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ABSTRACT

Amphi bi an popul ati ons have been declining for over two
decades. One hypothesis for this decline is that a
commonl y used herbicide, atrazine, is causing abnormalities
i n gonadal devel opnent. The Environnental Protection
Agency has set the drinking water standard | evel of
atrazine at three parts per billion (ppb). This experinent
studi ed four groups: juveniles exposed to two ppb atrazine,
juviles exposed to 95% et hanol (control), tadpoles exposed
to two ppb atrazine, and tadpol es exposed to 95% et hanol .
Juveni |l es were exposed for 107 days, while the tadpol es
wer e exposed for 22 days. There were no gross
nor phol ogi cal differences resulting from atrazi ne exposure.
However, histol ogical analysis of the tadpole groups showed
that the cortex wi dths of atrazine-exposed fenal es were
significantly larger than control fenales (p=0.0111).
Cortex wi dth per body wei ght of the tadpoles showed no
significant difference (p=0.0776), but previous research
has shown that gonad size is not dependent on body wei ght.
Further research is needed to determine if these findings

are repeatable at this |ow dosage. |If these findings are
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further supported, the EPA standard | evel of atrazine of

three ppb wll

envi r onnent al

need to be reevaluated to ensure safe

t oxi cant | evel s.
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CHAPTER |

| NTRODUCTI ON

Amphi bi an Decl i ne

Recent studi es have shown that sone anphi bi an
popul ati ons around the world are declining at an al arm ng
rate while other popul ati ons have di sappeared conpl etely.
In fact, the extinction rate of all known species is the
hi ghest ever recorded (Alford & Richards, 1999; Houl ahan,
Findlay, & Schmdt et al., 2002). Anphibians have been
shown to be one of the groups with the highest risk of
extinction with over 500 popul ations in decline or
endangered. Several factors have been hypot hesized to
contribute to this decline, including ultraviolet |ight
sensitivity, predation, habitat destruction, environnental
contam nation, disease, and climte changes (Alford &
Ri chards, 1999). Anphi bi ans have been shown to be
particularly sensitive to environnental insults due to
their highly perneable skin and their exposure to both
terrestrial and aquatic habitats. This increased
susceptibility to environnental insults has many adverse

ef fects on anphi bi an popul ations. Many of these harnfu



effects are directly related to environnmental toxicants,
whi ch have been found to cause reproduction inpairnent,
abnormal grow h rates, abnormal devel opnent and
reproduction, and i mune system suppression.

Nuner ous environnmental toxicants have been anal yzed
and the effects on anphi bi ans have been strenuously
studied. Atrazine is one of the toxicants that have been
shown to have adverse effects on several anphibian
popul ati ons. Atrazine is a wdely used herbicide that was
formulated to control weed growth in corn grow ng regions
(Taver a- Mendoza, Ruby, Brousseau, Fournier, Cyr, &

Mar cogl i ese, 2002B). North Anmerica and Canada are the
primary users of the herbicide and have been recorded to
use up to 36,000 tons annually.

Atrazine's initial use was granted due to its ability
to naturally degrade in as few as ei ght days, but other
areas have shown degradation to take as |ong as 350 days
(Taver a- Mendoza, Ruby, Brousseau, Fournier, Cyr, &

Mar cogl i ese, 2002B). Furthernore, it was believed that

concentrations of atrazine rarely reach | evels that cause
harnful effects in lakes and rivers (i.e. approximtely 21
ug/L). However, edge waters and runoff water fromtreated
cornfields have been shown to reach levels as high as 740

pug/ L.  This increased atrazine concentration poses serious



threats to | ocal anphibian popul ations as well as other
environnmental |y sensitive organisns.
Xenopus | aevis and Gonad Devel opnent

The African clawed frog, Xenopus laevis, is a native
i nhabi tant of sub-Saharan Africa (Cannatella & De S4,
1993). It is predom nantly an aquatic anphi bi an that
spends the majority of its life in |lakes, rivers, wetlands,
or other aquatic environments. In its native region, X
| aevis has a mating season that spans fromJuly to
Sept enber (Deuchar, 1975). Oiginally, it was believed
that tenperature was the determining factor in mating
periods, but further analysis showed that noisture was the
key environnental factor regulating mating. Thus,
reproduction i s dependent on environnental noisture, which
can be adequately controlled in the |aboratory. This nakes
X. laevis an ideal nodel organi sm because it can reproduce
year-round given the proper environnent and necessary
stimuli.

Both male and female X. | aevis reproductive
characteristics have rapid responses to gonadotropin
i njections. Gonadotropins induce secondary sexual
characterization, including sperm ogenesis in males and
ovulation in females. A commonly used gonadotropin in

| aboratories is human chorionic gonadotropin (hCG. \Wile



femal es require a significant dose of hCG to induce

ovul ation, males require mnimal anobunts to induce

sperm ogenesis. In fact, hCG can cause spermatozoa
production in less than two hours after mninmal exposure.

Anot her advantage of X. |aevis as an experi nent al
nodel is that its norphogenesis and devel opnment has been
wel | studied for several decades (Feder & Burggre, 1992).
Specifically, normal ovary devel opnment has been carefully
studi ed and recorded for future references. |In the enbryo,
t he gonads exist nerely as cortex and nmedulla in germ nal
ridges along the anterior nmesonephros. Germcells then
mgrate fromthe endoderminto the ridges once they have
enl arged. Next, the medulla expands and differentiates
testis devel opment while ovary devel opnment is characterized
by cortex expansion. However, ovary and testes distinction
i's not possible until approxi mtely stage 52 of | arval
devel opment. Once gonadal differentiation has occurred,

t he gonads continue devel opnment until approxi nately stage
66 when mnet anorphosis is conplete.

Sex determ nation depends on many factors one of which
bei ng the external environment, specifically tenperature
(Feder & Burggre, 1992). A minor fluctuation in
tenperature can render 100% female or 100% mal e of f spri ng.

Studi es have shown that tenperatures exceeding 25°C cause



all larvae to develop testes, while tenperatures bel ow 15°C
render all females in all tested anphibian speci es.
Anot her factor that aids in sex determnation is the
adm ni stration of sex steroid hornones. Adm nistration of
testosterone in early larval devel opnment renders 100% nal e
of fspring, while estrogen adm nistration renders 100%
femal e of fspring. Furthernore, |ow |l evels of estrogen can
al so cause differentiation of all male offspring.
Atrazine Effects on Gonadal Devel opnent

St udi es have been done by numerous research groups for
several decades to determ ne the possible causes of the
ongoi ng decline in anphibian popul ati ons. Mny mechani sns
have been anal yzed and environnental contam nants have been
tested and retested. One of the nobst extensively studied
contam nants is atrazine and its affect on gonadal
devel opnent of X laevis. The followi ng studies are just a
few of the projects that have shown the adverse effects of
atrazi ne on gonadal devel opnent of X. | aevis:

Demascul i ni zed X. | aevis

One of the effects found from atrazi ne exposure is
demascul inized male X. laevis. Hayes et al. studied the
effects on the testes of X laevis fromatrazi ne exposures
above and bel ow runoff water |evels (Hayes, Collins, Lee,

Mendoza, Noriega, Stuart, & Vonk, 2002). Hayes et al.



found that at 25 parts per billion (ppb) atrazi ne-exposured
mal es had a 10-fold decrease in plasna testosterone |evels.
It was al so shown that |aryngeal size in nales was
significantly decreased at atrazine exposure greater than
or equal to 0.1 ppb. It is believed that the decreased

| aryngeal size directly correlates to the decrease in

pl asma testosterone |evels. Hayes et al. hypothesize that
aromat ase activation causes the | ower testosterone |evels
by converting testosterone into estrogen. This study

concl udes that environnental |evels of atrazine are high
enough to be considered a major contributor in anphibian

popul ati on decli nes.
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Figure 1. The above figure gives the plasm testosterone
| evel s after a 46-day 25 ppb atrazine exposure (Hayes,
Collins, Lee, Mendoza, Noriega, Stuart, & Vonk, 2002).

Taver a- Mendoza et al. (2002B) al so found evi dence for

demascul ani zed effects of atrazine exposure on X |aevis



testis devel opnment. They found that 21 ug/L atrazine
exposure for 48 hours just before gonadal differentiation
caused testis volunme to decreased 56% conpared to the
control group. Primary spermatogoni al cell nests decreased
i n nunber by 70% and nursing cell nunber decreased by 74%
Furthernore, testicul ar reabsorption was observed in 70% of
the treated tadpoles and aplasia, or failure to fully
devel op testes, was recorded in 10% of the treated frogs.
Taver a- Mendoza et al. concluded that the adverse effects of
atrazi ne exposure are correlated to a decrease in
testosterone levels, due to increased aronatase activity
and atrazine’'s ability to inhibit receptor binding of
test osterone and di hydroxytestosterone. They concl ude that
atrazine levels in surface waters need to be reexam ned in
order to insure the safety of inhabiting organismns.
Taver a- Mendoza et al. (2002A) also found that ovaries
had adverse effects after exposure to atrazine. X laevis
were exposed to atrazine at 21 ug/L for 48 hours.
Hi st ol ogi cal analysis revealed a significant increase in
the frequency of secondary oogonia with a p-value | ess than
0.05. Atresia was also found to have a significant
increase in the atrazi ne-exposed nodels. The study

concluded that the primary germcells in atrazi ne-exposed



nodel s were decreased by 20% as opposed to only 2% in
control nodels.

Her maphroditic X |laevis

Hayes et al., along with demasculinization, found that
atrazi ne causes the devel opnent of hermaphroditic mal es
(Hayes, Collins, Lee, Mendoza, Noriega, Stuart, & Vonk,
2002). Every exposure, except 0.01 ppb, showed induced
gonadal abnormalities including up to 16-20 percent
mul ti pl e gonad and hermaphroditic devel opnent.

Her maphrodi ti c devel opment is also believed to be due to a
decrease in plasna testosterone levels in male X |laevis
whi ch has al ready been postulated to be caused by increased

aromat ase activity.



Figure 2. The above figure shows a one ppb atrazine-

i nduced X. | aevis (Hayes, Collins, Lee, Mendoza, Noriega,
Stuart, & Vonk, 2002). Section A shows the ki dney-gonad
conpl ex while B-E shows transverse cross-sections of the
di fferent gonads.

Conpi |l ed Findings of Atrazi ne Exposure

Recently, Tyrone Hayes conpiled his findings on the
effects of atrzine exposure in a response to Syngent a-

funded research that predictably found different results

since Syngenta is a manufacturer of atrazine (Hayes, 2004).

Hayes first establishes that the adverse effects of

atrazi ne exposure had been well studied before his group

began researching. Previous groups concluded that atrazine

exposure leads to increased | evels of estrogen as well as

mammary tunmors in rodents. Coupled with the increased



estrogen levels is a decreased androgen | evel and
i nhibition of androgen activity.

O her groups confronted the issue of androgen and
estrogen |l evels and found that atrazine stinulates
aromat ase production in human cells (Hayes, 2004).
Simlarly, Hayes also found effects of |ow androgen |evels
by observing inpaired | aryngeal growh at a nere 0.1 ppb
exposure to atrazine. Later research by Hayes clearly
showed t hat exposure to 0.1 ppb atrazine or higher also
caused severe gonadal abnormalities in X |[|aevis.
Furt hernore, exposure to 0.01 ppb atrazine was shown by
Hayes in 2002 to cause chemi cal castration of X |aevis.
Hayes and anot her research group |ater confirnmed that
atrazine stinulated production and activation of aronatase.

Conflicting Studies

Wi |l e the aforenentioned research groups have
repeatedly concluded that specific | evels of atrazine
exposure induce several types of abnormalities in
anphi bi ans, others claimthat |levels of atrazine in the
wi | d have no affect on the |ocal popul ati ons of organisns.
One such study is that performed by Janes Carr and his team
of researchers.

Carr exposed larval X laevis to four different |evels

of atrazine (0, 1, 10, and 25 pg/L) (Carr et al., 2003).
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The experinental results showed that atrazi ne exposure had
no affect on posthatch nortality and larval growth. This
was coupled with the results show ng no posthatch success
di fference between any of the treated groups. There was
al so no significant effect of atrazine exposure on wei ght
or snout-vent length (SVL). Body weight and SVL inversely
affected time to nmetanorphosis conpletion in each
experimental group. Atrazine was found to cause abnorm
swi nm ng, but only significantly in the group treated with
25 pg/L atrazine. Furthernore, atrazine-induced intersex
was observed in many of the organi sns, but again only those
exposed to 25 ug/L atrazine. Laryngeal dilator nuscle
showed no significant difference in volunme between each
experinmental group. Carr et al. concluded that
environnmental |evels of atrazine have no significant
adverse effects on developing frogs. Furthernore, they
believe that the abnormalities induced by exposure to 25
ug/ L atrazine would have no effect on survival rate of X
laevis in the wld.

Hayes addresses this study and the reasons for the
conflicting findings. Hayes points out that previous
studi es done by Carr and his coll eagues had simlar results
as his own studies involving atrazine and i nduced

abnormalities (Hayes, 2004). However, |ater studies by

11



Carr, as in the one previously discussed, showed that
atrazine had no significant adverse effects on anphi bi an
popul ati ons at concentrations that can be found in the
wi |l d. Hayes has correlated the change in results with the
fact that an atrazine manufacturer, Syngenta, funded Carr’s
| ater studies. Hayes also points out that Carr’s earlier
studi es have shown that there is a 99% probability that the
abnormalities in his studies are due to atrazine. Yet,

Carr still concluded that the findings in Hayes’ study that
atrazi ne induced abnormalities were “weak trends” and coul d
not be repeat ed.

Hayes addresses this accusation by pointing out the
faults in Carr’s experinental design (Hayes, 2004). He
first points out that nearly 60% of the experinental
organi sns failed to nmetanorphose in sone treatnments while
t hose surviving the treatnent period showed a significant
i npedi ment of growh. Another problemwth Carr’s study is
t hat dosing was incorrectly conpared to Hayes’ study.

Hayes states that dosing in Carr’s study at critical

devel opnental stages was only 12.5% of that used in his own
study due to overcrowding. Furthernore, the treatnent
tanks in Hayes’ study were cl eaned and atrazi ne was
conpletely renewed every 72 hours. Carr’s study invol ved

only a 50% atrazi ne renewal every 72 hours.
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Hayes al so addresses a conflicting study done at
M chigan State University that had results show ng
her maphrodites in the control groups as well as the treated
groups (Hayes, 2004). They concl uded that since
her maphrodites were found in controls as well as treated
organisns that it was not induced by atrazine exposure.
Hayes points out that the control groups were contam nated
with atrazine levels four tines greater than threshol d
doses. Furthernore, this study had a nortality |level as
hi gh as 85 percent. Hayes argues that in his studies,
nortality greater than 15%call for cancellation of the
entire study. Thus, Hayes concludes that due to poor
experinmental design, contam nation, and negligence, the
claimthat atrazine has no effect on anphi bi an popul ati ons
| acks credibility.

Experinental Justification and Hypothesis

G ven the conflicting data stated previously, nore
studi es are needed to support or reject the hypothesis that
atrazi ne can i nduce gonadal abnormalities in devel oping X
| aevis. This experinment will attenpt to independently find
results that are free of any outside influence. The
af fects of atrazine exposure on X. laevis ovary devel opnment
w Il be closely analyzed and recorded and the results wll

be thoroughly anal yzed and di scussed. Furthernore, if any

13



abnornmalities occur, a hypothesized nechanismw || be
proposed for the abnormality. It is hypothesized that
femal e larval X |aevis exposed to two ppb atrazine wll
show signi ficant adverse devel opnental effects. Such
abnormalities are predicted to be increased follicular size
and nunber, increased cortex width, and even intersex

gonadal devel oprent.
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CHAPTER 1 |

MATERI ALS AND METHODS

Juveni | es

Stock one of atrazine was made using 10ng of atrazine
and one m of 95%ethanol. Stock two was nmade using 100ul
of stock one and 9.9m of 95% ethanol. Each stock was
stored in a freezer. Eleven one-year-old juvenile Xenopus
| aevis were obtained fromJennifer Wlson's stock of
experinmental nodels and acclinmated in approxi mately six
liters of dechlorinated water at a tenperature of
approxi mately 23 degrees Cel si us.

The juveniles were separated into two groups (Atrazine
and Control) and put into separate containers containing
six liters of 10% Holtfreter’'s solution with the foll ow ng
i ngredi ents used for making the solution: 359 of NaCL, 2g
of NaHCO;, 0.5g of KO, 6.66m of CaC,, and 5 gallons of
water. The atrazine tank was dosed with 120ul of atrazine
to obtain a 2 ppb exposure. The control tank was dosed

with 120ul of 95% et hanol to obtain a control exposure. A

15



100% wat er change was performed every three days for each
group and the nodels were fed every day. Each group was
exposed for 107 days until euthanasia and fixation was
per f or med.
Tadpol es

Xenopus | aevis tadpol es were ordered from Nasco at
nmet anor phosi s stage 56-58. The tadpoles were acclinmated in
dechl ori nated water at 23 degrees Cel sius and divided into
Atrazine and Control groups.

The tadpoles were put into tanks with six liters of
10% Hol tfreter’s solution. The atrazine group was dosed
with 120ul of atrazine to obtain a 2 ppb exposure. The
Control group was dosed with 120ul of 95% ethanol to obtain
a control exposure. A 100% water change was perforned
every three days and the groups were fed every day. The
t adpol es were exposed for 22 days before euthanasia and
fixation was perforned.

Eut hanasi a, Fi xation, and Mounting

Each experinental nodel was euthani zed using
chlorotone. After euthanized, the nodels were di ssected
and t he ki dney-gonad conpl ex was renoved using
m crosci ssors and a di ssecting mcroscope. The kidney-

gonad conpl exes were put in Bouin's fixative in a bullet

16



tube for three days and then washed with 70 percent ethanol
three tines with varying tinme intervals between washi ngs.
Approxi mately seven days after the initial 70% et hanol
wash the tissues were dehydrated by putting the tissues in
80% et hanol for two hours, 95%for one and a half hours,
100% for one hour, and 100% for an additional hour. The
ti ssues were placed in Ctrisolv (non-toxic clearing agent)
for one hour and then placed in new Citrisolv i mediately
after the first hour and cleared for an additional hour.
The tissues were enbedded in wax via the follow ng
procedure: tissues put in wax | for one hour at 12 pounds
per square inch (psi); wax Il for one hour at 15 psi; wax
1l for one hour at 21 psi; and wax |V for one hour at 25
psi. The tissues were then set in a paraffin wax bl ock and
the wax was cooled to set the tissue. The tissues were
oriented so the kidneys were perpendicular to the surface.
The paraffin block was then cut using a razor blade in
order to decrease the ambunt of wax in the sections used
for slide nounting. The trimred bl ock was nounted in the
m crotone and sectioned with a thickness of 12um The
ri bbons were floated in a warmwater bath (with a pinch of
gelatin) and nounted on slides. The slides were then dried

on a slide warmer before staining.
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St ai ni ng

The slides were stained in order to visualize various
cell structures. Hematoxylin and Eosin staining was used
via the followi ng procedure: Citrosolv for 10 m nutes;
100% et hanol for one m nute; 95% ethanol for one m nute;
70% et hanol for one mnute; running water for four m nutes;
Hemat oxylin for four mnutes; running water for four
m nutes; Scott solution for two mnutes; running water for
four mnutes; Eosin for three mnutes; two dips in 70%
ethanol; two dips in 95% et hanol; 100% et hanol for two
m nutes; 100% et hanol for two m nutes; Ctrosolv for four
m nutes; and Citrosolv for four m nutes.

After staining was conpl ete Pernmount was applied and a
slide cover was set over the tissues. The tissues were
t hen anal yzed using a light m croscope.

Anal ysi s

After the tissue was stained and fixed on slides the
ovaries were analyzed. The average follicle dianeter,
follicle dianeter per body weight, maximumfollicle
di aneter, and follicle nunber in a 100x magnification field
of view were recorded for juvenile control and atrazine
frogs. An unpaired t-test was perforned for control and

atrazine data and the p-val ue recorded.

18



Ovary cortex width, cortex width per body weight,

medul | ary width, and nedul lary wi dth per body wei ght was

cal cul ated and recorded for control and atrazi ne tadpol es.

An unpaired t-test was used to conpare contro

dat a.

and atrazi ne

19



CHAPTER | I |

RESULTS

Anal ysi s using a dissecting m croscope showed no
apparent ovotestes in either the control or atrazine
groups. Each juvenile frog had apparent testes or ovaries
under the dissecting mcroscope. Mst of the tadpole frogs
could be identified as having ovaries or testes using a
di ssecting mcroscope (see Figure 3), but sonme had to be

determ ned during histol ogi cal anal ysis.

Figure 3. G oss gonadal anatony (A)
Testis (B) Ovaries. Mgnification 30x.
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The results fromthe juvenil e data were inconcl usive.
The p-val ues showed no significance between each nmeasured
variable. The average follicle dianeter for control and
atrazine frogs had a p-value of 0.3998 (see Figures 4 and
5A). The average follicle dianeter per body weight also
showed no significant difference between control and
atrazine frogs with p-value of 0.4895 (see Figure 6A). The
nunber of follicles in a field of view at 100x
magni ficati on showed no significant difference wwth a p-

val ue of 0.7247 (see Figure 6B).
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Figure 4. Control and atrazine average follicle dianmeter
with standard error bars.
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Figure 5. Histological view of (A) juvenile and (B)tadpole
ovary including nedulla and cortex at 200x magnification.
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Figure 6. a. Juvenile control and atrazine follicle

di anet er per body weight with standard error bars. b.
Juvenil e control and atrazine nunber of follicles in 100x
magni fication field of view
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The ovarian cortex diameter from tadpol es exposed to

atrazine was significantly |arger conpared to controls when

body wei ght was not used as a correcting factor (p=0.0111,

see Figures 5B and 7A).

The p-value for cortex wi dth per

body wei ght was 0.0776 (see Figure 7B)

The results for analysis of tadpole control and

atrazine medul l ary wi dth were inconclusive (see Figure 8).

The p-value for medullary wi dth analysis was 0.5698, while

the p-value for medullary wi dth per body wei ght was 0.6735.
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Figure 7. a. Tadpole control

with standard error

bars.
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Figure 8. a. Control and atrazine tadpole nmedullary w dth
and standard error bars. b. Control and atrazi ne tadpole
medul | ary wi dth per body weight with standard error bars.
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CHAPTER | V

DI SCUSSI ON AND CONCLUSI ON

The results for the statistical analysis of the one-
year-ol d juveni |l es showed no significance in the separate
nmeasurenents. The t-test results for average follicle
di anmeter showed no significant difference between control
and atrazine frogs. The t-test for average follicle
di anet er per body wei ght al so showed no significant
di fference between control and atrazine frogs. The nunber
of follicles in a field of view at 100x magnification
showed no significance between control and atrazine frogs.
It is hypothesized that because the frogs had conpl eted
gonadal formation before exposure to atrazine, the
conversion of testosterone to estrogen via aronatase
activation had little to no affect on gonadal devel opnent.
The difference between juvenile control and atrazi ne frogs
woul d be better studied by analysis of circulating
t estost erone and estrogen concentrations or gonadal

aronat ase activity. However, these were not neasured due
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tolimted plasma volunme and the need of each gonad for
hi st ol ogi cal anal ysi s.

The results for the statistical analysis of tadpoles
begi nni ng exposure at stage 56 showed no significance
except for cortex width. The t-test for cortex width
showed a significant difference between control and
atrazine frogs. However, the t-test for cortex wi dth per
body wei ght did not show a significant difference between
control and atrazine frogs. The t-test for medullary width
and nmedul lary width per body wei ght showed that there is no
significant difference between control and atrazine frogs.

The difference between control and atrazi ne tadpole
cortex wwdth is nost likely due to the timng of the
exposure to atrazine, which was during the organization of
t he gonads. However, the cortex w dth per body wei ght
ratio showed a | ack of significant difference. It is
undeterm ned at this tinme whether or not ovary cortex wdth
or gonad size is dependent on body weight.

Previ ous studi es have shown that atrazine can have
several adverse affects on gonadal devel opnment. Taver a-
Mendoza et al. (2002A) concluded that atrazi ne adversely
af fects ovary devel opnent by decreasi ng the nunmber of germ
cells. Wiile this was not neasured in the frog ovaries in

this experiment, the tadpole cortex was found to be
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significantly larger in atrazine frogs. Furthernore, Hayes
et al. (2002) showed that a 25 ppb atrazi ne exposure
significantly decreases plasma testosterone |levels. The
decrease in plasna testosterone coincides with the
hypot hesi s that atrazine induces the conversion of
testosterone to estrogen via aronmatase. Wile Hayes’ study
showed a decrease testosterone level (i.e. an increase in
estrogen) at a 25 ppb exposure, this experinent appeared to
have the sane findings at a 2 ppb exposure.

In summary, the ovaries of exposed frogs showed
m ni mal differences between control and atrazi ne groups.
The juvenil es showed no significant difference between any
of the measured variabl es, which was nost |likely due to the
fact that the juveniles had conpl eted gonadal formation
prior to atrazine exposure. The tadpoles showed m ni na
differences in ovary norphol ogy as well. However, the
difference in cortex wi dths between control and atrazine
frogs shows that gonadal devel opnent was in fact affected
during atrazine exposure. Thus, it seenms pertinent that
nore research be conpleted in order to either confirmthese
findings or reject them Furthernore, if the findings are
confirmed, the standard atrazine ground water |evel of 3

ppb set by the Environnental Protection Agency shoul d be
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r eeval uat ed

in order to maintain safe environment a

t oxi cant | evel s.
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MARYVILLE COLLEGE HUMAN AND ANIMAL SUBJECTS
REVIEW COMMITTEE ANIMAL STUDY APPLICATION FORM

Student Name: Travis Groth, Heather Hedden, Ginger Lovingood, Austin Mackens, Lauren Ward
Date: March 15, 2005

Senior Thesis Advisor: Crain/Swann

. . listing of Pai Di i 1
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.

PAIN OR DISTRESS CATEGORIES

A. 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.

B. PAIN OR DISTRESS - NONE OR MINOR
Chronic studies that DO NOT involve survival surgery, induction of painful or stressful disease conditions, or
pain or distress in excess of that associated with routine injections or blood collection. Included are induction or
transplantation of tumors 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
disease or distress, and antibody production as long as significant disease does not result and antigen booster
doses do not include Complete Freund's Adjuvant (CF A).

C. PAINFUL PROCEDURES WITH ANESTHESIN ANALGESIA
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).

D. MODERATE DISTRESS OR PAIN GENERALLY WITHOUT ANESTHESW ANALGESIN
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.
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E. INTENSE SUSTAINED OR REPEATED PAIN WITHOUT ANESTHESIN 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 without chemical relief of

pain.

5. Species to be used

6. Age of animals

7. Number of animals in study

8. Duration of study

Xenopus laevis

egg-subadult

80 tadpoles, 22 subadults

April 2005-October 2005

9. Location of animals during the study (building and room) 114 Sutton
10. List of personnel to call if problems with animals develop.
Name Daytime Phone Nighttime Emergency
Phone No.
Dr. Crain 981-8238 379-1706
Dr. Swann 981-8068 981-5439
Heather Hedden 680-4670

Austin Mackens

865-254-3173

Travis Groth

865-748-7809

Lauren Ward

865-640-6202

Ginger Lovingood

865-207-7794
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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 Committee.

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.

I agree 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. I have specifically consulted with the Human and Animal Subjects
Review Committee regarding any experiments that are classified in pain/distress categories C, 0, or E.

I will take appropriate steps to avoid exposure 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:

11. Husbandry Requirements: Is anything other than routine care and equipment required?
YES ~ NO x Ifyes, please list below.

12. Itis 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.

Animals will be euthanized immersion into a concentrated chlorotone solution.

14. Briefly describe your proposed research project (or attach a  research proposal). Be sure to
include a justification for the species number.
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Atrazine is currently America's and probably the world's most commonly used
pesticide. It is reported by the U.S. Department of Agriculture that approximately 800
million pounds of atrazine were used between the years 1980-1990 in America (USDA
2003). It has been banned in numerous countries already because it has been recognized
as an endocrine disruptor. Recent studies on the endocrine disrupting effects of atrazine
have caused much controversy over whether or not this product should be banned in the
United States. Numerous studies funded by Syngenta Crop Protection, Inc. have released
information providing evidence primarily showing that atrazine is relatively harmless.
However, other studies conducted by Hayes and other private foundations have found
evidence showing that atrazine has a feminizing effect on amphibians as a result of
inhibition of the aromatase enzyme that is essential for the conversion of testosterone to
estradiol.

This study will examine the effect of 2 ppb atrazine-exposure on Xenopus laevis
tadpoles and juveniles. Endpoints measured will be frog gonads and laryngeal tissue
using both light microscopy and electron microscopy techniques. This experiment will
provide evidence as to whether or not atrazine at concentrations of 2ppb have adverse
side effects on the endocrine system of frogs.

Experimental design includes exposing 11 juvenile and 40 tadpole Xenopus laevis
frogs to atrazine, while having equal numbers of each group serve as controls. An adult
male and female Xenopus will be purchased from Nasco and injected with hCG. The
frogs will then be allowed to mate and two groups of forty tadpoles taken at random and
placed into separate groups.

Currently, twenty-three juvenile Xenopus are in the laboratory and they will be
separated into two groups of eleven and twelve each. One group from the tadpoles and
one from the juveniles will be exposed to an atrazine concentration of 2 ppb for
approximately three months. Tanks will be cleaned and atrazine levels maintained every
three days to assure chronic exposure. Atrazine exposure should begin at the beginning of
April 2005 and conclude at the beginning of July 2005. Laboratory analyses will be
conducted during the summer and fall of 2005.

This project has been reviewed and approved by the Maryville College Human and Animal Use
Committee.

APRIL 1, 2005
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