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INTROBUCTIOlf AlfD REVIBI OF UmumBai

Parlodie population •ruptlons and tfa« att—dtnt aooaQalo ImportanM of

tha Black-tailad Jack Babbit (I#pu8 oallfomdcua iflififfMi) in laiyia* hnrn

tianlAtad tto Intaraat and ourloslty of flald blologlata for yeara. Cooaa-

quantly^ aateral ecological studlM ham baan aada on blaok-tailed Jade rabbit

populatlona. Tbla project waa paovllar in that its scope included extenBlve

8tu(fy of many i^sea of a particular black-tailed jack rabbit population under

aaaentlally normal oondltiaia. Studies ivere conduoteA «a reproductimi^

pathological conditions, paxvaitlni and ptagrsleleKleal raspoaaes lit tant af

adrenal glands vhieh prorided the basis for this inrestigatim*

The dasign of this study was to elucidate adrenal reeponsea of blwric*

tailed Jack rabbita to such biotie and environomtal diaracteristics and

stressor as could be identified and accurately aaasured with the population*

3tQdy was aade of histologically demonstrable adrenal lipoid and adrenal

wtil^rts vith respaet te at* groups^ ssac and a variety <tf extrinsia fatlMNi

i tiMpsratw and precipitation.

Postulation of a ftnctional disorder as ttas oausatiira ahiffilBiii of perio-

dic d«elaatioa of wild populations, has largely been responsibls for tht otar-

rent enphaals en ptayslelagiaal eaelegj* Indirect study of i^ysiologioal res*

ponsea through adreno—cortical enXatgfMnt in tera» of Increased adrenal

veight and discharge of cortical lipoids—«hl(^ are irell emfinaed eridmcea of

stress, greatly facilitates auoh investigations. Adrenal variations in teras

of these criteria reflect the general phjsiologleal conciition of the organisn*

Fliyaiolegleal insights froa adrenal researdi nay ultlaately prove tf

value in understanding the biological problea ef aertality factors respon-

aible for periodic population deelinSf but It Is thmight that aogr proposed



nlAtiooablpB would b» praafttur* in teraa of our present state of knowledge

ef pep«iLUtioa floetuetions.

- < Attenpte to explain the periodic population eraptlons of bladt-tailed

jack rabbita in Kaaeaa have nftiaen coneluiiT*. According to Hall (1955)^

black-tail«d Jaek rabbit populatione in Eansas increase year after year and

then die off in a short period of tlae with aeeaingly no regularity in pop-

ulation peaks, Mirked oscillations in bUok-tailed jack rabbit populations

haw beta Observed in other areas too. Bslley (1931) in V«r Msslee, Tiyler

(1948) in Texas, and Kelson (1951) and Currant (1952) in Utah have all gX^mk

account of this interesting and economically significant ptHWHMMA* Accord-

ing to Cahalane (1947) jack rabbit pepnXations in most regions flaetvate la

^eles that awrage 7 yeai» in length and raage trm 5 to 10 years. Weoeter

(1955), and Carter (1989) bare shown a relationship between dreught condi-

tions in the 1950 's and the increase in jack rabbits in western Kansas} and

•enversely, the jack rabbits were fewer during wet years. Anderson (1957)

i^geets ttttt iiflseilTO preeipitati(» inhibits growth ef Danish ban popola-

tions, Bronson (1957) working with the jack rabbit population from whidt

•peoioeas fer the iareetlgation were collected (1958 a,b,c, 1959), has alse

postulated a direct eorrelatiogi lntwmi Increased nwiibere of black-tailed

jack rabbits and drought conditions. Be notes that the five year drought

(1952-1957) was aoeoapanied by a aarlced iB«re«M in jack rabbits in the area

ef this study. He further suggests, bevrrer, (1957) that such popuUtioo

increases Mgr te more apparent ^laa real f«r two reasons i first, aniaals

t«ad to eoneentrate on cropland as a result of evsrgraaing and desiooation

of their normal feed supply} secondly, an aetual decrease in the area of

available habitat from overgrazing and an increased proporti<« of tha



cropland la fallo* tvaeilamf prenotM conc«ntratloo oX th« hare poptdatiflM*

Bromi (1947) «ttribtit«s «» prrnvtlmM tf bUck-talled jack rabbit* in

iMMtem Kansas to thdr ability to adapt to changes in enTlr<»s9nt ooourriag

aa a raatilt of axtensiw cultivation. VorMes and Taylor (1955) hava devel-

oped the concept of jack rabblta being an "animal weed", reaaonlng that in-

creased ntwbers of jack rabbit* la the result rather than the caaM of range-

land depletion. B<»d (1945) has eons to much the eaut owiolwlen. It

aim(geat* that jack rabbit* are aore likely to be nwserous on depicted aad

vee^y range than en one in ollnax or near ellMoc condition. Brctison (1947)

eoncludae that there is no evidence to consider thla population of jack

rabbits cyolle. lie euggests« hoeeverj that a leng tera iaveatigation Mi

tody of the physiology of the anlisaX nay resist in eorrel&tico of stage of

Meeesalcn ef raageUndi and popalaUcn fluctuations.

riuctuations In populations have probably been known fro« tine l iBtairl s l

aiatorlcal records of *\»}h phenoaeoA range froa (flA TestaaMit accounts of

locust plagwM and trOm^ trv^lens to the faasd stecy ef the Pied Piper.

Iseeier It has only been in the last fev tettiis that serious inquiry has

been mds into the trsBohanlaffl of "Qycle" causally (Batfleld 1940). fiit

Slmloil pi^pvr published in 19S4 by Charles 1!:iton (19^4 )« attributing pjpWn

latlon <^les to sunspota, has been lirsely resporaible for etlnulating nsv

Interest and curiosity in population dynamic*, the larfe literature whldk

has been generated in an attempt ie explain population "cycles" bss htm.

•stlaated at not less than ZOOO publications (Cole 1956)9 .

Znvwstigatore of eyclee are divided into two schools ef thought. One

group liswsnilii no regular periodicity in their definition of q'cIIo behavior^

is inclined to consider popolatien fluctuations as raaAern ecourrcnest

?



(Col* 1954). Aeoordiag to PiUagr«n (XM8;« riuetwviam «* »~»'«>«>—'~

densltlM ar« largely cxplainablt bm a ccmpouKl result of randoa -mlatitnt

•f •«• aaatar faetora apparently ellaat* and the influence of population

<leneit7 of the preceeding year*

ftm ether school of thouiF^ht, and traditional ai^roaoh to the Btufy

ef population fluetxtati<ms» deserlbee eyelie beha-rlor in teree ef fairly

regular fluctuations in nui^Mre and reeurrenoe vith predietable frequency

(Ilt<in« 1942 )• SliTonen (1948), a Plnniah worker, haa eumrised a large

Aaount of data <» fluotuationa in nuabere of a wide variety of organiaaM

Inelttdlag several apeelea ef hares. He has concluded that the ae->eall*4

S--4>year C7ele is the fmdaaental one for northern aniaaJa and tha 10~ye«r

cycle is a smaaatlon of the ehorter cyelee*

Solflown (1949) has suggested that the cause far this dlTergenoe of

oplnioBi is two foldt first the tendeaiqr te ei^raoe partial* one-aided

•ocplanatlens Instead of seeking? a compriiiMiir* wlcwpoint, and secondly

Cleavage between the upholders of the prianrlly induetire approach, which

according to Cole (1941), ia iim phileeephieal aethod field biologists are

frene to use, and the deduotlre approach* Salth (IWt) haa concluded that

w* have a useful and valuable atockp le of concepts, but that at the preewot

little of the experlrsental work is at all eonclusive. lack (1954) remimte

m tha% eves if cjelic fluctuatione should be proved to be random the bio-

lexical problem of mortality factors responsible for the decline remains*

In 19S8, irtilXe canTlng on extenaive field and laboratory studies of

the snovshoe hare (I^puj SSSllSUS§)f Oreen and Larson (19S8a) obeerred



« i^TiiNlM of A funotlonal disorder whlodi they t«rned shook dtnm » XI

ims determined tliat hares afflicted with shook dlstast had a disturbance of

eaztohydrata metabolisa resoltlag tfca liver dagenaration (Green and LarsoQ

1958b). Qraaa and Zarsoo (IdSBa) auggaai that shook disease ma almost

wholly responsible for the deoiiaation of hares, hoavrer, according to

Chltty (19Si) tbtra m» irnvftUiMo^ evldanoe for a«eh a «oaeli0l<»i*

fhiii originaX ttiaslt of a functional disorder tht «MM%i^ me^tmAjm

in populaticsi craabea has been repeatedly confirmed by Identification in wild

and captive popolatlona, Lechleitner (1958), who haa rec«itly eooducted aa

atsteoalve study of the black-tailed ^ck rabbit in California (1959a, 195db)

luw elMierved the ayptosc of shook disease in speeiaene idiitii had hwm sub*

Jeeted to a variety of stressors such aa wetness, oold, la<dc of aoitable feod^

eroading, etc* He postxilated (1958) that there osy have beM an exhaustion

ef tha adreno-pitttitaxy ayatea reanltlng in hypc^lycemic shook (shodc

dlseaaa) aad death. Adaas (1959) working with an isolated snonboa hara

population in Montana, observed a oenditLw avggaating shook dUaaae.

loa«var« alaot no pathol^io dlagoaaaia waa paifefna^, it waa not cartaJia

the flibterved tyndrosM waa ttia aaaa* cauriatiaB aad Katoliffe (1952)

the tivaraeteristio oonvulaiva aeiaurea and poatoortum ayaptoav ef the

iiataaa in aaveral apeeies of captive wild anlaala*

ThB tendency to consider shook disease as the universal single mi

of periodic die-offs haa not gma without eritiaia« Fhilip et.al. (19S5)

atinseBt tiiat it la poaaible that a wideapread disease folXeiring peak abun»

dance is due to a coabination of environaental jreaaurea aooh aa diaeasoy

paraaitism and predation rather than to a single faotor, shook diaaaao«

The etiology of shook diaease la still not fully understood. Develop*



Bnt of the gemral adftptstlon s^ndron* (GAS } by Stly In 19S6 (Selyt '

195€) haa proined to be the moet iaportant sinfle factor in iBUVfCVting tiMI

tjinfft e^sd^otaft. The basic prealse ef thin adaptation reaction is that aa

«n«tfM rtipiddB with a aiaretyped reaetion pattern dnring atrese iThi^ la

laiapendent of tha natvro of the daaigias <>C*n% and hanee represwits a rea-

paMt lK> Btrmm aa auoh (Selja 19S7). The HAS oomprlaaa ibraa diatinct

atateat the alam reaatiea «M.ch is oharacteri?.ed by n«aroal8 of the liver^

aairkad hyperplaaia of the adrenal oortax along irith a rapid loss of cortical

lipoid, and sudden inTolutioa of the thyauaf the atage of adaptation or

resistenoe (^araoterised by a reveraal of the ayndrc— preoipitated by tht

alam reaction and the exhausti<m phase which occurs irhen the anioal atMWdMl

to the sustained stress and is diarsetftrised by the ay^stooa of the alunt

reaction (Selye 1997). It ahould be bom in ndnd that the OAS la essentially

a phyaielegieally useful phenomenony Uowerer, Selye (1951) haa prepeaed that

deraofaasnta of thla lae^ianiaa reault in certain abnoraalitlea «hioh be con-,

aidera to be essentially diaeaaea of adaptation*

Xi tht light of Salya*a voxic and a eoaqprahaaalTe pietire of the shook

dlaaaaa aaardrflae, Qiriatiaa (1950) haa ataggaatad tliat ahotic diaaaat aa daa-

eribed by Green is the oanifestation of the exhaustitsi phase of the adapta-

tion reaction* Christian (1950) haa •art>inad thaee concepts and haa peato*

latad a plTaiolegieal g»ehawlaa oontroling tMBwHan popTOation growth and

decline* Thia thesis considara aoeio-psyohologioal pressurea aa atreaaiag

atianll and that they oeeur in some proportion to popalati<» density

(Christian 1957)* The ccmcept of populati<» density developed by OiriatllB

(1957), auggaata that aaaaurable jAtyaiolatiloal raapooaea occur in indiyi-

duala with inereaalag population sisa and that thia is the result of



iaezviMwl soeiftl ooctpetiUon. Aooording to Chitiy (19i>?.« 1954) orwiint

iner«fl0M social cei'i^iition and cftU8«« a state of pnyoiiological exoitoMmt

ifeicb ia transfoxmed by the adrono-pitultajy system into physical stress,

Selye (1937), audatian (lOGSa, 19S5b) hare shewn that stress aetivates th»

adreno-pituitary systea and suppresses reprod'actioa» S«lye (19S9) poet*-

Itttee that adrenocortieetropic hoxmene (ACTH) production is at the expenat

ef gonadotropbioB xmder stressed oonditieat benoe aoeouatXag Tor the repre-

dootlon failare. It has also been sboim that uA iwilat and its attenderit

•trees adversely affects offspring* Qiitty (1954) first postulated this to

be an intra-uterine effect with pomanwat dajaage to surrlTing young.

Chrletain and Tiimjin (19S8) have shoon that suppreesioa of lactaticn is

the principle cause of stunUag mA iUMV effects on offspi'ing. Acoin'ding

to IletBlaff (1953) dooinaot feaalM give better reproductive perfemanoe

suggesting the ioportanee of behaviral factors in reproduction*

the effect of environmental faetore Halting population gr«rtti» aoeerdlBg

%• Christian (1957), are superiapeeed m and q^rative throegb this sooi»>

psycholcgical-physiolegieal system* He further postulated ttiat vhen in flrse

vild aniaal populations the combined demand of soeial eco^petitisa and environ,

nantal faetere cxeeed the wavlaea native capacity rf the ox^anisa to adapts

the endocrine ad^>tati(m ae^umism breaks down resulting in death* Christina

(1952) has teraid this sdrencpitultary Mhaeetion ehieh be 0(xuiider8 to be

a disease of adaptation. The triggertag aMhaaisa according to Christltti

(1950) involves aetivatiMi of the ftaafUjac hypothalae-byp^hyaaal-adrenocor-

tieal-gonadal systea (Selye 1954, Harris 1956)* Frank (1957) in working

with aiereteae eyelee in Qeraany, postulates that additional aieterologioal

•tmnii SttA as freet periods, result in distuz^iag ttie adrene-pituitary



.•^<<f'v It has be«n vtll established thttt adrenal caTUPgtifint is erldenoe of

Inertased edrtnal activity, and that this InctfaB* 18 tha rtault of an

ineraaaa In cortical tiasue (Selye 1956, 1037), ConseqiMBitly tJ» aaormt

ftf ocrtleal tlssua, as aMuaured by adrenal TWlght, is an Indirr^ot r^a^sujre

of stress (Chriatian and Ottvla 1955) » Thaaa autbors also stiggact that for

a parliottlar population adr«nal -weight itself right b« used as an UuSmx vt

ralatitv dttslty proridad that adrenal ivtii^ts fozn a series of knom popT>.

latlon densities ar« available irlth vhiofa to eorapare those frora the unknom

population. Using popalatiww of Hcttway rata (Rattti^a nonrejyjaia ). thc7

wire able to demonstrate this reL-ationship by reducing population siee and

measuring the eeneoaitant reduction in adrenal freight*

tvj^v-. tarsntine and Casaano (1955) working with rats hmm shomi that pmtff

naa<sy results in an increase in adrenal weight* Deoaldseai (1974), on the

other hand, olalma that there is no adrenal enlarg—snt during pregnanogr

and laetation In the rat. Donaldson (1919) woiidjag with rata ebeerrsd a

rapid decrease in the relative TeXuas occupied by tha oeduUary tlssua after

birth. Mutd. and Tamura (1924) dem(»istrated that the siee of adrenal glaaAi

of feoMla ad.ce differ ewisiderably according to various periods of tha

estrous cycle, and this variation in siM waa due to the structural differ-

«aice in the gland. Aoeording to Jatdcaon (19X5) there is a •momX differenoa

in adrenal sisa in albino rata with tha ateWMd bodies of the featale beii^E

lai^ger. .- .v-. .".^.'v•^i--. .< ,- .
,^,.- ,,-

'.-<^f Discharge of hiatolc^ically d«nonstrable lipeids in response to Increaaed

adrenal activity during stress has also been vrell dmnonstrated (ftnaar XMMly

Selye 1956, and ralton, Dosne and Selye 1940), There is considerable oon-

fuaion in the literature as te the terminology applied to the study of fatty



substances (lee 1957). Accordin(j: to Tfhitehoad and ^aj (1st 1957) fJWh of

th« words fat, lipoid, lipid, llpln, inay denote either any fatty 9HlNlt«niii>

in rjsneral or nne or nore i^r^^are of fatty stfWtanees defined according to

chefldeal properties, Thsy haTS proposed the use of the tens lipoid in

rsferenet te hlstolo^^ical exaslaatione to denote sotesei^llle stibstaiiet*

Selye (1988) has shmn that the slam reaction is ^laraetfnlred by a auMm

dMress* in eertltal lipoids, but th<;t the eontinvation of the alarming

atlmalns results in the reappeannoe of the audao staining gxvnules, uhleh

art aort tvtnly dlstrihttt<^d throniliiiat ii» -various layers of the cortex*

lit the end of the alam stage^ aeeordlng to Stlyt (19S6), lipoids oonotn*

irate in the sooa faaoloulata, Bt has also shown (lo57) that during the

M^e of reslstanot ttit tdrtntl otrttx ritlim loaded with U^pelAi« 7h«

initial loss of llpe&d is appMvnt x^<m greet laspeetian slnet fht ergan

letts its characterlstie light yellow color and tttrnt daxic brovn, in faot^

this large brown adrenal is the most typical macroscopie sign of the alam

reaetlen (Selye 1936)* Fortier et.al, (1950) conducted extensi-ve studies

en the eheraloal and morphological etiasges elicited in adrenals of rata by

stress. In rats subjected to stvtrt sjratwiio stress erer a 48 hour period

there was an alaost complete dtplttlon of cortical sudaatphlllo aaterlalt

flats whi(^ had been fasted and subjected to severe cold for a 24 hour

period showed an intense discharge of sniimtp>i<11t svbttaatt fresi tht ad»

renal oortex. This group of rats also showed the highest de^^ree of adrenal

tnlargtnent* Aeeordlng to Qurittian (1950) the q^imtity of Upolde tea*

tained In the oellt of the tena faaclculata of anliMlt ttiat dlttf ef shodc

diseast usually dtereased with the durati(» of etress, Howard Hillav •

(19t7) Imp tendtttted extenslTs study of the transltoiy sent tt ttt
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oort«x of the move* p&jring partioular attenticm to lipoid ccnoentrationi

«uid distrlbatifla Mtordiag to a^e and sex. Wliiteliead (1954) bM and*

•xt«n?lv« and ayetoioatlo study of th« tarlations In th« cortical lipoids

•f fBlHMI piff adMnalA vltb age and sex. ito hM shoim that fwaala guiuM

pica haiTt adranala omUining acra ataitiAbla lipoid than the male. He hae

also coined the term "Upoid-Ieden area* nhieb dmetea tb« band of tb9

eortex demonstrating sudanop^ilio propertlae*

The reliability- of histological techniques for the detenalnation of

total or differential lipoid content of tiaeues as eeapared with chemical

Mtheds baa been questioned repreatedly (Knouff et.al. 1941). Uvrnmr, Kegr

and Whitehead (19SS} working with rabbits and Mayer et.al. (1912) werkiag

with the horse, focmd no diacrepaney betnemi the histological and eheaical

findinre. Another eritioiia ef histological teehniqiws is their failixre te

stain all fatty naterial present. Uoerr (19S6) has suggeett^d that this

"asked lipoid" fraction is a c<Mi8tant constituent of most tissues cmd has

the sams function in the adrenal as in other cells. 8s alse pestulates

Hit it is the histolcgioally aemonstrsbls I^peldi lba% are eooeerosA

prlBttrily irith the specific functions of the adMMl 6mU»,

Hkjmikia AMD HEfMBf

Procedures eaployed in this phase of tbe eeolof=;ieal study lnel\^h»d

colleeti<« of specimens, dissection of the anioals in the field laboratory

with removal and fi»tioa of the adrenal glands, and interpretation and fur-

ther study of the raw field data and Materials. Laboratory work lnol^»iMl

weighing, sectioning and histological examination of the adrenal glands*

Bandom saiq!>ling8 of the jaok rabbit poptjOation within a 10 mile radius
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north of Lakln, taxmuB, in Keamej oounty« provided most of the speolMO*

for this BtvOj* Colleetions \fv tasd* at night irtMO tbt aniilt vort nos^

ally active with the aid of a 12 volt spotlight* Aniaala wei« shot ttiiag

a 22 caliber rifle or ocoaaionally, a 12 gauge eho^m*

Stinting tueeeM appeared to depend largely on aetlilty wlthSii th* jNH

rabbit population, Periode of eevere dutage in tei^wrattiref fog, and heaty

precipitation vera faotoni in Halting aetlvlty. Bmnnmr, irithin the liaita

ef seasonally noraal oondltions^ population moveaents irere independsot of

Mterologloal factors. An eacoeption to this was wind veleeity^ whlehf even

In Boteration, sharpdy eurtailed activity of the aniaals*

Alse^ due to the natui^ of tte collecting te<^mlque« the raatei M^plt

ay show an age ratio bias* Bronson (1957) has estiaated that ^uk rabbits

are at least a Math eld before they begin to appear in the eolleoticns*

fte adrmal glands of the blat^-tailed jaek rabbit are easily located

in the eviscerated aniaal* They are suprarenal in leeaticm and usually

lidbedded within sane fatty tissue* A little eocperlene* eniblat cob to dli>

sect thea out without difficulty and without rupturing the extensive vea-

eularlty In the arM* Qiiiir tht handicap of field oondiUone, it was not

feasible te mUfit «h« adrenal glands at tt—h tissue ecnsequently they wera

fixed in 10 per o«nt neutral foraalin and brought back to the reaearch

laboratory for trioMing and weighing* This technique has the advantage of

eliaiaating the possibility of unequal drying during trlaalfli and haadllflf•

The triaaedf formalin-fixed adrenals were drained on filter papor in a stand-

ard ainner and weighed in an iieloeed micro-balaaoe to 0*1 mgm

TbMf weighta represent only the aaount of insoluble tissue constitu-

ents rather than the true value for the livlm gland^ but have tht
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•dvanteget that yryixm aaounts of intercdllular and intraoellular stquftooi

fluids ar« not Included and tha.% iim tigvrea obtained are of BlgfdllmxA

aecura^ and a» suitable for ooaqparisoD irlth each other.

HLstolocieal atttdgr of tissue lipoid aaterial dsModi a seotl«Biag §aA

staining technique iriiiioh does not involve use of oz^anie solvents coBatoaly

e^lcgred with paraffin and celloidin seetions. The freesiag oieretoM has

been employed alaost exclusively for such studios. The use of this tedmi*

que, along with the proper fixative, entirely elialaates tissue eentact with

fat solvents hence keeping loss of lipoid Materials at a fflinlanm. The

freesiag aiereitsBef heeever, does pcresent certain disadvantages for histe>

logical studjjr* Ihe structural elesients of the tissue maj be disorgajiized}

it is practically ifli|}oe8ible to obtain and correlate serial seeticns and

really thin sections are difficult to obtain* This latter factor presents

a particular handicap in many studies since seotiow of 10~1S u do not faoil-

itato atttdiy of histolegieal detail* Heeever, sine* this sttljr HM net

directed at detailed study of the oeUular aorpholegy of the adrenal cortex,

the thIrtnwM of the eeetions ma of little consequence as long as thsgr

iitrt eoosistently of tnifom tei^kness*

A systeaatic study of the variation in cortical lipoid in tetae «f

distribution sad daneity eas performed vil^ respeet to age and sex* ftm

terse "lipoid-laden cortex" and "lipoid-laden area" are used to denote tht

darkly stained band in the cortex visible in plate III, Fig. 1. The sub-

capeular rim of eells and cortical cells scattered throughout the (ssdulla

were not regarded es part of the "lipoid-laden cortex" because their total

lipoid ccmtent eas very snail*

The aubjeetive nature of this quantitative study of cortical lipoids.
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daoands tmvKSual consldsration of dttail to keep the Inharrmnt hwmn factor

•t • alnlaram and reprndudbllltj oaxl'wl. It is bellersd that discssion

«f laboratory techniques In detail is not only appropriate but atewaary to

aopport tha hiaiolegioal data praswited.
, . i . ,

Freesing Solution

~ Thia raacMit, aasentially a sugar solution^ is analogus to the artw^

diag Tiodia of praffin sections. It functions in supporting the tissue

duriag aaationli^ ai^ alao proridaa a baaa for attaahnant of the tisaw ia

Vtm stage during fraasing* "iiMiilton*8 freeeing aixttare" (Claydm 1948) ..

waa used and is prepared as folloirst

Solution A,

pure cane sugar ,.,.-,., 148 .Sga*

dist. water 150.(tel.

Solution B.
gasi aoaaia —

—

S.8ga.
diat, water ISO.CWl.

Fer ussi equal parte of A and B are ndxad* The separata reagenta are stored

in the refrigerator.

9alatlB Coated Slldaa

To facilitate mnipulation of the aeetlona during the critically tlai4

staining preaadure, they vara affixed to gelatin coated slides. Tha aliiM

were prepar«^d by placing two drops of 2 per cent gelatin on one end and

cjHPtading it ru^ aa one praparea a thia bleed Maar (Lea 19S7). Ibay war*

tastdlately transfer«»d to «ri uprigjtt slide box and allevad to dry. Aeci:

lation of atain on the coated slide indicates an excess of gelatin*

T
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Sudan ZIZ Stain Solution

Thara ara a Tariaty of aolvwita availabla far praparlng oil-s^lubla

ataina aa audanj however, they ara t«ually oada up In 50->70 per cant

aleo^iol (Gomorl 1955). It waa fotaid in thia laboratory that a ralati-raly

lev concentration of alcohol, 50 par cent, with acetone, 1 part/10, pro-

duced eptioal ataining in 5 mimitea and resulted In aharp differentiation

of lipoid diatribution and danalty within the lipoid-ladan area of tha

adrenal cortex. The atain uaad aaa prapared aa followsi a satured aolo

tlcm of Sudan III in 50 per cent alci*ol waa prapared by heating—approal-

Mitaly a 2 par cant aolution* l^ia waa ooUad and filtered. Just prior to

oaa acetone waa addad in the proper proportion. Since tha atain waa un<-

atabla, a naa aolution waa prapar^ if store tiian a day aUpaad batweaa

taiaima. Tha differential in olatility batman the two aeltenta alaa

naoaaaitated frequent ohaaga of stain 8olutlc<n to maintain a constant fat

aolTent atrength thua inaurine aqual ataining froi aat aariaa aC alidaa %o

tti% n«xt«

llaintii« Madloa

fMNnar'a *dlyerogal* (ISS-l^SZ) ^* usual mounting media contain

organic aoltanta and consequently ara not applicable to audaa atainad

aaetifloa. Zaaner's *Qlyehrogel", a gelatin base solution, is desig^ied

priaarily for frocan seotiona and waa prepared aa followa (Lea 1997}

i

glycerin "' "
'
'' ..i...-— 20 ml.

gelatin, granulated S gm.
ahroM altuB 0.2 gm.
diat. HOH 80 ml.

9hi8 preparation ia refrigerated and for use is liquified by placing tbt
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eoniainnr In hot tap

Sectioning and Staining fMlmiqtMi

Thin, median portions of tha forsalin fixad adrenals were etit with a

rasor blade. Before sectioning tliese tissue slices were *'seaked« in th«

freesing eolation* They were then transferred to the freesing stage of th«

icretone along with a drop or twe of the freesing aixture*

Freesing was accomplished by short bursts of CO2. The blade was ncsr

breught into juxtaposition to the froi«n tissue and set to cut at ISu* ftm

first few seetifxis were discarded to assure unlfsm thldoMSS. QniforB

eoiicos war* mm^mi. trm the blad* and plaoed in a beaker of distilled

water. 1h« aaxt few Metieos were again discarded to aroid a thiolmaM

differential resulting Area «qpansi<»i of the tissue upon thawing.

fhe seetiens were fleeted onto the gelatin oeated BUidm, tte exoess

water drained off, nviisered, and aet aaids to dry. They were then readjr

for staining. Two slidee were aads froi each adrenal sectioned.

The staining procedure employed was a modification of that outlined

by Clayden (1948) for demonstratiog lipoid aterials in fros«i aeetlons* .

1) Affix tiasus section* te gelatin coated elides

2) lash slides in distillei HOB for 8 mimitM
8) Hinse In 70 per cent aleofeol 10 seconds

4} Stain in Sudan III for exaotly 5 odnutes

5) Hinse in distilled HCH for Z minutes

6) Allew elides to bee«a« nearly dry at rooa teayerature
7) leoBt

three diviaions of the lipoid-laden area of the cortex were observed

to be readily and consistently demonstrable in terms of staining intensity.

Ho atteiqjt was aads to identify these sones histologically with the usual

terpb^sgieal xening ef the eortex. Th« proportion of the eortex oooupisd



16

by a partionlar zet» Tarl«d gr^atl^ homvar, suggMting « oorrelatlon with

the various pi*oportloai cf oell types oonprlsing ths eortax undsr differing

states of activity. Both adrsnals frea a ssrlss of 11 rabbits wera sao»

tloned to detazalne tha hoaoganaity of the two in taras of fat daoalty and

diatrlbutlm. The resulta shoaad that if thara aara a fat differential

batvaan the left and right adranalSy it could not ba datarainad hiatologl*

eally* left and right adrenals wars not distingolshad, tharafore, in

diooaing a gland for sectioning*

In order to arrive at an aatiaation of lipoid density and distribution

vithln the oortax, it «aa necessary to sat up criteria which would reflect

quantitativa maaaoraaanta • To eatabllsh the sonaa of lipoid distributioa

it waa daeidad to asaign tha letters A, B, and C to the outer* nadianf and

inner lipoid-ladan z<me3 of the cortex respactivaly* Lipid danaity within

tha individual acnes was astiiMtad bj assigning to sa^ a ntuarical value of

0-S according to tha Intanai^ of tha atalaiag aa obaarved mioroaeopieally*

' v Doa to tba sabjaativa natort «r thaaa aatiaationa, it was daairabis ta

daal^ a Aeck on tha aoniiateney of th« raadinga* To this and ea^ a«riaa

af alidaa was graded saparfttaly trm it* •t^plMMt and the two readinga

•eqpared. Ihan thara waa a discrepancy both alidaa wars abaarvad sianltana-

ously and tha diffaranca raaolved*

1m ganeral, statistiwl analysis ecnaistad of a regression corrella-

tion batwaan adrenal weight and varioua biotie and nnTli rniaanlnl factora

in an atteaq^t to account for variation in adrenal weight in taraa of these

aaaaurabla intrinsic and extrinsic stress factors^-

Baasuse tha monthly collections were not oada exactly at 4 waak inter*

wals or consist^tly at tha begioning or and of tha Qemth, it waa daaidad



17

aonthly waather data tabuletions would not be valid for comlatlon

•tudty. M( terological data for a SO-day period prior to t-atrfi collftction

nn calculated and wed In auoh •iatlstleal analysis,

Ttf adrenals of l^e black-tallied jaek rabbit occupy a auprareBal posi^

%i<xn and are usually lalieddad in soine fatty tissue. Uaercoscopically^

freshly eicpessd adrenals usually disaonstrate a charaeteristie light yellor

color. There was considerable color Tariation aaeng sps«laiaMf hrnvntg

MUlgJJag froa irtiite to asdlut brem, (Plats 1, Imnae), OecariiioDallyy

hemorrtiagic arsss vers ebserred on tilt starfaoe of the gland. Vaxlatlcn in

tias betnrsen the ri^t and left adrenals was rsadi3j recognised during

dlsseotioa.

lYssh adrenal tissue was observed to undergo d^redation rapidly irtMHI

txp(«sd to normal room conditions. Charaetezlstieally soob tissue dswl^

sped a dark broen coloratica. Fornalln fixation arrested color ohtimt

Miggesting maintenance of lipoid integrity within the cortical tissue.

Mieroscopic exaainaticn of the gross fflorphology of adrenal ssotiom

showed that ths total area of oeduUaxy tisaus did not vary greatly aaeng

specinens, while the reletive proportioR occupied by cortical tissos varied

ei«sr a wide range (Plate IZ).

Anosaliee of cortical structure were not infrequent (Plate III),

Oeea8ional2y« cortical invaginatlaafi eactendsd nearly to the steduUa*

Mseroscople exaalnation of certain Intact glands also showed areas in which

tb»f was literally no cortical tissue as erldsnoed by invagination and

the abeence of the characteristic cortical color.

Cortlsal lipoid was defined as that substance in the cortex stained



b7 Sud&n III. Ulcroecopic study ahcwad that lipoid danaity, in taxuii of

taining intansity, was proportional to the concantraticm of lipoid mater-

ials within tba oallular alementa* IboM sectiona decoastrating •nQAifi-

eation of lipoid aubstancc charaotaristieally stained ll^tar*

lh« adranal cortex, all or part of idilch a^r tM audanophilie, (lipoid-

lldtR area), ma aheim %• be diviaable into three eenei Meerding to ataln*

in« Intenaity. Ineilately adjoining a «i}HN9e«k2*r rla ^ oells was the

outer cortical division, eone A. lipoid in this area eae uattall^ at irinlwal

density (Plate III, Fig. I.}. Greater and aore tmifem lipoid etmoentration

in zones B and C raeulted in a deereaeed stain diffex^ential whdoh in certain

Inetancea obliterated trte border beiaeiu ihe two zones. Th* propox-ticn of

tlie cortex occupied by ^Mse diTisions vailed, heiWTer, the relative breatb

of tlie individual soncs for a particular adrenal was ecnstant*

Cortical cells were seen mingled with tixose of the taedulla in unMll •

sectiona (Plate H, Fig. 1). The sud«no];^iilie propertiee of tiiis tiseut

corresponded with that of the inner lipoid-Iaden £one« medullary tissue

did not stain with SudM nX.

Distribution of Age aai Sex Groups and Corresponding
•

'

'

,

- 1... /

Adrenal Velgbts with Upoid Density Within Zones (Table 1)

Lipoid demi^ within the eortloil wtom iheifed definite variatieoB

witti age and sex.

The distribution of lipoid density in %ao» A of adrenals reaoved trmi

pregnant adult feeales sbeeed the estiiiiatian of "1" to be the aoet frequent

reading. This group alse had tlw 'a_ghe3t peroeatsge of individuals exhibi-

ting no sudanojiiilic material in this azea of the cortex. The mode lipoid
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density of non-pregntnt adult females for sone A vae elao **!", but nooft

irao found to be devoid of sudan^llle subBtancee tn Vila araa* Alao,

the frequency of Bona A aaxlnftl lipoid deaalty me the highest of all groujpa

atttdled In non-pregnant adult fenales. The sone A rsode for adult aaalas

wm •Z", hoeever, this fproup alao contained a relatively high fjroqueney of

individuals demonstrating no staintng In this area. Htm sMjerity of .juven-

iles dweanatrated sons A lipoid density ef "1" and oorrespondingly had •

relatively high frequency of individual* devoid of staining In this area

ftod a lor pereantage wijMijMdJMil staining*

r
,

: There was ne Intlfldttal tiiat failed to deaanstrata svdtaH^ilio r;roper^

ties In soaa B of the adrenal cortex* Tba rsost frequent readlnc; for all

groups vaa "2". Again, as i& sooa A, tha yi sgiwiit adult feoales t«ndad%a

have leas lipoid than non-pri«BM[t adult feraales. Adult aalaa ahesad a

relatively close correlation with «:we A in terssi of tha fJraqueney of

individuals with *1" and "Z" lipoid dansitgr. v r ^ u ;
^'-^ V/f;-

Tha AraqpuMgr sf asziaal lipoid density Increased in all ,^oupB exoapt

pragaurt adult faaalas in sens C. Ne individual fall^^d to demonstrata seat

udaBopfailie aterials] and non-pregasai adults did net ahov lipoid dansltj

balnr the aatLaated value of «2*» triiile 45.9 i>ar oant dsaonetratad asrliwal

staining* OoKparcd vith preyMnt adult faaalas the trmd for less lipoid in

pragaaal ndaala a.-^ain naa noted* Adult oalea ahcwad a aarlcad inoraaaa in

the frequency of maxinal lipoid density idiile juvenllee showed llttla iraria-

tion froa the sea* i rsailwji ^Maiatwllflc itU^ivtely fflai inore;^ nt*

':';• A tiaiAi) regression statistleal aaalyals Wtwasu sdrenal weights of

aga and aeac groups and zone lipold-density-lndex-awriian sheaad tha taa

to be independent of one another*
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Variation in Total Lipoid with Ag* and Sex (Table 2)

SoMwtion of the sone lipoid-indesr-nunbers provided the basis for

•stiiaating total lipoid content of the adrenals. Pregnant adult fenales

vere further classified according to the stage of pregnancy, adult Bales

according to the state of sexual activity and juveniles vers grouped

aeoording to sex.

It was found that pregnant adult females at less than half term had

a minimim total-liroid-index of "A"* and ^0 per cent registered a value of

"6". Those at half tens or over demonstrated total-lipoid-index-values frc»

»1" to "9* the mode being "6", Certain of those individuals at half term

or ovnT demonstrated very low total lipoid content whereas those in earlier

•tftflst of pregnancy failed to show such lipoid depletion and at the nm
time the frequency of individuals with maximal total lipoid was greater.

The relationship between scrotal and non-scrotal adult males in terms

of total lipoid was ariable. The mode of scrotal individuals was "6" and
,

that of non-scrotal animals "S"* Adult females showed a slightly greater

total lipoid content then adult males) Juvenile females had a mode total-

lipoid-index nuaber of "6* and Juvenile males "5"» thus deT.onstriting the

relationship*
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Frequency of Uniform St&inlng throughout th« Cort«K

and Ab8«nc« of Lipoid frca Zona A vithin Age and bex Groupe (Tftbla 8)

Analysis waa aade of the frequency of uniform staining in the oortieal

seoas and failure to demonstrate sidanoi^llio natarlala in the outer area ef

the cortex. Reaulta shoved that 40 per cent ot the adult pragaaiit failIn

at laaa than half tera d««anstrated uniform staining throughsut the corteoc^

and 8 per cent were dereid of lipoid in zona A, Pregnant indiYiduala at

half tern or over shored 24*2 per cent with uniform staining and an equal

proportion lacking sadanoj^llie naterlals in son* A* The frequarnqr of nosk-

pregnant adult feaalaa dauoostratlng equal atalning waa relatively high

(19*5^) and in no instance did they fail to have lipoid in s<me A.

Scrotal nales ahoeed a signlTicantly higher frequency of uniform

staining than non-scrotal adult salaa, whereaa the reverse relationship

waa true for the abaence of staining in Bene A. Juvenile aalaa and feaaXaa

did not show al(i;nificant diffesranate in aitter sMMraaent, althoogh tkagr

did demonstrate a aignificant frequMUDy of uniform lipoid distribution and

ateenee of lipoid from the outer area of the cortex aa a ^oup.



T«bl» S» imqum^ of onifcrm staining throughout th« Upald-lAdw arta

Adult FttnalM Adnlt MalM JuvvnilM

Pr^pwrnt Wtn-

PMgMBl

Noiv-

Sorotal Scrotal

• '- 'J ? ^; _

{\%mm )h%wm Mala FaoalA

26.4$ 19«6$ S.83C

17.U

20,03t 22,6;^

20.7i

Flfquattoy of abocnoa of staining froa s«na A,

<. 17,2«

0.0$ 9.Z% 16.7$ 1U8S Xft»l]K
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Adranal W«i^t Variation! with Ag« and S«k

and in Raaponsa to Biotlo and Ehviromamtal Factors

! : Uanmtl «»l<}ita of blaek-tallad jaek rabbits shovad dsfinite marUtlont

with aga and sax. Adult pragnant famalas dMonatrated a greater oMMn iralnt

llMi nrn j rmwl Mtalti faaales« adult famlas graatar ihM ainlt asXaSf

Jtgnmlla feaslaa greater than Jtxranlla «ala8 and adhilta greater \tam :

jtrrenlles (Table 4). In all groups the left adrsnal vsigbed oonslste-ntly

fflore than the right. s,^- :.•.:

Variation in Adrenal Walght with Age and Sex

Adult FsMls Adult P«aal« Adult Jfuvenile Jurenile

loQ-t'regnant MU* fliaal* Hals

588,4 S78.8 £45.9 229.8''"
270.0

'

'

'-""
' "-

S85.6 286.2

Figures are ssan total wsiglits of Isft snd right adrenals in milligra.-a0.

Isltiple regression techniques i^>plled to feaals jaek rabbit data

aecovnted for S2.4 per cent (Table 5) of the Tariation in adrsnsl wsii^*

Reiaroductive factor ccrrelatl<xis with adrenal weight were all of aignifl*

cant nagnituda. Oocurenee of a previous pregnancy (parous) ranked hig^iest

followed by pregnancy^ age, and body weight. Huaber and Imgth of eabryos

correlated significantly with adrenal weight but ranked relatiirelj lew In

respect to influence on adrenal weight arlaticoi*

Meterolegiesl data in terms of average tsaperature, ^eet day (82 °F

or below), and days 90^ or above correlsted significantly with m3M sAmml

weights, whereas precipitation did not demonstrate a significant cerrelatioii

(Table 6). Age and body weight correlations with adrenal weight ranked hig^

garaneling the fetaale correlations. Aotivatlcn of the testes (scrotal)
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•hc*r»d signifieant poaitlTB eorrelation with adrsiul iraight. Total vmrla*

tlon in mile adrenal weight accounted for by isultipla regrMaloii te<diiiique8

«u X8,6 p«r atnt*
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ttm fact that formalin fixation oaintalned tha eolor of th* adrmilf

M atearvad in fraahly- dlaaacted apaaiaaaa aogfaata tliat cortical lipoid

•ma maintained at noraal danaltsr^ hence hlatologleal axaolnatlon aatlaated

adranil lipoid at actual j;4)78iolagioal coacentratlons.

Variability in tha prap«rti<n af aAnmal aaatloM occx^lad ^ •artioaX

tlsatM and tha ralatlTalj oonalatent asKnmt of raednllary tiaaua auggaata

that dlfferenoM In adrenal nalfhta reflect changea in the anoint of cortical

tiaaua. Thla eenreepontia to tha flndinga of Salye (1956), Oiriatlan (19S0)

and othera. It la alae la aeeord vlth the theoretical concept of obaagea in

•aaunt of adrenocortical tissoe in raapaoae to stresa (CSixrlatlan 1955), t*e*,

•traaa la reflected In Inareaaad aaaonlHi of cortical tissue.

Cortical oella present In the medulla eo^;>rlaed a aaall portion of the

total cortical substance, consequently it is belleTed their funetl<»al

aapadty la necleglble.

Interpretation of hlatologleal inforaiation in tana of cortical lipoid

oblUaation and aubaequent aecuanlatioo in reaponsa to oontinuoua streea

•a flrat outlined by Selje (1987), provided ayatMMtic criteria for eraluat-

lag the significance of the observed variatlona in cortical lipoid.

Tha endocrine a»<dianiaaa of reproduction in both tha sale and fanala

M—1 are Tiry aanplaac. Soel»-payehologleal and physiological i^Mpanaea

•Helted by initiation of the breading aaaaan have been ahonn to be inter-

preted by tha organlaiB in teraa of pbyaieal streaa (Oiltty 1954, Chrlatian

1957) J trhldi is ultlaataly reflected in characteristic adrenal chai^ea.

Pregnano:^', according to Qurlatian (1950), la capable of eliciting the adapta>-»

tion reaction.



Th« r«productlv« sMMon of th« blaok-talled ^ok rabbit in irastem

KuMui begins In Mrly wint«r. H«nM at a tiw whMi «nvlronafMat«l strMtort

mm y*lTP'' tb«r« suddanly !• *n additional stlanloa taxing tha adaptation

Mthinlf of iha erganla»—directly by oompating for pituitary funetlon and

indiraetly by conatltutlng a noiv-apaelflo ayataaie stressor,

ftim praaaw— of laaa lipoid^ by sonea, in adult pregnant faaalM M
•fl^i red irith non-pregnant adult f—alaa aiiggMta that pregnuney la Ihi

blaak-tailed jade rabbit is a streas faetor* Assuming that inragaaney initiates

the adaptation reaction* tha high frequency of unifom staining in pregnant

adult fetsales at less than half tera is accounted for in terns of Selye's

observation (1957) that lipoid granulea reappear at the «md of tha alani

stage and are evenly dlatrlbuted throughout the various layers of the cortex*

Am adaptation oontlnuea, acsftrdla^ to Seljps (1957), the lipoid aateriala

loealise nore particularly in the sona faaioiOata, which in rabbits corraa*

pmaitB to tcM B. This theeiT Mgr MCooit far the relatively Mgh fregnany

of absence of staining in the outer sone of the cortex in pregnant adult

feaalea at half tent or over^^bieh r^reaent a later stage of adaptatien*

failure of non-pregnant adult feaalea to demonstrate lade of staining iJi

SM A* lenda al«nifleant support to the proposal relati«iship of pr^nanoar

to adaptation*

^ The rather broad oategoritiag af atigea af iregnancy nay aeoovnt for

the eonaiderable degree of lipoid variation within the groups presented*

It seeai probable ttiat ahould the stages of pregnancy be felles«4 Mr*

closely the various phases «f adaptatimi in teras of lipoid density sad

distribution could be acre critically defined*

A aaall proportion of scrotal adult nalas exhibited veiy low total
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lipoid. iM-cerotal adults •hor^d a iaini«aal total lipoid dsnsitx toMrahat

hilllMr. Tbia tuggMta, according to tha thaory of adaptation, that actita*

tlon of the test«8 const!tutaa a physiological stress, hxnrr-ynr, the modi

total^lipnid-index-nuiriber for non>scrotal atalM was less than for scrotal

ales. The relatirely high frequency of uoifora staining in scrotal Miles

as mp»r9d with nniwseortal wBlM again fnggaeta activation of the adapift-

tlon aetiiaiilSK. 1% was concluded that stiaulation of the t ettee probably

presented an addltioaal atress to the hare but the evidence was not otmcluaive*

Caopared with ttM adolt groups, juveniles tend to show lees lipoid

within sooes. This suggests that extrinsic stressem asy particularly

avgaent juvraile adrmal response. Ihe relatively high freqiwnoy of juvenile

males and f«sales dSMastratlng uniform staining of the cortex also supports

tkt tlMWis t hat juveniles respond aere readily to envircnaental stressors

than adult aniaals. The particular sensitivity of juvmlles to street

factors may be important in tenos of explaining population craahea since «ie

of the baalo reqplreaents for such phenooena is the failure of young te

survive to mturlty. Adaas (1959) has noted that trap aldmess affected

my more young than adulte. This differential in total lipoid oMiy be an

ag»-el9M <diaraeteristi«» bewever*

tlw tliglitly greater total eortleal lipoid content of adult fcsalii

than adult aalae and juvenile feoales than juvenile galea waa in accord with

verlr by Wtaitahead (1954), and is probably a oharaeterlstle sex difference.

The sexual dlfferenee in adrenal siaa waa in accord with work by Jaekaan

(191S), who shewed the adrenals of fenala albino rats to be larger than aala

adrenals. It is thou^t that this consistent adrenal wei^t differential is

a aaa ebaraetf^ristic and ia Indapeadmt of stress factors since the
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relationship ims danonatratsd in searooHy iansturtt speeiasns*

The concept of adrenal reapoast to non-specific stresaers aa durvalxqpad

bjr Salye (1956), prorided the baaia for interpreting the -varlatlona in

adrenal treight* Chriatian and Davla (1955) have postualted that augmented

productitm of adreno->cortical horaaaea ia reaponse to stresa is reflected

in increaMd aaewta of adrtmo-oortical tiaaue* Cooaequently the aoDwit of

o<Hrtieal tiaaue, •• aiMttred by adr«nal weighty ia aa indirect aaawtre 9t

atreas. . .

The greater eeaa adrenal weight dmonatrated by pregnant adult feaaXat

Maipared vith non-pregnant adult fttAlea^ staggeata that pregnancy vas a
,

definite atreaa factor within the blaok-tailed Jack rabbit feaal* population*

Taraatiae and Caasane (X9S5) woridng with rate have also shown that preg-

aaney results in increased adrenal weicht*

Coosidaration td nale and fanale repro uctive reapcnses in respect tc

adrenal weight Tariationa, in ^la correlation study, saist be prefaced by

noting the relaticHiahip bateasn age and adrenal weight since age groups were

pooled for statistical analysis j and only adult indiTiduala are capable of

reproduction. The nsMi adrenal weight of adult f«udes was algaifieantly

higher than for juvenile feoMiles. Consequently poeitive oozreXation between

rtgrednetiTe faeters nad adrenal weight in oiMMted* Assuniag that preg-

Aftney eenatitutee a nen-apeeifie aire8sar--ea eridanced by histological

information and the differential in adrenal weights of pregnant and noo*

pregnant adult feoalee—the aignificaaee «f reproductive factor correlBtlona

with adrenal weight aay be beet iaterpreted in tema of relative values or

rank of the variables in accounting for adraoal weight variation* Alao^



ino« eonaldcrablft adrenal ««ight variatloD in both amm warn not aeeount«d

tor, these valaas onat ba aooaldered within the liinita of the ea^laiBaA

Tarlation.

fiaalaa that had isroduoed ma or aoare Uttara diMaSiratad tha g iraateat

tendency toirard increaaad adrenal weight* ^la aupported the pr^eaad

theaie of adaptation and pragiMUMQrf Mfgaatiac that nulliparow individitala

are not eocpeaad to the stresa of pragnanesr, and hence do not shoe thia

increaaed adrenal eeight* Poaitiye correlation of body weifht and adrenal

weight demonstrated that adrenooortioal tiaaua ocovore in direct proporti«n

to the siee of the arganisau Bo<j^ wai^t in tarn shoved poeiti-ve ccrrelsu"

Xioa with the n«d>er and stage of gestation of the aotoyoa* Thia avggeatad

thai tta advent of pregnaMOr and cmoooittant ineraaaad bodjr weight Mgr

result in an increased idrenal weight Indopendent of stress faetora*

l^tlva eorrelatioo of average ta^iaratwe aad adrenal weight and '

poaitiTe correlation of froet difS (HMl adrenal weight, aqggeated that cold

weather waa a definite atress factor in the blaek-tailed jaek rabbit pop«-

latlon. Failure of precipitation to correl&te significantly with adrenal

weii^t a\;^ested that under seasonally noriaal oondltiona blade-tailed

jatfc rabbits do not respond to periods of relative wetaeee or dryness*

Aetivation of the testes oonatitnted a physiologieal streaa aa evidenced

by the hi^ positive oorrealtion with adrenal weight. Bod^ weif^ «ad aga

were also iaportant factors detamiag aaXe adrenal iititfitf bovever, it ymB

concluded that adrenal weii^t variation witldLA gfti^ una largely the

resolt af atreaa factors,

Failore to account for moire of the variation in adrauLl weight obviously

•iiin*f^^ ^^t ttera were other influencing factore in the popolatico vhidi



net considered. It is thought that « more oritioftl anftlysia ot

environaKntal and blotlo strefts faotors eouXd explalA oonsidwrftbly i&ore

adsrenal weight variation.

BWUkSX

(1) Msereaoopioally, adrenals uBuallor Kpp9T*d nhita or light yellow

mcgaating tha presence oT fatty a<toitsn»aa»

(2) SudanophiUc aatarial of the adrenal glani ma raatrioted to tha

eortioal tiaaue, however, cortical oella vere fraqiiantly found adxaA

with medullary tissue, .
-"

(8) tha aertaK iamm%t^H tiiraa diatinct sooea according to Sudaa in

•taining Intenaity. tha oiitaa* ana diaraatariatioally had laaa lipoid*

(4) VariatioM in adretio-cortioal lipoid density and distributi<m with

stagaa of raproductiva activity of both aalaa and feaalaa aviggaataA

aatiTtti(« of the aoiaptation aaahaaiaa*

(5) Juveniles d«aonstrata4 a alightly lever total cortical lipoid ooatant

than adults,

(6) Adrenal glands of feraale jack rabbits contain sMra stainabla lipoid

than males*

(7) Adrenal weight waa largely determined hy the aaount of eortioal tissna*

(8) Pregnant adult feaalaa daaenatrated a greater isaan adrenal weight than

non-'pregnant adults suggesting ttuit pregnancy waa a atreaa factor*

(9) Faaale adrenala were larger than aale adrenals witliin both juvaniXa and

adult age groupa*

(10) Multiple regression teehniqnaa aeaeont for 16*6 per cent of tha Tsrla*-
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tlon in fflal* aotrenala and 52.4 p^r e«nt in faaalM* ^

(11) Siispls correlation of biotio and anvixcininental variables with adrenal

waight sbovtd tasparatura, prvgnaneyt aga and body waigbt to be par-

ticularly laportant factors In dataroing sdranal weight*

' \ . 1
'»;
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Blaek-t«ilBd .laok rttibit adrtnali 8 X magnifieatlon,

Vppert Pair of adranali tak«a from an adult oaX* (left)

and an adult famala (right)*

tomrt Each is fron a different juranlla ja^ rabbit*

Variation in adranal size within aa af« grotty

aiul color differmees are demonstrate^

i..;.-
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PUTE I



BPUUMTION OF rung U

Fig. 1. HietomioregmA^ «f admal glnd tak»n frw a pregnant

adult shoirlng •nlorgtd ocrtaz and eortleal eella la

' th* nadalla*

rif . 2. FhotoodereeMph o^ Adrtnal glaad takaa trm a m1»

^ - juvMdJyi i^Mrtas uniform staining ttiroughout ttat

cortex and ralatlTt lack of cortical tiasnt*



PLATE II
hi

Fig. 1.

Fig. 2.
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iiPUiAfzoa or puye izx

Fig* 1* Photomlorogmph of adre^nal gland taken from a faaala

juv«nlle damonatratlng aa abaanoe of staining la

adaa A and a cortioal aaoaaly*

rig« £• Photomlerafraph of adranal gland taken from «

aAvlt ahariaf eertioal lnva;;',enatian.
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Fig. 1.
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samuii i»fsp'>ffs«s ifr a blaomeaxi^d jack bakit
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.«%«i IB purUal fttlfilloKit «f tte

r^qulreaKints fear tb« dtgrv*

Btjwrtint of 7oolocr

BUISiS STATE (ffiZVEBSm
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Hriodio erttptioMi of 31«ak-Uil«dl Jack Habblt (ImtfOB CTtllfemieta

I,)
popuIatioM ar« •ignlfieaiit •MnaadMlly in taxMi of erqp

iiMg> and also present an Interesting eeolegiaaX pimMaeaHien* ttdM

prejeat ivaa dealgnaA te atndy aaveral phuee of the eeolcu of a i»rtieulnr

blaok-talled jaek rabbit popiOatloB In nestern KnMa* Stodlea were eoa>

tectad m r^sroducticn* pathological oondltlcoBj^ paraaitlaa wA yhfiiAat*

ical raap«MMM in teroNi of adrenal glanda. tha latter area the baaia f«r

thla InYMitigstloR*

ftagraloleBioal reaponeea in wild po{»ilatlon8 to extrinsic ai^ intriaeia

faataxa are evrrently «f pertiaolar iatarest to field biolaglata attangptiai

to attribttte ^clio aortallty to a funetloiial disorder. Indtraet stadjr ef

fl9Siological reaponses tluroug^ adrwio-cortleal «BlurK«BHitf in Urm of

iaereased adrenal weighty and disoharge nf cortical lipoids iritiidi are well

•fltflrnid syadMsii ef ateaaa, gf^l/^ faaUitatat avsh iamatigaUiMt

fliia itadjr was daslgnsd te alnatiali tiiNRiftl rstpensa of blaoit-taSlsd 5aA

xabbits to such blotic and environanntal idwracteriatiee as eoulfl be

Idsntifled and acouxatal^ mass urad. wHdiin tha population. Aa studf ***

Bda of histologically dMaaastreble adrerMl lipoida md adrenal weights

with respect to sga grot^ps^ sex* raproduction and a warlatgr of axtrlasla

faetors as tinqperature and loreaipitation*

MsareseepiMllyf tha adraoala usvaUy appeared vhite cr liMfMpI
in col«r saggaatlag tta prssewasa of lipoid aalMrJAla* autalagtaal

«naliatl«i slMsad great irarSdM-lity in tlia proporticifi af tte adrsMl

by cortical tlssvis as ceaqpared with the relatlTaly aenstaat

It «f Bwdullary tisaas. Frtn Idiis it was conolutted that adrenal weight

it largely d^MiiMt span tha aaaiait of cortical tlssvs la tha glands



XZI ttftiiiliig z«veid«d th«t 0qAmofM1i.e imtmriftlt nvr* rvstrlcted to

Vtm «<vrtieal %1m«»« C«rli«al oalla ««r* also fr«q«iBt]j ob—ryd laixtd

with iwdsOlary tlMtMy hotrever, tlMiy foratd « Ml&tlToly amll proportion

of the total corttoal Toltsit. f

«tidaii« •bmU tbt Mrtos to b« dltislbl* into €!»«• toaM MMVttaf

to 8t«lali« ifrtontlty, Th««» aroM wra diaiinatad a, B, and C, Upold

«H^tj vithlB s«a«a naa dstoralMd oieraeeeplcalljr ba aaaipdac * Bmsrleal

Talua of 0-5 to tha indlTiduai araaa accordiiig to tha stalaiag Intanaity*

fMlatloM m adrwa aorlUal lipoid dMMitr aod dlatrlbvfelai with

•iaeaa of itpgadtti^ aaUvlty «f both sAlaa aad fawOaa tuifMtad aetlTaUaa

of tha adaptatl«B iiiiMiliai It la thottght, tharafore» that ncrml ptaarala*

loglaal raprochjcUta aatiTltyf fmgnaney in pnrtlaiOar^ a«w%i««%t ftl^asfal

•tlsali to blaok-tailad jaak raUbita* It aaa alaa damoMtrtftad Uftt I^Mll*

jMk raUbita haira aora adroaoaartloal lipoiii tbaa aalaa*

.:.- Adronal vairhto ahowad definite varUldonB alth aga and Mat*

Adnlt laiMla Adult Tftmala -Adult JuvttiUJa

VtMOa

Jonmnila

888*4 178.8

5B5,6

a7o*o

«»*t

«t9«S.

ngoraa ara mm total waighta of laft and right adranala la »llll«v«ai*

MaltlpXa ragraaalta taelmiqaoa aocountad for 16«6 par eant of tha

farlatlon la aala adrenal aalghta uaing 9 -variablaa* Of thcaa faetora

freat daya (8ft^ er baloa)^ body weight ant aga aerralatad aait algnlflcnaUy

vttb adriMl atlfbt* Qili« T aarliMaa S£*4 par eaai of tha variiil« is



fn»U 9Anml irelglitt nai •eemntea for. A(g§, pragMMT ««l b<»<7 w«Lght

iwlMkI higlMVi amaag tiaplt owreXatloot o£ these mri^lsfim wlih adainal

Height. Itvte concluded ttat t«B{Mi«ive« pregnenqy, age andbet^ velghi

Ml pertl«ttlftrl7in¥>ertant factors in dstendng sdrensX «si#it» .

(1) iMlMiiiW im •ftfene-oortieal lipoid dMSity and diatributioo eitk

-^^•^ stefes of reproductive aetiTlty of both males and feasles suggested

- se^vation of the adspto«l«B mM^mAmm^

(t) AdMBftI glands eff fsMls ^ek rabbits e<»%aStt iM»i ttdibiil^l

(S) Adpwal iwight was largely deter-ained by the awmat of cortlaal

tissue* .^v-> ».<•>-.•;..•-'>.«> n->-> •; -H' " - •> '•' -"

(4) regaa&t adult fessljss deaoostrated « greater mmx adrenal wslgbt

than non-paregiMMit admits stiggestiag that pvepMMir *» * stvess

(5) HmS» adnnals vers Isrgit 1i>«n M^* adrenals vitbia both joviails

Sttd adUXt Sfie groups* ^^ :--*T;-*«»;'''»:*»»V^ASV^-»V»r.'"'-<-"V:-,!'*T;''-':»i^^^^^^^ '^^
"

(6) Msltipls ri^resslaii teohniquse acccmt for 16.6 per emt of tlis

"> TarlatiaB in sals adrenals and ^.4 per cent la fenalss.

(7) Siopls oorrelatlon of biotic and SBVlraMeBtal variables frith adrenal

^ nefght ittiesid tea^ratora, pragnaBey* age and bod|y «ai|^ te be

9«ptiaii2arly iapwtsat factors in detaraining adrenal weight*


