
THE UNIVERSITY OF MANITOBA

PLASMA L-THYROXINE AND TRI I ODO- L_TT,IYRON INE IN IMMATURE RAINBOW TROUT,

salno gairdneri Richardson; TTIETR MEASUREMENT AND FACToRS INFLUENCTNG

THEIR LEVELS

Scott Brown

A THESIS

SUBMITTED TO THE FACULTY OF GRADUATF. STUDIES

IN PARTIAL FULFILLMENT OF THE REQUIREMENTS FOR THE DEGREE

OF MASTER OF SCIENCE

DE PAÈTMENT: OF ZOOLOGÌ .-

WINNIPEG, MANITOBA

JANUARY, 19 76

by



"PLASMA L-THYROXINE AND TRII0D0-L-THYRONINE IN IMMATURE RAINBOI^I TR0UT'

SALMO GAIRDNERI RICHARDSON; THEIR MEASUREMENT AND FACTORS TNFLUENCING

THEIR LEVELS"

by

SC0TT BROt^lN

A dissertùtion submitted to the Faculty of Graduatc Sturlics r¡f

the University of Manitoba in parti:rl fulfillment ol' the roquirements

of thr. dr"'glce of

MASTER OF SCIENCE

ó tgtt

Perntission l¡as becn gfarrtcrl to thc LIBRARY OF I'llU UNlvljll'

slTY otr MANlTollA to tcnd or sell copics of this d¡ssÈrt.ltiorr' to

ll¡c NATIONAL LIBRARY Otr (:ANADA to nricrolìlm this

rlissertation and to lr;nd or scll copics oU the lilnr, and UNIvtiRslTY

MICROFILMS to publish dl¡ abstr:¡ct of this diss€rt¿¡tion.

The uuthor reserves other ¡rublir:atitln rights, und neithor the

dissertûtion Itor extcnsive cxtr cts lion it uray be printed or other-

wise reprodttced without tho author's wriltcn perntissitltr.



TABLE OF CONTENTS

Page

1INTRODUCTION,

LITERATURE SURVEY

1. Measurement of thyroid hornones in fish blood.. 3
2, Diurnal vaTiation in thyroíd function. 5
3. Sex and thyroid function. 9
4, Body weight and thyroid function. 9
5, Anaesthesia and thyroid function. ....;,. 10
6. Surgical stTess and thyroid function, 11
7 . Nutritional state and thyroid function. .. .,. .., lZ

},IATERIALS AND METHODS

Fish naint enance. ..,
Plasma col l ection. ..
T4 zrnd T3 RIA. . . .

i) Reagents.
íi) Radiation count ing,

iii) Assay procedure. .. . .

Evaluation of RIA method
r4/r3..
Analysis of food for T4 and T3.,.,.
Statistical analysis.

EXPERIMENTAL PROTOCOL

1. Diurnal variation in plasma T4 and T3' 24
2. Anaesthesia - imnediate effects on plasna T4 and T3... 24
3, Effect of anaesthesia and stress of cardiac injection

on plasna T4 and Tg. 24
4, Effect of seven days'starvation on plasma T4 and Tg... 25
5. Effect of tine of starvation or feeding on plasna

T4 and T3, ..., . '. ' 26

RESULTS

l
)
3.
4.
5.

6.
7.

T4 and T".
8, Analysis"of food for T4 and

1.
2.
3.

15
15
16
16
18
18
20
2I
2T
22

4.
È

6.
7.

Investigation of variables associated with a
functional T4 and Tg RIA... . 27
Evaluation of T4 anð. TS RIA. 34
Diurnal variation in plasma T4 and T5. 51
Anaesthes ia- inned iat e effects on plasna T4 and T3.,.,. 59
Effect of anaesthesia and stress of cardiac injection
on plasma T4 and T3, 59
Effect of seven dayst star:vation on plasna T4 and Tg, .. 65
Effect of tirne of sta-rvation or feeding on plasma

65
69T_..l



TABLE OF C0ì'ITENTS - (continued)

page

DISCUSSION

1, RIA of plasna T4 and T3 in trout. 7I
2. Influence of storage on plasma T4 and Tg. 73
3. Range of plasma T4 and Tg in irunature trout.. 74
4. Diurnal variation, .,...... 74
5. Influence of s ex.
6. Influence of body rveight. .....'.. 76
7. Influence of anaesthesia. . . . . , 76
8. Influence of surgical stress. 77
9. NutTitional state. ... 78

i) Influence of dietary
ii) Influence of starving

10. Possible rnechanisms al tering

hormone...
and feeding. , . .

plasma T4 and T3
in trout.

11, Physíological significance of changes in plasma
T3 or T4 in trout.

SUMMARY. ....'...

LITËRATURE C ITED. . .......

APPENDIX.

78
78

81

85

87

87

102



LÍST OIT TABLES

TABLE

1. Summary of various studies on daily rhythms ín plasma
levels of thyroid hormones,

2, l4ean vafues and ranges for the variables derived
from the regressions of 16 standard curves for T* and
Tg RIA.

3. Tests of 'rwithin assayrr reproducibility of T, and T3 RIA
on 0.1 mI sanples fron seve¡al rainbow trout'plasma
pools..

4, Tests of t'betvreen- as Say" reproducibility of T4 and Tg
RIA conducted on 0.1-m1 samples from rainbow trout or
whitefish plasma pools.

5. Efficiency hrith which G-25 Sephadex colunns exttact Tg*
and T4* fron plasma pools of four tel.eosts

6. Percent recovery (% R) of T3 and T4 added to various
heparinized rainbow trout plasma pools..

7. Correlation coefficíents, regression values (slope b;
intercept a), and F values fron analyses of 1n plasna
T4 and Tg versus body weight.

8, Mean values (i.) and 95% confidence interval.s orc standard
error of the nean (SEM) for weight, plasna Tg, plasma T4
and T4/Ta for Il anâesthetized and 12 non-anaesthet i zed
raainbon tTout. .

fidence intervals or standard
weight, plasma T4, plasma T5

d been injected with saline (I)

Page

49

44

46

50

58

6fi

9. Mean values (X) and 95% con
error of the nean (SEM) for
and T4/T3 for tlout that ha
or shan-injected (S)

10. Mean (-X) plasma T4, T3, T4/T3 and fish rveights rvith 95%

confidence intervals or standa:rd error of the nean (SEM)
for 11 fed and 13 starved trout.

6ìl

.66



LIST OF F IGURES

FICURE

1. The percent radioactivity fron T4* (o) or T3* (o) washed
off the Sephadex columns by the initial buffer wash. . '.. ...

2. Relationships between volumes of 0,IN NaOH used to dilute
the T4* (a) or T3*(o) applied to the column and the per-
centage of the applied radioactivity eluted with
buffer.

3, Percentage of the radioactivity applied to Sephadex
columns in 0.1 ml of 0.1N Na0tl which is removed with
successive 1-ml eluates of buffer.

4, Percentage of T3* (o) or T4* (o) bound to antibody on
the Sephadex colunns in relation to incubation tines, and
pH of baÌbital buffer (pH 8.0 x ; pH 7.4 o) '

5. Percentage of radioactivity added to colunn as T3* which
was eluted with successive 1-n1 eluates following in-
cubation hrith T3 antibody for 90 nín.

7. Standard curves for T4 (e) and T3 (o) plotted as F/B
versus concentration, ' .'. .. . .:.

8. Conparison of serum Tj concentration estinated by hrinllipeg
General Hospital (WGH:RIA) and Tg RIA using Sephadex
colurms. ,..... .

9. Plasrna T4, Tg, and T4/T3 in rainbow trout held on a
I2-hr photoperiod. . .

10. Correlation between plasna T4 and body weight
for rnale (x) and female (e) Tainbow tlout.'

11. Correlation between plasma T3 and body rveight for
male (x) and fenale (oJ rainbo| trout'.

-30

32

PagF

s

52

6. Typicâl standard curves for T4 (e) and T¡ (o). lB

54

56



LIST 0F FIGURES (continued)

Page

12.

15.

Plasma T4 (o), T< (o), and T4/T3 $) fron trout sampled
at various times"after cardiac injection.

Plasma T4 (o) and T. (o) fron fed ( 
- 

) and starved
( . ,.. ) rainbow trõut at various times after initiation
of starvation



TABLE

1. Mean values and standard deviations fol plasma Tg and
T¿ of rainbow trout. Fresh sanples (F), and sarnpl.es
sdored at -20oC for one or 10 d.a1'5 tt"tu analysed.

LIS]' OF APPENDIX TABLES

Two-way ANOVA comparing plasma T4 and
trout plasma, plasna stored one day at

Page

105

103

r04

2. Tg between fresh
-20oC, and plasrna

stored. l0 days- at -zooc

3. Nunber of fish (n), nean (-X) plasna T4, T3 anò, T4/T3
with 95% confidence intervals for raiibow trout sanpled
at various times ovei two days, Mean weight and standard
error of the mean (SEI{) are also given for each group..,...

4. One-way ANOVA comparing plasna T4, T3' T4/Ts and weight
in 10 groups of trout bled at various tines over tùro
days,.,

5. Covariance analysis of regression lines for the correlation
of log plasrna T4 and body weight in nale and fenale rainbow
trout , .

6. Covariance analysis of regression lines for the correlation
of 1n plasma T3 and body weight íri nale and female
rainbow trout. ,

7. Covariance analysis between regression lines for ln
plasna T4 and T, versus body weight in trout.

8. Two-way ANOVA for plasma T4, T,a and T4/T3 for rainbow
trout from Experíment 5 (inj ec tion- stress )

9. Mean values (l), numbers of fish (n) and 95% confidence
intervals for plasma T4, T3 and T4/Tg ÊoI conbined data
from Experiment 5 (inj ection-stress)

10. One-way ANOVA conparing combined data for plasma T4'
plasna T3, T4/T3 and weight from Experiment 3 (injection-
stTess )

11. Newman-Keuls tesü to tocate diffeïences between neans of
combined data from Experinent 3 (inj ection-stless)

106

L07

108

109

110

lll

tL2



LIST 0F APPENDIX TABLES (continued)

Pâge

12. Two-way ANOVA conparing rveight, plasna T4, plasna Tg
and T4/T3 for the groups of trout from Experiment 5

(tine of starvation) 11.5

13. Ner,man-Keuls test to locate differences between means
for plasna T, for starved and fed fish from Experiment 5.,. 116

14, Ir{ean (X) plasna T4, T., T4/T. and mean fish weights with
95% confidence interväls or Standard error of the nean
(SEM) in fish frorn Experiment 5...... ..,.,... 7I7



ACI('IOITLEDGETIENTS

I an deeply indebted to Dr. J.G. Eales for his patience and

guidance throughout this study.

Dr. T, I{iens, Department of ZoologY, University of Manitoba

provided helpful criticisn of this thesis.

I arn grateful to my wife, Kathy, for hel constant encouragemerlt

and support,

In addition, I appreciate the aid and discussion provided by

D¿ve Hunt.

Thanks are also offered to Mr. Mike Leroux, Clinical Chenist-ry

Laboratory for the supply of human plasna; the staff of the Endocrinology

and Metabolism Laboratory, Winnipeg General tlospital who kinpty supplied

serun assayed for tTiiodothyronlne, and Dr' P' Krahn, KÊT Biological

Services Ltd. who provided helpful infornation '

Rainbow tlout were generously supplied frcom the Manitoba Tloüt

Hatchery at West Hawk Lake, and the Federal Hatchery ¿t Balmoral,

Manitoba.



ABSTRACT

Radioinmunoas say (RIA) procedures suitable for measuring L-

th)'roxine (TO) and 3, 5, 3' -tri iodo- L-thfronine (Ta) levels in 0.05

to 0.30 ml of rainbow trout plasma arê described. Mean detection

limits were 12.5 ng/l}} ml (T4 RIA) and 9.5 ngl100 n1. (TJ RIA); nean

indices of precision were 0.056 (T4 RIA) and 0.042 (Tg RIA). . Both

"within and trbetweenrr assay reproducib il ití es htelre satisfactory.

Storage of plasma for 10. days at -2OoC did not alter neasurements of

plasma T, or Tr. 
.

Plasma TO and T-, ranged fTom 10-600 ng/100 rnl in the rainbow

trout. Generally, T4 was about 200 ng/100 nl while Tg was about

120 ng/100 ml. Starved, inrnature trout showed no significant diurnal

or sex-related differences in plasna T4 or T3. A positive correlatim

existed between body weight ¿nd the plasna hormone level; both plasna

T4 and Tj increased by about three percent per gram body weight' MS 222

anaesthesia had little effect on plasma T4 or TS. MS 222 anaesthesia

followed by cardiac injection of trout doubled plasma TO and reduceil

plasma TS by 50 percent. Plasna thyroid horrnones were sometines lower

in starved fish. EI\'OS trout food contained 0.87 ng/g TO and 0.49 ngl g,

T3 and these levels were felt not to influence plasma T4 or T, levels-

In conclusion, the RIA techniques descríbed were capable of ale-

tecting physiological differences in plasma T, and TO. Stress factors

and starvation were inportant variables influencing circulating thyrojid

hormones of rainbor¡ trout.



INTRODUCTION

Plasna levels of L-thyroxine (T4) in teleost fish are usually

below 500 ngllo0 ml (ng %) rendering assay difficult (Higgs and Eales

1973), Plasma levels of 3, 5, 3 ' - triiodo-t-thyronine (Ta) have not

been routinely quantified in teleosts.

Accur¿te Ìneasurements of plasna thyroid hornones ane requíred

as a basis for understanding several inportant variables of thyroid

ftrnction. They are required, for exanple, to assess hormone degradation

rates in kinetic studies. They are also required for estination of

free hormone levels in semm or plasma (Burke and Eastnan 1974).

Sensitive techniques for measuring thyroid hornones can be further

applied to tissue extracts (Nejaà et aI . 1975). With increased. enphasis

on the inportance of T4 to T3 conversion to activate the horrnone

(Sterling 1970; Pittnan et al. 1971; Sterling et al . 1973), tissue

hormone levels and rates of production may provide inpoÌtant insights

into thyloid hoñnone netabol isn.

Current nethods for plasna T4 or T3 Iieasurenent i,nclude

conpetitive protein-binding assalE (CPB) (Higgs and Eales 1975; Henderson

and Lorscheider 1975)" gas-liquid chronatography (GLC) (0sborn and

Simpson 1972) anð radio innunoassay (RIA) (Alexandet and

Jennings 1974b; Sterling and Milch 1974). Considering sensitivity,

specificíty, speed and economy, RIA is the method of choice (Burke and

Eastrnan 1974). The first objective of this study was to devise RIA

nethods suitable for measuring TO and TU in teleost plasma.

The second objective was to investigate certain connonly- encountered
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variables that night influence plasma TO and T3 levels. The variables

chosen were diurnal variatíon, stress of anaesthesia or injection,

and nutritional state.

Rainbow tTout were chosen because they were readily available

and have been used previously in thyroid as wel1 as other netabolic

studies.



LÏTERATURE SURVEY

1. Measurement of thyroid hornones in fish blood.

Until recently estinates of th)'roid hornones in teleost plasna

were based on protein-bound iodine (PBI) determinations (Leloup and

Fontaine 1960; Hicknan 7962i La Roche et al. 1965.; Jacoby and Hickrnan

f966). The inadequacies of using PBI for fish plasrna have been

pointed out by Jacoby and Hickman (1966) and Higgs and Eales (1973).

The PBI fraction can be influenced by inorganic iodide in the plasma

and also does not distinguish betr.reen T4 ând T3.

The PBI measurcement was superseded by the more sensitive and

reliable CPB techniques using thyroxíne-b inding globulin to neasure

T, (Refetoff et a1, 1970; Fliggs and Eales 1973). While CPB assays were

an improvernent, they lack the sensitivity and precision necessary for

neasuring the low level.s of TO found in fish plasna (Higgs and Eales

1973). Also, CPB assays cannot be easily used to deternine plasma Ta

values (Burke and Eastman 1974).

Feh¡ atternpts have been nade to quantify circulating TS in teleosts.

Jacoby and Hicknan (1966) identified the proportions of T4 and T, occurring

in trout plasma. By combining this rvith PBI rneasurements they estinated

plasna TO and Tr. Thís technique is laborious and requires nrrnerous

fish, therefore, it cannot be applied as a routine laboratory procedure.

Osborn and Sinpson (1972) used GLC to measure plasna T4 and T3 in the

plaice. The values nust be tleated with reserve due to the possibility of

artificial deiodination of TO to T, during the GLC procedure (Nihei et al.

197t).
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RIA techniques offer the sensitivity, specificity and precision

necessary to measure accurately low levels of horrnones in plasma

(Skelley et al. 1973; Zettîer 1973; Burke and Eastman 1974). The

principles of CPB assays and RIA are basically the same, except that

antisera to T4 or TS replace thyroxine-b inding globulin as the

specific binding agent. Equilibriun RIA and CPB assays rely on the

partial saturatíon of the specific binding agent by the substance under-

going testing, The test substance conpetes with a radioactive,

chenically sinilar or identical indicator substance for the availabLe

binding sites on the binding agent (Zettner 1973). The more tur-

labelled substãnce þresent the less labelled substance becones bound to

the binding agent. By holding the concentration of labelled substance

and binding agent constant while íncreasing the concentration of the

unlabelled substances, one can obtain a progressive response which is-

plotted as a standard curve. Quantification of the unknown sample is

possible by ínterpolation from the curve.

Miniature Sephaclex colunns are useful in measuring serum iO and T,

ín human serun (Bauer et 41. 1970; Alexander and Jennings 1974b) -

When serum is applied to Sephadex coluÍms, equilibrated h'ith 0.lN Naoll'

T, and T- are released frorn their binding proteins and are adsorbed onto43
the Sephadex. The se¡um proteins are then eluted from the colunns with

barbital buffer at pH 8.6. The lower PH pennits subsequent binding of

TO ot TU by specific binding substances that are added to the columns-

A second rinse removes the binding substance-bound TO or T' and allorøs

deternination of plasma TO or Tr. The Tetralute procedure used by

Higgs and Eales (1973) ernployed Sephadex colufms. Although their netho'd
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lacked sensitivity, use of Sephadex Jolunns along with antisera to

T4 or T3 and high- specifi c-activity radioactive TO or T, may provide

the necessâïy increase in sensitivity.

RIA and CPB kits are available from a variety of sources. These

kits are designed to measure circulating T* or Ta in hurnans. In man,

T4 levels are approxirnately 8-10 pg % (Ingbar and l{oebar 1974), while

in fish TO leve1s are generally less than 0.5 pg % (Higgs and Eales

Ig73), Therefore, kits are not sensitive enough to permit accurate

assessment of plasna TO in ieleosts. Kits for þlasma Ta inay be suitable

to neasure teleost plasma Tr. The levels are similar (Brown, this

thesis). However, analysis of Tr, and T, in plasma using,the commercial

kits is costly.

2. Diurnal variation in thyroid function.

Daily fluctuations of thyroid function have been extensively

studied in ma¡n¡nal s and birds, often with conflicting results. Nicoloff

et al . (f970), Van Cauter et al. (1974), Azukizawa et al . (1975),

Fukuda et af. (1975a) and Fukuda and Greer (1975) gave evidence for

diurnal variations in plasna thyroid stinulating hormone (TSH) for nan

and rats. other studies failed to show diurnal TSH variations in nan

(0de11 et aI. L967; F¡ebster et aL, 1972), There are also reports of

cyclical patterns in thyroid hormone metabolism (Walfish et al . 1961)

and thyroid gland activity (Walser et al , 1963; I\toods et al . 1966;

Nicoloff et al. 1970; Newconer 1974; KTebietke 1975b). Whether or not

diurnal rhythms exist for plasna TO and Ta is uncertain in rnanmals. The

available studies are outlined in Table l.

So far, no study of diurnal variations in thyroid function has been
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published for fish, Several authors have demonstrated daily

fluctuations for prolactin and glucocorticoids in teleost plasna

(Garcia and lt{eier 1973; Leatherland and McKeown 1973; F'ryer L975;

Spieler and Meier 1976), In view of daily variations in these other

hormones in teleosts and possible cyclical thyroid function in other

animals, a study of daily changes in thyroid hormone levels in fish

plasna may be a yaluable aid to the design of future experiments.

3. Sex and thyroid frmction

Limited data exist on sex-related variations of thyroid function

in fish. Differences between sexes have been reported for thyroid

gland protein-bound iodine and thyroid hormone content (Matty 1960:;

Matty and Thornburn 1970), epithelial cell height (Pickford and Atz

1957), and iodide binding to plasna proteins (Huang and Hicknan 1968)..

Other authors have noted no dífference between sexes for TO response

to TSII (Ortnan and Billig 1966; Chan and Eales 1976), epithelíal ceÌlil

height (Chavin 1956), plasna protein-bound iodine (Matty 1960) or cc¡r-.

version ratio (Hoar and Eales 1963). Since sex-related differences ín

plasna TSH, T4 and T3 levels and T4 turnover rates exist in marnmals

(Gregerman 1965; Rapp and P¡'un 1974; Fukuda et al. 1975a), it was feilit

that evaluation of sex differences in teleost plasnra thyroid hornones

would be of value.

4, !9,ty *"ight. *d thyt.

Matty (f960) and Matty and Thornburn (1970) reported a significant

correlation between body weight and thyroidal PBI and thyroid level¡ i1l
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the Bermuda par¡ot fish. Chan ¿nd Eales (1976) noted increased

thyroid response to TSH in larger brook trout with the relationship

being almost linear. For man, Bray et al, (1976) reported a body

weight correlation for T3 and related the observed differences to

caloric intake and netabolic :rate, It therefore, seens possible

that body weight nay be related to plasna T4 oï TS in teleosts.

5. Anaesthesia and thyroid function

Anaesthesia causes altered thyroid function in man and experinentå.ll

animals. Several authors repolct loh'er plasma TSH following anaesthesi.a.

(Ducomnun et al. 1966; Wilber and Utiger 1967; Melander 1970; Ohtake anil

Bray 1975). trn some cases the decreases in plasma TSH were followed

by decreases in radioactive iodine secLetion fron the thyroid (Melander

1970; Ohtake and Bray 1975). Anaesthesia had no effect on pituitary

TSH release which was stinulated by exogenous thfrotropin-rel eas ing

hormone (TRH) (Koch et aI. L972i Ohtake and Bray 1975). This tack oJ

effect indicates that. anaesthetic agents are not directly inhibiting

pituitary TSH release. Therefore, the lower plasrna TSH reported above

must be due to either gLeater thyroid horrnone feed-back on the pituitarJ¡

and brain or depressed central nervous function and subsequent lor,iref

release of endogenous TRH.

Several studies indicate rapid increases in plasna PBI and TO

following anaesthesia (Fore et al. 1966; Oyana et al . l969a,b; llarland

et al . 1974). Elevations in plasrna TO and free TO begin innediately

following anaesthesia and are not attributable to surgical tïauna

(Oyama et al . 1969a; Brandt et aL L976)
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Little evidence exisrs linking teleost thyroid function and.

anaesthesia. chan and Eates (r976) reported no effect on \rs zzz tTeat-

nent on plasma TO response to TSH. Anaesthesia can cause increased.

plasma corticosteroid concentrations in teleosts (Fagerlund 1967;

I{edenmeyer 1969). Hor.¡ever wederuneyer (1970) noted that I{s 222 neutTarized.

to pH 7 or benzocaine anaesthesia had no effect on fish coïticosteroid

levels. In the light of differences recorded in mamnal ian systens and

possible changes in fish corticosteroid function, the effects of
anaesthesia on teleost thyroid function appear h'orthy of investigation,

6, Surgical stress and thyroid function.

Suîgical stTess or intraperitoneal injection decreased plasna

TSH in rats (Duconunun et al. 1966;, Fukuda et at. L97Sa). taparotomy

and intravenous saline inJection reduced plasma radioactive iodi.le and

PBI. This was acconptished by lower release of radioactive iocline fronr

the thyroid gland in rodents (Brown-crant et al. 1954; Bror,m_Grant

and Pethes 1960; I'felander 1970). On the .a**."0 in man, a burst

in thyroid gland activity followed sone time after even moderate sutgery

(Harland et al. 1972i KiTby er aI. Ig73). Serum 't'g fell with elecrive

surgery, while serun Tn remained the sane or rose slightty (Bermudez

et al. 1975; Burr et a!. tg7sa, b; Brandt et al . 1g76). serum free-

hormone revels or free hormone indices are usualry erevated, indicating

dirninished binding by plasma proteins. This would result iÌì lo!¡er

concentrations of plasma thyroid hornones.

Few records are available concerning fish thyroid function and

surgical stress. Vehicle injection had no effect on plasna tìesponse

to TSI{ (Chan and Eales 1976), Henderson (1976) reportEl decreased
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plasma T* in the hagfish and Lewis and Dodd (1976) found lower plasna

T< in the shark after capture. Osborn and Sinpson (1972) found lower

levels of both thyroid hormones in the plaice after capture stress,

A post-operative increase in plasma p¡ 151I was reported for catfish

(Collicutt and Eales 1974). Serial blood sarnpling, restraint or

injection aIl cause increased corticosteroid concentration in teleost

plasna (Hane et al . 1966; Speiler 1974; Fryer 1975). Differences in

plasma TO or T5 nay also be detectable, but have not been investigated

so far,

7.

The influence of nutritional state on thyroid function has received

¡nuch consideration in rnamrnals. During prolonged food deprivation plasrna

TSH levels (DrAngelo 1951; Vinik 1975) as well as TRH secretion

(Shambaugh and Wilber 1974) are reduced. When starvation was less severe

no difference ín TSH was noted (Ingenbleek and Beckers 1975; Merimee and

Fineberg 1976). Deprivation of food usually causes thyroid gland

hypoplasia and subsequent lower thyroidal activity in nannals, including

man (Rabinovitch 1929; Stephens 1940; Pipes et al . 1960; Grossie and

Turnerc 1962; StiÎling 1962; Talwalker and Gaitonde L974), Decreased

netabolic clearance of TO and lower peripheral conversion of T4 to Ts

also occur in starved ma¡nmals (Nathanielsz 1969; 1970; Ingbar and Galton

197s) .

Plasma PBI and TO either show little change or a slight decrease

in starved marmals (Schatz et a1,. 1967i Deb et al , 1973; Portnay et al .

7974; Chopra and Smith 1975; Vagenakis et al . 1975). Plasna T, in
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naÍìmals alr,rays decreases during starvation (Portnay et aI . I974i

Rastogi et aI . 1974; Chopra et a1 . 1975a; Vagenakis et al. 1975).

In fish, the influence of nutritional state on thyroid function

has not received as nuch attention. Vilter (1944) first suggested that

decreased thyroid function occurred in eels during periods of starvation.

Since then other authors have reported decreased epithelial cell height

and general gland atrophy during starvation (Ortman and Billig 1966;

I{cBride 1967). Fontaine and Fontaine (1956) and Bonnet (1970) found

decreased thyroidal uptake of radíoactive iodide in rainbow trout and

nullet that had been starved or had important dietary constítuents

removed. Fed brook trout and rainbow trout hâd increased netabolic

clearance rrtur, T, cleiodínation, and biliary excretion when compared'4
to starved fish (Eales and Sinclair 1974; Higgs 1974).

Plas¡na hornone levels have not been thoroughly investigated in fed

and starved fish. 0sborn and Sirnpson (1972) reported decreased iodo-

thyronine levels after starvation in the plaice, Higgs (1974) sone-

times found increased plasna T4 in fed fish. Sinilar results have been

suggested ín cyclostonata (Henderson and Lorscheider 1975, Packard et al .

r97 6) .

Considering the effects of food deprivation on naÍunals and sinilar

tÌends observed in fish, further study on the influence of nutritional

state and thyroid function in teleosts appears necessary.

Feeding thyroid powder has a stimulatory effect upon grolvth in

length and weight of yearling rainbow trout (Barrington et al . 1961).

Since dietary hormone may influence fish growth, larger anounts of

thyroid hornones in the diet might influence plasma hormone levels,



Magwood and Heroux (1968) found significant anounts

in a manufactured rat diet. Sinilarly, significant

Tg night be found in nanufactured fish diets. Thus,

the influence of feeding on plasrna thyroid horrnones,

hormone in the diet should be determined,

14

of Tu (s80 nElen)

anount s of TO or

before studying

the amount of
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MATERIALS AND METHODS

1. Fish maintenance.

One-year-old rainbow trout, Salno gairdneri Richardson, were

obtained from the Provincial Trout Hatchery, Ivest Llak'k Lake, Manitoba

and fron the Federal Fish Hatchery, Balmoral, Manitoba. [¡hitefish,

Coregonus clupeaforrnis (Mitchifl), r4'ere netted several years previoustry

from Lyons Lake, l{anitoba.

Several hundred stock trout were held in 2.3-kl tanks with flowing,

aerated, dechlorinateC Winnipeg City h'ater. They were fed a diet of

one to I.5% (percentag" r"i bo,ly weight per day) Ewos tïout pellets

(Astra Chemicals Ltd., Mississauga, Ontario).

ExpeÌinental fish were held in 125-f fiberglass tanks. Tire water

tenperature ranged, seasonally, fron 10.5 to 13.soc. During any one

experinent, the water tenperature varied at most by one degree C. Ïh.e

tanks were covered with translucent plastic and the photoperiod was adjusted

to 12 hours light and 12 hours darkness (light 0600-1800). Water flov

and aeïation were adjusted to be as uniform as possible between tanks.

Further details of holding conditions and rations are given in the

protocol for índividual experinents.

2. Plasmâ collection.

Fish were netted five or. six at a tine and placed into aerated,

isothermal, 20-1, cove:red tanks of water. Individual fish were

anaesthetized by inmersion ín MS 222 (Kent Laboratories, Vancouver;

0,06 g/f), blotted dry, and weighed to the nearest 0,1 g. Blood was

withdraln from the caudal vessels with a prehaparinized one-millilitre tubet-
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culin syringe (25 gauge, S/8"-needle). The samples were expelled

into 1.5-n1 plastic centrifuge tubes and centrifuged at 15000 g

for three to five minutes (International Centrifuge model MB). The

plasna was aspirated with a Pasteur pipet and stored. at -20oC in two-

millilitïe plastíc beakers covered with parafilm. All plasna samples

except control samples for the RIA procedures, were analysed for thfroid

hormones within l0 days of blood collection,

:

3. T4 and T¡ RIA

i) Reagents. Barbital buffer (ptt 8.6; 75 mmot/t) was prepared by

dissolving 15,6 g of sodium barbital in 900 m1 of distilled, deionized

h¡ater. The pH vras then adjusted to 8,6 with 6N HCI (2.0-2,5 ml) and

diluted to one litre (Seligson and Seligson 1972).

"tr-ro (Tn*) and tttr-r, (Tr*) phenolically labelted and with

initial specific activities of approximat ely 725 and 500 rnCi/mg

respectively, were purchased f¡e¡¡ Industrial Nùclear, St. Louis, Mo.

in 50% aqueous propylene.glycol. (These levels of specific activity ;Lre

required for sensitivity in the tests,) The TO* or Ta* was diluted

with 0,1N NaOH to provide stock solutions such that 0.1 ml generated

5500-4500 cpm in a ganma well-detector of approxinately 50% efficiency.

These solutions were stored at -20oC ancl were useable for a maxinun of

four weeks.

Standard stock solutions of T, and TO (I0 pg% as free acid) were

made by dissolving the anhydrous sodiurn salt of T, (Sigrna) or T4 tablets

(Eltroxin, sodiun L-thyroxíne pentahydrate) in 0.lN Na0tl. TlÌese stock

solutions were stored at four degrees and renained stable at least

four months. As needed, working standards of 0, 50, 100, 200, 400, 600,
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or 800 ng% r,¡ere prepared by further dilution r^rith 0.1! NaOll.

Lyophilized rabbit antisera to T4-human serun albumin (TO anti-

body) or to Tg-human s eru:ir albumin (T, antibody) were purchased fnom

K and T Biological Services Ltd., Edmonton, Alberta. The supplierrs

specifications indicate that the TO antibody exhibits less than 1% cross

reaction with TS and triiodothfroacetic acið,, 1.3% v¡ith tTiiodothyropro-

pionic acid, 10% tetraiodothyroacet ic acid, and 25v. wíth tetraiodo-

desanino - thyronine. The T5 antibody shows less than 1% cross reaction

with TO, 2.8% with t etraiodothyroacet íc acid,20% with triiodothyroacetic

acid, and 80% with triiodothyropropionic acid,

The raw (undiluted) T4 antisennn was diluted 1:7000, and the raw

T3 antiserum was diluted I:22000 with baïbital buffer. (These dilutioûs

nay vary somewhat with the strength and source of antisera used. If

these factors are unknown the antisera should be diluted until 50-60%

binding is achieved with the trO ngrr standard.) Reconstituted antibody

wâs stable in barbital buffer about four weeks at four degrees C.

Addition of sodiun azide (l gm/l) increased the storage life.

The particular Sephadex colrmns used in this study were those

supplied with the Tetralute competitive binding kit (Higgs and Eales

1973). Each column vras plepared from 0.45 g of G-25 (Fine) Sephadex-

Colurnn preparation and maintenance have been described elsewhere (Bauet

et al . 1970; Seligson and Seligson 1972; Alexander and Jennings 1974a).

Screening of columns greatly aided reproducib il ity ' This was achieved

by following the normal assay procedure, except that 0.1 ml of the 100 ng%

standard of either T4ôr'13 was added to each colunn. Only those cotrunns

whose bound fraction fell h'ithin a range of 100 cpm of each other were used'

After an assay the colunns tvere ïegenetated by elutj.ng with five nillilitres
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of distilled, deionized warer (pll 6.4), two nj.11ilitres of human

plasma (diluted 1:20 in barbital buffer), and finatly t0 nl of watea..

The colunns were then eluted with 10 ml of O.lN Na0H and stored capped

at roon ternperature with one or two nillilit::es of 0.1N NaoH above

the column suTface. Bastonsky et al. (1976) recommencled fresh colums

be prepared every three months,

ii) Radiation counting. Samples of three nillilitres (Tj RIA)

or four millilitres (T4 RIA) were counted for 10,000 counts per min (cpn)

or 10 nin in a Nuclear Chicago Automatìc Caïùna Systen containing a two-

inch (DS .202) NAI crystal.

iii) Assay procedure.

1. Allow all reagents and coluÍms to corne to roon tempsr.a-

ture before use.

2. Allow the columns to drain and cap the bottons.

3. Add 0.1 ml of T, or T4 standard or 0.1 nl of plasma

on to each colunn. Duplicate st.andards should be run at each concen-

tration.

4. Add 0.1 ml of TO* or Tr* solution to each column,

5. Pipet 0,1 rnl of T4* or Tr* in duplicate into counting

tubes, add 3.9 nl (TO RIA) or 2.9 ml (T, RIA) of barbital buffer to each

tube. Cap and set aside as the total counts reference (TCR).

6. Swirl each colunn and allow to dTain to waste,

7. After tÏacer and standards or plasma have conpletely

drained into each colunn, add four rnillitres (T4 RIA) or three ni1li-l:itres

(T3 RIA) of barbital buffer to each colunn, and allow eluate to run to

waste, (These volunes wilI rernovc iodide contanination and serum proteins

fron the colunns),
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. 8. After the buffer has drained through the coll¡rn,

posítion each colurnn over an empty counting tube and add one nillil.itr€
of T3- or Tn- antibodl reagent to eaclì colurnn. When many colunns

are used rrtime- sequencerr the antibody addition.

9, Allow the colunn to equilibrate for 90 minutes. They

should be covered to prevent drying out.

10. Following ecluilibration, add three nillj.litres (T4 RIA)

or two millilitres (Tg RIA) of barbital buffer to the columns.in the

same rrtime-sequence as stage t8r. This ¡esults ín volurnes of four

millilitres (T4 RiA) or three millilitres (T3 RIA) i.n the counting tubes.

(All bound antibody is rernoved with the first two míllilitres of buffer-

The free fraction remains with the Sephadex columns.)

11. Plot T4 or. Tg standard curves of antibody-bound cpm (!yr

axis) against hornone concentr¿tion (ng %) ('xr axis), Determine un-

known hormone concentration by inter:polation.

12. The standarcd curves should be deternined with each assay"

with a control serum to insure adequate quality control ,

13, If, in any group of fish analysed, horrnone concèntrati,on

was zero, the detection limit of that pari.icular assay was used. This

was felt to be molce representative, since it would be unlikely that the

hormone concentration would be zero.

14. If the eluate is collected fron sanple colunns in stage

r7r this will pernit estimation of Tn* or Ta* recovery of those particular

sanples by the Sephadex. If this eluate is collected from any two columns

comprising the staDdard curve this will perrnit determination of tlìe radio-

iodide contanination of the T4* or Tr* used, In the case of T, 2% should

be subtracted fron the value obtained to corlect for the Loss of

approxinately 2% of the TS in the eluate.
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4. ËValuation of RIA method.

The ratio of free radiohormone (retained on Sephadex) to antibody-

bound radiohormone (Ij/B). was plotted against horrnone concentration (ng %)

on rxr axis. In both assays the plot happened to åpproximate a linea.r re-

lationship to whích regression analysís could be applied, facilitating

statistical evaluation of assays. In ordef to calculate F/B it was

necessary to subtract the radioiodide contamination (stage r7') fron

TCR (stage '5r) and obtain the true quantity of Tn* or Tr* added to

each colunn. Fron this value and the bound radiohornone obtained by

elution, the free radiohornone (retained on the Sephadex) could be

calculated.

The index of precisiona (Midgley et dI. 1969) and the detectio¡¡
hlimit, or sensitivity" (Ekins 1974) were deternnined fron the re-

gression of each assay,

The coefficient of variatiot" lCV %) (Watson and Lees 1973) was

used to determine rrì^rithin'r and "between'r assay reproducibil ity.

a - , , - Standard deviation of re_grs¡gien Jlglernoex ot rrecls 1on raegressaon s lope

b - Standard deviation of tvr interceÐtDetectlon Lamlt = regression slope

c Coeffícient -of Variation -
Standard deviation of rnean hormone concentTation

mean hormone concentr:atJ-on x tr..û0
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The ratio of the concentration of the two horrnones (TO/T') is
soÌnetirnes reported. A constant râtio in the face of changing hornone

concentrations nray indícate non-specific changes in blood volume or

changes in binding of T4 and Ta by plasna proteins (Balsa.m et al .

1975). 0n the other hand, changin S TO/T, along with changing hornone

concentrations rnight indicate alterations in hormone netabolism. Al-

though highly speculative, sone insights might be gained by calculating

T4/TS. In this stttdy TO/T, was calculated as the ratio of T4 concen-

tration (n nole/l)to Tg concentration e nole/l). Molar concentrations

are used because it is unfair to conpaLe weight-based concentrations.

T5 contains onè fe"u" iodide atom and weighs only 84% as much as TO.

6. Analysis of food for T4 and T3.

The following procedure was adapted from Magwood and Heroux (196g)

for extraction of thyroid horrnones fron Ewos trout pellets.

1, Trout pellets were ground. with a mortar and pestle until
nechanically uniforrn.

2. The ground rnixture (l g) was honogenized with j7.5 ml of
ethanolic anmonia (99:1, vrlv) in a Sorval Orninimixer for 15 rnin).

3. The honrogenizer chamber and propellor were washed with 12.S

mI of ethanolic arunonia. The ¡nixture was placed on a magnetic stirrer
and five-nillilitre amounts were transferred into centrifuge tubes

(Sorval 18 x 112 nrn). The container rvas well rinsed with ethanolic

anrnonia, Equal volurnes of the rinse lvere added to each tube.

4. In order to test for recovery, TO* or .l'r* (10,000 cPm) was

added in 100 Ul of ethanolic an¡nonia to each of duplicate tubes, which
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h'ere stoppered and placed on a shaker at roon temperature for 20 nin.

At the sane time 100 Ul of T4* or Tr* was added to duplicate éounting

tubes and brought to one níllilitre t{jth 0.1N NagH. The counting tubes

rvere capped and set aside.

5. Each tube of food and ethanol ic- arnmonia Í¡ixture rvas centrifugecl

for 10 rrin at 6000 rpm (Sorval General tatoratory Cenirifuge). The

supernates fron the six unlabelled tubes rvere pooled and divided equal ly

into two test tubes (12.5 x 175 run). The supernates fron a1I tabelled

tubes were collected in 15-ml conical tubes.

6. Two rnillilitres of ethanolic arnmonia were added to each cen-

trifugè tube and the tubes Vortex nixed. for 30 sec. Thê mixtuÌes weÌe

again centrifuged and the supernates ädded to the respective fractions.

This wash step was repeated.

7. The supernate tubes were placed under jets of air in a fume

hood and were warmed to 37oC in a h,atet bath. The tubes were evaporaled

to dr),ness and reconstituted in one ¡nillilitïe of 0.lN NaOH. The naterial

in the labelled tubes was counted and compared to the total count tubes

to obtain the extraction efficiencies. Sanples (100-400 ¡.rI) from the

two unlabelled tubes r,Jere analysed by RIA for thyroid holmones.

7. Statistical Analysis.

Wherever two neans r.rere cornpared by t-tests, tlr-o-tailed F tests

were used to test for honogeneity of variance. Barleit's X2 test

r¡as used to test homogeneity of variance when mote than tIVo means were

considered. If variances r^rere lìeterogeneous ã log10 transforn l'ras

used to reduce variance of untransforned data. Taylorrs power I arv

(Southwood 1971) usually confirned the validity of the logl0 tlansfornation.
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Back*trans forned data rvith 95% confidence interyals are reported in

figures and tabl es,

One-way analysis of variance (A.\OVA) was used to compa:ce neans

between groups if one factor w¿s considered. Two-h¡ay ANOVA was used

when t!¡o factors were considered. If the F-tests fron¡ the Á'NOVA

techniques proved significant, Newman-Keuls test to locate differences

between more than tvro means was used. CoÎïelation and regression

analyses were used to establish any dependence of plasna hornone levels

on body weight and to conpare T, RIA with another assay. Covariance

analysis was used to conpare hormone levels between sexes, A1]

statistical techniques employed aïe outlined in Sokal and Rohlf (1969)

or Snedecor and Cochran (1971).



EXPERI}IENTAL PRCTCCOL

t. Diurnal vatiation in lasna T and T=

R¿ínborv trout (Idaho stock; initial nean r,reight 24.8g, SEll

0.79) were randonly divided into five groups of Z0 to Z+ fish. The

fish were feð, a I.5% ration at 1230 hr (:aidpoint of light. period)

for 14 days. Then they were starved for three days to inhibit any

endogenous hormone variations associated rith feeding. The fish were

sanpled in groups of 10-12 at 0500, 0700, ]030, 1700, and 2230 hr on

day four of starvation. Sampting continred at O2OO, 1030, 1400, 1900,

and 223O hr on <tay five.

Caution rt'as tåken to avoid disturblng the fish in the controlled-

environrnent roon, A dark-room I arnp and a snall flashlight rvere used to

take sarnples in darkness. For both TO a:d Tr, plasna. sanples çiere too

numerous (over Ì00) to analyse in a single RIA run. Samples rvere

randomly allocated to two RIA rlms, This distributed any inte¡assay

variation throughout all grouos,

2. Anaesthesia - immediate effects on pias;:a T4 and T3.

. Ttrenty-three rainbor,r trout (ldontana stock; mean rveight 55,1g,

SEII{ f.95) were held for eight days on a 1.5% ratíon. The fish rvere then

starved foï thlee days and sanpled on daj- fouï with alternate fish

being bled r,rithout the aid of anaesthesia.

3. Effects of anaestìÌesia and stress oi :ardiac injection on plasrna
r+ ¿rll] r3

Trout (Ilontana stock; nean weigh'L

divided into four groups of 20-22 físh.

li.lg, SEll I.5g) rvere randonrly

They r,rere fed a 1.5% ration
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for nine days and then starved three days prior to injection. Alternate

fish fron three groups weÌe heart injected fHiggs 1974). One group

was injected with 20 pl of physiological saline (Hickman's saline;

NaCI 6.42, KCI 0.15, CaCI2 0.22, MgSO4 0.12, NaHC03 0.084, NaH2Po 
O 0.06 g/I).

The other was sham injected ürith no saline bei"ng administered. A one-

millilitre Hamilton syrínge witlì a PB-600-l repeating dispenser (3O-gauge,

I/ 2" -needle) was used. All injected fish were lightly anaesthetized

(MS 222, 0.06 g/1) prior to cardiac puncture. ConLrol fish were also

divided into two gnoups. Ten fish were anaesthetized and handled

similarly (renoved fron the water 10 sec) to injected fish;

the remaining 10 fish were left untouched in the tank. To distinguish

groups in each tank, a snal1 portion of the. caudal fin was clipped.

The handled control fish and the saline-injected físh were clipped.

The injected and sham-inj ected fish were bled two, six, and 12 hr post

j-nj ection (pi). These tines were chosen since they are conmon.Iy used

samplirg times for kinptic studies (Higgs 1974). Control fish were

bled at two hours after the beginning of the experiment.

4. Effect of seven days' starva.tion on plasma TO and Tr.

*ra*-" tdaho a*a --ps consisting

of ll and 15 fish (4, rnean weight 41.49, SEM 1.59; B, mean weight

40,59, SEM 1.1g) and fed a three percent ration for four days.

On day five the fish in group B were starved while those in group A

were maintained on contínued ration. Seven days later all fish vre:re

weighed and bled. Fed fish were sampled between 1330 and 1430 hr, one

hour after feeding.
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q Effect of time of starvation or feeding on plasma T4 and T3

Idaho trout were grouped into four groups of 15 fish (A, nean

weight 45.89, SEM 2.3g; B, mean weighr 43.69, SEM 2.7gf C, mean weighr

47.69, SEM 3.0g; D, mean weighr 44,49, SEM S.0g). The fish were

held for 10 days on a three percent ration. Then groups C and D

were starved while A and B were maintained on three percent ration..

After three, seven and 14 days of starvation five fish h,ere sampled

fron each group. The fish were bled one hour after feeding.
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RESULTS

1. Investigation of v¡.riables associated l,Jith a functional T4 and.

Several variables involved in obtainíng a functional assay design

werce investigated. These included volume of plasma added to each

colurnn, volurne of 0.lN NaOII used as the tracer vehicle, separation of
plasna iodide contanination and non-specific elution of tracer, in-

cubation time and buffer pH, and separation of bourd antibody.

Routinely, 0.1 nl of trout plasma was applied to each colunn.

Figure I shoh's that up to 0,4 nl of tIout plasna nay be used on e¿ch

test co hùnn for both TO or Ta before significant interference nith the

colulrm recovery occurs,

The volume of 0.tN NaOH used as the tracer vehicle in stage r4r.

was studied, For the T3 RIA,the volume of NaOH should not exceed 0-1 nl.
In agreement with Alexander and Jennings (1974b), larger voluines will

cause loss of Tr* from the column in stage r7t elution (Fig. 2). For t}¡e

T4 RIA, no larger increase of TO* loss fron the colunn could be foufrd

v¡ith up to 0.55 nrl of NaOH (Fig. 2).

Removal of iodide contamination and non-specific elution are

shown in Figure 3. Figure 3A illustTates that 99.9% of iodide con-

tamination rvill be removed from 0.1 nl of plasma by three ¡nillilitres

of barbítâl buffer. Figures 38 and 3C shor,¡ the amount of labelled

iodide re¡noved fron TO* or Ta*. Note that approxinately 2% non-specific

elution of labelled To occurs, therefore it would be desirable to keep5



Figure 1. The peÌcent radioactivity from T*"(o) or Tr*(o) rvashed

off the Sepha<ìex colunns by the initial buffer wash

(3 rn1 T, RIA; 4 mI T4 RIA) in reiation to tÌìe volume

of rainbow trout plasma applied to e¿ch ccl.dnn. Each

point is the nean of duplicates.
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Fígure 2. Relationship between volume of 0.lN NaOH used to dilute

the'T4*(6) or Tr*(o) applied to the collrÍm and the per-

centage of the applied radioactivity eluted with buffer

(3 nl for Ta RIA; 4 nl for T4 RIA). Each point is a nean

of duplicate deternínations.
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Figure 3, Percentage of the radio¿ctivity applied to Sephadex colunns

in 0.1 n1 of 0,IN NaOl'l rvhich is renoved with successive

I-¡nl eluates of buffer. Values are neans of duplicates..

Sinilar values were obtained hrhen plasma was used in con-

junction with the 0,lN NaOH and tracer indicatíng close

correspondence in elution of radioactivity by rstandardl

and I sarnplet columns.

A shows that 99.9% of applied l25I- 
".. eluted. in the

first 3 ml.

B shows t}'at 7,le. of radioactivity applied as TO* was eluted

in the first 3 nl but none thereafter. Th" l25I- 
"on-

tanúnation of tlìe T4* was 7,I9o determined independently

by e lectrophores i s, indicating negligible T4* elution with

l0 ml of buffer.

C shorvs that 4.0% of radioactivity applied as Tr* was elutied

in the first 3 ml and significant quantities in subsequent

fractions. th" 125I- deter¡nined independently was 2.2%, im-

dicating l.B% loss of Tr* in the first 3 ml and even more im

later fractions,
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buffer volunes used in the T3 RIA to a nininun.

Figure 4 shows the percentage of TO* or Tr* bound to the antibody

in relation to incubation time (stage '91). Beyond 90 ninutes, there

was negligible slope co either curve. Figure 4 also demonstrates that

greater binding occurs with barbital buffer at pt{ 8.6.

In stage r10' all bound antibody is separated fron the free

(Sephadex-bound) fraction with the first two millilitres of buffer

(Fig, 5). Sinilar elution patterns were obtainecl when the coh.rnns were

charged with 0.1 - 0,4 mI of trout serún. This indicates that the serun

proteins in stage t7t are also removed in two millilitres of buffer.

Stage r7r requires at least three millilitres to renove iodide con-

tamination .

2. Evaluation of T and T RIA.

Typical TO and Ta standard curves are shown in Figure 6. Figure 7

shows the same data expressed as F/B versus hormone concentration.

Table 2 illustrates the negression chaïacteristics of 16 T4 standard

curves and 16 T3 standard curves. For the T4 RIA the mean index of

precision was 0,056 with a range of 0.043 to 0.090; for TS RIA the

nean index was 0.042 with a range of 0.021 to 0.085 (Table 2). The

mean detection limit for TO RIA was 12,5 with a range of 8.8 to 22'O ng e";

for T, RIA it was 9.5 with a range of 4.9 to 16.3 ng v..

The "within-assay'r reproducibility (Tab1e 3J was evaluated by

making eight to 20 single determinations during single assays on sanples

drawn frorn rainbow trout plasna pools. The coefficient of variation

ranged from 5.1 to 9.4% for the TO RIA and fron 9.3 to 13.5% for the

T3 RIA. Addition of significant quantities (100-400 ng e.) of T, or Tn



Figure 4. Percentage of Tr* (o) or TO* (o) bound to antibody on the

Sephadex columns (pH 3,6) in retation to incubation

tines. The lower two curves show percentage of Tr* bound

to antibody at two different pHs (pH 8.0, xi pH 7.4, g),
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Figure 5. Perceniage of radioactivity added to colunn as T3*

which was eluted with successive l-m1 eluates foltorrring

incubation with T3 antibody for 90 nin. After 2 ml, the

percentage eluted fal1s to values attributable to non_

specific elution (antibody diluted to achieve 50-60%

binding at r0' standard). TO RIA showed a similar partern

except non-specific elution was not evident (values

represent the mean of duplicates).
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Figure 6. Typical standard cuîves forc TO(e) and Ta(o).
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Figure 7. Standard curves for TO (o) and TU (o) plotted as F/B

versus concentration.
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Table 2, Mean values and ranges for the nain variables derived
fron the regressions of 1.6 standard curves for T4

and Tg RIA. The standard curves were obtained by
plotting F/B (the ratio of cpm in the free (Sephadex-
bound) fraction to cpn in the antibody-bound fraction)
versus hormone concentration (0-400 ng%) on the rxl
axis ,

T4 RIA T3 RIA

Parânìeter Mean Range Mean Range

Slope

Correlat ion
Coefficient

Index of
Precision

Detection
Linit (ng%)

0.0041 0.0035-0. 0044

0,990 0.980-0.993

0.056 0,043-0.090

L2.S B.8 -22.0

0.0037 0. 0034-0.0042

0. 994 0. 983-0. 999

0.042 0. 021- 0. 085

9.5 4.9 -L6.3



Tabi.e 3. Tests of "withín-assayrr reproducibílity of T4 and T3 RIA
on 0. L-mL samples from several rainbow trout. pLasna pools.

Hormone ConcentrationPlasma No. of
Assay Pool Deterninations x (ng%) SD cv (%)

T4

T4

T4

T3

T3

T3

A

B

c

D

E

F

18

q

8

8

20

10

rs7

L7t

552

130

204

253

14.8 9.4

L2.O 7,0*

28.1 5.1

13.5 9.6*

19.0 9,3

34.t 13.5

* Plasrna pools B and D had 100 - 400 ng% of Tg or T4 respectively
added to them prior to analysis.
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to,plas¡na pools B and D, Tespectively, did not interfere with RIA for

either TO or Tr.

Table 4 shows the rrbetween-assayr reproducibility obtained by

nnking six to 1I duplícate deterninations, on different days, on

samples fron trout or whitefish plasna pools which contained different

endogenous levels of T3 or T4. The coefficient of variation for the RIA

T4 RIA ranged fron 4.9 to 16.9% and for the TJ RIA rarrged from 5.1 to

15. 9%.

Several hunan serum sanples with varying T, levels were made

available from the Winnípeg Generat Hospital, where a different form

of radioimmunoas say was employed. There was a high correlation (0.96)

between values obtained by the two assays (Fig. 8)

Table 5 shows the efficiency of TO and Tg extraction ftom the

plasna of four species of teleosts as determined by the method of Bauer

et al. (1970). Mean extraction efficiencies for Ta from unhemolyzeil

plasma samples were approxinately 100%, This would give an overall

extraction efficiency of g8% since 2% of t]rre T3 was eluted with the serum

proteins or non- speci fica lly with the first buffer wash (Fig. 3C)

Mean extraction efficiency for TO was 99%, Hemolyzed sanples had ex-

tïaction efficiencíes of 9.7.6% for T, and 97.9e. for T4.

Analytical recovery of TO or T, added to fish plasma and recovery of

T4 or T3 in relation to sanple vollune are shown in Table 6. T, recoveries

ranged fron 88.5 to II6.Oe"i TO recoveries ranged from 98.9 to L20.0%.

To deteimine whether or not storage had any effect on rainbow

tIout plasma, duplicate iodothyronine analyses were perforrned on fresh

plasna sanples fro¡n six fish án<t subsequent duplicate analyses vlere



Table 4. Tests of "between- as say'l
RIA conducted on 0.1 ¡nl
whitefish plasma pool s.

reproducibility of T4 and T3
samples fron rainbow trout or

Hormone Concentration
As say

Plasrna
Pool

No. of
Assays x (ne%)

T4

T4

Tq

T.
J

T-
J

6

6

ll

6

11s

207

6t2

54

328

19.4

29.9

29.8

8,6

L6.7

16.9

14. s

4.9

15.9

5.1

l¡]hitefish

Trout G

Trout H

Trout I

Trout H



Figure 8. Conparison of serum TS concentration estimated by Winnipeg

General Hospitàl (II¡GH-RIA) and Tg RIA using Sephadex

colunns, Correlation Coefficient = 0.96. Regression

equation: RIA-II¡GH = 0.94 (T3RIA) - 5.0.
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T¿ble 5. Efficiency with which G-25 Sephadex colunns extract T3*
and T4* from plasma pools of four teleosts. Each value
is a mean of 2-10 (n) determinations. A volume of
0,1-0,3 n1 of a T3* or T4* plasma nixture was added to
each colunn. The colurnns were then eluted rvith 3 ml
(T3RIA) or 4 nl (T+RIA) of b¿rbital buffer. Extraction

. efficiency = % of added Tg* or T4 retained on coLunns
after elution.

Mean Extraction
Efficiency (%)

Species T4T3

Salmo sairdneri (Rainbow trout)

Ictalurus punctatus (channel catfish)

Coresonus c_lUpgê&¡¡gÊ (Whitef ish)

C_g!g:!gl"t connersoni (White sucker)

Henolyzed rainbow trout plasma

10 99.8

100. 3

100. 7

L0t.2

97 .6

99..-t

99..1

99...5

98..2

û7 :O



Table 6. Percent recovery (%R) of T3 and T4 added to various
heparinized rainbow trout plasna pools íncubated for
l0 rnin at 20oC lvith shaking; plasna volune varied from
0.05 - 0,30 nl. %R = (tota1 hornone recovered - en-
dogenous hornone) X 10O/added horrnone. Each determination
is tlÌe nean of duplicates. Vs = volune (n1) of plasma
sanple added to the column. Values for each plasna pool
were deternined from single assays.

Plasna Endogenous Added Hornone
Assay Pool Hornone (ng%) (ng%) Vs (rnl )

T5

T.
J

T-
J

T.
J

T-
J

T-
J

T-
3

T.
4

T+

Tq

T4

T4

T4

I

I

I

2

J

3

3

4

4

4

5

5

5

280

280

280

625

r46

146

146

95

95

95

2L0

2L0

2lO

100

200

400

200

0.10

0.10

0.r0

0.r0

0.0s

0.20

0. 30

0. 10

0. 10

0. 10

0. 0s

0 .20

0.50

r16.0

115.0

104:5

97.5

93.2

100.0

88.5

100.0

105. s

r05.8

r20.0

99. 0

98.9

100

200

400
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perìformed after one and 10 days of storage at -20oC, Two-way ANOVA

showed no difference between TO levels in fresh or stored plasrna (Tn

F = 3.48, 2 and 18 df; TUF = 1,.66, 2 and 18 df; Appendlx Tables I and

2). As comparison, quadruplicate iodotlÌyronine analyses pelfotmed

on a human serum pool after one day of storage at -20oC did not differ
fron analyses of Tn levels in fresh serun (t = 0.79; 6 df). Howeverr

freezing and storage of the same human serun pool for one day caused

12% increase in Ta levels (X for fresh sera I52 ng %; X for frozen sera

.I70 ng %; t = 5.11, 6 df).

3. Diurnal vgriation in plasma T4 and TS.

Figure 9 shows the variation in plasma T4, Tg, anð, TO/T, at different

times over two days. One-w¿y ANOVA (Appendix Table 4) showed no sig-

nificant F values for plasma T4 (F = 1.04; 9 and 99 df), plasna Ts

F = L.72; 9 and 97 df) or TOIT, (F = I.28; 9 and 96 df). Throughour

the experinent t.he fish gained about one gram (final mean weight 25.9 g,

SEM 0,6 g), The mean h'eights of the indivídual groups were sinilar
(F = 0.91; 9 and 99 df).

Since no significant daily variation was found, the data were

conbined and possible influences of body weight and sex on hormone con-

centration investigated. Figures 10 and l1 show a correlation betrveen

ln plasna T4 or T3 and body weight of the fish. The correlation co-

efficients (T+ = 0.301; T, = 0.455) were signific¿nt (p < 0.05). Re-

gression analyses and F tests are given in Table 7.

The data were further analysed to compare hormone levels between

¡nal e and fenale fish. The regi:ession equations and F values for ¡nale and

fe¡nale fish are also given in Table 7. The covariance analyses showed



Figure 9. Plasma T4, T3 a!ð, T4/TS in rainbow trout held on a

l2-hr photoperiod. Vertical bars indicate the 95%

cónfidence interval . Light and dark periods are indicated.

Individual values for each gtcoup for plasna TO, plasma Ta,

T4/T3 and weight are given in Appendix Table 3.
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Figure 10. Corrélation between

nale (x) and fenal e

coefficient = 0.501.

H0RMONE CONC = 0.029

plasna T4 and body weight for

(o) rainbow. trout. Corlelation
' Regression equation: LN

(wEtcHT) - 4.372,



o

€ rq
 

.,¡
õo T -l rô

ì_
 _

ír
r 

H
O

R
M

O
N

E
 C

O
N

C
E

N
T

R
A

T
¡0

N
 (

ng
 y

d

sõ
B

oo
õ

x x x o x

O
o.

"J
* x!

x

ar
l

()

xð ãr
*3

.
o¡

<
x 

f

\"
 ðJ

s
\X Ð

) \.

oo
ç

x
ox

x (D ãx
c

e ex
x@

x
xo )5
¡ þ<

(,
l o o x x



Figure 11. Correlation betrveen plasma Tj and body weight

for nale [x) and fenale (ø) rainbo!¡ trout.

Correlation coefficient = 0.455., Regression equation:

LN IIORI,"IONE C0NC = 0. 03I (ÌI/EIGHT) - 4 .L37 .
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Table 7. Correlation coefficients, regression values (s1ope b,
intercept a), and F values fÏorn anaLyses of }n plasma
T4 and T3 versus body rveight, Appendix Tables 5 and 6
show the conplete analyses.

Group

Regression

ab
Correlat ion
Coefficient F value Significance

Tq

ð 4.3s9 o.o29s 0.309

? 4 . 388 0. 0307 ' 0. 295

é * ? 4.372 0.0297 0.30i
Cornparison of slopes ê ut I
Cornparison of elevations ê vs Q

0,42I
0. s05

0.455

11.05

17.t3
27.s9

T .47

1.53

NS

NS

NS

NS

5. 70

5,26

10. 68

0. 06

0.43

T-

ð 4.3s4 0,0246

? 3.8s4 0.0594

8+?- 4.Ls7 o. o3os

Comparison of slopes & vs ?
Conparison of elevations/vs ?

Level of signíficance 0.05

Level of significance 0. 01
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no difference betrveen sexes for plasma T4 and Tr. Furthermore, no

difference between the mean weiglÌt of nal.e (mean weight 26.3 g, SEM

1.0 g) or female (nean weight 25.5 g, SEIq 1.0 g) trout was detectabLe

(r= 0. 63s, 107 df).

The slopes of the coxrbined regressions for both male and f6¡¿ls fish

versus pfasna T4 or plasma T, appeared sirnilar (Table 7). However, the T4

slope could not be compared with the T3 slope because the varíances

were different between the regressions (F = 2,37 107 and l0S df; Appendix

Table 7), These combined slopes indicate that plasna TO or T, increased

by a factor of ,'t3p"r gram body rveight.

There was no significant relationship between TO/T, and body weight

for. rnale fish ir - 0.041; b -0.0052), femate fish (r = -0.136; b =

-0.0187), or male and female fish combined (r = -0.075; b = -0.0093).

4. Anaesthesia - immediate effects on plasna T4 and T3.

' Both plasma T4 aird plasna T, were slightly but not significantly

lower in fish subjected to MS Z2anaesthesía prior to bleeding (Table 8).

There were no differences for TO/T, or body weight between anaesthetized

and non-anaesthet ized fish.

5. Effect of anaesthesia and stress of cardiac injection on plasma
T4 and Tq,

Table 9 summarizes plasna TO, plasna T, and TO/T, values for

control fish and fish injected with saline or sham-injected at two, six,
and 12 hr pi. Two-way ANOVA (Appendix Table 8) shorved no difference

bethreen shan-injected and saline injected fish in plasma TO (F = 0.07 ,

1 and 58 df), plasna T3 (F = 0.50 I and 54 df) or TO/T, (F = 0.18,

I and 52 df). However, tero-way ANOVA showed significant differences
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between means at various tirnes pi in plasna T4 (F = 5.05, Z and 5g df),
plasma Ta (F = 4.34, 2 and 54 df) and T4/T3 G = 13.83, 2 and, SZ df).

Lack of interaction for plasma T4 (F = I.SS , 2 and SS df), plasma Ta

(F = 0.fl ,2 and 54 df), anð, TO/T, (F = 0.02,2 a:nd 52 df) indicates

that the differences at various tines pi are similar for both the

saline-and sham-injected groups, No difference was evident in plasna

T4 (t = 0.25 , df = 18), plasma T3 (T = 0.0S , df = t8) or TOIT,

(t = 1.01 , df = ls) between the untouched control fish and the handled

and fin-clipped control s.

Since no difference d.ue to tleatnents (shan-versus saline -
injection) or between handled and untouched controls was found, the two

groups of fish (saline-and shan.injected) at each time were combined.

These data are given in Figure 12. The conbined data fl.on the control

groups were assuned to represent horrnone concentrations at zero time and

were assurned not to vary throughout the 12-hr experinental period,

These assunptions are valid since the fish were held. under identical
conditions to físh in the diurnal study in which no daily fluctuations

could bc demonstrated.

Figure 12 shows that following heart injection of trout the plasna

Tn rose to a maximum by 2 ht pi and recovered to near control values by

12 hr pi. Plasma T, decreased slightly but significantly ¿t 2 hr pi
and recovered to control levels by 6 hr pi. T, fell slightly again at

12 hr pi. T4/T3 showed a narked increase at 2hT pi returning to control

values by 6 hr pi. one-way ANOVA followed by Newman- Keuls test

(Appendix Table 10, l1) showed the foll.owing parterns:



Figure 12, Plasma T4 (o), ,T, (o), and T4lT3 (X) from rainbor^, trour

sanpled at various tines after cardiac injection.

Control fish were sanpled at 2 hr after beginning the

experiment and the values (-----) were assurned. not to
vary. Vertical bars indicate 95% confidence intervals.
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Plasma TO

Plasna T,

r 4/'13

Control l2 hr 6hr 2ht

2hr 12 ht ContÏol 6 hr

Control 6 hr 72 h'r 2hr

(1ines join groups whose means are statistically similar)

Mean weights of the four combined groups were similar (F = 0.50,

3 and 80 df).

6. Effect of seven daysr starvation on plasma T4 and T3,

Plasma T4, plasma TU and Tn/T, are given with statistics in

Table 10. PIaSrna TO anð, TO/1, decreased significantly in starved fish.

No difference could be demonstrated for plasna T3 betv/een starved and

fed fish. Althouglì the initial weights of the t¡vo grfoups were sinilar,
after seven days of food deprivation the mean weight of the starved group

was 6.8 g less than those for fed fish,

7, Effect of time of starvation or feeding on plasna TO and Tr..

In contrast to the pr.evious experiment, plasna T4 (Fig. 13) did

not change signíficantly due to feeding or starvation (F -- S.89, I and

40 df). Howeve¡, T4 was slightly lower in starved fish after three,

seven and 14 days.

Also in contrast to Experiment 6, plasma T5 (Fig. 13) differed be-

tween fed and starved fish (F = 5.L2, 1 and 38 df). Two-way ANOVA atso

showed a significant interaction between feeding and sEarving and tine

(F = 8.58, 2 and 38 df). Newman-Keuls test, comparing the neans fton

the fed (F) and starved (S) groups, gave the following pattern:
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Figure 13, Plasma TO (e) and T, (o) from fed ( 
- 

) and starved

( . -- ) rainbow tTout at various tines after initiation

of starvation, Vertical bars represent 95% confidence

intervals. (An¿lyses and data sunmary are given in Appendix

TàbIesl2, 13 and 14)
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7 day-S 3 day-F t4 day-S S day_S 7 day_F 14 day_F

(1ines join groups with statistically sinilar means)

fn surnrnary, the results show that plasma T3 of fed fish increased
significantly from three to seven days and remained elevated. at 14 days.
There was no difference in mean plasma T, levels for fish starved
three, seven, or 14 days.

The 95 percent confid.ence interval for the three-day starved
group (Fig, 13) was larger than for the otheï groups. Two hornone

values recorded from the group staïved three days were greater than
500 ng %. The nean excluding the two excessive values was I97 ng %

(95% confidence = 149 - 260 ngu.1. The cause of the high values was

uncfear as the fish looked healthy and rvere the same si.ze as the others
in the group. Reanalysis by T, RIA confirrned. their validity, There

was considerable mortality during this experirnent (12 dieci, 2 junped

out) and some irregularities in the water supply,

Two-way ANovA (Appendix Tabre 12) showed no differences between

mean TO/T, or weights for each group.

8. Analysis of food for T4 and Tz._

Mean extraction efficiency of added TO* or Tr*was 97.5% (SEI{

2.6%) and 101 .5% (SEM 2.9%), respectivety, for duplicate Crials.
EItr0S trout grower contâined 0.87 ng/g (SElvt 0.IZ ng/g) TO anð,0.49

nglg (SEM 0.16 nglg) T' Addirion of srable TO or T, to a second barch
of food slurry after honogenizaticn (10 ng/g) resuLted. in rnean recoveríesa
a-.

% Recovery = ( x 100



of 9l.l% (SEl'{ 2.9%) for T4 and 110.8% (SEI| 5.6%) for T3 on dupticare

trials.
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DISCUSSION

I. RIA of ptasna T4 and Tj in trout.

' The TO and T, RIA procedures were developed as a nodification of

the Tetralute conpetitive binding assay for T4, described by Higgs

a-nd Eales (1973). The principre of these RrAs is basicarry the saÌne as

that used in the Tetralute p.rocedure, except that antisera to T4 oï Tg Te_

place thyroxine-bínding globulin as the specific bincling agent.

TO RIA will give more accurate neasurenents of teleost plasma Tn

than CPB assays, Alexander (1976) demonstrated that Tj cross_reacts

about 1/6 to l/9 the extent that T4 ïeacts with thyroxine-b inding globulin.

T, cross-reacts less than 1/100 the extent that T4 does with the T4 antisera.

under circunstances such a.s those encountered v/hen naintaining tïout on a

high ration, TO levels are about 200 ng % whereas T, levels rnay be as

high as 450 ng u.. If I/6 of the T, cross-reacts then TO levels could

be over-estimated by as ¡nuch as 75 ng % by the Tetralute nethod. In

contlast to this previously used method, the T4 and T, RIA procedures

are highly specific. Addition of varying amouiits of the rotherl

iodothyronine did not interfere,

The use of Sephadex colu¡nns with antisera to T3 has been previously

enployed in assays on hunan serurn bX Shinizu et al . (1973), Alexander

and Jennings (L97 4b) and by Howorth and Marsden (1976) using the Anes

TS kit. The use of Sephadex columns with antisera to T4 has not been

reported previously.

The values for rrwithinrr and trbetweenrr batch reproducibility are

slightly higher for T, RIA than those p"eviously reported using Sephadex
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colurnns (Alexander and Jennings I974b anð Howorth and Marsden (1976).

For the T4 RIA the values are slightly higher than those reported for
Sephadex (non-RIA) binding techniques (Braverman et al. 1971; Alexander

and Jenníngs I974a; Bastonsky et 41. 1976) but compare welt with RIA

techniques using Sephadex for Tr.

The extraction efficiencies of T4 and T, by Sephadex were si¡nilar

to those previously reported in hurnan and fish plasna (Higgs and Eales

1973; Alexander and Jennings 1974b), The extraction efficiency was

not greatly influenced by hemolyzed sanples.

The present nethods using Sephadex offers other advantages. In

nany assay systens serun proteins that bind thyroid hornones .co¡npete

with the T4- or TS- antiseïa giving erroneous ïesults. This interference

is usually reduced by adding to the assay system chemícals that inhibit
T4 or TS binding by the serun proteins. However, these inhibitoïs also

interfere with antibody-b inding (Burke and Eastman 1974). With Sephadex

colurnns, the serum proteins are completely removed in the first buffer

wash. In addit.ion, the volune of plasma that can be added to each

colurn is flexible and separation of the antibody-bound fraction frorn the

free (Sephadex-bound) fraction is easy and nearly complete. Surks

et a|. (1972) reported no evidence for deiodination of TO to Tg on

rniniature Sephadex colunns. A disaclvantage of Sephadex is that more anti-

body is required than for assays which incubate in an aqueous nediun that

is homogeneous. TO or T, is bound on the fixed Sephadex matrjx and. all
the nolecules åre not accessible for antibody binding (Alexander and

Jennings 1974b).

In this study, the use of T4 antiserum and high: speci fic -act ivity
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TO* has pernitted attainnent of the low detection 1imit. necessary for
the study of plasna T4 in .teleosts. Values lower than the detection

linits were infrequent.ly encountered in healthy, unstressed fish.

The nethod was convenient since with little rnodification it could

be applied for T3 neasurement. Once Sephadex columns vrere set up the

assays could be run quickly and econonically. The quantities of TO*

and Tr* that were used were extremely small and the quantities of anfi-

body used also snall. Lyophilized antisera purchased in bulk reducejJ

the cost further.

2. Influence of storage on plasna T4 and T .

Packard et al. (1976J, using the Tetralute method, noted that

freezing and storage altered TO levels. Hagfìsh sera stoïed frozen

for 5.5 days had lower TO levels than f¡esh sera. l\¡atson and Lees

(1973) reported that storage of hunan sera at -20oC for 3 months did

not usually change TO levels by Tetralute, although TO in sone sera

decreased by 10-15%. The present results from freezing and stoîage

of trout plasma support those of l¡Jatson and Lees. No change was

detectable after 10 days storage for either Tn or T, in trout plasna.

A¡alysis of a hunan serum pool also showed no change for TO. Howevm

a I2e. increase for T, was detected in the same hurnan serurn pool. A

high leve1 of T4 relative to Tj exists in normal hunan sera (Ingbar:and

htoebar 1974). Consequently, although a small percentage of TO under-

going deiodination in the freezing and thawing process may. be difficr':lt

to detect, the T, so generated rnay be sufficient to alter the small Tï

pool and create a significant increase in pLasna Tr. In contrast to

humans, the plasna T4 levels in trout are generally similar to the {j
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levels. Thus, a large percentage of the circulating T4 would have to

be artifåctually deiodinated to altea significantly T3 1eve1s.

3, Range of plasma T4 and Tt i4 innature trout.

Plasna T4 and T, ranged from assay detection limits (I2.5 ng %

for TOi 9.5 ng % for Tr) to 600 ng %. Most T4 values fell between

150 and 250 ng % while most T3 values fel1 between 50 and 200 ng %.

These ranges are lorver than estinates of plasna T4 and T3 based on pBI

determinations in rainbow trout (Jacoby and llicknan 1966). In agree_

ment with ny data,Higgs and Eales (1973) found a range of 150 to 650 ng ø.

for plasma T* in seven large (l- = 345Ð rainborv trout that rr,ere starved.

Horvel'er, they reported a higher plasrna T4 range for inmature lrrook trout
trout (0-1530 ng %)' Leloup and Haidy (1976) arso using RIA reported. a sinilar
range (60-580 ng %) to ny values for plasma Ta in rainbow trout and the eer,

but plasna TO values were higher (260-1500 ng %). Since no record.

of size, phys iologica I ' state, time of capture or assay procedure

was given the reason for the d.ifference is uncertain,

4. Díurnal variat ion.

The results indicated no diurnal fluctuations in plasrna TO, T,

or TO/T, in trout that had been staïved for thlee days. A pattern

with approxinately a 16-hour interv¿l appears to exist in the T4 levels,

However, high variability occurred between índívidual fish and the

significance of the l6-hour pattern couLd not be determined.

Sone â.uthors believe the daily variations of thyroid hornone

observed in man reflect changes in fluid distribution associated with

postural changes (DecostTe et al . 1971; Vernikos- Dan el l is et al. 1972i

Johns et al , 1975), Balsam et al. (1975) reporteC no overall changes
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in total plasna protein in ma¡ but observed changes in thyroid binding

capacities of plasna proteins. Since the changes were s¡,nchronous

for Ta and T4 it was suggested that protein binding might be respon_

sible. Fish, being continually supported by a buoyant medium, do not

undergo major postural changes. Similarly, rats being qua<lrupeds,.

rmdergo less postural change during the day than man. Variations in
plasma T4 and Ta are sometimes difficult to denonstrate in rats (Fukuda

et al. 7975a). The large extrathyroidal pools of TO and T3 that occur

in most marnnals nay also be nasking diurral fluctuations in secïetion

rate or utilization (Fukuda et al, 1975a).

Starvation can "sham-hypophysectoni ze'r animals (Aschkenasy et al)
L962). The fish in this study h'eïe starved for three d.ays prior to
sanpring. Inability to detect diurnar changes in plasma thyroid hornones

nay be due to dampened TSH secretion. The effect of staïvation cannot

be ruled out without furtheï study on pituitary function. Starvation

for three days was felt necessary to eliminate effects due to feeding

on the metabolism of thyïoid horn¡on es (Higgs lg74) or.theiî biliary excretion

[Eales and Sinclain 1974). .significant body wasting did not appear to
be introduced.

5. Influence of sex.

No sex related variations could be detected for plasma thyroid

hormones in inrnature trout. These results agree with Mattyrs (1960)

findings that plasma PBI was not sex-dependent in the Bernuda parrot

fish. Lewis and Dodd (1976) could demonstrate no differences in prasna

Tn or Ta between mal.e _and fenale sharks.



76

Measurement of plasna hornone concentxation gives no indication
of horrnone turnover or gland secretion. These may differ between

sexes. However, Floar and Eales (1963) found no difference between

gland incorpor¿tion of radioactive iodide into plasma radioactive horrnone

for nale and fe¡nale goldfish. Also, the response of the thyroid gland to

TSH stimulation did not differ between sexes in goldfish and brook trout
(Ortman and Billig 1966; Chan and Eales 1976).

6, Influence of body weight.

Both plasma T4 artd TJ were positively correlated with body weight.

The relationship did not differ between sexes. Bray et al. (1976) re-
ported a sinilar correlation for T, in nan. Larger fish show

propol'tional1y greatea thyroid horrnone stores in the gland of the

Bermuda parrot fish (Matty 1960; Matty a¡d Thornburn 1970). Chan and

eafes (fSZ6)afso found. increased response to exogenous TSH tïeatnent in

largel' brook trout. Eales (unpubl isherl data) has confirned that
plasna TO and Tg also increase with body weight in fed fish and over

a greater size range.

7. Influence of anaesthes ía.

No change occurred in plasrna T4 or TJ in fish that raere sampled

irunediately after anaesthesia or at two hours after a.naesthesia.

Thus light anaesthesia with IIS 222 appeat:ed to have little effect on

plasna T4 or T5 in trout. Tlìese results are not supported by findings

in man. Plasmâ PBI and TO increase following anaesthesia in nan
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(Oyana et al . 1969 a,b; tlarland et al . 1974). plasna Ta in nan de_

creases following anaesthesia (Brandt et al , 1976J.

The reasons for these differences are unclear. plasma TO or T,

may not be as responsive to anaesthesia in fish as in man. Also

the fish nay not have been sedated (l-2 nin) as heavily as humans

undergoing operations. The chemical structute of MS ZZ2 is rnore like
local anaesthetics (Houston et al. 1976) than inhalation anaesthetics

used for major surgery in manmals. Therefore,.the type of anaesthetic

nay be respcnsible for the difference between fish and namnars. Finally,
changes in circulating T* and T3 could have been overlooked due to in_

frequent sanpl ing.

8. Influence of surgical -stress.

When trout were ânaesthetized and stressed by cardiac puncture

plasma TO doubled conpared to control values at two hours pi. plasma

T4 did not fu1ly recover by 12 hours pi. plasna T, decreased at two

hours pi recovering to control values at six hours pí. In agreer¡ent

with the data obtained in this study, serum Ta falls ra'ith elective surgery

in nan (Bermundez et aI. L97Si Burr et aI. l97Så b; Brandt et al. 1976).

However, serun T4 levels in humans are generally unalteïed or rise

stightly (Bermundez et al. 1975; Brandt et aL. 19T6). plasrna T4 of fish,
following anaesthesia and surgical stress, appeared to follow the pattern

outlined for anaesthesia in man (Harland et al. lg74). perhaps the

combination of anaesthesia and stress was required in fish, Further

study using only surgical ly- stres s ed fish will help to deternine vrhether

or not the combination of anaesthesia and surgery was. necessary to

elevate plasma TO.
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9. Nutritional state

. i) Influence of dietdry hoïlnone. Little T4 oï TS was detected.

in EllrOS trout grower (<l ng/C). Recovery of aclded tracer was high

and the recovery of added stable hormone rvas sírnilar to the recovery

of stable hormone recorded for rad.ioinmunoassay. The varìability en_

countered in recovery may be due to intÌaassay variability. However,

it does appear that 10% of the added TO night be deiodinated to Ts

during the extïaction procedure.

Feeding a three percent ratio to a 100-9 trout would resurt in the
ingestion of about S grams of food and about 2.6 [Lg T4 or 1.5 ng TJ. Fed rain_
bow trout have 

- degradation rates of l1l ng TO or 15.6 ng Tg per 100 g fish
daily (Eales, unpublished data), Assuning conplete upta.ke of ingested

hormone,2.3% of daity TO or 9.6% T, requirernent could enter via the

food. Absorption of TO from the intestinal contents in vivo was

found to be less than lS% for brook trout (Eales and Sinclair 1974).

If the same extent of uptake existed. for rainbow trout about 0,S% of
the daily TO requirenent would be contributed by the food. Digestion

also takes place over the course of hours, Therefore it ís unlikely,
even if complete uptake occurred)that the TO or T, would alter plasna

hormone levels significantly.

Strict quality control was not maintained and subsequent batches

of food used after the analysis rnay have contained. differing amounts of
hormone.

ii) Tnfluence of stafving and feeding. Experinent 4 showed lower

plasrna TO in starved fish. In Experinent 5rT4 showêd a downward trend
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due to starvation but was not significantly lower in starved fish. The

inability to show significant reductions due to starvation in Expeïinent

5 is unclear, but could be related to smaller sanple sizes of the

gioups and higher individuar variability than observed. in Experiment 4.

Overall, the results agree with findings in nanrnal ian studies, where

PBI and T4 eithel show no change or a slight decre¿se in statved.

animals (Scharz et at. 1967; Merimee and Fineberg 1976). Higgs (1974)

also sometimes observed fower plasna TO in brook trout. packard

et a1 , (1976) and 0sborn and Simpson (1972) Teported lower plasna

TO in hagfish and plaice af,ter capture. They attribute some of the

decreases due to starvation.

Starvation for seven days did not alter plasma Ta levels in
Experinent 4. In Experinent S, starvation for three, seven, or 14

days did not sígnificanti.y change plasma T, levels when conpared to the

fed control fish for thtee days. However, circulating T, was higher in
the fed contror fish for seven and 14 days. The reason for the higher

levels between the fed control fish for seven and 14 days and the

fed control for three days is rmclear, but may be related to the length

of tirne the fish were maintained on a higher ration. prior to ex_

perinentation the fish were fed a near naintenance d.iet (f.0 _ l.S%).

Then the fish were fed a three percent ration for ten d.ays before

half the fish were starved. If the plasma T3 levels had not completely

adjusted to the increased ration in the l0 days then the observed

results night occur. Thus, it. appears that at least 17 days (10 days

conditioning + seven days experimentat ion) nay be required to alloh¡

circulating T3 to adjust to a najor dietary shift. In Expe¡iment 4
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the fish were only fed a higher ration for. four days prior to ex-

perinentation and no chaage in plasma T3 levels occurred.

Supporting the results described here, Osborn and Simpson (1972)

found lower T3 in the plaice after starvation. Results from studies

in narunals allays show lower plasma T, after starvation (portnay et al .

1974; Chopra er al . 1975a; Vagenakis er al . 1975).

Tn/Trwas significantly hígher in fed fish in Experiment 4 and

slightly higher (NS) in the fed fish at day three in Experiment 5.

Different T4/TS at these times might indicate changing metabolism in
fed fish. The similar TO/T, ín fed and starved gr:oups at seven and 14 days

nay also neäJt the fish have adjusted to the higher rat.ion. The results

of Experiment 5 nust be viewed with some reserve since tnaccountable,

high fish moïtality and high variation in sorne of the plasna hormone

levels were found. Repeating the erperinent could be worthwhile.

A weight. correlation with plasna Tn and T, has been previously

shown to exist in rainbow trout. Therefore a cliticisn can be nade

of the comparison of T4 and Tg between fed and starved fish, The

differences in plasna thyroid horrnones between fed and starved fish
night be due to size differences since fed animals grow and starved

aninals Iose weight. Note that fed fish have a non-phys iological weight

advantage, since the fed groups were sanpled one hour after feeding.

Little digestion would have occurred during this time and, as an exanple,

a 50 g fish fed a three percent ration would contain 1.5 g extta v¡eight

as food. Residual food was obsewed in the intestine up to three days

after initiation of starvation. If 0.5 g (mean value frorn five fish)

of food fron the previous day were left, a false increase of two gtams

could be recorded for the body weight of each animal . The largest
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difference in rnean weight between fed and starved fish existed in the

14 day groups from Experiment 5 (19.19). The rnean plasna T3 differed

by 151 ng % in these fish, and the weight related correlation can only

account fo'r 13% of the difference in circulating Tr.

10. Possible nechanis¡rs altering plasma T4 and T3 ín fish.

The nechanis¡ns whereby plasrna thyroid hor¡nones are changed in

fish have not been establíshed. Some possible rnechanis¡ns are discussed

below and. include alterations in deíodination, cleârance rates, blood.

voll¡ne, plasma binding of thyroid hornones, thyroid or pituitary gland

activity, peripheral redistribution of hormone, and iodide availability.
Deiodination of TO to T, readily occurs in brook and rainbow tTout

(Higgs 1974; Eales unpublished data). The higher TO and lower T,

following anaesthesia and surgical stress may be the result of de-

creased peripher¿l conversion. Deiodination is thought to activate

the hormone in namrnal s (Pittnan 1971) and perhaps active thyroid

hormones a¡e not needed in such large quantities in tines of stress.

Deiodination also decreases in starved fish (Higgs 1974). The results

showed T4 was unaltered or slíghtly reduced in starved fish. Thus some-

thing rnore than a simple redrrction in peripheral conversion must be

occurring in starved fish,

Feedíng brook trout increased metabolic clearance for T* and T,

and sometimes TO degradation ïates (Híggs 1974). Increased clearance

of plasma T4 or T5 during feeding would 1ike1y cause, all other factors

being constant, lower hormone pools, Thus, increased metabolic clearance
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cannot expl.ain unaltered or elevated plasma hormone 1eye1s found in
fed fish. Reduced TO clearaace during stress might cause the high

T4 values observed in anaesthetized and injected fislì. However, higher

T5 clearance nust also occur to explain decreased plasma T, and this
seems unlikely, If najon changes in clearance rates are altering
circulating T4 or TS other factors must also be involved.

Anaesthesia with MS 222 or stress_related variables cân cause

hemoconcentration in fish (Stevens 1968; Houston et al . 1971; Fletcher

1975). An increase due to hernoconc entrat ion in the plasma concentration
of proteins rvhich bind thyroid hormones might be responsiÞle for
increased TO levels. However this idea cannot explain unaltered or

decreased r, levels. Henodirution during starvation courd cause lo'Jer

plasma TO or T, 1evels. Henodilution during starvation seens un1ikely.

Weinberg et al. (1976) found blood volu¡ne did not change d.uring

starvation of the kissing gourani. Love (1970) reported that blood

volumes were unaltered or reduced in starved fish.
0rConnoï'et al. (1974) found high-frequency fluctuations of

plasna T4 in rna¡, These short- duration changes (20 nin) would be

difficult to denonstrate in fish of the size used here, without larger
nurnbers and more frequent sampling tines. This type of change night be

responsible for so¡ne of the variability observed between individual fish.
Also Vernikos- Danel I is et aI. (1972) and Balsam et at.. (1975) nored hígh

individual variability for plasma thyïoid horrnones in man. Marked

intraspecific vâriatíon exists in teleost plasma protein leve1s and

in electrophoretic patterns of rainborv trout serun (Thurston 1967;

Feeny and Brown 1974). Falkner and Eales (1973) showed that 99% of
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circulating T4 of TS was bound to plasna proteins. Alteï,ations in
the proteins that bind thy"oid horrnones could. cause sone of the ob-

served variab iI ity.
The basis of the positive correlation of plasma T4 and Ts

with weight is unclear, but it may be related to greater thyroid
horrnone binding by the plasma proteins of larger fish. Booke (1964)

reported that higher plasna protein levels occurred in larger and

older rainbow trout. If the plasna proteins that bind TO and T, also

increased in quantity or binding capacity in larger and ord.er fish then

a positive correletion between plasma TO and T, and body weight would

occur. The data suppor.t the preceding hypothesis. For exalnple,

the Tegression lines for plasma TO and T, versus body weíght.have

alnost identical slopes and TO/T, sho|ed no correlation to fish rveight.

Since the sane plasna proteins likely bind T4 and TS (Falkner ând. Eales

1973), any increase in their quantity or capacity would result in
sinilar changes in both plasna TO and Tr. As well, no change in TO/T=

would be expected. Biologically, it is unclear why hormone levels in_

crease with fish weight. perhaps increased hor¡none reserves are re_

quired in larger fish for sexual rnaturation or other metabolic needs.

Furthermore, plasma.pîotein bindíng of thyroid hormones is reduced

during starvation in marffnar s and nay be responsible for rower hormone

levels in the starved state (Ingemble et al. 7974; pain and phillips

L976). Robertson et at. (1961J and Love (1970) reported red.uced plasna

protein levels in starved fish. If the proteins that bind TO and T,

in the plasrna v¡ere aLso lower in starved fish, reduced amounts of
ciTculating TO and Ta would bé found. Changes in plasma binding of Tn

or T3 seem unlikely in surgica lly- st ressed fish. plasma T, increased.
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while TS decreased. If the same plasna proteins bind TO and T, in
físh, then preferential differences in the bínding of one horrnone

compared to the other appea? unlikely.

Another nechanisn decreasing TO and T, in starved fish coutd

involve reduced thyroid gland activity accompanied by pituitary re-
duction of TSH. Fonraine and Fonraine (1956J and Bonnet (1970) found

that prolonged starvation rowered. thyroid grand activity in rainbow

trout and mulret' Gland activity is also reduced in starved. manrnal s

(Pipes et aI. 1960; Grossie and Turner 1962). Reduced pituirary
secretion of TSH during starvation has not been d.enonstrated in fish
but has been shown in ¡nanmals (DrAngelo 1951; shanbaugh and wítber 1974;

Vinik 1975). 'Lower TSH production by the pituitary results in lower

secretion of horrnones by the thyroid.

Thyroid gland activity increases following noderate surgery in
man (Hartand et aI. I972i Kirby et al. 1973). Since rhe trour thryoid
gland appears to secrete only TO (Chan and Eales 1975; Hunt personal

conmunication) higher gland åctivity might explain higher TO levels
in surgi cally- stress ed trout,

Harl.and et al. (Ig74) showed that TO bouncl in the liver of nan

was released into the ci¡culation following anaesthesia and surgery.

Thus, altered hepatic distribution night acco.rnt for the high rn observed

in stressed fish. In support of this idea, Kumar et al . (196g) foud
that prednisone, a synthetic steroid similar to cortisone reduces

hepatic volurne and metabolism of T4, Corticostetoíds also reduce con_

version of T4 to Ta (Chopra er at. l975b; Burr et aI. 1976). Surgery

and anaesthesia cause elevated corticosteroids in teleosts (Fagerlund
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I967; lVederneyer 1969; Fryer 1975). Elevated natural steroids rnay be

altering the peripheral TO distribution in surgical ly- stres s ed trout.

Food deprivation also causes iodide depïivation. Ì,fuch of the iodide

content in the tÏout plasma depends upon dietaïy lodide coûtent

(Gregory and Eales 1975). Brook trout blood iodide levels fall rapidLy

as a result of starvation. Critical levels of iodide required for

nornal lìormone synthesis and metabolism have not been outlined in fish.
Low levels of iodide cause reduced hornone levels in rodents (fukuda

et al , 1975b ; Chapnan et ä1 . f976) and may also cause lower plasna

TO and T, in teleosts.

Investigation of the preceding rnechanisns will provide greater

understanding of t.he factors or coÌnbination of factors contributing

to alterations in plasma T4 and T3 in fish.

11, Physiological significance of changes in plasma TS or T4

In view of the rnany options available, carefully designed ex-

periments are necessary to isolate factors contTibuting to alterations

in plasma thyroid hormones. This study has shovm that diurnal

fluctuations do not occur in starved, irnmature trout held under

laboratory conditions. It also show5 that individual heterogeneity

and stress or the inability to conbat stress caused differences in

plasna TO and T, in trout.

Lack of a daily fluctuation in laboratory fish allorvs sampling

at any time during the day. For wiLd fish, which encounter nore

variable conditions, a diurnal variation may occuÌ. Further study

in this area might prove wotthrvhile.

Eli¡rination of sone of the individual heterogeneity may prove to
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be a difficult problem, Sex appears to have little influence on plasma

TO and T, in imnature trout. By carefully choosing healthy fish of

uniform size some of the variability in plasma thyroid hormones can

be reduced. Genetic differences between fish (Montana stock versus

Idaho stock) could have altered the results of the anaesthes ia- inj ection

stress experinent since a diurnal rhythm rnay exist in Montana fish.

Experinents conparing different genetic stocks might prove interesting.

Starvation and physical injury may be regarded as two forms of

stress. Tilese two types of stress altered plasma T4 or T3 of trout

in different ways. Physical injury caused el evation of plasma T4,

whereas starvation sometímes results in significant reductions in

plasma TO and Ta. The nechanisms whereby these two types of stress

change plasma T4 aîð, T3 renain to be resolved for fish. Few generali-

zations can be made lmtil many other forms of stress and their
effects on teleosts thyroid function have also been investigated.

Crowding, tenperature, water quality, disease and various sampling

procedures appear to be stress factors that might warrant furthet

investigation. Thus it appears that careful consid.eration nust be

given to stress conditions that nay affect thyroid function in teleosts

before ¡neaningful physiological data can be colLected.
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SIJ¡{lvtARY

1. Rad ioinmunoas say techniques can be successfully applied to

measurenent of circulating TO and Tj in rainbow tïout. The techniques

are reproducible and capable of detecting physiologicat changes in

plasma thyroid hornones.

2. Rainbow trout plasna samples can be stored at -20oC for
at least 10 days prior to assay without significant d.egradation or loss

of thyroid hormones.

3. P,lasma T4 in immature rainbow trout was f/100 of the levels

found in man. Plasma TO in trout ranged fron assay d.etection linit
(12,5 ng %) to 600 ng %. Plasma Ta was similar to.that in hunans and

other vertebrates but appeared rnore variable in rainboh¡ trout, Depending

on physiological and nutritional state of the fish,plasma T, ranged

from assay detection limit (9.5 ng %) to 600 ng %.

4. Starved t"out exhibited no diurnal variation in plasma Tg

or T4,

5. High variabiLity in plasma thyroid hormones existed anong

individual fish. The variabílity could not be entirely explained by

the factors investigated here.

6. No difference in plasma T4 or T3 could be dernons Lrated between

rnal e and fena"l e trout.

7. A positive correlation between fish weight and plasma TO

or T3 was evident.

8. Light anaesthesia with MS 222 did not alter circulating thyroid.

hormones when given inmediately before bleeding or two hours before

bleeding.
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9. Anaesthesia and injection doubled plasma TO while plasma T,

was slightly but significantly lowered. These differences nay be

due to decreased peripheral conversion of T4 to T3 or to peripheral

redistribution of TO.

10, A test on a single batch of EhrOS food revealed concen_

trations of 0.87 nClC T4 and ú.49 nC/C T3, Ingestion of food. con-

taining these concentr.ations would not 1ike1y have a significant

influence on plasna Tn or Tr,

11. Siarvation sonetines reducecl plasma T* in trout.
12, Feeding a high ration fot IT days resulted. in higher plasma

T- in trout.
5

13. Stress factors can influence plasma TO or T, in rainbow

trout and should be considered when designing experinents to neasure

thyroid function.
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Appendix Table ll.

NeÌrman-Keuls test to locate differences bettr,een means of conbineddata frorn Experinent S ( inj ect ion-stres s) .

l. TO (data transforrned ,, ,orro to reduce heterogeneity)

RANKED ITIEANS :

Control IZ hT 6 hr Z ht
t20202222
x 2.0963 2.I87g 2,?.981 2.4567
s 0.2061 0.2145 0.33s4 0.2s19

pooled variance = 0,2606

SU}ÍMARI ZED D IFFERENCES:

Control 12 hr 6hr 2hî

2' Ts

RANKED MEANS:

2 hr L2 hr Control 6 hr
n20tg2022
x 35.S 56.2 67.s 69.6
s 26,8 35.2 48.9 44.3

pooled variance = 39.96

STJ}4I\IAR I ZED D IFFERENCES:

2 hr 12 hT Control 6 hr



Appendix Table ]t (continuedl

3. TO/T, (data tnansformed by logr0 to reduce hcterogeneity)

RANKED IVIEANS:

ContTol 6 hr L2 ht 2 hr

n20 20 I8 ZO

T 2.2srz 2.s6gs 2.4700 z.ss7L
s 0.3397 0.3733 0,3L33 0.3667

pooled variance = 0.3500

SUMMARIZED DI FFERENCES :

Control 6 hr 12 hT 2.hr

(1ines join sinilar neans )
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Appendix Table 13

Newnan-Keuls test to locate differences bet*reen neans for prasna T3for starr,'ed and fed fish. The original data were transfornàd by foilgto reduce heterogeneity,

RANKED }ÍEANS:

7 day 3 d,ay t4 day 3 ð.ay Z day 14 àaystarved fed starved starved fed fed

n787877
Í z.zszy 2,24s6 2.26rr z.40sB 2.4ss6 2.s226

s 0.0s91 . 0.1022 0.1s83 0.2762 0.1149 0.1274

pooled variance = 0.1553

STJ}4T{ARIZED D I FFERENCES :

7 day 5 day 74 day 3 day 7 day L4 ðay
starved fed starved starved fed fed

(1ines join similar rnean s)
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