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,order. to - establish the normnl bnsellne in thls model for spontanbous
'~'.autolmmune thyroidltls, and to- thereby attempt to monltor ‘the deVelop—'l
: ment of the dlseasc (hlstolog(c ‘examination of n small sampling of the
. BUF rats confirmed that Lhyroldlhs.dld occur ln ‘anfmals  of- thls

" colony) Sera were ‘obtained by longitudinal sampl'lng of males and virgin

females, and concentrations of. thyrox'ine (1‘14) and. trlrodo\yronlne (T3)

-';were mcasurcd by radioimmunoassays. ‘T4 and 1‘3 lcvels wcrc ‘each’ found to

be correlated with body we{ght 1:(\males, wlth r = 0. 264 (P < 0 00?)\ and

Lr = 0 261 - (P< :0: 005) respeccively, buc nelther hormone was . signlflcant-
_,l-ly correlated wttlf body weight An- virgin females.' Tlo "and T3 levels
. : ,declined with age i - both sexes, in males, r = —0 309 (P <0, 001) for Tlo
‘ "and r = -0 369 (P < 0 001) for T3 ~and ln vlrgin females r = -0 283
(P < 0. 001) for T4 and T = --O 417 (P < O 001) for T3 Although these . )

‘correlat{on coeft’iciencs do noc indicate that - there was a sighifrcant

sexual difference‘ln the variation with age’ of elther T4 or T3 (P >-0.05"

.for each. hormone), in general l:he females had slmly lowcr Ievels of

. Tlo and - slightly higher. levels of T3 Ehan dld the males. -Far those

.'_.samples that' had been assayed for both .ormones, the T4/T3 watlos ‘were _.'.
R s{gniflpantly (P <0, 001) lower ln the females “and were independent of
o age in. both sexes. Serial snmplea rcvealed that ‘M and T concentrations “
fluctuated greal:ly from l'nonth to. month in animals of each sex. Values
-which fell outsidevof the normal ranges (957. conffdence Hmits areund
the regtesSion , Hnes), “could no‘t_ : necessarily be - attr{butable - to.

_thyroldlcis, with Values from subsequent ages often returnlng to within '

o

Thyrold functlon wa'; lnvestlgared ln a colony. of . lllll-‘ lnhrcd rats 1n

e

s, . o
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: found in  the. lobules. The sfollicles arc' bound “by . a’ thin sheath of

v , .
L oo v . L2 -
. T oo wmongeTion. SR,
Cral | PHY‘?IOLOGY OF, THE ‘NORMAL THYROLD- -
l.'l.i- ' l-(‘g - Anni‘omy of the thyrotd A :

", The thyroid (reviewed by Klinck, 1964-- Schneeberg, 1970 Frmans et

" al al., 11972) is composed of ‘two 4lobes, one on either slrlc ‘of lhe -Lmichea,

c0nnecte.d by an isthmus; occasionally lhero is also n pyramidal lobo.'

Fach Iobe is composed of . structurnl unltn called lobules (sce Fig. l),

ea“h lobule com:ains between 20 and 440 funcl: ional units cnlled follicles j“

I

(or acmi), and ‘rats thé\re,’is also a secoqd qystem called: thef

|_ultimobran_chial fo,'llicles. Paqafollicular cells (C cells) ‘can also be

connective tissue, in a framework called the stroma. Each follicle is a

.spherical sac, varying in size (200-300 um’ in diameter), composed of a
single ._layer of. epithelial cells which surround a lumen, a basement

umerous - mitochondria,aan.‘ extensive rough -endop,lasmic reticuluxn,

well defined, Golgi apparatus . and'," at the’ir' apicnl" éﬁd’s, numeroﬁs

microvilli projecting into the lumen (greatly increasing the interface)

'I‘he cells secrete a clear jelly-like fluid called the colloid (which is‘

about 85'/. thyroglobulin, a glycoprotein) into the lumen. 'rhe amount ‘of

colloid and the mean ‘follicular c tend to reflect the’ activlty

I

of the follicles .

.. The . follicles ha'v - extra'ordinarily rich and extensive blood

suﬁply . Thyroid -ar

enter the thyroid-and subdivide, a, lobular artery supplies each Iobule

"separately, branching to each foll-icle within the ldbule,r and each

branch subdivides furcher to cover the follicle in a capillary plexus,

with the endothelium of . the plexus in close apposition ‘to the basement

-

membrane of the follicle. e R R N A

\_-.

rhembr_ahei ent:ompasses ‘each. follicle. he folliculnr cells’ “contain-

'ries form a network over the surface of . the thyroid, o

A

/- LT

- The thyroid has an extensive autonomic nerve supply which exerts o

control over thyroid blood flou and, as we’ll, releases autonomlc amines.

. which bind to receptora on the follicular cells. The. symparhetic nerves

release adrenergic ‘amines . ( g., norepinephr ine) which appear to promote

g secretion of thyroid. hormones, whereus ‘the ~ cholinergic nerves releuse:‘, R

ncetylcholine which is reported to be inhibitory (. Melander & Sundler."

N I
4 . .

RN
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Fig. 1. Normal thyroid histology (BUF rat).
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“reular stroma- large clsternne ln the. lncerfolllcular spaces are thus'i

-‘Jt.\_,";:... T .
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& ' N L L .
PHYSIOLOGY OF THE NORMAL Tmmom (contlnued) LR
‘ 1979 and references cited thereln).- . . e

The' follicles are also served by a. lymphatlc network Lymph veuels -

penetrace the thyroid branch Ireely. and termlna in tho 1nterfolll-.-2‘

lnterconnected by smaller lymph chnnnels, ennhllng n/slngle Iymph vessel

Lo serve several follicles. :

5
..‘

1.1.2 - ' Chemlscry of . t e ThLold llotmones

Iodlr':e.' Wlth an atomlc weight of l27, iodlne is the heaviest acom

_"an_ -authentie” blologlc requlrement for a hnlogen atw (Frieden',&
L(pner, 1971). Iodine ls concentrated to some excem: TR the stomach and-

y
'normally in- livlng organisms. It has been clted as the only exnmple of'

-~

iy the snlivary glands, but che prl‘ncipal storage form, thytoglobulin,f

13 found in.- che thyrold gland The lod'lnated residucs of thyroglobulin.l -

glve rlse to the thyroid hormones. _

.._,

..o
.

Thyrold hormones., (See Fig. 2) ‘l‘he tyrosine residue is defined by an

e
S

alan*lne slde chaln on a phenyl ving, additlon of ~ an outer or beto ring S

Eifth cnrbon atoms of each ring (the 3 5, 3' and 5"posltions)o The'

I : .
fodinated homones afte ‘among ‘a limlted number of monoamlno aclds which a

have been shown to possess endocrine activlty; they are -also among r.he.f

few naturally-occuring molecules whlch concaln a b(phenyl ether (l.e., )

tuo benzene rings’ are coupled by an oxygen hridge)

Bxpertments us{ng analogues (see l'-‘rteden & Llpner, 1971 and

tuo acuve sltes, the 3 S—diiodotyrosyl residue . may be associated uith

. references cited thereln) suggest that the thyroid hormones ‘may’ possess'- '

blndlng, whereas che 3’ iodo- and tlw lo'—hydroxyphenyloxy parts of the -

7

calorogenesli s

' thyronlne molecules may be associated wi t:h such functional activttles as. .

' deﬂnes the. thyronine res{due.. Iodination can occur on the third and“?""

!
1
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Biosynthetic Pathwa ays in’the. Thyroid

the thyroid there\Sis a halogen-—pumping
iodide

circulated in the pl;;ma. At

"mechanism which causes. rhe to aCCUmulnte in- the

(active 1 ) n this active form 'the ‘fodine can bind to .

R o tbyrogiobulm, p:rl_,d.ucing 3-monoiodotyrosine (HIT) and, 3,5~ diiodotyrosine
- . j _(DIT) residues (see Fig. 2). It'is generally believed that the. formation
o .”.of a free,{%dical then leads to ‘the coupling of iodotyrosine residues,
ER ;.' i \.forming iodothyronine re51dues ‘on the thyrog]obulin molecules.
' ) ' predomlnant iodothyronine was named "thyroxine" by Kendall (1916), it is
-3, 3‘
B 3 5 3'-triiodthyronin¢ (T3), 3 3',5'-ttiiodothqyronine
" rT3) and. 3 3: —diiodothygpnine (T2) (see Fig. 2). . - o N

'. The Ehyroglobulin is released at the’ apical end of the Eollicular

(reverse—T3 or

> .._ - ' f'f'cells and flliS the follicular lumen. In order to: secrete the thyro:d

'hobmones, the follicular—-fells use pinocytosis to ' take, up colloid

(including the thyroglobulin) ipto cytoplasmic vesicles,
with ,

the, inco,

T3 and .

. join lysosomes, proteases_ digest. thyroglobulin

- constituent amino aéfd résidueSQ_'hnd “the iodothyronines T4,

1 mg of protein
0. 16 ug T3

{
reverse-T3 are secreted. In dhe report (Chopra, 1974),

eontained 370" ug T4,

;preparation of; thyroglobulin

o, 042. ug reveISe-T3' the average yield of one molecule of. thyroglobulin

.jnot secreted‘from the thyroid).~2 molecules of Tk, one—third of T3 and

’

: 1971 and, references cited therein).--

The iodothyronines are secreted and enter’ the capillary plexus

-

*?dihé:“. &X :‘_' d. which surroundsfihe follicle. In the bioodstream, thyr01d hormones bind
- 5
i thyroxine—bindxng globulin (TBG),__

B i e
T principally to'three serum proteins

SR bormone binds reversiUly to these carrier proteins according to .the law
- u” h of mass action. In humans, TBG binds over JOZ of the” plasma T4 and about
SO 907. of the T3 TRPA. binds " abouc %3 of the 4 and 7-9% of the 5 and
A e

(Y Lt \

e
oM

PHYSIOLOGY OF THE NORMAL “THYRDID - (continued) o tel 6
e dt > Inorganic iodide is . ingested in the diet, absorbed in the gut, and o
thyroid. _h'

e T pcroxidase -enzyme converrs the iodide into "act%ve molecular iodine"‘

tyrosine ‘

-residdes on polypeptide chains uhich are destined to hecome suhunits oI f.

The, B

'L;etraiodothyrqnine (T4). The other iodorhyronine ‘residues are -

the'vesicles-

frs

'and..fg
fﬁas aiso hgen calculateg to;be 22 molecules of MIT and DIT (uhich @re -

-ttaceS‘ of others: (which uould include reverse-TB) (Frieden & ldyner, ’

S :i- ' thyroxtne—binding prealbumin tTBPA) ‘and albumin.'A proportion of each ,"

L R
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11Imnnn Innds .|hm|L 10‘/ of. lh(‘ T4 nnd some \T'i (l\(m:.nn & e nc-rmou .‘ 1971....

I).-wl.-; _t_-L‘ :'!i" ‘)72) Tlmq, lboul n 037 nI' llm 'rl, nnd .|hm|L 0. 3‘2 of - llm_

V T3 in the b)ond at nny mome nL 1s§"froc" (dinlyzahle) nnly I’rec thyroid

K

horﬂc moloculos can . react wf(h hormono recepiors in lnrnol lib-mc--.,

and _n app(-nrs llmL homens‘in-;is seekq Lo mnimnfn lhe nhe.olut.c Ievo! n[

- . - ) ' ’ ) ”
.l_\ M .. .../-..,, _..‘.. - . 5
N e e . . : . .'. ) .
1.1 v PHYS Y OLOGY: OF, an Nmmm. Tuvumn (continued) -~ . . ]

free mol pculrf., when (‘he nmount dl" currior proleln chnnpeq (k(;:?... (|uc o .

vslrurc cont rncophvuq). fotal hormone. lovcls lem_i li)_ful 1¢
lho numhor of . !roe mo] ccules | is prcsorvcd o

o . 'a . o '.. e
1.1. 'ls K Permhernl Mctaboli‘sm ‘of Iodol.hvronhwq >

. Thyrold hnrmonos, princlpnlly Ta can. be metnboliycd by scvernl

chanisms (Owen & F]ock 196&) l‘lrsl_ly, Lhe nlanine side chain can ho:

altcred (e.p,., qonverston to aceLic ' ncid yields 3 5 3' S'-tetrniodo— .

fhyrnncc!ic acid, nhbrevimed tetrac ‘or 'rlm,- or (hc triiodo-annlogl{e

" .. ‘
v S0 thay,

'lrin'c;. see  TFipy 2) Sncondly, Th ¢can hc conhwntul (ullh p.lucurnnic
ne i

'nc:d or,_"o'.,n—‘ Joq:.or exmnl. whh sulfnles) in the Jiver, nnd Lhon ‘

cxcrolpd “in the b_ﬂc; in. ap onl.crohrpnlic cyc!o, lmucvor, ¢;om(-'of lho

cpn_]unm_n- can he :hydro'iyicd in Lhe ‘put. and’ tlw I:l)er.uorl J‘lc can lw"

'res.orbcd". Thirdly, nnd physiolonica”y the most ".unporl:m(,' is ~mono—

dcxodmatton._ R o e DS {1

whnch m‘o specrfic with respeCt to- targct indolhyronine ring (Chopra,

19714. Gavin et al., 1978). One: cnzymc. if i removed an - Iodinc from Lh{-_

mner rinp, would canvert 'I‘{l inlo rcvcrqe-—T3 nml llu.-roby "hmctivnte tllc'

Ic hns Lecn reccntly sugnes:ed tbnt thcre may be monoéeiodinnseS‘

T4 (mnu{,'revorso-TZ& is nnt hyromimeric). A different 1-nzyme " could-

_Temove  an iodino frnm'lhe oufer ringfinstcnd which ‘wnuld converl TA'

mln T3 .md rovnrqc-T'! inio T2, this wmrld bat, h "nct fvnlu" Lho T4 (T3 is

>

aboul fout l\mes more, active Lhan Tb-vnnnowski 1‘)62) .-md "macti\m!.e"

‘l.he.rcversc-TJ (wh:ch is 'a pol:enc compctitlvo inhibi(m‘ of 'M—to—TB

~ -
. -

- converslon, K1p|.-m & llnpor, ]978)

'Tho oxtrn(]xyroidnl convcrsion of Tls ‘to T3 in Juuu.ms was Eirst -

i:,lonlrly (Iompn“rnlcd whon cnrculaling T3 wns mcnqurml fn anenls. who
wci‘i"'rc\'(-wms- only T nq rophccmom |h(~r'1py nflor rumhvn‘] of "their

lhyroul p,l.md-; (nrnw-rmnn et nl., 1970)..11 hnq lx-on clearty o-.mhllqhod

-

Lhal T4 is lntloed an lmporlanl sourcn" of Lhe body pnol nf T3 in humnns C

R

e

oY
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. and - in experinenta] animals. (Pitt-Rivers . &-ja

_~al"., 197f -Surks et al., 1973). ‘0f cife totnl -datly’ 'l‘lo turnover in humans e
(10() nmoles), 35% leads to '1‘3. (Because 807% of rhe Tln turnover is by

'monodeiodination," therefore . a]most one—half o_f "'thc ',_'Tlo thﬂt' is

- _one-half of_ﬂthe deiodinated T4 is'converted tb T3; Oppenheimer et
al., 1972.). Since the total dnily ’1‘3 production in humans 4s about. .

" peripheral. 5‘—monodeiodination and only about. 157. by synthesis “within '

" the thyroid (Ingbar & ‘Braverman, . 1975, Cavalieri & Rapoport, 1977 and

'references cited the'rein')' Moreover, humans have "been reported to be’

3 peripheral outer ring monodeiodination (Plaskett, 1961) kidney homogen—-.:

~_ates were as active as those Erom liver, but homogenates from intestine, o

‘location of the deiodinase appeared to be in 'the plasma- memhrane (Macicl
T et als, - 1978) A source of" sulfhydryl groupq, such as _reduced

"'glucathione, appears fo- be ‘a cofactor required for enzyme actiyi_'ey‘

the 80 nmoles-.of ‘Té deiodinated daily, about 45 nmoles was reported to

) produce reve'rse-'l‘3 .(Cavalieri & Rapoport, 197?) Additionally, reverse—‘

(Chopra, 197&) Dccreased serum T3 levels (belieVed to -res,ul_t. from

w .
‘associated with increased levels of everse—'i‘3 in patients with a

B T T LI T P R S . - - e a

Doe . N '/'\__ . v r e e o . [N

. N A. - .
1.1 PHYQIOLOGY OF -THE - NORMAL 'rmmom (cont inued) .
., “I95°5;','S_terlinlg 9& .

et . al.

al.,_ 19_70*;" .Pittman' et' a.,'1971, Schvnrtz g_l: al.r; .1971-:. i'-‘isher ££ C

.

deiodinated (35/80 nmoles) is converted to T3. In the rat as vell, about

40 nmol es ;. about 85% of ‘the body pool of T3 appears to be produced by'-

‘ capable of providing virtually all of the T3 requirement by deiodination U
- .of T4, alone (Stock et al., 1974). o L ' '

\Investigatiohs have also_indicated that the liver is involved in

spleen, heart muscle, ldng and brain were - ‘ineffective with regard to

(Chedea, 1978). . - -

v

Reverse'—TB' -l'il'(e~'l‘3', has’ been reported to be derived in humans, .

g predominantly by peripheral monodeiodination (Gavin -‘et: al., 1976)
. { .
T3 levels have been reported to be decreased in hypothyroid patients and l
"to .be increased in hyperthyroid patients,’relative to control subJects J
_decreased extrathyroidal S'nghodeiodination of -Tlo.) ‘were ..usua,_lly,'_
-variety of systemic illnesses (Kaplan &. lltiger, 1978 and references . . ‘

"."cited therein) Similarly,l anaesthesia has been reported to decrease 'l‘3

~ levels while increasing reverse-’l‘3 (Georges et. al.,_1977) o ¥

R S

e U —

v M,.u lu-ts:'\,g-h-.k .

memira

et it -

'conver'ting Tlo into T3 in vitro (Kaplan &, Uriger, 1978) ,.The cellular f

!
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1l ansmtoov OF THFINORMAL 'l‘lIYROlll (continued) Yy . . 9
_1 1.5 ‘ Normal Variation of Thyroid Hormorie - Concentﬂ&tibns -

'and134 - -_

. There’ nre a varlety of factors which have been assoclated with

normal variations in the circulating levels of T4 and/or T3. Thus, T
may be necessary for n investigator to control for zhe effeets of sex,'

stage of cstrous cycle ln femnlea, age, time of sampling (with repard toe

diurnal and Seasonal variations) and diet.’ Experimenral factors, such. as

.5ampling procedure (especially if it includes annesthesia) can“also. be
suspected «of affecting hormone levels. These factors LAare -described_
below’~ varlations ia' thyroid hormone cohcentrations which @ ¢ an be -

' associated with autoinmune thyroiditis are reviewed in quhsections 1. 2 2

' . -~

Variation with sex

; Iﬁ. There are conflicting reports reg;rding variations in T4 due to .

sex. In’ rats, T4 levels were reported ‘to be- higher in adult females than '

Jin males . (Reubet, 1970c- Kieffer et al., 1976) However, if the mean for

.observed for . the ‘males. Furthermore,_ Reuber (1970c) measured Protein:

improvement over neasuring Protein Bound lodine levels,_bdt it too. '5

assay. -

L each stage of the - estrous cycle (Kieffer et al., 1976) were averaged

the overall mean would be only slightly higher than the mean which wasd

Bound -lodine, levels in BUF strain rats;. in the first plnce, Protein?
Bound Iodine assays “are not as accurate . or as specific as radioimMuno- o
. assays, and “in. the second place, thyroid function in’ BUF rats. may be.
'altered especially in females (see Subsection 1.3.4). Two other papers

"- have. reported that Th levels were slightly, but significantly, higher in

dttee Competitive- Protein Binding method (which is an

not as accurate ‘ot as specific as a radioimmunoassay), whereas Fukuda - et

als (1975),'measuring T4 in Sprdgue—Dawley rats, did use n radioimmunpw}/ . j.'

_:could not detect a; sexual varintlon in Té . levels in neonatal rats (?, 4,
.16 and 17 days old) and Fisher et aly (1977) could not detect '
-significant sexual variation in ¢hildren between 1 and ]5 years)of ages

’d;TB. Fukuda ‘et al. (1975) reported that T3. levels were lower in male

e

rats than they were . in females (in- contrast with their observation that' .

L eda Y e :
it "ﬁ--’.‘_."""ﬂ« -

p & Pyun (1974) nmasured Tt - in adult wistar rats, using' _

A further note is’ that.. Kieffer et al.' (1976) reported that they__

R et e

- ‘.— f"—ﬁ;w_:f-_—;'; _
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'Variation with estrous cycle. 'v 1 e .'f'-- ' ,'~""

" twice during the éstrous cycle.

Variation with ‘g_. - . N . o
T4, Data - ohtained by Kieffer et el (1976) dnditated thag T&ileueis

g
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1.1 lesmtocv OF_TIE NORMAL THYRGID" (com.{nued) BRCIAIN

._'Th leve]s were higher in males). In humansfoisher ct ﬂl (1977 felled:-“
[ P

“to detect ‘a significant sexual vnrlntlon in T3 loveis“’T’f children o

._between 1 and 15 yearfrﬂf‘nge (similar to their finding with T4) S

<
1

- \

N
1

‘_Iﬁ. Small but statistica\ly significnnt diffcrences uere found between

,T@ ‘concentrat ions “at dlfferent stegcs of the' estrous cycle 1n rnts

:(K{effer et al. 2] 1976) Values were lower at proestrus and, diestrus 1,'“

—

but higher at estrus and diestrus 2 thus, 74 levels nppeared to cyc]e

o
g
o .

. FRN . . . O '.'_.‘ , . . ‘_- _' N
T3. - No reports of:T3 vartations during the .estrous cycle were found.

,..-.

It is worth ndting that thyrotropin'(TSH) conoentretions doinot

":nﬁhéar 'to. vary signficantly during the. estrous cyETe l(Kietfer~ et

aly, 1976; Fukuda et a]., 1975)% Thus, the pituitary\would not appear to"

’ ;contrxbute to any thyroid hormone variacion which" may be associated with

" l_x - . v

‘the estrous cyele.- N

B

rose 1{n neonatal rats until they reqched adult levels.. In'hunans;‘TQ

L-levels were . found to decline between the ages of '1 and 15 years (Fisher

VAR
et al., 1977), this was attributed to a conconmitant decline in .TBG

levels which_was a156 observed Bermudez et (1975) reported that a d'
progressive decrease of Th concentrations elso occured in adults. The .

earlier findings ‘of, F!sher et als (197&) did not ngree with thls, but it /Q

must be noted: that. the ‘less sensitive and less speciflc'Protein Bound

.‘Iodine and’ Butanol Extractab]e Iodine assays were used.

i : ‘ . ' * ..-‘

73, NO inVESt{RBCiOns of T3 variations wtth nge in rats wore found.' In

‘jhumans, T3 values in . the" fetus and in, newborns were. reported to he.'

.initially 15@, increase greatly within the flrst several hours after

birrh, and decline over .the: first three days Eos Eartum to adu]t normal.’

_'Values (Abuid et al., 1973, 1974 Frenberg et al., 1974) , Dec]ine of T3

~
s
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L1 ansxomcv OF THE NORMAL THYROTD (COntinued) S §

with age was observed between the ages of 1 and 15 years (Fisher et I
' al., 1972) and after the age. of 30 years (Rubenstein et al., '1973)

Bermudez et al.. (1975). also’ reported that the decline observed in

.,children was continued Jin adults. In two other reports which failed to

show a significanc decline of T3 in children. the authors may\have

 failed to ensure that -all of- the children ‘were healthy "mormal®. subjects

(Fisher et al., 1977 and rei’erences cited therein) “The decline. of. 13

"concentraticns with age in children, like that of T4, .may be due to - the

\-:conconmittant decline in TBG levels (l-‘isher et al., 1977)

’

"piurnal variat ion.:

‘T4 and 3. l‘ukuﬂa"et .al. (1975) reported - tha‘t':plasma T4 and ‘T3 levels'

- rats (although they reported that TSH levels - did" vary) Their'
conclusions were based upon two analyses of their data,' analysis of
variance, and’ the Neuman-Keuls c.omparison test. In contrast, in humans,
"'v,-"l‘l; levels have been reported to . exhibit diurnal variations (DeGroot,l.
- 19715 0! Connor et al., 1974 Balsam et al., 1975 Pekary et al.y 1976), ;

: a
v
-

although the latter report noted that only 387. ‘and SO%. of the subjects o

had diurnal variat ions of T4 or 'I‘3, respectively. In chicks, too, both

'Tlo and T3 exhibited diurnal variations oi" both T4 and T3; Newcomer

) for a more efﬁicient analysis of variation than .vas: referred to earlier ,‘
e

) —

(Fukuda et al., 1975) ; s ‘ .
The' diurnal variation of T4 in humans has been attributed to

. changes in plasma volume (DeGroot. 1971), vhich depends upon' whether “the
" subject .1is upright or lying down. 'I‘lc. and T3 levels, corrected for
*fchanges in - total protein - concentrations (and thereby for - changes in

_plasma ~volume), have been reported to - exhibit both’ a diurnal variation

and rapid fluctuations,'when the subjects Here supine and " motionless,

'houever,‘ the’ ratio of each homone .to° total protein concentration was’
' stable (‘Pekary et ul., 1976) Thua, posbure may indeed be Lhe i'nctor
”which most contributes to, diurnnl vnriutions in T4 and T3 concentrations o

'i_n”human_s. It,.. remnins ‘to bé det_ermined_whethe,r posture is a signifi_cant

factor in rats (since. rats teénd to’ remain prone throughout most’ of ‘the

e L L a e

_ﬂ‘..,.am.ﬂ-um P

: (1974) showed that the data fit sinusoidal regresaion curVes, allouing o

vt

.did not exhibit significant diurnal variation]s in ‘either male or female o

At e -
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1.1 PHYSIOLOGY OF THE.NORMAL ' THYRO‘[D (contlnued)

' '.;tn rats. :

© _be detected lr} other invest
1970; " Pasemes "9_5: al., 197a~ \Horris L% MeCall, 1977) “The latter “two
Iso, and found that TJ dld not exhlbit..' -

.lnadequacles were recognized,

,experimental co dltlons.-
. sensitive tests of slgniftc ince for cycllc variaclons; no attempts were I

- Horeover‘ the data from

© Kight . (1963) and watana'e et al. (1963) performed separate ana lyses forl

“Todine levels for males and for females were "esscnt{ally the same",.but»' ! o

did’ not'test to- s_ Af elther ‘Sex, taken separately, showed a .

. 12 -
.day and nlght)._ but" this might account for the inabllity otl Fukuda et -

_l, e R T

. ._". . . T . . Z/',.

.Sensonal vnrlullon L T e e e e Ty

L\\ L . Rk

'Tl; and T3.,,?No reporcg of seﬁs'onal varlatlons of elther Tla or ) f '
) -._;conccntrntlons in rmu w(n‘ found. ln humnns, howwer. thcre wcro,"'

""confllctlmg reports. , Arnong people _uho work , outslde (11 postmen).‘_ s

v

a
signlficant dl\fferences were observed between the month'ly mean Protein..

'"Bound Io'dlne leve s forf January and February (the l\lghest values) versus .

those for September and October (the mont hs with the lowest mean levels)'-' :

,'(Thompson & x;gbc, 1963) Ostba, (1957) ‘and’ Du Ruisseau 11965) also found .|

Cal monophasic.. seasanal variation ) relsted ;o outsidé temperatures,'

-

\_.whereas Watana o et al (1963) reported that rl)ere was a, diphaslc'

"»Vnrlation (ln men and iﬁ women),' with peaks in sprlng and fall and":'.':

nadlré 1n sunmer and winter. lln conf.rnst ./seasooal varlations could not !

gations’ (Thompspn &, Kighc, 1963..Nuttal.

reports assayed T3 l.evels a

o1

seasonal vatlation elther. L

None of ‘.th‘e' above inve:tlga/tlons compared h'or'mone'. ‘levels 'wjth_"”'

photoperiod changes during the year, attemp'tlng only to. relate hormone'

levels and. outslde temperatur s. In reviewing these papers, moreover,
‘with. reg_ar_d.to analysis of- data and to the ;

Regardin“g anelysis,l the‘data were not analyzed uslng efflcient of

made to fit the data , to regresslon lines (e.g., slnuso{dal curves)
Nutral (1970) showed that . the mean Prote in. Bound-n :

males and for females.

significant seasonal varlatlon.-Thus, thelr report that thete was no

-."5easonal varlatlon does not . rule out “the posslbl.llty that; " as -reported
R . . . . C ., /e . ) .

oth sexes were usually pooled Only Thompson & )

_L_ (1975) to detect slgnlficant dlurnal variations of ‘Tlo/or T3. ]eve]s, "':. _ -

-
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" Variation with diet.. e
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1.1 PHYSTOLOCY OF. THE' NORMAL THYROLD (c'on'tinued) G0 13

by Thompson, & Klght (1963). one sex, - or even both sexes separately,;

lmight exhibit significant seasonal variation when analyzed s'tatistical-i'.,f'

'ly- o . : | : | :
Regarding experimental conditions in the above papers, most of the -

: subjects lived ‘and worked in" buildings which were not- temperature- '

controlled during the summers, but the fact" that most of the subjects

did’ spend most of their winters inside temperature controlled buildings‘
a strongly suggests that the subjects were not actually subjected to the
temperature changes with which’ their hormone levels were compared. “Lf
the temperatures i{n the buildings varied only slightly during the year,t

\;~_* it would not be surprising that hormone levels did. not exhibit seasonal

changes related to outside temperatures.

ﬂwo further question§ ‘were prompted by this review ‘of the litera—i
'ture.'Firstly, how variablé are the environmental conditions to whicH
laboratory rats are’ subjected wHen housed in Animal Care’ facilities, ‘and )
: secondly, would the rats exhibit seasonal variations of ™ or T3

_‘\concentrations ‘as a result of any such variation in their environment’

t. ‘v . P
. . . ©.. . . . .

TA and ‘T3. Reports have related serum‘concentrations of TQ and T3 tol
two components of diet in particuiar, iodine, and calories. (although it'?'
'is also possible to subdivide calories in terms’ of carbohydrate versus

B non-carbohydrate sources) ’ ; '

Hith rats, TSH increased while- T4 and TJ both declined when dietary‘

hiodine was decreased (Riesco et al., 1976), T6 declined at a greater'
© rate ,than, did T3, presumably due ~to the. thyroid' shift towards o
'.”increased T3 production in- response to - increased TSH stimulation. Excess

ﬂ:iodine had comparable effecls (Yamada et al., 1976). After two days on a

diet containing excess iodide, thyroid and plasma levels of both. TA and . L

T3 were significantly decreased, and plasma “TSH levels were increased,}

1

',therefore, acute”excess appeared to. block the synthesis of T4 and T3 in

; the ' thyroid. After ib days ‘on the diet, however, thyroid quels of both
+ ' T4 and T3, and plasma levels of ‘T4, wereonormal ‘but plasma T3 and TSH_
levels‘ were significantly decreased anﬁ pituitary levels of TSH werel,
‘slightly (but not significantly) intreased- thus,,chronic exXCeSS iodide.
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-':fwell as by ap increase in body fac- (Sims et al., 1973) "It is not known

‘ 'changes in T4-to-T3. conversion. St .

\

° e

1.1 . PNYSIOLOGY OF THE NORHAL THYROID (continued) o T

Ty, but - the convorsion of TA"to T3 did appear to be impeded. -
. lnvestigations of the effect of caloricﬁiﬁpake have been performgd~.

_with humans. Increases in calories from carbohydrate sources, and to a .

lesser degree from non-carbohydrate sources,'were not associated with

'changes in Tlo concentrations, but 'l'] concentrations did increase up. to a:
plateau (Chopra & Davidson, 1976) An excess of calories appears to “be’

dissipated by an increase in heat production (Miller et,_a_l__._,_. 1967) as__"-

.did not appenr ro maintain the block of thyroidal synthesis of ‘l‘lc and

whether these responses are. megiated by, or lead ro, ‘the  suggested .

-

. A decrease in nutrit.ional jstat'us, us'ing decreases An 't'he se_runi

levels of' transferrin and - retinol- binding protein o 's' indices, was

_associated with a significant decrease in T3 but not in TG4 (Olusi et.

“al" 1976), Although acute weight loss, or. gain. was correlatedlto a .

decrease or an increase in T3 respectively, the ’M levels exhibited

variable responses (Bray .et al., 1976) Moreover,.various indices of

.. body weight ( Res percentage of ideal body weight/, body-mass index,‘ and -
: ponderal index) ‘were found to exhibit significant (positive) correla—.‘
tlons with '1‘3g but not. with T4 (Bray et al., 1976),. The relevance of .

these findings (from studies on humans), with regard to rats, remains to °

besen.'. s

. Variatitrn with anaesthesia.'_'

_Tlo and T3 Of the papers which .were reviewed,: only one investigated 2

] whether anaesthesia affected Tb or T3 concentrations in: rats. Dohler et '

ne

al. (1977) reported that, relative to decapitation vithout anaesthesia,'_~
“thloroform had no effect on ‘T4 - or T3 concentrations "but did slightly
increase - TSH levels.’ Alrhough ether slightly increased 'l‘lo and T3 levels .
I(the increases generally were no - significant) and significantly'~
:increased TSH 1evels,A Nembuta ] on the other hand was associated ‘with

.significant decreases of " both 1‘4 and T3 but ‘d1d- ‘ot affect TSll levels. .

" 1In addition, TSH levels ‘in rats were not significantly affected by a- -

variety of anaesthet'ics which reauired injection. but were decreased by -

- those which were administered by inhalation (liannisto et al 1976).

-
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" T4 T3 and- TSH concentratlonk ln rats, l -’-' -

T4 dec]lned with epidural

.3

l 1 PHYSIOLOGY OF THE NORMAL THYROID

Thus, differént anaesthetlcs appeared to" have dlffeant lnfluences ona_'l

i .

In humans, T4 increased and T3 decreased with general anaesthesia,‘

(contlnued) T

even before ﬂctual surgery began (Brant et al.; 1976a yb)e In contrast,, .

.anaesthesia (Brant et al., 19763 ,b).

. suggestions have been put forward that certain anaesthetlcs~may cause T4

: ?release from hepatlc storeg (Brant et al., 1976h),-and that anaesthesia

" in. the rats wefe in fact due to’ dlfferences

ifmetabolic

.(in baboons) may be associated wlth’a shift of the monodelodinatlon of

T4, away from TJ and toward reverse—T3 (Georges et al., 1977)

Based" upon the lnformation presented in

’variatlon, the'following questions arose. ‘To what extent are the changes'
in TQ and T3 related to changes ln plasma volume whlch might accompany~'

anaesthesia (wherein the subject ls supine)? Is it possible ‘that- changes;l

.danimals during Hiffetent types of serum collectlon? If there are dlrect;if .

i
influences of anaesthesia, would

fchanges in. blood volume (due to posture)’

. ) nurpone%“(}drm

the revlew of "diurnal

in’ the posltlons of the

they be counteracted by :
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slightly enlarged thyroid) or hypothyroidism.

"thyroiditis, d scribed in detail below. :

) 7

' — — : ‘ 16
2. AUTOTMMONE THY_ROIDI:T'IS'. _ o
1.2.1 - . R . Introduction * -~ | | . \"",‘,

: Thyroiditis. Goitre (swelling of the thyroid) can be a slgn of dietary

iodine insufficiency (resulting in compensatory thyroglobulin synthesis) .

or of 'a disease. Thyroiditis ("inflammation" of e‘ thyroid),,

. . human's,‘ has been classified intog four principal forms- (}ieeso_n '&
i McDermott, 1971; Woolner, 1964). - "’: ' -

" Acute suppurative thyroiditis ais a very rare d’isorder,' resulting I

from bacterial : infection (usually in a': abnormal thyroid) (seeir'

_Hamburger, 1973 and references cited therein).

Riedel’s struma (invasive fibrous thyroiditis) is rare and usually

recognized only at operation. The fnost . common clinical manifestations,'

‘when they occur, are difficulty breathing or swallowing (due to a'

- -

De Quervnin s thyroiditis (subacute or: granulomatous thyroiditis).-
"is more comnon, it is rep‘uted to be a viral infection. \The disease ténds, . 3
. to spontaneously remit and soon recur, cycling in® this manner for 4 to':
'-12 months before finally subsiding. L

2 The fourth and’ most common form of thyroiditis is Hashimoto 5.

‘s. ' . e O o ! .'..“; :" o L

1, 2. 2 . Hashimoto 3 Thyroiditis

Clinical definition. “In Hashimoto 5 thyroidi]‘tis (struma lymphomatosa,,-

‘lymphadenoid goitre, lymphocytic or autoimnune thyroiditis), ﬂpetient:
'-"usually has a diffusely enlarged, firm-to-hard goitre. Some - patients
.have a ‘reduced thyroid hormone-synthetic activity, this hypothyroidism
mey become evident as sluggishness, weight—gain and increased sensitiv—' R

"ity to cold (due to a greatly decreased basal metabolic rate)

. o - . . e e '._ . .

(.

‘Thyroid = function. 'Hashimoto'.s '"thyroiditisi ._c‘an 'b'el associated with

va'rying degrées of' thyroid 'function; about two-thirds of the patients

are _ euthyroid and about one- third are hypothyroid (Bastenie, 1972'.
'-‘Hamburger, 1973) In a small fre(:tion of the cases;, the - patient is'

: hyperthyroid (the basal metabolic rate is increased, usually related to-"

increased Th levels) g . S »-."',a
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. and shape, with largeﬁnuclei and eosinophilic cytoplasm, ‘the follicles o

v

1.2 AUTOTMMUNE TUYROTDITIS . (continued) L - C T

/

T levels were: significnntly different from those of control subjects.

S In hypothyroid patients, T4 was reduced but T3 tended to: "be increased

'Hashimoto 5, thyroiditis paticnts. In hyperthyroid patients, both T4 and .

-~ 1In euthyroid patients with Hashimoto s thyr01dltl5, neither T4 nor

'3T4/T3 ratios ‘were significantly iower than {n other other groups of_

T3 levels were increased, but Tb/‘S ratios remained equal’ to those'of;

euthyroid patients (Ghnrib al., 1972) I b s

v
o

-”fﬁlnoidence.: The"ratio ofﬁ females; to’ meles s approximstely'jIO:l* -
(Hodlner, 1964; Neve et al., 1972) It is usually suggested that the .~ -
incidence is especiallyﬁ increased in older\\women, put at - least one'

.h report (Fursyfer et al., 1970) indicated that the ihcidence' remained”
.\high more—or-less from the second decade (10—19 years) to the sixth

" (50-59° years). ',j »,"l ,' T S ? L /' \" ‘

o Familial incidence of Hashimotm's thyroidltis has ‘been reported L
uhich strongly suggests that there is (are) genetic Eactor(s) involved

, in the incidence. of the disease (Delespesse et al., 1972)

Histopathology.f The prototypical patients for-Hashimoto's thyroiditis

E were four middle—aged women whose thyroids had the following histologicP

characterisitics' diffuse infiltration by round cells, numerous lymphoid :

follicles, striking changes in. the follicular epithelium and cond%ntst

and, extensive connective tissue formation (Hashimoto, 1912) This

description, however, is more indicative “of the patient,yhose disease -
has advanced than it is of the full spectrum of possihle severity. Thus,:
diffuse infiltration, if untreated appears to . lead to the stage whereinf,'

the~ development ,Qf lymphoid follicles or germinal centres can' be

observed.- , . _ T T x

criteria (Beall, 1978) the epithelial cells are ‘often unusual in size

- are small and depleted of colloid and. thyspglobulin, pnd, lymphocytic‘

' ,infiltration is always present. Fibrosis is, common and may be extensive..”

s
«

-

T ;;i:;“;«,.ﬁ.qtewu.
Tt . ! ‘1 .

' o "'r'__.
Hashimoto s thyroiditis can be d(agnosed using histopathologic--
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(principally Rose'). . found that .a form of . thyroiditis whlch resembled

with leither thyroid extracts or with purified thyroglobulin (Hitebsky et

aly 1955, Rose™ & Hitebsky. 1955. 1956; Witebsky &' Rose, 1956) This
disease", which could be termed "experimental autoimmune thyroiditis"~

"'was nmong the first: indications that horror autotoxicus (Ehrlich, 1900)

'l'i 2 AUTOIMHUNE THYROIDITIS (continued) : »3 o . ‘ld 3
l Evidence of autoimmunity. “In ‘the mld 1950'5, Hitebsky and hts couorkers

I' ,~Hashimoto s thyroiditis could’be produced in rabbits, by injecting them v

'did indeed _occur, Roitt and co-uorkers soon sb/oued that the serum from L

patients with Hashimoto s thyroiditis contained antibodies to’ thyro-,l |
.~globulin (in the © colloid) or to a distinct antigen present in_the
microsomal. fraction of thyroid homogenates (Rofcte . et al.. 1956 Roitt &
'Doniach. 1958) This led to the suggestion that lymphocytic thyroiditis -

Y .

ta

An, humans (Hashimotos'thyrolditis), like experimental autoimune .

S circulating antibodies (Doniach & Roitt,’l957) Hhen transfer egtperi-

patients (concainin’é thyroid antibodies) failed to- produce thyroiditis
"after injection into- a monkey (Roitt & Doniach 1958) 'l‘hus, although

thyroiditis in rabbits, might e directly related ta the presence of

ments were performed . however, serum. Erom. Hashimoto s . thyroiditis' o

‘,autoantibodles can usually if not aluays be found in the serum “of

' .'pacients,land the titres broadly parallel the severity of the ‘disease’

(Senhauser. 1964), it appears that the antibodies themselves are not

solely responsible‘l for the. thyro/id Eathology.-
It As worth describing the thyroid antibodies which ‘are found, as _

well -t'h'e techniques used ‘to detect them._ In order oE ascending

sensitivity,- the assays" are. precipi.tar.ion “n agar 3el by the Oudin or.

Ouchterlony techniques .'('e.g., see-Doniach & _,Roitt_, 1957; Roitt a{.

= J.l)oniach,"1957), hemagglutination techniques such- as Jthat of Boyden e

’ :(Ie_:_g;,—"see' Roitt & Doniach 1958), the compl.ement flxat {on technique of
Donnely_ (again; see Roitt & Doniach, 1958). imunofluorescence tech-
I,'nidues such as the Coons test ~or indirect‘ imunofluorescence tests-.‘
'(_e;g;,‘_ see Noble et _a_l_._, 1,976). and_1radioim_unoassays (_e_.g;.'see/'l‘alt_eda' .

el g ol B
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12 T AUTOTHHUNE Tmaomms (continued)

uhich react with thyroglobulin. high titres of. these.antibodies usualiy

,‘ :“ 19 -'.:.'i
Precipitation and hemagglutination techniqueé detect antibodies :

- g

’occur in only thF more: ﬁevere cases (Senhauser, 1964) Complement fixingi

S
antibodies. whidn\react with the’ microsomal antigen (Roitt & Doniachy ’

1958), can. be found in a, high percentage of patients with” Hashimpto si_’1
thyroditis (Kunkel & Tan, 1964). Immunofluorescence tcchniqucs cani o

detect thyroid nnttbodics iin eVery case 'of linshimoto s thyroiditiSL'~f

.
(Senhauser, 1964), inmunofiuorescence assays can’ distinguish antibodies;~

which react Hith thyroglobulin in the colloid and to a Iesser extent ‘tn

- “the apical ends of the’Yollicuiar cells, antibodies which react with a -
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second colloid antigen that ‘is %istinct from tqytoglobulin, .and

antiboﬁies which react with the microsomal - antigen (Kunkel & Tan,\19646 .

Radioinmunoassays for anti t@;roglobulin antibodies J(Salabe et’ al.\. o

197&) apd fof anti-Té .or anti-T3 antibodies (Staeheli et al.. 1975) have;

recently been developed whdch aliow semi—quantitative measurement of the.‘

f"circulating ledgls of the%eiantibodies. A '*_;‘_

In- ‘view 'ﬁ the evid

]

nce "that antibodies do enotj'apbear to- be

'wdirectly responsible " for [the lesions. investigators have, gddressed'-

themsélves to _the question' of ‘whether antigen—specific\:t: cel]s'f

(thymus-dependent Lxmphocytes) participate in the: pathogenesi& of the'3

disease. Several in vitro tests for cell-mediated immunity have been o

—used- skin 'reaction to intradermal imnunization, migration inhibition

. factor (H!F) assays' lymphoblastogenic (i.e.. mitogenic) assays, and

) cytotoxicity assays. The evidence is reviewed briefly below, Eor more

'and several other references cited below)

detail the reader is. referred to the review of Calder & Irvine (1975)"

.,‘ s

PositiVe skin, renctions have been produced by intradermal injec-;

‘.otions of thyroid extract into patients with: Hashimoto s thyroiditis.'

. However, these may have been dpe to Arthus reactions (due to circulatingx .

antigen—antibody complexes) rather than cel]-mediated (deiayed hypef- .

".seﬁeitivity) immune renctions.'f

.‘//

b

leukocytes (usually macrophages) to react with a soluble factor produced

) by antigen-specific T cells in the presence of the antigen, howeve;, in

© _some cases) macrophage Inhibition may,be-an‘artifact of serum antibodies'v

P
. N

Higration inhibition factor (or HIF) assays are designed to‘ﬁllou,‘\
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1.2 AUTOIHMUNE THYROIDITIS

therein)
of
. antibodies measured in the patients' sera (again,/ see’ references cited
','cytes into

N whereas

mechanism exists‘ in other patients),

' .Pretreatment of - patients

 cells

’thyroidit_is.. - _

Lo o s .

.(continued)’ SR L

“or soluble imnl.lne complexes (Calder & Irviney i975 and. references cited

Nonetheless‘, there were many reports that patients with

Hashimoto s thyroiditis had leukocytes 'ﬁhich vere MIF—posi;ive

presence. of crude thyroid extract, thyroglobulinf thyroid microsomes

and/or thyroid mitochondria, “there was no’ Correlation between the amount

inhibition and either -the presence or .the titre of the

“in Calder & Irvine, 1975) o SR . ‘ , o

(the small,
lymphoblasts) is usually estimated by. the mCorporation of

The

Antigen mduced mitogenesis transformat 1on of

tritiated thymidine during DNA synthesis. lymphocytes from .some

patients respond to either, thyroglobulin and/or cride thyroid exttact,

lymphocytes from other patients do not,'these conflicting

'_ results suggest that either only some of the patients have lymphocytes

._which undergo blastoéenesis (which may indicate that another pathologic

v

lymphocy/es which. react with other thyroid antigens‘ o ho-j'

Cytotoxicity experiments have.revealed that ' lymphocytes-

’Hash,imotm's thyroiditis patxents have a significantly increased capabil—

ity for lysing target cells coated with eitcher. human thyroglobulin or

tliyroid microsomes (Calder & Itvine, ‘1975 and references cited therein)

',(to renmove thymus—associated ceils, which may include non-T cells) was

found to' reduce the cytotoxicity, Laa;,yea et al. (1973) suggested that

the requlrement for anti thymus globulin-sensltive cells 1ndicated that

T cells were involved ~However, periphetal lymphoid cells

.'Hashin’oto s thy;‘oiditis patients exhibited increased cytotoxicity in
"‘assays designed to. detect. K cells. The activity of ‘these antibody—'

dependent "killer" lymphocytes, which do ‘mot appear to be either Tor B~

(Calder Irvine, 1975, ¢ n'.. references -cited”’ _therein), was

.increased in p/tients,.uhereas the" number’ .and’ ‘proportion of T and B

'.cells (assayed by’ rosette—foming techniques) were unchanged (Calder et

al., 1976). There is. obviously a need. for more research ‘intd -the natere
‘o:E‘ K cel‘ls, -in_ generai. and.'spﬂec_lfic.ally with regard to .Hlashimoto" s

.20
in the”
thyroid o

lympho-—l '

or else- some patients may have
.«

from- -

. lymphocytes with: anti—human thymus globulin- o

from .
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1.2__AUTOIMMUNE THYROTDITIS . (continued) - O - . ogp
1. 2 3 Sponcaneous Autoimmune Thyroiditis in Animal Models .

. Thére -are several. reasons for searching for animal models for -

Hashimoto's thyroid:tts. Many experimental procedures, such as - thyroid

-biopsy and thymectomy (removal of the thymus, refer to Subsection

1_'.3.2), would not’ “be readily ‘available . using only human subjects. As.

‘well, animals with: shorter lifetimes would allow longitudinal (seria_l)

and vertical (mthigenerational) studies. Furthermore, animals facili-

_tate controlled\ breeding, useful for genetic studies.

Spontaneous autmmmune thyroiditis, the animal model of Hashimoto‘s

,‘.thyroiditis,.' h_as.: been reported in severa] species, Lhe reader is

o

however, the availability of stock OS ch.ickens or. mnintenance may have

. " been problems. o Y _ :

“be low

. _Beag'le

referred to a rgview by Bigazzi & Rose (1975). Two models are dlscussed

th

€ BUF rat model is descr 1bed: in the. following. section,, -

beagles. Although ‘the - histology and thyroid fzhnction in- this model'

.appear - to closely resemble the ‘human disease, relatively Few workerS'

have studied this model perhaps this is due to the absénce of inbred .

P

strains derived from animals wtth t:he disease (consider how many years'.
it would. require to acheive -the 20. generations of brother X sister
e macings), or :the lack of commercial suppliers of’Beagle dogs . from "high

'mcidence pedigrees“ (Bigazzi & Rose, 1975 - and referencea_.c_ited

therein) 4. 1 "c "_ ;~2 l.l“ . [ .°"
0s chickens. Spontaneous autoinmune thyroiditis has also been reported

in a closed flock of white Lighord chickens (van Tienhoven & Cole, 1962)

'which have since. been selecrively bred to produce the ‘08" (Obese Strain)'_ :
ch_.ick/n Pathblogy of th_e :hyroid, was grear.ly accelerated and- very :
. a3 )

severe in this model (Bigazzl &I"Rose, l975 and references_cited-

therein) There was a srgnificant dec,reds_e in thyroid . function uithm
2-3 weeks after hatching, serum T4, and T3 were’ -almos’t ‘absent. and TSH was

increased. Mononuclear cells, macrophages and lymphocytes were observed

to infiltrate the thyroid 1=5 veeks after hatching. . The incidence Iof-‘ S
thyroiditis in the OS chicken is. over 90% in both sexes. Thus, despite

the differences betweeen thyroiditifs’ in humans and 0s chickens, ‘these

birds could provide investigators with another valuable Lool -Again,_'

dog . Tucker (1962) Eound thyroiditis in severel colonies of -

A ———
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1. 3 L - Introducbion . . '

Originally designnted as' the Buffalo rat, this strain was - used in'
studies of experimentally—induced thyroiditis for several ‘years be fore
it “was, recognized as a model of spontaneolus autoinmune thyroiditis. A
brief revicw of the background of this® rat strnin (see also Festing & '

'Staats, 1923;: Bigazzi & Rose, 1975 and. referencos cited therein) and a .

more detailed accounn of thyro{ditis follow. :

.'_l L -

. nbree'din'g.' The BU«F strain was probably derived from Wistar stock rats

were obtained from Buffalo, NY USA in about 1931, The Genctics Research

Unit, Laboratory Aids Branch ‘of the National Institutes of Health,

Bethesda, MD, USA obtained stock animals at the tenth generation of

0

br-ot:her X sister matings,‘ and rats have now been inbred at- least to the

58th generation. There do -appear to be differences, nonetheless betueen

© 'BUF rats - ava,ilable from different source!; (see Subsection 1.3.3).

" Known' genes.~ BUF rats have been typed as- follows° alleles A, B6 (H-lb),

. medullary_ tumours . . The incidence of anterior pituitery tumours increases",

"(802.) Spontaneous t-hyroiditis 1is described in Subsection 1 3 3.

-+ and Ck of the Tat ma jor histocompatability (Ag) region, homozygous ec.
'-for coat colour (albino), and. allele b of the RIl allotype (an'-
: imunoglobulin marker) With regard to metabolism, they - have a genetic'l_
-.defect‘ in the ~liver‘sl-methyl transferase s__ystem; they are. also good"
l resbonders to LbH—Aa'isozyme.' S sl

Susceptibility to. spontaneous tumours. Thymomas have been reported i.n .

‘about "50% of males; and &0% of females, 407 of males. develop adrenall.

adrenal cortex tumours (about 617. in fema‘les older than 18 months) are

o

about twice those .'.in males. BUF . rats: ulll ‘ elso grow. several .
'transplantable tumours, including Morris hepatoma .and’ pituitary tumour.

.Susceptibility t_o other spontaneous- diseases. “0Older animals are

-,'susceptible ‘to high incxdences ‘of a variety of. diseases._myoear*ditis

C(30%); otitds: media (707.). and respiratory disease (bronchiectasis),

v

/’,.

~n

v
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.'with .age; the incidence of this tumour (about 75%: inifemales) and of .-

vy



QRN]

"y s RO o,
L it

‘1"3'/ BUF RATS (c'ontin-ued)' L . ‘ 23y

1.3. 2 .' S Experimentally lnduced thyroldltls

Reuber and’ hls co-workers used BUF rats from the Natlonal Instl—_- .
'tutes of Health, Bethesda, MD, USA. By feeding a high Eat, low protein,
'chollne deflcient diet (Reuber, 1969b) . or by lnjecting ¢arbon ter_ra—

chloride (Glp\éer & 'Reuber, _1962; .Reuber & Clov,er', l967a,b), they'. were

able to lnduce cirrhosis of the liver in the BUF :rats; thyroldttis'was

the incidence or ‘the- severity of che cirrhosls. Thyroidi_tls was also

, observed after treating . BUF . racs_o-wl.th either Erypén hlue '(Reube_r,

1969a, 1970a);" 7,12-dimethylbenz(A)anthracene (Reuber & Glover; 1969c),

N-4~ (4'—fluoro biphenyl)acetamlde (Stromberg & Reuber, 1970) 3"-—methy1~— ‘

4- dimethyl aminoezobenzene or, N- 2-f1uoreny1diacetamlde (Reuber & Glo-

also. observed ln treated rats, although it could not - be correlated with .

ver, 1973, 1976). A .serles of pnpers (Reuber & G‘lover, 1968; Glover'&\

Reuber,' 1968' GloVer et . al., 1968 Reuber & Glover, 1969a,b, Glover et -
‘al., 1969 Reuber, 1970b, c) characterized ‘the thyrolditis resulting from

Methylcho]anthrene altere,d thyl‘oid functlon and prolactin levels 'in

non-BUF rats (Moon, 1964; Newman & Moon, 1966; 1967), but.anly BUF rats

appeared to be susceptlble to, developing thyroiditis after’ methyl,.—

~cholenthrene 'treatrnent' ‘Glover et al (1969) reported Lhat..‘ Fischer,

Mershall, ‘Dsborne Mendal, and ACI inbred rats’ did not.

e

In general, Reuber and his co-workers observed that both the

{ncidence and the- severity of experlmentally—{nduced thyroiditis were' .

greatexr in- the female BUF- rats than in - the males, and younger animals-

observed 1n each of eleven rats uhich were fed methylcholanthrene for 12

¢ e

weeks beginning at- the age of 4 weeks; Reuber & Glover, 1969a).

S_'llverman, worktng with Rose, exam{ned experimentally-induced o

'vartous regimens and’ routes of adminlstratlon of 3-methylcholanthrene.

-uere usually more susceptible than older ones (e.g., thyroldi‘tls uas-.-'

’ autoimune thyroidit{s in BUF ‘rats obtained from a dlfferent source°"'

Slmonsen Laboretories, Gilroy,.CA, USA. The susceptibilities of males'-.

’ only. They reported that LEW strain {nbred rats were mot suscepvtlblc to.
methylcholanthrene induced thyroiditis either (Silverman & Rose, l975a),'
:and suggested that,g, sinqe (BUF x LEW)F and (LEw X BUF)F hybrlds did
not develop thyroiditis (except in . one rat),_ therefore sueceptlbility

o '

.and females were not generally compared,‘ as they usually used females'

T
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1.3 BUF RATS (continued) I T R TN

. was neither transmitted maternally nor inherited as.-a Mcndelian dominant
(Silverman & Rose, 1975b) Most of the rats whlch developed thyroiditis -

"also had antibodies ‘o rat thyroid gland extract, detectable by lndirect .

P
imunofluorescence techniques, nnd, in- some of the more severe CASes, by

hemagg lut inat{on techniques as well (Silverman & Rose, 1971) and it was

ubsequently shown that’ 1njecting BUF rats with thyroid extract would

] protect them from developlng methylcholanthrene induced thyroidi}:is'
'_(Silverman &‘Rose,.l‘)'ﬂoa). Although thyme,ctomy_ did .not affect the

4ncidence whén per‘formed on adults, neonhta'l thymectomv;(-with' or without "

subsequ nc methylcholanthrene , treatment) increased the ° inc'idenc'e to’

virtually 10Q'/. (compared to 13% in the untreated BUF controls, Silverman.

& Rose, 19741:)

.

1.3.3 . Jg_ontaneous Autoimmune Thyroiditis in BUF Rats

v l{ajdu & Rona, performing comparative endocrine pathology studies,

Y e i e

D TN

: found a high incidence of spontaneous thyroiditis among, BUF rats (whichoe N .

had been obtained from Microbiological Associates, Bethesda,,MD‘,, USA),

:but ot An several other rat strains (Sprague Dauley, ‘Long a\}ahs,‘

‘Wistar, ‘LEW, F 344 an;ﬁ RAH Hajdu & Rona, 1969) The incidence appeared

to be decreased in older animals, but the small sample size and the few

.agés that were. tested pre&ent one from making firm conclusions.

Similarly, although the males abpeared to have a higher incidence than

‘the females (since thyroiditis was observed only in six of the eleven

- 36 wk old males),,it must be recognized that Ha_]du & Rona only examined
ten females -~ five/at each of. & and 52 wk of age’s ’ '
‘Reuber and co-workers, using BUF - rats from the National Institutes ’

of. Health, rare'ly observed spontaneous thyroiditis. Out: of at least 256
..male and 277 Eemale .control BUF rats examined in all of their papers'

" ¢ited above, only 2 of the malds (o ,8%) nnd a of the: females (1. l.'/.) had -

-0 -

N,

Silverman & Rbse (1971) examined 15 untreated 60 64 week old female

"-BUF rats which had been obtained from Microbiological AssocLates also. ,
Tﬁ'ley l’ound that 6. of these rats (40%) had developed thyroiditis. but th)e} ,

csmall sample size again ‘prevents one From . makinp, any firm comparisons

with -the - animala used by Hajdu & Rona. In their series~of papera.,'

e
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1.3 . BUF RATS' (continued) o o K 25

howevc‘r,‘out of K total: of - at least '22'6"untreated" no'n-—bre'eder' (virgln) . !
females which had been obtalned t'rom Simonsen Laboratories, 18 (8.0%)
had developed spontaneous thyroiditis. 'l‘his was more than: Hve tlmesf.
higher than. t'h “incidence in females ‘that Reuber and his co—workers-
observed in their :BUF rats from NIH.- i ' _ '
o With . regard to the incidence of. spontaneous autoimnune thyroiditis,
Silverman & Rosé- (1975a) invcstigated two other factors. sex_and'
multiparity or breeding. Females had higher incidences than males, which
was comparable to the situatloh in experﬁnentally—induced thyroiditis
but was in- contrast to. the suggestion made by Hajdu & Rona - (1969). 1t
Vmust be remembered/that not only did /Silverman & Rose use animals from a
different «source, but they ‘also examlned many more- 'females than did'-l
’ Hajdu &, Rona.__ when Silverman & Rose examined multlparlty or breedlng, '

‘they observed that retired7 breeders of both sexes (but eSpeclally the -

. females) had hi:gher' incidefices than did the. correspondlng ..virgin -

anlmals. o ) ) M {%
. ' ! . . . §
PR Rose and his co-workers also’ examined imunity ln BUF rats; ‘Noble "~ -

‘
- X N

L. . . |
et al. (1976) observed ‘that the incidence “and titre- of . thyroid [
antibodies were . correlated with ‘the incidence of“"thyroidl'tis (only . )

i

s female retired breeders and neonatally-—thymectomized females - wit:h and.-.
'without subsequenl‘:} "rzgcﬁ:onstitution" —-= were invqst igated) '* -
. ; .

;

1.3.4 Thyroid Function ln BUF Rats

/ Thyroid weight. A rough indication of the . state of the thl;roid can be'
. obtained by measuring the weight of . the thyroid gland. In general in _
" the, papers from” Reuber's and- Rose's laboratories (cited above) and fina i
paper from Maloof' laboratory (Kieffer et al.. 1978) thyroid weigl‘lts .
Awere “higher in BUF - rat,s ‘with experimenCally-induced thyroidltis chan
they ‘were in the treated rats uhich had noc developed thyroiditis
) Quhich themselves ‘were approximately equal to the thyroid Weights of - -
: unt_'reate_d contrql_s). Treated. and untreated females that: had developed
thyroiditis :both"'tended to have hea.vi_er thyroids ‘than the comparable

males‘ although usually’ there uas l.i'ttlle difference  between. males and /-

Eemales that had not developed either spontaneous “or experlmentally—
induced thyroiditis. Lo e oL S
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SN

Prorein Bound Todine assays. ~Protein’ Bound°Iodine levels 'were previousf

-2

ly measured either .at one ape only or else by cross sectional (rather - |

" than longitudinal) studies of ‘BUF, rats at a variety of ages (Reuber &

Glover,." 1.'9.69a_,b, Glover et nl., 1969' Reuber, l970b).' ln the - BUF rnts

'tha't di'd _not have thyroiditis, untreated females had higher levels than

"~untreated males. Protein Bound Iodine levels were increased in BUF rats:

thar “had been treated wirh methylcholanthrene (although methylcholanth- .l

131

refe had reduced plasma Protein Bound I l8€vels in Sprague Duwley rats -
-.t'o' approximately one-half '- the. levels I.'"in' con'trols, Newman &
'Moon, 1967), and -,t'he levels : were increased further . in the treated

: animals that had . developed thyroiditis. It must be noted that, in humans

" (such as thyroglobulin- and iodoalbumin) which are measur:ed'hy Pro"ftein

[

o

with thyroidltis, the thyroid releases increased lev‘els.of iodoprotei_ns

Thyroid hormone assaL. _'More recent invest‘igation's hsed mére sensit'ive h

" and specific assays than the Protein Bound Iodine assays, measuring T

(1978) reported that female - BUF' rats had '

‘slightly lower levels Gf plasma T4 than’ did ‘the males..Moreover, those

rats which- had unusually high . plasma - TSH concentrations, Lor increased

"relative thyroid weights",' almost always ‘had Tlo values that - ‘were below

"the mean which was calculated for the rest of: the BUF rats; some.of the
,.thyr.oids.._whi.ch.-g_a_ve‘ unusulal.‘l.y high "relative -thyroid weights"' were:

'.examined "microscopically,‘ énd they were: found to exhibit - lymphocytic

- infiltrat ion and disruption of the nor"\dl architecture of .the follicles.

With' regard to 'the: reduced Tl+ levels in the females, however, ,it.' '

" must be recalled ‘that female Wistar and Sprague—Dawley females have also

_:been reported to have . lower levels of T4 . than the corresponding rnales

variation with sex). .’-:.‘-

_(Rapp & Pyun, 1974 Fukuda et al., 1975. see Subsection 1.1. 5 regarding_.'-

None of the invest{gations measured T3 1evels in BUF rats;: although'

"Fukuda et al. (1975) reported that T3 levels wero higher in females

Sprague—Dawley rats than in . the males. As well, it may. be recalled that,.

Cin Hashimoto s’ thyroiditis, levels were “increased only {n. a very

.'.small minority of the hypo-— and hyperthyroid patients (see Subsection'._'
1.2, 2) ' ’ Lo ' '
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1.4 " , omscnvas _ L
N Previous \BUF rat studies almost aiways exam!ned small numbers of

_animals (i.:e., 6|—12 animals per sex at each‘of 1- 6 ages); only one. study

(Noble et al., 1976) sampled rats as, they . aged (although Lhe antibody.

titres were . measured only in nconatally thymectomized femnles .at .2.,3__
" and 4 months of age) _ S A . '

v A ._longitudina‘l study,' to eorémine ‘the naturalt history. of ‘the.

. development of spontaneous autoimmune thyroiditis in a large control

""'popu'lation, would necessariiy preciude examining histological specimens ; K

“at - each age . This‘investigation wee_' thereforc undertnken with the N R
'purpose of maintainingp colony ot' BUF rats,- collecting serial sar'nples, _' L
'from males ‘and virgin' females (thereby excluding the effects o'f :

1

multipatity),

,-',sensitive and specific radioimmunoassays) Not only would this., yield"'

information about “Ehe relationships between thyroid hormone levels and ’ '

in the BUF rac model for spontaneous autoinmune thyroiditiS' '
'(which could serve as a’ baseline for future studies), but there uould
also be more - general findings with respect to thyroid function (e.g.

variations due to sex, age and body weight)

e :
- Yy Loy !
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and measuring serum. ‘total. T4 and T3 concentrations (using S L
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2. T © = MATERIALS AND HETHODS “
2.1. -' EXPERIMFNTAL CONDITION% |
2. T - TRags L o

}&F_‘E_nﬁ Hature BUF rats (6 males nnd 14. females) were ohtained froml
- . Simonsen Laboratories, .Gilroy, CA, USA . in JanuaFy of 1975. these formed
.'the nucleus of the colony used in this' investigation. In order ‘to begin’
collecting s¢'rum sampl.es from young animals, thhout hnving to wait for_'." '
. the mature rats'. to .bree_d, ‘young rats (9 males and 11 females) were
" purchased at the sarne' time. During the/sumner of 1976 rats.’ of vnrious
ages (including 20” female" retired” breeders) .were- obtained ,-f'.or 'a_'

s'upplanentary 1nvest igation. these/rats were not incorporated into the _’ )

’

col‘ony', ‘but were sacrif_iced v_.rithln one.week afte,r their arrival?

"§p_rﬂgue—l)auley rats. Also used in this lnvestigation were Sprague Daw—j'

ley rats, kind]y provided by the Animal Care Unit, Foculry of Medicine,
Memorial University, from a small colony which they maintain. oL

'_lious'i'ng. The "Animal Care Unit maincained . 4N of'the_ rats in, their

-faci’lities in th? }ieal'th-Sciencefi-‘ Centre; a "Small Animal Room" ‘was set

asideé for‘ the colony of BUF rats'.' They were- housed in transparent

plastic cages, usuall y: 1= 3 adults per cage . (on occasion, up to 5 adults ) A.
“could share e;‘ -cage), individual rats were therefore identified by
ear punching. Three - racks were “used to. hold the cages' . one for males-".

. only, ~one for females only, and a third was used for breeding.

-'l‘hroup,hout the: course of this investigation, v‘the. Health Sciences

Centre was under construction’ (elthough partly occupied by the Faculty'
‘of Medicine), t_h ‘temporary arrangements often caused problems with'_
A'regard- to heat and'-humidity. Diring. the sumne'rs ‘thert were /periods of
,excess heat and/or humidity,‘ vwhereas during the winters there. periods of
:excess heat an d/or insufficient humidity. Low birth rates (reduced- )

; drastically during periods of excess hear.) and hlgh death- rates were'

encountered On ‘a few occasions, large numbers of BUF rats died within

\
only a ‘few week% (although other rats in. the Animal Care Area were_
'little affected) ' The mest extreme example was- when about 40 BUF rats |

died in November 1975 during an epidemic of respiratory disease. (During

[
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this epidemic,
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(cont‘inbed) : : : 31 -
]
che apparently healthy *BUF _rats. were temporarily moved .

2 1. EXPERIMENTAL CONDITIONS

into another Small Animal- Room in-order to” segregate them from - those _

_rats which were showing obvious signs  of illness)

- Lighting. - The

BUF rat

colony; reée ivéd ‘a

12 hour

light .]dnrk'

eycle;

fluorescent

lighl s were automatically turned on at

10800 H

On a number

_of. the four .

of - occasions y the

ni ght ] ight“

switch (controllinp, one

Feeding."

,Canada, Woodstock Ontario Canada) and tap water ad lihirum. Purina Rat

' double-bulb fixtures) ‘was found to rhave been inadverrantly placed in_ the ‘

"on' posi tlon.

. BRI

Ve
o~

All of. the ‘rats ‘were" fed Purina Rat Chow (Ralston Purir(a of

‘Chow contained 1 17 ppm ‘todine (information provided by the manufactur— :

' er) and daily consumpcion (which can- be expected to hnve averaged about

} 15 g per

rat) would have provided about/ 18~ ug, iodine.

The municipal

- 'v:ater' ‘s-upply in’

determined by

St.

John s,

Newfoundland contained 0.2 ppb iodine (as

the Wacet Ana Iysis

Laborato ry, ;

Chemist ry Department '

; Memorial Univarsity, provided

through the courtesy of ‘Mrs. M. iiooper)

“and daily intake (which. ean"be expected to have averaged about 35-ml per

rat) would: then have been a negligible source of fodine.

) The supplementary BUF rats, while at Simonsen Laboratories, were

_fed Simonsen O.xsc0m Lab Diet G 4, 5 which concained -a minimum of 1, 5 ppm

J Russe‘il Simonsen Laboratories),

they were

iodine (informaci.on supplied by Mr.

shipp ed with’

a. "t ravell ing diec"

( By TAW potatoes and

.‘,carrots), and, beCHeen their arrival and their sacrifice (i.e., for less

-than one’ week) they vere fed Purina Rat Chow.

-
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samples from those rats at . lntér ages. S ._____'i:._ RIS
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20 = cou,i-‘cnon oF smm.rs

21 A Serum Collection ', ':_ o .

'Design._"'The initial plen was’ to collect, serum samples .as folloias. from .

5-10_samples in. each sex/age category. Later houevcr, ’ -based - upon new"
.‘_publications (esg., Silverman ] Rose 1975a),- it was -decided Ta change
the experimental des ign ' to "/t'he follouing serum samples would be_

collected from male and virgin female BUF rats only, once per four—week

-

interval up to one year of age, and- (atr_emn* would. he madc to include

more samples (1. e.“,p/‘z “n each sex/age caregory) Vlrgin females ,_'
which nfle;ﬂem‘ri’g ";lere' housed sepsrate ly from males, were \med_.in

,mele ‘and t'ornale BUF rats, each week up to six months of ‘age, wi th nbout. o

order _to_ /exc"lude the eff ects of breedingi ﬁoon"':the .incide'n'ce ‘ _of

// thyror clilis in females, breeding had less effect on males (Silverman &

- Rose , 1975&) A bleeding schedule was charted to show, ‘for “the’ rats

which ‘were borﬁ on dwfferenl: dnys,' the calendar dates which Corresponded o

to the four—week intervals beginning at the bi/rth of each litter. ’l‘hus,‘ '

this chart grew as - each new lii:ter ‘was . born, ic. £inally contained 18"

groups ot’ dates ’/(for 64 males, 57 virgin femeles . and. 19 females which'_

’were used ‘fo reeding). It Has decided for- convenience, to collect

sempl es only on one day per. week, bleeding those animals which had been

“due for their four-weekly bleeding during the pre(:eding week. Several of‘

the BUF rats were bled at. 4wk, but not enough serum was obtamed to be

; able to assay both T4 and 'r3, and iz was - therefore decided to’ ﬁleed rats

-only. from the age of 8 vk.

-'Fig. 3 i-llustrates, for each rat, _ the Eﬁee' at: which seruq was

collecced and assayed, some of the' samples were - assayed for Tlo some for .

'1‘3 (withfrfonsiderable number assayed'nfor both). - An atr.empt was made to
o

wk. Addirionally, si‘nce ‘each- sample was obtained - by excising the end of

the _rat s tail: (as described bclow), At was antlcrpnrcd ‘thaty ~ wirh ‘some

_exclude m sampling animals that appeare d to have- respiratory disease ,

-and, as stated. previously, many of the rats died before the age “of, 52'-

rats, it might not.’ be possible i:o collect so many samples (i e., ‘every

four ueeks from 8 t.o 52 wk), hOWever, by omitting the taklng of, samples"

from some  of the rats at’ the younger ages, it was possible to take...‘

L
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Distribuﬂon of the BUF rat serum samp]es

pane1 represents four'-week 1nterva]s in the hfe of an ind1 \ndual rat

‘Not aH of the samples that were obtained were assa_yed for T4 and/or T3

he circles show those ages at which a hormone was assayed (T4 on’ the
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2.2 cou,rcnon OF - SAMPLFS (continued) Tt T gy

‘Procedure. Each BUF -rat .was weighed inrnediately prior to being bled..,.-

For speed and convenience,{their weights were’ determined to a one decade
Trange (4. l.e.y-a 272 ‘g rat would have" been recorded as 270 280 g, and this
awould have ‘been regarded as | 275 g in all -subsequent calculations). After

. being weighed, the rat was, placed into an, anaesthesia jar (a large glass
dessicator jar containing some ether-soaked cotton in the louer level).

When the rat was anaesthetized ‘which generally took about s, min, KT was -

removed_from.the jar..A small container which could fit_over_the rat's
' muzzle,'containihg'some‘ether—uetted cotton)hwas used when necessary in

order to maintaiHanaesthesia. Using a scalpel the tip ‘of . the rat's.

tail was cut off' the’ excised portion ranged from about 5 to 20 m - in E

length, depending~ upon the length and diameter of the tail. The cut end

was allowed to bleed into a clean test tube (glass and plastic ‘tubes,
B el 10 x 75 nm, were.both used). in most cases there then ensued ‘a .
wait of several minutes, “but ~in some ~in'stances -_the. blodd flowed

extremely rapidly (e_.g_ o5 ml in .und'er 30 sec) “The . bleeding usually
s stopped naturally after about 3 ml had been collected but in some cases

self—closing hemostat ie forceps i:ere placed on the cut end ‘of the tail

« fn’ order prevent further bleeding ‘once enough blood had been -

- Collected On t'h'e other hand. however, there were a few oécasfons when
- not “even lml could be collected. Rarely, the tail, was then squeezed
(“milked") to rry to obtain more blood (although it was. preferable to '

g avoid this procedure, :smce extracellular fluids as well as vascular :

e E blood could be collected), .and sometimes a secohd piece of the tail was
L excised ‘in order to .cause mo‘re blood to flo’v"a Preheating of - the rat, or -

its tail, or applying xylol to the tail tin order to dilate ‘the vessels

4

"did  wot appreciabe improve the collection  rate. As the rat ‘was’ being

B l_ bled 'it was allowed to begin to regain cqnsciousness, s0 that when the .

_ collection of the sample .wWas completed the’ rat could be returned to its :
' 6

cage. Blood sampl es were allowed tox clot while the - rest of the rats were
/ B <

being bled (up to, about 2 h), rinmed' with glass capillary tubes "and

placed into ‘a. refrigerator (to uenhance clot retraction and thereby to

improve serum yields) Either that ‘evening or else .on the next day; "the
sampl es were spun ac about 2000 X:.g.at 2- 8 C for about 5 min. As much

. serum ‘as was posslble was._transferred “to: clean tubes, qsing Pasteur

”
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-frozen

: until used.

‘ydiur,nal_ rhxthms were found '

‘reduce variations which might

&

pip‘e'ts;- a large number of cells were therofgre carried over, and 50’ the

second set ?f tubes’ ‘were also spun as above. “The' resulring ‘sera’ were

‘transferred by" Pasteur pipets into larger—mouthed containers (20 ,ml

2.2 COLLECTION OF | SAMPLES (continued) - - . ;' . -1 35

j N

=

scintillation vials or 12 x 100 mm plastic test tubes) ln order to nllow .

the use of o 250 ul Eppendorf pipet {which COuld not: fit  fnto: the
smaller blood collection tubes), 250 ul aliquots vere then dispensed

into-'6.35 x-38.1. m polystyrene tubes (LP/Z preclpitlﬁ/ tuhes, Luqkham

'Ltd., Sussex, Fngland). Microtitration plates ( .g., flat- or U—bottomed
96 well Microtitre plates, LCooke Engineering, Alexandria. VA USA) were

used "as racks fr the LP/2 tubes. Each t'ube was labelled with 'a‘

conSecutive aliquot number, the rat's identification (sex +and’ number)
and ag . The- ‘tubes were’ covered with several thicknessesrof Parafilm,
Znnrl slored dn an ulha low temperature freezer (below —60 C)

sy ‘
, . i . . ) . . . o e

_2..2.2 oo . Diurnpal’ Vnrinrmns S . B
LAl ELLEERLL O .

BUF samples. The first few BUF rat’ serum sampl es were obtained without

'regard to the dime of day. A review of the literature (performed in

/
early 1975) failed to reveal’ any ‘rat studies which had shown, whether Té4

. nd/or T3 leve ls varied significantly during the day,,but, for instance,

-_thyroid hormone levels._ in chicks

'.(Newcomer. 1974.), thereafter, therefore. each day -2 b'leedingg:began '

between 1000, and 1100 h and was fompleted by 1200. or 1300 h, in order to

serum Tlo and/or T3 le\kls. o CoL e
Sprague—l)awley rats. In additio’n. 1t was decided to collect’ sera from

‘rats throughout the course of - a day, in order ‘to determine to what

extent. thyroid hormones . did-‘ exhibit diurnal variation 'in' rats.

(especialfy between -1000 and 1300 ‘h). Sprague—nawley rats were used so

' 'tha/t the .a’nimals could be sacrificed in’ order to ohtain larger sample
o volumes, without depleting the BUF rat. colony ' '

Serum. : -was collected “from six ‘groups, 'of four 24-28.wk old -~

o transferred from the Small Animal Room'’ which housed the Sprague-Dawley

ave been caused by diurnal rhythms in '

,SpragueaDawley males, .one group e\rery four hours. Each'g'roup was '

I

-~

L\,
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" 2.2 COLLECTION OF -SAMPLES (contlnued) \ L L T36 s

~ colony Jnto a -F:roc'edure Room in: the Animal Care Area one-half hour
“before saﬁpling¥ 'lighting ‘in the ‘two ‘rooms was synchronized. At the
‘.appropriate times, the rats were we!ghed, anaesthetlzed (in pairs, using'i

_ the method dcscribed for' the collection of serum sampl es from BUF rats) '

and Lheu decapitated. Trunk b’lood was collected from each . rnt fn the |

groyp, . the . serum fractions . were - obtained, and .250 ul. 'al'j,quol.ts were

sto-red—:_i-n an ultra-low: temperature freezer {below =60 .C) until- assayed.

\
)

[ e

223 - Other Possible, Causes of Variation o .-

oA No attempt was made. to evaluate whether the stage of the estrous .
; 'rcycle, the season, .or. the samp]lng procedures (other than time’ of day)"
affected thyroid hormone levels. It was assumed thnt, over. the course of;,-
"the collection of the sera, random selection wlth regard to the. stage of :

- estrus. would tend to' average out “the . effects of the estrous cyc]e.

Simllar Ty, the var fat jons associated with changes in season would have'

_ been averaged out since different animals in - the colony reached each age'

at . d1fferent 'times,' moreover. environmental conditions (such as

'telh";)'erature and pholoporiod) in the ' Animal Care facllitje '*remained—

' relatively constanl in. tompurison with “the: outside condirions, and 'S0

ry

should have Htlle, ir- nny,-cﬂ'ecl .on thyrmd Lhormoue levels.: It ‘can

" also be assumed that the effec/l‘s//—on. eéach animal of b]eeding (e.g.,
'. changes in blood' volume etc/) would have been reduced to negligable. o
-'levels by the time of the next bleeding (at- least four weeks 1ater)
. Anaesthesla, us:ng erher, might have had a small- -effect:. on thyroid‘_.j-'
-hormone levels (see Subsection 1 1. 5). but since nothing is known about.:

.whether the effects would be sex-d age-, or we{ght depcndent,.one cannot_

‘speculate '.on. whether, all of the .anima;;é‘could have_ been- .affected'

PN R
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’shown JAn Fige’ A._ The thyroid glands were inmedin"l,ol_y :;'emo'ved from these

'supplementary rats were analyzed separately from the RUF rats maintained

'within the coJony

7 31

2 2.4 L : 'l‘hy_roirl Collection

. Histology specimens.‘ Over lhe course of this investigatinn, /therc were

','ll; BUF - rats which were, found shortly after they had die(l and,6 rats

52 wk old or- more which .were " sacrificed the sex/vage di_strjib'uti.on is -

e

) r_ats . and: placed into' phosphatelbu'i'fere_d ' form'alin to fix the (_:i.ss,ues-.. The

twenty thyroids_were given over to the lllstology laboratorv' of .

'Faculty of Medicine and slides were prepared as follows: the specimens

were imbedded in paraffin, sectioned through three levels, mounted “and

stained with hematoxylin and eosin. The fimshed slides were returned: so

* that microscoplc analysis Eor histopathology could be performed.'

-
o

. SJplementary ‘apecimens (including spleens) -Sup'ple'mentary BUF rats’ -

2 were.obtained as described in Subsection 2. l 1. Within one week a"f'ter'

their arrival. some- had been bled for serum samples and - all had been ,

-‘sacrificed (using ether inhalation), the thyroid glands had been
"immediately removed and placed into phosphate—buffered formalin and the

spleens were removed and weighed , The . fixed thyroids were weighed, and

then ,given, to the. Hlstology Laboratory for slide preparation 'as ERN

':described above. Serum samples‘and thyroid qpecimens from the

‘||,'

2,3 - misTopathoLocy. v i T

The"thyroid sections described above uere screened RLE order' to

'establish that spontaneous autoinrnune thyroiditis did indeed occur 0
these BUF rats (cspecially those in- ,..he_ colony), -and therefore' :

thyroiditis was -diagnosed simply on the basis of lymphocytic infiltra- Lo S

‘tion (although 'alterat.ions in follicular '’ architecture. . vere "_al.so

apbarent); no 'att'ernp't_. was made to grade the aeve'rity of the disease: .

R bt
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'Fig“ 4

© AGE

(wk)

Distr1bution of the BUF rat thyroid spec1mens

j‘\/s 12 1620 24 28 32 3640 44 8 52

upper. thyroid

LY

-

puEy

",histology specimens' lawer supp]ementary specimens (from rats that were’

- not: 1ncorporated 1nto the colony) Although the ages are d1v1ded Into '

X : 1nterVa1s of four weeks, the actua] age of the specimen 1s shown 1ns1de "sT

| each box, Hith regard to the supplementary spec1mens note that there.'
'f'are 20 an1mals in each sex/age group, 1nc1ud1ng female ret1red breeders

':72;;about 1} months€Q; age (1nd1cated by the broken box) . |

oy
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and 309 nmol/l (or nM)

X 12 I)Tlgroxlne tracer., The tracer solution contained 0 46 uCi or less

) 'thimerosal.

.‘/ ..
2.4° . .. . _RIAFOR Té
' 2'.4'..1 Lo T o Materials

Serum levels of Tl4 were, determined by a radioinmunoassay, using '
TloRIA (PFG) Diagnostic Klts (Abbott Laboratories, Diagnostics Dlvision,u -
“North Chicego, IL, U$A) These kits conrained rhe following reagents. ’

'_Teroxine standards. 'Th'e sta'n‘d'ards contained 0, 3, 6, 12 and 24 ug/dl

T4 and 2 g/l sodium azide in serum (horse serum; inform.at‘ion supp’lied on’

request) Henceforth these standards are referred to as 0 39, 77, 15&_

- ‘Buffer. The - assa'y Buffer‘oconsisted of 0.05 .M'Ba'rbital 'buffer. {pH not |
specified) with 7.5 g/l bovine. ganma globuliri, 0. 3 g/l ANS (8~anillno—. .

¥

‘_—naphthalenesulfonic acid) and 0. 1 g/l thimerosal. 3
NS

¢

,‘ per m] (specific act1vity not specified) in a 0. 05 M barbital buffer (pll'
."not; specifled) which - contained 1 g/l bovine serum albumin and 0 1 g/

) thimerosal.' oL

'Thyroxine antiserum. The . antiserum . consisted - of sheep antiserum’

(information ‘supplied on request) in 10,05 M 'bérl’ii'tél 'buffer (pH", not
specifled) with 7 5 g/l bovihe ganma globulin, 0 3 g/1 ANS and 0.1 g/l

\

Polyethylene gilycol (PEG). A solution “of 180 g/l polyelhylene glycol o
6000 in 0.09 M 'baxbi'tal buffer (pH not specified) was provided .'to .

precxpita(te the antibodies in the assay T e

ey . a s
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2.4 RIA'l-‘OR T4 (continued) =~ - T g B
' 2 4,2 ‘ e - Assay Procedure : ' o

 were transferred using a 25 ,ul,Eppendorf pipet,. i_nto. appropriately

:, lnbelled 10 x 75 mn ‘glass tubes - (Pyrex disposable ..cu_lt‘ure' ‘.‘tpl{es",'
.was added ‘to cach of the Ctubes, using a. 400 ul Centaur pipet, and then .

‘the tubes, using a 100 ul Eppendorf pipet, and then the tubes were'

_vortex-mixed for - another 3 5 sec.,The tubes were’ capped -and . allowed to

-a Cornwall Pipettor. SThe tubes- were" then vortex-mixed for 5 sec. lr”.l'h‘ln

l.owere spinning at room temperature at about 2000 x g for a 10 min spin.

 were counted for 1 min (greater than 4000 cpm) Subsequent calculations '

" were based upon these "bound- cpm" values.

"_ tion. The dose—response data more closely approximated a. straight ‘1ine

'analyze th'e dose-response data using electronic calculators ‘and. -the

'u_sing' a Wang 600 p,rogranmabl,e ca.l,culator, Claith an accessory papertape : -

Standards (at room temperature) and freshly thawed serum samples

N
!
—~
f
Anme o A 8 T _;.*.;.t-.'i;—’ﬁ

PR VYO U VPR M S VUSRS
L i N .

#1”—9&3 15A Fisher Scientific,' Montreal" Quebec, Canada). The' antiserum _

al

‘the" tube\sL were vortex-mixed for 3-5 sec.- The . tracer was added to each of

BN

incubate at ‘room temperature for 120- 140 min, During that. time, 3 5 of

\

N —

the tubes were counted in a Beckman Gamna 310 Radiat {on Counter; the
“total cpm" were about 25000 and 33000 with the two kits used After the)

2 h incubat ion, 2 ml PEG solutioh were added to each of the tubes, using \

v
15 min after the nddit’ion of. the Pl’-‘(‘, ‘the tubes were An a centrifuge and

Hithin 15 min after the centrifuge stopped, the supernatant fractions

SRE SRS

were decanted the lubes were allowed to drain, and their lips were

blotted on paper towels: The pellets, containing antibody—bound tracer,

e e e e e Ltann 3 < oo v A n e

2 4'3' - ' _ Validation Fxperiments T

DOSL‘—r('Hpnns( (ll"'.lphs. Linear graph paper was provided with the TloRIA

(PEG) Diagnost ic Kits' however, when either the % bound (i.e., bound cpm
divided by total cpm) ‘or n/n ‘(. f.e., bhound cpm at a dose, divided by the -
.mean. qf the hound cpm of the replicates of the zero dose standard)
“values were plotted against the dose,’ the data produced a curve. Hanual

curve- fitting was cumbersome and' reduced ‘the accuracy of dose interpola—‘

when plotted gl semi logarithmie p,raph paper (i i.eny B/B versus log10 :

dose), this f ilitated line-fitting. Moreover it was: thus possible to

mel'hod‘ o‘f'._l,east squares fittingl. At. first, the analysis was performed
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C 2.4 RIA FOR T4, (continued) o S IR 141

roader which allowed the papertape output from the gamma counter to be-

: fed directly into. .the calculator) Later,’ houever,‘a Heqlett»-Packard

9815A programmable calculator became - nvailab'le; WP pre—recorded tape -

, '_cartrldge, Volume 2 (Analysls of Vnr'lance and Regresslon Analysis, part

_no'. 0981 5= 150]4 rev. R), ' was used to perform Bartlett s .test for

homogcneity of varianccs (to confirm the’ validtty of using B/B o trans~

formed data "1n the dose-rosponse graphs and another tape cnrtridge,

- :Volumc 1 (General Statlstics, part no. 09815-15000, rev. C, containlng

programs ‘for a fam'l]y of regression analyses), was ‘used to re—analyze

‘the dose response ‘data and' to confimm - the validlty of logarithmic -

'regress{on analysis .

- One\ feature/ of ,the‘ dose-—response graphs, the slope,‘ was .thus

. "obtalned 1n the regression analyses,'lother features were calculated

using a Heulett—Packard 97 progranmable calculator and HP—97 Standard

Pac card SD- 03A (whiclf could perform logarithmic curve fitting, as- well

' as mterpolation of doses and responses) ‘l‘hese other features were the

m)drange (the (loso uhich ‘corresponded _to B/B =0. 5). and the least .

detectable dose (the lowest dose which would be significantly different

from zero; the level of signific.mte was chosen to be - two standard

'doviatluns ,uf tl-t zero doéé' repllcates assayed 'fo'r...the' given

doso—response graph) The - HP-97 also performed dose- 1nterpolation of the

o response data from the rat serum snmpl es. .

a

A

Within-run varfability." qeveral aliquots of one BUF rat serum sample

.were ‘.a_ssay_ed;_ one. with each of 8 batches of samples assayed one

afternoon. The‘ eighl Tlo values _were ‘then obtained by dose-lnterpolation

'-'f'rom that day s dosu—response .graph,’ an'd the ‘mean , standard deviation

and coefflcieut of variation wére calculated

Co
.I

Between-<run .va’lrla_bilily.' The same BUF rat serum - sample wh'lch was /used

.ab'ove (to 'dero'rnnitie wlthin-run v_ar,iabﬂ-ity) was | also assayed (in

dupllcate) on .- three'other days. -Thus, the. T4 concentration of (hnt

sample was- determined on four 1ndopend(nt occasions, and the mean,

standaLd deviation and coefficient of variation weue calculated.
. \

-
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2.4 "hm'mn T4 (contimued) . . . " o n 42

Recovery experimcnrs. Récavery . data, ~using human serum. were supplied_'

'wnh the ’ kits, 39 and 77 omol /1 T4 ‘were ac(“cd to sera from a variety of

paticms l'l"he"_ ovcrall ‘mean recoveries were: 10& 87 ‘and 104, 5%,

respec[ive ly. Recovery experiments, using rat scrum, were not pcrformed

for this invesllgatiOn. R C ”Q" ‘f

s
. / . . . )
' E ificnly __porimen!s. In reaponse to- a request for specificity ‘data,

" Abbot t Lahoratories kindly provided a copy of the graph and Lable which

had résulted from their own specificity experiments, rhe information is

) provided fn Fig. 5. 'The cross— reactivity at- 97 nmol/l was ‘not
\significant for any of the compounds tested except for tetrac (T&A),'

'_which exhxbiced 16% cross—reactivity. However, the normal adult serum

level of .tetr'_a_c_ RLP homan_s, for instance,, is . only about 1. 5 nmol/l.A
‘(Burger, 1976).- I

_Compafjﬁqn‘ with an independent 'assay; Dr. N. R. Farid has kindly o

providod Lwo graphs illustrating experimcnts -which eomparcd the T4RIA

'(PEC) Diagnostic Kit with ‘two other Abbott Laboratories kits for human' _
serum‘T4 (Fig. 6) Values obtained using the T4RIA (charcoal) Diagnostic B

.K\t correlated well (r = 0. 95), values obtained using the Competitived

-fProteln anding ‘(Murphy- Pattee) Kit were generally lower “and did notﬂgw
Tcorrelate as well (r‘ 0. 88) (sce Farid & Kennedy, 1977)

' .. As well 'aliquots of 8 rat serum samples vere, assayed by " the

“Radioisotope Laboratory of the St. John’s General Hospital (using the-
Abbotr k1t) and by Dr. P. Halfish's Laboratory (using a douhle ant { body :.

TA assay developed for rat serum samples) “The resulting TA values again

-showed an acceptable correlation. with r = 0.87 (P < 0. 01) (unpublished::.

G
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'Fig 5

'figure has been produced
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I Lo ol 1 0 T TETRAC 8.0% -
R T T I
T4 ANALOGUE. (ug/dl) = = . o " UCROSS-
A CoT o REACTIVITY
(at 7.5
-ug/d1)”

Spec1f1c1ty of the .assay for serum tota1 T4 In response to. a
'request for. spec1f1c1ty data on the T4RIA (PEG) D1agnost1c Kit, Abbott
'_ Laborator1es k1nd1y prov1ded the tab]e and rough graph from wh1ch th1s
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' (PEG) Diagnostic Kit
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Comparison with independent assays for serum T4

f'study, human sera were assayed using two other assay kits from Abbott

. Laboratories and the resu]ts were compared w1th those from the T4RIA

The upper pane1 shows the comparison with the

'_T4RIA (charcoai) Diagnostic Kit (courtesy of Dr Farid), the 1ower pane]
fshows the comparison with the Tetrasorb kit, a Competitive Protein Bind-

. ing assay which uses the Murphy—Pattee technique (from Farid & Kennedy,

1977) The correiation coefficients were both significant (P < 0 001).

- Comparisons using rat serum, were not performed in this investigation
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2.5 © : 7 RIAFOR T3

"Can ‘be divided into‘__fo_ur,ﬂstages preps

Serum T3 was dctermined by a radlolmmunoassay based- on, thé m'éthod

"/—m

. P
of Mvicsuma et al. (1972) Development of the assay,’ as reported herein, :

- of - the T3 antiserum,

preparation of the T3'tracer solution, titra'io, (to delermine the.

validntion of the assay. , A-'."_,. ' o - }\,'

2 5.1~ _4 S Preparation of T3 Antiserum

PreEaratio of the immunogen. The’ ant\gen was , conjugated to a protein

‘carrier by followmg the method ‘of -Gharib et als (1971) 50 mg bovi‘ne
. serum albumin'(Sigma, St Louis, MO, USA) were dissolved ’into '2.5'. mil
'-_dist'lllled ‘water and passed through a Millipore filter, 30 mg carbo—'
' ~diimide (l-cyclohexyl -3- (2—morphollnoethyl)carbodiimlde metho -p-toluene ..

sulfonate, Aldrich, Milwaukee, WI, USA). were dissol.ved into the carrier

5 ml-N N-dimethylformamide (Fisher,‘ Fair Lawn,' NJ, 'USA);' ‘the antigen

" solution was added dropwise to the carrier solution,‘whlle stirring

constantly and mainta\n'lnp, a -pH" of 5. 55 aftel‘ 10~ min, ‘an’ additional

10 mg ca(bodiimide were ndded,' the béaker. m{d magnetic srirrer wcre

covered with a cardboard box and the solution was stirred in rhe dnrk

- at room. temperature,' for 18 hi " the: solucion was thcn dialyzed against

was. lyophilized s

The inmunogen .was. prepared for injection ‘as follows 10 mg

lyophilized antigen conjugate vere dissolved in 5. 0 ml phophate buffered

_saline, the ‘con jugate soldtion wvas, transferred into a L‘rge syringe,

'}O ml- Freund's COmlet.e Adjuvant (Difco, Detroit, MI USA) were.,aspirated

\¢

"i\nt,o‘ a Second large - syringe; the -two syringes 'were “coupled by a

female-to~ female adaptor (No. 3110LL/LL, Becton'Dickinson,' Rutherford

- NJ, llSA),« and' the conjugate was emulslfied in the adjuvant by repeatedly :

to assess rhe water—in-—oii emulsificatlon process, twO/drops of the

e

,solutton; 120 mg - L-T3 ("free acid, also'from"Siglna).'w'f!'re dlsso'lved.into/""

)

-

",distilled water (changed three times daily) for ' 72 hy “and the_conjugate' '

@

.transferring the contcnts of ‘the- two syringes back and forth. In order .

,mixtu're were dropped onto the'surfacle of warer .in, a beaker,'the_._'.

"conjugate was deemed to -have been adequately emulsified in the. adjuvant -
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- . 1when the second drop would’nog/spread across the 5urface of the uater..*'

Lntcr,_nn order to boost ‘the- antibody response, a second emulsion
J‘wds produced,’ ‘this time using Freund's Incomplete Adjuvant instead.
-~ g T ﬁ

'f]mmunization " The antisera were ralsed in New. Zenland White rabblts.

‘:?wo animals l6 7 kgy were.- each injected subcutanenusly with 1 ml ‘of. lhe

. A .
',1nitial immunogen -(T3~BSA conjugate ‘in Complete Adjuvant)divided cqually,

'between four dorsal sitea. Subsequent 1mmunizat{ons, _with either '

'Complete or Incomplcfe Adjuvant (as shoun {n Tahle. l), vere {njected in

" the same manner. _ . L ' o e

'Collection of antisera. Both of the rabb{ts were bled from the

ear wvein, after swabblng wlth xylol. by cuttingl 8 the vein and

'f'allow{ng 30- 50 ml to drop into’ tubes.,Each serum sample \was separated,‘

, divided into aliquots and stored at -20 c.' Sera uere "obrained. prior to"
1f - .31 - the booster injections ‘during. week% 2, 6 and 9, and ‘these vere screened

together as - described below._During week 19, -sera were agnin obtained

‘From both rabbits (note that, during week' 12. rabbit T hnd been injected '

. ) i'with the .last prepared dose of the immunogen), when these were screened,
P Y uas found that the T3 antibody level in rnbhit 1‘ had’ _been
: ; . Co sufficiently increased by the last booster. Therefore,‘during ueek 20,
. 'j' ) ‘rabb{t 1 was exsanguinated by cardinc puncture ln order to- obtlin a
:ﬂarge quant{ty (about 50 ml) df uselble T3 antiserum to be used in the
lassay .’.' . AR ' '

N

2:5;2 u;.f. : 't Screening of -the Antisera-uff

R ]
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1

Screcning for T3 antibodies wis ‘performed’ as descrlbed by Hitsuma -

gti,gl; .(1971' 197?) The materials and methods whtch ‘were ' use