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ABSTRACT

Radioimmunoassay (RIA) procedures suitable for measuring L-
thyroxine (T4) and 3, 5, 3'-triiodo-L-thyronine (TS) levels in 0.05
to 0.30 ml of rainbow trout plasma are described.v Mean detection
limits were 12.5 ng/100 ml (T4 RIA) and 9.5 ng/100 ml (T3 RIA);-mean
indices of precision were 0.056 (T4 RIA) and 0.042 (T3 RIA). 'Both
"within" and "'between" assay reproducibilities were satisfactory.
Storage of plasma for 1Q‘Aays at -20°C did not alter measurements of

plasma T4 or FS*

Plasma T, and Ts\ranged from 10-600 ng/100 ml in the rainbow

trout. Generally, T, was about 200 ng/100 ml while T, was about

4 3

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

or sex-related differences in plasma T4 or T3' A positive correlation

existed between body weight and the plasma hormone level; both plasma

T4 and T3 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 T4 and reduced
plasma T3 by 50 percent. Plasma thyroid hormones were sometimes lower
in starved fish. EWOS trout food contained 0.87 ng/g T, and 0.49 ng/g
T3 and these levels were felt not to influence plasma T4 or T3 levels.
In conclusion, the RIA techniques described were capable of de-
tecting physiological differences in plasma T3 and‘T4. Stress factors

and starvation were important variables influencing circulating thyroid

hormones of rainbow trout.



INTRODUCTION

Plasma levels of L-thyroxine (T4) in teleost fish are usually
below 500 ng/100 ml (ng %) rendering assay difficult (Higgs and Eales
1973). Plasma levels of 3, 5, 3'-triiodo-L-thyronine (TS) have not
been routinely quantified in teleosts.
Accurate measurements of plasma thyroid hormones are required
as a basis for understanding several important variables of tHyroid
 function. They are required,. for example, to assess hormone degradation
rates in kinetic studies. They are also required for estimation of

free hormone levels in serum or plasma (Burke and Eastman 1974).
Sensitive techniques for measuring thyroid hormones can be further
applied to tissue extracts (Nejad et al. 1975). With increased emphasis
on the importance of T4 to T3 conversion to activate the hormone
(Sterling 1970; Pittman et al. 1971; Sterling et al. 1973), tissue
hormone levels and rates of production may provide important insights
into thyroid hormone metabolism.

Current methods for plasma T4 or T3 measurement include
competitive protein-binding assays (CPB) (Higgs and Eales 1973; Henderéon
and Lorscheider 1975)%gas-1iquid chromatography (GLC) (Osborn and
Simpson 1972) and radioimmunoassay (RIA) (Alexander and
Jennings 1974b; Sterling and Milch 1974). Considering sensitivity,
specificity, speed and economy, RIA is the method of choice (Burke and
Eastman 1974). The first objective of this study was to devise RIA
methods suitable for measuring T, and T, in teleost plasma.

4 3

The second objective was to investigate certain commonly-encountered



variables that might influence plasma T4 and T3 levels. The variables
chosen were diurnal variation, stress of anaesthesia or injection,
and nutritional state.

Rainbow trout were chosen because they were readily available

and have been used previously in thyroid as well as other metabolic

studies.




LITERATURE SURVEY

1. Measurement of thyroid hormones in fish blood.

Until recently estimates of thyroid hormones in teleost plasma
were based on protein-bound iodine (PBI) determinations (Leloup and
Fontaine 1960; Hickman 1962; La Roche et al. 1965; Jacoby and Hickman
1966). The inadequacies of using PBI for fish plasma 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 between T4 and TS'

The PBI measurement was superseded by the more sensitive and
reliable CPB techniques using thyroxine-binding globulin to measure
T4 (Refetoff et al. 1970; Higgs and Eales 1973). While CPB assays were
an improvement, they lack the sensitivity and precision necessary for

measuring the low levels of T, found in fish plasma (Higgs and Eales

4

1973). Also, CPB assays cannot be easily used to determine plasma T3
values (Burke and Eastman 1974).

Few attempts have been made to quantify circulating T3 in teleosts.
Jacoby and Hickman (1966) identified the proportions of T4 and T3 occurring

in trout plasma. By combining this with PBI measurements they estimated

plasma T4 and TS' This technique is laborious and requires numerous

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

Osborn and Simpson (1972) used GLC to measure plasma T4 and T3 in the

plaice. The values must be treated with reserve due to the possibility of

artificial deiodination of T, to T3 during the GLC procedure (Nihei et al.

4
1971).



RIA techniques offer the sensitivity, specificity and precision
necessary to measure accurately low levels of hormones in plasma
(Skelley et al. 1973; Zettner 1973; Burke and Eastman 1974). The
principles of CPB assays and RIA are basically the same, except that
antisera to T4 or T3 replace thyroxine-binding globulin as the
specific binding agent. Equilibrium RIA and CPB assays rely on the
partial saturation of the specific binding agent by the substance under-
going testing. The test substance competes with a radioactive,

‘chemically similar or identical indicator substance for the available
binding sites on the binding agent (Zettner 1973). The more un-
labelled substance present the less labelled substance becomes bound to
the binding agent. By holding the concentration of labelled substance
and binding agent constant while increasing 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 interpolation from the curve.

Miniature Sephadex columns are useful in measuring serum T4 and T3
in human serum (Bauer et al. 1970; Alexander and Jennings 1974b).

When serum is applied to Sephadex columns, equilibrated with 0.1N NaOH,
T4 and T3 are released from their binding proteins and are adsorbed onto
the Sephadex. The serum proteins are then eluted from the columns with
barbital buffer at pH 8.6. The lower pH permits subsequent binding of
T4 or T3 by specific binding substances that are added to the columns.

A second rinse removes the binding substance-bound T4 or TS’ and allows

determination of plasma T4 or TS’ The Tetralute procedure used by

Higgs and Eales (1973) employed Sephadex columns. Although their method



lacked sensitivity, use of Sephadex columns along with antisera to

T4 or T3 and high-specific-activity radioactive T

4 OF T3 may provide

the necessary increase in sensitivity.
RIA and CPB kits are available from a variety of sources. These

kits are designed to measure circulating T, 6 or T3 in humans. In man,

4

T4 levels are approximately 8-10 pug % (Ingbar and Woebar 1974), while

in fish T4 levels are generally less than 0.5 ug % (Higgs and Eales

1973). Therefore, kits are not sensitive enough to permit accurate

assessment of plasma T, in teleosts. Kits for plasma T, may be suitable

4 3

to measure teleost plasma T The levels are similar (Brown, this

3
thesis). However, analysis of T4 and T3 in plasma using: the commercial

kits is costly.

2. Diurnal variation in thyroid function.

Daily fluctuations of thyroid .function have been extensively
studied in mammals and birds, often with conflicting results. Nicoloff
et al. (1970), Van Cauter et al. (1974), Azukizawa et al. (1975),
Fukuda et al. (1975a) and Fukuda and Greer (1975) gave evidence for
diurnal variations in plasma thyroid stimulating hormone (TSH) for man
and rats. Other studies failed to show diurnal TSH variations in man
(Odell et al. 1967; Webster 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; Woods et al. 1966;
Nicoloff et al. 1970; Newcomer 1974; Krebietke 1975b). Whether or not
diurnal rhythms exist for plasma T4 and T3 is uncertain in mammals. The
available studies are outlined in Table 1.

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 plasma
(Garcia and Meier 1973; Leatherland and McKeown 1973; Fryer 1975;
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

plasma may be a valuable aid to the design of future experiments.

3. Sex and thyroid funqtion.

Limited data exist on sex-related variations of thyroid function
in fish. Differences betwéen 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 plasma proteins (Huang and Hickman 1968).
Other authors have noted no difference between sexes for T4 response
to TSH (Ortman and Billig 1966; Chan and Eales 1976), epithelial cell
height (Chavin 1956), plasma protein-bound iodine (Matty 1960) or con-
version ratio (Hoar and Eales 1963). Since sex-related differences im
plasma TSH, T4 and T3 levels and T4 turnover rates exist in mammals
(Gregerman 1963; Rapp and Pyun 1974; Fukuda et al. 1975a), it was felt

that evaluation of sex differences in teleost plasma thyroid hormones

would be of value.

4. Body weight and thyroid function

Matty (1960) and Matty and Thornburn (1970) reported a significant

correlation between body weight and thyroidal PBI and thyroid levels in
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the Bermuda parrot fish. Chan and 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 metabolic rate. It therefore, seems possible

that body weight may be related to plasma T4 or T3 in teleosts.

5. Anaesthesia and thyroid function

Anaesthesia causes altered thyroid function in man and experimental
“animals. Several authors report lower plasma TSH following anaesthesia
(Ducommun et al. 1966; Wilber and Utiger 1967; Melander 1970; Ohtake and
Bray 1975). In some cases the decreases in plasma TSH were followed
by decreases in radioactive iodine secretion from the thyroid (Melander
1970; Ohtake and Bray 1975). Anaesthesia had no effect on pituitary
TSH release which was stimulated by exogenous thyrotropin-releasing
hormone (TRH) (Koch et al. 1972; Ohtake and Bray 1975). This lack of
effect indicates that anaesthetic agents are not directly inhibiting
pituitary TSH release. Therefore, the lower plasma TSH reported above
must be due to either greater thyroid hormone feed-back on the pituitary
and brain or depressed central nervous function and subsequent lower
release of endogenous TRH.

Several studies indicate rapid increases in plasma PBI and T‘.4

following anaesthesia (Fore fE.Elf 1966; Oyama et al. 1969a,b; Harland

et al. 1974). Elevations in plasma T, and free T4 begin immediately

4

following anaesthesia and are not attributable to surgical trauma

(Oyama et al. 1969a; Brandt et al. 1976).
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Little evidence exists linking teleost thyroid function and
anaesthesia. Chan and Eales (1976) reported no effect of MS 222 treat-
ment on plasma T4 response to TSH. Anaesthesia can cause increased
plasma corticosteroid coﬁcentrations in teleosts (Fagerlund 1967;
Wedenmeyer 1969). However Wedenmeyer (1970) noted that MS 222 neutralized
to pH 7 or benzocaine anaesthesia had no effect on fish corticosteroid
levels. In the light of differences recorded in mammalian systems and
possible changes in fish corticosteroid function, the effects of

anaesthesia on teleost thyroid function appear worthy of investigation.

6. Surgical stress and thyroid function.

Surgical stress or intraperitoneal injection decreasedAplasma
TSH in rats (Ducommun et al. 1966; Fukuda et al. 1975a). Laparotomy
and intravenous saline injection reduced plasma radioactive iodide and
PBI. This was accomplished by lower release of radioactive iodine from
the thyroid gland in rodents (Brown-Grant et al. 1954; Brown-Grant
and Pethes 1960; Melaﬁder 1970). On the other hand in man, a burst
in thyroid gland activity followed some time after even moderate surgery
(Harland et al. 1972; Kirby et al. 1973). Serum T, fell with elective
surgery, while serum T4 remained the same or rose slightly (Bermudez
et al. 1975; Burr et al. 1975a, b; Brandt et al. 1976). Serum free-
hormone levels or free hormone indices are usually elevated, indicating
diminished binding by plasma proteins. This would result in lower
concentrations of plasma thyroid hormones.

Few records are available concerning fish thyroid function and

surgical stress. Vehicle injection had no effect on plasma response

to TSH (Chan and Eales 1976). Henderson (1976) réportaﬂ decreased
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plaéma T, in the hagfish and Lewis and Dodd (1976) found lower plasma

4

T3 in the shark after capture. Osborn and Simpson (1972) found lower
levels of both thyroid hormones in the plaice after capture stress.

A post-operative increase in plasma PB 1311 was reported for catfish
(Collicutt and Eales 1974). Serial blood sampling, restraint or
injection all cause increased corticosteroid concentration in teleost
plasma (Hane et al. 1966; Speiler 1974; Fryer 1975). Differences in

plasma T, or T3 may also be detectable, but have not been investigated

4

so far.

7. Nutritional state and thyroid function.

The influence of nutritional state on thyroid function has received
much consideration in mammals. During prolonged food deprivation plasma
_ TSH levels (D'Angelo 1951; Vinik 1975) as well as TRH secretion
(Shambaugh and Wiiber 1974) are reduced. When starvation was less severe
no difference in 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 mammals, including
man (Rabinovitch 1929; Stephens 1940; Pipes et al. 1960; Grossie and
Turner 1962; Stirling 1962; Talwalker and Gaitonde 1974). Decreased
metabolic clearance of T4 and lower peripheral conversion of T4 to T3
also occur in starved mammals (Nathanielsz 1969; 1970; Ingbar and Galtonm
1975).

Plasma PBI and T4 either show little change of a slight decrease

in starved mammals (Schatz et al. 1967; Deb et al. 1973; Portnay et al.

1974; Chopra and Smith 1975; Vagenakis et al. 1975). Plasma T3 in
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mammals always decreases during starvation (Portnay et al. 1974;
Rastogi et al. 1974; Chopra et al. 1975a; Vagenakis et al. 1975).

In fish, the influence of nutritional state on thyroid function
has not received as much 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;
McBride 1967). Fontaine and Fontaine (1956) and Bonnet (1970) found
decreased thyroidal uptake of radioactive iodide in rainbow trout and

‘mullet that had been starved or had important dietary constituents
removed. Fed brook trout and rainbow trout had incréased metabolic

clearance rates, T, deiodination, and biliary excretion when compared

4
to starved fish (Eales and Sinclair 1974; Higgs 1974).

Plasma hormone levels have not been thoroughly investigated in fed
and starved fish. Osborn and Simpson (1972) reported decreased iodo-
thyronine levels after starvation in the plaice. Higgs (1974) some-
times found increased plasma T4 in fed fish. Similar results have been
suggested in cyclostomata (Henderson and Lorscheider 1975, Packérd et al.
1976).

Considering the effects of food deprivation on mammals and similar
trends 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 growth in
length and weight of yearling rainbow trout (Barrington et al. 1961).

Since dietary hormone may influence fish growth, larger amounts of

thyroid hormones in the diet might influence plasma hormone levels.
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Magwood and Heroux (1968) found significant amounts of T4 (580 ng/gm)

in a manufactured rat diet. Similarly, significant amounts of T4 or

T3 might be found in manufactured fish diets. Thus, before studying

the influence of feeding on plasma thyroid hormones, the amount of

hormone in the diet should be determined.
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MATERIALS AND METHODS

1. Fish maintenance.

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

obtained from the Provincial Trout Hatchery, West Hawk Lake, Manitoba
and from the Federal Fish Hatchery, Balmoral, Manitoba. Whitefish,

Coregonus clupeaformis (Mitchill), were netted several years previously

from Lyons Lake, Manitoba.

Several hundred stock trout were held in 2.3-kl1 tanks with flowing,
aerated, dechlorinated - Winnipeg City water. They were fed a diet of
one to 1.5% (percentage wet body weight per day) Ewos trout pellets
(Astra Chemicals'Ltd., Mississauga, Ontario).

Experimental fish were held in 125-% fiberglass tanks. The water
temperature ranged, seasonally, from 10.5 to 13.5°C. During any one
experiment, the water temperature varied at most by one degree C. The
tanks were covered with translucent plastic and the photoperiod was adjusted
to 12 hours light and 12 hours darkness (light 0600-1800). Water flow
and aeration were adjusted to be as uniform as possible between tanks.
Further details of holding conditions and rations are given in the

protocol for individual experiments.

2. Plasma collection.

Fish were netted five or six at a time and placed into aerated,
‘isothermal, 20-1, covered tanks of water. Individual fish were
anaesthetized by immersion in MS 222 (Kent Laboratories, Vancouver;
0.06 g/l), blotted dry, and weighed to the nearest 0.1 g. Blood was

withdrawn from the caudal vessels with a prehaparinized one-millilitre tuber-
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culin syringe (25 gauge, 5/8'"-needle). The samples were expelled

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

for three to five minutes (International Centrifuge model MB). The
plasma was aspirated with a Pasteur pipet and stored. at -20°C in two-
millilitre plastic beakers covered with Parafilm. All plasma samples
except control samples for the RIA procedures, were analysed for thyroid

hormones within 10 days of blood collection.

3. Ty and Tz RIA

i) Reagents. Barbital buffer (pH 8.6; 75 mmol/1) was prepared by
dissolving 15.6 g of sodium barbital in 900 ml of distilled, deionized
water. The pH was then adjusted to 8.6 with 6N HC1 (2.0-2.5 ml) and
diluted to one litre (Seligson and Seligson 1972).

1251-T4 (T4*) and 1251—T3 (TS*) phenolically labelled and with
initial specific activities of approximately 725 and 500 mCi/mg
respectively, were purchased from Industrial Nuclear, St. Louis, Mo.
in 50% aqueous propylene glycol. (These levels of specific activity are
required for sensitivity in the tests.) The T4* or TS* was dilﬁted
with 0.1N NaOH to provide stock solutions such that 0.1 ml generated
3500-4500 cpm in a gamma well-detector of approximately 50% efficiency.
These solutions were stored at -20°C and were useable for a maximum of
four weeks.

Standard stock solutions of TS and T4 (10 ug% as free acid) were
made by dissolving the anhydrous sodium salt of T3 (Sigma) or T4 tablets
(Eltroxin, sodium L-thyroxine pentahydrate) in 0.1N NaOH. These stock

solutions were stored at four degrees and remained stable at least

four months. As needed, working standards of 0, 50, 100, 200, 400, 600,
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or 800 ng% were prepared by further dilution with 0.1N NaOH.

Lyophilized rabbit antisera to T, -human serum albumin (T4 anti-

4
body) or to Ts—human serum albumin (T3 antibody) were purchased from
K and T Biological Services Ltd., Edmonton, Alberta. The supplier's
specifications indicate that the T4 antibody exhibits less than 1% cross
reaction with T3 and triiodothyroacetic acid, 1.3% with triiodothyropro-

pionic acid, 10% tetraiodothyroacetic acid, and 25% with tetraiocdo-

desamino-thyronine. The T, antibody shows less than 1% cross reaction

3

with T4, 2.8% with tetraiodothyroacetic acid, 20% with triiodothyroacetic
acid, and 80% with triiodothyropropionic acid.

The raw (undiluted) T, antiserum was diluted 1:7000, and the raw

4
T, antiserum was diluted 1:22000 with barbital buffer. (These’'dilutions

3
may vary somewhat with the strengtﬁ and source of antisera used. If
these factors are unknown the antisera should be diluted until 50-60%
binding is achieved with the "0 ng" standard.) Reconstituted antibody
was stable in barbital buffer about four weeks at four degrees C.
Addition of sodium aéide (1 gm/1) increased the storage life.

The particular Sephadex columns used in this study were those
supplied with the Tetralute competitive binding kit (Higgs and Eales
1973). Each column was prepared from 0.45 g of G-25 (Fine) Sephadex.
Column preparation and maintenance have been described elsewhere (Bauer
et al. 1970; Seligson and Seligson 1972; Alexander and Jennings 1974aj.
Screening of columns greatly aided reproducibility. This was achieved
by following the normal assay procedure, except that 0.1 ml of the 100 ng%
standard of either T, or T. was added to each column. Only those columns

4 3

whose bound fraction fell within a range of 100 cpm of each other were used.

After an assay the columns were regenerated by eluting with five millilitres
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of distilled, deionized water (pH 6.4), two millilitres of human
plasma (diluted 1:20 in barbital buffer), and finally 10 ml of water.
The columns were then eluted with 10 ml of 0.1N NaOH and stored capped
at room temperature with one or two millilitres of 0.1N NaOH above

the column surface. Bastomsky et al. (1976) recommended fresh columns

be prepared every three months.

ii) Radiation counting. Samples of three millilitres (T3 RIA)
or four millilitres (T4 RIA) were counted for 10,000 counts per min (cpm)
or 10 min in a Nuclear Chicago Automatic Gamma System containing a two-

inch (DS 202) NAI crystal.

iii) Assay procedure.
1. Allow all ?eagents and columns to come to room tempera-
ture before use.
2. Allow the columns to drain and cap the bottoms.

3. Add 0.1 ml of T3 or T, standard or 0.1 ml of plasma

4
on to each column. Duplicate standards should be run at each concen-
tration.

4. Add 0.1 ml of T4* or TS* solution to each column.

5. Pipet 0.1 ml of T4* or TE* in duplicate into counting
tubes, add 3.9 ml (T4 RIA) or 2.9 ml (T3 RIA) of barbital buffer to each
tube. Cap and set aside as the total counts reference (TCR).

6. Swirl each column and allow to drain to waste.

7. After tracer and standards or plasma have completely
drained into each column, add four millitres (T4 RIA) or three miliilitres
(T3 RIA) of barbital buffer to each column, and allow eluate to run to

waste. (These volumes will remove iodide contamination and serum proteins

from the columns).
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8. After the buffer has drained through the column,
position each column over an empty counting tube and add one millilitre
of TSH or T4— antibody reagent to each column. When many columns
are used '"time-sequence' the antibody addition.

9. Allow the column to equilibrate for 90 minutes. They
should be covered to prevent drying out.

10. Following equilibration, add three millilitres (T4 RIA)
or two millilitres (T3 RIA) of barbital buffer to the columns.in the
same ''time-sequence as stage '8'. This results in volumes of four
"millilitres (T4 RIA) or three millilitres (T3 RIA) in the counting tubes.
(A1l bound antibody is removed with the first two millilitres of buffer.
The free fraction remains with the Sephadex columns.)

11. Plot T4 or T3 standard curveé of antibody-bound cpm ('y'
axis) against hormone concentration (ng %) ('x' axis). Determine un-
known hormone concentration by interpolation.

12. The standard curves should be determined with each assay,
with a control serum to insure adequate quality control.

13. If, in any group of fish analysed, hormone concentration
was zero, the detection limit of that particular assay was used. This
was felt to be more representative, since it would be unlikely that the
hormone concentration would be zero.

14. 1If the eluate is collected from sample columns in stage
'7' this will permit estimation of T4* or TS* recovery of those particular
samples by the Sephadex. If this eluate is collected from any two columns
comprising the standard curve this will permit determination of the radio-
iodide contamination of the T4* or TS* used. In the case of T, 2% should

be subtracted from the value obtained to correct for the loss of

approximately 2% of the T3 in the ecluate.
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4. Evaluation of RIA method.

The ratio of free radiohormone (retained on Sephadex) to antibody-
bound radiohormone (F/B) was plotted against hormone concentration (ng %)
on 'x' axis. In both assays the plot happened to approximate a linear re-
lationship to which regression analysis could be applied, facilitating
statistical evaluation of assays. In order to calculate F/B it was
necessary to subtract the radioiodide contamination (stage '7') from
TCR (stage '5') and obtain the true quantity of T4* or TS* adaed to
each column. From this vaiue and the bound radiohormone obtained by
elution, the free radiohormone (retained on the Sephadex) could be
calculated.

The index of precisiona (Midgley et al. 1969) and the agtectiom
limit, or sensitivityb (Ekins 1974) were determined from the re-
gression of each assay. |

The coefficient of variation® (CV %) (Watson and Lees 1973) was

used to determine "within' and "between'" assay reproducibility.

Standard deviation of regression slope
regression slope

Index of Precision =

Standard deviation of 'y' intercept
regression slope

Detection Limit =

Coefficient _ Standard deviation of mean hormone concentration

S - x 100
of Variation ' mean hormone concentration
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5. T4/T3

The ratio of the concentration of the two hormones (T4/T3) is
sometimes reported. A constant ratio in the face of changing hormone
concentrations may indicate non-specific changes in blood volume or
changes in binding of T4 and T3 by plasma proteins {Balsam et al.
1975). On the other hand, changing T4/T3 along with changing hormone
concentrations might indicate alterations in hormone metabolism. Al-
though highly speculative, some insights might be gained by calculating
T4/T3. In this study T4/T3 was calculated as the ratio of T4 concen-
tration (n mole/1) to T3 concentration (n mole/l1). Molar concentrations
are used because it is unfair to compare weight-based concentrations.
T3 contains one fewer iodide atom and weighs only 84% as much as T4.

6. Analysis of food for 'I‘4 and T3

The following procedure was adapted from Magwood and Heroux (1968)
for extraction of thyroid hormones from Ewos trout pellets.

1. Trout pellets were ground with a mortar and pestle until
mechanically uniform. |

2. The ground mixture (1 g) was homogenized with 37.5 ml of
ethanolic ammonia (99:1, v/v) in a Sorval Ominimixer for 15 min).

3. The homogenizer chamber and propellor were washed with 12.5
ml of ethanolic ammonia. The mixture was placed on a magnetic stirrer
and five-millilitre amounts were transferred into centrifuge tubes
(Sorval 18 x 112 mm). The container was well rinsed with ethanolic
ammonia. Equal volumes of the rinse were added to each tube.

4. In order to test for recovery, T, * or T_* (10,000 cpm) was

4 3

added in 100 ul of ethanolic ammonia to each of duplicate tubes, which
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were stoppered and placed on a shaker at room temperature for 20 min.
At the same time 100 pl of T4* or T3* was added to duplicate éounting
tubes and brought to one millilitre with 0.IN NaOH. The counting tubes
were capped and set aside. |

5. Each tube of food and ethanolic—émmonia mixture was centrifuged
for 10 min at 6000 rpm (Sorval General Laboratory Centrifuge)., The
supernates from the six unlabelled’tubes were pooled and divided equally
into two test tubes (12.5 x 175 mm). The supernates from all 1abelled
tubes were collected in 15-ml conical tubes.

6. Two millili;res of ethanolic ammonia were added to each cen-
trifuge tube and £he tubes Vortex mixed for 30 sec. The mixtures were
again centrifuged and the supernates added to the respective fractions.
This wash step was fepeated.

| 7. The supernate tubes were plaéed under jets of air in a fume
hood and were warmed to 37°C in a water bath. The tubes were evaporated
to dryness and reconstituted in one millilitre of 0.1N NaOH. The material
in the labelled tubes was counted and compared to the total count tubes

to obtain the extraction efficiencies. Samples (100-400 ul) from the

two unlabelled tubes were analysed by RIA for thyroid hormones.

7. Statistical Analysis.

Wherever two means were compared by t—testé, two-tailed F tests
were used to test for homogeneity of variance. Barlett's X2 test
was used to test homogeneity of variance when more than two means were
considered.‘ If yariances were heterogeneous a log10 transform was
used to reduce variance of untransformed data. Taylor's power law

(Southwood 1971) usually confirmed the validity of the log10 transformation.




Back-transformed data with 95% confidence intervals are reported in
figures and tables.

One-way analysis of variance (ANOVA) was used to compare means
between groups if one factor was considered. Two;way ANOVA was used -
when two factors were considered. If the F-tests from the ANOVA

techniques proved significant, Newman-Keuls test to locate differences

between more than two means was used. Correlation and regression

analyses were used to establish any dependence of plasma hormone levels

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

3
analysis was used to compare hormone levels between sexes. All
statistical techniques employed are outlined in Sokal and Rohlf (1969)

or Snedecor and Cochran (1971).
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EXPERIMENTAL PRO?OCOL

T

1. Diurnal variation in plasma Ty and

S

Rainbow trout (Idaho stock; initial mean weight 24.8g, SEM
0.7g) were randomly divided into five groups of 20 to 24 fish. The
fish were fed a 1.5% ration at 1230 hr (midpoint of light period)
for 14 days. Then they were starved for three days to inhibit any
Vendogenous hormone variations associated with feeding. The fish were
sampled in groups of 10-12 at 0500, 0700, 1030, 1700, and 2230 hr on
day four of starvation. Sampling continued at 0200, 1030, 1400, 1900,
and 2230 hr on day five. |

Caution was taken to avoid disturbing the fish in the controlled-
environment room. A dark-room lamp and e small flashlight were used to

take samples in darkness. For both T4 and T, plasma samples were too

3
numerous (over 100) to analyse in a single RIA run. Samples were

randomly allocated to two RIA runs. This distributed any interassay

variation throughout all groups.

2. Anaesthesia - immediate effects on piasma T4 and T3.

. Twenty-three rainbow trout (Montana stock; mean weight 35.1g,
SEM 1.95) were held for eight days on a 1.5% ration. The fish were then
starved for three days and sampled on day four with alternate fish

being bled without the aid of anaesthesia.

3. Effects of anaesthesia and stress oI cardiac injection on plasma
T4 and Tz

——

Trout (Montana stock; mean weight 27.2g, SEM 1.3g) were randomly

divided into four groups of 20-22 fish. They were fed a 1.5% ration
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for nine days and then starved three days prior to injection. Alternate
fish from three groups were heart injected (Higgs 1974). One group
was injected with 20 pl of physiological saline (Hickman's saline;

NaCl 6.42, KC1 0.15, CaCl, 0.22, MgSO4 0.12, NaHCO3 0.084, NaH2PO4 0.06 g/1).

2
The other was sham injected with no saline being administered. A one-
millilitre Hamilton syringe with a PB-600-1 repeating dispenser (30-gauge,
1/2"-needle) was used. All injected fish were lightly anaesthetized

(MS 222, 0.06 g/1) prior to cardiac puncture. Control fish were also
divided into two groups. Ten fish were anaesthetized and handled
similarly (removed from the water 10 -sec) to injected fish;

the remaining 10 fish were left untouched in the tank. To distinguish
groups in each tank, a small portion of the caudal fin Was clipped’

The handled control fish and the saline—injécted fish were clipped.

The injected and sham-injécted fish were bled two, six, and 12 hr post
injection (pi). These times were chosen since they.are commonly used
sampling times for kinetic studies (Higgs 1974). Control fish were

bled at two hours after the beginning of the experiment.

4. Effect of seven days' starvation on plasma T4 and'TS.

Twenty-four Idaho trout were divided into two groups consisting
of 11 and 13 fish (A, mean weight 41.4g, SEM 1.5g; B, mean weight
40.3g, 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 continued ration. Seven days later all fish were
weighed and bled. Fed fish were sampled between 1330 and 1430 hr, one

hour after feeding.
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5. Effect of time of starvation or feeding on plasma T, and T3

4

Idaho trout were grouped into four groups of 15 fish (A, mean
weight 45.8g, SEM 2.3g; B, mean weight 43.6g, SEM 2.7g; C, mean weight
47.6g, SEM 3.0g; D, mean weight 44.4g, SEM 3.0g). 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 were sampled

from each group. The fish were bled one hour after feeding.




27

RESULTS

1. Investigation of variables associated with a functional T4 and
Tz RIA

Several variables involved in obtaining a functional assay design
were investigated. These included volume of plasma added to each
column, volume of 0.1N NaOH used as the tracer vehicle, separation of
plasma iodide contamination and non-specific elution of tracef, in-

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

Routinely, 0.1 ml of trout plasma was applied to each column.
Figure 1 shows that up to 0.4 ml of trout plasma may be used on each
test column for both T4 or T3 before significant interference witﬁ the
column recovery occurs.

The volume of 0.1N NaOH used as the tracer vehicle in stage '4".
was studied. For the T3 RIA,the volume of NaOH should not exceed 0.1 mil.
In agreement with Alexander and Jennings (1974b), larger volumes will
cause loss of TS* from the column in stage '7' elution (Fig. 2). For the
T4 RIA, no 1arger increase of T4* loss from the column could be found
with up to 0.55 ml of NaOH (Fig. 2).

Removal of iodide contamination and non-specific elution are
shown in Figure 3. Figure 3A illustrates that 99.9% of iodide con-
tamination will be removed from 0.1 ml of plasma by three millilitres
of barbital buffer. Figures 3B and 3C show the amount of labelled
iodide removed from T4* or TS*' Note that approximately 2% non-specific

elution of labelled T3 occurs, therefore it would be desirable to keep
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Figure 1.

The percent radioactivity from T4*(@) or TS*(O) washed
off the Sephadex columns by the initial buffer wash

(3 ml T, RIA; 4 ml T, RTA) in relation to the volume

3

of rainbow trout plasma applied to each cclumn. Each

point is the mean of duplicates.,
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Figure 2.

Relationship between volume of 0.1N NaOH used to dilute
the‘T4*(®) or TS*(O) applied to the column and the per-
centage of the applied radioactivity eluted with buffer

(3 ml for T, RIA; 4 ml for T, RIA). Each point is a mean

3 4

of duplicate determinations.



O

o

3
“




32

Figure 3.

Percentage of the radioactivity applied to Sephadex columns
in 0.1 ml of 0.1N NaOH which is removed with successive

1-ml eluates of buffer. Values are means of duplicatesm
Similar values were obtained when plasma was used in con-
junction with the 0.1N NaOH and tracer indicating close
correspondence.in elution of radioactivity by 'standard'

and 'sample' columns.

A shows that 99.9% of applied 1251— was eluted in the

first 3 ml.

B shows that 7.1% of radioactivity applied as T4* was eluted

1251—

in the first 3 ml but none thereafter. The con-

tamination of the T4* was 7.1% determined independently

by electrophoresis, indicating negligible T4* elution with
10 ml of buffer.

C shows that 4.0% of radioactivity applied as TS* was eluted
in the first 3 ml and significant quantities in subsequent

125 _-
e

fractions. Th I determined independently was 2.2%, in-

dicating 1.8% loss of TS* in the first 3 ml and even more im

‘later fractions.
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buffer volumes used in the T3 RIA to a minimum,

Figure 4 shows the percentage of T4* or TS* bound to the antibody
in relation to incubation time (stage '9t)., Beyond 90 minutes, there
was negligible slope to either curve. Figure 4 also demonstrates that
greater binding occurs with barbital buffer at pH 8.6.

In stage '10' all bound antibody is separated from the free
(Sephadex-bound) fraction with the first two millilitres of buffer
(Fig. 5). Similar elution patterns‘were obtained when the columns were
charged with 0.1 - 0.4 ml of trout serum. This indicates that the serum
proteins in stage '7' are also removed in two millilitres of buffer.

Stage '7' requires at least three millilitres to remove iodide con-

tamination .

2. Evaluation of T4 and Tz RIA.

Typical T, and T3 standard curves are shown in Figure 6. Figure 7
shows the same data expressed as F/B versus hormone cecncentration.

Table 2 illustrates the regression characteristics 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 0.042 to 0.090; for T3 RIA the

mean index was 0.042 with a range of 0.021 to 0.085 (Table 2). The
mean detection limit for Ty RIA was 12.5 with a range of 8.8 to 22.0 ng %;

for Ty RIA it was 9.5 with a range of 4.9 to 16.3 ng %.

The "within-assay' reproducibility (Table 3) was evaluated by
making eight to 20 single determinations during single assays on samples
drawn from rainbow trout plasma pools. The coefficient of variation

ranged from 5.1 to 9.4% for the T, RIA and from 9.3 to 13.5% for the

4

T3 RIA. Addition of significant quantities (100-400 ng %) of T3 or T4
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Figure 4.

Percentage of TS* (o) or T4* (#) bound to antibody on the
Sephadex columns (pH 8.6) in relation to incubation
times. The lower two curves show percentage of TB* bound

to antibody at two different pHs (pH 8.0, x; pH 7.4, ®).
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Figure 5.

*

Percentage of radioactivity added to column as T3

which was eluted with successive 1-ml eluates following
incubation witﬁ T3 antibody for 90 min. After 2 ml, the
percentage eluted falls to values attributable to non-
specific elution (antibody diluted to achieve 50-60%
binding at '0' standard). T4 RIA showed a similar pattern

except non-specific elution was not evident (values

represent the mean of duplicates).
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Figure 6. Typical standard curves for T4(@) and TS(O)'
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Figure 7. Standard curves for T4 (e) and TS (o) plotted as F/B

versus concentration.
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Table 2. Mean values and ranges for the main variables derived
from the regressions of 16 standard curves for T4
and Tz RIA. The standard curves were obtained by
plotting F/B (the ratio of cpm in the free (Sephadex-
bound) fraction to cpm in the antibody-bound fraction)
versus hormone concentration (0-400 ng%) on the 'X!
axis.
T, RIA TS RIA
‘Parameter Mean Range Mean Range
Slope 0.0041  0.0035-0.0044 0.0037 0.0034-0.0042
Correlation
Coefficient 0.990 0.980-0.993 0.994 0.983-0.999
Index of
Precision 0.056 0.043-0.090 0.042 0.021-0.085
Detection
Limit (ng%) 12.5 8.8 -22.0 9.5 4.9 -16.3




Table 3. Tests of "within-assay" reproducibility of T4 and Tz RIA

on 0.l-ml samples from several rainbow trout plasma pools.

44

Hormone Concentration

Plasma No. of
Assay Pool Determinations (ng%) SD CV (%)
T4 A 18 157 i4. 9.4
Ty B 8 171 12. 7.0%
Ty C 8 552 28. 5.1
Ty D 8 130 13. 9.6%
Ts E 20 204 19. 9.3
Tz F 10 253 34, 13.5

* Plasma pools B and D had 100 - 400 ng% of Tz or Ty respectively .

added to them prior to analysis.
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to plasma pools B and D, respectively, did not interfere with RIA for

either T4 or T3'

Table 4 shows the "between-assay' reproducibility obtained by

making six to 11 duplicate determinations, on different days, on

samples from trout or whitefish plasma pools which contained different

endogenous levels of T, or T,. The coefficient of variation for the RIA

3 4

4
15.9%.

T, RIA ranged from 4.9 to 16.9% and for the T

3 RIA ranged from 5.1 to

- Several human serum samples with varying-T3 levels were made

available from the Winnipeg General Hospital, where a different form

of radioimmunoassay was employed. There was a high correlation (0.96)

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

Table 5 shows the efficiency of T4 and T, extraction from the

plasma of four species of teleosts as

3

determined by the method of Bauer

et al. (1970). Mean extraction efficiencies for T3 from unhemolyzed

plasma samples were approximately 100%. This would give an overall

extraction efficiency of 98% since 2%
proteins or non-specifically with the
Mean extréction efficiency for T4 was
traction efficiencies of 97.6% for T3

Analytical recovery of T4 or T3

T4 or T3 in relation to sample volume

ranged from 88.5 to 116.0%; T4

of the T3 was eluted with the serum
first buffer wash (Fig. 3C).

99%. Hemolyzed samples had ex-

and 97.9% for T,.

added to fish plasma and recovery of

are shown in Table 6. T3 recoveries

recoveries ranged from 98.9 to 120.0%.

To determine whether or not storage had any effect on rainbow

trout plasma, duplicate iodothyronine

analyses were performed on fresh

plasma samples from six fish and subsequent duplicate analyses were
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Table 4. Tests of 'between-assay" reproducibility of T4 and Tz
RIA conducted on 0.1 ml samples from rainbow trout or
whitefish plasma pools.

Hormone Concentration

Plasma No. of —
Assay Pool - Assays X (ng%) SD CV%
,T4 Whitefish 7 115 19.4 16.9
T, Trout G 6 207 29.9 14.5
T4 Trout H _ 6 612 29.8 4.9
T3 Trout I 11 54 8.6 15.9

T Trout H 6 328 16.7 5.1
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Figure 8. Comparison of serum Tz concentration estimated by Winnipeg
General Hospital (WGH-RIA) and Tz RIA using Sephadex
columns. Correlation Coefficient = 0.96. Regression

equation: RIA-WGH = 0.94 (TSRIA) ~ 3.0.
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Table 5. Efficiency with which G-25 Sephadex columns extract Tz*
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 ml of a Tz* or T4* plasma mixture was added to
each column. The columns were then eluted with 3 ml
(TzRIA) or 4 ml (T4RIA) of barbital buffer. Extraction
efficiency = % of added Tz* or T4 retained on columns
after elution.
Mean Extraction
Efficiency (%)
Species n Tz Ty
Salmo gairdneri (Rainbow trout) 10 99.8 99..1
Ictalurus punctatus (Channel catfish) 2 100.3 99.1
Coregonus clupeaformis (Whitefish) 2 100.7 99..5
Catostomus commersoni (White sucker) 2 101.2 98.2

Hemolyzed rainbow trout plasma 8 97.6 97.9
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Table 6. Percent recovery (%R) of Tz and T4 added to various
heparinized rainbow trout plasma pools incubated for
10 min at 209C with shaking; plasma volume varied from
0.05 - 0.30 m1. %R = (total hormone recovered - en-
dogenous hormone) X 100/added hormone. Each determination
is the mean of duplicates. Vs = volume (ml) of plasma
sample added to the column. Values for each plasma pool
were determined from single assays.

Plasma Endogenous Added Hormone
Assay Pool Hormone (ng%) - (ng%) - Vs (ml) %R
Ty 1 : 280 100 0.10 116.
T, 1 280 200 | 0.10 115.
Tg 1 280 400 0.10 - 104.
T, 2 625 200 0.10 97.
T, 3 146 - ~0.05 93.
Ts 3 146 - 0.20 100.
T, 3 146 - 0.30 88.
T, 4 95 100 0.10 100.
T, 4 95 200 - 0.10 105.
T, 4 95 400 0.10 103.
T, 5 210 . - 0.05 120.
T, 5 210 - 0.20 99.
T 5 210 - 0.30 98.
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performed after one and 10 days of storage at -20°¢, Two-way ANOVA
showed no difference between T4 levels in fresh or stored plasma (T4

F = 3.48, 2 and 18 d4f; T3F = 1.66, 2 and 18 df; Appendix Tables 1 and
2). As comparison, quadruplicate iodothyronine analyses performed

on a human serum pool after one day of storage at -20°C did not differ

from analyses of T, levels in fresh serum (t = 0.79; 6 df). However,

4
freezing and storage of the same human serum pool for one day caused
12% increase in T3 levels (X for fresh sera 152 ng %; X for frozen sera

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

3. Diurnal variation in plasma T4 and T3z.

Figure 9'sh0ws the variation in plasmé T4, TS’ and T4/T3 at different

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

nificant F values for plasma T, (F 1.04; 9 and 99 df), plasma T

3
1.28; 9 and 96 df). Throughout

4
F =1.72; 9 and 97 df) or T, /T4 (F

fl

the experiment the fish gained about one gram (final mean weight 25.9 g,
SEM 0.6 g). The mean weights of the individual groups were similar
(F = 0.91; 9 and 99 df).

Since no significant daily Variation was found, the data were
combined and possible influences 6f body weight and sex on hormone con-
centration investigated. Figures 10 and 11 show a correlation between
In plasma T, or T, and body weight of the fish. The correlétion co-

4 3

efficients (T4 = 0.301; T, = 0.455) were significant (P < 0.05). Re-

3
gression analyses and F tests are given in Table 7.
The data were further analysed to compare hormone levels between

male and female fish. The regression equations and F values for male and

female fish are also given in Table 7. The covariance analyses showed
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Figure 9.

Plasma T4, T3 and T4/T3 in rainbow-trout held on a

12-hr photoperiod. Vertical bars indicate the 95%
confidence interval. Light and dark periods are indicated.
Individual values for each group for plasma T4, plasma TS’
T4/T3 and weight are given in Appendix Table 3.



Ta |

2
o
e

(%Bu) = NOILVYLNIONOOD - INOWHOH

1200

2400

1200

TIME (hr)




54

Figure 10. Corrélation between plasma T4 and body weight for
male (x) and female (@) rainbow trout. Correlation
coefficient = 0.301. "Regression equation: LN

HORMONE CONC = 0.029 (WEIGHT) - 4.372.
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Figure 11.

Correlation between plasma T3 and body weight
for male (x) and female (e) rainbow trout.
Correlation coefficient = 0.455. Regression equation:

LN HORMONE CONC = 0,031 (WEIGHT) - 4.137.
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Table 7. Correlation coefficients, regression values (slope b,
intercept a), and F values from analyses of in plasma
T4 and Tz versus body weight. Appendix Tables 5 and 6
show the complete analyses,
Regression Correlation ,
Group a b Coefficient F value Significance
Ty
4,339 0.0293 0.309 5.70 *
4.388 0.0307 0.295 5.26 L
d+q 4.372 0.0297 . 0.301 10.68 ® o
Comparison of slopes 8 vs @ 0.06 NS
Comparison of elevations 8 vs Q 0.43 NS
T3 ‘
& 4.334 0.0246 0.421 11.05 *ox
Q 3.854 0.0394 0.505 17.13 *
8+ 4.137 0.0305 0.455 27.39 * *
Comparison of slopes g vs Q 1.47 NS
Comparison of elevationsd vs Q 1.53 NS

* Level of significance 0.05

* * Level of significance 0.01



no difference between sexes for plasma T4 and TS' Furthermore, no
difference between the mean weight of male (mean weight 26.3 g, SEM
1.0 g) or female (mean weight 25.5 g, SEM 1.0 g) trout was detectable
(t= 0.635, 107 df).
The slopes of the combined regressions for both male and female fish

versus plasma T, or plasma T3 appeared similar (Table 7). However, the T

4 4

slope could not be compared with the T3 slope because the variances
were different between the regressibns (F =2.37 107 and 105 df; Appendix

or T, increased

Table 7). These combined slopes indicate that plasma T4 3

by a factor of e'OSper gram body weight.
There was no significant relationship between T4/T3 and body weight
for male fish tr - 0.041; b -0.0052), female fish (r = -0.136; b =

-0.0187), or male and female fish combined (r = -0.075; b = -0.0098).

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

Both plasma T, and plasma T, were slightly but not significantly

4 3
lower in fish subjected to MS 22Zanaesthesia prior to bleeding (Table 8).
There were no differences for T4/T3 or body weight between anaesthetized
and non-anaesthetized fish.

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

Table 9 summarizes plasma T,, plasma T. and T4/T3 values for

4°

control fish and fish injected with saline or sham-injected at two, six ,

3

and 12 hr pi. Two-way ANOVA (Appendix Table 8) showed no difference

between sham-injected and saline injected fish in plasma T, (F = 0.07 ,

4

1 and 58 df), plasma T, (F = 0.50 1 and 54 df) or'T4/T3 (F = 0..18,

3

1 and 52 df). However, two-way ANOVA showed significant differences
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between means at various times pi in plasma T (F = 5.03, 2 and 58 df),

4
plasma T3 (F = 4.34, 2 and 54 df) and T4/T3 (F =13.83, 2 and 52 df).

Lack of interaction for plasma T4 (F=1.35, 2 and 58 df), plasma T3

0.02, 2 and 52 df) indicates

1l

(F=0.11, 2 and 54 df), and T4/T3 (F
that the differences at various times pi are similar for both the
saline-and sham-injected groups. No difference was evident in plasma

T4 (t = 0.25 , df = 18), plasma T3 (T =0.08 , df = 18) or T4/T3

(t = 1.01 , df = 18) between the unﬁouched controlyfish and tﬁe handled
.and fin-clipped controls. |

Since no difference due.to treatments (sham-versus saline =
injection) or between handled and untouched controls was found, the two
groups of fish (saline-and sham-injected) at each time were combined.
These data are given in Figure 12. The combined data from the control
groups were assumed to represent hormone concentrations at zero time and
were assumed not to vary throughout the 12-hr experimental period.
These assumptions are valid since the fish were held under identical
conditions to fish in the diurnal study in which no daily fluctuations
could be demonstrated.

Figure 12 shows that following heart injection of trout the plasma
T4 rose to a maximum by 2 hrApi and recovered to near control values by
12 hr pi. Plasma T3 decreased slightly but significantly at 2 hr pi
and recovered to control levels by 6 hr pi. T3 fell slightly again at
12 hr pi. T4/T3 showed a marked increase at 2 hr pi returning to control

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

(Appendix Table 10, 11) showed the following patterns:



Figure 12.

Plasma T4 (@),_Ts(o), and T4/T3(X) from rainbow trout
sampled at Various times after cardiac injection.

Control fish were sampled at 2 hr after beginning the
experiment and the values (----- ) were assumed not to

vary. Vertical bars indicate 95% confidence intervals.
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Plasma T Control 12 hr 6 hr 2 hr

4
Plasma T3 2 hr 12 hr Control 6 hr
T4/T3 Control 6 hr 12 hr 2 hr

(lines join groups whose means are statistically similar)
Mean weights of the four combined groupswere similar (F = 0.50,

3 and 80 df).

6. Effect of seven days' starvation on plasma T4 and TS‘

Plasma T4, plasma T3 and T4/T3 are given with statistics in
Table 10. Plasma T4 and T4/T3 decreased significantly in starved fish.
No difference could be demonstrated for plasma T3 between starved and
fed fish. Although the initial weights of the two groups were similar,
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 plasma T4 and TS‘

In contrast to the previous experiment, plasma T4 (Fig. 13) did
not change significantly due to feeding or starvation (F = 3.89, 1 and

40 df). However, T, was slightly lower in starved fish after three,

4
seven and 14 days.
Also in contrast to Experiment 6, plasma T3 (Fig. 13) differed be-
tween fed and starved fish (F = 5.12, 1 and 38 df). Two-way ANOVA also
showed a significant interaction between feeding and starving and time

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

the fed (F) and starved (S) groups, gave the following pattern:
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Figure 13. Plasma T4 {e) and T3 (o) from fed ( — ) and starved
( --- ) rainbow trout at various times after initiation
of starvation. Vertical bars represent 95% confidence
intervals. (Analyses and data summary are given in Appendix

Tables12, 13 and 14)
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7 day-S 3 day-F 14 day-S 3 day-S 7 day-F 14 day-F

(Iines join groups with statistically similar means)

In summary, 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 T3 levels for fish starved
three, seven, or 14 days.

The 95 percent confidence interval for the three-day starved
group (Fig. 13) was larger than for the other groups. Two hormone
values recorded from the group starved three days were greater than
500 ng %. The mean excluding the two excessive values was 197 ng %
(95% confidence = 149 - 260 ng%). ’The Ccause of the high values was
unclear as the fish looked healthy and were the same size as the others
in the group. Reanalysis by T3 RIA confirmed their validity. There
was considerable mortality during this experiment (12 died, 2 jumped
out) and some irreguiarities in the water supply.

Two-way ANOVA (Appendix Table 12) showed no differences between

mean T4/T3 or weights for each group.

8. Analysis of food for T4 and Tz.

Mean extraction efficiency of added T4* or Ts*was 97.5% (SEM
6%) and 101.5% (SEM 2.9%), respectively, for duplicate trials.
EWOS trout grower contained 0.87 ng/g (SEM 0.12 ng/g) T4 and 0.49
ng/g (SEM 0.16 ng/g) T3. Addition of stable T4 or T3 to a second batch

of food slurry after homogenization (10 ng/g) resulted in mean recoveries®

a
(Total hormone recovered- endogenous hormone)

added hormone

% Recovery = x 1060



of 91.1% (SEM 2.9%) for T

trials.

4

and 110.8% (SEM 5.6%) for T3 on duplicate

70
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DISCUSSION

1. RIA of plasma T4 and Tz in trout.

The T, and T3 RIA procedures were developed as a modification of
the Tetralute competitive binding assay for T4, described by Higgs

and Eales (1973). The principle of these RIAs is basically the same as

that used in the Tetralute procedure, except that antisera to T4 or T3 re-

place thyroxine-binding globulin as the specific binding agent.
T4 RIA will give more accurate measurements of teleost plasma T4

than CPB assays. Alexander (1976) demonstrated that T3 cross-reacts

about 1/6 to 1/9 the extent that T4 reacts with thyroxine-binding globulin.

T3 cross-reacts less than 1/100 the extent that T4 does with the T4 antisera.

Under circumstances such as those encountered when maintaining trout on a

4 levels are about 200 ng % whereas T3 levels may be as

high as 450 ng %. 1If 1/6 of the T3 cross-reacts then T4 levels could

be over-estimated by as much as 75 ng % by the Tetralute method. In

" high ration, T

contrast to this previously used method, the T4 and T3 RIA procedures
are highly specific. Addition of varying amounts of the 'other!'
iodothyronine did not interfere.

The use of Sephadex columns with antisera to T3 has been previously
vemployed in assays on human serum by Shimizu et al. (1973), Alexander
and Jennings (1974b) and by Howbrth and Marsden (1976) using the Ames
T3 kit. The use of Sephadex columns with antisera to T4 has not been
reported previously.

The values for "within" and '"between" batch reproducibility are

slightly higher for T:5 RIA than those previously reported using Sephadex
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columns (Alexander and Jennings 1974b and Howorth and Marsden (1976).
For the T4 RIA the Valueslare slightly higher than those reported for
Sephadex (non-RIA) binding techniques (Braverman et al. 1971; Alexander
and Jennings 1974a; Bastomsky et al. 1976) but compare well with RIA
techniques using Sephadex for TS'

The extraction efficiencies of T4 and T, by Sephadex were similar
to those previously reported in human and fish plasma (Higgs and Eales
1973; Alexander and Jennings 1974b). The extraction efficiency was
not greatly influenced by hémolyzed samples. | |

The present methods using Sephadex offers other advantages. In
many assay systems serum proteins that bind thyroid hormbnes‘gompete
with the T4— or T3— antisera giving erroneous results. This interference
is usually reduced by adding to the assay system chemicals that inhibit
T4 or T3 binding by the serum proteins. However, these inhibitors also
interferz with antibody-binding (Burke and Eastman 1974). With Sephadex
columns, the serum proteins are completely removed in the first buffer
wash. In addition, the volume of plasma that can be added to each
column is flexible and separation of the antibody-bound fraction from the
free (Sephadex-bound) fraction is easy and nearly complete. Surks
et al. (1972) reported no évidence foi deiodination of T4 to T3 on
miniature Sephadex columns. A.disadvantage of Sephadex is that more anti-
body is required than for assays which incubate in an aqueous medium that
is homogeneous. T4 or TB is bound on the fixed Sephadex matrix and a;l
the molecules are not accessible for antibody binding (Alexander and
Jennings 1974b),

In this study, the use of T, antiserum and high;specific-activity

4
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T4* has permitted attainment of the low detection limit necessary for

the study of plasma T, in teleosts. Values lower than the detection

4
limits were infrequently encountered in healthy, unstressed fish.

The method was convenient since with little modification it could

be applied for T3 measurement. Once Sephadex columns were set up the
assays could be run quickly and economically. The quantities of T4*
and T3* that were used were extremely small and the quantities of anti-

body used also small. Lyophilized antisera purchased in bulk reduced

the cost further.

2. Influence of storage on plasma T4 and Tz.

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

freezing and storage altered T4 levels. Hagfish sera stored frozen

for 5.5 days had lower T4 levels than fresh sera. Watson and Lees

(1973) reported that storage of human sera at -20°%¢ for 3 months did
not usually change T4 levels by Tetralute, although T4 in some sera
decreased by 10-15%. The present results from freezing and storage
of trout plasma support those of Watson and Lees. No change was

detectable after 10 days storage for either T4 or T3 in trout plasma.

Analysis of a human serum pool also showed no change for T However

4
a 12% increase for T3 was detected in the same human serum pool. A

high level of T4 relative to T3 exists in normal human sera (Ingbar -and
Woebar 1974). Consequently, although a small percentage of T4 under—
going deiodination in the freezing and thawing process may be difficult

to detect, the T, so generated may be sufficient to alter the small Hé

3
pool and create a significant increase in plasma TS' In contrast to

levels in trout are generally similar to the T3

humans, the plasma T4
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levels. Thus, a large percentage of the circulating T4 would have to

be artifactually deiodinated to alter significantly Tg levels.

3. Range of plasma T4 and Tz in immature trout.

Plasma T4 and T3 fanged from assay detection liﬁits (12.5 ng %
for T4; 9.5 ng % for TS) to 600 ng %. Most T4 values fell between
150 and 250 ng % while most T3 values fell between 50 and 200 ng %.
These ranges are lower than estimates of plasma T4 and T3 based on PBI
determinations in rainbow trout (Jacoby and Hickman 1966). In agree-
mentrwith my data,Higgs and Eales (1973) found a range of 150 to 650 ng %
for plasma T4 in seven large (X = 343g) rainbow trout that were starved.
However, they reported a higher plasma T4 range for imma£ure bfook trout
trout (0-1530 ng %). Leloup and Hatdy (1976) also using RIA reported a similar'

range (60-580 ng %) to my values for plasma T, in rainbow trout and the eel,

3

but plasma T4 values were higher (260-1500 ng %). Since no record
of size, physiological state, time of capture or assay procedure

was given the reason for the difference is uncertain.

4. Diurnal variation.

The results indicated no diurnal fluctuations in plasma T4, T3
or T4/T3 in trout that had'been starved for three days. A pattern
with approximately a 16-hour interval appears to exist in the T4 levels.
However, high variability occurred between individual fish and the
significance of the 16-hour pattern could not be determined.

Some authors believe the daily variations of thyroid hormone
observed in man reflect changes in fluid distribution associated with

postural changes (DeCostre et al. 1971; Vernikos-Danellis et al. 1972;

Johns et al. 1975). Balsam et al. (1975) reported no overall changes
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in total plasma protein in man but observed changes in thyroid binding
capacities of plasma proteins. Since the changes were synchronous
for T3 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 quadrupeds, ’

- undergo less postural change during the day than man. Variations in
plasma T4 and T3 are sometimes difficult to demonstrate in ra;s (Fukuda
et al. 1975a). The large extrathyroidal pools of T4 and T3 that occur

in most mammals may also be masking diurnal fluctuations in secretion.
rate or utilization (Fukuda et al. 1975a).

Starvation can "sham-hypophysectomize" animals (Aschkenasy et al)
1962). The fish in this study were starved for three days prior to
sampling. Inability to detect diurnal changes in plasma thyroid hormones
may be due to dampened TSH secretion. The effect of starvation cannot
be ruled out without further study on pituitary function. Starvation

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

on the metabolism of thyroid hormones (Higgs 1974) or their biliary excretion

(Eales and Sinclair 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 immature trout. These results agree with Matty's (1960)
findings that plasma PBI was not sex-dependent in the Bermuda parrot
fish. Lewis and Dodd (1976) could demonstrate no differences in plasma

T4 or T3 between male and female sharks.
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Measurement of plasma hormone concentration gives no indication
of hormone turnover or gland secretion. These may differ between
sexes. However, Hoar and Eales (1963) found no difference between
gland incorporation of radioactive iodide into plasma radioactive hormone
for male and female 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 and Té were positively correlated with body weight.
The relationship did not differ between sexes. Bray et al. (1976) re-
ported a similar correlation for T3 in man. Larger fish show
proportionally greater thyroid hormone stores in the gland of the
Berﬁuda parrot fish (Matty 1960; Matty and Thornburn 1970). Chan and
Eales @976)also found increased response to exogenous TSH treatment in
larger brook trout. Eales (unpubliéhed data) has confirmed that

plasma T4 and T3 also increase with body weight in fed fish and over

a greater size range.

7. Influence of anéesthesia.

No change occurred in plasma T, or T3 in fish that were sampled

4

immediately after anaesthesia or at two hours after anaesthesia.

Thus light anaesthesia with MS 222 appeared to have little effect on

plasma T4 or T3 in trout. These results are not supported by findings

in man. Plasma PBI and T4 increase following anaesthesia in man
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(Oyama et al. 1969 a,b; Harland et al. 1974). Plasma T3 in man de-
creases following anaesthesia (Brandt et al. 1976).

The reasons for these differences are unclear. Plasma T4 or T3
may not be as responsive to anaesthesia in fish as in man. Also
the fish may not have been sedated (1-2 min) as heavily as humans
undergoing operations. The chemical structure of MS 222 is more like
local anaesthetics (Houston et al. 1976) than inhalation anaesthetics
used for major surgery in mammals. Therefore, the type of anaesthetic
may be responsible for the aifference between'fish‘and mammals. Finally,
changes in circulating T, and T3 could have been overlooked due to in-

4

frequent sampling.

8. Influence of surgical stress.

When trout were anaesthetized and stressed by cardiac puncture
plasma T4 doubled compared to control values at two hours pi. Plasﬁa
T4 did not fully recover by 12 hours pi. Plasma T3 decreased at two
hours pi recovering to control values at six hours pi. In agreement
with the data obtained in this study, serum T3 falls with elective surgery
in man (Bermundez et al. 1975; Burr et al. 1975a b; Brandt et al. 1976).
However, serum T4 levels in humans are generally unaltered or rise

slightly (Bermundez et al. 1975; Brandt et al. 1976). Plasma T, of fish,

4
following anaesthesia and surgical stress, appeared to follow the pattern
ogtlined for anaesthesia in man (Harland et al. 1974). Perhaps the
combination of anaesthesia and stress was required in fish. Further
study using only surgically-stressed fish will help to determine whether

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

elevate plasma T4.
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9. Nutritional state.

i) Influence of dietary hormone. Little T4 or T3 was detected

in EWOS trout grower (<1 ng/g). Recovery of added tracer was high

and the recovery of added stable hormone was similar to the recovery
of stable hormone recorded for radioimmunoassay. The variability en-
countered in recovery may be due to intraassay variability. However,
it does appear that 10% of the added T4 might be deiodinated ﬁo T3
during the extraction procedure.

Feeding a three percent ratio to a 100-g trout would result in the

ingestion of about 3 grams of food and about 2.6 ng’T4 or 1.5 ng TS' Fed rain-
bow trout have degradation rates of 111 ng T4 or 15.6 ng T3 per 100 g fish
daily (Eales, unpublished data). Assuming complete uptake of ingested
hormone,2.3% of daily T4 or 9.6% T, requirement could enter via the
food. Absorption of T4 from the intestinal contents in vivo was
found to be less than 15% for brook trout (Eales and Sinclair 1974).
If the same extent of uptake existed for rainbow troﬁt about 0.5% of
the daiiy T4 requirement would be contributed by the food. Digestion
also takes place over the course of hours. Therefore it is unlikely,
even if complete uptake occu;red,that the T4 or T3 would alter plasma
hormone levels significantly.

Strict quality control was not maintained and subsequent batches

of food used after the analysis may have contained differing amounts of

hormone.
ii) Influence of starving and feeding. Experiment 4 showed lower
plasma T4 in starved fish. In Experiment S,T4 showed 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 Experiﬁent
5 is unclear, but could be related to smaller sample sizes of the
gfoups.and higher individual variability than observed in Experiment 4.
Overall, the results agree with findings in mammalian studies, where
PBI and T4 either show no change or a slight decrease in starved
animals (Schatz et al. 1967; Merimee and Fineberg 1976). Higgs (1974)
also sometimes observed lower plasma T4 in brook trout. Packard
et al. (1976) and Osborn and Simpson (1972) reported lower plasma
T4 in hagfish and plaice after capture. They attribute some of the
decreases due to starvation.

Starvation for seven days did not alter plasma T3 levels in
Experiment 4. In Experiment 5, starvation for three, seven, or 14
‘ days did not significantly change plasma T3 levels when ;ompared to the
fed control fish for three days. However, circulating T3 was higher in
the fed control 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 unclear, but may be related to the length
of time the fish were maintained on a higher ration. Prior to ex-
perimentation the fish were fed a near maintenance diet (1.0 - 1.5%).
Then the fish were fed a three percent ration for ten days before
half the fish were starved. If the plasma T3 levels had not completely
adjusted to the increased ration in the 10 days then the observed
results might occur. Thus, it appears that at least 17 days (10 days
conditioning + seven days experimentation) may be required to allow

circulating T3 to adjust to a major dietary shift. In Experiment 4
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the fish were only fed a higher ration for four days prior to ex-
perimentation and no change 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 mammals always show lower plasma T, after starvation (Portnay et al.

3
1974; Chopra et al. 1975a; Vagenakis et al. 1975).

T4/T3 was significantly higher in fed fish in Experiment 4 and
slightly higher (NS) in the fed fish at day three in Experiment 5.
Different T4/T3 at these times might indicate changing metabolism in
fed fish., The similar T4/T3 in fed and starved groups at seven and 14 days
may also mean the fish have adjusted to the higher ration. The results
of Experiment 5 must be viewed with some reserve since unaccdghtable,
high fish mortality and high variation in séme of the plasma hormone
levels were found. Repeaﬁing the experiment could be worthwhile.

A weight correlation with plasma T4 and T3 haé been previously
shown to exist in rainbow trout. Therefore a criticism can be made
of the comparison of'T4 and T3 between fed and starved fish. The
differences_in plasma thyroid hormones between fed and starved fish
might be due to size differences since fed animals gfow and starved
animals lose weight. Note that fed fish have a non-physiological weight
advantage, since the fed groups were sampled one hour after feeding.
Little digestion would have occurred during this time and, as an example,
a 50 g fish fed a three percent ration would contain 1.5 g extra weight
as food. Residual food was observed in the intestine up to three days
after initiation of starvation. If 0.5 g (mean value from five fish)
of food from the previous day were left, a false increase of two grams

could be recorded for the body weight of each animal. The largest
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difference in mean weight between fed and starved fish existed in the
14 day groups from Experiment 5 (19.1g). The mean plasma T3 differed
by 151 ng % in these fish, and the weight related correlation can only

account for 13% of the difference in circulating TS'

10. Possible mechanisms altering plasma T4 and T3 in fish.

The mechanisms whereby plasma thyroid hormones are changed in
fish have not been established. Some possible mechanisms are discussed
below and include alterations in deiodination, clearance rateé, blood
- volume, plasma binding of thyroid hormones, thyroid or pituitary gland
activity, peripheral redistribution of hormone, and iodide availability.

Deiodinaﬁion of T4 to T3 readily occurs in brook and rainbow trout
(Higgs 1974; Eales unpublished data). The higher T4 and lower T3
following anaesthesia and surgical stress may be the result of de-
creased peripheral conversion. Deiodination is thought to activate
the hormone in mammals (Pittman 1971) and perhaps active thyroid
hormones are not needed in such large quantities in times of stress.
Deiodination also decreases in starved fish (Higgs 1974). The results
showed T4 was unaltered or slightly reduced in starved fish. Thus some-
thing more than a simple reduction in peripheral conversion must be
occurring in starved fish. |

Feeding brook trout increased metabolic clearance for T4 and T3
and sometimes T4 degradation rates (Higgs 1974). Increased clearance
of plasma T4 or T3 during feeding would likely cause, all other factors

being constant, lower hormone pools. Thus, increased metabolic clearance
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cannot explain unaltered or elevated plasma hormone levels found in

fed fish. Reduced T4 clearance during stress might cause the high

T4 values observed in anaesthetized and injected fish. However, higher
Tj Clearance must also occur to explain decreased plasma T3 and this
seems unlikely. If major changes in clearance rates are altering
circulating T4 or T3 other factors must also be involved.

Anaesthesia with MS 222 or stress-related variables can cause
hemoconcentration in fish (Stevens 1968; Houston et al. 1971; Fletcher
1975). An increase due to hemoconcentration in the plasma concentration
of proteins which bind thyroid hormones might be responsible for
increased T4 levels. However this idea cannot explain unaltered or
decreased T, levels. Hemodilution during starvation could cause lower

3

plasma T4 or T3 levels. Hemodilution during starvation seems unlikely.
Weinberg et al. (1976) found blood volume did not change during
starvation of the kissing gourami. Love (1970) reported that blood
volumes were unaltered or reduced in starved fish.

0'Connor et al. (1974) found high—frequeney fluctuations of
plasma T4 in man. These short-duration changes (20 min) would be
difficult to demonstrate in fish of the size used here, without larger
numbers and more frequent sampling times. This type of change might be
responsible for some of the variability observed between individual fish.
Also Vernikos-Danellis et al. (1972) and Balsam et al. (1975) noted high
individual variability for plasma thyroid hormones in man. Marked
intraspecific variation exists in teleost plasma protein levels and

in electrophoretic patterns of rainbow trout serum (Thurston 1967;

Feeny and Brown 1974). Falkner and Eales (1973) showed that 99% of
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circulating T4 or T3 was bound to plasma proteins. Alterations in
the proteins that bind thyroid hormones could cause some of the ob-
served variability.

The basis of the positive correlation of plasma T4 and T3
with weight is unclear, but it may be related to greater thyroid
hormone binding by the plasma proteins of larger fish. Booke (1964)
reported that higher plasma protein levels occurred in larger and

4 3

increased in quantity or binding capacity in larger and older fish then

older rainbow trout. If the plasma proteinsthat bind T, and T, also

a positive correlation between plasma T4 and T3 and body weight would
occur. The data support the preceding hypothesis. For example,
the regression lines for plasma T4 and T3 versus body weight have
almost identical slopes and T4/T3'showed no correlation to fish weight.
Since the same plasma proteins likely bind T4 and T3 (Falkner and Eales
1973), any increase in their quantity or capacity would result in
similar changes in both plasma T4 and T3. As well, no change in T4/T3
would be expected. Biologically,it is unclear why hormone levels in-
crease with fish weight. Perhaps increased hormone reserves are re-
quired in larger fish for sexual maturation or other metabolic needs.
Furthermore, plasma protein binding of thyroid hormones is reduced
during starvation in mammals and may be responsible for lower hormone
levels in the starved state (Ingemble et al. 1974; Pain and Phillips
1976). Robertson et al. (1961) and Love (1970) reported reduced plasma
pfotein levels in starved fish. If the proteins that bind T4 and T3
in the plasma were also lower in starved fish, reduced amounts of
circulating T4 and T, would be found. Changes in,pla;ma binding of T4

3

or T3 seem unlikely in surgically-stressed fish. Plasma T4 increased
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while T3 decreased. If the same plasma proteins bind T4 and T3 in
fish, then preferential differences in the binding of one hormone
compared to the other appear unlikely.

Another mechanism decreasing T4 and T3 in starved fish could
involve reduced thyroid gland activity accompanied by pituitary re-
duction of TSH. Fontaine and Fontaine (1956) and Bonnet (1970) found
that prolonged starvation lowered thyroid gland activity in rainbow
trout and mullet. Gland activity is also reduced in starved mammals
(Pipes et al. 1960; Grossie and Tufner 1962). Reduced pituitary
| secretion of TSH during starvation has not been demonstrated in fish
but has been shown in mammals (D'Angelo 1951; Shambaugh and Wilber 1974;
Vinik 1975). ‘Lower TSH production by the pituitary results in lower
secretion of hormones by the thyroid.

Thyroid gland activity increases following moderate surgery in
man (Harland et al. 1972; Kirby et al. 1973). Since the trout thryoid
gland appears to secrete only T4 (Chan and Eales 1975; Hunt personal
communication) higher gland activity might explain higher T4 levels
in surgically-stressed trout. .

Harland et al.(1974) showed that T4 bound in the liver of man
was released into the circulation following anaesthesia and surgery.
Thus, altered hepatic distribution might account for the high T4 observed
in stressed fish. In support of this idea, Kumar et al. (1968) found
that prednisone, a synthetic steroid similar to cortisone reduces
hepatic volume and metabolism of T4. Corticosteroids also reduce con-
version of T4 to T3 (Chopra et al. 1975b; Burr et al. 1976). Surgery

and anaesthesia cause elevated corticosteroids in teleosts (Fagerlund
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1967; Wedemeyer 1969; Fryer 1975). Elevated natural steroids may be

altering the peripheral T4 distribution in surgically-stressed trout.

Food deprivation also causes iodide deprivation. Much of the iodide
content in the trout plasma depends upon dietary iodide content
(Gregory and Eales 1975). Brook trout blood iodide levels fall rapidly
as a result of starvation. Critical levels of iodide required for
normal hormone synthesis and metabolism have not been outlined in fish.
Low levels of iodide cause reduced hormone levels in rodents (Fukuda
et al. 1975b ; Chapman et al. 1976) and may also cause lower plasma
T4 and T3 in teleosts.
Investigation of the preceding mechanisms will provide greater

understanding of the factors or combination of factors contributing

to alterations in plasma T4 and T3 in fish.

11. Physiological significance of changes in plasma Tz or T4.

In view of the many options available, carefully designed ex-
periments are neceséary to isolate factors contributing to alterations
in plasma thyroid hormones. This study has shown that diurnal
fluctuations do not occur in starved, immature trout held under
laboratory conditions. It also shows that individual heterogeneity
and stress or the inability to combat stress caused differences in
plasma T4 and T3 in trout.

Lack of a daily fluctuation in laboratory fish allows sampling
af any time during the day., For wild fish, which encounter more
variable conditions, a diurnal variation may occur. Further study
in this area might prove worthwhile.

Elimination of some of the individual heterogeneity may prove to
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be a difficult problem. Sex appears to have little influence on plasma
T4 and T3 in immature 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 anaesthesia-injection
stress experiment since a diurnal rhythm may exist in Montana fish.
Experiments comparing different genetic stocks might prove interesting.
Starvation and physical injury may be regarded as two forms of
.stress. These two types of stress altered plasma T4 or T3 of trout
in different ways. Physical injury caused elevation of plasma T4,
whereas starvation sometimes results in significant reductions in
plasma T4 and %3' The mechanisms whereby these two types of stress
change plasma T4 and T3 remain to be resolved for fish. Few generali-
zations can be made until many other forms of stress and their
effects on teleosts thyroid function have also been investigated.
Crowding, temperature, water quality, disease and various sampling
procedures appear to be stress factors that might warrant further
investigation. Thus it appears that careful consideration must‘be

given to stress conditions that may affect thyroid function in teleosts

before meaningful physiological data can be collected.
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SUMMARY

1. Radioimmunoassay techniques can be successfully applied to
measurement of circulating T4 and T3 in rainbow trout. The techniques
are reproducible and capable of detecting physiological changes in
plasma thyroid hormones.

2. Rainbow trout plasma samples can be stored at -20°C for
at least 10 days prior to assay without significant degradatioh or loss
of thyroid hormones.

3. Plasma T4 in immqture rainbow trout was 1/100 of the levels
found in man. Plasma‘T4 in trout ranged from assay detection limit
(12.5 ng %) to 600 ng %. Plasma T3 was similar to-that in humans and
other vertebrates but appeared more variable in rainbow trout. Depending

" on physiological and nutritional state of the fish,plasma T ranged

3
from assay detection limit (9.5 ng %) to 600 ng %.

4. Starved trout exhibited no diurnal variation in plasma T
or T4.

5. High variability in plasma thyroid hormones existed among

individual fish. The variability could not be entirely explained by
the factors investigated here.

6. No difference in plasma T4 or T3 could be demonstrated between
male and female trout.

7. A positive correlatioﬁ between fish weight and plasma T,
or T3 was evident.

8. Light anaesthesia with MS 222 did not alter circulating thyroid’

hormones when given immediately before bleeding or two hours before

bleeding.
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9. Anaesthesia and injection doubled plasma T, while plasma T

4

was slightly but significantly lowered. These differences may be

3

due to decreased peripheral conversion of T4 to T3 or to peripheral

redistribution of T4.

10. A test on a single batch of EWOS food revealed concen-
trations of 0.87 ng/g T4 and U.49 ng/g Tg. Ingestion of food con-
taining these concentrations would not likely have a significant

influence on plasma T4 or Tg'

'11. Starvation sometimes reduced plasma T4 in trout.

12. Feeding a high ration for 17 days resulted in higher plasma

T3 in trout.

13. Stress factors can influence plasma T4 or T3 in rainbow

trout and should be considered when designing experiments to measure

thyroid function.
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Appendix Table 11.

Newman-Keuls test to locate differences between means of combined
data from Experiment 3 (injection-stress).

1. T4 (data transformed by 1oglo to reduce heterogeneity)

RANKED MEANS:

Control 12 hr 6 hr 2 hr
n 20 20 22 22
X 2.0963 2.1879 2,2981 2.4567
S 0.2061 0.2145 0.3394 0.2519

pooled variance = 0.2606

SUMMARIZED DIFFERENCES:

Control 12 hr 6 hr 2 hr
2. T3
RANKED MEANS:
2 hr 12 hr Control 6 hr
n 20 18 20 22
X 35.8 56.2 67.9 69.6
S 26.8 35.2 48.9 44.3

pooled variance = 39.96
SUMMARIZED DIFFERENCES:

2 hr 12 hr Control 6 hr
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Appendix Table 11 (continued)

3. T4/T3 (data transformed by log10 to reduce heterogeneity)

RANKED MEANS:

Control 6 hr 12 hr 2 hr
n 20 20 18 20
X 2.2913 2.3693 2.4700 2.9371
S

0.3397 0.3733 0.3133 0.3667
pooled variance = 0.3500

SUMMARIZED DIFFERENCES:

Control 6 hr _12 hr 2 ‘hr

(lines join similar means)
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Appendix Table 13

Newman-KeulS test to locate differences between means for plasma Ty
for starved and fed fish. The original data were transformed by logig
to reduce heterogeneity.

RANKED MEANS:
7 day 3 day 14 day 3 day 7 day 14 day
starved fed starved starved fed fed

n 7 8 7 8 7 7

X 2.2328 2.2496 2.2611 2.4058 2.4856 2.5226

S 0.0591 , 0.1022 0.1583 0.2762 0.1149 0.1274

pooled variance = 0.1553

SUMMARIZED DIFFERENCES:

7 day 3 day 14 day 3 day 7 day 14 day
starved fed starved starved fed fed

(lines join similar means)
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