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ABSTRACT

Twenty-four hours following intraperitoneal injection

of L-thyroxine (t4") o= 3, 5, 3l - triiodo-L-thyronine (t.")
5

labelled with tz5x in the 3l or 5f po"itions into starved brook

trout at 12 to 13 C, approximately 6O percent of bile

radioactivity was identified by paper chromatography as

thyronine glucuronide and 14 to 2! percent as free thyronines.

For T, x-injected fish, T. *-glucuronide (r,.*-gf ) was found to444
be the main product by thin layer chromatography (tf,c); for

T-x-injected fish, T^*-glucuronide was the main product, but33
other derivatives may be present. Paper and TLC differed in

the relative proportions of free thyronines and glucuronides

in bile separated by these methods.

Limited enterohepatic cycling of both TU* and TU*-91

was demonstrated. Approximately 12 to JJ percent of radio-

activity from T r( or radioactive bile introduced transintest-
4

ina1ly was absorbed from the gut fumen with no cfear differences

in uptake of TUx and TU*-gl. Maximum absorption took place

within 2 hours, with little subsequent uptake.

Absorbed fUx-g1 rapidly entered the liver and occurred

in bile as such. t4*, although occurring in bile, seemed more

prone to deiodination. These differences may be partly due

to T. *-gl binding less strongly than T, x to plasma proteins.
4+
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INTRODUCTTON

Thyroid hormones and their derivatives have been

identified in the bile of several homeotherms (fata , 1964)

including the rat, (laurog et a!. 795I, 1952, 7954; Briggs

et al. L953; Roche et a1. 1953 , 1954; Fl-ock et al-. 1965) ,

human (Blomstedt and Neujahr, 1964; Myant , 1956), monkey

(ltyant and osorio, 1964; Osorio and Myant, L965), chicken

(uutctrins and Newcomer , 1965), cat (vtyant and osorio, 1966),

dog (rtock et al. 1960; Furth et al. 1968) and sheep (Irvine,

1969). Thyroid hormones while existing as such in the bile

are usually encountered as sulphate or in most cases

glucuronide conjugates (eig. 1).

In poikilotherms, biliary excretion of thyroxine (tr+)

has been recently demonstrated in the plaice, Pleuronectes

platessa (osborn and Simpson, 1969) and the brook trout,

Salvelinus fontinalis (eales, 1969, LgTO). Biliary excretion

of T^ has also been shown in the brook trout (nales et a1.
3

lgTl-). Following radiothyroxine injection Osborn and Simpson

demonstrated several radioiodinated sulphate or glucuronide

conjugate derivatives in plaice bil-e. In the brook trout

injected with T,,x or T-x (nales, I97O; Eales et al. I97l-),+3
approximaLely 75 percent of bile radíoactivity existed as an

unknown compound or compounds. One objective has been to



FTGURE 1. Structural representation of thyroxine

glucuronide and thyroxine sulphate, and

the proposed site of hydrolytic action

of p-ølucuronidase and arylsulphatase

in the respective molecules.
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identify the major radioiodinated derivatives in the bile

of brook trout following injection of TU* or Trx.

Since the discovery of the liver-bíle pathway for

excretion of thyroid hormones (taurog et a1. l95r), the role

of enterohepatic circulation (rig. z) of these hormones has

been studied in several animals. Most work has been done

with homeotherms, particularly rats (tante r). Generally

the extent of enterohepatic circulation of thyroid hormone

depends upont (a) trre overal-l physiological state of the

animal (¡) the diet (.) the physiological state of the gastro-

intestinal tract (a) and the form of the hormone in the bile.

Glucuroconjugation may influence enterohepatic

circulation and thus regulate thyroxinemia. Briggs et a1.

(tg¡S) discussed this on discovering large amounts of

thyroxine glucuronide (rU-sl) i" rat bile. others suggesting

this were Roche et al. (WfU, l-954) and Taurog (tgS4).

subsequently, pitt-Rivers and Tata (tgSg) mentioned differences

in several mammalian species. Tata (t964) , emphas ízed

glucuroconjugation as a deactivation process which allows an

animal to rid itself of excess hormone by altering entero-

hepatic circulation. Flock and Boll_man (WeS ) suggested

glucuroconjugation as a mechanism for storage of thyroid

hormones . williams et al. (ryeS ) and Jayre and pasqualini



FIGURE 2, Schematic representation of generalised

enterohepatic circulation of thyroid

hormones in vertebrates. Arrows

represent directional movement of free

thyroid hormone.
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(ryae) emphasized that this process is associated with

regulation of thyroxinemia. Most of the work indicated

that in homeotherms, the thyroid hormone glucuronides are

not absorbed from the gut as readily as the free hormone.

Two papers relate to poíkil_otherms, Osborn and

simpson (Weg) mentioned the existence of enterohepatic

cycling of T,,x fol-rowing transintestinal injection; while DeJI
I

Los Reyes and Jones (f9ZO) compared absorption of f31r - T4

in different areas of the gut in the frog, salamander and

turtle. Thus the other objective of this study was to compare

the absorption of TU* and TU*-91 from the gastrointestinal

tract of the brook trout, and to determine the magnitude of

enterohepatic circulation of biliary derivatives of TUr+ in

this fish.
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MATERTALS AND METHODS

Fish Maintenance

one to three-year-oId brook trout (26 to DB g) from

Province of Manitoba Trout Hatchery, Vriest Hawk Lake, \^/ere

acclimated for at least one week prior to injection at IO to

13 C in circulating, aerated, dechlorinated Winnipeg City water

in covered tanks. Most fish were starved for more than 2 weeks

prior to injection although some were fed ground liver on

al-ternate days, but this was withheld 48 hours prior to and

24 hours following injection.

Ini ection

T,* (specific activity (=.".) 40 m cL/mg) or Tr,* (=...J4
28.6 to 62.5 m ci/mg) taretea in the 3 or 5 positions (Amersham-

Searle ) , in JO/" propylene glycol or a bil-e vehicle , ot carrier-

free Na125r (atomic Energy of canada) in distilled water, were

injected intraperitoneally, into the stomach, oÍ into the

intestine from a l-.O ml syringe. Fish \,vere anaesthetized in

MS 222 (sandoz) f:3O,OOO. Standards lvere prepared which

contained the injected dose or an aliquot of it. These \^/ere

made up to the same geometry and in the same Lype of tubes as

samples to which they would be compared.

Intraperitgneal injections lvere made with a Zf-qauge

needle either just above the lateral line level with the dorsal



fin, or
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ventrally, anterior to the pelvic fins

Slp¡qach injectíons were made usi-ng a 5-inch yale

needle (n 76 eo 20) bi-unted with a piece of plastic tubing,

and a 1.0 ml. glass syringe (namilton-Gastight). The needle

was introduced orally into the stomach and the dose expressed,

holding the anaesthetized fish, head up vertíca11y.

fn vivo operations were necessary for transil_testinal

injection and were performed on anaesthetized fish held

intermittently out of water for 5 Lo T minutes. The operation

and injection of each fish went as follows: a posterior-

ventrolateral incision was made 3 to 4 cm anterior to the anus,

the intestine exposed and tightly ligatured with silk thread.

The incision was then sutured using a 3/B circl-e stainless

steer surgeon's needle and silk thread. The fish was placed

in the anaesthetic for 2 to 3 minutes to relieve exaquatie

stress. subsequently an anterior-ventromedial incision was

made either slightly anterior to the pelvic fins or above the

liver, the intestíne exposed, and tightly ligatured (in tne

latter case, just posterior to the pyloric sphincter). The

injection was accomplished by obliquely piercing the intestinal

wal-l with the needle, and posteriorly expressing the syringe

contents. After suturing, the fish was replaced in the

holding tank at 13 c and revived by gently moving water over

the gills.
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Countinq

This was done using one of two automatic gamma

systems (Nuclear Chicago), for two consecutive 5 - minute

periods or 900,000 counts. Either plastic or glass counting

tubes were used. The background was regularly checked and

accounted for. Also all physical decay of the radioactivity

\^/as accounted for.

Blood and Tlssue Samplinq

Fish lvere killed by a high dose of MS 222 and a blow

to the head. Two methods for collecting blood were used:

(i) the tail- was severed and blood from the caudal artery

allowed to drip into individual heparinized foil cups ( ii ) in

vivo collections !ì/ere made by removing 0.3 to 0.5 m1 of blood

from the caudal artery of anaestheLLzed trout using a l- - ml-

heparinized syringe (25-gauge needle ) and applying slight

negative pressure.

Plasma was collected by centrifuging each whole blood

sample for I minutes in I - ml disposable polyethylene

microcentrifuge tubes at 1!rOOO g (fnternational Microcapillary

Centrifuge Mode1 MB slanted head), and removing the supernatant.

The plasma samples and intact carcasses were frozen at -20 C.

Trichloroacetic acid (rca) precipitation (Higgs fgTl-)

was performed on thawed plasma samples thus, (i) O.f to 0.2 ml
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of the sample was placed in a 15-ml nalgene centrifuge tube

( ii ) 2 ml of 12 .5 percent TCA were added twice wíth vJ-gorous

shaking and subsequently the tube was centrifuged at 22OO g,

and the supernatant removed. This was repeated using 2.5

percent TCA. The two, 4 - ml supernatants were combined and

a 4 - m1 aliquot removed. (iii) rne precipitate was suspended

in I.9 (or 1.8) ml of distilled water and 2 ml of 4 N Naolt was

used to dissolve the suspension. (i") The TCA-soluble and

insoluble aliquots were counted against a standard and the

radi-oactivity in both bound and unbound plasma fractions was

expressed as percent injected dose per ml of plasma correct

for a body weight of 100 g thus: percent_dose X bod)r weiqht
m1 I00 s

Bil-e was obtained by removing the frozen gallbladder

from the carcass and collecting the bile. The bile was pooled

for several- fish and centrifuged in siliconized glass tubes

(siliconization was accomplished by dipping the tubes in 5

percent dichloro-dimethyl silane ), for 20 minutes at 22OO g

(Sorva11 centrifuge cLCl swing out head).

Frozen tissues including liver, gallbladder, in some

cases total gut fess isolated intestinal 1oop, stomach and

gastric caeca (together), total intestine (i" some cases

isolated intestinal loop), in some cases gonad (testis or

ovary), kidney, gi11 and thyroid were collected for analysis.

All tissues were counted in plastic counting tubes and percent
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dose f or each ti-ssue was determined.

TreatmeFt of Bile For Identifigation of Rgdioactive Constituents

Up to 4 replicate samples of the bíle supernatant were

incubated for 24 hours with shaking in darkness at 37 t 0.5 C

(ivietabolyte Shaker New Brunswick Instrument ), with either 5OO

units of P glucuronidase (bacterial Sigma Chemical Corporation)

or with O.OO5 g of Mylase 'P' (Arylsulphatase; Nutritional

Biochemicals) at pH 5.O (adjusted with a sodium acetate buffer).

These samples were then compared chromatographically with a

control (O.ZS ml of bile supernatant alone under identical

conditions ), on either paper or thin layer systems following

centrifugation for 20 minutes at 22OO g. Tests establishing

arylsulphatase activity and inhibition by saccharolactone of

residualp glucuronidase activity in Mylase 'p', were

performed (Appendix I).

Chromatographv

Descending paper chromatography was performed using

either Whatman. No. I or I paper, with butanol; acetic acid

(glacial); water i 4:LzI, v/v (eaw) r= solvent, with development

for 16 hours in darkness at room temperature. Hatf-inch

sections of the sheets were counted for determinations of

radiochromatograms .
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Ascending t.hin-layer chromatography (ti,c) was

performed on either Polygram silica gel (0.25 mm, îJV 254,

Macherey-Nage1 and Co., Duren) or preferably Bakerflex silica

gel (O.ZS mm 1B-F) media, using BEA (butanoli ethanol; 6w

ammonia, 5r4:I v/v ) or BlaA (butanol; methanol; 6w ammonia

Jz4:L V/V ) -= sôlvents. For both paper chromatography and

TLC, pre-equilibration of the solvent in the tank was allowed

for at l-east one hour. One-eighth-inch sections of the TLC

media were counted for determination of radiochromatograms.

Both stabl-e and radioactive standards were used for identi-

fication, the former being detected by UV light at a \^/ave-

length of 210 mu

Samples of centrifuged bil-e or plasma were spotted

(ZS /tt, paper; ! or 10¡1, TLC). fn some cases ethanol

extracts of bil-e, plasma, ox tissue samples were spotted. The

extracts were obtained by adding 2 volumes of absolute ethanol

to I volume of tissue in a 15-m1 nalgene tube. This was

vigorously mixed, centrifuged (.t 22OO g for lO minutes) and

the supernatant removed and evaporated to dryness under air

streams in a water bath at 4O C. The residues lvere dissolved

in a small volume of methanolic ammonia (9911, v/v).

Binding of T4x and T4x91 to Plasma Proteins

one ml of T4x in bile or radioactive bile (24 hours
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after T,,x injection), was extracted with ethanol and the
+

residue mixed with 1 ml of whole plasma from trout acclimated

at 10 to 13 C. The two plasma samples were then incubated at

13 t 0.5 c in darkness for 24 hours with shaking (ralkner f97f).

After incubation four 0.2-m1 aliquots were removed from each

sample and analysed by TCA precipitation. The soluble

fractions were also examined by TLC (eakerflex BEA).
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RESULTS

Identí.lication of Bile Radioactive Compounds after Jntra-

peritoneal Iniection of T^-F and T,,x

one-year-oId brook trout (5f to 2O3 g), acclimated

at 12 C and fed ground liver on alternate days until 48 hours

prior to injection, \^/ere anaesthetized and injected intra-

peritoneally with I to 5 ¡,tcí of TUx or Tr* (i" Jo/, propytene

glycol) in tfre lateral region. Twenty-four hours later they

ldere killed.

At 24 hours p.i. in trout injected with either Tr* or

T),*, 70 to B0 percent of bile radioactivity occurred at Rf
T

0.2 to 0.3 and about 20 to J0 percent corresponded to free

thyronines on paper chromatograms (fafte II and III; Fig. 3).

bfegligible radioiodide was detected. Treatment with Mylase

'P' did not alter significantly the distribution of radio-

activity along the chromatogram. This negative result was not

due to lack of sulphatase activity in the Mylase 'p'pre-

paration , for this activity was established. It is concluded

that negligible quantities of thyronine-sulphate esters occur

in trout bil-e.

Treatment with p glucuronidase displaced approximately

60 percent of the total chromatogram radioactivity from the

region of Rf values 0.2 to 0.3, to that of thyronines. It
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TABLE II

Percentage of bile radíoactivity on paper

chromatograms (eaw) corresponding to thyronines

and unidentified peaks following incubation

with Mylase 'P' and p-ølucuronidase. Bile was

sampled 24 hours after Tr* injection.

Treatment
of Bile

Unidentified
Peaks

(nr 0.2-0.3)

Thyronines
TH

x range

Remainder

x rangenx range

Control

My1ase 'P'

72.o 6r .z-r=.3

72.3 72.O-72.6

25.o 23.7-28.5

24 .T 24 3-25 .t

?ôDn_ÃÃ
J.v J.)

?nco-?1
J.v L.) J.'

B

2

Control

p-glucuronídase

72.o 6r .z-t5.2

rr.2 10.1-12 . B

25 .o 23.7-28.5

84.z Bz.z-86 .z

3 .0 2 .o-5.5

4 .S r. 8-6. 1

B

B
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TABLE ITI

Percentage of bile radioactivity on paper

chromatograms (eaw) corresponding to

thyronines and unidentified peaks following

incubation with Mylase 'P' and p-Olucuronidase.

Bile was sampled 24 hours after TUx injection.

Treatment
of Bile

Unidentified
Peaks

(nr 0.2-o.3)
x range

Thyronines
(rH )

x range

Remainder

x rangen

Control

Mylase 'P'

76.6 T4-82.3

76.9 T6.j-TT .4

22.O LT .L-24.5

2r.6 2L.6-2t.7

1.4 o .6-2.3

r.4 o .g-L.g

6

2

Control

p-glucuronidase

79.9 7r.9-85.9

16.r l-5.T-16.9

.L-25.8 2.4

. r-8r.2 3 .6

11

T9

4

4

17 .7

Bo. z

o.B-3.4

2.4-5.r



FIGURE 3. Paper radiochromatograms (eaW) of bile

collected at 24 hours after T^* ( f ) , or
3

t4* G) íntraperitoneal injection and then

incubated alone (c) or with p-glucuronidase

(el) (cf, indicates Rf of large peak while

T indicates Rf of thyronines).
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appears by paper chromatography that about 20 to l0 percent

of bile radioactívity occurs as free thyronines and about

60 percent as thyroníne glucuronide conjugates. About 10

to 20 percent of the radioactivity at Rf 0.2 to 0.J was not

degraded by p-glucuronidase.

Thin layer chromatograms of untreated and p-elucuron-

idase-hydrolysed bile on Polygram silica 9el, suggested that

free thyronines and their glucuronide conjugates were the

main radioactive constituents in bile from Tr* or TU*

injected trout (rigs. 4 and 5). Tn contrast to paper

separation, treatment with p-Slucuronidase on thin layer media

eliminated almost entirely the peak at lower Rf values. t4*

was the only detectable product of p-glucuronidase hydrolysis

of bile from TUx injected fish. While Trx was the main

product of p-ølucuronidase hydrolysis of bil-e from Trx

injected fish, lesser quantities of radioactivity occurred at

slightly higher Rf values and suggest other degradation

products.

A comparison of paper chromatography and TLC (eakerflex

BEA) of endogenous bile (from fish 24 hours after intra-

peritoneal injection of T4), showed that with paper 83 percent

of the radioactivity existed as glucuronide with 1/ percent

as thyronines; while for TLC , 2T percent of the radioactivity



FIGURE 4. Thin-layer radiochromatograms (Ana) of

bile collected at 24 hours after Trx or

t4* intraperitoneal injection and then

incubated alone (c) or with.F-glucuronidase

(ci,). The positions of authentic materials

are shown by arrow= (T4 = thyroxine, t3 =

triiodothyronine, GL = glucuroníde).
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FïGURE 5. Thin-layer radiochromatograms (SMA) of bile

collected at 24 hours after Tax or TUx in-

traperitoneal injection and then incubated

alone (c) or wíth p-glucuronidase (ei,). The

positions of authentic material_s are shown

by arrow= (T4 = thyroxine, t3 = triiodothyronine)

GL = glucuronide
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existed as glucuroníde and 72 percent as Tr,.
+

Uptabe of Bile Iodothvronines Following Stomach Tnigction

One hundred thirty trout (ZS 75 g ) \^/ere acclimated

at 10 13 C and starved for over 2 weeks and their skin

marked with a number by electrodesiccation (Owens and Gebhardt

1968). Fifty six trout were each injected into the stomach

with T,,x containing 90,OO0 cpm in 0.1 ml of brook trout bil_e)t
I

(r+ group), and 56 with radioiodinated thyroxine glucuronide

conjugate (14" -gL¡ T4 -gl group) preparation containj-ng the

same amount of radioactivity in 0.1- ml of trout bile (see

Appendix IV for preparation of the latter ) . Several paper and

TLC radiochromatograms were run to test the puríty of these

substances. The TUx contained on paper Ç6 percent as

thyronines and 4 percent as iodide, and by TLC, 86 to Bg

percent as T,,, 1 to 3 percent as iodide, and the remainder as
4

origin material. The t4* -g1 in bile contained on paper, 11

to 1! percent as thyronines, Bl to 89 percent as gI, and on

TLC 25 to l1 percent as TU and 69 to /l percent as 91. After

injection each fish was held for exactly 2 min. in 2 1 of

clean water. An aliquot of this was taken and later counted

to test for initial leakage of radioactivity. All fish were

held at 11 C after injection. Usually B fish !üere killed

and bled in both groups at 2,5,I0, 24,48, 72, and !6 hours
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p.i" The percentage of injected dose in plasma bound and

unbound fractions, and various organs was measured. Some

chromatography was performed on bile and serum.

Table IV shows the initial l-oss to the water at the

sampling intervals for fish of the two treatments. Corrected

standards \¡/ere calculated from these individual l-osses.

Changes in plasma bound and free radioactive fractions

during the experimental period are shown in Fig. 6, The

plasma bound levels were low for both groups and their validity

beyond 24 hours is questionable due to low counts. Because of

the 1ow radioactivity and considerabl-e variation, it is

difficult to compare fish of different treatments, although

the 1eve1s were higher for TUx injected fish at all intervals.

The plasma unbound leveIs for both groups were much

higher than the bound 1eve1s, and the val-ues for the T,, qroup
+

(maximum O.25 percent per ml at 48 hours) were higher than

those for the Tr, -g1 group (maximum 0.13 percent per mI at

2 hours ), at all intervals.

Paper chromatography of plasma of the TU group at 48

hours p.i. (eig. 7), revealed mostly radioiodide. The 48

hour plasma radioactivity for the TU -g1 group was too low

for detection on radio chromatograms.
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TABLE fV

Percentage of injected radioactivity lost
.+(: standard errors ) within 2 minutes of

stomach injection of brook trout with TUx

or T,,x -91.+

Sampling Time
Hr. (p.r . )

Percent Loss in 2 Min.
Tl,*

T
t4* 91

2

5

10

24

4B

l¿

96

J

L9.2 :
f2t.6 l
J

20.6 :
fT7.I:
I

r8.o t
nQry+

l+. r

?o

?o

t.ó
Ã )-L

6(.)

ô1,o.+

J
DAt¿-/.1 J. I

.!

28.0
+

27 .3 : 5.6
lD7o:llcLI.J

J

25.8
f

33 .1 r r.5
f,

1T .o : 5.6

Total
Sample Size Ã?))55

Mean Loss -f)AO'L")TLv.)



FIGURE 6. Relationship between plasma bound and

unbound levels of radioactivity (percent

dose per ml plasma, standardized for a

fish of 1OO g), at various times after

injection of rU* (-o-) or r4*-g1 (-s- -f,-)

into brook trout stomach. The unbound

levels for radioiodide t-4-. I stomach

injection are also shown. Each poínt

represents a mean of values from l-B fish

(t 2 standard errors). The point in paren-

thesis at 48 hours represents mean if one

aberrant fish injected with T,,x is included.
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FIGURE 7. Paper radiochromatogram (eaW) of plasma

at 48 hours after TUx injection j-nto brook

trout stomach. The positions of authentic

materials are shown by arrows (I25t =

radioiodide, T = thyronines).



g
*4

ä
0-
q)a

-?D-

r2s 
l

å

T
I
Ë

--T_-l 

Ü | I I I I _',_ ¡ I r

o ,25 ' .5 '75 l'o
Rr



_33_

Maximum uptake of radioactivity by the livers and

gallbladders of both groups coincided (rig. B). For TU,

maximum liver (f.O percent) and gallbladder (O.ZO percent)

levels occurred at 48 hours with minor peaks at 5 hours;

while for T,. -g1 the major peak occurred at 24 hours for)l
I

liver (f.f percent) and gallbladder (t.Z percent), with minor

peaks at 2 hours. The overall gallbladder levels for TU -g1

appeared higher than for TU, while the liver levels for the

two groups lvere similar.

The radioactivity levels in gut components are shown

in Fig. 9. The difference in 2 hour-stomach levels of TU

(30 percent) and T, -g1 (ZO percent), may be due to different
4

losses of radioactivity following the initial measured leakage.

Both groups showed a steady decline in stomach radioactivity

from 24 to !6 hours, after an initial- steep decline (Z to

24 hours ) . Thus about 24 hours \ivere required f or the stomach

to empty most of its radioactive contents into the intestine.

The decl-ine in gastric radioactivity between 2 and

24 hours coincided with an increase in intestinal radíoactivity

to 24 hours (T¿+ group 20.5 percent, T4 -gI lB.4 percent).

These levels then gradually declined to f2 hours and showed

a more rapid decrease at T2 to p6 hours. Both groups showed

that the bulk of the radioactivity remained in the intestine

for 48 hours.



FïGURE B. Percentage of radioactivity in liver and

gallbladder of brook trout at various times

after T, x (-o-) or r,.x-gl (-n-) stomach-44
injectíon. Each point represents a mean

(t 2 standard errors) tor 5 B fish. The

point in parenthesis at 48 hours represents

mean if one aberrant fish injected with TU*

is included.
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FIGURE 9. Percentage of radioactivity in stomach,

( @= t4*, ffi!= T4*-g1) intestine ( o = t4*,

tr = TU*-gl) and total gut ( o = TUx, E =

T4rÉ-gI ) of brook trout at various times

after TUx (-) or rU*-91 (- -) stomach-

injection. Each point represents a mean

(t 2 standard errors) tor 5

point in parenthesis for each gut region

represents mean if one aberrant fish injected I

with T. * is included. ueans * 2 standardIt -+

errors in Appendix V.
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Total gut patterns for the TU and TU -91 groups \^/ere

simil-ar, with 2 hour levels at about lO percent followed by

a gradual decrease Lo 72 hours, and a steep decrease from

72 Lo 96 hours. These data emphasize the long period necessary

for appreciable intestinal excretion of radioactivity, and

also the low initial levels of gut radioactivity.

At 24 hours most bile radioactivíty from TU fish

corresponded to thyronines on paper chromatograms, with little

glucuronide conjugate (I'ig. 10), whil-e at 48 hours the reverse

was true. For TU -gI fish, the bile at 24 and 48 hours

reveal-ed mostly glucuronide, with less thyronines.

TLC of bile from TU fish (eig. 11) at 48 hours

revealed mostly TU with less glucuronide, while TLC of bil-e

from T,, -ql fish at 24 hours revealed a radioactive pattern
4

similar to the paper chromatography of this sample.

The results of stomach injection of bile iodothyronines

indicated that absorption of radioactivity from the gastro-

intestinal tracts of the fish of both groups was low as

revealed by Iow plasma levels, especially of TCA-precipitable

(protein bound) radioactivity. The TCA soluble fraction

(unbound) of plasma radioactivity showed higher leveIs than

the bound fractions, and the unbound levels were consistently

higher for T,, fish than T,, -g1 fish. Biliary excretion of-44



FTGURE 10. Paper radiochromatograms (eaw) of bile at

zU (r) and 48 (z) hours after rU* (tU), or

T4x-g1 (ei,) injection into the stomach of

brook trout. The position of authentic

materials are shown by arrows (T = thyronines

GL = glucuronide).
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FÏGURE 11. Thin-layer radiochromatograms (eea) of

bile 24 hours after T4rÉ-g1 (ef,), or 48

hours after TU* (t+) injection into the

stomach of brook trout. The position of

authentic materials are shown by arrows

(t,, = thyroxine, GL = glucuronide).
T
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absorbed radioactivity was significant in both groups,

although the TU -91 gallbladder l-evels were slightly higher.

The time of maximum biliary excretion was earl-ier (e4 frours)

for Tt, -91 than for T, (48 hours) fisfr. The low initial gut+'4
level-s (.t 2 hours) of radioactivity in all fish indicate

that substantial leakage may have occurred that was not

accounted for. The total gastrointestinal tract required

about /2 hours to excrete significant amounts of radioactivity.

Uptake of Radioiodide Follollinq Stogach Igiection

In order to ascertain the effect of exogenous radio-

iodide in the TU* preparations on absorption of radioactivity

by stomach-injected fish, âfl abbreviated study of stomach

injection of N.125ï was performed on trout. Radioiodide (f

2 trcL) was injected into J2 trout (26 TB g) using distilled

water as the vehicle with 0.1 ml as the injection volume per

fish. The fish were held at 12 C and eight were killed and

bled at each of 1, 41 10 and 24 hour p.i. Percent dose was

determined for bound and unbound plasma fractions, and also

for some tissues and organs, No correction lvas made for

initial leakage.

Fig. 6 shows plasma unbound radioactivity levels for

fish stomach-injected with radioiodide. Almost a1l- the

radioactivity was in the unbound fraction, although the levels
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\^/ere low. Maximum uptake (O.O:4 percent per ml) occurred at

10 hours after which the levels declined.

About 2.5 percent of the dose was rapidly (fV t hour )

taken up by the livers of the fish (eig. L2), and this díd

not decrease until 24 hours. The gallbladders also showed

maximum uptake (about O.! percent per m1) rt t hour, but the

levels were 4 to 5 times less than the l-ivers.

Both the stomach and the total gut levels (fig. J2)

decreased sharply from t hour (25 percent.) to 24 hours (4 to

6 percent). Since plasma levels and liver-bile uptake did

not indicate a correspondingly large increase, it is like1y

that the gut decrease was largely due to leakage and not

absorption. Very little radioactivity reached the intestines.

Determination of Bindinq of_Biliarv Iodothvlon.Lnes to Plasma

Proteigs Bv TCA Precipitation

Plasma binding of constituents of endogenous radio-

active bile (T¿+ 6/ percent: t4 -91 33 percent by TLC) was

compared with that of TUx (gl percent t4 by TLC ) added to cold

bile. This was done to determine if T4 -91 would be pre-

cipitated with plasma proteins. The endogenous material

showed 39,5 percent (:g.g to 40.3) bound and 6O.5 percent

$g.f to 6f .Z) unbound, while TUx was 7f .B percent (7t.2 to



FIGURE 1-2. Percentage of radioactivity in total- gut

( o ), stomach ( o ), liver ( o ) and

gatlbladder ( f ) of brook trout at various

times after radioiodide-stomach injection.

Each point represents a mean (t 2 standard

errors) ror B fish.



I H I

o/
o 

Ð
os

E

:E o c Ð ûf
i



lrn
-+t-

72.3) bound and 28.2 percent (ZT to 2B.B) unbound. The TU*

binding agrees with the findings of Falkner (wrl) ¡v this

TCA precipitation method. The results suggest that a radio-

active component in endogenous bile from TUx injected fish

tends to bind very littl-e to plasma proteins in this fish.

TLc of the TCA supernatants of the samples showed that al_l

of the radioactivity was TU for the TUx in bi1e, while for

endogenous bile samples 5l.,3 percent (49 to 5Z) existed as

t4 -91 with 4B.B percent (48 to 5L) as TU. T4 -91 appears

to have less tendency than T,, (at least by TCA analysis), to
+

bind to plasma proteins of trout.

uptake of Bile rodothvronines-Folfowinq Transintestinal

Iniection

As an attempt was made to compare intestinal absorption

of naturally produced bile radioiodothyronines and TU* in a

few large brook trout. Five fish A, B, C, D and E (3Of to

5ß g) , acclimated 13 c and starved for over 2 weeks, were

each operated on and injected transintestinally with either

endogenously-produced radioactive trout bile (a, B and C) ot

T, * in whole col-d,trout bile (O and e). The percentage of4

radioactivity of the dose in the bound and unbound fractions

of plasma taken from the caudal artery serially at 2,5,10,

18 and 24 hours. The f ish \¡/ere killed at 24 hours and the



percentage of the dose in

determined. From these an

calculated for each fish.

performed on bíle, plasma

extracts.

-4S-

several organs and tissues

estimation of absorption rvì/as

Some TLC (eakerflex BEA) was

(of 2 fish) and various tissue

Maximum bound radioactivity levels for all fish

occurred at 2 hours (eig. 13). A, B and C showed different

maximum levels (o.r , o.22 and o.5 percent per mI respectively),

while for D and E the level-s were similar (fotfr about 0.4

percent per ml). The levels of all fish thereafter rapidly

decreased to 10 hours, followed by a level1ing off to 24 hours.

Maximum plasma unbound radíoactivity for A, B (Ootfr

about O.fB percent per ml) and C (0.¡ percent per ml) occurred

at 2 hours. Thereafter these level_s decreased at similar

rates . Ho\a/ever, D and E showed linear increases to 24 hours,

although D showed the maximum level at 1O hours (0.f4 percent

per m1), whereas for E it occurred at 24 hours (O.66 percent

per ml).

The 24 hour plasma samples of B and C ldere examined

by TLC. Both showed radioactivity as glucuronide (ff to 14

percent), the majority as íodide (44 to 63 percent), and large

proportions of T,, (fB to J2 percent) with some T, (B to 9

percent ) .



FrcuRE 13. Relationship between plasma bound and

unbound levels of radioactivity (percent

dose per mI plasma standardized for a

fish of 1OO g) at various times after

transintestinal injection of brook trout

with t4-*. D ( ø ), E (o ); or radio-

active bile: (- -), A ( n ), B ( HÞ )

and C ( ffi ). Each point represents an

individual fish.
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The livers and gallbladders of A, B and C showed

high percent uptake (tabl-e v, 13 to 23 percent) and appeared

to contain the majority of absorbed radioactivity in these

fish. D (4 percent) and E (2 percent) showed some liver-bile

uptake, but this was lower than for A, B and C.

Of the remainder of the tissues checked, only the

total gut minus the isolated gut loop, and the gonads held

appreciable radioactivity. The radioactivity in the gut not

incl-uded in the isolated loop, may have been due to some

backflow into the stomach although this is unlikely. Fish A,

B, and c showed the highest levels in this area, but the high

levels in B and c may have been due to direct uptake of

radioactivity which leaked at time of injection. The ovaries

of B and c contained r.2 and 2.1 percent respectively, while

the testes of E showed 5.3 percent. The kidneys of most fish

showed some radioactivity but all had less than I percent.

All fish showed more than two thirds of the injected

dose in the 9ut, with al_most all of this present in the

isolated gut 1oop.

Absorption v/as estimated for each fish (raUle V) ¡V

subtracting total gut radioactivity from the presumed loo

percent dose. There was appreciable variation in absorption

of all fish: A (tB percent), e (:¡ percent), C (ZS percenr),
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TABLE V

Percentage of radioactivity in various organs at 24

hours after transintestinal injection of radioactive

trout bile (fisn a, B,.C) or t4* in bile (tisn n, E).

An estímate of absorption (tOO% minus total gut ) is

also given. The relative proportions of TU -S1 to TU

(") are given with the fish receiving that particular

sample of endogenous bile,

Organ A(49:llx) B(zBzfz) c(29zfz) D E

Liver

Gallbladder

Tota1 gut-minus
intestinal loop

Intestinal loop

Tota1 Gut

Ovary

Testis

ci11

Kidney

Thyroid

Absorption
Estimate

Total
Recovered

1.30

11.40

D[n

70 c^

Br.6o

0.05

0.10

0.03

18.40

94.30

B. Bo

r4.20

3.10

63 .80

66.9o

1.20

0.11

o .35

o.07

33.10

92.40

3.OO

11 .90

n.45

6,6 .to

77 .50

2,LO

0.04

o.L2

0.03

22.5O

94.7L

0.50

3.70

1.10

72.9o

74.00

0. 02

o.25

0.10

26.OO

79.to

0.30

2.05

0.90

Br .5o

BB.so

5 .30

0.10

0.30

0.05

11.70

96.33



D (26 percent) and

fish received only

suggested.

t,-
-+ (-

(12 percent). since

n, large individual

the latter two

variability is

E

|la-4

Table vr shows the TLC results on extracts of various

tissues and bile of some fish. Appendix VI represents a

sample of radiochromatograms.

The fish injected with T,x (O and e) showed T. and44
iodide in all tissues checked. The bile showed TU but no

iodide and was the only extract to show glucuronide ( liver

tissue was checked but low radioactivity prohibited TLC

detection). R, an unknown radioactive compound migrating

between glucuronide and thyronines, was detected in one bile

sample. It is conceivable that R lvas an artefact of separation.

More than Ç0 percent of the radíoactivity in the testes of

one fish was as T, , and also more than pO percent in the
4

intestinal loop of both fish was as TU. The two bile samples

showed different relative T,, -g1: Tr, proportions and T_ was4-+3
present for D.

The fish injected with radioactive hile with different

T,, -gf : T/, proportions (4, 4925I, e and C 29zf2), showed
+1

varying tissue distribution of radioactivity. Glucuronide

v/as f ound in all but the kidney sample of C. R was al_so

found in some tissues of B and C. However, whether or not
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TABLE VT

Percentage distribution of radioactivity in injection material,
various tissues and bile of 5 fish transintestinally-injected
with either radioactive trout bile (a,e,C) or T, x in bile (O,

4
E), as revealed by TLC (ena).

Substances Identified
!'r-sh

Extract
Examined Rg1 Tr,

T
T? rodide

A
Injection Material
Bile
Intestinal Loop content

4B.B
To.4
34 .4

Ã't c
2(J'r.ì.
rAo'3.T r.9

B

Injection Material
Liver
Bile
Stomach Content
Intestinal Loop content
Kidney
Ovary

28.4
24.3
49.7
15 .0
35.6
L2.I
17 .6

70._9

55.5
38.1

7L.6

50.3
70.o

26.8
63.5

4.8

15.0
Ro

10.0 13.0
rR o+veJ

c

Injection Material
Liver
Bile
Stomach Content
Intestinal Loop content
Kidney
Ovary

28.4
30.9
4s.r
BB.7
r7 .2

28. B

5T.o

¡olo
6t.3

7r.6
7.I

50.0
11.3
76.9
19.2

2.3 2.7
)r ? -

F.Ò^7
).L v. f

ro. B 20. o
oo
J.)

D
Injection Material
Bile
Intestinal Loop content

76.t
96.8
11.5
o) .7

t2,4
3.2

7.3

E

Injection Material
Bile
Intestinal Loop content
Testis

relz 27.O
9T .2
54,3
95 .L
O?D

o

ho
¿, I
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this is a real compound is uncertain. Radioiodide was also

present in some extracts and was especially prominent in

kidney and ovary. B and C showed bile patterns of equal

T,, -91: T,,, while A showed predominantly glucuronide. A and++
C showed proportionally less glucuronide and more TU in the

gut loop material than was present in the injection materials.

However B showed the reverse. T, was found in most and T
3

in several of the tissue extracts of these fish.

In summary intestinal absorption of radioiodothyronines

appeared to be fow (fZ to lJ percent), and to have occurred

early (within 2 hours ) . Large individual variability occurred

and prohibited proper assessment of differences in absorption

of the fish injected with different material.

Plasma unbound radioactivity trends for A, B and C

tended to decrease after 2 hours maxima, while those of D and

E showed increasing trends to mortality. The plasma bound

radioactivity in all fish showed a steady decrease after 2

hours maxima.

Liver-bile uptake was defínitely higher for radioactive

bile-injected fish than TU* injected fish. Appreciable

radioactivity was also found in testes or ovaries of the fish

checked.
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TLC of tissue and bile extracts showed few definite

differences between TUx and radioactive bile-injected fish,

although glucuronide was present in most tissues in A, B and

C and only in the bile of D and E. t4 was present in most

tissues of all fish with iodide in some.
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DTSCUSSION

Identification of Bíle Iodothvronines

In brook trout bitiary excretion of intraperitoneally-

injected T;,x is mainly as T,,n or its glucuronide conjugate,
T+

while T-* is excreted as T-* or its glucuronide conjugate "3J
Little evidence was found for the presence of sulphate esters

or other Tr, degradation products. Subsequent data (Sinclair
+

and Eales unpublished) have shown that no other major degrad-

ation products appear in this fish up to ! days p.i. This

contrasts somewhat with the findings of Osborn and Simpson

(tg69 ) for the marine plaice, where several TUx derivatives

and their sulphate or glucuronide conjugates \^/ere identified

after intraperitoneal injection of TUx. However, these

authors gave no indication of the relative proportions of these

other materials and they may be present in quantities too

smal1 to be detected by present methods. Lack of TU deriva-

tives other than glucuronide may reflect the rapidity with

which T,. is removed from the circulation by the biliary system
+

of this fish (eales I)TO), precluding the possibility of

extensive peripheral metabolism.

while 3. 5. 3l - r was the main product of p-ølucuron-Jt )t J -3

idase hydrolysis on thin layer chromatograms of bile from Tr*

injected brook trout, lesser quantities of radj-oactivity

occurred at slightly higher Rf 's. Fl-ock et al (tg63) found
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appreciable 3, t - ,; glucuronide in dog bile after injection

of T-*, and this substance may be present in trout. Un-
J

fortunately authentic 3r 3l - T^ w-s unavailable as a standard.
2

The presence of T, degradation products in bile of Tax-injected

trout, might be anticipated since ,3 is cfeared from the

serum more slowIy than TU in brook trout following intra-

peritoneal injection at these temperatures (nates et al t97I).

The proportion of TU -91 in the bile was always higher

by paper chromatographic than TLC separation. Furthermore,

in contrast to TLC separation (eolygram), paper separation of

P glucuronidase-treated bile revealed residual radioactivity

at Rf O.2 to 0.3. The reasons for these differences are not

c1ear. one possibility is the presence in bile of a substance

that binds free thyronines and has an Rf on paper (with BAVí

solvent) closely corresponding to that of thyronine-

glucuronide conjugates. on the paper medium this binding

persists to some extent but does not occur on thin-layer media

with the solvent systems used. In view of the very high

concentration gradient for unconjugated thyroxine between the

bile and serum, binding of thyroxine to some bile constituent

is not unexpected and has been suggesfed for mammals (uittier

r97r).



-53-

Gastrointestinal Uptake of Bile Iodothvronines

Stomach or transintestinal injection of bile iodo-

thyronines indicated that while enterohepatic recycling of

these substances does occur in the brook trout, it is limited.

Owing to incompletely compensated leakage of stomach-

administered bile, containing either t4* or predominantly

T,,* -91, the extent of uptake of these radioactive materials
T

cannot be stated.

Although the data indicate that 12 to Jl percent of

the iodothyronines were absorbed by 24 hours after trans-

intestinal injection, with no obvious absorption differences

between TU* and TU* -9I, only a few animals v/ere used, and

high absorption in one (33 percent) may have been partially

due Lo intraperitoneal leakage. Therefore, absorption may be

20 percent or less, although further work is necessary to

ascertain this. Despite l-imitations in technigues, the low

absorption agrees with some previous work , 12 to 16 percent

absorption of stable TU in cows (uixner and Lennon, t96O) ¡

1! percent or less absorption of 131f-fit. iodothyronines

from the duodenum of the dog (rurth et aI 1968); 2l percent

absorption of Na r31r - T,, in the cat, (clayton et aI tg4Ð;
4

2O percent absorption of crystalline t4 in the chicken (Monroe

and Turner, L949), and 15 to 16 percent absorption of radio-
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activity from 131I - T4 - endogenous bile of rats, Cottle

and veress (tg6>). However other species showed higher

absorption; 60 to /O percent in frogs, 58 percent in

salamanders, and P$ to 60 percent in turtles (o. Los Reyes

and Jones, f97O); and also in the rat (taurog et a1 1953)

and man (Hays, 1968). In comparison, it must be remembered

that the trout were starved for a minimum of 2 weeks prior

to injection, and none of the previous species mentioned were

treated in a similar manner. It has been observed that during

chronic starvation (marayansingh unpublished data), the gut

mass may decrease, and the accompanying tissue changes may

alter gut absorption. Hays (fg68) states that in man,

malabsorption diseases result in Poor TU absorption. Con-

sequently, it is difficult to compare absorption of iodo-

thyronines in the trout with work on other animals.

uptake of Tux and Tux -91 into the blood of stomach-

injected fish also indicated 1ow absorption. For example, at

2 hours, plasma unbound radioactivity was 10 times less for

T. )É and 20 times less for T, * -q1 f ish, while the bound radio-44
activity was 100 t.imes less for both TUx and TUx -91 fish, âs

compared to fish intraperitoneally injected with TU* (ttiggs

and Eales, 1971). For fish injected transintestinalty with

T,.* or radioactive bile, ât 2 hours the unbound plasma
^.-f
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fractions rvere 4 to Z5 times less while the bound fractions

rvere L2 Lo 6O times less than the p1-asma of TUx intra-

peritoneally-injected fish (Higgs and Eales 1971). From

plasma analysis, maximum absorption in transintestinally-

injected fish appeared to occur within 2 hours. This early

maximum absorption agrees with Chung and Van Middlesworth

(W6f) tor rats and Hays (tg61) ror man. Hays (rg68) suggests

that the rapid decrease in TU* absorption with time (after 2

hours) may be due to the presence of substances (found by

Chung and Van Middlesworth f96T ) in ttre intestine, which

rapidly bind the hormone and interfere with subsequent absorp-

tion. This interference may also have been promoted by the

bile vehicle used. Hillier (Wft) nas discovered substances

in the bile which bind TU and may block absorption.

If trout under normal conditions experienced long

periods with little food, low absorption of thyroid hormones

may be advantageous. Since there would be no appreciable

fecal mass in the gut to restrict a}:sorption of biliary

excreted T, and its derivatives under these conditions, low
4

absorption by the gut itself could be a mechanism to prevent

thyroxinemia imbalance. Low absorption of the hormone, even

during times of food abundance, may be advantageous to pre-

dators if T,. were abundant in the diet (".g. livers, 9a11-
4
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bladders and thyroids of the prey).

Deiodination appears to be a prominent route for

peripheral metabolism of absorbed TU but not for absorbed

T,, -91. The plasma unbound radioactivity 1evels for stomach-
+

injected T,,* fish \irere much higher than those of T,.x -91 fish,"+-4
even though T4* -gl does not bind to plasma proteins. F ish

transintestinal-ly-injected with TUx showed trends of increasing

levels of unbound radioactivity over 24 hoursr âs opposed to

the level-s of fish transintestinally-injected with radioactive

bile, that tended Lo decrease for the same period. Considering

the specificity of enzymes for their substrates, the apparent

l-ack of appreciable glucuronide deiodination is not sur-

prising. Tata GgA+ ) states that a low af f inity of plasma

proteins for a particular thyroid hormone derivative, is

paralleled by a 1ow affinity of dehalogenase for that

derivative as a substrate.

The main pathway for absorbed thyroxine glucuronide

appears to be biliary excretion. This was indicated by the

rapid appearance of absorbed fUx -g1 in the bile of fish

stomach-injected with tne latter. Also, the fish trans-

intestinally-injected with radioactive bile showed high liver-

bil-e levels. The ear.ly (Z to 10 hour) initial decline in

plasma unbolrnd radioactivity in the latter fish may reflect
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biliary excretion of TU -g1. Hays (fg0g) states that in man,

glucuronide is absorbed from the gut but is rapidly excreted,

probably by the kidney. Itlhile the renal route was not

investigated, it is possible that considerable excretion in

the brook trout is via the bile. No clear trends existed in

the present study with reference to liver-bile uptake in fish

transintestinally-injected with differena t4, , 
U -gL

proportions in the radioactive bil-e. Large amounts of radio-

activity were al-so found in the gonads of all transintestinally-

injected fish, but the significance of this is not known.

TLC of several tissues of transintestinally-injected

fish indicated that f.or fish receiving radioactive bile, some

glucuronide reached tissues not included in enterohepatic

circulation, while TUx was found in almost all- the same

tissues. T_x was also found in some cases and was probably
3

the product of monodeiodination of TU*. Several tissues

showed radioiodide. TLC of plasma from two fish receiving

radioactive bile indicated that glucuronide was present.

Although there were no definite differences in gut

absorption of Trx and T,,* -91 in the trout, the fact that

the latter shows little tendency to be bound by plasma proteins,

and is predominantly excreted in the bile: may justify calling

glucuroconjugation a deactivation mechanism. Removal by the
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liver of large amounts of glucuronide from the hepatic portal

system before it reaches systemic circulation, may constitute

a method of controlling thyroxinemia.
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APPEND]X I

To test arysulphatase activity of Mylase 'P',

O.O2 (f) and O.O3 g (Z) of phenolphthalein disulphate in

sodium acetate buffer, were each incubated with O.O15g of

Mylase 'P' at 37 ! o.5c for 24 hours (at pH 5.0). After

centrifugation the supernatants ( f and 2) along with phenol-

phthalein (4) and phenolphthalein disulphate (¡) as

standards, were chromatographed on TLC media (eakerflex)

using three solvent systems: (A) eaw 4:1:5 v/v (e) Methanol,

Hcl, t.o, fOz2OzLO v/v (C) Propanol, NH4OH Z:L V/v. All

substances were detected with uV light at 250 mu. Results

indicated that a rose pink color was generated in the

enzyme-substrate tubes, and chromatography (arerc) indicated

substantial breakdown of phenolphthalein disulphate to pheno-

lphthalein in these tubes.

PH = phenolphthalein

PHD = phenolphthalein disulphate

SF = solvent front

O = origin

Incubation of radioactive bile from Trx or TUx

injected fish with equal amounts of Mylase 'P' and

saccharolactone, showed that the latter effectively inhibited

hydrolytic activity of the former. Thus it is concluded that
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any breakdown of the glucuronide peak by Mylase 'P' is

probably due to F glucuronidase activity in this

preparation.



xr_v

(:-TE-? @
c.

l¡
o

34

B.

SF



APPENDIX IT

Radioactive bile from fish intraperitoneally-

injected with T,x was incubated for 24 hours at 37 ! 0.5 c
4

(. O.2lmlsample), with sodium acetate pH 5.0 buffer and

O.O5 g. Mylase 'P' (Z), and alone at pH 5.0 (f). The

resulting supernatants were checked by paper with n-butanol

equilibrated with 2N acetic acid, 1:1 (v/v). A radio-

chromatogram showed no substantial breakdown of major peaks

at pH 5.0. The slight peak between glucuronide and

thyronine peaks was probably not sulphate, since it has

been shown in this solvent system that sulphate conjugates

in bile migrate behind glucuronide conjugates. The

positions of authentic materials are shown by arrows, and

' relative percentage of each peak is given.

SO,, = known position of sulphate conjugate
+

GL = known position of glucuronide

T = known position of thyronines
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APPENDÏX ÏÏI

This represents a radiochromatogram demonstrating

the reproducibility of similar results of two different

spottings of the same sample (- = initial spot,

= duplicate ). The position of authentic materials are

shown by arrow or vertical bar GL = glucuronide.

T = thyronines
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APPENDIX TV

Elution of iodothyronine materials migrating in the

glucuronide area of the paper radiochromatograms was necessary

for the collection of TU* -glucuronide. Twenty-four hour

radioactive bile was collected and chromatographed on paper

(No. 3), and a radiochromatogram determined for a middle 1-

inch-wide strip (see figure). The area corresponding to 
l

,

glucuronideoneachsheetwasdividedinto*"zinchpieces,

. which were rolled and placed in glass tubes. Distilled water "

was added and the tubes allowed to stand for 6 to B hours in

darkness. Following squeezing of the strips, this method

consistently eluted more than f! percent of the radioactivity.

The slightly alkaline eluate was neutral j-zed wj-th 0.1 NHCI

and frozen on stainless steel trays. The eluate was then

subjected to two lyophilization treatments in a Vj-rtis Freeze-

Mobile unit f or I to 2 days, the f irst producing radioactive 
:,

crystals which were then collected in 20 mI distilled water, '

:t.

and after re-freezing, again lyophilized. Adsorption to

cel-Iulose fibres necessitated extraction of the radioactivity

with 0.1 N NaOH. After neutralization and freezing, Iy ,ophil- 
i

ization of the extracts was carried out in a small-er, Virtis-

Automatic unit, and all crystals combined. This radioactivity

from the glucuronide area of paper radiochromatograms and TUx

werg| each dissolved in diluted bile vehicle and adjusted to
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similar levels of radioactivity. Thus a vehicle containing

predominantly T,,* -g1 and one containing almost entirely Tr,*
,T+

were obtained for stomach injection. The area between the

two vertical lines on the paper radiochromatogram in the

figure shown, represents the area removed as glucuronide

conjugates (cl). T = thyronines.
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APPENDÏX V

The means (t 2 standard error) for the stomach,

intestine and total gut levels are represented here for

brook trout stomach-injected with T. * and T, x -gI at the44
times sampled after injection.
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APPENDTX VI

A sample of TLC radiochromatograms of bile and a

few tissue exLracts from one fish (c), 24 hours after

transintestinal injection with radioactive trout bile

(with T, -g1:T, ratio 28272). The position of authentic
+4

materials are shown by arrows.

T = thvroxine
4

T^ = triiodothyronine
5

R = unknown substance

GL = glucuronides
L25 _l- = r-octt_cte
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