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ABSTRACT

Twenty-four hours following intraperitoneal injection
of L-thyroxine (Tq*) or 3, 5, 3'— triiodo-L-thyronine (T3*)
labelled with 1251 in the 3'or 5'positions into starved brook
trout at 12 to 13 .C, approximately 60 percent of bile
radiocactivity was identified by paper chromatography as
thyronine glucuronide and 14 to 25 percent as free thyronines.
For Tq*—injected fish, Tq*-glucuronide (Tq*—gl) was found to
be the main product by thin layer chromatography (TLCc); for
T3*—injected fish, T ¥-glucuronide was the main product, but
other derivatives may be present. Paper and TLC differed in
the relative proportions of free thyronines and glucuronides
in bile separated by these methods.

Limiteé enterochepatic cycling of both T4* and Tq*—gl
was demonstrated. Approximately 12 to 33 percent of radio-
activity from T ¥ or radioactive bile introduced transintest-
inally was absorbed from the gut lumen with no clear differences

in uptake of T, ¥ and T *¥-gl, Maximum absorption took place

4 4
within 2 hours, with little subsequent uptake,.

Absorbed Tq*—gl rapidly entered the liver and occurred
in bile as such. TM*’ although occurring in bile, seemed more

prone to deiodination., These differences may be partly due

to Tq*—gl binding less strongly than TM* to plasma proteins.
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INTRODUCTION

Thyroid hormones and their derivatives have been
identified in the bile of several homeotherms (Tata, 1964)
including the rat, (Taurog et al. 1951, 1952, 1954; Briggs
et al. 1953; Roche et al. 1953, 1954; Flock et al. 1965),
human (Blomstedt and Neujahr, 1964; Myant, 1956), monkey
(Myant and Osorio, 1964;: Osorio and Myant, 1965), chicken
(Hutchins and Newcomer, 1965), cat (Myant and Osorio, 1966),
dog (Flock 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 (Fig. 1).

In poikilotherms, biliary excretion of thyroxine (TM)

has been recently demonstrated in the plaice, Pleuronectes

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

Salvelinus fontinalis (Eales, 1969, 1970). Biliary excretion

of T3 has also been shown in the brook trout (Eales et al.
1971). Following radiothyroxine injection Osborn and Simpson
demonstrated several radioiodinated sulphate or glucuronide
conjugate derivatives in plaice bile, In the brook trout
injected with T),* or TB* (Eales, 1970; Eales et al. 1971),
approximately 75 percent of bile radiocactivity existed as an

unknown compound or compounds., One objective has been to




FIGURE 1,

Structural representation of thyroxine
glucuronide and thyroxine sulphate, and
the proposed site of hydrolytic action
of B-glucuronidase and arylsulphatase

in the respective molecules,
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identify the major radioiodinated derivatives in the bile
of brook trout following injection of Tq* or TB*.

Since the discovery of the liver-bile pathway for
excretion of thyroid hormones (Taurog et al. 1951), the role
of enterohepatic circulation (Fig. 2) of these hormones has
been studied in several animals. Most work has been done
with homeotherms, particularly rats (Table I). Generally
the extent of enterohepatic circulation of thyroid hormone
depends upon: (a) the overall physiological state of the
animal (b) the diet (c) the physiological state of the gastro-
intestinal tract (d) and the form of the hormone in the bile.

Glucuroconjugation may influence enterohepatic
circulation and thus regulate thyroxinemia. Briggs et al.
(1953) discussed this on discovering large amounts of
thyroxine glucuronide (Tq—gl) in rat bile. Others suggesting
this were Roche et al. (1954, 1954) and Taurog (1954).
Subsequently, Pitt-Rivers and Tata (1959) mentioned differences
in several mammalian species. Tata (1964), emphasized
glucuroconjugation as a deactivation process which allows an
animal to rid itself of excess hormone by altering entero-
hepatic circulation. Flock and Bollman (1965) suggested
glucuroconjugation as a mechanism for storage of thyroid

hormones. Williams et al. (1965) and Jayle and Pasqualini



FIGURE 2,

Schematic representation of generalised
enterohepatic circulation of thyroid
hormones in vertebrates. Arrows
represent directional movement of free

thyroid hormone.




PLASMA THYROID HORMONE

PROTEIN BOUND

HORMONE

T s |
DIE? FREE I HORMONE

24}

v }é‘z ’

NTESTINE GALL | 2.
INTE T IsLADDERT T -'VER

FECAL -

- EXCRETION



9TIq + qalHﬁMﬁ *917q ur ¢H 3o uoridiosqe %8¢ quHHmH
(,n, punod
71-1._. %9¢ wWoD) 9PTU (£S6T)
7 CTET —
97 1~1 %29 "e1Iq uotsnjuy tag |wndusﬁw e 31°
9TTq msommmowﬁm snous8opug yo uoridiosqe ¥Q¢ WNU2pONPEIIUT 96-0 - HlHHmH 18y s33tag
(zG6T)
(*uotreTnOoaT) oT3edey Sutrjeay
*poae3TT =oxajuyg ur uorjedroraaed %/6) wnuaponpeIlul pue
9I19M S30Np OTTLY uotadaosqe y%0g (wnusponq) SNOUSABIJUT —_— quHHmH Ieyg 3I94TV
‘uotadiosqe 19mn0g 9317 *ayg
46 Inoqy  (2UTisalul) Tomog TTeBUS G-0
*uor3jdiosqe *ag
9T33TT Lx9) (YorWOIS) Joruo3s ¢-0 +NH..H.Hmﬁmz
*uoraydaosqe Tomog @3ie] *ay
%06 ueyl SI0W (PUTISIIUI) Tomog TTues S0 (zs61)
*uotidiosqe cayq Te 29
9T33TT £a9) (YoBWOIS) yoewoig -0 Tier®N 'y 31991V
sSnousABIJUT
snoaue3INOqng *ay
*uorzdiosqe %Gz (wnusponq) . WnUIpPONPRIIUT 9-0 38D (6%6T)
LIy . FCEEE)
*uotzdaosqe %o/ Inoqy (TeIQ) TeI0 96-0 HIHHMHmz 18y uo03£BT)
UoTIBI] Jusu
UOTIBWIO JUT D =Taadxyg punodumo)
STOPUBTTOOSTH S3Insey STy jo  woravefuy LToEOV  99INOS
30 PoUICR uoT3BANg .

*s9Toods TBIDASS UT SIATIBATISOP ITSY] PUB S9UOWIOY PIOILYyl JO

uoT1BINoaTO or3zedeoyoxsjus pue uor3ldiosqe UO SIEPNIS SNOTIABA

1 H19VL



18Tp BUTAng (9)
217 (D
45T (®)
(% ®@soInTI2d) 09 D 8T

1oo1ydue

*seanjeraduag TuoT3®e
~WI 298 - D 2¢€ % D %

"oto% :8nagq proakuyirruy

UOTIBUITOO® 9 (O
UOTIBWITI9® ) OT

00T X

9ouBIBAT) (BOUBRIBIT)
( T
T829]) - AIBTITTIY)

= P9QqI0Sqeaa ¥

*ITTq + 81~
TT T H.HHMH

*9SOTNTT22

%07 PuUB GT JO UOTISIOXD TBO9J
U99M]19q S0USIDIJIP OU = IJTP
BUTANG UY3ITA pue ‘9 9 3B pai
-Ino20 ssoT Teoa3 prdea sIol

*STT®0 N9 LAq peinjovInuem
9q few S9PIUOINONTH ‘*ES
~oonu £q. paqiosqe AToATssed
st 71 *soeg anp po1ie

~Ay Aq poiaodsueiy jou aae

son8oTeUR JO SOPTUQRIANINTY

*0 % 1e ssoT Teo93 prdea 9IoR

D QT 2® ssoT TeoaI prdei 2i10R

* souowIoy

PICIAY] JO UOTIDIDXD TBOVJ UT
9SB9IDUT TBI2USZ BTA 3131T08
osneo Lew s319Tp NINg YSIH

uoradaosqe

-91 LIBTTTd %89 031 8¢
*oTTq ur 18-7%

3o uoradiosqe y0o% 031 %HT

WNaUo3TI9d
Bajuy

*SOBS
3Ny 0IITA ul

WNaU03TIad
BIJUT

WNBUOITIDg
rIjUT

skep
€~0

‘uTW

0TT

*say
9C

‘Y
~ea39], ‘doad
-TaI ‘orajze]

7o
L HﬂMH
mHlA
1~ ‘doad

‘oBTAL PO

-TeqeT I

1€t

TET

1By

1By

1ey

18y

1'Y

18y

(796T)

SS2I9A
pue
973300

(196T) T®
19 ZJI9H

(6S6T)
IRBUISSEY

(6S6T)
yjaom

-S2TPPTH
uep pue
BIDODO3UT

(L56T)

Y31IOMSITP
-PTH uep

(LS6T)
JuehR

peonuTiluod T 3TqR]



‘proe

JTTOUD pue TOIDISITOYD

JO SaINJiXTuW SNOTIBA
YITA I9TP SUTPOT MOT]

.qH

Jo uotradiosqy uo S3IITp

JUSI93IJTq JO 3I09FIH

*UTqoT3
-0oudy JO 93BSATOIPAY

urTeq[® (9) urqorSouwsy

(®) saiueweTddns 39I(

*a1Ba
3O UOTIBWITIO® DGZ~

181 JO UOTIBWLTOO® G-

18I JO

UOTIBWITOO®R O G7ZT faea

JO UOT3IBWITOO® ) G-
*sdooT TeUn[SpL WO ¢
Jo uoTa1e3IT oATA UT

*anoy 3ISITI
£q uotadaosqe
Te3031 AT{ETLiuossy

*971q woxl uoridiosqesa
QuowWIoy PTOIAY] YITM 90UDIDT
-193uT BTIA ATqBqoad UOTI®I0XS
SPIPOT SUIS®BOIOUT OTUD30I1T03
SBM PIOY DITOUD-TOI21S2TOYH
‘£31A7308 77

91032x9y] pue uoradiosqe qH
YITM poIe9Jaelul siojoel Lie
-319Ip I9Yyizo pue urqoyIowsy
.qH Jo uorldzosqesx Teurlisel
~UT OST® pue ‘uorjioe @H Jo
8109dse TBISADS YITM DPaio]
—I93uT urqorSowsy LIBILT(

*9AT]OR UBU] JI9UJIBI BAT
~ssed sT uoridiosqe s93BOLP
~ut uoradiosqe %gy (I~

06z e uoradiosqe %ol

06 1' uoridiosqge %91
27Ty Bopu
(@119 Sopug HHmHv

*9 ¢zZ e ,G.OHU.&HOM@.N AR
*0 ¢ 3e uoridaosqe %/¢ (I-T)

*3S9MOT
-~unuepong 3saySTY~WNoT] UOT]
~diosqe sATlRTNUND %06 03 %07

WNOUOITIDJ
~BI3UT

TR0

T®10

ununlafeajuy

wunsI] Wnuoponp
~eajul wnunlsr
WNUapONpPRIIUT
WNUS PONPERIIUT

syoom
¢*[T-0 HHMH
-1
09-0 1-1
TET
‘X
010 1-1
TET
Vg~
I-a HHMH
(18-"1 %50
uotjoefur
711 I933®
wammamsoﬁmw
-opu
pud HHmH
qmﬂﬂm +
Ny -
4z L HaMH
sdep
9-0 "1-1
IE€T

(996T)
18 319
1ey pIeaTH

(596T)
90BITEM
pue
1ey Iouwedany

(6961)
12 19
ey 1eveyg

(596T)
SS9I9 A

pue
1By 97330)

(796T)
yaiom

—S9TPPTH
uep pue
aey 3umy)

penuTiuod T °Tqe]



s3onp
STTq Pe3e3TT YITA I9TP
T0I7U0) pu®B 3I9TP INUTEM

UOTJBUTTOO® ) 87
O% 3I® yaog

19TP MTNq MOT
39TP MInq Y3TH

UOTIBWLTOO® O Z¢

UOTIBWITOO® O ¥

S31el TeRWION -~

s1e1 proiadyizodAg-

*319TP
ur urqoi8oway %01

(*sayg
$7) sie1 3uriseg
sdooT 3In9H paysem

sdoo] 3nH paysem

(Tox3uod) uoradiosqe %06-08
(391p Inutlem) uoridiosqe %GZ=(07

*S3B1 JO UOTIBWITOOE

PTOD UI IsAouini @H ur

se8uryd I0jy souspuadsp IVIP IO
UOT1BIISUOWSP B TBISULS Ul
*3I9TP NqINRq

TH I0F D % 3B I93SBJ IA9A0
~UAng qH *S39TP TIe I037 wq

JB I93S®BJ 23BA 20UBRIPSTO g

‘soanjeradwey JTe 3B TIU SE
031 peixsIax spunodwod T

pezIToqelsu %Hmzonmwowcmﬂmm
uot31dI0sqe TBUTIISOIUT I8N

(Tewaou)
uoridiosqe %G9 o031 (9

(0d4y) uotadiosqe %g9 031 #¢

q.qa Surpurq BIA

uotidaosqe ‘I ur oousisjisl
-ur (€) ssew TBO9I JursSeaId
-ut (Z) an38 ySnoayl juswaaow
poo3 Fo @3ea 3urseaadurl (T)
eTA A7qeqoad (uoridiosqge
Surseaadop £Q) UOTIBIOXD
TeO9J soseaidur urqoySowsy

*s3ea paJ ueyl uoradiosqge
I9Yy3Ty pomoys siea Juriseg
‘uotldiosqe UYITM PoIDIIDIUT

S3U2]U0D UOCT0) puB Wnafl
* (sdooT peysem) uoridiosqe
%96 (uoTod) (sdoo7 paysem)

uoridiosqe ¥/¢(Wna7T)

uor3jeqnNOU] * Iy
JTa38B5 8t7=0
‘ay
SNOUSABIJUT gb~0
unsuojTasd
Vi
~BIjul’ I~
3 H@H HHMH skep
BIO ‘I- -
T L HmNH 9-0
sdep
1'810 91~0
uoTo) ®ijUJT * Iy
wnoTI BIjUT G-0

Tlrer

I leot

LZT
T

T=lrer

I=lezr

(046T)
T I8
18y OJIOSBZBUIT]

(696T)
OTAOIIDJ

pue
Jey XNOI3H]

(696T)
BINSIN
pue
Jey uojlTes

(896T)
urwWys 19y
pue

Ieyg TT®H

(£96T)
I® 219
1By Jowe3eny

(£96T)
31I0MSDTP
~PIW U®BA
pue
IByg 3unyn

penuTijuod I =Jqdel



*uor31diosqe S9TQBTIBA YITM qH

(596T)

W *say T8 19
| 3O uoTaBINOITO o13edsyoisiuy SNouLABIIUT 22-0 qHIHHMH SOATEBD UTAJBRR
m (0967T)
UuTTnqoT3034YT uouua I
uﬂmwoumoyhsﬁ pue
3UT1B3I0BT 9I3M SMO) uorijdiosqe ¥%9T 031 ZT 1810  0721-0 HIHNNH SMOD IOUXTH
*19Tp *Y30q JO UOTIDIIX® TEBOOJ
uT sUTmWBILISOTOYD P9SEBRIOUT 9UTWRILA]ISOTOY) QHIHHMH
. *9pTPpOT (£96T)
Jo jou 3nq ‘3 JO UOTILID 18 219
*39Tp UT TeOIIBYD ~X3 TeD8J PISBaIOUT TRODIBY) snousABIjUT ZT-0 HHmHmz Ioiswey — uewSiag
.qH JO UOT39IOXD TEBO9J . hmmmmw
*319TP peseaaour pue uorldiosqge sdep ICEEE)
UT 9UTWeIL]ISSTOYD Po9SBaI09p SUIWERIL]ISITOY) SNOUIABIIUT %T-0 QHlHHmH I9]sury  uewSIag
*90UsI9IITP 2urOTITUSTS ou
i peonpoad 9TTq o UOTITPPY (TL6T)
) 9TTq 3noylTm (e11q (uoT399 fut c Y3aoM
: Anoy3tm) woridiosqe 69 (TI) ue 1y 7) 1ot ~S9TPPTH
9TIq In0Y3TA (eyrq 17 P L ) ue) pue
sdooT wnunflar pejeTosT inoy3rm) uotridiosqe /¢ (1) wnunfelexjuy =0 HIHmNH 1By BUUIS
(°19®35)
€
*uoridaosqe .wo&ﬂ+|wﬁﬂaﬁov
pesealdur suswn] Jurysep pud TIE€T
paysemun (peysemup)) uoridiosqe wmﬁ ”n (o19®38) 13
poyseaun (poysemup)) uorzdiosqe YT ‘*® (@
(uoT0D) uogToorIjUT + MHlHHMH
paysem (poysepm) uoridaosqe %g "9
paysemup (paysemup) uoridiosqe Yo+ °q AmHQMuwv MMMWMW
paysemu[] susuny (paysenun) uorizdiosqe y¢ *® * Iy c I +(®) pue
dooT 2In8 peojeTosy (wnunfler) unun{sleajug 72-0 18- HIHHmH 189 8T732310D

penuTiuoos T 9Tqe],



-10-

‘sanoy 7 UIYITA SNOUSABIJUT 1-I

* POYIDRW A1oAT309339 uoradiosqe 1e1 (996T)

odojosT e1qno(Q 206~0% poMmoys saxas yiog 18310 Z.-0 qHIHmNH ueR sAeq
(T96T)

*B9YII031891S DTIleaadoued *UOT]DIOKD DUIPOT OTuegio sAep 3utrTmoq
I9pIOSIP OTTOqEIDN I9Uy3TYy UT PoITNS9I ISPIOSI( snousaBIIUT 6—-0 ¢H|HHMH uBl] pu®B SSTH
(096T)

sdep Y3I0oMSOTP

ruotridrosqe 0/ ~ 09 Inoqy 1810 €-0 qHIHﬂMH UB  —-PIR UBA

(sanoy %7)

UoISNIuUL sfep oTTg snous8 (9S6T)

*3urTo4Loax oraedeyoasjuy Q¢ TEUTIIsSeiul xaddp .=-0 ~0puyg HHMH ueR JuBLR

1 Jo BurTo4o sdep qauHH (956T)

-1 oﬂummmsoummmw %06 3INOQV snouaABIIUT 9T=0 HHMM ueR Juedy

uotrjeueTdxe SB pPo1so839ns (€S6T)

uoT319109s 3n8 031 PooTq 1nq skep TE 39

‘18301 23TNnb jo0u uoridiosqy 18I0 9-0 qalHHMH uBy uosuyor

*poase88ns uorieload (0S6T)

~I93Ul UT uoT3neo y3noyile * Iy uTyo0g

uoraldiosdesax 93197dwoo 3sowty TR2I0 GZ~0 ¢HlHﬁMH uBR R JuedR
9TTg sno (8961)

*SOATIBATIOP T ~us3opuy 18 239

Jo uotridiosqe yG¢T ueyl mmmm WNuUaponpeIIUT IHHMH 8o(q y3lang

*quezaoduy

001 30u ST jussaad y3noyaTe sdep (696T)

UOTIBINOIATY Of3edeyoisiug SNOUsABIIUY -0 leHmNH dosyg QUTAIT
*WNSBWOqO JO UOTIEd SnousARIUT I ﬁHWDHN
=IT T=enp YyaTA poysg Ut TET I8 319
~ou adojosT 9Tqno@ ©pPIPOT Fo uoridiosqe %gzy 01 9T oTa3sedeaqug §7-0 HmNH SOAT®RD ISTTIRH
penutiucd J 9qR]



m () 9T13anL  (0/L6T)

. sauor
(dutr3yssjur ') uoridiosqe ¢ - /9 QuTr3lsajul 938ae] (Q pue
+ I9PUBWRTES
(surissiur 'g) uoradiosqe Yy - Z9 9uUT31Sojul TTBWS ‘urw CEVCN
(yorwols) uoriydiosqe %9 M g/ (®¥) oraisedeajur () 0Z1-0 QHIHHMHANV Soag S0 =20
v (696T)
I-I uosdwrs
‘9ATSUI]IX® SB 03 POII9Ial qH ans sct (®°1®T1d) pue
JO UOTIBTNOITO oTjedsyoasiuy 03UT pooNpoiluyl HHMH UsTd u10qsQ
1 30 (6%6T)
*fydoazaadLy proadya *uoridiosqe ¢ty - S31TEeS WNIp Iouinyg,
Jo uorjusasad BIA qH Jo saTes untpos ‘uoridios -0S-TP pu®E pue
JUSWDANSBOY 309ITpul -qe %07 - qH BUTITTBISAI) TRIQ TZ-0 -Quow ﬂqy SYOTUD 0 IUO}
¢ (996T)
I-T JIDUWOOMB N
L * POUOTIUDW UOTIDIDKD *sayg TeT pue
J* AaeTT1g JOo ®oueiaodug STIOUDABIJUT =0 quHHMH USOTY) SUTYoIng
TBWION (Tewxou) uoridiosqe %€T - Q9 sSnousABIUL qle
proakyizodLy + skep Tet TE 20
adojosT 91qnoqg (0od£y) uotidaosge %/ I S/ TR I0 70 qHIHmNH ueR peoy
SNOUDABIJIUT mHIH
*say ¢ TET (026T)
adojosT a1qnoqQ sanoy 4 uryaTtm uoridaosqe ¥cg TBIO Z.-0 HleNH uel sfey
Vs
I-T
*po31sa83ns Hmlqw 0 4
U3ita
uotioiapxe Lieuran prdex ‘78-'71 sianoy
ueyl qH Jo uoTidiaosqe I931BoIY TBIO Moy ® leqylHHMH
Vs
C) Tnbt uotridiosqe ¥ SnousaArIlU -
(P23 PIMDIT) qe zv.L I ‘s1y qa Tier (896T)
adojosT 9Tqnoq (pe3 @1nsdev) uoridiosqe ¥z TR IO 7 /=0 HleNa uey sfey

peonurluod T 3TqeL




-12-

*In8 ut
ssourlsqns 3urputq £Lq paispury ATqeqoad
sem pue ATpTrdea psianooo uoridiosqge

(eutraseolul *71) uoriadiosqe %G - 67

(suTaselur *g) uoridiosqe %9 T ¢y
(yoewolg) uor1diosge Iy t e (@)
(sur3ssjuyl TreWs) uoridiosqe ¥¢ M 8¢ (9)

Qurasajuy 931e7]

2uTIS9UT TTBUS
ODTa3sedeijur (9)

dur3isejul TTeWS (q)

P=anuUT3uOd T 9TQE],



-13-

(1966) 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 poikilotherms, Osborn and
Simpson (1969) mentioned the existence of enterochepatic
cycling of Tq* following transintestinal injection:; while De
Los Reyes and Jones (1970) compared absorption of 1311 - T,
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 T4* and Tu*—gl from the gastrointestinal
tract of thé brook trout, and to determine the magnitude of

enterohepatic circulation of biliary derivatives of TM* in

this fish,
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MATERIALS AND METHODS

Fish Maintenance

One to three-year-old brook trout (26 to 543 g) from
Province of Manitoba Trout Hatchery, West Hawk Lake, were
acclimated for at least one week prior to injection at 10 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
alternate days, but this was withheld 48 hours prior to and

24 hours following injection,

Injection

TB* (specific activity (s.a.) 40 m Ci/mg) or T)* (s.a,
28.6 to 62.5 m Ci/mg) labeled in the 3 or 5 positions (Amersham-
Searle), in 50% propylene glycol or a bile vehicle, or carrier-
free Nalt®oT (Atomic Energy of Canada) in distilled water, were
injected intraperitoneally, into the stomach, or into the
intestine from a 1.0 ml syringe., Fish were anaesthetized in
Ms 222 (Sandoz) 1:30,000. Standards were prepared which
contained the injected dose or an aliquot of it. These were
made up to the same geometry and in the same type of tubes as
samples to which they would be compared.

Intraperitoneal injections were made with a 27-gauge

needle either just above the lateral line level with the dorsal
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fin, or ventrally, anterior to the pelvic fins.

Stomach injections were made using a 5-inch Yale
needle (R 76 BD 20) blunted with a piece of plastic tubing,
and a 1.0 ml. glass syringe (Hamilton—Gastight). The needle
was introduced orally into the stomach and the dose expressed,
holding the anaesthetized fish, head up vertically.

In vivo operations were necessary for transintestinal

injection and were performed on anaesthetized fish held
intermittently out of water for 5 to 7 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 suturedAusing a 3/8 circle stainless
steel surgeon's needle and silk thread. The fish was placed
in the anaesthetic for 2 to 3 minutes to relieve exaguatic
stress. Subsequently an anterior-ventromedial incision was
made either slightly anterior to the pelvic fins or above the
liver, the intestine exposed, and tightly ligatured (in the
latter case, just posterior to the pyloric sphincter). The
injection was accomplished by obliquely piercing the intestinal
wall 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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Counting

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 radiocactivity

was accounted for,

Blood and Tissue Sampling

Fish were 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 were made by removing 0,3 to 0.5 ml of blood
from the caudal artery of anaesthetized trout using a 1 - ml
heparinized syringe (25-gauge needle) and applying slight
negative pressure.

Plasma was collected by centrifuging éach whole blood
sample for 5 minutes in 1 - ml disposable polyethylene
microcentrifuge tubes at 15,000 g (International Microcapillary
Centrifuge Model MB slanted head), and removing the supernatant.
The plasma samples and intact carcasses were frozen at -20 C,

Trichloroacetic acid (TCA) precipitation (Higgs 1971)

was performed on thawed plasma samples thus: (i) 0.1 to 0.2 ml
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of the sample was placed in a 15-ml nalgene céntrifuge tube
(ii) 2 ml of 12.5 percent TCA were added twice with vigorous
shaking and subsequently the tube was centrifuged at 2200 g,
and the supernatant removed. This was repeated using 2.5
percent TCA. The two, 4 - ml supernatants were combined and

a 4 - ml aliquot removed. (iii) The precipitate was suspended
in 1.9 (or 1.8) ml of distilled water and 2 ml of 4 N NaOH was
used to dissolve the suspension. (iv) The TCA-soluble and
insoluble aliquots were counted against a standard and the
radioactivity in both bound and unbound plasma fractions was

expressed as percent injected dose per ml of plasma correct

percent dose % " body weight

for a body weight of 100 g thus: o 100 g

Bile 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 2200 g
(sorvall centrifuge GLC1l swing out head).

Frozen tissues including liver, gallbladder, in some
cases total gut less isolated intestinal loop, stomach and
gastric caeca (together), total intestine (in some cases
isolated intestinal loop), in some cases gonad (testis or

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

All tissues were counted in plastic counting tubes and percent
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dose for each tissue was determined.

Treatment of Bile For Identification of Radiocactive Constituents

Up to 4 replicate samples of the bile supernatant were
incubated for 24 hours with shaking in darkness at 37 ¥ 0.5 cC
(Metabolyte Shaker New Brunswick Instrument), with either 500
units of P - glucuronidase (bacterial Sigma Chemical Corporation)
or with 0.005 g of Mylase 'P' (Arylsulphatase; Nutritional
Biochemicals) at pH 5.0 (adjusted with a sodium acetate buffer).
These samples were then compared chromatographically with a
control (0.25 ml of bile supernatant alone under identical
conditions), on either paper or thin layer systems following
centrifugation for 20 minutes at 2200 g. Tests establishing
arylsulphatase activity and inhibition by saccharolactone of
residual.p -~ glucuronidase activity in Mylase 'P', were

performed (Appendix I).

Chromatography

Descending paper chromatography was performed using
either Whatman. No. 1 or 3 paper, with butanol; acetic acid
(glacial); water; 4:1:1, V/V (BAW) as solvent, with development
for 16 hours in darkness at room temperature. Half-inch
sections of the sheets were counted for determinations of

radiochromatograms,
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Ascending thin-layer chromatography (TLC) was
performed on either Polygram silica gel (0.25 mm, UV 254,
Macherey-Nagel and Co., Duren) or preferably Bakerflex silica
gel (0.25 mm 1B-F) media, using BEA (butanol; ethanol; 6N
ammonia, 5:4:1 V/V) or BMA (butanol; methanol; 6N ammonia
5:4:1 V/V) as solvents. For both paper chromatography and
TLC, pre-eqguilibration of the solvent in the tank was allowed
for at least one hour. One-eighth-inch sections of the TLC
media were counted for determination of radiochromatograms.
Both stable and radiocactive standards were used for identi-
fication, the former being detected by UV light at a wave-
length of 250 mu.

Samples of centrifuged bile or plasma were spotted
(25‘p1, paper; 5 or 10 ul, TLC). In some cases ethanol
extracts of bile, plasma, or tissue samples were spotted. The
extracts were obtained by adding 2 volumes of absolute ethanol
to 1 volume of tissue in a 15e~ml nalgene tube, This was
vigorously mixed, centrifuged (at 2200 g for 30 minutes) and
the supernatant removed and evaporated to dryness under air
streams in a water bath at 40 C. The residues were dissolved

in a small volume of methanolic ammonia (99:1, V/V).

Binding of T;,* and T,*gl to Plasma Proteins
4 4

One ml of Tq* in bile or radioactive bile (24 hours
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after T4¥ 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 atv
13 £ 0.5 ¢ in darkness for 24 hours with shaking (Falkner 1971).
After incubation four 0.2-ml aliquots were removed from each
sample and analysed by TCA precipitation., The soluble

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

Identification of Bile Radiocactive Compounds after Intra-

peritoneal Injection of T%* and Tq*

One-year-old brook trout (51 to 203 g), acclimated
at 12 C and fed ground liver on alternate days until 48 hours
prior to injection, were anaesthetized and injected intra-
peritoneally with 1 to 5 pjCi of Tq* or T3* (in 50% propylene
glycol) in the lateral region. Twenty-four hours later they
were killed,

At 24 hours p.i. in trout injected with either TS* or
TM*’ 70 to 80 percent of bile radioactivity occurred at Rf
0.2 to 0.3 and about 20 to 30 percent corresponded to free
thyronines on paper chromatograms (Table II and III; Fig. 3).
Negligible 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 gquantities of thyronine-sulphate esters occur
in trout bile.

Treatment with B - 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 IX
Percentage of bile radioactivity on paper
chromatograms (BAW) corresponding to thyronines
and unidentified peaks following incubation
with Mylase 'P' and B-glucuronidase. Bile was

sampled 24 hours after T_* injection.

3
Treatment Unidentified Thyronines Remainder
of Bile Peaks TH
(Rf 0.2-0.3)

n b4 range X range X range
Control 8 72.0 67.2-75.3 25.0 23.7-28.5 3.0 2.0-5.5
Mylase 'P’ 2 72.3 T72.0-72.6 24,7 24.,3-25,1 3.0 2.9-3.1
Control 8 72.0 67.2-75.3 25.0 23.7-28.5 3.0 2.0-5.5

p-glucuronidase 8 11.2 10.1-12.8 84.2 82.2-86.2 4.5 1.8-6.1
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TABLE IIT

chromatograms (BAW) corresponding to

thyronines and unidentified peaks following

incubation with Mylase 'P' and B-glucuronidase.

Bile was sampled 24 hours after Tq* injection.

Treatment Unidentified Thyronines Remainder
of Bile Peaks (TH)
(Rf 0.2-0.3)

n X range X range X range
Control 6 76.6 T4-82.3 22.0 17.1-24.5 1.4 0.6-2.3
Mylase 'P' 2 76.9 76.5-77.4 21.6 21.6-21.7 1.4 0.9-1.9
Control 4 79.9 71.9-85.9 17.7 11.1-25.8 2.4 0.8-3.4
P-glucuronidase 4 16.1 15.7-16.9 80.2 79.1-81.2 3.6 2.4-5.1




FIGURE 3.

Paper radiochromatograms (BAW) of bile
collected at 24 hours after TB* (1), or

TM* (2) intraperitoneal injection and then
incubated alone (C) or with B-glucuronidase
(6L) (GL indicates Rf of large peak while

T indicates Rf of thyronines),
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appears by paper chromatography that about 20 to 30 percent
of bile radiocactivity occurs as free thyronines and about
60 percent as thyronine glucuronide conjugates. About 10
to 20 percent of the radioactivity at REf 0,2 to 0.3 was not
degraded by B-glucuronidase.

Thin layer chromatograms of untreated and B-glucuron-
idase-hydrolysed bile on Polygram silica gel, suggested that
free thyronines and their glucuronide conjugates were the
main radioactive constituents in bile from T_* - or TM* -
injected trout (Figs. 4 and 5). 1In contrast to paper
separation, treatment with p-glucuronidase on thin layer media
eliminated almost entirely the peak at lower Rf values. TM*
was the only detectable product of P—glucuronidase hydrolysis
of bile from Tq* - injected fish. While TB* was the main
product of p-glucuronidase hydrolysis of bile from T3* -
injected fish, lesser quantities of radioactivity occurred at
slightly higher Rf values and suggest other degradation
products.

A comparison of paper chromatography and TILC (Bakerflex
BEA) of endogenous bile (from fish 24 hours after intra-
peritoneal injection of T4>’ showed that with paper 83 percent

of the radiocactivity existed as glucuronide with 17 percent

as thyronines; while for TLC, 27 percent of the radioactivity




FIGURE L,

Thin-layer radiochromatograms (BEA) of
bile collected at 24 hours after TS* or

TM* intraperitoneal injection and then
incubated alone (C) or with p-glucuronidase
(6L). The positions of authentic materials
are shown by arrows (T, = thyroxine, T =

b 3

triiodothyronine, GL = glucuronide).



-D6-

BEA

GL

0%

BEA

GL

f“

OOI*Wd

Q 10:

40
20}
IO}

Re



FIGURE 5,

Thin-layer radiochromatograms (BMA) of bile
collected at 24 hours after T3* or T),* in-
traperitoneal injection and then incubated

alone (C) or with p-glucuronidase (GL). The
positions of authentic materials are shown

by arrows (TM = thyroxine, T3 = triiodothyronine).

GL glucuronide

i
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existed as glucuronide and 72 percent as T

I

Uptake of Bile Iodothvronines Following Stomach Injection

One hundred thirty trout (35 - 75 g) were 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 Tq* containing 90,000 cpm in 0.1 ml of brook trout bile
(Tq group), and 56 with radioiodinated thyroxine glucuronide
conjugate (Tq* -gl; T4 -gl group) preparation containing 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 purity of these
substances. The Tq* contained on paper 96 percent as

thyronines and 4 percent as iodide, and by TLC, 86 to 89

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

Ll_}
origin material. The TM* -gl in bile contained on paper, 11
to 15 percent as thyronines, 85 to 89 percent as gl, and on

TLC 25 to 31 percent as T, and 69 to 75 percent as gl. After

N
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 8 fish were killed

and bled in both groups at 2, 5, 10, 24, 48, 72, and 96 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 loss to the water at the
sampling intervals for fish of the two treatments., Corrected
standards were calculated from these individual losses,

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 low radioactivity and considerable variation, it is
difficult to compare fish of different treatments, although

the levels were higher for T, * - injected fish at all intervals.

i
The plasma unbound levels for both groups were much
higher than the bound levels, and the values for the TLL group
(maximum 0.25 percent per ml at 48 hours) were higher than
those for the Tu -gl group (maximum 0,13 percent per ml at
2 hours), at all intervals.
Paper chromatography of plasma of the Tu group at 48
hours p.i. (Fig. 7), revealed mostly radioiodide. The 48

hour plasma radiocactivity for the T, -gl group was too low

u

for detection on radio chromatograms.
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TABL

E IV

Percentage of injected radioactivity lost

+
(-~ standard errors) within 2 minutes of

stomach injection of brook trout with T

or TM* -gl.

*

4

Percent Loss in 2 Min.

Sampling Time
Hr, (P.I.) T, * T)* gl
2 19.2 T 4.1 29,2 1 3.7
5 21.6 L 3.9 28,0 4.0
10 20.6 £ 3.9 27.3 L 5.6
24 17.1 £ 5.6 27.9 T 4.2
48 22,7 L 5.1 25.8 £ 6.0
72 18.0 £ 5.0 33.1 ¥ 1.5
96 28.7 L 8.4 17.0 L 5.6
Total
Sample Size 55 53
Mean Loss 20,7 ¥ 5.2 26.9 £ 4.4




FIGURE 6,

Relationship between plasma bound and
unbound levels of radioactivity (percent
dose per ml plasma, standardized for a
fish of 100 g), at various times after
injection'of Tq* (-0-) or T)*-gl (-o- -g-)
into brook trout stomach. The unbound
levels for radioiodide (JQL.) stomach
injection are also shown., Each point
represents a mean of values from 5-8 fish
(¥ 2 standard errors). The point in paren-

thesis at 48 hours represents mean if one

aberrant fish injected with TM* is included.
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FIGURE 7.

Paper radiochromatogram (BAW) of plasma

at 48 hours after TM* injection into brook

trout stomach. The positions of authentic
. 125 _

materials are shown by arrows ( I =

radioiodide, T = thyronines).
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Maximum uptake of radiocactivity by the livers and
gallbladders of both groups coincided (Fig. 8). For Tq,
maximum liver (1.0 percent) and gallbladder (0.70 percent)
levels occurred at 48 hours with minor peaks at 5 hours;
while for T4 ~gl the major peak occurred at 24 hours for
liver (1.1 percent) and gallbladder (1.2 percent), with minor

peaks at 2 hours. The overall gallbladder levels for T, -gl

b
appeared higher than for T while the liver levels for the

I’
two groups were similar,.
The radioactivity levels in gut components are shown
in Fig. 9. The difference in 2 hour-stomach levels of T4
(30 percent) and T4 -gl (20 percent), may be due to different
losses of radioactivity following the initial measured leakage.
Both groups showed a steady decline in stomach radioactivity
from 24 to 96 hours, after an initial steep decline (2 to
24 hours). Thus about 24 hours were required for the stomach
to empty most of its radioactive contents into the intestine,.
The decline in gastric radioactivity between 2 and
24 hours coincided with an increase in intestinal radioactivity

to 24 hours (T, group 20.5 percent, TLL -gl 18.4 percent).

4
These levels then gradually declined to 72 hours and showed
a more rapid decrease at 72 to 96 hours. Both groups showed

that the bulk of the radiocactivity remained in the intestine

for 48 hours.




FIGURE 8,

Percentage of radioactivity in liver and
gallbladder of brook trout at various times

after Tq* (=0-) or T *-gl (-mO-) stomach-

4
injection., Each point represents a mean
(¥ 2 standard errors) for 5 - 8 fish. The
point in parenthesis at 48 hours represents

mean if one aberrant fish injected with TM*

is included,
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FIGURE 9,

Percentage of radiocactivity in stomach,
( %= TLL*’
o= Tq*—gl)‘and total gut (0 = TQ*’ o=

Tu*—gl) of brook trout at various times

= Ta*—gl) intestine ( O = Tq*,

after T * (——) or T, *-g1 (- - =) stomach~-
injection., Each point represents a mean

+ ' )

(- 2 standard errors) for 5 - 8 fish. The
point in parenthesis for each gut region
represents mean if one aberrant fish injected
with Tb,* is included. Means i 2 standard

errors in Appendix V.
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Total gut patterns for the Tu and Tu -gl groups were
similar, with 2 hour levels at about 30 percent followed by
a gradual decrease to 72 hours, and a steep decrease from
72 to 96 hours. These data emphasize the long period necessary
for appreciable intestinal excretion of radioactivity, and
also the low initial levels of gut radiocactivity.

At 24 hours most bile radioactivity from T4 fish
corresponded to thyronines on paper chromatograms, with little
glucuronide conjugate (Fig, 10), while at 48 hours the reverse
was true, For TLL ~gl fish, the bile at 24 and 48 hours
revealed mostly glucuronide, with less thyronines,

TLC of bile from T4 fish (Fig. 11) at 48 hours
revealed mostly TLL with less glucuronide, while TLC of bile
from Tu -gl fish at 24 hours revealed a radioactive pattern
similar to the paper chromatography of this sample.

The resﬁlts of stomach injection of bile iodothyronines
indicated that absorption of radiocactivity from the gastro-
intestinal tracts of the fish of both groups was low as
revealed by low plasma levels, especially of TCA-precipitable
(protein bound) radioactivity. The TCA soluble fraction
(unbound) of plasma radioactivity showed higher levels than

the bound fractions, and the unbound levels were consistently

higher for T4 fish than T4 —-gl fish, Biliary excretion of




FIGURE 10,

Paper radiochromatograms (BAW) of bile at

24 (1) and 48 (2) hours after ), * (T ), oxr

n

Tu*—gl (GL) injection into the stomach of
brook trout. The position of authentic

materials are shown by arrows (T = thyronines,

GL = glucuronide).
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FIGURE 11.

Thin-layer radiochromatograms (BEA) of
bile 24 hours after TM*—gl (GL), or 48
hours after TM* (Tq) injection into the
stomach of brook trout. The position of

authentic materials are shown by arrows

(Tq = thyroxine, GL = glucuronide),
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absorbed radioactivity was significant in both groups,

although the T, -gl gallbladder levels were slightly higher.

L

The time of maximum biliary excretion was earlier (24 hours)

for T, -gl than for T, (48 hours) fish. The low initial gut

i Il
levels (at 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 72 hours to excrete significant amounts of radioactivity.

Uptake of Radioiodide Following Stomach Injection

In order to ascertain the effect of exogenous radio-
iodide in the TM* preparations on absorption of radiocactivity
by stomach-injected fish, an abbreviated study of stomach
injection of Na125I was performed on trout. Radioiodide (1 -
2 pci) was injected into 32 trout (26 - 78 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, 4, 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 was made for
initial leakage.

Fig. 6 shows plasma unbound radioactivity levels for

fish stomach-injected with radiociodide. Almost all the

radioactivity was in the unbound fraction, although the levels
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were low, Maximum uptake (0,034 percent per ml) occurred at
10 hours after which the levels declined.

About 2.5 percent of the dose was rapidly (by 1 hour)
' taken up by the livers of the fish (Fig. 12), and this did
not decrease until'24 hours. The gallbladders alsoc showed
maximum uptake (about 0,5 percent per ml) at 1 hour, but the
levels were 4 to 5 times less than the livers,

Both the stomach and the total gut levels (Fig. 12)
decreased sharply from 1 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 likely
that the gut decrease was largely due to leakage and not

absorption., Very little radioaétivity reached the intestines.

Determination of Binding of Biliary Iodothyronines to Plasma

Proteinsg By TCA Precipitation

Plasma binding of constituents of endogenous radio-

active bile (T, 67 percent: T, =-gl 33 percent by TLC) was

4 )

compared with that of Tq* (97 percent T, by TLC) added to cold

N
bile., This was done to determine if T4 -gl would be pre-
cipitated with plasma proteins. The endogenous material
showed 39.5 percent (38.8 to 40.3) bound and 60.5 percent

(59.7 to 61.2) unbound, while T, ¥ was T71.8 percent (71.2 to

4




FIGURE 12,

Percentage of radiocactivity in total gut

(o ), stomach ( @ ), liver ( O ) and
gallbladder ( m ) of brook trout at various
times after radioiodide-stomach injection.
Each point represents a mean (t 2 standard

errors) for 8 fish.
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72.3) bound and 28.2 percent (27 to 28.8) unbound. The T)*
binding agrees with the findings of Falkner (1971) by this
TCA precipitation method. The results suggest that a radio-
active component in endogenous bile from T4* ~ injected fish
tends to bind very little to plasma proteins in this fish.
TLC of the TCA supernatants of the samples showed that all
of the radioactivity was T4 for the TM* in bile, while for
endogenous bile samples 51.3 percent (49 to 52) existed as
T), -9l with 48.8 percent (48 to 51) as TM' Tq ~gl appears

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

bind to plasma proteins of trout.

Uptake of Bile Iodothyronines Following Transintestinal

Injection
As an attempt was made to compare intestinal absorption

of naturally produced bile radioiodothyronines and T * in a

few large brook trout, Five fish A, B, C, D and E (301 to

543 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) or
Tq* in whole cold. trout bile (D and E)., The percentage of
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 fish were killed at 24 hours and the
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percentage of the dose in several organs and tissues
determined, From these an estimation of absorption was
calculated for each fish., Some TLC (Bakerflex BEA) was
performed on bile, plasma (of 2 fish) and various tissue
extracts,

Maximum bound radioactivity levels for all fish
occurred at 2 hours (Fig. 13). A, B and C showed different
maximum levels (0.1, 0.22 and 0.5 percent per ml respectively),
while for D and E the levels were similar (both about 0,4
percent per ml). The levels of all fish thereafter rapidly
decreased to 10 hours, followed by a levelling off to 24 hours.

Maximum plasma unbound radioactivity for A, B (both
about 0,18 percent per ml) and C (0.5 percent per ml) occurred
at 2 hours. Thereafter these levels decreased at similar
rates., However, D and E showed linear increases to 24 hours,
although D showed the maximum level at 10 hours (0.14 percent
per ml), whereas for E it occurred at 24 hours (0.66 percent
per ml),

The 24 hour plasma samples of B and C were examined
by TLC. Both showed radioactivity as glucuronide (11 to 14
percent), the majority as iodide (44 to 63 percent), and large

proportions of T, (18 to 32 percent) with some T3 (8 to 9

n

percent),




FIGURE 13,

Relationship between plasma bound and
unbound levels of radioactivity (percent
dose per ml plasma standardized for a
fish of 100 g) at various times after
transintestinal injection of brook trout
with T,*, D (@ ), E (@ ): or radio-

n
active bile: ( ————— )’ A ('D ), B (

and Cc ( &

). Each point represents an

individual fish,
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The livers and gallbladders of A, B and C showed
high percent uptake (Table V, 13 to 23 percent) and appeared
to contain the majority of absorbed radiocactivity 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
included 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 éontained 1.2 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 1 percent,

All fish showed more than two thirds of the injected
dose in the gut, with almost all of this present in the
isolated gut loop.

Absorption was estimated for each fish (Table V) by
subtracting total gut radiocactivity from the presumed 100
percent dose. There was appreciable variation in absorption

of all fish: A (18 percent), B (33 percent), C (23 percent),



T

TABLE V
Percentage of radiéactivity in various organs at 24
hours after transintestinal injection of radioactive
trout bile (fish A, B, C) or Ta* in bile (fish D, E).
An estimate of absorptioﬁ (100% minus total gut) is

also given., The relative proportions of T, -gl to T

4 b

(*) are given with the fish receiving that particular

sample of endogenous bile,

Organ A(49:51%) B(28:72) c(28:72) D E
Liver 1.30 8.80 3,00 0.50 0.30
Gallbladder 11.40 14.20 11.90 3.70 2.05

Total gut—minué
intestinal loop 2,40 3.10 11.45 1.10 0,80

Intestinal loop 79.20 63.80 66,10 72.90 87.50

Total Gut 81.60  66.90  77.50  74.00  88.30
Oovary — 1.20 2.10

Testis - 5.30
Gill : 0.05 0.11 0.04 0.02 0.10
Kidney 0.10 0.35 | O.lé 0.25 0.30
Thyroid. 0.03 0.07 0.03 0.10 0.05
Absorption

Estimate 18,40 33.10 22.50 26,00 11.70
Total

Recovered gl,30 92,40 .94.71 79.10 96.33




e

D (26 percent) and E (12 percent)., Since the latter two

fish received only T, ¥, large individual variability is

i
suggested.

Table VI 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 Tﬁ* (D and E) showed TZ1L and

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 TILC
detection). R, an unknown radioactive compound migrating
between glucuronide and thyronines, was detected in one bile
sample. It is conceivable that R was an artefact of separation.
More than 90 percent of the radioactivity in the testes of

one fish was as TM’ and also more than 90 percent ih the

intestinal loop of both fish was as T The two bile samples

L
showed different relative T4 -gl: T4 proportions and T3 was
present for D,

The fish injected with radiocactive bile with different
T, -gl: T, proportions (a, 49:51, B and C 28:72), showed
varying tissue distribution of radioactivity. Glucuronide

was found in all but the kidney sample of C. R was also

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

Percentage distribution of radioactivity in injection material,
various tissues and bile of 5 fish transintestinally-injected
3

with either radioactive trout bile (A,B,C) or TM* in bile (D

E), as revealed by TLC (BEA),

. . Extract - Substances Identified

Fish . ‘ -
Examined gl R T) T, Iodide

L Injection Material 48.8 - 51.2 ~ _—

A Bile 70.4 - 29,6 - -
Intestinal Loop content 34,4 - 63.7 . - 1.9

Injection Material 28.4 - 71.6 - -
Liver 24.3 70.9 - - 4.8

Bile 49,7 - 50.3 - -

B Stomach Content 15.0 - 70.0 15.0 -

Intestinal Loop content 35.6 55.5 - 8.9 -
Kidney 12.1 38,1 26.8 10.0 13.0
Oovary 17.6 - 63.5 - 18.9

Injection Material 28.4 - 71.6 - -
Liver 30.9 57.0 7.1 2.3 2.7

Bile ‘ v 45,7 - 50.0 4.3 -

c Stomach Content 88.7 - 11.3 - -
Intestinal Loop content 17.2 -~ 76.9 5.2 0.7
Kidney - 50.0 19,2 10 20.0
ovary 28.8 61.3 - - 9.9
Injection Material - - 96.8 - 3.2

D Bile 76.1 - 11.5 12.4 -
Intestinal Loop content - - 92,7 L= 7.3
Injection Material - - 97.2 . - 2.8

Bile 18,7 27.0 54,3 - -
E - Intestinal Loop content - - 95,1 - 4,9
Testis - - 93.2 - 2.7
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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

T4 -gl: T while A showed predominantly glucuronide. A and

0’
C showed proportionally less glucuronide and more T4 in the

gut loop material than was present in the injection materials.
However B showed the reverse. T4 was found in most and T

in several of the tissue extracts of these fish.

In summary intestinal absorption of radioiodothyronines
appeared to be lbw (12 to 33 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 unboundvradioactivity 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 definitely higher for radiocactive
bile~injected fish than Tq* ~ injected fish. Appreciable

radiocactivity 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 T, *¥ and radioactive bile-injected fish,

I

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

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

i

tissues of all fish with iodide in some.
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DISCUSSION

Identification of Bile Iodothyronines

In brook trout biliary excretion of intraperitoneally-

injected TM* is mainly as T ¥ or its glucuronide conjugate,

L

while T3* is excreted as T3* or its glucuronide conjugate.
Little evidence was found for the presence of sulphate esters
or other TLL degradation products, Subsequent data (Sinclair
and Eales unpublished) have shown that no other major degrad-
ation products appear in this fish up to 9 days p.i. This
contrasts somewhat with the findings of Osborn and Simpson
(1969) for the marine plaice, where several TM* derivatives

and their sulphate or glucuronide conjugates were identified
after intraperitoneal injection of Tq*. However, these

authors gave no indication of the relative proportions of these
other materials and they may be present in gquantities too

small to be detected by present methods., Lack of TLL deriva-

tives other than glucuronide may reflect the rapidity with

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

I
of this fish (Eales 1970), precluding the possibility of
extensive peripheral metabolism.

While 3, 5, 3’— T3 was the main product of p-glucuron-
idase hydrolysis on thin layer chromatograms of bile from T3* -

injected brook trout, lesser quantities of radiocactivity

1 (1963) found

occurred at slightly higher Rf's. Flock et
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appreciable 3, § - Tg-glucuronide in dog bile after injection
of T3*, and this substance may be present in trout. Un-
fortunately authentic 3, § - T2 was unavailable as a standard.

The presence of T_ degradation products in bile of T *=injected

3
trout, might be anticipated since T3 is cleared from the
serum more slowly than T4 in brook trout following intra-
peritoneal injection at these temperatures (Eales et al 1971).
The proportion of ’I‘4 -gl in the bile was always higher
by paper chromatographic than TLC separation. Furthermore,
in contrast to TLC separation (Polygram), paper separation of
P - glucuronidase-treated bile revealed residual radioactivity
at Rf 0.2 to 0.3. The reasons for these differences are not
clear. One poséibility is the presence in bile of a substance
that binds free thyronines and has an Rf on paper (with BAW
solvent) closely corresponding té 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 suggested for mammals (Hillier

1971).
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Gastrointestinal Uptake of Bile Iodothvronines

Stomach or transintestinal injection of bile iodo-
thyronines indicated that while enterochepatic recycling of
these substances does occur in the brook trout, it is limited.

Owing to incompletely compensated leakage of stomach-

administered bile, containing either T, 6 * or predominantly

n

TM* -gl, the extent of uptake of these radioactive materials
cannot be stated.

Although the data indicate that 12 to 33 percent of
the iodothyronines were absorbed by 24 hours after trans-
intestinal injection, with no obvious absorption differences
between TM* and Tq* -gl, only a few animals were used, and
high absorption in one (33 percent) may have been partially
due to intraperitoneal leakage. Therefore, absorption may be
20 percent or less, although further work is necessary to
ascertain this., Despite limitations in techniques, the low
absorption agrees with some previous work, 12 to l6’percént
absorption of stable T) in cows (Mixner and Lennon, 1960);

131

15 percent or less absorption of I-bile iodothyronines

from the duodenum of the dog (Furth et al 1968); 25 percent

absorption of Na 131

I-T, in the cat, (Clayton et al 1949);
20 percent absorption of crystalline Tq in the chicken (Monroe

and Turner, 1949), and 15 to 16 percent absorption of radio-
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activity from 1311 —‘T4 - endogenous bile of rats, Cottle

and Veress (1965). However other species showed higher
absorption; 60 to 70 percent in frogs; 58 percent in
salamanders, and BS to 60 percent in turtles (De Los Reyes
and Jones, 1970); and also in the rat (Taurog et al 1953)

and man (Hays, 1968). 1In 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 cbserved that during
chronic starvation (Narayansingh unpublished data), the gut
mass may decrease, and the'accompanying tissue changes may
alter gut absorption. Hays (1968) states that in man,
malabsorption aiseases resulﬁ in poor T4 absorption, Con-
sequently, it is difficult to compare absorption of iodo-
thyronines in the trout with work on othei animals.,

Uptake of T, * and Tq* ~gl into the blood of stomach-

n
injected fish also indicatgd low absorption. For example, at
2 hours, plasma unbound_radioactivity was 10 times less for

Tq* and 20 times iess for TM* -gl fish, while the bound radio-
activity was 100 times less for both TA* and TM* -gl fish, as
compared to fish intraperitoneally injected with Tq* (Higgs
and Eales, 1971). For fish injected transintestinally with

T, * or radioactive bile, at 2 hours the unbound plasma

i
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fractions were 4 to 25 times less while the bound fractions
were 12 to 60 times less than the plasma of Tq* - 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
(1967) for rats and Hays (1968) for man. Hays (1968) suggests
that the rapid decrease in TM* absorption with time (after 2
hours) may be due to the presence of substances (found by
Chung and Van Middlesworth 1967) in the intestine, whigh
rapidly bind the hormone and interfere with subsequent absorp-
tion. This interference may also have been promoted by the
bile vehicle used. Hillier (1971) has discovered substances
in the bile which bind TZJr 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 absorption of biliary
excreted Tq and its derivatives under these conditions, low
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 (e.g. livers, gall-

n
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bladders and thyroids of the prey).
Deiodination appears to be a prominent route for

peripheral metabolism of absorbed T, but not for absorbed

4
Tq -gl. The plasma unbound radioactivity levels for stomach-
injected Tq* fish were much higher than those of TM* -gl fish,
even though Tq* ~gl does not bind to plasma proteins. Fish
transintestinally-injected with TM* showed‘trends of increasing
ievels of unbound radioactivity over 24 hours, as opposed to
the levels of fish transintestinally-injected with radioactive
bile, that tended to decrease for the same period. Considering
the specificity of enzymes for their substrates, the apparent
lack of appreciable glucuronide deiodination is not sur-
prising. Tata (1964) states that a low affinity of plasma
proteins for a particular thyroid hormone derivative, is
paralleled by a low affinity of dehalogenase for that
derivative as a substrate,.

The main pathway for absorbed thyroxine glucuronide
appears to be biliary exgretion. This was indicated by the

rapid appearance of absorbed T, ¥ -gl in the bile of fish

4
- stomach-injected with the latter., Also, the fish trans-
intestinally-injected with radiocactive bile showed high liver-

bile levels. The early (2 to 10 hour) initial decline in

plasma unbound radioactivity in the latter fish may reflect
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biliary excretion of 'I'4 -gl. Hays (1968) states that in man,
glucuronide is absorbed from the gut but is rapidly excreted,
prokably by the kidney. While the renal route was not
investigated, it is possible that considerable excretionvin
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 different T T -gl

57y
proportions in the radiocactive bile. Large amounts of radio-
activity were also 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 for fish receiving radioactive bile, some
glucuronide reached tissues not included in enterohepatic
circulation, while TM* was found in almost all the same
tissues. T ¥ was also found in some cases and was probably
the product of monodeiodination of Tq*. 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 T

4
the latter shows little tendency to be bound by plasma proteins,

* and TM% ~gl in the trout, the fact that

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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APPENDIX I
To test arysulphatase activity of Mylase 'P',
0.02 (1) énd 0.03 g (2) of phenolphthalein disulphate in
sodium acetate buffer, were each incubated with Q,015g of
Mylése 'P' at 37.i 0.5C for 24 hours (at pH 5'0)'. After

centrifugation the supernatants (1 ana 2) along with phenol-

phthalein (4) and phenolphthalein disulphate (3) as

standards, were chromatographed on TLC media (Bakerflex)

using three solvent systems: (A) BAW 4:1:5 V/V (B) Methanol,
HC1, H,0, 70:20:10 v/v (C) Propanol, INE, OH 2:1 V/V. All
substances were detected with uvV light at 250 mu. Results.
indicated that a rose pink color was generated in the
enzyme-substrate tubes, and chromatography (A,B,C) indicated

substantial breakdown of phenolphthalein disulphate to pheno-

iphthalein in these tubes.

PH = phenolphthalein

PHD = phenolphthalein disulphate
SF = solvent front
O = origin

Incubation of radioactive bile from TB* or TA* -
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 B - glucuronidase activity in this

preparation,
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APPENDIX II

Radioactive bile from fish intraperitoneally-
injected with TH* was incubated for 24 hours at 37 p 0.5 C
(a 0.25mlsample), with sodium acetate pH 5.0 buffer and
0.05 g. Mylase 'p! (2); and alone at pH 5.0 (1). 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,

SO4 = known position of sulphate conjugate

GL known position of glucuronide

T = known position of thyronines
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APPENDIX ITII
This represents a radiochromatogram demonstrating
the reprpducibiiity 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

I

glucuronide.

T

thyronines
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APPENDIX IV
Elution of iodothyronine_materials migrating in the
glucuronide area of the paper radiochromatograms was'necessary
for the collection of Tq* —-glucuronide, Twenty-four hour
radioactive bile was colleéted and chromatographed on paper
(NO. 3), and a radiochromatogram determined for a middle 1-
inch-wide strip (see figure). The area corresponding to
glucuronide on each sheet was divided into %‘x 3 inch pieces,
which were rolled and placed in glass tubes. Distilled water
was added and the tubes allowed to stand for 6 to & hdurs in
darkness, Following squeezing of the strips, this method
consisgently eluted more than 75 percent of the radioactivity.
The slightly alkaline eluate was neutralized with 0.1 NHC1
and frozen on stainless steel trays. The eluate was then
subjected to two lyophilization treatments in a Virtis Freeze-
Mobile unit for 1 to 2 days, the first producing radioactive
crystals'which were then collected in 20 ml distilled water,
and after re-freezing, again lybphilized. Adsorption to
cellulose fibres necessitated extraction of the radioactivity
~with 0.1 N NaOH. After neutralization and freézing, ly .ophil-
ization of the extracts was carried out in a smaller, Virtis-
Automatic unit, and all crystals combined, This radioactivity
ffom the glucuronide area of paper radiochromatograms and Tq*

weré each dissolved in diluted bile vehicle and adjusted to
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similar levels of radiocactivity. Thus a vehicle containing

predominantly T * -gl and one containing almost entirely TM

4 | ,
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 (GL). T = thyronines.

*
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APPENDIX V
The means (i 2 standard error) for the stomach,
intestine and total gut levels are represented here for
brook trout stomach-injected with Tq* and Tq* -gl at the

times sampled after injection.
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APPENDIX VI
A sample of TLC radiochromatograms of bile and a

few tissue extracts from one fish (c), 24 hours after
transintestinal injection with radioactive trout bile
(with 'I‘LL.—gl:'I“LL ratio 28:72). The position of authentic
materials are shown by arrows,

T = thyroxine

T_ = triiodothyronine

R = unknown substance

GL = glucuronides

12
51 = jodide
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