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ABSTRACT

The seasonal varistions in thyrold setivity in Rins
Catesbefans are descrided, using several {ndices of thyroid
activity, cele; cell height, colield stain affinlty,
thyroidal fodlas, =nd circulating hormone jodine, The study
was corried out between Hovember, 1961, snd Hevember, 1562,
Addittonal deta was obtained in Fedruery and iarch, 1563.
#hen frogs were available in the sumasr, the thyrolids and
serum were collected froz freaxly captured animals. Ia the
winter the snlmsls were kept under simulsted hibernation
conditions. |

sew evidence i3 offered to support existing theory
of seascnal variations in thyrold sctivity which is based on
porohometric observations, Two principle ssnsonsl phases of
thyrold activity in feng gatesbelany were observeds In ons
phase, hormenc storage predominated, and In the other phare,
horoone secretion was predominate, The ssasonal cycle of
thyraid activitics is as followss (1) In the Fall the
thyrold wccumslstes both organic and inorganic fodine,

{2} duriag the winter hibernstlon peried, the accummlation

of orgeanlc todine continues and i can ] l;sémed to be
norzonal from the collofd stain effinity, (3} Just prior to
cmergence from hibernation, the thyroid aprears to be repicte
wilk hormene, (4} after emergence frod hibernation, the
stored horaone in the gland s gradually depleted a3 the

accent shifts tc hormone secretion,
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Evidencs is offered to support the theory that
a more direct rejationship exiats between thyroid activity
and the general activity of the animsls, rather than the

¢nvironsentsl conditiong,




Gver £ifty years heve passsd sines Gudernstech
{18}, I 1012, observed one of tha better imown functions of
the thyroid hormons « its rols {n amphidisn astasorphosis,
Ressarch on this oms aspeet of thyrold activity in amphiblans
continues, greatly increesing our understanding of the
strect of thyroid hormoenes on sstsbeliss sad growtd, Howe
svcr, the rols of he thyrold hormone in the adelt exphibian
hss not besn as thoroughly lnvestigeted, Previcus to the
1940's, Investigetion lato the thyroid sctivity in lower
vertebrates vas confined, seinly, to & sorphoiogical study,
and te the effect of exegenous thyrojd trestment on varlous
shysiological functicns, in the 1940's, howsver, grexter
use of antithyrold sgents ea¢, f» the 1830%s, the increassd
ase of radiocactive fodine intensified vesesrch inlo other
pecenaters of the thyrold function fn sdult aaphiblens.

Pofkilothermous animels ere sublect te seascns]
varisticas fn thelr 1{ving pettera, In general it i
accsplec thet the amdient tempersture influences ihe oversil
physiological activity of the animal, Following the
esergence from hibsrnation there is 8 period of breeding
sctivity, sad it hes been assumed Lhst insre is @ concomitant
{ncreses ir thyrold sctivity st this time, 3y the s
token, it has been agsumed that there [y 2 decrasss in
thyrold sciivity with the onsetl of colder conditions and

hibernatlon, However, the evidence of this has been largely
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circumstantial and based upon the work of naturalists who
have employed indirect methods of investigation, The vari-
ations between species, as reported by these authors,
indicates that the role of the thyroid in poikilothermous
animals requires closer scrutiny, It is the purpose of this
study, then, to subject the thyroid gland and its activities
(1.¢., the synthesis, storage, and secretlon of hormone) of
one species of these animsls to histochemical and biochemical
analysis at varjous times of the year, It is our plan to
establish the seasonal pattern of thyrold activity in Rana
catesbelana as a basis for future studies on the relationship
of the environmental factors to this activity, and the role
of the thyroid in the general physiological activity of this

and other poikilothermous snimals.
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Part 1 Gwsiustion of Soms of Lhs Critaris Asseclated

-with Thyrelé Femstions. .

This discusston wiil etismpt ts swslusts. soms of
the eriteria snd the mathody used ta ths jnveatigetion of -
thyrolé funstiea. Cnly deseriptions of mthofs sued Sirestly
upon the thyreid and phenomns insediately sssocisted with
ihe gland fencticn will bs censidered bepe, Othar msthods
snd criterie have basn wsnd which ere csnosiaied with the
function of thyroid hermencs acd the pitsitary tbyraid
stinplating hormoce « 53,

The eriteris waed dy vorious asthers In sssessing
the activity of the thyroid glend say de sepersted into four
min categorisss

(1) The fired, 2na lsast pelledle, criterium {8
the oross asrpholegy of the ¢laad,

iR} The second, micre-nesphslogy fnvolves Ristele
sgical, eytologicel, ond nNistechenicel obysrvaticns.,

{3) The tafed methed of stedy is tde chesical
anslyale of hermones sné hormont! {odins, sither iz the
gland or i iha cireulstion,

i4) Tha fourth category invslves ihe sae of radioe
feotopes of {adine and $h¢ tcehmigue of raplacemant of
eirenlsting thyrosine,

There 1y aize sn inélrect sethed of lnvegtigelfon,
{et,, the chasrvetion of vericus physielogical and setsdelle
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Part 1 Gvalustion of Soms of Lhe Criteria Asseclated
~with Thyvolé Femstions

This étscussion wlil sttempt ts tveiusts some of
the criterin $nd ths mathods vovd {s the jnveatigetion of
thyrold fusstien. Caly dessripticns of ssthods ssed Girsatly.
upon the thyreid and phedomens innedliately associeted with
the gland fencticn will “be sensidered bepe, Qthar zatdads
and critsric dave boen wsed which erc sssoeiated with the
funcifon of thyrodd hermones and the pitaitary thyrsié
stimplatiag hormoce « Y58,

The eriterie used by worious asthors in sesessing
the activity of the thyrofd gland sy b separsted into fouy
min catagorisst

- (1) The firad, and leest pelisdle, criterien in
the ¢ross serphology of the gland,

(R} The second, mlcre-norphslogy favolves histels
ogicel, eytoleglenl, tnd nistechenicyl ebscrvaticns,

(3) The thisd methog of stedy (3 the chemical
anslysis of hermones snd horgone] foding, eitder {2 the
gland or Ia ths cireulation,

{4} Tha fourth calegory lavslves the ces of radioe
tsotopes of fodine andé ihe tcchnicue of replecesant of
civesleting thyrosine,

There 19 elzo en Indlrect sstiwd of lavestigetion,
{et,, the chasrvation of verfcus physfelegies: and setadelle
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shenonens closely ssoocinted with thyrold activity, c.gs,
osygen consumption,

1. Th2 Gross Merphological Changes

There are three morpholopieel charscteristics of
the thyrold often uweed by sethers to asscas thyrofd sctivityy
thc sise, the weight, and the eslour of m'slm 81,357,368 ),
Changes In sise and weight of she thyroid glané very often
uecompeny phyelologicsl changes within orgenisms, In 1338,
Cottle su¢ Lsrlson (4 ) axsalned the turnover of thyrold
hormane In euldetnposcd rals. I1563¢ auldors faund ihsl for
& shert paried following cold expesure the gross earpholugiesi
changes correspond 1o changes §n otber perasicters ehich glve
8 more alr.et asasure of thyrofd asctivity, However, in time
thle correspondence clesppears. It Is alse imsertsst te
consider the factorm that mey lnltists ehanges ia thyrold
sise an: wefohd, nomaly, Incrensed or decresssd vascularisge
stisn of the glend, byperplasis, mn¢ chanpss in the coilodd
conteat of the follicles, OCbviously, sagh foctsr slone, of
in combinstion, sy eonteiduts to the changes 1o oross
morphologye A chenge of ccloue irn the glezd in the fresh
state can Do ettriduted ts & floctustion in ths vascular
supply,

Kone of {hese gross sorpholegieal charzcteristice
give an aéer:;w;a estisstion of thyreld sclivity (o tnege
suives, elther slens or in relation to esch other, sut

rather fall in the categery of circumstantial svidencs, How-
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sver, they may be valusdle when taken in concert with the

aicro-norphology of the gland snd/or the chemteel analysis
of the gland, |

2. The itlero~morphological Chenges

The activitier of the thyroid gland are four«falds
fodine trapping, the ayathcsit of hormons, horasne stofage
in pratein Sora In the collold :nd proteciytic release of
the hormones rrai the collcid followed Dy thelr cellular
reabsorption and secretion, CSince these activities are
controlled by eneyme systems, they wiil never be found in s
stetic state, Therefore, ot all times the four activities
will go on, but 8% verying retes accordling to the physlo.
jogicsl requiremenis of *he orsunisam, |

As Defobertis { 8) defines the verious ststes of
thyrold activity, !t'is assusdd that when the gland {e
loast nctive, the fixed collcid is dense snd 1s dseply
steined by basophilic dyes; the wails of the follicle appesr
diatended by the collcid sudsiance, snd the folllcular
epithelium iz describded as low, In this state, since the
glend 15 svathesizing Rormone at & fastor rate than It s
deing released, the protesiysis of the celloeid anc the
readsorption of the horaani by the cells my be asscemed to
be very alicht, Ax the glend bucomes nore sctive, the
collold stains lezs Intenpely, snd there appears to be an
infsléing of the walls of the folllcle, the cells lncreaes

in helght snd the nuclel amsume & less basel preltion, In
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this condition the pratesiytic setSvity in tha colloid is
incressing snd, as ¢ congequence, readasrption of Normens
nto the follleular cuils incressse, Finsily, in the mest
active glinds one cdsarves an incresss is the nouder of
follicizs, an incresse in the epithelfal cell defpht (wiwh
suclel 2adout midusy dotwesn the bans and the spsx of the
cull), » decresne 12 the aige of ‘2w follicular Jomen, gné
an {ncreaned vascularimaticn of the entfire glond, Fertder,
thers {s & change in the staiaing property of the collcld
Whlch nov sppears legs desophilic, hie sy be Isterpretsd
to mean that hormons !s bsing secreted fester than 1t Iy
synthesised ead atored. should these condiifons af Rormens
depand by the sropnism persist, it my lesd to n'daplcttan
of follfculer ecllofd, Cudsequenily, colicld dropjets dagin
ts appear st the eper of ihe cell, Indleating ihet the mate
of synthasis sxceedn renbrorrtion of hormone, and stofsge
will sgnin ecenr,

The cailoid nas bBeen ghown by varlous stalning
techniques o be besephillc { 5). It has been odesrusd, {ree
suontly, thet the peripheral follicles spyeer lsrger, their
celis more cuboidal, End thet the ¢olield is more besophilic
thea is that of the central folilclen {34}, alihough the
¢ollold aprears o be homogenoes, the atsining rescti:s need
not be oalfora in all areas of the oollele In the saox
folltzle, IR has elec boen poted thet vaguoless fregquently
sppear In the collofd of sctive glands (2, 3, 50), It is

generelly sasqnted that these vaceoles !n the peripghery of
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the colletd sre artifunte (€] dus to flnsticn and due to

the degree of liguefastion of colleld subatanes prior to
fixation in attive glends, DeRodertis foond he mgc
elininste these fixation artifacts 1f he employsd ihe
frsess-dryiog technique, The supposition that these vacuoles

repreasnted ¢ ehresophodle coliold of shyslvlogicsl sigeifie
cange then bhad 1o e shandensd,

Ihe fact thet within & singls follicle there are
areas of diffeviag affinity for basophiile dyes cuuld not 3¢
sdsquutely explained by varying densitins of the calicld ssd,
thus, it sppesred that two sudstaaces might be presest,
LeBlond (297 has demonstrated thet the colicid showiny verie
atton in \be Inteasity sf the stainlag remgtion ym Mace
philie ayes 2130, in entorsdicgraphs, shovs & varisifon {n
tho imcorporation of radlelodina, The sclduphilic cuilald,
Mty;taw hours after {njection of I«131, coztalng were
redicfocine than the dasophilic cellefd, fiy “fe-vitre®
experivants Lellond has shiwr thel trypsin esn Qhaspe e
stain affinity of & forzsrly scidephilic colivid 16 bates
philliss He sttributes basephlilils te the prusense of jfow
teslytic eazipmes {n the collefd. Desiersis snd lLatias {11),
in 1861, estedlished & sisining techalque by sedifying the
imilogy stals, Using tals technique, tusy feund two Lypes
of colour pettern, In sany folilcles theld eppenred ¢
yellov cors of ¢ollold surrsanded by s dlue ring, whije in
others 2 messlc of blue and yeilow wes found, Slince the

sctive collold 1z bdagophliiic, cae would expect {2 to ke the
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blue staining colloid, and this was sudstantiated by the

use of l+131 and -the preparation of suteradioaraphs, In.-
all cases, the locl of radicactive materia] were located in
the due collold, On-this-dasis, the authors considered the
possibility that two components do exist;.ons containiag -
hormone (blue staining) and one without hormone '(yellew:
stafaing), Both componeats are Periodic-scideSchiff posi-
tive which, possibly, indicates a common polysaccharide strom
accolptnyiag-thcso»tvo'eollo!d-cclponcugs. While histological
and eytological observations reveal phenomens associated with
thyroid sctivities, they do not reveal anything about the.
actusl chemical composition of the gland, Histochemical
studies in the thyroid are rare, revealing enxyme activities
only., Because of the unique structurs of the gland, atten--
tion must be focused on both inmtrascslliular and intra-
follicular material, It is naturs]l that such of the chemical
study should be centered upon the colloid substance itself,
There are two views on the nature of the colloid as it
appears in the droplets within the epithelial cells.
DeRobertis and co-workers (7) favour the theory that these
droplets represent the cellular synthesis of collold
material, DeRobertis describes the process of the extrusion
of collold maier!al from the cells into the follicle in much
the same menner as mucus is excreted into the fumen of the
{ntestine by goblet cells, Other guthors, notably LeBlond
and co-workers, and Wollman and co-workers (57), suggest

that these droplets represent reabsorption of the follicie
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collold by he colls, However, Daid tdesries agfee that
tae droplels reprossnt hormone coatalatng collold mterisl,

3o The Chenical Analysis of Hersons

Derrien ond co-woriers (1) satebilened that Whyroe
globulin repressals apyrosimitely seventy percent of the
eruds aquisus extract of niaced thyrold glands snd s¢ecants
for the mjor part of the srgsnicsilyedound lodine is the
collelid, Thers have deen other {odoproteins daserided lo the
collnlc¢ ané ibe eelis; dut thair phynfolugicsl luportanse
bes not deen elucléated, COns, scsording lo Fhellmn, ot al,
{4)) s more soluble ihen thyrogiobsiln in egwsous
solution, §t readis 38 oo ealdumin in fts alectrophoretic
s0bi11ty ead posaessas 1he sane sedimantdtion properties,
This proteln §s found in Soth cclleld g epltheliva lo
normal glonds, but is wore provalest in neoplestic glands,
A seeond, insoluble lofuprotein celled o particulate protels
by Fall end sediics {39 bas been found asscciutes with
subce}lular slemints, 4lthough thyroplobulin 1 Sescrided
5y all suthore xs o homigencoss protels, Rell end Cowwopinls
heve aiso shown thet thyvoslobulin is mduj amd reveraidbly
denatured by chenges in pH, "elvw & p& of 5.5 the protein
sorrasponds Lo & homogensous oae, with 8 soleculer welght of
860,500, Howerer, & ons Incresses the g to 6,3 there is
¢ progruasive densturation Balving the proteln selsctle,
This Is very evident st ph 5,3, when the now smilet
zolecule fe in grestsst sbundance. !g& ¢ bighsr pi a
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quartering of the mclecule takes plage, sad adove pi 11,3
the protein s completely and lrreversidly denatured, It is,
then, ascensary o heap the pit constant snc nesv nsutrallty
10 snaure the consistency of susults when studying the
protein sofety of the colleld,

" The chamical somposition of thyrsglobulin Bas beea
studied dy Derrien and ceeworkers (8 ), They have ldentl.
fied, qnnnttttt!vtly and cuslitatively, Tifteen amino aclid
constituents of tbe proteln, Intersstlagly, they show that
anly the nonfodinated smine scid compoalition s constant,
sné ths degree of ;Oéln! varies, Thyroxise scesunts for only
s fraction of cas percent of ths totsl proteln lodine, while
{odsetyrosines, tryptophens and cystein sach sccosat for
approximetely ten tioes ss awch, To obtain this purifisd

_mytis'labai-m, Gerrien washeéd minced thyrolds in physies

logics! weline, then by altarnate precipitstion end washing
with varyling concentrstions of sasonice suiphate, he
extrected the syrified protein, The lmporisace of mincing
the glsads (s that the fuptere of the cell mendrenes f{s
sininised, hesce, the resuitlag extract ean be ldeatified us
coming from the folltcular collold, However, the couplie
cated washing and precipitation routine is rgther & harsh
teeataent of the protein meterisl, Initlsting e great lose
and prodably lncressing the degree of denaturstion,

he coantitetive aamlysis of the horment fr the
collofd con be related to movphologleal charscteristics,

groxs merphelogy sand cytology to give e indicetion of the
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rate of hormone synthesls and storsgs, However, for an
scourste asssgsment of Lhe secretory setivity ={ the glend,
oot mmst .iso have & masure of the circulating hersone, of
petter, & meassremgnt of the fiuclustions in circulating
hormene dlong with sa asessemnt of ths metaboliss 2
excretion of the hormence,

Al essessaent of the feval of circulating hormens
asuslly involves the seasuresent of the hormone lodine and
not ths thyreaines, directly, Circuleting hormsne is found
bosnd to pre-sidumin, albumin, <-plodulin fractions of blood
protein and us free amine scids, The «globulin fruction
binds most of the hormones In elrculation, The thyrold
hormones ut{iige spprozimately one third of the dinding chpe
scity of the bloed pém:m (39}, mm' certain physio-
legical conditions, such es pregnoncy :nc certain pathéle
sglesl cenditfons, proteln birding und its relationship to
thyrold sacretory sctivity is very lsportant, an lncreass
in blood protein coacsntration sy §acrease the PBi level,
Clinfcally, end in research ladoratories, only ?B1 is
studled, sowever, in 1850 Taureg (46) reopsned the ldes
that free hormones exist in Diood plasme as well 2s do
protein conjugstcd hormones, The preseat theory (39)
nolds that ihere exists an equiiidrivm between the fres 2nd
the bound hormone in circulatlion, but thal the concentreticn
of freq hormone Is Insigniflcent,

The grenter use of radloactive {odins (}-123 sad
1«131) {5 thyroid studles has grestly faciliteted the
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"inevive” ans "inevitro" favestigation of thyroid ectivie
ties, The wptahe of radlefodline can be followed Lo s3sems
the #di1ity of the gland 1o tess lodine, Fobertsen spd
faleoner #90) found (hat the pats of sseretion of thyroid
heteons I8 correlated with the Fate consdant of the thyrold
glend upteke and relsess of l~l38; They slso assert that
the serun PBI :ad the rate constant for l-1)1 excretlon are
marginally corvelsted, The agthors did net find, however,

¢ corralation detwean mszima In P31 levels and lncreases (n
secretion of thyroid hersone. Similarly, the rate of
releass a3 Deen wied to .determine the secretion retes In
the light of Derrien's work, cuution must be axercised g it
Is known that only s portion and, st that, act 3 constant
portion of the sntrapyed iccine {3 convertud Lo hormsnel
lodini. Alsc, when one $5 comsidering the rete of upiske
and release of fsotope, he sost follow up with s chemicel
analysis of both the glenduler ond circulstory hormonss (o
assess the degree.of incorporation of fodine, This is
ncessaery since the rates o nol necessarily Indlicate
release or retention of orgenmiffed fodine, Fobertacn ané
Falconer (30} nave shown, however, that the level of proteis
bound 1odla¢ In the ssrum ond the rete cunstant for 1-131
secretion car be sarginsily correlated with the rate of
secretion of thyroid horm.ne. It 13 8 question of correlee
tion of rates of relemss and secretion, however, not absclute
quantities, One gland may relesae radiclodine at a greater

rate than ssother, sut this does not Indlcate that the first
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is producing mors horasas -~ oaly thati thave is & greater
turnover of jo€ine,

Stucies Involeing ke use of soitrogens :ad othar

‘indireet physiological nenssresents will de éiscussed in

ths foliosing chopter desling Sirscily with tha frog ané
othat anphiblans,
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Part 31  The Physiology of the Asphibian Thyroid

Because of the scsreity of literature on thyroid
function snd physiology in Rana ¢atesbefsns, reference Is
mde teo work on olhsr frogs, toads, end amphidlens in
genersl, Thers have been only & few comprelensive studies
of the sanus] wvariation in frog thyvoid histology, sithough
mach work has been carrisd out during a single sessen, In
Europs, Skowler (44) and Usizeaheimer (27) reported
observations on & cemplete annual cycle of thyroid sctivity
in the specles, Rans temporaris. This species hes sisilar
characteristics to Rans categbelacs, namely, an extended
period of devalopment fz the larval stage, end ¢ minly
squatic adult 1ife, Skowier determined o low level of
thyroid sctivity in winter, followsd by s sharp increass in
Meych and the level of activity remainsd high throughout the
susmer months, but In August begen to dscresse graduelly
uatil it reached the winter level in late October, XNelsine
neimer (27) found similer results, sxcept that he reported
8 reductica in thyroid activity during the months of April
end Yay, when it reached the winter level, Heither Showler
nor 'mumholmr found any correlstion betwsen the early
spring pesk of thyroid activity and the dreeding season,
Thelr theories are besed, of courss, on histological
evidence, Both authcrs reported & flattsning of the
epitheliel cells in wintsr and the folllcles wers distended
with collold, whereas in the month of Harch, the epithelium
incresssd in height end the follicles flattensd. This phase
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of thyroid activity was extended :into the gummer and early
fall months. o

In opposition to Skowler and Meisenheimer, nusercus
authors, Welf (56), Morgan and Stokes (33), and Holzapfel - -
(20), report mederate activity from early Jannry; with -
incressing sctivity as the breeding ssason ntars. They
report, also contrary to Skowler and Msisenheimer, a low
sumaer activity..  The above observations wers made on Rana
pipiens and Bufo americanus, amphibiaus that differ from .
Rana temporarie with respsct to the degree of dependencs on
& water habitat in their adult life span: It may also be
noted that these observations of the latter authors agree
with observations made on s variety of urodels and reptiles
that are nonhibernators; Evans and Hegre (13),.\1keda (22);
Morgan and Fales (32), Miller and Robbins (30),_Miuer (29),
Wolf (56). In hibernsting urodels and reptiles, & pattern
similar to that of Rans temporaria is found in the annual
variation of the histological picture; Evuis and Hegre (13)
and Wilhoft (55)., Only Tosia, et al, (49) determined the
Reng pipiens thyroid cycle to be similar to that of
Skowler's on Rena temporaris,

The extreme lack of chemical analysis of the amphi-
bian thyroid is dne; nndouhtedly? to the gize of the gland.
Donoso and Trivellioni (12) have, however, studied the incor-
poration of I-13! in the tozd thyroid. Chromatographic results
of hydrolyged gland& revealed monolodotyrosine, diiodotyrosine
and thyroxine along with inorganic iodine. They found the
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uptake of I-131 to be very low, and thyroxine accounted for
only seventeen percent of the totzl organic iodine. No
triiecdothyronine was in evidence and they could not detect
any thyrold products in the plssma, it is possible, however,
that the chromntographlc techniques were too crude to detect
plasma hormones. Shellabarger and Brown (42) have also
studied toad thyroids in the larvae and in the adults. These

authors found thet actively metamorphosing larvae produce

thyroxine and trifodothyronine, the latter in trace amounts.,

There appears to be less thyroxine and no trilodothronine in

tadpoles approaching the completiorn of metamorphosis, and no
traces were found {n the very early larvae. In adult toads
these workers found that both lodothyronines and lodotyro-
sines were present. They sugcested that the.biosynthesis
of thyroid hormones in amphiblans is identical to that found
in other higher vertebrates, They consider the physfological
activity of thyroid hormones in the acult to be obscure,
Apparently, they believe the only function of these hormones
{s as an activator in developagent and in heat production.
Serum studies on amphibizns were, until recently,
almost non-existent. The reason for this was a lack of a
micro-technique for jodine analysis. Chromatographic
techniques do not lend themselves to the detection of
hormone in such small amounts as could be extracted from
the plasza of a small animal, Donoso and Trivellioni (12)
could not detect zny trace cof thyroid hormone in toad

plasma,
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In 1959, Wille and DeVisscher (55), pooling the
plasm of several animals, obtained the following results fa-
protein bound lodine determination on Rana temporaria. The
PB of the animale wae undetectable {n January, but bstween
January and March thers was & rapid increase reaching a
mximus of 20“g percent, This was followed by an imaediate
descsnt of PBI concentration to a low level of 14g percent
in June. The early sumer low level was followed by 8
second incresss to approximately 54g percent, and this was
maintained until December when there was & precipitous drop.
It 1s Interesting to note that this species breeds in the
month of May. Wille and DeVisscher found that the variations
in plasma PBI are more or less parallel to the sexual
activity of the male, The authors; unfor;unate;y, did not
discuss how they mintained their animals, l.e., whether
they were obtained from the natural environment the year
round or had been kept under laboratory cdnditlons.

Meisner (28) studied the plasme FBI end BEI of Rana
pipiens 1in winter and found he could not determine the serum
hormone levels in either the control or propylthiouracil
treated animals. In Novemhcr; he determined a FBI of 0.24 ¢
percent and a Butanol extractable iodine of 0,074«¢g percent.
From his exper!cncc; Meisner concluded that the thyroids of

Rana pipiens have & very low activity during the winter season.

Radlofodine (I-131) corbined with thiouracil or
propylthiouracil has been used by several authors to determine

the functional stete of Anuran thyroids. Tosia and co-
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werksrs {10} found thet thiowractl, over s perfod of oas
to seven weshs, Induces, in Rpse glolens, the same typs of
gross serphwieglical ond distologicel changer ss are found in
mmels, Wowewer, thsy fosnd bt Afisr s longer tr{umt,
P to sleven weeks, no senifestation of astivations was
svidents /s & foliow up In sumaer frogs, Teimsge (47) fownd
thel the thyreide trapped aad bound four to Tive peresnt of
a0 fajected dons of J=i3l, This 1«13 uptake woy cut to
teanty parcent of ixe control by deily injeciisng of five ng
of Wrfourscils This wealé indicate that the thyroid glesds
of Hang ofistens are sstively aynthesizing hormone in both
winder uné summer sensons, el the gland AppaRTY tc be sere
setive fn the winter sessan, ¥elszer's ehbservations do net
sgree with this, ‘

The work of mugc' {47 tends to lend suppert io
the work of Mihevs, Mthews (20 found Rang pilens
sceumiated [e13) in the thyroid eaﬂaé the suager $asn,
but at 2 siover rate thon samaels, sfnce the mxizus uptake
fa the frag in ot repcusd wntll fortysefght heers after
isjestion, The suthor fuund thot pres=ghilling the enisel
Lo J°C did not effect the faftiz] rate of eptahe, but 414
sdvance the tlme of sexiome secemuistion snd the reletss
ef 1e131, Telmga found that i» sumeey frage, snvironaental
tempercture snd thicurscll treatoent inhibited orgsnificalisn
of todine, whiie thiocysrate reduced l-131 upinke by thyraid
tissces, This sugoesis thag, o %arven (53] statas, the
thyrolds of summer frogs ex:ibit buth synthesis :nd releuse
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LR 2 The evidence to dats indicates that amphiblans,
st 28099 possidbly, slwmly bulld sp ¢ store cf Doraons during the
R S wistsr hidernation, but that their thyrcids ere the most
5t o) gu aetive {n preducing and secreting hormons during the suomer

tanhive months, 7The sature of tde effect of thyrold hormones on

crowid el anphibian physiclogy hes mtm reviewad here, Recently,
R I E ] two such reviews have Deen publiched by Corbms (17) and
o RS Calton sné ingbar (14), As yat, very iittle informatien is
S8%0lia? 38 avallable on the subjoct, however, it is penerally accepied
cioganl Yo that thyroxine has 1ittle calorgenic importance ia these

v yagnin enjusle,
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of hormone,

The evidence to date indicstes that asphidlans,
possidly, slowly Duild up & stors of Doraone during the
wister hMbernation, but that their thyrslids are the most
setive In preducing and secvsiing hormns during 1hs svamer
monthe, The meture of the effect of thyrofd hormonts on
anphidisn physiclogy hes mi besn revicwsd here, FRecently,
two such reviews have Deen pudlished by Corbma (17) and
Galton and Jagher (34), As yet, wvery ilttle lnformatien Is
availabis on the subject, however, it is penerally sccepted
that thyroxine hes §ittle celorgenic importance in thest
snimels,
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Part 1il The Frog - Rans Catesbefess
To Rorih Anscicsny, Rang catsshsigny neany the

common "2ulifrog®, receiving fts asme frum the rather
sancreus. duflelike Dellow of the msle, It I8 the letpest
species of ths genus, umﬁsug 8 body length of eppronie
astely cine inches st full growih, Fena cajesdelesg ere
sbundant throaghout eesters Horth Americs sné have beoa sués
cossfully introduced Inte Jupan 2ad italy, GBullfrogs pogsess
teeth and sre gcarnlvorogs, feeding on eny sanll eniasl, cven

thelr oun species, In tura, they are preyed upon by may
equstie and tarrestrial antmals, men included. This specien
Is thy principel soerce of the gosrwet's delight, frog's

163, The latves, on the ctder band, sre protscted from
predation by 8 secretfon of their mucous glands that appears
to d¢ Sistaslefy] to most predstors of frogs,

The eelour of tho species varies with the bebliat
from light wl'lnognw to & aork ollve, always with dark
biotehes au the dursel skin of the lug. The seisnccylss
producing these biotches orc sssccisied with Jodice trapplag
{187, The delly veries in boe from light straw dolovr to
deep yellow, The frig is a master at “freesing’, It can
flotten ftself spainet & log or o lenf and Blend is
perfectly, leaping &t the most dresatic sexent ints the
veter, Ths sexes sure esnily distinguished at uny sedson by
the alge of the tymparum, Jenercily, 15 salss the trapsnus
s twiee the sisw of the eye ordil, while In the fomnle it
is egual ¢o or smeller thesn m orbit.
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Rans gstesbeisna {s the most mguatic specles of
this genus, varely straying mere than ¢ few fest froa ihe

wetar's sdge, Foorly devaloped lungs and & dependance on

olst skin sueface fof respiration keeps thie animl close

to ity drecding hmbitat, Ax ls vsoel with aguetic
amphiblens, the dellfrop has sn extendsd larval siage,
requiring & year, or cften two years, to complete setamofe
phoz s,

Rang eatesdeians coes Into hidernstion in lote Sep-
tenber and daes not emerge until esrly summer, Hgy or June,
This late sxergence is thought to be timed tc the svalle
edliity of sn sdewnete food supply. The mating ssasca s
extonded throughout the sumper sonths, Early spring
breading is not necessary since the larvae do not neecd to
ccnplets thelr petemorphosis bel:are the next htbcrnatlm

\
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source of sntmls

The animals for this rosearch project were obtainsd
from twe widely separntcd populations, Gatlnesu County,
Frovinoe of Cnebes, Canaés, $nd Cshiosh, Wisconsin, Umfted
States, Progs of both sexes wers studied, At the deginalng
of the prejoct, the sers and ihe thyrolds were posled withe
out regard to sax, hewsver, wffer June, 1652, sl samples
were segregated according to sex, The first group of frogs,
representsd by dets fron Kovemder, 1861, Lo lay, J86X, wers
obtained fron Oahkoak, Blsconsin, The second grewp of
anizels, represonted by data from Jene, 1862 to Hovegpber,
1562, were locsl froge frem the Usmtinetu arsa, The third snd
last growp, Febromry to targh, 1863, wers obtaised frem the
tisconsin supply house « Stelnhibler, On Novesber 3, 1682,
we obteined & single Fana catesbeipns which waw collectsd by
s skin dlver in Lac Bataills in the Tatlneac ares of Quedec,

Although the speciss adounds in Satinssu Cownty
during the winter months, it was not possibie to obtein 2
continuces frest segply. Therefcre, a lerge nusber werd
kept {n an squariue under simuleted hibernstion conditlons.
In Xovezmber, 1661, we obiained 8 large supply of Aana
celesbsizna from #isconsin, The frogs, On arrival were
placed 1n two large norse drisking troughs covered with carde
boerd to kesp oul the Jlznl, The iroughs had four iaches of

fine sand on the bottos end twanty-fous inches of running
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tep watar, The tesperature »f the water wos o constent 4°C
305 8t the eutflow ed of ik Lrough [exespt for one shurt
pericd of twe daye when the water wis turncé off}e There
wes vary $fttle fusgal infeetion after the first four weeks
and vatll the weter reschad » teopereture of 15°Ci0.5 I
darch, 15682, ﬁag this time, t¢ foagel iefuetion wrowm &
"radedeg” appeasse so frequenily that one of Swu Infected
ssioale Rad to De revoved sech weshk, Aectuse of the dife
ficolty fn fesding the frogs wed heeplag then dlsesse fres,
we decided to placs the rensining aniztls In s pond on ths

griveraity proverty, shere they couléd ohtain wefficlent food,

A largs cage, 100 & 8% & 57, was construeted aad'plaeti i
the pond where ihe depih s four fuvt, 1o June, 1962, w
received oot feesh supply of loes] froge, Half of the
salmels were sacrificed the day they were received, and the
rest Rapt a8 descrided adove wntll June 2%, unicd, in s
partielly covsred Lrough en the roof of the Sielogy bulldisg
The supply costinued, uninterrupted, until August 30, 1962,
AL tRis tise o 1arge nomder of these onlmels wers Deling kept
o the troughs, They were fed ¢ mixturs of noaooenized

beef ivep and for chew. ThIS supsly of frogs lssted until
Soveasber 20, 1982, in February, 1893, o supply af fregs wes
recelved from Wiscossin, 2aé these were kept in o refrigyr-
stor in @ dsrhmoé vecetable crisper, fourlean Ioches squale

snd 94 iaches deep, which was filled with water &t 4%C,

\
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Collesting Thyrold and Sere Sampler

he enizels were aatsihetised by pithing the
brain and narve covd, To obtafa the serus, 1ha Maart vas
cerefully expossd erd & blood sasple draws with o syringe
aad 240 peedle, No snticosgulent wes used, the blood wis
aliowed to clot snd then centrifuped st 2000 %% for fifs
tess sioutes in @ elialesl centrifuge, The sarp were
frosen imsaélately sfter centrifugation,

foms &ifficulty wis saperienced i obtalaieg blood
seeples from winter frogs, the heart beat belng slow, the
voluss wag seeil, 1be veniricie muscls €16 not relas snfe
gictently to allow 11 to expend (o the same szlent it di¢
in tic summer frog, sithin the winter groups, ihe oerd
stapies vere poolec, each lndividusl contriduting 3 volunt
equsl to the mlint veiuns, 4o motioned sbove, the
sers of the indlvidus] sucser frops werc not peoled,

The thyrotd glend Is found stleched to he hyold
spperatus In & sroove Sormed by the thrroléepracess, Just
sostsrior to iha gueteric-lnteral process, It 1ies
wedie] to the exteragl Jugulny, benesiR the pracarecold
cartilage, he sternohyoldens Rud suohyoldeus auscles, aﬁd
Just posterior to the vrigin of the hyoglosasl suscis.
Extraction of tos glasd sust So secunplished nnecf'sagn:fs-
cotion b6 <1th fine furceps and nsedles, b0 thyroid lobss
are very éslicete iz the wintsr whsn Lhey ore nypoenic, The
glende 1o flat sgatnst the thyrold epperstus, +5é are slsost

fndistinguishedie from the surrcuading tissue, Caveful
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sttaation st D8 given 1o aveld tesring the glend when
remeving ity It wee found deat to graep the saterier ligee
aeni coanectisng the gland to the caxrtilage end te tense iis
gland off the eartilage with & novéis, cutting the posterler
tigenent with o palr of sciescry, One lobe was placed
tassdistaly ir Souln's fixstive and tde elder was frogen a2
dry les. Ths frugen gland wvas ¢rfed in & fresse drylag
appetaius $0-100 virtis unltrep sné kapt In & duep fredge
&t «20° Contigrade wntll chemical anaiysis wes uaarﬁm¢
Serisl sestions of the Seuin's fined lobes wars ewt
st Sive micrs and stsined squerding 0 the procedurs
ds3arided Dy Doslarsis i Ladan {11Y. The colicid atalning
properiies were mssurad in the followiag mamer, The
tissve section was divided horissatally inte wiz avess by

five equelly spaced lines, Fith & slcroentsr sessing along

thess Bines, ihe blus 2nd yellow staingd colliold wes meagured
s 1he Tesuits vere Interpreted es piremt of the total
coilofd mengured, The dats frum the five Gress were sveroged
to give the percent of the total eolleld stainiag with
Aniline Blus,

The cxil Relght and the asclesr disseters (mmisnfad
parpeséicules to ine cell dase) wers meascred in micrs, Flve
folifcien wore chosen vithin each saction snd thres cells
were odserved in esch {olifcle, The fallicles anad celis were
chosen {n the following sanner, Under lem masnification,
the sectisn was ceatered in the fleld of visjon, the fellicle
which vas closest to the tip of the vculir halr pointer vy
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studied. This folilcle would, of courss, D4 & cuntm} ene,
Following thiy, the micrasceps stage wee soved to the right
uatll the adge of the sestion appesred, and agsic the fele
licle clesest 1o the Lip of the pointsr wes sludiec, Ine
alcroseeps stsge woe avved in this mnner watil ail four

s jor paiats of ihe cospasd had beon scisned on the tiague
ssttien,

The chenlced sanlynls of the thyroid gland was
arried sut ofter all ke glends had been collseted, Ihe
drisd thyvelds ware waighed oo 8 Sarterius Balence ead then
hemsgenined in ool c,c, of ehilled (4%} shystolspicnd
saline, The saline solutied wes preparsd with deminersliged
wter te eliainate the possidility of fntroducing conlanine
ation by excgeusus fedins, This was checked and the Jedine
content of the soiution wis found to b well within the
verge of the resgent dlank, The hossgenate wee sliowed ¢
stend for fificen ninutcs st 4°C to allow tor. the lescking
vt of 12¢ collold. 7he hamogensic was than esntrifaged
for fiftase minutes et 2000 R7u to remove call dedrise The
axtract was chemically anciysed for fodine by ihe yesl
procedurs for serua { 2, Freteln {scorpersied lodive, fred
thyronine jedfny, snc inorgunic lodine were at2sefed on
each saaple, The resuits were (aterpreted 88 nicrograme of
foding per stiligrap of thyrold tissue,

The serun protels bound ledine (181) and butansl
extroctabls lodine were elsu deterained by the Hycel method
{ 28, ard the rescils were !ater;ﬁutw 28 sleragraes of

2((’
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isdine par handrcd nilittitars of blood.

The éats eollsctec {n ealh parameter were expressed
8% & BA5 SVErade velus 2nd putm tm 4 time sevies srapd,
The ¢ata was trealed stotisticeily with a slsple eaalysls
of wrisnes, snsdocer's vertaace fatio test {45} was uaed
with & one way classificetion inc sen ¢iffersace’ sad &
tws wvay elaosification (46) tshiang Pxic consideration sex
diitersnces, la Dotd types of ststistical treatasnt, & {iw
percent levsl of ecafldence wag the limlt fur signifieent
differences. IThoss parsmmtars which showed a sigrificent
diffarasce Detwaen proups st e five percent leval o |
Detter, were than studies by Uhe Krsuer scflfisd Duncen §
fange tost for the delwssn mean cEffresces { ..«
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< % @@ A. Histologles! and Cytological Observations
AU ts Call Helght |
ainey % Out sbaervations show that thers {s = ssascnal
AP eycie 12 regard to the varfation In thyrofd folllcular
e o cpithelinl coll helght (Teble 1), Thure sppear to be two
SRR seascnel pesiis iz cell hafght (Graph 1), RBetwesn Noveader
MORRG snd Jansary thers is o misor incremss from five slers to
SRS sever alora, Follewjag this there (s » perfod of rapidly
FTECIN decreasing esll helght to o level of approximstely five and
ST one half wicre, which I3 thean aeintsined throughout the

wintet snd ekcly spring wonths, 15 the spring, the cell
Reight Lacressss rapldly to seven sicra, This secend high

is followwd by z gredusl decrasse {n cell helght throughout
the sumaer end esrly fall moniha, The eutuan Jov in csil
hefght does nol, howsver, reach that of the winter munihs.
in fats November, the csil helght ageln {ncreases. .

A ont.any anatya!g of vartance {Tadle i), fgnoring
sex difference, pives 2 varignce ratic ("F® value) which is
greatar than the one psreent level of °F" found In Snedecor's
Table for Varimnce rotio (45), %hen these rescits are
enalysed for sex ond sex-time diffgrences by the methed
deseribed by Steel and Torris {46}, ft ¢ evident that the
setween group varistion is not related to sex dizorphiso
(Tebie 111V,

Although the crephical {(Crapn 1) representatios of
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the dats shows the rmature of the trends In csll height
varlation, it was necessary to apply Kramer's sodification
of the duitiple Asnge (Fipe 2} Test to deteraine what tise
group mesas are stetistically differest, For this study we
have chosen the flve percent Jevel of significunce and this
{s uniforaly eppiled in 211 our dsta for this test, The Jeme
vary, 1962, high (7,34 end the June, 1962, nich {7.4<) sre
statistioslly aquiveient and are net significartly different
from the Pebruary snd tarch {128)) cell hefghts of 8,2 micrs,
The June, 1962, seen {2 not statisticelly diffevent from

the other suower group Ss0ns, except the starved group of
suguat 21, 1962, All the summer group mesns, except August
21, 1962, are stetisticelly greater at the {ive percent

levs] than the autumn, winter, and spring group weans

{except those mentioned above}, There is no stetistlesl
¢ifference et this level Detwsen the means of Septender to
December oné February to 8y

The Pebruery ard saech, 1683, group meens ere sitle
isticaliy different at the five percent level from the
February and terch, 1962, group means,

The coll helght observetions in the sinple frog
coptured on November 3, 1883, can not be treetud slatistie
cally with other groups, but the mesn {5,3 alera} for thiw
frog fulls neatly into place between Cctober ) (8,5 =icre)
ard the Novesber & (5,0 micra) meens,
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Dets  Replicates liees Csl)l Dats aupt;um Mega Csll

EANERS BT’ )

o epeg BleJ2eb] ) o o  S.500,87 3e 782 5 4 1 6,940,60
R T J6o Io82 4 =+ o  T.300,3) B 802 O 5§ 4 8,430,581
Cou ok G 262 4 o o  5,0R) e L8210 3 T 5,850,6)
ey Bow 382 & o o  §,5i0,87 I0w 88210 5 8 6,650.71
ETTEE fo 5e82 ) » » S 4080 Je10a8) B 6 ) 3,580440

e 16 882 3 « o  5,%0,88 Jellef2er} |} %03
s o082 8 5 1 T,450,30 Ge1l.82 3 1 2 8,040,20
— e 6825 1.4 ) . 750,40 Welledd 4 2 2 5,40048
10782 5 4 1 8.8:0,81 18-28) & 5 & 8,509
1e9082 8 5 & 6,450,8) Je 383 9 2 7 8,30.04
e g s e R

(1} Date refers to the dey of sutopsy, dayemontbeyenr,
(2) T, %, snd ¥ refer, reapegtivaly, to totel, mie
snd femsls taplicetes,
{3) Opoup mssns with standard srror sotimts.
# Summer, sfarvad, frogs.
#¢ Siagle frog cuplurcd af lac Batsille,

Tedls 11 Analywis of Varianes

Sogres Df  Sum of Vatienee & ‘:-’é;e,.:eez!eas
[

Total 125 388,38 | 19 = 2,03

Grespr 10 126,10 8,405 58 « 1,86

Eprer JIO 240,28 2104 2,632
58 - 1477




)
T ¥

LY T (T S e
4 Mg
il
Py
o 1
L R e ST

B4 " s
Yt v e h

Tedle 111 The A2 Asslysis of Variance
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sourcs Of an of

Ae Tims ¢ 75.046
Ax8 $F . et

1.334

varianos it Theoretics
Sgwores  Eatimste  Velve  UF" vales
84330 8. 249 >ik
D262 0,211 <85
1,027 0770 <5%

Epror 85  113.elé
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2, Huclear Disgmter

The nsclear disasters do not show ay clear s
seasona] pattetn 29 do the oull helghts (Table 1V), As seen
{n the craphical representotion (Graph 1) there 1s = single
peak of sctivity in spring (May) snd the seasonal curve
falls on Doth sides of this pelnt. Statisticel asalysfs:
{Teble V) shows thet there iz ¢ sionificant &!fference
betwesn the Lime groups, the "?" value {s four end one half
times greater than the Saedacer theoretical for one percent
cenfidence 1lmlt. fhen treated for sex Zimorphism (Table Vi)
there is no evidencs of sax variation within sny groups.

In the multiple Sgags Test (Fig. 2) st the five per-
cent level of significance, oaly the spring velues sre stale
tstically different, in May ths nuclesr mexsuremenis are
3.3 and 5.4 afcra, The zesn auclear dlummtsr In February
| and March, 1863, are sionificantly dif7erent from those In
Tedruary and Mareh, 1962, There 1s ne other clear separ-
ation of the group mesns sccording to seasons, s 13 seun in
Tadle V111,

The sesn noclear dismetar observed in the single
frog captured st lac Batallle does not coprespond to the
value of Cctober 3 snd November § group of that sace year,
ilowever, this di!’fc-erex&cc woulé probadly not be gtatisticslly
significant at the five percenti leveal.
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Tedls IV Nuclear Msesurements of Folliculsr Cells ia Miera

£)
fate  Repiicates kucleus Date * Replicates Kucleus
LD 1.8 7 Disster
JelZell 3 « o  3,90,3) 3o 7«82 5 4 1 3.830,50
’6" l-ﬁl 4 » » 4.!‘0.20 9"81‘82 ¥ 5 ‘ }."0110
6 2662 & = « 3,640,10 21. 8462%10 3 7 3.480,30
e JuB2 8 o o 030,07 30- 8462 10 5 5 4,180.38
o Sl ) o « 5,380,480 3-10.82 S 6 3 3450, 14
160 582 3 « & 5,%C, 482 3-11e82¢4) 1} 448
- 862 6 5 1 4,300,300 6-13.82 3 1| 2 3,305,
8. BuB2x 7 &4 3 380,20 2)1.82 4 2 2 34030,258
10« 762 5 4 1 3, 70,22 1Be 2-63 9 5 4  4.450,30
17 282 9 3 & 3,90, M- 38) ¢ 2 7 4.80,20
2:0:02000 7 3 3.8i043) -
{1) Date refers to ihe day of satopay, dayemonth yesr,
{2} T, 4, sad 7 refer, reapectively, to totsl, mle,
and femmle replicates.
{3) Group msans with standerd error estimates.
* Summer, starved, froge,.
#* Single frog capturad at lac Betallle,
Table Vv Anslysis of Variancs
Seurce Bf  Sum of Varisnce e Theoretical
Squares Lgtimate vaiue "R yalue
Total 129 36477 1% « 2,03
Groups 19 24,1 1,238 5% - 1,48
Ereor 110 15,08 0,136 9,080

S - 0,308




Tebie VI The RXR Anaiyals of Variance

wiRe

Sourcs Df  Sum of Varisnce gt Theoreticel
e o te _ Valee P valge
A, Tiae & 11,338 1.28] 4,406 >1%
Re Sex H 0,018 04018 2,085 <5%
A% $ 24788 0.310 12104 <535
Bgrop 88 23,207 0,26} -
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oraph | Felliculsr Epithelium tesgurements

e——* (ail height

Xeews) Nuclegr dizmeter

The peints through which the curves d¢o not pass are the data
observed on atypicel snivels, €.g., siter {nterupted hidernss

tien and prolenged captivily
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J» The Collokd Ristochemietey

The sscaonsl varfaticn In the vercentage of the
colleld, waieh preferentiaily tekes t8e Anilineeblus staln,
is ol3o woll merked (Tuble Vil, Graph 11 ), In the late
spring, the mximum collold affiatty for thls dye ogcurs in
Yay, when ore henéred peresnt of the collold stsins klvs,
This affinity falls steséily throughowt the suamer zoaths,
resching 8 low ef sixty-five percent during the lete fall,
Tais I3 follcwad By an fncrensed Anilice-blue affintty in
the ald winter to valus of nisety peresnt,

The lerge "F° velue for Betwser gcrowp ¢ifferescs
shows & highly significent verletior betwser these grouvp
reues (Tadle V111D, The X2 atatistical anmlvals (Tebls 1¥)
shows that idfs wverfetlon I8 not des Lo sex dimorphisn, B
Yultiple Renge Teat shows that at the five seresnt lewal,
ths late winter seens (Fedrusry sad ered, 1662 end 1963)
§nd the aprisg valee: {1y and June! are not signifticantly
¢irfersnt, The June, L9GZ, aan 1a sot diffzrent from other
sumier seens, nof the late winter seses, Ihe late scamer
valge (Aucust 30 £rd the mulomn values sre znot élfferent
st ths flve pereent favel.

The Fadruavy, 1763, frops Rave » cellotd sf{tnlty
that 13 stotisticolly different Proc the 2nlmels of the same
perid I 1662 (Fig, 3', whlle the ¥erch, 1883, ceun percent
blue collole 1z statisticetly equlvsiont to thed of the
period Xgreh, 1962,

The starved sowser frogs have mean volues that are
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statistically different from all others (Fig. 3). The

early groups (June 28 and July 24, 1962) have mean values
different (at five psrcent) from all other summer values and
the August 21 msan value is significantly lower yet, indi-
cating a trend toward increased Orange-G affinity in the
collofd with a longer period of starvation and physical
restraint in the agquarium tgnks.

When the ratio of the follicular epithelial cell
height and the colloid staining property (Table X) is
plotted on the time axis (Graph II1), the relationship of
these two parapsters is most distinct., The ratio is
directly proportional to changes in cell height and inversely
proportional to changes in the percentage of blue-stained
colloid, It is evident that as cell height increases, the
collold loses its affinity for Aniline-blue, and conversely,
as the epithelium becomes more cuboidal the percentage of

the blue colloid increases,
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Tedls VIl Folllcular Collold Stalning Property Expressed

e8 Psresntage of the Total Collodd Ares Stained
with Angt!ut-aiu

£3] [6))
Dats  Replicates X Biwe Date  Replicetes % Blue

L i F_ Collete 1 ¥ F Colleld
Hel2el 3 o S \78,456,4 3l 7-62 6 4 2  25,22.8
18- 162 ) - o 10,062,7 5. 562 & 5 3  85,148,7 ‘_
0- 282 4 o o 97,348,6 21- 602710 3 7  43,138,0 ’
- 362 8 ~ o D2,285,7 30- Bud2 10 § 5  70,7:0.4 ‘
fe 5682 3 o o 100,040, 3-10-62 2 8 3 88,788 "
16- 362 3 « o 100,060, Jell-€2%% ] 1 6,7 J
22- 682 6 8 1 90,0885 6-11-82 4 1 3 70,4%8,3 ‘
28- 662% 8 8 ) 33,8590 2.11.82 4 2 2 89,4i7.0
10762 5 4 1 88,444,) 16- 283 § 5 4 044i0,3
17 782 6 5 & 82,85),4 e 369 © 2 T 80442

24- 7-62% J0 7 3 5],768,7 —

{1} Oate refers to the day of sutopay, dsy-mentheyssr.

{2) T, ¥, snd 7 refer, respactively, to total, amls,
and fmu seplicetes,

(3) Group mesns with standard error sstimtes,

* Smr, .“m" fﬂﬁt.

*#  Singls frog captured &t lac Bataills,

Tadls Y111 Analysis of Varience

Source Of  Sum of Varisnge i Theorstical

——SgURTES Estizmate Value "F" value
Totsal 115 36,207,30 1% - 2,08
Oroups 19 20,8)3,72  1,375,46 5T « 1,86
Error B8 6,363,48 88,28 23,75

S - 8,14
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Tedls IX The RX2 Analysis of Verfance

TGN "

Seerce Df Sumof  Yarfance P Thestetioal
- Squares  Estisate  aluye P value

Ao Time  © 15,420,664 1,704,480 4,07 >1%

B, Sex I 438,50 438,50 1.2 <5%
AR g 576,26 5425 0,153 <853

Eeror 87 36,555.3% 420,68 .




Table X Ratlo of Percent Blur Coilold / &

pithelfal Cell

Height

onte 2130 Jmte ratio
§ls32eb) e 1 e 1-82 04078
16+ 362 24063 g Outi2 0,078
8. 282 neD53 2te 862 0,134
28 3-62 046 30~ Babi2 0,063
- 5-82 0,054 31082 0,063
16- S«62 0,057 Jelle82 0,01
e .82 2,082 £-11482 5407
26 8.62 0,124 20-11-62 04078
10w 7.82 0,577 18- 2.8) 0,126
17 262 5,077 14- Jo8) 8.0
8- 162 0,428




Table X Ratio of Fercent Blue Colledd / Epitheita) Cell

Hefght

onts Eatio Date fatio
1l«=}2=5] 0078 3l- 1.52 04079
18« l-62 Cel¥3 8- B2 0,075
8- 282 D083 2l 862 D.134
2= 3=62 TolME 30 Sa82 3,023
4- 5-82 0,054 3-10-82 04083
18- Ju62 G.057 3w1]e62 0.0
2. 8.82 2,082 6-11-82 04074
28« 8482 Nel24 20-11~62 D.078
10 762 0,717 [¢- Z2e83 2s128
17- 782 ~ 077 14~ 383 2,091
28e 762 0,120




Geaph I1 Sessonal Follicle Colloid Study
Percent Total Colloid Staining with Aniline-blue

Ths polats through which the curves do not pass are the dats
ebserved on atypical animals, e,g,, after inter@ptcd hibernge

tion snd prolonged caotivity.

Graph 111 Seasona! Variztions in the Ratio of
Fercent Bine Colloid tc Cell Height

R T r—
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: 1
Neess mdsrecered by the same wmabroken line are 1 | dignifteactly
am~mum.-§ummm the same
sadbroken Bine are sigaificastly €ifferast fros & | olher,

\
]
!

Pigwre 1. Pellicalar Zpithetiad Coll Beights .
$8) 50,5.2,58,548,55,57,868,58, 0.3,64,6c8,85,8.7,8.7,848, 3 Tet, 82,82

Figere 2. Fellicular Epithelisl Euclesr Diassters
3.3y 34,344, ’03'9305t".0’0"’0,.30’.,071303.3.‘.309.401.lol’iolgid: eIt

Figere 3, Percast of rellicular Colleld stelalng with Asiline-blwe
$3el, S1a7,5308,6446,65.7,8944,7004,70.7, 78.0,76.4,82,8,85,1,85,2, +%5E004,806045242,8743,100.0
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%s Chemicel Analysis of ths Thyrel¢ Gland
te Protein Incorporeted loding

Cur observetions (Sreph IV) indicate that it is
during the colder scaser thet the highest levels of urotein
Incorpotuted lodine cccur. Between ccteber snd early vay,
the sean values (Table X1) vary froam 1.6 ~y/ag to
2,86 “gfeg, iome low values vers found, howeve:, on wgy ¢
the mesrn value was !.544 ledlne pe? stliigram of tissue,
8a¢ {n one sniml Srom Lac 3etaille the average was 0,31 ¢
lacine per milligrem of tissue.

Thi statistical anzlysis ‘Table Xii) Indicates 8
Righ level of significant difference buivwes: seans, the
variance ratfo being greater :har the one pescent level,

The RX2 anglysis (Table <}i]) shows rhat this ¢i:ference is
not due to eny sex difference, The uitiple cnge Test

(Figs 5Y et the five percent level of sigatficence, irdicstes
that the sumzer frog thyroids cortair significantly lesy
protein incopporated lodine ver millfpraz of tissue than the
{rogs teken In the colder seascrs, The sutwer velues racge
from Cobid 1o 1a4% 2icrograze of lodine per aflligruw of
tisxye,

The february and sarch, 1963, observalizns Incicets
significently less groteln Incorporsted indinc Ir the frog
thyrofd than curing the saaxe perlod in 1962,

There £ no slgnificent difitrence in this Tespect
bttwsen thi'thyroids of the summer starved croup mean and the

thyroids of the other summer groip means.,



§ln .

Tht protsin Incorpopated !ad!n« level observed in

the singlc frop from tac Batafile s very mch lowsr than

tven the lowest summer viives,

2, futens] Extesctadle lodine

With the exesption ~f the 1T ing grovps (yy, 19623,

the butanel extraetadle fodine valnes peraliel the protz!n

incorporated lodine valuey {Greph v Tabdle %jv3,
not the same degres of veriation, nowever, ang a3 indicated

In Tadle X\ tha VAT iRnce ratic teg frdicates so significent

differences betwee: grevp means st the five

Confidence,

Jo lnorganfc lodire in e thyrold Glend

Carfng the late summor crd the autuan sonths
(Graph IV) {t {3 observed that the changes in tnorgaric fodine
levels parallel the chenges In protein incorperated lodine
levels., shen (n late fali snd early winter the lstter teve]
climbs, the Incrosntc lodine levels off to ap~r- xlmnte!y 1.2%
aferograns per eilligrem (Tadle vwi)°, fnslysis -f vartance,
one¢-way, frndicates » significant <{fference between groups
31 the five percent leve! {Table *vii® and the ~X2 statis=
tics (Table xvill) rule out any posaible sex dimorphism in
this parameter, The Multiple Renge Test (rig. € siugles

out the sutumn and winter values tu be generally nfuher (st

five parcent) than the spring cnd summer velues,

in February, 1463, the fnorgenic lodine level wea

There {3

rarcent level of
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chasrvad to ba sdgnifionntly lowsr than It was {n the yape
peried in 1962 (Fg, 5). However, by larch, 1963, the
Jevel dd returned 10 the 1952 velek, Ho ffect of stepves

' m and aptivity e mam m vegard Lo Inargante
Mzm conemtution in the :‘ms thmtég A8 in Wautn
inurpor»tu $odine vbtcrnt!ann, thc &mr@m&c fodine
_1 --;v"m«mntion in the thyroid of m @m frop captered on |
| Rovauber 3 vay much lovar than the w:hm Pobserved for
o c:pthn rfogs In the same uuam o - ‘
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Tty e e s s
£ Eavad ﬁitﬁ Replicates ﬁggzw Dete  Replicates P53
e mrs — R S A I MNF |
ist alZebl « o @ ~- =52 6 3 3 t.64t0,3
. 18- 1:82% § = &« §.8 G 882 8 5 3 0.0,
. ° , Go 282 4 o w  2,2811,00 20e Bo82" § 36 0,950,850
N Wo 3B 8 o - 28050 30- 862 5 4 5 1,4550,78
4o 587 } = =  1.6150,68 3.30.82.7 § 'z__‘ 28881 .07
18- 582 3 - - 2,001.06 Fll-62%) -{"‘;le.sx
2-0.62 8 « o 0042080 6-11-82 5 2 3 1.MI0.6A
U B 0e8Z° 5 4 1128090 20-11-62 5 3 7 2.7040.86
1082 5 1 4 1.35t0.9 19- 283 & 5 4  1,8540,8%
1762 7 4 3 L24ECTL M- 16310 3 7 1,8050,83
| Mo TAF 6 4 2 059t0.27

s

(1) Oxts refers to the day of sutopay, day-nontheysas,

{2} T, 4, and F refer reypectively, to totel, mle,

. and fewale rapllicates,

{3} Group mesns with stendurd srror satioates.

s Fooled semple not included in the statistics)
acalysis.

*  Sumaar, starved, frogs. :

#t  Single frog eaptured st Lae Batsille,

Tabls XI! Anglysis of Veri{ance |

Variance rer

Souree DY  Sum of Theoretical
_gusres  iatimte Yalye Pt value

Total 114 113,047

Groups 17 48,266 2,842

ireop  §7 70,0 0,728 3.481 >1%

Sm - 0,269¢
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Tadla %111 The #N2 Anslysln of Vaplasncs

A it

AvTae B 344 312 e I

i S 8401 £450 .37 <88

Seeres T Sum of varlenes  "P® . Theoretleal
o SGUE LN EBbimEts Jatee  CFT vidue o

Bessx 1 en en osm <5 -
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Teble XIV. Butanol Extractable lodine {n the Tnyrold Gzand
¥“0 BEl/mg thyrold tissue } =

*’Tu %) (3) —

- Date chueam BE1 Date Replicates  BE!
L 1 4 T N P

0;1020,08
4 0.0840,03
4 0,1240,08
5 0.1040,
3 = o 0,01x0,0 3-1062 7 Cor540,0¢
16- 362 3 ~ « 0,1350,0 3.11.62%%1 | D408
§
¢
L3
8

1el2+6] « © «  aee 3l 7462 6
16- 1.62°
6 2o52
28« 3-62
4= 5-62

3
- o o.cs 9. 8‘62 8 5
v o 0,190,084 2]. 862" 6 4
. = 0,4520,070 30- 6-82 § 4

5

N P W w

2= 6.82 e 0,1450,03 6€.11.82 4 0,1440,03
28 6e82% 0.,1750,03
10- 762 0,22:0,06
17= 7-62 0.1740,03

b

& 0,1260,07 20-11-62
1 4 0,1860,07 15- 2463 ¢

3 0,1560,07 14- 3-63 10
24- 7-62% 6 4 2 0,0840,03

W e e
~ = N W

(1) Date refers to the day of autopsy, day-montReyear,
{2) T, ¥, and F refer, respsctively, to totel, mele,
and fcmtlc replicetes,
{(3) Group mesns with stenderd error estimate,
o pPooled sszple not Included in the statisticeal
snalysis.
% Supmer, starved, frogs,
#% Single frog captured st Lac Betallle,

Table XV Analysis of Varisnce

Source Df Sum of variance npo Theorstical
Squares Estimate Value  "P" yslue

Tota!l 114 1,087
Groups 17 04285 £.013

Error 89 0.832 0,008 1,625 <5%
Sm ~ 1132
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Table XVi The Inorganic Iodine In tne Thyrold Gland

&Dll chgzﬂu !2{“ Date  Replicates loﬂ;:

T 8 T ¥ F 4
Uel2ebl = o & ean e 7462 6 3 3 0,8820,33
16- 1482 - o = wme  Ba 882 B 5 3 0,7340,45
6o 262 & « « 1430 21- 862" & 3 6 0,7620.04
8- 362 2 o o 1, ME0,01 30- 862 5 & S5 0,5580,)3
$o 3e62 3« o 12304 310-62 7 3 2 2,0180.71
16- 582 3 o « 1,042040 3e3182""1 1 0.7)
- 602 5 5 - 0,85:0,20 6-§le82 5 2 3 2,0681,11
20- 662" B 3 4 1,0850,3¢ 20-11-62 5 3 2 1,6750,48
10- 7+82 5 1 4 1.2560,45 16- 2-63 9 5 4 1,1450,6)
17 782 7 4 3 0,8020,20 4o 3-63 10 3 7 1,3150,77
e 72627 6 4 2 0,5280,37

(1} Date refers to the day of autopsy, day-montheyesr,

(2) T, M, and F refer, reapactively, to total, mls,
and femsle replicates,

(3} Croup mesas with standerd error sstimstc.

¥ Suumer, atarved froos,

% Single frog captured at Lac Betaflle.

Teble »VII Anslysis of Variance

Source Df  Sum of Varisnce *F*  Theoreticel
Squres  Estimte  alve P valye

Totel {10 45417

Groups 17 18,18 1.08 %

Errer 93 30,87 0s33 Jsd4)
Sm = 0,573
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Table AVl The #X2 Anslysls of variaacs

Soxres  Df  Sum of varisnce *pe Theorstical
Squates tgtimats  Valus "E* valse
AcTime 10 0,087 5,0067 2,046  >if
B, 3ex 10,0008 0,008 2,149 <51
AXE 10 0,02 0,0026 0,785 <58

grror 1 0.231 6,0032
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Graph IV Thyroid lodine Compenants ]

Expressed as Micrograms [odine per Milligrams
of Tissue (Dry weight) s

—*  Protein incorporated iodine

b Ea Inorganic fodine .
The points through which the curves do not pass are the dats

observed on atypieal inimals, s.g., after lntergptcd hiberns-
tion and prolonged caotivity.

D
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Graph IV
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Graph V. Thyroid ledine Components I}

Butenol Extractable Iodine Expressed as Micrograms
of lodine per Milligrams of Tissye (Dry welght)

The points through which the curves do not pass
observed on atypical anizals s

sre the dats

€sQe, after intergpttd hiberns-
tion and prolenged ‘captivity,

Dec
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€. Clrculsting Hormone Assay

The P! ebssrvstions as reccrded In Table %I+ snd
repressnted on Craph Vi Indicate thst the late fall and
winter P21 levels ere greanter thin the sumser and exrly fail
velues, Statistically, (Tedle x:) there Is a significant
differance {ons percant) betwses proup mesns whieh s not
Cue to sex Cimorphism (Teple sai), The Pedruary saé varch,
1663, values are statistically greater than all others
except the Gctober to November values (Flg, 6°. #hile §t fs
impossible to assess the statistical confidence of poolsd
serua 3eans for the winter, 1962 groups, the winter, 1983,
group ssans appear o fsll inte the same order of mapnitude,
The lower summsr values, June 22, July 10, end sugust &,
1962, sre sipgnificantly {five parcent) lower thap the suteamn
velues, bul all other spring snd suamer values are stetisti-
cally ezuivalent, =né zre not iignfficantly different frcm
the suluon valves. There is no effect of starvetion or
captivity.,

Ine butanol extiracticle lodine (Tedle A:l{, Graph
Vi) shows that there is no real veriation Detween seasonal
groups with regare to sctual horaonsl fodiane, The state
fsticsl treatasnt (Tadle XXI11) of thsse observations
produces s variance rstic which {s much below the accephed

five percent level of sfgniflicunce.

P -
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Table XIX Serem Protein-Bound-lodine I
{ wg lodine percent ce, serum )

m t3) £ |
Dste Ropllelgtc P81 Date  FReplicetes Bl i

1 i T & F

1el281® ) - - 3,6 Ma 7262 6 3 3 2,8L0.48
16« 1-62° 2 - < 10,9 8= 882 7 ¢ 3 3.3%1.8) )
8 2662° 4 - - 4,0 e 86278 2 6  2.481,4) |
28 )82 6 . - 8,0 30- 862 & S5 3 2,50.84 §
e 4o 562" 3 - - 3.5 3=10-82 7 & 3 3.820,3¢
16- 8.82° 3 - - 34 y-ii-62741 | 342 at
EvA 22 8«82 10 5 5 2,380,564 6-l1e62 4 2 2 4,120,597 |
SR 26~ 66210 3 5 3,280,73 20-11-62 3 2 1  4.3%1.23 |

10- 7-82 6 2 4 2,280,48 1= 2e63 & 5 3 4,621,00

B 17« 762 7 4 3 3,230,088 14- 3.8) 10 3 7 4.551,12

Mo 9-82% 6 3 3 3,22044)

(1} Date refers to the dey of autopsy, day=montheyear.
{2) T, ¥, and F refer, respectively, to total, male,
an¢ femsle replicatss,
{3} Group mesns with stenderd ersor estiaate. ,
» rosled sssple no fntluded in the stetistical |
analysls, L
& Summer, starved froge.
% Single fror captured at Lac Bstallle.

Tabls X% Anslysis of Varieace f

Souree Of  Sum of Jar fence " Theoreticel
Squares tstisate Jalue 2F™ valve

Total 99  240.8 |

Groups 1)  123,) 47
Epror 86 1177 1,37 §,908 >18

Sm - 1.17
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Teble XX] The Ax2 Analysis of variance , §

Source Of  Sus eof Varlancs it Theereticsl
Squares Egtimste dalue CEY valus
Ay Tiee 11 M4 LR 2,318 >
B, Sex ! .22 0472 D507 < 8%
AXB 13 5481 045C 0,370 <8
Error 71 5,08 1433
i
1
|
|
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Table XXl The 2x2 Anslysis of variancs

Source Of  Sug of Vatlancy wit Theoretics!
Sqoares Estimatse Vs lue CEY valus
hy Thoe 1} 434 .12 2.318 bg } 4
B, Sex 1 0.2 Q4?72 (4527 <5
B 1l 5481 De5C 0,370 <53

Error 71 85,08 1925
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Table XXII Serum Butanol Extractable Iodine .
( ug percent ¢c, serum) L
éiée Re;}¥Zates égg Date Replicates BE1
T M F T MF
1112+61° 3 - - 5.4 31- 762 6 3 3 3.720,9%
16- 162° 2 - - 3.9 C- 862 6 1 2 2.,620,57
6- 2«62° 4 - - 4,7 21 8-62° 7 1 6 R49%1,35
28- 3-62° 6 - - 3.4 30- 8-62 & 5 3 3.741,86
4- 5-62° 3 - - 3¢ 3-10.62 4 2 2 3.8#0.98.
16- 5«62° 3 - - 4.3 3+11-62%%1 1 542
22- 6-62 3 1 2 4,1¥0,°4 6-11-62 4 2 2 3.620,74
20- 6-6Z 9 5 4 2,0%81,10 20-11-62 3 2 1 4,820,68
10- 7-62 5 2 3 2,9%0,5¢ 19-2-63 ¢ 6 3 3,580,60
177762 7 4 3 3.651.49 14- 3-63 10 3 7 3.180,75
4= 7620 9 6 3 3.530,85

(1) Date refers to the day of autopsy, day-montheyear.

(2) T, M, and F refer, respectively, to total, male,
and female replicates,

(3) Group means with standard error estimate,

o Pooled sample not included in the statistical
analysis, '

#  Summer, starved, frogs.

#*» Single frog captured at Lac Baraille,

Table XX1I1! Analysis of variance

Source Df Sum of Variance npn Theoretical
Squares Estimate Valiue "F" value

Total 89 127,8
Groups I3 28,6 2426
Error 76 0842 1428 1,76 <5%
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Graph VI Seasonal Serum FBI and BEI Values
Expressed as Micrograms of lodine Percent Serum

e——s  Serum PBI

Xeweex  Serum BEI ‘

The points through which the curves do not pase ere the data
observed on atypical animals, e.g., after lnter’iiptcd hiberng-

tion and prolong captivity. -~

Dec, Jar
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Graph VI

Dec, Jan, Feb, Mar. Apr. May June July Aug. Sep. Oct. Nov.
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GENERAL DISCUSSICH

One of the jaterpretaticas of adapiien in regard to
physical chenges in eavirenment is that sa (.78 3] liu:: soms
physical or physfological changes that snadie it to survivs,
sseentislly, acclimation rafers to the spscisl fora of adjusis
ssnts thet aniamls undergo when subjectsé to 8 new snvirone
seatel condition to which they have not defore been subjected,
For sx2ple, tams rats sre sdapted Lo @ stable envirenment -
emall varlaticn in temperature sad light periods. ¥hen sude
Jscted to & sudéen Jewsring of tempersture, these aniamnls
undergo @ peried of ecclimation durisp which time meay of
their physiologiesl functions coge into o state of {mba lance
wille the saimel sttezpts to mintein (ts normal body temper-
ature, Th: functlon of this perfod of scclizstion is to
allow the animl to sdjust 1ts Dedy functions to tuzedlate
and Orastic chsnges In savironmenisl comditions. In nature,
Bowsver, snvironmeatal condiilons AT in & constznt flux »
there are ciurnel chenges of light and tempersiure which, 2
sany climes, can be quite drastic, There ers 2lso seasonsid
chenges, end within seasons thare are variations {n condle
tions, snimals which are exposed to these changes are
accustonsd to them and are said to be sdapted to thez, Due
to repeatcd end gradusl axposures, an¢ due, siso, te genstlc
sdaptation, these snimsis heve ¢eveloped permenent cyclic
physlological 2¢justmants, if, however, ihe sessoral cycle

{s fntervpted or artificially peversed iz drastic menner,
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then these snimale will else attempt scelimtion, Accline
stion is, then & fiphting effort to survive agninst sdverse
conditiens,

In speaking of wide populaticns, oas is not
concerned about acclimstion, but aboul the scelimtization
process. There are many forms of sdaption to seszcnal teme
parsture changes and the sccoapsnying loss of food supply.
Oross body changes, auch as the increzse of surface cover !n
the form of halr, feathers or other darmal darivatives snd
sub=dermat fat, geanerzliy occur In larger samusis anc some
birds. GSmaller meamals turn to the forastion of ajcrocosm
and sll, But the true hidernstors, ircresse food consusption,
Apornig large herding snimsls there is & tendency to amigrate,
Few animels truly hidernate, however, but there are those
which, for reasons of inzdeguats food supply of Inedequaie
physliological wmechanisas, simply give fn to niture and allew
thely body temperature to fall and cedse &ll normsl activ-
fties thst cell for ex:enditure of inergy. They fell into
¢ state of stapor unifl faveurable conditions zre resumed,

Such an anisal Is the {rog - this animel hes not
the facility to incresse its sudy Insulstion, nor ine
faciiity to store » oreat dexl of body fat of any desceiption
to tide 1t through lemn times, Alzo, the frog lIsciks the
ability to zigPate or to creste & vseful mldrocesa, lome
anphibicis sncerge complete nibeenatien, burrowing deep

inte favorrsble aub froat ctrats, Pon: estesteiana, lise

m:ny of the srecias of Fish, =pends 2 perisd of complets or
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semf-hibernation-in deep Water where there is no. danger of
Trost or sub gero teaperatures, The fact that this species
chooses sweh conditions tends to fndicate that it {s prode
ably net s complete hibernator,

The Cyclic Keture of the Frog Thyreld Activity
Gross dorphelegy

We have found that the thyroid gland In frogs 1
tesily loemted during the warmer sessons on the year, Our
observations heve descrided this gland in winter frogs as
Inconspicuous sne difficait tc dissect from the animal,

Skowler (44) dencribe¢ the thyrofds of hans pipleas as delag

. smaller fn the wirter than aﬁrlng ths breeding season, and

rather pale in colour, Chsripper, ot 8i, (3) ir sgresmsat,
descrided the vasculariszaticn of the gland as poor, but
mde no reference to size, except it was extremely variadle,
From the foregoing, it sppears thet the colour of the gleng
could be used In g 1izited way to agsess the decrease of
setivity of the thyrold gland, Tnis fs most evident fn
glands that have been trested with goflerogens, a decpening
of gland coleur is due to hypermie, Similer resulis have
been reported with rets on lovelodine dlet.

Tayrold Histology
Early studles in frog thyroid activity by Skowler
(44) and uelseaneimer (27) invelved cytologicel =nc histol~

ogicsl measurements, In generzl, bssed on cell height and

N
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semi-hibernation-in -deep Water where there is no. danger of
frost or sub gero temperatures, The fact thet this species
chooses sweh conditions tends to indicate thet it (s probe
ably netl s complate hidermator,

The Cyclic Nature of the Frog Thyrole Agtivity
Gross ¥orpholegy

¥e have found that the thyroid gland in froge s
sssily located during the warmsr semsons on the year, Our
observations have descrided this glend in winter frogs as
inconspicuous zn¢ difficult to dissect ‘from the animil,
Skowler (44) descrided the thyrolds of hana piplens as being
smiler {n the winter than during the breeding season, and
rather pale ta colour, Charipper, et 2l, (3) in agresmsnt,
described the vascularizaticn of the gland &s poor, but
mde no reference to size, except it was tzirennly virlahll.
Frem the foregoing, It appears thet the colour of the glend
coulé be used in 8 1imited wey to asssss the decresse of
activity of the thyrold gland, This fe most avident in
glands that have besn Lrasted with golterogens, a deepening
of gland coleur is due to hypermia, Simfler resulis have
degn reported with fets on low-lodine dlet,

Thyreid Nistology
Early studles in frog thyrole activity by skewler

(44) arnd ueisenheiser (27) invelved cytological zac histol-

ogical messurements, In genefsi, dazed on cell height and
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" thyrold gland sctivity. Botd suthors foend, hewever, that

£l

collofd odservations, these suthors found a low winter
sctivity which lli followed by s repid incresss in sctivity
in the sarly wpring, Up to this peint, the suthors agree,
howsver Lhovier reported a sustained hiph lewe! of thyroid
agtivity throughout the sumaer, enti) & decresse in late |
Auguat sad the sctivity tlalily\;tachcd s winter low in

Seteber, Thess observations would parsilel the snimal'y
ssezonsl pesis of sctivity snd the ssasonal temperature

chaagll.' Ueisenheiner €27). howsver, found that the level
of thyroid activity declined sfter the NarcheApril peex und £

fo Yey resched the wintor level, caly to be followed by & 5

Y
I

second {ncreass in sctivity which culamiasted In & new
summer pesi In August znd September, Foliowing this, the
thyroid siowed dows until the winter Jow level of horaene

production ond secrelion was resched, The curlous fect about
¥eisenhelmr's obsarvetions was thet during the peried of

pesk sexusl aetivity, his animels would have 3 reduction in

the suzmer psriod marked the helcht of thyrsid activity
which would correlats with the seasen ef hlghost amblent
teaparatures snd the gremtest general cnd feeding activity,
This was 4130 the season of greatest body growth, however, @
in some sreas jsna emtesbeisna hss deen shown to exhibit
body growth during the winter season {161},

Sasec on folliculer epftheliva cell height observa-
tions, we found there is a diphosic sessoral pesk of

activity, One short period of Incressed ceil height oceutred
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during the Decemder to Jjsnuary perfod, this was followed by
8 rapld lowsring of epithellal hefght which leveled off
betwesn Fedruary and early April when it sgain incressed.
The cell halght centinued to incresse during the spring
months, reschinp a sumser mxisus of activity in late Juns,
This lsvel of activity was then sustzined through until Sepe
tember, when it again decreased to & second low level In
etrly Xoveambsr. In general, our observations on epitheilsl
sctivity agres with those of the previous sulhors, except
for an early winter Incressc snd an absence of an oorli
spring decresse as found by Leisenheizer (27},

Aseng other ssecies of axphidians, there wes 3
great deal of variation In seascnal thyrofd sctivity as
observed through morphometric paramsters, In the lrodsle
Jraichs toross, illler and Hobbdins (3C) found that the thye
rofd was lesst active during the summer period of estivation,
then the thyroid {s avescular with denss basophlilic collold
and low follicular epithelium, These enlmels do not
hibernete, but do spead the winter conths in ponds, The
thyrofd sctivity {ncressed in all snicals during the falil
migration to winter breeding ponds, 8s evidenced by incressed
vescularity, highsr epithelis] celis, and ¢ more acidophilic
collold which contains many reabsorption vacuoles. In this
species, the meximuc thyreld activity occurred during the
winter Dreeding sesson while the snimal was squatic, It is
essily appreciated that during this perlod there would be
great hest loss by the snimsl, yet there was very little




afle

during the Uecexber to January period, this was followsd by
a rapld lowering of epithellel Nelght which leveled off
betwean Fedruary and early April when it sgain increased.
The cell height continusd to increase during the spring
months, reschiag a summsr meximum of activity in late Juns,
This level of activity was then sustained through until Sepe
tember, when It again decremsed to & second low level In

sarly Xovember. In general, our observations on epithelfal

sctivity agres with those of the previous suthors, except
for an early winter incresse snc en absence of an sarly

spring decreass as found by Meisenheizer (27},

Among other ssecies of saphibians, there wes 2
grest deal of variation In seascnal thyroid activity as

observed through worphometiric pavsneters. in the Urodele

Traichs torcss, uiller and Robbins (30) found that the thye
rold was lesst active durlng the summer pcriod of eativation,
then the thyrold is avescular with dense basophilic collold
and low foliicular epithellum, These enlmels do not
hibernste, but do spend the winter months {n ponda, The :
thyroid sctivity increased In all animels during the fall E‘
migration to winter breediag ponds, ¢s evidenced by incressed
vescularity, higher epithelial cells, and & more acidephi}ic
collold which contains .many reabsorption vacuoles. In this
specles, the zaximup thyroid activity occarred during the
winter breedins sesson while the animal was scquatic, It Is
essily appreciated that during this period there would be

great heat loss by the snimal, yet there was very iiitle
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fesding until eerly spring when thyrotd activily decreaged.
Since this enime] Is 2 polktlothera, it wan consldered that
the thyroid ¢1d not increase its asctivity for ealorte
surposes. 1t must then Be =ssumed that the hyperactivity of
the thyreld gland 1s due tc ‘he frop's fncressed sctivity,
both sexusl and geaerzl. “iller and Robbins (30) segrested,
however, that since cnly abeut one neif of the colony sre
sctuslly breaders, dut ail snizsds show sorphologicat
tvidence of incrseged thyr=id activity, thea this sctlvity
oust be reasciated with envirsnments! conditions more then
with sexuxl sctivity,

In contrast t3 the sbove odeervitions, Vorgen and
Pales (32) e=nd Unlenhuth, et al, {51 {n studytro two
species of Tritorcs found thet incressed thyroid activity dy
morphclogical stendards corresponded to 'he nerlods of
gemetogendsis and srawning, that is spring snd late sumuer,
respectizely, Zuring other seascns, thyrold activitly was
moder:tely low,

“fller (20}, iz nis study =f the vivissrous son

hivernsting lieard, Zantusle vigills, found thyrsfc actlvity

by morohologice! criteris was correlated with the various
phases of it3 adult 118« history. The frilicles were largest
gn¢ the epithelivs lowsat during the dry f2]1 menths,

During the winter months, the folllele olze decressed gnd

the epitheltum {rcreased. This, the suther stated, wes
wholly relsted tc the fect the snizzl was 2ctive and feeding

doring wirter, the coldest months, The auiler found &




greater incresse, however, during the apring end sumner
aonthe, velated to the gemetppenssis and spawning perieds,
There wis 2 3exus! dichotofiy in this species, howevsr, in
that the facresze In the male animels preceded that of the
fembles, In the lattar, the Incrsssed thyrold zotivity was
sore relsted to sexux] dehsviour than 0 gamstogenssis,
Following Lhe spswning seezon, ihers was & decresse in
morphological evidencs of thyrcid escretion. In Rana
plpiang, by radicloine (1-131) conversion, Meisner (28)
found that {acreassd thyrold activity in late February was
probadly corcelsted with frerezsed sctivity end spewning,

In all of the pepers cited above, tie suthors found
thet in nibernsting and non hibernsting pelkilotherms the
serfod of Snarsased sctivity corresponds tc the period of
{ncrossed thyroi? hormone secretion, regardless of the
seasor, In Rang catesbelans, oup observations support those
of these suthors, The msjor ptﬁk of epithelfel activity was
correlated with the period = increcsed activity and
spawninp, ‘llowever, the highest cell helghts were observed
in the winter frops which had Deen disturbed from hibernation,
This Indicales that scesonzl tesperatares arc secsndary
tectors in influencisg thyrold activity, It is prodabie
thet in il anlmals the environmental conditicas affect ihe

auigalte activity in s specific way, enc thet it is this

species difference which determines the rute of thyroxine
production, storage, and secretion,

The adove mentioned suthors describs the thyrold

~
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follicular colloid as basophilic during the per!ods‘or
estivation or hibernation. This basophillia decreases as
animals becoms more tctlvc; the collold then becomes more
acidophilic. In Rana catesbeiana, during the colder months
the follicular col;o!d sexhibits a prctarencc.tor Aniline-
blue over Orange-G, and siains more intensely blue, This
increa. "* affinity for Aniline-blue represents an increased
basophiiiia, During the Summer and Fall, this basophillis
decreases until October when only sixty percent of the |
colloid stains blue,

In Rana cstesbeiana resbsorption vacuoles were

rarely noticed, only a few times in the summer of 1962 and

again in the winter of 1963. This would indicate that thess

vacuoles are related to the condition of the colloid during ‘

periods of increased hormone secretion.

Uhlenhuth, et al, (51) studying the colloid and

cell height in the salamander, Triturus torosus, in relation

to thyroid secretory activity suggested that the absorption
of intra-follicular colloid and the resulting secretion o}
hormone caused epithelial cells to be columngr, whereas
apicel excretion of the hormone into the colloid caused
cells to decreass in height, These conclusions agree with
our observations on the diphasic nature of the seasonal
varietion in cell heights and the changes In colloid

staining properties.
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Thyrold Cheslstry

t

The rejatively szall sige of the amphiblen thyreild
gland, and its reletive fnaccessibility have, perhaps,
¢lscouraged many workiers from underisking & cheamicsl study
of the thyroid hormones, Two graups of workers were exceps
tions, Denoso and Trivelllon! (IR) worked on @ South smericen
toad and 3hedlabarger azd 3rown {42) ¢n a Xorth Ameriesa
tosd. The former esthers ldextiflcd, by peper chromatoge
raphy and 1-131 {ncorporstion, all the comzon fodinsted salno
acids, mono- snéd dilodotyrssine, thyrsxzine, and trliodothye
ronine Is th: thyretd gland, They have not, howe wr,
detuected any horm:ines i ihe plusma, Shelladergir zind Brown
{(42) fuund both Rormones znd fedinuted teyosines (a i
adult toad gland. They failed to flnd any evidence of hove
dones I the plossa, Cur cbserveticns {ndicated that in jans
gulesbeinna thers was ¢ good deal of organic ledine 1o the
thyrold gland, Generally, suthors have found thet in saphe
iptang, the thyrcid does rot plek up radloiodine in lafge
quentities, and thet $t I5 excreted from the body rapidly.
Concentration of l-131 by other tissues, neldbiy the osvary
and the skin, hove been regorted, The overian tissue accume
visted {norganic lodlne {52}, while "he skin 2ccuzulated
crgasic lodine (15', The melareeytes of tne dorsal skin are
accepted 23 l-]31 dinding sltes, This is nét surprising
when one conglders the faet that the {:terusentary systex Ia
gnphiblans Is more highly active then in other «nimels, Ceg.,

respirstion, lon exchange, Volpert (52) found that the
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ratio of skin ledide to plasme lodine was in the order of

"inevitro® incerporstion of I-131 into tyrosine molecules by
the skin, Talmage, et al, (47} found that in summer fregs,
the removal of redio-fodire from the blood siresm followed
the sz pattern as in mammals, sn¢ that the saxisum
accumulation fn the gland occurred forty-eight hours after

injsction. Treating these frogs to low temperature (3°C)

for twenty-four hours prior to le«131 administration enhinced
the uptake for a short pericd, however, after five hours the

uptake decreased rapldly. Similarly, treating the frogs

with FTU resulted {n s shortellved increased 1«13l uptake
by the thyrold gland. GHost acthors reported less than ten
percent [-131 secumulstion in the thyrold gland, end as low

88 twc cercent after nincty-six hours,

DesMarsis and Lalam (11} have shown that a hich
degree of positive correletion exlsted detween the cusntity
of snaline-blue stzining cclloicd and the Incotporztion of

radicactive fodine in the collcid substance, Thls, they

I3
!
|
|
|
!

maintain, woule be organically-bound iodine, since the
histologicel trestment wou1d wash cut any free or nen protein-
bound jodine, ¥e had hbpcd to be sble to characterize this
fodine as incorporated thyronine by s direct tolal hormone
assay on the thyrold collofdal substance, However, due to

the smallness of the gland {n the frog, we could not isolate
the protein thyroglobulin by the usual methods, Similarly,

attempts to hydrolyse single glands and chemically snalyze
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the hydrolisate by S5 method felled., There simply it not
eaough protela incorporated horaens in & single frog thyreid

- to sllow for chemtcal deteruinstion, Feiling this, we

decided to enalyes the crude saline homogesats for protein
incorporated fodine (the regular PB! technique) =0 Detsnol
sirsctadle iodine,

he protcla-lneorpeuud fodine in this context
lncmu ¢l ihe poasidle organic foras of lodiee, Since
the snjmis lavolved in the Dssdiersis-lalism sxperisents were
ledine deficient prior to receiving I-131, there iu good
resson (o sssums that the colleid rediosctivity represented
10 & high degree -~ horaocnai fecdine, However, in omr Case we
hed no way of asssssing the proportion of hormomal ledine In
oer pretefa incorporated lodine study. As Derrisn, ot al,
(9,10 } snd sany other authors have peinted eut, thers are
isrgs vartaticos {n the percent incorporeticn of thyroxins
fedine in the totzl thyrote ledine ameng individuals of the
same species, llormelly, thyroxine lodine accvunts for only
& fraction of cne percent of the totel prolein iodine,

The averzge duteno]l extractadle fodine for the yasr
wag quite high, being Cul)~g per mg of tissue, This repre=
sented sbout 0,20.4g of thyroxins, sad was @ surprisiagly -
hgh value, constituting mere than ten percent o7 the protein
{ncorporsted Jodine vojues, It sesmed ualikely that so much
fres hormone would be oveilable in the thyrold, There wag 2
high concentraticn of inorganlic lodine in the thyrcid and per-

baps the slhaline wash was nol efficisnt snough to remove sll,
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Circuiating Hormone ;
In our studies, we heve smployed both the protedn-

boundefodine 'nny end the butsaol extracteble iodine sussy, A

Essentislly, thase two technlques were used to meassre the

. s3me thing - the totsl hormonsl lodine ia circulstics, The .

N

P8l method Ded one disadvantage, it asssured all proteine
boundelodine, horaona} angé nonehermonai., Thnese results, them,
csn bs affected by ladine contsmination, [f serum igdide
levels were sufficleatly bigh, a sigaificant smount of {ngfe
ganic todins would be dound to the serus oreteins 2nd soms a '
vould b trepped in the precipitated protelns as weli, |
Butanel also extraets inorganic lodine, dut by washing the
extract with Zlag's reagent, the lodide can e remuved,

There is soxe losa of thyroxine in the waaking orocedsrs, \
but with care this can be mintaised, o

¥e have found that the BE] snd PB! vslues were is

general agressent, except dufing the winter months when
there was an slsvated protefnedound«fodine value, The
annus) BX1 average was 3,77 4g porcent and for PEI 1% was
Job6 ~g pareent, From this we can conciude ihat there wen
no grest loss of horacsal fodine in the BLi tschaique,

is the winter months, between Uscember wnd ¥areh,
F3l values were found Lo be very high, perticolarly in Jane
usry, when & pesk value of 10,0 ~g percent was ebscrved on
the pooled samples. At this time, the SE}! velues were relse
tively normel with two hipch values {n Decenmder and Fedruary.

In telgium, ¥i1le and Cevisscher (55) mnde observations en
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the ceasomal changes in plasm proteineboundetodine. in Bang
Sampeteris, - They found very serkes essacmul sitfsrences in
protain indine, - There was & mried winter incresss ix FBI,
resching & msxinum 0 ever 209 pareset fa Hareh, which wvay
the period of spawning for this species. Teliowiag this, the
Pal leval detlined until o lew of sppraximsisly 3 /9 peresat
WE odaingd in fate oy, This low was then followed. by s
incresie to wMytdy 5.9 pereent In Asgust, sné \hds
lovet mintained, with only & slight deersess, watil carly
Dsoamber whan the blooé bormons level drapped off, Curl-

ously, ne thyroid hermens wes detectadis in the senth of
CRER 71 January,

w
¥

b

Devisschier's 731 values veried grestly from our FA) |
velues, 824 sur butanol extrsction indicsted thet mmeh of \
the winter F31 wes sctonily isergenic {edine. I wowdd be )
surprising to find thet & hibernating snims! would actively

ssorete Lhyrold hormons, only to stere {4 {n the aircsistion

for use later in ihe spring sphwning sseson, Tds thyreld

glang would appsar to D¢ & 2ors efficiant snd safer ergan of
stotage, This was ell the more pustiing due to the fact that

the suthors kept feeding thelr animaln, Ordinarily, sintsr

£rog8 ¢edze Lo ewt, or ant sparingly, However, sssuming the

thyrofd wap sscreting hormene snd the snizmal was digesting

aoraelly, one would empect thess frogs would be exereting o
largs quantity of thyroid in thelr feess, W¥ith sueh a rapld
increast in cireulsting horscne, the actusl sscretion rote
of thess animels would heve to De great, indecd,
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It is poesidle that those Galmels on laborstory
diets recelved o llrge amount of dietary thyroxine or thyrotd
sctivators, and thet the animels were, in sffect, in ¢ hypoe
thytold stete as far as body tissue was congarned, and the
horzones, exogenous of endogenous, sioply remsined bloed
protein=bound, while the vinter llver wvas unadlc Lo excrete
the excess. A second possibiiity is that the dlot was digh
in lodine, and that {t was thie inorganic lodine which cone
{eminated the blood protein, As sentioned sbove, our
obssrvations would tend to confirm the possidiltity thet the
suthors were loading the clreuletion with lodine. |

%s suggest that the winter P31 pesk, whick in our
enissls was not as high, nor ss sustained, ss in fans
lemporaris, could be & mechenism to conssrve {odine for hore
mne production and prevest 1ts excretion, It hes been
showa by Ardell snd Thorson { 1) that frogs diseipate water
in the fall snd carly winter, The peripheral tissues end
skin, which held s grest deal of horwone and lodide would,
then, tend to Jose these and other metadolltes inte the
plasum watcr, Therefore, we can poatn!atd sr Ancrease in
blood horzene snd fodine level with ¢ conconitant increzse {n
feces and urinary excretion of thyroxias xnd iodlde. We
pestulate this because it i3 usuel for ea cuthyrold individe
usl to mintain 3 norael level of elrculeting thyrold hormone

by dalancing secretion and excretion of ths hormons, The

low capacity of the ezphibian thyrold te accumulate fodide,

a3 svidenced by [«131 experiments, {sdicated some other
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storage method was recuired to provide the neceasary fodine
for this axtended period of horasne production,

Helsner {28) found that propylethloursetl bad no
sffect on oxygen consumption in Zama pipjens In winter, snd
suggested that thyrexine was oé B0 calorigenic tmportancs in
this eniml, The use of radicactive fodine In amphidblens
1nd other polkilotherms facilitated the fdentification of
Roracnes in blood, but hss not led to new knowledcs of
hormone secretion by the gland. In genersl, however, the
sumzer anime! tended to accuiulatc %ore organicsllysbound
fadlo-lodine In the blood then did the winter animai, if,
indesd, the frog thyroid hormone dees not have 3 caloris
genic affect, then It would be all the =epe sufprising to
learn that enimels «ith no defence sguinst extromes of low

texperatures should sccumulate circulatory thyroxine during
the Winter,

Hibernztlon Interupted snd Stervation in Sumser Frogs

In the frogs which were recelved in the winter of
1883, the follicular epltheliai cells were grestly elevated
over those of animels kept In hibernatlon the previous
vinter. The nuclel of these cells were else such lzrger in
the 1863 groups then {n the 1662 greups. In regard to ihe
chesicel enalysis of the glend, we found that the o
remsined lower §n the 1953 groups, however, ihe BE] which
wis elevated in February returned In March to velues

obeerved the previous year, wWnile the Febryary, 1863,
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storage method was recuired to provide the necedsary fodlne
for this extendsd perlod of horaone production,
Hetsner {28) found that propylethlanrseil tad no
effect oa oxygem consumption in fang pistens In winter, and
suggested that thyroxine was of no calorigenic importanes in
this animi, 7he use of radicective fodine in azphiblans
and other polkilotherms faciiltated the fdentification of . |
horaones in blood, but has not led to new xnowledgs of E
hormone secretion by the gland, In generzl, however, the
sunmer anizal terded to accuﬁulatt mTe organicallysboynd
redio-{odine tn the blood then did the winter animai, it,
indesd, the frog thyroid hormone does not have 3 calofle

genic aflect, than It would be all the aore surprising to ‘ B
learn that enimels =ith no defence aguinst extremes of low ‘

temperatures should sccummlate circulatory thyroxine during
ths Winter,

Hibernstlon Interupted snd Stervation {n Sumser Frogs

In the frogs which were recelved in the wiater of
1863, the follicular epithelial cells were grestly elevated
over those of snimls kept In hidermation the previocus -
winter, The nuclel of these cells were ealso much larger in
the 18683 groups then {n the 1962 groups. In regard to the
chemicel enslysls of the glend, we found that the FB
rexained jower §n the 1953 groups, however, the EEl which
wss elevsted {n February returned in Xarch to vslues

obssrved the previous yesr, while the February, 1963,
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fnorgenic ledine level In the thyrold was slighily lower
thes In 1982, it was net signiflcant sné by Rrch had
reached the normm} valug.

The collold stain propartics in thess two groups
showsd & lower wslue in February, 1833, over the 1952 levsl,
but by March ft had returned Lo the level observed the preve
tous year, while the cell height ressined higher, This
observation does not agree with the conclusions of Uhlenhuth
and other, thet exerstion from the aplcal pole necessarily
Jovers the csil helght, Ferhaps cell height =y not be so
significant 3 measure of secretion, nor apical excretion of

hormone, The serum horoone assays showsd no differencs detween

the two different annual groups. These frogs hed been taken
from thely naturs] habitst snd transported by alr from ise

consln. It Is sbvious thet the stress due to this treatient
would have 5 profound effect on the thyrold activity. <Ine¢s
ths enimals were placed in simulsted nstural conditions,
acot of the peremeters returnsd to norzmal, with the exception
of cell helght and totel FBI of the gland, %
starvetion had no apparent sffect on the cytolegy 2
of the thyroid gland, However, there wes @ drastic change g
{n the staining of the collold substence, 1o ihe starved
snimels there eas 8 dracatic lowering of follicular coliald
affinity for anilineedlue and @ reciprecsl increass for
Orungest, The loéine deteraingtions did rot show any evi~
dence of effects of stervation, It rezains to be seen, how-

ever, what relationshlp staln sfflufty hes to hormong concen-
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tration In the coliofd, This can be determined only when
sufficlent }tllcwottslntne colloid materisl can be extracted,
The smeretion of thyroxins and thyroxine mstedolites
was oot messured, Ths decrease ia the active collold wis
net scecospenied by an incresss {n serus thyrold horaons.
There are thrse posaibis explanatfons) increased sxcretion
of thyroxine, incrsased utilieation of thyroxine, of sa
sccusulation of this hermone in perigheral tis5u83, Cefes

aelenocytes of the dorsal skin,
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CUBELUS IO

1. There is a deiinite, diphasic sedsonal cyele I8 regard
to spithelial cell helght. Dating Juauary, there is 3 short
perfad of "high" cells which Is followed by & oharp decreass
in eoll height throughout the uister, In sarly Spring, the
cell height begins to Incresse sgaln, reaching o mexisum in
June, This second "high” fa follewed by & 3ore gradusi
decrease in cell height tnroughout the Summer, reaching an
sutuan Jow height {n November which {s followed Dy the
carly Finter lncreass ia call helght,

2. The peclel of the spithelisl calls of ibe thyroid fele
licies do nmot show a sessonsl psitern of sorphological
changes. |

3. The folilcular colioid staip affinity also fcllows @
definite sessonal pattern, The stalnlng propesty of the
follicular cclivid, regacding 1ts affinity for Analinvedlue
or Urange«G, 13 a good Index of thyrold secretsry activily.
Throughout the yesr, in noraal snimals, the colloid s
predoninstely basephilic, however, ft is acre bassphilic
during the hibsrnation pericd than it is In the iumsere 0

soaorme 11y hyperactive glends, the collold {3 predominately

scidophilic. The celloid stain af/inlity i fnversely propor-

tional to the cell height.
4, Thers iz @ h!ghnr'coacentratien of protein lacorperated

{edine In the thyrold during the period of hibernstion than

{a the Zummel.,




ef

nvsb

5« The period of greatast inorpsnic {odine concwatretion
withiz the thyroid glsnd occurs Just prior to hideenstios,
This lodiny concentration Is maintalined st fafrly constent
levels during hidernation and during the mid Summer,

6, Froa the foregeing conciuslons, it is possidble to
further conclude that during the winter sonths of h2ematica
the thyrofd glend in :anp catesbeiape is more cetive i proe
ducing end storing thyroxice, while in the Susmer the
eaphagis shifts dack to hormone production and sscretlionm,
Just prior to emergence from hidernation, the thyroid has
its greatest concentration of hormone, 3nd before entranes
into hidsrnation the glend's Dorwons content is lowest,

Tals conclusien {s in egrec:ant with the sgcepted thenry of
thyroid sctivity in other poikilothersous suinmals,

Te The wintar serum FBI fevel Iz higher than the P3I level
of the sumser serur, Howsver, the sctuel serum thyroid
horpone voncentraticn dues not change from Sedscn to season,
It 1s concluded that the clevation In FB] conceatraticn over
851 reuresents endogenoys inorgenfc iodine contamisatisa,
Since the thyraid horgone level iz serud does not incrsese
with iacreased thyrcle secretory sctivity, one musi sssume
thet this hormone {s eisher being utilfzed oy It s being
secreied, or It Is excreted {rom the body in some mianer,

8, rrolonged starvation snd the restraint of captivity
“0"“"' the thyroid follicular celloid besopdilifa, Sincs
no concomitznt fncresse ir serunm hormone io evideni, 1t ls

sssumed that the secreted thyroxing iz possibly excreted
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glrectly, sstadelizet; or becoses fined (n sose asnner 1n
the periphers! tissues,

| Interi'uptdon'-~.offhibernation increases the epithelial
cell telght, decreswss collold basophillis, snd lowers the
cencentration of proteln incorporsted lodine In the gland,
This s coneluded to Indicate hormone reélesss. whieh hormone
doss not remein in clreulstion, From the dramtic increase
in eell belght over normal snicals, It fo concluded that the
seasons) pattern Io thyreld activity is not éitectly
influsnced by enviroamental conditions, but relber by zetsd-
olic requiresents in verious states of setivity.

10, There i3 o tvidcacc of & sexual dimorphism xihrlslrd :

B L U

tc ihs sessonal waristion fa thyrold gland sctivites,

-
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