chronosone to the X chronosone (Janeson, 1988). Such
transl ocati ons occur in the seventh week of

devel opnment when a reconbination results in the
shifting of the Sry gene fromthe Y chronosone to the
X chronmosone (Hartwell et al., 2000). |If an XX egg
containing the Sry gene is fertilized, a phenotypic
mal e XX devel ops. The HY antigen on the Y chronosone
pl ays an inportant role in the phenotype of a male by
interacting with the undifferentiated gonad tissue
during enbryol ogi ¢ devel opnent and causing testicul ar
or ganogenesi s. Though an organi sm may have the XY sex
chronosone set, without the HY antigen or cells that
code for the HY antigen receptors, the organismw |
not undergo testicul ar organogenesi s or express
primary mal e sexual characteristics. Species can have
one genotype, but functionally be the other gender.
There are specific synbols for these unconventi onal
sex chronosones, each of which are different fromthe
typi cal XX/ XY or ZZ/WZ determ nation (van Ti enhoven
1983).



In contrast to manmal s, birds and snakes express
femal e heteroganety (WZ) and nmal e honoganety (Z2).
Graves and Shetty (2001) show that the XX/ XY and WZ/ ZZ
sex chronosone systens evol ved i ndependently of each
other and contain different genes. By mapping 17
genes of the chicken Z chronpsone, it was found that
none of the 17 are found on the mammlian X In
addi tion, none of the six human genes mapped in
chi cken were found on the chicken Z chronosone. This
shows that there is a conplete |ack of honol ogy of the
bird Z and mammal i an X chronosone, thus illustrating
the lack of ancestral commnality in the sex

det erm ni ng nechani sm



Genot ypl C (XX/ XY, 727/ W, XX/ X0, X1X2X2X2/ X1 XY,
XX XoXol X1 X1 X2, XX/ XY1Y, W2/ zzZ, zQ z2Z, WWZ/ ZZ),
envi ronnent al | y dependent, hermaphroditic,

uni sexual , pol ygenic

. . » FI SH
Less genotypic, nore environnmentally
dependent >A|VPH| Bl ANS
Envi ronnmental | y
dependent REPTI LES
>
Genot ypi c:
C o ZZ| W
CGenot ypi c:
XX/ XY » Bl RDS
» MVAMVAL S

Figure 1. Phylogenetic tree of sex determ nation
mechani sns in fish, anphibians, reptiles, birds, and
mammal s (based on Price, 1984; G aves & Shetty, 2001,
Sparling, Linder, & Bishop, 2000; Lang & Andrews,
1994) .

The determ nation of gender in anphibians and
reptiles is a result of both genetic and environnent al
factors. Amphibians do not utilize one set pattern of
genetic sex determnation (Sparling et al., 2000).
Sonme speci es exhibit male heteroganety, whereas others
exhi bit mal e honoganety. |In addition, gonadal
devel opnent in anurans may depend on hor nobne

concentrations of estrogen and testosterone (Sparling



et al., 2000). Many reptilian species, such as the
Anmerican alligator (Alligator m ssissipiensis), have

t enper at ure dependent sex determ nation. Lang and
Andrews (1994) conpleted a study exam ning the

evi dence of tenperature-dependent sex determnation in
11 crocodilian species and found evi dence supporting

t enper at ur e- dependent sex determ nation in A

m ssi ssi ppi ensi s and Cai man crocodiles. Eggs

i ncubated at | ower tenperatures and hi gher
tenperatures, they discovered, result in fenale

of fspring, whereas eggs incubated at internedi ate
tenperatures resulted in males. This thernosensitive
period for tenperature-dependent sex determ nation in
A. m ssissipiensis occurs during stages 21 to 24 (days
30-45), during which gonadal differentiation occurs
(Lang & Andrews, 1994). Unlike mammals, reptiles,
anphi bi ans, and birds, however, fish do not utilize
one primary nechani smof sex deterni nation.

Mechani sns of Sex Determination in Fishes

Fi sh express an extrene variety in both sexuality
and sex determ nation methods, including
hemaphrodi ti sm pol ygenic sex determ nation, the
manmmal i an XX/ XY mechani sm avian WZ/ ZZ mechani sm
environmental sex determ nation, and nodifications of
t hese nechani snms. The sexuality of fish ranges from
her maphroditism wunisexuality, and bisexuality.

Hemaphroditic fishes can be either synchronus or



asynchronous. I n synchronous fish species, the egg
and spermmature at the sane tinme (leading to self-
fertilization); asynchronus fishes, however, function
as only female or nmale at one tine. It has been
proposed that hemaphroditism arose several tines

i ndependently, since it occurs in several orders of
fish. Unisexual fishes are | ess comon than

her maphroditic species; these fish reproduce through
ei t her gynogenesis or hybridogenesis. There are
several genotypes of nale heteroganmety in fish: XX XY
XX/ XO,  XaXoXoXol XiXoY, XpXgXoXal XiXiXz, and XX/ XY1Y, (Pri ce,
1984). Fenal e heteroganety is of the types: WZ/ ZZ,
ZQ zz, and WWZ/ zZ (Price, 1984). Along with

her maphrodi ti sm and pol ygeni c sex determ nation, sex
is determ ned in bisexual species of fish using the
XXI' XY and WZ/ ZZ systens. Poecilia reticulata possess
the XX/ XY sex chronpsone system whereas Gasterosteus
acul eat us possess the WZ/ ZZ system (van Ti enhoven,
1983). Simlar to many species of the salnon famly,
rai nbow trout (Oncorhynchus nyki ss) express genetic
sex determ nation as fenmal e honoganety (XX) and mal e
het eroganety (XY) (Quillet, Aubard, & Queau, 2002).

Bi sexual fish conpose the majority of fish species.
In some bisexual fish, sex is determ ned not by the
sex chronosones al one, but by the m nor genes

t hr oughout the chronosones (pol ygenic sex

determ nation).



Pol ygeni ¢ sex-determi nation relies on the
aut osones of the epistatic genes. The Y chronosone
has epistatic M genes and the X chronosone has
epi static F genes (Yamanoto, 1969). |If the nunber of
autosones is in balance, as it usually is, gender
determ nation is based primarily on the XX or XY sex
chronosones. |If the nunber of X and Y autosones are
not in bal ance, however, the fish utilizes the
pol ygeni ¢ sex determ nation mechanism in which gender
is determ ned by the sumof the F autosones or the sum
of the M autosones. There are cases in which the sex
chronosones specify XY, but the sumof the fenmal e
autosones is greater than that of the nal e autosones.
Simlar to the nmechani smthrough which gender is
determned in reptiles and anphi bi ans, environnent al
factors play a key role in the sex determ nation of
sone fish species. Tenperature, photoperiod,
rainfall, and salinity influence sex determ nation in
many species of fish (Jobling, 1995). |In the Atlantic
silverside (Menidia nmenidia), sex determnation is
under genetic and environnental control. Conover and
Kynard (1981) found that a |arger popul ation of
femal es devel oped at col der tenperatures and nore
mal es devel oped at slightly higher tenperatures (as

cited in Janeson, 1988).



Sexual Characteristics in Fishes

Sexual di nmorphismis expressed in the mal es and
femal es of class Gsteichthyes through secondary sexual
characteristics. Primary characteristics relate
directly to the reproductive process, whereas
secondary sexual characteristics relate to the
accessories to reproduction, such as body size, fin
shape, head ornanentation, and body coloration
(Lagl er, Bardach, & MIller, 1962). The primary sexual
characteristics that differentiate male and femal e
fish are the presence of testes and ducts or ovaries
and acconpanyi ng ducts (Lagler et al., 1962). Marks
of sexual distinction for secondary sexual
characteristics relate to the additional physical
characteristics of the individual.

Many physical characteristics are varied in nmale
and female fishes. There is an overall size
di fference between genders in nost species of fishes
(N kol sky, 1963). Mature females are generally |arger
t han nal es because of the reproductive organs they
contain in their bodies. Fin norphology also differs
bet ween the sexes. Males generally have |onger,
| arger fins than those of fenmales, a nodification that
often serves both a physical and adaptive function in
reproduction (Ni kol sky, 1963). Mal e fishes of the
order Cyprinodonifornes, such as Poecilia reticulata,

have a nodified anal fin called the gonopod (Lagler et



al ., 1962). Landsman, David, and Drew (1987) found
that the devel opnent the gonopod is under androgen
control, as female P. reticulata fed 17o—

nmet hyl t est ost erone devel oped gonopodia (as cited in
Bayl ey, Junge, and Baatrup 2002). The gonopod serves
to gui de the spernmatophores fromthe nmale into the
femal e during copulation, thus resulting in nore
successful egg fertilization. Female fishes may al so
possess an accessory reproductive structure, called

t he ovi postior. The ovipositor, found in Rhodeus
amarus and Caraproctus, was derived fromthe genital
papilla and is used to deposit eggs (Lagler et al.,
1962) .

Mal e fishes generally have brighter, nore intense
coloration of the body than that of a female. This
sexual dichromatismis thought to have arisen to
attract fenmales to males during mating (sexual
selection). Baatrup and Junge (2001) show that male
P. reticulata |lose their orange coloration with
hornonal and chem cal changes; it is possible that
this change in coloration would cause a reduction in
femal e receptivity during mating. Brooks and Endl er
(2000) found a clear positive correlation between
attractiveness (coloration) and successful mating of
P. reticulata, thus showi ng the inportant |ink between
secondary sexual characteristics and mating success.

Many species of male fish devel op head ornanmentation



during the breeding season that fenmales do not
possess. For exanple, breeding nmales of the sal non
and trout (Sal noninae) possess knobby hooks on their
upper and | ower jaws, whereas mal e chi naeras
(Chi maeri dae) develop a spiny retractile knob in the
upper part of the head (Lagler et al., 1962).
Ef fects of Environnental Contam nants on Fish
Behavi or, Sex Characteristics, and Physi ol ogy
Nat ural and ant hropogeni ¢ conpounds rel eased into
t he environment can have detrinental effects on the
organi sns to which they are exposed. Chem cals,
i ncludi ng those that are endocrine disruptors, are
rel eased daily into waterways fromagricultura
sources and nuni ci pal sources such as factories,
sewage treatnent plants, and power plants. O ganisns
that live in aqueous environnments, including fish, can
easi |y bioaccunul ate these chemcals in their bodies
because of continued exposure. Studies have shown
that thermal and netabolic factors can affect the
bi oaccunul ati on of certain chemcals in fish. Tarja,
Kirsti, Marja, and Kari (2003) exposed O nykiss to
triazine herbicides terbutryn and terbuthylazine at
wat er tenperatures of 4°C, 10°C, and 17°C. They found
that tenperatures had a significant effect on the
bi oaccunul ati on of terbutryn, but not terbuthyl azine.
Such chemcals may interfere with the endocri ne system

of organi sns by changing naturally occurring hornone

10



concentrations or m mcking naturally occurring
hornmones, thus altering reproductive capacities,
behavi or, and normal physiology. By acting as either
agoni sts or antagoni sts, endocrine disrupting

chem cal s can binding to hornone receptors or bl ocking
hor none receptors to alter the normal chem cal

pat hways.

Not all species of fish, however, are equally
susceptible to environnmental contam nants because of
the different mechani snms in which gender is
determ ned. The endocrine system functions such that
hornones are secreted from specific hornonal gl ands
into the bl oodstream and influence cell functions at
ot her specific locations in the body. Steroid
hornones are secreted by the adrenal cortex, testes,
ovaries, and placenta and transported bound to pl asna
proteins (Porterfield, 1997). Secretion of such
steroids in humans occurs in concentrations of one
pi cogramper mlliliter of blood, and rates of
secretion are typically nmeasured in mcrograns or
mlligrams per day (GQuyton & Hall, 2000).

Sonme of the first studies of environnental
endocrine disruption in fish included the exam nation
of estrogenic effect caused by natural and synthetic
estrogens. Researchers have conpl eted many
experinments in which species of fish are exposed to a

chem cal and exam ned for resulting effects on

11



behavi or, sexual characteristics, or physiology. Not
all species of fish, or nenbers of the sane species,
it has been found, react identically to exposure to

t he sane chem cal or concentration of a chem cal. For
exanpl e, only sone of O nykiss exposed to a series of
di lutions of wastewater effluents showed an estrogenic
response to the exposure (Pickering & Sunpter, 2003).
This lack of intraspecific variability may be the
result of additional factors playing a role in the

di sruption of the endocrine systemin nenbers of the
sane fish species. |In various fish species, however,
the differing effects may be a result of the effects
of different nmechani snms of sex determ nation,
resulting in a varying |level of susceptibility.

Though fish of different species may not experience
the sane effects of a contam nant, nost exposed
speci es exhibit sonme sort of changes in behavior,
secondary sexual characteristics, and physiol ogy (see

Table 1).

12



Behavi or Endpoi nts

Si gnoi dal  swi mm ng

Phenot ypi ¢ Endpoi nts

Gonopodi um devel opnent

Body col oration

Testis size

Sper m count

Gonad devel opnent

Gonad devel oprent

Physi ol ogi cal Endpoints

Change in testosterone
concentrations

Vitell ogenin
concentrati on

Speci es

Poecili a
reticul ata

Poecilia
reticul ata

Poecilia
reticul ata

Oncor hynchus
nmyki ss

Poecili a
reticul ata

Oncor hynchus
myki ss

Oncor hynchus
myki ss

Cyprinus carpio

Oncor hynchus
myki ss

Chemi cal exposure

Vi ncl ozol i nt, flutan de?

Vi ncl ozol i nt, fl utam de?,

p, p’ - DDE?

Vi ncl ozol i n?

17 «-ethynyl estradi ol
p, p’ - DDE®

Vi ncl ozol i n?,

Estradiol -17p

non- aromat i zabl e andr ogen

17a-

net hyl di hydr ot est ost er one

muni ci pa

Nonypheno
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Ef f ect

Altered swinming pattern

in males, resulting in
suppressed courtship
behavi or

I nhi bited devel opnent

Reduced orange displ ay
coloration in area and
intensity in males

I nhi bited devel opnent

Hi ghly significant
reduction in nunber of
spermcells

Mal es devel oped fenal e
gonadal structures

Femal es devel oped testes

Depressed serum

sewage effluent testosterone

concentrati on

Mal es synt hesi zed
vitel l ogenin

Ref er ence

Bayley et al., 2002

Bayley et al., 2002

Baat rup & Junge,
2001

Schultz et al., 2003

Bayley et al., 2002

Krisfalusi & Cloud,
1999
Krisfalusi & Cloud,
1999

Folmar et al., 1996

Schwai ger et al .,
2002



Ef fects of Environnental Endocrine Disruptors on

Courtshi p Behavior in Fish

The hornones of the endocrine systemdictate fish
courtshi p behavior, so when exposed to environnental
endocrine disruptors, changes may occur in such
behavi ors. Many species of fish perform el aborate
courtship cerenpnies to attract the opposite sex for
copul ation. D splays perforned by many nal es incl ude
weavi ng, proddi ng, rubbing or bunting the female
(Lagler et al., 1962). Courtship by nmales of P.
reticulata involves the nmale placing hinmself in front
of the femal e and perform ng a signoid display.

During this display, the male’s body noves in the
shape of a Cor S, and vibrates while displaying his
orange-yel l ow col oration (Bayley et al., 2002). Such
actions can occur at a rate of one per mnute, and can
| ast for several mnutes until the femal e submts.
Certain acts of courtship induce hornonal changes in
fish and prepare themfor copulation. Fromthis, one
can see the inportant relationship of the endocrine
system and courtship behavior in fishes through

hor nonal concentrati ons.

I n mal es, androgen concentration directly affects
courtship behavior. Fish exposed to anti androgens
often experience a |oss of typical courtship display
behavi or. Wen mal e nosqui tofish (Ganbusi a hol br ook)

from contam nat ed Lake Apopka, Florida, were exam ned

14



for signoid displays, a correlation between nean

t est osterone concentration and correspondi ng sexual
behavi or was established (Toft, Edwards, Baatrup, &
Quillette, 2003). Bayley et al. (2002) exposed
juvenile P. reticulata to three antiandrogens,
vinclozolin, p.p -DDE, and flutam de, for two weeks,
after which frequency of signmoid displays and ot her
vari abl es were observed and neasured. To neasure

si gnoi d di spl ays, each nmale was placed with a non-
receptive femal e and the signoid displays were
recorded and anal yzed usi ng conputer aided DI SPLAY

vi sion system software. Paraneters of neasurenent

i ncluded: position of the females relative to the
mal e, position of the males relative to the fenal e,

t he di stance between the two fish, male sw nm ng
speed, nmale lateral (angular) displacenent, male

| ateral sw mm ng speed, and nal e curvature (Bayley et
al ., 2002). Bayley et al. (2002) found that the
treatnment of flutam de and vinclozolin had a
significant affect on both nunber and duration of
signoid displays. A simlar experinment using adult P.
reticulata exposed to the sanme anti androgens resulted
in a reduction in orientation by the nale towards the
female in courtship (when exposed to vinclozolin) and
a reduction in sideways swi nm ng action (when exposed
to p,p -DDE) (Baatrup & Junge, 2001). This inpairnent

of courtship behavior by environnental endocrine

15



di sruptors would affect a nale’s success in mating, as
several studies have shown that fenal e guppies are
attracted to males with a high signoid display rate
(as cited in Bayley et al., 2002). Because courtship
behavior is linked with the endocrine system and

hor mone concentrations, the effects of such chem cals
on this delicate balance could |lead to detrinental
effects on successful fish reproduction and over al
popul ati on numnbers.

Ef fects of Environnental Endocrine Disruptors on

Phenot ypi ¢ Sexual Characteristics of Fish

Steroid hornones secreted fromthe endocrine
system have secondary effects on phenotypic
characteristics of an organism Such hornones travel
to specific target sites throughout the organi smand
cause changes at sites that initiate a cascade of
events that control specific elenents in overal
devel opnment. Body col oration and gonad devel opnent in
mal e fish, for exanple, is under androgenic control in
P. reticulata (as cited in Bayley et al., 2002).
Changes in normal steroid secretion, therefore, could
i nhi bit normal gonadal devel opnent or display
coloration. Though all species of fish do not respond
uniformy to exposure to endocrine disruptors, there
are exanples in which acute and chronic exposure have
caused changes i n phenotypic sexual characteristics of

fish.

16



Head ornanentation, fin norphol ogy, and body
col oration are phenotypic characteristics that devel op
under the control of estrogenic or androgenic
hormones. Breeding mal es of the sal non and trout
( Sal noni nae) possess knobby hooks on their upper and
| oner jaws, whereas nal e chi maeras (Chi maeri dae)
develop a spiny retractile knob in the upper part of
the head (Lagler et al., 1962). Since these sexually
dependent accessories are present only during the
breedi ng period, the appearance of such
characteristics inplies that they are dependent on
speci fic hornone concentrations. Normal fin
nor phol ogy can al so be inhibited through exposure to
endocrine disrupting chemcals. Bayley et al. (2002)
exposed juvenile P. reticulata to the fungicide
vi ncl ozolin (3-(3,5-dichl orophenyl)-5-net hyl - 5-
vi nyl oxazol i di ne-2, 4-di one), the insecticide p,p’ -DDE
(p,p’ -1, 1-dichloro-2, 2-bi s(p-chl orophenyl) ethyl ene),
or the commercial antiandrogen flutamde (4’ -nitro-3’ -
trifluronethyllisobutyranilide) until the fish reached
adul t hood, at which time the degree of gonopodi um
devel opment was observed. It was found that males
exposed for 30 days to flutam de (0.01 or 1.0 ug/ng
fodder; used as a positive control), DDE (0.1 ug/ng
fodder), and vinclozolin (0.1 pug/ng fodder) had
significantly shorter gonopodiumthan those in the

control groups. Such changes were not observed,

17



however, in male P. reticulata that were exposed to
the sane chemcals at simlar concentrations as adults
(Baatrup & Junge, 2001). This lack of conparable
response by the sane species to the sane conpound at
simlar concentrations suggests that endocrine

di sruptors may play a significant role in the

devel opnental stages, and that adults are insensitive
t o gonadal norphol ogi cal changes after conpl eted
gonadal devel oprent.

Studi es have shown that exposure to certain
conpounds can cause changes in the body col oration of
particul ar species of fish, the nost studied of which
is P. reticulata. Juvenile P. reticulata exposed 30
days to fungicide vinclozolin (3-(3,5-dichl orophenyl) -
5- met hyl - 5- vi nyl oxazol i di ne- 2, 4-di one) showed a
significant reduction in area and color intensity of
orange coloration (Baatrup & Junge, 2001). 1In a
different study, female P. reticul ata exposed 42 days
to a diluted effluent froma Swedish kraft pulp mll
showed a greater intensity in body coloration over
time than that of the control group (Larsson et al.
2002). Changes in nmale and femal e body col oration
after exposure to chemcals is a clear indication that

t hose particular chem cals are endocrine disruptors.
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Physi ol ogi cal Effects on Fish by Environnental

Endocri ne Di sruptors

Many researches have focused on exam ning the
effects of environnental endocrine disruptors on fish
physi ol ogy. Researches have used different fish
speci es and exposed themto various concentrations of
vari ous conmpounds to see how reproducti on and nornma
physiology is altered through exposure. Though not
all fish react with the sanme physi ol ogi cal changes,
evi dence has shown that natural and synthetic steroid
hor mones and ot her conpounds can alter natural hornone
concentrations in fish and pronote functions in male
fish that normally occur in fenales, such as
vi tel l ogeni n synt hesi s.

Endocrine di srupting chem cals are conpounds that
interact with conponents of an organism s endocrine
systemand interfere with sonme step of the regul ated
system Such changes in the system may incl ude
changes in hornone synthesis, clearance, and receptor-
medi at ed hornone actions (Pickering & Sunpter, 2003).
Many of the conpounds used in experinments are natural
and synthetic sources of steroids, including estrogen
and testosterone. Natural estrogens include 17g-
estradiol (E;) and estrone (E;), whereas 17p-
ethinylestradiol (EE;) is a synthetic estrogen
Changes in natural hornone | evels caused by

envi ronnental contam nants can stinul ate

19



vitell ogenesis in nmal es and secretion of other
hormones. Schultz, Skillman, N colas, Cyr, and Nagl er
(2003) studied the effects on reproductive capacities
of O nykiss with short-term exposure to 17 o-
ethynylestradiol. After a 62-day exposure prior to
spawni ng, several endpoints were considered, including
circulating plasma | evels of the sex steroids 17 «, 20
B- di hydr oxyprogesterone (17,20-DHP) and 11-
ket ot est osterone (11-KT). They found a two-fold
i ncrease of 17,20-DHP in exposed fish, whereas |evels
of 11-KT were significantly reduced in fish exposed to
100ng/ L of EE,. Such results show that male O nykiss
are susceptible to hornmonal concentration changes if
exposed to relevant |levels of EE, (10-100ng/L). O her
steroids may not cause hornonal changes in O nykiss.
Wen O nykiss are exposed at the enbryonic stage to
external sources of steroids, they may not experience
t r eat ment - dependent changes in hornone concentrati ons.
For exanple, enbryonic O nykiss exposed by
m croi nj ecti on showed no norphol ogi cal changes in
testis formation or changes in sex-ratio six nonths
|ater (Carlson, Curtis, & WIllians, 2000).

The naturally occurring 17p-estradiol (E;) has
al so been shown to affect the hornones of the
endocrine systemof O nykiss. Vizziano, Le Gac, and
Fostier (1996) exposed O nykiss to three testicular

steroi ds and nmeasured the effect the steroids had on
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the secretion of 17,20 g-di hydroxy-4-pregnen-3-one
(17,20 B-OHP), a primary hornone in spernmatogenesis.
Pi eces of testes were incubated in one of the steroids
of 24 to 48 hours, then exam ned for the |evel of
secretion of 17,20 B-OHP. It was found that only E
had a significant effect on the secretion of 17,20 g-
OHP at concentrations higher than 50 ng/m. Thus, E
changes the secretion of a hornone inportant to the
process of spermatogenesis. Fromthis, one can

concl ude that exposure to certain steroid hornones,
whet her they are natural or synthetic in nature, can
affect an organismin both acute and chronic
reproductive capacities.

Exposure to steroid hornones has al so been shown
to cause synthesis of vitellogenin in male fish.
Vitellogenin is a major yol k protein precursor
produced in the liver of sexually maturing femal e
ovi parous vertebrates. Wen vitell ogenin undergoes
enzymati c cl eavage, it produces oocyte yol k proteins
necessary for the viability of devel oping enbryos
(Kwon, Prat, Randall, & Tyler, 2001). Under nornal
conditions, male fish synthesize small amounts of
estradiol, the hornone that regul ates the synthesis
and secretion of vitellogenin and thus, nmales have no
circulating vitellogenin concentrations (Jobling,
Sheahan, Gsborne, Matthiessen, & Sunpter, 1996). \When

mal es or fenal es are exposed to excess concentrations
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of estrogens, vitellogenin is synthesized and secreted
fromthe liver. Thus, nmale vitellogenin concentration
is used as a biological indicator of exposure to
estrogeni ¢ conpounds. Excess production and
accurul ation of vitellogenin can cause death through
ki dney failure.

Schwai ger et al. (2002) exposed sexually maturing
O nykiss to 1lug/L and 10ug/L of the high vol une
i ndustrial chem cal nonyl phenol four nonths before
spawni ng. After the four nonths, all fish showed an
increase in levels of plasma vitell ogenin, and at
concentrations of 10ug/L, reproduction was inpaired.
The progeny were also exam ned for altered | evel s of
vitell ogenin; there was no effect on males, but
femal es had a slightly higher |evel than that of the
control progeny. Though vitellogenin |evels were not
altered in male of fspring, they were in the parental
generation, showi ng a negative affect of nonyl phenol
on O nykiss.

Pur pose and Qutline of Study

The objective of this study is to exam ne the
responsi veness of O nykiss exposed to 17a-
ethynylestradi ol at two tenperatures. This study is
inportant as it is becomng increasingly vital to
understand the effects that chem cals released into
t he environnment have on organi sns, such as fish. It

IS necessary to investigate and take measures to
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control any possible negative effects such chem cal s
may have in order to maintain the natural structure of
t he aquatic environnent.

No apparent studies have been identified that use
sexual ly undifferentiated O nykiss to test for
affects of tenperature and EE, on gonadal devel opnent,
hemat ocrit, hepatosomatice index, or behavioral
changes. Five hypotheses were nade in this
experinment. Because hornones affect behavior, it was
hypot hesi zed that fish exposed to EE, woul d have
i ncreased | evel s of aggression, as conpared to those
in the control group. Second, it was hypot hesi zed
that fish treated with EE, woul d have | ower |evels of
hemat ocrit, as estrogens have an inhibiting effect on
eryt hropoi esi s-stinulating factor. Because exposure
to toxic conditions can cause changes in the liver, it
was hypot hesi zed that both EE, and a water tenperature
of 19°C would result in higher hepatosomatic indices
in those fish groups. Gonad norphol ogy was
hypot hesi zed to be significantly different in those
fish exposed to EE, and those of the control groups, in
terms of developnment. Finally, fish exposed to col der
tenperatures (9°C) were hypot hesi zed to have a greater
overall weight gain than the fish housed at warner

tenperatures (19°C).
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CHAPTER 1 |

MATERI ALS AND METHODS

Fi sh

Forty juvenile O nykiss were obtained from
Tuckal eechee Trout Farm and Restaurant in Townsend,
Tennessee, on 10 Jan 2004. Wt wei ght was recorded
for each individual and each was placed in one of four
227L Rubbermai d Roughneck® tubs that were acclinated
to the appropriate tenperature (19°C or 9°C). The fish
remai ned in the 227L tubs 4 days prior to initiation
of the experinent.

Experi mental Design

Ei ght 35L gl ass aquaria were filled with
dechlorinated Maryville Gty water (Tetra Aqua) and
acclimated to either 19°C (4 tanks) or 9°C (4 tanks) 24
hours prior to the introduction of the fish. Each
tank contained two airstones wei ghed down by a granite
rock, an Aqua-Tech 5-15 power filter, and a new Aqua
EZ-change filter cartridge. Each tank contained five
O nykiss of simlar sizes (ANOVA of weight by tank p
= 0.71952). At each tenperature, two tanks were

controls, dosed with 175uL dechl ori nated water, and two
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were dosed with 175 puL of 50ng/L 17a-et hynyl estradi ol
(EEZ) (SI GvA, 103k1230), resulting in a final
concentration of 1750ng/tank. The tanks were dosed
after the fish had been acclimted for 4 days in the
glass aquaria, initiating day one of the experinent.
A photoperiod of 11:13 daylight/night was set
t hroughout the experinment. Fish were fed 0.35g of
Zeigler finfish starter #2 crunble (Zeigler) twice a
day until the night before euthanization. The carbon
filters were rinsed out when excess of food and feces
was observed. Dechlorinated water was added as needed
to maintain the original volunme of the tank (35L).
Behavi oral Anal ysis

Tenperature was recorded for approximately 30
seconds twice daily using a digital thernoneter.
Aggr essi ve behavi or shown toward the thernoneter by
the fish was noted five days after exposure. To
measur e aggression, the thernoneter was held in the
front center of the tank for 30 seconds and a count of
approaches and attacks was nade by the observer.
Approaches were defined as deliberate turn towards and
bodily contact made by the fish on the thernoneter,
excluding oral contact. Attacks were defined as an
approach in which the fish nakes oral contact with the

t hernoneter tip.
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Growt h Measurenents and Bl ood Sanpling

After 20 days of exposure, wet weights were
recorded of fish at 19°C. Wet wei ghts were recorded of
fish at 9°C after 21 days exposure. The fish were
i ndi vidual ly anesthetized in 50ng/L of ethyl
am nobenzoate (SIGVA, | ot 092K1175), and renoved from
t he anesthesia tank foll ow ng cessation of opercular
nmovenent. A sharp singl e-edged razor was used to cut
t hrough the caudal peduncle to collect blood for
anal ysis. Blood was collected i medi ately using a
| abel ed 75mm hepari ni zed capillary tube (Fi sherbrand
red-tips) by touching the capillary tube to the dorsal
aorta. The capillary tubes were sealed with Crit-o-
seal, chilled, centrifuged, and scored for imediate
determ nation of hematocrit. The plasma was suctioned
out and put into a bullet tube using a pipette.
Pl asma sanpl es were stored at -75°C

Fol  ow ng col |l ection of blood, the fish were
eut hani zed by decapitation. The gonads and liver were
removed and each was placed in a 10% f or nal dehyde
solution (FisherChemcals, |ot no.012507). Liver
wei ght was recorded to determ ne the hepatosomatic
i ndi ces.

CGonadal Hi st ol ogy

Fol I owi ng four days of fixation, the gonads were

pl aced in cassettes and cl eared using 70% et hanol .

Hi st ot echni que was used foll owi ng Humason’ s Ani nmal
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Ti ssue Techniques (1997). Prior to enbedding the

ti ssues in wax bl ocks, the tissues were dehydrated
usi ng a graded percentage of alcohol. The tissues
were exposed to 80% et hanol for 120 m nutes, 95%

et hanol for 90 mnutes, and twi ce at 100% et hanol for
60 m nutes. The tissues were then placed in Ctrasolv
(Fisherbrand) twice for 60 mnutes. The tissues were
infiltrated with paraffin wax under a vacuum
(FisherScientific, Isotenp vacuum oven nodel 280A),

for 60 mnutes at 12psi for wax I, 60 mnutes at -
15psi for wax Il, 60 mnutes at -21psi for wax |1

and 60 mnutes at -25psi for wax IV. After wax |V,
the tissues were placed in a wax pot and enbedded in a
wax bl ock. The gonads were oriented such that they
were flush with the bottom of the bl ock.

After the wax hardened, the paraffin bl ock was
trimmred around the tissue. The block was nmounted on a
m crotone and sectioned at 12umthi ckness. The ri bbons
were floated on a warm water bath containing a snal
anmount of gelatin and nmounted on slides. The slides
dried overnight on a slide warnmer prior to staining.
Hemat oxylin and Eosin were used to stain the slides.
The slides were stained according to the follow ng
procedure: Citrisolv for 10 m nutes, 100% et hanol for
1 mnute, 95%ethanol for 1 mnute, 70% ethanol for 1
m nute, running water 4 mnutes, Hematoxylin 4

m nutes, running water 4 m nutes, Scott solution 2

27



m nutes, running water 4 mnutes, Eosin 3 mnutes, 70%
et hanol 2 dips, 95% et hanol 2 dips, 100% et hanol 2
m nutes, 100% ethanol 2 mnutes, Ctrisolv 4 mnutes,
and Gitrisolv 4 mnutes. After staining, a coverslip
was added to the slides using Pernount.
Statistical Analysis

A one-way analysis of variance (ANOVA) was used
to test the effects of treatnent (exposure to EE;) and
tenperature on behavior, tissues, and weight gain in
the 40 juvenile O nykiss. Statistical analyses were
conducted using StatView Exposure |evels and
tenperature | evels were conpared to identify
significant differences in aggression, hematocrit,
hepat osomatic index (HSI; liver weight x 100/t ot al

body wei ght), and overall wei ght gain.
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CHAPTER | I |

RESULTS

Effects of treatnent (exposure to 17a-
et hynyl estradi ol (EE;)) and tenperature on behavi or,
ti ssues, and weight gain in 40 juvenile O nykiss were
exam ned. The effects of tenperature and exposure
wer e exam ned through neasuring and conparing
aggression, overall weight gain, hematocrit,
hepat osomatic i ndex (HSI), and gonadal hi stol ogy.
Behavi or Anal ysi s
There were no significant differences in
aggression of fish due to treatnent or tenperature.
In terns of tenperature and treatnent, both the nunber
of approaches (p = 0.8560, p = 0.5869, respectively)
and nunber of attacks (p = 0.5472, p = 0.2322,
respectively) did not differ significantly between the
groups. Table 2 shows the nean approaches and attacks
for the four groups.
Ti ssue Anal yses

Percent Henmmtocrit

Treatnent had a significant effect on hematocrit

in O nykiss (p = 0.0483), whereas tenperature did not
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(p = 0.2738). Oncorhynchus nyki ss exposed to EE; had
hi gher hematocrit percentages than did those in the
control group, as shown in Table 2. The nunber of
hematocrit sanples, however, differed between the
treatment groups: the EE, group had 17 sanples and the
control group had 11 sanpl es.

Hepat osomati ¢ | ndi ces

Tenperature had a significant effect on the
hepat osomatic index (H'S) of O nykiss (p = 0.0002),
irrespective of treatnment. Fish housed at 19°C had
greater HSI than fish housed at 9°C. Table 2 shows
t he val ues for nean ratio of HSI

Gonadal hi st ol ogy

Anal ysis of histology was performed on the
undi fferenti ated gonads of juvenile O nykiss. Figure

2 shows gonadal tissue froma juvenile O nykiss.
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Figure 2. Immture gonadal tissue from Oncorhynchus

nmyki ss (78. 75x)

Conpl ete anal ysi s of gonadal histol ogy was not
possi bl e due to inconpletion of gonadal histology.
Whol e Body Anal ysi s

Al t hough there was no significant initial
difference in body masses of the 40 O nykiss as shown
by the interaction of tenperature and treatnent (p =
0.4393), tenperature had a significant effect on
wei ght gain after 21d in two of the four groups of
fish. Fish housed at 9°C in both the control and EE,
group had a significant weight gain after 21d conpared
to those housed at 19°C (p = 0.0217). Table 2 shows

the nean initial weights, final weights, and overal
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wei ght gain for each group of fish with standard
error.

As conpared with fish housed at 9°C, the fish at
19°C di spl ayed greater signs of [oss of equilibrium
darker body coloration, and sites of inflammtion or
fungal infection on the body.

Figure 3 shows the overall weight gain of the

control and EE, groups exposed to two tenperatures.
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Table 2. Results (+1SE) for anal yzed aggressi on, percent hematocrit, hepatosomataic

i ndi ces, and nean wei ghts in Oncorhynchus nykiss. (* donotes significance at p < .05)

9°C, Control 9°C, EE 19°C, Contr ol 19°C, EE

Aggr essi on
Mean ?EggfaCheS 1.6 (0.846) 1.7 (0.907) 1.4 (0.872) 2.2 (0.629)
Mean attacks 0.20 (0.200)  0.90 (0.547) 0.30 (0.213) 0.40 (0.221)
Percent Hematocrit 39 5 (5.01)  38.2 (1.18) 28.6 (1.89)  36.7 (2.31)

( +SE) *

Mean liver: final

body nass (+SE) 1.567 (0.0650) 1.592 (0.137) 1.984 (0.131) 2.143 (0.116)

Mean wei ghts (g)*

Mean initial weight 3. 507 4. 062 4. 086 4.002
Mean final weight 5. 851 5. 624 4.545 4. 255
Overal |l nmean wei ght

gain (+SE) 2.344 (0.505) 1.562 (0.505) 0.459 (0.578) 0.253 (0.631)

33



wei ght (9)

O L N W h 01 O N
|

5 ol 5 ol
° m ° m
c c
S S
9°C 19°C
t enperature exposure (°C)
ODay O
mDay 21

Figure 3. Initial and final weight (+1SE) in the four
groups of Oncorhynchus nykiss (N= 40).
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CHAPTER | V

DI SCUSSI ON AND CONCLUSI ONS

The results of this study suggest that
tenperature and treatnent with 17a-ethynyl estradi o
(EEz) independently have an effect on certain
devel opnental and tissue characteristics of juvenile
O nykiss. Irrespective of tenperature, exposure to
EE, had a significant effect on hematocrit.
Tenperature, irrespective of EE; treatnent, had a
significant effect on the hepatosonmatic index (HSI)
and nean wei ght gain. Neither tenperature nor
treatnent had a significant effect on the aggressive
behavi or of O nyki ss.

Behavi or

Few st udi es have exam ned the influence of
estrogens on the behavior of fish. The effects of
vari ous anti androgens on fish behavior, however, have
been wel |l studied. Baatrup and Junge (2001) and
Bayl ey, Junge, and Baatrup (2002) found that
anti androgens alter behavior in other teleosts by
causi ng suppression of courtship behavior. Thus, it

was expected that fish treated with EE; woul d show a
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significant difference in behavior, as conpared to the
control groups. It did appear that EE, exposure
i ncreased aggression, but the results were not
significant. It is highly probable that significant
results would be attained if the experinment were run
| onger.

Ti ssue

Percent Hematocrit

Houst on and Koss (1984) found that other than at
17°C and 25°C, increasing tenperatures from 10°C and
26.1°C did not significantly influence hematocrit or
henmogl obin in rats. The results of the present
experinment confirmthis finding in fish, as
tenperature did not have a significant effect on
hematocrit. However, it was found that fish treated
with EE, had significantly higher hematocrit.

Based on previous research, it was hypothesi zed
that treatnent with EE, woul d inhibit erthyropoiesis,
resulting in |lower hematocrit values for fish exposed
to EE,. As previous research has shown, estrogen
i nhibits erythropoiesis-stinulating factor. For
i nstance, Mrand and Gordon (1966) showed t hat
estrogens inhibit erythropoiesis by blocking the
eryt hropoi esi s-stinmulating factors. |In the present
experinment, exposure to EE; caused a slightly
significant increase in hematocrit. Because EE, should

have an inhibitory effect on erythropoiesis and thus
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result in |ower hematocrit, another factor nust have
caused the fish exposed to EE;, to have higher
hematocrit.

One possibility is that androgens influenced
hemat ocrit, as androgens have been shown to stinul ate
erythropoiesis in mce (as cited in Mrand & Gordon,
1966). Though the juvenile O nykiss in this
experinment had undifferentiated gonads, circul ating
testosterone in male fish would have resulted in the
mal es havi ng higher |evels of erythropoiesis than
those of females. It is possible that the proportion
of male fish to female fish was skewed towards nal es;
this proportion could have caused the average
hematocrit value for treated fish to be high enough to
have significance.

Anot her possi bl e expl anation for the unexpected
| evel s of hematocrit is that estrogens were converted
to androgens, or that the EE, was increasing
t estosterone production. A recent study showed t hat
4-tert-octyl phenol, which has weak estrogenic
activity, caused an increase in testosterone
production in the Leydig cells of male rats (Mirono &
Derk, 2002). This reasoning would explain why the
groups exposed to EE, had significantly higher percent
hematocrit when significantly | ower val ues were
expected. It is possible that given a | ong enough

exposure, however, the EE, woul d have had a nore
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significant inhibitory effect on erythropoiesis,
causing the hematocrit to be lower in treated fish, as
was hypot hesi zed. Future studi es should exam ne the
mechani sm t hrough which EE, alters hematocrit.

Hepat osomati ¢ | ndi ces

Oncor hynchus nyki ss housed at 19°C had greater
hepat osomati c i ndi ces, yet gained | ess weight overall.
The livers of the fish in these groups could have been
enl arged due to hypertrophy or allometric grow h.
Mackay and Lazier (1993) exposed juvenile O nykiss to
estradiol (E;) at 9°C and 15°C and found that fish at
15°C had a significantly greater |iver-somatic index
(LSI, calculated as |iver weight/body weight) than
fish housed at 9°C. Simlar results were found in the
present study. It is possible that the fish housed in
the | ess ideal environnment (19°C) experienced greater
| evel s of internal stress and thus greater |evels of
hypertrophy, specifically in the |iver.

Whol e Body Anal ysis

The significant weight gain shown by the fish
housed at 9°C can be explained in several ways. The
fish housed at 9°C did have one additional day of
growh that the fish at 19°C did not have. This
addi ti onal day could have allowed for a small increase
in body weight, but this is not expected to be the
maj or reason for weight gain. A nore |likely

explanation for this weight gain is the increased
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health of the fish and their increased appetite at 9°C
Because O nykiss survive best at water tenperatures
bet ween 10°C and 18°C, and generally thrive at the
| oner end of the range, the fish housed at 9°C were in
a nore ideal environnment. Fromthis, one can concl ude
that the fish housed at 9°C fish would thus thrive over
t hose housed at the warmer tenperature. A healthier
fish and thus greater appetite would result in an
overal | greater nean wei ght gain.

Different netabolic rates could have resulted in
di fferent nean wei ght gains. Tenperature does affect
certain physiological and biochem cal processes in
many ectothernms, such as fish (Houlihan, Mithers, &
Foster, 1993). Wth an increase of 10°C, a
significant change can be observed in physi ol ogi cal
processes, such as the rate of oxygen consunption and
protein synthesis (Houlihan, Mithers, & Foster, 1993).
The 10-degree difference water tenperature in the
present experinent could have affected physiol ogi cal
processes of the O nykiss at 19°C, such had they had
| oner nmean wei ght gain as conpared to those housed at
9°C.

Concl usi ons

Fromthis experinment, it has been shown that
tenperature and short-termtreatnment with EE, do not
have a significant collective effect on behavior,

ti ssues, or weight gain in juvenile O nykiss.
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| ndependent |y, however, increased tenperature does

i ncrease hepat osomatic i ndex and EE, exposure does

i ncrease hematocrit. The conclusions drawn fromthe
anal ysis and interpretation of the results lead to the
possibility of further research that can be done in
this field.

If it were found that estrogens could in fact be
converted into androgens or stimul ate androgen
production in fish, a long-term experinent would all ow
researchers to determne the collective effect that
this process and exposure to different concentration
of estrogens has on fish, specifically O nykiss. 1In
addition, it would be beneficial to expose O nykiss
to environnental ly significant water tenperatures and
estrogen concentrations so one could extrapol ate
concl usi ons nmade fromthe experinent to real-world

si tuati ons.

40



APPENDI X



e

4,

MARYVILLE COLLEGE
-HUMAN AND ANIMAL PARTICIPANTS REVIEW COMMITTEE
ANIMAL STUDY APPLICATION FORM

Student Name: _ Lauren Butz

Date: 24 November 2003

Senior Thesis Advisor: __ Drew Crain

Pain or Distress Category:_ B (See listing of Pain or Distress Categories below)

For categories C,D, or E, USDA regulations require that the investigator consider alternative procedures. Please
provide a narrative (for instance the end of Chapter 1) describing the methods and sources used to determine that
alternatives are not available. If a computer assisted literature search was conducted, provide the names of the
database(s) and date(s) of the search.

A,

PAIN OR DISTRESS CATEGORIES
ACUTE STUDIES
Studies performed under anesthesia from which the animals are not permitted to regain consciousness, or
performed on excised animal tissues collected under anesthesia or following euthanasia.

PAIN OR DISTRESS - NONE OR MINOR.

Chronic studies that DO NOT involve survival surgery, induction of painful or stressful diseasc conditions, or
pain or distress in excess of that associated with routine injections or blood collection. Included are induction
or transplantation of tamors in animals (so long as the tumors do not cause pain and the animals are terminated
prior to becoming seriously ill), administration of mildly toxic substances or drugs that cause no significant
discase or distress, and antibody production as long as significant disease does not result and antigen booster
doses do not include Complete Freund's Adjuvant (CFA).

PAINFUL PROCEDURES WITH ANESTHESIA/ANAL GESIA

a.  Survival surgical procedures.

b.  Painful or potentially painful non-surgical procedures; e.g. bone marrow taps, injections into particularly
sensitive areas such as foot pads, cardiac punctures, or traumatic procedures such as burns (burns may be
category D, depending on severity).

MODERATE DISTRESS OR PAIN GENERALLY WITHOUT ANESTHESIA/ ANALGESIA/
TRANQUILIZERS

Induction of moderately distressful or painful disease conditions (examples: arthritis, administration of toxic
chemicals, infectious challenges, immunosuppression resulting in infectious disease, peritonitis, severe
inflammation, especially of weight bearing surfaces or resulting in external sores), whole body irradiation,
stress models, septic shock, hypotensive shock, moderate painful stimuli (examples: low level electrical shock
or heat), survival surgical procedures that have the potential to result in long term distressful illness (organ
transplants, for example), induction of cardiac ischemia, booster immunizations with CFA, tumor induction or
animal cultures that cause significant distress or pain, sight deprivation, restraint for periods longer than 12
hours.

INTENSE SUSTAINED OR REPEATED PAIN WITHOUT ANESTHESIA/ANALGESIA

Direct stimulation of CNS pain tracts, nociceptor stimulation by physical or chemical means that causes severe
pain (e.g., corneal abrasions), or any category C (see above) procedure if performed withont chemical relief of
pain.

Revised 7/99 1
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5. Species to be used ] Oncorhvnchus mykiss

6. Age of animals juveniles

7. Number of animals in study ~30

8. Duration of study 21 day exposure _(during January 2004

9. Location of animals during the study (building and room) _Sutton Science Center Rm. 102

10. List personnel to call if problems with animals develop:
Name Daytime Phone Nighttime Emergency
Phone No.
Lauren Butz 081-8582 981-8582 981-8582
Drew Crain 981-8238
Ben Cash 981-8009

Investigator Assurance

The information provided in this protocol form accurately reflects the intended use of animals for this research
activity. Significant changes in procedures will not be undertaken without prior notification and approval of the
Human and Animal Subjects Review Commiitee.

All persons involved in the use of animals on this protocol have been informed of the experimental objectives and
methods. Each has received training in the execution of animal-related procedures he/she will perform prior to
participation in the protocol, and will participate in any educational or training programs deemed appropriate or
necessary by the Human and Animal Subjects Review Committee.

Lagree to follow the provisions of the Animal Welfare Act and the guidelines of the National Institutes of Health on
the care and use of laboratory animals,

I 'agree to use anesthesia, analgesia and tranquilization to relieve pain or distress whenever use of these agents will
not jeopardize the scientific validity of the data. T have specifically consulted with the Human and Animal Subjects
Review Committee regarding any experiments that are classified in pain/distress categories C, D, or E.

[ will take appropriate steps to avoid cxposure of persons working with these animals to any biohazardous agents
used in the study.

State the reasons if you cannot attest to the accuracy of any of these statements:
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11. HUSBANDRY REQUIREMENTS: Is anything other than routine care and equipment required?
YES_x_ No _ If "YES", please list below.
Chemicals for experiment: ethyl-4-aminobenzoate, 17c-ethynylestradiol, and one additional chemical

12. Is it likely that pain/discomfort will be experienced by animals in this protocol?
YES_ NO_x If"YES", describe:

13. What will happen to the animals at the end of the study? If euthanasia is required, state the methods.

The fish will be euthanized using >250mg/L of ethyl-4-aminobenzoate (benzocaine hydrochloride)
(SIGMA) after the 21 day exposure period. The following method for euthanasia was adapted from the “2000
Report of the AVMA Panel on Euthanasia*.” Benzocaine hydrochloride is water soluble and can be used directly
for anesthesia or euthanasia. For euthanasia, the chemical can be put in a bath or recirculation system. A
concentration of >250 mg/L should be used for euthanasia. Fish should be left in the solution for at least 10
minutes following cessation of opercular movement. Death accurs though hypoxia attributed to depression of vital
centers and occurs rapidly when using the correct concentration of the chemical. There is no harm presented to the
experimenter using ethyl-4-aminobenzoate.

14, Briefly describe your proposed research project (or attach a research proposal). Be sure to include a
justification for the species and number.

See attached

* American Veterinary Medical Association (2000). 2000 Report of the AVMA Panel on Euthanasia.
Journal of American Veterinary Medical Association, 218. 669-696.

This project has been reviewed by the Maryville College Human and Animal Use Committee. /
/VL'\,! 2L, 2003 %
74 // 7
3
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