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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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i W AT A e, s
oy TR




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 -

L e e R A o s T e s




et e e e

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 :

The:h

-

PP




N . L

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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e e e -

e e e s




R 2=

e e v o e e

ot

. 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 .-
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‘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




P

e e o 3 e - e e S

‘ y
v 5 et et —
7 - S o oL se]
4 4 - :
‘ » T DI 3 |53
. Lo ; | 53,
24 ) . —_ ..
‘ R -’52 1
11 — T 1
. o . J} 12| . 27|29 |32 521 ..
Y Cd ; { + — . e e N
& - e L et — r{ff——‘
= > | . ’
= 3 VIRGIN 9 ' ,
,'g; : J L 39
: ) 37
= I . .
2 1t : g T —— T -
o ; ©oolre {20 .f ., |28 36 |40 [u6°151 1 |76
- F + .. . '.' A .‘. .;' {f -
’ 20--07I : ——— —— ~ |
: bil-9.-118 (19 |23 |27.|28" _ “ '
20~Q' . ! _J-
. ke (ﬁ" 15 |19.]23 |24 . { -rl

x!:

'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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CTRIPROP 2.2 % -
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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 ]
P . . “' 3 .
' K o ;s 3 - S
l' " .
)
1

Screcning for T3 antibodies wis ‘performed’ as descrlbed by Hitsuma -

gti,gl; .(1971' 197?) The materials and methods whtch ‘were ' used are.

- described below.
.o X - .

v . : .- . . . . v

i

P

,'*. .

Bnrbltnl"buffer.- The diluent used both’{n rhe screening nnd later ln S

R antd

_ - the assay eself, cons{sted of 0, 08 M sodium barbital (Pisher. Fa{r
',; .- Lawn, NI, USA), p" 8.4, uith 1 g/] bovine serum albumin (Difco, Detroit.
M1, USA) ' Lo

¥
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. Table 1. Immunization.-. -

S a0 ,' ) .o
" TIME " ADJUVANT'USED:

" (wk) . Rabbit #1° Rabbit #2- .

Complete QMMem'_

0 .

2 ;';Cbmb1etef _ Comp]efe _:
6 o /{InCOmp]eté: Ih;omp]eie

9 g f;éémpIete, Ianmb]été

]

1:12 ’ ‘InéompIétg.ji' mmae

G

;o

o
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mixed thono{:ghly before (and durlng) each usee '-

-2

" neat and diluted 1: 10, 1:50, 11100, 1,500, 1:10%, " i:16%, in barbital

" 2.'5'- R1A .FOR T3. ~"('(i(’;ntinue'c.‘l) ' L RN . .48

'125

Tracer solutlon;- For "the screening experiments,‘( )13 (Triomet-~ 125,
Abbott Laboratories, North. Chicago, 1L, USA, J0<90 upl/ug) was diluted

. . e
. v. . . 4

s

Dext'ran»_cl;arcoal ‘sl'urj. Rather _than'o-.using,. A A,slurry' of “activated -

charcoal and methyl cellulose (as- described by Mitsuma et ali, 1971) to

eeparate free T3 from .ant {body-bound T3, a dextr:anl-cl,mrcoal slurry (as’ .

. (l;"ha"rmat':ia, -Uppséla‘, Swedcn) were - dissolved in 300 ml barhllal buffer,

in the barbital buffer to glve 0. 3 ug/l ‘label (also - see Sub_sectlon

"descrlbed b'y"Mi't.s,'u'ma 'et al.-, 1972) wae used'-‘ 0'5 g al)extran 'I‘llO-

5 Og Norlt A charcoal (activated ntheson,- Coleman 3 Bell, East
Ruther.ford NJ, USA) were mixed in 30’0 ml barbital buffer, and, while

'._the ‘slurr of charcoal continued to. stir, 'the dextran solution was

"poured i[ﬂ:o {t The dextran—cﬁarcoal slurry was. stored at 2-8 C and'

'
R

Procedure. 'l‘o screen the’ rabblt serum samples ' to determlne which, if

’any, could be used as a T3. antiserum, the samples were -thawed and used

3

-zbuffer'. 9,5 x 63.5 mm golystyrene tubes'- LP/3 ubes, Luckham 'l.td.,

Sussex,.England) were labelled in’ duplicate, using a 100 ul. Eppendqrt‘_'

© pipet, each dilution of seruym was "added to the npproporlate tubes._,:l

125.

followed by the. same quantity of ( I)T3 tracer (3D pg/l()o ul). ‘The
tubes were vortex-mlxed‘, ‘capped, and 1ncubated at 0=4 C for 24 h. 1.0 ml
-ldextran—charcoal slurry wag. then added to‘ eachs cube; . preliminary
'-'exper’unents “had shown that .max imum "b.i'nding .'of"'thé"tracer could‘\be
.acheived with this volume of the slurry. The tubes were mlxed gently,
incubated at 0-4 C for 5. min, and then spun for 15 min at 675 x g. :The

supernatant " fractions, containing the antibody—bound tracer, ‘were'

decanted- into a: 'seco_nd.,:eet of appropriately labelled LP/) tubes; the

"wfree" | fraction of - the tracer was' thus left adsorbed - to the
. . - : . ) ‘ . n -
dextran-charcoal | sediment. Bound .and free cpm.. were determined us;ihpp,l

‘.'efther a Beckman Gamna 300 or J10 Radiation Counter. A bound/free ratio\

serum dl_lu_tions r(I.lO and....l.50) ,was_ taken as .an indlca_tl_on- that * the

. 'uerum cont_alned', potentially wuseable ant ibod__y. -

f.

s

- (B/F) in excess of -2 (L,e., % bound greater than 66. 7'/.) at the lower| ,

PR el
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" 2.5 RIA FOR T3 -

.,\.

‘o

" Antisera.

"Subsection 2.5, 1,

' t_ories ,

(

8—Ani 1 ino-}_-naLthalenesul fonic

. diluted 1/2) or 175 ug ANS (for serum diluted 1/&)

. of tracer

f

rat fo greater ‘than 2 when diluted 1:50. The serum collected durlng wd\ekr_ .
1 (which Fad been injected again during wcek 12) dld,_. .

19 from rabbit

" contain'a suff_icient level of T3 antibodles, thcrefore, as dcscribed in -

rabbit 1 was exsangu{nated during weck 20 and the

'resulting serum was ‘stored Lo be uped as the- 'I‘3 antiserum in. rhe assay.

-

Preparation of’T3 Tracer Solutlon '

Labelled trilodo-L-thyronine (Trlomet 125 Ab—

2.5.3 '
125
- I)TrilodothLonine

purchased to screen the ant isera and Iater to

bott Laboratories) was
STl ). T ;
(described in 2.5‘.6,).

titrate _the antiserum and tracer

'l‘riomet 125 has'

Subsection

nominal activity of

containers received had only 59 and 76 uCi/ug respectively (according to -

‘the informat.ion on their

o

labels).'

In order to increase the counting
therefore, the -

rates, and. eventually, sensitivity of the 'assay,
thereafter 125=1 Triiodothyronine Research Preparar_ion (Abbott Labora-—
300-500 uCi/ug) was,

I)T3 was obtained - by dilucion in_ the barbital buffer.

purchaseﬂ. The " desired concentration of

125

acid
I)T3 'with “€0.1. ml

(ANS). al. .. (1972)

Hi"tsuma et
‘diluted serum (1/2. or,

incubated 30 pg‘ (125

barbital buffer) “in’ a total volume. of 0. 5 ml; \the reaction rntxturé also -

contalned 0:2 ml barbital buffer contalning 350'Jug ANS . (for. serum

Thu‘F. s @ separate

(contlnued) o s o g

None of ‘the sera collected during weeks ‘2, S8, or 9 gave .'a H/FT"

70-90 uCi/ug, but the two

1/4. in

RV .
[ SR

bt

step was used to add 175 ug - ANS per 25 ul serum in- orl&ar to block =

binding*to TBG.’ However, as in several other RIAs for T3 (e.g., Lieblich

& Utiger, 1972 Sekadde et al., 1973), the ANS (magnesium salt, Eastman'

Kodak Rochester, NY, USA) was incorporated 1nto ‘another reagent. ‘In the'. '

titratlon expertments, ‘the ANS was inc‘orporated into the barbital buffer

/
hic_h was. uéd instead of standards or sample sera, in the subséquent

assa){s,

solution a‘dded to 25wl standard or - sample serum provided

.. 200 ug ANS, .,

(A

che ANS was incorporated into the tracer SOlulion. Thus, 50 ul-

“r



2.5 ‘RIA- FOR T3 (continued) -

"2.5.‘4 _ Preparatlon of Standards

Stock ﬁ,‘”standards.’ Stock solutions of- unlabelled ‘T3 were.prepared

tpillc_e'. during" this inve/stigation, both times following the method of

© (free .a'cid‘," Sigma) . was  dissolved tn- 80.mM sodium hydroxide nd

“The extinction

in'me'dia"tely diluted ten- fold in’ distilled water; the concentration 'wAas

- tested - spect‘rophotometrical]y Alexander & Jennings,' citing Gemmi)l

.(1955), s‘ated that absorbance of a lnig/ml /éolutlo“\h.e.. about
1.54 nmol/l), diLuted ten— fold in NaOH should( he 0. 7!d/ O 005 _(SD)

¥

coefficient, equal to the absorbance

\v/ided by the’

concentration (in mM), would equal. about 0. la65 :therefore, the concen—

' ,'TJ free serum.. ' Wdrking T3 st'andar'ds' were prepared by, diluting - sta'ck 3.

.

: than 1% of the initial radioactivity.

"'tration of .the stock T3 solutions (diluted ten— fold in NaOll) would equal
the absorbance divided by this extinction coefficicnt. " The tuo'
.preparations of stock T3 had absorbances’ of 0. 676 and 0. 675 .therefor:e. :

'both confained 1.45" mM T3. Aliquots of 1.0 ml were dispensed into rubes, .

covered, and _stored in an ultra low temperature freezer (betow -60 C)

until used..

.

~

srandard in’ T3 free sheep serum, TJ vas, absorbed from sheep serum using

"the methods ‘of Larsen (1972) and Hitsuma et al. (1972) On several

125

N occasions, I1)T3 was added to an ali/quot of sheep serum, pre-counted

En . in a gamma, counter, treated (i e., incubated with charcoal, centrifuged

three times, and . passed through a-Millipore filter to remove the fines)

and then - re—counted The final su\pprnatant uas found to contain less

I

[ “r

wOrking o] standards; A series of vorking solutions of ‘T3 standards

" were prepared ‘weekly. An'aliquot of stock solutlon was,thawed ,and
_veR y

diluted in: b?rbital buffer to 10 umol/l, and then serially diluted in-

' TJ free sheep serum to produce working T3 standards of 0.8, 1.0, 1. 2,
'1 4, 1. 6. 1. 8 and 2.0 nmol/l. These working T3 standards were stored at’ ’

2—8 (o} and used within one week.

- Alexander & Jemnings (1974). .To pr(_)duce. a.1.5 mnol/l solution,"L—lTJI'

‘a

Ve, T
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- —. o “use as a withln-run and between -run quallty concrol standard (las opposed
' to assaying several allquots of one llUF rat serum sample, as ‘was done in
e the RIA for ’l‘lo) Sera from eleven 27 wk old females wcrezcolleCted

October 1976 (using the procedure described for the cqllection of BUF

- rat ‘serum samples, except that these rats were bled between 1730 and".

©,2100 h), the sera were pooled prlor to the second centrlfugatlon, and
CC tbe 250 ul aliquots were stored at -20 C
- SN T 2.555 o o Assay Procedure : '

’ Each assay run Ucons1sted of a number of batches of samples and/or.,‘,

-, one’ batch of. standards, which were set up over the course of one day and

were - completed over “the course of the next day. The forllowlng protocol '
was, used’ for each batch, and was used in both the tltratlon experlments' '

.and in" the assay " of 'the rat serum samples, LP/3 tubes were

test . tube rack which had been modified ‘so as to enclose a cold water

e . bath ln an; outer jacket, a 'conmexclal cold-rack, the Kryoracls

tubes cold while the reagents were being: added (Sekadde et al., 1973)

v25_ul. Eppendorf pipet._ ‘In the titration experiments_, .as mentioned
_previously, ANS in-barbital buffer was. a‘dde'd 'lns"te'a(d"o'f standard or
A sample sexum. The followlng three steps were performed on the replicates

of half of the standards or. samples, and then, on the replicates of the

. — AT T A ey e e Sy L
e $ o e s n )

: ’ Ve
i ) v addition' T3 tracer solutlon was .added uslng a 50 ul. Hamllton repeaclng‘ .
: dispenser' T3 antiserum: (dﬂuted in barbltal buffer) was ‘added using a -

._\\":_ - K second 50 ul Hamilton dlspenser' and the tubes were vortex-mixed for'

.35 scc. When the last half of Lhe tubes had been ‘ser upy all of .th
Tl tubes - were capped ‘and transferred to another test tube rack. and~ the
Eﬁ\h lncubated at 2- -8 C for 2& h. Once A baLch had been put into

d

L Quality control standards. ~Sera Erom Sprague—l)awley raLs ‘were pooled to,‘"'

approporiately labelled in quadrupllcate and placed into; a cold rack (a'_'.
Kold-Holder, is now available from Isolab, Akron, OH USA) to keep the '
wlthout freez{ng the small volumes involved. WOrklng T3 standards’ (at’

-2-8 C) and quality control serum (freshly thawed), .or up to 10 serum

S samples (freshly thawed aliquots), vere added to the LP/3 tubes, using a

other half in_order to minimize ‘any’ differences due to ‘time of.

the refrigerator. another. bateh_ would be set up. A_fter the 24 h had "

. : * g
R

. (\,::_—._._w.-w.-r Lo

ke, .
d .
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passed the. batchlwas 'remo"ved' l‘rom _t—he refrigerator. rcturned t°"_9.
cold-rack s and ‘the caps. were: removcd. Well-mixed de:ttran charcoal slurry‘
"_was added to the replicates of half of'the samples, using a Cornwall
Pipettor set to deliver I 0 mi (the refilli_n.g accessory was’ removed'
because the\charcoal caused it to clog and -the hu'ffer' tended .to foam), -
"and without dclay the t_ube_s were vortex-mixed: for 3.5 seé each; ‘these .
two’ steps vere: .then _perf_ormcd'on' the second half of the bat‘ch All"'o.f
" “the tvubes vere then -incubated for a furrher 10 min at 28 c. Next, all
of :the ‘.tuhes m the batch_ weré spun for ]5 min ar -2-8 C-at maximum speed.

'(-'1006 2000 'x g, depending upon the number of tubes) in 'order to produce,

as rapidly as possihle', dextran—charcoal pellet containing the

'non-antibody-bound ("free") tracer and K supernatant containing anti-
. body—bound ("bound") tracer. The. next step was pcrformed on: Half of . the
.tubes in the batch and then. on- the other half ~again to reduce any“'
' . possible dlfferences .dué- reaction time: without delev; the

'supernatants were decanted Into a ‘second set of LP/3 ‘tubes. (which ha_'d

‘ -been eppropriately labellcd), each pair of tubes were tapped together to
try to get as much as possible “of the supernatnnt to’ drop into the'
-second tube. A Beckman Gamma 310 Radiation Counter was used to determine-
\the bound and free cpm, counting each .tube . for 1. min (greater than ’,

6000 cpm) Data fram the titration experiments were transformed into "/,.1'

bound values (i i.e., bound cpm divided by the total. of the bound ¢pm and

the free cpm, multiplied by 100), whereas the data in’ the assays were_

N transformed into B/B values (i.e., bound cpm at a" dose,. corrected forf

non specific cpm, divided by the mean of the bound cpm of the zero dose

replicates, also corrected for, non specific cpm) o ,',l.

_2.'5.6 R Titration of Antiserum and 'l‘racer

. Teratfon experiments were perEonned in . order o ‘derermine ‘the

S

optimum working dilutions of thé- antiscrum and the tracer. In the first .

experiment,. ass,ays were. run using 25 ul barbital buffer- .(containing.
50 ug . ANS), 50 ul antiserum vdilute'd to - 1/100, '-1/200', 17400, 17800.'
1/16(13 and 1/3200 in barbital buffer (without ANS), and 50 ul tracer .
.solution containing 10 -204.30, 40 50 or 100 pg 'l‘3 (200, 400, 600, 800,,

1000 or 2000 ng/1, respectiv,ely).in barbital buffer (without ANS). 1In a

—
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r‘ec'qnd experiment,"the 'anti_selru"m was '-dilut'.e_d. to 1/1000, !/2090_. 174000, ‘

1/8000 ~and 1/16000 and the tracer solutions gontained 25, 30, 50 and

100 pg T3 ber tube..- Céptlmur}h' working dilucioens ~were found to be'th'e ce
tracer “solution eonta"ining 25 pg/tubé and the »a‘ntl'serUm dliu,l:e_d It._o..

" 1/1000 (See Fi'g.'-7);lMitsuma et el (1972), m‘- compar'i‘son,- used 30 pg.-

Triomet ~ 125 per tuﬁe and Lheir ant{serum was diluted 1 to 2000. Subse-—

qquent.ly, the titration experiment vas pcrformcd using the tracer with
" the higher specific.activity_ (recall Suhsect {on 2.5.3), and the working

'..‘di.]uriens “determined before co,hf.inued' to .p oduce the ,stee'pest dose'—

résfaonse graphs '(‘a_nd .cher_ef.o_re".the great‘est"s'en"s{tiv'ity to differences
in_.: serum TJ concentré'txons')'»'THus, 't'he RIA for -serum_cotal T3 used
herein employed (1251)T3 diluted ‘to 500 ng/l.  in ‘barbital bu'ffer‘

(contalning 1 g/l ANS) and a ‘rabbit T3 entiserum di]uted to 1/1000 in
barbital buffer (described in SubsectionZ 5@

‘ 2.5.7' - ©. - - Validattion Expcriments- -

. D,ose—'responsé 'graphs. The dose—response data were analyzed in t:he same

' manner as 'was described for ‘the RIA for Té4: a Hew]ett~Packard G815A
programmable calculac%r was K used to perform i Bartle 's .rest for -
'homogene ity 6f the variances (lof the replicates. of the standards) and to :

" perform a family of regression analyses., . The coefficients of the

dose—response equation for each assay run were thereby determined and a

.Hewlett ~Packard 97 programable calculamr and Scandard Pac ‘card 'SD=03A

(for logarithmic curve— fitting) were used’ to ca]culate the mldrange and

_least detectable’ dose values for each dose response graph as _well as”’

. for dose-xnterpolation (see Subsection 2, . 3).

o
P

Recovery .exgerimenCS. " An aliquot of "a stock ™ solution was dituted in-

- T3-free . sheep serum to. produce three. recovery ‘standards ¢ 0.5',{ i_.'O, and’
1.5 nmo-ll.l. An assay ' was performed ‘using working T3 sta'ndgrds fo:
-'célibratidn and the recovery. standards 'as 'se_rdm samples , ) i‘nlo'rdeg to -
compnre " the wvalues which wére" i'nt'er:;;'ol ated wirh tnfse which . were"

expetted. -

‘ \ - ‘. ;\ I . -. o . .
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T3 ANTISERUM DILUTION-

" Fig. 7-A Ti tration experiments for tﬁe T3 assay. : It was apparent that.
. e

10 and 20 pg tracer/tube were 1nsuff1cient, and that the antiserum cou]d
"be d11uted more than 800 fo]d A second experiment was performed to

’estab]ish work1ng di]utions (see Fig. 7-B) .
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. d1fference between 25 and 30 pg: tracer/tube, and the steepest decHne .

' occured between 1000— and 2000 fo]d di]utwnd of the antiserum Dose- o
. fresponse graphs produced 1n subsequent experiments confirmed that
"working dﬂutions of 25 pg tracer/tube and ant1serum d11uted 1/1000 W N o A

produced satisfactor_y calibrat1on curves . L B
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_gpec'ifici‘t_x experimenta.' Severnl solutions: of T3 analogues {wp to

A
10 nmol/l) were assayed in order to’ measure percent cross- reaccivity

(Weeke & Orskov. 1975) of the T3 antiserum. The percent Cross- -react ivi ty

‘of each analogue was cnlculated by comparing the . doses (of- T3 with each

.'analogue) required to fnhibit. half of the binding of [rncer (1. i.e., from

the zero.dose, which was, .approximately .50'/..bound., to the dose which _
resulted in a % bound value of-: 251.) 13, ,'M,.M'l.'l‘ and DIT wore obtained‘,:, :

from Sigma; reyerse-TJ was obtained from ‘H,enning Ber‘lin CMBH, Berlin,.

FRG.

Within run variabilitz. A quality control sl‘andard (allquots of pooled

serum from $prague—Dawley rats) was assayed “in ten repllcates, over the.

. course. of a day s run, The', serum total T3 concentration for-'eac_h'v_'-’

) replicate was determined by dose— interpolation, and the rnean, ;tandard

- deviat ion and. coeff icient of - variat ion. were caleulated.

%

_Between—run variability. 'Aliquots of the quality c'ontrol standard u’ere

assay\ed in.. quadruplicar.e. each day on which samples were run. The serum,-

total T3 concentrat ions were interpolat;ed from each day s dose response'

‘graph .an.d" the overal] mean, standard deviation and coefficient of

: ,variar.ion were cnlculaced.

Comparison wi th an independent as:;ay. The T assay which“uas developed

“in this investigation was compared with a comercial assay kit that came -
on' the markec in" 1977 (the T3RIA (PEG) Dlagnostic. Kit from Abbott

"“Laboratories). Nineteen BUF rat serum samples: (which had been assaye'd

earlier) were assayed using this kit, and the two values for cach sampl e’

‘were compared using Tinear regression analysis. oo

Ves oL T R LV SRR
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Sa. o T RESULTS
PO 9% U . BODY WEIGHTS .

3 l l VR -~ . “Varfation

Body welght ls an lndlcator of the general well-—belng of an anlmal. __

the data from the BUF rat colony is lllustrnted in Fig. . B

Regarding the - meles firse, there are' several points to note.'
'Generally, hey galned welght progresslvely between the ages of 8 and

52 wk although the b(ody welghts varied greatly wlthln each age. At

several of ‘the ages, there were a feuw values whlch were dlstmctly lower
then the others of that age; usually the-;e were . either serlal

measurements from the same rats ( E" male #5‘0 welghed less than- 300 g

) at each of the six ages from 20 to -40 wk), or else they were the- last
-"values ohtalned from those partlcu]ar animals (whlch suggestq that those
rats . ~may: have died within the next foUr weeks). However, in- regard to_
. three very\ low values (le;s than 200 g at 12. wk of age) the;se rats'hnd
_been weighed together on the same day, and when re-welghed two ueeks
'later they all welghed between 1300." and 350 g (l.e., in the expected

'range), this suggests that _the values at .12 wk may be incorrect.

Regarding the vtrgln female BUF rats (Flg. 8), the mean weights

declined . slightly at the older ages. and when the ser{al data_were
examin.ed, moreover , e progressive uelght loss: was - evldent in a few of .

‘the animals. Ie has been previously reported that vlrgln female rats. as

they age, Erequently go . lnto a state’ of constant estrus (Clemens &

; Meltes, 1971) and they are therefore .much smaller \.han males or breeder

A

females. o - R

In addition‘, the variablllty of the body we1ghts mthln each age

~was' generally much smaller for the vlrgln females than for the males,
_and fewer of the velues vere notlceably hlgber or. lower than those of
the rest of the en‘lmals within each. partlc_ular age. - '

Thus, a ;feel"'devlantl" males appeared ‘to’ contribute a lar'ge"amount'

of va’rlat%n in. the we'lghts of_the‘ 'ma‘l.es... whereas the‘vlrgln" females:

tended to have, hody wei'ght’s-whleh vere less 'variable as well as lower. .

Some of the: virgin females lost welght at/the older .ages, but it is not

posslble to determlne ‘whether, such weight loss was due. to a state ol’

»

constant estrus, maintenance condltlons (see Subsect(non 2. 1.2 regard(ng

SAbe et
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just over 14% (20 out of Lhe 140 rat:s in Lhe colony)

tcmpcrature nnd humld1 ty), non< Lhyroxdal dlscnse (scc Guhqecr[on 13 1

' regardIng susceptlbll i cy io ’ ,myocnrditls.. ‘otitls - mgdm : ;md hronchiec-

tasls), or LherIdltls..

B 3.1.2 o o " Variation with Age

Linear regressuon ana[yses were porfomcd on rhe data for rhe BUF

".,rat body wexghcs.' the body welghcs for .each sex were’ found e be

obtained when blcedlng malcs, and r —0 337 (P< o. 00!) for 241 values:

from vi rpin females.

These two_ correlntlon coeff icients - were compared Using the-

2= transformac ion and the approprlate two -tailed t rest,’ and body weight

. . /-
versus agey was found to "exhibyt .a. slgntflcant, Asexua__l__ ~variation :
(P €0.05) SERCIREEL N e
3.2 S HISTOPATHOLOGY N

Thyrold speclmens from t:wem:y of Lhe xats’ in the BUF colony vere

exnmined {see Subsectlon 2.2.3 and Seccton 2. 3), thc/slxdes vere coded

. to hide the 1dentity of the  rats durlng this exammatxon The majority
v.'of ihe thyroids. exhibucd lymphocyt(c inﬁ-nltratlon. In. some cases the/
':inflltraclon did not occur in both - 1obes, or in cach of the three levels
'examlned, and che excent of losi of follfcular architecture ,(&, the '
_severxty) varied “bue . nonetheless E\h-yrélqlitls.COnld. .bc dlégnoséd ';in

'—Z'anlmals in  the "BUF, rat colony, Fig.~9 i1lust caces rhe',tl}‘yi‘oidltis

ohserved. Ce
It must be reca lled that all of' the specimens, excapt those frOm

animals 52 wk of age or- older, were obtained from. arnmnls whlch were

_\fqunAd. sh;)rtly .,a'fter they had dled; ths would blas r.he qampllng in
favour 'of‘di'seased rats, but thls does not nccessnrily mcan . that the

'dlse'ase vas thyroidfns. The m{nimum Value for. the inc'dence of "

th'yrbidf‘t'ls in the BUF colony can ho calculared by assuming that The

]
sampling provxded only, and cvcry, cnse of lhyroldl‘hs in the colony- o

i e L - 60

;-

- ,."poslt‘vely correlated wlth age: ; = 0,495 (P< 0. 001) for' 217 'alués,'/' o

.' '
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Fig. 9-A. Histopathology of the BUF rat thyroid. Note that this lobe
is much Targer than the normal one shown in Fig. 1, and that most of the
follicular architecture has been obliterated. There is a diffuse infil-

tration of round cells (see Fig. 9-B).

.
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Fig. 9-B. Histopathology of the BUF rat thyroid (continued). Infiltra-

ting cells were recognizable as lymphocytes.
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A VALIDATION OF THE. RADIOIMMUNOASSAYS o ’
330 .- o 'o .0 RIA for Th. P

-

_'Dose-response grephs. Dose -response;, data for the serum total Tlo RIA |

1

- were analyzed as described in Subsection 2. lo 33 a typical graph is shown .

in Hg. 10 BUF rat Serum, samples were -assayed in six runs; the” features

of the,dose—response,graphs (me.a" b SD) were.,as follows.

————— —at .

B/By-= A+ R log DOSE . (in nmol/1) .

K = 1.516 X 0,043 ‘ | .
- B o =-0.218 Lo0.007, - .
. . MIDRANGE .= 105.1.2°7.5 nmol/l. S
. o . : _ . P o [
" .. LEAST DETECTABLE DOSE = 11.6 = 1.1 nmol/l. B ,
- . . - . . N ’ . ,-‘n.

e - A}
i

'v(‘mthin run variabllil Fach of the “eight batches of samples assayed

- one afternoon included an aliquot of one: BUF rat serum sample, and the
:-eight T4 "concentrat ions were interpolated from. that day s dose-response

graph. The ‘mean and SD of these values-were 66.1 % 7. 3 nmol/l"

P

Sl oo

"therefore, the within-run variabllity was 11 17..

° h . . t‘. ‘: ! ‘ g . // !
o . . . . . B .

s . -

>,"‘ Between- -run variability. -‘Each ~ of\'the three s'ubsequent runs also

1ncluded an altquot of the "above: sample,_the mean and SD of the four. T4
o va%ues were 69, 9 Z10.1: nmol/1, giving a between-run variabill\ty of‘. .
16.5% for the RIA for T4 T o S BN

o N o N
33,20 . - RIA for T3 S

Dose-resPonse gLraphs.A Dose—response data from the serum total T3 RIA

were analyzed as désc/ribedQAn Subsection '2.5.7; a typical ‘dose- response N
graph is illustrated in Fig Tll. The BUF rat serum sanl%les were assayed |

‘1n six . runs over -a tuo\ueek period (us{ng a different set of working T3

4standards each ueek), the six dose response graphs had the following

features (mean - SD) Lo L : ‘3" : Yoo
o 4' 4 _.B/l_% =A+ B log“ 'DOSE" (ln nmol'/Tl-)' o
o AL v 2l 0.637 2 0.029 B
e - B = -0.263 0,013 ’
¢ -.Q_f: MIDRANGE = 1.77 £0.19 amol/1",

LEAST DETFCTABLE DOSE = .0.26 % 0.05.pmol /1.

a N [ .
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3.3 VALIDATION OF THR RADIQIMMUNOASSAY% (cont inued) . 66

' Rccovery cxperimcnt. For the 0. 5 1. 0 and 1.5 nmol /| .}jécovory. 'st.nndhrdé '

(assayed in quadruplicmo' see’ Gubqectinn 2.5. 7), .;‘he":‘.'recovnies.wgté

'91.0%, 101.3% and 98. 4%, respeccively. N S,

S'pecificit'y' experiment v '(S.ee Fig. 12) The h‘ighesit % cross—reac‘tiv.ity :

g (Eh'e dose of analo'gue, compax"ed to the dosé"'of.' T3, required to inhibit
'one—half of the binding of of the- tracer) which. 'was found (0.28%, For

T4) was not QOnSXdEch‘tO significantly affect the _RIA for T3.

: __‘:~.\).:"'<(.- ot “'"‘5'-45‘5 g

b
Withxn—run vanabthtz "]‘en rephcntos of a qualxty COnrrol _standard- - ? :
(pooled serum. from ‘%prague Dawley : rats) :rwere af.sayed during a -- i
N ' prehmlnary exx&eriment. The - me'm (- SI)) of ninc T3 values (one ‘tube ‘
, broke) was ‘1. 11 - 0 100 nmol/l thus, . rhe coefficfent of. variatton was j
. S = - X . - S |
o Between—run vardabilitz. A qua]ity control standard 'was run, in .
- andruphcate,f each of the six days on which BIJF rat serum samples Were
' assayed the serum totnl ’I‘3 conccntraHon averngcd 1 01 = o. 100 nmol/l,
hence. variation was - -9, 8/,. \ ' :
. . ’ = : .
. Comparison wn:h an independent assay. "Nineteen BUF rat samples (evenly e .
/ ’ i
. .distributed. between 0.50 and. 1. 50 nmol/l) were re-assayed using Abboct ;
o " Laborataries! T3RIA . (PEG) Diagnoscic Kit, valucs from the two .assays L
were significantly correlated (r = 0 61. P.< 0 01) ! ' - W
. . i S . i
- : ’ :‘ - ’
R | - -
e A o . .
. o I T ' - . \ o ) o
R . | . =
. .\ . T, e - ) '
; l ’ > RS
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Fig 12, iSbééificity 6T!the asSay for serun T3. ' ihé'percent‘crossF

reactivity with T4 was 0.26%; 1.e., the inhibiting dose (which reducedf

binding by one -half) of T3 was- 0 26% of . the inhibiting dose of T4
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3.4 -7 ° DIURNAL VARTATION OF T4 (IN SPRAGUE-DAWLEY RATS)

. i-..

obtained when six groups ‘of. four 2& 28 wk old ‘Iprague Dawley ma]e rats

" sera’ were subqequently assnyed (m a rnndomized ‘order). In genornl, the

T TH levels appeared to cycle —- when the Iights were on, the levels rose,'

"s.fgnificance‘ of this variatlion. (e.g‘ : 5inusoida.1 rer,reqsmn) was, not

-analyzed : B'ctween 1000 . and 1300 h, when BUF rars were |rourme|y bied
|

the T4 concentrationq m the Sprnguel-i)nwley rats rose ahout 15’I/n (from

about 68 nmol/) to about 78 nmol/i)

W1th these results, plus a paper which was pubiished in'- the

o meantime (Fukuda et al., 1975), it was deemed to not-bo necessary to

assay the T3 Ievels in these samples; diurnal. variations hotween 1000_'

dnd 1300 h would not be expected to significantly affect. the BUF rat.

. samples.. -

R A . . “ ,
fos

] S e . SERUM TOTAL' T4 CONCENTRAT TONS

Fig. 14 s“ows the T4. concentratlons in samples from 44 of the malcs.'

and 36 of the virgin femnles in the colony of BUF rats; on nverage, T4

.was assessed at three apes per ammal, although some {ats were evaluated .

Sat up to nine of the twelve ages. T4 has’ ‘heen reported to decline wlth
'1ncreasing age in ‘rats (sce- Subsection 1.1, 5), thuq, the gener i‘ trend

in the | BOF' -rats was as expected Within most .of .the ages, however, the

particular]y due to only a few of the rats; for instance, one of - the

males was evaluated at flve - -ages, and‘-each of 1ts T4 concentrations was

the lowest va lue within the ape (see also Gections 3. 1,3.9" and’ Fig. 23)
-Tlf leve]s An the virgin females tende_d'lto'rise. in the younger

animals', with a peak at ‘24 wk and tbéegfter deciifned gradual (at

approximately 'the same rate as in the males) " The T4 oncent tions.

within each age were generally Tower - in the vi/rgin females than in ‘the

males, however, a two-tailed 't test for each age'(preceded by the

' “ . Emhl tesc for equalicy of vnrmnces) showed ‘that the (Hfferences were
signlficant’ (P < 0 05) ‘at only five of the twelve ages (sce Fig. 15)
. 4 [N A @ > ~ h

. 68
i'-‘.lg'.‘ 13 ;ii]'ustraroq the serum total Th c'oncomrnti'onq‘which were

were sacrificed, nf‘ four hour inrervals, and - nliquorq of- the resulting.

alnd when _the' lights were ‘off the levels declined -- but.the

variation was’ large. In the males, r.he large vanatlon hppeared to be

A et R

~
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. SERUM ‘TOTAL' T4 CONCENTRATION

B . . A LIGHTS N -,W/f////// ‘_
o O .. 0800 1200 © 1600 . 2000° © 0000 0400 - . .o
Cuoit ol T T TIMEOF DAY () T

“, .

}t- , "L . L ﬁFfét 13 Diurnal var1at10n of serum T4 in Sprague Daw]ey rats 'Each 24-"_"‘

°';f}'j R '~:28 wk o]d male was, anaesthetized with ether and decapitated to provide a :'

”sample of trunk- blood for assay by the T4RIA (PEG) D1agnost1c K1t ‘The' :‘L

- f‘ffi .‘ 5ftaverage T4 1eve1 rose from. about 68 nmol/l to abOut 78 nmol/l (15%)
RS between 1000 and 1300 h., A d1urna1 rhythm was apparent '
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- Fig '15 T4 1n males versus v1r91n fema1es For each age, “thé c1osed
 dircle (o) is’ the mean of the ma]es. the open circle (o) 1s the mean of.- -
" the virgin fema1es, and the vert1ca1 bars are t 2 SE. rhe arrows 1nd1-.:.-"

" cate the' ages at which the differences between BUF ma]es ‘and v1rgin :5

fema1es were significant short arrows for P < 0 05 a long arrow for\

P< 0 001.
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hlZ, 16 36 and 48 wk The first three ages were rhqqo when ‘the values of
g che females nppenrcd to he risunp ‘towards  those pf,lhc mn]es. Thq T4
data -is analyzéd' further, with respect to T3, ape and  weight, in
Sect\ons 3.7 through 3.9. T ; ‘ : . "

Comparing T& values from BUF and Sprngue—anley rats, the mean & SDh

of rhe 4 concentracions obcained from twen[y 24, wk old male BUF ‘rats -

(64 4= 12 0 nmol /1) ‘was slightly lower, but: not qlgnlflcanrly different

12

from the values obtained from the four 24-28 wk old Sprague~Dawlcy ma]es,

rats were: roucinely bled belween 1000 and. 1300 h.

3.6, " . SERUM TOTAL ™ CONCENTRATIONS _

Fig. 16 shows the T3 concentrations ln samples from 34 male and 30

vxrgin female BUF rats,'with an average of 4 _ages per rat. 1t has been .

previously reportcd (in humans at Teaqr) that T3 levols tend po decline

_s1m11ar trend (although the mcan T3 values for-each sex were relatively
‘constant from, 8 wk. unLil nbour 28 wk) The variability wah{n each age
was very large. for 48" wk old mn]es, the most exlreme exnﬁp]e, the‘

‘coefficient of varlnriOn was more thnn 50/.

':Fmak and t tests were used to compare the males w1rh the virgin

; femnles within each age (excludxng 20 wk for which there were no values‘

from virgin females). Alchough the means of "the T3 concentrarions were

conststently hxgher in  the v1rp1n females than '1n the corresponding-

males (see Fig. - 17), the dlfferenccs wvere signlficnnt (P < 05 05) at only

two of the eleven ages (40 and 44 wk) Further "analyses 1nyolv[ng the T3

data are presented in the following three sections. = .

.

T '\|
Crels

' .which had been bled at 1200 h (68.8 % 20.6 nriol /1); recall th-n the BUF

- with’ increasing age, and in general the data from the. BUF rats showed a

l.fizi .
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circle (@) 1s the mean of the ma]es. the open circle (o) is the mean of“5e"'"

P < 0. 01 N N

Fig. 17. T3 in males versus virgin-females.

—

~ 8 12 15 zo 24 28 3 36 40 44 48 52
' . AGE . (wk) ’

the v1r91n females, and the vertica1'bar5| are + 2 SE

PRE

For each age. the closed

The arrows 1nd1-\' ‘
'Q cate the ages at which the d1fferences between BUF males and v1r91n

“fémaTes were significant a short arrow for- P < Q. 05 a 1ong arrow for .

LS




7 . R P g ':Tl
g / A IR -
- A ' e’ . ’ . B i
) 3.7 “+ 'RELATIONSITPS BETWEEN. T4 AND T3 ./ % AR I
’ R 7 t . " T4 versus T3 " - s B
’r ' Tlo and T3 concen:mtions were - b{:t.h obr.aincd in 78 snmplcs fro ‘25-’ -
v _ of" the male’ BUF rats and . - 82 samplcs from 26 virgin femalcs., Linéar R
regression analysis was performcd (see Fig. 18), and po'sig;_ive_co.rrela-l .
o T t!ons hetween T4 and T3 were exhibited by ench sex:‘" r = 0,503 (P » . _l ]
; g < 9, 001) for Lhc mnlc/s nnd> r= 0, 602 (P <-0.001) for the vnrgin [cmales.'.". o - ‘
4o . 74473 Rat tos o R
. L ’M/T3 rar.ios were also calculated for the nbovo samples . (sce Fig. - b .
' 19)., Ne)ther scx exhiblted signiﬁcant variation of T4/’I‘3 ratios wlth."' RSN
_ § " ape (p > 0 05) The. values from che mnles were compnrod ‘with r.hose “from’ ",
’ ' 'Lhe i’ rgln femalcs, using (rwo tests of’ slgni[icancc lhc Mann—Whlc-ney Uz E'f
. .test, performed with a llewlett—l’ackard 981 5A programnb]e cnlculamr and IR A
o ' prc recorded tnpc carlridgc Statistic% Volume 3 (Non—Parametr{c Analy— R
\_. ' ; sis, part no.., 0981’5 15020, rev. . A). and the t Lesl. tho d{fferences - . ,' 1.
| _ 'betwecn l'hc sexes -were q{gnlficnnt (P < Q 001) usinp both tests. The * - S ,:.'
' ‘ . ,TAITJ rat tos nvcraged 72 52 20 0 (-GD) t‘or the mnlcs and’ 52 9 * 12.4 ‘. - J
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.Fig. 19. TS ratios‘. . Serum ’l'4 and T3 concentrat1ons were both
obtamed for 78 sampIes from 25 ma'le BUF rats and for 82 samples from

L 26 virgin females.
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Y 3.8 RE!ATIONSHIPS BETWFFN uommnr concrnmﬂom AGE ANI) WEIGHT S 4
Table 2 shows the resulcs of linear regrcss;on nnd partinl correln.- :

r.lon annlyses'involving T4 or 'I‘3 and nge and/or body weight' Lhese

. SR . _" analyses were performed using subrout:ines in the’ St'ltibl.icni Package for -

the Social Scicnces,.SPS‘-) (Iiie et al.,,1975) T,

-4

' . LR ®

3.8.1. . " L Varintlon wilh Agc 'z;'
' In each sex,, T& ind "i‘3 1evels declined as age increaSed (Fig. 20_

P T N

and 21) For'both hormones, the. differeuces berwccn malcs and virgin-

females were rot significant (comparing Lhe regrcssion cnefficients, )

using the z- transformation ’gnd a. cuo—cai]cd ¢ cest). Moreover, when the -
L data for boLh sexes, weére combined both hormones apain showed nega:t: -ive"

.. corre lations with age (data not shown)

. R o . For the purpose of comparing this dara with Kieffer ét al (1978),' o T ;
1' KN ’ Lo che Tlo values from ages greater than 24 wk were exchided (BO“L of the BUF" '
: rnts _uscd in Kieffcr et al. were ber.ween 2 and 6 months af .1gc)

K ) . Recalling r.hat: the T4, vn]ues from manles and from virpin fc-males warc',
significantly different aL 8, 12 and 16 wk (See Fig. 15){ it is not
J B surprislng that - the. comb ined data @'d ot exhlblt ?a signifi.canr. 3 U .,.
'. variation with age (P> 0. 05), whereas t:he data for each"scx, separate-- .

ly, did (P < 0. 001 t’or each seic) T3 data forche ages of B t:o 24 wk did':

- '-.nqt shou a significant corre]a(ion with age, uherher th?e sexes werc

separated or combined. - ’ Lo o Lo L o

" 3. 8 2 . '_ : Vnriation with Agc, Contro]ling\for Weiphr e o

s ) Scrum Tlo and 'I.'L lcvels rose aﬁ body weight incrcnqed although thcA

° ~ .- correlation coe[fi.cient was signifu:nnr. only in the ‘males (qee Table 2). L '

. Part_ial correlation analysis was emplofed to controi Eor this e[Eect, of'.'. :

i L . welght, in. order o, further investiahte the relationships betueen age o

E s T - \ L Ty
¢ N .l. : . .. L )

o . "__"' and bormone concenttations. N T e T PRI
N ST . -As sho&m in Table 2, % mal'bs, the correlqc ion, coeff{cient for each D
\ . honnone was greatly increased by controlling for thc ct'fect: of weight.'

o '. whereas in virgin females thcre uas Ht.tle change ln ¢th€ n va\ue gas,‘ K

\ would 'be expected, since ueight did.not hnve a significant correlation'_




~Table 2.

T4 versus AGE

©orat datd N e

Linear reér,es_sib\n and partial CO'rrélatii_)'ﬁ ana!y'se;'of‘ the B_U‘F_

79

AN

L L] ------—----------------------‘—------——_—--—-_---——-------—-

T4 versus AGE_,' o -
~ CONTROLLING FOR VE’IGHT o

“t " LY .
- )’ 4:;_)ez-aua' WEIGHT B

-4 .versue WEIGHT, . ’

CONTROLLING FOR AGE

:;"1'3‘-veraua AGE -

73 versus AGE

‘comor,z,ma FOR HEIGHT

. fra:'versu:g ;usm.m' |

3 vereus WEIGHT, . ' -
'CQNTEOLL'.I"H(F, MR‘ AGE o

- o

0.264 - 0.

. 0.508
Va M

0 251'

0. 547;_

0.005

0.001

a3
,139 .’: .

16

113

111

. o=

112
i

“

20,485 -

NN

0,059

_-0i283*0.001° 135

-0.308
0.021
O . T x . * . " .
‘0129 kST - 128f
| 0.417 0,001 123
£0.001 - 121"
NS 1220

.01 121

0.234. |

AN

0.001 128 SRR

N *“" ’ .,'.
NS 131

" *'N§ = not §gnificant (P > 0.05)
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o L - L 82
_3..81.3: y . "'k Varleltlon with Welght, \(Ilont rol'llng for. Age - . .l N
: Partlnol correl.‘Ylon analyqls was ngnln ~0mplnyod' -- this tl'me.
\ ' ‘controlllng for the effect of age .’ — in order to exnmlne (he relarlon--.

shlps between body weig,ht and T4 - or T3 concenrratlonq (seo T.nble 2) In

!

-males, the correlation cocfflclents for T4 and for T3 wlth welght werc.

‘npproximately douhled just - by controlling for the coumeractlng effect

of age. In . virgin fomales, too, the correlntlon fcoolllcisntq were

SClll

ot signlflcénﬂy relaCed to body welph+s (P> 0.05) 1l.'ter

et of" age ‘was "partialled oqt"
N ] N
‘ R N ] o SFRIAL SAPLES - -
e '?ig.ll22 shows, (or ‘M the variutions with np,e for onch rat chat
i . o /.I'was eValuated at more than one age, due to the - cgmplexxty of th!S data,

":Changes usually reversed Lhemselves Lhe following month, ‘this cannot be

_whose sample forjm mext month has not’ beon assaycd
o For each 563

L / the . "normal range" (defined as the cnlculatnd regmesxon llne A 2 SE of

o L | facl._ that che Varintlon of T3 with body wolpht nchcwccl 'a Yevél 'of:

and the data' f.or T3 the Inatural hlstovues of a.few ammnls that are

‘1arge.and sudden_ changes wlthout any anparent trend Although such-‘

---'the cst:mate- thls is what /one would expect 'statiqtlcally (— 2 SE of the )

"estimate approxlmates the. 957. confldence Amics). Or%’ly one rnt (ma]e‘.

T k"-._#S.lo; see’ Secclon 3. 1) contrlbuted more chan one "deviant" value, lt had'

° T4 concentratioh;. below Lhe normal range at 20 and 24 wk éﬁd values-

T e above the- borderllne at’ 2.8, 32.and 36 vk (these were all’ of t_he,-

v Ct ,".ages for, which thét pnrticular rat had been evalumed) Although there

were ‘a few rats Ehat showed steep drops. dying l)ofore “the: next month :

v 3 'J-._‘»..suggestlve of thyroldltis. : o ,

.- there’ . wag no rat whlch could be reeognized as h1v1np, hypothyroidISm'

L - 'greatly increased by controlllng for t‘ne effectq of ap,e, 50 much so,‘in'_ _

oo sign/_,_],_g ce’ (P< 0. 01) llowever,NTllrconcentratuzns in vlrgln femaleq'.."

representative are shown m Fl“g. 23. lﬁ appeared to be norma} for tl‘le -

hormone concentrat mns to, vary greatly fr om month to month, showing both .~

conflrmed for those rar.5|which were elther not bled the next month or .

nd honnone, less thnn <% of che vnlues lny outslde of .
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R ' weight ratios could not so casily. be d‘5°°““ted’

8S

' 3.10 oy SUPPLENENTARY anmvs B

. Th(s~ section deals wlch ‘the data obcatned from BUF rals which were

. .sacrificed within one. week after arr(vtnm ,S!\monsren Laboracortes,:
* Gilroy, CA, USA. . ' B '

J . . . oo, e o -
® 3

_ 3.10.1 Thyroid/BodLWeight Ratios « A .
. - . Fig. 24 shows the Lhyrc{ld/body welght ratios of 280 rats (20 males

e,

--hhd 20 females in each age group);. note that there arc odd age!'i (e, g
~15. wk) and 20 female retired breeders (about 11 months old), 4-5 of’ the
e
rats had veryx - markedly hlgh values, indicative of goitre. Although

- "deviants Tlo and T3 values could perhaps be attributed Lo‘ ors -¢f

' 3 o technique (e R+, radioimunoassays are excremefy sensltlve to . inaccurn-—‘f-:

cles 1n ptpetcing microlltre volumes). these unusually h{gh thyrotd/body '

Examples of a normal thy_l'o_id and . an--unusually “heavy one are

de.pictqg.tn Figs 25.

3.10.2 : o Spleen/Body Welghc Ratios

Fig 26 shows r.he spleenlbody welght ratios of the"'same. raté.
"neviant" values, Indicatlve of splenic enlargemenc as mlght accompany a
large {ncrease tn imune actlvity. were scarce; moreover, the incidencep.

‘ was not related wfth ”deviant" thyroid/body weighc ratios'. . Thus, the few

.animals uith enlarged spleens may have ‘had some non-thyroidal disease,

such as btonchiectasis (which is. believed to be due to an 1nfection)

& - . Lo 4 2
) . . . (. Lo

v
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‘ ‘.Fig 24 Thyroid/body weight ratios of - the supp1ementary BUF rats. The L L
thyroids were fixed (in phosphate buffered foma11n) before they wereA _ B \
we*lghed As was shown 1n Fig 4 g&he %iof the rqts d{d npt foHow - . .
the four—week Tntervals Note that the ra los dn the females d1d not. '
g‘ ’ . .
.dec]‘lne w‘ith age as nét‘iceably as 1n the males ‘moreover, the fema'les- SR A

AR exh'lbfted markedl_y "deviant" va]ues (espec1a11y the retired breeder-s)
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R 1 S R Variétion due to Sex -+ '

’1‘14.‘- The present study confirmed a recent finding (Kidffer et al.. 1978)
that untreated female' BUF rats had slip,htly lower lcvels Jof- Th t'ﬁan did

the males; /the virgin females’ generally ‘had lower- levels than the males,

and indeed, at -5 of the 12 ages tested herein, the virgin females had an

average serum- totai T4 concentration that was significantly lower than .

that of the rnales. o - I s

@,

T3. Serum total T3. concentrations were also measured'i'n thiq inVestigé-‘-
'tion, there uere “no previous reports of T3 levels in the BUF ‘rat. Virgin

.1

females. tended to have higher 1evels of ’1‘3 than did the males.

Llo/‘_l‘_il .ratio. In _an'imals of each sex, T4 "and’ Td concentrations were.

correlated'- and"i‘lo'/TS ratios were significantly lower in the' virgi,n

.
. :

females than in the’ males. : )

The observed differences between males and- virgin females, with
'regard to thyroid funttion,- appear .to be a reflection of sexual
variation in th'yroid ,function itself rather than a° result of sexual
variation .i.n' l{he . incidence“ ‘or severity of spontancous autoimmune
‘Ithyroiditis i "BUF -rats.. iwb previous studies (Rabp’-& Pyun, 1974;
o Fukuda et al., 1975), on rats of other strains, have indicated that the

decrease of TQ and the increase of T3 in. females (;elative to males)
appear to - ‘be normal aspects ‘of thyroid function (the differences in T4.

and T3 levels are/ apparently regulated by differences in TSH leveis‘

-

(Fukuda et al., 1975) although it is not- known why the thyrotrophs in ¢

the pituitary would be "set' at different 1evels in” 'Fﬁales and females)

. vooe
‘ . .
/

4 1 2 o T Variation due to Age - -

T4 In contrast to the edrlier finding that . BUF rats did not exhibit a

P-significant variation.of 'M glth ape (Kieffer eL al., 1978) th'is

»

investigation has found that “the.: decline of ‘T4 with: age was significant _

. in éach’ sex (with no significant differonce between’ the  two sexes). This ~

discrepancy appears to be due to the fact that the previous srudy pooled
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41 'nwnmn FUN(‘TlON (continued) T e 91,

- 'the data for both sexes, rhe sexual v.‘lrlations which exist, aL some ’ ages.

could cause °the pooled data to give the appearance ‘of not varying with

,age, as was shown when the comparable data in thls sludy was pooled and _'
re-analyzed (see Subsection 3.8.1).. Aslde from providing nev inf&rmation'
about the variation with age, this serVeq to stress the’ importance, when

looking at. such experimcntal subjects .as ‘BUF’ rats. of nllowing t'or'

’

. variation due to sex by anal)lzing the sexes separately. t VR -

"‘I‘J. The deeline ‘of 'l'3 was significant in each sex. as with Té&, there

was no. sigmf:cant difference between - the decline dn m'nleq and in virgin
N . . ) ) \L

‘_female.s R L e

-

":Tlo/TS ratio. " In view of the evidence tliat T4 “and TJ-levéls’ vary. ‘wit.h

age, e, must be emphasized that fhe T&/Tll rntios for each sex did .not

vary sigmficantly Between 8 and "’ 52 wk of age.

e . . . A

4.1.3- . Vati.arion due to Body Weight = = . o

I {& was‘ evident from ghe present study that, hody weight was also an

important factor in thyroid hormone levels (especially with TG/) It is

" not known why the hormone levels would rise with increasing body ueight, -
although it may. be suggested that the increased bulk might require a’ L
'proportionately higher concerﬂ;ration of the’ thyroid hormones in order to

'maintain.the ‘same level _of metabolic activ’ity,\ reeall al’so,_the

relationships ‘that. have ,been found in . asSoéiation with acute weight gain

'and references cited therein)

4.1.4 ce "' . Diurnal Variations e ok

"'tats. /Although BUF rats were not, tested the resultS'suggest that

. in T4 levels {both in, these BUF rets, an‘d in’ racs in gen_erz_xl)._

(ors loss); which may, however, depend upon some other mechanism(s) (see

' Sub's'ect‘ion 1.1.5 -regerding variation with diet, and Bray et al., 1976

el "‘\. . .
S

’ .

\_ . " -

. . ’ .
A diurnal varintion was obscrved in the Tlo leVels of Qprague Davler

rats rested in this investigation: there were no previous reports in the |

literature regarding diurnal - variations in either '1‘6 or T3 levels in"

‘diurnal ‘varfation may be a normal contributor Lo the varint ion observed -
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462 . * " SPONTANEOUS Al/TOIMMUNE TAYROTDITIS

4,1.5 ; ST - Ugorf\yroidism

It was prcviously sugp,ested (Kleffer et al » 1978)‘ rhnt a de form/'

-of hypothy_x_o&dism was wide pread in- BUF rat s, based o‘n- the reduced
.levels of T4 when compnred {th rats of another strnin (Kleffer et al.,

19763 The finding must be #yviewcd wlth caution. the vq,lues from BUF rats

\females were found to hnve h(gher levels ‘of Ttu t.hnn did the mnlcs (which
contrasts. .w‘lt-h ‘the relacionship reported in other{r&‘?ains;” see
0

Subsectlon 1.1.5). ,Horeover,_the preéent invcsrlgat{on und gencrally"

mgher,levels in BUF rats, than dié Kieffer er al, (1978), and the T4

dlfferent from those of a similar group ‘of Sprague Dawley mnles. Lo

A s

b2, 1 o " "A Model For Hashimoto s Thyroid‘ltis o A /“"

j_\'dlsease for .at/.' least' two reasdns.' Firstly, the incidence .can . be
relat ively high —-' about’ 0.1% . in females older than 40 years . Advances,. ,

in diagpo!;is. treatment, or especially, prevention would. allevlate much.

" upon researchv atmed at 'understanding the underlylng hases of th'ei,

*yere - only compared wirh those from. outbred CI rats. animals in which thc '

‘levels 15. 24 wk old BUF males were shown to ‘mot be signlflcantly

. The need for a model. Hashimoto ' s th_ytoidttis Is a sign{ficant human

phys{cal psychological and - financial disqomfort, such_advances depend,'

333
o)

dlse;a_se. “This brlngs in ‘the" Becond,‘reason,' namely thar Hashimoc0 s.

which 'the body S5 inmune system has somehow been re- direr_;ted to act
against a norma.l const_ﬂ;pent.. ?As spch. vundersr.and'ing' "Hashimoto's -

thyroiditis could perhaps  unlock the - secrets of -many other autc';irrtﬁun‘é--_'

, . s L, ) -

diseases.. . | ) o

'th‘yr-oi,dit't's is believed to be :m example of an - autoinmune disease, in. .-

One posslble avenue of #nvestigation has involved the characteriza—:

.tion of imnune_ recognltfan and respOnsivepess in pat_ients with auto-

'i.n'mu.ne thyroiditi:s ‘Alt’,e'rnativély, lnve'stigat_br's. have ‘soug'ht to eluc_l-f

onset, severlty. egc) Genetic markers have: been used in arLempts to
\ .

B assoc iate disease susceptibility with-a variety of geno-— or haplotypes._

- Ty

’ ‘1‘!’ e ., R T
. ﬁbﬂﬂb’&m‘-’»n»_ . .

. ,-dhte'.' the genetics of . suscepcibi lity (in terl'ns' ' 6f incidcnce,: age “of’ b
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4, epouw\nrous 'AUTOTMMUNE THYROTDITIS

(contlnuc(l)“ R 93,

Clearly therelare Hmicatlons on

clinlcal setting, bgch moral and physlcal e.g., human. gonemrion time.

is prohlbl;\? long, und ean only - be ovchOme hy * oxnmfning larP.
can

familiés .
9

be found in geographlcnlly Ho]atod “NewEoundland

comunities. A genetically‘-’-deflned well:—charac_tcrlzed‘nnd preferably
At SRS

_inbred: animal model: with - relat jvely

invaluable 1in. enabfling lhvesyigatol's,
immonogenet ic factors involved. in nutoimmune diseasos such as Hashi—--

'moto s chyroidlcis. Moreover, an .animal .

short generat fon time wou_ld be

to’stl'l(l‘y the lmmunolog‘i.c- and

model ‘might: overcome Lhe moral

"chis kind of - rcsearch if the

objections to cxperimental man(pulations de*;igned to“"der_ermlne the roles. '

U of thyrold antigens, of components of

the lnmune system (includlng H

-~cells, plasma “cells, antibodles, the’ chymus, T cells and .their. faccors),

~_ and of environmental and other host factors ( - bactcrial or vi ral

A

(nfeccton) which’ might he involved in the re-gulatlon of autoimunlty.

BUF strain inbred rats, therefore,

.‘for-' the researcher. They are: fe]atively lnexpensive'to obtain and/ov‘.

mainl:ain, they have a short generatton l:ime (fdc{l(tat_lng bnck——croSsing,"

Y

. appear . to .be . an cxcellent tool "

-~

hybridizing -with other strains, etc.),,_n,d, spontaneoug auLolrmlune'

‘thyroiditis ln Lhe BIJF rat,  in tontrnst to. i, the: 0§ chlcken model is :

-.'co'mpe'r'ab'le Lo’Lhe discase in humans (at least.wlth rcgr\rd to thyroid

ant {body speciflcities and age- and sex-—related incldenceﬁ, and perhaps'

"also’ with. tepard to' thyroid function).

‘hi'g'h lncidence of sponrganeous auloimmune thyroidlzis, and experimentel'v

BUF rats‘ ethbn a rclatlvely-‘

._manipulations (e g." 'neonatal thymectomy.-ingesrion of methy‘?lcholanth-

—_ rene, etc.) easlly, yet drama:ically, increase the 1ncidence furcher. S

at

W
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D 6.2 SPONTANEOUS AUTOIMMUNE THYROT DITIS (continued) " ° .. . .- o4

*% .Incidence(s) of spontaneous autoimmune thyroiditis... From a- review of

|

exhibit different incidences of the discase (see Subsection 1. 3 3) 'l‘he

o
cumulative incidence ‘which can - be caiculated or - Reuher. a h’is'

\co—w'orkers' female BUF rats, (from Nlii\, Bethesda, Ml') USA) was 1, (47.. well

below Ithe 8, 0/. calculated for Silverman & Rose's non-—breeder females

CErom “Simonsen Laboratorie% Gilroy, CA, USA. Although the .pre.sent..

" 4nvestigat ion _was' not inteinded to determine ".the' incidence o histo-"~

lo'g-i.cally defincd "t'hyro'idit.is, La' ~smpll sampling of the rats Jin- 'the_

colony (which was derived froﬁi\Simonsen stock) indicated that they too
,had a higher Yate of . spontaneous thyroiditis (see Sectig’n 35 2. " The
incidences observed by the different investigators would depe~nd upon the

' age distributions of thearats. used, but the possibility of envi.ronmentpl

S factors (e E diet, infectious agents, etc.) or, of genetic differences-

(even though RUF rats are highly inbr‘ed) cannot yet -be ruled ouc as’

potenti-al causes for the differences in incidences. ’

4.2 .2 R ' ) Markers, for Atitoimmune ‘i‘hyr {tis

Thgoid function. Although it was deemed to be desirable to monitor the

C . natural history of ,the BUF rat, . in order to c/iefine a bnseline for fururel
: investigac ions, it was impossible to assess lymphocytic infilt/ation in.
. the thyroid glands as ‘the rats aged. For this reason, ‘it 'Was. decided td
. see whether thyroi.d function (in terms- of serum condentrations. Jof: Tls and
‘l‘3) could . serve js a marker for thyroiditis. CL e, . o
Among’ patients with ‘Hashimoto's thyroiditis, only about onethird'.

.'nre hypot:hyroid. f_in this longitudinal investigation of ‘the ‘BUF. ,rat'

-model, a small proportion of the sample values lay outside of the Mrmnl" '

: _range (defined as -2 SE of the estimate around each regression line' T4 .

.Versus age,. 'l‘3 versus age, and T4 versus ’l‘3) Houever, such “deviant"
‘va lues did not u5ually appear. at fiore - than one age in a- given rat" they
are ot Likely to be . good indications of animals with: thyrniditis. Thus,
'one conclusion of this investigation must be that thyroid function‘
3 studies, with regard to 'l‘lo and/or T3,- are not sui rable markers for the,'

study of spontaneous autoimune thyroiditis in, the BUF ‘rat model

“the litemture, BUF/rats from two different sources have appeared to

4
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. Imune- activitics. A'hoth'c'r"‘ roi:eh‘t report (Nohle oL a]., 1976) ha's

% the Lhyroid gland) Thus,: TSH may _1_ndeed be,,_a better” " marker for’
’ chyroidit{s than Tlo and T3... . : . ' : -

o

4

Thxrotrogin._ Ic remains ,-to; be seen. wher_her a longlcudinnl sr_oay of

scrum TSH, rathcr than Th and” T3 levels would be,nny more vnlunblc. ln:." .

thet respect,_ a rreceft scudy (Kieffer et al.‘, 1978) ~v..r.q.i; oble to

correlate/ "deviant“ T‘;H concenurations (more than 3 GD above the menn._."”'
“ca 1cu1ated'for t\he rest of the’ _BUF rnts) with "dcvinm” relntive Lhyro{d -
. -weights (all of whlch \gere moree@lan 3 SD a}ove ‘the mean. vnlue for the

rest. of the animals nnd were associaced wich lymphocyric infiltracion of .

2 indicated thac win the BUF rat:, as’in, the human. aqsays for circulating

v
~

itis, and t.hus to- suggest ocher futhre ) inveSCiga

~_some combinat ion af - thesc. .

thyrotd -antibodies ' ate more ” er]y _to‘ be diagnost{c ‘of ' 'spontan ous’. i
ie!

autoimmme thyroid{tis than are thyroid funcclon studles. Therefore,,

would 'seem that longltudinal study of antl thyro{d inmunoglobu in

4.2 SPONTANEQUS mn‘omnuns ruvaomrns (connnued) R T o

Ty«

levels would form a valua\’)le baseline Eor future studies in the BUF ar."

model .

N

to] 'Lm une »th yro‘td—-

ions ,- it is worth

" To specu!ate on t:he pathogenes\bs of spontaneous

recalltng what. was reporccd 1n previous ‘¢l infcal and. nlmal sludies (see

Subsection 1. 2 2), The presence of thyreid. ant(bodies Alone’ (in transfer

expcr{ments) was not- sufficient to produce thyroidilis (Roltt & Doni-i.":

’ ach, 1958),~. alchough the presence 'of antlbodies no certain- thyrofd-

antigens 15 cons{dered to be 5ufficient to mnke a dingnosis, Ic appears"l-' ;

a'ndllor t:‘rieir soluble factors. ls a prerequ{sf/te for roid{tis, but it"

:certain that thyroid directed qell—mediated lmunit% involving ceils‘-‘_
t

L]

‘ls not possible to say at this tire. wherher the root of -the - problem ls a

partlcular gene product,‘an acquired NEauleh (perhaps prccipi ta:cd by.:-'
hormona 1 levels associated with pregmmcy, stress, . or ocher aspects . of -

norma] life), an exLerna] factor (perhqps infectious or ,c_hemi,ca!), or--'
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2 qpnnmnmus AUTOTHMUNE THYROTDITIS - (continued) TR g

A]though Lhe\re have ‘been extensive clinical asl.udies of immunocom—

-petance .in rhyro{ I:ls,, few. stud!e;. have been carrfed out ‘to evnlunte

(mnune funct(on in :the BUF rat. “BUF racs produce anLibodleS'to _thyro-

globan. both spontaneously and follow{ng treatments quch as immun!za-

Ition with ‘a rat’ thyroid extract and either’ A complete or an incomplete,
ndjuvnnt,. fce'dlng u(th ' dter containing 'J-methylcholnnthrcnc, or:
‘neonatnl thymectomy (Noblc et. al., 1‘)76 ".ilvcrmnn,& Ro-;e, 1971, 197ab

1975a). Plaquc-forming cells hnvc yet . ‘to be enumormod in BUF rars, but

the intidence and ' titre “of Lhyrotd antibodies in nennn\tal]y—th)’mec—

'.tomized females have beenlobserved to . incrcase with ape (Nohle et al.,
'1976). It ,;ils possiblc that these observntions are the- sequclae of.
-,'changes in -a- sub—-pupulation of suppressor ;T cclls, hut again there has
\.',yet to be .an. examination of the numbers or- r.ypes .of. T» and B lymphocyces'. -

."..-present in BUF rats (w{th or without chyroidit{s) Simi]nrly, ‘although

“killer" cells have been lmpHcated “in thyroiditis, little, enough 1s

. known “at?oﬁt;- ';hls - type. of cell. at an_, “let along specilﬂcall‘y in the- BUF

.1

‘In conclus{on, therefore. “one, i;; left with the hope chac measure—

ment:s of a vnriety of fmmune activitieq n.ay curn up the most su(table )
_"markers Eor spontaneous autoimmune thyrotdltis. and in_the process allow' N
. a better understanding of Ilashimoto s’ thyroiditis (ln parrfcular) and of

trrmuntty, and aucoinmunicy (in genetal) L o T

‘ I
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Body Welghts of v1rgln female BUF rats.

75
75

155

185

185
165 -
175

_ 155
165
155

165

145

215 -
215

'195
195°

205
175

127 °l6

185

215 | |
. 195

195

1 2257

215

205 |

205
205

215"
215
205

225

-
-

225
245

245 |
225,

23

235
205

[ 195

205
205

" 7|.215

205
235

235
235

"215

215

215°

225

20

205
265

245
~205

195

205
235
225

. |- 225
1195

215

205, |

'245

. 235.

" 255
245
265
265

255 |-

PR

."AGE
24 - 28

(wk)
32

36

44 ..

48

.52

255 |
245

1255
225 |
235

275

265 | 265
215 | 215
205 | 205

225 | 235

215 218
205 | 185

225 | 205
205 | 205
265 | 255

-265 | 245
2551 235

265,[ 265 | 265

235

275

235
275| 265
1235 |
225 | .-
235 |

245
225

235 | 245
235 | 235 ]

225 | 215~

205 | 215

245 | 235,
255 245
245 2457

| 235

245
275
225
215
235
245

"245

225

195
235

215
215
255

- 245
1265

245

275
235
245

245 |

185

-255°

lé452_

265

. 205
205

205

245
245
215
195

225
225

225
245

265.

245
265"
215

235
225
245

245 |:

. |.215
| 225

235
185

215
255
235

.285

205

255
205
205

225

215
. 245,

275 -

265

215

1225

‘255

195 .|
205

195

215

185
235

205
225
245

265

245
265

255 |
|- 235,

235

275
235

235.

205

205 | 1

175
225

175
205

215
225
225
- 255
245

215
235 |-

245 .

185 |
175
. 215.|

255 .
245 | - -

225

225 |:

15| 45 185 | 195 | 205 ]
76.| .| 135 175 | 185 N 3
. | :
— e
o R T L T
: A At '{." ’.;:-': ¢ L. ,\'g.:': -;.;/!'l

25|

R STy, W SN DL 1T JO R P

——— e



L ‘
v

“-

st

. el el s '
B L. VP W Vo M R S 8

A 4 Nralt T
~ .
. 1
S v
' .--l. . i/
o o x . .
NS & SR FUNNE | R

Appendix IIT. : Serum T4concentrations of male BUF rats. .

kAT :_Q.le . :!. T AGE_'(QR) , ST § ?.
¥ | 8. 12 16 20 24 . 28‘ 32 36 . 40 - 44 48 52

T

o

A0.775-] R I SR I R N |
69.7 . o e
177 63.2 |65.0/.

|'55.0 |58.2

10 . ‘ :
13 N 67.0 - | ' . K n
14 64.1 5140, R I T: . | B
15 - 63.1 ek e >
60,3
65.7

. SR B D ] . o e e
ST INPEEEE B S R I I A . 1.45.3|
2 " o ' U G A . S . [r06.9
22 B T N R AR 1)

TR U PR -0 R P o deral | [ 36.5
P feelr) N - S R b

32° S e T s T (59.0] e6.7|

SR N R N e ST lesio [806] 2.7
245 | T 82.0 '
1o 4107

.
AL
[salS 4] V]
~ U
»B
b
L]
w

S JUE NS IO,
U ~do-FNOO&0 | -

66. -
46 157.3 40. 4
47 74.1(58.3 |64. .4(52,7( 77.9]66.7|31.3 |52.2
48 '87.1|56,2 |57, .4187.4 - 1
49. 1.75.7]52.2 |64. .3 (58.4| 67.6 169.8 °
50 - 179,3]60.2 |62, . 61.2|75.2| - _
51 65.8 {67.2 |74. .6 [57.6 53.6 . {58.8 /56,7 A
« 179.2178.2.|75. 61,4 145.8|51.8 [56.5 . | "
80,4 g . Nk - N

34,0, . |30.8

QQ_m<pouowm
. o .9 i
VR oo W b

v

vl

]

A\

THd W RJDON

[ I S SO PN LY T

’ ..
PR

.f:;:- ”?.._;

.95 T 162.0 45,41 - 167.2]55.3 o R
- 56 {75 .8190,6| 61,2 7 |47.6°| - (' .
57 - . |54.6 [77.1]67.5|91.9| 57.6 [52.3 (44,1 |- - |
58 . 159.4(55.8( | [40.1] 57.4]49.6|42.2 | . :
59 74:21.90.9(77.1173.3 84,7 ol
60 .| 72.01 93.0(89.7 59.9 69.9 ;
61 - : 80.1]97.5(84.1(73.9 . _ ;
|62  [76.3]62.4]67.3| - | - \ ;
.63 70.5/65.1| 95.9 - 3
. 64 | 79.3(.61.0( 82.9 -
SV R N VA IR SR
.\-l

: 3
i ———— B i 2 TPV
.o .

Nt e £ a2 aDn ¢ e it Rt AT

e e byt 't i bk e e o e AT g,
. - - - N




> " ” ’ - -

aAd

P

[ e P NS e
[ e e

0T 110,

.- Appendix IV. Serum T4 concentrations of 'virgin female BUF rats. -
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"Appeﬁaix'VII, T4/T3 ratios in BUF rats,
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