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ABSTRACT

Thin-1ayer radiochromatography showed thyroxine

(r¿) as the main plasma thyroid hormone following
intramuscular injection of bovine TSH (b-TSH) into
starved brook trout, SaLueLinus fontinaLis (¡aitchill) '
acclimated at 10-12oC"
Linear log dose-response relationships were
observed between plasma T4 concentration and b-TSH
dose at 24 hr after a single or five daily b-TSH injections.
Linear responses ranged from 0.5 3.9 mIU TSH/g (single
injection) and. 0.6 2.4 or 4.7 m]U/g/day (S injections).
sensitivity was 10-12 mIU/ml; indices of precision were
0.130 (single injecrion) and 0.046 and 0.067 (5 injections).
While control plasma T4 levels were 0.5 Ug% or 1ess, T4
levels of TsH-injected trout rose to 2.0 lrgT at 3.9 mIU/g
(single injection) and 2.5 2.7 U9% at 4.7 4-9 mlU/g/day
(S injections).
Prolongea U-rSu injections decreased
the plasma T4 response
The influence of b-TSH on plasma T4 was not
significantly affected by fish acclimation temperatures
(5, 11.5 or 20.IoC), ACTH injections, type of TSH solvent,
222. However, MS 222 and feeding
Plasma T4 was
increased the "within-group" variability.
positively correlated (r = 0.51) with the body weight of
b-TSH-injected trout.
feeding or the use of

MS

t-L

The conversion ratio radioiodine index of thyroid

activity was highly correlated (r = 0.98) with plasma T4
of b-TSH-injected trout.
However, per cent of injected
radioiodide dose in thyroid was an unreliable index for
b-TSH.

In conclusion, pJ-asma T4 can be increased
predictably over a certain range with b-TSH, thereby providing
the basis for a rel-iable fish assay for b-TSH and also a
method for elevating plasma T4 levels in investigations of
the role of the fish thyroid.
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CHAPTERI -

GENERALINTRODUCTION

The regulatory mechanisms involved in fish thyroid

control have been partially
in Fig. 1.

elucidated and are

summarized

Stimul-ation of thyroidal iodide uptake and
biosynthesis and release of thyroid hormones from fish

thyroid by Thyroid Stimulating Hormone (TSH) has been
demonstrated. These conclusions r^/ere largely based on
(a) regression or depression of thyroid function following
hypophysectomy (Chavin, 1956a, b; review by pickford and
Atz, 1957) or (b) thyroid activation following treatments
with pituitary extracts (Fontaine and Fontaine, 1956; Dent
and Dodd, I96L¡ Jackson and

Control of

Sage

,

1973)

.

release from the pituitary by
specific hypotharamic factors (thyrotropin-rereasing factor,
TRF or thyrotropin-inhibitory factor, TrF) may be inhibitory
in certain teleosts (reviewed bt peter, rg73) . TsH release
TSH

is also regulated by the level- of T4 (L-thyroxine) in the
circulation (reviewed by Gorbman, L969). As T4 rises to a
certain level j-n the circulation, it mayr âs shown by peter
(!97:-.l-, feed-back negatively on the pituitary or positively
on the hypotharamus. This decreases TSH production and
consequently plasma T4. This fine control, in addition to
the T4 degradation and excretion pathways (d.eiodination and
biliary excretion), maintains the blood T¿ r-evel within
certain limits.

FIGURE 1.

Factors believed to

involved in the
regulation of plasma T4 l-evels in fish.
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Fish thyroid also responds to mammalian pituitary
extracts (f'ontaine and. Fontaine , L957a¡ Fontaine, 1969)
and purified bovine TSH (b-rSH¡ (C1ements-Merlini, 1962¡
Hoar and Ea1es, 1963; Pickford and Grant, 1968; Fontaine,
1969; Chua and Eales, L97I) , although this response is
less convincing in cyclostomes (Larsen and Rosenkilde, L97I)
and elasmobranchs (Jackson and Sage, L973) "

Consequently,

is frequently administered to fish to try and alter
thyroid function as a means of investigating the role of
the thyroid (Baggerman, 1963; Hoar and Ea1es, 1963; Chua

b-TSH

and Ea1es, 1971).

However, current knowledge on the infl-uence of

on fish thyroid is inadequate.

TSH

Previous studies were

mostly indirect (Olivereau, 1955; Delsol and Flatin, 1956;
Fontaine and Fontaine , 1956¡ L957a, b¡ Dent and

, L96I¡
Clements-Merlini, L962¡ Ortman and Billig, 1966) and did not
relate to thyroid hormone output. l4oreover, in some
instances, the responses to TSH v¡ere inconsistent (Fontaine
and Fontaine, L956¡ Hoar and Eales, 1963; Eales and McNicholl,
unpublished). Hence it appears that a more direct and
accurate assessment of thyrotropic activity, by determining
thyroid hormone output, is desirable. Unfortunately, only
a few studies have dealt with the release of thyroid hormones
into the blood foll-owing TSH administration (Hickman, L962¡
Hoar and Eales, 1963; Higgins and 8a11, L970; Lysak, L972b¡
Osborn and Simpson, 1972) .
9üith two exceptions, the above
Dodd

4

studies were based on radiohormone output into the blood.
In the two remaining studies, Osborn and Simpson (L972)
gave no data, while Hickman (1962) did not relate the
response to varying doses of TSH and did not identify the
thyroid hormones involved.
Before TSH can be given to fish to create
physiological changes in thyroid function, it is {¡ecessary
to establish a relationship between the dose of b-TSH and
thyroid hormone level.
1o achieve this satisfactorily,
it is also necessary to identify the main thyroid hormone (s)
in the'plasma and to determine the main factors which might,
under natural or laboratory circumstances, alter the
dose-response relationship "
Thus, the main objectives in this study were to:
(i) identify the main iodothyronine(s) secreted by the
thyroid in response to b-TSH (Chapter III),
(ii) investigate the factors influencing the effectiveness
of b-TSH on the plasma iodothyronine(s) (Chapter IV),
(iii) determine the dose-response relationship between
b-TSH and the plasma iodothyronine (s) under defined
. conditions, and compare this relationship with those
obtained from radioiodine measurements which have
been employed more widely in the assessment of thyroid

activity (Chapter V).
It was also hoped to evaluate
this thyroid hormone response as a means of bioassay
for b-TSH.

CHAPTER

A.

ÏÏ

MATERIALS AND METHODS

Fish Maintenance
Brook trout were periodically brought from

the Province of Manitoba Trout Hatchery, West Hawk Lake
and maintained. in circular 600-gal1on fibre-g1ass tanks.
One population of larger fish (200-350 g ) was obtained
from the Freshwater Institute, Fisheries Research Board
of Canada, through the courtesy of Dr. T. J. Hara. The
tanks \,vere supplied with aerated and running dechl-orinated
water at 11.5 12.50 C. The photoperiod was kept at
I2-L z'I2-D (0700 19OO hr) by an automatically-controlled
timer. These stock fish were fed daily, 1? of their wet
body weight (crumbled trout pellets #4¡ Victor Fox Foods
Ltd., Ralston Purina, Winnipeg).
Before random assignment to experimental tanks,
fish of one population \^rere anaesthetized (t{S 222, Kent Lab.
Vancouver; 0.06 g/L) and screened for uniformity in body
weight (40-60 g or 2OO-350 g) .
Further details on the holding conditions for
individual experiments are summarized in Table I.
B. Injection of

b-TSH

Except where indicated, fish were starved for

3 days prior to injection with b-TSH (lyophilized Thyrotron,
Nordic Biochemical-s, Lava1, Que.). The solvent was water
containing 5å glucose and 0.59 phenol. Vehicle volume was

ÎÀBLE

I

Detàlk of Experlrûentâl Condltlons for Expts. I _
Expt.

i.4

No

Condi

ÀcclimatÍon Temp.

(oC)

lank volume (titles)
Boldlng Conditions

Sbarvation

(days)

L2
32
årc

of TsH (nru/g/d)
t.O
No. of TSH injections
516,g
No. of Treatment Groupa
6
croup Sample Sl.ze
I
Final B¡{ (g) i
tos.e
t s'E'
tr.4.1

(hr)

32

ârc

ärC

I

3'3

Dose

Interval between lasÈ
Injection and deaÈh

L2
205

10

24

5.9
2.3,
51s
t94
r0
10
42,7 44.8
tL.2 r0 . 9

24

0.3,6,9

L2

L2

l0

L2

T2

16

16

205

32

136

b

b

b,c

årC

b

3

3

3

0,13

2.4

8,11
42.4

ro.

9

J

2.4
1.1
17
45
8,9
l0
42.8 277.8
t0.7
f8.8

6

L2r24,49,

24

9
1.0
5rl
448
9, I0
9,10
57.8 44.8 r l.?
r0.5 57.6 r I.1
73.8 r 1.5
124.4 r 2.0
24
24
0.

5,I1.5,15.4,20.I
32
b
33
1.0

I0
205

b,c

t2
32

ârc
3

l. t
5, 14

0.2-5.0

I

6

T2
32

ârc
3

0.2s-6. I

10

l0

32

32

ðr

C

ârC

3

3

0.21-s.9

5

5

7

7

I and 5.2
2,3,4 ,5
L2

9-t2

9,10

.5

50.2

41.8

41.8

¡18. 6

ro.4

!7 .6

10.4

r0.6

!0.6

!0.

24

24

24

24

24

9-11
50.6

269

8- 12

1l

I
¿

24

72

Photoperiod! 9L:l5D; aII other experfments at I2LslZD
a = aeraeed, stagnant, dechlorlnated H2O, HzO changed dally
b - aerated, running, dechlorinated H2O
c - experlmenta run ln controLled envlron¡¡ent roon

o\

7

0.05 ml for 40 to 60-g fish and 0.1 m1 for 2OO to
350-9 fish and was administered from a r-ml tuberculin
syringe with a 25G - 14" needl-e. These small volumes
were chosen to reduce leakage. slicher et al. (1966)
have shown that intraperitoneal injection of volumes

greater than 0.01 ml-/g body weight (BW) r^/ere highly
stressful- to fish.
control fish received an equal
volume of solvent only
Non-anaesthetized fish (except when testing for
the effect of anaesthesia) \{ere quickly netted from the

experimental tanks and hel-d firmly down with the left
hand. (Usually after a few seconds of struggling, they

quiet).
Injections \,vere given slow]y, through
the netting, ât a very sright angle to the body surface,
into the epaxial musculature, anterior to the dorsal fin
(rig. 2) . rmmediately after injection, the injection site
was massaged gently for a few seconds. rnjections on
became

non-anaesthetized fish normally took 15 sec, with the fish
out of the water for less than 30 sec. rntramuscular
rather than intraperitoneal injections were given to avoid

(i) possi-bIe derivery of b-TSH into the gut Iumen, and,
(ii) initiar uptake of b-TSH by the circulation of the gut,
which might read to some hormone d.egradation prior to
entrance into the systemic circulation.
singre injections
were given on the left sid.e of lhe fish.
For fish
receiving TSH at 24-hx intervars, injections were alternated

FTGURE 2.

Site of intramuscul-ar inj ection.
+
Symbol x represents intramuscular
site of delivery.

W
t

I

I

I

I

I

I

I

I

I

I

Injection of each group
usually accomplished within 10 min.

between left and right sides.

of B-11 fish

was

C. Blood and Bile Sampling
Blood was removed directly from the caudal

circulation using either a I-mI syringe (25G - 7/8" needle)
for small fish or a 3-m1 syringe (21c - J-rru needle) for
large fish.
The needle was inserted at an angle just
posterior to the anal fin tiIl the needle tip penetrated
the caudal vessels and blood was withdrawn under slight
negative pressure" The needle was then removed and the
blood transferred to 1-m1 polystyrene centrifuge tubes
(Fisher Scientific, U.S.A.) and centrifuged at 15'000X g
(International Micro-Capillary Centrifuge,
for 3 min
Model It{B with angle-head rotor) " The plasma v¡as pipetted
Immediately after
into 2-ml plastic Dispo @ b".Lers.
blood sampling, the fish was sacrificed by a blow on the
head. They were later sexed and weighed.
In some fish, the whole gall bladder was removed,
following clamping of the bile duct with a haemostat, and
transferred to a polystyrene l-ml,centrifuge tube.
All containers with individ.ual plasma or gall
bl-adder samples were sealed with either Parafilm or

centrifuge-tube caps and.. frozen at -2OoC. The thawed bile
and gall bladder v¡ere centrifuged (15,000X g; 3 min) just
before analysis and the supernatant bile used subsequently.

10

Ð. Thin-layer Radiochromatography
The identity of radioiodocompounds in plasma
extracts, bile and bile pretreated with g-glucuronidase
(hereafter calied "treated bile") was attempted by
thin-layer chromatography. Bile or treated bil-e was
applied on chromatograms as such, but plasma was
extracted by adding 2 ml of absolute ethanol to 1 ml of
plasma. The mixture was shaken with a Vortex mixer for
2 min. After centrifugation (1,400X g; 10 min; GLC-1
model; horizontal rotor, Sorvall Inc., U.S.A"), the
supernatant and an ethanol wash (2 mI) of the precipitate
were transferred to a fresh centrifuge tube, and
force-dried with air at room temperature. The residue
on the si-des of the tube was washed down with I ml ethanol
and evaporated to dryness. To this, 0.1 ml of
methanol-ammonia solvent (99:1, v/v') vzas added, and a
portion of this used for chromatography
Treated bile was previously incubated with shaking
in darkness, for 24inr at 37 t O.5oC (Metabolyte Water Bath
Shaker, New Brunswick Scientific Co. ) with 750 units of
S-glucuronidase (bacterial, Sigma Chemical Corporation)
per 0.25 ml.bi1e.
.

T\^ro

media, Baker-flex silica gel (f B-F, 20 x 20

cm)

and Chromagram (13181 silica gef , 20 x 20 crrtr Eastman Kodak

Co.) were used.
5 : 2 3 1, v/v),

BEA (1

Butanol : Ethanol : 6 N Ammonj-a;
CMA (Chloroform : Methanol : Ammonia;

11

50 2 25 . 2.5t v/v) or EMA (Ethyt Acetate : Methanol :
Ammonia (f : 5); 5 : 2 z I, v/v) \Á/ere used as developing
solvent systems at room temperature. The chromatography
jar (22 x L0 x 2L.5 cfr, Desaga, Heidelberg) was lined on

three sides with filter paper (Whatman No. 1) and
saturated with the solvent, 100 ml of which was added to
the jar.
This helþed to promote saturation of the
enclosed chromatographic chamber. Non-radioactive
standards, L-thyroxine and 3,5,3r-triiodo-L-thyronine (T3)
(Sigma) were spotted alternately on the gel medium, 2.5 cm
from the l-ower edge and 0.5 cm from both sides, ât l-cm
intervals (ni-g. 3) . Plasma or bile samples, with methyl
mercaptoimidazole (fO-1 ¡l) as reducing agent to prevent
transiodination (Jacoby and Hickman, 1966a), were applied
as a continuous line (not more than 10 cm) over the
standards.
The loaded chromatogram was placed in the

solvent-saturated developing chamber with the geI surface
facing the filter paper and resting at a slight angle
against the plain glass wal1. The lid was quickly
replaced and the solvent allowed to migrate 15 cm from
the origin.
The dried chromatogram was viewed under
short-wave U.V. (Chromato-Vue, Ultrá-violet Products, Inc.
and the positions of the migrated standards noted (Fig. 3)
The silica gel medium was cut into L/8" sections (none of
which were more than 3.8 cm 1ong, but all of equal length

L2

-'

FIGURE

3. Thin-Iayer chromatogram (actual size).
The migrated T3 and T4 standards

(which were visualized under short-wave
UV) and the sub-divided sections for

radioactivity determinations are

shown.
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The subdivided
for any one chromatogram) (nig. 3)
strips from any I/8"-section \dere placed in a single
plastic gamma counting tube and counted in an
automated well-type giamma detector (Nuclear Chicago)
for two consecutive 5-min periods " The distribution
of radioactivity along the chromatogram was plotted
against Rf and peaks matched against location of the
authentic non-radioactj-ve compounds (standards) . The
percentages of the total chromatogram radioactivity,
comprising individual peaks lvere cal-culated.

E. Ir{easurement of plasma T4 by CompetiLive Proteín-bindi-ng
Analysis
Competitive protein-binding analysis

(CPBA)

after Bauer et al. (1970) was used to determine the
plasma T4. Thj-s was accomplishecl using the Tetralute @
kit. (Ames Co., Division Miles Laboratory ïnc., Rikhart,
Indiana, U.S.A.).
The method involves the dissociation of T4 from
plasma thyroxine-binding proteins (fee¡ in strong alkali.
The liberated T¿ is equilibrated with a fixed amount of
labeIled T4 (*T¿) before passing the mixture through a
miniature Sephadex column. The plasma proteins and
iodide are washed off with barbital buffer (pH 8.6) while
the *T4 and T4 remain bound to the Sephadex (secondary
binding agent). On addition of a fixed amount of TBP
(primary binding agent), the following equilibrium is

L4

established: TBP Ta #
T¿
=-------sephadex - 14
The proportion of the plasma T4 bound to the limited
of

sites is indicated by the proportion of
the *T4 al-so bound to these sites.
The T4 (and *f4)
bound to TBP are then washed off with barbital buffer.
Thus the per cent of the initial radioactivity remaining
on the column ("A retention") provides an j-ndex of the
amount of T4 in the plasma. This 3 retention can be
related to T4 concentration by reference to a standard
curve prepared with known concentrations of T4.
In routine analysis, 0.5 mI *T4 was pipetted
onto the miniature Sephadex G-25 column (fig. 4) . The
L-thyroxine-3' 5' -125I (*T¿) (nadiochemical Centre,
number

TBP

in 0.1 N NaOH such that the
radioactivity was usually about 301000 cpm per 0.5 ml
solution.
An accurately measured volume (usually 0.2 ml)
of plasma or a variable vol-ume of standard T4 was then
added to the column and swirled. gently to mix.
Thj-s
mixture was allowed to drain through the column. All T4
(and *T4) was bound to the Sephadex column (pH t3) while
the plasma proteins and iodide were then washed off with
4 ml barbital buffer (4.15 g sodium diethylbarbiturate
+ 0"74 g barbituric acid + 270 ml deionized water; pH 8.6)
The total column radioactivity was determined for 1 min
with a well-type gamma detector the well of which was
protected with a plastic lj-ner" This gave the init.ial
Amersham) was made up
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FIGUR-E

4. Flow chart of plasma T 4 determinations
by competitive protein-binding
analysis of Sephadex G-25 columns.
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counts per min (I cpm).

Exactly 1.0 ml of eluting reagent (human
serum: barbital buffer; I z 24, v/v; pH 8.6) was
carefully pipetted onto the column, allowed to
drain, and incubated for at least 5 min. This g'ave
rise to the equilibrium between the Sephadex and the
TBP of the eluting reagent.
The TBP-T4 complex was
then washed off with another 4 ml of barbital buffer
(pH 8.6).
The column was recounted for 1 min to
give the final counts .per min (F cpm) "
The amount of radioactivity remaining on the
column (proportional to the amount of unlabelled T4
retained on the column) was expressed as a percentage
of the inirial count (z retentio" = ffi " 100) .
Unknown plasma T4 was read off from the standard curve
which was run simultaneously (nig. 5).
The standard
curve lvas from an average of usually three or more
replicates of standards representing 0, 5, 10 and 20 Ug
T4 per lOO ml (pg %).
To prepare the standards, five 300-Ug T4 tablets
(Eltroxin, sodium-L-thyroxine pentahydrate) were crushed,
to 3 ml of 0. 1 N NaOH and diluted to 300 mI with
702 ethanol to give the stock solution.
From this
well-shaken suspension, 2.28 ml was withdrawn and diluted
to 100 ml with 0.1 N NaOH to serve as the standard which
contained 0"1 Ug 14/ml-.
ad.ded

L7

FIGURE

5. Percentage retention of radioactivity
on Sephadex G-25 columns at different
T4 concentrations. Each point
represents a mean value for 3
determínations. Vertical bars
represent I SE on either side of mean.
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Certain precautions were taken in performing
this routine analysis:
(i) ¡eionized (copper-free) water was used in the
preparation of all reagents..
(ii) All reagents and columns were stored at 5oC.
(iii) The samples, reagents and columns were left to
warrn up naturally to room temperature before
performing the test
(iv) Eluting reagent was used within 24 hr of its
preparation.
(v) Following drainage of eluti-ng reagent, a period
of at least 5 min was always allowed before
washing with barbital buffer
F. Radioiodine lt[etabolism
1. Injection
Each fish was injected intramuscularly with 1.0
or 1.5 uci (fO or 60 pCi in Expts. 1 and 2) of carrier-free
W.125t (atomic Energy of Canada Ltd., Comrnercial Products,
Ottawa) in 0.05 ml solvent (0.72 NaC0) using a 1-m1
tuberculin syringe and 25G - IÞru needle"
Quadruplicates of the injected dose (1.0 or 1.5
pCi in 0.05 mI) were diluted to I00 mI with 0.1 N NaOH for
later use in preparing standards for estimating the per cent
of the injected dose in the thyroid or plasma.
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2. ? Thyroid
After blood sampling, the gill-thyroid region
was removed from each fish and placed individually at
the bottom of plastic counting tubes. sodium hydroxide
U N) vras then add.ed to the 4-m1 mark of al-l the tubes,
the tubes capped and left over-night for partiar digestion.
The tubes were counted "simultaneously" with four
replicate standards (each representing 1Z of the injected
iodide dose) for two consecutive l--mj_n periods.
These standards were prepared. as follows:

the

thyroid region was similarry removed from 4 uninjected fish
and each thyroid placed in a counting tube. one milril_itre
of standard (1å of injected dose) was added and the volume
made up to 4 m1 with 4 N NaoH" The radioactivity of each
standard tube was multiplied by 100 and the average of the
4 standards used in calculations.
The 3 thyroid was expressed as a percentage of the
injected dose in the thyroid:
? thyroiu - thYroid cPm x 1oo
standard

cpm

3. Separatj-on of plasma radioiodine into
protein-bound iodine (pe125r) and inorganic iodine
(r125r) fractions by trichloroacetic acid (TcA)
precipitation
A volume of 0.1 ml of plasma was added to 0.5 ml

of 12.5u TcA (containing r.2 x 10-3 M potassium iodide (xr¡
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and ascorbic acid to reduce radioiodide contamination

of protein precipitate) in a I-m1 conical polystyrene
centrifuge tube. The contents were thoroughly mixed
with a fire-sealed capillary tube, the tube capped
and centrifuged at 15,000X g (International
Microcapillary Centrifuge, Model MB; angle-head rotor)
for 10 min. The supernatant was pipetted off and
placed in a plastic counting tube, marked as "If-tube"
(for inorganic iodine).
The precipitate was
resuspended in 0.5 ml of 2"52 TCA (a1so containing
L.2 x 10-3 M KI and ascorbic acid), the tube recapped
and centrifuged for another 10 min at 15,000X g.
The
supernatant was again pipetted off and added to the
rrlI-tube".
To this resulting 1-m1 supernatant, 3 mI
of d.istilled water was added, the contents mixed and the
tube capped
The precipítate was completely dissolved in
0.5 nl of 0.1 N NaOH and transferred j-nto anoLher plastic
counting tube labelled "PBI-tube" (for protein-bound
iodine) " The centrifuge tube was washed with another
0.5 ml of 0. I N NaOH and added to the "pBÏ-tuber' . To

this 1 ml was added 3 m1 of 0.1 N NaOH, the contents mixed
and the tube capped. The "II-tubes" and "PBI-tubes"
were counted "simultaneously" with 4 m1 of each of the
4 replicate standards. Each "II-tube" was counted for

2 consecutive periods of 1 min, while the "PBI-tube" was
counÈed for 2 consecutive periods of 10 min.
Since each

2L

standard tube represented 4Z of the injected dose,
each standard was multiplied by 25 and the average

value of the 4 tubes used in calculations.
Both the pe125r and rL25T,were expressed as
E dose/mI, but correcting all values to 100-9 fish:
? injected dose x
ml plasma

body weight (g)
100

This takes into account any changes in the distrj-bution
volume of a standard L25I dose being injected into fish
of d.ifferent sizes
The Conversion Ratio (Cn¡, expressed as a
percentage, vras determined f rom the f ollowing equatj-on:
CR=

)

*

1OO

These radioiodine measurements were performed

to relate the present technique (CPBA) for assessing thyroid
activity following TSH administration, to the more commonly
used radioiodine parameters.
G. Total lodine Determinations
Tota1 iodine in both plasma and bile was determined
usj-ng the Hycel Cuvette PBI Determination (Hycel Inc.,
Houston, Texas).

Briefly, the method invol-ves the digestion of
proteins at 230oC by stable perchloric reagent, thus releasing
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any bound iodine.

The iodide is oxidized to iodate

by ceric reagent and the iodate stabilized for the
subsequent timed catalytic reaction.
The arsenious
reagent then converts the iodate to iodide which in
turn acts as a catalyst in the reduction of ceric
ammonium sulphate by arsenic trioxide"
Hence, at
standard time and temperature, the rate of catalysis
is directly proportional to the concentration of
iodide in the sample. The effect of catalysis is
measured photometrically (optical density) .
An
unknown plasma total- iodine value can therefore be
determined by relating its optical density to a
standard curve prepared with standards of known iodide
concentrations

In the routine analysis of total iodide,
0.1 ml of given standards (0, 10, 15 and 20 Ug%) or
appropriately diluted plasma or bile samples, \,vas
accurately pipetted into the bottom of individual
cuvettes (19 x 150 mm, Hycel Certified Cuvettes). Two
millilitres
of digestion reagent (0.025å vanadic acid
in 722 perchloric acid) was added, and the contents of
the cuvettes r¡rere well mixed using a Vortex mixer
(Deluxe Mixer, Scientific Products, Evanston, I11.).
.At timed 10-sec intervals, the cuvettes were placed in
the Hycel heating block, preheated to 230 t 5oC, under
the fume hood. Exactly 6 min after placing the first
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cuvette in the heating block, and in the same timed
10-sec intervals, the cuvettes were removed from
the heating block in the same sequence, and allowed
to cool for 20 min at room temperature, but still
under the fume hood
When cooled, 2 mL of ceric reagent (0.6U ceric
ammonium sulphate in 272 suJ-phuric acid) vras added to
each cuvette and the cuvette contents shaken vigorously
(Vortex mixer) to avoid stratification.
As this reaction
is exothermic, the cuvettes were left to cool to room
temperature for 20 min, following which, 2 mI of arsenious
reagent (0.9U arsenious trioxide in 8.22 sulphuric acid)
vras added to each cuvette in timed 30-sec intervals.
Immediately after each addition of arsenious reagent, the
contents of the cuvettes were well mixed (Vortex mixer)
and placed in a water bath at 37 ! o.5oc (Metaboryte water
Bath Shaker, New Brunswick Scientific Co. ) " Exactly 20
min after the addition of arsenious reagent to the first
cuvette and in the sarne timed 30-sec intervals and
seguence, each cuvette was removed from the water bath,
mixed by vortex mixer, wiped dry and the per cent transmittance
read against distilled water at 420 ft1.r using a "Spectronic
20" spectrophotometer (Bausch and Lomb) " The per cent
transmittance was converted to optical density using a
I'Transmission-Optical Density TabIe" .
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Since this, is a colour reaction with the optical

density being inversely proportional to the iodide
concenLration, the average optical density of each of
the standards (y-axis) was plotted against the
corresponding iodide concentration (x-axis) and the
off from the standard curve. The values
obtained were then appropri-ately multiplied by the
plasma dilution factor
unknowns read

H. Determination of bíIe organic iodj-ne
To determine the total organic iodine in bi1e, the
following parameters were measured:
(a) the proportion of bil-e radioactivity in the organic
fraction,
(b) the iodine concentration of bile, and
(c) the bile volume.
The total- iod.ine concentration (Ug? ) in a diluted
bile sample (0.1 mI) from r Nu125r-irriected fish, was
determined by the Hycel method (detailed in Section G of
this Chapter). This value was multiplied by the bile
volume (ml) and the bil-e dilution factor to obtain the
absolute amount of iodine in the bile" This \¡/as then further
multiplied by the fraction of bile iodine that was organic
to arrive at the quantity of organic iodine contained
in the gall bl-adder. Both the original bile volume and
the organic proportion of biliary iodine were determined
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indi rectly under the assumption of isotopic equilibrium.
To determine the original bile volume, the

radioactivity in a small known aliquot (which was
subsequently used for electrophoresis) of centrifuged
bile was determined and related to the radioactivity in
the exj-sting bile sample. Thus original bile volume is
equal to:
(1

-i)

where x = cpm
y-cpm

aliquot
original bile

l-n known
l-n

Paper radioelectrophoresis was used to determine

the proportion of radioactive organic iodine in the biIe.
A volume of 10 or 25 UI of bil_e was applied using
(Ð
Dispo v-micropipets (Scientific prôducts, Evanston, I11. )
along a 2.5 -cm 1iner 2.5 cm from one end and 0.7 cm from
both sides of a 4 - x 15 cm filter paper strip (whatman
No. l), pre-soaked in TRIS-HC.C buffer, pH B.B. A 0.5-U1
volume of standard (KT; I00 g/f) was also spotted at the

originr on both sides of the bile streak. Five of the
damp, loaded strips were quickly placed across the supports
of the electrophoretic chamber (Gelman rnstrument co., Ann
Arbor, Michigan) r with the line of application at the
cathode end, and herd tautly with magnets. care was taken
that both ends of the strips dipped into the TRIS-HC.(, buffer
in the chamber. After electrophoresj-s at room temperature
for 30 min at 200 vol-ts, the strips \^rere removed, dried and
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sprayed with palladium chloride (1 g/I) and re-dried.
The iodide standards showed up as dark brown spots.
(occasionally , I25t and standard iodide were run
simul-taneously on an adjacent filter paper strip to
check the correspondence of the migration).
The

entire strip was rolled breadthwise and counted at the
bottom of the counting tube to give the total count.
The rolled strip was removed and the inorganic portion
of the strip (corresponding to the iodide standard)
vTas separated by cutting at 9Oo to the long axis of
the strip, rolJ-ed and recounted.
The remainder of the
strip radioactivity (presumably organic compounds)
I¡/as expressed as a proportion of the total strip
radioactivity.
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A.

Introduction

Few data are available on the iodoamino acids
.
of fish body fluids.
Tong et al. (1961) and Chavin and
Bouwman (1965) have found only radioactj-ve T4 in the
plasma of the hagfish, Eptatyetus stoutií and goldfish,
Carassius auratus respectively, following radioiodj-de
administration. However, both T4 and T3 (triiodothyronine)
have been reported as circulating thyroid hormones in
lungfish, Pz,otoptez,us a.nnectens (l,eloup, 1958a) and the

plaice , PLeuronectus platessa (Osborn and Simpson, 1969a).
leloup (1958a) found T3 in lesser quantities than T4.
In addition, Leloup (1956) reported monoiodotyrosíne (MIT)

diiodotyrosine (DIT) , in addition to the iodothyronines,
in the plasma of the amphibiotic teleost, PeriophthaLmus
koeLyeutez,i. These compounds were also d.etected in the
plasma of Salmo gairdneri by Jacoby and Hickman (]966b) in
their isotopic equilibrium studies. Osborn and Simpson
(I972) also identified all four iodoaminoacids in plaice
fol-lowing TSH treatment using electron capture gas-liquid
and.

chromatography.

It is clear from the above that there may be
considerable qualitative and quantitative variation in
circulating iodoaminoacids in fish, which may be determined
27
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partly by species" At present, there are no
published accounts on the nature of the circulating
iodoamino compounds in brook trout.
Since the main
objective of this thesis is to determine the infl-uence
of TSH on circulating thyroid hormone levels in this
species, it was first necessary to identify the main
iodoamino compounds secreted, and in particul-ar during
TSH stimulation.
To this end, thin-layer
radiochromatographic separations were made of plasma
and bile iodoaminoacids following injection of radioactive
aoor-oe (,rzs-.
1) as precursor.
B. Experimental Protocol
1. Experiment I
Two groups (I and II),

each of two trout

(f experimental and 1 control) were injected five times
(I) or nine times (II) with solvent or l- mIU TSH/g/d.
On day two of treatrnents,
each fj-sh was injected. with
] ?E
10 UCi of Na*"-I"
Group III (f experimental and 1 control
fish) were si-milarly treated except that the experj-mental
fish received solvent on days L-4 and TSH from days 5-10.
Thus the first TSH injection was 3 days after uu125l
The control fish received 10 solvent injections.
injection.
Thin-layer radiochromatograms v/ere run with
Bakerftex medium in 3 solvent systems (BEA, CMA and EMA)
on alcoholic extracts of plasma and on bile and treated
bile

'.'

2. Experj-ment 2
Ten trout were each injected with 60 uci

on day zeyo.

Commencing

¡1u.125t

on day 5, five TSH (5.9 mlU/g/d)

injections were given to each fish, 24 hr apart. P1asma
and bile samples were obtained 24 hr after the l-ast TSH
inj ection.
Thin-layer radiochromatograms \,vere run on
alcoholic extracts of plasma and on treated bile of
individual fish on Chromagram medium (Kodak) in BEA solvent.
c"

Results

l.

Experj-ment I

Plasma of experimental fish in Group I and II

contained no *T4 or radioactive T3 (*T¡).

However,

a

small but definite peak corresponding to T4 occurred in al-l
3 solvent systems for the Group III TsH-treated fish
(Fig" 6+). However, no *T3 could be detected. Control
fish, I, II or III, showed neither *T4 nor *T3. A massive
iodide peak was seen in all samples.
nT4 and *T3 were absent from bile of all control
fish except for a possible *T4 peak in Group III (Fig. 68).
In contrast, all 3 experimental fish exhibited a distinct
*T4 peakr âs shown for experimental fish (III) in Fig. 68.
This peak was augmented by ß-glucuronidase treatment
(nig. 6C). No *T3 was detected but a prominent peak
occurred just before the *T4 peak at Rf 0.19 with EMA, and
Rf 0.15 with

BEA

solvents.
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FTGURE 6A.

Thin-1ayer radiochromatograms
CMA

(EMA,

and BEA; Bakerflex) of plasma

extract of control (C) and
b-TSH-injected (tSH¡ trout.
Blood
sampled at 10 days after I25:r
injection and 24 hr after the last
of 6 daily b-TSH injections.
The
positions of the standards are
indicated by arrows.
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FTGURE 68.

Thin-layer radiochromatograms
CMA

(EMA,

and BEA; Bakerflex) of bil-e of

control

(C) and b-TSH-injected

trout.

Blood sampled at 10 days

(TSH)

---I injection and 24 hr after
after r25_
the last of 6 daily b-TSH injections.
The positions of the standards are
indicated by arror^/s.
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FIGURE

6C. Thin-layer radiochromatograms (EMA,
CMA, and BEA; Bakerflex) of
p-glucuronidase-treated bil-e of
control (C) and b-TSH-injected (TSH)
trout. Blood sampled at 10 days
after I25r injection and 24 hr after
the l-ast of 6 daily b-TSH injections.
The positions of the standards are
indicated by arrows.
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2.

Experiment

2

*T4 was detected in both plasma (though little

in fish 9 and 10) and treated bil-e of all trout (Figs. 7A
and B).
No *T3 was detected" As the Chromagr.am medium
did not distinctly separate T3 from iodide, a few of the
plasma and bile samples were rerun on the Bakerflex medium
where separation is usually superior" Again, no *T3, but
a d.istinct *14 peak could be detected (Figs . BA and B) .
Plasma of fish 9 and 10 showed two additional
peaks between the origin and T4, with the peak at Rf 0.ZI
being larger (rig. 7A) .
An additional- compound (Compound X)
occurred at Rf 0.2I in bil_e (rig. 7B), which was difficult'
to separate from T4 on Chromagram medium using BEA solvent.
Their separation was greater, though sti11 not complete,
with BEA on Bakerflex medium (fig. 8B).
T4 accounted for less than I3 of total plasma

radioactivity with the remainder as iodid.e. In contrast,
iodide in treated bile always comprised less than 2OZ
(usua1ly 7 - 10%) of the total radioactivity, while the
(*14 + X) peak accounted for 69 792, and the origin peak,
6 118"
D"

Discussion
The results of the preliminary study (Expt. 1)

imply a slow iodide metabolism in brook trout, even under
the influence of TSH. Slow radioiodine metabolism in
brook trout, h.= been shown by Smith and Eales (1971) .
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FIGURE 7A:

Thin-1ayer radiochromatograms (eEa;
Chromagram, Kodak)

of plasma extract

of I0 individual b-TSH-injected
trout. Blood sampled at 10 days after
rzs_
---I injection and 24 hr after the
last of 5 daily b-TSH injections.
T4 standards are indicated by arrows.
T3 standards occurred at Rf = 0.35.
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FIGURE

7r_. Thin-1ayer radiochromatogirams (BEA;
Chromagram, Kodak) of
ß-glucuronidase-treated bile of
the 10 b-TSH-injected trout.
Fish
were the same as those shown for
Fiq. 7A. T ¡ standards are indicated
by arrows. T3 standards occurred at
Rf = 0.35.
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FIGURE 8.

Tþin-layer radiochromatograms (BEA;
Bakerfl-ex) of A. plasma extract and
B. ß-glucuronidase-treated bile of
some of the b-TSH-injected trout
obtained from the experiment shown
in Figs " 7A and B" Position of T4
and T3 standards and Compound X are

indicated by arrows.
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However, this inability

to deteca ,*tn readily
may also be due to the initial action of TSH to release
iodide from the thyroid as shown fn mammars (Halmi et a1.,
1960; Isaacs et a1., 1966; Manley et al. , 1972) . This
might partly account for the detection of *T4 in trout
plasma after 6 TSH injections (Group III) where TSH was
injected 3 days post injection of Nr125t, when none \,.üas
observed after 9 TSH injections (Group II) " Hence, in
Expt. 2, five days were allowed between the single
injection of radioiodide and the TSH injections to permit
normal radioiodide uptake by the thyroid before TSH
5-njections. Furthermore, large amounts of *T4 and
*T4-glucuronide were detected in the bile when little or
no *T4 was seen in the plasma. This l-ed me to increase
the dose of TSH and ua125l by about 6 times in Expt. 2,
in the hope of detecting plasma radioiodothyronines more
definitely.
Fig. 7A shows that after ¡¡u.1251 and five TSH
injections, only *T4 could be detected consistently in
trout plasma" The only parallel study in the riterature
(osborn and simpson, rg72) showed that rsH increased levels

of MIT, DIT, T3 and T4 in plasma of the marine plaice, using
gas liquid chromatography. However, they did not indicate
the absolute amounts or rerative proportions of these
iodoaminoacids, some of which may occur in quantities too
smal1 to be detected by the present method. rn addition,

the present identification

relies on a significant labelling
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of the iodoaminoacids: the probability of one of the
iodides of T3, DIT or MIT being label-led, is less
than that for T4. fn their abstract, Osborn and
Simpson also indicated that the rise of all 4
iodoaminoacids following TSH admini-stration was
asynchronous. Hence, the blood sampling time after
TSH injections may d.etermine the type of iodoamino
compounds detected

, T4 seems to be the only iodoamino
compound released from the thyroid of brook trout that
persists in blood to permit detection. In this respect,
this species is much l-ike that of the hagfish (Tong et al-.,
196f) and the goldfish (Chavin and Bouwman, l-965).
.As seen in Figs. 68 and ':-8, T4, released from
the thyroid, rapidly goes into the bile.
This is expectee
Neverthel-ess

as Osborn and Simpson (1969b) and Ea1es (1969 ,

1-97O) have

demonstrated biliary

excretj-on of raciothyroxine in plaice,
and salmonids, respectively
The identities

of

X, the origin peak in
the bi1e, and the unknown peaks in the plasma of fish g
and 10 were not pursued since this was not the primary
purpose of thÍs investigation.
In the plasma, these might
be iodotyrosines as has been demonstrated. in rainbow trout
(Jacoby and Hickman, i-,g66b) , and, following TSH
administration, in plaice plasma (Osborn and Simpson, L972).
However, it is possible that.they might be breakdown products
of peripheral metabolism (tetraj-odopyruvic acid,
Compound

tetraiodothyrolactic acid or tetraiodothyroacetic acid)

as
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demonstrated in adult plaice following *T4 injection
(Osborn and Simpson, 1969b). However,

tetraiodothyroacetic acid (and probabry the other two
breakdown products) has not been detected in vertebrate
plasma folÌowing radioiodide administration (Turner,
1966).

In bile, 4 main possibil_ities exist with regard
to Compound X:
(i) Iodothyronine*sulphate conjugate (This is
doubtful. Sincl_air and Eales (L972) showed
no *T4 conjugation to sulphates in brook
trout following *T4 and *T3 injections.) r
(ii) a degradation product of *T4, such as a
diiodothyronine (rZ) or a monoiodothyronine (T1),
]-25ir bound to
(iii)
bile salts or bile pigments t or
(iv) thyroid hormones bound to bile sal-ts or bile
,

pigments (This is the most likely si-nce the
. incorporation of T4 into bil_e salt-micelles has
been suggested from in vitro studies with
mammalian bile (Hi1Iier, 1921). ).
E. Conclusion
the main thyroid hormone released into the
circulation of brook trout following b-TSH administration.
T4 was rapidly removed from the circulation via biliary
excretion.
T4

raras

CHAPTER

IV

FACTORS AFFECTING THE INFLUENCE

oF b-TSH ON PLASMA T4
A.

Introduction
Since T4 is the main thyroid hormone in brook

trout plasma foll-owj-ng TSH administration, it is possibre
to measure the infruence of TSH on prasma thyroid hormone
levels by measurj-ng plasma T4. This can be accomplished
by a rapid and convenient method developed by Bauer et al.
(1970) and slightly modified for teleosts by Higgs and
Eales (1973). This competiLive protein-binding analysis
(CPBA) has the added advantage of being specific for T4.
In this chapter, I have studied the infl-uence of
a variety of factors on the plasma T4 response to b-TSH
administration. such information is required before any
meaningful dose-response relationship between plasma T4
and b-TSH could be established (Chapter V) " The factors
considered were: (i) blood sampling time and frequency of
injection, (ii) influence of feeding or starving test fish,
(iii) effect of anaesthesia \^¡ith MS 222, (iv) effect of
handling and TSH solvent, (v) effect of ACTH, (vi) effect
of body weight, (vii) effect of acclimation temperature,
and (viii) effect of prolonged b-TSH injection.
B"

in Plasma T4 with time following a single
injection of b-TSH (Expt. 3)
Changes

Hormone treatments

involving injections, are given
40
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in surges rather than as a steady
Hence,
"rrppfy.
a knowledge of the changes in plasma T4 with time
following TSH injection is important both for blood
sampling and the determination of the frequency of
injection for multiple-injection studies.
To determine this, 90 trout were starved
for a day prior to injection of 2.3 mIU TSH/g and
bled at 0t 3, 9, 9t 12, 24, 48 and 72 hr post injection.
The controls, bled at 24 hr post injection, received
only solvent.
Fig. 9 shows a rapid rise of T4 to a peak of
1.78 VgZ at t hr, followed by a plateau from 24 to 4B
hr and a gradual decline from 48 to 72 lnr" A T/C
(Treated/ConLrol) ratio of 10.8 was obtained at 24 inr.
Similarly, Hoar and Eales (1963) using the
conversion ratio (CR) method found a prompt and rapid
rel-ease of thyroid hormone into goldfish plasma, which
peaked between 6 and L2 hr following 131I and. TSH
injection.
However, Leloup and Fontaine (1960) found
no increase in thyroid 131I fixation in rainbow trout
held at l-4oc at 24 hr following 3 daily injections of
TSH and a dose of 131I ad.ministered with the last TSH
injection.
They detected no significant thyroid l31I
fj-xation until after 3 days " This suggests that the
primary effect of TSH is on thyroid hormone secretion;
thyroid 131I uptake being secondary. This was also
suggested by Olivereau (1955) in her histological and
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FIGURE 9.

Trout plasma T4 at various times after
a single intramuscular injection of
b-TSH (e-6)
. The control (o) is
shown. Each point represents a mean
value for 10 físh. Vertical bars
represent I SE on either side of mean.
Arrow indicates the time chosen for
blood sampling after b-TSH injections
in routine assays for b-TSH.
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histo-autoradiographic studies on eels at 7oC.
The decline in plasma T4 at 48 to 72 hr post
injection might be due to a combination of two or
three likely situations:
(i) a rapid degradation of exogenous TSH which
was shown to have a biological- half-life of
minutes in rats (Bakke, 1963),
(ii) an increased peripheral- metabolism of T4 and
(iii) a rate-limiting step in thyroid hormonogenesi-s.
Twenty-four hours post rsH injection was chosen as
the blood sampling time and interval for repeated injections

in later routine studiesr âs a significant increãse in
plasma T, \^zas obtained at this time.
Moreover, this point
lies in the plateau region of the time-course curve where
the "within-group" variability might be less than in the
rising or decrining region of the curve. rt should be
noted that the present time-course for response was
obtained with a TSH dose of 2.3 mlu/g¡ a lower or higher
dose might give a different response with time.
C" Effect of Feeding and Starvation (Expt"

4)

As has been shown in mammals, starvation also
depresses thyroid activity in fish (Fontaine and Fontaine,

1956; ortman and Bi1lig, 1966¡ McBride, 1967¡ Bonnet, r97o).
rn mammals, this has been attributed to reduced secretion of

pituitary TSH (Stephens, 1940; D'Ange1o, 1951).

Flowever,
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Donati et a!. (1966) found that

adnrinistration did
not abolish the starvation effect in rats, thus
suggesting that starvation effect is not totally mediated
via pituitary TSH. No information exists on the
influence of feeding or starvation on the response of
fish thyroid to TSH.
Hencer2groups of trout were starved for t3 days
prior to TSH injections.
Another 2 groups were fed 0.6?
of their wet body weight over the same period of time and
also during TSH treatment.
Table II shows that after 5 daily injections of
2.4 m¡IJ/9/d, starved f ish had an insignj-ficantly (P > 0 .05)
lower plasma T4 than the fed fish.
However, a greater
"within-group" variability was seen in the fed group.
The increased variability might also be due to
some fish being heavier feeders than others.
Since it
could not be assumed that fish w-ere consuming the same
amount of food, starvation was felt to be necessary in
later dose-response studies. Furthermore, it was often
necessary to use closed system tanks where excess food
would not be eliminated and wastes could build up faster
if fish were fed" This would increase the probability
of fungaÌ and bacterial infection (Davis I 1967). In
addition, increased sensitivities in TSH assays are
usually obtained by using fasted animals (Fontaine and
Fontaine, 1956; Brown, l-959¡ Ortman and Billig, 1966).
TSH

TÀBLE

II

Effect of 5 daily b-TSH injections on pJ.asma T4 of fed
starved brook trout,.
(Starved trout, were not fed for
days prior to injection or during injection period.

and
13

Fed

fish received 0.6t of wet BWlday for 13 days prior to
injection and during injection period. )

Nutritional

(s)

State

i

of TSH
(nrv/s/d)

Dose

BW

Plasma Tn

(ugl100 ml)

cr

1I

41. 1

r.3

10

39

.0

1.3

45.9

L.4

45.9

L.4

SE

0.03

0

_+

Fed

*3.74

2.38

0.00

0

Starved

N.S. (P > 0.05)
*S.n. not, calculated

*3.

2.38

01

0.37

-f
0.26

È
(¡
as

values were mainly 0 ¡rgt

T4
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Beamish (1964) observed a decrease in standard

metabolism of brook trout (lOoC) to a minimum within
3 days starvation, after which it remained constant

over the period of his study (10 days). Hence, in later
routine TSH assays, it was decided to starve brook trout
for 3 days prior to TSH injection.
D" Effect of

MS

222 (Expt.

5)

222, a commonly-used fish anaesthetic, has
been shown to produce significant physiotogical alterations
in fish (V'Iedemeyer, 1969, L970¡ Hunn and Wi-llford, I97O¡
MS

Houston et a1., L97I; Schmidt and lrleber, Ig73)

To Lest whether

II,IS

.

222 might also have an effect

on the response of plasma T4 to b-TSH, groups of I or g
fish vrere randomly assigned to 4 experimental tanks.
Two groups (experimental-) were injected with 2.4 mIU TSH/g
whil-e the other 2 groups (control-) received solvent.
All fish were killed 6 hr post rsH injection.
only one
of the experimentar or control groups was anaesthetized
222¡ O.05 g/9- of l2oC-dechlorinated water; pH 5.3) for
injection and blood sampling. The other experimental
(MS

or control group was injected and bled without the
anaes thetic .
Plasma T4 for the TSH-injected group treated with
MS 222 appeared to be higher than that for the TSH-injected
group where no MS 222 was used (fig. 10), though the
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FIGURE

10. Plasma T4 of control (C) and
b-TSH-injected trout (TSH), with (o) and
withou.t (e) the use of MS 222 for
injection and blood sampling. Each
point of the b-TSH-injected groups
represents val-ues from individual fish
while the columns represent mean values.
Vertical bars represent 1 SE on either
side of mean. Each control group
consisted of B fish.
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difference \¡7as not significant (P > 0.05) " Ho¡ever,
there was a marked increase in the "within-group"
variability when MS 222 was used. Fish in both control
groups showed 0 ugz T4 except for one fish in the group
without the use of

MS 222-

Although no significant effect of MS 222

was

detected in the plasma T4 response to b-TSHr âD initial
agitated behaviour of trout rvhen in contact with ¡¿S 222
was observed. Wedemeyer (1970) noted a similar behaviour
in MS 222-treated rainbow trout but not in trout treated
with neutral-ized lulS 222 or benzocaine. He ascribed this

to stress due to the 1ow pK (pH 4.0 in his 80 ppm solution)
of the sulfonic moiety of MS 222, since he observed a
corresponding rise in plasma cortisol of his MS z22-treated
In the present study, 0.05 g MS 222/9' gives a
trout.
pH of 5.3"

In view of this possible stress effect and. the
marked increase j-n the "within-9roup" variability of
TSH-injected trout, with the use of MS 222, MS 222
anaesthetization was discarded in this study, except when
weighing fish 4 days or more prior to TSH injection'
E. Effect of Handling

and. TSH

Solvent (Expt.

6)

Handling of fish is inevitable both prior to and
during the experimental procedure. Handling has been
shown to affect blood physiology and chemistry in the

killifish,

Fund.uLus heteyocLitrc

(Slicher et al. tL966)

and
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brook trout (Houston et a1., 197I). Fagerlund (1967)
has further demonstrated stress effecl*s due to handling
in sockeye salmon , \ncot'hgnchus nerka during the
freshwater stage. It is therefore necessary to
determine the influence of handlitg, if ân!r on the
trout plasma T4. Furthermore, since the 0.5% þhenol
added to the TSH solvent as a preservative might in

affect the response of plasma T4 to b-TSH,
this factor must also be considered.
Hence, 50 trout were randomly assigned to 5
experimental- tanks. Group I was left untreated while
groups III and V received 7 daily injections of 1.1 mIU
lSH/g/ð. in 5so glucose 0.5% phenol solution and 0.7e¿
Groups II and fv received
NaC.C sol-ution respectively.

some way

glucose - 0.5? phenol and 0.72
Fish were killed 24 hr after
NaCl, solvent resPectívelY.
an equal volume of

5%

injection.
TablelllshowsthattheTsHsolventsdidnot
significantly (P > O.O5) alter plasma T4 of both control
and experimental groups. Furthermore, ro effect due to
handling could be detected when the injected controls
(Groups II and IV) were compared with the untreated group

the last

TSH

(r) "
Despite the non-significance in the above result,
it was desirabl-e that fish be handled as little as possible
since Fagerlund (L967) showed that the non-significant

stress effect

d.ue

to handling for 2\ to 4 min

became

TÀBLE

Effect of ? daily b-TSH injections on plasma T4 to brook trout.
This experiment tested the influence of TSH solvent on the P1asma
T4 tevel and also the influence of handling on control fish. (Each

III

group consisted of 10 fish.

Group

TSH Solvent

)

Dose of

BW

TSH

(nlv/g/d)

(s)

Plasma

(vs/L00 mI)
x

II

No treatment

31s.6

58 glucose -

297

.4

T4

SE

2t.3

0.14

0.03

13.4

0.15

0.04

0.5t phenol
solvent

265.3

III
IV

267
0

.4

10.

6

1.1

*4.06
0.12

L6.2

0.52

0.03

.78 NaC.C

solvent

27r.5

14.3

1.r

*3.68

0.52
(tl

o
*Comparison

between experimental group

: statistically not significant (P > 0.05)
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significant over longer Periods of handling. It vras
O. 5e" phenol solution
also decided that the Seo glucose
be used as the TSH solvent as it contains Phenol as
preservative.
Er

Effect of Adrenocorticotropin (Expt'

7)

IthasbeenwellestablishedthatexPosureof
fish to chemical or physical stress prompts adrenal
responses (Hane et al., 1966; Fagerlund, L967; Hill and
Fromm, 1968; Wedemeyer, L969, 1970¡ Chavin and Young'
1970). This has been correlated with changes in thyroid

activity (Rasquin and Atz , 1952; Singh, 1969) . Hence,
in an attempt to mj-mic a general stressful situation,
adrenocorticotropin (ACTH) was administered to determine
any effect of ACTH (Stress) on plasma T4 in the absence
and presence of exogienous b-TSH'
Thirty-seven trout were randomly assigned to
Group I was injected
4 groups , each of 9 or 10 trout'
"simultaneously" with 0.9 mIU TSH/g/d and L7'2 miU ACTH/g/d'
Group II received 0.9 mIU TSH/g/d plus an equal volume of
plus an
ACTH sol-vent; Group III received :-7.4 mIU ACTH/g/d
equal volume of TSH solvent'. The controls (Group IV)
received TSH (5e glucose - O'5% phenol) and ACTH (0'72 NaC¿)

solvents.
intervals.

These injections were given five times at 24-hl't
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Neither synergism nor antagonism between
ACTH and TSH could be detected (P > 0.05) on the
Fish treated with ACTH alone
plasma T4 (Table IV).
did not differ from control fish.
This is contrary to most mammalian studies
where al_tered thyroid activity due to stress, ACTH or
corticosteroids has been well established (Perry' 1951;
Bogoroch and Timiras, 1951; Badrick et al., 1954; Money,
1955; Evans et aI., 1956; Fortier et a1', I970; Kobayashi

It has often been suggested that
such altered thyroid activity due to stress resulted
from a stress-induced depression of plasma TSH level
following an increased ACTH release. This would then
account for the lack of exogenous ACTH effect on plasma
T4 response to b-TSH. However' such an inverse
relationship between ACTH and TSH secretion at the
pituitary level has been disproved recently in mammals
(Fortier et a1., I|TO; Brown and Hedge , L972; Koch et al.,
and Greer, 1971).

Moreover, Shambaugh and Beisel (1966) demonstrated
I31I uptake and release due
a marked decrease in thyroi'd
to stress, with no corresponding decrease in serum TSH of
l;g72)

.

Moreover, exogenous TSH
experimentally infected rats.
did elicit a response, though both thyroid parameters
In a later experiment
showed an absolute reduction.
(Bxpt" 9), a similar significant decrease in the response

of plasma T4 .!o TSH was observed in a group of infected

TABLE

Group

of 5 daily injections of ACTH' TSH or
on plasma T4 of brook trout

Mffect

'Treatment

Dose.of

BI^I

TSH

II

+

ACTH

TSH (+

ÀCTH

and

Hormone

xSE
58.1 I.2

0.9

57.4

0.9

0.8

TSH

Plasma T4
(ug,/1oo mI)

(nr.v/g/d)

(s)

TSH

ACTH

ACÎH

L7.2

x
*1. 17

0. 16

0.99

0.12

0.02

_+

0.03

_+

SE

solvent)
ITI

ACTH (+
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TSH

.5

r7 .4

1. l-

sol-vent)

IV

Control (both
TSH and ACTH

10

58.

I r.2

solvent
*

N.S. (P > 0.05)
ts.P. not calculated

as

values were mainly 0 ygt

T4

ur
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trout aL 15.4oc (Table V) . This might be a real
temperature effect, although this is doubtful.
Furthermore, Osborn and Simpson (I972) detected a
fall in plasma T3 and T4 of plaice to 30% of their
original l-evels within 4 daysr. due to stress of trawl
capture and subsequent tank adaptation.
Hence, in view of the above literature,
caution shoul-d be given in interpreting the present
result since the ACTH dose and frequency of ACTH
injections were arbitrarily chosen. ACTH is known to
be rapidly inactivated in the body (Van Dyke. et al. ,
1950; Rasquin and Atz, Lg52). Moreover, the possible
ACTH and stress effects on the thyroid might be
mediated via the adrenals. It has been shown that the
response of the adrenal cortex (interrenal tissue) is
depressed by high circulating corticosteroid levels in
rainbow trout durj-ng the winter months (Hill and Fromm,
1968).

The present experiment was performed in October.

c. Effect of Body Weight (Expt."

8)

In this section, I investigated the influence
of body weight on the response of plasma T4 to b-TSH.
Fish from one population were randomJ-y divided
into 4 groups and fed 0.6 (maintenance ration), 1.5, 2.52
or excess (> 5.08) of their wet body weight/day for about
6 weeks, when body weights of about 45,60' 75 and I25 g
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were attained.

They were then fed the maintenance

ration for a week before starving for 3 days. Fish
fed the excess ration reached the desired weight
range before the others and were fed the 0.63 ration
Each fish was injected with I mIU
4 days earlier.
lSH/g (based on the average body weight of the fish
in each group)
Fig. 11 shows that the plasma T4 was positively
correlated (r = 0.51) with body weight of TSH-injected
F test at the IZ level on the regression
trout.
showed that g I 0.
Although thyroids of larger fish might be more
sensitive to TSH stimulation, peripheral metabolism of
Bigger fish may excrete
T4 could be altered by size.
thyroid hormones less readily than smaller fish.
Furthermore, although fish 'útere randomly assigned to
different groups, there was, unfortunately, a higher
proportion of females in groups with lower body weight
(Fig. 11). Fish thyroid dry weight, thyroid radioiodine
uptake, thyroid protease activity and thyroid
iodoaminoacids content are generally greater in female
than in male fish (l,el-oup, 1951; Clements , Ig57; Matty,
1960; Matty and Thornburn, ].}TO\ " However, Ortman and
Bil1ig (1966) found no obvious relationship between sex
of goldfish and magnitude of response to TSH" Data from
individuals in the present study also gave no indication
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FIGURE 11.

Relationship between plasma T4 and
body weight of b-TSH-injected trout"

Trout in each group received I mIU/g.
Each point represents a mean value
for 9 or I0 fish. Vertical- bars
and horizontal lines represent I SE
from the mean. P = female; M = male,F test at 1å level shows that g / 0.
f = 0.02 + 0.01X, T = 0.51.
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of sex-dependency of response to TSH, though this
factor was not tested experimentally.
H.

Effect of Acclimatj-on Temperature (Expt..

9)

Temperature has been shown to influence thyroid

function in fish though the results are conflicting
(reviewed by Gorbman, L969) .
Leloup (1959) found no
effect of temperature on hypophysectomised eels although
a marked increase in thyroid 131I uptake with increasing
temperatures was obtained in normal eel-s (Leloup, 195Bb).
This strongly suggests a pituitary-TSH-mediated effect
of temperature on thyroid function. However, Eales
(J-964) hypothesized a TSH-independant influence of
temperature on poikilotherm thyroid.
Furthermore, many
studies have demonstrated diminished or negligible
responses of fish thyroid to mamnalian TSH at low
temperatures (l-Ooc) in compari-son to 20oC (Olivereau,
1955; Fontaine and Fontaine , L957a, b; Lysak , I972a, b).
However, these studies were indirect and did not involve
the measurement of plasma 14
Thus, B0 trout, acclimated at LzoC, trere randomly
assigned to 8 experimental tanks. The water temperature
for each pair of tanks (f control and. 1 experimental) was
adjusLed by 2.0 or 2.5oC every 5 days until accl-imation
temperatures of 5.0, 11.5, 15.4 or 20.1oC were reached.
The fish were acclimated for another 5 days at these

5B

temperatures before injections.

Fish were fed daily
a maintenance ration appropriate for each temperature.
These rations \Á/ere approximated from the growth curves
for sockeye salmon (Brett et al, 1969). Despite the
differences in species and diet composition, 50-g
brook trout, fed these rations, maintained their weight,
according to weighings every 5 days during the experiment.
After acclimation and 3 days starvation, 1 mIU TSH/g
was injected into each experimental fish (controls
received solvent only).
Blood was sampled 24 hr post
inj ection .
The data for both control and experimental
groups at 15.4oC were rejected as fish were severely
infected, probably with CoLumnaris sp., 5 days prior to
TSH injections and underwent 3 days of terramycine
(Pfizer Co. , Ltd., Montreal, Que") treatment (2g/30.0 water)
For neither control nor experimental_ fish was there a
significant influence of temperature on plasma T4 (Table v)
However, at all 3 temperatures, significant differences
(p < 0.001) existed between TSH-treated and control groups.
T/C ratios were 5.4, 3.6 and 4.3 at 5.0, 11"5 and 20.1oC
respectively.
The þresent finding that b-TSH was as effective
in elevating plasma T4 of brook trout at 5.0 and 11.5oC

unexpectèd. previous workers using
other criteria for thyroid activity have usually found the
as it was at

20oC was

TABLE

Effect of a single b-TSH injection on plasma T4 of brook trout, acclimated
at 5.0, 1I.5,15.4 and 20.loC

V

Àcclimation
Temp. (oc)

(s)

xSE

n
10

5.0

11. 5

r15.4

SE

51.

I

(ugllO0 ml)
X

0

T4

0. 17

CF

0.05
<0.001

11

50

.6

r.0

10

49

:2

1.

r-

1.0
0

0.91

0.13

0.2

0.04

0.11

<0.001

50.9

1.0

1.0

0.73

0.11

50.0

1.8

0

0.11

0.07

0.03

<0.

9
20. 1

(mIU/g)

Plasma

0.04

10

Á

Dose of lSH

BW

53.8

r.9

1.0

0.28

0.06

49.6

0.9

0

0.16

0.04

0.03

I

<0.001

10

50.7 1.0
1.0
0.69
0. 10
Comparison of experimental groups: not statistically significant, (P > 0.05)
tri=t infected with 6oLumnarie ep.

lJl

\o
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thyroid to be more responsive at higher temperatures
with l-ittl-e response at low temperatures. In fact,
workers have shown no response of the thyroid
of normal rainbow trout to mammalian TSH at temperatures
some

of 8 - 10oC (Olivereau, 1955; Fontaine et al-., 1955).
Fontaine and Fontaine (1957a) treated rainbow
trout with b-TSH and rat pituitary extract.
Twentyfour hour-thyroid 131r uptake in trout acclimated at
20oC was found to be greater than the 48-hr thyroid
131I uptake by trout acclimated at 10oc.
Del-sol and
Fl-atin (1956) , using hi_stologica] technigues, showed
little difference in the thyroid activi-ty of goldfish
at different temperatures. However, a single dose
of TSH (S TSH units) produced a greater reaction at
28oC than a single dose (10 TSH units) at 12 l5oc.
Furthermore, Lysak (L972a, b) reported a greater thyroid
radioiodine uptake and a higher hormonal fraction in
plasma of carp , cypz,inus eaz,pio at the higher temperature
(20oc) than at looc. This difference lvas accentuated
by TSH treatment.
Fontaine and Fontaine (1957b), reported that the

thyrotropic activity of eel pituitary extract was
approximately the same at 10 and. 20oc but that of the rat
pituitary extract was consid.erably reduced at l0oc, thus
suggesting a zoologicar specificity of the TSH molecule
(Fontaine, 1969 ). Moreover, it is doubtful that the
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thyroid stimulation at the low temperatures in brook
trout could be due to b-HTF (bovine-heterothyrotropic
factor) which h¿s been shown to stimulate rainbow
trout thyroids (Fontaine, 1963). Fontairre (1969)
has shown that b-HTF has no effect on 131r discharge

in rainbow trout at l-0oc whereas an intense increase
r¡¡as seen at 2ooc
The present results do not necessarily mean
that TSH is equally potent from 5 - 2OoC. In this
study, plasma T4 was measured. rather than thyroxine
secretion rate.
The possibility of increased peripheralmetabolism of T4 at higher temperatures exists.
In
fact, Leloup (1965) and Drury and Eales (1968) found an
increased peripheral- utilization of radiothyroxine at
high temperatures accompanied by a decrease in circulating
hormone (PBI) in normal eels and brook trout respectively.
However, this is further complicated since Leloup (1965)
found no simil-ar changes with hypophysectomised eels,
thus suggestJ-ng a pituitary.-mediated effect.
No further attempts will be made to explain: the
difference between this and previous studies. rrrespective
of the reason, the present data show that b-TSH (Thyrotron,
Nordic Biochemicals) is capable of elevating trout plasma
T4 not only at 20"IoC but also at 11.5 and 5"Oo C with the
highesL'I/C ratio (5.4) at 5.0o C.
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I.

Effect of Prolonged Treatment with b-TSH (nxpt.

10)

In treatments involving multiple injections of
b-TSH, a knowledge of the response of plasma T4 to
prolonged TSH injection is necessary. Ortman and Billig
(1966) found an increase in the dose-response sJ-ope for
TSH in goldfish given 4 daily TSH injections in comparison
to 2 daily injections.
On the other hand, Pickford.
(unp'ublished data quoted in Pickford and Atz, L957)
suggested that chronic treataent of teleosts with
mammal-ian thyrotropic preparations probably results in
antibody formation to the TSH, which would eventually
reduce the thyroid response to exogenous TSH.
Hence, 60 trout r^Iere randomly divided into 3
sets, each set comprising an experimental and a control
group. One set was given 5 and the other set 14 daily
TSH injections.
The third set of fish was discarded
due to disease. AII fish \,{ere given 1.1 mIU TSH/g/d.
Control fish received only solvent.
As shown in Tab1e VI, a significantly lower
plasma T4 occurred in trout receiving the more prolonged
iSU treatrnent (P < 0.01). This table also includes data
from another experiment (Expt. 6) conducted 7 days earlier
on fish of the same population and treated identically
There appeared
but receiving only 7 daily TSH injections.
to be a 'progressive drop in plasma T4 from 5 to 7 Eo L4
daily TSH injections (Fig" 1-2).

TÀBLE

vI

EffecÈ of Prolonged Treatment, with b-TsH on plasma T4 of Brook Trout

No. of
daily

Dose of

B!{

injections

TSH

(nrv/g/d)

(s)

Plasma T4

(uslI00

m1)

;

fsE
292.3

13.1

268.2

5.9

SE

0

0.26

0.08

1.1

s.58

0.73

10

297.4

13"

4

0

0. 15

0.04

10

265.3

10.

6

1.1

4.06

0

IO

270.8

9.2

.0

0.12

0.04

T2

27

3.I

4.5

1:1

3. 01

0

.52

14

*Comparison between experimental groups: stat,istically

lFro* Expt. 6 (Table r) - Alt conditions were the
of the same population. Experiments were ran I

same

week

.47

significant (P < 0.01)
as present experiment and fish
apart.

or
(,
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FIGURE

12. Plasma.T4 after 5, 7 or L4 daily
b-TSH injections (o-e)
; Controls
(o----o).
Each point represents
a mean value for 9 - 12 fish.
Vertical bars represent I SE on
either side of mean.
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The significant decline in response of plasma
T+ to prolonged TSH treatment may represent a "refractory

state" similar to that noticed in mammal-s after 7 - 12
days of treatment with non-homologous thyrotropin
preparations (Thompson, 1941) . ivlammal-ian antisera to
thyrotropin preparations are specific for TSH (Selenkow
êt g_L., 1962¡ Beck
g!., 1962) and have been greatly
":
used in studies involving zoological specificity of the
TSH molecule (Fontaine, 1969)..
. Antibody formation in fish j-s now well-documented
(reviewed by Cushi-ng, I97O) " Thus the decreased response
of trout to b-TSH might be due to antibod.y formation to
the foreign glycoprotein.
However, other possibilities exist.
The
decreased response during prolonged treatment might have
resulted from possible stress due to increased number of
injections and handling. TSH might also act extrathyroidally
to affect fish blood circulation which might ultimately
affect the supply of TSH to the thyroid" Perhaps the
most like1y explanation is that of thyroidal autoregulation
as shown in mammal-s (reviewed by Solomon and Dowlirg, 1960) .
Inhibition of the iodide pump by some intrathyroidal
j-odoaminoacids was suggested. It is conceivable that this
would ultimately affect T4 release and hence plasma T4.
In addition, a partial inhibition by T4 on thyroid
response to exogenous TSH has been observed in intact
guinea pigs and hypophysectomised rats, chicks and normal
and hypophysectomised goldfish' (Cortell and Rawson, l-944¡
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Shellabarger and Godwin, 7954; Chavin, 1956c).
Therefore, it was decided that multiple

injections should not extend beyond 5 days.
J.

Conclusions

Several factors do alter the response of
trout plasma T4 to b-TSH. Hence conditions must be
carefully standardized when using this parameter to
assay for thyrotropic activity.

Therefore, in routine assays for
brook trout, the following vüere employed.

I.

TSH

with

As no significant difference in the response of trout

plasma T4 to b-TSH was seen at 5.0, 11.5 and 20.1oC,

experiments were run at 10

L2oC, which corresponds to

the acclimation temperature of stock fish.
2. Fish were screened for uniformity in body weight,
since a positive correlation between fish body weight
and plasma T4 was observed.

3. Fish were starved for 3 days prior to treatments,
in view of the increased variability in response to
feeding and the possibility of fecal accumulation in the
closed water systems used for the assay.
4" In injecting and sampling fish, no MS 222 was used,
in response.
since it.increased the variabílity
5. Handling was kept to a minimum to avoid any possible
stress although no significant effect of ACTH or handling
on plasma T¡
-+ \^/as observed.
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6" Since no significant difference between

5B

glucose - 0.53 phenol and O.7Z NaC,C was found,. the
former was used as the phenol acts as a preservative.

7. With multiple injections, treatments were not
extended beyond 5 daily injections as prolonged
treatment with b-TSH considerably reduced the response
of plasma T4 to b-TSH.
8. Sampling of bl-ood, 24 hr post injection of b-TSH,
was determined from the time-course curve following
a single b-TSH injection.

CHAPTER V

DOSE-RESPONSE RELATIONSHIPS

A. Introduction
Several in vivo teleost bioassays have been
developed. Gorbman (1940) and Ortman and Billig (1966)
have proposed microhistometric measurements of goldfish

thyroid cell height as a sensitive and reliable assay
for TSH. This response to varyJ-ng doses of TSH has
also been demonstrated by Pickford and Grant (1968) and
However, while histological
Higgins and Ball- (1970) .
bioassay methods may be relj-able, such techniques are
often tedious and time consuming.
A more rapid TSH bioassay method employs
radioiodine metabolism. Fontaine and Fontaine (1956)
and Chavin (1956c) suggested the use of radioiodine
fixation by thyroids of fasted rainbow trout and
However, the
hypophysectomised goldfish respectively.
possible unrel-iability of this method was seen when 131I
fixation by rainbow trout seemed to decrease at higher
doses of pituitary extract (Fontaine and Fontaine, L956).
Irforeover, Hoar and Eales (1963) noted that increased CR
values were accompanied by unchanged thyroid uptake
factor in goldfish.
They concluded that increase in
CR is dr.e to j-ncrease in thyroid hormone output and is
therefore a superior index of increase in thyroid activity.
68
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This suggested that hormone output from the thyroid
into the blood might provide a more direct index of
thyrotropic activity.
While Hickman (I962) measured the output of
organically-incorporated radioiodine from the thyroid
(CR) and the plasma pe127r of the starry flounder,
Platíehthys steLLatus, in response to TSH, he did not
consider these parameters over a range of TSH doses.
On the other hand, Hoar and Eales (1963), Pickford and
Grant (1968) and Higgins and Ball (1970) did study
thyroid h.ormone output in response to different doses
of TSH. However, their measurements involved the
release of thyroidal radiohormone v¡hich in turn
depended upon thyroid radioiodine uptake.
Hence, in the present study, I attempt to
(i) determine the d.ose-response of trout plasma
T4 to b-TSH after one and five daily injectl-ons,
(ii) compare this index with the widely used
radioiodine indices, and
(iii) explore, íf necessary, âtry discrepancies
between plasma T4 and. radioiod.ine parameters
in TSH bioassays "

r
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B.

Experimental- Protocol

1. Response of plasma T4 to one or five
b-TSH injections (Expts. 11 and L2)
Two series

of experiments v;ere run. In
Series I (one TSH injection; Expt. 11), seventy
l2oC-accl-imated trout (50.2 t 0"4 g) \Á¡ere randomly
assigned to 7 experimental tanks. Trout in each
group were given a single injection of b-TSH (0, 0.2,
0"5, 1.0, 2.0, 3.9 and 5.0 mIU/g) and bled 24 hr
later
In Series II (S TSH injections; Expt. J-2),
seventy l-2oc-acclimated trout (41.8 t 0.6 g) were
randomly assigned to 7 experimental tanks. Trout in
each group were given 5 daily injections of b-TSH
(0, 0.25, 0.6, I.2, 2.4, 4.9 and 6.L mlU/g/d)and bled
24 hr after the last TSH injection.
.

2. Comparison between plasma T4 and
radioiodine parameters in response to
(Expt. 13)
b-TSH injections

5

Seventy-seven 1goC-accl-imated trout (41' 8 I

0.6 g) r¡/ere randomly assigned to 7 experimental tanks.
Trout in each group vrere gJ-ven 5 daily injecti-ons of
b-TSH (0, 0.24, 0.6, I.2, 2.3, 4.7 and 5.9 mT-U/g/d).
Each fish also received a single injection of 1.5 UCi

n.125I on day 2 of treatment.

Fish were bled 24 hr

7L

after the last TSH injection.
The gaIl bladder and
thyroid region were removed. Bile stable organic
iodine, ? thyroid, PB125r, ïr25T, cR, plasma T4 ancl
plasma stabl-e iodine were determined.
3. fnfluence of b-TSH on time-course of
rad.ioiodine metabolism (Expt. t4)
Ninety-¡j¡s l0oc-acclimated trout (48.6 t 0.4 g)
were randomly divided into 3 groups. E.gh group was
injected with b-TSH daily for up to S days as follows:
Group I (control-s) received TSH solvent; Group II received
L mIU/g/d¡ and Group IIf received 5 mlU/g/d. Each fish
was also given 1.0 uci N-1251 on day 2 of treatment.
Samples of B - 9 fish from each group were bled at L, 2,
3 and 4 days post injection of Nr125l. Radioiodine
measurements were made on the thyroid and plasma, as
described for the previous experiment.
C. Resul-ts
1. Response of plasma T4 to one or five
injections

b-TSH

Plasma T4 was lower for fish receiving the

smallest b-TSH dose than for control fish.
However, the
curve then rose steeply and levelled off at a dose of 3.9
mIU/g (fig. 134). At this dose, a maximum of 2.0 UgA T4
was obtained. Controls recorded a value of 0.52 lgï 14.
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FIGURE

13.

Dose-resp_onse

relationships

b-TSH and A.

plasma T4 and B. plasma

L27

between

f of trout , 24 hr after a single
(6-ø)
and 5 dailY (o.-o)
inLramuscular injections of b-TSH.
Each point represents a mean value
for B - 12 fish. Vertical bars
represent t SE on either side of mean.
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After 5 daily injections (nig. 13A), there
was again a drop in plasma T4 from control Ievel
(0.25 ¡.lgã T¿) at the lowest b-TSH dose, followed by a
steep rise to a dose of 2.4 mIIJ/g/d where plasma T4
began to level off .
A maxj-mum of 2.74 Ug% T4 vras
obtained at a dose of 4.g mIU/g/ð,. This was 11.0 times
the control value.
The log dose-response rel-ationship was 1inear
from a b-TSH dose of 0.5 to 3.9 mIU/g for the single
injection and from 0.6 to 2.4 mru/g/d for]-owing 5 injections
(Fig. 14). No direct rel-ationship of plasma T4 with log
dose was obtained bel-ow 0.5 (one injection) and 0.6
mlU/g/d (S injections).
A saturation effect was observed
at doses of 3.9 and 2.4 mrv/g/d for single and 5 injections
respectively.
Since the linearity of response against
1og dose can be maintained down to doses of 0.5 to 0.6
mIU TSH per injected volume of 0.05 mI, the sensitivity
(tfre lowest detectable TSH dose) is about 10 12 mIU/mI.
The indices of precision, À (as determined by the standard
deviation of the regression/sIope) were 0.130 for single
injection and 0.046 for multiple injections.
Analysis
of Covariance showed that the two regressions were
significantly different (p < 0.05).
Total plasma iodine determinations (representing
almost entirely iodide) showed a significant (p < 0.05)
increase with dose to a maximum of 225 UgA at a dose of
I.2 mT.U/g/ð, following 5 injections (Fig. 138). This rhen
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FIGURE

J-4. Log dose-response of plasma T4 to
b-TSH after a single (e-e)
and
5 daily (D---Ð ) intramuscular
injections from the same experiment
as shown in Fiq. 134. Each point
represents a mean value for B - 12
fish.
Vertical- bars represent
1 SE on either side of mean. Analysis
of, Covariance showed that ßt / ß2
at 5? l-evel where ß1 represents slope
for one injection and ß2 represents
slope for 5 injections. yl = I.22 + 1.53 XI;
À = 0.130 (one injection) Y2 = 1.10 + 3.53 X2¡
À = 0.046 (S injections).
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decreased gradually with increasing TSH dose.

trend followed a single

TSH

No such

injection.

2. Comparison of plasma T4 with radioiodine
parameters in response to 5 b-TSH injections
Both pg125t and CR showed a similar trend to

that of plasma T4, in response to varyi-ng doses of b-TSH
(Figs. 154, E and F) . The fog dose-response plots
showed a linear rel-ationship f rom 0. 6 to 4.7 mfU/g/d
¡e¡ pgl251 and plasma T4 and from 0.6 to 5.9 mTU/g/ð, for
A high correlation (r = 0.98)
CR (Figs. 164, C and D).
was seen between CR and plasma T4 (nig. 17).
the log dose-response of plasma T4 to b-TSH
was compared to that of 5 daily injections from the previous
experiment, most points coincided (fig. 16A) except for 2.3
and 2.4 mlU/g/d. Analysis of Covariance showed no
significant (P > 0.05) difference between the two regressions.
The sensitivity was again 12 mItJ/mI and the index of
precision, 0.067 "
The lowest TSH dose caused an increase in both
plasma radioiodide and stable iodine values, which then
Bile organic iodine showed
decreased (Figs. 15C and F) .
a linear increase from 0 to I.2 mfü/g/d (nig. 158) at which
point ít tended to level off.
However, a linear log
dose-response of bile organic iodine was obtained from
0"24 to 5.9 mlu/g/d
When
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FIGURE 15.

Effect of 5 daily intramuscul-ar
injections of graded doses of
b-TSH on A. Plasma T4 (o-o)
;
B. Bil-e organic iodine (Hl)
;
c. Ptasma L27r (a
Â) ;
D. Z thyroid (o-o) ; E. CR
(t}----n ); and F. rL25Í (A-^)
and pg125l (a----a).
Each point
represents a mearr value for 11
fish.
Vertical bars represent
I SE on either side of mean.
Original data are given in Appendix
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FIGURE 16.

Log dose-response refationships between

of thyroid function
from the same experiment shown in Fig. 15.
Each point represents a mean val-ue for 11
fish.
Vertical bars represent I SE on
either side of mean.
A. Plasma T4 after 5 daily b-TSH injections
(o-s) . Corresponding data from Expt. 12
(o--o) are a1so shown" Analysis of
covariance showed that ßI = ßZ at 52 leveI,
where ß1 represents slope for Expt. L2 and
p2 represents slope for Expt. 13. Yl = 1.10
+ 3.53 Xt; À = 0.046 (Expt. I2). Y2 = 0.84 +
2.L9 x2¡ À = 0.0q7 (Expt. 13).
b-TSH and 4 parameters

B.

CR

after 5 daily b-TSH injections

(E-tr).
C. Bil-e organic iodine after 5 daily
b-TSH inj ections (M-E)
D. pe125r after 5 daily b-TSH injections
(A-A) "
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FIGURE 17.

Correlation between plasma T4
and CR as an index for b-TSH
activity. Y =-I.4.+ 7"5 X¡
r = 0.98
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The % thyroid increased significantly

(p < 0.005) with TSH dose (l'ig. 15D) to a maximum of
7.60? at I"2 mftJ/g/d, followed by a significant
(P < 0.025) drop to 5.79å at 2.3 mIU/9/d, and a more
gradual decline to 4.85e" at 5.9 mIU/g/ð,. At the highest
dose, Íà thyroid was lower (though not significantly;
(P > 0.05)l than the controf value.
3. Influence of b-TSH on the time-course of
radioiodine metabolism
The ? thyroid for the higher TSH dose showed

delay in response and was consistently lower than
that for the other dose or the controf (Fig. 18l\) . Z
thyroid had declined by 4 days post injection of I25Í for

some

all groups.
The corresponding p31251 vafues appeared erratic,
with an exceptionally high value one day after l.25I

injection in the group which received I mfrJ/g/d (Fig. lBC).
However, significantly (P < 0.05) higher values u¡ere
obtained in the groups given TSH at 3 and 4 days post
l-nl ecEr-on oI- r25_I .
No distinct difference due to TSH was seen in
the plasma radioiodide (nig. lBD) "
'

Fig. 188 shows significant (P < 0.005) increases
in CR from 2 to 4 days post injection of 125r due to TSH
Slightly greater values were obtained with
injections.
5.2 mTu/g/d.
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FIGURE 18.

Effect of 2 - 5 daily b-TSH injections
at 2 dose l-evels (I mfT/g/ð,, ffit---41;
5.2 mIU/g/d, Ä---Á; controls , @........@)
on several radioiodine parameters of
thyroid function at various times after
a single L25r injection. panel- A
shows % thyroid, panel B, CR,
panel c, eef25t, and panel D, r125r.
Each point represents a mean value for
B - 9 fish. Vertical bars represent
1 SE on either side of mean.
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D. Discussion
1. Influence of graded doses of b-TSH on
plasma T4 of brook trout
The dose-response relationships are represented

both as arithmetic plots (Figs. 13,A, and 15.A.) and 1og
dose plots (Figs. 14 and 164) .
The following discussion
is based largely on the log dose-response with limited
reference to the arithmetic plots.
Three distinct phases (A,, B and C) are shown in
a schematized log dose-response of trout plasma T4 to
b-TSH (Fig. 19).
Phase A is linear rvhile deviations fronr
linearity occur at low (Phase B) and high (phase C) b-TSH
doses

also observed in the 1og dose-responses
for plasma radioiodothyronine indices of thyroid activity
such as cR (Fig. 168) and pe125r (Fig. I6D). Thus borh
stable and radioactive hormone levels in plasma are
predictably related to b-TSH dose over a certain range.
This phase has two practical applications.
Firstly, this linear 1og dose-response (Figs . 14 and 164)
with its good reproducibility (Fig. 164) for 5 injections
provides a method for creating predictable elevations in
brook trout plasma T4 with b-TSH. This is useful in
studies involving the action of T4 and thyroid function in
fish"
However, in such experimental manipulation of
plasma T4, attentj-on should be given to possible
Phase A was

B2

FIGURE 19.

A schematized 1og dose-response
relationship between plasma T4
and b-TSH showing the 3 phases

(4, B and C) of the response.

PLASMA Ta

!-

O

6)

O

fr

-4

tfi

ïr

g

q3

O
U'

Ín

83

extrathyroidal- effects of TSH on T* metabolismr âs
demonstrated in guinea pigs (Sisson, 1970).
Second.ly, this linear response provides a
possible trout bioassay for b-TSH with dose ranges of
0.5 3.9 and 0.6 - 2.4 mlu/g/d. for one and 5 injections
A significantly (P < 0.05) greater slope
respectively.
was obtäined for 5 injections suggesting a superior
assay with 5 injections than with one injection.
The present sensitivity (10 12 mIU/mI) is
l-ower than that claimed for fasted rainbow trout
(Fontaine and Fontaine, 1956) and for goldfish (gutton
and Hayter, IgTO) with respective sensitivities of
5 - 10 mIU/mI ancl 33 punits/ml (assumed equal to 0.033
mIu/ml). However, it is more sensitive than the goldfish
assay reported by Ortman and BiIJ-ig (1966) who obtained
a sensitivity of 0.'024 IU (equal to 60 mlU/ml).
The precision indices fot the present method

ranged from 0.046 - 0.067 for 5 injections to 0.1-30 for
In comparison, Fontaine and
the single injection.

Fontaine (1956), Ortman and Billig (1966) and Hutton and
Hayter (f970) reported indices of precision of 0.5, 0-326
Thus, in terms of precision,
and 0.435 respectively.

this method is superior to those mentioned above.
During Phase B, TSH probably acts at these low
doses, to increase T4 secretion. However, the released
Biliary excretion
T4 may be rapidly excreted via the bile.
is indicated by an increase in bile organic iodine (Figs.

B4

158 and 16C) \^/ith the bile representing a "reservoir"

for coll-ection of excreted T4. The biliary pathway
may be able to cope with the addition of small
amounts of excess T4 into the plasma due to low doses
of TSH. Consequently, little or no net change in
plasma T4 is detected though changes were observed in
the "bile reservoir".
This observation suggests a possible
improvement to the sensitivity of the bíoassay. The
time between injection and blood sampling might be
shortened to a point where biliary excretion had not
as yet exerted its full effect.
During Phase B, there were also increases in
This could
plasma I27r and I25Í (nigs. 15c and F).
represent the add.ition of iodide to the plasma pool
due to tissue deiodination of T4. Deiodination of
n!4 in brook trout has been demonstrated in vitro and
in vivo by Law and Eales (1973) and Higgs and Ea1es
(unpublished), respectively.
Thus el-imination of excess
T4 added to the plasma at low TSH doses could be achieved
by both biliary excretion and d.eiodination pathways.
In fact TSH might increase T4 deiodination. Sisson (1970)
has shown an extrathyroidal stimulation of hepatic
deiodination in guinea pigs by TSH"
However, the increased prasma L27r and r25r

levels during Phase B may not necessarily reflect

T4

B5

deiodination. Enhanced mobilization of iodide
from certain tissues into the circulation has
been reported., following TSH treatment. Leloup
(1970) demonstrated a significant decrease in
- 131_
---I ratio in raÍnbow trout
---I : bl-ood- 131_
muscle
following 3 daily injections of 30 mIU TSH (no body
weight stated) with 131I given with the last TSH
In addition, TSH has been shown to
injection.
induce the rel-ease of mammalian thyroidal iodide
derived both from the circulation and from
intrathyroidal deiodination of iodotyrosines (Halmi
et aI., L960¡ Halmi and Pitt-Rivers, 1962; Nagataki
and Ingbar, 1963; Isaacs et aI. I L966; Haibach, L97L¡
Manley et a1., 1972). Hence, it is likely that the
increases in r27 r and r25r at l-ow doses coul-d be due to
an exit of iodide from the thyroid.
An overshoot in the negative feedback mechanism
could also be occuring over Phase B. This is possibly
seen in the significant (p < O.05) drop (Fig. 13A,) in
plasma T4 from control levels at the lowest TSH dose,
following both one and five injections. Howeverr rro
similar drop was seen in a later experiment (Fig. 154) "
At. high doses (Phase C) a saturation phenomenon
v/as apparent in plasma T 4.

This could be due to an
effect of TSH to stimulate the degradation and excretion
of T4i to decreased effectiveness of TSH at high doses
on thyroid hormone release; or T4, at high .b-TSH doses,
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may

be in such excess that it leaks from the fish

via extrahepatic routes.
It is unlikely that this decrease in slope
of the dose-response curve vras due to increased
deiodination or biliary excretion, although the
Iatter pathway was still prominent. No significant
changes in ptasma r27Í (Fig. t5c), L25f (Fig. 15F) and
bile organic iodine (Fig. 158) were observed at these
high doses
However, it is possible that a rate-limiting
step exists in thyroid-hormone biosynthesis
Intrathyroidal- factors (probably iodothyronines and
iodotyrosines) which act to block the stimulating
effect of TSH have been suggested in mammalian work
(Vanderlaan and Caplan, 1954; Halmi and Stueckle, :-.956¡
Woli-man and Reed, l-958).

the other hand, the sudden surge in plasma
T4 due to TSH stimulation, might affect the sequence
of thyroidal hormonogenesis. Cortell and Rawson (Lg44)
reported a depressed TSH effect on thyroid epithelial
ceIl height and thyroid 131r uptake of intact guinea pigs
and hypophysectomised rats when T4 was given just prior
On

to, or simultaneously with TSH. Similar results with
thyroid weight and cell height were obtained for chicks
(Shellabarger and Godwin, I954) . Chavin (1956c) also
demonstrated a partial blockage of thyroid 131I in normal
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and hypophysectomised goldfish which were simultaneously

treated with 14 and TSH" rt is thus conceivable that
when pl-asma T4 is increased to a certain level- due to
exogenous TSH, T4 acts (not necessari ry on the thyroid)
Lo depress exogenous TSH effects with the resultant

saturation phenomenon.
!-inally, high leve1s of T4 in the trout plasma,
following marked TSH stimulation, may reak out from the
fish into the water via the gills (or less like]y, the
skin).
Eales (1973) has shown that 14 could diffuse
easily from water to blood of brook trout.
It is
therefore not unl-ikely that a certain high leve1 of
plasma T4 cquld result in a leakage of T4 from the fish,
thus contributing to the saturation phenomenon.
2. Comparison between plasma l4 and radioiodine
parameters in bioassays for TSH
Alrhough pef25r (Fig. 15F) , cR (Fig. 15E) and
plasma T4 (Fig. 154) increased., ? thyroid (Fig. 15D)
decreased significantly

(p < 0.025) from a dose of r.2 to

2.3 mru/s/d.
It is therefore not surprising that
crements-Merlini (1962) found that ammocoete larvae of
lamprey, Petromyzon ma?ínus, injected with 2 USp units of
TSH in 2 Lnjections, L2 hr apart, showed suppression of
131ï uptake by the endostyle,
while the same TSH dose
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given in 3 injections over a period of one

week

produced a marked increase in endostyle uptake.

Fontaine and Fontaine (1956) also using 131r

fixation found that pituitary powder of salmonids,
Salmo gairdneri, ^9. faz,io and ^9. saLar', in doses of
700, 800 and 500 1,500 Ug respectively, gave no
response when assayed on fasted rainbow trout, whereas
plasma indices (S. fario and ,9. saLav,) increased with
dose. Furthermore, in the one case where they
demons.trated a significant response with 500 pg pituitary
powder (pooled from a number of fish) , the response was
depressed at a higher dose (1r500 Ug) to values even less

than that obtained for 55 Ug. In addition, Hoar and
Eales (1963) noted an increase in CR with no óorresponding
changes in the Thyroid UpLake Factor in goldfish, in
response to increasing doses of

TSH.

Fontaine and Fontaine (1956) attributed decreased

radioiodide fixation at high TSH doses to the presence of
substances in pituitary powder which suppressed iodid.e
uptake. However, it is also conceivable that the
phenomenon is a consequence of accel-erated iodide
metabolism. There are several possibte explanations
involving (i) alteration in specific activity of circulating
radioiodide, (ii) alteration of iodide balance in the fish
(this might involve changes in iodide recruitment from the
environment or deiodinationr or. changes in iodide excretion),
and (iii) alterations in the balance between thyroidal
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uptake and release of radioactivity.

since neither plasma I27 r nor I25r changed
greatly with TSH dose over the higher dose range
(Figs. I5C and F), or between the 2 TSH doses (Fig.
lBD), it is unlikely that depression of ? thyroid
at high TSH doses was due to changes in iodide
balance or specific activity of circulating
radioiodide.
The most probable explanation lies in the

balance between thyroidal uptake and release of

radioactivity.
It was originally thought that
acceleration'of intrathyroidal iodide metabolism rvith
higher TSH. doses, might have advanced the peak in the
? thyroid time curve, such that sampling at 4 days
(rig. f5D) at the higher doses would represent the
"downswing" rather than the "upswing" of the curve.
This was shown not to be the case in a subsequent
experiment designed to test this point (fig. 1BA).
However, this probably accounts for the drop in ? thyroid.
(Fig. 1BA) at 4 days post injection of I25T as the drop
was accompanied by increases in CR values (Fig. 188).
It seemed evident from Fig. 184 that at the
higher TSH dose, there was never a greater accumulation
of 125I in the thyroid than at the lower dose or the
control.
This could be a consequence of a "Last-come,
first served" prínciple of intrathyroidal iodide
metabolism. The newly acquired iodide is used first in
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thyroid hormone synthesis rather than that from the
internal iodide pool. Hence, it. is conceivable
that at higher TSH dose, the newly-¡¡apped I27f and
125r will be turned over more rapidly with subsequent
decreased % thyroid (nig. l5D) but with a corresponding
increased plasma T4, cR and pe125r (Figs. l-54, E and F).
Although no completely satisfactory explanation
can be offered for the decreased % thyroid at the high

doses, the present study has demonstrated the danger
of using ? thyroid as a parameter for TSH assays. This
is especially so if high thyrotropic activity is involved
in a preparation as may be the case in some pituitary
extracts used in previous studies..
The high correlation (r : 0.98) between plasma
T4 and CR (nig. l-7) suggests that CR could be used for
TSH bioassay. However, plasma T4 is superior to CR for

TSH

TSH

bioassay for the following reasons:

(i) The magnitude of response for plasma T4 (maximum
T/C = 15.0) was greater than that for CR (maximum
T/c = 2.3)
(ii) In CR determinations, it was assumed that all
plasma iodothyronines are protein-bound. I{owever,
a dose-dependent TSH effect in reducing PBI levels
.

has been demonstrated in thyroidectomized guinea

pigs given maintenance doses of T4 (Sisson, 1970).
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(iii)

to TSH could be detected in the
plasma T4 after a single injection of TSH.
In CR determinations, multiple TSH injections
are probably necessary in view of the sl-ow
iodine metabolism in brook trout.
At least
some time is needed for thyroidal radioiodide
uptake and its incorporation j-nto thyroid
hormones before any meaningful response to
TSH would be detected in plasma.
(iv) TSH acts not only on thyroid hormone release
but al-so on iodide uptake (Berg and Gorbman,
Ig54) and possibly on iodide excretion (l,eloup
and Fontaine, 1960) and Íodid.e release from
the thyroid (Nagataki and Ingbar, 1963; Manley
e! a1., L972) . Since CR is a measure of the
ratio of plasma protein-bound radioiodine Èo
total plasma radioiodine, its values from TSH
studies may not necessarj.ly reflect the true
biological activity of TSH.
Response

Hence, the present methocl is a more specific and

accurate means of determining the biological activity of

than CR. From a practical standpoint, it is also
more economical and 3 - 6 times more rapid than CR
determinations. Moreover, Higgs and Eal-es (1973) have
TSH

reported that Sephadex columns used in plasma T4
determinations can be easily regenerated for re-use,

cutting down further on the cost.
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Conclusions

The linear 1og dose-response of brook trout
plasma T4 t,o b-TSH provides a simple and specific

with dose ranges of 0.5 to 3.9 mIU/g
for one injection and 0.6 to 2.4 and 0.6 to 4.7 ml¡J/g/d
for 5 TSH J-njections. This method has good
reproducibitity and is far superior to other teleost
bioassay for TSH with respect to precision, speed,
Higher sensitivities might be
and specificity.
obtained by shortening the tj-me between TSH injection
bioassay for

TSH

and bl-ood sampling.

? thyroid rneasurement on trout is unrel-iable for
determining the thyrotropic activity of preparations
with a high potency, since the response decreased. at
high
'

TSH doses.

determinations in brook trout also provide
a possible bioassay for TSH although it possesses several
CR

disadvantages.
An attempt was made to explain the different
phases invol-ved in the dose-response curve and to

account for the discrepanclz between

thyroid and plasma
T4 parameters fol-lowing TSH treatment. It seems likely
that TSH produces an i-ntricate, co-ordinated and complex
The emphasis of these
system of responses (Fig. 20).
Such
could be shifted depending on the dose of TSH.
changes might be due to a direct action of TSH or an
indirect action via elevated plasma T¡ levels.
%
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FIGURE

20. Postulated direct or indirect effects
of b-TSH on thyroid function.
X indicates the possible sites where
TSH or elevated plasma T4 might alter
thyroid function.
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SUMMARY AND CONCLUSIONS

T4 was identified by thin-layer

radiochromatography as the main thyroid hormone in

brook trout plasma after intramuscular injections of

b-TSH. Thus thyroidal stimulation with b-TSH can be
determined from plasma T4 measured by competitive
protein-binding analysis
2. A single intramuscular injection of b-TSH
(2"3 mlü/g) rapidly elevated plasma T4, which was stil-l
well above control levels at 72 hr post injection.
3. I4aximum values of 2.0 UgZ T4 (control-s :
0"52 ]tgT T¿) and 2.5 2.7 Vgeo T4 (control-s : 0.17 0.25
VgZ T¿) were obtained at doses of 3.9 mIU/g (single
injection) and 4.7 4.9 mfU/g/d (S injections) respectively.
4. The plasma T4 response to b-TSH was not
altered by injection of ACTH, feeding or starvation, use
of different TSH solvents t or MS 222. However, the
ilwithin-giroup" variability was increased following the
use of MS 222 and feeding.
5. b-TSH significantly (P < 0.001) elevated
plasma T¡ above control level-s for trout acclimated at
'.t
5.0, 11.5 and 20.IoC. The response was comparable for
these 3 temperatures.
6. A positive correlation (r = 0.51) between
fish body wej.ght and the response of plasrna T4 to b-TSH
was obtained (ß I 0 at 18 l-eve]).
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7. Prolonged treatment of trout with b-TSH
significantly (p < 0.01) lowered the plasma T4 response
from 5 to 14 TSH injections.
8. Under defined conditions, a linear 1og
dose-response between b-TSH and plasma T4 was obtained

from 0.5 to 3.9 mIU/g and 0.6 to 2.4 and 0.6 to 4.7
mfU/g/d for one and five injections respectively.
These
relationships provide (a) a useful basis for producing

predictable efevations in trout plasma T4 and (b) a
bioassay for b-TSH. Indices of precision were 0.130
(f injection) and 0.046 - 0.067 (5 injections).
The
sensitivity was 10 12 mIU/mI.
9. In comparison, å thyroid uptake of injected
ra.dioiodide was an unreliable method for assay of b-TSH
in trout as the response decreased at high TSH doses.
However, the CR values were highly correlated (r = 0.98)
with plasma T4.
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