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ABSTRACT b P

Three toxicity expetiments\were conducted using sihgle intra-
peritoneal'injectiPns'of;methylmercuric chloride (MMC). The tissue
contentAof-methylmercury was measured by 4 total mercury analysis

(ug Hg/g of tissue). The 15'day/LD50 bf MMC'administered to rainbow

trout by intraperitdneal injection was 7.1 + 0.4 mg MNC/kg of body

weight. Approx1mate1y 90 .percent of the dose administered was

- tetained for 15 ddys. Two experlments were cofducted to examine the

¥

[y

concentrat1on of Hg in the braln, epax1a1 muscle, end whoie eye“ 30
days subsequeht to a sublethal 1n3ect10n of methylmercuric chloride.
The tissues dlffered in the magnitude of Hg uptake:) brain > muscle >
eye. The muscle concentration of Hg was similar to whole body
cdncentrations of Hg‘ﬁp > 0.0S).

r

The p%yehophysical photopic spectral sensitivity was estimated *

- for 15 rainbow trout using a two-choice operant conditioning technique

(Phase I). Ten test wavelengths were utilized and ranged from 425 to

650 nm. The mean-and normalized mean sensitivity curves appeared to

have three components: one which ranged from 425 to 599 nm, a second
from 525 to”575,nﬁ, aﬁd'a third from 600 to 650 nm.° The peak sensi-
tivities of these presumed.reeeptive types are - 75, 550, and 625 nm,

respectively. Response 1ateﬁcy did not vary with wavelength te'any

significant extent

T

The subJects Wthh were - used in Phase I were then div1ded into

four groups control (sallne) (n 4), the O 3 toxic unit group (n~2),

the 0.6 toxic unlt group (n= 4), and the 0 8 tox;c unit grbup (n= 5)

B3
1



fhese’ind;viduals Qere éiven weightfsbecific injections of a particular
doée of MMC ‘or saline and remained inéctive for a periodgéfils days

- during whiqb.methylmércu?y actumulated in body:tiSsues.  A rétest.
pha;e {Phh;é IIIj indicated thét methylmercury did impai; photopic'
spectral sensiéivity‘of_the.fest fiSh, notably'at 475, SOC, 525 ana

600 nm. Due to the naturé of_thi§ impairment. it appears_thaf methyl-

3

mercury is exerting influence on the neural processes central to the
. ’ A [

photoreceptors.

N ' A
- . ;
. . :
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thapter I
M

- GENERAL INTRODUCTION
“Imorganic mercury in, the aquétic environment, whether natural or. .

introduced by man, tcuds to settle to the benthic sediments because it

-

: has a high mole:ular weigh. and low solub111ty In the sediments,
'\ .
bacter1a1 meth latlon of the 1norgan1c mEeTcury occurs (Wood et al.

1968). This metr/lated form of organic mercury enters the food chaih
(see Fig. 1) where it is biologically magnified( that is, a quantity
of mercury is distributed among proportlonally fewer animals as it

proceeds through the food chain (Iernelov 1969) .

“ -

. : |- N .
Methylmeércury can eas®ly cross biological membrahesvbecause it
- has a singlé vaiente, a reletively sméll.siZe 'a hlgh solub111ty in

lipid, and ample avallabllltv of sulfhydryl contalnlng transport

[

}protelns in the blood (Hughes 1957). Since mercury has~a garticularly-

h1gh affrnr;nnfor sulfhydryls, these transport proteins and various

" v

enzymes may become inactive in the presence of mercury 'Approkimately s

85 to 95. percent of the total mercury in. contamlnaFed fish is in the

\
\,

form of methlymercury (Noren et.al. ©1967; Westod 1968) Flsh cag :
"accumulate methylmercury through transcutaneous absorptlon, across
_resplratory surfaces and 1nterna11y across dlgestlve tissues’ (Hannerez
1969). Slnce there is v1rtua11y no free methylmercury in so&utlon of
'most water bodles the consumptlon of methylmercury laden prey 1tems;¢
is most llkely the source of methylmercury accumulatlon

Neuropathologlcal udmage appears to be the mode of tox1c1ty of

methylmercury (Berlin et al., 1973; Evans-ét al., 1977);ﬁ Thls'may‘be



Figure 1. Distribution of mercury through the environment to its
incorporatibn into.the food chain. (After Munson, 1978).

.
1
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a function of the high content of sulfhydryl groups in -the nervous

system and the 1rrever51b111ty of mercury sulfhydryl complexes

-

(Manalis and Cooper, 1975) Recent reports have demonstrated a dis-
parity in the distributlon of methylmercury; the océipital cortex
.o \‘\
lateral geniculate nucleus ‘and corpus striatum possessed the/éighest
. - ., [

concentration along with resultant lesioning in monkeys (EVane ef al.,
. \ » CN
1977) . This rationalizesithe prevalence of ataxia and ‘visual .
aberrations as symptoms of methylmercury'pbisoning (Suzuki et al.,
1973). \

" Prévious researchers have used rudimentary psychbphysicai visual
measurements “to assesSEﬁpe echct of methylmereury on vision. However,

"

their results Have not indicated what proceéses of vision were
.affeeted.i Berlin\et al. (1973) sfate that methyimercury tended. to
affect form dlscrlmlnatlon (in prlmates) mor€” than color dlscrlmlnatlon
but since they used high doses (20 50 mg Hg/kg body _weight) and their
measurements were simplistic, the results are not convincing. Lyle
(1976) states that mosﬁ neuropatﬁologieal conditions in humans affect
the nermal_process of color vision and thaf color opponent pairs of-
receptor types are usﬁally affected. Thﬁs{‘one_might expect some
detriment to the chromatic Vieual system as é\bonsequence of methyl-
meTCcury exposure.

Color vision requires fﬁe presence of more than one type of
. photoreceptive mechanlsm with dlfferent peak sen51t1v1t1es (Daw,
'1973) Photoplc spectral sen51t1v1ty has “:er demonstrated by behavioral
experimentation in goldflsh (Yager, 1968' :Cleary et al., 1969) ,
suhfish (Hurst, 1953), carp dOyama and Jitsumori, 1973),and'rudd e

(Muntz. and Northmore, .1970) .



Ly

_‘./

Color vision can augment visual acu1ty in certain env1ronmenta1

7

situations (Munz and MacFarland, 1975) Trop1ca1 fishes have visual

-
pigments which are adapted to the spectral composition of underwater

2

111um1nat10n so that there is a max1mum absorptlon of the light

\

available (Mmz and MacFarland, 1975) Therefore a multiple receptive.

]

system promout.cs a greater sensitivity of contrastseto detect the move-
ment or presence o} objects against the bagkground.of light in an
~ . :
aquatic environment (Lythgoe, 1974). Since color vision probably pIays
a vital role in life sustaining processes such as mate recognition, '
spacing in schools, territoriality,and seiective predation imoairheot
of the photoplc visual system could be detrimental to an organlsm
My research obJectlves were to determlne the toxicity and tlssue
uptake of methylmerCurlc chiorld 1n3ected 1ntraper1tonea11y in ralnbow f

N

trout (Salmi gatrdnerz Richardson); to estimate the psychophy51cal

photoplc spectral sensitivity; and to examine the effeqts of sublethal

doses of methylmercuric chloride on the photoplc Spectral sen51t1v1ty

of ralnbow trout.

'Rainhow trout were utilized because they are olassified\as the
standard test species in toxicological research. Since color vision
of rainoow‘trout was»virtually unexplored, I had to characterize the

photopic visual system in order to examine the effects of methylmercury

on’ 1ts normal operatlon.

A



Chapter II

PSYCHOPHYSICAL PHOTOPIC SPECTR:1. SENSITIVITY IN

~ RAINBOW TROUT (SALMO GAIRDNERI) RN
Introduction

K Spectral sensitivity may be considered as a possibite method of

'diagnosing the effects(;;\knvironmental contamination si ce»it provides
a direcf refieétion of the state of the central nervous-system (Lyle,
.19765. ‘As_well, the photopic spéctral ;ensitivity plays.é‘yital role
in the behavior of‘aﬁ organism such as the péftéptiqﬁ‘of visual stimuli
‘occurring in iige-sustaining éctiVities,(McFénland‘éndfMun;, 1975).
Rainbow - trout Was.a good candidate for.examiﬁétioﬁ”becauée qf‘its'
important role in aquatic toiicoLogical research and also to provide
infofﬁation_about ¥ts color vision. ‘

Psychophysical determinations pf photopic spectral sensifivity
have been ﬁade‘in goldfish (Yager, 1967, 1969; Thfrpe, 1971; Beaucﬁamp
and Rowe,a1977) and the: rudd (Muntz and Northmore, 1970;‘1971;
Northmore'and Muntz, 1974), indicgtipg_that these f}sh possess
trighromatic color vision. Ali (1974).éuggesps'that‘brook trout
(Salve@inus fontinalis) may poséé{i.three anatomicél coneAtypes with

\

blue, green, and red sensitivities..
. v :

The objective of the present-studthas to provide preliminary

information concerning the photopic spectral sensitivity of rainbow .

s

trout, - The methodologonf this expériment was based on a modification
. . - CLee t . . R
of that employed by Yager (1967). 1In. a two-choice situation, the trout

[y . i . v". 3 N \ o
evidenced»detection of a spectral stimulus by swimming into the lighted
: s o7 : O



chamber and avoiding a dark chamber. These findings'may facilitate

- future research in behavioral effects of toxicity with rainbow trout.

Materials and Methods

Subjects

.The-test animals 20 rainbow trout, were obtained from the Sam

L1v1ngston FlSh Hatchery at Calgary, Alberta, and measured 15 - 20 cm

E in length The trout were held in 200 2 continuous flow-through tanks
at a temperature of 15 + 0. S(C and a 10 hour light, 14 hour dark
photoper1od (white fluorescent lamp F20) for at least two weekc prior
to erperlmentatlon. The fish were housed in individual compartmedts

L)

to prevent stressful interacti» ith canspecifics,

,/'

“Apparatus . - B o ST

The Uﬁ?t\tank was.a.glass aouarlum 31 x 93 x éb cm high divided
into three areas of equal size,‘tho response chambers and a neutral
chamber (Fig.e@). The response chambers were dellmlted by transversely
arranged barr1ef§>{black plexiglas 1/4”) located 31 cm centrally from
elther end of the tank.’ Each banrier had a rectangular hOIQ whicéh
allowed passage to either response c amber when the pulley operated

gate7 were opened Stalnless steel shocklng gr1ds present in both

respgnse chambers were vertically s

3
\

ated by 7 cmy insuring free
m65113t§ of the.subject. The grids/ were wired to ag;D 9 Grass electric
stimulator. wh1ch generatéd 2 square wave pulses at 5 - 15 mA, each

pulse had a 50 msec duration and was separated by 800 msec.



Figure 2. échématic %Spré;entation 6f apparatus.
‘ bbs - broadband stimulus source; ce - chamber eﬁtrahce;
f, - fzn— 1 loé and 2kiog neutral‘denéity filters;
g - gaigs; m - monochromatq:; nc - neutr;i chambef;
rC —ﬂresponée chambér;/ép-— stimulus pétch; w - neutral

- density ba}ancing wedge.

&
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the end of each response chamber. These patches we vonstructed from
olastic projection screen material and‘had a diametet of 4.7 cm sub-
tending a vieual angle of 8‘degrees from the response chamber gates.
Spectril radiant exitance (intensity) of the stimuli was adjusted b;
Varlable rheostats and calibrated with an ISCO model SR spectroradlo—
meter 1n51de the dry test tank using a remote opt1C\probe

‘Broad band :ight sources, used for purposes of spectraily neutral

-

training, consisted of Vickers Instruments microscope lights/with a
/

spectral energy dlstrlbutlon illustrated in Figure 3 The 1nten51ty

- &

was controlled by neutrel density wedges and filters to produce
luminances of 1.20 and’O.SZ (measured by an intensity meter and con-
verted to lumﬁnance) nit during training; “An incandescent lamp, situ—
ated over the neutral chamber. was used as an adapt1ng light to ma1nta1n
photoplc vision; its illuminance at the bottom centre of the neutral
chamber was 3.77 lux (measured by an intensity meter)., The spectrel

energy. distribution of this light| is also illustrated in Figure 3

~ (measured by a spectroradiometer).

‘Procedure

o o

The operant.condltlonlng paradlgm that was employed 1§ illustrated
in Table I. The negatlve relnforcement (shock) was admlnlstered for
all incorrect responses, whereas the positive telnfofcement (small,uni-
form pieces of beef heart) was admindstered‘apotoximetely evety fifth
trial for correct'fesponses (partlal.schedule),
- Three groups of 6, 6, and éysubjects were tested separately between
February and Jdly of 1978 of,thch five, fout, and five,; respectively,

completed all the wavelength tests, Three fish were dropped because

A\

10

-



Figure 3. Spectral ehergy distribution of the overhead adapting

lamp (0-0) and the broad band 1light source (0-9).
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TABLE 1. The 2-choice Disgrete Operant Conditioning Paradigm

s ' ‘

f STIMULUS » RESPONSE
. v |

approach »  reinforcement

. or
o \

avoid shock punishment




Tesearchers. In 11ght of this cautlon exp11c1t detail w1lﬂ be given. i

'bof two-shc - (luminance 1.2 nit), ./

<+ . ot . »

of low_motiyational states and one other because of idlness
/\

The first step involved shaplng the behavior of the subJects for
the acqulsltlon of the condltloned Tesponse. .This consisted of three
tasks: approaching a broad band stimulus, stepwise reductdon of
luminancg of the broad band light, and finally the introductfonaof
monochromatic stimuli The duration of the experlment for each group
of fish was 15 days with four days of training (Days 1-4) (broad band
stlmull), a one-day (Day 5) test to 90 percent criterion (broad Jh

[
stimulus),.and ten days of monochromatic testing (Days 6- 15)

to the specific steps in the training and testlng protocol:

Day I — Each flSh was gryen 60 trials in a no- ch01ce situation in
which p051t1ve relnforcement was admlnlstered on a part1a1 schedule,
A clear plexiglas barrler prevented entrance to the dark side but per—

mltted viewing. The fish was manlpulated (moved by a steel rod) into

the response chamber. and darected to ards the st1mulus for the flrst

- ;
10 - 20 trlals The frequent positiv relnforcement usually prov1ded

. the 7mpetus for the subJect to move on its own "initiative" at the

10 - 20 tr1a1 stage. The luminance OA the broad band stimulus was 1.2

‘nit.

either chamber A correct Tesponse was p051tlve1y reinforced (partial
’ .
schedule) and an incorrect response re%ulted in negative reinforcement

oL . = 5

=

[P SO
R
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Day 3 — Each fish was given 60 twoachoice trials (luminance 1.2
nit,

v

Pay 4 — Each fich was given 60 two-choice trlals 30 trlals at a

1um1n1nce of 1.2 nit an: 30 more trials at 0.52 nit.,

@

Day 5.—— Each fi~h vas giVen 4 test to criterion. The criterion

N ;
was set at 90 percent correct for a block of 10 trials with{a stimulus

set at a lumlnance of 0.52 nit.

15

Days 6-15 — ‘Each fish was tested (thréghold determlnatlon) at one f

wavelength per day for a total of ten Wavelengths Tanging from 425 to

650 nm in 25 nm increments . The threshold criterion was set at 75

)

‘percent correct response. Half of the fish in a group started the test

at 425 nm on day 6 and ended with 650'ng§on'day 15 and the other hailf
were tested in-.an opposite order of wavelengths. T

The subject was given a 10~15 minute acclimation period’followed

N

by a 10 - 20 trlal ”warm-up” perlod at a supra- threshold’(determined in
pzﬂot\stuoy) .Jintensity (ex1tance) of a given wavelength., The test fish
usuall;\scored 80 - 90 percent correct durlng this perlod ' Then the
test proper commenced w1th 10 -'15 trials at.an intensity which would
e11c1t a Tesponse greater than 75 percent correct (10 trials if 90
percent was scored in the first 10 trlalszand 15 trlals 1f the flSh
sscored less .than 90 percent in the flrst 10 trials), then 10 - 15
trlals at an 1nten51ty expected to result in a score less than 75 per-
cent correct. If, however the step 2 score was not below 75 percent,

another 10 - 15 trlals at a lower 1nten51ty would be .required to

estimate the psychometrlc functloA (threshold) \

The response latency was_re&orded for each trial. This measure-

ment represented the duration.from the time the gates were opened

1
-



- 16
simultaneously till tne tail of the fish passed throﬁgh the gate and

A
into the pé&@er response chamber.
‘ o -

!
v

Y

" Results L

~

: L 2 i
The psychometric functions for photopic spectral sen51t1v1ty\of
)

gach fish were dete;mined b;llinéar interpplation. These estimates were
cdfregted fof the spectral, transmission character of water (Hutchinsén,
1957) within the test ﬁank and_then convertedito photonSf(Goldsmith,‘
1973).> Sensitivity was defiped as: the log of the recip?océl of the
number pf photons required to eligit a 75 pefcent response. The mean
pﬁdtbpic sensitivity curve was caiculated“for each test'Qavélength and

plotted as a function of qavélength.

4 .

Figpré 4 iilustratgs three randomly chosen individual sensitivity

~ \ . )

éufves and the mean.sensitivity curve for all individuals. The peak of
the mean ;ensitivity curve lies at SSOvnm:with a decreése of sensitivity
_tpwards the red and blue ends of tﬁe spectrum. There appeared to be
three distiﬁét éomponents in this'senSitivity function£  from‘425‘- SOQ,' .

S

The components in turn have peak sensi-
. : o :
tivities at.475, 550, and 625 nm) respectively. It is important to

- ©

525 ~ 575, and 600 - 650 nm.

R

note that the mean sensitivity curve is based on data which have not

i

. been adjusted for differences in .absolute sensitivity. . \
‘A mean sensitivity function can be misleading since less Sensitive
J;ndividuals’makv a proportiznaily greater contribution. A better method

. to.estimate the shape of this photopic spectral sensitivity function
-would be to eliminate error due to differences in absolute sensitivity.

t

This can_bé obtained by first normalizing each individual's results
. s h . e ) . L

,-



Figure 4. Mean spectral sensitivity for 14 fish (o-e, bottom
curve) and individual spectral sensitivities (x-x,
‘ .

e fish 103;'0—0 fish .204; e-e,.fish 307), Note right

—ordinate has the same label as left.
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across wavelength, and then estimating the meun for all individuals on
| 1 S —

each wavelength. The standard error of this normalized datafset repre-
sents variability in the shape of the photopic spectrai sensitivities
between individu;ls.

| Mean normélized spectral sensitivity is‘shown in Figure 5. This
curve also appeared to have three components simiiar to thosé revealed\
1in Figure 4; Maximum ndrmslized sensitivitﬁ%o;curred.at 525 nm compared
to 550 nm for maximum mean sensitivity. b : '

Table II lists the mean and standard déviations or the responss

latencies for each test wavelength. A one-way analysis of varia?ce
<ﬁemonsttated that the effect cF wavelength on response latency was not
significant (p > O.ld). Regression analysis indicated that absolute
sensitivity was not significéntly depend :n- on the response 1atency .
except‘;t 525 nm (p < OLOS). Table III lists the number of trials to
90 percent criterion for each iﬁdividual. There did not”appear to be
any noticeable effect of the number of trials to criterion on the
absolute\sensitivity and spectral sensitivity functi&ns.

w -

- Discussion

Similar studiés on goldfish‘(Yager, 1967; Beauchéﬁp and Rowe,’
1977) and on rudd (Muntz ‘and Northméré, 1970) have yielded specéral
ssnsitivity functions‘which differ somewhat from rainbow trout. The
trout were less sensitive to sport aﬁd long watelsnéths, Perhaps rain-
.bow trout possess'chromatic mechanisms which differ from other species,
However, conspscific‘a;d intersﬁecific disparity in photopic spectral
sensitivity may be due to subtle différehces in tést'protocol, spetific

\

4

\
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Figure 5. Mean normalized spectral sensitivity with standard error
for 14 fish.
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TABLE TI. The Medns and Standard Errors for the Response Latencies

.of each Test WaVeleQEtﬁ* 4
Test Wavelength o - Mean Response » gtandard

* {(mm) Latency (sec) _ Deviation

425 L | 14.02 727

" 450 . 12.26 o © 4,67
475 | | ~11.86 4.77
500 - 10.52 ° . 3.2
525 . : 10..50 -, 447
550 | 11.11 ‘ 4.88
575 11.70 . : 5.73 f
600 | 10.99 o 4.14
625 ‘ | 13.36 o \\ 6.65

650 ' v 15.77 9.14




» \ 4
TABLE III. The Trials to 90 Percent Criterion for Each Test Subject

~(Day 5)
Fish Num@g<' | T Triali\fo 90% Criterion.
101 / - ., <\\\10
102 10
103 ) o 20
104 | 10
105 o 10
e 201 " ;. , 10
202 . ‘ 60
203 | . 40
204, ‘ N - 10
301 ' 20
302 10 o
303 , o . 50
305 'N “ 10
397 R A 10 - x
&
’,t
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test conditions, and the equipment emploved (Muntz, 1974). For
instance, the chromatic characteristics of a background adépting lamp
could influence the shape of a photopic spectral sensitivity curve

(Cronly-Dillion and Muntz? 1965; Yagerl 1969; Muntz and Northmore,

e
N +

el |
1971). 1In our experimerts, the overhead adapting light had a spectral

energy distribution that eénSisted of predominantly long wavelengths.
This potentially could reduce sensitivity at the red end of the
spectrum through'seieetive pigment bleaching. ConcerningfdifferenCES
in method, our overheaq adapting light was continuously pieseng
whereas Yager's (1967) was.on'only for 30 records between trials.
Considering the different recovery iates of chromatie mechanism,‘this‘
could interact with reeponse latency to affect spectral sensitivity.
Tne demarcation of three curve components in Figures 4 .and 5 is
suggestive of a multiple receptive.system w1th receptor 1nferaction
Information concerning the characteristic< of cone pigmente and the
neurophy51oiogy of photopie vision in rainbow trout could facilitate
the interpretation ef e psychophysicdliy determined photopic spectral
- \ l .
sensitivity_cufve. Unfortnnately, such physiological data do not seem

to be available Yet.for this species.
- F

iy



\‘Chapter 111

THE TOXICITY AND TISSUE UPTAKE OF METHYLMERCURY
ADMINISTERED INTRAPERITONEALLY TO RATNBOW

TROUT (SALMO GALFDNERI RICHARDSON)

\

Introduct1on

The acute toxicity of methylmercury tg fish has been examlned by
administration of methylmercury in the wate{ (McK1m et al. 1976)
oral 1n3ect10n (Miettinen et al. 1970), an& 1ntraper1ﬂonea1 1n3ect10ms
(present study) . McKlm et al. (1976) found that the 96 hour LC50 for\
yearling brook trout (102 g) was 65 ug Hg/%. Wiettinen et al; (1970)

found that the 30 day LDSO for MMC (methylmercurlc chloride) adminis-

tered orally in three to four portlohs was 20 to 25 mg| MMC/kg of body

weight.

An intraperitoneal injection was employed as the mode of ‘toxicant
_s .
application in the present study ‘since administration of MMC in food

\  (oral catheterization) or in water generally leads. to a great deal of

~ between- anifal varlablllty in the rates and magnitude of MMC accumula—
|

tion. These differences in accumulation méy be due to dlfferences in
. ) |

the quantity of food ingested, regurgitated, aﬁd MMC passed in the

feces; and to dlfferences in the intensity of act1v1ty and the physical

N

, parameters of the MMC test water The use of an 1ntraper1tonea1

injection fac111tates the examlnatlon of sublethal effects of metabo-

lizable toxicants such as methylmercury since one is able to reproduce -

tissue levels of the tox1cants which are similar to tbose found in some



-~ \

— .
be made at different tissue concentrations of the toxicant.

natural populations. This then allows measurement of some pafameter to

Different tissues possess varying capacities for the dptake and

the elimination offmethylmercury and show differences in‘thetﬁagnitude
* of pathological damage. Fér instance, Giblin and Massaro (1b73) state
that the brain of rainbow .trout was fdund to accumulate and release
methylmercury at a slower ¥ate than dther tissues probably blcause the
blood brain barrier'exert§”spme control over the passagé of methyl-
mercury. However, it hg; bé;ﬁ reported that following long lexposure,
the Hg concentratibn in fhe‘brain may exceed that of the muscle
(Miettinen et al., 1970; McKim et .al., 1976). This may be a conséquence
of the high concentration of sulfhydryl containing compounds| in the
nervous system which bind irreversibly with methylmercury (Manalis aA@
Cooper, 1975).-‘The magnitud? of neuropathological .damage has aléo been
shown to be highly cbrrelateé with regional differences in the conceh-\

tration of selenium (Evans et al., 1977).

Many studies involving the neurotoxicity of methylmercury have

‘stressed the importdnce of the latency of neurological symptoms subse-

<

quent to methylmercury exposure (Berlin et al., 1973; Evans et al.,
§ .
\ ‘ :
1977) . THe duration of this latent phase is dependent on the frequency
\

of methylmercury‘administration,'size of the dose, and species of the
"test organism,_Most studies of primates cite {ifencieg\?f 20 to 59

days depending on the behavioral parameter measurged. R

The»objecfive of the présent study was to(detenmine Fhe 15 day

b

. I ;
LD50 for a single intraperitoneal dose of MMC é&d, secondly, to measure

the concentration (tissue uptake) of Hg in the b;hin, eye, and epaxial
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T

) e /
musculature 30 days follow1ng an injection of dlfferent sublethal doses

of MMC.

- _
Materials and Methods

Toxicity A : h
. ]

Fish were kept inffour flow—through, temperature controlled CE

“(15 + 1°C) 20 2 aquaria. The test fish were obtained from Duggans Trout

W
Farm (Namao Alta.) and Sam L1v1ngston Flsh Hatchery (Calgary, Alta. ).

£
The size of the fish tested were from 10 to 20-cm (fork length) Each

E]

fish was anesthetized with 100 ppm. MS222 (ethyl—m-amino benzoate

methanesulfonate) then weféhed”énd tagged. The fish were distributed

-

to their respective tanks bY‘Stratified random assignment. They were

given a one-week acclimation period before injection and fed Ewos brand

pellets ad libitum daily. The methylmercuric chloride (MMC)'solution

~ consisted of MMC salt‘dissolved in a 0.02 M N¥2CO3 éolution and adjusted

to a pH of 7.2 w1th S percent HNO3 yleldlng a solution containing 2.57
¢

mg Q% MMC per ml. The control squtlon was 0. AZ M Na,COgq adjusted to a

PH of 7.2 with' 5 percent HNO3. The'MMC was administered weight specifi-
‘cally, intraperitoneally, just anterior to the pelvic fins. The fish

in the control group were injected with an array of injection volumes

equivalent to those given to the experimental fish,
) B ® ™

.

Three separéte experiments were: carried out to estimate the 15 day

LD50. The protocol of these experlments is 111ustrated in Table Iva,

The time of death was recorded for each fish and the surviving. -

fish were all sacrlflced by placing them in a 1000 mg/% solution of MS222

1y



“ TABLE 1V. Experimental Protocols for Toxicity and Tissue Uptake

Experiments

T 7
\

(a) Expefimental Protocol and Percent Mortality in 15 Days

Experiment I Dose 0l 102 © 15 20
no 6 6 6 6
% mortality. 0 83 100 100
Experiment 11 " Dose" 0 2 s -8
' n 6 6 6 *1 6
% mortality * 0 33 83 \ 67
W
Experiment IT1 Dose 0 2 4 6
“ n » 9 8 8 8
. % mortality 0 0 13 >SO‘.5 ‘
|

(b) Experimental Protocql for Tissue Uptake Experiments

|

Experiment I Dose 0 0.33 0.6 0.8

n 6 6 6 6
Experiment IT Dose 0 T 0.3 0.6 0.8
' n 6 5 5 5

_ IControls 1n3ected with saline at a similar array of injection
volumes to those of the experlmentals . o
o :
2All dose values are in mg of Hg/kg of body welght Note that
MMC was injected; however, the values are reported as Hg since 80
percent of MMC is Hg. Therefore 12.9 mg MMC/kg is equivalent to
10 mg Hg/kg. ° ’ »

3Toxic units corresponding to 0, 1.8, 3.6, 4.8 mg.Hg/kg“(O, 2.3
4.6, 6.2 mg MMC).

b4
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on the fifteenth day of'the'experiment.' The fish were then frozen and
held at -30°C until total mercury analysis was iperformed.

Whoole fish were wet'asﬁed in preparation for total mercury anelysis.
Each individual was weighed and subsequently'placed in 100 mls of eon—
centreted HZSOH and 50 mls of concentrated HNO3 for 24 hours at room
remperature.' Three 3-ml aliquots Pf eech digested fish were taken for
\toral mercﬁry analysis. Each aliquot was then oxidized by adding 7 mls
of 7 percent KMNO, and reduced by 0.1 mls of_e 1 percent solution of
SnClz. The analysis for total mereury centent inAdigeeted samples
uriIized'a flameless atomie absorftion spectrophotometer (Unicam SP90A
Speptrophotometer) {(Armstrong ana Uthe, 1971; Munson, 1978).

A stangard curve was estimated for each ser of samples of fish,
using a mercuric chloride'sténdard (absorbance veréus ug Hg). Chemical
blanks were used to test forvBackground concentrations of Hg. |

A‘recorery of 87 to 102 percent'of the total rercury presentkwas

determined by recovery experiments using samples containing known

- amounts. of HéClz and CH3Hgél '"Accuracy of the analysis was also

mﬁnltored by measurlng the total Hg content of standard orchard leaves,
0. 147 0.056 S. D ug/g (n = 24) standaTd reference material 1571.
The Hg levels obtained were 95 percent of the values reported (O 155

+ 0.015 ug/g) for these leaves (Munson 1978).

Tissue Uptake of Methylmercury
. . \ . . .
Two experiments were employed to examine the effect of dose on

Hg concentration in tissues and to determine the difference in Hg uptake

_ between tissues, 30 days after the fish-were injected intraperitoneally.-.

The»fishvwere obtained from Sam Livingston Fish Hatchery (Calgary, Alta.)

i

L o o
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and ranged in s..e from 1§ to 20 cm in fork length. All fish for a

-given experiment were placed together in a 200 2 continuous flow-through
A : - :
’

tank-and allowed one weegk -acclimation at 15 # —.1°C, The fish were fed
Ewos brand pellets ad Zibitum’daily.
AV The fish were d1V1ded into four dose classes control . 0.3, 0.6,

0:8 toxic units. The ﬁose equ1va1ent to one toxic unit was taken to be

30

the 15 day LD50 whlch had prev1ously been” determlned “The correspondlng 4

dose.levels were: 1 8 3.6, 4. 8‘ mg Hg (O 2.3, 4 6, 6.2 mg MMC) per

/,

kg of body welght ' ) ‘ oy,

The experlmental protocol is glven in Table IVb. Each fish was

anesthetized, weighet, tagged, injected intraperitoneally and then
returned to thé holding tank. The injection solutions were identical
“to those ut111zed 1n ‘the toxicity test

Fish were sacrificed on day .30 and the tissue samples were removed

nlaced in glass contalners.and frozen at -30 C. Total mercury ana1y51s

\

of these samples was  identical to tha; for whole fish-except the smaller_

quantifies of tissue were digested in!2 mls of concentrated H,S0, and

1 ml of concentrated HNO3. Total mercury was expressed in ug Hg/ﬁ’of

wet E§55ue weight,

\

L 4 " . Results
Toxgcity | .

Figure 6 and Table IVa illustrate the percedf mortality iS days
after injection as\a function.of the doée of methy;mercury adminis;ered.
A regre;51on ana1y51s was performed in the 2 to 10 mg range of the »
Jlndependent varlable to mlnlmlze erTOT in the predlctlon of the 15 day



Figﬁre 6.

" of body weight). A régfession analysis was performed on

s Yio= 0+ 8.7(Xi).

Percent-mortality ?eréus.the-dose'admini!tered (mg Hg/kg

2 to 10 mg\range of indepenident variable and the equation”

v
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LD50 (10 mg was éhoseh as a maximum dose for the regrussion since
curve inflection occurs at this level of the indeper.“:nt variable).
The y-intercept wa ot significantly different (p > 0.01) from the
origin, therefofe a line was fitted to pass fhrough the origin and the
X, Y point‘for the 2 to 10 mg range. The standard error of th?s line
was 4.1 and the regression coefficient {(slope) was 8.7.

The 15.day LDSO for a single intraperitoneal injection in rainbow
trout is 5.7 * 0.4 mg Hg (7.1 £ 0.4 mg MMC) per kg of body weight,
deterﬁined by interpolafion. The mean uptake (body bufden) for thiS
was 5.1 + 0.6 ug Hg/g &f Body tissue (Fig. 7) indicating that the fish
accumulated approximately 90 percent:of the dose administered.

The fish from toxicity experiments two and three (Table IVa) were
used to meaéure the body burden of Hg (Fig. 7). A one-way analysis of
variance demonstrated a.éignificant difference 'in the mean uptake
between the var;;;s dose classes (p < 0.001). The y-intercept of the
regression eqﬁation was not significantly different from origin
(p < 0.01) and thus a straight line was fitted through 0 and X, ¥
yielding-a regression coefficient of 0.91 and a standérd error of\O.l‘l~
(Fig. 7). o ¥ S o

For the remainder of this paberlthe 15 daY\LDSOwiii be referréd‘

‘to as 1 toxic unit (tu) and any dose less than 1 toxic unit will be

\considered as a sublethal dose.

Tissue Uptake
-A one-way analysis of variance indicated a sigﬁifican; difference

between the mercury content of the three tissues tested (brain > muscle

> eye) (all p < 0.001) for each dose level: 0.3, 0.6, 0.8 tu (Fig. 8).

33



Figure 7.

-

Body burden or the whole fish mercury conteﬁt (vg Hg/g
of tiésue) versus  the dose-administered (mg Hg/kg of body

weight), The regressioh equation is Yi = 0 + O.91(Xi).
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Figure 8.

Tissue concentration; brain, muscle, eye; of mercury
(ug Hg/g of tissue) versus the dose a%pinistered (toxic

units: 0.3, 0.6, 0.8). The respective regression -

‘equations are: Yi = 0 + 4.76(Xi), Yi = 0 + 3.91(Xi),

\

Go= 0 o+ 2.3(Xi). -
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The concentration of mercury in each tissue increased significantly
(p < 0.001) with increasing sublethal dose of methylmercury.
The y-intercepts for the regression equations of all three

tissues were not significantly different from origin (all p > 0.01)

i and therefore a line was fitted to pass through the origin and the

‘Tegression coefficients and the standard errors are as follows:

4.76 £ 0.49 (brain); 3.91 + 0.39 (muscle); 2.03 + 0.26 (eye).

'

Discussion

Acute toxicity studies.dealing with the intraperitoneal or oral

"mode of administration of \methylmercury have bJen shown to be influ-

{

» differ, unequivocally. Miettinen et al. (1970)\appiied~9.6 to 19 mg

enced by the rate of application of the toxicant. This, unfortunately,
makes it difficult to establish standard methods and therefore reduces
the comparabilitv of results.

The LD50 .of the present study and that of Miettinen et al. (1970)

methylmercury per kg body weight in three or four portions with a two
day intérval, whereas I used a single dose of 2 to 10 mg Hg/kg of
body weight. An 8 or 10 mg Hg/kg dose was hlghly lethal in my experl-

ment\whereas_thls same dose administered in several portions over a

~

period of days resulted in survival beyond the thirtieth day of the
. . ] ‘\‘, :
test period (Miettinen et al., 1970).

-

ft appears that the retention ofkmethyimefcury differs with

respect to the method of application. Intraperitoneal injections

resulted in retentlon of 90 percent of the dose admlnlstered on the

other hand, only 53 percent of the dqse admlnlstesed orally was’

P
-



retained (Miettinen et\él.;,1970). Once methylmercury is in the circa-
létory system, elimination occurs through both the feces and urine
regardless of the mode of adminisfration (Munéon, 1978).

3

The duration of a toxicity test is an important consideration

when designing acute toxicity experiments of this nature. The mode of

39

toxicity of methylmercury associated with chronic exposure to MMC appears

to be.via~pathologica1 changes 'in the nervous system (Backstrﬁm, 1969;
Miyakawa et al., 1970; Berlin et al., 1973; Manalis and Cooper, 1975:
Evans et al. 1977) A reasonably long period of chronic'exposure is
necessary for methylmercury to accumulate to levels which 1nf11ct neuro-
pathological damage. Moredwer, this latency between _injection and the
S -

onset.of;behavioral aberrétlons seems to be dependent on the volume and
frequency of dosing as we}l as species specificity (Evens et al.,
1977) . | ‘ B )

McKim et a1 (1976) report that the cOncentratienbof MMC in any
given tissue at any time follow1ng‘exposure is dependent on the concen-
tration of MMC in the'weter. - My results support this contention

indirectly since I wasiéble to demonstrate a difference "fn the uptake

~of Hg between the dose categories within each tissue. ¥n fact the

reiationshipvshowed a significant (p < 0.001) regressic: [(.r each-
" tissue.
Several laboratory studles have 1nd1cated that broin concentrations

%

of mercury exceed epax1a1 musculature concentrations. However, th}s is -

\

by no means a congistent.trend for all species of fish. The difference
in magnltude of uptake between tlssues in rainbow trout is illustrated -

in Figure 8. The high brain_ 1evels could be explalned by preferentlal

-

~ \



accumulation in nervous tissue or'by a slow turnouer of methylmercury
in the brain compared with other tissues. After 30 days the.otﬁer
tissues had lost most of their accumulated methylmercury but the brain
had not. The chemical nature of the nervous systém could influence the
mobility of methylmercury (Manalis aud Cooper, 1975).
The relatlonshlp between body concentrations of Hg and. ‘dose does
not dlffer from that found for muscle concentration of Hg (slope test
p > 0.05) "and dose in this study. Thls has also beén shown by McKim et
al. (1976) and by Miettinen et al. (1970) and they point out that this
is obviously so since the muscle tissue represents the largest component
of the body. ¢
The small variance in the dose-response rélationship which was
found in thé fhree tissues examined indicates that .intraperitoneal
administration may be partlcularly suitable for behav1ora1 or physio-
'gloglcal studles dealing with sublethal doses of methylmercurv In

addition, I was able to produce some tissue levels of mercury which

40

are nea¥ those that are commonly found in areas- of mercury contamination.



Chapter IV

COLOR ' VISION DEFICIENCIES AS A CONSEQUENCE OF

METHYLMERCURY EXPOSURE IN RAINBOW TROUT

\

Introduction

HIn the past, most research oﬁ the effects of methylmercury has
Been concgntrated on mammals; chiefly humgns. As a éonsequenge there
are very few direct demonstrations of the harm iﬁflicted on fish due
to methylmércury exposure. One must consider the effects of ﬁercury_
on fish physiology and behavior to comment on the long-term contri-
$¢nmi5n of fish fo the ecosystem and their future availability ‘as food - °
. @ , p
for man.

-ééhavior‘has been utilized to assess the iﬁpaét of toxicants in °
the past. Open field behavior was uséd'to assess the éffegt of methyl-
mefﬁtry on mice (Suzuki, 1969; Spyker et al., 1972); preference and E
avoidance re;ctions\[Spragué, 1968; Scherer, 1975), and open field
orilentation (Kleerekoper et al., 1972j were utilized to assess thé.
effects of hequ\metals in fish. Operant conditioning techniques were
used to evaluate pesticides (McNicholl, 1974) and heavy metg§§\(Weir
and Hine, 1970) in fish, While rainbow trout are recogﬁized‘a;\%ﬁp
standard test species, little is known about the effect of methylmercury
on their behavior.

The tox1c1ty of methylmercury in primates 1nvolves neuropatho-
10g1ca1 changes whlch are partlcularly notable in the Vlsual system

(Evans et al., 1977). It appears that the regional dlfferences in the

uptake of methylmercury in the braln selectively lesions the lateral

9
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géniculate nucleus - and the visual and motor cortexes in primates. As
a consequence, one‘observéd the develo?ment of behavioral symptoms’

' ' . f .
such as a reduced sensitivity té visual stimuli of a low luminance,
cénstriction of visual fiélds agd a red;étion in shape and pattern
’ \ ‘ . .
~discrimination. ' . éiﬁ)

The fact: that methylmercury infiicts damage on the visual system
and that abnormalities in:colof:visian result fr&m such neutopatho#
logicaf éonditions in humané‘(Lyle, 1976) led fo the examin&tion‘of
the effect of méthylmer;ury qp‘the cblor vision of rginbow trout. " The
effect of sub&ethal exposure po’methylmercury on the photd%ié spectral

- E : <
sensitivity of rainbow trout was measured for 10 wavelengths between

425 and 650 nm using a behavioral forced choice task.

Materials and Methods

Protocol . v

The experimental pfocedur consisted of three 15-day stages. '
trout were trained to discriminate

A .

i

\a sﬁéctrally neutral stimulqs'in a

During the first stage 15§ rainbo
,befweén the presence and ébsence o

o

two-4choice shuttle tank @ithAreinfofcement‘(beef hearf)_and-punishment
(shock) contingendies (Days 1;4)ﬂ(sée CHapter 11). dn bay 5; these
individuals were given a test of trials to 90 percent'ﬁriterion based .
on blocks of 10 friéls. Then their speétrall§ensitivities'werevdéter-
‘mined at ten wa;elenéths from 425 to 650 nm (Days 6-15). The second
phase (Days 16-30) iﬁvolved the.adﬁinistration of weight-specific

injections of a control solution or'a methylmercuric chloride solution

corresponding to the toxic unit values of 0.0 (control saline, n = 4),

R . ' \ o ' .
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0.3 (n = 2)! 0.6 (n = 4),’and 0.8 (n = 5). One toxic uﬁitvisnequivalent
‘to a dose of 5.7 mg ﬁg/kg of body wéigH£ (see Chaptér IIi). After
injection the fish were held for 15 days to allow time for the mefhyl—
mercury to be distributedﬂin the body, a process which.resul é in a
concentrated uptaké by brainrtissue. The fish were then fed beef Heaft
ad Zibitum daily. The third phase représenféd a retest period (Days
31—45) gnd was viftually identical to phase I with exc: -ilon of the
Days- 31 tQASSfperiod. On Diy 31 the fish‘Were given a téét to criterion
sim}}ar to the téstlgivén'on Déy 5. if én individuéljrequired a

greater number of triéls to reach criterion in phase IiI than inkphaéé

T 1t was(tréined to i£s~origina1 1eve1 of. peyformaﬁce, during
Dayg 32 to 35. Déysv36 to 45 involved waveléﬁgth testing idenficaiﬁté '

-1ase I spectralgSensitivitiwdeterminations: , _ —

.

P

Results.

The effect of methylmercﬁry on photopic specpral sensitivityuyas
examiﬁed in- two ways: one comparing the absoluﬁg sensitivity.of the
controls and~expérimentalé in the post exposure phase,'the other
employing ratios of phase I absolute sensitivity, to phase III absolute
SenSitiVity’ﬁQr~the contrglvéhd experimeptal fish. |

lAvg;age’specfral‘sensitivity as a’function-Of wavelength 1is shown
for“the ~ontrol, 0.6, and 0.8 dosage groups during thé pre (Fig. 9a)
and post (Fig. 9b) treatment test (the 0.5; toxic unit group was
excluded since it had only. two iﬁdividuals). Figuré\9a indicates the?e
Qas‘littlé difference in the average photopic spectraljéensitiQity Qf_:

e .- : — : : N
the individuals in these three treatment groups prior to methylmercury

a & . -
-

EN—



Figure 97‘ Log mean absolute photopic spectral sensiti&ity of the

\ cdht}oi (0-0), 0.6 (a-1), énd 0.8 (e-@) toxic unit group§ 
ka) pridr to hethylmercury exposure (theie were no
significant differé;ces Between these three groups) and
{b) post methylmercury”éxposure (there are no significant
differences Between_the cbntrol and 9.6 t.u.:group, but

the control and 0.8 t.u. are significantly different\ét

475, 500, 525, and 600 nm) (control and 0.6 t.u. groups n=4, |

0.8 t.u. group n=5).
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treatment. One-way analysis of variénce indicated that‘noné of the
7 differéﬁces in sensitivity are signific;nt (p > 0.05 for all wave-

: lengths). More specifically, Student t-tests of the control vers%s
0.6 t.u. (toxic unit) éroup; the contfol versus 0.8 t.u. group; and
tﬁe 0.6 t.u. group versus the 0.8 t.u. group were all nonsignificant
(p > 6.65) for all wavelengths. After methylmercury exposure,
however, the analysis ofvvariance for each waveleﬁgth demonstrated that
‘the controls, 0.6, and 0.8 t.u. groups had\significantly‘different
ébsolute‘sensitivities at 525 .nm (p <'0.05): Studentbt—test of the
tontrol versus 0.8 for each wavelength showed significant differences
in absolute sensitivity at 475 nm (p < 0.051? 500 hm‘(p < 0.05), 525
nm (p f 0.01) and 600 nm (p < 0.0S).. Student t-tests comparing the
»controlvand 0.6 t.u. groups‘énd the 0.6 and>0.8 t.u. groups for each
wavelength were all nonsignificant (p > 0.05). |

The ratio of pre to post treatment absbiute sensitivity for eath
fish tan moré accurately represent the‘tréatment effects sinte inaivid—
ual fish can differ considerably ip‘sensitivity of discrimindtion and
the number of fish within a dosage group was small. fn Figure 10 the
mean visual pérformance ratio was piotted for each treatment gfoup
v(excluding 0.3 t.u.) as a fuﬁction of wavelength. While the control
group demonstrated some e€xpected overall’ 1mprovement in photopic
spectral sen51t1v1ty, the methylmercury-treated groups showed less
imprbvemeht‘or, in some cases, actual decrements in sensitivity.

Table 5 indicates that methylmq;cury has its largest effect on

the sensitivity at 525, 600, and 650 nm. The partial correlatlon \

,,_—\\coeffﬁzients and the one-way ana1y51s of variance were significant

NG

~



Figure 10. Log mean visual performance ratios for the control (o-o),

}

0.6 (A-), and 0.8 (e-e) toxic unit groups. The visual

- _ performance ratios ‘Tepresent a change in the energy
reduiredvto reach the 75 pércept ﬁhreshold at a specific
test wavelength, from phase'I to phase III tpre to post
metﬁyihercury expo;ure). Refer to Table I for statistical

-~

tests (cbntrol and 0.6 t.u. groups n=4, 0.8 t.u. group

i
|

n=5).

60
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(p < 0.01) at these wavelengths. These findings generally support those’

illustrated in\Figure 9.

]

A one-way analysis of variahce indicated that ratio of pre to post

treatment responee latencies d1d n%t Q}ffer 51gn1f1cant1y between the
control, O 6, 0.8 t.u. group at aggxwavelength (p > 0. 05) In addltlon‘
an analfkls of variance showedthat ratlos of pre to post tréatment

1
trlals to criterion d1d not differ 51gn1fﬁf§%tly between the control

1
0.6,and 0.8 t.u. groups.

o .

Discussion
\ ~ .

The present study indicates that methylmercury 1mpa1red the ability
of rainbow trout to d15cr1m1nate spectral stimuli . There were no -
51gn1f1cant effects of methylmercury on the response latency; thls
1nd1cates that methylmercury did not affect motivation. Also,. methyl-
mercury did not have a significant effect on the number of trials

8
required to reach criterion; henge methylmercury appeéred not to affect

learning or memory. Some studies have demonstrated that learning and

motivation de suffer impairment. Post et al.y(1973) found‘that rats

required more trials to learn a T—mé%e hﬁbsequent to oral administra—l
tion of methylmeréury Berlln et .al. Atlg%3) found that low -levels Pf
'methylmercury did not affect the response latency of monkeys, though
high levels which produced severe visual symptoms lengthened latency
due to difficulty in bringing the stimuli into view. The general lack

of motivation and learning affects in the present study may therefore .

be attributed to the use of relatively low dosage levels. My results
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N

suggest that the observed behavioral affects were primariiy due to the

effect of methylmefcury on the visual sf;tem:

Photopic spectral sensitivity of the normal rainbow trout suggests
%hree response cémponents: . one between 425 ;nd 560 nm,‘anothef‘“
between 525 and 575 nm, and another between 600 énd 6$Oinm;;‘gfter \

\ ;
methylmercury exposure the chromatic visual system appears to have the

mbst difficultf detecting wavelengths which are intermediate to the
tHf;e curve components.' However, metﬂ;lmercury treatmeﬁt dig not . /
significantly affect sensitivity at the peak wavelengths of these
components. If one examinés the ratios in absolute sensitivity from

' pre to post methylmercury exposure; thefe\is a simiiar_trend. That

is, the intermediate wavelengths suffer the most detriment and the peak
P, ) .

" wavelengths of the curve components. show slight differences from the

control. - These results suggest that methylmefcurymggefts most of its

~influence oh the post receptor néural processing of spectral information.
Thefcolor red\plays.an'important,role in the reprodgctive behavior

of male rainbow trout and sticklebacks and any change in red sensitivity

of these fishes could reéduce the organism's reproduétive success.

i

N

Considering that célor vision undoubtedly is important for various
behaviors in trout, even moderate levels of methylmercurygcould reduce -
the organism's viability. The levels we employed have been commonly

reported in natural populations of fish which were exposed to mercur

(Miettinen et a}., 1970) .



Chapter V P
GENERAL .DISCUSSION : v

The results of thi% study suggest that raihbpw trout have -i-

chromatic color vision and that retinal interaction is responsible for

3

the detéction of certain wavelengths. The evidence for trichromacy

was furnished by the psychophysical determination df’phptopic spectral.
sensitivity andxfrom.the effects{of methylmercury on psychophysical .
photopic sﬁectfai sensitivity.“'The normal" sensitivity curve may be’
characterlzed by three curve ~components with. presumptive peak sensitiv-

\

ities of 475, 550, and 625 nm. Unfortunately, there is no specific
information with respect to the absorbtion spectra of photopié\pigments

or neurophysiology of the rainbow trout visual system,

Ali (1974) reports three anatomical cone types ihvbrook trous
(Salvelinus fbntinalis)f the stﬁbby barrel-like cones of the dorsal
retina were classified as blue-sensitive cones,Athé long, slender cones
of the ventral region were classified as‘red-sensitive cones, an& the
mid retinal region had a mixture of double cones.which appear to be made

up of green- and red-sensitive cones. Given the fact that rainbow trout

u-—) )

thus&{:g%‘;:$

system, T51n (personal communlcatlon) has indicated that ralnbow trout

and @rout are dlfferent species, they share a similar habitat and.

uld be able to speculate that they share a similar visual

possess a duplex retina and therefore my inference is supported

I have observed some str1k1ng changes in phOtOplC sensitivity which

ed subsequent to methylmercury exposure These impairments in

_ photoplc sen51t1v1ty suggest that the neural processes of receptor

N
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A/‘ . )
interaction are being affected by methylmercury. This’ premlse was

derlved from obsérvations whlch indicated a reductlon in sensitivity

at wavelengths that would seem to be mediated through retinal inter-

o action such as blue green (500 nm) and’ orangﬂﬁ@%oo nm) . wavelengths o

. Q‘ﬁ », 7
The nature of this interaltion is unknown ~Mhbther 1t aRtEsbitory

: ' : L7 BN -
-or additive is not clear. Some researghers indlcate that localjyl.ﬁfgﬁ

(troughs) in spectral seﬁsitiyity curves result wied two reeepté} typesu
of an opponent pair are equally stimulated, thus resulting in the

greatest degree of mutual inhibitien, at, for instance, a test stimuli
of €00 nm (Muntz, 1974). On the other hand, these troughs may be formed
\ : .
-by the partial additive response of two receptor types at low integsity

.

of stimulation and further increases in intensity would  smooth out the
troughs. If the neural processes controlling this additive .interaction

were selectively affected by methylmercury, one would ekpect even lower
5 t \\ ’ '

sensitivities at wavelengths that are peréeiyed through the interaction

of receptors. Or perhaps methylmercury can evoke transmitter output,

.

thus enhancing retinal inhibition getween opponent pairs, such as

R
S

Maﬁalis'and Cooper (197S)£obs%fved in frog neuromgscular‘preparatiohst
Future experimentation iﬁ thi%iarea should»include studies in which
methylmercury exposure is localized througﬁ selective lesioning tech-
niques. It is noteworthy that this study not only has indicated'tﬁat
mefhylmercury does demage the chromatic visual system but also points
out that methylmercury can be used as a pharmacological tool for examln—
y A N
_ing neural act1v1ty governlng the visual system

‘Mahy of the previous behavioral toxicology studies dealing with - -

methylmercury have employed unusually high-tissue concentrations of
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mercury. It is not uncommon to see values of 20 to 50 ﬁg Hg/g of tissue
" reported in zhe litpreture (Suzuki, 1969; Beflin et alp, 1973; Ey;hs et
al., 1975). My study; however, uses tissue concentrations comparable

- to %hose foﬁnd in natural populations of fish, such ai 1.8 to 4.é ug
Hg/g of tissue (see Mieltinen et al., 1970 for tisslie concentrations).
Thus many populations of fish may be encountering visual deficiencies
t%nducgd By methylme}cﬁgy contamination which could affect_visuaily
dependént béhaviors such as pggdétion, predator gvasion, reproductije_w

activity, and intra- and interspecific territoriality.
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APPENDIX Ia

MEAN INTENSITY THRESHOLDS (E75%) AND MEAN RESIPONSE LATENCIES FOR PHASES T AND IIT

THRESHOLD (uw ca 2pm 1)

o

RESPONSE LATENCY (sec)

TEST TREATMENT
WAVELENGTH GROUP Phase I Phase III Phase I Phase III
n X S.D. x $.D. X -~ 8.0, x S.D.
) .
425 4 Control 0.00176  0.00186 0.000665 *  0.0009 12.93  8.33 13.55  6.40
2 0.3 t.u.” 0.00071S 0.000191 0.000218  0.000187 20.05 12.23 13.10 4.10
4 0.6 t.u, 0.000555  0.000396 0.000191 0.0000982 13.78 8.00 13.35 9.21
s 0.8 t.u. 0.000855 0.00104 0.000336  0.000295 12.68 5.10 12.96 3.56
450 & Control 0.00290 0.000135 0.000167  0.000102 12.88  6.25 13.35 3.56
2 0.3 t.u, 0.000475  0.000304 0.000965  0.00118 14.4 6.08  16.50 8.49
.4 0.6 t.u. 0.00044  0.000242 0.000786  0.0011S 10.7% 3.78 12.65 3.48
57 0.8 t.u. 0.000418  0.000321 0.000315  0.000195 12.12 4.71 11.72 5.51
475 4 Control 0.0000838 0.0000631 -0.0000265 0.0000125 10.15 4\96 12.78 2.65
2 0.3 t.u, 0.000238  0.000229 '0.00029 0.000227 15.4 2.40 15.70 5.79
4 0.6 t.u. 0.000272  0.000175, 0.000204  0.00C209 11.38 5.41 10.18 2.41
s 0.8 t.u. 0.000170 _ 0.000102 0.000269  0.000207 12.20 5.32 .8.42 3.95
A y .
500 4 ‘Control 0.0000448 0.0000197  0.000032  0.0000251 10.80  4.59 9.65 3.48
3 0.3 t.u. 0.000174 0.000096%  0.000281 0.000172 13.03 3.49 18.43 10.19
4 0.6 t.u. “o.ood1z4 - 0.0000192  0.000224 0.00037 10.33 2,43 6.88 2.83
5 0.8 t.u. 0.000100 0.0000697  0.000199 0.000124 8.94 . 3.48 10.96 5.19
525 4 Control 0.0000408 0.00001£8™ 0.0000156 -~ 0.0000064S 10.30 2.92 . 12.58 4.07
\ 3 0.3 t.u. 0.0000696 0.0000293  0.000068  0.0000261 15.43 3.73 17.10 7.07
) 0.6 t.u, 0.0000708 0.0000575 0.0000748  0.0000469 9.63 5.59 '9.15 1.95
s 0.8 t.u. 0.0000187. 0.0000193  0.000064 0.0000183 8.40 3.69 10.28 3.85
. . BN . . v

‘550 4.  Control -  0.0000413 0.0000354 ,’,0.0000179 0.000019 11.00 ~ 5.65 9.45 0.91
3 0.3 t.u. 0.0000435 0.0000304  0.0000347  0.0000102 17.47 .33 12.77 7.87
4 0.6 t.u.  0.0000825 0.0000629  0.0007782  0.0000642 8.97  2.36 8.00 6.00
5 9.8 t.u. 0.0000435 0.00C040 0.0000454  0.n000313 9.08 4,19 9.20 .2.63
SIS 4 Control o.oojosis 0.0000661 - 0.0000333  0.0000300 13.88  8.69 . 10.97 3.26
3 0.3 t.u. 0.000140  0.000165 0.000073 0.0600398 13.30 5.86 10.73 2.51

. N : < .
4 0.6 t.u. 0.0000530 0.006C196  0.000233  0.000227 8.25 3.38 $.73 2.56
S 0.8 t.u. 0.000101 0.0000687 * 0.000432  0.000712 11.76 5+ 4.71 . 11,38 4.71
600 4 Control 0.000191  0.000144 0.0000847% 0.0000477 10.45  3.64 13.35 s.71
3 0.3 t.u. _ 0,000207 0.J00113 0.000314 0.000249 11,03 4.73 -11.10 = 7.20
4 0.6 t.u, 0.000146  0.000129 6.000265  0,,000249 11.43 5.06 8.10 7 5.08
H 0.8 t.u. 0.000349 .0.000367 0.000516 0.000413 11.06 483 13.92. - 9.2%
625 4 Control 0.000263  0.00024 0.000186  0.000144 14.48 9.78 \11,5} 0.89
3 0.3 t.u. 0.000154. 0.000214 0.000163  0.00009C7 - 13.737 8.13  '12.36 800
4 0.6 t.u. ~ 0.000252 0 0.000249 . 0.00051S, 0.000514 12,08  6.95. 11.25  5.85
S 0.8 t.u. 0.00033 _ 0.000392 0.00122 0.00131 13.30  4.66° . 12.14  8.350
650 4 Control 0.000298 0.000246 '0.0§0136  0.000131 17.98 8.45 11.30  3.15
a 3 0.3 t.us.  0.000412.  0.006308 0.000217  0.000171 13.53 2.38 12.70 8.70
4 0.6 t.u. 0.000105 0.0C00049  .0.000385 0.000267 10.33.° 3,33 9.80 1.64
s 0.8 t.u. 0.000296  0.000217 0.000818 0.000956 19,70  13.83 -15.82  14.79

*t.u, - toxic units P
.
o
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- MEAN WHOLE BODY MERCURY CONCENTRATIONS

DOSE ADMINISTERED

mg Hg/Kg of B.Wt.
0

2

APPENDIX Ib

(ug Hg/g of Body Tissue)

~

\
\

TISSUE CONCENTRATION

X
0

1.57

L
w4
IR YO

oLt 598

7.:79

\

o 3.33°

2 s.66

S.

0

0

6‘

D. n
.59 14
.44 8
.60 - 6
.21 8
.25 6
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APPENDIX Ic

MEAN BRAIN, EYE, MUSCLE MERCURY CONCENTRATIONS

. ‘ (ug Hg/g tissue)
" DOSE ADMINISTERED A TISSUE CONCENTRATION
. t.u. mgHg/Kg of B.Wt. n _BRAIN : _MUSCLE . _ EYE
X S.D.. . X S.D. X - S.D.
0 11 0 0 0 0 0 0
0.3 1.8 11 1.52 0.35 1.46 0.37 0.54 0.26
0.6 3.6 - 11 2.89 0.6l 2.49 0.48 _1.44 1.14
| * .
0.8

4.8 11 4.19 0.88 3.21 0.82: 1.70 0.44



